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Abstract

Paper industries commonly produce pulp sourced from a mixture of pulps, rather than from a single pulp, to obtain
desired properties. In addition, the beating process is an essential step with respect to physical properties of pulp. Kraft pine
(Pinus merkusii/PM) pulps were beaten to different degrees, i.e 200~300 CSF (heavy-beating) and 300~400 CSF (moderate-
beating), paper sheets then were formed from each beaten sample. It was found that the strength properties of prepared
paper sheets decreased the longer they were beaten, particularly as seen by the tear index and fold number. By microscopic
investigation, it was found that cut or shortened fibers occurred very frequently in the pine pulps. Furthermore, the effects of
heavily beaten pine pulp additions on handsheet properties of kraft pulps of Acacia nilotica (AN) were investigated. Four
different mixing ratios by weight of AN/PM from 100:0, 90:10, 80:20, and 70:30 during beating, as well as four different kappa
numbers of AN pulps (32.5, 34.0, 34.2, and 35.9) were applied. In general, the decrease in strength properties (3~25%) that
occurred with increasing pine pulp ratio was more evident between pulp without pine and a 30% ratio of pine pulps. Fold
number was reduced considerably (2.8~24.7%) by the blend composition but less pronounced in tear index (3.0~8.9%) from
the initial values. However, the 10% or 20% ratio of PM pulps could increase opacity, brightness, and strength properties in

some cases. No clear trend was found with increasing kappa number.
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Introduction

The pulp and paper industry in Indonesia produce
mainly mixed tropical hardwood pulps with short fibers. The
Acacia mangium wood is one of the preferred raw materials.
On the contrary, the source of raw material with long fibers
is limited to Pinus merkusii. Therefore, to meet the demand
of long fibers, Indonesia is dependent on imports. In view of
the high demand on a domestic level for paper and in order
to reduce imported pulps, it is necessary to further identify
the local fibrous raw materials and evaluate their suitability
for pulping. Beside Acacia mangium, Acacia nilotica is a
widely distributed species in some areas in Indonesia and is
easy to grow. In Baluran National Park, particularly, its
presence demonstrates a fast growing and invasive
behaviour.

The potentialities of Acacia nilotica (AN) wood were
assessed for their suitability for papermaking (Khristova et
al. 1997; Lukmandaru et al. 2002; Onuorah et al. 2014).
The pulps met the standard for printing-, writing- and
wrapping-papers. It was noted that the unbleached pulp of
AN wood from Indonesia was still dark (brightness of
15.78~17.13%) and showed a high kappa number
(31.8~36.3) for further bleaching process (Lukmandaru et al.
2002). This suggests that this material would be more
suitable for unbleached end-products, such as wrapping
papers or kraft-liners.

In the practice, it is necessary to utilize pulp mixtures
to improve the specific characteristics of final paper that
cannot be obtained by just one type of fiber (Shmulsky and
Jones 2011). For years, long fiber pulps have been used to

improve both wet and dried strengths in paper in order to
increase paper machine runnability (Walker 2006;
Nordstrdm and Hermansson 2017). In case of kraft-liners,
the mixture consists of strong softwood kraft pulp with long
fibers and a relatively weak pulp with short fibers. The pulp
mixture is possible in both mixed refined pulps and
separately refined pulps (Chauhan et al. 2011; Azeez et al.
2016). It is already known that excessive beating of long
fiber pulp is avoided as it deteriorates some physical
properties of the resulting paper. However, excessive
beating is frequently applied in recycled pulps where cutting
or shortening of fibers often occurs. It is thought that
mixtures of different pulps would behave additively in paper.
Unfortunately, studies with regard to the additional effect of
a strong degree of beating/refining of long fiber on pulp
handsheets of short fiber pulps are scarce. Thus, this study
aims to evaluate the effect of the addition of soft wood i.e.
Pinus merkusii pulps prepared by intensive beating to
Acacia nilotica kraft pulps on the final paper product’s
physical properties at a laboratory scale.

