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PREFACE
Proceedings of REPTech2012
International Symposium on Resource Efficiency in Pulp and Paper Technology
After being prepared intensively by the Team consisted of distinguish and local Peer Reviewer, we are
proudly present the Proceedings of 2012 International Symposium on Resource Efficiency in Pulp and
Paper Technology (REPTech2012) held in Hotel Horison Bandung, Indonesia during November 2022, 2012. This symposium was organized by CENTER FOR PULP AND PAPER (CPP), Ministry of
Industry, Republic of Indonesia. The incorporation of 2012 Pan Pacific Conference (2012 PPC) into the
REPTech2012, expanded the scope of symposium from only Asia formerly to Asia Pacific countries.
This symposium aimed to be a platform on academic and technical exchange for pulp and paper scientists
and practitioners within Asia Paciific countries through invited talks and distinguished presenters. More
than 200 scientist and practitioners from 12 countries participated in the symposium.
In this symposium, there were 50 oral and 31 poster presentations including 4 plenary speakers, 9
keynote speakers and 4 sponsor speakers. For the Proceedings, we received 47 manuscripts and those
all have been reviewed by the reviewers. After being reviewed, it was decided to publish 45 papers in
the Proceedings of REPTech2012.
We are very much grateful to the Peer Reviewers, the esteemed members of the International Advisory
Comittees and Steering Committee for their advices and guidance. The supports from the Agency for
Industrial Policy, Business Climate and Quality Assessment, Ministry of Industry, Forest Research
Institute Malaysia (FRIM), Indonesian TAPPI (INA TAPPI), Indonesian Pulp and Paper Association
(IPPA), and all parties for the successful of REPTech2012 and 2012 PPC are truly appreciated.
Thank you and hoping this proceedings provide an update information of pulp and paper technology
development which are useful to the readers.
Bandung, April 8, 2013
Dr. Ngakan Timur Antara
The Director of CPP
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ABSTRACT
In Japan, full-scale ECF bleaching started at the Niigata Mill of Hokuetsu Paper Company in 1998. After
that, other companies also began to change from chlorine bleaching to ECF bleaching. The ECF bleaching methods
is a combination of chlorine dioxide, ozone, oxygen, and hydrogen peroxide. The problem of this ECF bleaching
became clear that discoloration of product increased. In particular, we noticed discoloration of paper became
worse when three factors exist at the same time. Three factors are hexenuronic acid, aluminium sulfate, and acidic
papermaking. We researched chemicals that have the ability to remove hexenuronic acid efficiently andknew that
peroxymonosulfuric acid can remove hexenuronic acid efficiently. Peroxymonosulfuric acid can be produced by
the reaction between conc. hydrogen peroxide and conc. sulfuric acid. But, continuous production method of
peroxymonosulfuric acid was not popular because of the large amount of reaction heat that was produced by the
reaction and severe corrosion. We overcame many difficulties, and established industrial methods and equipment
to produce peroxymonosulfuric acid in continuous ways. This method and equipment was first adopted in the world
at the Tomioka Mill of Oji Paper Company. After that, a bleaching sequence that introduced peroxymonosulfuric
acid revealed some performance like 1) resolution method for the discoloration problem, 2) cost performance, 3)
high brightness, and 4) increase in production. This method is being used at four mills and one more mill will adopt
this same method in the near future.
Keywords: ECF, discoloration, acidic papermaking, hexenuronic acid, peroxymonosulfuric acid, hydrogen
peroxide, sulfuric acid
1. Introduction
In 1980s, dioxins were detected in the seawater
of Baltic Sea in Northern Europe, which was
determined to have been caused by the chlorine
bleaching of the pulp industry. This incident initiated
the change from chlorine bleaching to chlorine-free
bleaching.1) Since then, this changes had spread to
the North American countries; and, then in 1998,
first full-scale chlorine free bleaching was started at
the Niigate Mill of Hokuetsu Paper Company. After
that, many companies introduced the chlorine free
bleaching and, at present, chlorine-free bleaching has
been implemented at almost all mills in Japan. As
alternatives of chlorine bleaching, elemental chlorine
free (shortened as ECF) bleaching that mainly uses
chlorine dioxide and totally chlorine free (shortened
as TCF) bleaching that uses no chlorine compounds
at all were introduced. Globally, ECF bleaching is
the mainstream and TCF bleaching is employed only
in about 5 - 10 %. In ECF bleaching, main bleaching
agents are chlorine dioxide and oxygen bleaching
agents like ozone, hydrogen peroxide, oxygen. In
TCF bleaching, peracetic acid is used other than
these oxygen bleaching agents.These chlorine free
bleaching processes have problems like too high

bleaching cost comparing to conventional chlorine
bleaching processes. As countermeasures to reduce
the bleaching cost, methods to reduce use amount
of expensive chlorine dioxide by using hydrogen
peroxide are generally employed. These include the
method (Eop, Ep) where hydrogen peroxide is used at
the alkaline extraction stage, the method (E0-P) where
it is used in the next stage of the alkaline extraction
stage, and the method where it is used in the last
extraction stage (P). As the result of the significant
cost down by the reduction of expensive chlorine
dioxide usage, the problem of deterioration of pulp
discoloration has become apparent. Especially,
significant deterioration of discoloration was observed
when the ECF bleached pulp is used for acid paper.
One of the causes of such deterioration has proved
to be hexenuronic acid (shortened as HexA) that is
bonded to xylan in the pulp. As the countermeasures
to such a problem, high-temperature acid treatment
(shortened as A*treatment) and high-temperature
chlorine dioxide treatment (shortened as D*treatment)
have been developed. Also, ozone is effective
to remove HexA. However these methods have
problems like high energy cost and high equipment
cost. To solve these problems, we studied methods
which require low energy and equipment costs.
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As the study results of chemicals that
effectively remove HexA, we have discovered that
“peroxymonosulfuric acid” can most effectively
remove HexA. Peroxymonosulfuric acid (shortened
as MPS) is manufactured by the reaction between
high-concentration hydrogen peroxide and highconcentration sulfuric acid. Because this reaction is
highly exothermic, it is necessary to control the reaction
temperature to manufacture peroxymonosulfuric
acid at high yield. Various manufacturing methods
2), 3)
that are suitable to manufacture small amount
of it were proposed. However, they are not suitable
to manufacture a large amount that is applicable
to pulp bleaching. We overcame these difficulties
and have completed the first industrial-scale on-site
production equipment4) of peroxymonosulfuric acid in
the world. We also studied the pulp bleaching using
the peroxymonosulfuric acid and found out that 1)
it is effective as a countermeasure to discoloration
and 2) it is possible to reduce the bleaching cost.
Accordingly, we applied this peroxymonosulfuric acid
to the Tomioka Mill of Oji Paper Company, attained
the successes in discoloration countermeasure and
cost reduction, and have put the first bleaching process
using peroxymonosulfuric acid into practical use in
the world5), 6). This process is being operated at four
mills and is planned to be started operation further in
two mills near future.
In this paper, we are introducing the on-site
production of peroxymonosulfuric acid and its
application to pulp bleaching.

discoloration. HexA is formed by alkaline conversion
of glucuronic acid, which is bonded to xylan, during
cooking. Fig. 1 shows the structure. We noted
HexA and studied the relations among the HexA
quantity, discoloration (PC value), and papermaking
conditions. Fig. 2 shows the results. HexA quantity
and discoloration have proportional relations. Also,
when comparing the discoloration at the same
HexA usage, acid paper and alkaline paper show
different degree of discoloration, where acid paper is
especially problematic. We suppose that the causes
are the decomposition products formed while being
unattended in the acid state and the aluminum of
aluminum sulfate used in acid paper.
Accordingly, removing HexA is proved to be
important as a countermeasure to the discoloration of
acid paper.

Fig. 1 Structure of Hexenuronic Acid

2. Discoloration Problems of ECF Pulp
Table 1 shows the discoloration results of ECF
pulp by acid papermaking. In the case of conversion to
ECF bleaching mainly by chlorine dioxide, the method
where hydrogen peroxide is added to the alkaline
extraction stage (E, Eo) is generally executed to reduce
the cost. As a result, a new problem of deterioration of
pulp discoloration by the decline of chlorine dioxide
consumption, which has the capability of removing
impurities like lignin, has become clear.
Table 1 Discoloration of ECF Bleached Pulp
Bleach Sequence
(add.(%))

Brightness

Brightness

D:ClO2, p: H2O2

(Before C.R.)

(After C.R.)

Extensi

D(0.5)-Eop(0.3)D(0.3)

86.4

67.6

Minor

D(0.9)-Eo-D(0.3)

87.2

81.8

Color
Reversion

Acceleration Test Condition : 80°C, 65% RH, 24h
It is said that residual lignin, residual HexA, and
sugars are related to the factors affecting the pulp
2

Fig. 2 Influence of Amount of Hexenuronic Acid on
PC Value

3. Comparison of Hexenuronic Acid Removal
Abilities of Various Chemicals
As the results of the above studies, it has become
clear that one of the causes of discoloration of ECF
bleached pulp is HexA. Therefore, we compared
the various chemicals and methods having HexA
removing ability. Table 2 shows the results.
Chlorine dioxide, hypochlorites, and ozone,
which have been long used in pulp bleaching, showed
good HexA removal efficiency. Activated hydrogen
peroxide and peracetic acid are effective HexA
removal agents but the problems are their high cost.
Acidic hydrogen peroxide and nitrous acid are cheap in
cost but their HexA removal efficiency is low. Acidic
persulfate showed HexA removal ability but alkaline
persulfate showed almost no HexA removal ability.

© 2013 Published by Center for Pulp and Paper through REPTech2012

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Table 2 Comparison with HexA Removal Ability
Effect

Reactive
Species


O

Radical

Dosage

Decrease of
HexA
(µmol/g)

(wt%)

(mol%)

Initial HexA
(µmol/g)

90OC, 90 min, pH3

1.17

0.01194

37.43

9.4

ClO2(first stage)

60 C, 60 min, pH3.5

0.5

0.007407

34.43

15.4

416.4

0.2

0.005634

24.0 (after Eo)

5.6

497.0

Chemicals

Conditions

H2SO4

O

Efficiency
(ΔHexA/e)

O

Anion

NaClO

70OC, 90 min,
pH9.32/7.56

Δ

Cation

H2O2(acid)

70OC, 90 min, pH1.7

0.2

0.00588

24.0 (after Eo)

1.5

127.6

O

Cation

H2O2+Mo(50ppm)

70OC, 180 min, pH3

0.2

0.00588

35.98

7.3

619.0

O

Radical

H2O2+Fe(30ppm)

70 C, 180 min, pH3

0.2

0.00588

35.98

7.9

670.1

O

Cation

Peracetic acid

70OC, 90 min, pH4.9/4.5

0.5

0.00658

24.0 (after Eo)

10.1

767.5

X

Anion

Sodium persulfate

70 C, 90 min, pH12.2

0.5

0.002101

24.0 (after Eo)

0.1

23.8

Δ

Radical

Persulfuric acid

70OC, 180 min, pH3

1

0.0042

34.8

2.0

238.1

Δ

Cation

Nitrous acid

70OC, 180 min, pH3

1

0.01449

35.98

7.0

240.9



Cation

Ozone

pH3, normal temp, 3 min

0.5

0.01042

35.98

26.8

1287.4



Cation

Oxison (2KHSO5.
KHSO4.K2SO4)

70OC, 90 min, pH3

0.5

0.0016268

24.0 (after Eo)

5.8

1782.6



Cation

H2SO5

70OC, 90 min, pH3

0.5

0.004386

35.98

10.0

1140.0

O

O

On the other hand, Oxone showed effective HexA
removal ability on a par with ozone. However, Oxone
is expensive and contains low percentage of oxygen in
the molecule. Therefore, it is difficult to make it into
practical use as it is. Accordingly, we have decided
to use peroxymonosulfuric acid synthesized from
sulfuric acid and hydrogen peroxide.

4. On-site Production of Peroxymonosulfuric
Acid
4.1 Properties
Peroxymonosulfuric acid (H2SO5, alias Caro’s
acid) is transparent syrupy liquid with strongly
acidic and oxidative properties. Fig. 4 shows its
structural formula and Table 3 shows its properties.
Peroxymonosulfuric acid can be synthesized from
high-concentration hydrogen peroxide and highconcentration sulfuric acid by the following reaction;
however, because it is an equilibrium reaction, it exists
in the aqueous solution, co-existing with hydrogen
peroxide and sulfuric acid.

H2O2 + H2SO4 ←
→
Fig. 3 Relationship between Peroxymonosulfuric
Acid Addition Rate and Hexenuronic Removal
Quantity
Figure 3 shows the relations between
peroxymonosulfuric acid addition rate and HexA
removal quantity. The peroxymonosulfuric acid addition
rate and HexA removal quantity showed an almost
linear relationship; where 0.5 % of peroxymonosulfuric
acid could have removed about 10 μmol/g-pulp of HexA
and 1.0 % could have removed about 16 μmol/g-pulp
respectively. Also, although peroxymonosulfuric acid
can be effective not only in HexA removal but also in
lignin removal, it was more effective in HexA removal.

H2SO5 + H2O

In the case of reacting 45 % hydrogen peroxide with
98 % sulfuric acid, the heat of reaction is about 78 KJ/
mol. Because high-concentration peroxymonosulfuric
acid is unstable and dangerous, it is desirable to
immediately dilute it just after the synthesis before
use.

© 2013 Published by Center for Pulp and Paper through REPTech2012

Fig.4 Chemical Structural Formula of
Peroxymonosulfuric Acid
3

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Table 3 Property of Peroxymonosulfuric
Chemical Name

Peroxymonosulfuric Acid

Form

Liquid of Clear and Colorless
(mixture of H2O2, H2SO4,H2O

Formula

H2SO5

Molecular Weight

114.09

Active Oxygen

14.00%

pH

<1 (2% Solution, 25oC, Synthesis
with 45% H2O2 = 95% H2SO4 =
1 :3 mol)

Density

1.04 g/cm3 (2% Solution)

ORP

-1.44 V

4.2 The Effects of The “Sulfuric Acid and Hydrogen
Peroxide Ratio” and The “Concentration of
Chemicals” to The Yield of Peroxymonosulfuric
The peroxymonosulfuric acid production is by
the reaction between high-concentration hydrogen
peroxide and high-concentration sulfuric acid,
which is an equilibrium reaction. Accordingly,
peroxymonosulfuric acid concentration, sulfuric acid
concentration, and the ratio of them affect the yield of
peroxymonosulfuric acid. Fig. 5 shows the relations
of them. As a result, in the case of the reaction at 95 %
sulfuric acid, 45 % hydrogen peroxide and their mole
ratio of 3/1, the yield was about 75 %. When using 60
% hydrogen peroxide, the yield was about 83 %.

as stable as the undiluted solution. When diluting
ten times, the stability improved. Accordingly, ten
or higher dilution ratio is employed in the actual
equipment.

Fig. 6 Effect on Dilution Multiple to MPS Yield
4.4 The Effects of The Dilution Temperature
At the time of peroxymonosulfuric acid production,
the solution temperature rises up to 90 °C - 120 °C
in a short time by the reaction between concentrated
sulfuric acid and concentrated hydrogen peroxide.
The peroxymonosulfuric acid is to be diluted after this
liquid temperature is lowered. During this dilution,
the peroxymonosulfuric acid decomposes. Fig. 7
shows the results. It was confirmed that, when the
peroxymonosulfuric acid before dilution is 50 °C
or hotter, the higher the temperature, the higher the
decomposition rate. Accordingly, it is desirable to
cool the peroxymonosulfuric acid to 50 °C or less
before dilution.

Fig. 5 Effect on H2O2 Concentration to MPS Yield
4.3 The Effects of The Dilution Ratio
The
concentration
of
the
produced
peroxymonosulfuric acid is about 22 - 25 %. When
using this peroxymonosulfuric acid as it is, there
arise problems like high risk of metal corrosion,
unstableness, and danger in handling. Accordingly, it
is desirable to dilute it before use. Fig. 6 shows the
results of the study about dilution. The results showed
that, if the dilution ratio is low, the diluted solution
becomes more unstable than the undiluted solution.
When the dilution ratio is 6, the diluted solution was
4

Fig. 7 Effect on Dilution Temperature
4.5 Materials
It is important to select proper material because
the hot high-concentration peroxymonosulfuric acid is
highly corrosive. Table 4 shows the results of material
tests. The results show that Hastelloy C can be used
for the material of the reactor of concentrated sulfuric
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acid and concentrated hydrogen peroxide and SUS
304 can be used for the material after the dilution.
Table 4 Materials for MPS Equipment
Corrosion Resistance
Material

22%-MPS
70oC

2.3%-MPS
40oC

0.03%-MPS
60oC

SUS 304

Suitable

Best

Best

SUS 316L

Suitable

Best

Best

Hastelloy-B

Not Suitable

Hastelloy-C

Best

Titanium

Not Suitable

Titanium

Best

Best

4.6 Production
4.6.1 Production Equipment7)
Fig.8 shows the outline drawing of the production
equipment. The chemicals supplied from 45 % or 60
% Hydrogen Peroxide Tank and 95 % or 98 % Sulfuric
Acid Tank are introduced into the peroxymonosulfuric
acid synthesis mixer part after passing through the
Cooling Tank. Here, peroxymonosulfuric acid is
rapidly generated and the large amount of reaction
heat is generated by the reaction between hydrogen
peroxide and sulfuric acid. After that, the liquid is
cooled while being passed through the Cooling Tube
upon completion of the reaction. The reaction time
and cooling time finish within 5 minutes. This cooled
peroxymonosulfuric acid is diluted by the water that has
been used for cooling. The diluted peroxymonosulfuric
acid is sent to the Bleaching Tower. Fig.9 shows the
actual equipment. The peroxymonosulfuric acid
production capacity of this equipment is 250 kg/h,
which can correspond to pulp-production capacity of
2000 t/D and peroxymonosulfuric acid addition rate
of 0.3 %.

Fig. 9 MPS Manufacturing Apparatus
4.6.2 Operating Data
Table 5 shows the production data of
peroxymonosulfuric acid solution. At Case 1, 45 %
H2O2 was used and the mol ratio between sulfuric
acid and hydrogen peroxide was set at 3.1/1. As a
result, the yield of peroxymonosulfuric acid was 78
%. At Case 2, 60 % H2O2 was used and the mole ratio
between sulfuric acid and hydrogen peroxide was set
at 2.3/1. As a result, the yield of peroxymonosulfuric
acid was 80 - 83 %. The merit of using 60 % H2O2
acid is that larger amount of peroxymonosulfuric acid
can be added even when the alkali percentage in the
unbleached pulp is low because the solution with low
sulfuric acid concentration and high concentration
peroxymonosulfuric acid can be produced.
Table 6 shows the heat-generation and cooling data
during peroxymonosulfuric acid production. Rapid
temperature rise up to 91 °C - 108 °C was observed
just after the reaction start; however, after the reaction
and cooling, the liquid temperature was kept at 50 °C
or lower temperature. In summer, the cooling water
temperature can exceed 30 °C. Even at this condition,
the liquid temperature can be kept at 50 °C or lower
after cooling under this condition.
Table 5 Production Condition and Yield
Case

1

2

98% H2SO4

241 kg/h

516 kg/h

H2O2

59 kg/h (as 45%)

120 kg/h (as 60%)

Dillution Water

2640 kg/h

4920 kg/h

H2SO4 / H2O2

3.1 mol/1 mol

2.3 mol/1 mol

H2SO5 (as
100%)

69 kg/h

208-216 kg/h

H2SO5 after
dilution

2.30%

3.7-3.9%

Yield

78%

80-83%

98% H2SO4

3.5

2.5

100% H2O2

0.4

0.4

Basic Unit

Fig. 8 Flow Sheet of MPS Apparatus
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5.1 Application to The First Stage of Bleaching
(No.1)

Table 6 Temperature Condition of Production
Case

1

2

98% H2SO4

241 kg/h

516 kg/h

H2O2

59 kg/h (as
45%)

120 kg/h (as 60%)

Dilution Water

2640 kg/h

4920 kg/h

H2SO4 /H2O2

3.1 mol/1
mol

2.3 mol/1 mol

Season

Winter

Winter

Summer

Shortly after
reaction

96-103oC

91-94oC

105-108oC

After Cooling

24-27oC

26-28oC

37-43oC

(Cooling Water)

(23-27oC)

(15-17oC)

(30-32oC)

In the case when discoloration countermeasures
were required and the peroxymonosulfuric acid was
applied to the first stage, we studied whether or not
reduction of ClO2 additive amount to D0 stage is
possible, while maintaining the final K value.

5. Application to Pulp Bleaching
We have established a method to continuously
produce peroxymonosulfuric acid industrially. And
we applied the produced peroxymonosulfuric acid to
the discoloration countermeasure of ECF bleached
pulp8). As a result, such merits as 1) improvement
of pulp discoloration, 2) cost reduction of bleaching
chemicals, 3) reduction of energy cost, 4) production
increase of pulp, and 5) reduction of waste water
COD were obtained. The first actual equipment was
supplied to the Tomioka Mill of Oji Paper Company;
and it was added to the A-stage of A—Z/D—Eop—D.
As a result, reduction of ClO2 additive amount and
ozone additive amount was attained; and it has been
operated smoothly without any problems caused to the
product pulpa) b).

5.1.1 Study Example 1
(1) Used pulp
(a) Unbleached LOKP
(b) Properties
Brightness: 46.5 %, K value: 6.7, HexA: 28
μmol/g, viscosity: 22.1 cP
(2) Treatment conditions
The studied bleaching sequence was (firststage)—D0—Eop—D1 and we studied the effect
of introducing peroxymonosulfuric acid to the
place just before the D0 stage. Table 7 shows the
treatment conditions at each stage. Preparation of
peroxymonosulfuric acid was done by reacting 95
% H2SO4 with 45 % hydrogen peroxide in 3 mol :
1 mol.
(3) Results
Table 8 shows the results.
By applying
peroxymonosulfuric acid to the stage before the
D0 stage, ClO2 additive amount necessary to obtain
same discoloration (PC value) and whiteness
as those without the peroxymonosulfuric acid
stage was able reduced by 2 kg/p - 4 kg/pt. Also,
compared to the case where high-temperature acid

Table 8 Result of MPS Bleaching
D0
Condition

After int. Stage

Final Property

Cl02

Hex A

Br.

Hex A

Br.

K Value

PC Value

Viscosity

(BD%)

(µmol/g)

(%)

(µmol/g)

(%)

(Acid)

(cP)

(No MPS Treatment)

1.50%

-

-

0.9

87.3

0.5

0.8

21.5

A*
MPS

1.30%

18

44.6

0.6

87.4

0.4

0.7

21.1

0.25%

1.30%

24

47.1

0.5

87.8

0.4

0.6

20.1

0.50%

1.10%

21

47.5

0.5

87.8

0.4

0.7

20.1

Table 10 Comparison with A, A* and MPS
Bleaching Condition of First
Stage
(No MPS Treatment)

After int. Stage
Br.

Final Property

Hex A

Br.

Viscosity

(BD%)

(µmol/g)

(%)

(%)

(cP)

0.5

(37)

(52.1)

86.4

29.3

A (60oC)

pH3

0.4

35

53.1

86.8

27.5

A* (85OC)

pH3

0.3

23

53.3

86.5

26.7

0.30%

0.3

29

55.7

86.8

24.8

0.60%

0.3

26

57.2

86.9

23.0

0.90%

0.2

22

58.1

87.4

25.1

MPS
(60OC

6

D0
Cl02
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treatment (A*, 85 °C) was conducted at the stage
before the D0 stage, peroxymonosulfuric acid
treatment was able to reduce ClO2 additive amount
by 0 - 2 kg/pt. If there exists an acid treatment
tower, peroxymonosulfuric acid can be added to
this tower as a bleaching tower before D0 treatment.
Also, if there exists an unbleached tower, it can be
added to this tower as well. Meanwhile, the raw
material H2O2 of 0.25 BD % peroxymonosulfuric
acid is equivalent to about 0.1 BD%.
Table 7 Bleaching Condition of Stage
PC
(%)

Temp.
(OC)

Time
(min)

Fin. pH

A*

10

85

90

2.8~3.2

MPS

10

60

90

2.8~3.2

D0

10

60

60

2.7~3.0

Stage

Chemicals

Eop

10

65

90

11~11.3

O2 0.2%
H2O2 0.3%

D1

10

65

120

4.8~5.2

ClO2 0.3%

5.2 Application to The First Stage of Bleaching (No.
2)
In the case when the countermeasures
for discoloration are not required and the
peroxymonosulfuric acid is applied to the first stage,
we studied whether reduction of ClO2 additive amount
to D0 stage is possible or not.
5.2.1 Study Example 2
(1) Used pulp
(a) Unbleached LOKP
(b) Properties
Brightness: 52.1 %, K value: 6.9,
HexA: 37 μmol/g, viscosity:30.6cP
(2) Treatment conditions
The studied bleaching sequence was (firststage)—D0—Eop—D1 and we studied the effect
of introduction of peroxymonosulfuric acid to
the stage before the D0 stage. Table 9 shows the
treatment conditions of each stage. Preparation of
peroxymonosulfuric acid was done by reacting 95
% H2SO4 with 60 % H2O2 in 2 mol : 1 mol.
(3) Results
Table 10 shows the results. By applying
peroxymonosulfuric acid to the stage before
the chlorine dioxide bleaching, consumption of
chlorine dioxide was able to reduce by 2 kg/pt - 3
kg/pt compared to the chlorine dioxide bleaching.
Also, compared to the high-temperature acid

treatment (A*), peroxymonosulfuric acid treatment
was able to attain the targeted brightness with
equal or smaller amount of chlorine dioxide
consumption. Accordingly, we have attained
the energy cost reduction for high-temperature
treatment.
Table 9 Bleach Condition of Stage
Stage

PC
(%)

Temp.
(OC)

Time
(min)

Fin. pH

A*

10

60

90

2.8~3.2

A*

10

85

90

2.8~3.2

MPS

10

60

90

2.8~3.2

D0

10

60

60

2.7~3.0

Eop

10

65

90

11~11.3

O2 0.2%
H2O2 0.3%

D1

10

65

120

4.8~5.2

ClO2 0.2%

Chemicals

CONCLUSION
1. The on-site production method that we
have developed has such features as 1)
compact equipment, 2) possible to produce
peroxymonosulfuric acid in short time, 3)
continuous production, 4) safe even at the time of
leakage, and 5) inexpensive equipment cost.
2. By applying this peroxymonosulfuric acid
to pulp bleaching, 1) improvement of pulp
discoloration, 2) bleaching cost reduction, 3)
obtaining the pulp with high brightness, and
4) increase of pulp production quantity are
attained. We are happy if this method can help
develop the pulp bleaching in the near future.
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ABSTRACT
Agricultural residual can provide a sustainable, renewable source of transportation fuels and industrial
chemicals that may be significantly reduce our dependence upon petroleum. The production of fibres, chemical and
energy from biomass is known as biorefinery. The organosolv-process has been proposed as an alternative process
to fractionate biomass into its constituents: hemicelluloses, cellulose, lignin and extractives. There are more than
twenty organic chemicals, which have been studied in organosolv processes. One of the organic solvents tested is
ethanol. Pepap Enterprises, Canada claimed that ethanol pulping could produce high-quality pulp from agrofibres
in a mill which capable of meeting future environmental requirements. Many non-wood species such as straw,
bagasse and reeds have been evaluated successfully at laboratory. Malaysia is blessed with oil palm biomass. This
study was aimed at determining the effects of ethanol concentration, cooking temperature; liquor to oil palm empty
fruit bunches ratio as well as cooking time on pulp and paper qualities. A total of 26 pulping trials were conducted
by varying the cooking parameters. Ethanol concentration (%): 40, 45 and 50; Cooking temperature (oC): 175, 185
and 195; Liquor to EFB ratio (L: EFB): 4.5, 5, 6 and 12; Cooking time (min): 60, 90 and 120. The results for pulp
and paper properties were: screened yield: 0 - 39.04%; kappa number: 46 - 117; freeness: 261 - 665 CSF; bulk:
1.53 - 2.33 cm3 g-1; number of fold: 3 - 57; tear index: 2.74 - 5.92 mN m2 g-1; burst index: 1.01 - 2.82 kPa m2 g-1
and tensile index: 14.09 - 33.07 N m g-1. The organosolv processes was found not suitable for EFB because of its
low yield and poor paper properties.
Keywords: biorefinery, oil palm empty fruit bunch, organosolv pulping, ethanol
1. Introduction
Chemical pulping produces most of nonwood pulp. There are different types of chemical
pulping and sulphate pulping accounts for 90% of
it. Sulphate process uses considerable quantities of
water, generates large volumes of effluent, produces
substantial emissions to air, and uses large amounts of
energy. Part of the extensive research work being done
around the world to overcome the problems of the
sulphate process is being directed at cooking methods
that use organic solvents - organosolv processes.
There are more than twenty organic chemicals,
which have been studied in organosolv processes. One
of the organic solvents tested is ethanol (CH2H5OH). In
this process, the mixture of water and ethanol is used as
cooking medium. The process can be viewed as three
separate operations: extraction of lignin to produce
pulp, lignin and liquor recovery, and by-product
recovery. The process generates three by-products:
sulphur-free lignin, furfural and wood sugars and other
natural chemicals [1]. Sulphur-free lignin, furfural and
wood sugars and other natural chemicals can provide
a sustainable, renewable source of transportation fuels
and industrial chemicals that may significantly reduce
our dependence upon petroleum. The production of
fibres, chemical and energy from biomass is known
as biorefinery.
8

Malaysia is blessed with oil palm biomass. The
African oil palm, Elaeis guineensis, is one of the
most important plants in Malaysia. It produces palm
oil and palm kernel oil, which are widely used in the
food and manufacturing industries. Although the oils
are important economic products for the country, the
residues from the palm are largely wasted. One of the
most abundant lignocellulosic residues is the empty
fruit bunches (EFB), which are the stalk and spikelets
of the fruit bunches after fruit removal. Malaysia
produced 16 million tonnes of EFB in 2000, which
were generally used as mulch for oil palms, converted
to bunch ash or, as some cases, discarded as waste.
EFB has a good potential to be used as a raw material
in pulp and paper industries [2] [3]. Application EFB,
a non-wood, as raw materials for pulp and paper is
extremely promising because the future demand of
paper in Malaysia is expected to be enormous [4].
Pepap Enterprises, Canada claimed that ethanol
pulping could produce high-quality pulp from agro
fibres in a mill which capable of meeting future
environmental requirements. Many non-wood
species, such as straw, bagasse and reeds, have been
evaluated successfully at laboratory scales [5]. In
this study, the first part of three parts of operations;
extraction of lignin to produce pulp was studied.
These studies were aimed to determine the effects of
ethanol concentration, cooking temperatures; liquor to
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oil palm empty fruit bunches (EFB) ratio and cooking
time on pulp and paper qualities.
2. Materials and Methods
Concentrations of ethanol, cooking temperature
and time have been considered as important process
variables. Ratio of cooking liquor to solid raw material
and concentration of organic solvent were selected as
low as possible for the purpose of chemical saving. A
total of 26 pulping trials were conducted in this work
by varying the cooking parameters.
2.1 Raw Materials
Oil palm empty fruit bunches used in this study
was obtained in processed form (fibre strands). The
EFB was cut to 2.5 cm length, washed to remove dirt,
air dried and stored in an air-dry condition. Moisture
content for the EFB was 13.60% (oven-dry basis).
2.2 Pulping
The EFB were pulped using a Parr pressure vessel,
an 8 L cylindrical batch reactor heated by electrical
wires. The reactor was equipped with control unit

to monitor pressure and temperature. In this study,
organosolv pulping of EFB was done by varying the
ethanol concentration, cooking temperature, liquor to
EFB ratio and cooking time (Table 1):
a. Ethanol concentration (%): 40, 45 and 50
b. Cooking temperature (oC): 175, 185 and 195
c. Liquor to EFB ratio (L: EFB): 4.5, 5, 6 and 12
d. Cooking time (min): 60, 90 and 120
At the end of digestion, the softened EFB was
disintegrated for five minutes in a hydropulper,
washed on a screen and screened bya fractionators
(Somerville type) with a screen plate of 0.20 mm slits.
The total pulp yield was calculated as the sum of the
screened pulp yield and the sieves. Kappa number was
determined according to TAPPI Test Methods T 236
cm-85 (1994) [6].
2.3 Laboratory Paper
The laboratory paper was made by a handsheet
machine (British Handsheet Machine) according
to TAPPI T 205 om-88 “Forming handsheets for
physical tests of pulp” [6]. The structural, mechanical
and optical properties of these papers were measured
according to TAPPI T 220 om-88 “Physical testing

Table 1. The Pulping Conditions Employed
Experiments

Cooking time
(min)

Cooking temperature
(oC)

Ethanol concentration
(%)

Liquor to EFB ratio
(L: EFB)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

120
120
120
120
120
90
90
90
90
120
60
60
60
90
60
90
60
60
90
60
60
60
120
60
60
60

185
185
185
185
185
185
185
185
185
195
185
185
185
185
185
185
195
195
195
175
185
185
195
185
185
185

50
50
50
50
50
50
50
50
50
50
45
50
50
40
45
50
50
40
45
50
45
45
50
50
50
50

12
10
12
12
8
8
6
4
6
6
6
5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
6
6
5
4.5
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Table 2 Summarizes the Pulp and Paper Properties of EFB Ethanol Pulps at Different Pulping Parameters

Exp.

Yield
(%)

Kappa
Number

Freeness
CSF
(mL)

Grammage
(g/m2)

Thickness
(mm)

Folding
Endurance
(no.)

Tear
index
(mN.g/m2)

Burst
index
(kPa.m2/g)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

19.07
n.a.
21.24
27.15
34.24
37.82
29.1
n.a.
19.97
36.14
38.87
39
37.28
26.94
32.74
38.57
30.24
21.44
39.92
39.30
21.26
5.99
36.14
38.87
39.04
37.28

72.76
73.22
72.97
70.86
54.72
59.17
46.05
62.59
71.78
53.77
72
70.5
70.38
98
98
50
73
92
83
72
84
117
n.a.
n.a.
n.a.
n.a.

635
589
582
596
581
544
581
654
629
592
581
602
596
n.a.
665
627
648
644
587
645
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

59.35
59.68
59.35
60
59.9
58.47
59.68
60.8
60
59.35
59.19
59.68
58.94
n.a.
56.77
60.32
60
59.35
60.65
60
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

128.9
125.6
135.2
135.8
127.4
115.5
123.0
128.2
139.4
121.8
131.7
137.8
133.8
n.a.
132.52
118.89
122.75
127.06
134.23
121.6
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

4
4
6
3
1
3
2
4
4
6
4
4
4
n.a.
4
8
10
3
11
4
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

5.08
4.93
4.86
3.85
2.08
2.76
2.33
4.29
5.07
4.11
4.47
4.23
4.43
n.a.
4.88
4.21
5.5
3.33
5.26
3.47
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

1.53
1.31
1.49
1.45
1.28
1.61
1.58
1.41
1.31
2.23
1.53
1.49
1.48
n.a.
1.06
1.74
1.52
1.01
1.8
1.4
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

Tensile
index
(Nm/g)
23
22
24
24
22
28
24
24
23
30
24
24
23
n.a.
14.09
22.41
31.87
27.04
30.92
29.07
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

Note : n.a. - not available.

of pulp handsheets” [6] in a controlled temperature
and humidity environment as stipulated in TAPPI
T 402 om-93 “Standard conditioning and testing
atmospheres for paper, board, pulp handsheets, and
related products” [6].
3. Results and Discussion
The results are tabulated in Table 2. The results for
pulp and paper properties are in the range of:
• Screened yield: 0 – 39.04%
• Kappa number: 46 – 117
• Freeness (CSF): 261 – 654
• Number of folding endurance: 3 – 11
• Tear index (mNm2/g): 2.74 – 5.5
• Burst index (kPam2/g): 1.01 – 2.23
• Tensile index (Nm/g): 14.09 – 30.92
Peh et al. [7] has underlined a general basis for the
comparison of the pulping and papermaking potential
of the various species. Pulp yield, tensile index and
burst index are the main parameters used to evaluate
as to whether a species is good or poor for pulp and
papermaking. Since EFB have been proven can be
10

used in pulp and paper industry, thus the study was
carried out to investigate the suitability of organosolv
pulping for EFB. The pulp yield, tensile index and
burst index of EFB organosolv pulps are shown in
Table 2. The organosolv pulping used in this studies
are not suitable for pulp and paper making because
their yields are in the range of 0 – 39.04%, tensile
index in the range of 14.09 – 33.07 N.m/g, and burst
index in the range of 1.01 – 2.82 kPa.m2/g.
4. Conclusion
In this study, we found that organosolv processes
is not suitable for pulping EFB due to its low yield and
poor paper properties.
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ABSTRACT
Oil palm empty fruit bunch fiber (OPEFB) is a lignocelllulosic waste from palm oil mills. It is a potential
source of glucose and xylose which can be used as raw materials for high value products such as succinic acid.
The increasing interest on use of lignocellulosic waste for bioconversion to fuels and chemicals is justifiable as
these materials are low cost, renewable and widespread sources of sugars. The objective of the present study is
to determine the effect of different amount of enzyme, amount of cellulose and reaction time for production of
glucose from OPEFB Cellulose. Organosolv pretreatment was used to extract cellulose from OPEFB, the solvent
used was ethanol and water. The cellulose product was characterized by Thermo gravimetric Analysis (TGA),
(Fourier transform infrared) FTIR, and Field emission scanning electron microscope (FESEM). Batch enzymatic
hydrolysis of OPEFB cellulose was performed at 40oC with various amounts of enzyme and cellulose (0.1; 0.2;
0.3) and reaction time (2-94 hours). Celluclast and novozyme 188 were used in enzymatic hydrolysis. High
Performance Liquid Chromatography (HPLC) and Glucose meter was used to determine the quantity of glucose
produced. The analysis showed that higher amount of glucose can be produced with 0.7 gram of samples (OPEFB
cellulose), 0.2 mL total enzyme and 94 hours reaction time.
Keyword: cellulose, glucose, organosolv treatment, renewable sources, oil palm empty fruit bunch, enzymatic
hydrolysis
Introduction
Bioconversion of lignocellulosic waste materials
to chemicals and fuels are receiving interest as they
are low cost, renewable and widespread in nature
[1]. Malaysia is well acknowledged for its potential
in renewable resources such as oil palm waste, sugar
cane bagasse and rice straw. At present Malaysia
is the largest exporter and producer of palm oil and
its production accounts approximately 40-60% of
world total oil palm over the 25 years [2,3]. In the
process of extraction of palm oil from oil palm fruit,
a lignocellulosic material oil palm empty fruit bunch
(OPEFB) is generated as a waste product. Empty
fruit bunches (EFB) are the main by-products in the
palm oil industry with every ton of fresh fruit bunches
will produce ~0.22 ton EFB and the total amount of
EFB are ~2.96 x 106 ton/year [4]. The oil palm EFB
consists of 66.97% of holocellulose (cellulose and
hemicellulose) and 24.45% of lignin [5]. In Malaysia,
~17 million tons of EFB are produced after palm oil
extraction process every year. Therefore, several
approaches have been developed to utilize EFB fibres
to produce different materials, including paper pulp,
composite boards, thermoset polymer, and activated
carbon. [6].
Commonly, this biomass is burnt in incinerators by
palm oil mills, and it does not only create environmental
pollution problems but it also offers limited value to
the industry. The OPEFB biomass contains cellulose,
hemicellulose and lignin. It is estimated that OPEFB
12

biomass contain of glucan, a sugar polymer of
glucose [7]. This glucose can be used as substrate
for production of a wide variety of compounds by
chemical and biochemical processes. One such
compound is succinic acid, which is extensively used
in food, pharmaceutical and manufacture of polymer
[8]. Cellulase from Trichoderma reesei (a mix of
endoglucanases, exoglucanases, and β-glucosidase)
is widely used for the degradation of cellulose into
soluble glucan oligo/polymers, cellobiose, and
glucose [9]. Novozyme Celluclast 1.5 L was used to
breaks the cellulose in the middle and work in the end
of the chains into cellobiose (the dimer of glucose)
and Novozyme 188 Cellobiase used as β-glucosidase
breaks the cellobiose into glucose monomers. Box
Behnken design was used to help to design the
experiment.
In this study, oil palm EFB fibers were selected
as raw material for cellulose. OPEFB was treated
by organosolv method for lignin and hemicellulose
removal. Cellulose became precursor to produce
glucose. The cellulose product was characterized
by Thermo gravimetric Analysis (TGA), (Fourier
transform infrared) FTIR, and Field emission scanning
electron microscope (FESEM). In this context,
different reaction time and different amount of enzyme
and substrates (samples) was used for optimization. As
comparison, enzymatic hydrolysis also was done to 2
type of cellulose (Fiber and Microcrystalline), OPEFB
after auto hydrolysis (delignification), OPEFB treated
by acetic acid and cellulose extracted from OPEFB
(obtained cellulose). The major objective of this
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study is to optimize glucose production to produce
high value product with high concentration, such as
succinic acid.
2. Materials and Methods
2.1 Raw Material
Oil Palm empty fruit bunch (OPEFB) fiber was
collected from local palm oil mill (United Oil Palm
Industries Sdn Bhd, Malaysia), sun dried and ground
to a particle size <1 mm. The homogenized OPEFB
biomass was then oven dried at 105oC for overnight
and was analysed following standard method for
determination of its main composition [10].
2.2 Chemicals and Enzymes
Two types of standard cellulose from SigmaAldrich were selected for this study. The first is fiber
cellulose and the second microcrystalline cellulose.
Solvent and other chemicals were obtained from
R & M Chemicals. Celluclast 1.5 L (Cellulase) and
Novozyme 188 (Cellobiase) were obtained from
Novozymes Malaysia Sdn Bhd.
2.3 Autohydrolysis Pretreatment (Delignification)
Autohydrolysis pretreatment was for delignification
process for OPEFB,that is meant to break down the
lignin linkage in the surface of OPEFB. 30 grams
of OPEFB were loaded into 4 L stainless steel
Electronic Pressure cooker (98 Kpa, 120 oC) and were
supplemented with appropriate amount of deionized
water. The auto hydrolysis was carried out at 120oC
for 1-2 hours.
2.4 Organosolv Treatment
10 grams of auto hydrolysed OPEFB was milled
and mixed with 80% aqueous ethanol (EtOH/H20:
8/2 v/v) and 0.2% w/w sulphuric acid as catalyst. The
mixture was heated at 120oC for 1 hour and filtered
and washed with methanol [11]. This was followed by
treatment with Hydrogen Peroxide (H2O2) 2% for 4
hours at 50 oC to obtain cellulose.

2.5 Enzymatic Hydrolysis
Enzymatic hydrolysis experiments were conducted
in 100 ml shaking flask at 40oC and 145 rpm inside
incubator shaker. The cellulase-catalysed hydrolysis
of the different cellulose substrate (untreated or
pretreated) was carried out in a stirred flask. In a typical
hydrolysis reaction, 500 mg of cellulose was added
to 9 mL acetate buffer (50 mm, pH 4) and incubated
for 2 hours (40oC; 145 rpm). After this preincubation
step, hydrolysis was initiated by addition 0.1 ml of
10 mg/mL cellulase. Forty microliter of the reaction
medium was withdrawn at different times in order
to determine the progress of the reaction which was
stopped by incubating the withdrawn sample at 90oC
for 20 min to deactivate the enzyme [12]. Then, the
sample was diluted in ultra-pure water and filtered
(0.2 µm) prior to analysis by high performance liquid
chromatography (HPLC).
The same procedure was followed for the cellulose
extracted from OPEFB. Reaction was carried out at
40o C, for 48-94 hours. Different amount of cellulose
(300mg-500mg) and the total of enzyme (0.3-0.7 mL)
were used in this reaction.
2.6 Box-Behnken Design
Box-Behnken design was used in this
study to help in planning experiment. According to
Box Behnken design principle, duration of reaction
time, amount of samples and total enzymes, which
were identified to have strong effects on the response
in preliminary one-factor-at-a-time experiments, were
taken as the variable tested in a 15-run experiment
to determine their optimum levels [13]. As shown in
Table 1, the three factors chosen for this study were
designated as X1, X2, X3 and prescribed into three
levels, coded +1, 0, -1 for high, intermediate and low
value, respectively.
2.6 Analysis Method
Infrared spectra of raw and treated OPEFB fibers
were recorded using Perkin Elmer, Fourier Transform
Infrared (FTIR) model GX. The powdered samples
for each type were mixed with KBr and compressed

Table 1- Levels and Code of Variables Chosen for Box-Behnken Design
Variables
Hydrolysis Reaction time (h)
Total of enzymes (mL)
Amount of samples (g)

Symbol
Coded
X1
X2
X3
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-1
48
0.1
0.3

Coded Levels
0
76
0.2
0.5

+1
94
0.3
0.7
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into pellet. Samples were scanned from 400 to 4000
cm -1. Thermo gravimetric analysis (TGA) was carried
out using a Mettler Toledo model TGA/SDTA 851e.
Samples of approximately 6 mg were placed in alumina
pans and heated from 30 to 800 oC at 10oCmin-1, under
dynamic flow of nitrogen (50 mLmin-1). Morphology
of the samples was examined by using Zeiss, Field
Emission Scanning Electron Microscope (FESEM).
Model Supra 46VP. SEM images were recorded using
an accelerating voltage at 3-5 kV.
Glucose concentration was determined by using
High Performance Liquid Chromatography (HPLC)
and Glucose meter. The system used for HPLC was
water HPLC system and evaporative light scattering
detectors (ELSD) used as detectors. Glucose
was determined using a Zorbax NH2 column and
acetonitrile: water 80:20 as mobile phase at a flow rate
of 1ml/min. The retention time of glucose is 13.32 min
(rsd ±0.56%). Quantification was based on calibration
curves established using standard glucose purchased
from Sigma-Aldrich.
3. Result and Discussion
3.1 Characterization of Oil Palm Fruit Bunch
(OPEFB) Cellulose
3.1.1 FTIR Spectroscopy
Figured 1 showed the FTIR spectra of cellulose
extracted from OPEFB (OPEFB Cellulose), Raw
OPEFB and OPEFB after delignification process.
Fig 1 a) showed there were two peaks that
represent the functional groups for lignin and
hemicellulose. Both peaks at 1501 and 1512 cm -1
are due to C=C stretching and C=C aromatic skeletal
vibration of lignin, respectively. These two peaks

were not observed in the FTIR spectra of the OPEFB
cellulose and OPEFB after delignification (Fig. 1b).
The peaks for hemicellulose appeared in the spectrum
of the raw OPEFB at 1735 and 1732 Cm-1 due to
C=O stretching, and the peaks were disappeared
at Fig. 1 c) OPEFB Cellulose (c), but still appeared
in Fig 1b). Fig 1 c) OPEFB cellulose does not have
hemicellulose and lignin peaks anymore, that means
organosolv treatment successful on removal lignin
and hemicellulose in OPEFB. The peak observed at
898 cm-1 is attributed to the presence of β-glucoside
linkage between glucose units in cellulose [14]. All
FTIR spectra in this study showed β-glucoside linkage
peak including FTIR spectra for the obtained cellulose
OPEFB (Fig 1c).
Based on the results from FTIR spectroscopy, the
removal of lignin and hemicelluloses was successful
since peaks for lignin and hemicellulose was
completely disappeared in the spectrum of OPEFB
cellulose.
3.1.2 Thermal Analysis of Oil Palm Fruit Bunch
Figured 2 presented the TGA thermograms and
the corresponding DTG curves of the raw OPEFB,
OPEFB after delignification process and OPEFB
cellulose. A clear ‘shoulder’ at around 250-300 oC is
normally assigned to the thermal decomposition of
hemicellulose. The high temperature “tails” around
400-600oC were normally ascribed to degradation of
lignin. For the raw OPEFB Fig. 2 c), hemicelluloses
shoulder peaks were not obvious because it is overlapped
with main peaks of cellulose. Thermogram for OPEFB
after delignification process (Fig. 2 b), the first peak
appears at around 300 oC (shoulder) resembling the
thermal decomposition of hemicellulose. There is no
tail appears with the range of 400-600oC indicating

Fig. 1. FTIR Spectra for (a) Raw OPEFB (b) OPEFB After Delignification (c) OPEFB Cellulose
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Fig. 2. TGA Thermogarm of (a) Cellulose Obtained (b) OPEFB After Delignification (c) Raw OPEFB

Fig 3. SEM Images of (a) Raw OPEFB Fibers (b) OPEFB After Delignification (c) OPEFB Cellulose
that the delignification process was successful. For
the cellulose obtained the case of from organosolv
and H2O2 treatments, there is no shoulder and tails
present in the thermogram indicating that lignin and
hemicellulose were successfully removed. Thermal
decomposition at around 310oC showed that OPEFB
cellulose was successfully obtained (Fig. 2 a).
3.1.3 Morphology of OPEFB Fibers
SEM micrographs of raw OPEFB, OPEFB after
delignification and obtained cellulose (OPEFB
cellulose) are shown in Fig. 3. A rigid appearance
can be seen for raw OPEFB material (Fig. 3 a). The

figure shows that raw OPEFB fiber has stiff and hard
surfaces. Delignification of OPEFB result the stiff
appearance to reduce and some parts of the fiber
were split and became more refined. The images also
showed that some fibers were broken. The Fig. 3 (c)
shows the SEM images of obtained cellulose (OPEFB
cellulose) after delignification and organosolv
treatment. The appearance is quite different and the
length and diameter of fiber was reduced. This is
probably due to the decrease in spiral angle around the
fibre axis and increase in molecular orientation. A fair
amount of randomness is introduced in the orientation
of the crystallities due to the removal of non-cellulosic
matter [15].
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3.2 Enzymatic Hydrolysis and Box Behnken Model
3.2.1 Effect of Different Pretreatments on Enzymatic
Hydrolysis of Various Cellulose Substrates
Plots in Fig. 4 showed that the glucose concentration
increased with reaction time. .It was also indicated
that organosolv treated OPEFB cellulose produced
the highest glucose concentration followed by OPEFB
treated with acetic acid, microcrystalline cellulose,
cellulose fiber and OPEFB after delignification.
3.2.2 Effect of Different Variables on Enzymatic
Hydrolysis of Cellulose Extracted from OPEFB
A 15-run Box-Behnken design with tree factors
and three levels, including three replicates at the centre
point, was used for fitting a second-order responses
surface. The three centre point runs were added to
provide as a measure of process stability and inherent
variability. The considerable variation in the glucose
concentration from OPEFB cellulose under different
conditions was shown in Table 2.
Figured 5 showed that model run experiment
number 8 produced the highest amount of glucose,
that was 167.4 g/L. In this 8 experiment, 0.2 ml
enzyme and 0.7 g of samples has been used with 94
hours’ time reaction. The lowest glucose concentration
was at run number 9 with concentration only 21.6
g/L. The glucose concentration increased with
the increasing amount of samples (cellulose). The
longer the reaction time also increased the glucose
concentration produced. The best total enzyme to
produce high glucose concentration was 0.2 ml. That
means, used the same amount of novozyme 188 and
celluclast (0.1 mL: 0.1 mL) could improve the activity
of these two enzymes as catalyst. This is probably due
to the stability of enzyme activity. Figured 5 showed
the effect of variable total enzymes (a) and the effect

of variable amount of samples (b) on the result of
glucose concentration. Fig. 5 a) showed that 0.2 mL
total enzyme produce highest concentration of glucose
(167.4 g/L) and 0.1 mL produced the lowest glucose
concentration (21.6 g/L). Fig. 5 b) showed 0.7 gram of
samples can produce the highest glucose concentration
(167.4 g/L) and 0.3 gram of samples produced the
lowest concentration of glucose (21.6 g/L).
Table 2- Box-Behnken Design with Experimental and
Predicted Values of Polysaccharide Yield
Run

X1

X2

X3

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

-1
-1
+1
+1
-1
+1
-1
+1
0
0
0
0
0
0
0

-1
-1
+1
+1
0
0
0
0
-1
+1
-1
+1
0
0
0

0
0
0
0
-1
-1
+1
+1
-1
-1
-1
+1
0
0
0

Glucose
concentration (g/L)
91.8
97.2
97.2
93.6
55.8
39.6
122.4
167.4
21.6
97.2
48.6
100.8
52.2
54.0
55.8

Glucose released with the help of enzymes,
celluclast and novozyme 188 were used as catalyst
in this hydrolysis reaction. Celluclast contained of
Endoglucanase and Exoglucanase, enduglucanase
broke the cellulose in the middle of chains to reduce
the degree of polymerisation and exoglucanase
worked at the ends of the chain to break the chain into
cellobiose (the dimer of glucose). Novozyme 188 is
cellobiase contained of β-glucosidase with functioned
to break the cellobiose into glucose monomers [16].

40
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Fig.4. Effect of Different Pretreatments on Enzymatic Hydrolysis of Various Cellulose Substrates
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4. Conclusion
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ABSTRACT
Comparisons were made in anatomical properties between cultivated three year-old tropical bamboos
Gigantochloa levis, G. scotechinii and G. wrayi. These bamboos were selected and harvested from the plantation
plots in the Forest Research Institute Malaysia located in Kepong, Selangor. The studie focussed on the vascular
bundle and fibers located at the nodes and internodes 8 at the outer, middle and inner cross-section of the bamboo
culms. Data were taken on the sizes of the vascular bundle’s length, vascular bundles width, fiber length, fiber
diameter, fiber lumens diameter, fiber walls thickness and fiber Runkle’s ratio between each of the bamboo species
in relation to the sample’s positions at the internodes, nodes, and positions in the cross-section of the bamboo
culms. The three bamboo species exhibited similar in characteristics but having different sizes in anatomy and
microstructure features. The results in the fiber’s morphology studies showed that the fibers for each species have
different lengths, diameters, cell walls thickness and lumen sizes. The size of the vascular bundle is smaller at outer
position and become bigger at the inner position.
Keywords: cultivated Gigantochloa levis, G. scotechinii, G. wrayi, anatomy, vascular bundles, fibers,
microstructure features
Introduction
Bamboo, considered among the fastest growing
plant has been the focus of research and development
in recent years. They present the best possible
alternative to replace timber in the future. Research and
development which covers all aspects in silviculture,
propagation, processing, properties and utilization of
bamboo found naturally growing wild in the forest
and cultivated has intensified. However, study on
cultivated bamboo stands has so far mostly confined
to selected species in silviculture and fertilizers
application to enhance growth (Azmy et al. 2007).
Information on the properties such as anatomical and
structural properties is rather limited.
Properties of bamboo culms such as the anatomical
structures and physical characteristics have been
known to have influences on their durability and
strength (Razak, 1998; Latif & Tamizi, 1993; Liese,
1985). This is supported by Razak et al. (2010) in their
studies on the anatomical and physical properties of
cultivated Bambusa vulgaris. Information generated
on the anatomical properties pf bamboo can be used to
determine their possible proper utilization. Currently,
most of the bamboos are used for making traditional
products such as handicraft, basketry, and highvalue-added products of panels, parquets, furnitures
and construction materials. Gigantochloa species of
bamboo are among the most popular tropical bamboo
species for plantation. These bamboos are easily
cultivated and possess thick culms wall, and having

uniform sizes between the nodes and internodes. This
makes them suitable as materials for industrial usage.
The objectives of the study were to determine the
differences in the anatomical and structural properties
between three (3) G. levis, G. scotechinii and G. wrayi.
The anatomical structures were investigated due to
their strong relationship with strength, preservative
absorption, distribution and likely pathways for
colonization by micro-organisms (Razak et al. 2005,
2002).
Materials and Methods
Materials
Bamboo culms of cultivated species Gigantachloa
levis, G.scortechinii and G.wrayi were harvested
from The Plantation Plots, Forest Research Institute
Malaysia (FRIM), Kepong, Selangor, Malaysia.
Culms of 3-year-old were selected for the study as
the culms of this age was found to be most suitable
as material for industrial uses. The bamboos had their
age verified from the tags and had been monitored
since the sprouting stage. The plants were harvested in
January 2010. The bamboo culms were cut at about 30
cm above ground level. These culms were taken from
randomly selected clumps with diameter range from
8-17 cm diameter, depend on species. Each stem was
marked and cut at nodes and internodes 8. An endcoating paint was applied to the cut surfaces before
the samples were transported to the laboratory. This
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was done to minimize evaporation and prevent fungal
and insect attacks on the bamboo. The total number of
specimen taken was about 10 culms per species.
Sample Preparation
The bamboo culms were segregated according
to species, and further sub-segregated into node and
internodes. Specimen blocks intended for anatomical
investigations were fixed in solution of formalinacetic acid (FAA) immediately after felling and kept
in closed bottles. The mixture of FAA consists of 90%
ethanol (conc. 70%), 4% glacial acetic acid and 6%
formaldehyde (conc. 37-48%) (Razak, 1998). Each
culm was consistently cross cut into position with and
without nodes with the sampling preparation protocol
for each respective investigation.
Anatomy Assessment
Technique used by Latif and Tamizi (1993)
was used with some modification in measuring and
counting in the distribution of the vascular bundles on
the bamboo surface at the cross section. The anatomical
characteristic of the three (3) bamboo species with two
locations (node and internode) and three (3) positions
(outer, middle and inner layer) of the bamboo culm
were studied.
Vascular Bundles
Method of measuring the vascular bundles
distribution and fibre dimensions was also adopted
from the technique used by Latif and Tamizi (1993).
Vascular Bundle Size
The sizes of the vascular bundles were measured
by the scanning electron microscope (SEM) images
through it measuring tools.
Determination of Fiber Morphology
Bamboo Maceration: The bamboos were split
to size 20 mm x 10 mm x thickness then was cut
tangentially and divided into 3 equal sections (inner,
middle and outer layer). Each section was splits radials
into match stick sizes using a sharp knife.
Macerates were prepared from match-stick size’s
bamboo by placing them in solution containing glacial
acetic acid (M=60.05g/mol) and hydrogen peroxide
(30% and M=34.01 g/mol) at ratio 1:1. The bamboos
in the solution were heated over a water bath inside a
fume chamber for 2-3 hours until it becomes soft and
white. One or two drops of sodium hydrogen carbonate
crystals were added to neutralize the acid before the
mixture was decanted and washed with distilled water.
20

A through shaking of the mixture was done to separate
the individual fibers. Safranin was used to colour the
extracted fiber to red.
One hundred undamaged or unbroken fibers were
measured for their length (L), fiber widths (d), lumen
diameter (l) and cell wall thickness(w). Quantimeter
Image Analyzer equipped with Lecia Microscope
and Hipad Digitizer (Quantimet 520, Cambridge
Instruments) was used to observe and measured at
computer images at 10 x (length), 100 x (diameter)
and 100 x (lumen) magnifications. The calculations
of felting factor (L/d), Runkel’s ratio (2w/l), and
coefficient of the suppleness or flexibility ratio (l/d)
were carried out using the equations (1) and (2) below:
Cell Wall
= (Fiber Diameter-Lumen diameter) / 2
Thickness
........................................................Equation 1
Runkle’s = (2 x fiber wall thickness (μm)) /
ratio
(lumen diameter (μm))
........................................................Equation 2
Cell Wall Structure in Electron Microcopy
The scanning electron microscope (SEM) and
transmission electron microscope (TEM) were used
to analyse the fine structure of the bamboo cell walls.
For SEM analysis, the samples were then selected
and cut into a smaller size for the shorter duration of
pre vacuum process. The surface section of samples
was cut using high speed microtome blade to ensure
the smooth surface. The samples went through pre
vacuum process on a thin plate before the Aurum
coating process took place (about 20 nm) to ensure
the efficient conductivity for the analysis process.
The apparatus for the coating process is called
‘sputters coater’ Fison SC 515. Scanning analysis
was performed using ‘Leica Cambridge S - 360’, with
magnification up to 4000 times.
The samples for TEM analysis were dehydrated
in an ethanol series and embedded in Spurr resin. For
cell wall structure of bamboo fiber, they were chosen
according to species and position in bamboo culm
and cut into pieces of 2 x 3 blocks. Samples were
then dehydrated in an ethanol series and embedded
in Spurr resin (Epon), which polymerized for 24
hours at 60°C. Transverse sections (1µm) were cut
from the embedded material, using the Sorvall ultra
microtome (MT 5000) and stained with 1% Toluidine
Blue for lignin distribution determination. This gives
a high contrast to lignin rich structure such as middle
lamellas and cell corners. The section was viewed
under the polarized microscope (Nikon YS2-H). Ultrathin sections (0.1µm) were obtained from embedded
samples, stained with 2% uranyl acetate and lead
citrate and finally viewed under TEM (energy filter Zeiss Libra®120).
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Result and Discussion
Vascular Bundle Distribution
The result for the vascular bundle’s distribution on
the three (3) selected Gigantochloa species are shown
in Table 1. The mean number of vascular bundle for
G. scortechinii was 6.38 bundle/4 mm2, G.wrayi at
6.84 bundle/4 mm2 and G. levis at 4.33 bundle/4 mm2.
These were in agreement with Latif (1991) finding
in the number of vascular bundles in G. scortechinii.
The anatomical features within and between culm of
different or even the same bamboo species may vary
as the individual characteristic of the bamboo itself
(Pattanath, 1972; Soeprayitno et al., 1990).
Different number of vascular bundle in the node
and the internode sections were observed in the
bamboo culm. The distributions of vascular bundles
in the internodes were higher than the nodes. The
vascular bundles were also observed to be higher in
the number and more compacted in the outer layers of
the bamboo culm than those in the inner layers. This is
acknowledged by other researchers (Liese, 1992, Latif
& Tamizi 1993, Hisham et al, 2006). Li (2004) in his
studies on a monopodial bamboo P. pubescens found
that the numbers of vascular bundles were higher
compared to the simpodial bamboo species. Hisham

et al (2006) studied on the anatomical, physical and
chemical properties the characterization of bamboo
G. scortechinii at different ages found that the number
of vascular bundle’s increases from the inner zone
towards the outer zone. Similar trend was reported in
sympodial bamboo Phyllostachys pubescens (Wenyue
et al. 1981). This indicates that bamboo possesses long
and small vascular bundle at the outer zone, but short
and big inner the inner zone (Liese, 1985).
Vascular Bundle Length
The results on the the measurement of the vascular
bundles length is shown in Table 2. The higher mean
of vascular bundle length at internodes were G. levis
(1171.14 µm) followed by G. scortechinii (787.19
µm), and G. wrayi (754.06 µm).
The mean average for vascular bundle length at
the nodes were G. levis (1193.89 µm) followed by
G. scortechinii (1078.20 µm) and G. wrayi (963.41
µm). The vascular bundles lengths were longer at
the node than the internodes. The mean average of
vascular bundle length for outer layer position was
748.54 µm, middle layer 1013.25 µm and for inner
layer was 1131.42 µm. The vascular bundles lengths
were longer at the middle than at the outer and inner
periphery.

Table 1. Mean Number of Vascular Bundle (per 4 mm2) of various Gigantochloa species)
Position
Internode

Node

Position
Outer
Middle
Inner
Mean
Outer
Middle
Inner
Mean

G. levis
7.46 (±1.72)
3.00 (±0.54)
2.54 (±0.40)
4.33 (±0.87)
5.94 (±3.40)
3.56 (±1.03)
2.87(± 0.88)
4.12 (±1.77)

G. scortechinii
13.24 (±1.75)
6.44 (±1.12)
3.50 (±0.64)
7.73 (±1.17)
10.55(±1.77)
5.80 (±1.40)
2.75 (±1.13)
6.37 (±1.43)

G. wrayi
8.91(± 1.73)
6.27 (±1.01)
5.35 (±1.35)
6.84 (±1.36)
6.69 (±3.08)
3.81 (±1.20)
3.44 (±1.23)
4.65 (±1.84)

Values in bracket represent the standard deviation

Table 2. Mean Vascular Bundle Length (µm) of Various Gigantochloa species
Position
Internode

Node

Position
Outer
Middle
Inner
Mean
Outer
Middle
Inner
Mean

G.levis
928.73 (±303.07)
1176.49 (±144.23)
1408.20(± 210.11)
1171.14 (±219.13)
769.09 (± 129.79)
1387.66 (±65.41)
1424.92 (±99.85)
1193.89 (±98.35)

G.scortechinii
625.77 (±232.89)
882.32 (±74.07)
853.60 (±110.02)
787.19 (±138.99)
785.40 (±193.88)
999.55 (±157.05)
1449.64(±172.69)
1078.20 (±174.54)

G.wrayi
685.45 (± 56.25)
692.74 (± 49.88)
818.66 (±52.57)
754.06 (±52.90)
735.06 (±125.33)
1035.68(±142.97)
1119.49(±114.70)
963.41 (±127.67)

Values in Bracket Represent the Standard Deviation
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Vascular Bundle Width

Fiber Morphology

The results on the measurement of the vascular
bundles width is showed in Table 3. The higher mean
of vascular bundle width at the internodes were G.
levis (798.26 µm), G. scortechinii (544.63 µm) and
G.wrayi (532.88 µm). The mean average at different
position showed significant difference between the
internodes and nodes. The internodes vascular bundle
width was 585.42 µm and for nodes was 630.70 µm.
The vascular bundles width was observed to be higher
at the node. The mean average of vascular bundle
width for outer layer position was 467.23 µm, middle
layer 599.76 µm and for inner layer was 757.19 µm.
It shows the significant different between the vascular
bundles in samples position. Vascular bundle width
was widened at the inner and smaller toward the outer
periphery position. This is due to the size of vascular
bundle which were smaller and compact at the outer
layer, compared to the inner layer of bamboo culms.

Fiber Length: The results for the fiber lengths
study of the various Gigantochloa species are showed
in Table 5, Figures 1 and 2. The statistical analysis
shows significant different in the fiber length between
the bamboo species. The higher length was obtained
from the G. levis (2039.98 µm) follow by G. wrayi
(1798.79 µm) and G. scortechinii (1745.27 µm).
The mean average for internode fiber length was
2074.24 µm and for node was 1672.62 µm. It shows
there was significant different between position at
internode and node. The fiber length was higher at
the internode compare to the node. At the internode,
the anatomy structure was constant but at the node
it was quite twisted. The anatomical factor, maybe
contribute the different of fiber length between two
position. The mean of the fiber length for outer layer
position was 1698.52 µm, middle layer 2060.41 µm
and for inner layer was 1861.35 µm. These show that

Table 3. Average Vascular Bundle Width (µm) of Various Gigantochloa Species
Position
Internode

Node

Position
Outer
Middle
Inner
Mean
Outer
Middle
Inner
Mean

G.levis
610.61 (±129.41)
723.01 (±93.36)
1061.18 (±103.56)
798.26 (±108.78)
570.89 (± 89.88)
752.93 (±76.08)
837.48 (±73.18)
720.43 (±79.71)

G.scortechinii
382.41 (±141.22)
494.11 (±73.87)
627.62 (±101.20)
501.38 (±105.43)
478.04 (±46.60)
593.74 (±72.24)
691.88 (±92.30)
587.89 (±70.38)

G.wrayi
383.27 (±43.91)
582.74 (±75.64)
632.62 (±43.07)
532.88 (±54.21)
524.83 (±94.20)
619.67 (±90.79)
846.01 (±68.39)
685.82 (±84.46)

Values in Bracket Represent the Standard Deviation

A

B Internode

C

A

B Node

C

Figure 1: SEM Images of The Vascular Bundles at Internodes and Nodes of the G. levis
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there were significant different in the fiber length at
the internodes, nodes and between the cross-sectional
position of the bamboo. Similar observations were
made at the internodes and nodes, which shows that
the fiber possess longer fiber at the middle layer
of bamboo. The same trends were also observed
for all the three bamboo species in this study. The
fiber length shows considerable differences between
species as well as variations within one culm (Liese
& Grosser 1972). The mean average for fiber length in
genera Gigantochloa from this study was 1600 - 2000
μm. The result obtained by Hisham (2006) studies on
G. scotechinii was between 2350 - 2630 μm. While
Ireana 2009, study on B. blumeana found the length
of fiber was around 2900 μm. B.vulgaris fiber length
is 3600 - 4700 μm (Razak, 2010), 1940 - 2430 μm
(Latif, 1995). The fiber length of Gigantochloa species
in this study ranged 1750 – 2040 μm while the fiber
from P. Pubescens which growth in large areas of
China, Japan, Taiwan and Indochina was about
1300 μm length (Liese, 1992). Walter Liese (1992)
studied the structure of bamboo in relation to its
properties and utilization. They reported that the fibers
contribute 60-70% by weight of the total culm tissue.
Certain species generally have shorter fibers, such as
Phyllostachys edulis (1.5 mm), Ph. pubescens (1300
μm), other longer ones like Dendrocalamus giganteus
(3200 μm), Oxytenanthera nigrocilliata (3600 μm), D.
membranaceus (4300 μm).
Comparison with the fiber length of the Softwood
(3600 μm), the fiber length of Gigantochloa (1600 2000 μm) genera was clearly shorter, but still longer
than hardwood (1200 μm). In fact it is longer than the
Eucalytus spp which was popular as a source of short
fibers pulp for paper industry (Horn & Setterholm,
1990; Ververis et al., 2004). The short-fiber pulp
using by paper mill in Malaysia was the Eucalytus spp
imported from Brazil. The fibers are combined long
fibers pulp from the Softwood imported from Canada.
There was a great potential that Gigantochloa fibers
can be use as a pulp for future in Malaysia.
Fiber diameter: Table 5 shows the fiber diameter
obtained from the study. The larger mean average
of fiber diameter were G. levis (22.67 µm) followed
by G. wrayi (17.86 µm) and G. scortechinii (17.26
µm). The mean for fiber diameter at different position
showed that the node has larger fiber diameter at 22.04
µm and internodes at 18.23 µm. Significant different
existed between the fiber diameter in position at the
internodes and nodes. The fiber diameter at different
position showed that the outer layer were 18.49 µm,
middle layer 22.36 µm and inner layer 19.56µm. The
fiber diameter of the Gigantochloa genera in this study
ranged between 17-22.8 μm. The previous studies on
the fiber diameter for G. scortechinii were 26 μm
(Hisham, 2006), 23-37 μm (Abd. Latif, 1995), while
studies on the species of bambusa genera found that;
fiber diameter for B. blumeana were 12.0 μm (Ireana,

2009), B.vulgaris was 16.9-18.0 μm (Razak, 2010),
20-42 μm (Latif, 1995). This study found that the
fiber diameter were smaller than the previous studies.
The diameter of the fiber of this study was 17-22.8
μm and is smaller than the Softwood (35 μm) and
hardwood (25 μm). The comparison between the fiber
diameters on this study showed that the fiber diameter
Gigantochloa genera (17-22.8μm) was bigger than
Eucalytus spp (15.5 - 16.3μm).
Lumen diameter: The results on the measurement
of the lumen diameter of various Gigantochloa
species are shown in Table 5. The lumen diameter
for G. scortechinii, G. levis and G. wrayi were 8.60
µm, 4.75 µm and 4.75 µm respectively. The results
obtained in G. scortechinii were almost the same as
obtained by Tamizi et al. (2011) and Hisham (2006),
but smaller than those obtained by Latif (1995). The
lumen diameter for Bambusa were 1.6 μm for B.
blumeana (Ireana, 2009), 2.3-2.6 μm for B. vulgaris
(Razak, 2010). The lumen diameter for Eucalytus spp
was 8.5-9.5 μm. The mean average for lumen diameter
at different position showed that for the lumen
diameter at node was 6.18 µm and for the internodes
was 4.43µm. The results showed the lumen diameter
were larger at the node compare to the internodes.
The mean average for lumen diameter at difference
position showed that at the outer layer was 5.44 µm,
middle layer was 5.51 µm and at the inner layer was
5.96 µm. The result showed the lumen diameter was
largest at the inner and smaller toward the outer layer
and it was a significantly difference.
Wall thickness: The results on the measurement
of the wall thickness of various Gigantochloa species
are shown in Table 5. G. levis (9.34 µm) possess
thicker wall compare to the G. wrayi (7.02 µm) and
G. scortechinii (4.30 µm). The mean average for wall
thickness at different position showed that for the wall
thickness at node was 7.02 µm and for the internodes
was 6.90 µm. The result showed the wall thickness
are thicker at the node as compare to the internodes
and it was a significantly difference between this
two position. The mean average for wall thickness at
difference position showed that at the outer layer was
7.03 µm, middle layer 8.43 µm and at the inner layer
was 6.80 µm. The result showed the wall thickness
is thicker at the outer and thinner toward the inner
layer. From this study the fiber wall thickness for
Gigantochloa genera ranged 4.3-9.34 μm. The fiber
wall thickness for G. scortechinii obtained by Hisham
et al (2006) was 8-10 μm and Latif (1995) was 12.530.1 μm. The fiber wall thickness of G.wrayi (9.02
µm), G.brang (9.34 µm) was thicker than B. blumeana
which was 5.01 μm (Ireana, 2009), B. vulgaris which
was 7.1-7.6 μm (Razak, 2010), 2.5-13.3 μm (Latif,
1995). As a comparison, the fiber wall thickness of
G.scortechinii almost similar with Eucalytus spp they
are 4.3 μm and 3.29-3.86 μm (Viane at el., 2009),
respectively.
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Analysis of Varianace: The analysis of variance
(ANOVA) for the above studies is shown in Tables
4 and 5. Table 4 shows the ANOVA on the vascular
bundle distribution, vascular bundle length and
vascular bundles width between the bamboo species at
nodes and internodes. Table 5 shows the ANOVA on
the length, fiber diameter, fiber lumen diameter, fiber
wall thickness and Runkle’s ratio between the bamboo
species, position and position.
Fiber Runkle’s ratio: The results on the fiber
Runkle’s ratio between the three Gigantochloa

species are shown in Table 6. The higher mean of fiber
Runkle’s ratio was G. levis (5.32) followed by G. wrayi
(4.13) and the lowest was G. scortechinii (1.35). The
mean average of fiber Runkle’s ratio for internode was
4.17 and for node 3.68. It shows there was significant
different of the Fiber Runkle’s ratio between position
at node and internode of the bamboo.
The result showed the fiber Runkle’s ratio was
bigger at the node as compare to the internodes and
it was a significantly difference between this two
position. Table 6 showed the value of fiber Runkle’s

Table 4. Analysis of Variance for Anatomical Properties between Bamboo Species, Position & Position.

Species
Position
Position

G. levis
G. scortechinii
G. wrayi
Internode
Node
Outer layer
Middle layer
Inner layer

No. Vascular bundle
4.23c
7.05a
5.75b
6.32a
4.93b
8.56a
4.89b
3.42c

Anatomical Properties
Vascular bundle length
1182.51a
932.71b
847.84d
869.87b
1058.94a
748.54c
1013.25b
1131.42a

Vascular bundle Width
759.35a
544.63c
598.02b
585.42b
630.70a
467.23c
599.76b
757.19a

Table 5. Analysis of Variance for Fibre Morphology between Species, Position & Position.

Fibre Length
Species
Position
Position

G. levis
G. scortechinii
G. wrayi
Internode
Node
Outer layer
Middle layer
Inner layer

2039.98a
1745.27c
1798.79c
2074.24a
1672.62b
1698.52c
2060.41a
1861.35b

Fibre Morphology
Fiber
Lumen
Wall
Diameter
Diameter
Thickness
22.67a
4.00c
9.34a
17.26b
8.66a
4.30c
17.86b
3.83c
7.02b
18.23b
4.43b
6.90b
22.04a
6.18a
7.02a
18.49c
5.44c
7.03b
22.36a
5.51b
8.43a
19.56b
5.96a
6.80c

Runkle’s
Ration
5.32a
1.35d
4.13c
4.17a
3.68b
4.04b
4.29a
3.45c

Values Followed by The Same Letter In A Column is Not Significant Different at 95% Probability Level.

Table 6: Runkle’s Ratio of Various Gigantochloa Species
Sample Position
Internode

Node

Position
Outer
Middle
Inner
Outer
Middle
Inner

G.levis
4.71 (±2.80)
7.19 (±3.09)
5.44 (±2.09)
4.62 (±2.09)
5.29 (±2.64)
4.64 (±2.55)

G.scortechinii
2.16 (±1.50)
1.42 (±0.95)
0.97 (±0.78)
1.71 (±0.96)
1.06 (±0.64)
0.79 (±0.57)

G.wrayi
4.12 (±1.34)
4.90 (±1.84)
3.28 (±1.05)
4.52 (±2.49)
4.33 (±1.64)
3.63 (±1.59)

Values in Bracket Represent the Standard Deviation
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ratio at node and internode. The mean average for fiber
Runkle’s ratio at difference position showed that at the
outer layer was 7.03, middle 8.43 and at the inner layer
was 6.80. The result showed that the fiber Runkle’s
ratio is bigger at the middle and thinner toward the
inner and outer layer. It was a significantly difference
between this three position.
Table 6 showed the fiber Runkle’s ratio value for
every species, position and position. Runkle’s ratio of
fiber in this study was higher than 1.0 for G. wrayi
and G. levis. G. scortechinii was the only species
has the value of Runkle’s ratio less than 1.0. The
Runkle’s ratio value more than one, this mean the
fiber properties was hard and difficult to felting during
the paper production. The quality of the paper will be
gross and poor bonding if Runkle’s ratio value more
than one. If the Runkel’s ratio less than one, it indicates
the fiber has a thin fiber wall and easily to felting. The

A

A

B

quality of the paper will be better and bonding will
be good. This indicates that G.scortechinii could be
a source to replace short-fiber pulp that was imported
from abroad. Eucalytus spp, the Runkle’s ratio is less
than 1.0, namely 0.7 and 0.8 (Viena et. al., 2009) was
even shorter fiber than G.scortechinii. The Runkle’s
for hardwood and Softwood was 0.4-0.7 and 0.35
respectively. Kenaf has Runkle’s ratio of 0.5-0.7 to
prove they are good fiber felting power. Runkle’s ratio
for G.scortechinii was lowest than value one, which
was 0.97 to prove it can still be used.
Ultrastructure Study
The ultrastructure studies on the three (3) selected
bamboos from Gigantochloa genera are shown in
Plates 1 to 6. Plates 1 to 3 shows the ultrastructures
of the internodes and nodes focusing at the vascular

Internode

B

Node

C

C

Plate 2. SEM Images of The Vascular Bundles at Internodes and Nodes of The G. scortechinii

A

A

B

B

Internode

Node

C

C

Note: SEM image at the internodes and nodes of G. brang, G. levis, G. scortechinii and G. wrayi. Distribution of
vascular bundle (left), Isometric view (central) and vascular bundle image (right).

Plate 3: SEM Images of The Vascular Bundles at Internodes and Nodes of The G. wrayi
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A

B
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Plate 4. Fibre Cells (A, B) and Middle Lamella (C) at Internodes of The G. levis

A

B

C

Plate 5. Fibre Cells (A, B) and Middle Lamella (C) at Internodes of The G. scortechinii

A

B

C

Plate 6. Fibre Cells (A, B) and Middle Lamella (C) Internodes of The G. wrayi
bundles of the G. levis, G. scortechinii and G. wrayi
taken using the SEM. Plates 4 to 6 shows the images
of the bomboo species taken using TEM focusing at
the fibers cells. The cells wall of the fibers clearly
shows that they possess more than two layers, which
were S1, S2, S3 and Sn.. All the four bamboo species
shows clear that they belong to bamboo of are bamboo
in class type. They possesses of a vascular sheath
fiber and one fiber strand. Eventhough all the cells are
similar in shape but they are however different in sizes
in position at internodes and nodes, and position in the
bamboo at either the outer, middle and the inner layers.
The distribution of the vascular bundles per mm2,
vascular length, mvascular bundle width are shown in
Tables 1, 2, 3 and 4. The fibers length, diameter, lumen
diameters, wall thickness and the Rumkle’s ratio are
given in Tables 5 and 6.
26

Conclusion
1. The anatomical structure of the three bamboos
varies significantly with the species. The
distribution and the size of vascular bundle are
differences between species and even in the same
genera. The vascular bundle of four species almost
similar and were classified under namely Type
III consisting of single vascular sheath fiber and
one fiber strand. But, the vascular bundle size was
significantly different between position (node and
internode) and position (outer, middle and inner
layers).
2. The fiber morphologi for each species has a different
measure of size in terms of length, diameter, lumen
diameter and wall thickness. The study identified
that there was differences in fiber dimensions on
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the position between the nodes and internodes,
and as well as the location at the outer, middle and
inner layer within the same species. The length of
the fiber was longer at the internode than the node.
While the middle layer has the longest fiber length
compare to the outer and inner layer.
3. Ultra structures of bamboo genera Gigantochloa
possess different properties than wood. Bamboo
fiber has a small lumen and thick wall thickness.
Wall thickness of wood only has two layers which
were S1 and S2, while in bamboo the fiber has more
than two layers, which were S1, S2, S3 and Sn.
4. G. scortechinii fiber has great potential to be a
resource of fiber production. It will be a source to
replace short fiber from of hardwood, to combine
with soft wood pulp for paper production in the
future.
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ABSTRACT

Precipitated calcium carbonate (PCC) is used in papermaking as an alternative filler material to reduce
production cost or to get specific paper properties. There are three methods used in producing PCC namely,
Caustic Soda, Solvay and Re-carbonation. In this study, PCC is produced by a modified Re-carbonation method
in which sucrose solution is used instead of slurry solution at the re-carbonation stage. The objective of this
work is to determine the effectiveness of the retention of the PCC after deposition on the pulp fibres and on the
paper properties. A commercial mixed tropical hardwood bleached pulp was subjected to different degree of PCC
retention using two types of retention aids (polyacrylamide, PAM and polyethyleneimine, PEI). The results were
compared to those similarly obtained by using a commercially available PCC. It was found that the PCC retention
in paper is affected by the type of PCC and retention aids used. Commercial PCC when used with PEI resulted in
better retention ability. The mechanical properties of the paper which are tear, tensile, burst and folding endurance
of the sample using laboratory PCC were greater than the sample that used commercial PCC. However, generally,
tensile and tear indices decreased as the degree of loading and opacity increased. The loading degree of PCC did
not affect the opacity. The micrographs showed the variable PCC distribution throughout the fibre sheet following
these treatments. The results show that the laboratory PCC produced by sucrose solution method is comparable to
commercial PCC in achieving the required paper properties.
Keywords: PCC – precipitated calcium carbonate, sucrose solution, mix tropical hardwood bleached pulp, PAMpolyacrylamide, PEI- polyethyleneimine
1.

Introduction

The presence of fillers in papermaking industries
had been introduced to reduce the production cost
and to improve the brightness, opacity, smoothness
and printability of paper [1-3]. Precipitated calcium
carbonate (PCC) is a type of mineral fillers used
besides clay, silica and talc. The deposition of the
filler particles on the fibre surface is a function of
attractive and repulsive electrostatic forces, as well as
van der Waals forces. The surface charge is important
for the electrostatic forces and it can be altered to
increase the interaction. The polymeric retention aid is
widely used in papermaking to form bridges between
fibre and fillers which are strong enough to resist the
turbulences during the papermaking process [4].
Polyacrylamide (PAM) and polyethylenimine
(PEI) are type of cationic polyelectrolytes which
have been used to improve retention of fibres and
fillers [5-8]. Cationic PAM had been used by Cho
et al. [9] and Vanerek et al. [10] to induce calcium
carbonate particles to be deposited onto fibre surfaces.
Meanwhile few researchers had used PEI in their
research as retention aid [11-13]. At high polymer
dosages, PEI creates very large aggregates [3] and
produce uneven paper structure [14].
Sucrose solution method is one of the techniques
used to produce PCC which was developed by Rahman
and Nasharuddin [15]. In this method, Rahman and
28

Nasharuddin had used sugar (sucrose) as promoter to
prepare the sucrose ionic solution and further produce
the PCC by carbonation process. This method is
able to produce PCC in higher amounts compared to
conventional method. The PCC produced by using this
method is negatively charged PCC.
In this study, two types of PCC are used to produce
the paper sheets., i.e. PCC which is produced by
Sucrose Solution method and commercial PCC. The
mechanical and physical properties of the handsheet
produced are compared. Cationic polyelectrolytes,
PAM and PEI have been used to increase the retention
ability of the PCC to be deposited and attached to the
fibre during sheet consolidation.
2. Experimental Procedure
Two types of PCC used in the study were (i)
laboratory prepared PCC by using sucrose solution
method and (ii) PCC supplied by a local factory. The
shape of laboratory PCC was perforated cubical and
shape of commercial PCC was cubical. Bleached
mixed tropical hardwood pulp from Sabah Forest
Industries (SFI), Malaysia was used in this study.
The pulp fibres used were in the wet condition.
Polyacrylamide (PAM) and poethyleimine (PEI) were
purchased from Aldrich Chemicals with molecular
weight of 10 000. The PCC suspension was prepared
by dispersing 30g of PCC in 300 ml tap water. The
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PAM solution was prepared by dispersing 3% w/w of
PAM in 100 ml tap water on an oven dried pulp. The
same method is practiced to prepare the PEI solution.
Meanwhile 24g of pulp was dispersed in 1600 ml of
tap water and disintegrated for 5 minutes to ensure
that all the fibres were well dispersed. The handsheet
samples had been prepared in 7 conditions:
1. Handsheet using 100% pulp
2. Handsheet with mixture of pulp and laboratory
PCC
3. Handsheet with mixture of pulp and commercial
PCC
4. Handsheet with mixture of pulp, laboratory PCC
and PAM
5. Handsheet with mixture of pulp, commercial PCC
and PAM
6. Handsheet with mixture of pulp, laboratory PCC
and PEI
7. Handsheet with mixture of pulp, commercial PCC
and PEI
Pulp suspensions were disintegrated in
disintegrator until complete 2000 rev which was about
20 minutes. This stage is also called as impregnation
stage whereby the PCC suspension was added into
the pulp suspensions and disintegrated together.
For the samples 4 and 5 the pulp suspensions were
treated with PAM solution and for the samples 6
and 7, the pulp suspensions were treated with PEI
solution after impregnation process. The handsheets
prepared were then dried at room temperature and
ready for mechanical and physical testing and also the
morphology test.
3. Results and Discussion

(a)

(b)
Figure 1: Zeta Potential of (a) Fibres, PCC using
Sucrose Solution Method and Commercial PCC,
and (b) Comparison of Zeta Potential Values
of Laboratory PCC using Sucrose Solution and
Conventional Method

3.1 Zeta Potential

3.2 Paper Properties

Figure 1(a) shows the zeta potential results for
fibres, laboratory PCC using sucrose solution method
and commercial PCC. All the samples were tested at
pH range of 3 to 11. The results portray that the zeta
values for fibres and laboratory PCC are negative at
all pH. As for the commercial PCC, the zeta potential
gives positive reading within the range of pH 3 to 9.
However the zeta value is negative at pH 11. Based on
Ono and Deng [16], the zeta potential of PCC becomes
negative when pH increases which is attributed to the
decrease of Ca2+ concentration in the solution. As
stated earlier, laboratory PCC using sucrose solution
method give the negative reading for all pH. This
result is differ with the laboratory PCC prepared by
using conventional method. Figure 1(b) shows the
results of zeta potential for both types of PCC for
comparison purpose. Due to the negatively charge of
laboratory PCC prepared by sucrose solution method,
cationic polyelectrolyte had been used in papermaking
process.

Figure 2 shows the percent of loading degree of
papers. The percent of loading degree or PCC content
or PCC retention on paper is affected by types of PCC
and retention aids. Figure 2 show that the samples (6 &
7) which are prepared with the aid of polyethylenimine
(PEI) record higher loading degree as compared to the
samples (4 & 5) that are using polyacrylamide (PAM).
PEI improves PCC retention more than PAM. Figure 2
also shows the sample that used commercial PCC with
the aid of PEI has the highest loading degree which is
about 48.61% and the loading degree for the sample
prepared from laboratory PCC and PEI is about
43.93%. Meanwhile, Figure 3 shows the effect of
percent loading degree on the paper apparent density.
Figure 3 shows that the higher the percent of loading
degree the lower the paper apparent density. Beating
process is one of the factors that contributes to the
apparent density. In this study, the pulp fibres had been
beaten for 6000 revolution. The beating process has
made the fibres become swollen and easily collapse,
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thus produced more compact paper. The adding of
PCC has decreased the paper apparent density since
additional PCC has decreased the paper compactness.

