Modification of Softwood Kraft Pulp for Improved Tissue Paper

Hafizur Rahman and Per Engstrand.
Department of Chemical Engineering, FSCN, Mid Sweden University, Sweden

Summary

Modification of softwood kraft pulp by the addition of either polysulfide (PS) or sodium borohydride
(NaBH.) has been shown to increase pulp yield due to a higher retention of hemicellulose. The modified pulps
showed higher tensile index, especially at low refining energy. It was also shown that improved porosity of could be
achieved, increased swelling potential and increase joint strength leading to increased tensile index at similar
refining energy. The increased swelling potential associated with higher hemicellulose content could also make
dewatering more challenge because of the higher water retention. But recent studies showed that the positive
influence of increased yield, resulting in fewer fibers at same basis weight, dominates over the negative influence of
the higher swelling potential so that the net effect is improved dewatering. Studies simulating full-scale tissue
dewatering conditions showed that pulps with higher hemicellulose content had a higher tensile index at the same
dryness which was achieved in a shorter dwell-time. A given tensile index was also achieved with less refining
energy. Therefore modification of the kraft pulping process is a way to give high quality fibers for tissue paper
production with less refining energy and lower drying energy costs.

Introduction

Tissue has been used for hygienic purposes since the 1940-ies and its manufacture is today a fast growing
industry in the world due to increase hygiene concern. The demands of tissue as toilet paper, kitchen roll, facial
tissue, handkerchiefs, hand towels, napkins and wipes at different forms are increased day by day. Today bleached
softwood kraft pulp is the highest single cost element for the final production of tissue paper. Typically more than
50% of the total cost is the pulp. Second largest cost is related to the dewatering and for tissue dryness stage where
most of the energy is utilized. The production of tissue paper, the fiber suspension is to large extent dewatered by
removing water at dewatering stage and it is important to reduce the cost of the final dewatering and the energy
consumption in the final drying of the sheet [1-3].

Recently, studies on the modification of softwood (mix of spruce 70% and pine 30%) kraft pulp showed a way
to achieve high quality fibers for producing better tissue paper [4]. The methodology was described already 1965 [5]
using either polysulfide (PS) or sodium borohydride (NaBH4) increase the pulp yield. In our case, the total yield
from 48% to 53% due to a higher retention of glucomannan [6]. These pulps with higher yield gave a paper with
higher tensile index than conventional softwood kraft pulp, especially at lower degrees of refining. The higher yield
pulps either NaBH,4 or PS treated also showed a greater porosity of the fiber wall, indicating an increase in the
swelling potential of the fibers. This can lead to increased fiber joint strength between the fibers and to the higher
handsheet tensile index. However, the swelling increase associated with the higher hemicellulose content could also
make dewatering more challenging because of the higher water retention of the pulp [7].

The results from the study on modification of kraft pulp showed that the positive influence of the increase in
yield (10% fewer fibers and a more open sheet structure) dominates over the negative influence of the higher
hemicellulose content on the dewatering properties, especially at lower refining energy levels [4,7]. Studies
simulating full-scale tissue machine dewatering conditions showed that pulps with a higher yield and higher
hemicellulose content had a higher tensile index at the same dryness. Moreover, the same dryness level was
achieved in a shorter dwell-time. A given tensile index was also achieved with less refining energy [7]. So it is now
important to gain the information on the role of hemicellulose and individual hemicellulosic monomers in fiber wall
to better understand the fiber network phenomena at lower grammage hand sheet. It has previously been found that
increasing the amount of hemicellulose in the fiber wall counteracts the aggregation of cellulose during the drying of
the fibers [8, 9]. A less aggregated fiber wall has a greater flexibility thus potentially leading to an increase in the
fiber bonding strength and thus very important for tissue paper production [4].



For tissue applications market pulp suppliers are using the standard handsheet testing to evaluate fiber
qualities. However, unlike printing and packaging grades, tissue products are rather unique: First, basis weight is
very low (for example, 20 g/m?). Second, density range is much lower since paper is a disordered material, these
differences in basis weight and density may have special implications to the tissue paper structures and
properties. Therefore, there is a basic question of whether results of the standard handsheet tests are completely
relevant to tissue products, and if not, the question is how to evaluate such unique fiber quality requirements for
tissue products. In order to answer the above questions and to obtain fundamental understandings of the implications
of low basis weight and low density for tissue applications, using of DEM (Discrete Element Method) approach
could help to investigate micromechanics of tensile failures and identify the basic fiber quality parameters relevant
to tissue applications [10].

Therefore, the goal of this study is the understanding of how pulp can be modified and optimized by means of
increasing the yield by retaining more hemicellulose within the fiber walls. This in order to further improve the pulp
fibers inherent bonding propensity in such a way that the need for refining to achieve key tissue properties is further
reduced. In addition, it is also of great importance to consider the environmental impact of the chemicals used to
enhance improved hemicellulose retention. The research challenge is to create an eco-friendly improvement of the
kraft pulping process enhancing better tissue paper properties at lower energy & drying costs. And also to perform a
pre-study related to going from lab- to full-scale studies.

Material and Methods

Three types of pulps were produced in laboratory scale using; 1) conventional softwood kraft, 2) same with
oxidizing additive, polysulfide and 3) same with reducing additive, sodium borohydride. Bleaching was carried out in
a single chlorinedioxide (ClO;) stage for all three laboratory pulps followed by drying of the pulps [6]. Bleached kraft
pulps (Ref, PS and NaBH.-kraft pulp) were refined in a PFI mill at refining levels of 0, 500, 1000 and 2000
revolutions according to 1SO 5264-2:2011. 20 g/m? handsheets were prepared according to the 1SO 5269-2:2004
standard with tap water using a conventional sheet former of surface area 0.021m? [4, 6, 7].

