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Abstract
In this investigation, softwood pulp and bleached wheat straw pulp were used as raw materials, and
Calcium Sulfate Whiskers (CSW) were used as �llers. Based on the structural properties and
characteristics of CSW, the printing properties of the paper with CSW, such as whiteness, opacity, pH
value, uniformity, Z-direction tensile strength and surface strength, were analyzed. The results showed
that CSW has low solubility, high retention rate and �ber-like appearance. The whiteness of the paper is
the best when the �lling amount of CSW is 20%. The paper opacity of softwood pulp increases
signi�cantly, and the opacity of bleached wheat straw pulp decreases signi�cantly when CSW is more
than 30%. The addition reduces pH and surface strength of the paper. The evenness of the paper does
not change obviously. The Z-direction tensile strength of the paper decreases in the softwood paper, but
increases obviously in the bleached wheat straw paper.

Graphic abstract

1. Introduction
The contribution of papermaking �lling is to reduce production costs and obtain certain properties of the
paper, such as �lling the gaps in the paper (The �lling methods are shown in Fig. 1), improving the
evenness of the paper, increasing the whiteness and opacity of the paper, improving the printability and
increasing the dimensional stability of the paper, and etc (Zhu et al. 2005). At present, �llers commonly
used in the paper industry mainly include talc (Liu et al., 2010; Chainarong et al., 2018), calcium
carbonate (Wu et al. 2016; Rajamuneeswaran et al. 2020), kaolin (Gendy et al. 2014), titanium dioxide
(Gu. 2019; Ketegenov et al. 2019), and so on. Wu and others discussed the physical properties of shell
powder (Wu. 2016), wet end performance, and paper �lling performance. The feasibility and advantages
of shell powder are analyzed by comparing with the properties of light calcium carbonate. Rui started
with the research on the effect and feasibility of attapulgite hydration pretreatment (Rui. 2012), organic
and inorganic modi�cation on the performance of �lled paper products. Chang adds wollastonite to the
wet end of papermaking (Chang. 2014). It can not only save plant �ber raw materials, reduce the felling
of trees, but also improve the optical properties such as opacity and hiding power of the paper to a
certain extent. Furthermore,appropriately improve its physical strength index within the allowable range of
the paper.

In recent years, with the depletion of mineral resources and rapid economic development in China. Using
solid waste to prepare low-cost green �llers, such as Calcium Sulfate Whisker (CSW), has become a new
direction for the development of paper �llers. Phosphogypsum whiskers, Calcium Sulfate Whiskers
(CSW), also known as calcium sulfate micro�bers. It is a �brous single crystal of calcium sulfate with
high strength, high modulus, high dielectric strength, abrasion resistance, high temperature resistance,
corrosion resistance, good infrared re�ectivity, easy surface treatment, easy compounding with polymers,
non-toxic and many other excellent physical and chemical properties. It is not only a relatively high-grade
reinforced component in the existing composite materials, but also an inorganic material whose high cost
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performance attracts many researchers (Shi et al. 2000). 0–70% wood pulp or straw pulp has been
replaced for papermaking by whiskers which made of gypsum by-product generated from the phosphoric
acid wet production process by Mao and others (Mao. 2006). Chen and others �xed the wood �ber
content of 2.5 g and added different amounts of Calcium Sulfate whiskers without any additives (Chen et
al. 2007). It has been concluded that the whiteness of the paper increases obviously with the increase of
the proportion of gypsum whiskers in the paper. However, the increasing trend of paper whiteness slows
down when the content of gypsum whisker reaches a certain proportion.

The citation reports the application of commonly used �llers in the paper industry. The strength, bulk and
stiffness of the paper are affected easily by the increase of �lling amount negatively, and the
phenomenon of hair loss and powder loss occur commonly during the printing process. Therefore, the
related researches based on reducing or avoiding such negative effects have a very broad prospect (Shen
et al. 2007). In this study, the characteristics of reinforcing �bers and ultra-�ne inorganic �llers of CSW
were used to �ll softwood pulp and bleached wheat straw pulp for papermaking (Lu et al. 2010). The
in�uence of CSW as a papermaking �ller on the paper printing performance is analyzed. In order to obtain
the best paper printing performance in this study, it is necessary to �nd the �lling amount of CSW, which
is helpful to the paper industry, printing industry and environmental protection (Su. 2003).

