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Abstract

Binder is an important ingredient in pigment coating as it is used to impart adhesion, gloss and
flexibility to the dried film as well as binding the pigment particles together. The aim of this work
was to synthesize polymeric binders via radical copolymerization of acrylic acid (AA) with maleic
anhydride (MA) and with 2-acrylamido-2-methyl-1-propane sulfonic acid (AMPS). The chemical
structures of the prepared binders were characterized by FTIR and tHNMR analysis. The rheology
of the prepared binders was also investigated. The prepared binders were applied in paper coat-
ing suspensions and their effects on optical, mechanical, and physical properties in addition to
printability of the coated paper were studied. The results showed that acrylic maleic anhydride
copolymers increased the adhesion, gave good film forming properties and good surface activity
which increased print quality of paper coating. It was also found that MA/AA (50:50) and the blend
between MA/AA (50:50) with AMPS:AA (30:70) have more suitable coating film properties and
have highest pick resistance which is resemble to the commercial binder.
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1. Introduction

Pigment coatings are applied to paper to improve the appearance, printing qualities and other properties of paper
[1]. Pigment coating covers the fibers of paper surface and fills in the interstices on the surface and renders the
paper more level and uniform in texture. The coat layer reduces the penetration of ink into the paper sheet.
Therefore, the ink does not spread as much and the print image is clear and sharp. The print density and the print
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gloss are enhanced, and the ink demand is reduced compared to uncoated papers [2]-[4].

Coating mixture consists primarily of pigments dispersed in water, plus binders, cobinders and other additives
[5]-[7]. The pigment content of the coating composition provides the desirable qualities of the coating [8] [9].
Binder is added to bind pigment particles to paper, bind pigment to each other and to fill voids between pigment
particles so that the coating layer will not be removed by pull of printing ink during the printing operation [10].
Binders are desired to meet various requirements such as good binding power, mixed and dissolved easily in
water, good chemical and mechanical properties and harmless to health [11]. There is no synthetic binder which
could meet all requirements of good binder so it is often need co-binder to adjust the rheology and water reten-
tion to the required level [12]. Acrylic binders have found significant uses in the field of paper coating for clear
grease-resistant coating, excellent mixture quality, resistance to oil and solvent and permanent flexibility. Addi-
tionally, acrylate dispersions have an excellent brightness and ageing resistance and are less odorous [13]. Co-
polymers of maleic compounds with ethylenically unsaturated monomers such as the copolymer of styrene,
vinyl esters, vinyl ethers, vinyl halides, acrylonitrile acrylic acid, methacrylic acid and esters with maleic anhy-
dride have been known for some time. The majority of these copolymers are based on maleic anhydride and the
polymerization is carried out in organic solvent systems and in few times in aqueous media. It has many inter-
esting characteristics such as high thermal stability, tuneable solubility, and good film forming properties [14]
[15]. Acrylic polymer makes co-polymer with maleic anhydride which shows a small tendency for radical ho-
mo-polymerization [16], but readily reacts with olefins, dienes, ethers and aromatic compounds to give alternat-
ing copolymers [17] [18].

This work aims to prepare paper coating binders based on copolymerization between different ratio of a water
soluble maleic anhydride with acrylic acid (MA/AA) and copolymerization of acrylic acid with 2-Acrylamido-
2-Methylpropane Sulfonic Acid (AMPS/AA).

The effect of these various types of binder on coated paper properties as optical, mechanical and physical
properties were studied and then were compared with commercial binder Acronal S 360D.

2. Experimental
2.1. Materials

The Acrylic acid, maleic anhydride, benzoyl peroxide, and 2-acrylamido-2-methylpropane sulfonic acid (AMPS)
were obtained from Aldrich Chemical Co., (Germany).

Commercial binder (Acronal S 360D, BASF), china clay pigment (Rakta company) and sodium hexameta-
phosphate dispersant (99%, fine chemical company) were used for preparation of coating mixture.