Figure 4: Tear and Tensile Indices of The Paper

Figure 2: Percent of Loading Degree of Papers

Figure 5: The Effect of Percent Loading Degree on
Tear and Tensile Indices of The Paper
Figure 3: The Effect of Percent Loading Degree on
Paper Apparent Density
Figure 4 shows the results of tear and tensile
indices of the paper. It can be seen that the values of
tearing and tensile indices decrease with the addition
of filler to the sheet formation. The addition of PEI
as retention aid did not contribute to both tearing and
tensile indices of the paper. The lowest value for both
testing was recorded by sample number 7 which is
using commercial PCC in the presence of PEI. From
the Figure 4, it also can be concluded that the sample
that used laboratory PCC (2,4 & 6) had better results
of tear and tensile indices as compared to the sample
that used commercial PCC (3,5 & 7).
Meanwhile, Figure 5 shows the effect of percent
loading degree on tear and tensile indices of the
paper. The tearing and tensile indices had decreased
when the PCC was added and kept decreasing with
additions of PCC. The presence of PCC in the fibre has
modified the structure by decreasing the compactness,
subsequently decreases the interfibre bonding. The
paper that contains a higher loading degree had
decreased the tearing and tensile strength of the paper.
30

Figure 6: Burst Index and Folding Endurance of The
Paper
Figure 6 shows the results of burst index and
folding endurance of the paper. The laboratory PCC
used in the samples (2,4 & 6) had demostrated better
results in these two properties as compared to the
samples which are using the commercial PCC. When
the comparison was made based on the function of
retention aids in paper, it was observed that PAM
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had better retention ability of PCC in paper rather
than PEI. The lowest value in bursting strength and
folding endurance was in sample 7. This result is
consistant with the reading of loading degree where
this sample had the highest percent of loading degree.
The existence of PCC in large amounts had interfered
greatly in interfibre bonding. This situation can be
clearly seen in Figure 7. The bursting strength and the
number of folding endurance starts decreasing when
the loading degree increases. PCC had interfered the
pulp fibre surfaces and fibre web in the sheet.

Figure 7: The Effect of Percent Loading Degree on
Burst Index and Folding Endurance of The Paper

due to the paper is heated in air or dried at moderate
temperature. Meanwhile the results of opacity of the
paper show the different pattern. The presence of the
PEI had increased the loading degree of PCC in paper
and thus increased the opacity of the paper. This can
be concluded that the PEI had improved the opacity
of the paper. This condition can also be related to the
loading degree of PCC in the paper as shown in Figure
9. It can be seen that the opacity had increased when
the percent of loading degree of PCC had increased.
However the brightness of the paper increased at 20 to
30% of loading degree, and dropped when the loading
degree increased more than 40%.

Figure 9: The Effect of Percent Loading Degree on
Brightness and Opacity of The Paper
3.3 Scanning Electron Microscopy (SEM) Analysis

Figure 8: Percent of Brightness and Opacity of The
Paper
The results of brightness and opacity of the
paper are portrayed in Figure 8. It can be seen that
the brightness of the paper increased from sample 1
to 5. However, it dropped significantly for sample 6
and then increased slightly for sample 7. This can be
concluded that the addition of PEI for the sample 6 and
7 had decreased the brightness of the paper. According
to De la Orden [17,18], the photoyellowing effect can
occur due to the condensation of the primary groups
of PEIs which react with cellulose carbonyl groups
to form coloured imines. This condition happens

Figure 10 shows the SEM micrographs of PCC
used in this study. The shape of PCC from MRC was
perforated cubical and shape of commercial PCC was
cubical. Koetz & Kosmella [19] stated that the SEM
and TEM micrographs are able to determine the shape
and size of individual nanoparticles directly.
Figure 11 shows the SEM micrograph of the paper
surfaces for the sample with addition of laboratory PCC
and PEI. It can be seen that the PCC had flocculated,
deposited on the fibre surfaces and entrapped in the
fibre web. The used of retention aid had flocculated
the PCC and increased the retention of deposition
in the sheet. According to Schwartz [20], the use of
polyelectrolytes as retention aid in papermaking
offers several possibilities for the modification of
particles, polymer surfaces and also able to control the
colloidal stability. In this study, the laboratory PCC is
negatively charged. The presence of polyelectrolyes
had absorbed the negatively charged PCC, and in turn
the retention aids tend to reverse the negative charge
of particles and encourage them to be deposited onto
the fibre surfaces [21]. Meanwhile Figure 12 shows
the SEM micrograph of cross-section of paper for the
sample with addition of PCC and PEI. It can be clearly
seen that PCC are entrapped in the fibre web. Figure

© 2013 Published by Center for Pulp and Paper through REPTech2012

31

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Figure 10: SEM Micrographs of (a) PCC from PPM and (b) Commercial PCC

Figure 11: SEM Micrograph of The Paper Surfaces
for The Sample with Addition of Laboratory PCC and
PEI

Figure 12: SEM Micrograph of Cross-Section of
Paper for The Sample with Addition of Laboratory
PCC and PEI

Figure 11: SEM Micrograph of The Paper Surfaces
for The Sample with Addition of Laboratory PCC and
PEI

Figure 12: SEM Micrograph of Cross-Section of
Paper for The Sample with Addition of Laboratory
PCC and PEI
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13 shows the SEM micrograph of the paper surfaces
for the sample with addition of commercial PCC and
PEI. Based on the results of the percent of loading
degree of PCC, this sample had the highest loading
degree. This can be clearly illustrated in the Figure 13
where a large amounts of the PCC particle had been
deposited on the fibre surfaces and almost all of the
fibre surfaces were covered by PCC. Kamiti and van
de Ven [22] stated that the use of polyelectrolytes can
improves the retention of filler. Meanwhile, Figure 14
shows the SEM micrograph of cross-section of paper
for the sample with addition of PCC and PEI.
4. Conclusions
It was found that the PCC retention in paper is
affected by the type of PCC and retention aids used.
The degree of loading is higher for the sample with
PEI as retention aid as compared to the sample with
PAM. It proves that PEI has better retention ability of
PCC in the sheet. Commercial PCC when used with
PEI resulted in better retention ability. This is proven
by the results of loading degree for this sample which
is 48.61%, whilst the laboratory PCC had the loading
degree of 43.93%. The mechanical properties such as
tear, tensile, burst and folding endurance of the sample
using laboratory PCC were greater than the sample that
used commercial PCC. However, generally, tensile
and tear indices decreased as the degree of loading
and opacity increased. The loading degree of PCC did
not affect the opacity. The micrographs showed the
variable PCC distribution throughout the fibre sheet
following these treatments. The results show that the
laboratory PCC produced by sucrose solution method
is comparable to commercial PCC in achieving the
required paper properties.
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ABSTRACT
Recently, natural fiber has attracted much attention from many researchers. Obtaining pure cellulose such
as from kapok fiber is essential due to its subsequent application as matrix in conjugated polymer nanocomposite
after being incorporated with epoxy group via chemical modification. In this study, extraction and characterization
were carried out to obtain pure cellulose fiber from kapok (Ceiba Pentandra (L.)) by using three different methods.
In all the three methods, dewaxing process was firstly done by refluxing the raw kapok with chloroform (CHCl3).
In conventional method, kapok fiber was treated with sodium chlorite (NaClO2) for delignification process,
followed by sodium hydroxide (NaOH) to remove hemicelluloses. For the second and third methods, dewaxed
kapok fiber was pre-treated with 2-naphthol before isolation of cellulose was carried out. The second method
used deep eutectic solvent (DES) for dissolution the kapok fiber. The cellulose was later precipitated into water.
In the third method, organosolv (ethanol:water) treatment was used to obtain pure cellulose. Activated hydrogen
peroxide (H2O2) with 2 % concentration was used to bleach the cellulose obtained in the second and third methods.
Surface morphology of the untreated and treated fibers was investigated using field emission scanning electron
microscope (FESEM). The obtained samples of cellulose fiber were characterized by using Fourier transform
infrared (FTIR) spectroscopy and thermogravimetric analysis (TGA). Results showed that organosolv treatment
method gave higher yield of cellulose extraction (68.50 wt %) compared to dissolution in DES method (47.97 wt
%) and conventional method (54.79 wt%).
Keywords: biodegradable, cellulose, deep eutectic solvent, kapok fiber, organosolv
1. Introduction
Kapok or locally known as kekabu is a natural
plant fiber which is silky, yellowish and cotton-like
substance [1]. Kapok fiber is obtained from the seed
pods of the kapok tree, Ceiba pentandra (L.) Gaertn.
from the Bombacaceae family which is originated
from tropical India and found widespread in Southeast
Asia [2]. Traditionally, kapok fibers are utilized as
stuffing material for beds and pillows. The kapok fiber
is mainly composed of cellulose (58.9-64.0 %), lignin
(13.0-21.5%), ash (0.5–3.5%) and small amount of
waxy coating that covers the fiber surface (3.0 %)
[3,4,5]. Kapok fiber has attracted increasing attention
from many researchers. Amongst others, the fiber has
been used for enrichment culture of lignocellulosesdegrading bacteria [6], adsorbent for oil [7,8],
adsorbent for cationic dye methylene blue [5], Cr(VI)
removal [9] and potentially useful as a resource for
second generation bioethanol [1].
In this study, extraction and characterization were
carried out to obtain pure cellulose from kapok fiber.
In the conventional method, NaClO2 and NaOH were
employed for delignification process and removal

of hemicellulose, respectively. Due to the increasing
consciousness of cost effectiveness and environmental
protection, two other methods which are dissolution in
deep eutectic solvent and organosolv treatment methods
were selected to attain the pure cellulose from kapok fiber.
Physico-chemical characteristics of raw and produced
materials from three different extraction methods were
investigated. Thus, the best method to extract cellulose
from kapok fiber in terms of purity, cellulose content
and length of time extraction can be established. The
obtained cellulose fibres were characterized by using
Fourier transform infrared (FTIR) spectroscopy, field
emission scanning electron microscope (FESEM) and
thermogravimetric analysis (TGA). The effects of
treatment methods on the yield are also discussed.
2. Experimental
2.1. Materials
Kapok fiber was obtained from Dungun,
Terengganu, Malaysia. The fiber was separated from
the seeds and fruit cover by bare hand. Visible dusts
and dirt were removed from the raw fiber.
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Chloroform (CHCl3) and urea were purchased
from R & M Chemicals, meanwhile sodium hydroxide
(NaOH), sodium chlorite (NaClO2) and 2-naphthol
were acquired from Friendamann Schmidt Chemicals
and Sigma-Aldrich, respectively. Choline chloride and
standard cellulose were bought from Acros Organics.
Other chemicals were purchased from Systerm. All
chemicals were used as received.

to precipitate cellulose sufficiently. The isolated crude
cellulose was added to 2.0 % H2O2- 0.2 % cyanamide
solution (180 mL) and stirred at 50oC under pH 10 for
4 h. The bleached cellulose obtained was filtered and
washed with water and ethanol. Finally, it was dried in an
vacuum oven at 40 oC until a constant weight obtained.

2.2. Dewaxing Process

Dried 2-naphthol treatment fiber (8.0 g) was placed
in a container containing distilled water (800 mL) and
0.5 % sulphuric acid (20 mL). The mixture was heated
at 120 oC, 98 kPa for 1 h and filtered. The solid phase
(fiber) (3.0 g) was added to a mixture of ethanol:water
(80:20) (200 mL). The mixture was stirred for 2 h at
120oC. Then, the cellulose obtained was filtered and
washed with water and ethanol. For post-treatment,
the obtained cellulose was added to 2.0 % H2O2-0.2 %
cyanamide solution (180 mL) and stirred at 50oC under
pH 10 for 4 h. The bleached cellulose obtained was
filtered and washed with water and ethanol. Finally, it
was dried in a vacuum oven at 40 oC until a constant
weight obtained.

Kapok fiber (8.0 g) was added to CHCl3 (800 mL).
The mixture was refluxed for 4 h. Then, the mixture
was filtered, washed with methanol and dried. The
dewaxed fiber was kept in tight container prior to use.
2.3. 2 Naphthol Pre-Treatment
Dewaxed kapok fiber (8.0 g) was immersed in
acetone (800 mL) containing 2-naphthol (3.2 g). The
mixture was stirred for 12 h at room temperature. After
thorough mixing, the fiber was air-blown to dryness at
room temperature. The pre-treated fiber was kept in
tight container prior to use.
2.4. Conventional Method
Dewaxed kapok (4.0 g) was added to 400 mL
distilled water and heated for 2 h at 70-80 oC. For
delignification process, dried CHCl3 treated fiber
(3.0 g) was added to NaClO2 (5.0 g ) in water (240
mL), followed by acetic acid (2.0 mL). The mixture
was heated for 3 h at 70 oC. After that, the fiber was
filtered, washed extensively with distilled water and
methanol. The process was repeated three times.
Then, NaClO2 treated were dried at 40 oC in a vacuum
until a constant weight was achieved. Dried NaClO2
(3.0 g) treated fiber was then added to NaOH (4 %,
300 mL). The mixture was heated for 4 h at 85 oC. The
obtained cellulose was later washed comprehensively
with aqueous acetic acid and distilled water. Then,
the fiber was dried in vacuum oven at 40 oC until a
constant weight obtained.

2.7. Characterization
Infrared spectra of samples were recorded using
Bruker, Fourier Transform Infrared system (FTIR)
model Tensor 27 with OPUS 6.0 software. Samples
were tested using Attenuated Total Reflectance (ATR).
The scans were carried out from 400 to 4000 cm-1.
Morphology of the samples was examined by using
a Zeiss, field emission scanning electron microscope
(FESEM), model Supra 46VP. SEM images were
recorded using an accelerating voltage of 3-5 kV.
Thermogravimetric analysis (TGA) of all the samples
was carried out using a Mettler Toledo model TGA/
SDTA 851e. Samples of 5-6 mg were placed in alumina
pans and heated from 30 to 800oC at 10 oCmin-1, under
a flow of nitrogen (50 mLmin-1).
3. Results and Discussion
3.1. Yield of Cellulose Extraction

2.5. Dissolution in DES Method
Choline chloride (96.8 g) and urea (60.1 g) were
heated until homogenous colorless liquid formed. Then,
dried 2-naphthol treated fiber (3.0 g) was added to
the prepared DES, followed by the addition of NaOH
(3.72 g). The mixture was stirred for 20 h at 90oC. The
clear liquor obtained containing cellulose-rich extract
was poured to adequate distilled water as non-solvent
Yield of Obtained Cellulose (wt%) =
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2.6. Organosolv Treatment Method

Yield of obtained cellulose extraction was calculated
according to the following equation [10].The yield
for conventional, dissolution in DES and organosolv
treatment methods is 54.79, 47.97 and 68.50 wt%,
respectively. Meanwhile, cellulose obtained from dried
raw kapok fiber following the Technical Association of
Pulp and Paper Industry (TAPPI) T13 wd-74 and T 9
wd-75 methods was 53.40 wt% [11].
Mass of Obtained Cellulose
Mass of Raw Kapok

x 100
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Pre-treatment with 2-naphthol can improve the
extractability during delignification step since it was
reacted as a carbonium ion scavenger [12]. Previous
study [13] explained the mechanism how ionic liquids,
1-allyl-3-methylimidazolium chloride (AmimCl)
dissolve cellulose. It is assumed that a similar
mechanism is followed in the case of the dissolution
of kapok fiber in deep eutectic solvent (DES). The
mixing of choline chloride and urea at 74 oC results
in significant depression of freezing point that arises
from an interaction between urea molecules and the
chloride ion [14].The ion pairs in DES dissociate
into individual anion and cation ions. Free anion
ions associate with cellulose hydroxyl protons and
free cation ions associate with cellulose hydroxyl
oxygen groups. These dislocate hydrogen bonding in
cellulose and cause its dissolution. Low dissolution
of DES compared to AmimCl might be due to the
cations of DES relatively reduced the effective anion
concentration [15]. However, DES is more preferable
because it is inexpensive [10].
Ethanol organosolv process was carried out to
isolate cellulose from the kapok fiber in the third
method. The aims of the process are similar to the
other two methods which are to remove hemicellulose,
delignification and recover the cellulose fraction [16].
At the end of the process, a solid and a liquid fraction
remain. The solid fraction is rich in cellulose and the
liquid fraction contains hemicelluloses and lignin
fraction. Aqueous processing in this study used water,
kapok fiber and sulphuric acid as catalyst for hydrolysis
reactions. When these treatments are carried out under
mild conditions, hemicelluloses are depolymerized
leading to sugar oligomers [11]. Higher yield obtained
for cellulose extracted using organosolv treatment
method revealing that the cellulose was almost not
affected by the autohydrolysis process. Autohydrolysis
was performed to achieve fractionation which mainly
related to the solubilization of hemicelluloses.

Aqueous solution of ethanol (80:20) reacted as reagent
to solubilize lignin. A similar behaviour was observed
by other researchers using wheat straw [17].
3.2. FTIR Spectroscopy
Fig. 1 shows FTIR spectra for raw kapok, standard
cellulose and obtained cellulose of all three extraction
methods. The broad band around 3400 cm-1 observed
in all the FTIR spectra is attributed to OH group,
meanwhile the peaks at 2900 cm-1 shows the C-H
stretching of aliphatic (=CH2 and –CH3). Fig. 1(b)
shows the FTIR spectra of purchased standard
cellulose and was used as comparison.
FTIR spectra for raw kapok (Fig. 1 (a)) show two
peaks at 1739 cm-1 and 1251 cm-1 due to the carbonyl
groups of hemicelluloses. This is in agreement with
the results reported by previous researches [18]. These
two peaks were not observed in Fig. 1 (c), (d) and (e)
indicating that all the three methods used removed
hemicelluloses successfully.
Aromatic skeletal
vibrations of lignin give three strong peaks at 1597,
1505 and 1420 cm-1 at raw kapok FTIR spectra (Fig.
1(a)). These peaks of lignin were disappeared in other
FTIR spectra. These results are in line with the results
observed by other researchers [19].
The peaks that attributed to cellulose can clearly be
observed around 1330 cm-1 (O-H in plane deformation),
1160 cm-1 (C-O-C asymmetric stretching) and 898
cm-1 (glucose ring stretching, C1-H deformation) for
all the spectra [19,20].
3.2. Morphology
SEM micrographs of raw kapok, standard and
obtained cellulose are shown in Fig. 2. A silky
appearance can be seen for raw kapok fiber (a). Fig.
2 shows that raw kapok fiber has smooth surfaces,
tubular structure, buoyancy and fluffiness. This result

Fig. 1. FTIR Spectra of (a) Raw Kapok; (b) Standard Cellulose; Cellulose Obtained by (c) Conventional; (d)
Dissolution in DES; (e) Organosolv Treatment Methods
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Fig. 2. SEM Images of (a) Raw Kapok; (b) Standard Cellulose; (c) Obtained Cellulose from Conventional
Method

Fig. 3. TGA and DTG Curves for (a) Raw Kapok; (b) Standard Cellulose; Cellulose Obtained of (c)
Conventional; (d) Dissolution in DES; (e) Organosolv Treatment Method
is similar to previous report by other researchers [7].
There is a total loss of air entrapment inside obtained
cellulose (Fig. 2 (c)). The structure became wholly
flattened and similar to a flat ribbon-like structure. The
surface topography is rougher than before treatment.
This is due to the decrease in spiral angle around
the fiber axis and increase in molecular orientation.
A fair amount of randomness is introduced into the
orientation of the crystallites due to the removal
of non-cellulosic matter [21]. As an example, the
obtained cellulose has similar appearance with the
standard cellulose in terms of surface topography as
shown in Fig. 2.
3.3. Thermal Stability
Fig. 3 presents the TGA thermograms and the
corresponding DTG curves of the raw kapok, standard
cellulose and obtained cellulose. The obvious
‘‘shoulder’’ around 250-300 oC is normally attributed
to the thermal degradation for hemicelluloses. The
high-temperature ‘‘tails’’ around 400-600 oC were
normally attributed to the degradation of lignin [22].
For raw kapok (Fig. 3 (a)), hemicelluloses’ shoulder
peaks were not obvious because it is overlapped with
main peaks of cellulose. TGA and DTG curves of
38

standard cellulose (Fig. 3 (b)) were used as reference.
Thermal degradation of cellulose at around 350 oC
underlying that cellulose was successfully obtained
from all the extraction methods used in this study.
In general, the thermolysis reaction of cellulose
occur by the cleavage of glycoside bonds, C-H, C-O
and C-C bonds. Dehydration, decarboxylation and
decarbonylation are also involved in the process [23].
Based on the TGA and DTG curves shown in Fig. 3,
hemicellulose and lignin were removed successfully.
4. Conclusion
Kapok (Ceiba Pentandra (L.)) based cellulose
has been extracted using three methods in this study.
The extracted cellulose was characterized using FTIR,
FESEM and TGA. Result shows that the cellulose was
successfully obtained via all the methods. Most of
hemicellulose and lignin were successfully removed.
Results also show that organosolv treatment method
gave higher yield of cellulose extraction (68.50 wt
%) compared to dissolution in DES method (47.97 wt
%) and conventional method (54.79 wt%). Duration
of cellulose extraction from dewaxed kapok is 13 h,
24 h and 7 h for conventional method, dissolution
in DES method and organosolv treatment method,
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respectively. Therefore, it is suggested that organosolv
treatment is the best method to extract cellulose from
raw kapok in terms of cellulose content and length of
extraction duration.
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ABSTRACT
The usage of virgin bagasse pulp and market bagasse pulp as the furnish constituent for MG tissue, HVS
paper, and BC paper has been done with a good properties in relation to NBKP and LBKP substitution. The use of
bagasse pulp for MG tissue paper 17 gsm that produced on PM 4 at 3,2% lower speed and 6,7% lower throughput
able to replace the whole LBKP portion (± 60%) with apparently no negative effect on physical properties of MG
tissue 17 gsm product. The use of bagasse pulp up to 15% to replace LBKP for HVS 56 gsm produced on PM 5 at
4,3% lower speed and 1% higher throughput able to improve strength index, tensile index, and tear index several
point, and reduces the porosity reach 800 ml/minute. The use of bagasse pulp for BC paper 210 gsm that produced
on PM 2 at the same speed and throughput able to replace some portion of LBKP (40% – 80%) and NBKP (10%
- 20%) with apparently no negative effect on its physical properties. Properties of BC 210 gsm of PM 2 still on
between the high and low level properties of BC 210 gsm available on the market, even though a sharp decrease of
strength index, tear index and double fold has been found when compared to BC 210 gsm use 20% - 30% NBKP.
Keywords: bagasse pulp, tensile index, strength index, tear index, porosity, HVS, BC, tissue, speed, throughput
Introduction
Wood demand for pulp and paper industries has
increase significantly since some decades ago. This
everlasting condition seems goes increase further in
the incoming years. The Indonesian annual installed
pulp production capacity has grew up significantly
from 1 million tons in 1990 to nearly 6.5 million
tons in 2009 and it is estimated will up to around 7
million tons in 2015 [Poyry consulting, 2012]. This
mean the wood resources needed will be around
34.6 million m3 of round woods or around 25 ton
of round wood for the year 2012. On the other hand
the forest degradation goes up continuously with the
rate of degradation around minus 2 % per year in
Asian countries especially in Indonesia. These were
happened because of the conversion of forest to nonforest, forest to plantation, and decrease of forest
canopy hardly controllable continuously happened
and the HTI allocated area for sawn wood, pulp and
paper, and even HTI Trans not yet planted effectively
except for HTI Pulp at Jambi. The rapid expansion of
pulp and paper industries in Indonesia has underlying
the development of HTI concessions but does not
effectively manage yet [Atlas Forest].
What had been done by PT Kertas Leces
(Persero) as a trendsetter in using bagasse pulp as
one constituent on its raw material in producing its
products since more than 30 years ago and rice straw
pulp since more than 80 years ago were mentioned
even though this everlasting product should be ended
in the mid of 1990’s because of economic and policy
situation, but the effort back to bagasse pulp for its raw
material or other nonwood pulp for specialty product
is everlasting.
40

Using bagasse pulp as the only raw material will
not be able to produce a good quality of paper but
acceptable quality still possible. On the other hand
using bagasse pulp as the main constituent with other
wood pulp as the balance of the raw material will be
able to get a good quality and some special quality of
properties of product.
Literature Review
The raw material of bagasse pulp and wood pulp
(hardwood pulp and softwood pulp) has very different
properties. The physical and chemical characteristic is
quite different.
Raw Material Properties
The quite wide range properties of bagasse and so
does hardwood and softwood will give effect on the
physical properties of the pulp produced. Increasing
tree age, the amount of cellulose, extractives and
lignin are increases but the amount of hemicelluloses
and ash decreases [Kasmani, 2011].
Pulp Properties
The physical properties of non wood pulp,
hardwood pulp and softwood pulp are also quite
deference. Below are some of them.
Paper Quality
Many researches had been done in producing some
quality of paper product. Some of them are listed on
the table bellowed.
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Table 1. Chemicals Properties Several Raw Material
Compound

Bagasse, %

Eucalyptus Camaldulensis
(6 – 10 years old)*, %

Acasia Mangium,
(7 year old), %

Spruce and Pine,
%

Cellulose
Hemicellulose
Lignin
Extraction
Ash

42 – 45
28 – 33
17 – 22
2–3
1.1 – 2.1

38 – 46
16 – 27
18 – 24
2 –5
0.43 – 076

45 – 48
28 – 30
23 – 24
3–4
Na

39,5 - 40
28,5 – 30,4
27,5 – 27,7
2,1 – 3,5
na

*J. Agric. & Environ. Sci., 2011

Table 2. Physical Properties of Bagasse Pulp, LBKP (Acasia And Euca), and NBKP (Softwood)
Properties

Acasia Pulp

Euca. C Pulp

Freeness, CSF / SR
Brightness (% ISO)
Bulk (cm3/g)
Tensile (N.m/g)
Tear (mN.m2/g)
Burst (kPa.m2/g)

400 / 32
> 88,5
1,41
62,22
7,97
5,67

400 / 32
89,5
1,29
44,75
10,0
5,07

Bagasse Pulp
EPCO
400 / 32
79,3
1,24
41,57
6,86
3,87

Bagasse Pulp under
studied
400 / 32
80
1,33
37,95
3,70
Na

Spurce Pulp
400 / 32
89,75
1,24
87,8
10,1
6,01

Table 3. Quality of Paper Product Use Bagasse Pulp
Bagasse Pulp and Long Fiber Virgin Woodpulp
Type of Paper
Bagasse (%)
Long Fiber Pulp (%)
Corrugating medium
90
10
Lightweight MG wrapping (1) 65 – 75
25 – 35
Linerboard
60 – 70
30 – 40
Sanitary tissue & towelling
80 – 85
15 – 20
Test liner (2)
75 – 85
15 – 25
Wood-content writing papers 80 - 90
10 – 20
Woodfree writing papers
0 – 100
0 – 10

Quality
Excellent
Good
Acceptable
very good
Good
very good
very good

Notes:
(1) Bleached or unbleached.
(2) Select kraft wastepaper could replace a portion of the long fiber virgin woodpulp.
(5) Bleached chemimechanical or high-yield chemical pulp used for part of bagasse furnish.
Cited from HurterConsult Incorporated, December 2001

Experimental
The raw material used is the normal pulp used at
PT Kertas Leces (Persero). The composition variation
was suited for every product under examination. The
product under examination was categorized under
tissue paper, industrial paper, and writing printing
paper. The evaluated composition for every category
of paper is suited for the recommended paper quality of
product and paper machine runnability that should be
maintained. Other operational variable except furnish
composition kept constant in every experiment. In
case of any process disturbances as a result of furnish

drain ability the only allowable adjustment is speed
reduction in order to maintain the paper machine run
ability to keep the constant throughput. The result was
compared to any product quality on the market with
the properties as follows (Table 4)
Result and Discussion
In case of tissue paper category, the examined
product was MG tissue 17 gsm with 45 % NBKP
and 50 % LBKP, and 5% Recycle fiber as the normal
composition. Original paper machine speed was 627
mpm with average total throughput 30 ton/day. The
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Table 4. Bc 210 GSM Quality Properties Available on The Market
Market
Position

Strength
Index, km

HV std
LV std

310
238

Int.
Bond, J/
m2
235
184

Tear
Index,
mNm2/g
7,25
5,61

Burst
Index, kPa
m2/g
3,1
1,7

adjusted furnish composition under examination was
bagasse pulp 60 ± 5% to replace all LBKP portion
and some part of NBKP portion, recover fiber 5%,
and the rest was NBKP as a balance to reach 100%
composition. The adjusted speed was 607 mpm with
average total throughput was 28 ton/day (3,2% lower
speed and 6,7% lower throughput) . The results are as
follows (figure 1 and figure 2).

Figure 1. Effect of Bagasse Pulp on MG Tissue
Properties

Figure 2. Effect of Bagasse Pulp on MG Tissue
Properties
From Figure 1 and 2, it can be concluded that
bagasse pulp might replace some portion of LBKP
and NBKP. The original composition (blanko) is
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Ring
Crush N
312
294

Tensile
Index,
Nm/g
67,3
40,7

Double
Fold, x

Wax Pick,
DN No

188
36

20
16

bagasse pulp 0%, NBKP 45%, LBKP 50% and
recovered fiber 5%. The examined composition is
variation bagasse pulp 56%, 61%, 65%, recovered
fiber 5%, and the rest is NBKP as a balance to reach
100% furnish composition. The MG tissue 17 gsm
properties to be achieved is quite resembles with
tensile index,strength index, breaking length, and
gloss is higher when using bagasse pulp to replace
some portion of LBKP and NBKP, but the tear factor
and tear index a little bit lower. In case of writing
and printing paper category, the examined product
was HVS 56 gsm with 70 % LBKP and 30 %
broke fiber as the normal composition. The original
paper machine speed was 578 mpm with average
total throughput 187 ton/day. The adjusted furnish
composition under examination is LBKP ± 60%,
bagasse pulp ± 10%, NBKP 0%, recovered fiber 30%
to reach 100% composition. The adjusted speed was
556 mpm with average total throughput was 190 ton/
day (3,8% lower speed but 1,6% higher throughput).
The result is as follows (Figure 3 and 4).
From Figure 3 and 4, it can be concluded that
bagasse pulp might replace some portion of LBKP.
The original composition (blanko) is bagasse pulp
0%, NBKP 0%, LBKP 70% and recovered fiber 30%.
The examined composition was variation of bagasse
pulp 7%, 9%, 15%, recovered fiber 28-30% as balance
to reach 100% furnish composition. The HVS 56
gsm properties to be achieved is quite resembles with
tensile index, strength index, tear factor, tear index,
breaking length are higher when using bagasse pulp
to replace some portion of LBKP, but the porosity is
lower as the prerequisite of base paper.
In case of industrial paper category, the examined
product was BC Paper 210 gsm, The original
composition (blanko) is bagasse pulp 0%, NBKP 1015%, LBKP 70-80% and recovered fibre 10%. The
paper machine speed kept constant and 150 mpm and
average total throughput 70 ton/day. The adjusted
furnish composition under examination is such
follows: (i) LBKP ± 15, 35, 45, 55, 75%,bagasse
pulp ± 20, 40, 50, 60, 80% and recovered fibre 5%
to reach 100% composition with zero NBKP; (ii).
NBKP 10, 15, 20, 30%, LBKP = 60, 70, 75, 80%,
and recovered fibre 10% to reach 100% composition
with zero bagasse pulp. The results is presented on
(Figure 5a,b until Figure 8a, b)
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Figure 3 Effect of Bagasse Pulp on HVS 56 gsm

Figure 4 Effect of Bagasse Pulp on HVS 56 gsm
From Figure 5a, 5b up to Figure 8a, 8b, it can
be concluded that bagasse pulp might replace some
portion of LBKP and even for NBKP to reach certain

properties of paper. The first alternative of the examined
composition was the variation of bagasse pulp 20%,
40%, 50%, 60%, and 80%; recovered fibre 5%; zero
NBKP, and LBKP 15%, 35%, 45%, 55%, and 75% as
the balance to reach 100% furnish composition. The
second alternative of the examined composition was
Zero Bagasse, recovered fibre 10%, NBKP 10, 15, 20,
30%; and LBKP 60, 70, 75, and 80% as a balance to
reach 100% furnish composition
Examining and comparing Figure 5a and 5b, 6a
and 8b, 7a and 7b, and so 8a and 8b, it is clear that
bagasse pulp able to replace certain portion of LBKP
(up to 50%) and NBKP (up to 20%) to get accepted
properties of strength index and internal bond (higher
than the high standard of strength index on the market
and a little bit lower than the low standard in case
of internal bond even not so mach decreased was
happened)such as presented on Figure 5a and 5b.
In case of ring crush and tensile index, bagasse
pulp able to replace LBKP portion up to 80% with
higher ring crush and tensile index were resulted. It
is also able to replace NBKP portion up to 30 % with
the resulted ring crush and tensile index is far higher
(Figure 6a and 6b). Presented on Figure 7a and 7b,
replacement up to 50% LBKP with bagasse pulp kept
the tear index above the high standard of tear index on
the market but the bursting index incline higher even
the replacement reach 80%. Replacement up to 30% of
LBKP with NBKP the resulted tear index is far higher
but this is not compulsory because the tear index is
much far higher than the necessary high standard of
tear index on the market. In case of bursting index,
using bagasse pulp is far better than NBKP. The same
result was examined in case of double fold and wax
pick test.

Figure 5a - 6a. Effect of Bagasse Pulp Substitute for LBKP on The Properties of BC 210 gsm
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Figure 7a - 8a. Effect of Bagasse Pulp Substitute for LBKP on The Properties of BC 210 gsm

Figure 5b- 6b. Effect of Bagasse Pulp Substitute for NBKP on The Properties of BC 210 gsm.

Figure 7b- 8b. Effect of Bagasse Pulp Substitute for NBKP on The Properties of BC 210 gsm.
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Conclusion
1. The use of bagasse pulp as the furnish constituent
for MG tissue paper 17 gsm able to replace the
whole LBKP portion (± 60%) with apparently no
negative effect on physical properties of MG tissue
17 gsm product.
2. The use of bagasse pulp up to 15% to replace
LBKP in the furnish constituent for HVS 56 gsm
produced on PM 5 at 4,3% lower speed and 1%
higher throughput able to improve strength index,
tensile index, and tear index several point, and
reduces the porosity reach 800 ml/minute.
3. The use of bagasse pulp as the furnish constituent
for BC paper 210 gsm that produced on PM 2 at
the same speed and throughput able to replace
some portion of LBKP (40% – 80%) and NBKP
(10% - 20%) with apparently no negative effect on
its physical properties. Properties of BC 210 gsm
of PM 2 still on between the high and low level

properties of BC 210 gsm available on the market,
even though a sharp decrease of strength index,
tear index and double fold has been found when
compared to BC 210 gsm use 20% - 30% NBKP.
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ABSTRACT
Salt plays important roles on cellulosic papers, inhibiting mold growth and changing water properties such
as fibre swell ability resulting in altered paper strength. Changes in paper properties by immersion in saltwater
and drying was examined and compared in terms of the kind of paper and salt. White fine paper for copying and
digital printing showed decreased tensile indices by immersion in NaCl and MgCl2 solutions although hand sheets
prepared from a hardwood Kraft pulp showed less decreased tensile indices. The salt remaining in paper tended
to increase paper mass and moisture content due to deliquescence of salt. The tensile index of the white fine paper
recovered by removing salt although that of the hand sheet decreased with increased amount of desalting. For the
white fine paper, MgCl2 solution-immersed paper gave slightly higher tensile indices than NaCl solution-immersed
paper. The difference in the response of fibres to salt solutions was considered to depend on the relationship
between nano pores in fibre walls and osmotic pressure. The undesirable yellowing of paper after drying at 105 ˚C
appeared. This was presumed as the reaction between the Mg2+ and colorant which strongly deposited on the fibre
surface of the paper at the appropriate pH.
Keywords: saltwater-immersed paper, white fine paper, MgCl2, NaCl, tensile index
Introduction
Salts have so many ambiguous and mysterious
effects on paper. In the field of paper conservation, it
was confirmed that no mould grew on paper immersed
in artificial seawater having salt concentrations
of 3.2% or greater, and, in addition, that salts had
effects on prevention from dissolution of dye inks
and detachment of pigment inks and even adhesion
between pages [1]. Commonly, dried paper fibres tend
to absorb water from humid air. In these phenomena,
there are three things mainly happening; heat release,
mass increase, and fibre swelling [2]. Swelling is
similar to dissolution. The crystallinity is lower
while the accessibility is higher [3]. The salt species
play a big role on fibre swelling. A cation binds more
water molecules with cationic species in decreasing
order of binding effect: Ca2+ > Ba2+ > Li+ > Na+ > K+
> NH4+, and an anion binds less water with anionic
species in increasing order of binding effect: SCN- >
I- > Br- > NO3- > SO42-. Salts also affect the retention/
flocculation system. CaCl2 and NaCl had been applied
to fibre slurries in order to study the sensitivity of
fibres flocculation to the addition of those electrolytes.
It was found that higher CaCl2 concentrations reduced
the percentage of retention although NaCl was more
stable if coexisted with the other paper additives [4].
On the other hand, the bending modulus of rupture
of the board-shaped composites with high density in
a dry form was improved by adding NaCl and CaCl2
46

salts as retention-aid agents, which practically worked
for enforcement of bonding among cellulosic fibres in
the sheet forming process [5].
This present study was objected to determine
properties of the saltwater-immersed papers; copy
paper manufactured in industry and hand sheet
prepared from hardwood bleached Kraft pulp in
laboratory. Changes of moisture content, paper mass,
tensile index, and color change will be reported and
discussed.
Materials and methods
Materials
White fine paper for copying or digital printing,
A4 size, with a basis weight of 70 g/m2 (Fine PPC,
Kishu Paper, referred-to “copy paper” hereafter)
were used. The paper samples were conditioned
at 25 ˚C and 60% relative humidity (RH) when
they were weighed in every stage of the processes
unless after oven-drying to determine the moisture
content. Two L of aqueous solutions of each NaCl at
3.5% (m/m) and MgCl2·6H2O at 1.6 % (m/m) were
prepared as the salt solution for immersion. For
comparison with the copy paper, laboratory sheets
were also prepared from a hardwood bleached
Kraft pulp beaten to 5000 revolutions in PFI mill
without any additive. This sample will be referredto “handsheet” hereafter.
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Immersion and Desalting Methods

Result and Discussion

Three sheets of the paper were immersed in each
salt solution for 24 hours. Then, the absorbed salt was
removed by two methods; Wiping by blotting paper
and Rinsing with water, or otherwise Non-desalted,
as shown in Figure 1. Wiping was conducted by
placing saltwater-immersed paper down on blotting
paper and leaving it for 10 s, followed by immersion
in deionized water for 60 s if the Rinsing process is
applied. As a control sample, some sheets of the paper
were immersed in deionized water for 24 hours as
well. Then, all papers were dried in restraint drying
rings for measuring mass gains and tensile tests. Those
samples were additionally oven-dried for measuring
moisture contents.

In this work, there were 2 main parameters in
focus; the mass of remaining salt and the moisture
content of the saltwater- immersed paper. The results
may be described in the following subjects.

Measurement of Properties of Saltwater-Immersed
Paper
Mass of the samples measured before the
immersion process was subtracted from mass of those
immersed in saltwater or deionized water, and desalted
and rinsed in some cases, and then conditioned to
determine mass changes due to residual salt. Mass of
the samples measured before the immersion process
and mass of those after oven-drying were measured and
the decrement divided by the mass after conditioning
was regarded as the moisture content of the immersed
papers according to ISO 287:1985. Tensile index in
machine direction was measured according to ISO
1924-2:2008.

Effect of Salt Species on Mass of Paper Sample
The NaCl solution-immersed samples gave the
higher mass gain to paper when compared with the
MgCl2 solution-immersed ones. The mass gain means
the mass of dry residual salt as shown in Figure 2.
The salt particles remained in interfibre and intrafibre
pores or were attached to paper surfaces and the
amount of the remaining salts in the paper depended
on the desalting method. The mass of the Non-desalted
samples were higher than the wiped samples. The
rinsing process with water for 60 s was considered to
remove most of the salt efficiently.
Moisture Content of The Saltwater-Immersed
Paper
MgCl2 solution-immersed paper was predicted
to have higher moisture content than NaCl solutionimmersed paper due to higher deliquescence of
MgCl2 which was practically in the form hydrated
with 6 molecules of H2O. In spite of drying at 105
˚C, H2O of MgCl2 hexahydrate could not be removed
because dehydration occurs at 116.7 °C or higher.
The moisture content of NaCl and MgCl2 solution-

Copy Paper
Immersion in 2 Liters of salt solution for 1 day

(Original)

Immersion in distilled water
for 1 day (control)

Non-desalted
(Non-wiped)

Wiping
(Wiped)

Desalted

*Immersion in 500 ml of
distilled water for 60s

Fixed Drying
Basis weight, Residual salt, Moisture content and Tensile index
Note : * Change to fresh water every time after washing sheet

Fig. 1 Experimental Flow of Salting and Desalting Processes for Copy Paper
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Fig. 2 Dry Mass of Residual Salt Remained in Paper Due to Immersion in Salt Solutions with All of Mass
Measured at 25 ˚C and 60% RH

Fig. 3 Moisture Content of Saltwater-Immersed Paper at 25 ˚C and 60% RH
immersed papers was almost the same level as shown
in Figure 3. Note that the H2O molecules of MgCl2
hexahydrate were included at the time of weighing
MgCl2 in preparation of the solution. However, the
moisture content of the saltwater-immersed papers
was higher than the control paper. This fact means
that there was more water adsorbed on salts other
than dehydrated water that is regarded as the effect
of the deliquescent salts remaining in the papers. The
equilibrium RHs of NaCl and MgCl2 saturated salt
solutions at 25 °C are 75.3% and 32.8%, respectively.
The conditioning RH 60% that was lower than the
equilibrium RH of NaCl is considered to reduce the
moisture content for the NaCl solution-immersed
paper and increase it for the MgCl2 solutionimmersed paper. However, practically they were at
similar levels for some unknown reason.
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Effect of Immersion in Saltwater on Tensile Index
of Paper
More salt remaining in the papers tended to reduce
tensile index to lower values for both of NaCl and
MgCl2 solutions-immersed paper, as shown in Figure
4. To discuss this result, several aspects on salt-paper
interaction should be taken into account. The first one
is moisture content. Different salts introduce different
amounts of water depending on the delinquency as
discussed above. A close look at data plots of each
salt reveals that at the same mass change, namely,
almost equally residual amount of salt MgCl2 solutionimmersed paper gave higher tensile indices than NaCl
solution-immersed one. A slightly lower moisture
content of MgCl2 solution-immersed paper may have
resulted in higher tensile index.
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Fig. 4 Influence of Amount of Residual NaCl and MgCl2 Salts on Tensile Index of Copy Paper.

Fig. 5 Influence of Amount of Residual NaCl Salt on Tensile Index of Hand Sheet.

The second aspect is crystallization. Non-desalted
paper with the largest amount of residual salt gave the
lowest tensile index for both of the two kinds of salt.
Removal of salt by wiping and rinse with water for
60 s recovered its strength to some extent although
they once experienced the same salty condition with
non-desalted samples. This fact may be explained
by crystal growth during drying. Growing crystals
probably inhibit re-bonding between fibres in paper
after the previous hydrogen bonds were broken by
fibre swelling. However, this result contradicts with
the results for the hand sheet, as Figure 5 shows that
the tensile index increased with increasing residual
NaCl salt.
The third aspect is sizing degree. The copy paper
sample was internally sized. Therefore, water was not
likely to penetrate perfectly nano-scaled pores in fibre

walls, resulting in imperfect swelling. Addition of salt
ions generally decreases the swelling of cellulosic
materials in aqueous systems with dependences of
swelling on such factors as salt concentration and
pH [6]. Osmotic and ionic effects related to swelling
phenomena develop only near surfaces of pure fibres
as in hand sheet.
The fourth aspect is starch applied for surface
sizing. Copy paper is often surface-sized for surface
strength and control of ink jet print quality. For
comparison in response of starch to water between
saltwater and freshwater, it is difficult to find a definite
difference because there are many factors which may
be more interfered by salt than water. For example, the
strength may be reduced by breakage of interfibre and
fibre-starch bonds, and starch dissolution that are all
affected by salt and its species. It is necessary again
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to consider that remaining salt introduces moisture
which is detrimental to the paper strength. Maybe we
should analyze the starch condition in each process of
the salting and desalting processes.

in the paper marking in order to control the paper
brightness and color hue. Practically, the copy paper
used in this experiment contains a slight amount of a
direct azo dye colored mainly violet according to the
manufacturer’s information. Some azo dyes seem to
be used as indicators for calcium and magnesium ions
which appear yellow at pH of 10.5 [6]. The change of
paper colure was further tested in the different ranges
of pH. At both of acidic and alkaline pH, the yellowing
of papers appeared, but slightly lighter in the alkaline
range at pH higher than 8.6. Moreover, it was found
that the color could not be removed as long as the paper
contained MgCl2 although other water-soluble paper
additives were removed by cold/hot water washing. In
this case, the direct dye is strongly deposited on fibre
surfaces which could not be removed easily. Figure 7
summarizes the results of this color change. As well
as an MgCl2 solution, CaCl2 and MgSO4 showed
paper color changes, but the color shift was toward to
yellow rather than greenish yellow given by the MgCl2
solution-immersed paper.

Change of Paper Color After Thermal Drying
The color of saltwater-immersed paper was
observed with naked eyes. Figure 6 shows the
color of NaCl and MgCl2 solutions-immersed
papers, respectively. The yellowing of MgCl2
solution-immersed paper is clearly recognized. The
change of paper color after drying is undesirable in
papermaking. Yellowing appeared after drying in
oven for approximately 2 hours at 105 ˚C to all of the
non-desalted, wiped and 60 s rinsed MgCl2 solutionimmersed paper while NaCl solution-immersed paper
and the non-salted paper indicated under “control”
kept stable colour.
The paper yellowing was presumed to occur
because MgCl2 may react with the colorant contained
in the paper. Pigments and dyes are widely used

MgCl2

NaCl

Fig. 6 Yellowing of Paper— (left) MgCl2 Solution-Immersed Paper Showing Remarkable Yellowing After
Oven-Drying and (right) NaCl Solution - Immersed Paper Showing No Yellowing.
White fine paper
Extraction by hot water
Starch

Control

Residual
paper

NaCl
sol

Cold water washing
MgCl2 sol

Solutionimmersed
NaCl sol
MgCl2 sol

MgCl2
sol
Hot water
washing

CaCl2 sol
MgSO4
sol
Water
(Control)

Fig. 7 Results of Paper Colour Change After Immersion in Different Kinds of Salt Solutions. Greenish Yellow
and Green Blocks Indicate Colour Change. White Blocks Indicate No Colour Change.
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Conclusion
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ABSTRACT
In kraft process, lime kiln plays an important role as a recovery step where CaCO3 is converted back into
CaO. Most common lime reburning kiln fuels are natural gas and fuel oil. Limiting gas, as well as increasing its
prices encourage pulp mills to find other types of energy resources such as coal and biomass. The use of those
alternative solid energy resources may be implemented through a direct solid combustion or via gasification process
followed with a gaseous combustion in the kiln. Each combustion techniques have advantages and disadvantages.
A potential alternative resource of energy in a kraft pulp mill is sludge (both primary and secondary) with a
generation rate of about 95 kg/ton CaO. Typically, sludge from one of a kraft pulp mill in Indonesia has a heating
value of about 14 MJ/kg (dry basis). The palm nut shell has a heating value of about 21 MJ/kg (dry basis). Coal is
another alternatives, although it is belong to the category of non-renewable recources. A typical coal has a heating
value of 25MJ/kg. In production rate of CaO about 380 ton/day, co-combustion of natural gas with sludge cake
via direct combustion may reduce the natural gas consumption by 20% and higher for coal and palm nut shell. The
portion natural gas substitution is limited with the availability of sludge and the attainable combustion temperature.
Portion of coal and palm nut shellin co-combustion with natural gas may be more flexible in term of availability and
energy. But care must be taken for impurities those may affect the quality of produced CaO. Gasification process is
a technology to upgrade those alternative solid fuels into gaseous fuelcontaining the following main combustible
components: H2, CO, and CH4. In addition, the following components may present in the gaseous fuel: CO2, H2O
and N2. Depending on many parameters such as type gasifying agents and configuration, this gaseous fuel may
have a heating value of 11 MJ/Nm3 (from sludge cake), 18 MJ/Nm3 (from palm nut shell), and 19 MJ/Nm3(from
coal). In contrast to the use of direct combustion of solid fuel, the gaseous fuel may be used in a lime kiln with a
less modification of the burner section. Co-combustion of gaseous fuel from sludge may reduce the natural gas
consumption by18%and higher for gaseous fuel from coal and palm nut shell. The limitation of utilization solid
fuels via gasification is on the attainable combustion temperature.In contrast to the direct combustion of solid fuel,
the gaseous fuel from gasificationmay be used in a lime kiln with a less modification of the burner section.
Keywords: sludge cake, palm nut shell, coal, co-combustion, gasification, lime kiln
Introduction
Kraft pulp mill is one of the industrial sectors that
consume large amounts of energy. In the last decade,
limited reserves of natural gas and rising its price have
prompted mills to look at cheaper alternatives energy
such a readily available biomass waste in the mills.
This effort is in line with Indonesia primary energy
mix by year of 2025, where the renewable energy
accounted for 17% of national energy demand [1].CO2
emission mitigation is also currently one of the main
environment issues. One possible of strategies to reduce
CO2 emissions is based on the introduction of biomass
as a substitute for fossil energy resources. The most
important advantage of biomass fuels as compared to
fossil fuels is that their thermal utilization is almost
CO2 neutral, i.e. the CO2 emission in the product life
is the same as the initial CO2 storage in living biomass
[2]. Replacing fossil fuels with sustainably-produced
biomass will reduce the net emissions of CO2 to the
atmosphere. Lime calcinations are the process of
converting lime mud (essentially CaCO3) generated
52

in the causticizing plant to reburned lime (CaO). This
reaction is carried out in high temperatures in a rotary
lime kiln, which is both a chemical reactor and heat
transfer device [3]. Calcinations required a minimum
temperature of 815oC for calcinations to occur [3]. The
energy consumption of a modern kiln operating near
to nominal capacity is typically in the range of 5.5 to
6.5 GJs per ton of reburned lime produced [4].
Common lime reburning kiln fuels are natural
gas and fuel oil. Several attempts have been made to
replace this fossil fuel, including using wood and bark
powder, lignin, pyrolysis product, combustible gas
from gasification process, and fuel from the pulp mills
such as turpentine or methanol liquid, stripper off-gas
(SOG), non-condensable gas (NCG), tall oil, and tall
oil pitch. Gasification of wood, coal and other materials
have been used for many years to provide clean fuelgas for firing lime kilns. Good, stable operation is
possible with gasification with production capacity and
heat rate similar to that for natural gas. The advantage
of gasification is that using the syngas is potentially
more efficient than direct combustion of the original
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fuel because it can be combusted to produce higher
temperatures. The other alternative energy resources
studied here are coal, palm nut shell, and sludge from
pulp mill. The use of those alternative solid energy
resources may be implemented through a direct solid
combustion or via gasification process followed with
a gaseous combustion in the kiln. Each combustion
techniques has advantages and disadvantages. This
paper presents the thermodynamic simulation of the
utilization of alternative energy resources to reduce
natural gas consumption in the kiln, i.e. co-combustion
of natural gas with sludge; co-combustion of natural
gas with palm nut shell, co-combustion of natural gas
with coal, co-combustion of natural gas with producer
gases as product of gasification of coal, palm nut shell,
or sludge.The use of those alternative solid energy
resourcesare expected to be one of alternative energy
resources in pulp mill to meet the national program on
the energy mix in 2025.

Table 1. Typical Specification of Rotary Lime
Kiln (Derived From The Mill’s Data from South
Sumatera)
Operating conditions:
Production rate
Product temperature
Availability
Residual CaCO3
Firing conditions:
Fuel type
LHV natural gas
Natural gas
consumption
Excess air

380
1000
80
3

ton/day
o
C
%
%

natural gas
34 MJ/Nm3
Nm3/ton
225
CaO
2 %

Composition of typical natural gas from Indonesia
and properties ofseveral solid fuels of interest to the
lime kiln is presented in Table 2. Sludge is a potential
alternative energy resource in a kraft pulp mill with
total generation about 95 kg/ton CaO. Palm nut shell
is another alternativesas renewable recources as well
as coal, although coal is belong to the category of nonrenewable recources.
To produce the producer gas with a medium heating
value, it is necessary to develop a configuration of
the gasification reactor. In this study, we proposed
a configuration for steam gasification with separate
reactor for combustion and that for gasification
process (Figure 1). Heat for endothermic gasification
reactions was supplied from combustion of solid fuel.
The steam gasification of solid fuel was carried out in
another fluidized bed reactor. This configuration can
prevent air-derived N2 dilution into producer gas to
produce medium heating value gas, and it is simpler
and easier to be implemented [5].

Methodology
This study dealed only with the thermodynamic
simulation of alternative energy resources for the
partial substitution of natural gas in supplying the heat
of reaction and provides a high temperature (above
815oC) in the calcinations process. The alternative
energy resources in this study included coal, palm nut
shell and sludge from pulp mill. Partial substitution
of natural gas with these solid fuels via direct cocombustion or producer gas via steam gasification
were calculated based on heating value calculation,
without regard to other combustion properties.
Typical specification of rotary lime kiln based on
one of mill’s data in South Sumatera used in the model
is presented in Table 1. Lime mud has CaCO3 = 63%;
inert = 7%; and moisture content = 30%.

Table 2. Properties of Sludge Cake, Palm Nut Shell,Coal, and Natural Gas
Sludge cake from
kraft pulp mill
Proximate analysis (db)
Ash
Volatile Matter
Fixed Carbon
Ultimate analysis(db)
Ash
C
H
N
S
O
Moisture
LHV,MJ/kg (db)

Palm nut
shell

Coal

27.60%
61.00%
11.40%

1.86%
76.59%
21.55%

7.69%
47.68%
44.63%

27.60%
34.54%
4.29%
1.18%
0.36%
32.03%

1.86%
55.33%
5.40%
0.34%
0.07%
37.00%

7.69%
63.54%
5.65%
0.79%
0.25%
22.08%

10%
14

10%
21

10%
25
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Natural Gas from Indonesia
Component
N2
CO2
Methane
Ethane
Propane
n-Butane
i-Butane
n-Pentane
i-Pentane
Hexane
Heptanes
H2S
LHV, MJ/Nm3

Mole fraction
1.50%
2.00%
94.00%
1.50%
0.75%
0.10%
0.10%
0.01%
0.02%
0.01%
0.01%
35 ppm
34
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Flue Gas
Air

Combustion

Solid Fuel

HEAT

Steam

Gasification
Product Gas

Fig. 1. Steam Gasification Configuration with
Separate Reactor for Combustion and That for
Gasification
Solid fuel
ultimate: C, H, O, N, S;
proximate: FC, VM, MC, ash
calorific value

Heat
Decomposition
VM, char

C, CO, H2, H2O,
CH4, H2S, and
ash

Air

The scheme of co-combustion of natural
gas with solid fuel integrated with calcinations
process modeling is presented in Figure 2a and
co-combustion of natural gas with producer gas
integrated with calcinations process modeling is
presented in Figure 2b. The process assumption was
as follows.
1. The model neglected the influence of the
physical properties of materials.
2. The model didn’t distinguish the type of reactor
associated with contacting the solids-gas.
3. The model didn’t take into account the
reaction rate, heat transfer rate and mass
transfer rate.

Heat Loss

Combustion:
C + O2 → CO2
H2 + ½ O2 → H2O
CH4 + 2O2 → CO2 + 2H2O
etc…

Natural Gas

Flue Gas
Hot Gas
Decomposition:
CaCO3 → CaO + CO2
T=1000oC

Lime Mud
CaO Product

(a) Co-Combustion of Natural Gas with Solid Fuel Integrated with Calcinations Process
Solid fuel
Ultimate : C, H, O, N, S;
Proximate : FC, VM, MC, ash
calorific value

Heat
C, CO, H2,
H2O, CH4, H2S,
and ash
Decomposition
VM, char

Natural Gas
Heat
C, CO, H2,
H2O, CH4, H2S,
and ash

Air

Flue Gas

Heat Loss

Combustion:
C + O2 → CO2
H 2 + ½ O 2 → H 2O

Decomposition:
CaCO3 → CaO + CO2
T=1000oC

Heat

CaO
Product

Hot Gas

Gasification:
Equilibrium reaction
C + CO2 → 2 CO
C + H2O → CO + H2
CO + H2O → CO2 + H2
T=950oC

Steam

Lime Mud

Combustion
CO + ½ O2 → CO2
H2 + ½ O2 → H2O
CH4 + 2O2 → CO2 + H2O
etc.

Natural Gas

Air

(b) Co-Combustion of Natural Gas with Producer Gas Integrated with Calcinations process
Fig. 2. The Scheme of Co-Combustion of Natural Gas with Solid Fuel or Producer Gas Integrated with
Calcinations Process Modelling
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4. In the calciner, the fuel combustion and the raw
material decomposition processes take place
in two different reactors, i.e. in combustor and
calciner [6].
5. Only the decomposition of the calcium carbonate
in the raw material was taken into account, and
oxides like SiO2, Fe2O3, and Al2O3 were treated as
inert [6].
6. All the reactions in kiln take place at the same
temperature and can achieve equilibrium.
7. Heat loss was assumed of 2%.
Results and Discussion
Steam Gasification of Solid Fuels
Gasification process is a technology to upgrade
solid fuels into gaseous fuelcontaining the following
main combustible gas: H2, CO, and CH4. In addition,
the following gas may present in the gaseous fuel:
CO2, H2O and N2.Gas composition depends on the
elemental composition of the coal or biomass and the
type of gasifying agent. Steam gasification has main
reaction as follow: C + H2O → CO + H2. Therefore,
the concentration of H2in the producer gas is higher.

Producer gas can be processed into a relatively clean
gaseous fuel as a substitute fuel in the lime kiln.
The effect of S/F (steam to solid fuel ratio) on gas
composition and heating value of producer gas from
gasification of coal, palm nut shell, and sludge are
presented in Figure 3. The addition of steam to the
gasification process as the gasifying medium intended
to enhance the formation of H2 gas but affect in
decrease CO gas formation, based on homogeneous
water shift reaction: CO + H2O→CO2 + H2. Because
heating value of H2 is lower than CO, the overall
heating value of producer gas decrease with S/F.
The configuration separates the generation of heat
from combustion reactions and heat consumption
for gasification reaction. This configuration
produces a medium heating value of producer gas
because no-N2 dilution from combustion air. From
the simulation, steam gasification of sludge could
produce gas with maximum heating value about 11
MJ/Nm3, palm nut shell produce gas with maximum
heating value about 18 MJ/Nm3, and coal produce
gas with maximum heating value about 19 MJ/Nm3.
For comparison, natural gas in this study had heating
value of 34 MJ/Nm3.

Fig. 3. LHV and Producer Gas from Gasification of Coal, Palm Nut Shell, and Sludge
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Lime Kiln Fuelled with Natural Gas
A minimum temperature of 815oC is required for
calcinations to occur, but temperatures over 1149oC
result in over burnt lime with poor slaking properties,
and also damage the kiln’s refractory lining [3].
Thermodynamically, the calcinations process is defined
to take place perfectly at temperature above 800oC
(Figure 4). Natural gas consumption was calculated
according to heat and temperature requirements to
achieve calcinations reaction. Drying and heating up
of lime mud was conducted by utilizing the hot exhaust
gas which flowing in the opposite direction of lime in
the kiln. In this simulation, calcinations was carried out
at 1000oC with natural gas consumption of 218 Nm3/
ton CaO in condition no heat loss. Practically, natural
gas consumption in one of kraft pulp mills in South
Sumatera is about 225 Nm3/ton CaO with certain heat
loss (the mill’s data).

Fig. 4. Natural Gas Consumption for Lime
Calcinations
Lime Kiln Fuelled with Natural Gas and Solid Fuel
through Direct Combustion and Steam Gasification
Effect of solid fuel specification consumption on
natural gas saving is presented in Figure 5. With total
generation about 95 kg/ton CaO, sludge could save
natural gas consumption until 20% through direct cocombustion. The portion of natural gas substitution
is limited with the availability of sludge and the
attainable combustion temperature.As comparison, cocombustion of natural gas with 95 kg/ton CaO of coal
reduce the natural gas consumption by 37% and95 kg/
ton CaO of palm nut shell reduce by 30%.Portion of
coal and palm nut shellin co-combustion with natural
gas may be more flexible in term of availability and
energy, but care must be taken for impurities in cocombustion of solid fuel those may affect the quality
of produced CaO.Partial substitution of natural gas
with solid fuel through direct co-combustion might be
implemented through two types of burners, the burner
for gas and burner for pulverized solid fuel.
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Fig. 5. Natural Gas Saving for Lime Kiln Fuelled
with Natural Gas and Solid Fuel
Via steam gasification, sludge could save natural
gas consumption until 18%. The use of sludge and
other solid fuel via steam gasification are limited
with the attainable combustion temperature, because
heating value of producer gas is lower than that of
natural gas. As comparison, co-combustion of natural
gas with producer gas from 95 kg of coal reduces
the natural gas consumption by 34% and producer
gases from 95 kg of palm nut shell reduce by 27%.
In contrast to the direct combustion of solid fuel, the
gaseous fuel from gasification may be used in a lime
kiln with a less modification of the burner section.
The difference in the composition of the natural gas,
solid fuel, and producer gas will lead to differences in
combustion characteristics. Characteristics of gas fuels
include the following parameters: gas composition,
heating value, combustion air requirements in relation
to the supply of air system and flue gas stack, attainable
combustion temperatures, flame characteristics,
characteristics of burner, flame speed and flammability
limits, impurity content specifically required by the gas
users, and the concentration of tar. Since the heating
value of producer gas is relatively lower than that of
natural gas, replacement natural gas with producer gas
may result in the following: increases fuel gas flow
rate, need to redesign the gas flow system, decreases
air/fuel ratio, need to recontrol air/fuel ratio, decrease
heating rate, and need to redesign burner and furnace.
Emission of Interesting Pollutants In
Combustion of Natural Gas with Solid Fuel

Co-

Among the alternative fuels, the sludge has a
highest ash content of 27.60% (db), followed by
coal with 7.69%, and palm nut shell with 1.86%.
Combustion of sludge release highest SOx and ash,
followed by coal, and palm nut shell (Figure 6) (see
our simulation in [7]). The high ash on the sludge may
come from the inherent inorganic wood, additives in
the pulping process, as well as inorganic materials
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Fig. 6. Emission of Interesting Pollutants in Co-Combustion of Natural Gas with Solid Fuel

in the wastewater treatment process. Increased
consumption of solid fuel affects in an increase the
amount of ash that must be addressed. Ash affects on
the particulate emissions and also can cause problems
due to slagging, deposit formation, corrosion, and lime
product contamination. The fusion and agglomeration
of ash particles in the fuel beds can lead to poor
combustion and calcinations conditions, and problems
with ash removal and downstream ash handling
equipment.
Producer gas can then be processed into a clean
gaseous fuel to substitute natural gas in the lime kiln.
The gasification process produces ash-free gas after
passing through the separation process, and decreasing
quality of lime products due to ash contaminants
can be minimized. In addition, the high-temperature
process refines out corrosive ash elements such as
chloride and potassium, allowing clean gas production
from otherwise problematic fuels.

Conclusion
Based on our thermodynamic calculation, steam
gasification of coal, palm nut shell and sludge might
produce gaseous fuel with heating value of 19, 18,
and 11 MJ/Nm3 respectively. Calcinations at 1000oC
consume natural gas about 240 Nm3/ton CaO.
With total generation of sludge 95 kg/ton CaO, cocombustion natural gas with sludge could save natural
gas until 20% and higher for coal and palm nut shell.
The portion natural gas substitution is limited with the
availability of sludge and the attainable combustion
temperature. Care must be taken for impurities in
direct combustion of solid fuel those may affect the
quality of produced CaO. Co-combustion of natural
gas with producer gas of sludge could save natural gas
until 18% and higher for coal and palm nut shell. The
limitation of utilization solid fuels via gasification is
on the attainable combustion temperature.
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ABSTRACT
Protein molecule of endoglucanase EglII recombinant is consisted of two domains, namely cellulose-binding
domain (CBD) which serves to promote the adsorption of the enzyme to the insoluble crystalline cellulose and
cellulase catalytic domain which is responsible for the hydrolysis reaction. In this study, CBD of endoglukanase
EglII recombinant was separated from the intact protein by degradation using the papain enzyme and separation
by ultrafiltration methods. The CBD resulted can used to modify the waste paper fibers. The result expected is
to obtain the specific activity of endoglucanase EglII recombinant which is higher than commercialenzyme. The
results of electrophoresis before degradation and separation of CBD from intact protein showed that protein bands
of endoglucanase EglII recombinant was more pure than the commercial enzyme. The electrophoresis after protein
degradation and separation of CBD from the endoglucanase EglII recombinant showed that CBD was separated
from the intact protein with a molecular weight about 21 kD. The yield of CBDs were 59.51%. Itcan beconcluded
that CBD of endoglucanase EglII recombinant can beseparated from the intact protein and produced a pure CBD.
Keywords: endoglucanase EgIII recombinant, cellulose-binding domain, ultrafiltration
Introduction
Recycling of waste paper can reduce deforestation,
energy consumption, pollutant emissions and waste
treatment problems.One ton of paper made from
recycled fiber can save 25-30 m3 of water, 20-30 trees,
4000 kWh of electricity and reduce environmental
pollution (Dienes, [1]). Disadvantages of using waste
paper fiber as raw material in paper making were high
energy cost on the drying process and low strength on
paper products (Pala, et. al., [2], Dienes, D., [1]). We
suggested to use Cellulose Binding Domain (CBD) for
improving the waste paper fiber.
Roadmap of the research about the prospective of
cellulose-binding domain from endoglucanase EglII
recombinant to upgrading waste paper including
two steps i.e.step I is laboratory scale separation of
CBD and step II is aplication CBD for Upgrading
Waste Paper.Protein molecule of endoglucanase EglII
recombinant is consisted of two domains (Nurachman
et. al., [3]), namely cellulose-binding domain (CBD)
which serves to promote the adsorption of the
enzyme to the insoluble crystalline cellulose and
cellulase catalytic domain which is responsible for
the hydrolysis reaction (Pala et.al., [2]). CBD from
Trichoderma reesei has molecular weight of 9 kDa
(Lemos et. al., [4]), belonging to family I of CBD,
formed of 33-36 residues of amino acid (Tormo, et.
al., [5]). This protein has increasing 14% drainage, 9%
burst index, and 7% tensile index (Pala et. al., [2]).
In this research, CBD of endoglukanase EglII
recombinant was separated from the intact protein by
degradation using the papain enzyme and separation by
ultrafiltration methods.The purpose of this research is
to separated CBD of endoglucanase EglII recombinant

from the intact protein by degradation using the papain
enzyme and by ultrafiltration methods.
Body
According to Tormo et. al. [5], over 100 different
CBD sequences have already been identified, which
range in size from only 33 to over 170 amino acid
residues. These CBDs can be grouped into distinctive
families on the basis of amino acid sequence
similarities, CBD divided in 3 families. The smallest
and simplest type of CBD, comprising family I, is
found only in fungal cellulases and contains between
33 to 36 residues. Family II contains 110 residues
amino acid, and Family III contains 150 residues amino
acid. Endoglucanase is hidrolyzed glucosidic linkage
from internal chain of cellulose. Amino acid sequence
of Endoglucanase EglII recombinant is composed by
signal peptida (1-29), catalytic domain (48-301) from
Glycosyl Hydrolase family 5 (GH5) and substrate
binding domain (356-437) from Cellulose Binding
Module 3 (CBM 3) (Nurachman et. al., [3]).
CBD has an important role in mediating the binding
of cellulolytic enzymes to surface of cellulosedoing
non-hydrolytic disruption on cellulose fibers. This
stage is initiation point of cellulose degradation process
(Tormo et al, [5]). These proteins will bind to surface of
fiber, then modifying surface or interface properties of
fibers (Henrissat and Davies, [6]).
According to Lemos et. al. [4], separation of the
two domains has also been achieved using proteolysis.
Separation wascarried out with the aim of cellulase
catalytic core or cellulase binding domain isolation of
cellulase. Proteolysis wasdone by papain. The result
of the proteolysis process was checked for enzymatic
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activity and analyzed using capillary electrophoresis
(CE). The digested mixture wasultraﬁltrated through
both 10-kDa and 30-kDa nominalcut-off membranes
to assure the separation of thecellulose-binding
domains (CBDs) from the digestedmixture. The
filtrates obtained by PM10 membrane did not showany
hydrolytic activity, but CMCaseactivity was detected
in the filtrates obtained by PM30 membrane showing
that some catalytic core managed to pass through PM30
membrane.
The purity of the ﬁltrates was checked using CE.
Theresults obtained displayed one peak corresponding
toa protein with a molecular weight close to 9 kDa,
refer to CBD of cellulasesfrom Trichodermareseei.
The molecularweight of the core-binding domain of
fungalcellulases is close to 5 kDa, including the CBD
family I, which is composed of 33-36 amino acid residues
(Tormo et al, [5]). Carrad et. al. [7] characterize the CBD
by analysis on 10% native PAGE using the Laemmli
buffer system without SDS and β-mercaptoethanol
and measurement activities. The bound fraction was
estimated by deducting the fluorescence intensity of
the soluble fraction from the total fluorescence of
the proteins in absence of cellulose.In these cases the
interest in proteolysis was more directed to the isolation
of catalytic cores of cellulases.Another technique for
separated of CBD by engineering genetic (Carrad, [7]).
The steps of this work were construction of recombinant
proteins, protein expression and purification, complex
formation, and activity measurements.
CBDs may have potential applications in the
modiﬁcation of polysaccharide ﬁbres, forinstance in
wood or paper (Lemos et al, [4]).According to Pala
et. al. [2], whenCBD was applied, it was possible to
achieve the simultaneous increase of pulp drainage rate
and paper resistanceindexes (specially tensile and burst)
as compared with thecontrol. The peptide concentration
seems to be critical, asthe lower dosages (0.4–1.4 mg
protein/g o.d. pulp) werequite favorable to the process
(maximum increase in drainage of 14%, together with
an increase of 9% in burst and 7% in tensile). It seems
that the CBD binding to theﬁber surface, by modifying
the surface/interfacial propertiesof the ﬁbers, affects
the technical properties of the pulp andpaper in a very
positive way. Although it is still not possibleto establish
the kind and the importance of these changes tothe
modiﬁcation of the properties of pulp and paper, it
couldbe hypothesized that an excess of CBD reduces
the mechanical peeling effect of ﬁnes from the surface
of ﬁbers andconsequently worsens the ﬁnal pulp
characteristics.
Material and Method
Material
EndoglucanaseEglII recombinant was expressed
extracellular by Bacillus megaterium that carrying
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the plasmid PMM1525-egII. B. megaterium was
obtained from the Laboratory of Biochemistry,
Institute of Technology Bandung. Commercial
cellulase,chemicals such as tripton, yeast extract,
NaCl, tetracycline, peptone, xylose, bovine serum
albumin, carboxymethylcellulose, dinitrosalicylicacid,
cellobiose, Bradford reagent, and NaOH were used.
It was also used enzymes papain and distilled water.
Polysulfonemembrane with size of 10 kDa, 30 kDa
and 50 kDa was used for ultra filtration.
Method
Production of Endoglucanase EglII
For cell multiplication, B. megateriumwas grown in
liquid LB medium (Luria-Bertani) containing tripton
1%; yeast extracts0.5%, NaCl 1%, and tetracycline
10 mg/mL.For production endoglucanaseEglII, B.
megaterium was grown in liquid LB medium-P by
replacing tripton1% with peptone 1%. Culture B.
megaterium early in LB medium-P with an optical
density at 600 nm of 0.2 was incubated at the
temperature of 37 °C on 200 rpm until the optical
density at 600 nm reached up to 1.5. To induce the
expression of endoglucanaseEglII, xylose was added
into the LB-P medium to a concentration of 0.03 M and
incubationprocess was continued for 5 hours, finally.
Endoglucanase EglII was harvested by centrifugation
speed of 7000 g at 4 °C for 30 min. Supernatant
obtained (Endoglucanase EglII) was stored at 4 °C
before using for further research.
Determination of Protein Content
Enzyme protein content was determined by
Bradford method using bovine serum albumin (BSA)
as a standard (Bradford, [8]). Each absorbance
measurements were performed three times (triplo).
Activity Measurement
Activity of endoglucanaseEglII in hydrolyze
carboxymethylcellulose (CMC) was determined
from the amount of reducing sugars released.
Briefly, the mixture of enzyme reaction
containingendoglucanaseEglIIof 0.02 mg /mL and
CMC of 2.5 mg/mL was incubated for 30 min at 50 °C.
Reaction was stopped by adding 50 mL DNS reagent
and boiled for 10 minutes. Reducing sugar released
was determined by dinitrosalisilate acid reagent
(DNS) (Miller, [9]) using cellobiose as a standard.
Each absorbance measurements were performed three
times (triplo). One Unit EglIIendoglucanase activity is
defined as the amount of enzyme capable of releasing
1 μmol reducing sugar per minute under reaction
conditions. Specific activity of enzyme activity is
defined as units per mg protein.
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Removal of The Small Protein of The Crude
Endoglucanase EglII and Concentrated The
Protein
Recombinant endoglucanaseEglII filtered using
membrane PM 10 kDaby ultra filtration techniques,
using nitrogen gas at a pressure of 20 psi. Feed in ultra
filtration tubes concentrated using membrane PM 50
kDaby ultra filtrationprocess, with variation of the
pressure of 10, 20, and 30 psi.
Digestion of Recombinant Endoglucanase EglII
Digestion of recombinant endoglucanaseEglIIwas
performed by enzyme papain with a ratio of 50:1
(w/w). The mixture was agitated for 4 hours at the
temperature of ± 23 °C (Lemos et al, [4]). Protein
digestion results wereseparated by ultra filtration.
Separation of cellulose binding domain of
recombinant endoglucanaseEglII by ultra filtration.
Protein digestion results was filtered using ultra
filtration membrane PM 30 kDa. Permeate and feed
were checked the enzyme activity, protein content
and the qualitative analysis by electrophoresis (SDS
PAGE).
Result and Discussion
The band pattern on SDS PAGE result of crude
endoglucanase EglII recombinant, commercial
cellulase and marker is showed in Figure 1.

Crude endoglucanase EglII recombinant has only
one protein band with a molecular weight close to
57.5 kD. This crude enzyme was pure (Figure 1). The
SDS PAGE bands pattern of commercial cellulase
showed one protein band with a molecular weight
close to 10 kD, and lot of band that have not been
separated between 260 kD to 40 kD.The commercial
cellulase was not pure. So crude endoglucanase EglII
recombinant was more pure than commercial cellulase.
From Table 1,it can see that crude endoglucanase
EglII recombinant has protein content 14.5 times
lower than commercial enzyme, because this protein
only has one band protein on the SDS PAGE.Contrast
to commercial enzyme has alot of band of proteins.
Crude endoglucanase EglII recombinant has specific
activity of 3.19 U/mg, however the CMCase of the
commercial enzyme is not detected by this method.
CMCase activity of the crude endoglucanase EglII
recombinant after concentrated using membrane PM
50 kDaby ultra filtrationprocess, with the pressure
variation of 10, 20, and 30 psi is shown in Figure 2.
The highestCMCase activity is endoglucanase EglII
recombinant concentrated by PM 50 kDa with the
pressure of 30 psi. From Figure 1, it has been known
that crude endoglucanase EglII recombinant has the
molecular weight close to 57.5 kD so that the feed of
ultra filtation process contain this protein.
From Figure 3, it can see that after digestion
with papain (50:1) and ultrafiltration by PM 30kD,
permeate crude endoglucanase EglII recombinant has
protein band with the molecular weight close to 21

Figure 1. SDS PAGE of Crude Endoglucanase EglII Recombinant, Commercial Cellulase and Marker (M)
Table 1.Enzymatic Activity of Endoglucanase EglII Recombinant

Sample
Crude endoglukanase EglII rekombinan
Commercial Enzyme

Enzymatic activity

Protein Content

Specific Aktivity

(U/ml)

(μg/ml)

(U/mg)

0.17

53.3

3.19

Not Detected

770

-
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Figure 2. Enzymatic Activity of Feed from Endoglucanase EglII Recombinant After Ultrafiltrationprocess by PM
50 kDa at Variation of The Pressure of 10, 20, and 30 psi

Figure 3. SDS PAGE of Endoglucanase EglII Recombinant After Digestion with Papain (50:1) and Ultrafiltration
by PM 30kD

Figure 4. Protein content of: A. Endoglucanase EglII recombinant B. Feed of digestion resultand ultrafiltration
by PM 30 kDa at 20 psi. C. Permeate of digestion result andultrafiltration by PM 30 kDa at 20 psi
kD. Feed of this process has several bands of protein.
Refer to Nurachman et. al. [3], amino acid sequence
of Endoglucanase EglII recombinant is composed by
signal peptida (1-29), catalytic domain (48-301) from
Glycosyl Hydrolase family 5 (GH5) and substrate
binding domain (356-437) from Cellulose Binding
Module 3 (CBM 3). It is predicted that protein band
with the molecular weight close to 21 kD in permeate
is as CBD.
62

To determine the yield of this process, the protein
content of endoglucanaseEglII recombinant, feed of
digestion resultand ultra filtration by PM 30 kDa at 20
psi, permeate of digestion result and ultra filtration by
PM 30 kDa at 20 psihas been checked. The result has
been shown in Figure 4. Itis predicted that protein in
permeate as CBD having the protein content of 6.63
ppm and the yield of 59.51%.
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Conclusion
CBD of endoglucanase EglII recombinant could
be separated from the intact protein by degradation
using the papain enzyme (50:1) and by ultrafiltration
methods.The SDS PAGE analysis has shown that this
protein has the molecular weight about 21kD. The
yield of CBDs of 59.51% could be obtained.
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ABSTRACT
In the pulp and paper industry, the presence of colloidal pitch particles from lipophilic wood extractives
can reduce the efficiency of the paper manufacture. One method to overcome this problem is by enzymatic control
using lipase. Four lipase producing bacteria were isolated from Acacia mangium wood and two of the strains,
MRM-KS1 and MRM-KS3, were selected for further study because of their high lipase activities. The highest
lipase production was found at 48 h of growth for MRM-KS1 and 36 h of growth for MRM-KS3. Lipase activity
in the culture filtrates were measured using p-nitrophenyl palmitate (pNPP) in acetonitrile: ethanol 96%: buffer
with a ratio of 1:4:95. The optimum pH and temperature of lipase from MRM-KS1 was pH 9.5 and 60°C, with
40.0% of its activity remaining after 30 minutes incubation at 50°C. The optimum pH and temperature of lipase
of the other strain, MRM-KS3, was pH 9 and 55°C, with 42.3% of its activity remaining after 1 hour incubation at
50°C. In comparison, the optimum pH and temperature of a commercial lipase was pH 8.5 and 50°C, with 93% of
its activity remaining after 30 minutes incubation at 60°C. Both extracellular lipases produced by MRM-KS1 and
MRM-KS3 were active between 40o-60oC. These results indicated that MRM-KS1 and MRM-KS3 may be used to
offer an environmentally friendly method for the degradation of lipophilic extractives.
Keywords: extracellular lipase, lipophilic extractives
Introduction
Wood extractives are extractable compounds from
wood with organic solvent. The major components of
extractives are triglycerides, fatty acids, steryl esters
and sterols. Wood extractive is only less than 10% of
total weight of wood but cause serious problems [22].
During wood pulping of paper pulp, the lipophilic
wood extractives initially form a colloidal pitch, then
become larger droplets that adhere to different parts of
the machinery or may deposit on the pulp [1, 9]. These
droplets are often called pitch deposits [3]. Pitch
deposits can cause many problems, including decrease
the quality of the pulp, producing spots on the paper,
paper sheet breaks and technical shutdowns [12, 2].
Moreover, effluents containing wood extractives can
cause a detrimental effect to the environment [19, 20].
There are several biological treatments for pitch
control. Those are seasoning, microbial treatment
and enzymatic treatment. Traditionally, pitch deposits
were reduced by seasoning the logs and wood chips.
Through oxidative process and hydrolysis by
plant enzymes, some extractives may be lost during
storage [10, 4]. These methods depend on the storage
conditions and take time [3]. It is already known that
prolonged wood storage can cause decreasing pulp
yield and quality because of biological deterioration.
Microbial treatments using fungi and bacteria
have been developed to remove lipophilic wood
extractives. Natural wood seasoning was accelerated
by adding microbial inocula into wood log or chip.
Fungus Ophiostoma piliferum (marketed as Cartapip)
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and also white-rot fungi has been shown to decrease
some of wood extractives [23, 18, 6]. Compared with
fungi, there are still few studies on wood treatment
using bacteria. Bacterial strains isolated from spruce
wood chips have been studied to remove the amount
of extractives in liquid media [5].
Lipase (EC 3.1.1.3 triacylglycerol acylhydrolases)
treatment has been introduced into the pulp and
paper industry as an enzymatic control to reduce
triglycerides in wood extractive. In early 1990, Hatta
and co-workers at Nippon Paper Company, Japan
reported that lipase can reduce pitch deposits during
pulp and paper manufacture [14]. Lipases from
Candida cylindracea have been shown to be effective
in hydrolyzing triglycerides in Japanese red pine. In
Austria, Fischer and colleagues have been successful
in performing pilot scale experiments on pitch control
of sulfite pulp using lipase (Resinase A 2X) with
optimum pH 7 and optimum temperature 60⁰C [17].
The aim of this work was to characterize potential
lipases from bacterial strains isolated from Acacia
mangium wood
2. Materials and Methods
Bacterial Strains
Two out of four aerobic lipase producing bacteria
isolated from Acacia mangium wood chip (data not
shown), MRM-KS1 and MRM-KS3, were selected for
lipase production and characterization because of their
high lipase activities.
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Lipase Production

Characterization of Lipase

MRM-KS 1 and MRM-KS 3 were grown in liquid
media containing nutrient broth 0.8% (w/v), NaCl
0.4% (w/v), CaCl2 0.1% (w/v), olive oil 3% (v/v) and
Tween 80 0.5% (v/v) [17]. Olive oil was emulsified
with Tween 80 0.5% (v/v) in distilled water using
stirrer. Culture conditions were: room temperature,
pH 8, and 200 rpm in rotary shaker. Total viable count
was used for measuring the cell growth. The standard
pour plate dilution method was performed. Colonies
were counted after incubation at room temperature for
24 h in nutrient agar plate.

The characterization of lipase of MRM-KS1
and MRM-KS3 were examined, and the results
were compared with commercial lipase used for
pitch control. The optimum pH of the enzyme was
measured by using the lipase activity assay with pNPP
at different pH values. The assay was performed
at 60°C for 15 min. The buffer solutions used were
as follows: phosphate (pH 6-7.5), Tris-Cl (pH 8.0),
glycine-NaOH (pH 8.5-9.5), Na2CO3–NaHCO3 (pH
10-10.5), Na2HPO4-NaOH (pH 11-11.5), and KClNaOH (pH 12).
The optimum temperature for the lipase activity
was measured at temperatures between 20°-80°C
for 15 minutes. The activity assay was performed at
optimum pH respectively. The effect of temperature
on the lipase stability was evaluated by measuring
the residual activity after 30 min of pre-incubation of
culture supernatant in 50 mM glycine buffer (pH 9) at
various temperatures.

Lipase Activity Assays
Lipase activity assays were performed using
crude extract of lipase. The crude extract obtained
from centrifugation of bacterial culture (12,000g, 15
min, and 4°C). The activity was determined using
spectrophotometric assay at 410 nm with p-nitrophenyl
palmitate (pNPP) as a substrate. pNPP was dissolved
in acetonitrile at a concentration of 10 mM. Ethanol
and 50 mM Tris-Cl buffer (pH 8.0) were added to a
ratio of 1:4:95 (v/v/v) of acetonitrile/ ethanol/ buffer
[8]. 0.3 mL of the culture supernatant was reacted
to the substrate solution (0.9 mL). Then, it was
incubated at 25°C and 60°C for 15 minutes. Enzyme
activity was measured by monitoring the change in
absorbance at 410 nm that represents the amount of
released p-nitrophenol (pNP). The activity of lipase
was determined based on the standard curve of
p-nitrophenol. One unit of lipase activity was defined
as the amount of enzyme releasing 1 µmol pNP per
minute under the assay conditions.

3. Results and discussion
Lipase Production
Lipase activities of MRM-KS1 and MRM-KS3
were evaluated until 60 h of growth. Cell growth and
lipase production curve of MRM-KS1 are shown in
Fig.1a. MRM-KS1 produced lipase at the beginning
of stationary phase (4 h of growth). The highest lipase
production was found at 48 h of growth in culture
medium containing nutrient broth 0.8% (w/v), NaOH
0.4% (w/v), CaCl2 0.1% (w/v), olive oil 3% (v/v) and
Tween 80 0.5% (v/v) [7]. Olive oil was found to act as

Figure 1. (a) Growth Curve ( ) and Lipase Activity ( ) of MRM-KS1. (b) Growth Curve and Lipase Activity
of MRM-KS3. Lipase Activity was Measured Using p-nitrophenyl Palmitate as Substrate.
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Figure 2. (a) Effect of pH on Enzyme Ectivity MRM-KS1 (Dot Line), MRM-KS3 (Dash Line) and Commercial
Lipase (Solid Line). The Optimum pH of The Enzyme was Measured by Using The Lipase Activity Assay
with pNPP at Different pH Values. The Assay was Performed at 60OC for 15 min. (b) Effect of Temperature on
Enzyme Activity MRM-KS1 (Dot Line), MRM-KS3 (Dash Line) and Commercial Lipase (Solid Line). The
Enzyme Preparation was Preincubated at Different Temperatures at Optimum pH.