Materials and Methods

Sample Preparation

The Pinus merkusii (PM) tree (wood SG = 0.57) of 15
years old in this study was taken from Perhutani plantation
in Purworejo, Central Java Province whereas Acacia nilotica
(AN) tree (wood SG = 0.86, dbh = 25 cm) was felled in
Baluran National Park, Situbondo, East Java Province.
Then, the samples from the bottom parts were chipped
manually, to dimensions of 30 x 30 x 2~3 mm for pulping.
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The wood chips were then air-dried and dry-stored until the
initiation of pulping.

Kraft Pulping

Kraft cooking of AN was performed using a laboratory
type circulated autoclave (M/K System Inc.) in triplicate.
The amount of 450 g oven-dried equivalent chips per cook
were pulped using conditions : varied active alkali as Na20
(15%, 16%, 17%, 18%); 25% sulfidity; 4:1 liquor/wood ratio,
170°C cooking temperature, 120 min to cooking
temperature and 90 min at cooking temperature. The
pulping condition of PM chips was similar to AN chips
except for an active alkali level of only 20% rather than
multiple amounts. After digestion, the black liquor was
removed by washing and the cooked pulps were screened
to separate the fibers from the rejects. The screened yield
(through a 60-mesh screen onto a 80-mesh) and reject were
counted as a percentage of their oven-dried mass of chips.
The pulps were then disintegrated in a laboratory-type pulp
mixer. Kappa number was measured according to SNI 14-
0494-89.

Pulp Beating

The pulp freeness was determined according to the
Canadian Standard Freeness (CSF) method (TAPPI
standard method T-227 om-92). The unbleached pine pulps
at a consistency of 3% were beaten to 200~300 CSF and
300~400 CSF in PFI mill no. 236 according to TAPPI T200.
The unbleached AN pulps were blended with PM pulp in
four mixing ratios (100:0, 90:10, 80:20, 70:30) by weighing
their appropriate amounts. The mixtures then were
subjected to beating to achieve a freeness of 200~300 CSF.
The beating duration to obtain 250 CSF was calculated by
intrapolation on the basis of the intial degree of freeness.

Physical Properties of Pulp

Handsheets in 60 g/m2 basis weights were prepared
from beaten pulps using a sheet former (SNI 14-0489-
1989). Pulp handsheets at each level of mixing ratio (0%;
10%; 20%; 30% addition of PM pulps) as well as different
kappa numbers of AN pulps were made. Handsheets were
kept overnight and allowed to condition at 23 + 1°C and 50
+ 2% relative humidity before testing (SNI 14-0402-1989).
The tensile, bursting, and tearing strength, fold number, as
well as thickness values were obtained according to SNI 14-
0437-1989, SNI 14-0493-1989, SNI-14-0436-1989, SNI 14-
0491-1989, and SNI 14-0439-1989, respectively. The

brightness and opacity of handsheets were also measured
using a Photovolt Reflectometer that conformed to SNI 14-
0495-1989 and SNI 14-0438-1989, respectively.

Measurement of Fiber Dimension

A portion of beaten pulp of single species was
measured for its fiber dimensions by microscopic image.
Fiber diameter and length was measured and recorded with
a light microscope with a digital camera (Olympus BX 51;
Olympus  Coorporation; Japan). Furthermore, image-
analysis software (Image pro Plus) was utilized to measure
the fiber dimension. Simple fractionation was based on the
results of fiber dimension measurements. The fractionation
resulted in the composition of intact fibers, fiber fragment,
and fines with 5 specimens classified per single species.