2 Experimental
2.1 Raw materials

Coniferous wood pulp board and bleached wheat straw pulp are provided by Shandong Tranlin Group
CSW is provided by Henan Luoyang Liangdong non-metallic Metal Material Technology Development Co.,
Ltd.

2.2 Experimental methods.

2.2.1 Properties of CSW

(1) Morphological parameters of CSW

The 0.04 g absolute dry weight CSW was placed in a clean glass bottle with glass beads,and the right
amount of distilled water was added to mix it up fully. Then the 912 Fiber analyzer was used to measure
the length, width, aspect ratio and length distribution frequency of CSW.

(2) Whiteness of CSW

Firstly, the CSW was placed in a petri dish and dried in 201 Electric constant temperature drying box (105
℃) for more than 4 hours, then transferred to the dryer to cool 30 min. Finally, an appropriate amount of
CSW was taken for tablet pressing treatment, afterwards, the whiteness of the whisker was measured by
Model 970894 spectrophotometer(Lorentzena & Wettre). Generally, 4 to 6 different test points were
measured, and the arithmetic mean value was taken as the whiteness value of the whisker.
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(3) Solubility and electrical conductivity of CSW

First, 2 g of absolute dry CSW was weighted using bl-320h electronic balance (Shimadzv, Japan) and
dissolved with distilled water in a clean beaker to make a 1% concentration suspension at room
temperature for more than 6 h. Then �lter the CSW suspension and use a small beaker to take an
appropriate amount of �ltrate for conductivity measurement. In addition, the �ltrate was put in a weighing
bottle (clean and constant weight) and placed in a constant temperature drying box (105 ± 2 ℃) for more
than 12 h. Finally, it is transferred to the dryer to cool down 30 min and weighed. The solubility of CSW is
calculated according to the following formula:

Note

m 1−weighing bottle mass, g.

m 2−total mass of whiskers and weighing bottles before constant temperature drying, g.

m 3−total mass of �ltrate and weighing bottle after constant temperature drying, g.

(4) Zeta potential of CSW

1 g of absolute dry mass CSW was placed in a clean and dry beaker and prepared a 1% concentration
suspension with distilled water. The Zeta potential value was recorded when the slurry suspension
formed a stable packing plug without rise anymoreafter the vacuum pump of the Szp06 Zeta
potentiometer (Mutek Analytic GmbH) started.

(5) Fourier transform Infrared Spectroscopy of CSW

The samples of CSW and potassium bromide were put in a constant temperature drying box (105 ± 2 ℃)
and dried for more than 4 h until completely dry. Then the samples of CSW and potassium bromide was
transfered to the dryer for 30 min. The mixture of CSW and potassium bromide was ground in a mortar
for 5 min uniformly according to the ratio of 1:100, and then treated with tablet pressing (pressure 10
Mpa, tablet time 1 min) for analysis.

(6) Scanning electron microscope observation

The surface morphology of CSW was observed by SEM electron microscope with magni�cation of 1000.

2.2.2 De�bering and beating

The softwood pulp board and bleached wheat straw pulp were weighed 360 g respectively and torn into
pieces of 25 mm × 25 mm. Soaked in 5 L water for 4 h and beaten with ZQS2–23 Valley beater,
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Northwest Light Industry Institute Machinery Plant. The coniferous wood pulp board was beaten to 30
°SR of beating degree. The pulp consistency was controlled at about 1.57%. The lever arm load was
controlled at 117 N. The bleached wheat straw pulp was beaten to 30 °SR. The pulp consistency was
controlled at about 1.57%. The lever arm load was controlled at 90 N.

2.2.3 Determination of �ber length distribution frequency

CSW, softwood pulp and bleached wheat straw pulp with an absolute dry mass of 0.04 g were weighed
respectively. After beating, it was determined by �ber analyzer.

2.2.4 Making of handsheets

The 80 g m− 2 handsheets were made by adding different amount of CSW in the 7407.S Standard Sheet
Former (Mavis Company, UK), and the control sample was made at the same time. According to GB/T
10739 ~ 1989, the handsheets were placed at 23 ± 2 ℃ and 50% RH ± 5 ℃ environment for 4 h.