Figure 3. The Thermostability of the Enzymatic Activity of MRM-KS1 (Dot Line), MRM-KS3 (Dash Line) and
Commercial Lipase (Solid Line) was Determined by Incubating the Crude Enzyme at 50⁰C (a) and 60⁰C (b).
an inducer of lipase production [8]. Maximum crude
extract lipase activity of MRM-KS1 was 0.176 U/mL.
Fig.1b. shows the typical cell growth and lipase
production of MRM-KS3. Lipase production MRMKS3 reached its peak lipase production faster than
MRM-KS1 and produced the highest lipase at 36 h
of growth with maximum lipase activity (0,184 U/
mL). Other studies have shown that bacterial species
needed more than two days for producing maximum
activity [16, 26]. The production period for lipases
varies for different species, but they often start during
the late log phase or the beginning of stationary phase
[11]. Culture medium composition and incubation
condition have important roles in lipase production
[15, 25]. Several studies have shown that different
carbon sources in the medium influence production
of lipase [11, 21, 13]. Lipase production of MRMKS1 and MRM-KS3 decreased at late stationary
phase probably because of the presence of protease.
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Long-chain fatty acids may also be another factor that
negatively influence the production of lipase [24].
Lipase Characterization
The crude enzyme of MRM-KS1 and MRM-KS3
showed activity over a broad pH range (Fig.2a.). The
lipase optimum pHs of MRM-KS1 and MRM-KS3
were 9.5 and 9.0 respectively. The commercial lipase
had an optimum pH of 8.5. In the acidic range, the
lipase activities were significantly reduced. No activity
was observed at pH 6. This revealed that the lipases of
MRM-KS1 and MRM-KS3 were alkaline enzymes.
The effect of temperature on the lipase activity
was determined at optimum pH respectively. Fig.2b.
shows clearly that lipase activity of MRM-KS3 are
higher than the others. Maximum lipase activity of
MRM-KS3 was obtained at 55°C. MRM-KS1 lipase
activity decreased sharply at temperatures above
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60°C. Commercial lipase had temperature range from
50°C to 70°C. Commercial lipase has better stability
towards temperature.
The thermal stability was observed at temperatures
50°C (Fig.3a) and 60°C (Fig.3b). Both lipase
activities of MRM-KS1 and MRM-KS3 decreased
after 15 minutes incubation at temperatures 50°C and
60°C. Their lipases seemed to be unstable at high
temperatures. The commercial enzyme was highly
stable at 50°C and 60°C, retaining 90% of its activity
up to 30 minutes. These results demonstrated that
lipase of MRM-KS1 and MRM-KS3 are mesophilic
enzymes.
Conclusion
In conclusion, MRM-KS1 and MRM-KS3
isolated from Acacia mangium wood chip have the
ability to produce alkaline extracellular lipases. The
results indicated that both lipases of MRM-KS1 and
MRM-KS3 are promising enzymes for pitch control.
The characteristic of this lipase was comparable to
commercial lipase. Lipase MRM-KS1 has higher
optimum pH than commercial enzyme. The stability
of the lipases of MRM-KS1 and MRM-KS3 at higher
temperature were limited. Additional studies must be
conducted to find the effectiveness of lipase MRMKS1 and MRM-KS3 on the degradation of pitch
deposits.
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Pulp and Paper Properties of a Forest Pioneer Species: Macaranga gigantea
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ABSTRACT
Mahang Gajah (Macaranga gigantea) is the world’s largest genus of pioneers which has a short life span
of 15-30 years before being replaced by successive species and can reach up to 30 m in height. It grows rapidly
in logged-over forest and can be found in Thailand, Peninsular Malaysia, Sumatra, Borneo and Sulawesi. In
Malaysia, reports indicated that this genus has been found in Penang, Sabah, Sarawak, Selangor and Terengganu.
Macaranga spp. are used for various applications such as firewood, particleboard and timber and traded as mixed
light-hardwood (MLH) or lesser known species (LKS). Preliminary works have been carried out by FRIM to
cultivate Macaranga gigantea as a forest plantation species to reduce raw material shortage in the forest products
industry. This paper highlights the pulp and paper properties of Macaranga gigantea harvested from a natural
stand. Kraft pulping process using 25% sulphidity and from 12 to 16% active alkali (A.A.) were carried out at
170°C. A 45% total pulp yield and 35 Kappa number were obtained for 16% A.A. Standard handsheets of 60±3
gsm were prepared and the properties investigated. Maximum tear, tensile and burst indices recorded were 12 mN
m2/g, 79 Nm/g and 4.5 kPa m2/g, respectively. Unbleached brightness of less than 20% ISO was observed; possibly
owing to the high resin content of the wood. Overall, the performance of Mahang Gajah promises its application
in commercial manufacture of printing and packaging paper grades.
Keywords: Macaranga gigantea, pioneer species, pulp and paper
Introduction

Kraft Pulping

Mahang Gajah (Macaranga gigantea) belongs to
the family Euphorbiaceae. It is also locally known as
Kubin atau Telinga Gajah due to the shape and size of
the leaf. It is the world’s largest genus of pioneers [1]
with growth peak between 6 and 11 years after forest
disturbance [2]. As a pioneer species, Macaranga has
short life span of 15-30 years before being replaced
by successive species and can reach up to 30 m in
height [3]. Macaranga spp. can be found in Thailand,
peninsular Malaysia, Sumatra, Borneo and Sulawesi.
Studies conducted in Peninsular Malaysia indicated that
M. gigantea is one of top ten species found in loggedover Jengai Forest Researve, Terengganu [4, 5].

Kraft pulping was conducted using 25% sulphidity
at varied active alkali levels (12%, 14% and 16%) with
5:1 liquor to fibre ratio using MK Twin Tub Digester
(Figure 2). The cooking temperature was set at 170°C
and the time taken for the liquor to reach the cooking
temperature was 90 minutes. The digester was run
at 170°C for two hours. The handsheets of 60±3 g/
m2 were made using the different pulps according to
T205 [6] and the properties evaluated using methods
listed in Table 1. The strength properties (tear, tensile
and burst) were expressed in indices, i.e. the ratio of
strength values to grammage.

Methodology
Materials
Harvesting of Mahang gajah (Macaranga gigantea)
logs from Bukit Hari (Figure 1), FRIM, Kepong,
Selangor, Malaysia was conducted by FRIM’s Forest
Plantation Programme, Sawmilling Branch and Pulp
and Paper Programme personnel. Two trees of 8-12
years old were selected. The girth at breast height (1.3
m), total height and the length of whole usable bole
were measured. The logs were sent to FRIM’s sawmill
before chipping was carried out. Figure 1 shows (a)
the site where Macaranga trees were felled for this
study and (b) the resulting chips.

Table 1. Methods Used for Pulp Evaluation
Description
Grammage
Bulk thickness
Tear strength

Test method

Ref

T 220 sp-01

[7]

MS ISO 534: 2007

[8]

MS ISO 1974: 1999

[9]

MS ISO 1924-2: 2010

[10]

Burst strength

MS ISO 2758: 2007

[11]

Brightness

MS ISO 2470: 2001

[12]

Opacity

MS ISO 2471: 2010

[13]

Smoothness

MS ISO 8791-2:1999

[14]

ISO 5636-3: 1992

[15]

MS ISO 5626:1999

[16]

Tensile strength

Porosity
Folding endurance
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(a)

(b)

Figure 1. (a) Macaranga Stand Before Logging and (b) Macaranga Chips

Figure 2. MK Twin Tub Digester Pulp Evaluation
Results and Discussion

Pulp Properties

The total kraft pulp yield using 25% sulphidity at
170°C and active alkali levels between 12 and 16%
for M. gigantea was reported to range from 45 to
49% (Figure 3). The lowest Kappa number of 35 was
reported when 16% active alkali was used. Pulping
optimisation is needed to achieve below 20 Kappa
number for M. gigantea.

Figures 4 to 6 show the properties of unbeaten pulp
from M. gigantea used in this study. The handsheet
bulk obtained was in the range of 1.58-1.68 cm3/g,
with lower bulk values observed at higher A.A. levels.
The burst index increases at higher A.A., but tear
index decreases. The maximum burst index obtained
at 16% AA was 4.5 kPa m2/g whereas the tear strength
is more than twice that obtained for Acacia mangium
pulped at similar condition [17]. A maximum tensile
index of 79 Nm/g was obtained which is higher than
Eucalyptus globulus reported by Duarte et al. [18].
The strength of handsheets produced from juvenile
M. gigantea used in this study is also comparable to
mature trees reported by Peh et al. [19]. The most
outstanding property which can be seen from Figure
5 is the folding endurance. At 16% active alkali, more
than one thousand double folds were reported and with
higher values can be achieved with refining [19].
However, the pulp brightness is low compared
to other pulps (below 20% ISO), with the highest
brightness observed at 16% A.A (Figure 6). It was
noted that the natural colour of M. gigantea after
harvesting is slightly reddish probably due to the high
resin content which is carried over and absorbed into
the fibre during pulping. In term of opacity, very high
values of 99.1 to 99.2% were obtained in this study. It
is recommended that pre-hydrolysis is carried out prior

Total yield

Screened yield

Kappa number

60

80

Yield

40
20

Kappa number

60
40

20

0

0
12%

14%

16%

Active alkali

Figure 3. Kraft Pulping Properties of Macaranga
gigantea
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to pulping to remove coloured extractive compounds
in order to achieve higher brightness. However,
optimisation has to be carried out in doing so to prevent
mechanical properties from being compromised. The
Bendtsen smoothness for M. gigantea handsheets
made from unbeaten pulp is also very low (less than
150 ml/min) which indicates good formation and
suitability for printing and writing grades.
Tear Index

Burst Index

Bulk
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8

2

6
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Tear index (mNm2 /g)
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Figure 5. Tensile Strength, Number of Fold and
Porosity of Handsheets Produced at Varied Active
Alkali Levels
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The total kraft pulp yield with 25% sulphidity at
170°C and active alkali levels between 12 and 16%
for M. gigantea was reported to range from 45 to 49%
with the lowest Kappa number of 35 was reported at
16% active alkali level. The strength of handsheets
produced from juvenile M. gigantea used in this study
is comparable to mature trees reported in the literature.
The most outstanding property is the folding endurance
of unbeaten pulp. At 16% active alkali, more than one
thousand double folds were reported and with higher
values can be achieved with refining. However, the
pulp brightness is low compared to other pulps. It
was noted that the natural colour of M. gigantea after
harvesting is slightly reddish probably due to the high
resin content which is carried over and absorbed into
the fibres during pulping. Overall, the performance of
M. gigantea promises its application in commercial
manufacture of printing and packaging paper grade.
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ABSTRACT
The kenaf taken from Malang-East Java was four to five months old and used as the raw material of
dissolving pulp. Morphology and chemicals content of kenaf was analyzed based on Indonesian National Standard
(SNI). Kenaf has fiber length more than 1.60 mm that is classified as long fiber. It contains alpha cellulose in the
amount of 45.45%. Kenaf was cut with the length of 3 to 5 cm to make chips. Before cooking, pre-hydrolyzed
using water and dilute acid (0.4% H2SO4) was done to remove pentosan (hemicellulose) by soaking 400 gram
chips in water and 0.4% H2SO4 in the ratio of 1 : 5 at temperature of 135oC for 1+1 hours. The results was mixed
with cooking liquor which contains Active Alkali (AA) of 16% and Sulfidity (S) of 28%. Ratio of raw material and
cooking liquor was 1 : 5 at temperature of 160oC for 2 + 1.0 hours. Bleaching process was done in the five stages
consisted of XODoEoD1D2 (Xylanase, Oxygen delignification, Chlorine Dioxide, Oxygen Ectraction, Chlorine
Dioxide 1st, Chlorine Dioxide 2nd). Bleaching process in the stage of X use xylanase enzyme (bio-bleaching).
Every stage was washed with hot soft water up to neutral pH. Dissolving pulp was analyzed for brightness, alpha
cellulose content and other chemicals content.
Keywords: bio-bleaching, dissolving pulp, pre-hydrolyzed, kenaf, xylanase
Introduction
Wood demand from industrial forest plantations
for pulp raw material is still not fulfilled yet due to
the shrinking of the indutrial forest plantations areas
of and decreased productivity as well as the wood
converted into woodworking raw materials1. Seeing
this reality, there is alternative which is very possible
to fill the shortage of pulp raw material by using
kenaf plants (Hibiscus cannabis). Kenaf plants is one
of long fiber sources of non-wood having advantages
compared to forest wood such as very short age
between 4 - 5 months. It can be planted at least twice
a year2. Kenaf can be used as a substitute NUKP
(Needle Unbleached Kraft Pulp) or NBKP (Needle
Bleached Kraft Pulp) in the paper making. Based on
its fibre morphology and chemical composition, kenaf
is a good raw material for pulp. Kenaf stem consists
of two distinct parts i.e. bast and wood core core. Bast
of kenaf contains fibre ropes as many as 35 - 40% by
weight. Whereas section wood core containing short
fibre as many as 60 - 65%. Kenaf can be processed
using whole stalk producing pulp with the quality
similar as pulp made from leaf wood. Bleached
pulp made from kenaf stems cooked with the sodaanthraquinone process with Active Alkali (AA) of
17% and Anthraquinone (aq) 0.1% can meet all the
requirements for NBKP 3.
In pulp bleaching, bleaching chemicals are a key
process to any pulp mill in order to get bleached
pulp. This process use chlorine (Cl2) or chlorine

dioxide (ClO2) and other chemicals to bleach pulp.
Unfortunately, these chemicals bleaching react
with organic carbon compounds producing toxic
compounds of chlorinated hydrocarbons released
into environment with the wastewater from the pulp
mill. These chlorinated hydrocarbons compounds,
such as dioxin, is highly toxic chemicals called
organochlorines, which are basically poisons.
Biotechnology can play a major role in establishing the
new, technologically advanced and effective processes
14
. Xylanase has been found to be effective in reducing
chlorine dosage requirement in prebleaching process
of kraft pulp. Other applications proposed for xylanase
include debarking, refining pulp fibers and preparing
dissolving pulps. If kraft pulps are prebleached with
xylanase, the Cl2 required to achieve a given degree
of bleaching on the delignification of unbleached
softwood and hardwood kraft pulps is lower, which
reduce organochlorines discharges [10, 12, 13]. The pulp
and paper industry is modifying its pulping, bleaching
and effluent treatment technologies to reduce the
environmental impact of mill effluents [12].
The use of Kenaf wood from industrial forest
plantations is generally used for the manufacture of
paper pulp type. To diversify the use of kenaf wood,
conditions optimization of dissolving pulp making
is necessary. Effect of acid and water use in the
prehydrolysis process of kenaf and effect the use of
xylanase in bleaching process of unbleached pulp
to the quality of dissolving pulp produced is also
presented.
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Materials and Methods

Table 1. Condition of Bleaching Process

Kenaf used in the making of dissolving pulp is
taken from plantation at Malang district, East Java.
Dissolving pulp process making is consisted of:

Parameter

X

O

D0

Eo

D1

D2

ClO2 (%)

-

-

22 KN

-

1

0.2

O2 (psig)

-

87

-

29

-

-

1. Raw material preparation

NaOH (%)

-

1.5

-

1

-

-

-

-

0.7

-

-

-

Kenaf was cut to the length of 3 - 5 cm and was
dried in the open air to maintain a uniform moisture
content.

H2SO4 (%)
Xylanase (%)

1

-

-

-

Consistency
(%)

10

10

8

8

10

10

Temperature
(OC)

25

95

60

75

75

75

2. Prehydrolysis process
Prehydrolysis experiments of kenaf were
conducted in two prehydrolysis conditions that are by
using water and 0.4% H2SO4 solution. Prehydrolysis
process of kenaf was carried out in an autoclave by
immersing approximately 400 grams of wood chip in
water and 0.4% H2SO4 solution with the ratio of each
ingredient with a prehydrolysis solution of 1 to 4 at a
temperature of 135oC for 1 + 1 hours. After completing
of prehydrolysis, the remaining water and the solution
were removed by filtering and the prehydrolysis
product was then cooked.
3. Cooking process
Cooking process of kenaf chip is done by using
active alkali (AA) of 16%, Sulfidity (S) of 28% with
a ratio of 1 to 5 at the temperature of 160oC for 2 +
1 hours. During cooking, both temperatures in the
autoclave and in the digester room were controlled.
After cooking, the pulp was washed on the flat screen
and the pulp fibres were refined in fin shredder.
Unbleached pulp produced was then pressed and was
determined the Kappa number and the yield.

-

Results and Discussion
Raw Materials and Characterization
Kenaf plants (Figure 1a) is one of long fiber
sources of non-wood having advantages compared
to forest wood such as very short age between 4 - 5
months. It can be planted at least twice a year[2]. Kenaf
stem (Figure 1b) consists of two distinct parts i.e. bast
and wood core core. Bast of kenaf contains fibre ropes
as many as 35 - 40% by weight. Kenaf plants used
in the investigation of dissolving pulp making in the
cooking laboratory of Center for Pulp and Paper (CPP)
is one of superior type of kenafs obtained in the form
of stem from kenaf farmers located at Malang district,
East Java.

4. Bleaching process
Bleaching of unbleached pulp was performed
without the use of chlorine with five stages, namely
XOD0EOD1D2 (xylanase, oxygen delignification,
chlordioxide early-oxygen extraction, 1st chlordioxide,
2nd chlordioxide). Pulp from each bleaching stage
was washed with hot soft water until the neutral pH.
Bleaching process conditions is shown in Table 1.
Morphology of kenaf was analyzed by the method
of procedure Franklin U.S. Forest Products Research
Laboratory, Department of Agriculture and the
Indonesian National Standard. Chemical properties
of kenaf were analyzed by Indonesian National
Standard (SNI). Unbleached and bleached dissolving
pulp produced was analyzed by Indonesian National
Standard [7].
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a). Plants of kenaf

b). Stem of kenaf

Figure 1. Plants and Stem of Kenaf
Before cooking, the size of kenaf chip was
classified prior by using a vibrating sieve which has
5 class sizes. kenaf chip used for cooking experiment
is that retained in the screen of stage 2 and 3 with the
chip size of around the length of 30 – 50 mm as shown
in Figure 2.
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raw materials. While the alpha cellulose is 45.56% for
bast and 39.46% for stem. This alpha cellulose content
is high enough and it will produce high pulp yield [4].
Table 3. Chemical Analysis of Kenaf
No.

Figure 2. Chip Kenaf
Uniformity of the chip wood size that will be
cooked is intended in order that in the cooking time
and temperature applied could produce pulp with a
homogeneous level of maturity[4]. When the size of
kenaf chip is smaller, it will cause the pulp produced
is quite mature. Conversely if the size of kenaf chips
larger, it can cause some chip is immature[4]. Results
of analysis of fibre morphology and chemical
components of kenaf can be seen in Table 2 and Table
3, respectively.
Table 2 . Fibre Morphology of Kenaf
No

Parameter

Stem

Bast

1.

Fibre length (mm):
- minimum
- maximum
- average

0.84
6.22
2.59

2.07
6.81
3.63

2.

Diameter (µm):
- outer
- in

28.44
10.58

23.78
8.24

3.

Wall thickness

8.93

7.77

4.

Runkel number

1.69

1.89

5.

Slimness

91.07

152

6.

Stiffness

0.31

0.33

7.

Flexibility

0.37

0.35

8.

Muhlstep ratio (%)

68.16

87.99

Slimness, enervation, muhlstep ratio and runkel
numbers is fibre properties to identify the extent of fibre
able to be modified such as spun, untwisted fibre, and
woven sheets made. If the value of Runkel number is
more than 1 (one), it indicates that types of non-wood
fibres have thick walls, so the possibility of requiring
greater energy milling or hard to be fibrillated. While
kenaf fibre has the fibre length average of 2.59 mm for
stem and 3.63 mm for bast and it is classified on the
long fiber, fibre length > 1.60 mm [4]. From Table 3,
it can be seen that holocellulose content of kenaf is
77.60% and 75.57% for bast and stem, respectivelly.
Holocellulose is part of the fibre-free extractive and
lignin. Composed of cellulose and hemicelluloses,
white to yellowish colour. Holocellulose content is the
total carbohydrate or polysaccharides content in the

Bast

Stem

1.

Ash (%)

Parameter

4.59

3.50

2.

Lignin (%)

10.16

16.88

3.

Extractive (%)

2.00

2.47

4.

Holocellulose (%)

77.60

75.57

5.

α-cellulose (%)

45.56

39.46

6.

Pentosan (%)

16.92

22.65

7.

Solubility in cold water (%)

8.92

7.84

8.

Solubility in hot water (%)

6.72

6.93

9.

Solubility in NaOH (%)

25.36

28.51

Cellulose is a linear polysaccharide composed of
units with ties anhydroglucose 1-4 b glucosidic that the
hydrolysis in acidic conditions produces D-glucose.
Cellulose is divided into three parts, namely a cellulose
having a high molecular weight which is the part that
stayed after the other cellulose dissolved on treatment
with sodium hydroxide of 9.45%. Dissolution will
be developed with 17.5% sodium hydroxide. While
the soluble cellulose in 9.45% sodium hydroxide
is b-cellulose and g-cellulose [4]. Extractive content
contained in the raw materials are generally composed
of fatty acids, resin, wax, gum and the other are volatile
materials and unvolatile materials. Extractive (alcoholbenzene extract) is a substance in wood or pulp
extracted by alcohol-benzene as a solvent, performed
at the boiling point of solvent within a certain time.
In general, non-wood containing low extractive will
produce a clean pulp [4]. Scanning Electron microscope
(SEM) picture of kenaf and their components that are
inside can be seen in Figure 3. Figure 3 shows that the
organic carbon component in the kenaf wood is 73.43%
and the remaining is the other components.
Pulp Making Process
The initial phase of dissolving pulp making is
the process of prehydrolysis of kenaf chip. This
prehydrolysis process helps to facilitate the separation
of cellulose fibres from lignin. kenaf pulp produced is
still brown (unbleached). The results of the cooking
non-wood of each prehydrolysis process can be seen
in Table 4.
Table 4. Result of Cooking Process
No.

Prehydrolysis

Kappa number

Yield (%)

1.

Water

19.81

50.03

2.

H2SO4

22.81

50.0
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Figure 3. SEM Micrograph of Kenaf
Table 5. Result of Bleached Pulp
No

Prehydrolysis

Yield (%)

Kappa Number
after O2

Brightness (%
ISO)

1.

Water

96.92

9.58

86.23

2.

H2SO4

98.73

8.69

86.27

Brightness of rayon grade pulp
> 85% ISO

Table 6. Chemicals Properties of Bleached Pulp
No.

Prehydrolysis

Moisture
(%)

Ash
(%)

α-cellulose
(%)

Pentosan
(%)

Viscosity
(cP)

Solubility in
10% NaOH

Solubility in
18% NaOH

1.

H2SO4

4.92

0.78

86.36

14.97

29.06

10.93

7.65

2.

Water

4.61

0.77

86.71

14.71

27.55

10.34

7.33

Table 4 shows that prehydrolysis with water
followed by the cooking process produce almost
similar yield than that of prehydrolysis with acid. But
the Kappa number is slightly lower than that of the
prehydrolysis with acid.
Pulp Bleaching Process
Bleaching of pulp was done by XOD0EOD1D2.
Bleaching of pulp at the stage X use xylanase enzymes
(bio-bleaching). Bio bleaching purpose is to reduce
the use of ClO2 at the D1 stage and D2 stage so that it
can reduce the content of pollutants from wastewater
effluent from the bleaching process [6, 8, 9]. Pulp
bleaching results are shown in Table 5 and Table 6.
76

The experimental results showed that the bleaching of
kenaf pulp produce bleaching yield > 96%. In this case,
there is not much degraded cellulose by using xylanase
enzymes (bio-bleaching). The degree of brightness of
dissolving pulp produced by the bleaching stage of
XOD0EOD1D2 result is quite high i.e. above 86% ISO.
This value is above the specifications of dissolving
pulp for rayon grade (> 85% ISO) [11].
The chemical analysis results of bleached
dissolving pulp can be seen in Table 6. It that the
bleached dissolving pulp prehydrolyzed by acid and
water has α-cellulose content of around 86% and it is a
litle bit lower than the specifications as a raw material
for the making of cellulose derivatives (SNI 09381989) [11].
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Figure 4. SEM Micrograph of Pulp Prehydrolyzed by Acid

Scanning Electron microscope (SEM) picture
of dissolving pulp prehydrolyzed by acids and the
components therein can be seen in Figure 4. It shows
that the components of organic carbon in dissolving
pulp made from kenaf is 95.98% and the rest is the
other components that are higher than that kenaf
itself. It shows that organic carbon in dissolving pulp
is higher than the raw material.
Conclusions
Kenaf fibre having an average fibre length of
2.59 to 3.63 mm fibres belonging to the long fibres.
Dissolving pulp having yield up to 98%, kappa number
up to 8.69%, the degree of brightness of above 86%
ISO, and alpha cellulose of 86% could be obtained by
the bleaching stage of XOD0EOD1D2.
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ABSTRACT
Pichia stipitis is one of the feasible strains that can produce ethanol from oligosaccharides. Spent sulfite
liquor (SSL) from softwood contains monosaccharides, oligosaccharides and fermentation inhibitory compounds,
such as acetic acid, furfural and sulfite ion. The objective of this study is to develop an effective method for the
removal of inhibitory compounds without decrease of oligosaccharides concentration in SSL, so that the ethanol
production from oligosaccharides in SSL is maximized. Firstly, the effect of inhibitory compounds on ethanol
fermentation from cellobiose by P. stipitis was investigated. The presence of more than 5 g/L of acetic acid in
media totally inhibited ethanol production from cellobiose and no ethanol was produced. At 1 g/L of acetic acid,
2.6 g/L of ethanol was obtained after 40 h fermentation; which was compared to 2.9 g/L of ethanol production
from the control (cellobiose; 13.9 g/L, no acetic acid, 24h fermentation). Secondly, the removal of acetic acid
in the SSL by the combination of CaO and the strong base anion exchange resin treatment was studied. The
acetic acid concentration of SSL was decreased from 5.8 to 0.9 g/L by the strong base anion exchange resin
treatment for 2 min followed by the CaO treatment. The decrease of oligosaccharides concentration in softwood
SSL was marginal. Finally, the improvement of ethanol production from oligosaccharides in the SSL by using the
combination of CaO and strong base anion exchange resin treatment was studied. The ethanol was obtained 1.3
g/L from the SSL treated by the combined methods, while 6.5 g/L of total oligosaccharides were consumed. No
ethanol was obtained from the untreated SSL.
Keywords: ethanol, fermentation, Pichia stipitis, spent sulfite liquor, oligosaccharide
Introduction
Sulfite cooking is an established process in the
pulp and paper industry. In a previous study, when
acid sulfite cooking was conducted at 150°C for
1-4 h at pH 1.4, gluco-oligosaccharide and mannooligosaccharide were obtained in softwood spent
sulfite liquor (SSL)[1]. Also, a softwood sulfite pulp
with kappa number of 127 had a high resolution ratio
(71.4%) by enzyme treatment, which was higher than
that of soda-anthraquinone and kraft pulps [1,2].
Several sulfite pulp mills have utilized SSL for
ethanol production [3]. Baker’s yeast (Saccharomyces
cerevisiae) can ferment hexose, however, it can’t
ferment oligosaccharides and pentose. Further
hydrolysis steps such as acid or enzyme treatments
are required for ethanol fermentation in order to
utilize oligosaccharide in SSL, which would require
additional stages and equipments.
A xylose fermentable strain Pichia stipitis has the
genes for seven b-glucosidases, one b -mannosidase
and one endoxylanase, thus facilitating oligosaccharide
utilization [4, 5]. It has been reported that P. stipitis
can produce ethanol from cellobiose [6, 7] and xylan
[8]. Parekh and Wayman reported that P. stipitis CBS
5776 gave 10.3 g/L of ethanol from 25 g/L cellobiose

within 48 h [7]. Lee et al. reported that P. stipitis CBS
5775 can lead to the production of 2 g/L of ethanol
from 2% larch wood xylan solution [8].
The SSL also contains furfural, acetic acid and
sulfate ion [9], which inhibit the ethanol production
from monosaccharides with microorganisms [10]. P.
stipitis is more sensitive to inhibitory compounds than
S. cerevisiae [11, 12]. However, the effect of inhibitory
compounds on oligosaccharide fermentation has not
been well understood. Moreover, it is necessary to
remove inhibitory compounds from SSL to achieve
effective ethanol fermentation.
We have studied that the combined CaO and strong
base ion exchange resin treatments of hardwood
SSL to remove inhibitory compounds [13]. We have
concluded that the combined treatment of CaO and
two-stage strong base ion exchange resin treatments
in a relatively short time can achieve the selective
removal of acetic acid. The two-stage ion exchange
resin treatment removed acetic acid by approximately
90% from the CaO-treated SSL.
The objective of this study is to apply the same
concept to a softwood SSL, that is, to develop an
effective method to improve the ethanol production
from softwood SSL. This was achieved by the
removal of inhibitory compounds without decrease
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of oligosaccharides in SSL so that the ethanol
production from oligosaccharides in softwood SSL is
maximized. Firstly, the effect of inhibitory compounds
on ethanol fermentation from cellobiose by using P.
stipitis was clarified. Secondly, the removal of acetic
acid in softwood SSL by the combination of CaO
and the strong base anion exchange resin treatment
was studied. Thirdly, the improvement of ethanol
production from oligosaccharides in softwood SSL by
using the combination of CaO and strong base anion
exchange resin treatment was studied.

g/L, pH 5.0 in 125 ml of Erlenmeyer flask. Incubation
was conducted at 30°C and 150 rpm for 48 h. The yeast
was collected by centrifugation at 5000 rpm for 5 min
and washed with sterile distilled water twice [17].
Fermentation

The softwood based SSL was obtained from a pulp
mill in Eastern Canada. The chemical composition of
SSL is shown in Table 1.

In the model fermentation, cellobiose (15 g/L)
solution in the presence of various acetic acid, furfural
and SO2 concentrations (0.01, 0.1, 1, 5 and 10 g/L) were
prepared. In the fermentation of SSL, the untreated,
CaO-treated and ion exchange resin-treated SSLs were
used. These SSL samples were concentrated to make
the total oligosaccarides concentration of 15 g/L. The
peptone, yeast extract and ions, which were the same
amount as those used for the inoculum preparation,
were added to samples. About 1 g/L of dry cell weight
was used. All of the fermentation experiments were
conducted at 30°C with 225 rpm [13].

Ion Exchange Resins

Analytical Methods

The strong base ion exchange resin (Diaion PA408
Cl- form) was obtained from Mitsubishi Chemical and
used for the experiments. The OH- form of PA408 was
prepared as follows; the Cl- form resin was soaked in 2
N NaOH for 30 min, then filtered. This treatment was
repeated 5 times, subsequently the resin was washed
by distilled water 5 times. The OH- form of PA408
was kept in distilled water to prevent oxidation and
denaturation.

Monosaccharaides concentrations were measured
using an ion chromatography unit equipped with
CarboPac® PA1 column (Dionex-300, Dionex
Corporation, USA) and a pulsed amperometric detector
(PAD) [18]. Oligosaccharides were hydrolyzed by 4%
H2SO4 at 121 ˚C for 1 h and then measured by ion
chromatography unit. Oligosaccharides concentration
was calculated by the subtract sugar concentration
before hydrolysis from that after hydrolysis. The
furfural, acetic acid and ethanol concentrations were
determined by 1H-NMR method as described in the
literature [19]. The lignosulfonate concentration was
determined by the absorbance at 205 nm with UV
spectrometry [20]. A calibration curve was prepared
by using commercial lignosulfonate. The cellobiose
concentration was determined using an HPLC
equipped with RI detector (Shimadzu). Separations
were performed at 65˚C on Rezex ROA-organic Acid
H+ column (phenomenex). Injection volume was 20
mL. The mobile phase was 5 mM H2SO4. The flow rate
was 0.6 mL/min.

Experimental Procedure
SSL Sample

Combined Treatment of CaO and Strong Base Ion
Exchange Resin Treatments
The CaO treatment of SSL was conducted as
follows. The pH of hardwood SSL was adjusted to
10.5 with 100 g/L of CaO slurry and then treated at
70°C for 15 min in water bath [14, 15]. The mixture
was separated with filtration and filtrate was used for
further experiments. The CaO-treated SSLs with or
without neutralization with CO2 were treated with the
OH- form of PA408 for up to 5 min at 30°C with 150
rpm.
Microorganism
P. stipitis CBS 6054 was obtained from USDA. Stock
cultures were kept on YPDX ager plate which contained
yeast extract, 10 g/L; peptone, 20 g/L; D-glucose, 10
g/L; D-xylose, 20 g/L and agar, 10 g/L [16].
Inoculum Preparation
Inoculum was prepared by transferring a loopful
of colonies from agar plate into 50 ml of media which
contained peptone, 3.5 g/L; yeast extract, 3 g/L; KH2PO4,
2 g/L; MgSO4, 1 g/L; (NH4)2SO4, 1 g/L and xylose, 80
80

Results and Discussion
Effect of Inhibitory Compounds on Ethanol
Production from Cellobiose by Using P. stipitis
Ethanol and cellobiose concentrations during
fermentation in the presence of inhibitory compounds
are shown in Fig. 1 and Fig. 2, respectively. The
maximum ethanol concentration from the control
(without inhibitory compounds) during fermentation
was 2.9 g/L. It was found that the presence of more
than 5 g/L of acetic acid in media totally inhibited
ethanol production from cellobiose and no ethanol
was produced (Fig. 1 A). A 1 g/L of acetic acid
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Fig. 1. Ethanol Production from Cellobiose by P. stipitis in The Presence of Inhibitory Compounds: (A) Acetic
Acid; (B) Furfural; (C) Sulfite Ion

Fig. 2. Cellobiose Consumption during Fermentation in The Presence of Inhibitory Compounds:
(A) Acetic Acid; (B) Furfural; (C) Sulfite Ion
inhibited ethanol production until 24 h, but after 40
h of fermentation, 2.6 g/L of ethanol was obtained,
which was almost the same as that of the control.
At this time, the amount of cellobiose consumption
was increased significantly from 24 h to 40 h (Fig.
2 A). The above results indicated that the inhibition
of cellobiose fermentation caused by acetic acid was
negligible in the late stage of fermentation. Glucose
was not found from all of fermented samples.
The maximum ethanol concentrations with 1 g/L
of furfural and 0.1 g/L of sulfite ion were 1.9 g/L
and 1.3 g/L, respectively (Fig. 1 B and 1 C). Both of
which still showed strong inhibition even at the late
stage of fermentation (40 h). Also, cellobiose in 1 g/L
of furfural and 0.1 g/L of sulfite ion model solutions
were not completely assimilated at the late stage of
fermentation and its concentrations were 2.2 g/L and
3.3 g/L, respectively; while all of cellobiose in the
control was assimilated (Fig. 2 B and 2 C).
Fig. 3 shows the change of acetic acid and furfural
concentrations during fermentation. The acetic acid
concentration was reduced after 16 h fermentation. On
the other hand, furfural concentration only changed
marginally. Implied here is that P. stipitis consumed
acetic acid during fermentation. This is the reason why
the inhibitory effect of acetic acid was reduced in the
late stage of fermentation.

In addition, the ethanol production from 1 g/L
acetic acid model solution was higher than that from
1g/L furfural solution (Fig. 1 A and 1 B), and less
furfural was assimilated than acetic acid (Fig. 3). Even,
1g/L of sulfite ion inhibited ethanol production (Fig. 1
C). These results indicate that the negative effect of
acetic acid on the inhibition of cellobiose fermentation
was less than that of furfural or sulfite ion.

Fig. 3. Change of Acetic Acid and Furfural
Concentrations during Cellobiose Fermentation with P.
stipitis.
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Fig. 4. Time Dependence of Removal of Acetic Acid and Sugars in Softwood SSL by Strong Base Ion Exchange
Resin (PA408) Treatment: (A) Acetic Acid; (B) Total Monosaccarides; (C) Total Oligosaccharides
Table 1. Chemical Composition of SSLs Samples Before and After Fermentation
Monosaccharides (g/L)

Oligosaccharides

Glu

Man

Xyl

Ara

Gal

Gul

Man

Xyl

Ara

Gal

Acetic acid

Untreated

1.0

3.3

0.8

0

0.7

3.9

9.1

0.3

0

1.5

5.2

CaO treated

0.9

2.3

0.5

0

0.5

3.9

9.1

0.4

0

1.4

4.9

CaO and ion exchange resin

0.7

1.8

0.4

0

0.4

3.9

9.1

0.4

0

1.4

1.1

After fermentation for 24 h

0

0

0

0

0

2.0

5.8

0.2

0

1.3

0

Removal of Inhibitory Compounds from Softwood
SSL by Combination of CaO and Ion Exchange
Resin Treatments

was revealed that inhibitory compounds in SSL could
be removed by the combined CaO and ion exchange
resin treatments without decreasing oligosaccharides.

The removal of acetic acid from the SSL by
the combination of CaO and ion exchange resin
treatments are shown in Fig. 4. In the previous study,
the combined CaO and two-stage ion exchange resin
treatments removed approximately 90% of acetic acid
from a hardwood SSL, and 29% of total sugars were
also removed in the same process [13]. In this study,
the acetic acid concentration in softwood SSL was
decreased from 5.8 g/L to 0.9 g/L by the combined
CaO treatment and one-stage ion exchange treatment
for 2 min. The total monosaccharides concentration
was also decreased by this treatment (1.8 g/L),
however, the total oligosaccharides concentration
did not change much. It was reported that the OHform of strong base anion exchange resin can adsorb
monosaccharides and consequently decompose them
[21-23]. Oligosaccharides could be hardly adsorbed
to ion exchange resin, thus their decomposition was
minimum.
The CaO treatment of SSL was applied for the
recovery of lignosulfonate in pulp mills [14]. The
sulfate and sulfite ions can also be removed from the
SSL by the CaO treatment [14, 15]. Other studies have
also shown that furfural in the pre-hydrolyzates or
SSL can be removed by the lime treatment [16, 24]. It

Enhanced
Ethanol
Production
from
Oligosaccharides in softwood SSL by Combined
CaO and Ion Exchange Resin Treatments
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Table 1 shows the chemical composition of
SSL samples before and after fermentation. The
fermentation results are shown in Fig. 5. When
the fermentation with P.stipitis was conducted for
24 h, 1.3 g/L of ethanol was obtained in the SSL
treated by the combined CaO and ion exchange
resin treatments. All of monosaccharides were
consumed at 16 h fermentation. In addition, 3.3 g/L
mannooligosaccharides, 1.9 g/L glucooligosaccharides
and 0.1 g/L of xylooligosaccharides were
consumed (Table 1). P. stipitis has the genes for
seven b-glucosidases, one b-mannosidase and one
endoxylanase [4, 5]. Oligosaccharides were hydrolyzed
by these enzymes and consequently consumed by the
strain. Several reports have shown that P. stipites could
produce ethanol from cellobiose [6, 7] and xylan [8],
however limited results were available on utilization
of mannooligosaccharides by P.stipitis. The present
results confirmed that P. stipitis has an ability to
metabolize mannooligosaccharide. As shown in Fig.
5, further oligosaccharides consumption from the SSL
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Fig. 5. Effect of Ion Exchange Resin Treatment on Ethanol Production from Oligosaccharides in Softwood SSL
with P. stipitis: (A) Ethanol; (B) Total Oligosaccarides; (C) Total Monosaccharides
treated with combined CaO and ion exchange resin did
not occurred after 16 h fermentation. b-glucosidases
and b -mannosidase, which are produced by P.stipitis
have high specificities to hydrolyze cellobiose and
mannobiose.
The ethanol concentration from the CaO treated
SSL after 40 h fermentation was 0.5 g/L, and no
ethanol was obtained from the untreated SSL. It was
revealed that the combined CaO and ion exchange
treatments of SSL are effective on improving ethanol
production from oligosaccharides in softwood SSL.
Conclusions
It was found that acetic acid in the softwood sulfite
spent liquor (SSL) can be removed by the combined
CaO and ion exchange resin treatments so that the
acetic acid concentration in the SSL was decreased
from 5.8 g/L to 0.9 g/L by the combined method.
The combined method was effective on improving
ethanol production from oligosaccharides in SSL
with P. stipitis. 38% of total oligosaccharides .SSL
treated by the combined method, while no ethanol
was obtained from the untreated SSL. From the result
of model experiments using cellobiose solution, 2.6
g/L of ethanol was obtained with 1 g/L of acetic acid
present, while 2.9 g/L of ethanol was produced from
the control with no acetic acid present. The acetic
acid concentration was decreased during the P. stipitis
fermentation, thus, the inhibitory effect of acetic acid
was lowered in the late stage of fermentation. The
negative effect of acetic acid on the inhibition of
cellobiose fermentation was less than that of furfural
or sulfite ion.
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ABSTRACT
This study investigated the stickies and deposit problems in an industrial paper mill producing corrugating
medium and kraft liner from old corrugated containerboard (OCC). The contrary matters in the system tend
to produce hydrophobic colloidal particles leading to the problem. We have sampled the mill process white
water several times and the samples were extracted and analyzed qualitatively and quantitatively. Pyrolysis gas
chromatography-mass spectroscopy (Py-GC-MS) could clearly identify the genres of stickies in the white water.
Integration of the peaks could further provide the proportions and contents of the components. Thus the analytical
means provided a distinct advantage in the control of stickies problem than the previously applied FTIR analyses. A
flow cytometry based Ciba contaminant analyzer (CCA) can clearly differentiate hydrophobic particles of different
sizes and establish their amounts and distributions. The instrument can thus serve as an effective tool in monitoring
water quality and evaluating treatment efficacy. In general, a motley mixture of causative polymers are present in
recovered paper and board, which in turn lead to drastic variations in the potential amounts and compositions of the
resulting stickies or deposits, making it difficult to grasp the white water status and apply appropriate treatments.
In the analytical aspect, through extraction of white water with non-polar solvents, the hydrophobic colloids could
be isolated, then a Py-GC-MS analysis could provide identification of the components and suitable dispersant
chemicals be applied. In the resolution of stickies interference on production process or in the abatement of the
product quality problems they can cause, we would suggest the mill conducts a CCA followed with a Py-GC-MS
analysis for each incoming batch of raw material to establish a pre-evaluation of the production process sectionby-section. Then by carrying out a laboratory dispersant regime trial to establish the optimal chemical regimes, the
stickies and deposit problem can be effectively prevented or minimized in their occurrences.
Keywords: stickies, deposits, industrial paper, dispersant, pyrolysis-GC-MS, flow cytometry
Introduction
Papermaking raw materials have increasingly
shifted toward recycled secondary fibers, in which
various hydrophobic substances, mostly from
conversion processes or post-consumer contaminations
often entrain, causing stickies and/or deposit problems
affecting paper machine runnability and product
quality. The main sources of causal substances are
derived from hydrophobic polymers added to the
system for dry- and wet-strength, binders for pigments,
tackifiers for printing ink, natural pitches, and certain
process control agents. Paper mills beset with stickies
and deposit problems often encounter web breakage,
plugged wire, contaminated felt and fabrics, causing
production efficiency drops of 5~10%. Products
affected by the problems may have dirt, pinholes,
sticking, and poor printability. When the problem is
particularly serious, rejection by clients may happen.
Traditional methods of qualifying and quantifying
stickies and deposits require tedious and timeconsuming off-line sampling and analyses. Ciba
Specialty Chemicals (now a part of BASF group)
developed a contaminant analyzer (CCA) based on flow

cytometric techniques. The instrument can execute online sampling of process white water and provide the
amount and particle size distribution of fluorescent
dye stained hydrophobic colloidal polymers. When
a treatment is applied, e.g. addition of a dispersant
to reduce the particle size and prevent aggregation,
the effect can be discerned by CCA instantaneously.
Several on-site mill trials have already established its
effectiveness. Although good at quantifying potential
stickies particles, CCA is not effective in determining
the composition of these particles. Here, an analytical
chemistry approach is required. Fourier transform
infrared spectroscopy (FTIR) has been used to work
out the causative agents of stickies or deposits,
however, when more than a few polymers are present,
then the resulting spectra become difficult to decipher.
Pyrolysis-GC-MS analysis of the deposit/stickies
extracts breaks polymers into segments of varying
molecular masses which can often be discerned
by comparing with standard polymer samples.
As different polymers break down into different
characteristic fragment masses, and good interpretive
software can often reconstruct the genres and amounts
of the original polymer mixes. Knowing the amounts
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and identities of the causative colloids in white water
suspension in time provides an effective monitoring
approach.
Over the decades, strategies for dealing with the
stickies and deposit problem in paper mills can be
classified into 4 genres. These are removal from raw
materials, mechanical passivation, chemical passivation,
and chemical anchoring. In a typical paper mill
producing products from wastepaper, there are series
of coarse and fine screens and banks of centricleaners.
These production facilities are meant to separate out as
much as possible the contrary substances through size,
shape, and density differences. Whatever left in the
process white water as colloidal suspension may then
require chemical additives to act in one of the following
4 functions: as a dispersant which includes surfactants,
ionic dispersion systems, and colloidal dispersion
systems; as a reactant which includes oxidants, salts of
carbonate, and enzymes; as a adsorbent which includes
alum, aluminum silicate, talc, and cationic polymers;
and as other agents which include solvent type and
preventer of pitch adsorption etc.
In this study, we surveyed the hydrophobic colloidal
particles in 2 production lines, PM 3 and PM6, of an
industrial paper mill at Erlin, central Taiwan. Water
quality parameters and colloidal particle counts and
size distributions were determined by using a CCA
unit. On site stickies treatment efficacies were also

indicated by change in the particle profiles. In order
to know the exact chemical origins of the stickies and
deposits found on-site, a lab procedure was established
to determine the causative polymers by means of a
pyrolysis gas chromatography-mass spectroscopy.
Based on the study results, a more effective approach
to deal with the potential stickies and deposit problem
is devised.
Materials and Methods
Materials
A systematic sampling scheme was developed
for an industrial paper (brown grade) mill, the Erlin
Mill of Long-Cheng Paper Co. in central Taiwan.
On-site collections of the white water from its 2
paper machines (PM3 and PM6) were periodically
made with notes to the paper grades the machines
were making at the time. Certain water quality
analyses were done at the mill; these include PCD
and CCA measurements. The sampled water stored
in polyethylene bottles were shipped to our lab
in Taipei and cold stored at 4℃ until retrieved for
isolation of the stickies substances and subsequent
experimentations. Deposits Fig. 1 shows the sampling
points on PM3 and PM6 of the mill.

Fig. 1. Schematic of The Sampling Points for PM3( Corrugating Medium) and PM6 (Liner) of Erlin Mill
86
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Chemicals used in the study included: a) those
used for characterizing stickies/deposits, such as
polyelectrolyte titration standards (polydiallyldimethyl
ammonium chloride, polyDADMAC) 0.001 N,
(Hercules, Taiwan), for determination of charge of pulp
suspensions; lipophilic fluorescent dyes; rhodamine
(Molecular Probes, Eugene OR), for staining colloidal
particles and allow discernment by the CCA instrument;
potential stickies forming polymers including: wet
strength agent, Kymene 557H, (Hercules, Taiwan);
polystyrene butadiene resin (SBR), 780A3 (Shengfong
Taiwan); ethylene vinyl acetate (EVA), DA-101
(Dalien, Taiwan); polyvinyl acetate (PVA), AE-3010,
(Evergreen, Taiwan), polyvinyl alcohol (PVOH),
BP-17 (Evergreen, Taiwan); polyol acrylate D-11
(Jiaho, Taiwan); polyisobutene, H-300 (Hengchou,
Taiwan); epoxy acrylate 6220 (Mufong, Taiwan); hotmelt adhesive, E-3015 (Datung, Taiwan); pressure
sensitive adhesive (PSA), W-910 (Derhsi, Taiwan);
and b) those for stickies/deposit abatement, such
as polyaluminum chloride (PAC), TC-140 (Hopax,
Taiwan); ATC 8210 (Eka, Taiwan); polyDADMAC CT
4000P (Hopax, Taiwan); Alcofix-160 (Ciba, Taiwan);
polamine, CT5000P (Hopax, Taiwan); Alcofix-169
(Ciba, Taiwan); ATC-4150 (Eka, Taiwan); PC-9627
(Hercules, Taiwan), and bentonite, Hydrocol AP1
(Ciba, Taiwan).
Instruments used in the study included a particle
charge detector (PCD) model PCD 03 by Mütek
(Herrsching, Germany) with a Schott TitroLine alpha
automatic titrator (Mainz, Germany); an electrical
conductimeter, CD 22, Aqualitic (Dortmund,
Germany); a Curie-point pyrolyzer (JHP-5, Japan
Analytical Industry, Tokyo, Japan) coupled directly to
an HP 6890 gas chromatograph and an HP 5973 mass
spectroscopy system (both from Hewlett-Packard,
Palo Alto, CA, USA); and a Ciba contaminant
analyzer (CCA) unit (modified flowl cytometer with
proprietary technologies, on loan from the Shanghai
Lab of the then Ciba Specialty Chemicals Co. (now a
part of BASF).
Methods
Stickies Monitoring Using the Ciba Contaminant
Analyzer
The instrument was adopted from flow cytometry
used in medical science. The instrument operated with
a 488 nm laser beam trained at a linearly aligned flow
of dye-stained particles, then the fluoresced particles
were recorded at 4 to 6 channels of band passes, with
range of particles between 0.2 -100 μm. The instrument
is known to work fine with pitch, latex (white pitch) or
stickies.

Pyrolysis-GC-MS Analysis of Stickies and Possible
Causal Polymers
In the Py-GC-MS analysis, 0.2 mg of a dry deposit
sample was directly desorbed at 590℃ for 10 s (Pyrofoil
OFO-590, Japan Analytical Industry, Tokyo, Japan).
The pyrolyzer oven and the Py-GC interface are kept
at 280℃. The GC/MS was equipped with DB-5HT
fused silica capillary column (30 m x 0.25 mm x 0.25
μm film thickness, J&W Scientific) and a quadrupole
mass spectrometer (full scan mode: scan time: 0.3 s,
mass range was m/z 30-500) with an El ionization
source (70 eV). Oven temperature was programmed
to start at 50ºC for 2 min, rising to 310ºC at 8ºC/min.
Injector temperature was at 280ºC, and helium was the
carrier gas with a flow rate of 1 mL/min. All data were
the average of triplicate analyses. Identification of the
compounds was based on comparisons of mass spectra
with those obtained from authentic standards and/or
the NIST and Wiley libraries spectra.
White Water
Abatement

Reciriculations

and

Stickies

Filtrate from 0.5% disintegrated mill corrugating
medium pulp was recirculated 10 times to slurry
new pulp, and a portion was analyzed. Four adhesive
polymers (SBR, EVA, PSA, and PVA) of known
quantities (10% to pulp) were added, and then a cationic
wet strength agent (Kymene) of various doses (< 1.4%
to pulp) were added to trigger charge imbalance and to
establish their deposition potential. Then 9 suppression
chemicals at 4 dosages were individually added to
treat the pulp and again filtrate parameters of PCD,
pH, conductivity, COD and turbidity were measured
to ascertain their effectiveness.
Results and Discussion
Colloidal Particles in Process White Water by CCA
A CCA unit on loan from the Shanghai Laboratory
of the then Ciba Specialty Chemicals were used on
site to detect the particle size distributions and counts
(quantities) of fluorescent-dyed colloidal particles
in the process water samples. The analytical results
(Fig. 2, 3) clearly shows the particle size distributions
and particle contents of various fluorescent colloidal
particles in the white water samples. From the water
sample analyses, the CCA provided a clear picture of
how various fluorescent colloidal particles of different
sizes and their contents were at any chosen point.
The instrument is capable of providing a very high
resolution chemical analysis from a very small volume
of process water sample. A parallel study failed to
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Fig. 2. Ciba Contaminant Analyzer (CCA) Test Results Of PM3, Longcheng Erlin Mill at Various Sampling
Points. (A): Number of Colloidal Particles and Average Particle Sizes; and (B) Particle Size Distribution In µm

Fig. 3. Ciba Contaminant Analyzer (CCA) Test Results of PM6, Longcheng Erlin Mill at Various Sampling
Points. (L): Number of Colloidal Particles and Average Particle Sizes; and (R) Actual Particle Distribution in μm.
The Top, Middle and Bottom Graphs Correspond to The Top, Middle and Bottom Strata of The Test Liner Line
88
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establish reliable extractive content by a gravimetric
extraction.
Pyrolysis-GC-MS Characterization of Stickies
Deposit on The Headbox
The extraction experiment described above
illustrated the relative inefficacy of trying to identify
causal agents of stickies and deposit problem by an
underivatized route. Thus, together with a stickies
deposit sample collected from headbox of PM3,
a series of polymer standards frequently added to
papermaking system, such as polyol acrylate, styrene
butadiene rubber (SBR), polyvinyl alcohol, ethylene
vinyl acetate, polyisobutene, polyvinyl acetate and
epoxy acrylate were individually fed to a pyrolyzing
cell of a Py-GC-MS. The resulting charts are shown
in Fig.12. Based on the standards, the m/z ratios of the
characteristic peaks the unknown sample could be used
to identify its composition (Table 1). Thus, by using
the 7 standards (4 are shown in Fig. 4), we deemed
that the headbox deposit contained SBR, polyvinyl
alcohol, polyvinyl acetate, and epoxy acrylate, with
SBR predominated. SBR is widely used as a coating
binder. Thus, its presence often signifies contribution
from old magazine paper or office wastes. Most other
polymers could originate from sizing agents (rosin,

wax etc), and wet strength agents. Comparing to GCMS and FTIR identification, Py-GC-MS is deemed to
simplify identification of the stickies composition and
combining with information of CCA, allows quick and
timely treatments.
Dispersant Effects
As Carre et al. pointed out, along with wet end
addition of cationic chemicals, the interaction with
anionic charged DCS can cause charge instability,
aggregation of particles and deposit formation [1].
The amounts of deposits caused by different adhesive
polymers (10% to pulp) when a cationic wet strength
additive was added at various doses are shown in Fig.
5. Upon exceeding theoretical equilibrium volume,
deposits began to form and increased with the
increasing dosage. At a dosage of 1.4% wet strength
polymer to dry pulp, the maximum deposit was
from SBR at 189 mg/kg (ppm) pulp. It was followed
by PSA, PVA and EVA at 174, 152, and 137 ppm,
respectively. These adhesive chemicals are most prone
to form deposits and were used for further study. Along
with increased white water recirculation, conductivity,
COD, and turbidity tended to increase suggesting
accumulation of DCS, including electrolytes in water
(Fig. 6). Effects of adding various fixatives against

Table 1. A Summary List Showing The Characteristic Peaks (m/z) of The Py-GC_MS Spectra of 7 Polymer
Standards
Standard

Polyol acrylate

Styrene
butadiene rubber

Polyvinyl alcohol

Ethylene vinyl
acetate

Polyisobutene

m/z

87

104

106

128, 130

97, 57

Compound

Butyl methacrylate

Styrene

Benzaldehyde

Nephthalene,
Dialin

Long chain
alkyene

Polyvinyl
acetate
149
Dibutyl
phthalate

Epoxy
acrylate
213, 228
Bisphenol A,
4-isopropenyl
phenol

Fig. 4. Py-GC-MS Spectra of A Mill head Box Filtrate Sample and The 4 Polymers It Contained
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Fig. 5. Deposit formation of different adhesives
with addition of cationic polymer

Fig. 6. Changes in pH, electrical conductivity, COD, and
Turbidity of white water along with recirculation

Fig. 7. Changes in SBR Added Pulp Filtrate Conductivity, PCD, Turbidity and COD After Adding Fixatives of
Different Dosages
colloidal particles of SBR are shown in Fig. 7, for
PCD, conductivity, COD, and turbidity. Among the
chemicals, polyDADMAC appeared to have the best
efficacy, removing turbidity by 78.1% and COD by
30%. The same were found for PSA (not shown)
with removal of the 2 parameters by 74% and 30.5%,
respectively; while polyamine performed well for
EVA, with turbidity and COD removal of 75.5%, and
28.3%, respectively (Fig. 8). In general, performances
of fixatives depend not on their charge density, but
rather their compositions and structures.
The benefits of adding fixed dosage of a
dispersant chemical was evaluated at the mill. The
results indicated that the regime entailed a cost of
ca. US$11,000 mo-1, doubling the pre-treatment
cost. However, the reduction of web breakages and
the time required for stoppage and wash-down led
to an increased production of ca. US$36,000; or
for a realized gain of US$ 25,000. This case clearly
90

illustrated that even a preventive stickies and deposits
treatment could be an effective strategy of reducing
the seriousness of problem.
Fig. 8. Changes in EVA added pulp filtrate
conductivity, PCD, turbidity and COD after adding
fixatives of different dosages.
Conclusions
When dealing with paper mill stickies/deposits
problems, we found that a flow cytometry-based
CCA instrument was effective in detecting the sizes
and numbers of potential stickies/deposit forming
colloidal particles in white water samples. Traditional
gravimetric extraction and GC-MS was ineffective
in establishing the quantity and composition of these
substances, however. Py-GC-MS breaks down adhesive
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polymers to detectable fragments and appeared to
allow effective compositional and even quantitative
determination of the stickies/deposit. These devices
are also useful in tracking the efficacy of fixative
treatment, for which different causal polymer require
different fixatives. Charge densities of the fixatives
appear not correlated with effectiveness, rather the
type and structure of the chemical determined their
performance.
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ABSTRACT
This paper investigated mainly the effects of talc and ground calcium carbonate (GCC) mixed filler in
wet end applications on the handsheet paper properties and printability. Particle sizes of talc and GCC were of 2
grades each with 7.96 and 16.07; and 1.99 and 4.99 μm, respectively. The mixing ratios of talc/GCC were 100/0,
75/25, 50/50, 27/75, and 0/100. The paper properties examined bulk, sizing degree, air permeability, coarseness,
tensile strength, bursting strength, tearing strength, stiffness, printed gloss, print density, ink absorption, and printthrough. The results indicated that mixed talc/GCC fillers performed better than either pure talc or GCC alone with
respects to bulk, sizing degree, tensile index, stiffness, printed gloss, ink absorption, and print-through properties.
However, smoothness and print density would be reduced and coarseness increased. Pure talc compared favorably
to GCC with respect to sizing degree, tensile strength, smoothness, roughness, printed gloss etc; but was poorer in
bulk and ink absorption.
Keywords: talc, calcium carbonate, filler, printability, paper properties, bulk
Introduction
Talc is the softest mineral in nature, and therefore
it can effectively extend a life of doctor blade and
slitter knife. Talc has a platy morphology, with
aspect ratio of ca. 30, and has higher aspect ratio than
clay and calcium carbonate which can reduce the
surface roughness of paper surface and lead to better
printability and ink and filler holdout. The chemical
nature of talc is inert and will not react with wet end
additives, and it will not affect charge balance in wet
end either. The average particle sizes of talc are 3 to 5
times those of calcium carbonates, hence it is retained
easily in the wet end. When mixed with calcium
carbonate or clay, talc also helps the retention of the
other fillers. The surface of talc possesses hydrophobic
and lipophilic characteristics which tend to help with
web dewatering as well [1-3]. The physical properties
of talc are shown in Table 1.
Lasmarias and Sharma investigated substituting
a portion of precipitated calcium carbonate (PCC)
with talc in the supercalendered and coated base
paper formulations. The practice led to increased
retention and drainage rates in lab handsheets, but
also increased handsheet tensile strength and the
rotogravure printability. As for mill test results, there
was secrecy concerns and were not published, but
similar results were obtained [1]. Zhang et al. utilized
Al2O3·3H2O and P2O5 to modify talc. When both
were at 2.5% doses, the first pass retention (FPR) at
wet end increased 29.8% compared to the unmodified
talc. When the Al2O3·3H2O dose was 5%, the increase
was 11.4%, however [4]. Sharma et al. in their wheat
92

straw pulp higher filler loading study found that the
talc group has higher FPR than the ground calcium
carbonate (GCC) group. At the same filler loadings,
GCC decreased paper strength properties to a stronger
degree than the talc group did. With respect to the
addition of amphoteric strengthening agent, the talc
group also outperformed GCC [5]. Chaushan et al.
used a response surface statistics method to explore
that at certain ash loading, the optimal dosages of talc
and cationic polyacryl- amide (cPAM). They found
both parameters had significant effects on the strength
increases of paper [6]. Gupta et al. added medium
molecular weight and low charge density retention
polymer at 50 and 100 ppm to a talc containing wet end
system and found FPR gains of 9.0 and 14.0%, and ash
retention increase of 16% and 28%, respectively [7].
Lasmarias mixed scalenohdral PCC and talc to improve
the optimal and printability of paper. When finer talc
and a talc with patented treatment were mixed with
PCC, significant reduction of linting and dusting was
observed to an acceptable level. In addition, talc use
also help with pitch and stickies control [8]. Ibrahim
et al. used starch, carboxymethyl cellulose, glycerol,
dodecytrimethylammonium bromide, polyacrylamide
and poly(vinyl alcohol) to chemically modify talc.
The results indicated that the modified talc could
effectively increase mechanical and optical properties.
SEM graphs showed that modified talc could improve
filer-fiber-filler bond [9]. The same authors also used
phthalic anhydride and urea to modify talc, and their
results indicated that rosin-sized paper had improve
mechanical and optical properties [10]. Perng et al.
investigated wet co-grinding of talc and GCC and
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Table 1. Talc and GCC Properties [3]
Property
Morphology
Brightness (%GE)
Refractive index
Einlehner abrasion (g/m2)
Aspect ratio
Particle size, D50 (μm)
Hardness (Moh’s scale)
Specific surface area (BET, m2/g)
Surface energy (J/cm2)
Slurry pH
found that co-ground fillers had a positive effect on
FPR and ash retention; at 10% co-ground substituting
of dry ground talc, paper bulk, sizing-degree, breaking
length, and brightness all increased, but smoothness
and opacity tended to decrease [11].
This study mainly investigated the effects of
talc/GCC combinations and their particle sizes on
the handsheet physical and printing properties when
applied at wet end. The particle sizes of talc were 7.96
and 16.07 μm, and those of GCC, 1.99 and 4.99 μm.
The mixing ratios of talc/GCC were 100/0, 75/25,
50/50, 25.75, and 0/100. The handsheet properties
of bulk, sizing-degree, air permeability, roughness,
tensile, bursting, tearing, stiffness, and printed
gloss, print density, ink aborption, print-through of
printability were examined and compared.
Experimental
Two grades each of talc vs. GCC of different
average particle sizes (7.96 and 16.07 μm vs. 1.99 and
4.99 μm), referred to as Talcfine, Talccoarse, CaCO3fine, and
CaCO3coarse, respectively were combined as different
mixtures (Talccoarse/CaCO3coarse, Talccoarse/CaCO3fine,
Talcfine/CaCO3coarse, and Talcfine/CaCO3fine) and of
different blend ratios (100/0, 75/25, 50/50, 25/75, and
0/100) at 25% filler loading for a total of 20 sets were
added to a printing and writing paper furnish. The
experiments were replicated 2 more time for a total of
60 experimental sets.
Materials
The study used a bleached eucalyptus hardwood
kraft pulp from Chunghwa Pulp & Paper Co., (Hualien,
Taiwan), and the pulp was beaten from an original
freeness of 605 mL to ca. 430 mL CSF. Pulp brightness
was 86.7% ISO, opacity 73.6%. Both the coarse (4.99
μm) and fine (1.99 μm) GCC were from Jawhwa
Mining Co., Hualien, Taiwan, they had brightness and
solids content of 94.2% and 94.8% ISO, and 99.82%
and 65.3%, respectively. Coarse (16.07 μm) and fine
(7.94 μm) talc were also from the same company with
solids content respectively of 99.87%, 99.83%; and

Talc
Macrocrystalline
82
1.57
9.8
30
7
1.0-1.5
9-20
35-40
9.5

GCC
Blocky
95
1.56
18.2
1
1.5
3.0
2-12
75-80
9.0

brightness of 90.0% and 91.6% ISO. Sizing agent used
was alkyl ketene dimmer (AKD) TD-15 with 15.5%
solids by Hercules, Taiwan. A cationic retention aid,
cPAM powder, K-850 was from Pujia Co., Taiwan, An
anionic retention air, bentonite powder, was also from
Pujia Co. Cationic starch was from tapioca and selfconverted to a charge of 500-600 μeq/g, Chunghwa
Pulp and Paper Co..
The instruments used in the study included a
4-digit balance, AB204-S, Mettler Toledo, accurate to
± 0.1 mg; a laser particle sizer, Cilas 1064, France;
an oven, Web Binder, Tuttlingen, Germany; an
analytical balance, XS 225A, Precisa, Switzerland; a
blender, Kika Homodizer, Tokushu, Japan; a standard
handsheet mould, KRK, Tokyo, Japan; a sheet press,
Messmer, England; a calliper, Messmer, England;
an air permeability meter, Gurley 4110, Teledyne,
USA; a tensile tester, 50dN, Adamel Lhomargy,
France; an Elmendorf tear tester, Digi-Tear M454,
Messmer, England; a bursting meter, Seisaku-Sho,
Tokyo, Japan; a model ME 90 Parker Print-Surf (PPS)
roughness tester from Messmer (Gravesend,, Kent,
UK) ; a brightness meter, Model 577, Photovolt, USA;
an opacity meter, Model 575, Photovolt, USA; a Taber
stiffness meter, Model 150-D, Teledyne Taber, USA; a
scanning electron microscope (SEM), Vega II, Tescan,
Czech; a printability tester, AIC2-5, IGT, Neatherland;
a high speed inking unit Model 4, IGT, Neatherland;
a gloss meter, Novo-Gloss, Gardco, France; a
concentration meter, R410e, Technon, Germany; a
muffle furnace, HTC 1500, Carbolite, England; a
fibre analyzer, Morfi Compact, Techpap, France; an
abrasion meter, FP-2250, Thwing Albert, USA; and a
coarseness meter, M-590, PMI, England.
Methods
The aforementioned 4 talc/GCC size and 5 blend
ratio combinations were added to 0.3% consistency
pulp at 25% filler loading. After stirring homogenizing,
1% cationic starch, 0.12% AKD sizing agent, 100 ppm
cationic retention aid and 2000 ppm bentonite were
added sequentially with stirring. Then the pulp stock
was formed into standard handsheets of 60 g/m2. After
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conditioning overnight, the handsheets were tested for
grammage, calliper, bulk, ash retention, sizing degree,
air permeability, roughness, tensile, bursting, tearing
strengths, stiffness; and printability properties of
printed gloss, print density, ink absorption, and printthrough etc.

to react with fibres and hydrolyzed instead, reducing
sizing degree.

Results and Discussion
Bulk
Effects of different filler combinations on the bulk
of handsheets are shown in Fig. 1. Among the 4 filler
size groups, the pure GCC groups showed higher
bulk than the pure talc groups; 100% pure fine talc
produced paper with higher bulk than the pure coarse
talc group. Particle sizes, however, had indistinct
effects on the bulk of pure GCC papers. Blended talc/
GCC groups generally had higher bulks than either
pure GCC or talc groups. Among which Tc/Cf at 25/75
ratio produced the highest bulk. The probable cause
might be intermingling of platy talc with spherical
GCC and taking up more steric spaces and making the
paper bulkier.

Fig. 2. Effects of Different Talc/GCC Size
Combinations and Blend Ratios on The Sizing
Degrees of Papers.
Tc: talc (16.07 μm), Tf: talc (7.96 μm), Cc: GCC
(4.99 μm), Cf: GCC (1.99μm)
Tensile Strength
Effects of different filler size and blend
combinations on the tensile strengths of the resulting
papers are shown in Fig. 3.

Fig. 1. Effects of Different Talc/GCC Size
Combinations and Blend Ratios on The Bulks of
Papers.
Tc: Talc (16.07 μm), Tf: Talc (7.96 μm), Cc: GCC
(4.99 μm), Cf: GCC (1.99μm)
Sizing Degree
Figure 2 shows the effects of different filler size
and blend ratio on the sizing degrees of the resulting
papers. Pure talc groups had higher size than pure
GCC groups; and coarser fillers conferred higher size.
Blended fillers generally had higher sizing degrees
than either pure talc or GCC alone. Among these, Tc/
Cc at 75/25 ratio produced the highest sizing degree.
The phenomena might arise from the specific surface
area of the minerals, the higher the specific surface,
AKD tends to age slower, leading to degraded sizing.
Along with delayed reaction time, AKD lost capacity
94

Fig. 3. Effects of Different Talc/GCC Size
Combinations and Blend Ratios on The Tensile
Strengths of Papers.
Tc: Talc (16.07 μm), Tf: Talc (7.96 μm), Cc: GCC
(4.99 μm), Cf: GCC (1.99μm)
Among the 4 filler size groups, the pure talc groups
tended to have higher tensile strengths than the pure
GCC groups. The pure coarse talc group in turn had
higher tensile strengths than the fine group. Particle
sizes, however, had insignificant effects on pure GCC
groups tensile performances. The talc/GCC blends had
higher tensile strengths than either pure minerals alone
groups. Among these, Tc/Cc at 75/25 blend showed the
highest strengths. The probable causes could be that
the group had more even sizing distribution, and could
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form 3-D microstructure within fibre layers to increase
breaking length of paper. The results are congruent
with those of Lasmarias and Sharma [1], and Perng
et al. [11],, as they also noted that adding talc to GCC
filler improved tensile strengths of handsheets.
Stiffness
Effects of different filler size and blend
combinations on the stiffness of the resulting papers
are shown in Fig. 4. Of the 4 filler groups, pure talc and
pure GCC produced similar paper stiffness; however,
papers with pure Tc had higher stiffness than those of
pure Cf. Particle sizes appeared to have no notable
effect to talc-containing papers. Blended talc/GCC
groups generally had higher stiffness than the pure
filler groups and the blend ratios showed no significant
effect to paper stiffness

Smoothness and Roughness
Figure 5 shows the effects of different filler
size and blend ratio groups on the smoothness and
roughness of the resulting papers. Of the 4 filler size
groups, smoothness of paper decrease with increasing
GCC ratios. Particle size differences showed no
apparent effect on paper smoothness. As for roughness
of the papers, the pure talc had lower roughness than
the pure GCC groups. Particle sizes of the pure filler
groups showed no apparent difference in roughness.
The blended talc/GCC groups tended to have higher
roughness than either mineral alone. The Tc/Cc group
had the highest roughness result. The phenomena
might relate to the platy structure of talc, intermingling
of spherical GCC at higher ratios might cause irregular
stacking and increased roughness.
Printed Gloss
Effects of different filler size and blend
combinations on the printed gloss of the resulting
papers are shown in Fig. 6. The results indicated that
among the 4 filler size groups, pure talc groups tended
to have higher printed gloss than the GCC groups;
and pure Tc had higher value than Tf. Particle size
appeared to have little effect on the GCC printed gloss,
however. The printed gloss of talc/GCC blends had
no discernible trend, among these, the Tc/Cf at 75/25
ratio produced the highest printed gloss.

Fig. 4. Effects of Different Talc/GCC Size
Combinations and Blend Ratios on The Stiffness of
Papers.
Tc: Talc (16.07 μm), Tf: Talc (7.96 μm), Cc: GCC
(4.99 μm), Cf: GCC (1.99μm)

Print Density
Figure 7 shows the effects of different filler size
and blend combinations on the print intensity of
there sulting papers. Of the 4 size grades, at pure
Tf , the highest print density resulted. The densities
decreased with increasing GCC ratios in the blend,

(A) Bekk smoothness

(B) Roughness

Fig. 5. Effects of Different Talc/GCC Size Combinations and Blend Ratios on The Smoothness and Roughness
of Papers.
Tc: Talc (16.07 μm), Tf: Talc (7.96 μm), Cc: GCC (4.99 μm), Cf: GCC (1.99μm)
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however. For Tc, however regardless of what Cc and
Cf combinations, lower print densities resulted.

Fig. 6. Effects of Different Talc/GCC Size
Combinations and Blend Ratios on The Printed Gloss
of Papers.
Tc: talc (16.07 μm), Tf: talc (7.96 μm), Cc: GCC
(4.99 μm), Cf: GCC (1.99μm)

Fig. 8. Effects of Different Talc/GCC Size
Combinations and Blend Ratios on The Ink
Absorptivity of Papers.
Tc: talc (16.07 μm), Tf: talc (7.96 μm), Cc: GCC
(4.99 μm), Cf: GCC (1.99μm)
Print-Through
Figure 9 shows the effects of different filler size and
blend combinations on the print-through occurrences
of the resulting papers. Among the 4 filler size grades,
pure fillers of coarser particles showed higher rates of
print-through than the finer ones. Among the blends,
the rates of print-through were irregular compared to
the pure filler groups. In a Tc/Cc blend, lower printthrough was observed, however, in Tc/Cf blend, along
with increased GCC, print-through decreased. For Tf,
regardless of blending with Cc or Cf, the mixed filler
tended to have higher rates of print-through.

Fig. 7. Effects of Different Talc/GCC Size
Combinations and Blend Ratios on the Print Density
of Papers.
Tc: talc (16.07 μm), Tf: talc (7.96 μm), Cc: GCC
(4.99 μm), Cf: GCC (1.99μm)
Ink Absorptivity
Effects of different filler size and blend
combinations on the ink absorptivity of the resulting
paper are shown in Fig. 8. Of the 4 size grades, the
pure talc groups showed lower ink absorptivity than
the GCC groups. Pure Tc and pure GCC groups
tended to have higher ink absorptivity associated with
coarser particle sizes. Talc/GCC blends had higher ink
absorptivity than either pure filler alone, and the Tc/Cc
at 25/75 ratio produced the highest ink absorptivity.

96

Fig. 9. Effects of Different talc/GCC Size
Combinations and Blend Ratios on The PrintThrough of Papers.
Tc: talc (16.07 μm), Tf: talc (7.96 μm), Cc: GCC
(4.99 μm), Cf: GCC (1.99μm)
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Conclusions
Blending talc with GCC appeared to perform
well compared to either pure filler alone in paper
bulk, sizing degree, tensile strength, stiffness, printed
gloss, ink absorptivity, and print-through properties.
However, the smoothness and print density would
decrease and roughness increase. The pure talc groups
tended to have higher sizing degree, tensile strength,
smoothness, roughness, printed gloss, print density
etc. than the pure GCC groups did, however, at the
costs of lower bulk and ink absorptivity.
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ABSTRACT
Xylan is the second abundant biopolymer compounds in nature which is found in plants. It is a common
hemicelluloses compound which is the main non cellulose polysaccharide constituent at the cell walls of
angiosperms, plant species of grasses and grains. Xylan composition will vary for each variety. Whistler (1950)
reported that the corncob contains 95% xylan which is the highest among agricultural wastes. The aims of this
study is to isolate xylan from corncobs, then used it as a media to produce xylanase and compare with the birch
wood xylan, namely commercial xylan. The study was conducted in two stages; the isolation of corncob xylan and
continued with production of xylanase enzyme. Isolation process of xylan using two methods there are isolation
with pretreatment using 2% sulfuric acid (H2SO4) at 50oC for 24 hours and by using an ultrasonic pretreatment with
ultrasonic intensity 3 W/mL for 10 minutes. Based on experiments, isolation by using H2SO4 pretreatment gave
the yield of 34.69% and 73.05% extraction. While the isolation with ultrasonic pretreatment has lower yield and %
extraction, there are 16.14% and 30.86%. The Xylans obtains are then used to produce xylanase; but it is also used
birch wood xylan, as a comparison. The results shown that the highest xylanase enzyme activity obtained from the
isolation with H2SO4 pretreatment has the highest xylanase activity that is 1.70 U/mL. It is followed by ultrasonic
treatment and commercial xylan there are 1.25 U/mL and 0.62 U/mL respectively.
Key words: xylan, corncob, xylanase
Introduction
Hemicellulose is the second largest polysaccharide
in nature after cellulose where is found in plant cell
walls. The hemicelluloses structure and content in
plant is depending on the type of the plant, may even
different on each part of the same plant. Although
the structure is very diverse but hemicellulose can be
classified according to their of sugar residues, such as
xylan, glucomannan, galactan, and glucans[1]
One of the most important and abundant
hemicelluloses in nature is xylan. Xylan is
hemicellulose which having a main chain consisting
of D-xylopiranoside units which connected by b-(1,4)D-glycoside bond. Xylan can be found in many plants,
especially in hardwood with 15-30% dry weight.
While in softwood is lower, ranged by 7-12% dry
weight[2]
Xylan in hardwood consisting of O-acetyl-4-Omethylglucuronoxylan. The compound is made up by
more than 70 units of b-xylopyranose which forms a
bond with 1,4-b-glycoside. Every 10 xylose carrying
a 4-Omethylglucuronic acid in second positions of
xylose. Xylan composition in hardwood have more
4-O- methylglucuronoxylan, 4-O-methylglucuronic
acid placed on two carbon chain[3]
Beside in hardwood and softwood, xylan can be
found in agricultural waste such as sugarcane bagasse
(14.2 to 26%), tobacco stems (20-21%), rice straw (9.2
to 19.25), corncobs (29.9 to 31.9%), and corn stalks
(from 17.3 to 22.8%)[4]. However, the corncob waste
is major source of xylan because it has the highest
content among other agricurtural waste.
98

In addition to its high content of xylan in corncobs,
the abundance of waste corncobs is also a consideration
the use of waste as a source of xylan. According to
data from the Badan Pusat Statistik (BPS)[5] in 2011,
Indonesian corn production is 17.64 million tons/
year. If the dry weight of corncobs amounted to
14.40% of the overall weight of corn[6], then per
year it will produce as many as 2.54 million tons of
waste. Therefore, the need for efforts to increase the
economic value of waste corncobs, by isolating the
corncob xylan.
Xylan in corn is covalently bound with lignin and
carbohydrates. Therefore, the isolation and extraction
of corncobs should be done by pretreatment to break
the covalent bonds and to allow xylan in corncobs can
be separated from other components.
Although many methods have been developed to
extract xylan, but the isolation and extraction xylan
can generally divided into two methods: bases and
acids pretreatment method. The alkaline pretreatment
method using NaOH/KOH[7]; NH4OH[8]; KOH +
NaBH4[9]. While the alkaline pretreatment method
using H2SO4[10]; CH3COOH[11]; maleic acid[12].
Extraction with alkaline pretreatment is not suitable
in this study because the lignin is also dissolved in
the xylan extract and will be difficult to separate. In
addition, the lignin in extracted xylan will inhibit the
growth of bacteria in producing xylanase.
Yang et al. has extracted xylan from corncob with
conventional and ultrasonic pretreatment method[13].
The results showed xylan extraction from corncobs
using ultrasonic pretreatment 0.45 W/mL for 49
minutes can significantly increase the extraction of
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xylan which is equivalent to a conventional extraction
process by soaking corn in 2% sulfuric acid for 24
hours.
Although the use of ultrasound enhance the
extraction of xylan in corncobs, but the use of
ultrasonic waves are too long may causing xylan
extraction process becomes less economical due to the
use of electrical energy is greater. So when sonication
time is shortened, the cost of xylan extraction is
expected to be cheaper.
Isolated xylan can be used as a substrate to produce
xylanase enzyme. Xylanase is an enzyme from the
class of hydrolases (EC 3.2.1.8) has an important role
in degrading a linear polysaccharide β-1,4-xylan into
xylose and breaking down hemicelluloses. Xylanase
has many benefits that can be applied in industry,
primarily used in the pulp and paper industry.
Xylanase in the pulp and paper industry is used
on prebleaching stage. Xylanase able to degrade
hemicellulose that serves as a space filler between
the cellulose fibers and lignin in plant cell walls and
acts as an adhesive in every single fiber (adhesive
between cellulose micro fibrils). The hemicellulose
hydrolysis is causing the bonds between lignin and
cellulose fibers will easily separate so that the fiber
more porous and chlorine-based bleaching chemicals
will be easier penetration into the fiber. The ease of
chemicals penetration into the fiber will increase the
effectiveness of the use of chemicals so that the use of
these chemicals can be reduced.
One obstacle to the use of xylanase in the pulp and
paper industry is the availability of a cheap enzyme.
Although the production of xylanase has been done by
solid state fermentation (SSF) using corncob powder
as substrate[14] but in the activation process of bacteria
in xylan broth media are still using commercial xylan
(Brichwood xylan) which are expensive. So if the use
of commercial xylan can be substituted by the xylan
from isolation process then the enzyme production
cost will be cheaper.
This study aimed to obtain effective isolation
techniques and compares the xylanase activity of the
isolated xylan and commercial xylan substrate.
Methodology
The study was conducted in three stages: initial
characterization of corncobs, isolation of xylan from
corncobs and xylanase enzyme production using xylan
obtained from the isolation and commercial xylan
(birch wood xylan).
Chemical Characterization of Corncob

The raw materials used in this study were obtained
from Caringin, Bandung area. Corncobs initially cut,
dried, and then used as a powder. Corncob powder

was filtered using a 40-mesh sieve. Corncobs and then
characterized according to SNI-ISO 04444:2009 to
determine alpha cellulose, hemicellulose according
to SNI 01-1561-1989, SNI 0492:2008 for lignin, ash
content according to SNI 14-1031-1989, and SNI 011303-1989 for holocellulose.
Isolation of Xylan from Corncob
Isolation of xylan from corncobs through three
stages: pretreatment, steaming and xylan extraction.
In pretreatment, performed by two different methods,
namely pretreatment with conventional methods and
pretreatment with ultrasonic method. The conventional
method is done by soaking the corncobs using 2%
sulfuric acid with a ratio of 1:10 w/v for 24 hours at
50oC. Whereas pretreatment with ultrasonic done by
soaking the corncob with 2% sulfuric acid with a ratio
of 1:10 w/v and the intensity of the ultrasonic wave
3 W/mL. After pretreatment, the filtrate and residue
were separated by filtration. The residue then washed
with distilled water until neutral and then steamed
using the autoclave for 30 minutes at a temperature of
121oC. Once steamed, corncobs are disintegrated with
distilled water with a ratio of 1:12 w/v for 30 min. The
filtrate and the residue was then separated by filtration
to obtain xylan extract. The calculation to determine
the percentage of xylan extraction is as follows:
Xyalanse Production
Xylan obtained from the isolation then used as a
media to produce xylanase. For comparison are used
the commercial xylan which is birch wood xylan xylan
(Sigma Chemical).
Preparation of inoculants Bacillus circulans
conducted in three stages. The first phase, Bacillus
circulans which had been grown for 24 hours on
nutrient agar media was added 1 mL of sterile 0.85%
NaCl, were inoculated into the media Nutrient Broth
(NB) and incubated for 18 h at 37°C in a shaker bath
with 150 rpm. The second phase, a total of 1 mL of
microbial inoculants activated into 9 mL xylan broth
media. Xylan broth media consisting of birch wood
xylan 0.5%, peptone 0.5%, yeast extract 0.5%,
K2HPO4 0.1%, MgSO4.7H2O 0.02%, pH 10.5 is
adjusted with 1% Na2CO3 were added separately after
sterilization media.
Bacterial cultures were incubated with the same
conditions as in the first phase. The third phase,
bacterial inoculant as much as 2 mL was inoculated
into 18 mL xylan media and incubated in the same
conditions. For the production of xylanase enzyme,
extracted by 5 mL bacterial inoculants then inoculated
into 45 ml of xylan media were then incubated with
the same condition.
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Microbial Population Analysis
To determine bacterial growth at each stage of the
activation, the determination of the number of colonies
were expressed as Colony Forming Units (CFU).
Bacterial inoculants diluted 10 times in a test tube.
Dilution was continued in stages. Then as much as 100
µL of dilution is distributed into nutrient agar (NA)
media, and culture incubated at 37°C for 24-72 hours.

contains 32.07% making it suitable to be used for the
production of xylanase (Table 1).
Table 1. Chemical Characterization of Corncob
Analysis
Hemicellulose
Lignin
Holocellulose
Alpha Cellulose
Ash

Xylanase Activity Analysis
Xylanase activity determined by Nakamura
method with slightly modification[15]. Determination
of xylanase activity is done by measuring the amount
of reducing sugars using the Alkali Ferricyanide. This
method is used to determine the amount of formed
product which is xylose. One unit (U) xylanase activity
is defined as the amount of enzyme that produces 1
μmol xylose per minute in experimental conditions.
Crude enzymes is diluted 2.5 to 100x using 100
mM Tris-Glycine pH 8.5 buffer solution. Birch wood
xylan substrate, 150 mL pipetted and put in microtube
and incubated for two minutes at 50oC. After exactly 2
minutes and then added 50 mL enzyme and incubated
at 50oC for 30 minutes.
Xylanase enzymes are incubated and then
ditambahan potassium ferricyanide K3[Fe(CN)6]
10.6 mM of 600 mL. The solution is then boiled
for ten minutes. Immediately cool the solution in
ice and then added to 4 mL of distilled water. The
solution absorbance was measured with a UV-vis
spectrophotometer at 420 nm. The concentration
of reducing sugars obtained by plotting on xylose
standard curve.
Results and Discussion
Chemical Characterization of Corncob

Corncobs are used in this study as the material
to extract xylan because it contains the highest xylan
among other agricultural wastes, are indicated by the
high content of hemicellulose. Based on the analysis
of the chemical composition, corncob hemicellulose

Corncob
32.07%
12.75%
60.56%
31.66%
2.86%

The content of lignin in the corncob is quite low.
With low content of lignin in corncobs, the covalent
bond between xylan and lignin would be less so xylan
extraction would be easier so hopefully the yield of
xylan will high.
Effectiveness of Pretreatment
One of the critical success xylan extraction process
is the pretreatment stage because of differences in the
pretreatment process can affect the yield and purity of
xylan obtained.
To determine the effectiveness of early treatment
between pretreatment with conventional and
ultrasonic methods, the isolated xylan and corncob
residue the analyed for yield and hemicellulose
content.
Characterization of corncobs before and after
pretreatment with sulfuric acid and ultrasonic method
are shown in Table 2. The content of hemicellulose
in the corncob residue after extraction decreased
indicating that xylan was extracted. Pretreatment with
sulfuric acid is more effective than ultrasound. There
was an increase of about 100% of yield xylan with
pretreatment using conventional methods compared
with ultrasononik method (Table 2). Increasing the
isolated xylan was also shown by the low content of
hemicellulose in corncob residue, which is comparable
to the increased production of xylan. This indicates
that pretreatment with the conventional method is
more effective to extract the corncob xylan compared
with pretreatment with ultrasonic method.

Table 2. Characteristics of Corncobs Before and After Pretreatment with Conventional and Ultrasonic Methods

Corncob residue
Isolated xylan

100

Yield

Hemicellulose
content

Conventional pretreatment

-

12.49%

Ultrasonic pretreatment

-

26.44%

Conventional pretreatment

34.69%

63.59%

Ultrasonic pretreatment

16.14%

34.86%
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The low yield and hemicellulose content of the
isolated xylan by ultrasonic pretreatment is possible
because of the low intensity ultrasonic waves have
not been able to break covalent bonds between lignin
and cellulose. In addition, the low yield of isolated
xylan also influenced by the length of sonication
time. Increasing time and intensity of the ultrasonic
waves can enhance xylan extraction, but the higher
intensity causing further hydrolyzed hemicellulose
into monosaccharide, besides the energy usage will
increase so that the production costs will rise as well.
Based on the yield and content of hemicellulose
xylan isolation results can be known percent extraction
(% extraction). Percent extraction is an indicator of
how much the effectiveness of xylan extraction and
xylan purity. The higher value of % extraction of the
more xylan extracted.
Table 3. Percent Extraction of Isolated Xylan
No

Method

1
2

Conventional pretreatment
Ultrasonic pretreatment

%
extraction
75.03%
30.86%.

Pretreatment with the conventional method
two times more effective than using ultrasonic
pretreatment. This is evident from the large of % xylan
extraction.
Production of Xylanase
Xylan obtained from the isolation then used
to produce xylanase enzyme. To compare the
effectiveness of the production of xylanase enzyme
then birch wood xylan (Sigma Chemical) are used as
substrates.
Production of xylanase enzyme activation through
three stages, namely the activation of the Nutient
Broth media (NB) 9 mL, xylan 9 mL media, and

18 mL xylan media. Whereas for xylanase enzyme
production process used 45 mL xylan media.
Bacillus circulans initially grown on NB media.
NB contains macro and micro nutrients needed so
suitable for enrichment of bacteria. Activation is
done gradually, so that when it reaches the optimum
conditions for the Nutrient Broth media (NB), After
quite optimum in NB media as a media for the
enrichment, the activation continued on selective
media for xylanase production, the xylan broth media.
Activation of bacteria on xylan media done by two
stages, it is intended that the bacteria can adapt to both
the media and the xylan induced to produce xylanase
enzyme.
Total Plate Count (TPC) are analyzed at each stage
to determine the number of bacterial populations. TPC
analysis important to be done to determine the level of
adaptation and growth of bacteria in the media. The
higher population of bacteria, adaptation and growth
rate will be greater.
In this implementation, at each stage of the
activation is done successfully so that colonies are
counted by Colony Forming Units (CFU) per mL
indicates the number of bacteria that live quite a lot
(Table 3). In the NB media the number of colonies
formed quite a lot. Then decrease the number of
colonies of NB media to 9 mL xylan media caused by
the change media types that cause the bacteria need to
adapt to the specific media.
The number of Bacillus circulans colonies on
birch wood xylan media 10 times lower than colonies
on media from isolated xylan with conventional
pretreatment and ultrasonic method. Once the media
is transferred into 18 mL xylan media, the number
of bacterial colonies increased which is indicating
that the bacteria have passed the adaptation phase. In
production media, the number of colonies that formed
is higher than 18 mL xylan media, but the number of
colonies on birch wood xylan media 10 times lower
than the isolated xylan media by pretreatment of
conventional and ultrasonic methods.