Results and Discussion

Yield and Kappa Number

Pulping was carried out for two species i.e. PM for
long-fiber source and AN for short-fiber. The yield and
kappa number determination is presented in Table 1. The
PM pulping was done by high active alkali concentration
(20%) to obtain a kappa number below 20. The yield
obtained was in the normal range of hardwood for
commercial pulping but lower than previously reported
(Lukmandaru et al. 2004). On the contrary, the kappa
number of AN pulp was still high (32~35) although the
active alkali used was 18%. In general, the increase of
active alkali levels up to 16% was followed by the increase
of screened vyield (39~48%) and decrease of the rejects
(11~1%) of AN pulps. With regard to total yield levels
(46~51%), the increase started at the active alkali of 17%
which is assumed to be the beginning of intensive
degradation of polysaccharides.

The kappa number indicates the residual lignin in
pulp as well as the degree of delignification achieved during
pulping. The comparatively high kappa number of AN pulps
could be ascribed to higher specific gravity of the wood
(0.86) compared to those of other Acacia species (Haroen
and Dimyati 2006; Jahan et al. 2008; Yahya et al. 2010). It
assumed that high density caused less intensive liquor
penetration. The levels of yield and kappa number obtained
here was in the range of the values of earlier studies on AN
kraft pulps (Khristova et al. 1997; Lukmandaru et al. 2002;
Onuorah et al. 2014).

Table 1. Yield and kappa number of kraft cooking of Pinus merkusi and Acacia nilotica chips.

Measurement Screened yield (%) Reject (%) Total yield (%) Kappa number
Pine 46.47 (1.35) 2.25(0.74) 48.73 (2.10) 13.1(0.2)
AN-AA15% 39.20 (0.56) 11.07 (3.75) 50.27 (4.32) 35.9(1.8)
AN-AA16% 48.38 (2.06) 2.68 (0.40) 51.06 (2.46) 34.0(0.8)
AN-AA17% 47.24 (2.77) 2.33(1.82) 49.58 (4.59) 34.2(0.7)
AN-AA18% 45.12 (2.98) 1.02 (0.45) 46.15 (3.44) 32.5(0.2)
Remark : AN = Acacia nilotica, AA = active alkali concentration. Mean of 3 measurements with standard deviation on parentheses.
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Physical Properties of Pine Pulp

Beating or refining is the crucial mechanical treatment
applied to pulp before paper making (Walker 2006). It
causes fiber conformability and increases the bonding area
in paper (Manfredi 2006; Corson 1980). However, high
intensity beating causes shortening of the fiber length
formation of fines, and decreased fiber strength (Casey
1981; Page 1989). A beating degree between 300 and 450
ml CSF is a typical, acceptable value for papermaking
(Shakhes et al. 2010). Further beating of pine pulp causes a
considerable decrease both in the tear index and the

apparent specific volume (Danielewicz and Surma-
Slusarska 2004). To discover the effects of beating, PM
pulps were beaten to 200~300 CSF (heavy-beating) and
300~400 CSF (moderate-beating). Pulp handsheets at each
level were made and the physical properties were examined
(Table 2). The results demonstrated that heavy-beating
reduced the strengths considerably, in particular, tear index
(reduced to 71.4%) and fold number (reduced to 93.9%). On
the other hand, an increase was only found in brightness.
Thus, the magnitude of reduction was considered to be
sufficient to evaluate the pulp mixtures for the next step.

Table 2. Physical properties of Pinus merkusii pulp in different beating degrees.

Measurement 300~400 CSF 200~300 CSF Percent reduction (%)
Thickness (x 10-3) cm 205.80 136.25 33.7
Brightness (%) 20.7 243 -17.3
Opacity (%) 91.7 87.9 41

