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ABSTRACT

Due to the shortage of native fiber and environmental regulations, the demand of recycled fibers is increasing with time.
Generally, the recycled fibers comprising alkaline sizing chemicals; alkyl ketene dimer (AKD) or alkenyl succinic anhydride
(ASA) are imported for use in India. The dose of sizing chemicals depends upon various parameters such as type of raw
material and filler. The present study deals with the use of AKD and ASA emulsions at different dose levels in bleached
recycled fibers with three commercially available fillers; talc, ground calcium carbonate (GCC) and precipitated calcium
carbonate (PCC) at 15% ash level. The Cobb,, and contact angle of the sheets were compared and the relationship
between Cobb,, vs. contact angle was developed and compared for both AKD and ASA with all fillers. Due to different
particle size, shape and charge characteristics, the fillers affected the hydrophobicity of paper differently. It was observed
that without filler and with talc filler, the Cobb, values were lower in AKD sizing whereas with GCC and PCC fillers those
were lower in ASA sizing. The contact angles were higher in ASA sizing as compared with AKD sizing. The Cobb,, vs.
contact angle relationship was also better in ASA sizing than AKD sizing which showed that the former is a better sizing
chemical for such grade of bleached recycled fibers. The contact angle of 105°, which is considered fairly good for writing
and printing paper grades, could be achieved at 25-30 and 38-48 g/m’ Cobb,, values in AKD and ASA sizing, respectively
with all three fillers. These results showed that there is no worth adding higher dose of sizing chemicals in pulp based on

only Cobb,, values, rather it would be advisable to consider contact angle along with Cobb,, for the same.
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Introduction

In papermaking, sizing is the process by which a sizing chemical
provides hydrophobicity to paper i.e. resistance to liquid wetting,
penetration and absorption. It is generally measured through
Cobb,,, Hercules size test and contact angle. The most widely used
testin the paperindustry is Cobb,, wherein a water column is rested
on the paper surface for 60 seconds and the amount of water
absorbed by the paper per unit area is reported. Contact time of
aqueous solutions with paper during the various printing
applications is of milliseconds. Despite being of paramount
importance, the interaction between water molecules and paper
over the short time scale cannot be determined through the water
absorption (Cobby,) test. Contact angle is the improved technique in
this respect to measure the hydrophobicity of paper. The contact
angle for a drop of aqueous liquid increases as the paper surface
becomes hydrophobic and, conversely, decreases as the surface
becomes wet [1-3]. Understanding the behavior or interaction of
water molecules in contact with paper surface is highly essential to
control the sizing of paper [1].

Cellulose is hydrophilic with a high surface energy. The porous
structure of paper acts like a sponge in the presence of liquid. The
purpose of the sizing agents is to reduce the surface energy of the
cellulose so that it can have some protection against liquid
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absorption [3, 4]. Commercially, sizing could be done in acidic,
neutral and alkaline conditions. Alkaline sizing has numerous
benefits over acidic sizing, which are already discussed in literature
so much. There are mainly two alkaline sizing chemicals; alkenyl
succinic anhydride (ASA) and alkyl ketene dimer (AKD). Both ASA
and AKD are considered effective and have been used as internal
sizing agents in papermaking for many years [1, 2, 5-9]. The exact
mechanism of these agents is not known clearly with researchers
considering that any chemical bond between cellulose and AKD is
not responsible for paper sizing, and they have raised doubts about
the cellulose reactive mechanism of AKD [3, 10, 11].

Both AKD and ASA have their own positive impacts and limitations
for use as sizing chemicals in papermaking. AKD, a wax based
emulsion having good stability, is shipped as a ready to use
chemical to the paper mills, however ASA, an oil based chemical, is
emulsified on site just before its addition to pulp due to its low
stability as compared with the former [12]. Itis highly required to use
the ASA emulsion within few minutes of its emulsification. Though
AKD is a good sizing agent, it has some drawbacks such as being
wax it causes the slipperiness to the final sheet. Slow reactivity of
AKD can mean that the sheet is unsized by the time it reaches the
size press. Over drying of sheet is required to achieve some curing.
ASAis extremely reactive and will complex with hydroxyl groups on
cellulose, starch and water. High reactivity of ASA molecules
provides some of its major advantages. The sizing takes place on
the machine itself without excessive drying. However, it hydrolyses
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easily in aqueous emulsion to form alkenyl succinic acid, which is
detrimental to sizing[2, 3, 12].