Table 4. The number of Bacterial Colonies on The Production of Xylanase Enzyme

Media

Birch wood xylan

Nutrien Broth (NB) 9 mL

4.8 x 106

Xylan 9 mL
Xylan 18 mL
Xylan 45 mL

3.4 x102
1.3 x 103
6.6 x 104

Colony Forming Unit/mL
Isolated xylan
Isolated xylan from
from conventional
ultrasonic pretreatment
pretreatment
4.8 x 106
4.8 x 106
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Table 5. The Xylanase Enzyme Activity in 45 ml Xylan Media
Media
Birch wood xylan
Isolated xylan from conventional pretreatment
Isolated xylan from ultrasonic pretreatment
		
Xylanase Activity
The enzyme activity analysis is done in 45 ml xylan
media production. Xylanase activity assay results are
shown in Table 4. Xylan media from corncobs with
pretreatment using conventional method had the
greatest xylanse activity is about 174% higher than the
birch wood xylan media, whereas isolated xylan media
with ultrasonic pretreatment techniques are also pretty
good that xylanase activity increased approximately
100% (Table 4).
Xylanase activity of isolated xylan media
conventional pretreatment methods of treatment early
due to higher yield and purity of the isolated xylan
is used as a media of higher bacteria so the bacteria
would be better induced to produce xylanase enzyme.
Thus, the isolated xylan can be used to substitute
commercial xylan with xylanase activity were larger
and lower production costs.
Conclusion
Yield of isolated xylan from corncobs depends
on isolation techniques. Using the conventional
method of 2% sulfuric acid is more effective for the
isolation of xylan compared with ultrasonic method.
Xylanase from isolated xylan media with conventional
pretreatment method had the highest activity.
Conventional isolation techniques can be developed
further for xylanase enzyme production cheaper.
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ABSTRACT
Biorefinery of plantation hardwood has lately attracted considerable attention. A process of pre-hydrolysis
of wood chips for kraft cooking has been known as an improved process of kraft pulp yield or a process which
produces dissolving pulp under alkaline cooking conditions. The process of pre-hydrolysis kraft cooking
becomes now the focus of attention together with acid sulfite cooking as biorefinery, which can produce many
kinds of variable organic materials and chemicals including cellulose and bio-ethanol in the industrial scale. The
hydrolysates from pre-hydrolysis process can be used as materials of bio-ethanol production. However, the process
may cause a yield loss of pulp in the kraft cooking process. The first objective of this study is to clarify the optimal
conditions of polysulfide (PS) and anthraquinone (AQ) addition to kraft cooking for increasing pulp yields. The
second objective is to clarify the effects of both the pre-hydrolysis and the PS-AQ cooking on hexenuronic acid
contents of pulps. The third objective is to discuss about reaction products in the pre-hydrolysis process. In this
paper, we report preliminary results for the first and the second, especially hexenuronic acid contents of pulps.
Keywords: biorefinery, pre-hydrolysis, polysulfide, anthraquinone, pulp yield, hexenuronic acid
1. Introduction
Polysulfide (PS) cooking with anthraquinone
(AQ) compounds is the most promising technology
to increase pulp yields of kraft (KP) cooking. When
the PS concentration can be higher, the pulp yield can
be increased more, and therefore there are several
methods proposed for producing PS.
In industrialized technology available today, PS
liquor is produced from sodium sulfide (Na2S) by air
oxidation of kraft white liquor (WL) in the presence
of catalyst, because a sulfur balance (Na/S balance) in
the KP process can be maintained. On the other hand,
The WL electrolysis, which is investigated and given
as a process trial by Watanabe and others [1-2], is one
of new technologies to produce highly concentrated
PS while maintaining the Na2S balance.
In the previous papers [3,4], two kinds of rotational
cooking digesters were developed independently for
laboratory experimental methods that enabled cooking
with a low liquor to wood ratio (L/W ratio) of 2.5
mL/g to simulate alkaline conditions of cooking liquor
in a mill continuous digester.
The objectives of this study are first to clarify
the benefits of PS-AQ cooking by analyzing the
relationship between cooking results and dependent
variables of the cooking conditions.
2. Materials and Methods
We used woodchips prepared from Eucalyptus
globulus wood in a laboratory. The chips were air-dried,
weighed, saturated with cooking liquor under vacuum,
and then cooked. Cooking liquor was prepared with

NaOH and Na2S solutions and distilled water, and PS
liquor was prepared by dissolving solid sulfur into
the Na2S solution. The PS liquor was prepared on the
assumption of production by oxidization of a typical
WL, which contained about 110 g/L active alkali as
Na2O.
The sulfidity levels of WL were 20% or 40%, and
the active alkali charge was 18% (on o. d. wood). In the
case of AQ addition, 0.05% (on o. d. wood) of SAQ (1,
4-dihydro-9, 10-dihydroxyanthracene sodium salts)
was charged to the liquor.
The conditions for cooking were as follows:
temperature: 145°C, 165°C, L/W ratio: 5.0 mL/g, 2.75
mL/g; cooking time: cooking time: 150min.
3. Result and Discussion
3.1 Effect of Liquor to Wood Ratio on Cooking
We tested KP cooking and PS-AQ cooking under
two levels of L/W ratios. Table 1 shows the effect of
L/W ratio on kraft cooking.
When L/W was low, the pulp yield slightly
decreased. However, kappa number clearly decreased.
Table 2 shows the effect of L/W ratio on PS-AQ
cooking. When PS-AQ pulps were prepared with the
low L/W ratio, the yield of PS-AQ pulp also decreased.
However, kappa number clearly decreased. Therefore,
L/W ratio on cooking mainly reduced kappa numbers
of pulp with a slight decrease of pulp yields. However,
the low L/W ratio is particularly effective for highly
concentrated PS-AQ cooking to obtain low kappa
number. However, the HexA content was not affected
by the L/W ratio.
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3.2 Effect of Cooking Temperature on HexA
Content and Kappa Number of Pulp

3.3 Comparison of Pulp Yield and HexA Content
between Addition of PS and AQ.

We investigated KP cooking and PS-AQ cooking
under two levels of temperatures. Table 3 shows the
effect of cooking temperature on HexA content and
kappa number of kraft pulp. Table 4. shows the effect
of cooking temperature on HexA content and kappa
number of PS-AQ pulp. The kappa number tended
to decrease at high temperature. There was a similar
tendency to the addition of PS-AQ. On the other hand,
HexA content does not seem to change.

In this study, pulp yields were evaluated between
KP and PS-AQ cooking. Some technologies for
improvement of pulp yield have already been
developed and applied. PS and AQ have been added
to a kraft cooking process to improve pulp yield.
Compared to KP cooking, an about 6% yield increase
is obtained by the PS-AQ cooking. Table 5. shows the
comparison of pulp yield and HexA content between
addition of PS and AQ.

Table 1. Effect of Liquor to Wood Ratio on Kraft Cooking.
Liquor ratio L/W

Polysulfide(S) (%)

AQ (SAQ(%))

Pulp yield (%)

HexA (mmol/kg)

Kappa no.

Kraft 1

5

0

0

57.5

34.5

23.0

Kraft 2

2.75

0

0

56.0

33.9

16.9

Notes: Temperature: 145°C; AA:18%; Sulfidity: 20%.

Table 2. Effect of Liquor to Wood Ratio on PS-AQ Cooking.
Liquor ratio L/W

Polysulfide(S) (%)

AQ (SAQ(%))

Pulp yield (%)

HexA (mmol/kg)

Kappa no.

5
2.75

1.49
1.49

0.05
0.05

61.5
60.8

34.6
35.3

16.9
12.8

PS-AQ 1
PS-AQ 2

Notes: Temperature: 145°C; AA:18%; Sulfidity: 20%.

Table 3. Effect of Cooking Temperature on Hexa Content and Kappa Number of Kraft Pulp.
Temperature
°C
Kraft 1
Kraft 3

Polysulfide (S)
%

145
165

AQ
SAQ(%)

Pulp yield
%

HexA
mmol/kg

Kappa no.

0
0

55.6
55.5

34.5
24.9

23.0
8.6

0
0

Notes: Liquor ratio: 5; AA:18%; Sulfidity: 20%.

Table 4. Effect of Cooking Temperature on HexA Content and Kappa Number of PS-AQ Pulp.
Temperature
°C
PS-AQ 1
PS-AQ 3

Polysulfide (S)
%

145
165

AQ
SAQ(%)

Pulp yield
%

HexA
mmol/kg

Kappa no.

0.05
0.05

61.5
55.8

34.6
38.8

16.9
8.6

1.49
1.49

Notes: Liquor ratio: 5; AA:18%; Sulfidity: 20%.

Table 5. Comparison of Pulp Yield and HexA Content between Addition of PS and AQ.
Sulfidity

Polysulfide(S)

AQ

Pulp yield

HexA

%

%

SAQ(%)

%

mmol/kg

Kraft 1

20

0

0

55.6

34.5

Kraft 4
PS
PS-AQ 1
PS-AQ 4

40
20
20
20

0
1.11
1.49
1.86

0
0
0.05
0.05

57.5
60.6
61.5

31.1
34.0
34.6

Kappa no.

Reject

23.0

1.72

%
19.7
20.5
16.9
Not be de-fibered

0.31
0.08
0

Notes: Temperature: 145°C; Liquor ratio: 5; AA:18%.
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This result addition of PS and AQ to a kraft
cooking process has a synergistic effect on pulp yields.
However, when PS-AQ 4 pulps were prepared with
1.86% of polysulfide, this is not be de-fibered.
4. Conclusion
The PS addition mainly increases pulp yields with
reduced reject, and the AQ addition reduced kappa
numbers of pulp. It is considered that a synergistic
effect of PS and AQ should be explained by the fact
that AQ can compensate for increases of kappa number
and rejects caused by the lack of Na2S in PS cooking.
When L/W was low, kappa number clearly
decreased with slightly decreasing pulp yields. Thus,
low L/W ratio is effective for obtain low kappa number.
However, the HexA content was not affected. So, it is
required to investigate for the removal of HexA.
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ABSTRACT
Forest product sector in Indonesia is dominated by pulp and paper industry, contributing 60% of the total
output and providing jobs for 15% of the national workforce (MoI, 2004). The industry has managed to keep on
growing for the past decade with 33% growth rate in 2010, outperforming most industries in the economy. Such
a high rate of growth reflects the importance of pulp and paper industry as one of potential economic driver of
Indonesia. The potential however, is not without challenges for it poses a threat for current industry leaders in
developed countries which trigger governments of the respective countries in imposing protection measures in
the form subsidies, certification scheme, import duties etc. In addition to that, the Indonesian Pulp and Paper
Association (IPPA) in 2012 stated that it sees recent societal pressures from various interest groups towards
Indonesian pulp and paper industry as containing hidden business competition motives related to the decline
of the industry in developed regions. In order to investigate how pulp and paper companies in Indonesia define
corporate responsibility and how societal pressures encourage corporate responsibility (CR) effort to comply with
the pressure and improve media engagement effort in a company; 94 pulp and paper companies in Indonesia
which divided into three tiers were studied in this research and of those; three major players were selected for a
case study analyzing their stakeholders and corporate communication contents. The analysis shows that there are
three different corporate responsibility definition regimes that being deployed and companies in the same tier do
not necessarily use similar regime. Furthermore, among all companies being studied 21 did communicate their CR
and from those, 5 companies had their CR related report published. There is also observed from the cases study
that Indonesian forestry company under direct targeting do communicate their CR corresponding to the theme
that NGO’s demand such as certification scheme, forest management and community development although not
necessarily opted to adopt the NGO specific demands (e.g. FSC Certification). While companies experiencing less
pressure are rather communicatein a reputation building fashion through a more industry-friendly alternative of
CR works (e.g. cross-industry certification such as ISO 14001, ISO 26000 etc.).
Keywords: corporate responsibility, communication, societal pressures, pulp and paper, Indonesia, private
authority regime
Introduction
Half of the world’s forests concentrated in only
five countries, among those are located in Indonesia
and is a home to most diverse rainforest species and
richest biodiversity in the region (Indonesia Statistical
Yearbook, 2011). According to the Ministry of
Forestry, of the total land area, there is 120.35 million
hectare of forest land that is under government control
which among those 43.95 million ha is production
forest which provides various forestry products. The
top four forestry products are wood working, rattan,
furniture and pulp and paper with the later dominates
the entire sector by contributing more than 60% of the
total output (Ministry of Industry, 2009).
The importance of pulp and paper industry also
shown through its contribution toward the total export
of Indonesia, contributing more than US$ 7 billion
worth of export in 2010 which translates into 4% of
106

the nation’s export and providing livelihood for 15
million people or one sixth of the total population
(MoI, 2004). The most interesting part however, is not
about the size of the industry or its contribution to the
economy but rather its resilience and strong potential
of growth. A statistic provided by Indonesian Pulp
and Paper Association (IPPA) in 2011 indicated that
the industry has managed to keep growing since 2001,
including during global financial crises in 2008-2009.
Considering such a significant contribution it is
one of the nation’s economic interests to keep the
industry growing. One way of doing so as stated by
(Barney & Hesterly, 2010) is by staying competitive
which can be achieved through maintaining leadership
in four sources of competitiveness as follows:
• cost,
• access both to market and financing,
• brand and
• legitimacy
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From the point of view of the cost structure in
producing pulp and paper products Indonesia has
shorter pulp wood rotation time, hence cheaper fiber
price; cheap labor; relatively low energy cost and
proximity to growing markets, all of those have given
a huge cost advantage which most pulp and paper
producer in other country could never have. However,
leadership in cost alone will not be sufficient in
keeping the industry competitive.
Pulp and paper industry in Indonesia also need to
secure its sources to other three factors that determine
competitiveness. While doing so the industry is being
faced with pressures which came in various forms
such as tax subsidy that reduces cost advantages,
certification scheme that practically barred access to
certain markets, advertisement campaign, boycott and
sanctions which challenge the legitimacy of certain
companies to operate. The sources of those pressures
primarily come from three actors namely governments,
businesses and nongovernmental organizations.
This research focuses on pressures from
nongovernmental organizations in a form of
advocacy efforts. In the field of international political
economy, the central arena for policy-making, hence
intergovernmental regimes have been traditionally
the government (Sasser, et al., 2006). Thus, the NGO
advocacy traditionally focused to the government.
However, globalization and the availability and flow
of information have changed the dynamics as now
NGOs are capable of gather and spread information
related to actor that actually doing work on the ground
of whatever thematic issue the NGO is advocating,
which is business sector which resulting in NGOs
not only trying to influence governments but also
put direct pressures towards companies directly
(Wendelspiess, 2010). The public as well as politics
which are all businesses’ stakeholders have become
receptive of such information (Vogel, 1996). Those
stakeholders, including customers, are all interested in
a range of corporate issues, sometimes product-related
and sometimes related to the policies, procedures
and values of the organization itself (Fill, 2009).
The advocacy campaign of NGO that once provided
a powerful remedy to many injustices (Stroup &
Murdie, 2012) have become a recognizable role as
forces that in principle have the capacity to influence
the company’s public perception, the political arena
and therewith the company’s business scope (Vogel,
1996). One of the most famous examples is the Nestle
boycott due to conflicting infant formula marketing
methods which led to the WHO implementing a code
of marketing for breast milk substitutes. The more
recent example in forestry field would be NGOs
pressures towards forestry industry sector in North
America in early 2000’s as an attempt to urge them
joining the FSC. In their battles against companies,
NGOs mobilize the market which includes not just the
consumers but also stakeholders involved in financial

and factor markets. Their strategy aimed to threaten
companies’ profits and market shares. Companies may
feel extra pressure to participate in private regime (such
as the FSC certification) to solidify their reputation if
profits are low and competition is high, even if this
mean using resources that they barely able to afford
(Sasser, et al., 2006). These examples demonstrate
how corporations around the globe are increasingly
under fire. Therefore, the question is rather when
companies will face a conflict with society in general
of with NGOs in particular than whether or not they
will ever face one.
Usually, NGO pressures come accompanied by
media campaign which then responded by the firm.
The responses towards the pressures are varied and
could span across social, environmental and economic
aspects of the company. Those responses are seen
under the framework of corporate responsibility.
This cover anything under companies’ fundamental
responsibility to produce an acceptable return on its
owners’ investment, legal responsibility to act within
the legal framework drawn up by the government and
judiciary, ethical responsibility to do no harm to its
stakeholders and within its operating environment
and finally a discretionary responsibility, which
represent more proactive strategic behaviors that can
benefit the firm and society (Carrol, 1991 in (Werther,
JR. & Chandler, 2006). Manifestation of corporate
responsibility efforts are manifested in companies’
infrastructure (e.g. financial reporting practices,
transparency or government practices); procurement
(e.g. fair trade, uses of banned inputs etc.); operation
(e.g. emission and waste, biodiversity and ecological
impacts and energy efficiency) etc. Corporate
responsibility can also mean an integral element of the
company’s strategy – the way the company goes about
delivering its products or services to markets – it is
also a way of maintaining the legitimacy of its actions
in the larger society by bringing stakeholder concerns
to the foreground (Werther, JR. & Chandler, 2006).
This paper examines the dynamics between NGO
pressures and firm responses using the corporate
responsibility framework. Emphasis is put on
how domestic context (such as local certification
regime, government attitude toward the industry,
market preference) influence the dynamics. It is set
out to investigate the advocacy-response process.
Furthermore, it aims to first, get a better understanding
on how advocacy campaign from NGOs can
particularly influence their business scope of the
growing pulp and paper industry in Indonesia; and
second, providing example of the impact of advocacy
campaign on the major players within the industry and
the way they react upon the pressure they received
considering domestic environmental governance
regime in Indonesia. The underlying research
questions raised are: What are the motives behind
nongovernmental organization pressures towards
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Indonesian forestry sector in the last decade? How
do forest product companies in Indonesia interpret
and communicate corporate responsibility? And how
would NGO pressures affecting company’s corporate
responsibility communication?
The hypothesis of the research is while all forestry
companies can be expected to respond to NGO
targeting, the Indonesian forestry companies which
have been directly targeted by NGOs, regarding to
their forestry practices are likely to communicate their
CR in the way that corresponds to NGOs’ demands.
Methods
In this research the concept of what corporate
responsibility means to companies and their
communication are assumed to exist as a social
construction. The reality is thus regarded as consisting
of a number of overlapping parts for an inclusive
group of people within a company, organization
or an entire society. Such approach as explained by
(Arbnor&Bjerke, 1997) is known as an actor approach.
Considering the importance of actors in defining
the concept, this research consists of two steps. The
first is collection of secondary sources of data which
can be corporate responsibility report, companies’
website and literature review. The second is primary
source from semi structured interview.
Interviews were chosen for gathering information
because of their flexibility that makes them more

appropriate for exploring complex situations. Openended questions used enabled complex concept to be
better explained and expanded during the interview
according to the receipt and response of the interviewee
(Kumar, 1999),thus ensuring the collection of in-depth
information.
Evidence and Result
Among 85 studied pulp and paper companies, five
are public companies, and 30% of the total production
capacity is controlled by the top 3 companies or group
of companies. Among them only 21 who actually
communicate their corporate responsibility initiatives
through various forms, where the traditional channel
such as company websites, fliers, fact sheets or a
more non-conventional channel such as social media
tools. Furthermore among the 21 companies who
communicate their reports, only four have their reports
published on their company websites.
Since the era of globalizations NGOs have been
engaging in such a web of global relation, including
participation in diplomacy in which government
considered to have lost their political independence.
Now NGOs affects politics not only by influencing
governmental structures (such as lobbying the
congress or intergovernmental processes) but also
by establishing private authority institutions and
persuading companies to adopt them (Sasser, et al.,
2006).

Cases

NGO pressures

Response

APP

Type: Direct, indirect and Supply chain
Targeting
Intensity: High
Greenpeace:
Published two major reports in 2010 and 2012
with the following claims:
- APP is destroying peat lands
- APP operation destroy local livelihoods
- Raw materials obtained from unverified
sources (containing MTH)

APP responded through the following:
- Commissioned independent audit on the peat land destruction
claims
- Promote Government Backed SVLK (certification scheme)
- Call for verified, fact supported claims from NGOs
- Call for science based claims on the destruction of Senepis
tiger sanctuary by WWF

Demands:
- All virgin fibers to be FSC certified or
similar scheme
- Use as much recycled fiber as possible
- Stop trading with the companies
- Phase out 3rd party supplier
- Moratorium on Logging
WWF:
- APP efforts are merely greenwash
- APP logging on deep peatland
- APP destroying Senepis Tiger Sanctuary
Demands:
- Halt logging
- Recognize indigenous people rights
- Halt mills expansion

Table 1. Pressure Response Matrix
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Table 2. Pressure Response Matrix (Continued)
Fajar
Paper

Type: Indirect targeting
Intensity: Minimum

-

APRIL

Type: Indirect targeting
Intensity: Medium
Received several negative publicity regarding
to access to protected areas, fire management
in their areas and tiger and elephant protection
issues.

-

-

Conduct corporate responsibility in areas surrounding
the mills
Conduct CDM projects
Pursue FSC and other process based generic
certification (ISO 14000)
Addressed all in their sustainability report
Include all aspects such as community development,
education etc in addition to what NGOs has published
on the media

Table 3. Comparative Table
APP

APRIL

Fajar Paper

How the studied
companies
communicate CR

Publishes Sustainability
reports
Emphasize on sustainability,
environment, community
development on their CR
communications
Aggressive media
engagement, Has used
the most channels to date,
(websites, blogs, twitter, PR
service)

Publishes both sustainability
and CSR reports
Emphasize on sustainability,
environment, community
development on their CR
communications

Publish Annual Report,
mostly on financial with
chapter on clean production
process and a small section
on CSR
Promotes their 100%
recycled raw material and
FSC certification as their
marketing tool

How the studied
companies
implement CR

Has Sustainability and
Stakeholder engagement
department, led by a director

Has Sustainability
Department led by a Director

No dedicated CR related
department, report produced
by accounting department

How the studied
companies
interpret CR

APP consider Social
Responsibility programs as a
mean of addressing economic,
social and environmental
issues of its stakeholders

They try avoiding the term
CSR to avoid being seen
as simply following trends.
Sustainability has been our
core business concept since
the establishment of the
company.

NGOs’ in their efforts in shaping companies
policy has traditionally done through public politics.
In addition to that NGOs seek to put pressure on
companies via different types of private politics.
According to the work by (Baron, 2003) there are three
way NGOs deliver their pressures towards companies:
1. Direct targeting where NGOs directly target one
particular company; 2. Indirect targeting are
advocacy campaigns, which are more generalized
against all companies, or a large group of
companies within an industry; 3. Supply chain
targeting which designed to bring pressure to bear
on a firm based on tactics aimed at a company’s
producers or consumers; usually such campaigns
focus on retailers or big name manufacturers at the
downstream end of the supply chain

Their corporate responsibility
initiatives are focused on the
community surrounding the
mills

Two NGOs became the main focus in this research
is the World Wildlife Fund (WWF) and Greenpeace.
The Two has been conducting advocacy campaign
against pulp and paper industry in Indonesia, mostly
through direct and supply-chain targeting. From the
reports the published, the demand was for the APP to
join the FSC, a private authority regime they created
which is now supported by a variety of transnational
NGOs (Sasser, et al., 2006). Unlike Fajar Paper and
Tetra Pak, instead of joining the FSC, they opt to
seek security from government regulations through
various lobbying. The result, rather that joining
NGO’s supported regime they join the SVLK which is
Indonesia’s new Wood Legality Verification System.
Furthermore reflecting from historically hostile
relationship between forestry firms and NGOs,
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APP may have believed that joining the FSC would
make them vulnerable to NGO opportunism. They
rather lean toward government. This is consistent
with what happened to the American forest products
industry in early 2000 where instead of opted to join
the FSC, the forest products association created its
own initiatives called Sustainable Forestry Initiatives.
They at that time however did not seek security via
more stringent government regulation because most
land use practices in the US. Are regulated at the state
level and lobbying on a state-by-state basis is costly.
Contrasting with Indonesia’s setting where large scale
land uses practice is regulated at the national level
through the ministry of Forestry.
APP who received the most intensive pressures
from the NGOs has relatively larger implementing
bodies, a director led sustainability and stakeholder
engagement department. They also become the most
responsive towards the pressures. While APRIL
with less pressures although they have similarly
large sustainability department has been observed to
invest more in building reputational capital in their
communications. And the last one with the least
pressures have no specific department which handle
corporate responsibility and limited their effort
towards their surrounding areas. From the report, it is
observed that Fajar Paper has a limited space provided
for corporate responsibility work on their report. All
three companies which is on the top tiered tend to
have appeasing stakeholders as their primary motives
of doing corporate responsibility communication as
in case of Fajar Paper who has limited pressure from
the stakeholders due to its environmentally friendly
nature of its production which use 100% recycled
fiber tend to use economic incentives behind their
corporate responsibility communication seen from
their initiatives in CDM projects and certification to
get bigger market share.
Conclusion
The analysis shows that there are three different
corporate responsibility definition regimes that being
deployed and companies in the same tier do not
necessarily use similar regime. Furthermore, among
all companies being studied 21 did communicate their
CR and from those, 5 companies had their CR related
report published. There is also a trend observed that
Indonesian forestry company under direct targeting do
communicate their CR corresponding to the theme that
NGO’s demand such as certification scheme, forest
management and community development although
not necessarily opted to adopt the NGO specific
demands (e.g. FSC Certification). While companies
experiencing less pressure are rather communicatein
a reputation building fashion through a more industryfriendly alternative of CR works (e.g. cross-industry
certification such as ISO 14001, ISO 26000 etc.).
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ABSTRACT
The paper industry generates solid waste such as waste water sludge and paper mill rejects. The rejects from
recycled paper processing is varies from 5 % to 25 % which is depend on the recovered fiber quality and process
used at the mill. The composition of this rejects is consisted of fiber bundles, plastics pieces, foils and polystyrene
containing large quantities of plastics. One of the limitations of solid waste for energy is bulky and high moisture
content which is difficult to store, transport, and utilize. To overcome this limitation, it is needed a solidification
process. Pelletizing of paper mill solid waste is one of solidification processes to make easy in storing, handling,
and transporting of solid waste. Investigation of solid wastes utilization in the pellet form as fuel for energy has
been carried out. Solidification process of paper mill solid waste consisted of drying, shredding and pelletizing
processes of solid waste. Pellet of paper mill solid waste and pellet of coal and rejects waste mixture were tested for
their proximate and ultimate analysis, mineral content of ash and ash fusion temperature (AFT) to know slagging
and fouling potency. Results shows that paper mill reject contain high calorific value of 5,987 calorie/gram and low
content of sulphur and ash. Ash contains low content of total alkali (Na2O and K2O) and high initial deformation
temperature (IDT) of 1,193oC. Pellet of mixed of 95% coal and 5% reject waste contain low content of total alkali
(Na2O and K2O) and high initial deformation temperature (IDT) of 1,315oC. It indicates low slagging and fouling
potency of reject waste when it is used as a boiler fuel.
Keywords: rejects waste, pellet, fuel, slagging, fouling
Introduction
Paper industry is a significant user of energy in the
form of electricity and heat to power machinery and
to dry paper sheets (Miloud, 2012). This industry is
a capital and resource-intensive industry contributing
to environmental problems such as global warming,
eco-toxicity, photochemical oxidation, acidification,
nitrification, and solid wastes (Kuik, 2006). Paper
industry generates solid waste such as wastewater
treatment sludge and paper mill rejects. Land filling
is still the most popular means of disposal for
waste water treatment sludge and paper mill rejects
(William, 1994). The organic fraction in wastewater
treatment sludge is renewable, and therefore it does not
contribute to net CO2 emissions. A few mills incinerate
wastewater treatment sludge in their boilers. This
practice is not widespread, because the heating value
is very low and the high moisture of the sludge affects
its ability to burn efficiently. To enhance the heating
value, the sludge is mixed with dry waste materials
such as wood residue (Gavrilescu, 2008).
Most of paper industry use power plant boilers for
steam generation and electricity production. A large
percentage of power plant boilers use coal as a fuel.
Coal characteristics affect the performance of the plant
including electricity production capacity and waste
disposal requirements, and overall this affects the
environment. The most problematic and trouble some
effect of coal is the creation of sticky and hardened
deposits on furnace or convection surfaces of boilers.
Fuel quality, boiler operation and design properties
112

of boilers also have impacts on the deposition (Ana,
2005). Coals contain different mineral
material in various forms. During combustion,
the mineral matter is transformed into fly ash, which
is deposited on heat transfer surfaces of boilers.
Accumulations of these deposits are known as slagging
or fouling problem (Ana, 2005). Figure 1 shows the
typical location of slugging and fouling deposits in a
pulverized fuel boiler. When the deposition of ash on
furnace walls, mainly in the radiant section, in a highly
viscous state and forms a liquid layer, it is called slagging.
When the deposit is built up by condensed materials,
forming a dry deposit, in the convective section, it
is called fouling (Ana, 2005; Hare, 2010). Deposits
formation on heat transfer surfaces is one of the biggest
problems for all solid fuel fired boilers. Reducing
slagging and fouling will lead to reduced investment
and operational costs, increased performance efficiency
and reduced emissions (Ana, 2005).

Figure 1. Location of Slagging and Fouling Deposit
in a Pulverized Fuel Boiler (Ana, 2005)
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Paper mill rejects from recycled paper processing
depending on the final product, the reject rate varies
from 5 % e.g. for used corrugated containers up to 25
%. Reject waste generally have high calorific value and
low ash content (Miloud, 2012). The rejects from the
pulping of recycled paper consisted of fiber bundles,
plastics pieces, foils and polystyrene containing large
quantities of plastics depends on recycled paper grade.
Most polymers contain carbon and hydrogen only
and their combustion products are carbon dioxide and
water vapor. The option to use paper mill reject as
a waste fuel for energy production has been recently
considered in Japan and many European countries
(Gavrilescu, 2008; Takenaka, 2012).
Pelletizing has recently come to the front as a
solidification method to convert a combustible solid
waste, which is normally land filled, into a useable
fuel (William, 1994; Kuik, 2006). The advantages of
densified of fuel pellets is low amount of dust, free
flowing fuel, easy storage and transportation, and
uniformity of size (samson, 2000). In recent years
it has been seen high demand boilers using wastederived fuels such as wood biomass, plastics, refuse
paper and plastic fuel (RPF), sludge, and other recycled
materials to substitute of fossil fuels. Flow diagram of
a pelletizing system of paper mill solid waste is shown
in Figure 1. The circulating fluidized bed boiler (CFB)
is a boiler, which is applicable to these diverse wastederived fuels (Nakao, 2011).
In this paper is described pelletizing process
of reject waste and sludge waste from paper mill
producing corrugating medium and kraft liner as
refuse paper and plastic fuel (RPF). Characteristics of
refuse paper and plastic fuel (RPF) made from reject
waste and sludge waste and the potency of RPF which
is related to slagging and fouling problems when it is
utilized as a coal mixture is also studied.

Materials and Methods
Materials
Reject waste from hydra pulper and sludge waste
from belt filter press using in the experiment taken
from paper mill producing corrugating medium and
kraft liner in the amount of around 100 ton/day. This
paper mill use recycle paper such as carton and core as
raw material. Coal used as boiler fuel of this paper mill
was also characterized. Reject waste contain moisture
content of around 40 – 50% and sludge waste contain
moisture content of around 70 – 75%. Reject waste of
hydra pulper is shown in Figure 3 and sludge waste
from belt filter press is shown in Figure 4.

Figure 3. Reject Waste

Figure 4. Sludge Waste

Figure 2. Flow Diagram of a Pelletizing System (William, 1994)
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Methods
Pressing of reject waste in press machine to remove
water content as much as possible is the first handling
of reject waste. It is then dried by sun drying up to the
moisture content of ≤ 10%. Metal and glass materials
were removed from dried reject waste manually. Dried
reject waste was shredded by shredding machine
having screen hole of around 4 mm. Shredded reject
waste obtained is shown in Figure 5. Pelletizing of
100% shredded reject waste and mixed of 80 - 95%
shredded reject waste and 5 - 20% sludge waste is
done in pellet machine which can result pellet with the
diameter of 10 mm and the length of around 10 – 15
mm as shown in Figure 6.

respectivelly. Reject waste contain big portion of
plastics, fiber bundles and small portion of metal.
While sludge waste contain fine cellulose fibre and
anorganic substances. The percentage of reject waste
to paper production is 4 – 5% and this reject waste
is just burn in insinerator. In supplying of steam for
paper production, this paper mill use circulating
fluidized bed (CFB) boiler with the coal consumption
of 40 - 50 ton/day. It reveals that the amount of wet
reject waste produced is 10% of coal consumption
or 5% of coal consumption for dried reject waste. If
reject waste can be use as boiler fuel, paper mill can
eliminate cost for reject waste handling and reduce
cost for coal purcashing of around 5%.
Pelletizing Process of Reject Waste and Sludge
Waste
Due to reject waste still high moisture content, it
has to be pressed in pressing machine to remove the
water content as much as possible and to shorten drying
time of reject waste. Metal and glass materials must
be removed from dried reject waste before shredding
to avoid the damaged of shredder knife. Reject waste
and sludge waste were dried by sun drying up to the
moisture content of ≤ 10%. Dried reject waste was
shredded by shredding machine having screen hole
of around 4 mm resulting shredded reject waste. The
process of pellet making of shredded reject waste is
outlined in Figure 7 (Samson, 2000).

Figure 5. Shredded Reject Waste

Figure 6. Pellet of Reject Waste
Pellet of reject waste and sludge waste, and coal
are analyzed for parameters air dried moisture, ash,
fixed carbon, calorific value, sulphur and Ash Fusion
Temperature (AFT). These parameters were measured
according to ASTM method. Parameter of volatile
matter (VM) was measured according to ISO 562:1998
method. Mineral content of ash was also measured by
Atomic Absorption Spectrofotometric (AAS) method.
Results and Discussions
Solid Waste in Paper Mill
Reject waste from hydra pulper (Figure 3) and
sludge waste from belt filter press (Figure 4) produced
by corrugating medium and kraft liner paper mill is
in the amount of 4 - 5 ton/day and 1.5 - 2 ton/day,
114

Figure 7. Diagram of Pelletizing Process:
1. Loose Material is Fed Into Pelleting Cavity
2. Rotation of Die and Roller Pressure Forces
Material through Die,Compressing it Into Pellet
3. Adjustable Knives Cut Pellets to Desired Lenghts
Shredded reject waste is fed into the pelleting
cavity, where it is directed equally on either side of
the edges, formed by the rollers and the inside face
of the die. The rollers turn as the die rotates, forcing
the material through the die holes by the extreme
pressure caused by the wedging action. As the pellet
extruded, adjustable knives cut them into the desired
length (Samson, 2000). Pelletizing is done by variying
composition such as 100% shredded reject waste and
mixed of 80 - 95% shredded reject waste and 5 - 20%
sludge waste. Temperature of pellet can reach up to 70
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– 80oC during pelletizing process. In this temperature,
plastics will begin to become soft, sticky and combine
each other to form a strongth bond. At the moisture
content of shredded reject waste of ≤ 10%, compact
and hard pellet with the diameter of 10 mm and the
length of around 10 – 15 mm can be obtained as shown
in Figure 6. When the moisture content of shredded
reject waste of > 30%, uncompact pellet is resulted.
In this cases, evaporation of water content in reject
waste is dominant and softening of plastics to form
a strongth bond is not occur yet. Solidification process
of reject waste through pellet form as a fuel has
some advantages such as easy storage and transport,
uniform size, low dust content, higher density than
raw materials and easy in feeding into the boiler.
Characterization of Solid Waste Pellet and Coal
Pellet of 100% reject waste, 100% sludge waste and
mixture of 80 - 95% reject waste and 5 - 20% sludge
waste, and coal were characterized for parameters
including calorific value, proximate analysis and
sulphur content.
Calorific Value
Calorific value is one of parameters determining
the quality of coal. There are four quality types that is
low quality of < 5,100 cal/g, medium quality of 5,100
– 6,100 cal/g, high quality of 6,100 – 7,100 cal/g and
very high quality of > 7,100 cal/g (Tekmira, 2006). The
calorific value of pellet made from reject waste, sludge
waste, and mixture reject waste and sludge waste, and
coal is shown in Table 1. It show that calorific value of
coal used as CFB boiler fuel of this paper mill is 5,365
cal/g which is categorized in medium quality. Sludge
waste contain the lowest calorific value (2,962 cal/g).
The highest calorific value content is given by 100%
reject waste (5,987 cal/g). Mixture of 90 - 95% reject
waste and 5 – 10 % sludge waste still has high calorific
value (5,614 – 5,810 cal/g) and it is still higher than coal.
Table 1. Calorific Value of Coal, Pellet of Reject
Waste, Sludge Waste, and Mixture Reject Waste and
Sludge Waste

1

Sludge waste (100%)

Calorific Value
(cal/g)
2,962

2

Reject waste (100%)

5,987

3

Mixture reject waste (95%)
+ sludge waste (5%)

5,810

4

Mixture reject waste (90%)
+ sludge waste (10%)

5,614

5

Mixture reject waste (80%)
+ sludge waste (20%)

5,071

6

Coal

5,365

No

Materials

These pellet of reject waste and the mixture have
calorific value in medium quality. While Mixture of
80% reject waste and 20% sludge waste only has
the calorific value of 5,071 cal/g which is lower than
calorific value of coal. According to their calorific
value, it is possible to use pellet of 100% reject waste
and mixture of 90 - 95% reject waste and 5 – 10%
sludge waste to be mixed with coal as boiler fuel.
Possible composition of mixture pellet of 100% reject
waste or mixture of 90 - 95% reject waste and 5 - 10%
sludge waste and coal is the ratio of 5% and 95%,
respectivelly. Besides according to calorific value
parameter, assessment of solid waste utilization as
boiler fuel which is mainly for proximate analysis,
sulphur content and potency of slagging and fouling
should be done.
Proximate Analysis
Proximate analysis of coal is to determine moisture
content, ash, volatile matter (VM) and fixed carbon
(Tekmira, 2006). Result of proximate analysis of
pellet of sludge waste, reject waste, mixture reject
waste and sludge waste, and coal is shown in Table
2. It shows that moisture content of coal is higher than
pellet of reject waste, sludge waste and their mixture.
Coal has a very low ash content of 5.18%. While the
pellets made from

sludge waste had the greatest ash
content of 25.16%. The high ash content of sludge
waste is greatly affects to the increasing of ash content
of pellets of mixed reject waste and sewage sludge.
The greater the percentage of sludge waste addition,
the higher ash content of pellets in it mixtures. The
ash content of pellets made of 100% reject waste is
around 7.91% which is slightly higher than the ash
content of coal. The volatile matter content of coal
is approximately 37.46% which is lower than reject
waste, sludge waste or mixed reject waste and sludge
waste. Reject waste 100% has the highest volatile
matter content of 81.93%. Volatile matter content
of pellets made from mixed reject waste and sludge
waste decreases with the increasing of sludge waste
addition.
Carbon content of all the pellets of reject waste,
sludge waste and the mixture is under the carbon
content of coal (37.70%). Rejects waste has the lowest
of carbon content namely 6.98%. The carbon content of
sludge waste is in the amount of 9.55% which is higher
than the carbon content of reject waste. Increasing the
percentage additions of sludge waste on mixtures with
waste reject also led to increase carbon content pellet
resulted. High or low carbon content and volatile matter
content of the fuel is very influential at the ignition
properties of the fuel during combustion process, and
the amount of carbon burning. Comparison of carbon
content to volatile matter content referred to the ratio
of fuel (carbon content/volatile matter content). When
the ratio of the fuel value is lower than 1.2, it would
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Table 2. Proximate Analysis of Pellet of Reject Waste, Sludge Waste, Mixture of Reject Waste and
Sludge Waste and Coal
No

Parameters (%)

Materials

Air dried Moisture

Ash

Volatile Matter

Fixed Carbon

Fuel ratio

1

Sludge waste (100%)

7.91

25.16

57.38

9.55

0.166

2

Reject waste (100%)

3.93

7.16

81.93

6.98

0.085

3.01

7.94

81.66

7.39

0.090

3.86

10.48

79.60

7.66

0.096

4.33

10.95

76.68

8.04

0.105

19.66

5.18

37.46

37.70

1.001

3
4
5
6

Mixture of reject waste (95%) +
sludge waste (5%)
Mixture of reject waste (90%) +
sludge waste (10%)
Mixture of reject waste (80%) +
sludge waste (20%)
Coal

Table 3. Sulphur Content of Coal, Pellet of Reject Waste and Sludge Waste,
and Mixture Reject Waste and Sludge Waste
No

Materials

1

Sludge waste (100%)

0.14

2

Reject waste (100%)

0.08

3

Mixture reject waste (95%) + sludge waste (5%)

0.10

4

Mixtures reject (90%) + sludge waste (10%)

0.24

5

Mixtures reject (80%) + sludge waste (20%)

0.26

6

Coal

0.31

result in the ignition of good fuel burning with the
increasing of burning speed. Conversely, if fuel ratio
is higher than 1.2, it would cause a lot of unburned
carbon (Imam, 2012). The calculation results of the
fuel ratio of pellets from rejects waste, sludge waste,
mixed reject waste and sludge waste, and coal is
given in Table 2. The fuel ratio of all pellets made
from rejects waste, sludge waste, mixed of reject
waste and sludge waste, and coal is lower than 1.2. It
shows that the combustion ignition process of fuel will
be good. The fuel ratio of pellets made from rejects
waste, sludge waste, mixed of reject waste and sludge
waste is smaller than coal. This will cause that the
ignition property and combustion velocity of pellets
would be faster than coal. It shows also that the pellets
from reject waste will be faster exhaustion of the
combustion process. Additions of reject waste pellets
in coal will be very useful especially during the initial
burning of coal in boiler. The ignition of boilers will
be faster and shorter.
Sulphur Content
The results of the analysis of sulphur content of
pellets made from reject waste and sludge waste, and
coal is as shown in Table 3. Sulphur content of coal is
116

Sulphur (%)

the highest (0.31%). While sulphur content of pellets
made from 100% reject waste is the lowest (0.08%).
The addition of sludge waste into reject waste mixtures
increase sulphur content of pellets produced. The
addition of waste sludge up to 20% into 80% reject the
waste still produce pellets with sulphur content lower
than coal. The use of reject waste or the mixture with
sludge mixed into coal as boiler fuel will not lead in
increasing of SO2 content in boiler emission.
Assessment for Slagging and Fouling
As it is known that the slagging and fouling is an
attachment and accumulated phenomenon of melted
mineral ash of fuel in the pipes of heat (heat exchanger
tube) or boiler wall. Both phenomena are very serious
which can have a major impact on boiler operations,
such as heat conduction problems, decreased efficiency
boilers, and clogging pipes (Imam, 2012; Maphala,
2008). These phenomenons are mainly influenced
by the ash mineral content such as Na2O, K2O, Fe2O3
and CaO and ash fusion temperature (AFT). Na2O
and K2O compound in ash will form a compound
having a low melting point when bonded with other
elements. Increasing of slagging tendency will also be
followed by the increasing of fouling tendency which
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is in accordance with the alkali content in ash. Quality
standard of coal used in Japan and boiler makers in
Europe and United State of America has set Na2O
content of < 3%, total alkali content (Na2O and K2O)
of < 3%, CaO content of < 20%, and Fe2O3 content of
< 15% (Imam, 2012; Maphala, 2008 ).

cone. Flow temperature (FT) is when the height of
the sample is about 1.5 mm (Imam, 2012; Maphala,
2008).The processes taking place during AFT test as
is depicted in Figure 8.

Ash Mineral Content
The analysis results of the ash mineral content of
pellets made from rejects waste, coal and mixture of
coal and reject waste is shown in Table 4. This value
of the ash mineral content is very useful for evaluating
of fuel to slagging and fouling potency in the boiler
during the combustion process.
When referring to the requirements of the ash
mineral content as mentioned above, pellets made
from 100% reject waste contains Na2O of 0.70%, total
alkali (Na2O and K2O) of 2.15%, CaO of 19.35%, and
Fe2O3 of 11.73% and coal used as boilers fuel in paper
industry contain Na2O of 0.97%, total alkali (Na2O
and K2O) of 1.42%, CaO of 8.01%, and Fe2O3 of
7.71% complying with the requirement. Whereas for
the mixture of 95% coal and 5% pellets from reject
waste contain Na2O of 0.95%, total alkali (Na2O and
K2O) of 1.5%, CaO of 7.95%, and Fe2O3 of 6.98%
and it still comply with the requirement. From these
evaluation result, it shows that coal used as fuel boiler
in the paper industry, pellets of 100% reject waste and
mixture of coal (95%) + reject waste (5%) has low
potency for slagging and fouling phenomena in boiler
during the combustion process.
Ash Fusion Temperature (AFT)
Apart from ash mineral content data to predict
the potential slagging and fouling in the boiler during
combustion, AFT tests needs to be done as well. On
AFT testing is observed changes in the standard gray
cone shape heated through the temperature range
expected in the boiler furnace. Initial deformation
temperature (IDT) is the temperature at which the ash
cone end first softened. Softening temperature (ST) is
considered when the height of the cone equal to the
width of the cone. Hemisphere temperature (HT) is
when the height of the cone is half the width of the

Figure 8. The Processes Taking Place During AFT
Test (Maphala, 2008)
The test results of ash fusion temperature (AFT)
of pellets made from rejects waste and coal is shown
in Table 5. This table shows that coal has the initial
deformation temperature (IDT) of 1,415oC and the
softening temperature (ST) of 1,460oC. Mixture of
5% pellets of 100% reject waste and 95% of coal has
initial deformation temperature (IDT) of 1,315oC and
the softening temperature (ST) of 1,325oC. As for
pellets from 100% reject waste itself has the initial
deformation temperature (DT) of 1,193oC and the
softening temperature (ST) of 1,243oC. From these
data, it shows that pellets from 100% reject waste
have a softening temperature (ST) is quite high (>
1,200oC). The addition of 5% pellets from 100%
reject waste into coal, although it has slightly lower
softening temperature (ST), but it still have a high
softening temperature (> 1,300oC). Based on the
field survey and literature study results, the furnace
temperature of circulating fluidized bed (CFB) boiler
during combustion processes in the paper industry
is generally around 900oC as shown in Figure 9
(Thomas, 1995; www. poisson.me.dal.ca/. 2012).
When comparing the operating temperature of the
boiler in the paper industry to the initial deformation
temperature (IDT) and softening temperature (ST) of

Table 4. Ash Mineral Content of Pellet of Reject Waste, Mixture of Coal (95%) and Reject Waste (5%), and Coal
Ash mineral content (%)
No

Materials

Fe2O3

CaO

MgO

Na2O

K2O

SiO2

Al2O3

1

Reject waste (100%)

11.73

19.35

2.20

0.70

1.45

35.20

59.10

2

Mixture of coal (95%) + reject waste (5%)

6.98

7.95

1.08

0.95

0.55

43.28

30.60

3

Coal

7.71

8.01

1.02

0.97

0.45

43.70

29.10
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Table 5. Ash Fusion Temperature (AFT) of Pellet Made from Reject Waste, Mixture of Coal (95%) and Reject
Waste (5%), and Coal.
Reducing Atmosphere
No

Materials

Oxidizing Atmosphere

DT
(oC)

ST
(oC)

HT
(oC)

FT
(oC)

DT
(oC)

ST
(oC)

HT
(oC)

FT
(oC)

1

Reject waste (100%)

1,193

1,243

1,258

1,300

1,203

1,253

1,273

1,325

2

Mixture of coal (95%) +
reject waste (5%)

1,315

1,325

1,338

1,398

1,333

1,343

1,353

1,400

3

Coal

1,415

1,460

1,470

1,495

1,465

1,495

>1,500

>1,500

Note: DT = Deformation Temperature; ST = Spherical Temperature; HT = Hemisphere Temperature; FT = Flow Temperature

pellets from 100% reject waste, it indicates that the
initial deformation temperature (DT) and softening
temperature (ST) of pellets from 100% reject waste
is still above the operating temperature of boiler used
in the paper industry. This means that softening of ash
mineral of pellet from reject waste is not taken place
yet so that slagging and fouling phenomena will not be
occurred in boiler.

Figure 9. Furnace Temperature of Circulating
Fluidized Bed (CFB) Boiler
(www. poisson.me.dal.ca/. 2012)
Conclusion
Reject waste contains a large portion of plastics,
fiber bundles and small portion of metal. Solidification
process of reject waste through pellet form as a fuel has
some advantages such as easy storage and transport,
uniform size, low dust content, higher density than
raw materials and easy in feeding into the boiler. Pellet
of reject waste have calorific value in medium quality.
This reject waste can be use as boiler fuel of paper
mill which can eliminate cost for reject waste handling
and reduce cost for coal purcashing. The use of reject
waste or the mixture with sludge mixed into coal as
boiler fuel will not lead in increasing of SO2 content in
118

boiler emission. Additional of 5% pellets from reject
waste into 95% coal as boiler fuel has low potency for
slagging and fouling phenomena in boiler during the
combustion process.
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ABSTRACT
APRIL Indonesia in Kabupaten Pelalawan - Riau Province is one of the companies under RGE Group
involved in the manufacture of pulp & paper with a capacity of 2.8 million adts / year pulp and 0.8 million tons /
year paper. 88.5% of the energy required for the operation comes from biomass (black liquor, bark and nearby palm
industry waste products). Remaining 5.5% energy is met with Natural Gas and the balance 6.0% through Fossil
fuel. Overall power requirement is sourced from its own power generating units and runs without any support of
grid power. Power requirement of nearby township is also included in the operation. April Indonesia to conserve
energy and reduce fossil fuel usage is always looking for other renewable energy sources/ new energy efficient
methods of operation. Some projects under taken within the framework of energy efficiency include: (1) Methanol
recovery from Stripped off gas (SOG) from Evaporator plant to substitute Heavy Fuel Oil and Natural Gas at
Lime Kiln. (2) Bio-sludge of effluent treatment plant is processed along with black liquor to generate additional
energy in recovery boiler. (3) Use of alternative organic fuels like palm shell, empty fruit bunch, palm fruit fibre
etc. reduced fossil fuel usage.Energy efficient operation is continuously monitored and the specific consumption of
power, steam and water per adt of pulp and paper is in line with the best practices of the world.
Keywords: energy efficiency, fuel, sludge
1. Introduction
Stripped Off Gas
In the sulphate process, many different kinds of
contaminants such as methanol and sulphur containing
gases, TRS, are formed during the process. The foul
condensate is processed in the stripper where most
contaminations are removed as Stripper Off Gases
(SOG).
In APRIL Indonesia (Kerinci pulp mill) condensate
is cleaned in four strippers, one in each evaporation
line (4 unit evaporator)
1. Evaporation #1
In evaporation no.1 contaminated condensate
(foul condensate) is pumped to a pre-heater where
it is heated and the stripped from the stripper is
cooled. Hot contaminated condensate is then feed
to the stripper. Most of the steam from the stripper
is condensed in a heat exchanger where black liquor
is used as cooling media. Stripper gas from heat
exchanger is piped to cooler using warm water as
cooling media. Condensate from the condensers is
feed as reflux to top of the stripper. Stripped off gas
is piped to methanol plant #1.
2. Evaporation #2 and Evaporation #3
The stripper system is evaporation no 2 and no
3 consist of one pre-heater in which the condensate
to the stripper is heated and the cleaned condensate
from stripper is cooled. The steam to the stripper is
120

produced in a re-boiler where low pressure steam is
condensed. Live steam condensate from re-boiler is
piped to a flash tank where the condensates flashed off
some steam to stage no 2 and stage no 3 in evaporation
line.
Low pressure steam is produced in a steam
generator where most of the steam from the stripper
is condensed. Condensate from the flash tank is
pumped to the steam generator where it is evaporated.
Stripped gas from the steam generator is piped to a
trim condenser in order to adjust the concentration of
methanol in SOG (SOG is piped to methanol plant
#1). Warm water is heated in the trim condenser.
Condensate from the steam generator and trim
condenser is pumped as reflux to top of the stripper.
3. Evaporation #4
Contaminated condensate is pumped through a
pre-heater to the stripper. In the pre-heater
the contaminated condensate is heated and cleaned
condensate is cooled. Steam from effect 1 is used as
stripped steam. Steam from the stripper is piped to
effect no 2 where most of the steam is condensed.
Stripper gas from effect no 2 is lead to a trim condenser
where the concentration is adjusted by cooling with
warm water. The condensate from effect no 2 and
the trim condenser is piped to a pump tank and then
pumped to the top of the stripper as reflux. Stripped off
gas from stripper trim condenser is piped to methanol
plant #2.
Stripper off gas from evaporation #1, #2, #3
arepiped to Methanol plant #1 and evaporation #4 is
piped to Methanol plant #2.
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Methanol Plant
The gases that are taken out from the stripper
contain amount of contaminants. The methanol
system:
• Stripped off Gas (SOG) is processed in the
methanol column to receive combustible methanol,
CNCG and condensate.
• The methanol column is required to facilitate the
separation and destruction of the contaminants
formed in the sulphate pulp mill.
• CNCG is separated from the methanol and sent to
combustion
• Methanol is collected in the methanol tank before
sent to combustion.
The methanol after the methanol system contains
less than 20 w% water and also different amount
of TRS gases. The methanol and the TRS gases are
normally taken to the lime kiln, recovery boiler or
power boiler.
• Methanol plant equipment:
• Methanol column
• Partial condenser
• Final condenser
• Methanol tank
• Condensate pump
• Methanol pump
Technical data Methanol plant in Kerinci pulp mill APRIL Indonesia (2 unit) as Table 1.
Sludge Handling (Press Sludge and Bio-sludge)
Press Sludge (Mixed Sludge): Sludge originating
from different process of the plant was combined in a
sludge mixing tank i.e. primary sludge and secondary
sludge.
The mixed sludge is pumped to six lines sludge
dewatering, where water is separated from sludge by
rotary screen thickener and screw press with helping
chemical PAC & Polymer. The dewatered sludge

will be transferred and mixed with bark then fired in
power boiler. The filtrate water is pumped back to the
equalization basin.
There are 6 unit screw press with total capacity
264 BDT/day. (@ 38 BDT/day is 2 unit, @ 47 BDT/
day is 4 unit). Sludge feed consistency to rotary
screen is 2% and 15% as outlet of rotary screen then
feed to screw press and outlet consistency become >
30%.
Bio-sludge: Sludge generated in activated sludge
process collected and process through centrifuge with
helping chemical Polymer. Sludge mixed with black
liquor and fired in recovery boiler through evaporator
processing. Detail of bio-sludge handling as follow:
• Separation of bio-sludge by centrifuge
• Inlet consistency centrifuge 2% and outlet
consistency > 16%
• TSS filtrate < 500 mg/l
• Sludge burning in recovery boiler through
evaporator
• Capacity 92 TPD (4 unit, @ 23 TPD)
Objective
The objective of implementation methanol plant
is utilization stripped off gas in methanol plant which
usually is burned directly in boiler or incinerator but
after methanol plant is provided so stripped off gas
is processed to separate methanol with low water
content then use as fuel (source of energy) in kiln
or boiler.
The objective of implementation sludge from
effluent treatment firing in power boiler (press sludge)
and sludge firing in recovery boiler (bio-sludge) is
utilize solid waste as source of energy and reducing
solid waste.
Methodology
Proven technology is available for methanol
recovery. Visited other plants where this technology
is already working. Discussed with customers first and

Table 1. Technical data Methanol plant in Kerinci pulp mill - APRIL Indonesia (2 unit)
No.
1
2
3
4
5

Parameter

Unit

Supplier
No. of plants
Methanol Production
Concentration
Caloric Value of Methanol

T/day
%
kcal/kg
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Value
Metso Power AB Sweden
2 Unit
Per unit
Total
32.4
64.8
80.0
80.0
4500 - 4800
4500 - 4800

121

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Table 2. The Production of Methanol and Sludge
Year

Methanol Production

Heavy Oil Equipment

CO2 Reduced

Ton

Ton/day (Average)

m

Ton CO2

2010

4,448

29

2,192

6,700

2011

13,352

37

6,580

20,112

2012 (Jan-Oct)

12,248

40

6,036

18,450

3

Methanol Calorific Value=4,770 Kcal/kg
HFO Calorific Value=10,480 kcal/kg
CO2 Emission by HFO=76,6 kg CO2/TJ

Table 3. Bio-sludge and Press Sludge Fired in Boilers
Year

2008

2009

2010

2011

2012 (Jan-Oct)

Press Sludge (BDT)

25,938

40,747

59,836

65,277

50,380

Bio Sludge (BDT)

9,702

6,626

5,098

7,560

7,028

Total Sludge Fired in Boilers (BDT)

35,639

47,373

64,934

72,837

57,408

got first hand information of any issues and results
were encouraging. Contacted the supplier Metso
Sweden and gave the green signal for the project.
Result & Discussion

References
[1] Safety - Operation - Maintenance Methanol Plant
(RAPP – Metso)
[2] Effluent Treatment Plant Overview (RAPP)
[3] Operating Manual of Evaporator plant

Methanol plant project was started in March 2010
and methanol can be produced in August 2010. The
bio-sludge system was started in 2007. The production
of methanol and sludge can be shown as Table 2 and
Table 3.
5. Conclusion
The methanol plant is a very important part in
the sulphate process. It makes it possible to remove
methanol and concentrated non condensable gases
(CNCG) which are taken to destruction. It is not only
an environment improvement system but also uses it as
re-new able energy. The sludge (bio-sludge and mixed
sludge) is burnt in boiler to minimize the generation
of solid waste and also recover the heat value. The
material become as an additional source of energy.
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A Practical Method to Control Vessel Picking in Uncoated Wood Free Papers
Ratna Kumala
PT. Riau Andalan Kertas, Pekanbaru-Riau, Indonesia

ABSTRACT
PT. Riau Andalan Kertas produce Paper One, APRIL’s flagship brand of premium quality uncoated wood
free (UCWF) papers. APRIL operates plantations growing both Acacia and Eucalyptus hardwoods that are
processed into ECF bleached hardwood kraft pulp. The naturally occurring vessel cells that transport water within
the tree remain inside the pulp where, left untreated, can cause problems as the paper is used in the offset printing
process. Vessel picking can become a problem for printers because vessels are weakly bonded within the paper
web. For example, when the paper passes through the offset press weakly bonded vessels may be transferred to the
blanket creating “voids” in the ink coverage, creating a rectangular shaped spot in the printed image. This paper
describes a 6 steps methodology to control the issue of vessel picking in UCWF production : (1) Adjust the pH,
temperature and consistency of the hardwood kraft slush pulp within the range that can support enzyme activity
and provide homogenous mixing of the enzyme with the slurry. (2) Adding a blend of enzymes that may include
[endogluconase, cellulase, and hemicellulase] to the pulp slurry. (3) Controlling the reaction time of the pulp slurry
and the enzymes at the requisite temperature and ph to allow the enzymes to begin breaking down the vessels
structure. (4) Mechanically refining the slush and enzymes in specific way to reduce the size of the vessels so they
become mechanically entangled in the paper web. (5) Using cassava based cationic starch to assist the bonding of
the broken down vessels into the paper web. (6) Heating the paper during the paper drying step to de-activate the
enzyme. After processing through the first 3 steps, the vessels are more flexible and responsive to the mechanical
actions of refining so that the vessels become broken down and can be firmly anchored within the paper web by
the application of cationic starch. To summarize: vessels cannot be removed in the pulping and bleaching process.
If left untreated these vessels tend to pick off the paper surface during printing process. By applying the 6 step
method in the paper making process, the vessel picking problem in offset printing can be reduced to zero.
Keywords: vessel picking, uncoated wood free, acacia, eucalyptus, hardwood, ECF, kraft pulp
1. Introduction
1.1. Vessel Picking
The vessels are composed of single cells. The
length of vessel cells is shorter than the fibers and
the diameter of vessels are depending on the variety
of woods. Generally, there are 3 – 25 vessels per
mm2 for the hardwood. Because of the vessels cell is
similar with the fiber cells, it could not be separated
in the pulp making process. The vessel cells will be
accumulated in the pulp slurry and it will be carried
the paper product. This problem is not only for
tropical hardwood but also for Europe’s and Canada’s
hardwood. The vessels influence to the paper properties
especially for strength and bonding (runnability),
surface roughness and surface strength (printability).
The vessel cells could not bonding well and contribute
little to the paper strength. It will cause a problem in
the fine paper that is made from hardwood pulp. Some
of vessels in the paper surface tend to be picked off by
the ink tackiness of the printing press. It will create a
small white spots in the solid printed areas.
1.2. Pulp Slurry
Main pulp slurry that is used to make fine paper
in APRIL comes from tropical hardwood. For vessel

enzyme application, the pulp slurry should be adjusted
for supporting the enzyme activity. The pulp slurry in
the storage tower has a consistency of 10% (±3) and
at the dilution zone the consistency is reduced to 5%
(±1) by adding the dilution water. In this step the pH
and temperature should be adjusted;
The pH of slurry is adjusted by using an alkali
donor either NaOH or Na2HCO3 to 6.5 – 7.5. The
alkali donor is added to the dilution water prior to the
dilution water coming to contact with the pulp slurry.
This provides proper mixing and dispersion of the
alkali donor. The temperature of slurry is adjusted to
50 - 55 °C by allowing sufficient latency time in the
high density storage tower prior to the dilution step.
1.3. Enzyme
Additional vessel enzyme is not only solved the
vessel problem in the paper surface. The enzyme
is derived from the natural sources that apply to
bio-refining of hardwood fibers for improving the
paper properties and reducing the refining energy
consumption. The vessel enzyme is added to the
dilution water prior to meeting the pulp slurry to
provide proper mixing and homogenous dispersion of
the enzyme within the pulp slurry. Enzyme addition is
in the range of 0.3 to 0.5 kilogram of enzyme solution
per ton of oven dry pulp. The mixture of pulp slurry
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and enzyme will react in the pulp slurry dump chest
with agitation for 2 until 3 hours. The reaction time is
controlled by adjustment of level in the dump chest.
1.4. Refining
Refining process is an important role to
modification the characteristics of fiber. By refining
process the fibers become more flexible. It will give
good effect to the paper properties such as stiffness,
opacity, tear strength or the paper smoothness.
In this study, the pulp slurry is mixed with the vessel
enzyme before refined by using conical refiner. The
refiner is operated in between 57 to 117 kilometer per
revolution for both stator and rotor plates with speed
rotation rotor are 360 to 600 rpm. It will consume
the refining energy between 50 to 70 kWh per oven
dry ton of pulp. The consistency of pulp slurry is 5
± 0.2 percent. And the pH of slurry is controlled in
base condition (7 - 8) by adding Na2HCO3 prior to
the refiner.
1.5. Starch Addition
The paper contains starch derived specifically from
cassava to help the mechanical bonding of enzyme
and refiner degraded vessels into the paper web by
reinforcing the hydrogen bonds between the cellulose
fibers. The starch is added in the stock preparation stage
in the range of 4 to 5 kilograms per ton of air dry paper
as well as added at the size press in the range of 25 to
35 kilograms per ton of air dry paper. The objective of
this study is finding the way for eliminating the vessel
picking from the paper surface by some adjustment
such as; adjustment refining process, adjustment pH
of pulp slurry or adding the enzyme.
2. Methodology
The method allows the UCWF paper to be
produced such that the vessel cells present in the
tropical hardwood pulp are sufficiently degraded by

the action of the enzyme plus the mechanical action
of refining to allow the vessel cells to be mechanically
incorporated into the paper web to a sufficiently high
degree that they are not picked out of the finished
paper during commercial printing. The method relates
to making UCWF grades of paper in the basis weight
range of 40 to 200 g/m2 but specifically in the basis
weight range of 50 to 120 g/m2 while the moisture
content of the paper will be 5% (±2.5%).
The paper has an oven dry cellulose fiber content
of 60% to 80%. The cellulose fiber content of the
paper is comprised of tropical hardwood pulp 60%
to 100% and BSWKP (bleached softwood kraft pulp)
0% to 40%. The tropical hardwood pulp is made up
of cellulose fibers derived from blends of Acacia
Mangium and Acacia Crassicarpa in the range of
50/50 to 100/0 and 0/100 respectively.
The BSWKP is made up of cellulose fibers derived
from Radiata Pine, Douglas Fir, Sitka Spruce, Slash
Pine, or any other coniferous wood species. The paper
contains from 10% to 30% by oven dry weight of either
or both ground calcium carbonate and precipitated
calcium carbonate. The degree or amount of vessel
pick out is measured using a laboratory printing device
called IGT test equipment. The IGT test equipment
applies a fixed volume of standardized viscosity ink to
a press roll then applies the ink to the test paper with a
standardized force. After the sample strip is printed the
quantity of vessel pick outs are counted and reported
as vessel picks per area of printed paper. This IGT
printing method is used to determine the efficacy of
the vessel treatment method.
3. Result and Discussion
Fig. 1 shows the effect of energy refining to the
amount of vessel picking in the paper surface. When
the refining energy consumption is 40 sec (kWh/t),
the IGT test result found more that 120(#/60cm2)
of vessels. When the refining energy increased to 80
sec (kWh/t), the numbers of vessels that are found
dramatically reduce to 20 (#/60 cm2).

Figure 1: Refiner Energy & Vessel Picking by IGT Test
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Figure 2: Refiner Energy & Vessel Picking by IGT Test

The main function of refiner is made the fiber more
swelling and fibrillation of fibers. The refining process
also cut the fiber to the small size. From this process
is expected that the vessel also cut to the smaller size
but it will cause negative effect to the next process of
paper making. High number of fiber cutting will create
high fines in the slurry that can effect to significant
fiber loss and strength reduction.
Adding vessel enzyme before refining process aims
to make the vessel softer. During refining process,
the vessel will break to the small size or flatten for
accommodating better bonding in the paper surface.
4. Conclusion
There are 6 steps that can be applied in the UCWF
paper making process to make the vessels are more
flexible and responsive to the mechanical actions of
refining so that the vessels become broken down and
can be firmly anchored within the paper web:
1. Adjust the pH, temperature and consistency of the
hardwood kraft slush pulp to range that can support
enzyme activity and provide homogenous mixing
of the enzyme with the slurry.
2. Adding a blend of enzymes to the pulp slurry.
3. Controlling the reaction time of the slurry and
the enzymes at the requisite temperature and ph
to allow the enzymes to begin breaking down the
vessels structure.

4. Mechanically refining the slush and enzymes in
specific way to reduce the size of the vessels so
they become mechanically entangled in the paper
web.
5. Using cassava based cationic starch to assist the
bonding of the broken down vessels into the paper
web.
6. Heating the paper during the paper drying step to
de-activate the enzyme.
7. By applying these steps the amount of vessels will
be almost zero.
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ABSTRACT
Demands for paper-type products are related with urbanization, modernization and changes in life styles.
As the population of the country becomes more and more urbanized and living standards improve, there will be
a growing demand for paper products. An example of such paper product is tissue. This study reports the effects
of different concentration of sodium hydroxide on paper properties with a grammage of ca. 25 gsm (tissue paper
equivalent). Strength properties were found to be optimised between 3% and 5% of NaOH concentration.
Keywords: cold soda, NaOH, EFB, chemi-mechanical pulping process, Elaeis guinensis
Introduction
Historically, the cold soda-type process was first
patented in Germany in 1919 by Erich Opferman for
producing pulp from straw, reeds and other nonwood
plant materials by simultaneous treatment with sodium
hydroxide at ambient temperature and mechanically
fiberizing or refining the pulp [1].Hence, the process
is a semi chemical-type pulping method and it is
probably the least expensive of all chemical or semi
chemical processes now available.
Basically, it involves the treatment of the raw
material with sodium hydroxide at atmospheric
conditions at ambient temperature, followed by
mechanical defibration or refining [2]. It is thought
that the action of the alkali causes uneven swelling in
the fiber wall, inducing stresses that cause the primary
and outer secondary fiber walls to be shed during
mechanical refining. The resulting exposed S2 layer
has the potential for good interfiber bonding. Only a
small amount of lignin is removed in the process, with
the bulk of the yield loss associated with extractives
and hemicellose [3].
An interesting feature of the soda cold process
is its high yield. Even though the pulps produced
have fair papermaking properties, it is nevertheless
sufficient for production of papers such as corrugating
board and tissue, the latter product is of interest to us
in this study.
In Malaysia, the palm oil milling sector generates
millions of metric tons of oil palm wastes annually.
These include the empty fruit bunch (EFB) generated
at the oil mill, the oil palm frond (OPF) available
throughout the year and the oil palm trunks (OPT)
which are generated at felling. Within the cluster of
biomass in this country, the oil palm wastes constitute
94% of the lignocellulosic materials[4] with 36
million tons of EFB[5] milled for its vascular bundles
also known as the dried long fiber.
Comparing OPT and OPF, EFB is the most suitable
raw material for pulping and papermaking as it has
lower lignin content, high cellulose content, moderate
126

level of extractives and acceptable level of starch.
Besides reducing environmental impacts from waste
accumulation, EFB utilization for pulp production
can also help Malaysia to be independent of imported
fibres [6].
Experimental Procedure
Sample Preparation
Oil palm empty fruit bunch (OPEFB) used was
obtained from the oil palm mill in Malaysia. The EFB
was immersed in tap water and was washed thoroughly
so that the dirt will go off. Then the EFB was cut to
shorten the length in order to ease the refining of the
sample.
Pre-Treatment
The EFB samples were soaked in different NaOH
concentration for 24 hours at ambient temperature.
The concentration of NaOH used was 0%, 1%, 3%,
5%, 7% and 10%. The samples were then rinsed with
cold tap water to remove the alkaline medium before
undergoing the refining stage.
Refining Stage
The impregnated EFB was refined using the Sprout
Bauer Disk Refiner. The refining process was repeated
for two cycles, after which the pulp was screened by
using a Sommerville screener, placed in plastic bags
and kept in the refrigerator
Results and Discussions
Generally, the result of the alkaline treatment
shows that the freeness is reduced and the papermaking
properties like tensile increases with pH. This is
because the increase in pH will change the medium
to become more alkaline. Alkali treatment does have
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effects on the swelling of cellulose fibers and the
degree of swelling depends on the alkali concentration
[7] and thus causing more hydrogen bonding to form
and become more flexible. Hence the strength will
also increase.
The important modification done by alkaline
treatment is the disruption of hydrogen bonding in
the network structure, thereby increasing surface
roughness. This treatment removes a certain amount
of lignin and wax covering the external surface of the
fibres cell wall, depolymerises cellulose and exposes
the short length crystallites. Addition of sodium
hydroxide to natural fibres promotes the ionization of
the hydroxyl group to the alkoxide [8].

The result is an increase in fibres length and decrease
in total fines. With the increasing amount of NaOH,
the softened and flexible EFB are likely to pass more
readily through the refiner without breaking. Thus
fiberization occurs but with fewer percentage of fines.
Freeness is an indirect measure of water flow rate.
Longer fibres length and fewer fines increase mat
freeness for water flow [11].

Fibre – OH + NaOH → Fibre – O – Na + H2O
Thus alkaline processing directly influences the
cellulosic fibril, the degree of polymerization and the
extraction of lignin and hemicelluloses compounds
[9].
It is reported that alkaline treatment can increase
the surface roughness of the fibres, resulting in
better mechanical interlocking and also increases the
amount of cellulose exposed on the fibres surface thus
increasing the number of possible reaction sites [10].

Figure 2: The relationship Between Density and
NaOH Concentration
Density (Fig. 2) increases with increasing of the
percentage of the NaOH. Density is a direct measure
of fibres packing and arrangements in hand sheets.
The presence of NaOH acts as a swelling agent and as
a dilutant to facilitate good penetration of NaOH into
the cellulose structure thus promoting swelling as well
as changing the mechanism of the fibres [2]. Alkali
treatment could also cause removal of lignin from the
untreated fibres surface. Removal of lignin will reduce
the weight, promote swelling of the fibres and thus
create a better bonding among fibres [12]. When fibres
swells, more inter and intra-hydrogen bonding are
formed and thus a dense sheet is produced. Increasing
the NaOH percentage helps to form better bonding
between the fibres hence increasing the density.

Figure 1: The Relationship Between Freeness of
Paper and NaOH Concentration
Fig. 1 shows the effects of freeness with increase
of sodium hydroxide concentration from 0% to 1%.
The freeness, or drainage rate is related to the surface
conditions and swelling of fibres. Besides these
factors, the result is dependent also on conditions
under which the test is carried out, such as stock
preparation, temperature and water quality. From the
figure, it can be seen that there is a sudden decrease
in freeness followed by a gradual increase followed
by a plateau region above 5% NaOH concentration.
Sodium hydroxide is a swelling and softening
agent in wood that influences refiner effects. As the
concentration of NaOH increased, the EFB became
less brittle and compressed more easily, allowing the
fibres to separate more readily rather than breaking
into shorter fibres and fines during the refining step.

Figure 3: The Relationship Between Tensile Index
of Paper and NaOH Concentration
Fig. 3 shows the effects of tensile strength (as
measured by tensile index) upon addition of NaOH
which shows tensile increases with addition of NaOH
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(until ca. 5%). Tensile strength mostly depends on
the total and quality of fibres bonding in the paper.
As discussed earlier, the addition of NaOH causes
the fibres to swell and consequently increases the
fibres surface area which can lead to increase fibresto-fibres contact area. As a result, more inter fibre
hydrogen bonds are formed and the fibres bonding
strength increases, hence the observed tensile strength.
However, further increase in NaOH results in a drop in
tensile index. This could be attributed to fibres damage
cause by the chemical reaction with NaOH during
treatment and thus causing the decreasing pattern as
observed in the figure [12].

Figure 4: The Relationship Between Tearing Index
and NaOH Concentration
The effect of tearing strength on NaOH
concentration is shown in Fig. 4, where initially,
tensile index decreases, followed by an increment
and later decreases gradually upon addition of
NaOH concentration. Tear index depends on various
parameters such as fiber length strength and fiber
bonding [13].The initial drop in tear index is most
likely due to experimental errors. An increase in tear
index at lower NaOH dosages is probably due to
increase in fiber bonding as a result delignification,
however at higher NaOH concentration, tear index
decreases due to shorter fiber length as a consequence
of alkaline hydrolysis of the fibers.
Conclusion
The effect of NaOH percentage does have effect
on paper-type products. Addition of alkaline medium
helps to increase certain properties such as tensile
strength. However, if the NaOH percentage is too
high, the paper properties decrease presumably due to
damage of the fibres. The optimised NaOH percentage
was shown to be between 3% and 5%.
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ABSTRACT
This paper presents development and applications of Control Systems (CS). Several characteristics of
CS can be linked to human behavior. CS can “think” in the sense that they can replace to some extent, human
operation. CS can distinguish between open-loop and closed-loop CS and it is a concept or principle that seems
to fundamental in nature and not necessarily peculiar to engineering. In human social and political organizations,
for example, a leader remains the leader only as long as she is successful in realizing the desires of the group. CS
theory can be discussed from four viewpoints as: an intellectual discipline within science and the philosophy of
science, a part of engineering, with industrial applications and Social Systems (SS) of the present and the future.
In global communication, developed countries and developing countries should build several attractive and sound
symbiosis bridges, to prevent loss of universe balances. CS applications have social impacts not only in developed
countries but also in developing countries. A new work force strategy without denying the existing of CS is
established by retooling the work forces, thus the challenges of social impacts could be answers wisely and would
be bright opportunities to improve human standards of living.
Keywords: CS, SS, social impacts, human standards of living
I. Introduction
Control System (CS) is used to control position,
velocity, and acceleration is very common in industrial
and military applications. They have been given the
special name of servomechanisms. With all their many
advantages, CS in advertently act as an oscillator.
Through proper design, however, all the advantages of
CS can be utilized without having an unstable system.
Several characteristics of CS can be linked to
human behavior. CS can “think” in the sense that
they can replace to some extent, human operation.
CS can distinguish between open-loop and closedloop CS and it is a concept or principle that seems
to fundamental in nature and not necessarily
peculiar to engineering. In human social and olitical
organizations, for example, a leader remains the leader
only as long as she is successful in realizing the desires
of the group. CS theory can be discussed from four
viewpoints as: an intellectual discipline within science
and the philosophy of science, a part of engineering,
with industrial applications and social problems of
the present and the future. In global communication,
developed countries and developing countries should
build several attractive and sound symbiosis bridges,
to prevent loss of universe balances. CS applications
have social impacts not only in developed countries
but also in developing countries.
II. Human Control Systems (CS)
The relation between the behavior of living
creatures and the functioning of CS has recently
gained wide attention. Wiener implied that all systems,

living and mechanical are both information and CS.
Wiener suggested that the most promising techniques
for studying both systems are Information theory and
CS theory.
Several characteristics of CS can be linked to
human behavior. CS can “think” in the sense that
they can replace to some extent, human operation.
These devices do not have the privilege of freedom
in their thinking process and are constrained by the
designer to some predetermined function. Adaptive
CS, which is capable of modifying their functioning
in order to archive optimum performance in a varying
environment, have recently gained wide attention.
These systems are a step closer to the adaptive
capability of human behavior.
The human body is, indeed, a very complex and
highly perfected adaptive CS. Consider, for example,
the human actions required to steer an automobile.
The driver’s object is to keep the automobile traveling
in the center of a chosen lane on the road. Changes in
the direction of the road are compensated for by the
driver turning the steering wheel. The driver’s object
is to keep the input (the car’s desired position on the
road) and the input (the car’s desired position on the
road) as close to zero as possible.
Fig. 1. illustrates the block diagram of the CS
involved in steering an automobile. The error detector
in this case is the brain of the driver. This in turn
activates the driver’s muscles, which control the
steering wheel. Power amplification is provided by
the automobile’s steering mechanism, which controls
the position of the wheels. The feedback element
represents the human’s sensors (visual and tactile). Of
course, this description in very crude, any attempt to

© 2013 Published by Center for Pulp and Paper through REPTech2012

129

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

construct a mathematical model of the process should
somehow account for the adaptability of the human
being and the effects of learning, fatigue, motivation,
and familiarity with the road.
CS process as that found in physical, biological,
and social systems. Many systems control themselves
through information feedback, which shows
deviations from standards and initiates changes. In
other words, systems use some of their energy to
feedback information that compares performance with
a standards and initiates corrective action.
The house thermostat is a system of feedback and
information control. When the house temperature falls
below the preset level, an electric message is sent to
the heating system, which is then activated. When
the temperature increases and reaches the set level,
another message shut off the heater. This continual
measurement and turning on and off the heater keeps
the house at the desired temperature. A similar process
activates the air-conditioning system. As soon as
the temperature exceeds the preset level, the airconditioning system cools the house to the desired
temperature. Likewise, in the human body, a number
of CS control temperature, blood pressure, motor
reactions, and other conditions. Another example of
feedback is the grade a student receives on a midterm
test. This is intended, of course, to give the student
information about how he or she is doing and, if
performance is less than desirable, to send a signal
suggesting improvement.
III. Control Systems (CS) in Physical Systems
CS is to be found in almost every aspect of our
daily environment. In the home, the refrigerator
utilizes a temperature-control system. The desired
temperature is set and a thermostat measures the
actual temperature and the error. A compressor motor
is utilized for power amplification. Other applications
of control in the home are the hot-water heater, the
central heating system, and the oven, which all work

on a similar principle. We also encounter CS when
driving our automobile. CS is used for maintaining
constant speed (cruise control), constant temperature
(climate control), steering, suspension, engine control,
and to control skidding (antiskid system).
In industry, the term automation is very
common. Modern industrial plants utilized robots
for manufacturing temperature controls, pressure
controls, speed controls, position controls, etc.
The chemical process control field is an area where
automations have played an important role. Here, the
CS engineer is interested in controlling temperature,
pressure, humidity, thickness, volume, quality, and
many other variables. Areas of additional interest
include automatic warehousing, inventory control and
automation of farming.
In this section, it is presented the state of the CS
field by illustrating its application in the following
important aspects of engineering: robotics, space
travel, commercial rail and air transportation,
military systems, surface effect ships, hydrofoils and
biomedical CS.
IV. CS in Industrial Robots
A new work force strategy without denying the
existing of CS is established by retooling the work
forces, thus the challenges of social impacts could be
answers wisely and would be bright opportunities to
improve human standards of living.
In manufacturing plants in several countries, there
has been a large-scale increase in the usage of CS for
industrial robots, which are programmable machine
tools designed in many cases to accomplish arduous
or complex tasks. Although there has been some
opposition to the fact that robots often replace human
labor, but the trend toward robotics will continue, and
on balance, be beneficial to the national economy.
CS developments of the last decade are likely to
have as profound a potential impact on productivity,
labor markets, working conditions, and the quality of

Fig. 1. Steering of An Automobile: A Feedback Control System Involving Human Capability
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life in the developed countries as the introduction of
robot into workplace. The conclusions can be reached
based on four factors below.
1. The estimate of the number of jobs that could be
performed by is relatively small.
2. Almost all of these workers would be spared forced
unemployment because of retraining and in some
cases the job attrition that occurs through normal
retirement.
3. Total employment is a function of real economic
growth: robots can have a positive effect on real
economic growth and, therefore, a positive effect
on total employment.
4. In 10 years, retraining programs can adequately
shift displaced workers to new careers. In fact,
the main challenge posed to policymakers by
increased use of robots is not unemployment but
need for retraining.
History shows that labor-saving techniques
have led to improved living standards, higher real
wages, and employment growth. In large measure,
the robotics revolution is merely a continuation of
a centuries-long trend that has resulted in enormous
material progress. Protection from job loss can come
through retraining programs. Working condition and
job safety will improve as robots take over dangerous
and undesirable forms of works.
Technological advances in computers and
microprocessors are increasing the sophistication
of robots, giving them some “thinking” capacity
that increase potential uses. The key to usage in
such area as office work depends in large part on
the ability to develop “intelligent” robots capable
of performing tasks that vary somewhat over time.
Some industry observers believe breakthroughs may
allow for extensive introduction of robotics in nonmanufacturing tasks within a few years.
Three important dimension of the growth of
robotics are subjects to economic analysis, which are
the determinants of the magnitude of the growth of the
robotics industry, the impact robotics unemployment,
and the impact that robots will have on wages, profits
and prices.
There are two reasons for the growth in the use of
robots, one related primarily to supply and the second
primarily to demand. In the long run, robots will be
increasingly utilized because the cost of traditional
labor-intensive techniques is rising over time, while
the cost of the capital-intensive robotic techniques is
falling relative to prices generally. These costs decline
because the technological advances in robotics lower
the capital costs of robots per unit output.
On the other hand, some government policies
may speed robotic introduction. For example, where
environmental regulations lower worker productivity
or raise capital costs associated with the traditional CS,
the traditional technique cost line will shift upward,

advancing the date at which robotic adoption becomes
profitable.
Important changes in the composition of the work
force have occurred over the past four decades and, in
some opinions, even more massive changes lie ahead
as many thousands of low-skill jobs are eliminated
while at the same time large numbers of new jobs
are created to meet the demands of technological
advance. If serious employment displacement effects
are to be avoided, development of broad-scale training
programs in which the private sector plays a key role,
in concert with various governmental bodies will be
required.
V. Control System (CS) Theory
CS theory is needed for obtaining the desired
motion or force needed; sensors for vision and
computers for programming these devices to
accomplish their desired tasks. Just what is CS
theory? Who or what is to be controlled and by
whom or by what, and why is it to be controlled? In
a nutshell, CS theory, sometimes called automation,
cybernetics or systems theory is a branch of applied
mathematics that deals with the design of machinery
and other engineering systems so that these systems
work, and work better than before.
As an example, consider the problem of controlling
the temperature in a cold lecture hall. This is a standard
engineering problem familiar to us all. The thermal
system consists of the furnace as the heating source, and
the room thermometer as the record of the temperature
of the hall. The external environment we assume fixed
and not belonging to the thermodynamic system under
analysis. The basic heating source is the furnace, but
the control of the furnace is through a thermostat, the
thermostat device usually contains a thermometer
to measure the current room temperature and a dial
on which we set the desired room temperature. The
control aspect of thermostat is that it compares the
actual and the desired temperatures at each moment
and then it sends an electric signal or control command
to the furnace to turn the fire intensity up or down. In
this case, the job of the CS engineer is to invent or
design an effective thermostat
Let us next look at a CS problem from biology.
Parts of the world are being overrun by an increasing
population of rats. Here the system consists of the
living population of rats and the environmental
parameters that affect that population. The natural
growth of the rat population is to be controlled to near
some desired number, say, and zero. Here the job of
the CS engineer is to build a better mouse-trap.
From this viewpoint CS theory does not appear
too sinister. On the other hand, it does not seem too
profound. So let us elaborate on the structure of CS
theory to indicate the reasons why many scientists
believe this subject is important. To organize these
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ideas, it shall be discussed CS theory from two
viewpoints:
1. as an intellectual discipline within science and the
philosophy of science,
2. as a part of engineering, with industrial applications
and as a force in the world related to social
problems of the present and the future.
5.1. CS theory is a Teleological Science
First consider the philosophical position of the
discipline of CS theory. Within the framework of
metaphysics, CS theory is a teleological science. That is,
the concepts of CS involve ideas such as purpose, goalseeking and ideal or desirable norms. These are terms
of nineteenth century biology and psychology, terms of
evolution will and motivation such as were introduced
by Aristotle to explain the foundations of physics, but
then carefully exorcized by Newton when he constructed
a human geometric mechanics. So CS theory represents
a synthesis of the philosophies of Aristotle and Newton
showing that inanimate deterministic mechanisms
can function as purposeful self-regulating organisms.
Recall how the inanimate thermostat regulates the room
temperature towards the agreed ideal.
5.2. CS is an Information Science

5.4. Development of CS theory

Another philosophical aspect of CS theory is that it
avoids the concepts of energy but, instead, deals with
the phenomenon of information in physical systems.
If we compare the furnace with the thermostat we note
a great disparity of size and weight. The powerful
furnace supplies quantities of energy: a concept
of classical physics. Thus CS theory rests on a new
category of physical reality, namely information,
which is distinct from energy or matter. Possibly, this
affords a new approach to the conundrum of mind
versus matter, concerning which the philosophical
remarked,
“What is matter? - Never mind
What is mind? - No matter”
But what are the problems, methods and results
of CS theory as they are interpreted in modern
mathematical physics or engineering? In this sense CS
theory deals with the inverse problem of dynamical
systems. That is, suppose we have a dynamical system,
for example many vibrating masses interconnected by
elastic springs. Such a dynamical system is described
mathematically by an array of ordinary differential
equations that predict the evolution of the vibrations
according to Newton’s laws of motion.
5.3. CS in Nature and in Humanity
CS can distinguish between open-loop and
closed-loop CS and it is a concept or principle that
132

seems to fundamental in nature and not necessarily
peculiar to engineering. In human social and political
organizations, for example, a leader remains the
leader only as long as she is successful in realizing
the desires of the group. If she fails, another is elected
or by other means obtains the effective support of the
group. The system output in this case is the success of
the group in realizing its desires. The actual success is
measured against the desired success, and if the two
are not closely aligned, that is, if the error is not small,
steps are taken to ensure that the error becomes small.
In this case, control may be accomplished by deposing
the leader. Individuals act in much the same way. If our
study habits do not produce the desired understanding
and grades, we change our study habits so that actual
result becomes the desired result.
Because CS is so evident in both nature and
humanity, it is impossible to determine when CS was
first intentionally used. Newton, Gould, and Kaiser’
cite the use of feedback in water clocks built by the
Arabs as early as the beginning of the Christian era,
but their next references is not dated until 1750. In
the year Markle invented a device for automatically
steering windmill into the wind, and this was followed
in 1788 by Watt’s invention of the fly-ball governor for
regulation of the steam engine.