2.2.5 Testing of physical properties of paper

(1) Retention rate of CSW

The retention rate of CSW was measured by ash burning method according to GB/T 742 Mel 2008. The
samples of CSW was carbonized and burned in a high temperature furnace at 900 ℃, the loss of CSW
was ignored.

Where m is the ash content of CSW (g m− 2); M is the amount of CSW added (g m− 2).

(2) Detection of paper whiteness

Different amounts of CSW were added to softwood pulp and bleached wheat straw pulp respectively. The
whiteness of the handmade paper was measured by spectrophotometer. Generally 4–6 different test
points were measured and taken average as the whiteness of the paper.

(3) Detection of paper opacity

According to GB/T 1543–2005 method, the opacity of hand-coated tablets was measured.

(4) Testing of paper acidity and alkalinity

The acidity and alkalinity of paper wer determined taccording to GB/T 1545.2─2003 using PHS-3C acidity
meter (Jiangsu Jintan Hengfeng instrument Factory). The pH of the paper was measured by the cold
water leaching method. 3 g (permanently dry) paper was cut into wide pieces with 1 cm, soaked in 1000



Page 7/22

mL of distilled water for 1 h, and the pH value of the dipping solution with was measured with a pH meter
every 1 h, three data were recorded, and taken average �nally.

(5) Determination of paper uniformity

The evenness of the handsheets after proper pressing (2571-1 Wet paper sheet press, Kumagai Rikikogyo
Co., Ltd.) and drying was measured by LPA070 evenness tester of opTest Equipment Inc.

(6) Detection of Z-direction tensile strength of paper.

The prepared softwood handsheet and bleached wheat straw handsheet were cut into 10 pieces in the Z-
direction by FQ-Q2D15 paper cutter (Sichuan Changjiang Papermaking Instrument Co.) and Ltd.FQ
KTD300 adjustable distance paper cutter (Sichuan Changjiang Papermaking Instrument Co.). The Z-
direction tensile strength of the handsheet was measured using a Z-direction tensile strength tester.

(7) Detection of paper surface strength

The surface strength of paper was tested using RI printability tester. Test conditions: The printing speed is
set to 60 r, and the ink �lling time for 0.5 mL of ink is 3 min.

3 Results And Discussion
3.1 Main physical properties of CSW

3.1.1 The morphological parameters of CSW and its length distribution frequency.

The analysis results of morphological parameters of CSW are as below, the Number average length is
0.713 mm, Form factor is 87.8%, Kink index is 1.357%.

The weight average length of CSW is 1.239 mm (Double average length 1.976 mm), which is longer than
that of non-wood plant �ber and close to that of softwood �ber. Aspect ratio is an important standard to
evaluate the pulping and papermaking value of raw �ber. In general, the �ber aspect ratio of pulping and
papermaking raw materials is low and less than 45. The aspect ratio of CSW is 89. Referring to the main
technical standard of gypsum �ber formulated by China University of Mining and Technology (Yin et al.
2008), the CSW used here should be calcium sulfate medium long whisker, which provides more
opportunities for contacting and cross-linking with plant �bers. It can be concluded from the form factor
and kink index of CSW that, CSW is an inorganic mineral �ber, not straight, but shows a certain bending
shape. The chance of mechanical entanglement with the plant �ber increases when CSW is added to the
plant �ber, which may be very bene�cial to the paper strength and �ller retention. The length distribution
of different �bers is shown in Table 1.
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Table 1
The length distribution frequency of different �bers (Lu et al.

2010)
L/mm Proportion/%

Softwood pulp Wheat straw pulp CSW

L < 0.5 17.8 43.1 21.5

0.5 ≤ L ≤ 1.0 27.8 35.1 33.4

1.0 ≤ L ≤ 1.5 21.4 15.6 15.2

1.5 ≤ L ≤ 2.0 14.4 4.9 11.2

2.0 ≤ L ≤ 2.5 9.0 1.0 7.0

 

It can be seen that the length of CSW accounts for the largest proportion in the range of 0.5-1.0 mm,
reaching 33.4%. The proportion below 0.5 mm is also relatively large, reaching 21.5%. The proportion
within the range of 1.0-1.5 mm, 1.5-2.0 mm and 2.0-2.5 mm fall to 15.2%, 11.2% and 7%, respectively. The
above data show that the morphological characteristics of medium-long �bers of CSW is basically
consistent with those of papermaking plant �bers, especially non-wood plants. As an inorganic �ber, CSW
with special morphology and structure not only has the �lling property of particles in the papermaking
process, but also can improve the smoothness, opacity, whiteness, printability and other properties of the
paper. It can also partially replace the plant �ber on the premise of maintaining the paper strength
basically, reduce the consumption of plant �ber and save the cost.