Moreover, the different inorganic fillers; talc, ground calcium
carbonate (GCC) and precipitated calcium carbonate (PCC), are
used in the production of paper. The morphology, ionic nature,
particle size distribution (PSD), specific surface area and shape of
the filler particles affect the sizing characteristics of paper. In
general, filler has a larger surface area than fiber that can consume
more amount of sizing chemicals than the latter. This can ultimately
reduce the hydrophobicity of paper [13]. However, the basic nature
of thefiller particles (hydrophilic/hydrophobic) will have a significant
role in the consumption of sizing chemical and improving
hydrophobicity of paper.

Due to the diversity in the raw material for making paper, the
colloidal charge demand of the pulp furnishes vary which
eventually affect the demand of the wet-end additives and sizing
chemicals [2]. Overdosing of sizing chemicals causes the deposit
problem on the wire part of machine and hence adversely affects
the machine runnability. It is highly desired to optimize the dose of
sizing chemicals to react with fiber and provide the required extent
of sizing to paper. As very little research has been carried outon the
emerging raw materials such as recycled fiber, this study was
devised to understand the behavior of both AKD and ASA sizing
with the recycled fibers in the presence of talc, GCC and PCC
fillers.

Experimental

Materials

The bleached recycled pulp was procured from a pulp and paper
mill in southeast India. The pulp was used as such without refining.
Various wet-end chemicals such as AKD emulsion, ASAoil, cationic
starch, citric acid, cationic fatty acid condensation product (FAC),
cationic polyamine based fixing agent (PFA), poly aluminum
chloride (PAC), talc, GCC, PCC, medium to high molecular weight
cationic polyacrylamide (CPAM) and high molecular weight anionic
polyacrylamide flocculant (APAM) were procured from different
suppliersin India.

Methods

The particle size determination of the AKD/ASA emulsions and
fillers was done using Laser scattering particle size distribution
analyzer (Horiba LA950S2). Talc was first wetted with ethanol
whereas both GCC and PCC were wetted with sodium hexa meta
phosphate and then dispersed with deionized water to make 10%
(w/v) filler slurry for measuring particle size. AMutek particle charge
detector (PCD 03 pH) was used to examine the ionic behavior and
colloidal charge of 10% (w/v) slurry of fillers. A Mutek system zeta
potential meter (SZP 06) was used to determine the charge of fillers
in the form of zeta potential.

Cationic starch of 3% solids (w/v) was cooked at 90+2°C for 30
minutes with continuous agitation. ASA emulsion was prepared at
ambient temperature using a high shear mixer with the addition of
ASA oil gradually to the cationic starch. Ratio of ASA to cationic
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starch was kept as 1:3 for making the ASA emulsion. The pH was
maintained as 3.8-4.0 using citric acid. Distilled water was used for
the preparation of different chemical solutions. The AKD and ASA
emulsions were characterized in terms of pH, colloidal charge and
particle size. For the latter, the emulsions were diluted to 0.5%
solids and slides were prepared to check the particle size under
Image analyzer (Buehler, USA) at 100x magnification. The size of
emulsion particles was determined with the help of software.

The following sequence of addition of different materials in stock
preparation was used for AKD and ASA sizing; 1) For AKD sizing:
pulp (1% consistency), PFA, cationic starch, AKD emulsion, filler,
filtered water (to dilute the pulp slurry to 0.4% consistency) and
retention aid chemical; 2) For ASA sizing: pulp (1% consistency),
FAC, PAC, cationic starch, ASA emulsion, filler, filtered water (to
dilute the pulp slurry to 0.4% consistency) and retention aid
chemical. Paper handsheets of 70 g/m” were prepared with 15%
ash content, and pressing and drying were done as per TAPPI test
method T 218 sp-02.

The cationic charge demand and zeta potential of the papermaking
slurry were measured with Particle charge detector (Mutek PCD 03
pH) and Zeta potential meter (Mutek SZP 06), respectively. The
sheets were conditioned for 24 hours at 23+1°C and 50+2%
relative humidity as per TAPPI test method T 402 sp-98.

The hydrophobicity of paper was measured through Cobb,, and
contact angle tests. The Cobb,, of the handsheets was measured
using Cobb sizing tester as per TAPPI test method T 441 om-98.
The contact angle of the handsheets was measured on Kruss drop
shape analyser (model: DSA 10, Kruss) as per TAPPI test method T
458 cm-94. The DSA 10 measured the dynamic contact angle at 1
second intervals over a total 60 seconds by drawing a tangent at the
contact where the water and the paper surface intersect. The
arithmetic average of all 60 readings of dynamic contact angle
values was also calculated and termed as average contactangle.