However, these isolated inventions cannot be
construed as reflecting the application of any CS
theory. There simply was not theory although at
roughly the same time as Watt was perfecting the
fly-ball governor both La Place and Fourier were
developing the two transform methods that are now so
important in electrical engineering and in CS theory
in particular. The final mathematical background
was laid by Cauchy, with his theory of the complex
variable. It is unfortunate that the readers of this
text cannot be expected to have completed a course
in complex variables, although some may be taking
this course at present. It is expected, however,
that the reader is versed in the use of the La Place
transform. Note the word use. Present practice is to
begin the use of La Place transform methods early
in the engineering curriculum so that, by the senior
year, the student is able to use the La Place transform
in solving linear, ordinary differential equation with
constant coefficients. But no until complex variables
are mastered does a student actually appreciate how
and why the La Place transform is so effective. In
this text we assume that the reader does not have
any knowledge of complex variables but does have a
working knowledge of La Place transform methods.
Although the La Place transform is the mathematical
language of the CS engineer, in using this book the
reader will not find it necessary to use more transform
theory.
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Although the mathematical background for CS
engineering was laid by Cauchy (1789-1857), it was
not until about 75 years after his death that an actual
CS theory began to evolve. Important early papers
were “Regeneration Theory,” by Nyquist, 1932, and
“Theory of Servomechanisms,” by Haze, 1934. World
War II produced an ever-increasing need for working
CS and thus did much to stimulate the development
of a cohesive CS theory. Following the war a large
number of linear CS theory books began to appear,
although the theory was not yet complete. As recently
as 1958 the author of a widely used control text stated
in his preface that “CS are designed by trial and error.”.
In the early 1960s a new CS design method referred to
as modern CS theory appeared.
This theory is highly mathematical in nature
and almost completely oriented to the time domain.
Elementary conventional linear system and subsystem
modeling (again using computer tools) and approaches
to loop design: a comparison of traditional and
“intelligent” techniques; notions of self-tuning and
adaptive controllers.
.
5.5. Establishment of Standards
Because plans are the yardsticks against which
managers devise controls, the first step in the CS
process logically would be to establish plans.
However, since plans very in detail and complexity,
and since managers cannot usually watch everything,
special standards are established. Standards are, by
definition, simply criteria of performance. They are
selected points in an entire planning program at which
measure of performance are made so that managers
can receive signals about how things are going and
thus do not have to watch every step in the execution
of plans.
There are many kinds of standards. Among the
best are verifiable goals or objectives, as suggested in
the discussion of managing by objectives.
5.6. Measurement of Performance
Although such measurement is not always
practicable, the measurement of performance against
standards should ideally be done on a forward-looking
basis so that deviations may be detected in advance of
their occurrence and avoided by appropriate actions.
The alert, forward-looking manager can sometimes
predict probable departures form standards. In the
absence of such ability, however, deviations should be
disclosed as early as possible.
If standards are appropriately drawn and if means
are available for determining exactly what subordinates
are doing, appraisal of actual or expected performance
is fairly easy. But there are many activities for which
it is difficult to develop accurate standards, and there
are many activities that are hard to measure. It may

be quite simple to establish labor-hour standards for
the production of a mass-produced item, and it may
be equally simple to measure performance against
these standards, but if the item is customs-made, the
appraisal of performance may be a formidable task
because standards are difficult to set.
5.7. Correction of Deviations
Standards should reflect the various positions in
an organization structure. If performance is measured
accordingly, it is easier to correct deviations. Managers
know exactly where, in the assignment of individual or
group duties, the corrective measure must be applied.
Correction of deviations is the point at which
control can be seen as a part of the whole system of
management and can be related to the other managerial
functions. Managers may correct deviations by
redrawing their plans or by modifying their goals.
This is an exercise of the principle of navigational
change or they may correct deviations by exercising
their organizing function through reassignment or
clarification of duties. They may correct, also, by that
ultimate re-staffing measure-firing or, again, they may
correct through better leading-fuller explanation of the
job or more effective leadership techniques.
VI. Summary
1. CS is to be found in almost every aspect of our
daily environment.
2. The human body is, indeed, a very complex
and highly perfected adaptive CS. Consider, for
example, the human actions required to steer an
automobile.
3. CS is highly multidisciplinary, with issues and
features that are distinct from those of other
branches of engineering. These issues are numerous
and subtle, and often the most important aspects
depend on the seemingly most insignificant details.
4. Historically, the subject has advanced by
employing abstraction to extract principles that
are potentially applicable to a broad range of
applications. Unfortunately, this abstraction often
obscures the practical ramifications of important
ideas. A more concrete approach to the subject
an rejuvenate and reinvigorate education in this
exciting and important area of technology. Wiener
suggested that the most promising techniques for
studying both systems are information theory and
CS theory.
5. CS process as that found in physical, biological,
and social systems. Likewise, in the human body, a
number of CS control temperature, blood pressure,
motor reactions, and other conditions. The human
body is, indeed, a very complex and highly
perfected adaptive CS. Consider, for example, the
human actions required to steer an automobile.
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6. Let us next look at a CS problem from biology. Parts
of the world are being overrun by an increasing
population of rats. Here the system consists of the
living population of rats and the environmental
parameters that affect that population. The natural
growth of the rat population is to be controlled to
near some desired number, say, and zero. Here the
job of the CS engineer is to build a better mousetrap.
7. CS is to be found in industry, the term automation
is very common. Modern industrial plants utilized
robots for manufacturing temperature controls,
pressure controls, speed controls, position controls,
etc. The chemical process control field is an area
where automations have played an important role.
8. The philosophical position of the discipline of CS
theory within the framework of
metaphysics,
CS theory is a teleological science. That is, the
concepts of CS involve ideas such as purpose,
goal-seeking and ideal or desirable norms.
9. Another philosophical aspect of CS theory is that
it avoids the concepts of energy but, instead, deals
with the phenomenon of information in physical
systems. In this sense CS theory deals with the
inverse problem of dynamical systems.
10. Because CS is so evident in both nature and
humanity, it is impossible to determine when CS
was first intentionally used. Newton, Gould, and
Kaiser’ cite the use of feedback in water clocks
built by the Arabs as early as the beginning of the
Christian era, but their next references is not dated
until 1750. In the year 1788 by Watt’s invention
of the fly-ball governor for regulation of the steam
engine.
11. In the early 1960s a new CS design method
referred to as modern CS theory appeared. This
theory is highly mathematical in nature and
almost completely oriented to the time domain.
Elementary conventional linear system and
subsystem modeling (again using computer tools)
and approaches to loop design: a comparisonof
traditional and “intelligent” techniques; notions
of self-tuning and adaptive. Because plans are
the yardsticks against which managers devise
controls, the first step in the CS process logically
would be to establish plans. However, since plans
very in detail and complexity, and since managers
cannot usually watch everything, special standards
are established.
12. Standards are, by definition, simply criteria of
performance.
13. Although such measurement is not always
practicable, the measurement of performance
against standards should ideally be done on a
forward-looking basis so that deviations may
be detected in advance of their occurrence and
avoided by appropriate actions.
14. The alert, forward-looking manager can sometimes
134

predict probable departures form standards. In the
absence of such ability, however, deviations should
be disclosed as early as possible. Standards should
reflect the various positions in an organization
structure.
15. If performance is measured accordingly, it is easier
to correct deviations. Managers now exactly where,
in the assignment of individual or group duties, the
corrective measure must be applied. Correction of
deviations is the point at which control can be seen
as a part of the whole system of management and
can be related to the other managerial functions.
Managers may correct deviations by redrawing
their plans or by modifying their goals.
16. CS applications have social impacts not only
in developed countries but also in developing
countries. A new work force strategy without
denying the existing of CS is established by
retooling the work forces, thus the challenges
of social impacts could be answers wisely and
would be bright opportunities to improve human
standards of living.
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ABSTRACT
In relevant, density-based various fiberboards, i.e. low-density (insulation board), medium-density
(MDF), and high-density (hardboard) were experimentally manufactured using alternative fibrous materials), and
incorporating alternative additives (shrimp exoskeleton’s chitosan-glue and biomass-based activated charcoal).
The fibrous-material pulping for all those fiberboards employed an open hot-soda semi-chemical process. Physicalstrength properties of insulation board from wood-logging waste pulp using chitosan glue were comparable to
those using the conventional tapioca-glue, and mostly satisfied the standard (JIS). The addition of 5% activatedcharcoal slightly decreased board strengths but improved its dimensional-stability. Scrutiny on MDF Physicalstrength properties (aided with discriminant function and canonic correlation analysis) revealed that nypa-midrib
fibers were more prospective for MDF than coconut-coir fibers, indicating that particular positive basic and
pulping characteristics of nypa fibers dominated over their negative features. Nano-scale assessments strongly
indicated that individually strength of nypa fibers was greater than those of coconut-coir. Activated-charcoal
addition lowered the MDF formaldehyde-emission, but decreased its strengths. However, use of UF adhesive
improved those strengths. In properties, MDFs from nypa fibers remarkably outperformed those from coconutcoir fibers in complying with the JIS. Yet, coconut-coir fibers could still be prospective for MDF by mixing them
(pulp form) with nypa-fiber pulp (w/w) at 25%+75% and 50%+50% proportions. For hardboard from old rubber
wood, its physical-strength properties could mostly meet the British Standard. The addition of elemental-sulphur
to soda-cooking liquor significantly increased strength, and indicatively prompted the vulcanization reaction
(solidification) on the residual sticky latex exudates, thereby facilitating their manual-removal from the rubberwood pulp fibers. This greatly overcame such sticky disturbance in rubber-wood processing, and reduced darkcolored latex spots on hardboard surface.
Keywords: density-based various fiberboards; depleted typical fibrous raw materials; renewable alternative fibrous
materials; renewable alternative additives; shrimp-exosceleton chitosan-glue; biomass-based activated charcoal;
I. Introduction
Fiberboard belongs to the category of reconstituted
products from ligno-cellulosic raw materials, i.e.
wood or non-wood stuffs (straw, bamboo, bagasse,
coconut coir, empty oil palm bunches, other
agricultural residues, etc). Fiberboard is different from
particleboard in that it presents in the form of fibers
instead of particles. An adhesive is not always needed
for fiber bonding, since the lignin in the original raw
materials plays a role in fiber-to-fiber bonding. In
addition, interweaving between fibers also contributes
to such bond [1] [2] [3].
The stages in fiberboard processing involve
those of consecutively raw material preparation,
pulping, pulp processing/handling, mat formation,
and finishing. Pulping condition for fiberboard was
far milder than that for paper/paperboard, dissolving
pulp, and other cellulose derivatives. The pulping
136

usually employs semi-chemical process, TMP, or
CTMP; and the prevalent chemicals used are sodium
hydroxide (NaOH), sodium sulphite (Na2SO3), and
ash soda (Na2CO3).at relatively low concentration.
Such chemicals functions only to soften lignin (partial
delignification), since it is still used for fiber-bonding
during fiberboard-mat forming. The pulp handling
involves washing, screening, cleaning, and beating/
refining. The beating/refining action on the pulp
for fiberboard renders it reaching particular freeness
degree, usually about 600-700 ml CSF (15-16oSR)
[5]. Prior to mat forming, additives can be added to
the water-based pulp suspension aimed to improve
fiberboard properties, such as enhancing strength and
internal bond (resin-based adhesive); water resistance
and dimensional stability (rosin size, wax, or asphalt
emulsion); absorption of unwanted gases/odors (coalderived active adsorbent), durability (preservatives);
and fire resistance (fire retardants) [4], [6], [7], [8].
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Fiberboards afford numerous uses such as heatinsulator, sound-dampening, furniture-products,
electrical-appliances, interior-vehicles, and providing
low-to-moderate structural strength. Based on its
density, fiberboard can be divided into three types, i.e.
low density (insulation board), <0.40 g/cm3; medium
density (MDF), 0.40-0.80 g/cm3; and high density
(hardboard), 0.80 g/cm3. The greater the density, the
heavier the fiberboard can afford for structural uses
[2].
The role of fiberboard in Indonesia is reflected from
the increasing trends in its export as well as its import
during the period 2004-2008, i.e. consecutively 53.4102.2 thousand tons and 180.8-234.8 thousand tons,
further revealing that the amount of fiberboard import
exceeds its export. This indicates that Indonesia’s
fiberboard production still could not cope with its
domestic consumption. In Indonesia, its tropical
forest woods are still typically raw materials for
fiberboard manufacture, with their potency becoming
depleted and scarce. This situation can trigger forest
destruction and degradation, which nowadays proceed
at staggering rate 2.5-3.0 million ha/year [9], [10].
Consequently, use of alternative fibrous raw-materials
deserves thorough consideration, with their potencies
abundant, renewable, and still largely unutilized.
Besides alternative materials, use of alternative
additives should be considered with potency
abundant as well in place or partial substitution of
the conventional additives, which are usually derived
from non-renewable sources, or their potency scare;
and their use on environmental impacts still under
question
In relevant, experiment on laboratory-scale
manufacture of fiberboard was already conducted
at the Center for Research and Development on
Forest Forestry Engineering and Forest Products
Processing (CRDFEFPP, Bogor) using alternative
fibrous materials (i.e. forest-wood logging wastes,
nypa-midrib, coconut-coir, and old rubber-wood) as
well as alternative additives (i.e. shrimp-exosceleton
chitosan-glue and biomass-based activated charcoal).
The experimented fiberboard comprised consecutively
insulation board, hardboard, and MDF; and the related
results are recounted in the following.
II. Experiments on Fiberboard Manufacture
2.1. Insulation Board
Trial on insulation board manufacture proceeded
using fibrous raw materials of using wood wastes
from plantation-forest logging [11]. Such logging in
Indonesia yields an enormous amount of wood wastes
that ranges about 1.5-3.0 million m3/year, which are
usually left in the forest to decay. Use of those wastes
for insulation board could expectedly deal with it,
and concurrently their use for insulation board should
lessen its dependency on the conventional fibrous

materials (natural-forest woods). The additives used
were shrimp exoskeleton’s chitosan glue and activated
charcoal. Chitosan is virtually natural polymer that
consists of chitin, lipoprotein, and glycogen [12], [13].
Therefore, the chitosan as wastes from from shrimp
exoskeleton can expectedly serve as effective adhesive
as the conventional starch, commonly used in paper/
paperboard and fiberboard. Meanwhile, activated
charcoal is characteristically polar and affords greater
surface areas, thereby rendering it effective in use as
adsorbent for example of poisonous gases [14].
The wood wastes for the trial were those from
the logging of Eucalyptus hybrid plantation forest.
The pulping of those wastes employed hot semichemical process under atmospheric pressure, at
NaOH concentration 8%, ratio (w/w) of wood-waste
chips to cooking liquor 1:8 (w/v), at 100oC for 3
hours. After the cooking, the already-softened chips
were thoroughly separated from the residual cooking
liquor, then sustained defiberation into pulp slurry in
the beating/refining until reaching the pulp freeness at
600-700 ml CSF. The resulting pulp was examined of
the yield and chemical (alkali) consumption, and ready
for mat forming. In average the pulp yield reached
81.8%, still in the range commonly obtained in semichemical pulping process (65-85%). Meanwhile,
alkali consumption averaged 7.12%, indicating of the
initial alkali/NaOH concentration (8%), as much as
89% was consumed during the chip cooking.
Further, prior to mat (insulation board) forming
that measured 30cm x 30cm x 1cm, activated
charcoal was added to the pulp slurry at the mixture
proportion
(w/w):
0%+100%,
2.5%+97.5%,
5%+95%, 7.5%+92.5%, and 10%+90%. Alum as
retention agent was also incorporated (2.5%). To
enhance fiber-to-fiber bonding, chitosan adhesive was
incorporated (3%) in each of the mixture proportions.
As the control (comparison), the conventional tapioca
starch was also separately used in each proportion
(also 3%). Mat forming employed the wet process
with targeted density 0.350 g/cm3, followed with cold
pressing and heat treatment at 140oC for 2 hours. The
resulting insulation-board mat was then conditioned
and examined of its physical and strength properties
(Table 1).
The use of activated charcoal tended to decrease
density and strength (MOR) of insulation board,
and to increase moisture content, but improving
dimensional stability (lower thickness swelling and
linear expansion) (Table 1). This is because activated
charcoal as tiny particles could interfere with fiberto-fiber bonding, rendering it less dense (compact)
in the board structure. However, being tiny particles,
such charcoal particles afforded greater surface area,
thereby enhancing more surface contact with water
molecules. Such phenomena possibly render more
water molecules being adsorbed by the charcoal
(moisture content of the board increased), thereby
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Table 1. Physical and Strength Properties of Insulation Board *)
Shrimp exoskeleton’s
chitosan adhesive

Properties

I

Conventional tapioca adhesive

II

I

II

Standard
(JIS)

Density, g/cm

0.364

0.320-0.354

0.360

0.354-0.367

< 0.350

Moisture content,%

10.960

7.895-11.540

5.880

6.250-13.640

5-13

3

MOR, kg/cm

111.84

76.230-93.275

98.730

74.125-116.210

20.4

Thickness swelling,%

19.030

17.292-28.103

26.431

17.437-26.688

≤ 10

Linear expansion,%

1.103

0.684-1.418

1.544

0.698-1.464

≤ 0.50

2

Remarks: I = Without (at 0%) Activated Charcoal; II = With Activated Charcoal (2.5-10.0%); JIS = Japan
Industrial Standard [19]
Source: [11]

*)

lessening and hindering the amount of water to
enter into the fiber structure (enhancing dimensional
stability). Mostly, in physical and strength properties
insulation board with tapioca adhesive performed
better than that with chitosan glue, in satisfying the
JIS requirement. However, the use of chitosan glue
was still prospective for the board in doing so by
employing the mixture of wood-waste pulp and
activated charcoal at consecutively 100%+0% and
97.5%+2.5% proportions.
2.2. Hardboard
Hardboard manufacture was experimented using
old rubber wood [15]. In Indonesia, the area of rubber
wood trees (Hevea brasiliensis M.A.) reaches roughly
3.47 million ha [18]. When those trees become 25-30
years old, they are no longer productive (considered
uneconomic) yielding latex exudates for rubber
processing. Therefore, they need to be replaced
through the replanting of young rubber trees. This has
caused a problem to deal with the felled old rubber
trees (together with the wood as the largest portion)
left on sites. It is estimated that the Indonesia’s
potency of old rubber wood reaches 4.5-5.7 million
m3/year [16]. The use of old rubber wood for wood
products as one way to cope with it frequently
ecounters technical problems. This is due to the sticky
behavior of the residual latex that often bring about
difficulty when handling rubber wood particularly by
implementing high temperature, such as sticking to the
hot metal equipment [22]. The use of old rubber wood
for hardboard employing the proper (modified semichemical soda) pulping process could expectedly
solve this problem [15].
Old rubber wood for hardboard experiment was
obtained from Garut (West Java). Besides, another
10 non-commercial hardwood species were taken
from the same region, also used for hardboard. The
specific gravity of those 10 species ranged about 0.300.81). After being chipped, old rubber wood chips
and 10-hardwood chips were mixed together (w/w)
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at 100%+0%, 75%+25%, and 25%+25% proportions.
Each of the mixture proportions was pulped using
hot semi-chemical soda-sulfur process. The pulping
(cooking) condition was alkali (NaOH) concentration
25 g/l, wood to liquor ratio 1:8 (w/v), and maximum
temperature 100oC held for two hours. Tiny elemental
sulfur particles were added to the cooking liquor at
4 levels (i.e. 0, 1, 2, and 3%). After the cooking, the
course of fiber-processing stage was similar to that
of insulation board, among others the resulting pulp
was beaten to 600-700 ml CSF, examined of pulp
yield and alkali consumption, and then ready for
hardboard-mat forming. The pulp yield varied and
alkali consumption, i.e. 61.7-67.9% and 7.5-11.2%,
respectively. The greater the proportion of other 10
hardwood species added to rubber wood, the greater
also the pulp yield and alkali consumption. This could
be attributed to the difference in specific gravity and
extractive content between rubber wood and other
hardwood species. Addition of elemental sulfur did not
significantly affect the pulp yield, but tended to lower
alkali consumption. Possibly the sulfur reacted with
NaOH yielding among others Na2S which rendered
the delignification more selective [5].
Further, prior to mat forming that also measured
30cm x 30cm x 1cm), tannin-formaldehyde adhesive
and alum were added to the pulp at 3%. The hardboardmat forming also employed the wet process with
targeted density 1.0 g/cm3, followed with cold pressing
(3 kg/cm2), heat treatment at 140oC for 30 minutes, and
hot pressing at 40 kg/cm2 and 160oC for one hour. The
resulting hardboard was then conditioned, examined of
its physical and strength properties, visually observed
of possible dark spots on the fiberboard surface caused
by residual latex (Table 2).
It shows that the mixture of rubber wood with 10
other hardwood species at various proportions did not
affect physical and strength properties of hardboard,
but tended to reduce the number of dark-colored spots
on hardboard surface (Table 2). Almost similarly, the
addition of sulfur did not affect thickness swelling and
water absorption, but it did increase the strength and
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reduce the number of spots. For the case of mixing with
other hardwood species, it is clear that the decrease
in number of spots was due to the fact that those
hardwoods did not contain latex. There was indication
that the sulfur prompted vulcanization reaction with
residual latex during rubber wood pulping (cooking),
rendering the latex particles more solidified and less
sticky, thereby facilitating their manual-removal from
the rubber-wood pulp fibers. Besides, the selective
delignification on rubber wood as exerted by the
Na2S apparently reduced the fiber degradation during
the wood cooking. For these reasons, the addition
of elemental sulfur seems brought about remarkable
effects, i.e. enhancing fiberboard strength and
decreasing the number of dark spots on its surface.
Meanwhile, hardboard from rubber wood and from its
mixture with other hardwoods where the soda-pulping
incorporated elemental sulfur could in physical and
strength properties mostly favour the British Standard
Specification. Further, those overall phenomena
without doubt enabled such hardboard manufacture
with soda-sulfur-pulping process using rubber wood
to proceed faster (reducing delay and interruption)
with satisfactory product qualities.
2.3. Medium Density Fiberboard (MDF)
Trial on MDF manufacture proceeded using
fibrous raw materials of nypa (Nypa fruticans) midrib
fibers and their mixture with coconut coir fibers at
various proportions [17]. Nypa fruticans plants belong
to Palmaceae family, Monocotyledon group. These
plants prevalently grow in abundant at mangrove
forest vicinity, high-low tide areas of the seashore, or
off-coast regions [20]. Nypa plants, when considered
no longer economic to extract their sugar-containing
juice, leave a great amount of unused midribs as
wastes. Nypa midribs consist of mostly lignocellulosic
fibers, thereby expectedly beneficial in their use for

pulp, paper, and other cellulose-derivative products,
including fiberboard/MDF. In Indonesia, Nypa areas
reach roughly 20-30 million ha, indicatively their
midribs potential for MDF manufacture [18].
Other alternative fibers also present in enormous
amounts are coconut coirs as wastes that result from
coconut-fruit processing. Coconut coirs in average
make up 30% (in total weight) of coconut fruits. The
host trees of coconut fruits (i.e. Cocos nucifera) also
belong to Palmaceae family (Monocotyledon group).
Approximately there were about 3.3 million ha areas of
coconut trees in 2007 [10], which concurrently yielded
coconut fruits 5.6 million tons. Referring to that figure,
therefore, the potency of coconut coir wastes reach
about 1.7 million tons/year. Coconut coirs contain
among others cellulose and lignin [21], and therefore
could be prospectively used for MDF as well. In the
trial to use both kinds of fibers for MDF, initially either
nypha-midrib fibers or coconut-coir fibers were passed
through the preparation (to free of sand, small stones,
and other foreign matters), chipping (before being
pulped), and examination of their basic properties
(i.e. specific gravity, chemical composition, and fiber
dimensions with their derived values). The pulping on
those fiber stuffs employed a hot semi-chemical soda
process. The alkali concentration varied, i.e. 4%, 8%,
and 12%, while other cooking conditions were fixed,
at fibrous stuffs to cooking-liquor ratio 1:8 (w/v), and
maximum temperature 100oC held for two hours.
After the cooking, the course of fiber-processing stage
was also almost similar to that of insulation board as
well as hardboard, e.g. the resulting pulp was beaten to
the freeness of 600-700 ml CSF, examined of duration
to reach such freeness degree, pulp yield, alkali
consumption, and then ready for MDF-mat forming.
Before MDF-mat forming (that also measured
30cm x 30cm x 1cm), the resulting nypa-midrib pulp
was mixed with coconut-coir pulp at 100%+0%,
75%+25%, 50%+50%, and 0%+100% proportions.

Tabel 2. Physical and Strength Properties of Hardboard *)

Density, g/cm

1.05

1.01-1.06

0.97-1.00

0.96-1.08

Standard
(British
Specification)
0.95-1.05

MOR, kg/cm2

261.37

262.73-300.75

263.00-309.97

268.37-299.72

300-500

Water absorption, %

26.80

22.24-29.34

26.22-29.18

28.72-32.98

10-30

Thickness swelling,%

24.1

23.0-24.2

22.0-23.5

22.0-25.6

≤ 23

194.26

195.30-215.32

198.79-214.21

199.21-214.65

210-400

9

2-3

2-5

0-2

-

Properties
3

Tensile strength parallel to
the surface, kg/cm2
Number of dark-colored
spots *)

Pulping with NaOH (no sulfur)
I

Pulping with NaOH + sulfur (S)

II

I

II

Remarks: I = Using raw material rubber wood only (100%); II = Using raw material rubber wood mixed with
other 10 hardwood species (at 75%+25% and 50%+50% proportions; no sulfur = at 0% S; + sulfur = at 1%, 2%,
and 3% S added; *) on hardboard surface (5cm x 5cm), such dark spots were possibly caused by residual latex
*)

Source: [15]
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Additives (urea formaldehyde/UF adhesive, activated
charcoal, and alum) were also added to the fibrous
mixture separately, i.e. UF (5%)+alum (4%), UF
(5%)+alum (4%)+activated charcoal (5%), and control
(without additives). The MDF-mat forming also
employed the wet process with targeted density 0.70
g/cm3, followed with cold pressing (3 kg/cm2), heat
treatment at 140oC for 30 minutes, and hot pressing at
30 kg/cm2 and 160oC for one hour. The resulting MDF
was then conditioned, and examined of its physical
and strength properties together with formaldehyde
emissions.
As a supplement to all those conventional
assessments (basic properties, pulping properties,
and
physical/strength
properties/formaldehyde
emissions), a nano-scale scrutiny was conducted on
the minute characteristics of fibrous raw materials
using X-ray diffraction (XRD) device. The resulting
data about basic properties (specific gravity, chemical
composition, and fiber dimensions with their derived
values) for each of the fibrous stuffs were as follows:
• Nypa midrib fibers: specific gravity/density
(0.2078 g/cm3); chemical compositions: ash
content (13.80%), silica (1.326%), lignin (21.80%),
holocellulose (54.72%), α-cellulose (28.75%),
hemiselulosa (25.97%), pentosan (17.86%),
solubilities in consecutively alcohol-benzena 1:2
(7.17%), in room-temperature water (21.22%),
in hot water (21.77%), in 1% NaOH (42.85%);
and fiber dimensions with their derived values:
fiber length (L) 2710.14 μm, fiber diameter (d)
24.24 μm, lumen diameter (l) 19.38 μm, fiber-wall
thickness 2.43 μm, felting power (L/d) 115.53,
Muhlstep number [100x(d2-l2)/d2] 36.08, fiber
flexibility (l/d) 0.80, Runkel ratio (2w/l) 0.26,
fiber rigidity (w/d) 0.10.
• Coconut-coir fibers: specific gravity/density
(0.1821 g/cm3); chemical compositions: ash
content (2.01%), silica (0.886%), lignin (34.41%),
holocellulose (56.04%), α-cellulose (30.92%),
hemiselulosa (25.12%), pentosan (20.95%),
solubilities in consecutively alcohol-benzena 1:2
(2.56%), in room-temperature water (4.26%), in hot
water (21.77%), in 1% NaOH (42.85%); and fiber
dimensions with their derived values: fiber length
1543.38 μm, fiber diameter 29.14 μm, lumen 25.20
μm, wall thickness 1.95 μm, felting power 55.08,
Muhlstep number 25.01, fiber flexibility (l/d) 0.87,
Runkel ratio (2w/l) 0.16, fiber rigidity (w/d) 0.07.
For MDF, the basic properties as desired were lower
specific gravity, moisture content, ash (silica) content;
lower solubilities in alcohol-benzene/in cold water/
in hot water/in 1% NaOH; and higher lignin content,
holocellulose α-cellulose, pentosan, hemicellulose;
longer fiber length, smaller fiber diameter, thinner fiber
wall; greater felting power, fiber flexibility; and lower
Muhlstep ratio, Runkel number, and fiber rigidity.
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Based on these desired properties, it indicated that
coconut-coir fibers were more prospective for MDF
than their nypa counterparts. Regarding the pulping
properties, the related data were forthcoming:
• Nypha-midrib pulp: pulp yield (58.02-70.09%),
alkali consumption (2.60-11.14%), pulp freeness
(550-690 ml CSF), beating duration to reach 600700 ml CSF (50-55minutes).
• Coconut-coir pulp: pulp yield (75.33-76.03%),
alkali consumption (2.40 -9.88%), pulp freeness
(610-705 ml CSF), beating duration to reach 600700 ml CSF (50-60minutes.
The increase in alkali concentration tended to
lower the yield of nypa-midrib pulp, but did not affect
coconut-coir pulp. It revealed that the pulp yield from
nypa-midrib was lower than that from coconut-coir.
Further, alkali consumption increased with alkali
concentration, with the consumption for nypa-midrib
higher than for coconut-coir. Meanwhile, nypa pulp
was easier to beat than coconut-coir pulp (lower
CSF-freeness and shorter beating duration). Such
remarkable phenomena were attributed to notably
the differences in lignin content, hemicellulose
(pentosan), and extractive contents (solubility in
organic, polar, and neutral solvents). For MDF, the
pulping properties as favoured were higher pulp yield,
lower alkali consumption, and easier beating (shorter
duration). Referring to these scrutiny results, coconutcoir pulp was still slightly more favourable for MDF
than nypa-midrib pulp.
Further, from the examined data about physical/
strength properties of MDF with its formaldehyde
emission (Table 3), it reveals the incorporation
of activated charcoal lowered the formaldehydeemission and thickness swelling, but decreased its
strengths (MOR, MOE, IB), density, and increased
water absorption. However, the use of UF adhesive
improved those strengths/density and reduced water
absorption. Those phenomena applied to MDF from
both nypa-midrib fibers and coconut-coir fibers.
The properties of MDF as desired were greater
strengths/density, lower heat conductance/greater
thermal resistance, and lower moisture content/
water-absorption/thickness-swelling/formaldehyde
emission. Referring to those properties, scrutiny on
the examined MDF properties, aided by discriminant
analysis and canonic-correlation value, revealed that
nypa-midrib fibers were more prospective for MDF
than coconut-coir fibers. This is shown by the greater
discriminant value (Y=68.2-101.1) for nypa-midrib
MDF than that for coconut-coir MDF (Y=47.2-70.4)
(Table 3). This indicated that fiber-to-fiber bonding
and fiber interweaving/entanglement in the former
MDF were better than those in the latter MDF. This
also implied that positive basic and pulping properties
of nypa-midrib fibers for MDF manufacture (e.g.
longer fiber length, thinner fiber wall, higher felting

© 2013 Published by Center for Pulp and Paper through REPTech2012

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Table 3. Physical/Strength Properties and Formaldehyde Emission of MDF *)
Nypa-midrib fibers

Coconut-coir fibers

I

II

III

I

II

III

JIS
Specification *)

Density (g/cm3), Y

0.658-0.799

0.623-0.763

0.573-0.684

0.628-0.731

0.598-0.692

0.578-0.726

0.35-0.80

MC (%), Y

15.29-15.60

14.97-16.19

14.74-15.88

11.56-13.19

12.28-13.50

13.66-14.39

5-13

MOE (kg/cm2), Y

7613-10163

7264-11878

7092-7547

4026-5905

3324-6855

3164-6503

≥20260

MOR, kg/cm2, Y

85.7-86.3

98.0 -143.0

82.9-101.0

77.6-132.2

58.7-136.7

63.3-141.6

≥255

IB (kg/cm2), Y

0.87-2.14

1.10-2.82

1.03-1.86

0.39-2.73

0.79-4.60

0.51-1.51

≥2.0

Properties

WA (%),Y

121.1-151.5

115.9-123.2

115.9-133.1

99.6-113.9

87.45-108.0

109.5-126.4

TS (%), Y

21.39-36.65

18.62-47.60

25.43-56.60

21.77-28.74

21.51-30.20

21.95-34.27

HC (W.m .K ), Y

0.092-0.104

0.087-0.101

0.072-0.087

0.082-0.097

0.068-0.086

0.067-0.071

TR (m .K.W ), Y

-1

-1

0.107-0.129

0.109-0.146

0.127-0.167

0.124-0.134

0.134-0.140

0.155-0.166

FE (mg/L)

3.96-4.30

1.88-8.75

0.13-0.37

0.55-8.06

4.89-8.78

0.22-0.47

Y-discr

74.1-101.1

72.3-94.5

49.4-70.4

48.3-69.2

47.2-65.7

2

-1

68.2-90.3

≤12

≤1.5

Remarks: I = with additives (UF adhesive 5%+activated charcoal 5%+alum 4%); II = with additives (UF adhesive 5%+alum 4%); III = control
(without additives); MC = moisture content; IB = internal bond; WA = water absorption; TS = thickness swelling; HC = heat conductivity;
TR = thermal resistance; FE = formaldehyde emission; Y-discr (discriminant value) =+57.09 Y1 -55.12 Y2 +24.56 Y3 +36.39 Y4 +33.00 Y5 –
1.61 Y6 -31,68 Y7 -46,98 Y8 +100,52 Y9 -100,54 Y10, with significant canonic determination coeff. (R2=0,987**), which revealed the absolute
significances of each property consecutively from the highest to the lowest (i.e. Y10>Y9>Y1>Y2 >Y8>Y4>Y5>Y7>Y3>Y6); *) [19]
*)
Source: [17]

power, greater cellulose and hemicellulose contents,
easier pulp beating/refining, and shorter beating
duration) dominated over their negative characteristics
(i.e. thicker cell wall, smaller lumen diameter, higher
silica content, greater parenchyma portions, lower
pulp yield, higher alkali consumption, and lower
heat conductivity). Nano-scale assessments (using
XRD) strongly indicated that strength of individual
nypa fibers was greater than that of coconut-coir, as
inferred from the greater crystallinity of the former
fibers than the latter fibers (41.43-55.59 vs. 22.6943.13, respectively). This therefore could strengten
the phenomena regarding the more prospective nyphamidrib fibers for MDF. In properties, MDF from nypa
fibers remarkably outperformed that from coconut-coir
fibers in favoring the JIS (Table 3). Yet, coconut-coir
fibers could still be prospective for MDF by mixing
them (pulp form) with nypa-midrib fiber pulp (w/w)
at 0%+100%, 25%+75% and 50%+50% proportions,
and the corresponding discriminant values (Y) were
consecutively
Y=68.2-101.1;Y=64.3-97.3;
and
Y=61.5-96.4.
III. Conclussions and Suggestions
Fiberboard is divided into three classes based on its
density, i.e. low-density (insulation), medium density
(MDF), and high-density (Hardboard).
In Indonesia, the role of fiberboard is significant.
Indonesia’s tropical natural forest woods are still
prevalently raw material for fiberboard. Fiberboard
manufacture still incorporates the use of conventional
and non-renewable additives. This necessitates the

use of alternative fibrous raw materials as well as
alternative additives for such manufacture, being
potentially abundant, renewable, and largely unutilized
(e.g. woody wastes from forest logging, old rubber
wood, nypa midrib fibers, coconut-coir fibers, shrimp
exoskeleton’s chitin, and biomass-based activated
charcoal).
Insulation board was manufactured from wood
wastes of Eucalyptus hybrid’s plantation-forest
logging, using hot semi-chemical soda pulping,
and additives (i.e. shrimp exoskeleton’s chitosan
glue and biomass (wood)-based activated charcoal.
Strength properties of isolation board using chitosan
glue (3%) could compare favorably with those using
the conventional tapioca glue (also 3%), and mostly
satisfied the JIS standard. The incorporation of
activated charcoal improved dimensional stability, but
slightly decreased its strength, yet the charcoal amount
still tolerable was up to 2.5%.
Hardboard was manufacture using old-rubber wood
mixed 10 other hardwood species, employing the hot
semi-chemical soda-sulfur (NaOH+S) process, with
phenol-formaldehyde adhesive. The incorporation
of sulfur remarkably improved hardboard strength
and considerably decreased the number of dark
spots (sticky latex) on its surface, indicating that
the NaOH+S process could overcome/mitigate the
problems due to sticky behaviour of residual latex.
The mixing of rubber wood with other hardwoods did
not affect hardboard strengths, but reduced the number
of such dark spots as well.
MDF manufacture also proceeded with hot-semichemical soda pulping also proceeded using nypa-
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midrib fibers and coconut-coir fibers, and incorporated
the additives of consecutively urea formaldehyde
(UF) adhesive and activated charcoal. Based on MDF
physical/strength properties, nypa-midrib fibers were
more prospective for MDF than coconut-coir fibers.
Activated-charcoal lowered the MDF formaldehydeemission, but decreased its strengths. Use of UF
adhesive improved those strengths. Properties of
MDFs from nypa fibers were more favourable than
those from coconut-coir fibers in complying with the
JIS requirement. Yet, coconut-coir fibers could still
be prospective for MDF by mixing them (pulp form)
with nypa-fiber pulp at 25%+75% and 50%+50%
proportions. This suggests the prospect of exclusively
nypa-midrib fibers or its mixture (pulp form) with
coconut-coir pulp for MDF manufacture.
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ABSTRACT
Bioremediation is an appropriate alternative for remediation of soil contaminated EOX compounds. The
bleaching process at the pulp and paper industry using chlorine will formed chlorinated organic compounds in
waste water as Adsorbable Organic Halogen (AOX) or compound extractable Organic Halogen (EOX) in solid
waste. These compounds are organic compounds that have a persistent, bioaccumulative and provide risk adverse
effects on human health and the environment. According to regulation of Ministry of Environmental No.33/2009,
that all the industries are mandatory to clean up contaminated soil from hazardous waste. Biopile system selected as
bioremediation study conducted semi-pilot with a capacity of 0.25 m3, biopile is one of the ex-situ bioremediation
technique which is done on the surface. The research has been conducted by bioremediation using 5% of fungi
Phanerochaete chrisosporium. The maximum degradation of about 90% is obtained with a time of 9 days and
subsequent degradation during incubation after day 9 values EOX undetected. During the experiments carried out
observations of the parameters temperature, pH, and moisture for 30 days. The results of the analysis of the results
of bioremediation bioaccumulative show that log KOW (octanol-water partition coefficient) values in the range of
<-2 to -0.77, which means he is not bioaccumulative.

Keywords: bioremediation, solid waste from pulp industry, EOX compounds, Phanerochaete chrysosporium
Introduction
The bleaching process at the pulp and paper
industry using chlorine will formed chlorinated organic
compounds in waste water as Adsorbable Organic
Halogen (AOX) or extractable Organic Halogen
compound (EOX) in solid waste. EOX is defined as
the amount of organic halide extractable by organic
solvents as Cl-in solids. It is well established that a
series of chlorophenols are formed during bleaching
process. The nature and extent of formation of chloroorganics is determined primarily by the residual
lignin content in the pulp and the type of bleaching
chemicals. The discharges of chlorinated organic
compounds in paper industries effluents have long been
known to exhibit acute, chronic and some mutagenic
toxicity to aquatic life. The low molecular weight
chlorinated compounds are the major contributors
to toxicity and mutagenicity. Most of the chlorine is
otherwise bonded with high molecular weight organic
compounds, which are stable against biodegradation,
and contributes little to toxicity and mutagenicity. The
high molecular weight chloro compounds might also
be broken down to smaller more biologically active
compounds and can cause long-term toxic effects to
the recipients. The relative contribution of the various
chlorophenols to EOX is shown in Figure-1.
The organochlorinated are very dangerous
compounds, because they are not biodegradable and
persist in nature for long period of time and also
provide risk adverse effects on human health and the
environment. According to regulation of Ministry of
Environmental No.33/2009, that all the industries
144

are mandatory to clean up contaminated soil from
hazardous waste. Bioremediation is an appropriate
alternative for remediation of soil contaminated EOX
compounds.
Bioremediation refers to treatment processes that
use microorganisms such as bacteria, yeast, fungi or
their enzymes to break down hazardous substances
into less toxic or nontoxic substances thereby returning
the contaminated site to its original condition. Various
factors are involved in the bioremediation process are
presence of microbial population capable of degrading
contaminant, availability of the contaminant to the
microorganism, environmental factors such as soil
type, temperature, pH, moisture, nutrient and oxygen.
Bioremediation technologies can be categorized as
either in situ or ex situ.
Biopile system selected as bioremediation study
conducted semi-pilot. Biopiles involve the mixing
of excavated soil amendments, with the mixture
placed in a treatment area that typically includes an
impermeable liner, a leachate collection system and
an aeration system. Biopiles are 0.5 meters high
with a capacity of 0.25 m3, and contaminated soil is
often placed on top of treated soil. Biopile is one of
the ex-situ bioremediation technique which is done
on the surface and also known as biocells, bioheaps
and compost piles are used to reduce contaminated
soil through the use of biodegradation. Biopiles
are similar to landfarms in that they are both on the
surface, engineered system that use oxygen. This
technique is also called as aerated compost pile,
because aeration on composting occurs naturally,
while the biopile using pumps to inject oxygen into the
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Figure 1. Relative Contribution of Chlorophenolic Compounds to EOX

Figure 2. The Preparation of Fungi Inoculum
pile of contaminated soil to be treated. The research
has been conducted by bioremediation using 5% of
fungi Phanerochaete chrisosporium. Evaluation of
the efficiency of bioremediation is done observing the
parameters EOX, pH and moisture content in the study
period.

streaked on PDA plate. Further, strain was maintained
on PDA slants and stored at 40C prior to inoculating
into liquid cultures, PDB media was used. The
preparation of inoculum is shown in Figure-2.

Material and Methods

This research was conducted with different
reactors :
1. Biopile 1 : without added fungus P. chrysosporium
(as control)
2. Biopile 2 : with added fungus P. chrysosporium 5%
3. Biopile 3 : with added other fungus ( Trichorderma
harzianum 5%)

Preparation of Fungi and inoculum
Phanerochaete chrysosporium was obtained from
ITB Laboratory and stored at 40C. To maintain fungul
strain on potato dextrose agar (PDA), PDB was added
to vial of pure culture and a loopful inoculum was

Methods of Experiment
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Figure 3 Biopile of Bioremediation

Preparation of culture
Phanerochaete chrysosporium

•
•

•

Analisis of EOX
Design of Biopile System

•

Phanerochaete chrysosporium
added to biopile
adjusting bulking agent

Condition of experimental:
• Incubation of time
• adusting moisture of sludge
• aeration system settings
• adjusting the pH
• observations of temperature
bioremediation

Experiment of bioremediation
contaminated soil with EOX
compounds
Analisis and measure of :
• EOX reduction
• Temperature
• Moisture Content
• pH

Figure 4. Methods of Experiment
Testing of EOX

Results and Discussion

Test methods EOX by EPA METHOD 9023.
This method is used to for the determination of total
extractable organic halides (EOX) as Cl- in solids.
EOX is defined as the sum of those organic halides
which are extracted and detected by pyrolysis /
microcoulometry under the conditions specified in
this method. Extractable organic halides containing
chlorine, bromine, or iodine are detected. EOX
analysis done by weighing 1 gram aliquot of solid
sample is extracted with ethyl acetate by sonification
to isolate organic halides. Furthermore, a 25 μL
aliquot of the extract is either injected or delivered by
boat inlet into a pyrolysis furnace using a stream of
CO2/O2 (or appropriate alternate gas mixture) and the
hydrogen halide (HX) pyrolysis product is determined
by microcoulometric titration.

Characteristic of Sludge from WWTP
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Characterization of sewage sludge WWTP done
to parameter EOX, moisture content, ash content,
organic content and pH. The results of the analysis can
be seen in Table 1, as follows:
Table 1. Characteristic of Sludge
No

Parameters

Unit

Value

1

Moisture content

%

69,67

2

Ash content

%

16,11

3

Organic content

%

83,89

4

EOX

µg/g (mg/kg)

957,0

5

pH

-

6,80
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From the results of a preliminary analysis indicated
that the content of EOX in sludge WWTP quite high
at 957.0 microg / g, it is in line with the organic
content of the data is quite high as well, amounting to
83.89%, while the water content of the sludge showed
the value of 69.67% , thus meeting requirements for
bioremediation process. When viewed from the pH
value indicates that the condition of the sludge is
neutral (pH = 6.80).
Observations of Temperature
The process bioremediation of contaminated soil
with EOX compounds from the pulp industry utilizing
microorganisms activity. EOX compound used as a
source of energy, carbon sources or electron acceptors
for the metabolism of microorganisms. The parameters
were observed in the bioremediation of contaminated
soil with EOX compounds such as temperature, pH, and
moisture. According to Gorden (1994) in Astri (2006),
there are three factors that influence bioremediation:
nutrition, microbial and environmental factors. Some
environmental factors affecting bioremediation
include oxygen, pH, temperature, moisture and soil
texture.
The observations indicate that the temperature
at the Biopile 1 and 2 have same tendency, at first
increased to 45-70oC. There are differences in the
increase and decrease in temperature at biopile 1 and 2
it can be seen in Figure 5.
In biopile 2 shown that the temperature increase in
the early going on day 2 around to 45 0C, it supports
the existence of mold P.Chrysosporium because the
optimum temperature that support mold growth is
39oC (Ceribasi and Yetis, 2001). The temperature
stabilized at day-26 of 34.8 0C which then decline until
the 30th day, compared with controls not added fungal
inoculum on Biopile 1 shows the temperature rise on
day 2 around to 68 0C and the stabilized on day 23 at 370

C which further decrease until the 30th day. According
to Anonymous (2009), the addition of aeration on
biopile technique to carry oxygen to maintain a good
temperature for the growth of microorganisms and
also the heat generated from microbial activity, there
is a direct relationship between the increasing in
temperature with oxygen consumption. The higher the
temperature the more oxygen consumption and would
sooner decomposition process. High temperatures will
kill most microbes and microbial just thermophilic are
going to survive.
Observations of pH
Activity of white rot fungus P.Chrysosporium to
degrade organic matter was generally in the range of
pH between 4 and 4.5 (Dwina, 2007). Soil microbial
metabolism is limited by soil acidity. Microbes grow
best in a pH range of 6.5-7.5. Some chemicals can be
used to control the pH of the soil, such as lime to raise
pH or sulfur to lower the pH (Enny, 2004). Acidity or
pH will affect the rate of bioremediation techniques
biopile, optimum pH is about 6-9 in biopile technique,
can be seen in Figure 6.
That is shows the pH values below pH optimum,
they can affect the bioremediation process EOX.
When compared to Biopile second condition does
not significantly affect the metabolism of the fungus
because the fungus P.Chrysosporium life at pH 4-6 and
fungi are multicellular microorganisms, living aerobic,
non-photosynthetic chemoheterotrof, and includes
eukaryotic. Using organic compounds as substrates
and produce asexually by spores, the metabolism
needed like bacteria but require less nitrogen and can
grow and proliferate at low pH. (Ceribasi and Yetis,
2001)
In general, the pH of the soil during the experiment
between 3.5 – 6.5. The results showed that the pH value
decreases due to the formation of organic acids as end

Figure 5. Temperature During Bioremediation Process
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Figure 6. pH During Bioremediation Process

Figure 7. Moisture Content During Bioremediation Process
products of microbial metabolism. The pH value is
fluctuated widely as shown in Biopile 2 (with added P.
Crysosporium 5%). Metabolism of microorganisms is
affected by the pH, especially at abiotic reaction. The
pH also affects ability of cell functions, such as transport
through the cell membrane, equilibrium reactions
catalyzed by enzymes. Almost all microorganisms
would grow well at a pH close to normal. The general
range of pH values for microorganisms to live quite
well in the soil is 5 to 10.
Observations of Moisture Content
Water content is an important parameter in the
process of remediation due to effect on microbial
activity, free air space, the transfer of oxygen and
temperature. For soil microbes, water is needed in
addition to dissolve nutrients into the cells, water is
the main ingredient making up the cell, the cell water
is a medium range of reactions of cell metabolism.
Observations moisture content during the experiment
can be seen in Figure 7.
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The results showed the water content during the
experiment were in the range of 50-70% for both the
control treatment (Biopile 1), and with the addition
of microbial fungi P.Chrysosporium 5% + straw
(Biopile 2) and the addition of microbial treatment
of Trichoderma harzianum (Biopile 3), as long as the
water content experiment sought were in the range 2080%. Widyati (2004) stated moisture bioremediation
process should be in the range of 20-80% due to the
biological activity of the microbes can be hampered if
the moisture content is less than 30%. If the moisture
content is below the critical point will decrease as a
result of microbial activity and microbial become
dormant, so the remediation process will be hampered.
Conversely, if the water level is above the normal
range, reduced soil aeration and nutrient leaching will
occur. Moreover, because the microbes are aerobic
used, it should be the water content in the soil is not
too high that the anaerobic atmosphere does not occur.
Water is needed by microbes because water is the
biggest constituent cell cytoplasm. It is also important
because many enzyme reactions occur during the
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solution phase. Water is also needed to transport in
and out of cells (Atlas and Philip, 2005). In general,
the soil should be moist but not wet, soil humidity
ideally required is between 20% -80% 100% when soil
moisture means the whole soil pores filled with water,
while humidity 10% is the lower limit of the ability of
microbial metabolic processes. Periodically moisture
must be added to the soil because the soil will become
dry due to evaporation, which increases during the
operation of aeration, moisture level recommended by
the Department of Environmental Conservation, New
York in Simpson (2006) is 50-60%, this condition
means that the soil in a state damp but not muddy, the
humidity can be coupled with
Observations of EOX Compounds
The effect of P.Chrysosporium fungi in
bioremediation process is to the decrease contain of
EOX compound in soil contaminated. Observations
EOX during the experiment is shown in Figure 8.
The result shown that fungal P.Chrysosporium
can be decrease EOX very high up to 99% even
not detected (Biopile # 2). It is because the fungus
P.Chrysosporium is on wood and produce extracellular
enzymes LIP, MNP and laccase (Fadilah, 2010), an
enzyme produced was instrumental in weathering
wood, waste degrading and lignin. P.Chrysosporium
has an optimum growth temperature of 40oC and pH
4-7 and in aerobic conditions, compared to others;
this fungus is the most active type of microbial
lignin degradation. This is because the fungus also
produce enzymes that can break down cellulose like
protease enzyme, quinone reductase, and cellulase.
Although there are a number of cellulose is degraded
but the numbers are relatively small compared to the
degradation of lignin. According to research Fadilah
(2010) that the content of the cellulose in corn stalks
surrounded by lignin, making it the first though

described fungi and fungal cellulose will be described
by a simple into a compound used by the fungus as
nutrients for growth. The addition of nutrients such
as glucose are factors that reduce the degradation of
cellulose by fungi and the addition of nutrients will
increase the rate of degradation of lignin and increase
fungal growth and reduce the rate of degradation
of cellulose. Fungus P.Chrysosporium require
carbon as a source of additional energy or nutrient
content of polysaccharides in the wood that are not
degraded. At 30 days of incubation, there are 81.4%
lignin degradation. Lignin degradation followed
by degradation of cellulose although relatively few
in number, namely 22.3% at 30 days of incubation
(Fadilah, 2010).
Soil microbes plays a very important role in
degraded land remediation activities. Roles can be
directly where microbes capable of utilizing pollutants
as a source of energy and food sources, so called
bioremediator microbes. Another class of microbes
that play a role in the degradation of pollutants through
symbiosis or association with plants. These microbes
help plants to provide nutrients and water or produce
compounds capable to chelate pollutant or compound
that increases plant resistance to the toxicity of
pollutants.
From the research it can be seen that the efficiency
reduction of EOX (degradation rate) increased with
time of incubation. In the treatment of sludge with
the addition of mushrooms culture 5% degradation
efficiency of 62.2% is achieved at incubation day 3,
and increased to 90.0% at day 9 of incubation time
and virtually undetectable at the time of incubation on
day 18. If compared with the treatment without added
of fungal P. Chrysosporium (Biopile # 1) as control,
the degradation efficiency reached 15.2% and 33.3%
degradation EOX achieved at day 9 of incubation time,
and increased to 79.03% at day 18 of incubation. When
compared with the addition of Trichoderma harzianum

Figure 7. Degradation of EOX During Bioremediation Process
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showed that microbial degradation efficiency at day
9 of incubation EOX degradation by 21.05% and
increased to 76.8% at day 18 of incubation. As a whole
shows that the fungus P.Chrysosporium was able to
degrade chlorinated organic compounds (EOX)
is more effective than other types of microbial (T.
harzianum).
The observation was also made to the parameters of
dioxin, the results showed that the incubation time of 1
day content of dioxin (2378-TCDD) was not detected
i.e below detection limit (<0.0011) and the detected
compounds OCDD and OCDF, i.e respectively by 0.2
ng / g dw and 0.25 ng / g dw. Further observations
were made for a period of incubation for 3 days
apparently the result of analysis shows that the content
of dioxin (2378-TCDD) was detected at 0.015 ng / g
dw, but a decrease in the levels of OCDD and OCDF
compounds, i.e by 10% from 0.2 ng / g dw to 0.18 ng
/ g dw for compound OCDD and OCDF compounds
by 52% from levels of 0.25 ng / g dw to 0.12 ng / g
dw. 2378-TCDF levels of compounds previously not
detected (<0.0019 ng / g dw) appears to be 0.067 ng
/ g dw. This indicates that the fungus Phanerochaete
chrysosporium has degraded lignin and cellulose in
advance will be described by a simple mushroom
into a compound used by the fungus as nutrients
for growth, after it had dioxin compounds. This is
consistent with the observations on decreased levels
of EOX compound.
According Harjanto, 2000 PCDD degradation
through bioremediation about 40-70% can be achieved
by using white rot fungi “Phanerochaete sordida YK
624” within 15-20 days with the addition of fungal
treatment variation in soil media contaminated by
1.4% and 2.8%.
The slow rate of degradation of organic pollutants
in the environment caused by several factors, among
others, degradative enzymes produced by microbes
are not capable of catalyzing reactions unnatural
degradation of pollutants, pollutant solubility in
water is very low and the pollutants bind strongly
to organic particles. In addition, the influence of
the environment, i.e pH, temperature, and humidity
(moisture content) also plays an important role in
determining bioremediation process. Limitations of
water for microbial metabolism and growth, there is
another cause of the limitations of biodegradation.
Besides the most important factor, the arrangement
supplies oxygen aeration system settings more
effective. Degradation of organic compounds by fungi
is a process that is essential to reduce the levels of
hazardous substances in the environment, which runs
through a series of complex chemical reactions. In the
process of degradation, fungi use organic compounds
for growth and reproduction through the process of
oxidation.
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Conclusion
In general, the temperature during bioremediation
shown that at first increased to 45-70oC and it will
be constant to 30oC and pH around 3.5-6.5, it is
suitable for optimum pH is about 6.0-8.0 biopile,
whereas moisture content during the experiment were
in the range of 50-70%. The result has been known
that the degradation of EOX by P. chrysosporium
in pure culture is effective 62-99% in 3-9 days, the
period without inoculum 15-72% in 18 days. When
compared with added of Trichoderma Sp showed
that around 21-77% in 18 days. As a whole shows
that the fungus P. chrysosporium was able to degrade
EOX compounds is more effective than other types
of microbial (T.harzianum). In the experiment also
conducted analyzes bioaccumulative properties of the
sludge after bioremediation to determine the persistent
nature. The results of the analysis bio-accumulative
after bioremediation show that value of log KOW in
the range of <-2 to -0.77, which means it was not bioaccumulative.
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ABSTRACT
Center for Pulp and Paper has successfully established a pilot recovery process for recycled pulp from
beverages aseptic packaging. The recovery process generates wastewater about 2m3 per day with a process
capacity of about 1.5 tons of products. This wastewater usually contains organic and solids derived from beverages
leftover in the aseptic packages, rejects and washed away pulp. Proper wastewater treatments were required to treat
wastewater from all the recovery process. In order to design the wastewater treatment properly, a jar test analysis
and wastewater characteristic and laboratory test were required. For normal process, according to laboratory jar
test and analysis, a simple physical-chemical wastewater treatment using alum sulphate as coagulant is enough
to generates an acceptable result below effluent standard. A modified process would creates a higher contaminant
concentration on wastewater, and could not pass effluent standard with simple physical-chemical wastewater
treatment, therefore a modified wastewater treatment or equipment reparation is strongly recommended.
Technically, existing wastewater treatment plant on Center for Pulp and Paper can be used and suitable enough to
treat wastewater from recycling pulp porcess from beverages aseptic packaging with little modification.
Keywords: wastewater treatment, design, aseptic, recycling, pulp
Introduction
Center for Pulp and Paper Bandung has a pilot
project to recovery pulp from aseptic packaging,
which is cooperation between Center for Pulp and
Paper and PT. Tetra Pack Indonesia. The recovery
process generates wastewater about 2 m3 per day with
a process capacity of about 1.5 tons of products.
Center for pulp and paper already has a wastewater
treatment that used to be wastewater treatment for
a non-operated rayon production, which consist of
flocculation, sedimentation, stabilization, and sludge
treatment pond. Before the production of this recovery
process, the wastewater treatment was enough to treat
the low debit laboratory wastewater, but after the
establishment of the recovery process, the capability
of the wastewater treatment would be needed to
analyzed further. This research tries to analyze on
laboratory scale whether with the existing wastewater
treatment pond were enough to reduce its contaminant
into a more acceptable effluent.
Objectives
The objective of this research is to analyze and
assess wastewater from the pilot recovery process, and
design an appropriate effective and cheap wastewater
treatment based on land and infrastructure availability.
Materials
Wastewater that used as research raw material was
taken from wastewater from outlet of pilot recovery
152

process for recycling pulp from beverages aseptic
packaging. There are two type of wastewaters which
are from the first process with a thickener and from the
second process without a thickener and a circulation/
recycle process. Coagulant that used in this research is
Aluminium sulphate.
Methods
First step that conducted in this research was
wastewater characterization, which need to be
undergone to gain information about pollutant
parameter within wastewater and further analysis.
Second step was jar test and wastewater
examination. Jar test has a purpose to predict coagulant
dosage needed for optimum chemical treatment. This
jar test conducted in a series of coagulant dosage
variations added to a series of raw wastewater. After
jar test process, the wastewater series were tested to
support jar test analysis.
The final step was designs, calculations, and
evaluations of existing wastewater treatment basins.
Calculation of basin planned for each unit process
conducted with the existing wastewater flow.
Evaluation and analysis were taken to compare the
design and calculation with the existing wastewater
treatment basin.
Analysis
In this research there are two type of wastewaters
which are wastewater produced from the first process
with a thickener unit and wastewater produced from
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the second process without a thickener unit and use
a circulation/recycle of wastewater process on wet
lap machine. The first process is the initial design of
the recycling process with thickener unit.
Wastewater from recycling used beverages
aseptic package process usually contains organic
and solids derived from beverages leftover in the
aseptic packages, rejects and washed away pulp.
5.1 Wastewater Characterization
Wastewater process 1 has a lower pollution
quality, when wastewater process 2 has a lower
water flow. Although the recirculating process will
decrease the wastewater flow, but it is increase the
pollution quality dearly. These issues probably
occurs because of the recirculating process that
used on process 2.
The ratio of COD/BOD are 4.1 and 9.7 for process
1 and process 2 respectively, these numbers are
higher than two which means that both wastewater
have organic non biodegradable characteristic, it
would be more effective to use physical-chemical
treatment processess as long as their characteristic
are still suspended and colloidal.

Hydro
pulper

Drum
Screen

Jhonson
Screen

Table 1 Wastewater Characteristics
Parameter
Flow
BOD (average)
COD (average)
TSS (average)
pH
Temperature
Ptotal
Ntotal

Unit
m3/day
mg/l
mg/l
mg/l
C
mg/l
mg/l
o

Process 1
2.86
186
771
250
7.53
26

Process 2
0.7
354
3433
1225
7,50
25
0.693
11.32

5.2. Jar Test
Jar Test experiment has been conducted to estimate
the proper coagulant and coagulant aid. The data and
observation of the Jar Test were shown on table 2. Jar
test experiments were conducted on wastewater process
2 as it has higher pollution quality. Based on jar test, the
best coagulant alum suplhate dosage to treat wastewater
was 450 mg/l, which is clear and without floating floc.
The wastewater quality were then tested on laboratory to
compare the jar test with laboratory analysis. Laboratory

Biffar
Screen

Thick
kener

Wet Lap
Machine

Chest

Figure 1. Wastewater Process 1 Scheme
Hydro
pulper

Drum
Screen

Jhonson
Screen

Biffar
Screen

Chest

Wet Lap
Machine

Figure 2. Wastewater Process 2 Scheme
Table 2 Jar Test Data and Observation
Sample
SP 12
SP 13
SP 17
SP 19
SP 14
SP 15
SP 16
-

Coagulant
50 mg/l
100 mg/l
150 mg/l
200 mg/l
250 mg/l
300 mg/l
450 mg/l
600 mg/l
750 mg/l
900 mg/l

Visual
Not clear
Not Clear
Not Clear
Not Clear
Not Clear
Clear
Clear
Clear
Clear
Clear

Note
Cloudy
Cloudy
Cloudy
A little floating floc on the surface
Floating floc on the surface
A little floating floc on the surface
A little floating floc on the surface
Floating floc on the surface
A lot of floating floc on the surface and on the center
A lot of floating floc on the surface and on the center
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analysis also concluded that 450 mg/l of alum suphate
(SP15) has the lowest pollutant quality parameter
described by TSS, BOD and COD value.
5.3 Experiments on Wastewater
Based on jar test experiment, samples from
wastewater process 1 and process 2 were added by
coagulant alum sulphate and tested on laboratory. The
result were compared with Indonesian wastewater
effluent quality standards appendix B of Kep.Men.
LH No.51 1995, where the standard of TSS is 200
mg/l, standard of COD is 350 mg/l and standard of
BOD is 150 mg/l. Experiments on wastewater process
1 concluded that all samples that have been treated
by jar test with 450 mg/l chemical coagulant alum
sulphate dosage has TSS parameter below standard,
while most of samples has COD and BOD parameters
below standards. Meanwhile, average value for all
samples have values below standards, which means an
installation of equalisation basin with likely help the
wastewater treatment to reach effluent quality below
standards.
Table 3 Experiments on Wastewater Process 1
Sample
SP5
SP6
SP7
SP8
Average

TSS
59,672
87,377
42,623
23,869
53,385

COD
311,4249
412,4517
349,573
37,67969
277,7823

TSS

COD

BOD
336,725

SP11

1120

1327,5

266,022

SP12

1900

3401,7

206,694

SP21

610

606,143
12,723

Experiments on wastewater process 2 concluded
that all samples that have been treated by jar test with
450 mg/l chemical coagulant alum sulphate dosage

Outlet

Screen

Ekualization

Screen needed to separate wastewater from
unneeded garbage such as beams, woods, plastics,
aseptic packages, paperbag, etc.
Equalization pond
Equalization basin needed to accomodate
wastewater fluctuation, especially TSS, COD and
BOD parameters. Detention time for this unit can be
calculated from equation (1).

Flocculation tank

5538,2

3432,85

Screen

Mixing tank needed to mix coagulant chemical
alum sulphate with wastewater with detention time 2
minutes. Volume can be calculated from equation (1).

1260

1290,6

Analysis and design was made based on wastewater
flow 2.86 m3/day of process 1, as for process 2
recomandation was made to modified its process.
All result of the calculation can be seen on Table 5.
The design recomended for this study is descibed on
Figure 3.

Mixing tank

SP10

Average

5.4 Design, Calculation and Evaluation on Existing
Units

t = Vol / Q .......................................................(1)

BOD
193,425
244,934
74,6954
23,7615
134,204

Table 4 Experiments on Wastewater Process 2
Sample

has TSS, COD and BOD parameters already below
standard.

Mixing

Slow mixing needed to accomodate flocculation
between chemical and wastewater. Detention time can
be calculated from equation (1).
Sedimentation basin
Sedimentation basin needed to deposite all the
sludge that flocculated after rected on mixing and
flocculation tank. Detention time can be calculated
from equation (1). And overflow rate can be calculated
from equation (2).
Vo = Q/A ........................................................(2)

Flocculation

Sedimentation

Stabilization

Figure 3. Scheme for Watewater Treatment Recommended
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Table 5. Calculation for Wastewater Treatment System
Units
Volume
Detention time
Overflow rate
Mix speed
Dimension

Equalization
Unit
Vol = 350 m3
t1 = 17,5 days
-

Mixing Unit

Flocculation Unit

Sedimentation Unit

Vol(1) = 0,004 m3
t1 = 2 minutes
150 rpm
0.25 x 0.25 x 0.65 m3

Vol = 8,87 m3
t1 = 3,1 days
height = 0.047 m

Vol = 239,4 m3
t1 = 83,7 days
Vo(1) = 0,00002 m3/min
-

Conclusion
Pilot recovery process for recycled pulp from
beverages aseptic packaging generates wastewater
which have contaminants concentration higher than
effluent standard.
For normal process, according to laboratory jar test
and analysis, a simple physical-chemical wastewater
treatment using alum sulphate as coagulant is enough
to generates an acceptable result below effluent
standard.
A modified process (process 2) by by passing
thickener and applying a recycling wastewater
process on wet lap machine would creates a higher
contaminant concentration on wastewater, and could
not pass effluent standard with simple physicalchemical wastewater treatment using coagulant alum
sulphate, therefore a modified wastewater treatment or
equipment reparation is strongly recommended.
Wastewater recycling is not always the best
wastewater treatment and could affect generating
amore complex wastewater pollution quality, which
could not be treated by simple physical-chemical
wastewater treatment.
Technically, existing wastewater treatment facility
on Central Pulp dan Paper can be used and suitable
to treat wastewater from recycling pulp process from
beverages aseptic packaging with little modification.
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ABSTRACT
Carbon nanotube-rayon composite filaments have been fabricated by spinning and coagulation the mixture of
carbon nanotube dispersion and cellulose xanthate in NaOH solution via viscose process. Influence of functionalized
(FCNT) and non functionalized carbon nanotubes (nFCNT) on the fabrication of rayon nanocomposite filament
was studied. Filterability and mechanical properties of FCNT-rayon nanocomposite filament greatly improved,
compared with those of nFCNT-rayon nanocomposite filament. Physical and morphological properties of the
nanocomposite filaments were characterized by single filament tenacity tester, photo micrograft and scanning/
transmission electron microscope (S/TEM). Addition of cetyl trimethylene ammonium bromide (CTAB) as surface
active agent caused
good interfacial electrostatic interaction between CNT and cellulose. Good dispersion of
CNTsolution gives an important role for fabrication of CNT/rayon nanocomposite.
Keywords: functionalized multi-walled carbon nanotubes; nanocomposite filament; mechanical properties;
filterability; dispersion
Introduction
Carbon nanotubes (CNTs) have much attention
because of their unique mechanical, thermal and
electrical properties since their discovery by Iijima
in 1991 [1]. These nano materials are very promising
for development of cellulose-based composites
fabrication such as CNTs-cellulose composite
paper for electromagnetic shielding material [2,3].
Such CNT-cellulose composite fibers may use
in multifunctional materials such as conducting
textile fibers for electronic textiles applications [4,
5]
. In the fabrication of high quality CNTs-cellulose
composites fibers with predictable and optimal
performance, a homogeneous dispersion of the CNTs
in the cellulose matrix is required. Several techniques
have been used to disperse CNTs, e.g. ultrasonication,
addition of surfactant [6] and chemical modification
of the nanotube surface [7]. The appropriate method
in finding well dispersed CNT solution is important
role in manufacturing of CNT-based nanocomposite.
The most common method of making cellulose fiber
(Rayon fiber) is viscose process which involves
derivatizing of cellulose with carbon disulphide
followed by dissolution in sodium hydroxide [8].
Solution spinning of cellulose CNTs composites
using ionic liquids have been fabricated by Sameer
S et, al [9] and CNT-cellulose composite fiber using
cellulose xanthate as solubilizing agent of CNTs
have been fabricated by Bangguo Wei et, al [10]. In
this paper, functionalized and non-functionalized
CNTs-rayon
nanocomposite
filaments
were
prepared by spinning and coagulating the mixture
of CNTs dispersion in CTAB solution and cellulose
156

xanthate in NaOH solution via viscose process.
The influences of functionalization and dispersion
process of MWCNTs on filterability and mechanical
properties of the obtained nanocomposite filament
were studied.
Experiment
Materials
CNTs specified as multiwall carbon nanotube
(MWCNT) were purchased from He-Ji (Hongkong)
Company, Limited. The purity is, above 95%, average
outer diameter of 8-15 nm and length 10-30mm are
reported. a commercial cationic surfactant cetyltrimethylammonium bromide (CTAB, sigma Aldrich
with purity of 99%) was used as dispersion agent.
H2SO4, (95-97%) and HNO3( 65%) were suplied by
Aldrich. Dried pulp (“Kotlas”from Rusia, a cellulose
93%, DP 700). Other materials such as CS2, NaOH,
H2SO4, Na2SO4, ZnSO4 are specified as industrial
grade.
Functionalization of CNTs
CNTs (2.5g) were immersed in a mixture of
60 mL of H2SO4 /HNO3(3:1, v/v), for 15 min put
in ultrasound bath for 2 h and then refluxed for
6 h at 60oC. The CNTs solutions were then filtered
using polytetrafluoroethylene (PTFE) membrane with
diameter 47mm and the pore size of 0.45mm (Cole
Parmer). Washing was continuously conducted until
neutral. Finally, the neutralized CNTs were ovendried at 105oC.
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Characterization of CNTs Dispersion by UV
Spectrophotometer

process, FCNTs-cellulose xanthate viscose was. Non
functionalized CNT was prepared for comparison.
Schema model in dissolving process of cellulose
xanthate and CNTs dispersion in aqueous NaOH
solution are shown in Fig. 1. [6,7, 8, 12, 14]

Dispersion of CNTs were characterized by UV
spectrosphotometer (UV-1200 Shimadzu). Three
samples of CNTs dispersion e.g. 1) nFCNT dispersion
in CTAB solution 2) FCNT dispersion in water, and
3) FCNTs dispersion in CTAB solution were prepared
to measure the stability of CNTs dispersion in waterCTAB solution at static condition. The sample
solution was placed in the standing tubes and stored at
room temperature for 5 days. Upper part of the stock
solutions (0.5 mL) was taken and diluted by a certain
factor, resulting in certain MWCNTs concentration to
be measured by UV spectrometer.

Filterability
Filterability of CNT-viscose solutions were
specified as clogging constant value (Kw). In the
testing CNT-viscose solution is introduced into
cylindrical steel vessel and filtered through 3 layers of
cotton fabric under pressure with the effective filter
area of 8.77 cm2. The amount of filtrate was obtained
within a filtering time from 0 to 20 min (P1) and 20 to
60 min (P2). Clogging constant (Kw) was calculated
with the following equation :

Preparation of Cellulose Xanthate
Dissolved pulp (125gr) containing 93% a-cellulose
was mercerized in 5 L of 18% (w/v) NaOH at 25oC for
1h. After removing excess alkali solution by pressing,
AC was shredded and then air-incubated for 24 h at
20oC. High concentration of CS2 (36% ) was then
added to provide cellulose xanthate.

Kw = 100,000 x (2-P2/P1)/(P1+P2)

(1)

Fabrication
of CNT/Rayon
Filament by Wet Spinning

Nanocomposite

CNT/rayon nanocomposite filaments were
fabricated using a wet spinning method. CNT/viscose
solution was forced through spinneret made of aurum
(Au) and platinum (Pt) alloy consisting of 50 hole
with 0.07 mm in diameter. Existing fine filaments of
viscose were made in contact with coagulant in the
spin bath of 160 g/L H2SO4, 325 g/L Na2SO4 and 13.52
g/L ZnSO4. The temperature of coagulation solution
and viscose spinning speed were 45oC and 6.0 cm3/
min respectively. The resulting filaments were washed
using hot water.

Preparation of CNTs-Cellulose Xanthate Viscose
for Spinning
Dispersion of functionalized (FCNTs) was prepared
by suspending 1.8 g CNTs in 250 mL CTAB solution
(1,44 wt% in water). The solution was sonicated by
vibracell ultrasonicator, 750W at 20 Hz for 1 h at
room temperature. Cellulose xanthate and 100 mL of
CNT solution containing 0.72g CNT were dissolved
in aqueous NaOH solution at 10°C for 4 hr. By this

(a)

(b)
Figure 1 Schema model dissolving process of cellulose xanthate and CNTs dispersion in an aqueous NaOH
solution
(a) Functionalized CNT
(b) Non Functionalized CNT
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Fiber Characterization
The Mechanical Properties
Nanocomposite Filaments

of

CNT/Rayon

Mechanical properties of single filaments were
measured using single filament tenacity tester with a
20 mm gauge length at a cross bar rate of 20 mm/min.
The tenacity and elongation of fibers were calculated
in average of 25 time measurements. All measurement
was conducted at room temperature and 65% relative
humidity. All parameters were compared to regular
rayon filament of Standar Nasional Indonesia (SNI1989)
Morphological Surface of CNTs and CNT/Rayon
Nanocomposite Filament
Influence of functionalization on the structure of
CNTs were observed by TEM. Longitudinal and cross
section surfaces of the CNT/rayon nanocomposite
filaments (FCNT and nFCNT) were observed by
scanning/transmission electron microscope (S/TEM).
For SEM analysis, preparation of sample was carried
out by embedding the fibers in epoxy matrix. These
embedded fibers were broken in liquid nitrogen to
retain their inherent morphology and was then coated
with gold using a JEOL JSM-5600LV microscopy. For
TEM, analysis CNT/rayon composite were embedded
in PON812 resin. Ultrathin samples dissected using a
Leica EM UC7-NT ultramicrotome with a diamond
knife. Transmission electron microscope, a Jeol JEM
1400 were used to analyze the samples; the images
produced were used to evaluate the cross-sectional
shape of the CNT-rayon filaments.
Results and Discussion
Carbon Nanotube Functionalization
The TEM image of nFCNT and FCNT are shown
in Fig.2. The impurities such as graphitic and residual
catalytic metal particles of CNT was observed as

black line color (Fig 2a). Acid treatment removed rest
of graphitic and residual catalytic metal particles of
CNT as shown in Fig.2b. In addition, acid treatment
left some defect sites such as bends in the tube as
indication of unsymetrical hexagonal carbon. This
result in similar with the previous work [12]. It means
that carboxylic are formed on both the tips and the
walls of the tubes.
Stability of CNTs Dispersion
Stability of CNT dispersion can be monitored by
UV-spectroscopy. Dispersion of nFCNTs in CTAB
solution, FCNTs-dispersion in water and FCNTsdispersion in CTAB solution was observed as a
function of time.

Fig. 3 : The dispersion of nFCNT in CTAB solution
(a); FCNT in water (b); FCNT in CTAB solution(c)
Based on absorbance at λ=256nm, the dispersion
of nFCNTs in CTAB solution, FCNTs in water and
FCNTs in CTAB solution was 0.738 , 0.751 and
0.161 respectively. FCNT in water showed better
dispersion than in CTAB solution. Dispersion of
nFCNT in CTAB solution stable for 20 days. Black
solution indicates well dispersion without any
precipitation (Fig.3a, b). Good dispersion of nFCNT
in CTAB solution was caused by wrapping of CTAB
molecules surrouding nFCNTs. In the solution, FCNT
visually seem relatively well dispersed solution.
The well dispersion may be caused by ionization of
FCNT. The surface of FCNT posses negative charge

(a)
(b)
Fig. 2. Morphological surface of Carbon nanotube : (a) nFCNTs (b) FCNTs
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Table 1. Mechanical Properties of FCNT-Rayon Nanocomposite and nFCNT-Rayon Nano Composite
Filaments in The Dry an Wet State
Filament
FCNT-rayon nanocomposite
nFCNT-rayon nanocomposite
Reguler rayon (SNI 14-0938-1989)

Tenacity (g/denier)
dry
Wet
3.01
2.40
2.72
1.85
1.2-2.7
0.7-1.8

of carboxyl groups on the CNT surface which make
them repulse each other because of the coulomb
interaction. Cationic surfactants CTAB are organic
compound containing one hydrophobic alkyl chain
and a hydrophilic group containing positive charge.
When FCNTs was dispersed in CTAB solution, an
electrostatic interaction between FCNT and CTAB
occured [14] .
The Composition of Viscose Solution
The viscose solution of FCNTs-cellulose xanthate
compose of 8.27% regenerable cellulose (based on
total solution), 6.54% NaOH (based on total solution)
and 36% CS2 (based on cellulose content of solution),
0.72 % FCNTs (based on FCNT dispersion in CTAB
solution). Whereas the viscose solution of nFCNTscellulose xanthate compose of 7.43% regenerable
cellulose (based on total solution), 6.84% NaOH
(based on total solution) and 36% CS2 (based on
cellulose content of solution) and
0.72 % FCNTs
(based on FCNT dispersion in CTAB solution).

Elongation (%)
dry
wet
36.5
32.5
57.1
42.6
15-30
20-40

Mechanical
Properties
Nanocomposite Filaments

of

CNTs-Rayon

Mechanical properties are important parameters
in evaluating strengh of fiber. The mechanical
properties of filaments of FCNT and nFCNT-rayon
nanocomposite in the dry and wet state are shown in
Table 1. As shown in Table 1, the tenacity value of
FCNT-rayon nanocomposite filament increased. High
tenacity and elongation of FCNT rayon nanocomposite
were provided from good compatibility between rayon
matrix and FCNT. The tenacity and elongation in wet
state is weaker than that in dry state.
3.5 Surface morphology of FCNTs and nFCNTs
rayon nanocomposite filaments
Cross sectional photo of FCNTs-rayon and
nFCNTs-rayon nanocomposite filaments are shown in
Fig. 4a and Fig. 4b

Filterability of FCNTs
A good filterability effect mainly comes from less
gel particles of large size in viscose [ 13] . The lower
value for Kw-value the better filterability of viscose
solution. The Kw of viscose solution prepared by the
addition of FCNT is 155.2. On the other hand, the Kw
of viscose solution prepared by the addition of nFCNT
dispersion is 1689. It means that functionalization of
CNTs is able to reduce the formation of gel particles in
the viscouse solution. Large size of gel particles using
nFCNTs are graphitic catalytic particles ( Fig.1).
Mixing Processing of CNT-Cellulose Xanthate
CTAB as cationic surfactant importantly contribute
to make well-dispersed CNT solution in water via
van der Waals forces to create long-stable solution.
Cellulose can react with carbon disulfide in alkaline
solution to form water-soluble cellulose xanthate.
Because cellulose xanthate is negatively charged
polymer, it may be a potential solubilizing agent of
CNTs to prepare stable CNT suspensions in water [10].

(a)

(b)

Fig. 4. Cross-sectional photo micrographs
of FCNT-rayon (a) and nFCNT-rayon(b)
nanocomposite filament
The filament shows the skin (outermost layer) of
FCNT-rayon more prominent and thicker than the skin
of nFCNT-rayon. The skin consists of many small
crystalline regions. The differences in the ratio of skin
to core impact on fiber properties. The thickness of
skin contributes to reduce the shrinkage of diameter of
fiber. In viscose rayon, the structure and properties of
filaments greatly influenced by the spinning process
and chemical conditions in the spinning bath [11, 15].
The dilute sulphuric acid decomposes the xanthate and
regenerates cellulose by processing of wet spinning.
The outer portion of the xanthate was decomposed
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(a)
(b)
Fig. 5 SEM image of the fracture CNT-rayon nanocomposite with (a) 0.72wt% FCNT (b) 0.72wt% nFCNT

Fig.6 TEM image of (a) FCNT-rayon nanocomposite filament (b) nFCNT-rayon nanocomposite filaments

forming a cellulose skin on the fiber. Sodium and
zinc sulphates controlled the rate decomposition of
cellulose xanthate to cellulose and fiber formation.
Skin formation are influenced by temperature and
coagulation solution in the spinning bath. Both FCNT
and nFCNT-rayon nanocomposite filaments show the
average diameter of 0.3 and 0.2 mm, respectively.
Fig. 5 shows the SEM images of the fracture of
FCNTs-rayon nanocomposites fiber with 0.72 wt%
FCNT (a) and nFCNTs rayon nanocomposites fiber
with 0.72 wt% nFCNT (b). Homogeneous dispersion
and exfoliation of FCNT in cellulose matrix were
shown in Fig.5a whereas FCNT are well embedded
in cellulose matrix. In the Figure 5b, distribution of
nFCNT in the composite is less dense and tend to
agglomerate on the surface forming wafe-pattern
region.
Analysis of morphological surface by TEM was
intended to examine internal structure of composite
fiber. In figure 6a, a clear differences on diameter
and surface roughness along the tube wall of fiber are
indetified easly. FCNTs have diameter of 20 nm and
open-end fiber. It is reasonable due to functionalization
process. Functionalization process caused formation
of open-end structure and even structural defect as
active site on the surface of fiber. In Fig.6a, structural
defect is shown as surface roughness. Presence of
active site on the fiber surface enhance interaction
force between CNT and rayon to produce high
tenacity composite fiber. In meanwhile, without any
active site, shown as smooth surface resulted in lower
tenacity composite fiber (Fig.6b). In this describes an
importance of functionalization process subjected to
CNT before making composite.
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Conclusions
CNT-rayon nanocomposite filaments were
successfully prepared by adding 0.72 wt% CNT in
xanthate dissolution process. Functionalized CNTs
using H2SO4/HNO3 can improve the filterability
of the viscose and the dispersion of CNT and the
interfacial interaction between CNT and rayon.
Mechanical properties of rayon nanocomposite
filament using functionalized MWCNT is better than
non functionalized MWCNT.
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ABSTRACT
This research is to study the effect of mixing virgin pulp with secondary pulp on physical, mechanical and
optical properties of paper. The virgin pulp is Oil Palm Frond (OPF) Acetosolv pulp while the secondary pulp is
Old Newspaper (ONP) pulp. The mixing ratio of OPF Acetosolv pulp to ONP pulp are 100:0, 80:20, 60:40, 20:80
and 0:100. In general, the results show that physical and optical properties increase with increasing OPF Acetosolv
pulp ratio except tear index and folding.
Keywords: mixing ratio, acetosolv pulp, secondary pulp, oil palm frond (OPF) pulp.
Introduction
Application of pulp and paper fiber resources in
industries for production of related products based
on pulp and paper are dependence on demands from
society. Until now industries has utilized pulp and
paper for many purposes including for education,
information storage, product advertising (in pages
of books, magazines, catalogs, newspapers, and
countless other forms of printed media or written
communication), protection, transportation and
security of goods in transit and in storage (in corrugated
boxes and shipping containers, food packaging, and
an enormous variety of other packaging and industrial
applications), and protection of human health and
sanitation [1]. The pulp industries and demand of
paper and paperboard is continued to highly growth
and that is causing search for new and unexploited
sources of cellulosic fibers.
Traditionally, wood is the most widely used raw
material to produce pulp and paper. Governments
as well as industry executives have to establish and
implement alternatives to ensure sustainable for fiber
supply, including reforestation program, plantation
management, recycling, and development of nonwood fibers to maintain the paper industry growth.
Recycling found to be having a high potential to meet
the purpose with low cost. The drawback of paper
produced from secondary pulp generally has low
quality due to hornification phenomena, and the pulp
becomes more rigid and less flexibility.
Virgin fiber mixed with secondary fiber is
increasingly popular in some countries such as United
States, Japan and others to produce comparable
paper quality. Manufacturing method is similar to
the manufacture of virgin pulp, except contaminant
removal of secondary pulp to obtain a clean and
good strength of pulp product. For instance, in Japan,
McDonald’s franchise used all the burger packaging
162

paper which with a 70% kenaf content. Recently,
utilization of non-wood based fibers from oil palm
materials such as oil palm fronds has attracted more
attention in pulp and paper industries as an alternative
source of fiber in paper making. Non-wood fiber plant
such as oil palm (Elaeis guineensis) shows great
potential in paper making as raw material especially
for Indonesia and Malaysia [2]. Utilization of oil
palm wastes raw material are sustainable because of
their abundant not costly and has been explored using
variety of pulping methods [3]. Researchers usually
studied on oil palm trunks (OPT), and to a lesser
amount on oil palm fronds (OPF) and empty fruit
bunches (EFB). Chemical and physical properties, and
the pulping characteristics of oil palm fibres has been
reviewed by researcher and found that frond fiber is
the longest among various fibrous components of the
oil-palm tree (i.e. trunk, frond, empty fruit bunch) with
an average length of 1.59 mm which also longer than
most of hardwood fibers[4].
The purposes of this research is to study the effect
the mixing ratio of from oil palm frond pulp and
secondary pulp on paper properties.
Materials and Methods
Materials
Oil palm (elaeis guneensis) frond samples were
obtained from the palm oil mill PT. Fajar Baizury
and Brothers, Aceh, Indonesia. These fronds were cut
into chip at an approximate length 2 inches in length
and were dried before pulped. Old newsprint (ONP)
has been selected as a source of secondary pulp, torn
to the measurement of±(1.0cmX1.0 cm) and soaked
24 hours in the water. Laceration was not done with
scissors to avoid disconnection occurs the fibers and it
is done in the area that are not to reduce the percentage
of contaminants.
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Pulping

Results and Discussions

The OPF chips (200 g, o.d.basis) were pulped
using acetosolv method in 4-L stationary stainless
steel digester (NAC Autoclave Co. Ltd., Japan)
fitted which a computer-controlled thermocouple.
Different acetosolv pulping conditions were run based
on experimental design via the statistical modelling
software (DESIGN-EXPERT). After optimization,
the OPT was pulped at the best possible acetosolv
pulping conditions, which were; 85% of acetic acid,
0.75% of HCl 155oC of cooking temperature and 140
minutes for cooking time. Both the acetic acid and
HCl concentrations were based on volume percentage
(v/v) with respect to the cooking liquor. The resultant
OPF pulp was used as virgin pulp for this study.

Effect of Material Mixing Ratio on Density

Paper Making

3.2 Effect of Mixing Ratio on Tensile Index

The papermaking process was carried using semiautomatic handsheet papermaking. The mixing ratio
of OPF Acetosolv pulp to secondary pulp is listed
in Table 1. Then, the handsheets were placed in airconditioned room (50.0 ± 2.0 % RH and 23.0 ± 1.0
o
C) [5].

Fig.2 shows a comparison of the tensile index of
paper produced from different ratio of pulp. Paper
with 100% ONP pulp shows the lowest tensile index
compared to 100% OPF Acetosolv pulp. Tensile index
decreased with the addition of ONP pulp into OPF
Acetosolv pulp

Fig. 1 shows effect of OPF Acetosolv pulp to ONP
pulp mixing ratios on paper density. The result shows
that the sample with 100% of OPF pulp represents the
lowest density of 0.5426 g/cm3. The paper with mixing
ratio of 80:20 has the highest density values. Addition
of ONP pulp after that ratio retains the paper density
around 0.5700-0.5800 g/cm3.
It seems that addition on ONP pulp increases the
paper density compared to the paper density of 100%
OPV Acetosolv pulp. It is believed that the short fibers
of ONP pulp filled up the open spaces between OPF
Acetosolv fibers in the paper.

Table 1 Mixing Ratio of Pulp
Sample

Ratio, % (OPF Acetosolv
Pulp : Secondary pulp)

1
2
3
4
5
6

100 : 0
80 : 20
60 : 40
40 : 60
20 : 80
0 : 80

OPF Acetosolv Pulp
OD Weight (g)
24
19.2
14.4
9.6
4.8
0

Secondary Pulp (ONP)
OD Weight (g)
0
4.8
9.6
14.8
19.2
24

Fig 1. Effect of Pulp Mixing Ratio on Density

© 2013 Published by Center for Pulp and Paper through REPTech2012

163

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Fig. 2. Effect of Mixing Pulp Ratio on Tensile Index

Fig. 3. Effect of Pulp Mixing Ratio on Burst Index
The virgin pulp which is believed has long fiber
length and more flexible contributes to the high
tensile index of the paper from 100% OPF Acetosolv
pulp. While, ONP pulp that has a short and stiff fiber
decreases the tensile index performance. Therefore,
thepa per produced with high percentage of OPF
Acetosolv pulp will produce paper with a higher
tensile index.
3.3 Effect of Mixing Ratio on Burst Index
Fig. 3 indicates that paper from 100% OPT
Acetosolv pulp give highest burst index at 3.4kPa.
m2/g. Paper from 100% ONP pulp reveals a modest
index value at 3.2 kPa.m2/g. Paperwhich contains
pulp ratio of 20:80 has the lowest burst index.
Generally, it is found that the fracture toughness of
the resulting paper decreased with the addition of ONP
pulp. This is due to short fiber of ONP pulp cannot
form a strong bonding between the fibers. In addition,
it is suspected that the presence of additives such
164

as clay and ink in ONP pulp also lower the fracture
toughness.
3.4

Effect of Mixing Ratio on Tear Index

Fig. 4 shows that addition of ONP pulp on OPF
Acetosolv pulp has significant impact on tearing
strength. Tear index does not exceed 7 mN.m2/g and
not lower than 5 mN.m2/g. This value is considered
as moderate values for paper. Tear index commonly
used for the purposes of newsprint is 4.70 mN.m2/g for
cross direction (CD) and 2.35 mN.m2/g for machine
direction (MD) [6]. And an increase to the addition of
ONP pulp palm fronds, where the highest content in the
mixture ratio of 60% OPF: 40% ONP is 6.7 mNM2/g
after it happened declined. This condition may be due
to poor distribution of the fibers in the paper caused
as light increase in the index sample of tearing OPF
ratio of 60%: 40% ONP. However, this situation does
not give any meaning, because as a whole observed
decrease in the index value obtained tearing.
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3.5 Effect of Mixing Ratio on Folding

3.6 Effect of Pulp Mixing Ratio on Brightness

Folding endurances is the number or the number
of folds that can be detained by the sample before
the sample failed and folded through the prescribed
angle under controlled pressure [7]. Figure 5 shows
that 100 % of OPF pulp gives the lowest value of
75, while 100% of ONP gives a value of 102.
This can be related to the OPF virgin pulp did
not under go through beatings. Secondary ONP
pulp that undergoes beating process has a strong
bond between the fibres and flexibility of fibres
that strengthen to endurance the paper folding. In
addition, the presence of additives in the paper
produced from secondary fibers also improves
durability of paper folding. This is through a strong
resistance of relaxation of fibers by the additives
filled the vacancy and pores of the paper.