3.1.2 Zeta potential, conductivity, pH value, whiteness and solubility of CSW

Table 2
Zeta, conductivity and pH of CSW

CSW Mass
fraction /(%)

Zeta potential
/(mv)

Electric conductivity
/(ms/cm)

pH Whiteness
/%

Solubility
g/100g
water

0.25 -10.0 2.39 7.08 98 0.33

0.50 -7.3 2.52 6.88

1.00 -5.6 2.75 6.50

 

It can be seen from Table 2 that the Zeta potential and conductivity increase gradually, while the pH value
decreases with the increase of the mass fraction of CSW. Zeta potential, one of the key parameters, is
used to describe the wet-end charge characteristics of pulp suspensions (He et al. 1999). Theoretically,
the closer the Zeta potential is to zero, the larger the mass fraction of CSW is. With the increase of
electrical conductivity, the charge �ow ability in CSW is enhanced, and the attraction between particles
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becomes greater. The plant �ber also shows a certain degree of negative electricity in water, so it is
negative to the retention of CSW. In order to retain more CSW, it is not enough to rely on the combination
of CSW with plant �bers, but also need to increase the amount of chemicals, such as cationic auxiliaries.
In this way, the Zeta potential, conductivity and pH of the wet end system will be affected. If the
conductivity value is too high, it will directly affect the normal use of the paper machine.

It can be seen that CSW has the characteristics of high whiteness like other paper �llers (such as talc,
calcium carbonate and titanium dioxide), which is conducive to the improvement of paper whiteness. In
terms of solubility, 0.33 g CSW/100 g water (Lu. 2010). The relatively high water solubility of CSW has an
adverse effect on the retention and reinforcement of CSW. In addition, the water solubility of CSW will
increase the concentration of Ca2+ in the wet end system of papermaking, and Ca2+ will be adsorbed on
the surface of plant �bers, which is not conducive to the effective role of cationic functional auxiliaries.

3.1.3 Scanning electron microscope of CSW

Scanning electron microscope of CSW is shown in Fig. 2- (a) (b) (c) (d).

As shown in Fig. 2 (a), the CSW is obviously needle-like or rod-shaped under the scanning electron
microscope. And the surface of the whisker is smooth and the size is relatively uniform. There are no
obvious crystal defects such as cracks, and rarely granular whiskers. CSW belongs to hexagonal system.
Ca2+ connects SO4

2− tetrahedron to form a layered structure on the [100] and [010] planes, as shown in

Fig. 2 (b) (c). However, there is no layer on the [001] surface. From Fig. 2 (d), Ca2+ and SO4
2− are

connected in a chain-like shape in the C-axis direction, therefore the calcium sulfate whiskers are �brous
parallel to the C-axis. Between the chains, there is a channel with a diameter of 8Å (1Å = 0.1 nm), in which
the crystal water is contained. The coordination number of Ca2+ is 6, which is connected to 6 of the four
adjacent SO4

2−, and the crystal water is connected to SO4
2− by hydrogen bond (Freyer et al. 2003; Lv et al.

2013).

3.1.4 Infrared Spectral Analysis of CSW

In Fig. 3, there are stretching vibrational peaks of hydroxyl groups at 3610.09 cm− 1, 3550.31 cm− 1 and
3490.53 cm− 1. The front peaks are all produced by the crystalline water inside the whisker. The 3490.53
cm− 1 is produced by the hydroxylation of calcium ions on the whisker surface. A very sharp asymmetric
stretching vibration peak of hydroxyl group appeared at 1621.84 cm− 1 (Shiel. 1979). 1153.22 cm− 1,
659.54 cm− 1 and 601.68 cm− 1 are the absorption peaks of SO4