Results and Discussion

Characteristics of Input Materials

The "SR of bleached recycled unrefined pulp was 28. Other
physico-chemical and morphological properties are given in
Table 1. The average fiber length, width, coarseness and fines
content of the recycled pulp were 853 um, 19.2 um, 82.3 yg/mand
9.2%, respectively. The cationic charge demand of the pulp was
14.3 peg/L. The ISO brightness, air permeance and Bendtsen

Table 1: Different characteristics of bleached recycled pulp

Particular Value
Average fiber length, pm 853
Average fiber width, um 19.2
Coarseness, pg/m 82.3
Fines (Length weighted), % 9.2
°SR of unrefined pulp 28
Charge demand, peq/L -14.3
Brightness, % ISO 80.2
Air permeance, Gurley s/100mL 5.6
Bendtsen roughness, mL/min 181
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roughness of 70 g/m’ sheets made from the recycled fibers were
80.2%, 5.6 5/100mLand 181 mL/min, respectively.

Among all three fillers used in this study, GCC was pre-dispersed to
around 60% solids (w/v) whereas PCC and talc were collected in
powder form and dispersed in lab with filtered water prior to their
addition to pulp stock. Brightness of PCC was the highest followed
by GCC and talc. All fillers were alkaline in nature. The median
particle size of talc, PCC and GCC was 10.7, 4.8 and 2.8 pm,
respectively. Talc and GCC were anionic whereas PCC was
cationic in nature. The cationic charge demand of GCC and talc
fillers was 1.7 and 3.9 peq/g whereas the anionic charge demand of
PCCfillerwas 6.9 peq/g (Table 2).

Table 2: General characteristics of fillers

Particular Talc GCC ECE
ISO Brightness, % 89.7 94.4 95.8

pH of 5% slurry 10.3 9.3 9.7
Median particle size (laser scattering), pm 10.7 2.8 4.8
Colloidal charge demand, peq/g 1.7 (cationic) | 3.9 (cationic) | 6.9 (anionic)
Zeta potential, mV 267 -195 +159

As shown in Table 3, the solids content of the commercial AKD
emulsion was 20.8% (w/v) whereas the ASA emulsion was
prepared at 1% (w/v) solid in lab. The pH of both the emulsions was
acidic (3.3-3.4). Both the emulsions were cationic; AKD was more
cationic having an anionic charge demand of 460 peq/g against
137 peq/g anionic demand of ASA emulsion. The particle size of
ASAemulsion was little coarser than that of AKD emulsion.

Table 3: General characteristics of AKD and ASA emulsions

Particular AKD ASA
Total solids (w/v), % 20.8 4.0
pH 33 3.4
Anionic charge demand, peq/g 460 137
Particles less than 1 um, % 77 56
Particles less than 2 um, % 100 93

The colloidal as well as surface charge of the pulp stock after
addition of all wet-end chemicals was also measured and given in
Table 4. The cationic charge demand of the pulp stock in ASAsizing
was little higher than that in AKD sizing at the same Cobb,, value
with all fillers. The surface charge of the pulp stock measured in the
form of zeta potential was influenced by the type of the fillers and
sizing chemical. Without filler and with talc filler, the anionic zeta
potential was more in AKD sizing whereas it was more in ASAsizing
with GCC and PCCfillers. The pH of the pulp stock in both AKD and
ASAsizing was maintained atabout 8.

Cobb,,in AKD and ASA ssizing

The sizing chemical increases the hydrophobicity of paper; the
latter increases with increase in the former. Cobb,, values of the
paper handsheets were decreased with an increase in the dose of
sizing chemical (Figures 1-4). Initially at lower dose levels of
AKD/ASA sizing chemical the Cobb,, values were decreased at a
faster rate than at higher dose levels of the former. At lower dose of
emulsions, difference in Cobby, values was more but at higher dose
levelsitwasless.
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Figure 1: Effect of AKD and ASA sizing on hydrophobicity (Cobb,,)
of recycled fiber based paper without using filler

In case of without filler and with talc filler, the trend of Cobb,, values
with increasing dose of sizing chemicals was comparable (Figures
1-2). The Cobby, values were lower in AKD sizing than ASA sizing.
In case of no filler, the required dose of AKD and ASA to achieve 30
Cobb,, value was about 0.88 and 1.37 kg/t, respectively (Figure 1).