Tear index (Nm.m2.g"") 49.19 14.04 714

Tensile index (Nm.g™") 41.15 35.62 134

Burst index (kPa.m2.g) 4.15 3.72 10.3

Fold number 719.6 43.6 93.9

Duration of Beating

Beatability of pulps, expressed by freeness, indicates
the energy consumption of mills and mostly is affected by
the chemical composition of pulps (Gulsoy and Tufek 2013).
Furthermore, beatability has a significant role in affecting
drainage characteristics of paper machines. AN pulps with
varied kappa number then were mixed with different ratios
of PM pulps on the basis of their weights. The pulps were
then beaten to 200~300 CSF.The initial beating degree of
unmixed AN pulps ranged from 740 to 760 CSF whereas
PM pulps were 730~740 CSF. The linearly intrapolated
beating time to achieve 250 CSF was calculated both for
mixed and unmixed pulps (Table 3). Judging by the kappa
number, it was noticed that the more intensively-cooked PM
pulps required a longer beating duration (23.5 mins) than
the AM pulps (11~13 mins). This was probably due to the

longer and thicker fiber of PM pulps. This approach has
previously been put forward in a study of kenaf (Shakhes et
al. 2010). In general, the addition of PM pulps in amounts of
10% and 20% increased the beating duration whereas the
amount of 30% decreased the beating duration. At this time,
the explanation for such a finding remains uncertain.This
finding may be due to a complex interaction of the low
kappa number and high fiber dimension of PM pulps against
the AN pulps. Results also showed that the more delignified
AN pulp (kappa number 32.5 and 34.0) did not show an
increasing beating duration with 10% addition of PM pulps.
These differences may be due to the lower residual lignin
content which results in easier beating. Previous study
demonstrated that the relationship between beating time
and the kappa number was positively linear (Gulsoy and
Tufek 2013).

Table 3. Beating duration to 250 CSF of mixture pulp of Pinus merkusii and Acacia nilotica

Pulp material Initial freeness (CSF) Duration to 250 CSF (min)
Pine - 100% 730~740 235
AN1 - pine 0% 740~755 12.3
AN1 - pine 10% 725~735 17.3
AN1 - pine 20 % 730~740 1.1
AN1 - pine 30 % 735~745 10.1
AN2 - pine 0% 745~755 1.3
AN2 - pine 10% 740~750 17.5
AN2 - pine 20 % 735~765 121
AN2 - pine 30 % 730~735 1.2
AN3 - pine 0% 740~745 12.5
AN3 - pine 10% 725~750 13.3
AN3 - pine 20 % 750~755 10.5
AN3 - pine 30 % 750~755 1.7
AN4 - pine 0% 745~760 1.9
AN4 - pine 10% 745~760 12.7
AN4 - pine 20 % 735~755 12.2
AN4 - pine 30 % 735~740 11.6
Remark : AN1, AN2, AN3, and AN4 are Acacia nilotica pulps with kappa number 35.9; 34.0; 34.2; and 32.5, respectively.
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Fiber Dimension after Beating

Samples of unmixed pulps after beating were
measured for their fiber dimension. The microscopic and
measurement results are described in Table 3 and Fig. 1.
As expected, the intact PM fibers were longer (1.956~4.577
pm) and wider in diameter compared to those AN fibers
(1.160~1.307 pm). This trend also applied to slenderness
ratio (47~82) causing higher values of tear strength of PM
pulps. Previous data for PM showed that the values of fiber
length, fiber diameter, and slenderness ratio before beating
were 4.771 um, 47 um, and 115, respectively (Pasaribu and
Roliadi 1990) whereas for AN were 1.133 um, 18 um, and
63 (Onuorah et al. 2014).

In unbeaten chemical softwood pulps, the amount of
fiber fraction is 95~100% (Paavilainen 1990). The fiber
fraction is mainly composed of intact fibers with different
lengths. Chemical pulps generate primary fines (0~5%) and
consist of parenchyma cells, fiber pores, and short cut fibers
whereas secondary fines formed after refining consist of