2−. From the above peak analysis, it can
be seen that there are -OH and -SO4 groups on the surface of CSW. According to the infrared spectrum, it
can be considered the partial hydration reaction of CSW took place, and the water molecules entered into
the interior to form crystalline water. At the same time, the surface also contains -OH, -SO4 groups, so that
there is a certain electrostatic force. When CSW contacts with water, the active calcium ions on its surface
will hydroxylate with aquatic products through electrostatic interaction, and the hydroxyl on the surface
of CSW will also combine with water molecules by hydrogen bond. In this way, after the CSW added to
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the plant �ber, it will form not only a hydrogen bond with the plant �ber, but also a certain hydrogen bond,
thus improving the strength of the paper.

3.2 Effect of CSW �lling on paper and printing properties

3.2.1 Retention rate of CSW

Table 3
Retention of CSW for different pulps

Filling quantity/% 0 10 20 30 40 50

Retention (softwood pulp)/% 0 60.20 65.45 70.89 45.00 30.82

Retention (bleached wheat straw pulp)/% 0 58.43 60.83 71.45 40.96 20.24

 

The retention rates of different pulps �lled with CSW are shown in the Table 3. The change law of �ller
retention is basically the same either CSW is �lled with softwood pulp or bleached wheat straw pulp. The
retention rate of �llers reaches the maximum when the �lling amount is 30%. And with the increase of the
�lling amount of CSW, the �ller retention decreased gradually, that is the loss of CSW becomes more
serious.

3.2.2 Changes in whiteness and opacity of softwood pulp or bleached wheat straw pulp after adding
CSW

As shown in Fig. 4 (a), with the increase of CSW �lling from 0–50%, the whiteness of coniferous wood
pulp and bleached wheat straw pulp showed the trend of increasing at �rst and then decreasing. When
the �lling amount was less than 20%, the whiteness of the paper samples signi�cantly increased. The
maximum value of coniferous wood pulp and bleached wheat straw pulp reached 83.62% and 70.76%
respectively at 20% �lling amount. This is consistent with the change trend of the whiteness of the paper
studied by Chen and others with the addition of gypsum whisker (Chen et al. 2006). Considering the
physical properties of the �ller, CSW is a kind of opalescent pigment whose whiteness is up to 98% and
higher than that of the pulp (Yang et al. 2012). With the proper amount of �lling, the whiteness of the
paper could be improved. However, when the �lling amount was 20%-50%, the whiteness of the paper
samples reduced signi�cantly. Even at 50%, the whiteness of the samples of the two different pulps was
lower than that of the original paper. The water-soluble CSW increases the Ca2+ concentration in the wet-
end system of papermaking. The part of Ca2+ will be adsorbed on the surface of plant �bers, which
reduces the retention of CSW, and some small particles of CSW are lost with white water. In the later
stage, with the increase of the �lling amount of CSW, the electrical conductivity (charge �ow ability) of
CSW increases, and the charge �ow ability of Zeta potential diffusion layer is also enhanced. In this way,
the binding ability of CSW is greater than that of �ber, and a large number of CSW �occulate with white
water. In addition, the excessive addition of �llers will not only lead to poor bonding among �bers, but
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also increase the absorption in the range of visible light. The re�ection under 457 nm are reduced, so that
the whiteness of the paper is decreased (Chen et al. 2012).

As shown in Fig. 4 (b), with the increase of CSW loading from 0 % to 50 %, the opacity of softwood pulp
paper increased gradually. The rising mechanism can be understood that un�lled paper is made up of
�bers and air (existing between the �ber pores). When the light beam hits the surface of the paper, part of
the light is scattered on the �ber-air interface and gives the paper a certain (lower) opacity because the
refractive index of the �ber and air is different. After adding �llers with a refractive index greater than
cellulose to paper, rigid mineral �ber �llers and �exible wood �bers form a three-dimensional structure of
interwoven fabrics (Wang et al. 2010). The number of light scattering interfaces inside the paper is
increased, that is, �bers and air, �llers and �bers, and �llers and air. Among three interfaces, the difference
between the refractive index of the �ller and the air is large. Therefore, the maximum scattering of light at
the �ller-air interface results in increased opacity (Bi et al. 1995).