80+
—©— AKD

—B- AsSA

20 1 1 1 1 1
0.5 1.0 1.5 2.0 25 3.0

Dose, kg/t

Figure 2: Effect of AKD and ASA sizing on hydrophobicity (Cobb,,)
of recycled fiber based paper with talc filler

Table 4: Characteristics of pulp stock for AKD and ASA sizing for getting 30 g/m’ Cobby, value of paper

. No filler Talc GCC PCC
Particular
AKD ASA AKD ASA AKD ASA AKD ASA
Cationic charge demand, peq/L 10.2 13.3 9.2 11.6 8.2 11.4 8.4 9.4
Conductivity, mS 0.482 0.365 0.482 0.375 0.481 0.392 0.484 0.389
Zeta potential, mV -24.1 -12.3 -23.9 -19.9 -18.8 -19.1 -23.8 -25.6
pH 8.0 8.0 8.0 8.1 8.0 8.0 8.0 8.1
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In case of talc filler, the requirement of dose was slightly reduced to
0.86 and 1.26 kg/t, respectively (Figure 2).

As shown in Figure 3, with GCC filler the requirement of both AKD
and ASAemulsions was higher than that with talc filler for getting the
same Cobb,, value. The dose of AKD and ASA required to get about
30 Cobb,, value was increased to about 1.94 and 1.62 kgft,
respectively. In case of GCC filler, it was interestingly observed that
the requirement of AKD was more than that of ASA which was just
opposite to the case of without filler and talc filler. These results
indicated that ASA sizing is more suitable for GCC filler than AKD

filler in the furnish. Increased loading levels of inorganic fillers are
therefore associated with negative effects on sizing efficiency of the
filled sheets and increased demand for sizing agents [3, 15].

ContactAnglein AKD and ASA sizing

The importance of contact angle in the papermaking has already
been discussed by the different authors earlier [1-3]. In the Figures
5-8, the average contact angle of the water droplet with paper
measured over the period of 1 to 60 seconds has been presented
against dose of AKD/ASA emulsion. As expected, the contact angle
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Figure 3: Effect of AKD and ASA sizing on hydrophobicity (Cobb,,)
of recycled fiber based paper with GCC filler

Figure 5: Effect of AKD and ASA sizing on hydrophobicity (contact angle)
of recycled fiber based paper without using filler
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Figure 4: Effect of AKD and ASA sizing on hydrophobicity (Cobb,,)
of recycled fiber based paper with PCC filler

sizing for getting same Cobby, value of paper. The similar results
were also seen with PCC filler, however the dose of both AKD and
ASA further increased to about 2.43 and 1.90 kg/t, respectively
(Figure 4).

Fillers, having a larger surface area than fibers, consume the sizing
agent and in addition they cannot be sized because reactive sizing
chemicals do not react with them. This can ultimately reduce the
hydrophobicity of paper, however this effect depends on the filler,
with talc possibly helping the sizing effect due to its own natural
hydrophobicity [3, 14]. It is believed that the sizing agents may be
lost or rendered ineffective from furnish due to a disproportionate
fraction of a sizing agent being absorbed on the high surface area
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Figure 6: Effect of AKD and ASA sizing on hydrophobicity (contact
angle) of recycled fiber based paper with talc filler

of paper was increased with increase in the dose of sizing
chemicals. As shown in Figure 5, the dose of both AKD and ASA
emulsions required to get about 105° contact angle was comparable
(1.04-1.10 kg/t). The similar trend was observed with talc filler
where the requirement of AKD/ASA was about 1.0 kg/t (Figure 6).
The similar results were shown by Ashish et al. [2]; incorporation of
talc filler in pulp had no impact on the contact angle of paper. The
contactangle was same in both the casesi.e. pulps withoutfiller and
with talcfiller.

The above trend of contact angle was changed with the

incorporation of both calcium carbonate fillers in paper. With GCC
filler to get about 105° contact angle, the dose of ASA was
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Figure 7: Effect of AKD and ASA sizing on hydrophobicity (contact
angle) of recycled fiber based paper with GCC filler
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Figure 8: Effect of AKD and ASA sizing on hydrophobicity (contact
angle) of recycled fiber based paper with PCC filler

comparable to that of talc filler (1.04 kg/t) whereas that of AKD was
significantly increased to about 1.99 kg/t (Figure 7). The highest
AKD/ASAemulsion dose requirement was with PCC filleramong all
fillers used (Figure 8). For ASA it was 1.28 kg/t whereas for AKD it
was 2.45 kglt. PCC filler required about 23% higher dose of sizing
chemicals as compared with GCC to get about 105° contact angle.
Earlier it has been shown that the agro residue based pulp provides
comparatively lower values of contact angle than that in recycled
pulp in ASA sizing. Moreover, the contact angles were stable with
respecttotime[2].
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Figure 9: Cobb, vs. contact angle relationship of recycled fiber
based paper following AKD and ASA sizing without using filler
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Figure 10: Cobb,, vs. contact angle relationship of recycled fiber
based paper following AKD and ASA sizing with talc filler