From Fig. 6, the brightness of the paper is increasing
with addition of ONP pulp. Paper brightness refers
to overall light reflection of the paper affected by
the brightness of the pulp used. Experimental results
show that the paper produced from ONP pulp is
brighter than that of Acetosolv oil palm fronds pulp as
can be seen in Fig.6. The presences of residual lignin
remaining in Acetosolv palm fronds pulp causing light
absorption occurs and make the dark-colored paper. In
addition, the low brightness of paper from Acetosolv
palm fronds pulp resulting from Acetosolv pulping
which produced a dark-colored pulp. Figure5 shows
paper produced from 100% Acetosolv oil palm fronds
pulp give the lowest brightness, 14.78%, and paper
produced from 100% ONP pulp gives the highest
brightness of 54.32%. The high brightness of paper
from ONP pulp might be affected by the re-bleaching
of the pulp during processing.

Fig. 4 Effect of Pulp Mixing Ratio on Tear Index

Fig. 5. Effect of Pulp Mixing Ratio on Folding
© 2013 Published by Center for Pulp and Paper through REPTech2012

165

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Fig. 6. Effect on Pulp Mixing Ratio on Brightness

Conclusion
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ABSTRACT
Proficiency testing (PT) or interlaboratory-cross check (ILCC) has been widely used by calibration and
testing laboratories as a quality assurance tool to determine the accuracy of their results. It is a Program organized
periodically and participated by numerous laboratories performing a test or a range of tests specified by the
organizer. In the paper testing field, there are currently several Programs organized worldwide. However, in the
Asia Pacific region this Program is only organized by FRIM. Launched in 1998, this Program is participated by
nine paper testing laboratories from all over Malaysia. Compared to other Programs, the cost incurred is very
economical and the final report is prepared based on the requirements of ISO/IEC 17043: Conformity assessment
General requirements for proficiency testing. This paper explains the procedures, methods used in analysing the
data and information included in the final report. Some findings and the benefits obtained by participants are also
highlighted.
Keywords: proficiency testing, paper testing, interlaboratory-cross check
Introduction
Proficiency testing (PT) or interlaboratory-cross
check (ILCC) has been widely used by calibration
and testing laboratories as a quality assurance tool
to determine the accuracy of their results. It is a
Program organized periodically and participated by
numerous laboratories performing a test or a range of
tests specified by the organizer. In the paper testing
field, there are currently several Programs organized
worldwide. However, the cost of participation in PT
can be substantial to small companies and developing
country government organizations like FRIM.
The PT Program organized by FRIM was initiated
in 1998 due to the absence of regional Program for
paper products when the Paper Testing Laboratory
in FRIM was applying for ISO/IEC Guide 25 (now
known as ISO/IEC 17025) in 1999 [1] . Being the
only research institution in Malaysia having the
paper testing facility, it was timely for such Program
to be initiated. With the support of five paper testing
laboratories, this Program was started. Several
changes have been carried out since then to fulfill the
requirements of new ISO/IEC 17043 [2]. This paper
explains the procedures, methods used in analyzing
the data and information included in the final report.
The participation fee charged to laboratories for this
Program is much lower than those offered in the
Europe and Northern America. Some findings and the
benefits obtained by participants are also highlighted.
Proficiency Testing
Figure 1 shows how PT is conducted at FRIM.
The samples for PT can be obtained from the market
or manufacturers. If obtained from manufacturers,

specific instructions are given to ensure variations
in the samples are minimized. The samples are then
processed in FRIM (identification of fiber orientation,
surface differentiation, unique ID given). Next,
homogeneity testing is conducted to ensure that the
variations in results submitted by participants are
only due to the differences in the test methods and
laboratory conditions and least likely due to sample
heterogeneity. This is conducted by performing the
Analysis of Variance (ANOVA) on the test results.
If samples are not found to be homogeneous, new
samples will be obtained and the process repeated
until homogeneity criteria are met. Homogeneous
samples are then carefully packed and distributed to
participants together with an instruction sheet and
result reporting forms.
To enable fair reporting of results, participants are
asked to provide the information on laboratory and
equipment details. A specified time frame is given to
the participants to submit their results. Results can be
submitted to FRIM through mail, facsimile or email.
The person in charge will examine the results to detect
any possible discrepancies before statistical analyses
are carried out. Participants will be contacted for
clarification if their results indicate inconsistencies.
Due to the lack of ‘true values’ for the samples, robust
statistical analyses are carried out with all participant
results evaluated without any exclusion. For this
purpose, medians are used instead of mean values and
normalized interquartile range to estimate the standard
deviations. Participant performances are evaluated
using the z-score where the values below three are
desired. The details on robust statistical analysis are
presented in Adnan et al. [3]. The PT cycle ends
when all participants accept their reports without any
amendments or complaints.
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Figure 2. Sample of Youden Plot
PT Final Reports

Tests Included in PT Program

The PT final report includes all the information
given to the participants, the testing conditions and
results provided by them as well as interpretation
of analysis results. However, the identities of
participants are kept anonymous in the report.
This is accomplished by assigning identification
number known only to the individual laboratories
and FRIM as the organizer. The final report also
includes graphical figures comparing results from all
laboratories. In particular, the Youden plots are very
useful in identifying possible errors contributed by
laboratory internal problems such as operators and
equipment (Figure 2). The purpose of generating a
Youden plot is to illustrate the systematic differences
between laboratories. It is drawn in a black spot
representing each laboratory. The spots are generated
by the results given for the same tests conducted on
different samples supplied. Data points concentrated
in the lower left hand and upper right hand quadrants
indicate high systematic errors.

The range of tests included in this program is
listed in Table 1. Each cycle of the Program includes
at least two different types of paper products such as
photocopy, test liner and corrugation medium. Thus,
it caters to the needs of most paper manufacturers in
Malaysia.
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PT Benefits and Issues
Participation in PT Program offers various benefits
namely (1) providing wider network, (2) encouraging
closer relationship amongst industry players, (3)
conforming to ISO/IEC 17025 requirements, (4)
providing better technical comprehension, (5)
identifying internal laboratory problems, (6) improving
testing quality, (7) demonstrating competence, (8)
enhancing test accuracy, (9) improving customer
confidence, (10) monitoring routine analysis, (11)
benchmarking with peers and (12) verifying testing
methods and procedures.
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Table 1. The Range of Tests Included in PT Program Organized by FRIM
No.

Test

Preferred Standard
Method

Equivalent Method(s)
ISO

SCAN*

TAPPI

ASTM

BS/BS EN

1

Grammage

MS ISO 536

536

P6

410

D646

3432

2

Thickness

MS ISO 534

534

P7

411

D645

20534

3

Moisture content (oven-dry)

MS ISO 287

287

P4

412

D644

3433

4

Water absorptiveness

MS ISO 535

535

P12

441

D3285

2644

5

Brightness

MS ISO 2470

2470

P3

571

D985

4432

6

Opacity

MS ISO 2471

2471

P8

519

D589

7

Burst strength

MS ISO 2758

2758

P24

403

D774

3137

8

Tear strength

MS ISO 1974

1974

P11

414

D689

21974

9

Tensile strength

MS ISO 1924-2

1924-2

P38

494

D828

4415

10

Bending resistance

MS ISO 2493

2493

P29

489

D5342

3748

11

Ring crush

TAPPI 822 or 818

12192

P34

-

D1164

N/A

Despite the above benefits, some of the issue faced
by PT organizers like FRIM are (1) instructions not
fully followed by participants which results in tests
being conducted for wrong sample/fiber direction/
surface, (2) results are reported ‘raw’, e.g., weight
reported instead of grammage, (3) insufficient
information given, e.g., units not reported, (4)
variation in test methods (different specimen size,
time, etc.), (5) equipment used by participants have
different principles, e.g., light source for brightness
and opacity and (6) different equipment resolution,
e.g., 1 micron vs. 0.1 micron for caliper.
Conclusion
Proficiency testing (PT) is an effective quality
assurance tool used by laboratories to verify the
accuracies of their results. In this Program, samples
are distributed amongst participating laboratories who
will conduct tests specified by the organizer. Results
are then submitted to be analyzed by the organizer.
Most organizers specify the test methods to be used as
a means to minimize variations in results submitted by
participants. Participation in PT offers several benefits
including the ability to benchmark the quality of test

results, identify laboratory problems and to improve
customer confidence. Besides these benefits, PT
participation could also provide wider network and
encourage closer relationship between laboratories
with similar facilities. Although PT offers numerous
advantages, several challenges have been identified
and overcome with some precaution and proactive
steps by the organizer to ensure smooth execution
of the Program. Due to the limited availability of PT
Programs for paper products in the Asia Pacific region,
the cost of participation is quite high. This cost can
be reduced by having more Programs organized in
different regions as initiated by FRIM.
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ABSTRACT
Cellulose and its derivatives are widely used in various types of industries so consequently the source of
cellulose has become scarce and very limited. Therefore there is a pressing necessity to develop the alternative
cellulose source which called bacterial cellulose. In the purification processing of bacterial cellulose, the immersion
of NaOH onto bacterial cellulose gel was utilized. This research studies the effects of NaOH concentration utilized
during the immersion process in cellulose purification on the characteristics of obtained bacterial cellulose and
its derivative, cellulose acetate as well. Characterization includes ash content, moisture content, the levels of
α-cellulose, acetyl content and yield values in compliance with the procedural guidelines outlined in the ASTM D
871-96 and SNI 14-0444-1989 references. The final results indicate that bacterial cellulose has a moisture content
in the range of 4.99 to 13.02%, ash content in the range of 2.28 to 4.54% and levels of α- cellulose in the range
of 70.12 to 56.12%. The cellulose acetate has moisture content in the range of 2.81 to 6.03%, ash content in the
range of 0.66 to 1.30%, levels of cellulose-α in the range of 34.54 to 73.79%, acetyl content in the range of 45.96
to 51.16% and the yield value in the range of 100.93 to 145.62%.
Keywords: alkali immersion, cellulose purification, cellulose, bacterial cellulose, cellulose acetate
Introduction
Cellulose and its derivatives derived from natural
fibers, wood and non-wood fibers which are widely
used in various industries, such as papers, textiles and
cosmetics industries. Source of natural fiber cellulose
is getting increasingly scarce while the demand in the
industry is increasing. Cellulose other than those which
are derived from natural fibers can also be obtained
by growing bacteria in a solution of glucose culture.
This alternative source of cellulose is commonly
known as bacterial cellulose [1.2]. Modification of
cellulose could be carried out by acetylation of
cellulose to get its derivative called cellulose acetate.
Cellulose acetate is widely used as membranes of
microfiltration, ultrafiltration and reverse osmosis [3].
The utilization of bacterial cellulose as a source of
cellulose acetate production is one of the alternative
way for membrane raw material [4].. The purification
process of bacterial cellulose gel in the cellulose
acetate production becomes very crucial because it
will affect the properties of the resulting membrane.
Ullmann’s encyclopedia states that purification of
cellulose is one important step in the cellulose acetate
production process [5]. Purification process which
carried out by immersing bacterial cellulose gel on
NaOH and NaOCl with concentration up to 12% and
1% respectively resulted the final product of dried
bacterial cellulose having high physical properties
[6
and difficult to be acetylated [7].
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The purification process of bacterial cellulose
using 1% NaOH and neutralized with 1% acetic
acid at room temperature for 24 hours was found by
Sumise for the production of membranes and lowcalorie food ingredients [8]. The same process was
also followed by M. Lindu, and was able to produce
cellulose acetate membranes for microfiltration [9].
Lindu also found that increasing of the concentrations
of NaOH and acetic acid to 4% respectively during
the immersion process of bacterial cellulose gel,
could produce cellulose acetate membranes having
very dense pores that can serve as an ultra-filtration
membrane [10].
The objectives of this study are to determine the
characteristics of bacterial cellulose and cellulose
acetate obtained in the various concentrations of
NaOH immersion solutions which used in the bacterial
cellulose gel purification process. By knowing the
characteristics of cellulose acetate obtained from
different purification process of bacterial cellulose, it
is expected that the procurement of bacterial cellulose
acetate for related industries can be addressed.
Experimental Method
Synthesis
The production of cellulose acetate phases was
performed in several stages as follows, first: the
making of Nata De Coco, followed by immersing it
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in various concentrations (1%, 2%, 4% and 6%) of
alkali (NaOH) for purification process, continued
with the drying process of bacterial cellulose gel to
get dried cellulose and finally doing acetylation to
obtain cellulose acetate. And then the characterization
was carried out, measuring such quantities as moisture
content, ash content, the levels of cellulose-α, acetyl
content and yield values in compliance with the
procedural guidelines outlined in the ASTM D 871-96
and SNI 14-0444-1989 references.
1. Making Nata De Coco.
A total of 5 (five) liters of filtered coconut water
was boiled, added by sugar, 10% of the volume of
coconut water (500 g). Acetic acid solution was put
until the solution attains a pH value of 3, then 0.5%
w/v.ammonium sulfate was added The solution
was poured into rectangle trays (20x10x5) cm, then
the acetobacter xylinum bacteria was incubated
with quantity as much as 10% for ten days at room
temperature to get nata de coco gel.
2. Purification of bacterial cellulose by immersion
in a base (NaOH) solution.
The nata de coco gel was boiled for 15 minutes,
and then immersed with various concentrations of
1%-, 2%-, 4%- and 6% NaOH at room temperature for
24 hours, followed by neutralization with acetic acid.
To obtain dried bacterial cellulose, the Nata De
Coco from the process mentioned above was washed
several times with water, then pressed and dried by sun
drying. The dry cellulose was milled and the cellulose
was filtered to obtain a 30 mesh size. Characterization
was performed to determine the moisture content,
ash content and levels of cellulose with a reference to
ASTM D 871-96 and SNI 14-0444-1989.

the levels of alpha cellulose and sucrose content (SNI
14-0444-1989) are then carried out on the sample.
B. Characterization
Characterization of moisture content, ash content
and acetyl content (ASTM D 871-96) and the levels of
cellulose-α and sucrose content (SNI 14-0444-1989)
was carried out by the following methods:
1. Water content (ASTM D 871-96)
Aluminum bowls were dried at 105 °C for 2 hours,
then cooled in a desiccator and weighed on the balance.
An amount of 1 g (A) cellulose sample was weighed in
an aluminum cup of known weight and then heated in
an oven at 105 oC for 2 hours. Cooled in a desiccator
and weighed until the weight remained constant (B).
Determination of water content is achieved by using
Equation 1.
Water Content =

A-B
x 100% .......................... (1)
A

2. Ash content (ASTM D 871-96).
Porcelain bowls were blazed in a furnace at 600 °C
for 3 hours, then cooled in a desiccator and weighed
(A). A total of 0.2 g of dry sample (B) was transferred
into a porcelain dish of known weight, and then
immediately charred using an electric stove until it
ceases to release smoke. Next the sample was cindered
in a furnace at 600 ° C for 3 hours to obtain ashes (C).
The ash content was determined using Equation 2.
Ash Content =

C-A
x 100% .......................... (2)
B

3. Preparation of Cellulose Acetate.

3. α-Cellulose Content (SNI 14-0444-1989).

Cellulose powder (3 g) was transferred into 24
mL of glacial acetic acid for 60 min at 40 °C, then
as much as 10 mL anhydrate acetate was added and
stirred with a shaker for
20 hours. The acetylation
process was carried out, in which 15 mL of acetic acid
and 1 mL of glacial sulfuric acid were first added, and
the whole mixture was stirred at 40°C for 45 minutes.
Finally, another 10 mL of anhydrate acetate was added
and stirred for 20 hours at 40 oC. The hydrolysis
process was performed, in which 5 mL of distilled
water and 10 mL of acetic acid were added, stirred for
20 h at 40 °C in a waterbath shaker.
In order to obtain precipitates of cellulose acetate,
the hydrolysis end-product was washed with water
and filtered. The filtration product was dried at 50 °C
for 6 hours. The characterization of moisture content,
ash content and acetic levels (ASTM D 871-96) and

Petri dishes were sintered in an oven heated at a
temperature of 105 °C, and then cooled in a desiccator.
Next 0.3 g of dry sample was weighed in a 250 mL
beaker. The next procedures were then performed in a
thermostat at 20 oC. The sample was drenched with 15
mL of 17.5% NaOH and maceration was carried out
with a stirring bar for 1 minute. 10 mL of NaOH solution
was added and stirred for 45 seconds. Finally, an extra
10 mL of 17.5% NaOH was added and stirred for 15
seconds. The mixture was allowed to rest for 3 minutes.
The 10 mL of 17.5% NaOH was added to the mixture
and stirred for 10 minutes. The addition of 3 x 10 mL
NaOH was repeated at intervals of 2.5 minutes, 5.0
minutes and 7.5 minutes. The sample was left in a
thermostat for 30 minutes in a closed state. Afterthat
a 100 ml of distilled water (at 20 ° C) was added to
the mixture and then the system was allowed to stand
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for 30 minutes. Next, the content of the mixture was
poured into a sintered plate (already equipped with
a suction flask), and then suctioned with a vacuum
pump and the beaker was cleaned with 25 mL of 8.3%
NaOH at 20 oC. Then the precipitate was washed with
5 x 50 mL of distilled water at 20 oC.
Petri disk was transferred to another suction flask
and the precipitate was washed with 400 mL of distilled
water. CH3COOH 2N was then added, and stirred for
5 minutes. The precipitate was washed with distilled
water until free of acid, and then dried by inserting
the petri disk into an oven at 105 oC. The mixture was
then cooled in a desiccator and weighed. α-cellulose
content was determined using Equation 3.
α-Cellulose content = precipitate weight/sample
weight x 100% ....................................................... (3)
4. Acetyl / Acetic Acid Content (ASTM D 871-96)
0.2 g dry sample was weighed and put into
an erlenmeyer tube, and then 40 mL 75% ethanol
was added to the system and heated at 60 °C for 30
minutes. Next, 40 mL of NaOH 0.5 N was added and
reheated at 60 °C for 15 minutes, then allowed to stand
for 5 days. Excess NaOH was titrated with HCl 0.5 N
using PP as an indicator, then 1 mL HCl 0.5 N solution
was added to the titrated solution and was allowed to
stand for 1 day to let NaOH diffused in advance, then
at the end the excess HCl was titrated with NaOH 0.5
N using an PP indicator. Blanks were made with the
same treatment without adding the sample. Acetyl
content was determined using Equation 4.
Acetyl content = (DC) Na + (AB) Nb x F/W........... (4)
Where:
A = The amount of NaOH for titration of sample
		(mL).
B = The amount of NaOH for blank titration (mL).
C = The amount of HCl for titration of sample (mL)
D = The amount of HCl for blank titration (mL)
F = 4.305 (for the acetyl content) and 6.005 (for
		 levels of Acetic Acid)
W = weight of sample (g)
Na = normality of HCl (mgrek / mL)
Nb = Normality of NaOH (mgrek / mL)

5. Cellulose Acetate Yield.
Yield calculations using the gravimetric method,
was carried out by weighing the resulting cellulose
acetate (A) and weighing the amount of used bacterial
cellulose (B). The yield of cellulose acetate is
determined by using Equation 5.
Yield =

A
B

x 100% ........................................ (5)

Results and Discussion
Water Content
Water content is the percentage of water in
a material that can be expressed by wet weight
(wet basis) or based on dry weight (dry basis).
Moisture content wet basis is the weight of water
in each 100 g of material, while the dry basis
moisture content is the weight of water evaporated
divided by the weight of material after drying [11].
Water levels or content in bacterial cellulose gel is
very high, so that the process of pressing and drying to
reduce water content is necessary [12].
According to Ullmann’s Encyclopedia, the water
content affects the reactivity of cellulose during
acetylation. A good cellulose water content needed to
produce cellulose acetate is in the range of 4 to 7%
[5]. Table 1 showed the water content (%) of bacterial
cellulose and cellulose acetate with a variation of
the concentration of NaOH immersion medium. The
adequate water content is yielded by immersion in
NaOH with concentration of 1% and 2%.
Table 1 also showed that the increase in NaOH
concentration also affect the increase of bacterial
cellulose and cellulose acetate water content . The
water content of the produced bacterial cellulose
and cellulose acetate increases with increasing of
concentration of the NaOH immersion agent.
The value of water content of Bacterial cellulose
immersed in 1% NaOH solution in this study is
4.99%, which is similar to the 4.89% water content
value obtained by Yulianawati [13]. This similarity is
most likely caused by the same source of bacterial
cellulose which is nata de coco from coconut water.
While for the same immersion agent, the water content

Table 1. The Water Content of Bacterial Cellulose and Cellulose Acetate

172

No.

NaOH concentration

1.
2
3
4

1%
2%
4%
6%

Moisture content (%)
Bacterial Cellulose
Cellulose Acetate
4,99
2,81
7,07
3,41
8,46
5,71
13,02
6,03
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of bacterial cellulose made from pineapple juice (nata
de pina) turns out to be higher by a factor of 7.6% [14].
NaOH immersion medium could cause swelling in
the cellulose structure. With increasing concentration
of NaOH, the swelling also increases which then opens
up the cellulose fibers and increase the accessibility
of the OH groups in the cellulose to make hydrogen
bonding with water.
For the same concentration of immersion medium,
the water content of bacterial cellulose is higher
compared to that of cellulose acetate. This indicates
that the hydrophilic nature of bacterial cellulose
is stronger than that of cellulose acetate, because
bacterial cellulose has a stronger hydrogen bond
compared to acetylated cellulose.

Bacterial cellulose contains a higher proportion
of α-cellulose compared to the cellulose of plants.
The amount of α-cellulose content is an indicator of
cellulose purity [16.17].
Table 3 shows the variation in the levels of
α-cellulose (%), bacterial cellulose and cellulose
acetate with the concentration of NaOH. The highest
level of α-cellulose in this study is 70.12% which was
obtained in a 2% NaOH immersion medium. While
Arifin obtains an α-cellulose content of 88.72% with
1% NaOH immersion medium, which is higher than
the result found in this study [18].
Table 3. Bacterial Cellulose Content of Alfa Cellulose
and Acetate

Ash Content
The ash content of cellulose acetate indicates the
presence of inorganic metal. This is caused by the fact
that chemicals that were added during the acetylation
process do not only contain of organic materials.
According to Wadsworth and Deponte, this low ash
content (inorganic) will produce cellulose acetate
films that have a liquid stability and high optical clarity
[15]. Table 2 shows the ash content (%) of bacterial
cellulose and cellulose acetate with a variation of the
concentration of NaOH immersion.
Table 2 showed that the ash content of bacterial
cellulose and the produced cellulose acetate increases
with increasing of NaOH concentration in immersion
medium. Increase in ash content is most likely due to
the contribution of increasing concentrations of NaOH
immersion medium. While for the same concentration
of NaOH immersion medium, the bacterial cellulose
ash content is greater than that of cellulose acetate.
This is presumably because most of the inorganic
components are washed away during the acetylation
process .
.
Table 2. Ash content of Bacterial Cellulose and
Cellulose Acetate

No.

NaOH
concentration

1.
2
3
4

1%
2%
4%
6%

Ash content (%)
Bacterial
Cellulose

Cellulose
Acetate

0,77
2,28
2,54
4,52

0,66
0,74
1,21
1,30

No.

NaOH
concentration

1.
2
3
4

1%
2%
4%
6%

α-cellulose content (%)
Bacterial
Cellulose
Cellulose
Acetate
68,03
70,12
66,66
56,12

34,54
44,17
71,37
73,79

In Table 3, it is shown that increasing the
concentration of NaOH medium over 2%, would
lower the levels of α-cellulose in bacterial cellulose.
The interesting thing is that the decrease in the level
of α-cellulose in bacterial cellulose is followed by
a quite significant rise in the level of α-cellulose
in synthesized cellulose acetate. Most likely, the
concentration of NaOH immersion medium of over
2% led to the dissolution of α-cellulose and the
depolymerization process occurs. The opposite thing
occurs during acetylation, the dissolved α-cellulose
is engaged in a molecular structure rearrangement by
polymerization so that the content of α-cellulose in the
cellulose acetate increases.
This is consistent with the rise of the water content
due to rising concentrations of NaOH medium, where
the high water content will inhibit the process of
substitution of the acetyl group. Inhibition of acetyl
substitution process provides an opportunity for
the dissolved α-cellulose to engage in molecular
rearrangements. Thus it is conceivable that a high
concentration of NaOH immersion medium in the
purification process of bacterial cellulose produced
cellulose acetate membrane having denser pores and
can serve as an ultra filtration membrane due to the
increased levels of α-cellulose.

α-Cellulose Content

Acetyl Content

Based on the degree of polymerization (DP), there
are three types of cellulose, namely α-cellulose with a
DP of more than 200, β-cellulose with a DP between
10 to 200 and γ-cellulose with a DP of less than 10.

Acetyl content is a measure of the amount of acetic
acid esterified in the cellulose chain that determines the
value of the degree of substitution (DS). The degree of
substitution is the average value per substitution per
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anhidroglucose (UAG). Cellulose has three hydroxyl
groups in each substitutable UAG, so DS has a range
of values between 0 and 3. The relationship between
the levels of acetyl and DS values is shown in Table 4.
The amount of acetic ester substitution greatly affects
the solubility and the properties of polymers [19,20].
Table 4. The Relationship Between the Degree of
Substitution of Cellulose Acetate and Acetyl- and
Acetic Acid Percentage [20]
Substitution
Degree
0,5
0,75
1,0
1,5
2,0
2,5
3,0

Acetyl Content
(%)
11,7
16,7
21,1
28,7
35,0
40,3
44,8

Acetic Acid
Content (%)
16,3
23,2
29,4
40,0
48,8
56,2
62,5

The variations of acetyl content- and yield values
of cellulose acetate with NaOH immersion medium
concentration generated are shown in Table 5.
The acetyl content increases until it attains the 2%
concentration of NaOH immersion medium, after
which the levels of acetyl tends to decrease. This is
consistent with the results of water content. The water
content of bacterial cellulose with 1 and 2% NaOH
immersion medium is still within a good range for the
substitution of the acetyl group to take place, so that
it is still possible for the acetyl levels to increase. The
over 2% NaOH medium tends to increase the water
content which would then obstruct the substitution
of acetyl, and so decreases the acetyl levels in the
sample. The OH-group of water is more prone to react
with acetic anhydride in comparison with the OHgroup of cellulose, therefore it is hydrolysis rather
than substitution process that will be accelerated by
the high water content of the cellulose [21].
It also reinforces the notion that the formation of
α-cellulose caused by a decrease in the substitution
reaction is proportional to the decrease in acetyl
content. Therefore it can be concluded that in the
more than 2% NaOH immersion medium solution,
a competition between acetyl-group substitution
reactions and rearrangements of α-cellulose occurs,
in which the formation reaction of α-cellulose is the
predominant occurrence due to high water content
that inhibit the process of substitution of acetyl-group.
The yield of cellulose acetate is the ratio between
the weight of the obtained cellulose acetate and the
weight of the cellulose samples used in the process
of acetylation. The amount of cellulose acetate yield
obtained varied from 100.93% to 145.62%. This
considerable yield is caused by the larger weight of
174

the obtained CA when compared to the weight of
cellulose used.
Table 5. Acetyl Content and Yield of Cellulose
Acetate

No.

NaOH
concentration

1.
2
3
4

1%
2%
4%
6%

Cellulose Acetate
Acetyl
Yield (%)
content (%)
45,96
130,47
51,16
100,93
48,60
118,31
48,10
145,62

Profound examination of all the parameters
measured in this study, including the water content,
ash content, the levels of α-cellulose in bacterial
cellulose and cellulose acetate, acetyl content and
yield values of the synthesized cellulose acetate,
revealed the intimate correlation that exists among
these parameters. The increase in the concentration of
the NaOH in purification process of bacterial cellulose
gel caused depolymerization of the cellulose material,
which impact on decreasing of α-cellulose content in
the bacterial cellulose. Furthermore, the increasing of
NaOH concentration also caused the water content of
bacterial cellulose and cellulose acetate increased. The
increased water content happen due to the swelling of
cellulose fibers. In the other hand, the increasing of
water content caused the increasing of accessibility of
the OH-group of cellulose to form hydrogen bonding
with water. The high water content will also hinder the
process of substitution of acetyl group onto cellulose
because the acetic anhydride is more prone to reacts
with OH-group of water compare with that of OHgroup in cellulose which impact on decreasing of acetyl
content. It is concluded that the inhibition of acetyl
substitution process gives the dissolved α-cellulose
an opportunity for molecular rearrangements, which
impact on the increased of α-cellulose content in the
cellulose acetate. An increased level of α-cellulose
in the cellulose acetate membrane is likely to cause
denser cellulose acetate pores.
Conclusions
The process of cellulose (including the bacterial
cellulose and cellulose acetate) synthesis involves the
method of immersion in a alkali (NaOH) solution.
The characteristics of both bacterial cellulose and
synthesized cellulose acetate have been studied in
order to determine the effect of NaOH concentration
on the immersion process. The results indicate that
bacterial cellulose has a moisture content in the range
of 4.99 to 13.02%, ash content in the range of 2.28 to
4.54% and levels of alpha cellulose in the range of
70.12 to 56.12% respectively.
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On the other hand, the cellulose acetate has
moisture content in the range of 2.81 to 6.03%, ash
content in the range of 0.66 to 1.30%, levels of alpha
cellulose in the range of 34.54 to 73.79%, acetyl
content in the range of 45.96 to 51.16% and the yield
in the range of 100.93 to 145.62% respectively.
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Utilization of Alufoil Waste from Aseptic Packaging Recycling Process for Coagulant
Production
Ligia Santosa
Center for Pulp and Paper, Jalan Raya Dayeuhkolot No. 132, Bandung, Indonesia

ABSTRACT
Alufoil waste used in this study is residue from aseptic packaging recycling process at Innovation Center
of Packaging Recycling Center at Center for Pulp and Paper. The study used three variation in soaking time for
different cut size of alufoil of 10x10 cm, 10x20 cm, 10 x 30 cm and 20 x 30 cm in chemical solvent Sodium
Hydroxide, Sulfuric Acid, and Hydrogen Chloride. The ideal soaking time is 48 hours shown through aluminiumfree plastic resulted. Clean result also means that all solvent types have fully reacted with the aluminium. Alufoil
separation trial through chemical soaking produces coagulant and plastic (PE) poly ethylene free from aluminium
foil. The coagulant from the soaking result is able to precipitate water from Citarum River from light brown in
colour into a fully clear at a dose of 30-40 ppm, where Poly Aluminium Chloride (PAC) requires 80-100 ppm dose.
Further trial done in precipitating waste water from recycling process requires a dose of 250-500 ppm, compared
to 1000 ppm if using PAC.
Keywords : Coagulant, Alufoil, Chemical solvent

I. Introduction
Paper packaging recycling research (aseptic
beverage packaging used) started from laboratory
scale experiment carried out at 2004 in cooperation
research between PT. Tetra Pak Indonesia with the
Center for Pulp and Paper. Paper packaging is a paper
used for beverage types packaging; bamboo juice.
pineapple juice, tea, fresh milk, instant coffee and
others that are ready to eat and have a long shelf life
without room conditioning. This type of packaging
is made of up to seven layers which are composed of
74% fiber, aluminium foil (Alufoil) 25% (Figure 1).

Figure 2. Hydrapulper 100 Litre Capacity

Figure 3. Hydrapulper 1500 Litre Capacity
Figure 1. Aseptic Beverage Packaging (Paper
Packaging)
The results of the laboratory-scale research showed
that paper can be separated from the packaging using
grinding machines (decomposers) it is a small capacity
hydrapulper of 100 liters (Figure 2.). The milling
results of two parts namely the pulp fiber (pulp) and
Alufoil.
176

But Alufoil sheet cracked and torn and small
Alufoil particles passed the filter and carried along
the fiber. The presence of small particles on the fiber
will interfere the paper making process because of
perforated and easily broken paper sheet. Subsequent
research conducted in semi pilot scale in 2005 by
using the engine capacity of 1000-1500 liters agitator
(Figure 3), soaking the paper packaging for 7 days
and do the stirring for 4-7 hours with stirring machine
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agitator. Nowever the results were not satisfactory as
fibers can not be separated and the packaging is still
intact, while the processing time is also considered too
long.
Based on the previous research study results,
in 2006 has been conducted a pilot scale using
hydrapulper engine 2000 liters capacity of a rotor
modified design to adjust the material to be milled.
This pilot-scale study showed the same results as in
the laboratory scale where the two components of the
fiber free Alufoil material and the goal of having intact
alufoil was achieved. With the success of hydrapulper
process at pilot scale study in 2007 , followed by
adding centrifuge (rotary drum secreen - RDS) in
order to shorten the time of alufoil spending. Then
in 2008 the recycling process continued by examining
the entire recycling process time with centrifugal
separator was installed, the processing time per bacth
reduced from 60 minutes to 35 minutes.
From the process of paper packaging recycling
materials obtained two separated components, namely
fiber and Alufoil. Recycled fiber has been used as a
raw material for paper, but the alufoil (by-products)
has not been used, so it is necessary to find a way out
for Alufoil waste should can be processed and have
high added value.

aluminum, while the plastic converted to ashes. That
is a way we certainly do not want, because it only
gave the benefits for one party (the craftsman Alufoil
waste), and the people will bear a greater risk, because
of air pollution from the burning of waste Alufoil.
Besides, plastic raw material sources are large enough
and not utilized with a good processing.
The craftsmen Alufoil processing only take one
component it is aluminium, so the purchase price is
low, Alufoil with a price range between IDR 300 - 450
/ kg. This is an opportunity for alufoil to be processed
into a high economic value products, and hope to
obtain a greater profit margin. Through various studies
and trials that have been conducted in the laboratory
of Center for Pulp and Paper, research through waste
Alufoil separation process with environmentally
friendly technology has been conducted successfully.
The results showed that the plastic can be
separated from aluminium attached,
while the
aluminium dissolves during the immersion process.
Through several stages of the process can be used
to product aluminium coagulant. With the success
of waste Alufoil separation into two components,
namely plastic and aluminium, the two components
before have advantage in terms of economic value. If
Alufoil waste separation process can be realized in a
commercial scale, then both sides of the above can be
resolved and addressed are able to buy a second-hand
beverage aseptic packaging waste at a competitive
price compared to the price of waste paper that is
between IDR 750/kg to IDR 1.200 /kg.
Materials and Methods

Figure 4. Separated Alufoil from Recycling Process
By products produced are Alufoil (waste Alufoil)
Figure 4, consisting of 2 (two) components 80% plastic
and 20% Aluminium respectively. Alufoil waste has
yet to be exploited in good ways (environmentally
friendly). Further had been seen, on the one hand profit
margins recycle aseptic beverage packaging scars are
still very low, whereas on the other hand prices aseptic
beverage packaging waste former PT. Tetra Pak
cartons have not been able to match the former type
of OCC (Old Corrugating carton) prices with range
between IDR 750 -1200 /kg.
To address both of these conditions, then one way
and the opportunities could be pursued which Alufoil
processing into the high economic value products.
The monitoring and field surveys indicated that the
utilization of waste Alufoil done in a simple way
(conventional) is by burned the Alufoil waste in an
open air at a certain thickness of 10-20 cm, to take

The material used in this study were obtained from
Alufoil waste recycling aseptic beverage packaging
with the size of 10x10 cm, 10x20 cm, 10 x 30 cm
and 20 x 30 cm. Chemical solvents are used Sodium
Hydroxide, Sulfuric Acid, and Hydrogen Chloride.
The equipment used in the research process of
Alufoil laboratory scale waste separation are : beaker
glass and Erlenmeyer, stirrer, pH meter, Measuring
cup, volume pipet, analytical scale and weights.
The process of making coagulant involves six
steps. First, alufoil are cleaned to remove contaminants
and then cut into pieces measuring 10x10 cm, 10x20
cm, 10 x 30 cm and 20 x 30 cm, and then weighted
accordingly; second are the preparation of solution
1, solution 2 and solution 3; Third, soaking process
is done in three different containers size according to
soaking time length and types of solvents used; fourth,
a load was applied on the top of the container to
avoid alufoil from floating above the solvent surface;
fifth; following the predetermined soaking time, the
separated poly-ethylene plastic were removed and
washed with clean water; lastly, the remaining solution
resulted from the solvent turned into coagulant by
adding the chemical 2 and 3.
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Result and Discussion
Prior Research
The raw material which are used in this study is
Alufoil waste from the packaging recycling waste
aseptic beverage from PT. Tetra Pak Indonesia.
Alufoil waste is cut into small pieces the size of 10x10
cm, 10x20 cm, 10 x 30 cm and 20 x 30 cm, soaked
in a chemical solution 1. Each time period observed
physical changes that occur during sheet Alufoil
immersion, observed every hour to see the physical
changes that occur. The results can be seen in Table
1, below.

Figure 6. Alufoil

Figure 7. Plastic from Soaking
During the soaking process wastewater is pressurized
so Alufoil not lift and rise to the surface. In Figure 7
the tools to soak is a 1000 ml glass beaker, Erlenmeyer
flask filled with water using a suppressor. If you use a
larger size, the weight / pressure were small holes so
that the exit gas can escape into the atmosphere. Exit
gas is hydrogen gas, an average of 6 ppm of the total
Alufoil weight of as much as 27 grams. This indicates
that the hydrogen gas content is quite large. However,
further research is necessary to make the manufacture
of hydrogen peroxide, hydrogen welding, oil palm
processing into butter, Hydrogen Chloride and others.

Figure 5. Flow Chart of Alufoil Separation Process
Tablel 1. Alufoil Soaking on The Preliminary Research
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No.

Soaking time

1

1

Some spots starting to dissolved

Plastic physical condition

During the soaking

Remarks

2

3

Dissolved area getting wider

Increase of temp up to 50oC

3

6

Dissolved area getting wider

4

12

Dissolved area getting wider

5

24

Dissolved area getting wider

6

36

Undissolved Al observed

7

48

Perfectly cleaned

Temp lowered to room temp
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With a certain concentration and fixed (not varied)
the process of immersion in the preliminary study
obtained the ideal time for soaking is 48 hours. The
experimental result showed that aluminium foil could
be detached and completely dissolved into the soaking
solution. So there is no plastic to clean aluminium
attached, figure 8. The next stage of raw material
(waste Alufoil) immersed not done the process of
cutting a certain size as in the preliminary stage, this is
because the size of the waste Alufoil apparently had no
effect on the separation process during soaking. Size
Alufoil of waste recycled packaging aseptic beverage
former varied at 7.5 x13 cm, 9x18 cm to size up to
20x30 cm wider.

Figure 8. Result of Coagulant Trials - Citarum River
Water
Based on preliminary results, the immersion on
advanced research conducted in the same period for
48 hours. Alufoil waste soaked with various sizes
together in a plastic container of 100 liters, then added
a solution of chemical 1. The Result of 48 hour soaking
process produced a clean plastic with no aluminum
attached, this means the entire aluminum can dissolve
completely with a chemical solution. The next stage
was to thoroughly washed the plastic, from which
net yield is calculated. Solvent solution containing
a chemical solution and then added to a solution of
chemical 1, 2 and 3 chemical solution, so that the three
components became a coagulant.
The results showed that the two components can
be separated in Alufoil in the immersion process is a
product of aluminum foil and plastic coagulant type
Poly Ethylene (PE) can be purified free of aluminum
foil attached. Aluminum free plastic can be seen
in Figure 8, is a source of recycled raw materials.

Coagulant derived from the research then tried to
purify water sourced from rivers Citarum, and tread
the wastewater or effluent results of the production of
plastic packaging recycling, Table 2.
The first dosage of coagulant added at 250 ppm,
stirring a few seconds and the results are already visible
to clear the Citarum river water but it is not optimum
yet. Figure 8. By using Poly Aluminium Chloride
(PAC) coagulant type with the same procedure, it
showed that the addition of 1000 ppm dose which was
higher than the coagulant above (250 ppm)make the
Citarum river water becomes clear, Figure 9.

Figure 9. Result of Coagulant Trials - Recycling
Waste Water
Further Research
Based on the results of prior studies in which
the best soaking time for 48 hours, while sheet size
variations of Alufoil waste has no effect, then the
separation process is then performed on the above
mentioned conditions.
Raw Material Size
Size of raw materials does not affect the separation
process Alufoil waste, however it should be completely
submerged Alufoil to produce optimal separation.
Plastic Yield
Plastic Yield is an important parameter to be
considered in the process of separating Alufoil waste
from used aseptic beverage packaging. The yield is an
indication of the amount of plastic that can be separated

Table 2. Coagulant Trials
Water Source
Citarum river
Recycling waste water

Coagulant from
experiment

Coagulant from the
market

30 - 40 ppm

80-100 ppm

Required dose for experiment coagulant is
smaller

250-500 ppm

1000 ppm

Required dose for experiment coagulant is
smaller

© 2013 Published by Center for Pulp and Paper through REPTech2012

Remarks

179

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Table 3. Alufoil Soaking on Further Research
No.

Soaking time

Physical condition of plastics

1

36

Clean with some aluminum spots

Temperature reach 50 C, stays on that level after 36 hours

2

48

Perfectly aluminum free

An increase of temp up to 50oC. After 48 hours the temp
returned to room temp

3

52

Perfectly aluminum free

Additional soaking time resulting in no changes in
temperature

in an optimal (perfect) free from aluminium attached.
The experimental results obtained on laboratory scale
plastic yield are almost 100% Figure 9. It showed that
the alufoil can be seen soaking for 48 hours (Table 3).
The analysis shows that the waste Alufoil soaked
for 48 hours, is the most appropriate, in which a
plastic sheet completely clean, with no aluminum foil
attached.
Conclusion
1. Based on the results of experiments on laboratory
scale Alufoil waste separation process can be
concluded into five main points.
2. The size of Alufoil waste has no effect on the
separation process;
3. Optimum soaking condition achieved at 48 hours;
4. Coagulant resulted from the process is able to
precipitate the resulting river water and wastewater
treatment plants with a lower dose than the PAC;
5. Plastic yield obtained is close to 100%;
6. The success of alufoil waste separation process,
the coagulant produced that can be used to treat
wastewater from the process of recycling of paper
packaging.
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ABSTRACT
Pulp and paper industry in Indonesia still grow, along with the development of supporting industries or
related paper products industries. Printing industry, food and consumer goods industry are some examples of
industries that use paper products, either as raw material or as packaging material. Paper is more diverse with
a variety of functions. One of the paper products that have not been developed in Indonesia is antimicrobial
paper. Paper can be used as antimicrobial medical records which must be sterile, drug packaging, packaging of
medical devices and food packaging. This research aims to create silver nanoparticles as an additive material for
antimicrobial paper making. Silver nanoparticles synthesized by the reduction reaction of silver ions to silver. Silver
nitrate solution is reacted with sodium citrate until pale yellow. Silver nanoparticles which have been synthesized
then characterized on particle size and applied to duplex board and kraft paper through the coating process with
the starch and polyvinyl alcohol as a binder. Paper and paperboard which has been coated is then examined the
physical, surface morphology and antimicrobial properties. The results showed that the nanoparticles additive size
is 42 nm. Furthermore, silver nanoparticles were applied to kraft paper and duplex board with coating methods.
Paper and paperboard coated have resistance to E. coli at a nanoparticles dose 11 µg.
Keywords: nanosilver, antimicrobial, paper, additive, packaging
Introduction
Nanotechnology is recognized as having an
important role in solving the technological problems
facing mankind today. With nanotechnology, the
material can be organized in such a way as to get
superior properties as desired and embodied in a
product is a powerful technology. As the name implies,
nanotechnology or nanoscience is a science and
technology on the scale of nanometers, or a billionth of
a meter. Nanotechnology aims to engineer, manipulate
and control an object the size of a nanometer (billionth
of a meter). The application of nanotechnology in
the pulp and paper industry is still limited. Research
is still much focused on the material infrastructure
of the paper machine, while dealing with their paper
products is still lacking.
One of the applications of nanotechnology that
can be applied to paper products is additives for
the manufacture of paper in order to obtain the
desired properties of paper. One of antimicrobial
additives based inorganic compound which is silver
salt compound, the compound has been widely
used to control the growth of bacteria in a variety
of applications, including dental work, catheters
and burns [1]. It has been known of silver ions
and silver-based compounds have high toxicity to
microorganisms, showing strong influence of biocides
against 12 species of bacteria including E. coli [3].
Recent studies show that silver nanoparticles hybrid
with branched macromolecules amphiphilic effective
as an antimicrobial surface coatings [2]. Nanoparticle
size is very efficient and most reliable tool to improve
compatibility.

This study will attempt to apply the approach
of nanotechnology in the making of additives for
antimicrobial paper. Antimicrobial paper can be used
as an antimicrobial medical records, drug packaging,
packaging of medical devices and food packaging.
The additives made from silver nanoparticle-based
salts. Silver nanoparticles additives obtained from the
compound of silver nitrate, then the additive will be
characterized and applied to the paper.
Material and Methods
Silver nanoparticle synthesized is from silver
nitrate and sodium citrate. A total of 100 mL of 0.001
M solution of silver nitrate is put into a 250-ml beaker.
The beaker containing the silver nitrate is placed on
the magnetic stirrer, and stirred continuously. The
solution was heated until the temperature reached
90°C. If the temperature has been reached, solution of
sodium citrate 1% as much as 5 mL is added drop wise.
The solution was kept stirring continuously. When
the solution began to change color to pale yellow,
heating is stopped and the solution is cooled up to
room temperature. The yellow pale silver nanoparticle
solution is stored in sealed brown bottle.
Silver nanoparticle resulted is tested to determine
its
characteristics.
Characterization
includes
testing of maximum absorption with UV/Visible
spectrophotometer, particle size testing using the
Particle Size Analyzer and the morphology using
Scanning Electron Microscope (SEM). Silver
nanoparticle product is applied to kraft paper and
duplex board through the coating process. Silver
nanoparticle is as an active material for antimicrobial
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coating surface of paper through an intermediary
starch and polyvinyl alcohol (PVA) as carrier binding.
Coated paper and paperboard was then tested for
physical properties and antimicrobial properties. Paper
coated with bacteria is tested for their antimicrobial
E. coli using the Kirby-Bauer method for determining
bacterial sensitivity to antimicrobial agents. A
sensitivity of bacteria to antimicrobial agents is
determined by the diameter of inhibition zone which
is formed.

Characterization of Silver Nanoparticles
Silver nanoparticles synthesized are further
characterized by using a UV/Visible spectrophotometer.
Characterization performed by using this technique is
to determine the structure of silver nanoparticle.

Result and Discussion
Some methods of silver nanoparticle making, such
as by chemical reduction process according to the Lee
and Meisel, from a solution of silver nitrate (AgNO3)
using trisodium citrate (C6H5O7Na3) as the reductant
has been done by Agus Haryono, et al.. In this method,
50 ml of silver nitrate with a concentration of 1.103
M is entered into a three-neck flask equipped with
a stirrer, reflux and thermometer as a temperature
regulator. Silver nitrate solution is heated up to boil
and then trisodium citrate is put drop wise until the
end. Stirring is still performed until the solution
changes color to pale yellow. The mechanism of the
reaction of silver nanoparticle making is as follow [5]:
4Ag+ + C6H5O7Na3 + 2H2O à 4Ag0 + C6H5O7H3 +
3Na+ + H+ + O2
Traditionally, the method of manufacturing silver
nanoparticles, made by reducing the number of agents,
such as sodium borohydride (NaBH4), formaldehyde,
sodium citrate, hydrazine, ascorbic acid, glucose and
γ-ray or UV irradiation, have been used to reduce
silver cations, and some materials polymers, such as
poly (vinylpyrrolidone) (PVP), poly (ethylene glycol)
(PEG), and some of the surfactant used as a stabilizer
to prevent agglomeration of the nanoparticles [5]. In
this case, stabilizer used is polyvinyl alcohol to prevent
the agglomeration between the silver nanoparticles
molecules.

Figure 1. Silver Nanoparticles Without Stabilizer
(left) and Silver Nanoparticles with a Stabilizer
(right)
182

Figure 2. The Spectra of UV/Visible AgNO3
Solution (left) and A Colloidal Solution of Silver
Nanoparticles (right)
Figure 2 shows a shift in the wavelength of
maximum absorption of the ultraviolet wavelength
region shifts to the visible light region. Wavelength
range measured is 190-600 nm. Silver nitrate solution
is clear and contains cationic silver (Ag+) indicates
absorption in the ultraviolet region, having reacted
with sodium citrate as a reducing agent, the solution
silver nitrate changed color to pale yellow, and it
indicates that there has been a change in the structure
of the cation of silver to silver nanoparticles (Ag0).
Silver nitrate solution showed maximum absorption at
a wavelength of 215 nm, while the colloidal solution of
silver nanoparticles showed maximum absorption at a
wavelength of 421 nm. Absorption at a wavelength of
421 nm is indicative of the presence and formation of
silver nanoparticles, uptake is known as plasmon peak
or full-width half maximum of the peak. Peak depends
on the size of the colloids that form, position and size
of the plasmon absorption of silver nanocluster highly
dependent on particle size and surface absorption.
Lights come will cause the conduction oscillations
of electrons on the surface of the nanoparticles
and electromagnetic radiation absorbed. Plasmon
wavelength of maximum absorbance can be used as a
parameter to indicate the size of the particles [2].
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Table 1. Particle Size and Spectra of Silver
Nanoparticles
Particle size (nm)
10-14
35-50
60-80

λmax (nm)
395-405
420
438

Source: Solomon, 2007

Maximum absorption of silver nanoparticles have
been synthesized showing maximum absorption 421
nm, so the estimated size of the silver nanoparticles
formed approximately 35-50 nm. In addition to the
spectrophotometer UV/visible, the particle size can
be proven through morphological properties with the
help of Scanning Electron Microscope (SEM) and
Particle Size Analyzer (PSA). The result from PSA
characterization showed that the particle size is 42 nm.
Application in Paper and Paperboard
Silver nanoparticle resulted is applied to paper
and paperboard with coating method. Coating process
is done by mixing a solution of colloidal silver
nanoparticles with adhesive or binder with the aim that
silver nanoparticles can be attached to the surface of
paper so that the paper has antimicrobial properties.
SEM images of paper and paperboard that has been
coated with silver nanoparticle is show in Figure 3.
Growth of microbes on paper can cause degradation
or contamination of the contents when in packaged
form, thus causing technology developed for the
purpose as a preservative against microbes. This study
encourages further research on the antimicrobial paper
focuses on the development of technology and strong
resistance to antimicrobials.
Silver ions (Ag +) is a significant source for
topical therapy based on the nature of antiseptic and

along with low toxicity in mammalian cells. It has a
very important role in the prevention and treatment
of the wound became infected, and the ability to kill
bacteria or fungi to be more effective. Initial method
of Ag+ used (0.5% AgNO3 solution) is not met all the
requirements of antimicrobial. Ionization occurs is
very quickly and most of the Ag+ to the inactivation of
the bacteria due to high biological affinity anions into
the injured area.
For thousands of years, it has been known that
silver ions showed a strong inhibitory effect against
bacteria. Research also shows antiviral activity
against the human immune deficiency virus (HIV-1)
with various metal nanoparticles. However, the exact
mechanism that can inhibit the growth of microbes
with silver compounds is not fully understood.
Several studies have suggested a possible mechanism
involving the interaction of silver ions with biological
macromolecules. In general, it is believed that the
release of heavy metal ions which react with the
thiol (-SH) on the protein surface. Like protein in
the bacterial cell membrane, so the transportation
of nutrients through the cell wall disturbed [5].
Monovalent silver ions (Ag+) cations are believed
to replace the hydrogen (H+) from the disabled
sulfhydryl thiol groups of proteins, reduced membrane
permeability, and ultimately causing cellular death [5].
The reaction of monovalent silver with sulfhydryl
compounds produce S-Ag clusters are more stable on
the surface of bacterial cells, only the surface of the
affected group SH. This may explain why only bacteria
and viruses are affected by silver ions, as opposed to
mammalian cells that do not have a sulfhydryl group.
Silver ions may not be able to permeate through the cell
membrane to react with SH groups, the silver particles
are relatively non-toxic to humans and animals [5].
Paper and paperboard has been created showing
antimicrobial activity on E. coli with a minimum dose
of 11 μg. The results of the antimicrobial assay on
kraft paper and duplex are shown in Figure 4.

Figure 3. Duplex Coated Without Silver Nanoparticles (a), Duplex Coated With Silver Nanoparticles (b), Coated
Kraft Paper Without Silver Nanoparticles (c) and Kraft Paper Coated With Silver Nanoparticles (d). (Red Circles
Show the Silver Nanoparticles)
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Figure 4. The Results of The Antimicrobial Assay
Kraft Paper Without Silver Nanoparticles (A), With
Silver Nanoparticles (B), Duplex Without Silver
Nanoparticles (C), With Silver Nanoparticles (D), and
Commercial Antimicrobial Paper (E).
Conclusion
Silver nanoparticles can be synthesized through
the reduction reaction and produce a particle size of 42
nm. Silver nanoparticle can be applied to kraft paper
and duplex board with coating methods. Duplex and
kraft paper coated with silver nanoparticle is resistance
to E. coli at a minimum dose of 11 µg.
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ABSTRACT
A Starch-based fixing agent (SBF) with cationic substitution degree (DS) as high as 0.65 has been found to
have good performances both in controlling the dissolved and colloidal substances (DCS) and in enhancing paper
strengths for various kinds of pulps. However, the high DS incurs the disadvantage of high cost. Another problem
is that the product must be used as soon as possible once prepared, because it is in liquid form and unstable
in nature. In addition, to fully use this technology, it needs on-site acid hydrolysis apparatus which inevitably
increases application cost and complexity. The study here tired to overcome these problems. In the first part of this
study, two kinds of starch derivatives named as LHCS 0.08 and LHCS 0.22, having much lower DS as 0.08 and
0.22 respectively compared to the reported 0.65, prepared by starch etherification followed by acid hydrolysis,
were used to treat a bleached chemithermomechanical pulp (BCTMP), and their performances were compared to
that of a traditional polyamine (PA) fixing agent, in the aspects of wet-end performances and paper strengthening
effects. The results show that the two LHCSs are easier to be adsorbed onto fibers than the PA; among them LHCS
0.22 has better effect in agglomerating the colloidal substances, while the PA has better effect in neutralize the
anionic part of dissolved substances. With respect to the strengthening effects, LHCS 0.08 and LHCS 0.22 are
significantly better than the PA. Therefore it can be concluded that LHCS with DS as low as 0.22 can still be used
as a good fixing agent for BCTMP. In the second part, SBFs were tried to be made in a reversed way, i.e., first
starch degradation, then cationic etherification. For degradation, besides acid hydrolysis, enzymatic hydrolysis
and hypochlorite oxidation were also tried. As a result, 3 kinds of new SBFs, one from each degradation method,
were prepared and used to test their DCS controlling and paper strengthening effects with the same methodology
described in the first part. The results show again that while the PA has better effect in interacting with the dissolve
substances in pulp, the SBFs have better effect in interacting with the colloidal ones. For paper strengthening, it
shows that the A-SBF and E-SBF (degradation done by acid hydrolysis and enzymatic hydrolysis respectively) are
apparently better than the PA, especially on tensile and bursting properties. Explanations on the better strengthening
effect of the SBFs are partially imparted to the fact that the SBFs have better hydrogen bonding to cellulose fibers,
partially to the fact that the SBFs do not deteriorate handsheet formation, but the PA does.
Keywords: starch-based fixing agent, polyamine, acid hydrolysis, enzymatic hydrolysis, hypochlorite oxidation,
dissolved and colloidal substances, paper strengthening, deinked pulps, high yield pulps
Introduction
With the increasing use of recovered fibres, high
yield pulps and adoption of tightly closed white water
recirculating systems, high amounts of dissolved and
colloidal substances (DCS) are often accumulated
in papermaking system, causing serious pitch and
stickies deposit problems which are great headaches
to papermakers. Polymeric chemicals called fixatives
or fixing agents, often characterized with high cationic
charges and low molecular weights, are often used
to decrease the amount of DCS by neutralizing their
anionicity, “fixing” them onto fibers and removing them
out of the system through web-forming[1]. However,
a great part of dissolved and colloidal substances
are hydrophobic and they decrease paper strengths
after being fixed onto paper webs[2]. Therefore, it is

desirable to find new kinds of fixing agents which
not only have better DCS controlling effects but also
avoid the decrease of paper strength. Fortunately, it
has been discovered that starch-based fixing agents,
characterized by carrying much higher cationic
charge than the general dry strengthening starches but
with apparently lower molecular weight (molecule
deliberately degraded), have such dual functions. For
example, as early as in 1990s, Vihervaara T. [3] and V.
Bobacka[4,5] reported that SBFs with DS around 0.80
(cationic charge density around 2.8 meq/g) had good
DCS controlling performances, and they may interact
with cellulosic fibres with hydrogen bonding thus
improving paper strength. In our previous work, we
prepared a SBF with DS as high as 0.65 and proved
it had good performances both in DCS controlling
and paper strengthening[6]. However, a large quantity
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of cationic etherifying agent must be used in making
this product, thus it is expensive. Another problem is
that, as the product thus-made is in liquid form and its
chemistry is starch derivative, it can not be stored for
long time. What’s more, to fully use this technology,
it needs on-site acid hydrolysis apparatus. No doubt it
will increase application cost and complexity. Because
of the above reasons, its industrialization has been
hindered. Therefore, in this work, first we aimed to
prepare SBFs with much lower degree of substitution
and to find out if they would still be effective as fixing
agent. Then, we tried to make SBFs in a reversed way,
i.e., first starch degradation, then cationic etherification,
so that SBFs in powder form can be made easily and
the product thus-made can be stored, transported, and
applied conveniently (simple dissolution devices will
be enough during application). Another new idea was,
for degradation, besides acid hydrolysis, enzymatic
hydrolysis and hypochlorite oxidation were also tried.
The preparation of the starch derivatives by the above
methods was found to be successful. Reported here are
mainly their properties on DCS controlling and paper
strengthening.
Experimental
Materials
Hardwood bleached chemi-thermal mechanical
pulp (BCTMP) was supplied by Shandong Zhengda
Paper Co., Ltd., China. Its conductivity was 1300
μS/cm diluted to 0.5% consistency ((measured by
a CONSCAN40 detector)). Softwood BCTMP was
purchased from New Zealand. Starch based fixatives,
LHCS 0.08 and LHCS 0.22, meaning their degrees of
substitution were 0.08 and 0.22 (measured with a FOSS
TECATOR 10009557), were made by etherification
followed by acid hydrolysis in our own laboratory
according to reported methods[6,7]. For the SBFS made
by degradation followed by etherification, corn starch,
dispersed in water to be 40% in consistency, and
agitated continuously at 150rpm, was first degraded
according to the following conditions: 1) for acid
hydrolysis: hydrochloric acid was dosed at 0.5% to the
weight of solid starch, and the reaction was carried out

at 55oC; 2) for enzymatic hydrolysis: Aquazym 240 L
(Novozymn) was used at the dosage of 10 U/g, and the
reaction was at pH 6.2 and temperature 60oC; 3) for
oxidation degradation: sodium hypochlorite was dosed
at 2% (as active chlorine) to the weight of solid starch,
and the reaction was at pH 9 and temperature 40oC. By
adjusting reaction time, different degradation degrees
were obtained. Then etherification by 3-chloro-2hydroxyproyltrimethyl ammonium chloride (from
The Dow Chemical Company) was carried out[6, 7]. The
final SBFs adopted for application were listed in Table
1 where we can see they were deliberately selected to
have same degrees of substitution.
For comparison, a polyamine fixing agent, which is
a successful commercial product in liquid form (solid
content 46.7%) supplied by Linyi Oubei Chemistry
Co., Ltd., was used in this study.
Methods
Measuring Wet-End Chemistry Characteristics
The softwood BCTMP was beaten in a Valley
beater at 2% consistency to 45°SR and diluted to be
1% consistency. 500 mL of the pulp suspension was
taken, to which pre-determined volume of fixative
solution was added, agitated for 30s, and the mixture
was diluted to be 0.5% consistency. If necessary, pulp
ζ-potential was measured by an AFG Zeta potential
detector, if not, the mixture was put into a dynamic
drainage tester (DDJ, DSC 75 from Paper Research
Materials Inc., USA.), the wire of which was of 200
meshes, i.e., 74 µm. In the DDJ, the pulp suspension
was agitated at 800 rpm for another 30s, then
dewatered and all the filtrate was collected for further
analysis, which included: turbidity measurement by a
LP2000-11 turbidity meter (Hanna Instrument, Italy),
microfiltration through a pre-weighted Whatman
1.2µm GF/C (This was done to sieve the particles
between 1.2 µm and 74 µm which had not been
successfully fixed onto pulp fibers, and by simple
weighting method their amount can be known).
Further on, the micro-filtrate was taken for cationic
demand measurement in a Mütek PCD-03 pH-S
Particle Charge Detector (BTG Group, Sweden) using

Table 1. SBFs Made by Degradation Followed by Etherification
Fixing agents

DS

Viscosity of degraded starch (cps)a

Charge Density
(meq/g)b

Degradation Method

A-SBF
E-SBF
O-SBF

0.32
0.32
0.32

16.5
11.8
12.2

1.52
1.52
1.52

Acid hydrolysis
Enzymatic hydrolysis
Hypochlorite oxidation

The apparent viscosity of 6% degraded starch slurry cooked under 90oC for 40min and measured at this temperature with a
Dv-II+ Brookfield Viscometer.
b
Theoretically calculated from DS values only.
a
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Hardwood and softwood BCTMP boards were
weighted in a mass ratio of 7 to 3 (based on oven dry
pulp), immersed in water for several hours and beaten
in a Valley beater to be 45°SR. Proper portions of
the pulp were taken and pre-calculated amounts of
fixatives were added. The suspensions were mixed
for 1 minute and diluted to make 60 g/m2 handsheets
according to GB/T 7981-1987. Mechanical properties,
including tensile, bursting and tearing strengths, were
tested according to GB/T 453-1989, GB/T 455.1-1989,
GB/T 454-1989 in the Compilation of Standard Test
Methods for China Paper Industry, 2000. Formation
test was done on a Paper PerFect Formation Analyzer
(OpTest Equipment Inc., Canada).
Statistical Analyses
In the first part, three additives, the PA, LHCS 0.08
and LHCS 0.22, were used in the above experiments
at the dosages of 0.2 % and 0.4 % (oven dry basis), so
including the blank treatment (without any fixative),
altogether there were 7 groups of treatments. Every
same treatment was repeated three times, so totally
there were 21 samples to be run. Deliberately the 21
runs were carried out in random orders. After data
collection, mean values and standard errors were
calculated. Statistical t-test was used to judge whether
there was significant difference between two sets of
data (A p-value less than 0.05 means the difference
is statistically significant[9], and it was calculated with
Microsoft Excel 2003 software following the “InsertFunction-Statistics-TTEST” steps). In the second part,
the essentially same methodologies were used except
that the additives were now the PA, A-SBF, E-SBF and
O-SBF. So including the blank treatment (without any
fixative), altogether there were 9 groups of treatments.
Every same treatment was also repeated three times,
so totally there were 27 samples to be run.
Results and Discussion
Wet-End Characteristics and Paper Strengthening
Effects of SBFs Made by DS-Lowered Etherification
Followed by Acid Hydrolysis. In this section, the wetend characteristics and paper strengthening effects of
SBFs made by DS-lowered etherification followed
by acid hydrolysis were investigated. First, fiber
ζ-potential was measured to judge the adsorption

-13.0
-14.0

Zeta potential/mv

Handsheet Preparation and Mechanical Properties
Measurement

properties of the additives on fiber surfaces, as shown
in Fig. 1, the ζ-potential of BCTMP fiber increases as
the dosage of the additives is increased. At 0.4% odp,
there is no difference for the three additives; but when
it is increased to 0.8% odp, PA makes the ζ-potential
more positive than LHCS 0.08, while the situation for
the PA and LHCS 0.22 is still the same. Considering
that the cationic charge density of the PA (6.22
mmol/g) is much higher than the LHCSs (theoretically
the charge densities of LHCS 0.08 and LHCS 0.22
are merely 0.46 and 1.13 mmol/g, respectively), the
similar effects of LHCSs (especially LHCS 0.22) and
PA on fiber ζ-potentials indicates that the LHCSs are
easier to be adsorbed by the fibres.
As mentioned in the experimental, the filtrates
from the vacuum chamber of the zeta-potential tester
were subjected to cationic demand measurement. The
results are shown in Fig. 2. It can be seen that cationic
demand decreases continuously with the increase of
additive dosage, and the effect of PA is apparently
superior to those of the LHCSs. For the two kinds of
LHCSs, LHCS 0.22 is better. Since cationic demand
means the total anionic charge of the filtrate, it is
reasonable that its reduction is greatly dependent on
the charge density of the neutralizer. Knowing that the
cationic charge density of PA is much higher than the
LHCSs, it is not strange that the PA has much better
effect in decreasing the cationic demand of the filtrate.

PA

LHCS0.08

LHCS0.22

-15.0
-16.0
-17.0
-18.0
-19.0
-20.0
0

0.4

0.8

Additive dosage/%odp

Fig. 1. Change of The Fiber ζ-Potential Due To The
Treatment of LHCS Fixing Agents
200
175

Cationic charge demand/µmol/L

polyethene sodium sulphonate (PES-Na) as standard
titrant (in some cases, pulp filtrates from the vacuum
chamber of the Zeta potential detector were withdrew
and used to measure its cationic demand), and for
chemical oxygen demand (COD) measurements
according to known method[8].

PA

LHCS0.08

LHCS0.22

150
125
100
75
50
25
0
0

0.4

0.8

Additive dosage/%odp

Fig. 2. Change of The Cationic Demand of Pulp
Filtrate Due to The Treatment of LHCS Fixing
Agents
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In the following, the turbidity of the DDJ filtrates
was measured and the results are shown in Fig.
3. Turbidity reduction is a sign of how well the
suspended substances (including fines and colloidal
substances) in the pulp slurry are retained or fixed
onto paper web. Fig. 3 shows that the filtrate turbidity
decreases when the pulp is treated with the additives,
and more additives lead to lower turbidity. While the
effect of LHCS 0.08 is inferior to that of the PA, the
effect of LHCS 0.22 is obviously better than the PA.
Combining the phenomenon in Fig. 2, it can be inferred
that LHCS 0.22 has better performance in fixing fines
and colloidal substances onto pulp fibers, while PA has
better performance in neutralizing the anionic part of
dissolved substances.
To get more detailed information, 1.2 µm
membrane filtering was used to collect the particles
remained in DDJ filtrate. In this way the weight of the
particles sized in the range of 1.2 µm~74 µm can be
measured. The results are shown in Fig. 4. In this case,
a lower value means better fixation, therefore we see
the fixing effect of LHCS 0.22 is the best, followed by
the PA and LHCS 0.08.

hemicelluloses, pectins, lignans and lignins[10], which
are the main contributors to COD. The reduction of
COD by the three fixatives is shown in Fig. 5. It is
seen that for this property, the PA is better than the two
LHCSs, while LHCS 0.22 is better than LHCS 0.08.
However, in general, the extent of COD reduction
by the fixatives is not large, as it is only 35% for the
PA and 30% for LHCS 0.22. That the COD removal
extents by fixatives are limited has been reported by
many researchers[11-13]. However, from the fact that
the cationic charge density of LHCS 0.22 is much
less than that of the PA, while their difference in COD
removal is similar, it can be concluded that LHCS 0.22
and PA interact with COD components by different
mechanisms. That LHCS 0.22 tends to interact more
with the colloidal substances while the PA interacts
more with the anionic dissolved substances, as was
inferred from Fig. 2-Fig. 4, can be one aspect. Another
aspect might be that starch-based fixatives have better
performance in removing polysaccharide-based
dissolved substances such as glycans, pectins, and
uronic acids[3, 14].
550
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PA

LHCS0.08

LHCS0.22

CODcr / mg/L

50
45

Turbidity/NTU

PA

450

55

40

LHCS0.08

LHCS0.22
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350
300
250
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30

150

25

100
0

20
0

0.4

0.4

0.8

Additive dosage/%odp

0.8

Additives dosage/%odp

Fig. 3. Change of The Turbidity of Pulp Filtrate Due
to The Treatment of LHCS Fixing Agents

Fig. 5. Change of The COD of Pulp Filtrate Due to
The Treatment of LHCS Fixing Agents
30

PA

LHCS0.08

0.63
0.53
0.43
0.33
0.23

LHCS0.08

LHCS0.22

20
15
10
5

0.13

0

0.03
0

0.4

0

0.8

0.2

0.4

Additive dosage/%odp

Additives dosage/%odp

Fig. 4. Change of The Amount of Particles Retained
by Microfiltration Due to The Treatment of LHCS
Fixing Agents
In the next step, the micro-filtrates were further
subjected to COD measurement. It is known that
DCS includes a lot of organic components, e. g.,
188

PA

25

LHCS0.22

Tensile index/N*m/g

Weight of microfiltration membrane/g

0.73

Fig. 6. Effect of LHCS Fixing Agents on Tensile
Indexes of Handsheets
Handsheets were made from mixed hardwood and
softwood BCTMP pulps after they were treated with
the additives. Sheet properties including tensile index,
burst index and tearing index were measured and the
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show better effect in decreasing the turbidity. In this
way we see the superiority of the SBFs over the PA.
Then 1.2µm membrane filtering was used to collect
the particles remained in DDA filtrate. By weighting
method the quantified results are shown in Fig. 10,
where it can be seen that the effect of E-SBF is the
most prominent.

30

PA

A-SBF

15
10
5
0

PA

LHCS0.08

Fig. 9. Changes of Turbidity of Pulp Filtrates, with
The Treatment of New SBFs Made by Degradation
Followed by Etherification
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0.0
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Fig. 7. Effect of LHCS Fixing Agents on Burst Index
of Handsheets
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2

Burst index/kPa*m/g

1.2

O-SBF

20

0
1.4

E-SBF

25

Tubidity (NTU)

results are shown in Fig. 6 to Fig. 8. Interestingly it is
seen all the three paper properties increase with the
increasing use of the additives. Under the treatment
of 0.4%odp of LHCS 0.22, LHCS 0.08 and PA, the
respective increments for tensile index are 25.2%,
15.2% and 7.8%, for burst index are 33.1%, 24.3%
and 11.4%, and for tearing index are 9.5%, 10.9% and
4.8%. The results show that LHCS 0.22 is the most
effective in enhancing the mechanical properties of
paper, followed by LHCS 0.08, and then the PA. The
results indicate that when LHCS 0.22 was added into
the pulp, part of its cationic charge was neutralized by
the dissolved and colloidal substances, but still it can
be well adsorbed onto pulp fibers, afterwards, owing
to the hydrogen bonding effect between the LHCS and
fiber cellulose, it contributed to the increase of paper
strengths.

0.2

0.4

Dosage of fixing agent (%odp)
PA

LHCS0.08

LHCS0.22

Fig. 10. Changes of Colloidal Substances Intercepted
by 1.2 micron glass fiber membrane, with the
Treatment of New SBFs Made by Degradation
Followed by Etherification

5.5
5.0
4.5
4.0
3.5
3.0
0

0.2

0.4

Additive dosage/%odp

Fig. 8. Effect of LHCS Fixing Agents on Tearing
Index of Handsheets
Wet-End Characteristics and Paper Strengthening
Effects of SBFs Made by Degradation Followed by
Etherification
In this part, the fixative-treated pulps were first
subjected to DDJ dewatering and the filtrates were
collected for turbidity measurement. The results are
shown in Fig. 9, where we see the filtrate turbidity
decreases with the increasing use of the fixatives.
Again, although the charge densities of the SBFs are
much lower than that of the PA (see Table 1), the SBFs

The cationic demands of the micro-filtrates are
shown in Fig. 11. Again we see the effect of PA is
apparently superior to those of the SBFs. Fig. 12 is
the result of COD reduction. Seen again is that the PA
has better effect than the SBFs, but the difference is
not so large (especially for the case of E-SBF to the
PA), by which it can be inferred that the SBFs and
the PA interacted with COD components by different
mechanisms, as was described in Section 3.1.
The results of paper strengthening are shown in
Fig. 13 to Fig. 15. It is seen that for all the fixatives,
higher tensile and bursting strengths are obtained
with higher dosage, but the increments from the SBFs
are significantly higher than that from the PA. Under
the dosage of 0.4%odp, the respective increment for
tensile index is 27.5% for A-SBF, 32.3% for E-SBF
and 8.6% for O-SBF, but only 4.9% for the PA; for
burst index it is 32.9% for A-SBF, 28.5% for E-SBF
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Fig. 11. Changes of Cationic Demands of Pulp
Filtrates, with The Treatment of New SBFs Made
by Degradation Followed by Etherification
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Fig. 14. Effect of New SBFs Made by Degradation
Followed by Etherification, on Burst Indexes of
Handsheets
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Fig. 15. Effect of New SBFs Made by Degradation
Followed by Etherification, on Tearing Indexes of
Handsheets
and 19.3 for O-SBF, but a much lower 16.9% for PA.
Some exceptions are found for tearing index, in that
for A-SBF, E-SBF, and the PA, the increments are nil,
but for E-SBF, the increment is a significant 10.0%.
The results show that E-SBF is the most effective
in enhancing the mechanical properties of paper,
followed by A-SBF, O-SBF in sequence and the PA
in the last. The better strengthening effect from the
SBFs has been ascribed to the high hydrogen bonding
effect between the starch and the fiber cellulose
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Fig. 13. Effect of New SBFs Made by Degradation
Followed by Etherification, on Tensile Indexes of
Handsheets
PA

0.2
0.4
Dosage of fixing agent (%odp)

Fig. 12. Changes of COD of Pulp Filtrates, with
The Treatment of New SBFs Made by Degradation
Followed by Etherification
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Fig. 16. Effect of New SBFs Made by Degradation
Followed by Etherification, on Formation of
Handsheets
molecules[3-6, 14]. However, in this study, we measured
the formation of the handsheets, on which we suggest
that the effect of formation on strength properties
shall not be neglected. Because, as seen from Fig.
16, although all the three SBFs also decrease the
formation of paper sheet, for example, at the dosage
of 0.4% odp, the formation deterioration is 6.6%
for A-SBF, 5.6% for E-SBF, 2.1% for O-SBF, but
deterioration by the PA is much more severe, as the
decrement is as high as 25.5%.
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Conclusions
In the first part of this study, two starch derivatives,
LHCS 0.08 (with DS of 0.08) and LHCS 0.22 (with
DS of 0.22), made by starch etherification followed by
acid hydrolysis, and in the second part of this study,
three SBFs, A-SBF, E-SBF, and O-SBF, made by
degradation followed by etherification, were applied
to BCTMP pulps and their effects in DCS controlling
and paper strengthening were compared to a traditional
polyamine (PA) fixative. Conclusions can be drawn as
follows:
1. The SBFs are easier to be adsorbed onto BCTMP
fibres than the PA.
2. Relatively, the PA has better effect in neutralizing
the anionic part of dissolved substances, while
the SBFs have better effect in agglomerating the
colloidal substances.
3. The LHCS with DS as low as 0.22 is still a good
fixing agent for BCTMP, which is a big progress
compared to our previous study where the SBF
should have a DS as high as 0.65.
4. The SBFs have better effects in enhancing paper
strength than the PA, which is a comprehensive
result from at least two factors, the higher hydrogen
bonding effect supplied by the starch molecules,
and the less formation deteriorating effect by the
SBFs.
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ABSTRACT
Pulp and paper industry is one of developing-industries in Indonesia. But the industry still faces issues,
such as shortage of pulpwoods and waste papers, deterioration of machines performance in old mills, and others
that may affect performance of Indonesian pulp and paper industry. This research aims to determine the technical
efficiency and productivity level (as performance indicators) of Indonesian pulp and paper industry, and to
determine the factors that may affect the efficiency and productivity. This study use firm-level panel data of
large and medium industries survey by Central Bureau of Statistics (BPS) year 2005 to 2009. The Analysis
is carried out in two stages. Firstly, estimating technical efficiency of firms in using their resources by Data
Evelopment Analysis (DEA) method. While productivity level calculated by Total Factor Productivy (TFP)
Malmquist index, and subsequently decomposed into two components : efficiency change and technological
change. Secondly, determining the factors that may affect efficiency and productivity by fixed-effect data panel
regression method. The empirical results show the overall average of technical efficiency in range 71% to 79%.
Averagely productivity change is slightly increased and driven by technical change rather than technical efficiency.
The efficiency is negatively affected by amount of employees, firm age, and import. While productivity is
positively affected by wage and technical progress, and negatively affected by firm age and market concentration.
Suggestions that implicate to policies are also made for development of Indonesian pulp and paper industry.
Keywords: efficiency, productivity, indonesian pulp and paper industry, DEA, TFP malmquist
Introduction
Indonesian economic structure has undergone
significant change over the past decades, which
the contribution of manufacturing sector to Gross
Domestic Product (GDP) had overed contribution
of agriculture sector. Manufacturing sector is one of
sectors that prioritized by Indonesia government to
drive economics growth.
Pulp and paper industry is one of developing
industries in Indonesia. The pulp industry ranked
number 9 and paper industry ranked number 8 in the
world level, both industry ranked number 3 in Asia
level. Ministry of industry[1]. Export of pulp product
increased from 2005 to 2007 but decreased in 2008
and 2009 due to global economic crisis, but increased
in 2010. Export growth decreased significantly from
2006 to 2009 but increased in 2010. The pulp industry
was still imported raw material which the growth
reached 6% (compared to export growth that only
1%). While, export of paper product increased from
2005 to 2007 but decreased in 2008 to 2010. Export
growth was negative in range the years 2008 – 2010
and the average export growth from 2006 to 2009
was 10%. Ministry of industry[1]. Paper industry
was also still imported raw material which average
import growth reached 9 % in range the years 2006 2010. Most of raw material for pulp industry (> 95%)

192

are pulpwood such as acacia, pines and eucalyptus,
the rest are agriculture wastes such as bagasses
and straws. Woodpulp demand of pulp industry is
fulfilled by industrial tree plantation (hutan tanaman
industri, or HTI), bridging material (land clearing of
HTI), logging wastes and natural forest . These HTI
and other materials will produce short fibers as raw
materials for the pulp industry. However, long fibers
are still imported from overseas approximately 2,5
million tonnes per annum. While raw material of paper
industry mainly consist of virgin pulp and waste paper,
which the average national composition approximately
40% : 60%. Up to 2010, there were 14 pulp mills and
79 paper mills in Indonesia with capacity each 7,9 ton
and 12,17 tonnes per annum. Majority of the mills
are located in Sumatera, Java and East Kalimantan.
Ministry of Industry [1]
In spite of Indonesian pulp and paper industry has
shown an upward trend, but there are issues that could
be barrier to development of the industry. Ministry
of Industry released a Road Map of Paper Industry
in 2009 that explained the weaknesses of Indonesian
pulp and paper industry, such as low performance of
old machines, limitation of pulpwood supply from
HTI, and using of alternative raw material have not
optimum yet, shortage of domestic waste papers to
fulfilled demand of paper industry, high dependency
to foreign mainly machines and process equipments,
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and limitation of R&D funds. Moreover uncertainty
of business climate, difficulties in obtaining clear and
clean HTI, licences, and others. Ministry of Industry
[2]. Ministry of Forestry also found an imbalance
between pulpwood demand (17,91 Million M3) and
pulpwood supply from industrial tree plantation (3,98
million M3) IWGFF [3]. It causes capacity of the pulp
industries increase slowly. The shortage of pulpwood
supply approximately reached 12,68 million M3 tonnes
per annum.
All of these factors could have effeced the overall
performance of Indonesian pulp and paper industry.
Efficiency and productivity indices have been accepted
by the economists as a standard tool for evaluating
the economic performance within firms or industries
A comprehensive measurement of efficiency and
productivity in the pulp and paper industry is of great
importance to both policy makers and businessmen.
Several past studies had investigated the eﬁciency and
productivity in manufacturing industry. For instances,
Nyrud [4] in Norwegia, Zheng [5] in China, Ismail [6]
in Malaysia, Margono [7], Alviya [8], and Kadarsyah
[9] in Indonesia. While past studies of performance
in the pulp and paper industry for instance, Hseu and
Shang [10] compared efficiency and productivity of
the industry in OECD countries, while in Indonesia for
instances, Situmorang [11] investigated demand and
supply side, Putra [12] analysed structure, behaviour,
and performance based on SCP theory, Primadhita [13]
investigated impact of liberalization to the industry
performance. To the best of our knowledge, analysis of
efficiency and productivity have previously not been
conducted on Indonesian pulp and paper industry.
On this study we employ non-parametric method
Data Envelopment Analysis (DEA) to estimate
technical efficiency and Total Factor Productivity
(TFP) Malmquist to estimate productivity change. We
also use econometric approach to find out determinants
or factors that can contribute to the efficiency and
productivity. This paper is organized into five sections.
The following sections are method, data, analysis of
the results, conclusion and policy implications.

often used interchangeably, but actually they are not
precisely same things. Coelli et al.[15] concluded that
a firm may be technically efficient but may still be
able to improve its productivity by exploiting scale
economies. Productivity is often referred to total factor
productivity (TFP) that is a productivity measure
involving all factor of production.
2.1 Data Envelopment Analysis (DEA)
In this study, we apply Data Envelopment Analysis
(DEA) method of Charnes et al. [16] and Banker et
al. [17] to estimate efficiency level. The DEA method
is a non-parametric approach that not assume any
production function. The DEA methodology yields
estimate of a firm-specific efficiency index in range 0
to 1, where a firm with an index of 1 means operate at
its minimum input. The DEA model input oriented by
Charnes et al.[16] is :

Where k is firm being evaluated, Zk is efficiency
of DMU, v and u each are weighted input and output
value being estimated, j is the first firm to -N (N =
number of firms), i is the first input to - m (m = number
of input), and r is the first output to - s (s = number
of output). The equation (1) is a DEA input oriented
model with assume constant return to scale (CRS)
condition (the firms optimizely operate). The DEAVariable Return to Scale (VRS) model is developed
by Banker et al. [17] to accomodate condition where
the firms does not optimizely operate. The DEA VRS
model input oriented by Banker et al. [17] is:

2. Method
The terms efficiency is referred to concept of
Farrell [14]. He divided efficiency become technical
efficiency and allocative efficiency. The technical
efficiency defined as the ability of a production unit to
produce output with minimum input (input-oriented).
While allocative efficiency defined as the using of
inputs in optimum proportions for given prices and
production technology. In this study we focus to
technical efficiency to see how efficient firms of the
industry in using their resources.
Coelli et al. [15] defined productivity of a firm as
the ratio of the output (s) that it produces to the input
(s) that it uses. The terms efficiency and productivity

VRS model used to increase estimation validity of
technical efficiency by scale efficiency (SE). Scale
efficiency calculated as ratio technical efficiency CRS
to technical efficiency VRS.
2.2 TFP (Total Factor Productivity) Malmquist
Index
We apply the methods of Fare et al.[18] to estimate
TFP indices without a priori specification of the
underlying technology and producer behaviour. TFP
Malmquist approach accounts for both the shift of best
practice and the change in relevant position of firm
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along the spectrum of best practice. The Malmquist
productivity index can be fully decomposed into
technical change, efficiency and scale change, so that
we could have an insight into the factor.
Fare et al. [18] measured productivity change
(TFPCH) of the firms at time t+1 and time t as equation
3. Next, TFPCH divided into two components
efficiency change (EFFCH) and technological change
(TECHCH) as Equation 4. The equations (4) could be
combined became equation 5. Next, Fare et al. [18]
divided TFPCH became equation 6. We use software
DEAP 2.1 that developed by Coelli [19] to compute
DEA efficiency score and TFP Malmquist index.

parameters being estimated. We used econometrics
software EVIEWS 6.0 to estimated these regression
model.
3. Data

2.3 Empirical Specification
We employ econometrics approach specifically
regression model to determine factors may affect
efficiency and productivity. We specify the empirical
specification for efficiency (equation 7) and
productivity (equation 8).
We use double-log model to analyse determinants
of efficiency and productivity growth. Where lnTE
denotes technical efficiency (CRS and VRS), lnEMP
is number of employees include production workers
and others, lnPROD is firm productivity that proxied
by labor productivity, lnAGE is firm age, lnCON is
market concentration based on Herfindahl-Hirschman
Index, lnWPL is wage per labor, TP is technical
progress that obtained by TFP decomposition, PIMP is
proportion of import material to total material, DLOC
is dummy of firm location (1 : located in industrial
park, 0 : otherwise), DEXP is dummy of export status
(1 : export, 0 : non-export), DFINV is dummy of
foreign firm status (1: foreign firm, 0: others), and are

The yearly data from 2005 to 2009 is obtained
from yearly surveys of medium and large size
manufacturing ﬁrms conducted by the Central Bureau
of Statistic (BPS) Indonesia. Due to poor availability
of statistical data before 2005, the present study covers
only year 2005 to 2009. Some observations had to
be removed from the data set because of missing
variables and obvious outliers. Discarding firms with
incomplete data left 88 firms that for each sub-sector
were : (ISIC 21011) pulp 5 ; (ISIC 21012) culture
paper 24 ; (ISIC 21014) specific paper 11 ; (ISIC
21015) industry paper 15; (ISIC 21016) tissue paper
20 ; and (ISIC 21019) other papers 13. The sample
accounted for 65% of the total gross output and 60%
of total amount of firms in 2009. The sample used as a
realistic proxy of the industry.
The sample include four inputs standard (labor,
capital, material , and energy) and one output (gross
total output) for calculating efficiency. Labor is the
total number of employees is used instead of man
hours due to the unavailability of the data, capital is
other expenses of firm that used as proxy for capital
due to unavailability of the data, material is the total
value of the material used by ﬁrms both import or
local material, and energy is total cost value include
fuel, lubricants and electrical generator. While gross
total output is the total value of a firm’s output in a
specific year. All variables, except labor, are deflated
in 2000 thousand rupiah price. While data of variables

.................................................................................... (3)

................................................(4)

..............................(5)

..............................(6)

......................(7)

......................(8)
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on our empirics models (employees, import, firm age,
wage, export status, industry location and foreign
investment) are also obtained from BPS survey.
4. Analysis of the Results
In this study, technical effciency estimator is
measured through DEA input oriented approach, which
will produce efficiency at CRS and VRS assumption.
For the sample of pulp and paper industry for each of
the years are obtained by comparing each firm with the
best practice in the particular year. The results show
the average efficiency from range years 2005 - 2009
are 71 % (if assumed CRS) and 79% (if assumed VRS)
. It means that averagely firms use input 29% and 21%
over from 0% (best practice firm). The level could
be associated with the fact that average utilization
level of pulp industry 77% and paper industry 86%.
Ministry of industry[1]. Efficiency can be improved
by eliminating inefficiency in using input factors
(efficient to VRS) and increasing operation scale
(efficient to CRS). The efficiency level can be showed
annnually and based on sub-sectors as presented in
Figure 1. Figure 1 (a) shows technical efficiency trend
fluctuated in observed year, and last decreased in
2009. Figure 1 (b) shows pulp industry (ISIC 21011)
reached the highest efficiency. This can associated to
the fact that pulp industries have large operation scale
and face limited pulpwood supply.
The results of calculation TFP Malmquist and its
decomposition are presented in Table 1.
Table 1. Annual Total Factor Productivity and its
Component from year 2005 to 2009
Year

effch

techch

pech

sech

tfpch

2005 - 2006

1.139

0.889

1.077

1.057

1.013

2006 - 2007

0.852

1.124

0.921

0.925

0.957

2007 - 2008

1.197

0.762

1.084

1.103

0.911

2008 - 2009

0.758

1.512

0.832

0.911

1.146

Mean

0.987

1.072

0.979

0.999

1.007

Table 1 displays productivity changes of Indonesian
pulp and paper industry over the period 2005–
2009, as represented by the Malmquist input-based
productivity. A greater-than-one Malmquist index
denotes improvement in the relevant performance.
There were two periods (2005 – 2006 and 2008 - 2009)
showing productivity gains. Productivity gains in 2005
– 2006 came from the efficiency change, while in 2008 2009 came from the technical change. On average over
2005 – 2009, TFP growth is driven by technical change
rather than technical efficiency. An improvement in
technical efficiency requires improvement in quality
and saving of inputs include capital, labor, material
and energy. For the firms whose production is right
on the frontier (i.e. efficiency scores equal to 1), the
strategy for increasing their productivity is to improve
the technology (innovation). Scale efficiency change
tended to constant over period 2005–2009.
To identify the factors that may contribute to
efficiency and productivity, Equation (7) and (8) are
estimated. We has considered the classical assumptions
in the model include multicolinearity, autocorrelation,
and heteroscedasticity. By results of hausman test and
redundant fixed effect test, we find the fixed effect
with cross section weighted as the best model. The
results of the estimation are presented in Tabel 2.
The estimation results show that variable EMP,
AGE, and PIMP significantly determine efficiency
(TE-CRS and TE-VRS). While variable AGE, WPL,
CON and TP significantly affect productivity. The
high R-squared value for all models indicate high
percentage of dependent variable variation can
explained by independent variable in the model. The
probability F-statistic values indicate that independent
variabels all together significantly affect dependent
variabel. Variable EMP (employee) has a negative
impact on efficiency but does not significantly affect
firm productivity. This indicate that higher amount of
employees, efficiency will decrease and productivity
will keep constant. This result is line with Diaz
[20] and Aggrey [21]. Pulp and paper industry is
capital-intensive in nature so that increasing amount
of employees is not effective to improve efficiency

Figure. 1. (a) Annual Efficiency Level ; 1 (b) Efficiency Level Based on Sub-Sectors (5 digits ISIC)
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Table 2. Results of Efficiency and Productivity Determinant Regression
TE-CRS
C

Coefficient

TE-VRS

Coefficient

PROD

Coefficient Probability

0.0000

C

0.0000

C

5.7243

0.0000

-0.1497

0.0145*

EMP

-0.1901

0.0001*

EMP

-0.0619

0.4248

AGE

-0.7646

0.0000*

AGE

-0.5074

0.0000*

AGE

-1.2441

0.0000*

CON

-0.0195

0.4018

CON

0.0127

0.3196

WPL

0.3245

0.0000*

PIMP

-0.0027

0.0097*

PIMP

-0.0022

0.0133*

CON

-0.0719

0.0000*

DLOC

-0.0573

0.5068

DLOC

-0.0077

0.7629

TP

0.0815

0.0000*

DEXP

0.0501

0.4618

DEXP

0.0670

0.2776

DLOC

-0.4400

0.5550

DFINV

0.0303

0.4717

DFINV

0.0145

0.5705

DEXP

-0.0154

0.7886

DFINV

0.0731

0.6110

0.8308

R-Squared

0.9914

0.0000

Prob
(F-stat)

0.0000

Prob
(F-stat)

0.8303

R-Squared

0.0000

Prob
(F-stat)

2.2882

Probability

EMP

R-Squared

2.7407

Probability

*significant at 1% level

and productivity. Diminishing marginal productivity
of labor may be occurred due to the industry is
categorized into medium and large industry based on
amount of employees. In our sample, the proportion
number of large firms 57% and medium firm 43%. But
according to Jajri [22], high skill workers (technicians,
supervisors, and analysts) can be complement to high
technology. Variable AGE (firm age) has a negative
impact on efficiency and productivity, it means that
if the firms get older, efficiency and productivity will
decrease. From efficiency point of view, the result is
line with Margono [7] in chemical industry. While
for productivity, the result is line Alviya [] in wood
manufacturing industry, Kadarsyah [9] in foot-ware
industry and Margono [7] in chemical industry. This
result undirectly shows indications of deteriorating
production machines. Ministry of industry [2] found
a gap of technology capability between old mill and
new one. In general, new mills employ new machine
equipment, while old mills varied in their machine
performance.
Variable CON (market concentration) does not
significantly affect firm efficiency but significantly
affect productivity negatively. The market structure
of pulp and paper industry is strong oligopoly. Putra
[12]. These concentration level need controlled by
the government in order to maintain competitiveness
climate that can contribute to increase the productivity.
Variable PIMP (percentage of material import) has a
negative impact on efficiency. This finding is line with
Ray [23] and Farrel [14], increasing input is inversely
proportion to efficiency (input based). Moreover
if US dollar value increased, it will make higher
cost to firms. Other variables DLOC (dummy for
industrial location), DEXP (dummy for export status),
and DFINV (foreign investment status) does not
196

significantly affect firm efficiency and productivity. In
our sample, the majority of mills are located in outside
of industrial park approximately 88%. The firms
prefer their mill near from raw material resources
(pulpwoods). Integrated pulp-paper mills are located
in Sumatera and Kalimantan. While the non-integrated
paper mills are spread in Java (Banten, West and
East Java). Proportion of exporting-firms are smaller
(approximately 28%) than nonexporting-firms. This
fact may cause exporting-firms do not significantly
show the higher performance than nonexporting-firms.
According to previous empirics literatures, export
could increase firm efficiency and productivity due to
high quality standard and tight competition in global
market. The coefﬁcient on DFINV has the expected
positive sign but is not statistically signiﬁcant. From
observation, share of foreign-firm only 13%. Majority
of empiric researchs indicated that foreign ownership
had effect to firm efficiency and productivity due to
easiness of technology transfer .
Lastly, variable TP (technical progress) and
WPL (wage per labor) have a positive impact on
productivity. Technical progress is closely related to
capital intensity. It means adapting new technology
and innovation activity in the capital intensive firms
will improve productivity. This result is line with
technical progress concept in Nicholson [24] and
empirical result Jajri [22]. The government can
help the industry through programs of machines
restructurization or eliminating of import tax of capital
goods. Increasing research dan development (R&D)
fund to research centers, universities that coorporate
with the industry are also needed. While variable
WPL can determine productivity that line with Yasar
[25]. WPL indirectly represents worker skill . The
efforts to improve worker skill for instance education,
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training, and courses can contribute to productivity in
workplace. Management programs such as increasing
wage periodically, incentives, and promotion should
pay attention.
5. Conclusions and Policy Implications
The results show the average technical effciency of
Indonesian pulp and paper industry in range 71 % to
79 %. Averagely, the firms nearly reach economy scale
in their size. The efficiency level can be improved
through inefficiency elimination in using input
factors. Efficiency is affected negatively by number of
employees, firm’s age, and the percentage of import
material. The productivity is affected positively by
wage and technical progress, and affected negatively
by firm’s age and industry concentration level. The
industry is capital-intensive in nature, so that the
adoption of advanced production technology can
play a critical role in the effciency and productivity
improvement of the industry. Transaction costs can be
reduced through governmental regulations for instance
eliminating import tax of capital goods. Expansion of
HTI and making a system waste papers gathering will
secure a sustainable supply of raw materials. Finally,
all forms of barrier to entry in the industry must
eliminated in order to maintain a high competition
market that associated to high productivity.
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ABSTRACT
This reasearch comprises of two main activities that work simultaneously. Those are designing bioreactor
and adaptation of agitation culture condition from the bacterial. Designing bioreactor is done by gaining information
about the different types of bioreactor that were used from the research before, and then choosing the best type of
bioreactor for engineering. The purpose of adaptation the bacterial condition to agitation culture is obtaining the
bacterial culture that can be grown on agitation condition. Those bacterial cultures were adapted from the culture
condition statically. The parameter conditions of this experiment such as composition of medium, pulp consistency,
the speed of agitator, and the temperature of incubation are made constant. But the times of incubation are varied
because this factor is determining the application of this research at industry, whether theirs applicable or not.
Nanofibrillation process has been done by transferring the Acetobacter Xylinum bacteria to pulp suspension. The
result of this experiment is indicating that the strength of LBKP fiber was increasing, on the other hand for NBKP
fiber can’t be seen. The result from the SEM image is indicating that for the one hour time of incubation has been
giving the effect of fiber surface modification.
Keywords: bioreactor, nanofibrillation, the strength of paper, bacterial cellulose
Introduction
Conventionally the strength of paper built by
using long fibers, chemical addition, and fiber refining
or without it. These methods have advantages and
disadvantages at once. Long fibers can effectively
increase the strength of paper but costly and still
imported for Indonesia. Chemical agents as well
as long fibers, impart a good strength development
for paper but also costly and quiet bad impact to
the environment. The last method, refining, is a
conventional method for paper strength development
since the history of papermaking begun. Refining is
a mechanical method where the surface of the fibers
modified mechanically by sandwiching friction
between two plates of refiner. This is the only one
treatment in paper industry which modifies the surface
of the fibers. Refining is recognized as the most
effective way to develop the strength of paper and
have been using in the industry since a long time ago.
But refining consumed very much energy, and it is the
second one as the energy consumer in paper industry.
In the refining process, the surface of the fibers
changed or modified. On the surface of the fibers, a
very fine fibers or fibrils revealed. These fibrils are
in micron dimension, so it is called microfibrillation.
Microfibrils contribute significantly to the strength
development of paper since a huge of hydrogen
bonding can be built between fibers. Microfibrillation
enlarge the surface area of the fibers and enhanced
hydrogen bonding between them.
The prior researches showed that surface
fibrillation on the cellulose fibers can be produced
by microorganism activities such as acetobacter or
gluconobacter. The dimension of the fibrils produced

by microorganism is nanometer, so this process
of fibrillation called nanofibrillation. In the prior
researches nanofibrillation are used for increasing
the quality of composites from the mixing of
nanofibrillated cellulose and other substances as a
matrix. The good significant effects of nanofibrillated
cellulose in the composites were proven.
As mentioned before, the area of fiber surface
formed by microfibrillation, enhanced fibers bonding
and the strength of paper increased. In line by this
idea, nanofibrillation hopefully takes the role of
microfibrillation in a better way due to the effect of
expanding area of small matter. Nanofibrillation effects
have not been using in paper industry. So, we do the
research of The Utilization Of Nanofibrillation Effects
on the Fibers Surface for Improving Paper Strength.
Materials and Methods
2.1 Materials
The materials used in this research are long and short
fibers (NBKP, LBKP), Static Culture of Acetobacter
xylinum, Growth media for A.xylinum, and chemicals
for fermentation of fibers (nanofibrillation process) in
the reactor. There are also used any steel materials,
motor, and controller for design and engineering of
bioreactor.
2.2 Methods
Mainly this research consist of two parallel
activities. The first one is design and engineering of
bioreactor for nanofibrillation process. Literature
survey was done to find out the bioreactor design
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for A.xylinum which used in prior researches. Then
choose the suitable one for those experiments which
some adjustments. The type of bioreactor chosen is
Stirred Tank Reactor with gate and turbin-rushton
agitator type. These activities followed by engineering
of the bioreactor in line with the experiments condition
which will be used.
Another activity parallel to the design and
engineering are adaptation of static culture to the
dynamic culture of A.xylinum. This microorganism
formerly grew and maintained in a static culture. But
to be used in the experiments, it must be adapted to
dynamic culture. This experiments run on stirred tank
reactor to increase the productivity of A.xylinum.