The tensile strength (1ISO 1924-3), Z-strength (ISO 1.4 MPa) and the Water Retention Value (WRV) were
determined of the handsheets according to the ISO 14487 standard.

Gas Chromatography was used for the analysis of neutral monosaccharides from dried unrefined kraft pulps.
Carbohydrates were determined according to SCAN-CM 71:09 using a Gas Chromatography-Flame lonization
Detector (GC-FID). To determine the pore size distribution of the pulp fibers, differential scanning calorimetry
(DSC) was used [11]. Bench-scale laboratory equipment was used for the vacuum dewatering trials on the three
different pulps (1, 2 & 3 above), refined at four different levels (0, 500, 1000 and 2000 PFI-rev) tested at six
different dwells times (0, 1.0, 2.5, 5.0, 10.0 and 20.0 ms). The different dwell times were obtained by adjusting the
speed of the plate while the vacuum level was kept constant at 27 kPa during the trial [7].

Results and Discussion

The pulp yield as a function of kappa number for the kraft pulps is shown in Fig. 1. At a kappa number of
about 38, the yield of the PS-kraft pulp is 2% and NaBHs-kraft pulp is 4% higher compared to Ref-kraft pulp. The
yield increase was related to an increase in glucomannan content, see table 1. It shows that PS and NaBH4 enhanced
the retention of glucomannan content from 9.0% to 10.8% and 14.8%, increasing the total hemicellulose of kraft
pulps. The xylan content was however not enhanced.
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Fig.1. Total yield on wood (%) VS kappa number of three different kraft pulps [6]

Table 1- The relative carbohydrate composition [4]

Kraft Pulps Estimated Relative composition (%)
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Ref 80.4 9.0 15 9.1 19.6
PS (2% on dry wood | 78.5 10.8 1.5 9.2 21.6
chips)
NaBH4 (1% ondry | 77.2 14.8 1.2 6.9 22.8
wood chips)

The increased yield of both PS and NaBH4 kraft pulps results in higher tensile index compared to reference
kraft pulp regardless of how much the pulps were refined compared to reference kraft pulp see fig. 2. Fig. 3 shows
that the relative increase in tensile index is reduced with increasing refining from 0-2000 PFI revolution for 20 g/m?
handsheets.
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Fig.2. Tensile index versus number of refining revolutions for 20 g/m? sheets [4]
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Fig.3. Percentage increase in tensile index compared to reference pulp at different refining [7]

The increased retention of hemicelluloses in these kraft pulps, results in higher swelling potential, and an
increase in swelling generally improves the fiber bonding area [4]. The swelling ability is strongly related to the
porosity of the fiber wall [12]. Fig. 4 shows that the pore volume of both the NaBH4 and the PS-kraft pulps is
somewhat higher than that of the reference kraft pulp.
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Fig.4. Cumulative pore volume on unrefined pulps from thermoporosimetry measurements [6]

That being said the kraft pulps with higher yield may have better fiber flexibility that result in stronger bonds
and higher tensile index of the handsheets. Kraft pulps with higher hemicellulose content is therefore interesting for
the studies of tissue paper dewatering properties, since an increase in pulp yield can reduce the dewatering ability
due to the increase in hemicellulose content and the ability of hemicellulose to hold water. Fig. 2 shows that at low
degree of refining, for example, 500 PFI-revolutions, the NaBH,4 and PS-kraft pulps had a tensile index of 45.5 and
52 KNm/kg respectively which corresponds to a 15-32% higher value than that of the reference kraft pulp, 39.5
kNm/kg, when the solids content was about 23% at 500 PFI-rev for all three kraft pulps, Fig. 5.



70
o - -
= 60 e L@ @ Sodium _borohydrlde Pulp
4 Polysulfide Pulp
% 50 N L ® | L Reference Pulp
4 & ——
é 40 K
=
o 30
fz < Increasing degree of refining |
ﬁ 20 e e
A
10
21 22 23 24 25
Solids content (%) at 10 ms dewatering Dwell time

Fig.5. Tensile index after a dewatering dwell time of 10 ms as a function of solids content for three different kraf
pulps refined at 0-2000 PFI rev [7]

The hemicellulose rich pulps; NaBHa-kraft pulp followed by PS- kraft pulp, clearly exhibit better dewatering
i.e. a higher dryness at a given tensile strength. Kraft pulps produced using either NaBH, or polysulfide addition can
thus give either a higher strength for a given amount of refining or the same strength with less refining energy.

Conclusion

Modifying the kraft pulping process by the addition of either an oxidizing agent (polysulfide) or a reducing
agent (sodium borohydride) increase the pulp yield, by increasing the retention of hemicellulose. The pulps with
increased hemicellulose yield have a higher tensile index. This effect is most pronounced at low degree of refining
and low grammage. The higher yield resulted in an increase in the pore volume, which indicates a greater degree of
swelling of the fiber and thus an increase in flexibility that probably leads to an increase in the bond strength,
resulting in the higher tensile index. When the pulp yield increased from 48% to 53%, the paper sheets had 10%
fewer fibers at given dryness level for the NaBH, kraft pulp than for reference kraft pulp. This leads to a more open
sheet structure which explains the faster dewatering speed. The effect of the more open sheet structure dominates
over the effect of increased swelling regarding dewatering under conditions mimicking full-scale of tissue
dewatering. This means that pulps with a higher yield have a faster vacuum dewatering when refined to a given
tensile strength.
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