Cobb,, vs. Contact Angle Behavior in AKD and ASA
Sizing

In order to make the paper with desired hydrophobicity depending
upon the printing process, the analysis of Cobby, vs. contact angle
behavior with different fillers is an important practice to perform. It
has been shown earlier that the contact angles of paper made from
recycled fibers are reasonably good in ASA sizing. The contact
angle of 100° could be achieved at the Cobby, value of 45 g/m’ or
higher with recycled pulp in ASA sizing [2]. The present results
showed the similar trend of Cobb,, vs. contact angle behavior. As
shown in Figure 9, when no filler was used, this behavior was better
in ASA sizing than AKD sizing. The contact angle of about 105°
could be achieved at the Cobb,, value of 25 and 46 g/m*in AKD and
ASAsizing, respectively from the sheets made from recycled fibers
only (Table 5). This showed that in ASA sizing, the paper could be
manufactured with comparatively higher Cobby, values which will
reduce the sizing chemical cost. In case of talc filler, this much of
contact angle value could be achieved at the Cobb,, value of 25 and
38 g/m’in AKD and ASA sizing, respectively (Figure 10, Table 5). In
case of both GCC and PCC fillers, 105° contact angle could be
achieved at the Cobb,, value of 48 g/m” in ASA sizing which was

1207
—6— AKD
8- ASA
1107
o
@
2100+
©
5
8
c
890 -
80 1 1 1 1 1 1
20 30 40 50 60 70 80

Cobb,, g/m’

Figure 11: Cobbs, vs. contact angle relationship of recycled fiber
based paper following AKD and ASA sizing with GCC filler
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Figure 12: Cobb,, vs. contact angle relationship of recycled fiber
based paper following AKD and ASA sizing with PCC filler

Table 5: Cobb,, values of paper at 100 and 105° contact angles
with different fillers and sizing chemicals

. Contact angle, 100 Contact angle, 105
Particular 0 ASA AKD ASA
No filler 35 55 25 46
Talc 35 47 25 38
GCC 33 57 28 48
PCC 44 54 28 48

comparable to the results of no filler, however in AKD sizing 28 g/m’
Cobb,, value was required for the same (Figures 11-12). Sharma et
al. [2] showed that the type of filler (talc, GCC and PCC) had no
effect on Cobb,, vs. contact angle behavior and provided more or
less same trend with all fillers.

The similar trend of Cobb,, values could also be observed for 100°
contact angle (Table 5). It was observed that in AKD sizing this
much of contact angle could be achieved at about 33-35 g/m’
Cobb,, value for the cases of no filler, with talc and GCC filler
whereas in case of PCC filler, comparatively higher Cobb,, value
(44 g/m’) will give the same contact angle. In ASA sizing, again the
requirement of Cobby, value was higher than that in AKD sizing for
achieving the 100° contact angle in paper. In ASA sizing, the
requirement of Cobb,, value was about 54-57 g/m’ for the cases of
no filler, with GCC and PCC filler whereas in case of talc filler,
comparatively lower Cobb,, value (44 g/m’) will give the same
contact angle, similar to the case of 105° contact angle. As shown in
Figures 9-12, the Cobb,, vs. contact angle behavior of recycled pulp
was better with ASA sizing than AKD sizing. The paper with
comparatively much higher Cobb,, value may be prepared in ASA
sizing for getting a good contact angle whereas in AKD sizing, little
hard size paper needs to be prepared for the same. It will increase
the dose requirement of AKD emulsion.

Conclusion

The alkaline sizing agents; AKD and ASA, provide dissimilar
hydrophobciity in paper. The type of filler added to pulp viz. talc,
GCC and PCC had substantial effect on hydrophobicity of paper.
For recycled pulp, AKD sizing was found suitable with talc filler
whereas ASA sizing was more suitable with GCC and PCC fillers.
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For all fillers, the contact angles of the sheets following ASA sizing
were higher than those obtained by following AKD sizing. The
Cobb,, vs. contact angle behavior of recycled pulp was also found
better following ASA sizing as the contact angle of 105° could be
achieved at the Cobb,, values of 38-48 g/m’ as against 25-28 g/m’
following AKD sizing. The type of filler had no impact on Cobb,, vs.
contactangle behavior of paper made from recycled fibers.
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