2.2. Copolymers Preparation

2.2.1. Preparation of Acrylic Acid/Maleic Anhydride Copolymer (MA/AA)

A four-neck 500 ml round bottom flask, equipped with reflux condenser, thermometer, nitrogen inlet, mechani-
cal stirrer and constant-addition syringe drive pump, was charged with 255 g acetone, 1 mol of maleic anhydride
(50 mol%) and 0.85 g benzoyl peroxide. The flask was purged with dry nitrogen while the resulting solution was
heated under agitation to reflux (about 90°C), the system being maintained thereafter under a static nitrogen
pressure. The continuous addition of 1 mol (50 mol%) of acrylic acid to the solution was started once the solu-
tion temperature reached 90°C. The acid addition continuing is over a period of 3 hours. The polymerization so-
lution was refluxed for 3 hours following completion of the acrylic acid addition. Then the resulting mixture was
distilled atmospherically to remove the acetone solvent to produce an aqueous solution of hydrolyzed copolymer.
The polymerization process was pronounced at different ratios of maleic anhydride: acrylic acid (90:10, 70:30,
50:50, 30:70, and 10:90) and another trial at (2:1 mole; and 1:2 mole) to obtain a homogeneous hydrolyzed
acrylate maleate copolymers with various maleic acrylic ratios.

2.2.2. Preparation of Acrylic Acid-2-Acrylamido-2-Methylpropane Sulfonic Acid Copolymer
(AMPS/AA)

A 3-neck 500 ml round bottom flask, equipped with reflux condenser, thermometer, nitrogen inlet, mechanical

stirrer, was charged with 1 mole (50%) AMPS, 1 mole (50%) acrylic acid and 25% distilled water. The flask

was purged with dry nitrogen while the resulting solution was heated under agitation to reflux (about 60°C) the
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system being maintained thereafter under a static nitrogen pressure. The continuous addition of initiator (0.1%)
potassium peroxide dissolved in 10 ml distilled water to the solution was started once the solution temperature
reached 60°C, the initiator addition continuing over a period of 2 hours. The polymerization solution was ref-
luxed for 2 hours following completion of the initiator addition to produce a colorless or light yellow liquid co-
polymer, the polymerization process was pronounced at different ratios of AMPS: acrylic acid: (20:80, 30:70,
50:50, 60:40, and 90:10).

2.3. Copolymers Characterization

The prepared polymers were investigated by various analysis tools such as "H-NMR. The spectra of the prepared
polymers were recorded on a 500 MHz using JEOL-ECA-500, Japan spectrometer while, infrared were deter-
mined with FTIR (KBR) JASCO, Japan, model 6100, also the rheological properties of the polymers were stu-
died by using ERV-8 viscometer, UK Ltd.

2.4. Preparation of Paper Coating Suspensions

The basic coating formula used in this study, was a typical standard coating mixture consisted of 100 pph (pph =
part per 100 parts of dry pigment) china clay pigment and 10 pph binder.

The clay was dispersed in distilled water in the presence of 0.3 pph sodium hexametaphosphate at a solids
content of 50% and a pH of 8.5. The solids content was adjusted to 40% after addition of binder then the pH was
adjusted to 8 using a 1 M NaOH solution.

The copolymers which were successfully applied to coating suspension are shown in Table 1.

2.5. Preparation of Coated Paper Samples

A K-bar semiautomatic coater was used for applying the coating mixtures. A wire-wound coating bar was cho-
sen to give a 6 um thick wet film. Paper samples to be coated were cut to overall dimensions of 200 x 300 mm?.
All paper sheets were supercalendered at 80°C and a pressure of 90 bars for 20 minutes.

2.6. Coated Paper Characterization

The properties of coated papers were evaluated using standard testing for physical, optical and mechanical
properties. The paper surface roughness (Bendtsen Tester, model K531, Messmer Bunchel) was measured in
accordance with 1SO 8791-2. The optical properties (i.e. brightness) were measured using (Brightness and Co-
lourmeter instrument, model 68-59-00-002, Buchel-B.V, Netherlands) in accordance with 1SO 2470-1 (2009)
and the paper gloss was measured by Micro Glossmeter, measurement at angle 75°. Where The tensile strength
and burst strength were determined using T-series; model H5KT, Tinius Olsen Ltd, at 1KN according to 1SO
1924-2 standard and burst tester; model BT-10 TIS Techlab Systems, according to 1SO 2758-3(2009), respec-
tively.

Table 1. The commercial and prepared binders used in preparation of coated paper.

Binder Mol ratio
Commercial binder Acronal S 360R
Maleic anhydride : Acrylic acid 90:10
Maleic anhydride : Acrylic acid 70:30
Maleic anhydride : Acrylic acid 50:50
Maleic anhydride : Acrylic acid 30:70
Maleic anhydride : Acrylic acid 10:90
Maleic anhydride : Acrylic acid 2:1
Maleic anhydride : Acrylic acid 1:2
Blend (MA/AA 50:50 : AMPS/AA 30:70) 50:50
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2.7. Printing Process

For offset printing, the IGT printability tester, model AIC 2-5 series w, Reprotest B.V, Amsterdam, Holland re-
porting 1SO 2834-1(2006) was used. Paper specimens of various coated papers were prepared in strips of 6 x 30
cm by using a laboratory paper cutter. An offset ink supplied by Paints and Chemical Industries Company
(Packin) was used.