flexible fibrils, fiber wall fragments, and short cut fibers
(Paavilainen 1990; Waterhouse et al. 1993). It can bee seen
that there was an extensive fiber shortening of the PM pulp
during heavy beating. Furthermore, fiber conditions can be
categorized as intact fibers, fiber fragments, and fines (Fig.
1). By simple fractionation through the microscopic images,
the portions of each part were calculated. To facilitate the
interpretations, the PM pulps were divided into 3 dimensions
of fiber fragments (Table 4). The intact fibers of PM showed
a small percentage (0~12%) as the intact AN fibers had
considerable portions (52~72%). This result was probably
due to the combination of the low kappa number of PM
pulps (13.1) and high refiner energy. As this method only
gave a rough description, it is necessary to employ fiber
classifier machine for more accurate data. Furthermore, the
actual fiber composition remained unknown as the fiber
dimension of mixture pulps after beating were not measured
in this experiment. The beating properties of a pulp mixture
might behave differently from a single fiber pulp.

Figure 1. Microscopic images of Acacia nilotica (a) and Pinus merkusii fibers after beating (200~300 CSF).

Remark 1 = intact fibers, 2= fiber fragments, 3=fines.

Table 4. Fractionation of Acacia nilotica (a) and Pinus merkusii fibers after beating (200~300 CSF) based on microscopic

images.
Species Length (um) Width (um) Slenderness ratio Percentage (%)
Nilotica pulp
- Intact fibers 1.160-1.307 18-22 18-64 52-72
- Fiber fragments 478-628 18-21 26-30 25-42
- Fines <300 <15 <13 4-8
Pine pulp
- Intact fibers 1.956-4.577 41-56 47-82 0-12
- Fiber fragments — long 1.364-1.983 41-46 33-44 31-46
- Fiber fragments — medium 878-1.094 24-28 36-40 18-32
- Fiber fragments - short 522-834 18-25 29-34 16-32
- Fines <300 <15 <20 6-14
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Physical Properties of Mixtures Pulp

The strength and other properties of hand sheet made
from mixed beating of pulps are either better or comparable
than those of separately beaten pulps (Chauhan et al.
2011). After beating, the handsheets were formed at a
target basis weight 60~70 g/cm? and were tested. The
results of thickness, brightness, and opacity measurements
are displayed in Fig. 2. The thickness (136.2 x 10-3 cm) and
brightness (22.53%) values of unmixed PM pulps were
higher but lower in opacity (87.97%) than those of unmixed
AN pulps. It is expected that fines fraction would increase
the opacity and decrease fiber density (Gorres et al. 2001).
In general, an increase in PM pulp amounts resulted in an
increase in brightness and decrease in thickness. It
appeared that thickness and brighness behaved additively
as a function of their mixing ratio. This can be explained by
considering that extra fines tend to compact the paper
sheet but reduce its density and thickness. However, no
clear trend was observed with regard to opacity. Perhaps
this result came from the fact more fiber fragments will in
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(Fig. 2a).
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Figure 2. Measurements of handsheets thickness, brightness, and opacity of Acacia nilotica and Pinus merkusii pulps.
Remark : KN = kappa number.
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Figure 3. Measurements of strength properties of Acacia nilotica (a) and Pinus merkusii pulps. Remark : KN = kappa number

Several previous studies related to mixed pulping of
several hardwood and softwood species were reported
(Danielewicz and Surma-Slusarska 2004; Chauhan et al.
2011; Gulsoy and Tufek 2013; Nordstréom and Hermansson
2017) as well as studies on PM pulp mixing in Indonesia
(Yasin et al. 1984; Rismijana et al. 1992). These studies
mostly discussed the enhancement of strength properties
after long-fiber addition. The mixture of different kraft pulps
of AN and PM, could be assumed to behave in a nonlinear
manner as a function of the mixing ratio of the pulps as their
properties were not similar. The determination of pulp
strength is presented in Fig. 3. In general, the strengths
decreased as a result of adding PM pulps whereas no
distinct pattern was found with increasing kappa number.