The mechanism of micro and nanofibrillation is
different. Microfibrillation is done mechanically, but
the nanofibrillation is done biologically. Fibrils in
nanofibrillation do not come from delamination of
fiber cell wall, but growth on the surface of the fibers
as a result of microorganism activities. There is no
fiber collapse. These fibrils growth in line with the
productivity of microorganism and called bacterial
cellulose. The chemical formula of this cellulose is
the same as plant cellulose fibers but different in term
of chemical and physical properties (Yoshinaga et al.,
1997).

Theory

Cellulose extracellular can be synthesized by
the bacteria of the genus Acetobacter, Rhizobium,
Agrobacterium,
Aerobacter,
Achromobacter,
Azotobacter, Rhizobium, Sarcina, Salmonella, and
Escherichia (Ross et al., 1991). It can be produced in
static or dynamic condition. Production method can
influence the quantity and quality of cellulose product.
Bacterial cellulose produced by these methods is
not in a pure condition but contain some impurities
such as medium components and cells of Acetobacter
xylinum. Purification is needed to reduce the amount
of impurities (Yamanaka et al, 1989). In static method
bacterial cellulose produced in a gelatinous sheet,
but in dynamic method (agitated) bacterial cellulose
will accumulated as a suspension. Dynamic method
is suitable for industrial and commercial application.
Bacterial cellulose can be applied in any kind of
industry such as paper, textile, food, cosmetics, and
medicines (Bielecki et al., 2001) and used as a resource
of cellulose alternative which high biodegradable
properties (Vandamme et al., 1998).
The extent of bacterial cellulose production
depend on culture condition, including incubation
method, source of nitrogen and carbon, acidity (pH),
temperature, and dissolved oxygen. Some researchers
have been done to optimize bacterial cellulose
production. Glucose is well known as a main carbon
source for producing bacterial cellulose. The others
sources can also be used such as monosaccharide
carbon and organic acid (Hextrin and Schramn, 1954).
Growth media for bacterial cellulose production
should contain carbon, nitrogen, phosphor, sulfur,
potassium and magnesium salts (Chawla et al., 2009).
Cellulose production depends on the amount of
glucose consumption. Production cost of bacterial
cellulose is proportional to chemicals usage which
will be costly compared to other organic commercial
products (Shoda dan Sugano, 2005).
Bioreactor is an equipment to provide suitable
environment so microorganism biologically active.
Some types of bioreactor usually used for bacterial
cellulose production are stirred tank, air lift, rotary,
and bubble column, see the following figure.

3.1 Fibrillation in Papermaking
Microfibrillation is an effort of paper industry to
increase the strength of paper. After refining, the body
of the fibers will collapse, the surface of the fibers will
delaminated and emerge fibrils. Basically fibrillation
is delamination of the fiber cell wall. These illustrated
in Fig. 1.

Figure 1. Microfibrillation in Fiber Surface
The Figure 2, shows principally how nanofibrillation
proceed in bacteria culture medium. Plant fibers insert
to culture media, sterilize, and inoculate by cellulose
producing bacteria.

Figure 2. Nanofibrillation in Fiber Surface
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(Source : Sani & Dahman, 2009)

Figure 3. Bioreactor Types for Bacterial Cellulose Production

(Source : Kouda et al., 1997)

Figure 4. Agitator Configuration for Bacterial Cellulose Production
Ideal design of bioreactor can increase the
productivity of bacterial cellulose synthesis. Many
method and design of bioreactor have previously
investigated (Watanabe et al, 1998). Some of those
methods are potentially applied in commercial and
economical of bacterial cellulose production. In
dynamic media with agitation culture, high cellulose
production needs high oxygen transfer rate means
big motor and energy is required. The influenced of
agitator configuration to oxygen transfer rate have
been investigated (Matsuoka et al., 1996). From
those investigations it was concluded that stirred tank
reactor using gate with turbine impellers or maxblend
agitator type are the best one (Kouda et al., 1997).
Results and Discussions
4.1 Design and Engineering of Bioreactor
From the literature review, the reactor type suitable
for bacterial cellulose production was chosen. It was
a Stirred Tank Reactor with gate and turbin-rushton

agitator type. The dimension of the reactor is about
100 L volume and height 750 mm. All the size
component of the reactor depends on this dimension.
The following figure 5 shows the design of the reactor.
The bioreactor equipped with temperature control
of the culture media and rotation control of the
agitator. A heater element is jacketed to the reactor.
Temperature can be varied from 30 to 120 °C and the
sterilization methods up to 100 °C is done by this way.
The agitation speed can be varied from laminar to
turbulent type of growth media.
4.2 Surface Modification of Fibers
Surface modification happens due to the growing
of bacterial cellulose on the surface of the fibers by
Acetobacter xylinum. The pattern of growth cellulose
can be seen on SEM observation which show that
bacterial cellulose more flocculated on the surface of
the long fibers (NBKP) than on short fibers (LBKP).
In LBKP, bacterial cellulose distributed more evenly
on the surface of the fibers. Uniform distribution is
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Fig. 5 Design of Bioreactor

Short Fibers

Long Fibers
Separate Short and Long Fibers

Short/Long = 75 / 25

Short/Long = 50 / 50
Mixed Short/Long Fibers

Short/Long = 25 / 75

Figure 6. Surface Modification of the Fibers for 1 Hour Incubation
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Short Fibers

Long Fibers
Separate Short and Long Fibers

Mixed Short/Long Fibers
Figure 7. Paper Sheets Evaluation
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more needed for papermaking than the flocculated.
The following figures 6 show the condition of
fibers surface each for short and long fibers alone
and the combination of the twos. These combinations
needed because in papermaking there is always
mixing of short and long fibers. The SEM picture was
taken for 1 hour incubation as the best time of surface
modification obtained from the experiments.
From the laboratory activity it was observed that
the long fibers tend to agglomerate on the reactor
than the short one. This agglomeration disturbs the
homogeneity of the stock when it used in papermaking.
Therefore the further investigation should be focus on
short fibers. This is in line with the development of
paper industry when the using of long fibers reduces
and changes to short fibers.
4.3 Paper Sheets Evaluation
The evenly distribution of bacterial cellulose on
the surface of LBKP fibers results that the increasing
trends of strength indication observed clearly. In
NBKP there is only tearing strength which observed
increase. This difference influenced to the paper
properties from combination of both fibers. The trends
still observed when the proportion of LBKP is higher.
Overall it can be say that from the papermaking view
point, the responds of surface modification in LBKP is
better than NBKP.
The strength development of short fibers are better
than long fibers as a results of nanofibrillation effects.
The irregular strength development increase with the
increasing of the long fibers content. This results lead
to further research which have to focus on short fibers,
although the magnitude of long fibers strength above
short fibers. The combination of mechanical treatment
(refining) for short fibers is possible to increase the
strength value.
Conclusions
By using SEM analysis for fiber surface,
modification reveals since 1 hour incubation. The
trend pattern of strength development of incubation
are observed both for short and long fibers. It is
clearly seen that the development pattern of short
fibers are better than long fibers, means suitable for
papermaking. Strength development in paper sheet
are fluctuated at the increasing of long fibers content.
Further experiments should be done concerning
the agitation speeds, temperature of incubation,
“Mill Friendly” culture media, and the possibility of
combination with conventional method of fibrillation.
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ABSTRACT
Thermoalkalophilic xylanases have many important applications especially in the pulp and paper industry.
Bacillus halodurans CM1 a thermoalkalophilic bacterium recently has been isolated from sediment of Cimangguhot
spring, West Java. The isolate produced extracellular xylanase. The experiment observed the effect of pH and
fermentation time on xylanase production and partial characterization of the enzyme that related to the enzyme
application as bleaching agent in pulp and paper processing. The highest production of xylanase was observed at
pH 10 and temperature 55oC after 21 hours of fermentation. The optimal xylanase activity was at pH 7.0 and 70oC.
The molecular weight of the enzyme was approximately 27.67 kDa. The enzyme hydrolyzed xylan into xylobiose,
xylotriose and other longer xylooligosaccharides. Stability study was conducted at pH 7.0 – 9.0 and temperature
60- 80ºC. The stability study showed that the enzyme only stable at pH 7 and 60oC, which retained 60% of its
activity after 105 minutes, therefore the enzyme might be used for biobleaching of kraft pulp and deinking of used
paper.
Keywords: Bacillus halodurans, xylanase enzyme, thermoalkalophilic bacterium
1.

Introduction

Xylan is a major component of plant cell
wall hemicellulose. The major constituents of
hemicelluloses are the hetero-1,4-β-D-Xylan
and hetero-1,4-β-D-Mannans. Xylanis present
predominantly in hard wood and graminaceous
plant. For complete hydrolysis of xylan, many
xylanolytic microorganisms often synthesize the
multiple groups of xylanolytic enzymes [13].
Interest in the application of xylanases in the
pulp and paper industry has increased during
recent years. Xylanases may be used in pulpprebleaching process to remove the hemicelluloses
which bind to the pulp. The hydrolysis of pulpbound hemicelluloses releases the lignin in the
pulp, reducing the amount of chlorine required for
conventional chemical bleaching and minimizing
the toxic [13].The removal of lignin is essentially
required during paper manufacturing. In some
study, mix enzyme preparation having both
xylanase and laccase activity can be used for
biobleaching at 55oC, pH 9 [3, 7]. However, most
of the xylanases known to date are optimally active
at temperatures below 50ºC and are active in acidic
or neutral pH. Conversely, only a few xylanases
are reported to be active and stable at alkaline pH
and high temperature [20, 22, 26].In this study, we
reported characterization of the enzyme produced
by a newly isolated bacterium, including effect of
pH and temperature on xylanase activity, stability,
and molecular weight of the enzyme.

2.

Materials and Methods

2.1. Microorganism and Effect of pH and
Fermentation Time on Enzyme Production
Bacillus halodurans CM1 (culture collection of
Bioindustry Laboratory, BPPT) was refreshed at 55oC
in modified Luria Broth medium containing 0.5 %
(w/v) bacto peptone, 0.25 % (w/v) yeast extract, 0.25
% (w/v) sodium chloride and 1 % (w/v) xylan as a
substrate. The culture of Bacillus halodurans CM1 was
fermented at 55oC for 24 h in the modified Nakamura et
al (1994) medium using 1 % (w/v) xylan as a substrate
at different pHs (pH 8; 9; 10 & 11). The composition of
modified Nakamura et al (1994) was as follows: 0.25
% (w/v) bactopeptone, 0.25 % (w/v) yeast extract, 0.05
% (w/v) K2HPO4.3H2O, 0.01 % (w/v) MgSO4.7H2O
and 1 % (w/v) beechwoodxylan (Sigma Aldrich Co,
St. Louis, MO) [14]. After 20 hours of fermentation,
the sample was taken for measuring the activity and
protein content of the cells free supernatant. The cells
were removed from fermented broth by centrifugation
at 5600 x g using High-Speed Refrigerated Centrifuge
Himac CR 21G and R10A3 rotor for 15 min at 4oC and
the supernatant from extracellular secretion was used
for characterization of the enzyme.
2.2. Effect of Temperature and pH on Enzyme
Activity
The influence of pHs on xylanase activities were
measured at 50°C (fermentation temperature) at pHs
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ranging from 7.0 to 11.0 (buffer used at pH 7 & 8 was
sodium phosphate, pH 9 was Tris HCL, pH 10 & 11
was glycine-NaOH).
The influence of temperature on enzyme activity
was determined by incubating the enzyme at optimum
pH resulted from previous study at temperatures
ranging from 60-100oC.
2.3. Enzyme Activity and Protein Concentration
Xylanase activity was assayed using Dinitrosalicylic
Acid (DNS) method, according to Bailey et al.
(1992) [2]. Beechwoodxylan was suspended in 50
mM sodium phosphate buffer (pH 7.0). The reaction
mixture contained 50 µL of crude enzyme and 450
µL of 1 % (w/v) xylan was incubated for 5 min in
the thermomixer at the optimum temperature for
enzyme activity. The reaction was terminated by the
addition of 750 µL of DNS reagent. The mixture was
centrifuged at 14.000 rpm using Centrifuges MiniSpin
plus from Eppendorf for 2 min and the supernatant was
heated at 100oC for 5 min. The mixture was cooled
in running water, and then added 250 µL of distilled
water. Reducing sugar released during incubation was
measured as xylose equivalents at l540 nm. One unit
xylanase activity is defined as the amount of enzyme
required to liberate 1 µmol of xylose per minute at the
assay condition [23, 24].
Protein concentration was determined by Bio-Rad
Protein Assay, based on the method of Bradford (1976)
with Bovine Serum Albumin (BSA) as a standard
protein[7].

sodium phosphate buffer (pH 7.0). The reaction was
stopped by immersing the gels at 4oC for 15 min. The
gel was then incubated in 0.1 % congo red solution
for 20 min at room temperature with gentle shaking
and destaining was accomplished by washing the gel
with 1 M NaCl until the active bands appeared clearly
that indicating the bands was the active xylanolytic
enzymes. The addition of 1 N HCl caused the
background to turn dark blue, emphasizing the active
bands [22].
Hydrolysis Product of Xylanase
The hydrolysis of xylan using beechwood xylan
1%. The crude enzyme was mixed with 1 % (w/v)
beechwoodxylan (1:1) then incubated for 3 hours
in the thermomixer at the optimum temperature for
enzyme activity (70oC). Hydrolysis products were
detected by Thin Layer Chromatography (TLC)
which performed on Merck TLC plate of silica gel
60 F254(Merck, Darmstadt, Germany). Concentrated
sample was applied onto TLC plates. The solvent
system was 1-butanol-acetic acid-water (2:1:1,
v/v/v). The products on the plate were detected by
heating at 50oC for a few minutes in a hot-dry oven
after spraying with a mixture of 4 ml aniline-4 gr
α-diphenilamine-20 ml acetone. The standard used
were xylose, xylobiose, xylotriose, xylotetraose,
xylopentaose and xylohexaose [20].
3. Results
3.1. Effect of pH and Fermentation Time on
Enzyme Production

2.4. Stability of Enzyme
The pH of crude enzyme was adjusted at pH7.0;
8.0 & 9.0, then the reaction mixture was incubated
in different temperature (60, 70 &80oC) for 120 min.
Residual activity was observed every 15 minutes.
2.5. Electrophoresis

The effect of pHs and fermentation time on
xylanase production and protein concentration of the
enzyme were shown in Fig 1 and Fig 2. Fermentation
condition which gave the highest production of
extracellular xylanase was at pH 10 after 21 hours of
fermentation.

The molecular weight of the crude xylanase was
estimated by sodium dodecyl sulphate-polyacrylamide
gel electrophoresis in 12 % (v/v) acrylamide gel
using low molecular weight markers (Amersham
Low Molecular Weight Calibration Kit for SDS
Electrophoresis). A suspension of beechwoodxylan
at a final concentration 0.1 % (w/v) was incorporated
into the separating gel before addition of ammonium
persulphate. Proteins were visualized by silver staining
with silver nitrate solution.
2.6. Zymogram Analysis
After completing electrophoresis the enzyme, the
gels were washed in 2.5 % (v/v) Triton X-100 for 60
min and then incubated at 70oC for 15 min in 50 mM
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Fig 1. Xylanase Activity During Fermentation at
Different pH
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activity of the enzyme. The enzyme was the most
stable at pH 7 and 60°C. After incubating the enzyme
at pH 7 and 60°C for 105 minutes the remaining
activity was still 209 U/ml (60%).

Fig 2. Protein Concentration During Fermentation at
Different pH
3.2. Effect of pH and Temperature on xylanase
activity
Experimental results of the influence of various
pHs and temperatures were shown in Fig.3. The
optimum activity of xylanase was observed at pH 7
and 70o C.

Fig. 5. Stability of Xylanase Enzyme at Different pH
and Temperature

Fig 6. Stability of Xylanase Enzyme at Various pHs
and Temperatures
3.4.Electroforesis and Zymogram
Fig 3. Effect of Temperature and pH of Xylanase
Activity at Different pH
3.3. Effect of Temperature and pH on Enzyme
Stability
Thermal and pH stability of the enzyme was
observed in the absence of substrate at various
temperatures and pHs. The experimental results were
shown in Fig 4 and Fig 5. Fig 4presentsthe relative
residual activity, whereas Fig 5 presentage actual

Electrophoretic studies of the xylanase crude
extracts using SDS/PAGE and zymograms showed
the presence of multiple protein bands. The molecular
weight of the enzyme was approximately 27.67 kDa.
3.5. Thin Layer Chromatography (TLC)
Thin Layer Chromatography was showed that the
xylanase hydrolysed xylan into xylobiose, xylotriose,
xylotetraose and xylopentaose (Fig. 7).
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Fig 6. Zymogram and SDS/PAGE XylanasefromB. Halodurans CMI.Zym: Zymogram; Marker: Low Molecular
Weight Marker of Protein; E-7: Band of Protein Sample at pH 7; E-9: Band of Protein Sample at pH 9

Fig. 7. Thin Layer Chromatogram of Xylan
Hydrolyzed by The XylanaseE-7 : Xylanase
Product at pH 7; E-9 : Xylanase Product at pH 9, S:
Xylooligosaccharide Standards: X1: Xylose; X2:
Xylobiose; X3: Xylotriose; X4: Xylotetraose; X5:
Xylopentaose; X6: Xylohexaose.
Discussion
Based on experimental data, B. halodurans CM1
produced extracellular thermophilic xylanolytic
enzyme. The optimal production of the enzyme was at
55oC, pH 10 after 21 hours fermentation with 100rpm
agitation. The optimum activity of the enzyme was
observed at pH 7, 70oC. Some research has been
reported that the activity of xylanolytic enzyme
ranging from pH 5-10, with the optimum temperature
range 50-75oC depending on the species.The optimum
activity of Bacillus sp. AQ-1 was at pH 7, 60oC [18],
Bacillus licheniformis I-5 at pH 7, 50oC [26], Bacillus
sp. NCIM 59 at pH 6 to 7.5, 25oC [16], Bacillusspat
pH 7, 55oC [28], Bacillussp JB99 at pH 10, 45oC [13].
As shown in Fig. 3, the xylanolytic enzyme
produced by B. halodurans CM1 was optimally active
208

at pH 7, 70o C. Similar results were observed that
optimal temperature of xylanase produced by Bacillus
sp TAR-1 was at 75o C at pH 7 and 70o C at pH 9.0 [14].
Based on the experimental results xylanase used in this
study was a thermophilic xylanolytic enzyme which
might have potential for pulp bio-bleaching processes.
This data is also supported by the stability of enzymes
which stable at pH 7 and temperature 60o C. The study
shows that after incubating the enzyme at pH 7 and 60°C
for 105 minutes the remaining activity was still 209
U/ml (60%). The optimal temperature and stability of
this enzyme are comparable to thermostable xylanase
produced extracellularly by Bacillus thermoleovoran
K-3d dan B. flavothermus LB3A that has been reported
stable for 2 hours at pH 7, temperature 70oC [20].
The other study reported that the xylanolitic enzyme
from thermophilic strain Clostridium absonum CFR702 was stable up to 60oC (Xyl-I) and 50o C (XylII) [19].In biobleaching process using xylanase, the
most important parameters are enzyme stability at
higher pH and temperature. Biobleaching process
using xylanase from Streptomyces thermoviolaceus
was optimized and found to be most effective at
65oC and pH 6.0, with the crude enzyme preparation
blended to a pulp concistency of 5% [9]. The study
of xylanase from Bacillus sp for biobleaching of
kraft pulp has been evaluated at 60oC at pH 9.0.[1].
Thermoactivecellulase-free xylanase produced from
alkaliphilic Bacillus sp that was stable at 60oC for
more than 60 minutes was having potential for biobleachingprocess.[1]. Xylanase can also used for
deinking process, conditions in a previous research,
the deinking reaction was allowed for 30 minutes at
11% consistensy, pH 7.0 and 50oC with continuous
slow mixing [17].
The SDS-PAGE and zymogram analysis showed
the molecular weight of xylanase was 26,7kDa. In
earlier reports showed that xylanase produced by
Bacillus spp JB 99 was 16 kDa [13]. Xylanase which
were produced by Bacillus spp reported having
molecular masses ranging between 3600-23,000
Daltons [12]. However, in some cases Bacillus sp with
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high molecular mass of 24000 to 145,000 Dalton was
also reported [13].
The products of hydrolysis beechwoodxylan was
observed as xylobiose, xylotriose, xylotetraose and
xylopentaose which indicated endoxylanase activity.
In this study, the enzyme did not produce xylose which
might be due to less incubationtime. In some study,
xylose would be formed after 12 hours incubation,
since the initially xylanase cleaved the substrate to
liberate xylooligosaccharides and then the resulting
oligosaccharides were probably cleaved to form
xylose [11].
Based on this experimental stability data, the
xylanase enzyme might be used in pulp and paper
manufacture as an agent for bio-bleaching. The
process of lignin removal from chemical pulps to
produced bright or completely white finished pulp is
called ‘bleaching’. The most important application of
xylanase enzymes is the prebleaching of kraft pulp.
Currently, the most effective application of xylanase
is in prebleaching of kraft pulp to minimize the use
of harsh chemicals in the subsequent treatment stages
of kraft pulp. While many applications of enzymes
in paper industries are still in the research and
developmental stage, several applications have found
their way into the mills in unprecedented short period
of time in the last decade [3]. Several criteria are
essential for choosing a microorganism to produced
xylanases. The optimum temperature for xylanase
action ranges between 35 and 60oC. In the mills,
xylanase pretreatment takes place in the brown stock
high-density storage tanks, in which pulp is present at
high temperature (approximately 60o C) and at alkaline
pH. Therefore, xylanases that are active and stable at
high temperature and alkaline pH are desirable [6].
Most of the beneficial effects of xylanase prebleaching
can be obtained after only 1-2 hours of treatment [5,
10].
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ABSTRACT
Newsprint stock uses TMP which has wood resin, dissolved and colloidal substances (DCS), so they
degrade machine runnability, sheet properties, and chemical efficiency. We compared and analyzed two retention
systems, such as PAM/Bentonite micro particle system and PEO/cofactor system. As the TMP ratio rose, PEO/
cofactor system was more efficient in retention and drainage than the other system. High molecular weight and
non-ionic polymer retention system had less effect on flocculation interruption than the traditional electrostatic
retention system.
Keywords: newsprint stock, TMP, maicroparticle, PEO, cofactor, retention, drainage
1. Introduction
Recent widely used retention systems are usually
based on flocculation by polymer charges. Retention
mechanism is affected by the charge conditions.
Charge of paper furnish is affected by white-water’s
charge. Therefore, charges of colloidal compounds
and fines in white-water are very important.
Especially, performance of polymer is affected by
anionic charge when much of anionic trash and fines
exist. Flocculation is induced through electrostatic
flocculation of polyelectrolyte, so anionic trash
and fines shrink polymers and consequently hinder
retention performance, runnability and quality of
product.
Many paper mills try to improve the wastewater
closure efficiency and production speed. They also try
to reduce production cost by using more recycled fibers
and mechanical pulps. High speed and high anionic
fines content ask well controlled retention system than
ever before. They ask more efficient retention system
than normal retention system based on electrostatic
flocculation mechanism.
Mechanical pulp contains ionic trash like
hemicellulose, extractives, lignin, dissolved and
colloidal substance (DCS) and so on. These substances
accumulate at white-water recirculation system
if they are not retained on wire. Consequentially,
they deteriorate product quality and runnability,
performance of polymers[1].
During mechanical pulping and bleaching, a variety
of wood components are released into the paper mill
process water at integrated mill. These components
are called DCS, and they include a wide variety of
chemical species including hemicellulose, lipophilic
extractives and lignin-like compound. Because of
white water recirculation and reuse, and the fact that
mechanical pulps are generally not washed, DCS can

accumulate in the water systems of the pulp and paper
mill. These substances can interfere with papermaking
processes by reducing paper quality, degrading paper
machine runnability, and consuming cationic retention
aids[2-6].
DCS can interfere with the ability of cationic
polymers to reduce fiber aggregation in papermaking
furnishes. This interference is believed to arise
from interactions between cationic polymers and
anionic DCS components leading to formation of
polyelectrolyte complexes7).
In this work, PEO/cofactor system and PAM/
bentonite system were compared to apply to TMP and
recycled fibers newsprint mills in terms of retention
and drainage.
2. Experimental
2.1 Materials
Stock sample contained deinked pulp (DIP), whitewater, and CTMP from newsprint mill. This stock’s
consistency was 1% and conductivity was 1450 µS/
㎝. The retention aids applied in microparticle system
was a CPAM and bentonite. PEO and cofactor used in
PEO/cofactor system. The properties of polymers are
shown in Table 1.
2.2 Methods
One pass retention (OPR) and drainage time were
measured by dynamic filtration analyzer (DFA) of
Mütek Co. Conditions of test and polymers adding
were shown in Fig. 1. OPR was analyzed by measuring
the turbidity of drained water when impeller of DFA
was rotating. To compare OPR of microparticle system
and PEO/cofactor system, turbidity of drained water
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Table 1. Properties of Polymers
Retention system
Microparticle
system

PEO/cofactor
system

Polymers

Polymer
composition

Molecular weight
(g/mol)

Charge density
(meq./g)

Charge

CPAM

Cationic
polyacrylamide

5,000,000

1.3

Cationic

Bentonite

Modified bentonite

-

-

Anionic

PEO

Polyethylene oxide

10,000,000

0

Nonionic

Cofactor

Phenolic
formaldehyde resin

-

-

Anionic

was measured by using the turbidimeter of HACH
Co. Drainage time of second was measured when the
drained water reached 500 g.

ppm respectively. Efficiencies of two retention aids
system were compared when CTMP ratio increased.
3. Results & Discussion
3.1 Comparison of Microparticle System and PEO/
Cofactor System

Fig. 1. Test Condition and Polymers Adding Points
2.2.1 Comparison of Microparticle System and
PEO/Cofactor System.
To compare OPR and drainage of microparticle
system and PEO/cofactor system, similar adding
condition was seek. C-PAM and bentonite were added
of 310 ppm and 1400 ppm respectively. Ratio of PEO/
cofactor system was 1:10. To get same level of OPR of
microparticle and PEO/cofactor system, addition level
of PEO were changed as 40, 60, 80, and 100 ppm.
2.2.2 Analysis of Efficiency of Retention Aids
System at Mechanical Pulp Contained Stock
To compare OPR and drainage of microparticle
system and PEO/cofactor system depending on
anionic trash and fines, 0, 5, 10, 15% of CTMP was
mixed in paper stock. To compare the efficiencies of
OPR and drainage in the two retention aids system,
C-PAM and bentonite was added 310 ppm, 1400 ppm
respectively. PEO and cofactor was added 90 ppm, 900
212

Fig. 2. Changes of Turbidity and Drainage Time
According to PEO/Cofactor Addition.
(PAM310/Bentonite1400 : PAM 310 ppm / Betonite
1400 ppm, CF400/PEO40 : Cofactor 400 ppm / PEO
40 ppm)
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Results of OPR and drainage of two retention
system were shown in Fig. 2. Turbidity of microparticle
system was 57 NTU, and turbidity of PEO/cofactor
system was decreased depending on dosage level
of polymers. A same level of OPR of PEO/cofactor
system was performed at 100 ppm dosage. Drainage
time of PEO/cofactor system was faster about 75
seconds than that of microparticle system. To perform
same retention performance, C-PAM needed 310 ppm,
PEO needs 100 ppm as shown Fig. 2. Therefore, PEO/
cofactor system could perform similar retention and
drainage performance at low dosage level of polymers
than microparticle system. Cost efficiency of PEO/
cofactor system may reduce chemical cost by up to
30%[8].
3.2 Analysis of Efficiency of Retention Aids System
at Mechanical Pulp Mixing

Because wood resin, pitch, and fines were in
mechanical pulp and sticky materials were in DIP,
they hindered retention and drainage performance
of polymer in microparticle system which based
on electrostatic flocculation mechanism. On the
other hand, in case of PEO/cofactor system, fines
and fillers were entrapped efficiently in network
structure by creating hydrogen bond between PEO
and cofactor.
4. Conclusions
PEO/cofactor system could perform similar
retention and drainage performance at low dosage
level than microparticle system. In order to have
proper formation excessive drainage rate should be
avoided, because PEO/cofactor system may give very
high drainage speed.
Mechanical pulp which contains wood resin,
colloidal substance and fines decreased retention and
drainage performance of microparticle system which
induce electrostatic flocculation. On the other hand,
non-ionic PEO/cofactor system induced efficiency
performance of retention and drainage because
they gave relatively less impact on charge. Results
suggested non-ionic PEO/cofactor system may be
used efficiently to improve productivity and process
stability for newsprint mills of TMP and recycled
fibers stock.
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Fig. 3. Comparisons of Turbidity and Drainage of
Microparticle System and PEO/Cofactor System
Depending on CTMP Mixing Ratio
Fig. 3 showed turbidity and drainage time according
to mixing ratio of CTMP in two retention aid systems.
When two retention aids system performance were
compared, PEO/cofactor system had high value of
OPR than microparticle system. Because turbidity of
PEO/cofactor system had a tendency to be decreased
than microparticle system. PEO/cofactor system was
also more efficient in drainage performance.
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ABSTRACT
Precipitated calcium carbonate (PCC, CaCO3), particularly calcite crystal, is extensively used in many
industries. Precipitated calcium carbonate is conventionally produced through the carbonation process, which
consists on bubbling gaseous CO2 through concentrated calcium hydroxide slurry. This research is aimed to
find some factors to control the morphology of precipitated calcium carbonate in lab-scale experiment. The
experiments were carried out at different temperature, concentration of Ca(OH)2 slurry, CO2 flow rate, and electrical
conductivity. Consequently, morphology of precipitated calcium carbonate can be controlled by adjustment of
electrical conductivity and concentration of Ca(OH)2. Orthorhombic calcite crystal preferred at high concentration
and high electrical conductivity (6.0∼7.0 mS/cm) because the increase of the ratio between Ca2+ and CO32- ions
affects the growth rate of the orthorhombic faces. Excess calcium spices inserted in growth of the faces in calcium
carbonate crystal. In these conditions, the non-stoichiometric reaction was occurred between Ca2+ and CO32- ions
during carbonation process.
Keywords: morphological, precipitated carbonate, paper, reaction

Introduction
Paper fillers are fine and white pigment powders.
Fillers can improve opacity, brightness, printability,
dimensional stability and smoothness of paper. They
are manufactured from natural minerals or synthetically
from various raw materials. Among the fillers,
calcium carbonate is extensively used as a pigment,
filler in papermaking or in various industries such
as paint, textile, detergents, adhesives, and so on.[1]
Precipitated calcium carbonate(PCC) is industrially
obtained by the carbonation route, which consists of
bubbling CO2 gas through an aqueous suspension of
slaked lime (Ca(OH)2). Depending on the operating
conditions, calcium carbonate crystallizes in different
polymorphs including amorphous calcium carbonate
(ACC), vaterite, aragonite and calcite [2–4]. Among
them, calcite is the most important because of its greater
stability at ambient temperature, and its morphology.
Some advantages are obtained by application of PCC
in papermaking. First, CO2 emission from mills can
be reduced through the carbonation process for the
PCC synthesis. Second, PCC can improve the bulk
property of paper sheet. Bulk can be controlled due
to various distinctive morphology of PCC. In terms of
morphology of PCC, the aspect ratio of scalenohedral
and aragonite PCC is higher than that of GCC. If the
higher aspect ratio of PCC is loaded in paper, the
bulk property of sheet can be improved. Finally, the
sheet production cost can be reduced because PCC is
cheaper than fiberous pulp. Therefore, papermakers
are interested in higher retention technology of PCC,

and are trying to apply PCC loading in papermaking
process.
The most frequently used industrial manufacturing
processes for CaCO3 involves the following steps: (a)
calcination of limestone (natural CaCO3 rocks) to
produce quicklime (CaO) and carbon dioxide; (b) the
slaking process, in which the quicklime is transformed
to slaked lime slurry (Ca(OH)2 suspension) by
controlled addition of water; and, (c) the carbonation
reaction as bellowed chemical reaction, in which the
CO2 is bubbled through an aqueous slurry of slaked
lime [5].
Ca(OH)2 + CO2 → CaCO3 + CO2
The precipitation of calcium carbonate in
chemical reaction between gas phase and liquid
phase for the production of fine particles has been
predicted extensively. Such process of precipitation
involves three steps; nucleation, crystal growth, and
agglomeration.[6] In this process, the polymorphism
of PCC depends mainly on the operational conditions
such as solution temperature and supersaturating, pH,
feed rate of reactants, chemical composition, type and
concentration of additives, and mixing condition. These
operating parameters are interrelated and interacted on
each other during reactive crystallization.[7] For this
reason, the aim of this study is to find some factors
for controlling the morphology during carbonation
process with Ca(OH)2 and CO2 gas and analyze the
carbonation process for manufacturing high bulky
structure of PCC and paper sheet.
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Experimental

Methods

Materials

Experimental procedure for synthesis of PCC
was shown in Fig. 2, and the detailed conditions in
carbonation process were listed in Table 1. Carbonation
process was analysed according to the changes of
pH and electrical conductivity, and then checked the
sampling point according to electrical conductivity.
The morphological analysis of synthesized PCC was
performed by SEM (Scanning electronic microscope,
HITACHI S-4300 microscope). X-ray powder
diffraction (XRD) analyses for confirm crystallization
of synthesis PCC were performed with X’PRD PRO
MPD diffractometer.

Calcium hydroxide (above 95%) and carbon
dioxide (above 99%) was used in carbonation process
for the synthesis of PCC. Calcium hydroxide solution
was mixed with calcium hydroxide powder and
distilled water in order to exclude other inorganic ions
as much as possible.
Lab-Scale Module for Synthesis of PCC
Lab-scale module for synthesis of PCC through
carbonation process was drawn in Fig. 1. The module
consists of motor, pH meter, electrical conductivity
meter, gas nozzle and heating jacket outside of the
module. All equipment in this module can be controlled
in control box. Mixing effect was controlled by motor
that can stir the solution upto maximum 2000 rpm
with double-blade impeller. The processing data of
pH and conductivity change were obtained by auto
DAQ system during carbonation process. Reaction
temperature was controlled by heating jacket. The
hole type of gas nozzle was set for up-flow bubbling
from bottom of the module. The nozzle was connected
to carbon dioxide bomb, and the concentration and
flow rate of carbon dioxide was controlled.

Fig. 2. Experimental procedure for synthesis of PCC
and carbonation process
Results and Discussion
Analysis of Carbonation Process

Fig. 1. (a) Lab-Scale Module for Synthesis of PCC

The changes of pH and electrical conductivity
according to the concentration of calcium hydroxide
solution during carbonation process were shown in
Fig. 2 and 3. The initial electrical conductivity was

Table 1. Lab-Scale Reaction Conditions for PCC Morphology and Carbonation Process by Concentration of
Calcium Hydroxide
Reaction
1
2
3
4
5
6
7
8
9
10

216

Concentration of
Ca(OH)2, g/L
10
30
50
100

Flow rate of CO2
L/min

Concentration of CO2
%

Mixing speed
RPM

3

100

700

50

1
3
5

100

700

50

3

20
50
100

700
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8.8~9.5 mS/cm. In terms of pH, the initial value of
electrical conductivity was 14~15 mS/cm because
the concentration of hydroxyl group from calcium
hydroxide was high due to supersaturated state of
solution. As the reaction was progressed, pH value
was decreased from alkaline to neutral ranges.
Reaction time reached at inflection point and finish
time were delayed by increased concentration of
calcium hydroxide solution. If flow rate of carbon
dioxide was injected constantly to the solution,
reactive ions involved in growth of calcium carbonate
crystal also become high. The changes of pH and
electrical conductivity according to concentration of
calcium hydroxide solution were shown in Fig. 4~7.
The values were increased by increased concentration
and flow rate of carbon dioxide. The reasons would be
due to the concentration of Ca2+ ions that were able to
combine CO32-. Consequently, the reaction time was
decreased by increased concentration and flow rate of
carbon dioxide.

Fig. 2. Changes of pH During Carbonation Process
by Different Concentration of Calcium Hydroxide.
(Reaction Option 1~4 in Table 1)

Fig. 3. Changes of Electrical Conductivity During
Carbonation Process by Different Concentration of
Calcium Hydroxide.
(Reaction Option 1~4 in Table 1)

Fig. 4. Changes of pH During Carbonation Process
by Different Concentration of Carbon Dioxide.
(Reaction Option 5~7 in Table 1)

Fig. 5. Changes of Electrical Conductivity During
Carbonation Process by Different Concentration of
Carbon Dioxide.
(Reaction Option 5~7 in Table 1)

Fig. 6. Changes of Electrical Conductivity During
Carbonation Process by Different Flow Rate of
Carbon Dioxide.
(Reaction Option 8~10 in Table 1)
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Sampling Points and Morphological Analysis
The pH and electrical conductivity was
automatically recorded per second. As shown in
Fig. 8, sampling points were selected in accordance
with the changes of electrical conductivity during
carbonation process and their SEM images were
shown in Fig. 9. When electrical conductivity was

8.0~6.5 mS/cm, the morphological types of PCC
was synthesized to scalenohedral structure. It seems
to correlate the concentration of Ca2+ and CO32- ions.
As carbonation process was processed, Ca2+ and
CO32- ions were combined and precipitated as calcium
carbonate crystals. Finally, if the ions in the solution
were combined as calcium carbonate, the electrical
conductivity became zero. As shown in Fig. 9, the

Fig. 7. Changes of Electrical Conductivity During Carbonation Process by Different Flow Rate of Carbon
Dioxide. (Reaction Option 8~10 in Table 1)

Fig. 8. Sampling Points in Accordance with Electrical Conductivity During Carbonation Process.
(Reaction Condition - Ca(OH)2 Concentration: 50 g/L, CO2 Concentration: 99%, Flow Rate of CO2: 3L/min,
Mixing Rate: 700 RPM)

Fig. 9. SEM Images of Precipitated Calcium Carbonate According to Electrical Conductivity.
218
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scalenohedral type of PCC were shown at electrical
conductivity of 6.5~7.5 mS/cm. In this condition, the
excess calcium spices were inserted in the growth
of faces in calcium carbonate crystal. Consequently,
the scalenohedral structure of PCC mainly showed
at 6.5~7.5mS/cm. For the scalenohedral structure of
PCC, the combination rate between the ions is above
1.56.[8] The ratio was affected by supersaturated
condition of the calcium hydroxide solution. If the
supersaturating state of the solution is high, the
possibility of scalenohedral structure of PCC was also
increased.
Conclusions
PCC was synthesized by using a lab-scale
carbonation module for the application of high-bulky
and loaded paper sheet. As a result, the morphology
of PCC can be controlled by the conditions
during carbonation process. Especially, electrical
conductivity was a main reaction factor to control
of PCC morphology. The formation of PCC crystals
involved in Ca2+ and CO32- ions can be adjusted by
controlling electrical conductivity. Therefore, it is
possible to control the PCC morphology for the higher
bulky structure of paper by changing the factor of
electrical conductivity.
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ABSTRACT
Solid waste management system in landfills becomes a massive environmental problem as the growth of
pulp and paper industry in Indonesia. The damage of nutrient structure for the increment of organic compound
contained in the solid waste, leads to land ecosystem contamination. The conversion of solid waste to complementary
fuel for the paper industry is also not giving any significant result to solve the air contamination as the active
carbon was released from the burning process. This particular problem demands a more advanced and effective
waste management system continuously. Nowadays, fiber made from solid waste utilization becomes such a good
alternative to reduce the waste pile in the landfills. However, it is a fact that not all of them can be recycled. The
fibered solid waste characteristic from tissue paper industry tends to decrease its gramature that unfortunately will
eventually reduce its utilization even after recycling process. On the other hand, its chemical structure that has
already been damaged due to the production process-appears to be a new spirit for the future textile industry in
developing the fibered solid waste recycling technology, that results in a new generation of textile yarns. The focus
object of this research is to emphasize the invention of craft product as a handbag made originally from solid waste
using experimental methods. Solid-waste-based fiber characteristic identification was developed through multyply yarns exploration technique for fabrics based on interlacing system. The relationship between product creation
and the forecasting trend 2013 will become the next analysis as one way to solve the waste problem.
Keywords: waste, tissue, fabrics, interlacing system.
The Properties and Morphology of Solid Waste
Fibrous Tissue Paper Factory in West of Java
Solid waste plant fibrous tissue paper is tissue
paper industry process remains devoted on a solid
residue of sludge deposition at waste water treatment
Installations; that is in the shape of a solution of mud
and out while the final process of making paper in
the machine belt press (BBPK, 2011). Some of the
properties and morphology of solid waste fibrous
tissue paper factory is described through a list of the
following table:
No

The morphology of solid waste fibrous tissue
paper factory in West of Java

1

Short fiber length 0,5-1,5 mm (57,55%); the
long fiber length of 4.5-7.5 mm (0.25%)

2

High levels of cellulose 63,12 % and 88,68
% of organic compounds

3
4

Virgin pulp
Fiber Diameter measuring 20,65 mm with
the number of fibers per unit diameter of
20.117

Tabel 1. The Morphology of Solid Waste Fibrous
Tissue Paper Factory in West of Java (BBPK, 2011).
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The Principle of Eco-Textiles as A Parameter of
Product Development Textiles Fabrics Made From
Solid Waste
Sustainability is categorized as part of the
phenomenon of textile futures that Quinn (2010)
mentioned as a contemporary expression dramatically
raised the return values of local culture [6].
Particularly for developing countries like Indonesia,
local policies (local wisdom) became a longing in
the midst of the industry’s exploitative intervention.
The issue of sustainability is becoming the primary
coloring capitalism heading of human civilization
today, and how a designer quality at stake in order
to meet the characteristics of industrial products
to accommodate the needs of human life. Power
support the Earth now is limited by the exploitation
of natural resources which is inversely proportional
to the growth of world population and increasing
welfare society of consumerism. Sustainable design
into a creative thinking about the formation of a new
lifestyle more manage environmental impacts of
human kesensitifitasan around. A mutual symbiotic
relationship The development of environmentfriendly ideas and green product into spirit of the
theme of enviromanifest, with a lifestyle closer to
nature and the search for renewable material that is
environmental sustainability. March [3] delivered
the six concepts (The 6Rs) sustainable design called
as eco-textiles. The following illustration related

© 2013 Published by Center for Pulp and Paper through REPTech2012

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

exposure outstanding research on the concept of ecotextiles:

Scheme 1. The Position of Research on The Concept
of Eco-Textiles.
Based on the illustration above, it can be concluded
that the principle of sustainable development (principle
4 p: People, Planet, Prosperity, Project) can turn on
passions creative economy industry. It is presented by
larasati (2011) in the theory of sustainable development
that is described as follows:
Related case studies (project) the optimization
potential for weaving the thread-based system by
utilizing solid waste fibrous tissue paper factory
as a creative product, studies are required to
further deepening, which of course is adapted
to the characteristics of the raw material waste

(planet); related multiaktor human resources among
industry peers tissue paper, industrial wastewater
treatment, solid waste disposal community tailored
to the mentality as well as the potential of local
communities in empowering yarn processing made
from solid waste. This is intended to be implemented
into a asesorif fashion products that have economic
value that could be developed as a home industry and
medium-sized industries (people and prosperity); as
well as the parameters of eco-textiles (rethink, reduce,
and recycle) as supporting pillars that determines the
success of this research. Through the illustrations
above, it can be concluded that the optimization
potential for weaving the thread yarns-based
system by utilizing solid waste plant fibrous tissue
paper as creative products (applications) belongs
to the category the concept of eco-textiles that was
placed against the rethink (a consumer policy in the
act through the eco-life style); recycle (tertiary or
chemical recycling, by putting forward the concept
of chic upcycled to make waste as renewable textile
products at the highest level (extending the life
cycle)); and reduce (reduce negative impacts arising
from the production process of a product in order to
minimise the impurities on the environment and the
resulting social impact).
The Experiment Result and Analysis
The process of experimentation and creation of
materials processing paper described through the
following table sets forth the results of the experiments,
a wide variety of paper types that are generated
through the compositions of different raw materials in
accordance with the development of analysis of each
paper; to find the ideal paper to be beneficial it will be,
but optimized for thread gintir (paper textiles):

Scheme 2: Sustainable Development (planet, people, prosperity project) [1]
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Number
of Paper
1

Primary Structure

Experiment

Solid waste paper
HVS waste paper

2

Gramatur gram/cm2
(gsm)

100

Solid waste paper
HVS waste paper

100

Bananas bark waste paper
3

Solid waste paper
HVS waste paper
Bananas bark waste paper

100

Catton waste
4

Solid waste paper
HVS waste paper
Bananas bark waste paper

100

Waste volvacea

5

Solid waste paper

6

Solid waste paper
Waste paper, mix paper

7

100

Solid waste paper
Silk waste fibrous
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100

Solid waste paper
Tetrapack waste

8

100

100
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9

Solid waste paper
Silk waste fibrous

10

Solid waste paper
Silk waste paper+acid
sulfide

11

Solid waste paper
OCC waste

16

Solid waste paper
OCC waste

17

Solid waste paper
OCC waste

18

200

Solid waste paper
Ekstract of red onion,
foiling

15

80

Solid waste paper
Ekstract of red onion

14

100

Solid waste paper
Babanas bark waste

13

100

Solid waste paper
Silk waste paper+soda ash

12

100

200

80

Failed

80

Failed

80

Failed

Solid waste paper
OCC waste

150
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19

Solid waste paper
OCC waste

20

Solid waste paper
OCC waste

21

150,67

Solid waste paper
wrap waste cement

27

153,33

Solid waste paper
wrap waste cement

26

124

Solid waste paper
wrap waste cement

25

120

Solid waste paper

wrap waste cement

24

132

Solid waste paper
OCC waste

23

136

Solid waste paper
OCC waste

22

150

160

Solid waste paper
wrap waste cement

160

Tabel 2. The Experiment Result
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Through the test results of testing strong pull
this, no. Thread 27 be the reference recipe of the
composition in this research, because it produces
strong pull best. The next exploration becoming the
experiment staining natural typical indonesia that
may be developed by temperate climate the region

Majalaya (West of Java) that tropically, some of them
are as Scheme 3.
Further exploration of the structure of sport do the
thread into thread on twist structure of fabric’s sector
presented as follows:

Scheme 3. The Natural Coloring Experiments of Indonesia’s Plants

Models of Structures

Samples of fabrics

Model : 1SOE (planar), Metode: Flat Braids

Model :1SOE (planar)
Metode: sprang
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Model : 1E dan 2E (planar)
Metode: knotting (hui ling knot)

Model : 2SOE (planar); 1E dan 2E (linear)
Metode: weaving plat (plain)

Model : 2SOE (planar)
Metode: Weaving plat (plain)

Model : 2SOE (planar); 1SOE (linier)
Metode: Weaving plat (plain); braids

Model : 1E dan 2E (planar)
Metode: knotting (bao men knot)

Model : 1E dan 2E (3-dimensional)
Metode: Knot horizontal weave tassel
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Model : 2SOE (planar); 1E (linear)
Metode : Weaving plat (plain) with linking
needlepoint technique

Model : 2SOE (planar); 1E (linear)
Metode : Linking with needlepoint and molding
technique

Model : 2SOE (planar); 1E (linear)
Metode : Weaving plat (plain)

Model : 2SOE (planar); 1E (linear)
Metode : Weaving plat (plain)

Tabel 3. Analysis Result Exploration About The Potential of Solid Waste Fibrous Plant Tissue Paper as Threads
Yarns to The Needs of Fabrics
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The Conclusion
Based on the study of the study of the characteristics
of the solid waste, solid waste potential benefits
analysis of fibrous tissue paper factory as the thread
for fabric’s sector needs obtained some conclusions
include: (1) Solid waste fibrous tissue paper plant
potential to be developed into another product that
has processed the value of novelty as a solution to
minimize the waste heap at landfield; (2) The process
of converting solid waste paper processing techniques
through textiles can provide benefits to waste as
eco-friendly products; (3) Optimization potential
utilization of solid waste into products environmentally
friendly meet characteristic principle eco-textiles
focused on recycled, reduce, rethink, and reused; (4)
Behind the story of the existence of a product giving
essence, moral message, added value and novelty
in the creation of an innovation as the solution of
environmental problems. Development of fiber and
its utilization as an interlacing of a renewable way of
human civilization, will not be detached from the spirit
of his creation that affect technology, science, design
and the revolution against human way of looking for
responsible and understand the power of Earth to
support human activity processes; (5) Characteristics
of yarns made from solid waste still have many
shortcomings in terms of tensile strength, elasticity of
the yarn, yarn diameter thickness and consistency; so
the need for advanced research in order to optimize
the potential of gintir yarn characteristics through
the mixing of other appropriate substance use with
solid waste morphology. Conversion sheets of paper
made from solid waste into thread gintir need a gintir
tool that can customize the characteristics of the yarn
is more efficient with time the threading yarns that
obtained a strong pull thread consistency standards; (6)
Characteristic the thread that is fragile and stiff, need
development potential structure if by weaving more
explorative to produce visualizations more diverse
and dynamic. Combination other material for building
form æsthetical on thread yarns uranium-based of
solid waste can be solution to optimize structure and
order the base of a a finished product (7) The openness
of the solid waste company to manage and empower
the utilization of solid waste as an alternative design
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product development need to be optimized; that not
only stops up to the end of this research. Continuous
cooperation needs to be attempted in order to open
up community empowerment opportunities as small
businesses that are environmentally friendly.
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ABSTRACT
Polymer Electrolyte Membrane Fuel Cells (PEMFC) and Direct Methanol Fuel Cell (DMFC) are considered
as future power sources in overcoming the fossil-based energy crisis. The objective of this work is to explore one
of the natural resources of Indonesia and to improve its properties by chemical modification in order to get the
required characteristics as electrolyte membrane. In this work coconut water was used as the basic material. It was
fermented by Acetobacter xylinum and the resulting bacterial cellulose was then phosphorylated using a microwaveassisted reaction. Those membranes have been immersed for a varied time ranging between 0 and 8 hours (0-8
h) in a mixture of N,N-dimethylformamide (DMF), phosphoric acid and urea prior to irradiation by microwave
for 60 s. Those membranes were characterized by several methods, such as functional group analysis by FTIR,
proton conductivity, ion exchange capacity, swelling index, morphology analysis by SEM and phosphorus content
analysis by SEM-EDS. From the experimental data, it can be concluded that a phosphorylated bacterial cellulose
prepared by a 4h–immersion could be used as an alternative electrolyte membrane for fuel cell applications.
Keywords: fuel cell, bacterial cellulose, phosphorylated cellulose
Introduction
Limited fossil-based energy resources and
increasing energy demand result in global energy
crisis. Fuel cells are considered as potential resources
in overcoming this problem. Polymer Electrolyte
Membrane Fuel Cells (PEMFCs) and Direct Methanol
Fuel Cells (DMFCs) have more advantages compared
to other types of fuel cells. These devices are based
on electrochemical reactions in which hydrogen or
methanol can be used as fuel [1]. So, these reactions
belong to green chemistry as they use environmentallyfriendly reactions. In order to produce electricity, fuel
cells should have three main components which are
anode, cathode and electrolyte membrane [2]. The
membrane should fulfill some requirements such as
high proton conductivity, low permeability to fuel,
high mechanical properties and high thermal stability.
At present Nafion® is used as commercial membrane
for PEMFC and DMFC applications. However,
this membrane is expensive and has a permeability
towards methanol [3]. If methanol as fuel can easily
pass through the membrane from anode to cathode, the
efficiency of the fuel cell will decrease significantly.
Beside that, the presence of methanol at the cathode
will affect the catalytic layer on the cathode, oxydize
the methanol and decrease the electrode potential
[4]. Besides that, Nafion® is a fluoropolymer, so the
degradation product could harm the environtment.
Therefore, efforts should be done to find new materials
for electrolyte membranes. In this work we tried to use
cellulosic material as the base material for preparing an

alternative for electrolyte membrane. This cellulosic
membrane, called bacterial cellulose, is prepared by
fermentation of coconut water using Acetobacter
xylinum. This kind of cellulose is free of lignin and
has a very different fibrilar structure compared to
plant cellulose . Our previous work shows that it has a
very high mechanical strength due to its regular chain
structure pattern [5]. The resulting gels can be pressed
to make flat films and then modified chemically to
get higher conductivity. Therefore, the objectives
of this work is to explore the richess of our natural
resources and to improve their properties by chemical
modification such as phosphorylation. The effects of
immersion in the reactants prior to phosphorylation
and the reaction method are studied in this work.
The resulting membranes were then characterized
by several methods such as proton conductivity, Ion
Exchange Capacity ( IEC), degree of swelling and
morphology.
Experimental
Materials
Coconut water and sugar were obtained from the
local traditional market, while Acetobacter xylinum
was taken from the local industry. Other chemicals
such as ammonium sulfate, acetic acid, sodium
hydroxide, oxalic acid, hydrochloric acid, sulfuric acid,
phosphoric acid 85%, urea, N,N-dimethylformamide
(DMF) were obtained from E. Merck and used without
further purification.
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Preparation of Bacterial Cellulose
Bacterial cellulose was prepared using the same
procedure as our previous experiment [5]. Fermentation
was done during six days at room temperature and
the resulted gels were put in the boiling water for 15
minutes. Then they were soaked in 1% (w/w) aqueous
solution of sodium hydroxide for 24 hours, followed by
1% (w/w) aqueous solution of acetic acid for another
24 hours. Finally, they were washed with water until
the pH was neutral. The bacterial cellulosic gels were
finally pressed using an applied pressure of 147 bars
for three minutes and dried at room temperature.
Phosphorylation of Bacterial Cellulose Membranes
An amount of 17.35 mmol of phosphoric acid
was mixed with 50 g of urea and 100 mL of DMF.
Dried bacterial cellulose was immersed in that mixture
during a certain time ranging from 0 to 8 hours before
the phosphorylation. A microwave oven with a power
of 560 Watts was used for the phosphorylation. Two
methods were used for this experiment; the first one
used a continuous reaction for 60 seconds, while
the second one used a discontinuous reaction of six
successive reactions of 10 seconds each. The resulting
phosphorylated cellulose was washed several times
with deionized water to remove all the residual
reactants.
Characterization of Phosphorylated Cellulose
Membranes
Functional groups of bacterial cellulose and the
phosphorylated ones were analyzed by Alpha FTIR
spectrophotometer from Bruker. One mg of membrane
powder was mixed with KBr and mechanically pressed
to become KBr pellets. The sample was then put into
the sample holder and scanned between 4000 and 500
cm-1.
Proton conductivity of membranes were calculated
by impedance measurement using Agilent E4980A
LCR meter. Prior to measurement, membranes were
immersed in 40 mL of 0.01 M H2SO4 solution for
24 hours. Then the membranes were washed with
deionized water repeatedly to remove the residual
acids until the pH of the filtrate was neutral. The
membrane was put between two electrodes and the
measurement was done at 80 °C with AC current in the
range of 2Hz-2MHz with an amplitude of 1 V. Nafion
117® was used as reference. Proton conductivity was
calculated using equation (1) as follows:

σ=

ι
RA

................................................. (1)

Where :
σ = proton conductivity
ι
= membrane thickness
230

A
R

= membrane surface area
= ionic resistance

A sample of bacterial cellulose membrane was
weighed and soaked in 40 mL of 0.1 M HCl solution at
room temperature. Then it was neutralized and soaked
again in 50 mL of 0.01 M NaOH solution overnight at
room temperature. A volume of 10 mL was taken from
this solution and titrated with 0.01 N H2SO4 solution
[6]. The IEC was calculated using equation (2) as
follows:

IEC =

(Vb-Vs)[Acid].fp
m

.......................... (2)

Where:
Vb		 = amount of H2SO4 solution for neutralizing
the blank solution (mL)
Vs		 = amount of H2SO4 solution for neutralizing
the solution containing the membrane
(mL)
[Acid] = concentration of sulfuric acid (N)
fp = dilution factor
m = mass of sample (g)
For swelling index measurement, samples were
weighed at room temperature and then soaked in
deionized water [7]. Membranes were then dried
using tissue paper and weighed again. The procedure
was repeated until the membrane reached a constant
weight. Swelling index (SI) was calculated using
equation (3).

% SI =

m-mo
mo

x 100% ............................. (3)

Where
m = mass of dry membrane (g)
mo = mass of wet membrane (g)
Membrane morphology was observed by using
SEM and Energy Dispersive X-Ray Spectroscopy
(EDS) of JEOL-JSM-6510LV.
Results and Discussion
Functional Groups Analysis of Phosphorylated
Bacterial Cellulose
Figure 1(D-0hour) shows the characteristic
functional groups of the original nata-de-coco. The
broad peak at 3350 cm-1 proves the presence of –OH
groups, while glycosidic linkages –C-O-C appears at
1161 cm-1 and –CO for primary alcohol at 1034 cm-1.
The peak at 1337 cm-1 is attributed to C-H bending
vibration. In the phosphorylated celluloses shown in
Figure 1(D-2hours to D-8hours), a new peak weakly
appeared at 1278 cm-1 which is attributed to the
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Figure 1. FTIR Spectra of Phosphorylated Bacterial Cellulose

Figure 2. Proton Conductivity of Phosphorylated Bacterial Cellulose Membranes

stretching vibration of P=O groups. Urea was used
in the phosphorylation of nata-de-coco. According
to Oshima et al., the urea was indispensable for the
reaction since urea plays a role to activate the phosphate
groups and form a phosphate ester [8]. The latter
acts as a better leaving group than hydroxyl groups.
Using microwave radiation, the phosphorylation
took place in 150 s, a reaction time much faster than
a conventional chemical reaction [9]. Regarding the
reactivity of hydroxyl groups, the primary alcohols
have higher reactivity than the secondary ones due
to smaller steric hindrance. As proposed by Wan et
al., the phosphorylation reaction took place firstly at
the C-6 glucose unit [10]. Effects of immersion time
and reaction method on the proton conductivity of
phosphorylated bacterial cellulose membranes

Figure 2 shows that immersion time and method
of phosphorylation affect the proton conductivity
of phosphorylated bacterial cellulose membranes.
Longer immersion time in the discontinuous reaction
increases the proton conductivity up to 4 hours but
then decreases. This fact suggests that the substitution
of hydroxyl groups by phosphate groups needs time
to occur, because the orientation of cellulose chains in
bacterial cellulose is very regular. In order to have a
chemical modification, the cellulosic chains have to be
swollen first. The swelling period will enlarge the gap
among polymer chains and hence, the phosphoric acid
can penetrate more easily. In the continuous method,
the effect of immersion time seems to be unsignificant.
Moreover, the time for swelling is shorter than in the
discontinuous method, and therefore, the increase of
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Figure 3. Ion Exchange Capacity of Phosphorylated Bacterial Cellulose Membranes

Figure 4. Swelling Index of Phosphorylated Bacterial Cellulose Membranes
the conductivity is less pronounced. The decrease
of conductivity after 4 hours of immersion in the
discontinuous reaction suggests that the phosphoric
groups can create crosslinks with the hydroxyl groups
of other cellulose chains. The proton conductivity of
Nafion® and the phosphorylated bacterial cellulose at
its optimum condition is 7.63 x 10-1 S.cm-1 and 1.17
x 10-1 S.cm-1, respectively. This data shows that the
bacterial cellulose can be considered as an alternative
material for polymer electrolyte membrane.
Effects of Immersion Time and Reaction
Method on The Ion Exchange Capacity ( IEC) of
Phosphorylated Bacterial Cellulose Membranes
Ion Exchange Capacity ( IEC) of electrolyte
membrane describes the amount of ionic groups in the
polymer matrix. Protons can be transported through
the membrane by hopping mechanism. Figure 3 shows
that in the discontinuous reaction the IEC is increasing
232

when the membrane was immersed up to 4 hours. If
the immersion time is longer than 4 hours, the IEC will
go down again. In the contrary, the continuous reaction
results in higher IEC if the immersion time is longer
than 4 hours. This data shows that the distribution of
ionic groups in the resulting membranes are not similar.
The hydrophylic domains in the continuous reaction is
more homogeneous than in the discontinuous method.
According to Peckham et al., a material can function
as electrolyte membrane if it has both hydrophilic
and hydrophobic domains which enable the proton
transport through a cluster-channel network [11].
Effects of Immersion Time and Reaction Method
on The Swelling Index of Phosphorylated Bacterial
Cellulose Membranes
Figure 4 shows the swelling index of various
membranes prepared by phosphorylation of bacterial
celllose. In fuel cell applications, membranes should
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Figure 5. Content of Phosphor in Various Phosphorylated Bacterial Cellulose Membranes

Figure 6. Morphology of Membrane Surface of (a) BC, (b) P0-BC and (c) P4-BC
have a moderate degree of swelling in order to get a high
ion mobility[12]. A low degree of swelling makes ion
mobility difficult, but on the other hand, a high degree
of swelling softens the membrane and then decreases
its mechanical properties. From Figure 4 it can be seen
that the discontinuous reaction produces membranes
with higher swelling index than the continuous one.
The discontinuous reaction allows the celulose chains
to swell so that the reagent can penetrate between those
chains. The tendency of this swelling behaviour plays
an important role for the proton conductivity, because
phosphate groups can substitute the hydroxyl groups of
the swollen cellulose. Consequently, the conductivity of
the membranes will increase. Considering the role of
phosphoric acid as crosslinking agent for nata-de-coco
and other polymers [13], it can be suggested that at
high concentration of phosphoric acid, the formation of
crosslinks among polymer chains has taken place. Based
on the parameters discussed above, it can be concluded
that the discontinuous reaction produces membranes
with good proton conductivity. The 4h-immersion time
was chosen as the optimum condition.
Phosphor Content of Various Bacterial Cellulose
Membranes
Some of the membranes were analysed by
SEM-EDAX to determine the content of phosphor

on the surface of the membranes. The result of this
analysis is shown in Figure 5. The abbreviation BC
stands for the original bacterial cellulose, while
P0-BC and P4-BC for phosphorylated bacterial
cellulose with immersion time of 0 h and 4h,
respectively. This data confirms that immersion
can make the penetration of phosphoric acid more
effective. The P4-BC sample contains about 4 times
more phosphor than the P0-BC. This condition
results in higher proton transfer and higher proton
conductivity as well.
Morphology
Membranes

of

Various

Bacterial

Cellulose

Figure 6 shows the morphology of membrane
surface observed by SEM using the same membranes
described in the previous section. It can be seen
that after the phosphorylation, the membranes still
maintain their profiles. Figure 6(a) shows that the
surface of the original bacterial cellulose is dense and
the fibers are entangled to each other. On the other
hand, one can see clearly that the phosphorylated
bacterial cellulose immersed during 4 hours has
some deposits on the surface. From this observation,
it can be concluded that the phosphorylation is more
effective when the membrane is immersed in the
reagent for an optimum time.
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Conclusions
From this work it can be concluded that
environmentally-friendly and cheap polymer
electrolyte membrane can be prepared from coconut
water by microwave-assisted phosphorylation. By
varying the immersion time and phosphorylation
method, an optimum condition has been found. So,
bacterial cellulose immersed during 4 hours prior to
phosphorylation and reacted with a discontinuous
method produces optimum characteristics as
electrolyte membranes. The proton conductivity of
this cellulosic material is in the same order as Nafion
117®.
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ABSTRACT
One of the main arguments behind the popularity of recycling is the general belief in the overall reduction of
environmental load in material recovery. This paper tries to put forward briefly the issues of environmental aspects,
also some related economical aspects of waste paper (post-consumer) recycling. Studies, using the principles of
life cycle assessment, are mostly on the comparison between end of life options for paper, i.e. landfill, burning for
energy recovery or recovery for recycling in new paper products. Some also evaluate the environmental benefits of
using recycled fiber compare to virgin fiber. A number of studies gave contrary results from the general belief in the
benefits of using recycled fiber. Recycling and incineration are generally agreed to be environmentally preferable
to landfill. There is less agreement on whether recycling is preferable to incineration. Critical factors are the nature
of the pulp and paper making process, the level of technology at all stages of the life cycle and the energy structure
of the countries under studies. Interpretation also plays important roles in weighing up increases in some emissions
against reductions in others. The contradictory results of paper recycling studies might probably point to a fact that
in searching for the optimal scheme it should be based, case by case, on an objective and comprehensive impact
inventory of the alternatives rather than intuition, because the advantage gained in one respect might easily lost in
another. From the economical point of view, for developing countries it seems more sensible to let the growth of
recovery rate be governed by market forces rather than forced recycling as in developed countries.
Keywords: waste paper recycling, recycled paper, landfill, incineration, environmental impact, economical aspect
Introduction
The problem of municipal solid waste has gained
much attention lately. The main reasons lie on the facts
that the majority of the waste goes to landfills causing
them to fill up at an alarming pace. It is difficult to
site new landfill because of high land cost, strict
government regulations and public dislike for landfills
being built in their immediate vicinity due to the smelt,
and the pollution it might caused.
Along with the growing solid waste problems,
especially in urban areas around the world, there is a
increasing awareness of the need to radically decrease
waste streams. This awareness has brought about
not only in the implementation of waste reduction in
production process, but also led to increasing recycling
of usable materials. Recycling instantly reduces waste
streams and the demand for waste treatment capacity;
at the same time generally it is believed it conserves our
natural resources and reduces the deleterious effects of
our common waste disposal by landfill. Therefore, in
many countries, legislations are enforcing higher and
higher recycled fiber content in various paper products.
Paper is known to be the single largest component
of municipal solid waste, it makes up about 30-40%
of the waste, and since paper is one of the usable
materials, it has for some time becomes the major
concern in recycling initiatives. Apart from recycling
and landfill there are other common initiatives for
paper wastes, namely incineration for energy and
composting. One of the main arguments behind the
popularity of recycling is the general belief in the

overall reduction of environmental load in material
recovery, but a number of counter arguments conclude
that in searching for the optimal scheme, it should
be based on an objective and comprehensive impact
inventory of the alternatives rather than intuition,
because the advantage gained in one respect might
easily lost in another.
This paper tries to put forward some dispute
on environmental aspects of waste paper (postconsumer) recycling, which generally based on the
principles of life cycle assessment. Studies are mostly
on the comparison of end of life option for paper,
i.e. landfill, burning for energy recovery or recovery
for recycling in new paper products. Fewer studies
evaluate the environmental benefits of using recycled
fiber compare to virgin fiber, looking at the resource
utilization; emissions of all streams from cradle to
grave; addressing also material management strategies
and the concept of sustainability.
Recovery Rate
Without recycling, life-cycle of paper is a one-way
trip to the landfill or incinerator. Decomposition of
paper and other organic materials in landfills release
air emissions, including methane, a major contributor
to global climate change.
In 2010, Americans generated about 250 million
tons of trash, paper and paperboard account for 29 %
of the trash. The amount of paper and paperboard was
71.3 million tons and they recycled more than 62 % of
the paper and paperboard they generated. Newspaper/

© 2013 Published by Center for Pulp and Paper through REPTech2012

235

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

mechanical papers recovery was about 72 % (7 million
tons) measured by percentage of generation. Products
with the highest recovery rates in 2010 were lead-acid
batteries (96 percent), corrugated boxes (85 percent),
newspapers/mechanical papers (72 percent) [1].
No recent data is available on generation of trash
in Indonesia. According to data from World Bank in
1999, Jakarta in 1993 generated around 6,000 tons of
trash per day; Bandung 1700 tons; and Surabaya 3000
tons. The paper and paper board account for about
11% of the trash.
Indonesian Pulp and Paper Association indicates
that in 2010, Indonesia consumed about 6.6 million
tons of waste paper, of which about 4.2 million tons
was obtained from domestic waste paper recovery and
2.4 million tons was imported. The domestic recovery
rate from paper consumption in 2010 was 54%, while
in 2001 it was only 36.2% [2].
The motivation to recover waste paper in developed
countries differs substantially with that in developing
countries. Recovery in developed countries is mainly
environmentally motivated. Public participation
and government involvement play a much more
important role. Given the high levels of per capita
waste generation in developed countries, the supply
of secondary waste materials is generally abundant in
the North; with governments promoting the separation
of waste at source, this has led to an over-supply of
secondary materials.
In developing countries, conditions are different;
Recovery is mainly a market driven phenomenon
with a comprehensive domestic trade system. It
is expanding and developing rapidly without any
governmental support. Relatively low levels of waste
generation and the long life span of products depress
the quantity and quality of the supply of secondary
materials. Domestically, the recovered fiber is undersupply. Import of better quality waste paper and board
are generally needed to fulfill the flourishing secondary
fiber paper and board industry [3].
Logomasini [4] reveals how New York City has
long haemorrhaged tax dollars by the city recycling
program. Private parties don’t voluntarily recycle
unless they know it will save money, and hence the
policy makers should support all that are needed
from energy, water and labor to collect, sort, clean
and process the materials. There are also use of non
renewable energy resources, air emissions, traffic and
wear on streets from trucks prowling for recyclables.
Moreover, the industries that could use the recycled
material are limited. The bottom line is that most
mandated recycling hurts financially. And some even
consider it not beneficial environmentally.
In most developing countries, because of relatively
high profitability in using low price recovered fiber,
it is expanding and developing rapidly without any
governmental support. It is also claimed that recycling
provides more job than other disposal options [5].
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Two contrasting ideologies underlie the
disagreement on international trade in waste paper.
First, trade liberalisation is recognised as a desirable
process which facilitates a more efficient global
allocation of goods and services. In this view,
secondary materials are considered no different
from other intermediary or final goods. The counter
argument to this ideology is that secondary materials
cannot be considered as normal raw material but as
waste which requires appropriate processing. Waste
should be taken care of by the polluters themselves,
which in this context are the countries or states which
generate the waste. International waste trade in
this context is considered a cheap and easy way for
countries to dump their waste [3].
Recycle Fiber or Virgin Fiber?
Paper differs from other recyclable materials in
several fundamental ways:
• First – paper comes from a renewable resource
• Second – it poses a high energy potential
• Third – it is not only recyclable but can also be
made into compost
As stated in Environmental Paper Network, June
2007 [6], the justifications commonly use by those
who find recycled paper is better for the environment
are as follow:
Apart from reduces waste that otherwise must be
land filled or incinerated, compared to virgin paper,
recycled paper
• Reduces demand on forests
• Uses less total energy and water
• Reduce carbon emission
• Produces fewer toxic releases
One short ton (0.91 t) of 100% Recycled Paper
Saves:
• 17 mature trees
• 26m3 of water
• 4100 kwh of electricity
• 320l of oil
• 2.3m3 of landfill space
(Source: “Wastes – Resource Conservation - Common Wastes &
Materials - Paper Recycling”. US EPA)

Upon those justifications the argumentations and
the counter argumentations on each item are briefly
illustrated below.
Demand on Forests
Arguments
Forests are the lungs of the planet. They regulate
climate, protect watersheds, and serve as nurseries
for billions of birds that migrate to all parts of
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the world. Replanting trees cannot replace forest
ecosystems, and monoculture tree plantations cannot
provide comprehensive wildlife habitat or preserve
biodiversity.
Pulp production is the main reason for development
of some of the world’s most intensively managed
timber plantations, often using fast-growing, exotic
tree species. Plantations have negative impacts on
biodiversity and the environment, including soil and
water; they also eliminate most non-timber uses of
forests, which are often of crucial importance to local
people.
Increasing the use of recycled content in paper
reduces the need for tree fiber, whether from forests
or plantations. Making one ton of pulp for office and
most printing papers requires 4.4 tons of wood to be
cut, and to be transported to the mill. One ton of pulp
for newsprint and magazine papers requires 2.2 tons of
wood. But one ton of recycled pulp requires only 1.4
tons of recovered paper – providing far greater fiber
efficiency than trees. Given the short-lived and often
disposable use of most paper – 90% of paper products
are discarded within a year, many almost immediately
– including recycled content makes far more sense
than cutting down forest [6].
Counter Arguments
In Western Europe, a change in the occurrence of
recycling will have impacts on round wood prices,
resulting in less intensive forest management, a
decrease of thinning intensity, and may create the risk
of a decreased afforestation rate and a strong decrease
in the use of sawmill chips for pulp. The income
from chips is, in most cases, crucial to the survival of
sawmills [7].
The application of the principle of sustainability
of paper should be focused on managing the wood
balance rather than overall minimization of the use of
raw wood material. In managing wood resources, it
involves afforestation and also reforestation.
Afforestation is the establishment of a forest
or stand of trees in an area where there was no
forest. Reforestation is the reestablishment of forest
cover, either naturally or artificially (by direct seeding
or planting). Many governments and non-governmental
organizations directly engage in programs
of afforestation to create forests, which otherwise will
be non-productive, they increase carbon capture and
sequestration, and help to improve biodiversity.
Natural forest ecosystems can maintain themselves
with no inputs. Plantations, on the other hand, result
in larger net removals, which demand greater inputs
and careful management to minimize accidental losses
as a result of site preparation, access, silviculture
operations and harvesting. Knowledge of what inputs
to provide, and how to protect ecological function are
of utmost important [8].

Total Energy and Water
Arguments
Energy is needed to manufacture both virgin paper
and recycled paper but much less total energy is needed
to produce recycled paper [8]. Industry quotes for typical
energy savings from producing recycled paper range
from about 28%-70% [9].The total energy consumption
when making pulp from recycled fibers is significantly
lower than that of virgin pulping. For example, every ton
of 100% virgin forest fiber copy paper uses total energy
38 million BTU while recycled fiber copy paper uses 22
million BTU.
The energy debate has tended to be very narrow.
The forest products industry generally excludes, in
its analysis, the fuel used in forest management e.g.
in drilling, seeding, harvesting, transport of timber to
the pulp mill and the pulp to distribution points. The
proportion of energy needs met by bio-fuels will vary
from country to country, pulping process and timber
used. For most transport modes, the energy costs
between different transport scenarios of virgin paper
and recycled paper are insignificant in comparison
to the energy savings arising from the recycled paper
production process [10,11,12]. In general, mills
producing paperboard only from recycled fiber use
and discharge less water than those making competing
products from virgin fiber. Effluent flow of Unbleached
kraft pulp mills using best available techniques are 15
to 25 m3/ton, while Recycled board mills using best
available techniques are < 7 (EU BREF 2001)
Counter Arguments
Despite the benefits of paper recycling it has been
criticized both as a product and as a process. In order
to remove contaminants, particularly when deinking is
needed, it requires the addition of surfactant chemicals
such as detergents, dispersants and foaming agents
to facilitate the physical separation of ink particles
from fiber. Additional chemicals are also needed to
compensate for quality degradation. The resultant large
volume of reject materials, coupled with relatively
heavily polluted effluents, require expensive and costly
energy and resources to reduce the environmental
impact.
Energy savings are particularly applicable to
recycling of newsprint, according to one study [13].
This is because production of mechanical pulp from
which newsprint is made is more energy intensive
than production of chemical pulps used for other paper
grades. However, the debate focuses not so much on
relative amounts of energy use but the type of energy
used. The energy used to make recycled paper is
typically derived from fossil fuels such as coal, gas and
oil. In contrast, virgin fiber production relies on waste
by-products of timber processing such as bark, wood
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waste and spent liquor to meet a high proportion of fuel
needs [14]. However, fossil fuel use can also be offset in
recycled paper production by burning wastes from the
process. For example, more than 20% of the Aylesford
Newsprint Mill’s energy needs are met through burning
waste sludge [15].
The Main results of study carried out by Byström,
S. and Lönnstedt, L. 1997 [16] shows that – Forcing
usage of waste paper in newsprint and office paper in
Western Europe, in other words, the substitution of
thermo mechanical pulp with de-inked pulp made the
estimated environment impacts worst if hydropower was
used to produce newsprint, and diminished estimated
environmental impacts if the electricity was based on
fossil fuels. In all cases, it was shown that increased
used of recovered fiber in office paper had an estimated
detrimental effect on the environment.
The study conclude that the model showed no
evidence that forcing the recycling of waste paper in
products based on chemical pulp was an environmentally
friendly policy. Rather, the results supported the energy
recovery from waste paper as a substitute for fossil fuels.
Over the years, wastewater flows both for de-inking
and direct pulping, have decrease significantly due to
water recycle and effluent-free initiatives which have
been implemented successfully, however, the concern is
not so much on the amount of water use or the flow of
effluent, but more on the pollutants and toxic releases
which tend to increase.

more carbon per hectare than agricultural lands (Cairns
and Meganck 1994 in IIED [18]). Young plantation
and secondary forests sequester carbon at a higher rate
per hectare than mature forest, where carbon fixing
and release are at approximate equilibrium. High rate
of carbon fixation into tree biomass may continue for
10-20 years or more. Cooper and Zetterberg (1994 in
IIED [18]) describe an attempt to estimate the Swedish
forest industry’s emissions of greenhouse gasses, and
conclude that, in the case of Sweden at that time,
uptake of carbon due to increase in forest biomass was
more than it needed to compensate for emissions by
forestry operations, pulp and paper production, wood
processing and consumption of forest products.
The feasibility study of recycling paper products
in Western Europe conducted by Virtanen Y and
Nilsson S [14] illustrate that identification of optimal
material production and recycling schemes, from an
environmental point of view, is much more complex
than what is included in the current debate. Recycling
of paper in Western Europe clearly has economic
and environmental advantages, but while maximum
recycling reduces demands, maximum recycling also
increase consumption of fossil fuels and increase
emissions such as SO2, NOx, and net CO2.

Carbon Emission

Making paper pulp from recycled fibers requires
less water than pulping wood fibers. It also results in
less pollution discharged in wastewater. One source
of toxic emissions comes from the use of chlorinebased chemicals in the pulping and bleaching
processes. Making paper from recycled fiber requires
considerably less bleaching than making virgin paper.