3. Results and Discussion
3.1. Binder Characterizations

3.1.1. Copolymerization of MA/AA

In the present study, the high conversion copolymerization of MA and AA was carried out using solution radical
copolymerization as represented in the experimental section. The structure of MA/AA copolymers is confirmed
by IR and 'H NMR spectroscopy. IR spectra of MA/AA copolymers having different compositions were
represented in (Figure 1). "HNMR spectra of MA/AA copolymers were illustrated in (Figure 2). IR spectra of
MAV/AA copolymers show strong absorption peak at 3500 - 2800 cm * indicates the presence of carboxylic acid
groups which confirms the presence of AA in the produced copolymers. The presence of two absorption peaks
at 1810 and 1770 cm ™%, assigned for the carbonyl of the anhydride group, confirms the presence of MA in the
structure of the produced copolymers. The appearance of these bands indicates that the anhydride groups were
not hydrolyzed during the copolymerization of AA with MA [19]. It was also observed that, the absorption
bands at 3100 and 1600 cm *, assigned to =CH and C=C, disappeared in all spectra of MA/AA copolymers and
confirm the complete polymerization of AA and MA monomers. *HNMR analysis is used to confirm the copo-
lymerization of AA and MA as illustrated in Figure 2. This was estimated through the disappearance of HC=CH
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Figure 1. FTIR spectra of linear MA/AA copolymers (a) 10/90, (b) 30/70, (c) 50/50 and (d) 90/10.
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Figure 2. 'HNMR analysis of MA/AA copolymers.

and H,C=CH peaks at 6.7 and 4.5 ppm of MA and AA, respectively [20]. The appearance of the carboxyl proton
-COOH at 13.3 ppm indicated the copolymerization of AA monomer. The peaks at 1.5 - 2.6 ppm and 4.2 ppm
were assigned to backbone methylene and CH protons MA and AA, respectively.

3.1.2. Copolymerization of AMPS/AA

The chemical structure of AMPS/AA was evaluated by IR and *H NMR analyses. The IR spectra of AMPS/AA
were represented in (Figure 3). The ‘HNMR spectra of AMPS/AA copolymer were illustrated in (Figure 4).
The appearance of the absorption pattern of AMPS/AA between 3500 and 2800 cm * indicates the presence of
extensive inter and intra-hydrogen bonds between hydroxyl groups and hydrogen protons of both the COOH and
SO;H of AMPS/AA copolymers. The disappearance of strong absorption bands at 3100 and 1640 cm * which
noted in all spectra indicated the polymerization of AMPS and AA monomers. These peaks are referred to
stretching of C-H vinyl and C=C bonds of vinyl groups of both AMPS and AA. The bands of the stretching of
S-O at 910 cm™ and the symmetric S=O stretching at 1043 cm*, are observed and indicate the presence of
SOsH of AMPS in the structure of AMPS/AA copolymers. Furthermore, the band at 1400 cm™ (asymmetric
S=0 stretching) indicates the presence of SOsH. The copolymerization of AMPS with AA was elucidated by *H
NMR analysis (Figure 4). The appearances of new signals at 13.3 ppm and 8.6 ppm, which represent both
COOH and SO3H, respectively, indicate the incorporation of both AMPS and AA in the produced polymers. The
signals at 1.5 - 2.6 ppm and 4.2 ppm were assigned to backbone methylene and CH protons (COOH and SOsH),
respectively. The disappearance of signals from 4.5 to 5.5 ppm, represented H,C=CH vinyl groups of both AA
and AMPS indicated also the polymerization of both AMPS and AA monomers.

3.2. Rheology Measurements

The rheology of various types of the prepared binders represented in Figure 5 and Figure 6, show a decrease in
viscosity as the shear rate was increased. Accordingly, it was found that all the prepared binders are thinning
polymers (a thixotropic material) which become more fluid with increasing time of applied force or increasing
the shear rate. A regular decrease in commercial polymer (Acronal) viscosity as the shear rate increased, was
found where MA:AA (50:50), MA:AA (1:2) and AMPS/AA (30:70) binders respectively, have the least thin-
ning effect comparing with this type commercial binder. This means that a high network structure is created
within the polymer molecules. Figure 5 also shows that MA:AA (90:10), MA:AA (70:30), MA:AA (30:70),
MA:AA (10:90), and MA:AA (2:1) polymers respectively, have a high decrease in viscosity as the shear rate in-

creased compared with MA:AA (50:50).
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Figure 3. FTIR spectrum of linear AMPS/AA (30/70) copolymers.
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Figure 4. 'HNMR spectrum of AMPS/AA copolymer.