As shown in Fig. 4 (b), the opacity of the bleached wheat straw pulp paper samples changed signi�cantly
after CSW was added, but there were obvious differences compared with that of softwood pulp. When the
amount of CSW increased from 0–30%, the opacity of the bleached wheat straw pulp paper gradually
increased. The change trend of opacity of softwood pulp is opposite to that of wheat straw pulp.
However, when the �lling amount of CSW is 30%, considering the retention rate of CSW as shown in
Table 4, both softwood and bleached wheat straw pulp have the best opacity effect. The reason is that
the difference of �ber morphology and surface potential between wheat straw pulp and softwood pulp
determines the �lling mode of �llers, the bonding state between �llers and �bers, and the bonding
tightness between �bers. The �ber of bleached wheat straw pulp is shorter than that of softwood pulp,
and the potential of bleached wheat straw pulp is unstable, which affects the bonding strength between
�llers. The addition of a large number of CSW destroys not only the bonding between the �bers but also
the optical uniformity of the medium in the paper. In addition, the binding between the �bers of wheat
straw pulp is more relaxed than that of softwood pulp, and the �ller particles are easier to �occulate in
wheat straw pulp. The �occulation between �ller particles increases the optical contact of particles and
reduces the light scattering interface (Chen. 2011).

3.2.3 Changes of pH value of softwood pulp and bleached wheat straw pulp after adding CSW

As is shown in Fig. 5, the pH of paper was affected by the addition of CSW in softwood pulp, but the
effect was not obvious. The pH of the paper decreased only 0.1 with the increase of the �lling amount
from 0–40%. With the increase of mass fraction, CSW shows stronger acidity (as shown in Table 3) (Liu
et al. 2004). Therefore, adding appropriate amount of CSW will reduce the pH of the base paper. However,
when the �lling amount is more than 40%, the pH of the paper is maintained at 8.05 around. This may be
related to the solubility of CSW. After the solubility is saturated, it will not be redissolved even if it is
re�lled. Furthermore, it no longer affects the change in pH of the paper.

It can be seen from Fig. 5, the pH of the paper remains unchanged at 8.1 when the CSW �lling amount in
bleached wheat straw was less than 30%. After the wheat straw pulp was bleached, a small amount of
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organic acids and bleaching residues were present. When a small amount of weakly basic CSW was
added, a neutralization reaction with its residual acid and bleach occured. So the pH of the paper did not
change as expected. When the �lling amount was more than 30%, the pH of the paper decreases from 8.1
to 7.9 with the increase of the �ller.

It is found that the change among the amount of CSW loading has a certain correlation with the change
of the pH for the paper, while it remains in the weak alkaline range.

3.2.4 Effect of CSW �lling on paper uniformity

As shown in Fig. 6, when the amount of CSW was 30%, the uniformity index of softwood pulp reached
240. It showed that CSW has the highest retention rate of 71.45% in the paper (Table 4). The network
structure of whisker and plant �ber in the paper is better than that in other �lling cases. And the
dispersion of CSW in the paper is the best. The internal charge is dispersed evenly, the arrangement of
�llers and �bers is good, the �ber �occulation phenomenon is less, and the quality of printed matter
printed with this kind of paper is also relatively good. On the other hand, when the CSW was mixed with
bleached wheat straw pulp, the evenness of the paper decreased slightly compared with that without
�lling. Because the �ber morphology and strength of bleached wheat straw pulp are different from those
of softwood pulp (Yang. 2005), after large amount of CSW is �lled, the charge dispersion is uneven and
the charge groups are over-concentrated, resulting in serious �ber �occulation and the decrease of paper
evenness (Han. 1993).