The tear index of unmixed PM pulps was 14.24
Nm.m2.g"' compared to 16.3 Nm.m2.g" ~17.5 Nm.m2.g! of
unmixed AN pulps (Fig. 3a). PM pulp could reduce the
strength of the paper sheets 3.0~8.9% based on its initial
values by 30% ratio whereas the 10% or 20% ratios showed
more varied patterns. The highest values of tear index
(17.65 Nm.m2.g") of unmixed AN pulps were measured in
30% addition of PM pulp samples (kappa number = 34.2).
The fold numbers of unmixed AN pulps ranged from 34~55
(Fig. 3d) whereas the average value of unmixed PM pulps
were 43. Based on the initial values, the 30% ratio of PM
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pulps decreased the strength by 2.8% to 24.7%. Except for
AN pulps with a kappa number of 34.0, the fold number of
handsheets with 10% ratio had higher values than those of
20% ratio of PM pulps.

The unmixed AN pulps had a tensile index of 48.81
Nm.g-"~ 52.37 Nm.g! (Fig. 3b); as for PM pulp, the tensile
index was 3747 Nm.g'. A reduction of strength
(8.8~17.3%) was observed for 30% ratio of PM pulps. A
strength enhancement (53.27 Nm.g-') equal to 1.71% of
initial value was found in the AN samples (kappa number =
32.5) with 10% ratio of PM pulps. PM pulps lowered the
burst index 10.1-15.1% of its unmixed AN pulps (5.16
kPa.m2.g-'~ 5.25 kPa.m2.g") by 30% addition. A burst index
increase of 9.0% (5.65 kPa.m2.g-") was observed only in the
AN samples (kappa number 34.2) as a result of adding 10%
PM pulps. By comparison, unmixed PM pulps had burst
index of 3.86 kPa.m2.g".

The sum of the fiber strength and the fiber network
properties result in the strength properties of a fiber network.
Thus, fiber damage and fiber deformations would decrease
the initial strength. Of all strength properties measured, fold
number was mostly reduced (2.8~24.7%) by the blend
composition but there was a less pronounced decrease in
tear index (3.0~8.9%). Theoretically, tearing resistance was
affected by total number of fibers participating in the sheet
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rupture, fiber length and number and strength of the fiber to
fiber bond (Casey 1981). It was thought that the shortening
of fibers did not substantially reduce the tear strength as the
cut fiber of PM were mostly similar in length to AN fibers
(Table 4). The strength of AN fibers slightly improved at first
(10% or 20% ratio of PM pulps) in some samples, but then
decreased at 30% ratio. At small share, fines fraction
probably would provide the needed bonding. Pulp sheets
prepared from material with a small degree of damaged
fibers (dislocated fiber walls, curls and kinks) will have
improved stretch and tear indices compared with pulp
sheets prepared from fibers lacking deformations
(Kibblewhite 1976; Page et al. 1985). The strength reduction
at 30% ratio of PM pulp might be caused by extra fines
would separate fibers from each other thus starting to break
their unified network. Further investigation is required to
determine whether the presence of fines or other kinds of
fiber damages will affect the strength reduction.

Conclusions

Heavy-beating caused more fines and extensive fiber
shortening of PM as observed from microscopy images.
However, adding PM pulps to AN pulp did not affect the
beating duration considerably. The effects on thickness,
paper strength, and optical properties of blending pine and
AN kraft pulps during beating in various proportions have
been examined. The kappa number of AN pulps did not
show a clear correlation with the physical properties of the
sheets. Although it was not applied in all samples, the 10%
or 20% addition of PM pulps caused handsheet opacity and
strengths to be increased in varying degrees. The effect of
adding different proportions of PM pulps improved brighness
but reduced thickness with increasing amounts of PM pulps.
The strengths generally decreased in varying degrees at
30% ratio of PM pulps. Tear index, however, was less
affected than the other measured strengths. The results of
this study suggest that the high proportion of fines
generated during heavy-beating causes poor bonding.
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