Arguments
Cutting down trees to make paper contributes to
climate change by destroying forests, which trap and
store carbon in trees and root systems. Not only is carbon
that was once absorbed released, but there is no longer a
forest to absorb more carbon. While re-planted trees will
absorb some carbon, the increasingly rapid harvesting of
plantation trees simply releases it again. The best way
to trap carbon is to keep forests intact. Using recycled
paper helps protect forests and also keeps paper out of
landfills.
Paper is still more than one-third of municipal land
fill waste and the methane released by its decomposition,
with 23 times the heat trapping power of CO2, is a huge
contributor to greenhouse gases.
USEPA found that increased recycling of paper
products resulted in incremental forest carbon storage
of about 2.01 tons CO2 per ton of paper recovered for
mechanical pulp papers and 3.04 tons CO2 per ton of
paper recovered for chemical pulp papers [17].
Counter Arguments
Forest sequester more than 90 per cent of the world’s
terrestrial carbon and store between 20 and 100 times
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Toxic Release
Arguments

Counter Arguments
Recycling of waste paper in paper industries is
not free from generating new kinds of environmental
concerns. These arise from the need to dispose of the
sludge which results from the ink, degraded fibre and
other contaminants washed out of the waste material.
In order to produce white recycled paper the
printing ink has first to be removed. One study showed
that the effluent from de-inked paper had higher levels
of suspended solids (TSS) and Biological Oxygen
Demand (BOD) than effluent produced from virgin
pulp [14]. However, chemical oxygen demand (COD)
and the level of chlorinated organic compounds were
lower in the effluent from recycled pulp.
Heavy metals (from printing inks) in recycling mill
effluents have been a cause for concern. Metals such
as copper, chromium, lead, zinc, nickel and cadmium
have been commonly used in printing inks and are
discharged not only to wastewater but also to waste
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Table 1. Environmental Impacts of Increase Recycling Rate
Energy consumption

Water emissions

Electric power

Decreased

TSS

Increased

Heat and steam

Decreased

BOD

Increased

COD AOX

Decreased

Materials
Raw materials for pulp and paper
production (other than wood)
Wood consumption

Decreased

Fossil fuels

Increased

Non-renewable energy sources

Increased

Renewable energy sources

Decreased

Air emissions
SO2

Increased

NOx

Increased

Waste production

Decreased

CH4

Decreased

Gross solid waste

Decreased

Gross CO2

Decreased

Net solid waste

Increased

CO

Decreased
Increased
(or decreased fixation)

Forest management intensity

Decreased

Net CO2

sludge and some remain in the final paper product.
Solving the environmental problems connected with
recycling becomes more urgent the more the public
demands and the paper industry utilises waste as raw
material.
Results of calculations conducted by Virtanen
Y and Nilsson S [14] for conditions prevailing in
the late 1980s and for increased recycling rates are
summarized in Table 1.
Recycle or Incinerate?
Most of the studies support the view that recycling
and incineration are environmentally preferable to
landfill. There is less agreement on whether recycling
is preferable to incineration.
Argument (for Recycling)
Incineration represents a barrier to increased
recycling. Building an incinerator has such high
capital costs that a constant supply of waste must
be ensured for a given time period to recoup costs.
Incinerator operators typically require contracts with
local authorities to supply them with a minimum
amount of waste to burn over a long time - 25 to 30
years. This will encourage waste production rather
than reduction [19]. Incinerators, including wasteto-energy facilities, release toxic air emissions and
generate toxic ash that must be land filled.
Counter Argument (Against Recycling)
Waste paper for energy would be a clean source of
energy if some of the chemicals and heavy metals used

in the pulp, paper and board, and printing process were
replaced with other, more benign materials.
One study [20] concludes that incineration was
estimated to have lower environmental impacts
than recycling because the energy produced at the
incineration has been assumed to replace heat and
electricity from other fossil fuels and the recycled
material has been assumed to replace not only virgin
material, but a mix of virgin and recycled material.
The landfill scenario was estimated to have the highest
potential contribution to global warming. This was
due to the methane emitted when the paper is degraded
at landfill.
The IIED Study [18] Concluded That: In decisions
making whether recycling is preferable to incineration,
the critical factors are the nature of the pulp and
paper making process, the level of technology at all
stages of the life cycle and the energy structure of the
countries under study. Interpretation also plays a role
in weighing up of increases in some emissions against
reductions in others.”
Drawbacks of Life Cycle Analysis
One of the reasons why many similar comparative
studies, which based on life cycle analyses, give
contrary results might be that life cycle analyses
have a number of drawbacks. Key ones being that
they may be over-simplified or do not use adequate
data. Moreover, the paper industry is characterized by
multi-processes and multi-products at each stage.
The results of LCAs are influenced by the
assumptions made and the boundaries adopted. Most of
the LCA studies in the IIED report, for example, failed
to incorporate data on forest management illustrating
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that the entire life-cycle had not been accounted for.
The National Council for Air and Stream
Improvement (NCASI) performed a review of
the literature on the treatment of paper recycling
in life cycle assessment (LCA) studies [21]. The
purpose of the study is to identify these currently
used methodologies and provide perspective as to
their strengths and weaknesses in assessing the life
cycle-related characteristics of the use of recycled
fibre within the overall wood fibre system. Of the 99
documents, only 41 were retained for further analyses.
The study identified 15 issues (11 system boundary
related, 2 impact assessment-related and 2 datarelated) as being of potential significance to paper
recycling LCA results.
A series of seven issues were identified, which
either drive the results of recycled fiber-related LCAs,
or for which there is still too much uncertainty to fully
understand their potential effect on LCA results. These
included
1. impact of land use and alternative usage of the
forest area;
2. type of energy used during virgin and recovered
fiber processing;
3. type and amount of energy displaced when burning
used paper at end-of-life;
4. accuracy of modeling toxicity-related impacts;
5. assumption regarding the degree of paper
degradation in landfills and the approach used for
modeling of biogenic carbon dioxide;
6. selected allocation procedure for recycling, in cases
where virgin and recycled fiber are compared;
7. recycled-to-virgin fiber substitution ratio.
Therefore, the existing knowledge on LCA and
paper recycling does not allow for general conclusions
to be made regarding the overall environmental
superiority of the use of recycled or virgin fiber for
paper production.
Conclusion
Recycling is a means of reducing waste streams
and, accordingly, reducing the demands for wastetreatment capacity. It is perhaps less obvious that
increasing recycling may also actually increase the
consumption of non-renewable resources, hence,
the objective of an efficient material production
and recycling scheme should not be to recycle per
se, but rather should be to minimize the resources
utilization and emissions of all streams of materials
in the production cycle, from cradle to grave.
Arguments also exist which confuse the issue of
environmental impacts of waste paper recycling. In
searching for the optimal scheme, it should be based
on an objective and comprehensive impact inventory
of the alternatives rather than intuition, because the
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advantage gained in one respect might easily lost in
another. Since paper is a renewable resource and has a
high energy recovery content, there is the possibility
of energy recovery as a suitable option, a balance
mixture of paper recycling and energy recovery
seems to be most suitable solution since recycling
minimizes the use of some resources and emissions,
and energy recovery minimizes the overall use of
fossil fuels. A number of important questions remain
that must be further investigated before large-scale
programs of increased recycling of paper products
are introduced, because the environmental impacts
are shown to depend strongly on how extensive and
how selective recycling is.
Driven by the anxieties of environmentally
concerned citizens, many countries have introduced
legislation designed to reduce waste very quickly.
In addressing the strategy about promoting recycled
fiber content in paper products, options should be
considered on a case-by case basis. In using life cycle
analyses to select the options, it should be exercised
cautiously since they may be over-simplified or do not
use adequate data.
In searching for sustainable forest management,
countries are challenged to find innovative approaches
to achieve consensus over the trade-offs between
economic development and healthy environment
in each country. The solution will reflect social,
economic, and cultural realities, and the ecological
nature of the forest concerned. No single approach
is universally applicable and the working definition
of sustainable forest management will not be found
in a textbook. (Canada’s model forestry programme.
Minister of Supply and Services, Canada 1993)
For Indonesia, it would be more advantageous
not to force recycling by regulations, but rather let
the growth of recycling waste paper be governed
by market forces. So long as the long fibre content
of the recovered paper can provide cheap long fibre
for local paper industries, imported recovered paper
from developed countries or local recovered paper
will continue to grow. If force recycling in developed
countries has gone so far resulting in higher and higher
recovered fibre content in their products, importing
waste paper would result in importing more solid waste
than the valuable long fibre, then using waste paper
for recycling would not be economically attractive and
would environmentally harmful.
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ABSTRACT
Cyclic compression is one of the major forces that contribute to the separation of fibres in refining of wood
chips. To better understand the mechanism of mechanical pulping cyclic compression tests were conducted to
evaluate the mechanism of wood failures. Compression stress, which indicates the stiffness of wood matrix, of
water-saturated white spruce wood blocks was measured in repeated transversal compression up to 20 cycles.
It was found that in radial compression of wet white Spruce blocks 50% strain was a critical turning point in
structural changes in the wood matrix. Below this point, the principal changes occurred in the earlywood; beyond
it, noticeable failures took place in the latewood. The results also indicated that, for a given strain and regardless
of the other compression conditions, the stress was reduced to a minimum after about 4-5 cycles; additional
cycles or compression energy applied had little effect on reducing the compression stress or wood matrix stiffness.
Compression at high temperature (e.g. 90ºC) was more efficient than at low temperature (22ºC) in reducing the
wood matrix stiffness.
Keywords: cyclic compression, Picea glauca, stress, energy, earlywood, latewood
Introduction
Knowing how wood behaves under compressive
stress could lead us to a better understanding of the
mechanism of chip rupture and fibre separation in
refining. Its significance has led to numerous studies
on the compression characteristics of wood relative
to mechanical pulping [1-15], since the last two
decades or so. The compressive responses of wood are
usually characterized by stress-strain curves obtained
under various experimental conditions such as strain
magnitude and rate, temperature and water content
of sample, etc. Typical stress-strain curves for radial
compression of water-saturated white Spruce are
presented in Fig. 1. These curves are typified by an
initial elastic response of earlywood (EW), followed
by a plastic stress plateau, the extent of which depends
on the relative proportion of EW in specimen, and
a densification phase of sharp increase in stress, as
described in [16]. The deformation process of the wood
matrix of white spruce is further photographically
illustrated in Fig. 2. Depending on the magnitude
of compression strain, the densification reflects the
total collapse of EW fibres, partial deformation and
separation of fibres in the transition zone between EW
and latewood (LW); the fibres in the transition region
have thicker cell wall compared to those in the EW.
The densification may also include an elastic response
of LW. When a compression strain of 50 % or higher is
used LW fibres fail, particularly buckling of radial files
of these fibres. The failures in LW may also consist of
distortion and separation of these thick-walled fibres.
However, buckling of radial wall of LW fibres is rare.
This paper discusses the typical changes in internal
242

structure of water-saturated white spruce [Picea
glauca (Moench) Voss] and the reduction in wood
matrix stiffness under various compression strains.

Fig. 1. Typical Stress-Strain Curves for Radial
Compression of Water-Saturated White Spruce
1. Experimental
1.1 Materials
The characteristics of the samples used here
were given in a previous study [14]. Briefly, samples
measuring 10 x10 x 10 mm (radial x tangential
x longitudinal direction) were prepared from the
sapwood of a white spruce log. The samples tested
at 22°C were pre-soaked in water under vacuum for
24 h while those tested at 90ºC in a water/glycerol
mixture (80/20 v/v ratio) and then preheated to that
temperature prior to testing.
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1.2 Method
The samples were pressed in radial direction
without restraint. They were pressed up to 20 cycles
using an Instron machine (model 4201) and following
the procedures similar to those described in [14].
The time interval between the cycles was 6o s. The
particular conditions used in this work were: 22°C and
90ºC; 50% and 70% strain; 3 and 90 mm/min loading
speed. Duplicates were tested for each condition; each
compression curve represented the mean values.
Microscopic examinations on the compressed
specimens were conducted using an incident light
microscope and a scanning electron microscope
(SEM) (JEOL, Model JSM-5500). For the light
microscopy water-saturated sample blocks were
pressed to the predetermined strain using a specially
made compression device which can be fixed onto the
microscope stage for observation. The observation was
done while the sample was under compression load.
The specimen blocks used for SEM were first cut at
one end (in wet condition) by means of a microtome to
produce a smooth surface for observation. They were
then compressed to the desired strain before being dried
at room temperature under a fixed compression load,
for about a week. The structure of the samples was
“set” by such compressive drying. SEM observation
was made on the microtomed surface.
Microscopic examinations on the compressed
specimens were conducted using an incident light
microscope and a scanning electron microscope
(SEM) (JEOL, Model JSM-5500). For the light
microscopy water-saturated sample blocks were
pressed to the predetermined strain using a specially
made compression device which can be fixed onto the
microscope stage for observation. The observation was

done while the sample was under compression load.
The specimen blocks used for SEM were first cut at
one end (in wet condition) by means of a microtome to
produce a smooth surface for observation. They were
then compressed to the desired strain before being dried
at room temperature under a fixed compression load,
for about a week. The structure of the samples was
“set” by such compressive drying. SEM observation
was made on the microtomed surface.
2. Results And Discussion
2.1 Microscopic Studies
Fig. 2 illustrates the progressive deformation of the
wood matrix with increasing compression strain. As
seen in Fig. 2C, at 50% strain, the eearlywood (EW)
fibres appeared to be completely flattened and radial
files of the fibres in the transition zone between EW
and LW (latewood) buckled. However, the LW fibres
showed little sign of being affected. As the strain was
increased beyond 50% radial files of the LW fibres
began to buckle, as seen in Figs. 2D and 2E. Hence,
in the case of white spruce under study, the maximum
stress at 50% compression strain or less represents
the response of EW fibres. The densification stage
described earlier occurred beyond about 50% strain
where LW fibres began to collapse. The degrees of
deformation of EW and LW fibres at 50 and 70%
strain can be clearly seen in SEM micrographs (taken
at X1000) shown in Fig. 3.
In radial compression, the radial cell wall of fibre
supports most of the load applied. As such, most
structural damages occur in the radial cell wall, causing
cell wall bending and buckling [14], particularly in
EW (Fig. 4). EW fibre has, mostly, a cross-section

Compression Strain :
A: 0%; B:30%; C:50%
D:60%; E:70%
EW: Earlywood
LW: Latewood
Fig. 2. Photomicrographs Showing Structural Failures in White Spruce under Various Compression Strains
© 2013 Published by Center for Pulp and Paper through REPTech2012

243

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Compression : A-Earlywood 50%; B-Latewood 70%
C-Earlywood 50%; D-Latewood 70%
Fig. 3. SEM Micrographs Showing Failures of Fibres in The Wood Matrix Compressed at 50 and 70% Strain and
Dried under Compressive Load.

Fig. 4. SEM Micrograph Showing Ruptured Radial Wall and Separated Cell Corners in Earlywood (Arrow
Indicates Direction of Compression; Specimen Dried Without Compression Load)
slightly resembling a pentagon or a hexagon (Fig. 5),
and for this reason, its radial wall buckle most likely
outward. On the other hand, LW fibre has a more
regular rectangular cross-section, and due to its much
smaller radial wall width and thicker cell wall, its radial
wall does not buckle easily like that of EW fibre does.
Instead, the whole radial file of LW fibres buckled
collectively, causing fibre separation, mostly in radial
plan and less frequently along tangential wall. Hence,
their radial fibre wall suffers relatively little trans-wall
damages caused by cell wall buckling (Fig. 6).

approximate and species dependent (e.g. proportion
of EW), among other factors. Any reduction in the
maximum compressive stress following a series of
repeated compression cycles at a fixed strain indicates
the flexibilization effect on the radial wall of fibres in
the compressed wood blocks. Also, the accumulated
compression energy of multiple compression cycles
would reveal the energy consumed to attain a given
reduction in stiffness.

2.2 Mechanical Characteristics

The stress at 20% strain, which is beyond the
elastic region and interpolated from the compression
curves obtained with either 50% or 70% maximum
strain, represents the stiffness of EW fibre’s radial
wall. As shown in Figs. 7 and 8, this stress dropped
sharply after the first cycle and practically plateaued
out after 4-5 cycles; additional cycles had reduced
little the stress. The decrease in EW stiffness by

A measure of the maximum compressive stress
at 50% strain or less would indicate the stiffness
of the radial wall of EW fibres while the maximum
stress obtained at 70% strain would reflect this
mechanical property of both EW and LW fibres radial
wall. We have found that these maximum strains are
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2.2.1 Stress at 20% Strain
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Fig.5 Photomicrographs Showing the Morphological Differences between Earlywood and Latewood Fibres

Fig. 6 SEM Micrograph Showing Separated Cell Corners in Latewood; The Cell Walls are Relatively Intact at
70% Strain (Force Arrow Indicates Direction of Compression)

Fig. 7 Strain at 20% Strain as a Function of Compression Cycle (Max. Strain 50%)

Fig. 8. Strain at 20% Strain as a Function of Compression Cycle (Max Strain 70%)
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multiple compressions has also been noted previously
[5]. Basing on the fact that additional compression
cycles had little effect on stress reduction we speculate
that, in refining with a fixed plate clearance, extensive
refining might not improve much the flexibility of
fibres
Note that the compression with a maximum strain
of 70% (Fig. 8) had a greater impact on stress reduction
when compared to that with 50% maximum strain
(Fig. 7), due to the combined failure of EW and LW
fibres at higher strain, according to our observation. It
is worthwhile to distinguish that the general mode of
failure for EW fibres is different from that for the LW
counterpart. Under a high compression load, the former
collapses and flattens while the latter tends to separate
between radial files of fibre due to buckling. Some
extent of transversal (oblique) distortion accompanied
with some degrees of tangential separation also
occurs under large strain when lateral shear becomes
significant. This characteristic was also observed by
others [9]. Due to their morphological particularities
LW fibres do not collapse and flatten as the EW
fibres do. The separation of LW fibres minimizes the
capability of the wood matrix to spring back after
the release of pressure, causing larger drop in stress
from the first cycle to the subsequent ones when a
maximum strain of 70% was used. This situation is
associated with the fact that the sample was pressed
without restraint.
Compression at elevated temperature (e.g. 90oC)
was more effective than that at low temperature (22oC),
relative to wood matrix stiffness reduction. Similar
influence of temperature on compression stress has
also been reported by other researchers [2, 17, 18].
Note that the effect of compression speed was only
evident during the first cycle; there was no significant
difference between low speed (3 mm/min) and high

speed (90 mm/min) compression in subsequent cycles,
particularly after 5 cycles. The finding that the high
speed gave a higher stress value obtained in the first
was in line with that observed in [12].
2.2.2 Maximum Stress at 50% Strain
The stress at 50% maximum strain (Fig. 9),
substantially higher than that at 20% strain (Fig. 8),
characterizes the total collapse of EW fibres probably
with some elastic responses from LW fibres, depending
on the proportion of EW in the growth increments.
The stress fell sharply during the first few cycles
and levelled off after about 5 cycles. The elevated
temperature of 90ºC had, however, considerably
reduced the stress in comparison to 22ºC. The
influence of compression speed was only noticeable
during the first few cycles; it disappeared after about
the 5th cycle. Again, additional compressions could
not further reduce the stress or stiffness of fibres.
2.2.3 Maximum Stress at 70% Strain
The stress at 70% strain (Fig. 10) was
approximately 4 folds greater than that at 50% strain,
signifying the combined responses of EW and LW,
possibly including some buckling of radial files of
fibres and separation of the latter. The drop in stress
was, however, more gradual in comparison to that at
lower strain of 50%, which is due to the much higher
stiffness of LW fibres and, hence, some degrees of
elastic response of LW. The influence of compression
speed was not considerable at 22ºC, but was at 90ºC
where the high compression speed of 90 mm/min
was remarkably more efficient in reducing the stress
magnitude. The high speed impact might have caused
more structural failures in LW.

Fig. 9 Maximum Stress at 50% Strain as a Function of Compression Cycle
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Fig. 10 Maximum Stress at 70% Strain as a Function of Compression Cycle

Fig 11 Specific Compression Energy as a Function of Compression Cycle at 50% Strain

2.2.4 Compression Energy
The specific compression energy (SCE) divided
by the volume of specimen, plunged sharply from the
first cycle to the second (Figs. 11 and 12), after which it
gradually flattened out. This means that, after 2 cycles
of compression, the additional applied energy had, in
fact, little effect on wood matrix stiffness reduction.
The increase in compression temperature decreased
somewhat the SCE, due to thermo-plasticization of
lignin, softening the lignocellulose structure. Figs. 9
and 10 show that, when compared to the high speed
compression, the low speed compression required
less SCE during the first cycle, but the reverse was
true during the subsequent cycles. This characteristic
appeared at both temperatures, 22ºC and 90ºC.
The SCE increased substantially when a maximum
strain of 70% was used, possible response of the stiffer
LW fibres. It also fell drastically from the first to the
second cycle; it then levelled off gradually. This situation
implies that once the LW was fractured (principally

fibre separation) in the first cycle, the subsequent cycles
would not significantly reduce the stiffness of LW
fibres, for a given deformation strain; it is because the
sample block was pressed without restraint.
2.2.5 Maximum Stress vs. Compression Energy
The relation of maximum stress with the cumulative
specific compression energy, as shown in Fig. 13, reveals
that the maximum stress at 50% strain levelled off at
about 3-4 MJ/cm3, corresponding to 5 to 6 compression
cycles, approximately. For a given compression energy,
high compression speed (90 mm/min) yielded greater
stress, this effect was, however, disappeared as the
number of cycle increased. Regarding the influence of
temperature on stress reduction, compression at 90ºC
was twice efficient than that at 22°C, for a given specific
compression energy. The benefit of high temperature
compression in stress reduction was also noted by
others [2，17,18]. The favourable influence of high
temperature (90°C) compression on stress reduction
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Fig 12 Specific Compression Energy as a Function of Compression Cycle at 70%

Fig 13 Maximum Stress as a Function of Cumulative Compression Energy at 50% Strain

was also evident when the samples were compressed
to 70% strain, Fig. 14 shows. However, the influence
of compression speed was particular in this case. For
instance, at 22°C, the high speed (90 mm/min) gave
greater stress, for a given specific compression, during
only the first 5 cycles. After this, the trend was reversed;
the low speed (3 mm/min) yielded higher stress with
increasing compression energy. The situation where the
compression was conducted at an elevated temperature
(90°C) was quite different. Right from the first cycle,
the low speed compression (3 mm/min) always showed
substantially higher stress values at 70% strain, for a
given specific compression energy. Speculatively,
Fig. 14 suggests that high strain (70%) compression
at elevated temperature, using high compression
speed, would be the most efficient in terms of energy
consumption for reducing the wood matrix stiffness.
3. Remarks
In a refiner the wood chips or fibre mass are
subjected to various mechanical actions, the
principal ones being compression, shear and tension.
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The degree of these actions is dependent on the gap
between two refiner plates; the smaller the gap the
larger will be the actions. The main finding of this
investigation indicates that initial failure of chips
would occur in the EW zone where the fibres are
thin-walled and less resistant to mechanical forces as
compared to the thick-walled LW counterpart. In low
temperature refining (e.g. atmospheric refining) the
thin-walled fibres would fracture and break up into
fragments, contributing to the short fibre fraction
because they absorb most of the compression energy
owing to their morphological nature (e.g. thin cell
wall and large lumen diameter). On the other hand,
the thick-walled LW fibres would preserve better their
natural lengths and contribute mainly to the long fibre
fraction of a mechanical pulp. Furthermore, refining
at elevated temperatures such as thermo-mechanical
pulping (TMP) would help preserve better the natural
lengths of both EW and LW fibres, which is due to
thermo-softening of lignin which cements the fibres
together. Softening of lignin by sulfonation would
also help maintain fibre length in refining such as
chemi-mechanical pulping (CMP).
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Fig 14 Maximum Stress as a Function of Cumulative Compression Energy at 70% Strain
4. Conclusion
In radial compression of water-saturated white
spruce blocks the compression stress up to 50% strain
represents the principal mechanical response of the
early wood fibres, with little contribution from the Late
wood fibres. The sharp increases in compression stress
above the critical strain of about 50% are the response
of the thick-walled latewood fibres. The stress at
various strains (e.g. 20, 50 and 70%) practically levels
off after 4-5 compression cycles, independent of the
compression conditions; additional compression
energy has little effect on the reduction of wood matrix
stiffness in subsequent cycles
Acknowledgement
The financial support for this work from the
Natural Sciences and Engineering Research Council
of Canada is gratefully acknowledged.
References
[1] Frazier WC and Williams G J. Reduction of
specific energy in mechanical pulping by axial
precompression of wood, Pulp Paper Can 1982
；83 (6):87-92.
[2] Salmén NL and fellers C. The fundamentals of
energy consumption during viscoelastic and
plastic deformation, J. Pulp Paper Sci 1982;
8(4):TR93-99.
[3] Salmén L. The effect of the frequency of a
mechanical deformation on the fatigue of wood,
Proc Intl Mech Pulp Conf 1985; p.146-152 .
[4] Salmén L, Tigerstrom A and Fellers C. Fatigue of
wood – characterization of mechanical defibration,
J Pulp Paper Sci. 1985; 11(3):J68 -73 .

[5] Uhmeier A and Salmén L. Repeated large radial
compression of heated spruce, Nordic Pulp Paper
Res J 1996; 11(3):171-176 .
[6] Dumail J-F, and Salmén L. Compression
behaviour of spruce wood under large plastic
deformation, Nordic Pulp Paper Res J 1996;
11(4):239 -242.
[7] Rocaboy AC, Rueff M and Renaud M. Mechanical
behaviour of saturated wood under compression.
Part 2: Behaviour of at low rates of strain some
effects of compression on wood structure, Wood
Sci Technol 1996; 30:237-243.
[8] Dumail JF and Salmén L. Compression behaviour
of saturated wood perpendicular to grain under
large deformation – comparison between watersaturated and ethylene glycol-saturated wood,
Holzforschung 1997; 51(4):296-302.
[9] Thiruvengadaswamy R and Ouellet D. On the
generation of structural damage in wood by cyclic
compressive loading, J Pulp Paper Sci 1998;
24(8):247-253.
[10] Sabourin MJ. Evaluation of a compressive pretreatment process on TMP properties and energy
requirements, Pulp and Paper Can 2007; 101(2):
50-56.
[11] Dumail JF and Salmén L. Shear and compression
behaviour of wood in relation to mechanical
pulping, Proc Intl Mech Pulp Conf 1999; p.213219.
[12] Berg JE. Effect of impact velocity on the fracture
of wood as related to the mechanical pulping
process, Wood Sci Technol 2001; 35:343-351.
[13] Tabarsa T and Chui YH.
Characterizing
microscopic behaviour of wood under transverse
compression. Part II. Effect of species and loading
direction, Wood and Fiber Sci 2001; 33(2):223232 .

© 2013 Published by Center for Pulp and Paper through REPTech2012

249

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

[14] Mao CB, Law KN and Kokta BV. Effect of
Sulfonation on the Compression Behaviour of
Earlywood and Latewood, Pulp Paper Can 2004;
105(12):67-71.
[15] Mao, CB, Law KN and Kokta BV. Characterizing
radial compression of wood by longitudinal shear,
APPITA J 2004; 58(3):225-229.
[16] Easterling KE, Harrysson R, Gibson LJ and
Ashby MF. On the mechanics of Baalsa and other
woods, Proc Royal Society London, 1982; A383,
p. 31-41.

250

[17] Winter R.
Compression of wood with
superimposed small sinusoidal oscillation, Wood
Fiber Sci 1986; 18(1):11-22 .
[18] Dwianto W, Morooka T, Norimoto M and Kitajima
T.
Stress relaxation of Sugi (Cryptomeria
japonica D. Don) wood in radial compression
under high temperature steam, Holzforschung
1999; 53(5):541-546.

© 2013 Published by Center for Pulp and Paper through REPTech2012

Proceedings of REPTech2012
ISBN : 978-602-17761-0-0

Automatic Testing Method for Sizing Degree by Analysis of Liquid Penetration and
Liquid Surface Behavior
Chul-Hwan Kim a, Gyeong-Chul Kim b, Ji-Young Lee c, Sung-Ho Kim d, Hyun-Jin Park e,
Sung-Woong Sim f, Hoo-Seung Jo g
a
Professor, Dept. of Forest Products, IALS, Gyeongsang National Univ., Jinju, 600-701, Korea, jameskim@gnu.ac.kr
b
Graduate student, Dept. of Forest Products, Gyeongsang National Univ., Jinju, 600-701, Korea, miletoss1934@nate.com
c
Assistant Professor, Dept. of Forest Products, IALS, Gyeongsang National Univ., Jinju, 600-701, Korea, paperyjy@gnu.ac.kr
d
Graduate student, Dept. of Forest Products, Gyeongsang National Univ., Jinju, 600-701, Korea, sungho9705@nate.com
e
Graduate student, Dept. of Forest Products, Gyeongsang National Univ., Jinju, 600-701, Korea, gong1004gu@nate.com
f
Graduate student, Dept. of Forest Products, Gyeongsang National Univ., Jinju, 600-701, Korea, sswcj1214@nate.com
g
Bachelor student, Dept. of Forest Products, Gyeongsang National Univ., Jinju, 600-701, Korea, fuhaha311@nate.com

ABSTRACT
This study was to develop a novel automatic system for measuring Stöckigt sizing degree and contact
angle at a time. The conventional methods to measure sizing degree have serious problems in obtaining significant
differences according to different dosages of a sizing agent, and moreover they disclosed intrinsic limitation due
to liquid types used and tester’s subjectivity. However, the newly developed system could get reproducible results
through total automation of all procedures including liquid dropping, image acquisition and measurement of both
Stöckigt sizing degree and contact angle. For the Stöckigt sizing test, the automatic system could measure sizing
degree with more significant differences according to different dosage of AKD, compared to the conventional
method designated in TAPPI UM 429. For the contact angle test, the automatic system showed a similar trend
to the conventional testing method but had smaller contact angles due to distortion of an image focus by a sheet
curl than the conventional testing machine. The problem from the image out of focus due to specimen curl will
be overcome with adopting a new specimen holder for the future system. In conclusion, the newly developed
system could be used for evaluating both liquid absorption behavior and hydrophobicity of a paper specimen
simultaneously.
Keywords: automatic system, sizing, stöckigt sizing test, contact angle, image acquisition
Introduction
Cellulose fibers used for papermaking are
hydrophilic. For reducing such tendency of paper,
sizing should be applied during papermaking
process. Sizing plays a great role in providing a
more consistent, economical, and precise printing,
painting, and writing surface. Sizing is defined as
a process wherein chemical additives such as rosin,
alkyl ketene dimer (AKD) and alkenyl succinic
anhydride (ASA) are introduced to provide paper or
paperboard to make it more water-repellent [1, 2].
Several methods for measurement of the degree of
sizing have been developed [3-11]. Most of the testing
methods are to provide rapid means of assessing
aqueous liquid resistance to penetration or wetting.
The common methods used include the Hercules size
test (HST), the Stöckigt size test, cobb test, contact
angle test and so on [12-14]. In the HST, formic acid
used for HST causes the principal disadvantage for
this method, as a test specimen containing calcium
carbonate may be influenced during penetration
of the acidic ink into the paper [1]. The Cobb test
is probably one of the most widely used tests in
papermaking. It is, however, known that the principal
drawbacks of the method are its insensitivity when
applied to either hard-sized or very slightly sized
paper or board, inapplicability to thin or absorbent

papers, lack of correlation with penetration-type tests,
and the requirement for constant attention during
the test [1, 6]. The Stöckigt test uses a test fluid of
ammonium thiocyanate solution and the specimen is
lightly treated on the top side with a ferric chloride
solution. The time required for the thiocyanate and
ferric chloride to make contact and react, forming a
deep red ferric thiocyanate, is recorded. This method
has been widely used in determining the sizing
degree in many countries, and has been designated
as TAPPI Useful Method [13]. However, despite the
simplicity of this test, the detection of the different
coloring points by different observers on the same
specimen may be quite different. Considering all the
variables that can influence the test, it is believed
that the automatic recognition of color expression for
the Stöckigt test could make the test more reliable
and reproducible [8, 9]. The contact angle between
air, liquid, and paper or paperboard is considered as
the basic testing method to measure the wetting or
hydrophobicity of the sample. In general, it is known
that the method cannot be applicable for sized paper
or paperboard unless the angle is clearly larger than
90° [3, 5]. This is caused by unstable angle and
diminishing angle as a function of time (refer to
SCAN Method P-18). However, modern computercontrolled imaging camera makes it possible to
measure the contact angle in a continuous mode as
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a function of time at a very short interval [10, 11].
Song et al. [7-9] and Lee et al. [10, 11] developed
the new systems capable of making the Stöckigt
test and measuring the contact angle respectively.
They adopted the automatic recognition principle
of hue variation of a liquid droplet on a specimen
for the Stöckigt sizing degree, and the automatic
determination of the three-end point coordinates of
a liquid droplet on a specimen for the contact angle.
In general, the laboratory testing for sizing degree
has a tendency to minimize the amount of manual
work, and, if possible, to apply methods suitable for
computerized data processing and control. Based
on the above facts, this study aims to develop a
novel automatic-testing machine able to measure
both the Stöckigt sizing degree and the contact
angle simultaneously. The machine minimizes
any artefacts arising from papermaking fillers,
observer’s subjectivity, and unstable testing liquid on
a specimen. At the same time, it helps us asses the
penetration or absorption characteristics and surface
hydrophobicity of the paper sample.
Experimental Methods

Measurement of Sizing Degree
For the conventional Stöckigt sizing test, around
0.06 mL of 7% FeCl3 (II) solution is carefully
dropped onto a paper specimen, which is then floated
on the surface of a 6% NH4SCN solution. The time
taken for the red coloration in the drop to appear,
as detected by observers, is noted as the Stöckigt
sizing degree. For the automatic Stöckigt sizing test
newly developed, the same order as the conventional
method was applied, but all steps were automatically
operated by a liquid dispenser, a stepping motor
and a specimen shifter according to the computer’s
commands. The average coloration time after five
tests on each specimen was reported, with standard
error, as the sizing degree for a single specimen.
For the contact angle, a small drop of liquid is
dropped gently on the surface of the test sheet, and the
contact angle is automatically measured by the image
capturing device and its related software integrated
into one machine, AMS-2001 (Gyeongsang National
University, Korea).
Configuration of The Newly Developed Testing
Machine

Stock Preparation
Bleached softwood kraft pulp beaten to 400 mL
CSF was used to prepare handsheets with a basis
weight of 80 g/m2 according to TAPPI Standard
Methods T 200 and T 205. For sizing, alkyl ketene
dimmers (AKD) were added to the pulp stock with
a ratio from 0% up to 1% with 0.3% cationic starch,
based on an oven-dried pulp weight.

The novel system able to measure the Stöckigt
sizing degree and the contact angle was developed,
as depicted in Fig. 1. The fundamental measuring
principles were based on TAPPI Useful method
UM 429 for the Stöckigt sizing degree and TAPPI
Standard method T 558 for the contact angle. The
algorithm to measure the Stöckigt sizing degree is
based on the previous studies [7-11]. That is, red

Fig. 1. Schematic Diagram to Measure The Stöckigt Sizing Degree and The Contact Angle Simultaneosly
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coloration through the reaction between ammoinium
thiochyanate and ferric chloride is recorded with
RGB values. Since they are different from human
perception of color, the RGB values must be
converted into hue (H), value (V) and saturation (S)
by Eq.1 and Eq. 2 [7].


1/3 1
1
3
3
 R 
Y  
  
C  = 1 − 1
1
−
• G
 1 
2
2   
 B 
C 2  
3   
0 − 3 2
2

the algorithm detects both ends of a droplet image
formed on a specimen and thereafter makes the base
line to connect both ends. After detecting all edges
of a circular line from both ends of the droplet, the
algorithm makes an approximate circle of the droplet.
Ultimately, it calculates the contact angle formed
between the base line and the tangent line at a point of
contact met with a center (refer to Fig. 2).

[Eq. 1]

Then YC1C2 is converted to a HSV coordinate
system as follows:
Fig. 2. Principal Diagram to Calculate a Contact
Angle Formed on a Specimen
[Eq. 2]

It is important to note that hue is more senstive
to human eye than the other two factors, value and
saturation. Ultimately, the algorithm records time
consumed up to a specified hue value of the red
droplet, and the terminal time is expressed as the
Stöckigt sizing degree. The algorithm for measuring
the contact angle is based on the model able to isolate
a liquid droplet from a specimen and then to trace
the movement of the droplet in a real time. First,

The system view and its configuration is shown
in Fig. 3 and Fig. 4. The system is equipped with an
imaging camera, a specimen holder, a liquid dispenser,
a liquid container, and a lighting source. For the
Stöckigt test, a constant amount of FeCl3 (II) is dropped
at a constant height. Through these components, the
testers can always measure the Stöckigt sizing degree
under the specified condition. This is for avoiding
deviation from different testers.
The interface controlling the hardwares is also
shown in Fig. 5. The interface software determines
the terminal hue value and controls the dropping of
FeCl3 (II) from the liquid dispenser and the shifting
of the sample holder. It also displays the coloration
procedure of a liquid droplet and the variation of the
contact angle according to elapsed time.

Fig. 3. Automatic System for Measuring the Stöckigt Sizing Degree and The Contact Angle Simultaneosly
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Fig. 4. Configuration of The Automatic System for Measuring The Stöckigt Sizing Degree and The Contact
Angle Simultaneously

Fig. 5. Interface to Measure The Stöckigt Sizing Degree and The Contact Angle Simultaneously

60 sec

110 sec

130 sec

180sec

200 sec

220 sec

240 sec

280 sec

Fig. 6. Coloration Procedure of a Liquid Droplet on a Specimen Containing 0.4% of AKD on OD Pulp
Results and Discussion
3.1 Change of Coloration and Contact Angle of a
Liquid Droplet
Fig. 6 shows the color change of a liquid droplet
dropped on a sheet sized with 0.4% AKD. The initial
color of the droplet, FeCl3 (II) is dark yellow but its
color become red brown forming Fe(SCN)3 due to the
reaction between FeCl3 and NH4SCN with elapsed
time. The measuring procedure is automatically
terminated when the hue value reaches the designated
hue value, 15, that is input by the tester beforehand.
The system interface records both the elapsed time
254

consumed upto the terminated procedure and the
variation of the contact angle, as seen in Fig. 5. The
recorded data are transferred to MS-Excel.
Fig. 7 shows the images of the liquid droplets
dropped on the specimens with different sizing degrees.
As seen in Fig. 7 (a), an unsized sheet expressed
synchronized red coloration and complet absorption
right after FeCl3 (II) was dropped on the specimen.
The instantaneous coloration and absorption made it
difficult to measure the Stöckigt sizing degree and the
contact angle. The weakly sized sheet seen in Fig. 7
(b) also displayed quick red coloration and absorption
but the measurement of the Stöckigt sizing degree and
the contact angle was available to some extent. The
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(a) A Unsized Sheet

(b) A Sheet Sized with 0.2% of AKD

(c) A Sheet Sized with 0.6% of AKD

(d) A Sheet Sized with 1.0% of AKD

Fig. 7. Shape Variation of Liquid Droplets by Different Addition Ratios of AKD

(a) Stöckigt Sizing Degree

(b) Contact Angle

Fig. 8. Variation of Stöckigt Sizing Degrees and Contact Angles Measured by The Automatic Measuring System
and The Conventional Testing Method
Stöckigt sizing degree of the sheet sized with 0.2% of
AKD was below 10 seconds and the contact angle was
around 20°. The moderately sized sheet seen in Fig.
7 (c) clearly formed a droplet shape on the specimen,
and the Stöckigt sizing degree and the contact angle
could be measured. The time consumed upto the
terminal point was taken considerably long, and the
contact angle was around 70°. The hard sized sheet
seen in Fig. 7 (d) formed a liquid droplet with big
contact angle. The time required for the red coloration
was around 140 seconds.
3.2 Comparison Between The Conventional
Method and The Newly Developed System
Fig. 8 is the resultant graph for the Stöckigt
sizing degree and the contact angle measured from

the differently sized specimens by the conventional
method and the novel system respectively. For the
Stöckigt sizing degree seen in Fig. 8 (a), the sizing
degree measured by the novel system displayed more
clear differences according to the different sizing
levels, differently from the conventional method. Such
differences became more distinct between 0.4% and
0.8% of AKD addition levels. The conventional testing
method could not explicitly show the clear differences
in sizing degrees from these ranges. This might be
caused by being highly dependent upon tester’s
subjective bias recognizing an ending point during
the experiment. In order to replace the conventional
Stöckigt sizing test, which is highly sensitive to testers’
bias in addition to variations in testing conditions, the
novel automatic measuring system was developed with
an automatic liquid dispenser, a specimen shifter and
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an image-capturing device. This means that the news
system discards tester’s subjectivity able to affect final
results, which leads to highly improved reliability and
reproducibility.
For the contact angle seen in Fig. 8 (b), the
conventional testing machine gave bigger contact
angles than did the novel system. The angle difference
bewteen two systems was around 20°. Such difference
came from NH4SCN used. That is, right after FeCl3
(II) is dropped on a specimen, the specimen absorbs
NH4SCN in a z direction, which affects a surface
tension of the specimen. As a result, affinity between
FeCl3 (II) and NH4SCN contributes to reduction
of contact angle, leading to the difference of the
angles between the conventional machine and the
novel system. This difference could be overcome by
measuring contact angle without NH4SCN. Finally,
it was confirmed that the novel system could express
explicit increase with incremental addition of AKD.
Conclusion
The novel system able to measure both the Stöckigt
sizing degree and the contact angle was developed
based on the automatic recognition of red coloration
for the Stöckigt sizing degree and the automatic
determination of the three end point coordinates of
the liquid droplet on a sheet for the contact angle.
Unlike the conventional test, the automatic test for
the Stöckigt sizing degree could obtain a reliable and
reproducible sizing degree with minimal error. For
the contact angle, significant differences according
to the different sizing levels could be obtained. The
new automatic system could be used as a reliable
machine to evaluate liquid absorption of paper and
hydrophobicity of paper surface at a time.
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ABSTRACT
With increasing use of hydrogen peroxide in ECF kraft pulp bleaching, consumption of chlorine dioxide
decreased significantly over the years, resulting in a reduced level of halogenated organic substances in the pulp
(OX) and in the effluent (AOX). Less chlorine dioxide also means a smaller global warming potential (carbon
footprint) and lower chemicals costs in the bleach plant. Although it is known for more than 25 years that acidic
molybdate catalyzed hydrogen peroxide (Pmo) can also act as a delignifying agent like chlorine dioxide, until now
this technology has not been widely used in the pulp & paper industry, mainly for economical reasons. Evonik
is currently developing a recovery and recycle process for the molybdate catalyst which would allow a broad
implementation of the molybdate technology. In this paper, a novel (DPmo) combination stage will be introduced
and examples for bleaching of both hardwood and softwood kraft pulp will be given. It will be shown that the Pmo
stage does not have a negative impact on the optical and physical properties of the fully bleached pulp. The concept
of the novel recovery process for the molybdate catalyst will be briefly introduced as well.
Keywords: sodium molybdate catalyst, chlorine dioxide, hydrogen peroxide, recovery and recycle process

Introduction

Experimental

The current standard sequence for bleaching kraft
pulp uses oxygen delignification and starts with a
chlorine dioxide treatment. This DEopDP sequence
is a good compromise between pulp quality,
investment, energy and chemicals costs as well as
the level of halogenated organic compounds (1). It is
known for more than 25 years that acidic, molybdate
catalyzed hydrogen peroxide (Pmo) can also act as
a delignifying agent like chlorine dioxide (2). The
first reference of the simultaneous use of chlorine
dioxide and sodium molybdate catalyzed hydrogen
peroxide for pulp delignification and bleaching at
acidic pH dates back to 1995 (3). It was one objective
of this study to investigate different variations of the
combination of a chlorine dioxide stage (D) and an
acidic, molybdate catalyzed hydrogen peroxide stage
(Pmo) and to compare to other state-of-the-art options
for a first bleaching stage after oxygen delignification
and prior to an alkaline extraction stage. It was
another objective of this study to investigate the
applicability of a (DPmo) combination stage both
in eucalyptus and spruce kraft pulp bleaching. A
recently developed recovery and recycle process for
the molybdate catalyst will be introduced briefly as
well (4). For the abbreviation of bleaching stages
and sequences, the nomenclature guidelines as
recommended in the Glossary of Bleaching Terms
(5) were followed.

Hardwood and softwood kraft pulp samples taken
after oxygen delignification were provided by different
pulp mills. Bleaching and extraction stages under
atmospheric pressure were carried out in double-sealed
plastic bags immersed in temperature-controlled water
baths. Interstage washing was simulated by diluting to
2 % consistency, filtering through a Buchner funnel
and additional dewatering in a centrifuge. Extraction
under oxygen pressure was carried out in a pressurized
high shear mixer or a rotating autoclave at 0.3 MPa.
Analytical methods followed PAPTAC, TAPPI or DIN
standards.
Results and Discussion
In the first study, three different variations of
the combination of a hot chlorine dioxide stage
(D) and an acidic, molybdate catalyzed hydrogen
peroxide stage (Pmo) were investigated: 1) (PmoD):
an extended acidic, molybdate catalyzed hydrogen
peroxide stage followed without intermediate washing
by a short hot chlorine dioxide stage, 2) Dpmo:
simultaneous application of chlorine dioxide and
hydrogen peroxide which are mixed in together at
the beginning, and 3) (DPmo): a short hot chlorine
dioxide stage followed without intermediate washing
by an extended acidic, molybdate catalyzed hydrogen
peroxide stage (reversed order of 1). These variations
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were compared to other state-of-the-art options for a
first bleaching stage after oxygen delignification and
prior to an alkaline extraction stage. For this study,
eucalyptus kraft pulp with a kappa number of 10.5
and a brightness of 56.5 % ISO was used. Prior to
that, exploratory trials for a Pmo stage had shown
that kappa number reduction was most effective, if
0.5 % hydrogen peroxide was applied at 90 °C in the
presence of 500 ppm molybdenum.
Fig. 1 shows kappa number and viscosity after a
subsequent peroxide supported extraction stage (Ep)
for different first stages. With hot acid hydrolysis (A),
kappa number after 2 h at 90 °C and the subsequent Ep
stage was 5.8. If 0.5 % hydrogen peroxide was added
to the A stage (Ap), almost the same kappa number
was obtained, but viscosity dropped significantly,
most likely due to unselective hydroxyl radicals
generated from hydrogen peroxide under acidic
conditions. If, however, sodium molybdate was added,
turning the Ap stage into a Pmo stage, kappa number
was further decreased down to 3.2 and yet viscosity
stayed high. With a high consistency ozone stage at
room temperature and a charge of 0.45 % ozone, the
resulting kappa number was 4.2, which was higher
than with the Pmo stage or with a single hot chlorine
dioxide stage (kappa number 2.7) applying a kappa
factor of 0.15. By far the lowest kappa numbers (1.5,
1.6, 1.4) were obtained by combining the Pmo stage
with the hot chlorine dioxide stage in an additive
manner. Surprisingly and in contrast to previous
scientific and patent literature (3, 6), out of these three
options, the (DPmo) process variant turned out to be
superior to the other two in terms of delignification
effectiveness, i. e. kappa number reduction per unit
of oxidation equivalent (OXE) (7). Admittedly, the
effectiveness of these combination stages cannot be
compared meaningfully to the other first bleaching
stages of this study, because both the amount of OXE
Kappa number
11
10
9
8
7
6
5
4
3
2
1
0
Raw
Ap Pmo Z
material A

(0.45 % O3)

Final pH: 3.1

2.9

3.0

3.4

Viscosity [mPa s]
30

D
2.4

90

20

89

15

88

10

87

5

86

0

85
Kappa factor:
Final pH:

(105 + 15 min) (120 min) (15 + 105 min)

2.9

2.6

Fig. 1 Kappa number and viscosity after a subsequent
peroxide supported extraction stage (Ep) for different
first stages. Raw material was oxygen delignified
eucalyptus kraft pulp with a kappa number of 10.5 and a
brightness of 56.5 % ISO.
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Brightness [% ISO]
91

25

(PmoD) Dpmo (DPmo)

2.8

and the kappa number reduction was different in each
case. In another experiment not shown here, however,
the same final kappa number of 2.2 was obtained
with only 516 OXE (294 OXE of hydrogen peroxide
plus 222 OXE of chlorine dioxide) in a (DPmo) stage
compared to 742 OXE (chlorine dioxide alone) in a
single hot D stage. This clearly proves that the two
oxidants complement rather than compete or interfere
with each other.
Fig. 2 shows that the superiority of the (DPmo)
process variant over the other two is carried through
a full bleaching sequence. In this study, the raw
material was oxygen delignified eucalyptus kraft
pulp with a kappa number of 10.3 and a brightness of
55.1 % ISO. Using only the simultaneous application
of chlorine dioxide and hydrogen peroxide in the
Dpmo stage and with the consecutive application in
the (DPmo) stage, the brightness target of 90 ± 0.5 %
ISO was achieved, whereas with the reversed order of
addition of chlorine dioxide and hydrogen peroxide
(PmoD) the target was clearly missed. The kappa
factor could be reduced from 0.2 in the single D stage
to 0.15 in the D part of the (DPmo) combination
stage and yet the brightness target was achieved. In
addition, brightness stability was significantly better
compared to the single D stage.
As a next step, we ran the following full bleaching
sequences comparing the (DPmo) combination with
a single D stage as the state-of-the-art first stage:
DEopDP, (DPmo)EopDP, and (DPmo)Eop(DP),
denoted in the text, tables and figures as 4D, 4Mo,
and 3Mo, respectively. The raw material used in this
study was oxygen-delignified eucalyptus kraft pulp
with a kappa number of 12.9 and a brightness of 47.9
% ISO. Optimization was done in such a way that the
final brightness target of 90 ± 0.5 % ISO was achieved
with minimal chemical consumption. These optimized
bleaching parameters are given in Table 1.
Post Color Number
1.0
0.8
0.6
0.4
0.2

D

(PmoD)

Dpmo

(DPmo)

0.2
3.0

0.15
3.0

0.15
3.1

0.15
3.0

0

Fig. 2 Final Brightness and brightness stability under humid
conditions given as post color number of fully bleached pulp for
different first bleaching stages followed by Ep(DP). Raw material
was oxygen delignified eucalyptus kraft pulp with a kappa number
of 10.3 and a brightness of 55.1 % ISO.
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Table 1 Bleaching Parameters for The Three Bleaching Sequence Under Investigation
Stage

D

(DPmo)

Eop

D

P

(DP)

25.8 ClO2
(a.c.)
(kappa factor:
0.2)

16.0 Clo2 (a.c.)
(kappa factor:0.125),5.0
H2O2 (100%),
500 ppmMo

3.5 H2O2
(100%)

5.0 ClO2 (a.c.)
(4D)
6.0 ClO2 (a.c.)
(4Mo)

2.5 H2O2
(100%)(4D)
3.0 H2O2
(100%)(4Mo)

5.0 ClO2 (a.c.)
2.5 H2O2
(100%)

5.0 H2SO4
(100%)

16.0 H2SO4
(100%)(4Mo)
3.0 H2SO4
(100%)(3Mo)

10.0 NaOH
(100%)

1.5 H2SO4
(100%)

4.0 NaOH
(100%) (4D)
5.0 NaOH
(100%)(4Mo)

2.0 H2SO4
(100%)
9.0 NaOH
(100%)

Final pH

3.0

2.3 (4Mo)
3.5 (3Mo)

10.3 (4D)
10.2 (4Mo)
10.4 (3Mo)

4.5 (4D)
4.1 (4Mo)

10.2 (4D)
4.1 (4Mo)

4.5
10,7

Temperature
[oC]

90

90

80

80

80

85

Retention Time
[min]

100

10+90

90 (30+60)

70

70

10+90

Bleaching
Chemical
Charge
[kg/ADT]
Acid/Alkali
Charge
[kg/ADT]

4D: DEopDP
4Mo: (DPmo)EopDP
3Mo: (DPmo)Eop(DP)
Raw material was oxygen delinified Eucalyptus kraft pulp with a kappa number of 12.9 and a brightness of 47.9% ISO

Table 2 Physical Properties of The Fully Bleached Pulps for The Three Bleaching Sequences Under Investigation

Bleaching
Sequence

Viscosity
(dm3/kg)

Zero Span
[Nm/g]

PFI mill Revolutions to Obtain
30oSR
(Number)

Bulk at
30oSR
(cm3/kg)

Opacity at
30oSR
(m3/kg)

Air Resistance at
30oSR
[s/100 ml]

Tear Index
at 30oSR
(Nm3/kg)

Tensile
Index at
30oSR
(Nm/kg)

4D

846

103

497

1.75

38.2

2.5

7.5

45

4Mo

732

88

411

1.77

38.3

2.5

7.6

45

3Mo

891

108

664

1.75

37.7

2.8

7.1

49

Raw material was oxygen delinified Eucalyptus kraft pulp with a kappa number of 12.9 and a brightness of 47.9% ISO

Final brightness and brightness stability under
humid conditions as post color number is shown in
Figure 3. Brightness stability was not outstanding,
but still acceptable and similar for 4D and 4Mo, but
significantly worse for 3Mo. An explanation for this
might be the difference in the final pH values after
(DPmo) and D (see Table 1): The pH is higher in 3Mo
(3.5) compared to 4D (3.0) and 4Mo (2.3). In contrast
to our earlier study on the (DPmo) stage, we did not
find a significantly better brightness stability for the
combination stage compared to the single D stage, but
nor was brightness stability inferior. The difference in
the initial kappa numbers (12.9 versus 10.3 and 10.5)
and initial brightness values (47.9 % versus 55.1 and
56.5 % ISO) of the pulps might be a reason for this.
In general, the pulp sample in this study turned out
to be more difficult to bleach than the samples in the
earlier studies. For example, oxygen reinforcement
of the extraction stage with the pulp in this study was
mandatory in order to achieve the brightness target of
90 ± 0.5 % ISO.

Table 2 contains results of measurements of various
physical properties. Differences were found for the
viscosity and for the zero span of the fully bleached
pulps. The significantly lower viscosity and zero span
of 4Mo and the significantly higher viscosity and zero
span of 3Mo compared to 4D, as well as the large
difference between 3Mo and 4Mo can be explained
again with the different pH values in these stages.
But the differences in viscosity or zero span did not
translate into the tensile index, nor into other physical
properties. In general, the bleaching sequences 4Mo
and 3Mo presented properties during refining that are
similar compared with the conventional sequence 4D,
and which are very much in line with references for
eucalyptus market pulp. Thus, it can be concluded
that the Pmo stage does not interfere with any key
properties of the final pulp.
Table 3 contains the total consumption of the
bleaching chemicals in the respective bleaching
sequences. The total amount of chlorine dioxide was
significantly lower in case of the Pmo containing
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Table 3 Total Chemical Consumption for The Three Bleaching Sequences Under Investigation
Bleaching Sequence
CLO2 (a.c.) [kg/ADT]
H2O2 (100%) [kg/ADT]
H2SO4 (100%) [kg/ADT]
NaOH (100%) [kg/ADT]

4D
30.8
6.0
6.5
14.0

4Mo
22.0
11.5
17.5
15.0

3Mo
21.0
11.0
5.0
19.0

Table 4 Bleaching Parameters for The Three Bleaching Sequences D73, Mo83, and Mo83Eop
Stage

D

Bleaching
Chemical
Charge [kg/
ADT]

36.0 ClO2
(a.c.)(kappa
factor:0.21)

Acid/Alkali
Charge
[kg/ADT]
Final pH
Temperature
[oC]
Retention
Time [min]

(DPmo)
24.0 ClO2 (a.c.)
(kappa factor:0.14),
5.0 H2O2 (100%)
500 ppm Mo

Eo

Eop

D1

D2

0.3 Mpa O2
(first 30 min)

0.3 Mpa O2
(first 30 min),
4.0 H2O2
(100%)

25.0 ClO2
(a.c.)

8.0 ClO2
(a.c.)

11.0 H2SO4
(100%)

14.0 H2SO4
(100%)

7.5 NaOH
(100%)

10.0 NaOH
(100%)

2.0 NaOH
(100%)

2.0 NaOH
(100%)

3.0

3.0

10.3-10.5

10.3-10.4

2.8-2.9

4.3-4.4

73

83

80

80

75

75

30

15+165

30+30

30+30

210

240

D73: DEoD1D2
Mo83: (DPmo)EoD1D2
Mo83Eop: (DPmo)EopD1D2
Raw material was oxygen delignified spruce kraft pulp with a Kappa Number of 17.3 and a brightness of 36.9% ISO

bleaching sequences 4Mo and 3Mo compared to the
conventional bleaching sequence 4D. On the other hand,
more total hydrogen peroxide is required because of the
additional amount for the Pmo component. Depending
on the cost ratio between hydrogen peroxide and
chlorine dioxide, overall cost savings are possible. In any
case, a reduction of the chlorine dioxide consumption
enables an increase in production capacity, if chlorine
dioxide production is the bottleneck in a bleach plant.
Demand for acid and alkali were comparable for all
sequences except for the higher sulphuric acid charge in
4Mo which, however, was originally not intended. The
higher caustic soda charge in the 3Mo sequence was
due to the lack of a washing step between the second
D and the final P stage. Another objective of this paper
was to investigate the applicability of a (DPmo) stage
in bleaching of softwood kraft pulp and the potential
impact on its physical properties. The raw material was
oxygen-delignified spruce kraft pulp from a Canadian
pulp mill with a kappa number of 17.3 and a brightness
of 36.9 % ISO. This mill currently runs a DEoDD
bleaching sequence targeting a final brightness of >89
% ISO. First, the current bleaching sequence, in text,
tables and figures referred to as D73, was reproduced
in our laboratory and then compared to the (DPmo)
260

containing bleaching sequences (DPmo)EoDD (Mo83)
and (DPmo)EopDD (Mo83Eop). The bleaching
parameters are given in Table 4. Final brightness and
brightness stability under humid conditions as post
color number is shown in Figure 4. Brightness for the
reference sequence D73 and for the (DPmo) containing
sequence Mo83 was the same and stayed below the
brightness target of 89 % ISO, whereas for the (DPmo)
and Eop containing bleaching sequence Mo83Eop the
brightness target was clearly overachieved. Brightness
stability was not excellent for any of the sequences, but
still acceptable and similar for Mo83 and Mo83Eop,
and slightly worse for D73.
Table 5 contains results of measurements of various
physical properties. Differences were found for the
viscosity of the fully bleached pulps. Viscosity of the
(DPmo) containing bleaching sequences Mo83 and
Mo83Eop was significantly lower than viscosity of
the reference pulp D73. But, like in case of hardwood,
the differences in viscosity did not translate into the
tensile strength, nor into other physical properties.
Thus, it can be concluded that the Pmo stage does not
interfere with any key properties of the final pulp.
Table 6 contains the total consumption of the
bleaching chemicals in the respective bleaching
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Table 5 Physical Properties of The Fully Bleached Pulps for The Three Bleaching Sequences D73, Mo83, and
Mo82Eop
Bleaching
Sequences

Viscosity
[mPa S]

D73
Mo83
Mo83Eop

18.7
13.3
13.0

Canadian Standart Freeness
[ml] at 3,000 PFI mill rev.
461
458
439

Bulk [cm3/g] at
3,000 PFI mill
rev.
1.43
1.43
1.42

Tensile Strength Tear Index [Nm2/
[Nm/g] at 3,000 kg] at 3,000 PFI
PFI mill rev.
mill rev.
93.9
11.3
93.1
9.4
91.2
9.5

Raw material was oxygen delignified spruce kraft pulp with a Kappa Number of 17.3 and a brightness of 36.9% ISO

Table 6 Total Chemical Consumption for The Three Bleaching Sequences Under Investigation
Bleaching Sequence
CLO2 (a.c.) [kg/ADT]
H2O2 (100%) [kg/ADT]
H2SO4 (100%) [kg/ADT]
NaOH (100%) [kg/ADT]

4D
69.0
0.0
11.0
11.5

Adsorption

4Mo
57.0
5.0
14.0
11.5

3Mo
31.9
9.0
14.0
14.0

Desorption

Filtrate from
Pmo stage
acidic pH

Alkaline pH

Filtration through
cationically modified
bentonite containing
filter pad

Flushing of
loaded filter pad

Concentrated solution
of molybdate at alkaline pH
to be reused for
Pmo stage

+

+

MoO42-

+

+

Mo7O246-

Cationically modified bentonite

Fig. 5 Schematic depiction of the proposed recovery and recycle process for the
molybdate catalyst.

sequences. The total amount of chlorine dioxide was
by about 17 % lower in case of Mo83 and by about
54 % lower in case of Mo83Eop compared to the
conventional bleaching sequence D73. On the other
hand, hydrogen peroxide is required because of the Pmo
component and the Eop stage. Demand for acid was
slightly higher for the (DPmo) containing bleaching
sequences and demand for alkali was slightly higher
for the Eop containing bleaching sequence.
Finally, we compared a DEoDD sequence, also
referred to as D, with a (DPmo)EopDP sequence,
also referred to as MoP, for bleaching of oxygen
delignified spruce kraft pulp from a Canadian pulp
mill with a kappa number of 12.2 and an initial
brightness of 39.5 % ISO. The pulp was bleached to

a final brightness of 88.9 % ISO with either bleaching
sequence. Brightness loss under humid conditions was
3.5 %-points in case of D, whereas 2.5 %-points in
case of MoP, corresponding to post color numbers of
0.555 and 0.378, respectively. In terms of chemical
consumption, about 41 % less chlorine dioxide was
needed in case of MoP compared to D. The savings
of 9.1 kg/ADT chlorine dioxide (24 kg/ADT active
chlorine) has to be set off with a new hydrogen
peroxide demand of 11 kg/ADT (100 %). Sulphuric
acid demand was by 1 kg/ADT (100 %), and caustic
soda demand by 3 kg/ADT (100 %) higher for MoP
than for D. Viscosity of the fully bleached pulp was
19.3 mPa s in case of D and 13.0 mPa s in case of
MoP. Based on the experience in the previous studies,
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this difference in viscosity, however, is not expected to
translate into physical or optical properties of the fully
bleached pulps which are relevant for papermaking.
To our knowledge, the broad introduction of a
Pmo stage to the pulp & paper industry has failed so
far mainly due to the lack of a recovery and recycle
process for the molybdate catalyst. Recently, we
developed an economical process (8) whose basic
principle is very similar to the one suggested by R.
C. Francis et al. (9). Both are based on the fact that
discrete molybdate anions are present under alkaline
conditions, whereas heptamolybdate cluster anions
are generated under acidic conditions. It is only the
heptamolybdate anion that either forms an insoluble
complex with cationic surfactants (9) or is adsorbed
to the surface of a cationically-modified bentonite
(8). Dietz et al. suggested a simple process scheme
in which the molybdate containing filtrate is passed
through a modified filter pad retaining the molybdate,
which is then flushed off with alkaline solution to
obtain a concentrated molybdate solution that can be
reused for the Pmo stage (Fig. 5). Proof of principle
of this process has been given on lab scale so far, and
is under development for scaling up at the moment.
Implementation of an economical recovery and
recycle process integrated into a bleach plant would
make a Pmo containing bleaching sequence a viable
candidate for existing or future bleaching lines.
Conclusions
The (DPmo) process variant was found to be
superior to the other two possible variants, i.e.
(PmoD) and Dpmo, and outperformed various other
state-of-the-art options for a first bleaching stage after
oxygen delignification with regard to kappa number
reduction. This advantage is also carried through a
full bleaching sequence. The most important benefit
of the combination stage is a significant reduction
of the chlorine dioxide consumption. This, in turn,
allows either cost savings or an increase in production
capacity, if chlorine dioxide generation is a bottleneck
of a bleach plant. Another benefit found in our studies
is an improved brightness stability. The (DPmo) stage
does not have a negative impact on the optical and
mechanical properties of the fully bleached pulp. The
lowest chlorine dioxide consumption can be achieved
with a (DPmo)EopDP bleaching sequence. It should
be relatively easy to implement a (DPmo) stage in an
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existing bleach plant by injecting chlorine dioxide into
an MC pump prior to an up-flow tube followed by
addition of hydrogen peroxide and sodium molybdate
on top of the down-flow bleaching tower. With an
economical recovery and recycle process for the
molybdate catalyst in place, a (DPmo) stage could
become an attractive alternative to the conventional D
stage.
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DISCUSSION OF PLENARY SESSION
Presenter Name
Institution
Title

: Liana Bratasida
: Indonesian Pulp and Paper Association
: Opportunities and Challenges Toward Sustainable Pulp and Paper Industry in
Indonesia

Question
Answer

: How the paper trend toward “paperless issue” because of the digital era?
: Some mills are worried, but the fact is not true. Survey in Europe showed that some activities
still use paper. Example: if we receipt the bill, certificate, and all the activities which need
evidence.

Presenter Name
Institution
Title

: Ir. Rusmanto, MT.
: Spirax Sarco Division, Petrolog Multi Usaha Mandiri
: Heat Recovery and Steam Trap Monitoring in the Corrugating Industry

Question
Answer

: Heat maintain, what is the maximum temperature and usually in the roll? Roll name?
Control ambience temperature? What do you do If the temperature is not design?
: To make maximum product 190°C temperature but depends on product. Temperature
inside roll and surface is 190°C. Monitoring temperature from sensor is in the system trap
monitoring. But the control depends on process product.

Presenter Name
Institution
Title

: Narayan Raj Mohan
: Timken Engineering and Research India Pvt. Ltd. India
: Timken Enhanced Bearing Solutions for Pulp and Paper machinery

Question
: How to develop two major brand bearing? How market in Indonesia?
Answer
: Timken is premium product and has entry in pulp and paper industry
		 Timken has developed the technology according to the demand from industry. Try to enter
in Indonesian market.
Presenter Name
Institution
Title

: G. Christine
: Christine Group
: Energy Saving and Paper Quality Optimizations Though Microwave Consistency
Measurements in the Forming Section

Question
Answer

: Correction about the price not in Rupiahs but in Euro
: Yes I do.

Presenter Name
Institution
Title

: Mousa M. Nazhard, Ph. D.
: Asian Institute of Technology, Thailand
: An Energy-Efficient Technology for Drying of Sludge

Question
Answer

: Do you put the sludge in machine?
: Yes, in the feedstock dries by captured heat from low grade heat sources in synergy with a
network of forced airflows. This apparatus can also be used as composter.
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DISCUSSION OF ORAL SESSION A
Presenter Name
Institution
Title

: Erlinda L. Mari, Ph.D
: Forest Products Research and Development Institute, Philippines
: Water hyacinth formation aid and pulp for papermaking

Question
Answer

: Will extract of water hyacinth cause trouble in paper making due to its fine particles?
: Extract of water hyacinth is not ready applied on paper industry. Extract of water hyacinth
is only for handmade paper purpose. It needs further research for application extract of
water hyacinth in paper industry.

Presenter Name
Institution
Title

: Subhash Maheshwari, Ph.D
: PT. Tanjung Enim Lestari Pulp and Paper Indonesia
: Improved sustainability in Pulp and Papermaking through efficient use of Fibrous
Raw Material

Question 1
Answer

: Is the study about efficiency of raw material or sustainability of pulp and paper making?
: Availability and sustainability of raw material will improve sustainability of pulp and paper
making industry.

Question 2
Answer

: Is there any other source of short fiber beside Acacia sp?
: Eucalyptus sp and lucia sp.

Presenter Name
Institute
Title

: Sarifah Fauziah SD
: Universiti Kebangsaan Malaysia
: Extraction and determination of cellulose content from kapok (Ceiba pentandra (L.))
via conventional, dissolution in deep utectic solvent and organosolv treatment methods

Question

: Is kapok sustainable for raw material of pulp and paper making due to it also use as raw
material for mattress?
: The research is not conducted to study cellulose from kapok for non pulp and paper purpose.

Answer
Presenter Name
Institute
Title

: R. Rohaizu
: Universiti Sains Malaysia
: Production of nanocrystalline cellulose from microcrystalline cellulose by 4-acetamidoTEMPO-mediated oxidation

Question
Answer

: Is it necessary to make nano crystalline cellulose using the method?
: It is not necessary due to hydrolysis of cellulose.

Presenter Name
Institute
Title

: Chandra Apriana Purwita
: Center for Pulp and Paper, Indonesia
: Isolation of Xylan from Corncobs for Xylanase-Producing Media

Question 1
Answer

: Besides corncob, what raw material that can be promising for producing xylan?
: Sugar baggasse, rice straw, cotton seed, cornstalk.

Question 2
Answer

: Can you explain why use ultrasonic methods?
: From literature, it said that ultrasonic method is effective for extracting xylan. But ultrasonic
use much energy and will make increasing producing sugar residue.

Presenter Name
Institution
Title

: Keon-Yeong yon
: METSO
: Services for pulp, paper and power – New ways to improve your profitability

Question
Answer

: Are there power generation and other product in Indonesia?
: Indonesia market 60% from METSO and METSO will develop technology and services
according to costumer demand.
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Question
Answer

: Would you like to explain about lignin utilization?
: We have technology about lignoboost. One program for utilization the lignin in pulp mill
but lignin still going in research with further information can contact to METSO.

Presenter Name
Institution
Title

: Rohaya Othman
: Mineral Research Center Malaysia
: The effect of laboratory precipitated calcium carbonate (PCC) by sucrose solution
method on the paper properties

Question
Answer

: How much the cost to make laboratory PCC?
: Not yet estimated the cost for producing laboratory PCC and only make 500-1000 grams
and research still in progress.

Question
Answer

: What is the prospect of laboratory PCC?
: The prospect is more simple and cheap. It can make any grade CaCO3. Because only use
Ca ion and can produce high purity laboratory PCC.

Presenter Name
Institution
Title

: Aji Oktira R
: Bandung Institute of Technology
: Characterization of Lipases of Bacteria Isolated from Acacia mangium Wood Chip

Question
Answer

: What is media for bacteria? Aerobic or anaerobic fermentation?
: The bacteria ares aerobic. We use rhodamin-B. it is indicated from its pink color. Then we
use liquid media, we use olive oil.

Question
Answer

: Hoyare the volume for the fermentation?
: 100 mL. we use about 1 Liter Erlenmeyer with 30 mL media. We use olive oil for
fermentation for about 3%

Presenter Name
Institution
Title

: Sharmiza Adnan
: Forest Research Institute Malaysia
: Pulp and paper properties of a forest pioneer species: Macaranga gigantea

Question
Answer

: Could you get the good kappa number with kraft process?
: Suggestion is raw material. It is Impossible to reach good kappa number with kraft mill. It
is impossible also to implement this experiment in kraft mill.
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DISCUSSION OF ORAL SESSION B
Name
Institution
Title

: Taufan Hidayat
: Center for Pulp and Paper, Indonesia
: Basic View of Drying Process for Determining Strategy of Energy Saving in Paper
Machine

Question

: You have mention about heat transfer and mass transfer on the presentation? Is it of mass
transfer that it could be the big ∆RH will give the better mass transfer? But then you mention
about when the paper keep tight between the felt surface and cylinder surface, also when
sheet of paper in from the impact for both of them? Are there any common conflicts for
that?
: There is a hood system of ventilation system. Those are single system and two systems, for
the type of double tier system. The problem is the sheet is not stable. Also with the role of
pulp and the cylinder surface are not stable. In the new technology, it improves to suction
the instability of the sheet.

Answer

Presenter Name
Institution
Title

: Shisei Goto
: Nippon Paper Industries Co. Ltd., Japan
: Cavitation Jet Deinking: Development of The First Pilot-Scale Device for Paper
Recycling

Question

: Do you think some kind object to form that fiber into the water? Are there any air pressure?
If there is no air pressure, what kind of count do you use?
: In our method, we don’t use air pressure. We use high pressure for about 12 Mpa.

Answer
Presenter Name
Institution
Title

: Bunyaphiphat Tunchira
: University of Tsukuba, Japan
: A Study of Salt-Paper Interaction: The Influence of NaCl and MgCl2 Solutions on
Paper Properties

Questions
Answer

: Why you use hardwood and MgCl2 in this research? MgCl2 have bad effect in the paper
: We use hardwood because copy paper contains 80% of hardwood and hardwood is
representative in all paper. We use MgCl2 because seawater contains about 15% of MgCl2.

Questions

: In this research that were salination and desalination. What is the function of desalination
method?
: Desalination means remove the salt. The function of desalination in this work, we want to
know if the mould will back to the paper.

Answer
Presenter Name
Institution
Title

: Yusup Setiawan
: Center for Pulp and Paper, Indonesia
: Solidification of Paper Mill Solid Waste as Renewable Fuel to Support Green Industry

Questions
Answer

: What are the function and the size of schreder?
: The functions are to get the uniformity of the solid. The size is 4 mm.

Questions
Answer

: When the plastic is burn, will produce Dioxine? How to solve this problem?
: Dioxine was produce at about 500°C spontaneously. In this method the solid was burn at
800°C so Dioxine was burned.
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Presenter Name
Institution
Title

: Prof. Dr. Cynthia Radiman
: Bandung Institute of Technology, Indonesia
: Cellulosic Materials as Polymer Electrolyte Membrane in Fuel Cell Application

Questions

: Bacterial cellulose from coconut water to make membrane, how you make it in pilot plant
and mass scale? How to collect coconut water?
: Polymer electrolyte membrane in this research is portable devices and the dimension of
membrane is very small about 3 – 4 mm, but the crucial one is how to get high proton
conductivity. So many industries produce nata de coco, and these industriesare home
industries, so collection of coconut water is not problem.

Answer

Presenter Name
Institution
Title

: Rushdan Ibrahim
: Forest Research Institute Malaysia
: Processing of Oil Palm Empty Fruit Bunches into Value-Added Products Using The
Organosolv Technology

Question
Answer

: Why you choose organosolv? Why the process result is zero yield?
: We have already experiment on mechanical pulping, semi mechanical pulping, soda
pulping, kraft pulping, and now we try with organosolv technology. Organosolv can extract
the lignin and other chemical. Zero yield may be caused by cooking time is shorter, the
material is bulky a part in upper and another is lower and no rotation in this process, and
technical problem during cooking.

Presenter Name
Institution
Title

: Kukjin Yoon
: Tsukuba University, Japan
: Pulp Yield and Hexenuronic Acid Content in Pre-hydrolysis Polysulfide-anthraquinone
Cookonh of Plantation Hardwood

Questions
: What is the advantage of Hexenuronic acid?
		 In using PS-AQ the reject = 0 and the chip is not be abled to fibered?
Answer
: The chip is not be de-fibered because the reject = 0
Presenter Name
Institution
Title

: Prof. Herri Susanto
: Bandung Institute of Technology , Indonesia
: Energy Efficiency and Conservation

Question
Answer

: How do we do if our company want to join partnership with ITB?
: The type of corporation between ITB and corporate is from the faculty of Industrial,
Lembaga Program Pengabdian Masyarakat, and In House Training.

Question
Answer

: CPP setting the competency standard for operator-who operate the SOP-. From which point
we will start for operator?
: We will consider about that.

Presenter Name
Institution
Title

: Syamsudin
: Center for Pulp and Paper, Indonesia
: Study on Alternative Fuels for Lime Kiln in a Kraft Pulp Mill

Question
Answer

: What should be done if the research applied in industry?
: We optimize in Fluidized Bed Reactor by using our experiment. To solve the problem in
sludge dewatering, drying, classifier, and then we can produce gases from the sludge.
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Presenter Name
Institution
Title

: Dady Iman Suhadi
: APRIL, Indonesia
: Developing, Implementing, and Maintaining an Energy Efficiency Program in APRIL
Indonesia

Questions
: Main equipment of methanol plant in slide?Whose the constructor and investment?
Answer
: There are 50 x 50 meter tank.
		 Medso constructor, the investment about 3.6 million rupiahs, and BEP 7 months to I years.
Questions
Answer

: Why we use press sludge to biomass?
: Because there are no problem in power boiler with using the press sludge by dewatering
process.

Questions
Answer

: If you produce 1 ton pulp, how many methanol will you produce?
: 5.5 kilo methanol/ ton pulp.		
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DISCUSSION OF ORAL SESSION C
Presenter Name
Institution
Title

: Wahyu Hadi Laksono
: PT. Evonik Indonesia
: A Novel Delignification Stage for ECF Hardwood and Softwood Kraft Pulp Bleaching

Question
Answer

: How to replace final p stages with peroxide?
: We need to make sure the final p bleaching processit also can increase the production and
using the chlorine dioxide bleaching agent

Presenter Name
Institution
Title

: Tetsuo Koshitsuka
: GGMC Japan
: On-site production of new bleaching agent “peroxymonosulfuric acid” and application
of it to pulp bleaching

Question
Answer

: How to replace the final bleaching stages with peroxide?
: By using the MPS Process you can increase the production of pulp and also peroxide
bleaching agent is cheaper than Chlorine dioxide bleaching agent

Presenter Name
Institusi
Title

: Susi Sugesty
: Center for Pulp and Paper, Indonesia
: Dissolving Pulp from Kenaf by Biobleaching Process

Question
Answer

: How about the variety species from kenaf ?
: It can”t be combined if we want to cook the raw materials between wood and non wood

Question
Answer

: The next research how about if we blend the wood and non wood raw materials?
: So, between wood and non wood raw material must be separated if we want to cook the chip

Presenter Name
Institution
Title

: Hiroshi Ohi
: University of Tsukuba
: Relationship between Hexenuronic Acid Contents of Pulp and Brightness Stability

Question
Answer

: What is the different between mechanical pulp and kraft pulp in color reversion?
: Color reversion can be effected in mechanical pulp, because of the higher content of
hexerunic acid

Presenter Name
Institusi
Title

: Hendayani T Adisesha
: Pulp and Paper Professional
: Environmental issues of waste paper recycling

Questions

: RAPP used 100% plantation fiber, if we used waste paper from overseas if you import work
paper you have to calculate the need of fuel in distribution
: You cannot avoid using recycle fiber it force by market

Answer
Questions

: CO2 absorbtion in young tree more than mature tree…….of paper: more better ….than
incinerate. It can decrease carbon emission
Answer
: Old tree/mature tree less absorb CO2
		 It have to study case by case, when more beneficial to recycle and when you incinerated it
Presenter Name
Institution
Title

: Viko Zakhary
: Center Nature Conservation and Ecotourism Seoul National Univ
: Communicating Corporate Responsibility in Indonesia’s Forest Product Companies:
Devending the Nation’s Econonmic Interest

Question
: You can choose good NGO who Concert environment, How you select the methods?
Answer
: Content analysis : What is the important issue response by industry
		 Critical discourse analysis : How deed content; Stake holder analysis
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Presenter Name
Institusi
Title

: Khadijah binti Abdul Wahid
: Universiti Sains Malaysia
: Effect of Percentage NaOH on Cold Soda Pulping of Empty Fruit Bunch

Questions
: Do you observe the waste water?
		 Waste water is important issue?
Answer
: Thanks for the input
Presenter Name
Institution
Title

: Lies Indriati
: Center for Pulp and Paper, Indonesia
: Ecolabel Sertification for Enhancing the Resource Efficiency in Paper Making Process

Questions

: There is 12 criteria, but only 5 criteria is applicable, so what is the consequencies? Can we
apply?
: The 5 criteria is only aspect for the Pulp and paper industry apply, we can apply 1 criteria
only in type II ecolabel certification

Answer
Presenter Name
Institution
Title

: Prof. Dr. Witono Basuki
: Agency for Technology Applicatiom and Assesment
: Aplication of Enzyme in Pulp and Paper Processes

Questions
Answer

: Which part of paper industry (paper making Process) do the enzyme work more effective?
: First is bleaching step but currently., the studies are still being conducted to make the
application of enzymes in bleaching process more…….because production of enzymes still
meets high cost (expensive)
		 Second is fiber modification using enzymes currently a lot of researcher are conducted to
modify fiber for several purposes
Presenter Name : Darono Wikanajii
Institution
: PT. Kertas Leces Persero
Title
: Environmental issues of waste paper recycling
Question
Answer

: How to prepare bagasse pulp in stock preparation unit? Is it different from NBKP
preparation?
: Actually, bagasse preparation in stock preparation is not much different from NBKP
preparation. The advantage of using bagasse pulp is shorter process of cooking/pulping for
bagasse pulp compared to NBKP

Questions
Answer

: Can bagasse pulp be used for paper board making?
: It is possible to use bagasse pulp for paper board making in refining process, refining process
of bagasse require less energy than refining process of wood

Questions

: Bagasse pulp has high runability but low speed, how to make speed higher and what’s the
effect?
: Low speed of bagasse pulp is due to difference of properties bagasse pulp to wood pulp.
Making speed higher will load to difficulty in control or handling in paper making

Answer
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DISCUSSION OF POSTER PRESENTATION
Presenter Name
Institution
Title

: Syamsul Anwar
: Akademi Teknologi Industri Padang
: Efficiency & Productivity Analysis Indonesian Pulp Paper Industry

Questions
Answer

: How to increase efficiency level of the industry
: Do the elimination of or inefficiency input factory or others way

Questions
Answers

: Do you estimate efficiency and productivity rate?
: Yes from 2005-2009, it is an economic points of view

Audience Name :
1. Shinjiro Sawamon
2. Tetsuo Koshitsu
3. Farida - BBPT
Presenter Name
Institution
Title

: Nasrullah RCL
: Universiti Sains Malaysia
: The effect of mixing virgin pulp from oil palm frond pulp with secondary pulp (old
newspaper)

Question
Answers

: Fiber Length between secondary pulp form which one is longer
: Fond because virgin pulp?

Question
Answer

: What is act to solve?
: A type of pulping process using acid acetic and acid hydrochloric which is environmental
friendly

Audience Name
1. Rohaizu
2. Khadijah

:

Presenter Name
Institution
Title

: Nadia Kamaludin
: Tsukuba University
: Identification of Termite Feeding Deterrents Produced by Wood decay fungi
F.radiculosa (Peck) Farmasto

Questions
Answer

: Is the termite inhibitor produced by decayed stakes?
: No, highly assumed that it was secondary metabolite

Questions
Answer

: What kind of paper do you use?
: Whattman filter paper

Questions
Answer

: Do you think n-hexane(solvent) have any effect?
: I believe no, since we also conducted the solvent test and it didn’t affect the feeding

Questions
Answer

: Do you immerse the stakes (with n-hexake extract)
: No, the woods was previously decayed by f. radiculosa

Questions

: According to pc date, 90 portion include something to inhibit digestion by termiteAccording
to pc date, 90 portion include something to inhibit digestion by termite
: Yes

Answer
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Audience Name :
1. Eka novianti
2. Sari hasanah
3. Yeni aprianis
4. Yanah suryanah
5. Keishi Tanifuji – Tsukuba Univ Japan
Presenter Name
Institution
Title

: Takuya Arakawa
: Tsukuba University
: The process of cellulose production from Japanese softwood and its possibility as a pre
treatment for enzymatic saccharification

Question
Answer

: What the major wood which used for making pulp in japan?
: Imported soft wood is mainly used

Question
Answer

: Whats the best viscosity of cellulose to use for enzyme saccharification?
: The lower is better

Question
Answer

: What kind of viscometer been used to determine viscosity of pulp and regenerated material?
: The cannon fence method is standard of TAPPI

Question
Answer

: What the benefit from this study
: The cannon fence method is standard of TAPPI

Audience Names :
1. Sonny - CPP
2. Kukjin yoon – Tsukuba Univ Japan
3. Stephanie Kong
4. Ratna KS
Presenter Name
Institution
Title

: Sonny Kurnia Wirawan
: Center for Pulp and Paper, Indonesia
: Application of Nanotechnology on Fiber Modification for Paper Raw Material – A
Preliminary Study

Questions
Answer

: How about brightness
: Brightness is not measured because we concern on medium and liner paper

Questions
Answer

: Function of CaCl2 Cationic agent
: Cationic agent

Audience Name :
1. Bunyaphiphat Tunchira – Tsukuba Univ Japan
2. T. Enomae – Tsukuba Univ Japan
Presenter Name
Institution
Title

: Holia Onggo
: Research Centre for Physics Indonesian Institute of Sciences
: Influence of Functionalized multi-walled carbo nanotubes of filter ability and
mechanical properties of rayon nanocomposite filament

Questions
Answer

: What do you do to mix the chemicals and What functional group appeared?
: The same as to dissolve xanthate in the rayon process and carboxyl group appear.

Questions
Questions

: What for the nano composite fiber? And have been develop in Indonesia?
: To substitute Carbon cloth in producing fuel cell. Not yet been developed in Indonesia, but
can be an innovation in textile electronic producing.
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Audience Name
1. Hendayani
2. Sisei goto
3. Rina
4. Tita

:

Presenter Name
Institution
Title

: Tita Puspitasari
: Nuclear Industry Materials-National Nuclear Energy Agency
: Effect of alkaline on properties of cellulose bacterial and cellulose acetate

Questions
:
		
		
Answers
:

1. What the membrane cellulose acetate formula?
2. Why ask content increase with increasing of NaOH
3. Why water content increase by increasing NaOH concentration
1. We didn’t make membrane cellulose acetate itself but only synthesis to make cellulose
acetate
		 2. Because probably there is still NaOH residue remain
		 3. Because with increasing NaOH, the chain between cellulose will expand and will allow
water to enter between chain of cellulose.
Audience Name :
1. Prof. Dr. Cynthia L.R
2. Dra. Elsy R. MT
3. Hiroshi Ohi. Phd – Tsukuba Univ Japan
Presenter Name
Institution
Title

: Ligia Santosa
: Center for Pulp and Paper, Indonesia
: Utilization of Alum foil waste from aseptic packaging recycling process for producing
coagulant

Questions
:
		
		
		
Answers
:
		
		
		

1. What kind the chemical solvent
2. What is the UBC
3. Your research can made patent
4. If can be possible commercial scale how many t/day
1. Chemical solvent cannot be open for all (confidential)
2. UBC = Used beverages cartons same with the post consumes cartons.
3. Yes
4. Minimum producing 1 ton/day

Audience Name :
1. Prof. Moussa m nasad – AIT Thailand
2. Prof. Moussa m nasad – AIT Thailand
3. Prof. Moussa m nasad – AIT Thailand
4. Daronowi Kanaji - Indonesia
Presenter Name
Institution
Title

: Jong Moon Park
: Korea TAPPI
: Comparison of PAM/Bentonite retention system & PEO/PER retention system for
retention and drainage

Question
: 1. Is PEO/PER retention affected the formation
		 2. Is there any paper mill applying PEO/PER system
		 3. What is the “PEO”
Answers

: 1. Yes depending on the degree of flocculation. For the further experiment, formation and
strength properties will be measured
		 2. No at this moment. But I hope same company will apply in near future
		 3. Peo is polyethylene oxide
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Audience Name :
1. Sonny - CPP
2. Shensei Goto
Presenter Name
Institution
Title

: Andri Taufick Rizaludin
: Center for Pulp and Paper, Indonesia
: Wastewater treatment Design for Recycling

Question
Answers

: What were the difficulties on the research?
: There were two different processes, where one of them is not enough to be treated with only
physical and chemical processes

Audience Name :
Hendayani TA - Indonesia
Presenter Name
Institution
Title

: Sharmiza Adnan
: Forest Research Institute MalaysiaTitle : Proficiency Testing (PT) to benchmark
laboratory performance
: Proficiency Testing (PT) to benchmark laboratory performance

Question
:
		
		
Answers
:
		
		

1. What type of paper used for ring crush and cob test
2. How did you prepare your samples
3. Can you explain how this program work
1. Liner roughly 120 gsm
2. Mostly the samples are obtained from manufactures or bought from the market
3. Explanation given as outlined on poster

Audience Name :
1. Ike Rostika - CPP
2. Hiroshi Ohi – Tsukuba Univ Japan
Presenter Name
Institution
Title

: Taufan Hidayat
: Center for Pulp and Paper, Indonesia
: The Utilization of nano fibrillation effect on the fiber surface for improving paper
strength

Question
:
		
		
		
Answer
:

1. Mengenai bioreactor, Lama inkubasi, LBKP
2. The different method between statically and agitation condition
3. Are you using the composition of the pulp
4. How to make the nano fibrilation effect based on your research
1. Menggunakan bioreactor dgn system agitasi, inkubasi dengan metode statis dan dinamis,
serat pendek
		 2. The different is from the length of incubation time. For statically condition it takes 7 days.
But for agitation condition takes 1 – 3 days
		 3. Yes, we are using two different types of pulp, long and short fiber and also combination
of both of them
		 4. By using the bacterial culture and also we are using the synthetic medium on the research
		
Audience Name :
1. Farida – BBPT
2. Tetsuo Koshitsuka – Mitsubishi Gas Chemical
3. Hiroshi Kuruta - Mitsubishi Gas Chemical
4. Moussa - AIT-Thailand
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