3.2.5 Changes in the Z-direction tensile strength and surface strength of the paper after CSW �lling

As shown in Fig. 7 (a), with the increase of CSW, the Z-direction tensile strength of softwood pulp and
bleached wheat straw pulp paper showed different tensile trends. The Z-direction tensile strength of
softwood pulp paper reaches the maximum value of 182 when the �lling amount is 10%. CSW has a
strong charge adsorption capacity in the papermaking process. It can absorb a large amount of positively
charged electrolyte and bridge with negatively charged �bers, thereby improving the Z-direction tensile
strength of the paper (Ma. 2015; Cheng et al. 2014). However, as CSW continues to be �lled, additional
CSW replaces some plant �bers, which destroys the original bonding state between paper �bers and
creates a "steric hindrance effect" (Li. 2019). In particular, the two �lling methods "inlay" and "expansion"
in Fig. 1 further hinder the cross-linking and hydrogen bonding between �bers (Jiang et al. 2008). Unlike
softwood pulp,the Z-direction tensile resistance increased quite a lot when the bleached wheat straw pulp
paper is �lled with more than 30%, the �ber and CSW form a strong skeleton structure due to the
"reinforced concrete" effect among �bers, larger voids and CSW, which improves the mechanical
properties of the paper and plays a role in increasing the Z-direction resistance of the paper (Liu. 2010).

Figure 7 (b) (c) shows the changes in the surface strength of paper (softwood pulp and bleached wheat
straw pulp) before and after CSW �lling. There was no obvious surface �uff when �lling amout was less
than 20% for both types of paper, while they have obvious surface �u�ng after �lling more than 40%, as
shown in Fig. 7 (b)-A, B, C, 7 (c)-E, F. It can be seen that �lling amount accounts for the main reason of
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surface strength, nevertheless with higher �lling amout, the hydrogen bonding of the �ber itself, and the
adsorption bond between the CSW and the �ber is broken due to the "sandwich" structure between the
�ber and the CSW (Wei et al. 2012). However, compared with softwood pulp paper, the �uff phenomenon
of bleached wheat straw pulp paper appeared earlier at 30% �lling amount. The reason is related to the
bond strength between the �bers of the wheat straw pulp itself. After bleached, the supramolecular
structure of the �ber is affected to varying degrees under the action of the bleaching agent. And the �bers
inevitably undergo alkaline hydrolysis and peeling reactions, and the hydrogen bonds between the �bers
are destroyed, which in turn weakens the bonding strength between the �bers following with the
occurrence of powder-falling, �u�ness, and whitening of paper (Meng. 2014).

4 Conclusions
In this study, the effects of CSW with different raw materials on the printing performance of paper were
analyzed and compared.

CSW has many excellent physical and chemical properties, such as high whiteness, low solubility, high
retention, acid and alkali resistance, good infrared re�ectance and easy surface treatment.

In the contrast experiment of �lling different materials, the overall trends of whiteness, acidity, alkalinity,
and surface strength on paper printing performance are consistent, whether it is coniferous pulp or
bleached wheat straw pulp with CSW on the printing performance of the paper, in addition to the
difference in the opacity and the Z-direction tensile strength of the paper. However, the effect of softwood
pulp �lling on paper printing performance is better than that of bleached wheat straw pulp �lling.

In the comparison test before and after the paper �lled, the whiteness, opacity, Z-direction tensile strength,
and surface strength of the raw materials after adding CSW was signi�cantly improved, which improved
the printing adaptability. Due to the whiteness and electrostatic adsorption of the �ller, CSW is suitable as
�llers for printing papers in order to require high whiteness, opacity and strength. But the improvement of
printability in acidity, alkalinity and uniformity is not obvious.In summary, as an inorganic mineral �ller,
CSW has good paper-forming properties and can replace some �bers for papermaking, thereby reducing
the use of paper-making raw materials.
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Figures

Figure 1

Filler �lling methods in papermaking process.
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Figure 2

Structure diagram of CSW.
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Figure 3

Fourier Infrared Spectroscopy.



Page 19/22

Figure 4

The change trend of whiteness and opacity before and after paper �lling. (a) Changes in paper whiteness.
(b) Changes in paper opacity. (c) Mechanism of Paper Opacity.



Page 20/22

Figure 5

The change trend of pH value before and after paper �lling.
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Figure 6

Changes in paper uniformity after adding CSW. (The beating degree of softwood pulp is 30 °SR, and that
of bleached wheat straw pulp is 30 °SR.)
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Figure 7

Change of Z-direction tensile strength and surface strength of paper after CSW �lling. (a) The change in
Z-direction tensile strength varies with the amount of CSW added. (b)&(c) Changes in surface strength of
softwood pulp and Bleached Wheat Straw Pulp. (Z0 means: CSW �lling amount is 0 %; Z1 means: CSW
�lling amount is 10 %; the rest is analogized.) (d) Paper �u�ng observed from the cross section of the
paper.
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