3.3. Effect of Different Binders on Coated Paper Properties

During this work, two approaches were taken in preparation of coating binders: copolymerization of various ra-
tio of acrylic acid with AMPS and copolymerization of acrylic acid with maleic anhydride.

The copolymers of AMPS with acrylic (20:80, 30:70, 50:50, 60:40, and 90:10) did not show any adhesion
when applied in pigment suspension. The copolymers of acrylic with maleic anhydride showed adhesion of
pigment together and adhesion to the base paper at different degree depending on the maleic: acrylic ratio.
Another trial of mixing of the prepared copolymers of AMPS: acrylic acid and maleic anhydride: acrylic acid
were carried out only the mixture of (AMPS: acrylic acid: 30%:70%) with (maleic anhydride: acrylic acid
50%:50%) which showed a degree of adhesion to the pigment particles and to the base paper. The applicable
copolymers are illustrated in Table 1.

The effect of various binders on coated paper roughness at top side before and after calendering is represented
in Table 2. The results show that coated paper containing MA:AA 50:50 binder has the lowest roughness com-
pared to the other prepared binders and commercial binder, where paper roughness slightly increased upon using
MA:AA (90:10), MA:AA (10:90), MA:AA (70:30) and MA:AA (30:70) binders. The blend between MA:AA
and AMPS binders shows the highest roughness for coated paper. After calendering the roughness highly de-
creased in all samples as shown in Table 2. Coated paper having MA:AA (50:50) binder is still smoother than
others samples even the commercial one (Acronal), where the blend binder still has more roughness.

A possible explanation is that, in uncalendered paper, the clay platelets are oriented rather randomly. On ap-
plying calendering under pressure, the clay platelets are pressed into the coating, squeezing out the binder poly-
mer, which flows sideways filling adjacent depressions. As a result the micro roughness of the coated surface is

reduced [21].
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viscosty Vs Shear rate For Maleic Anhydride-Acrylic acid 30:70
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Figure 5. Viscosity vs. shear rate of Maleic Anhydride-Acrylic Acid.
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viscosty Vs Shear rate For AMPS-Acrylicacid 30:70
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Figure 6. Viscosity vs. shear rate of AMPS-Acrylic Acid.

Table 2. Effect of various binders on coated paper properties before and after calendaring.

Roughness ml/min . Gloss® Tensile Burst
Binder designation Before After Brlgg}sness Before After strength ~ strength
calendaring  calendaring calendaring  calendaring N/m Kpa
Acronal S 360D 128 69 81.2 12.5 14.8 5.04 228.47
MA:AA 90%:10% 128 87 81.3 73 9.2 48 217.38
MA:AA 70%:30% 147 76 81.1 6.7 8.6 4.7 218.56
MA:AA 50%:50% 114 68 81.3 8.2 125 5.2 2314
MA:AA 30%:70% 153 94 815 55 6.8 4.9 228.55
MA:AA 10%:90% 133 85 81.8 4.9 6.1 4.68 231.16
MA:AA 2:1 120 83 81.1 9.4 10.1 4.8 223.16
MA:AA 1:2 174 71 81.6 7.3 115 5.16 239.51
Blend 191 117 82.2 45 5.9 4.88 209.43
(MAJ/AA 50:50 + AMPS/AA 30:70)

The effect of various binders on coated paper brightness is shown in Table 2. The results show that the pre-
pared binders gave coated paper brightness higher than the commercial one, where MA:AA + AMPS:AA blend
shows the highest brightness, as blending the two binders led to lowering the carboxyl content in the binder
which changes its chemical structure. Decreasing the maleic anhydride ratio in the prepared polymers led to a
decrease in carboxyl content in the final polymer, which consequently increased the coated paper brightness,
This is confirmed from the results of the two samples MA:AA (1:2) and MA:AA (2:1). There is a significant
negative correlation between the carboxyl content and the degree of brightness [22].

The effect of various binders on coated paper gloss at top side before and after calendaring is also shown in
Table 2. Gloss is differently affected by the presence of different binders. The greatest gloss value was obtained
with coated paper containing the commercial binder (Acronal S 360D). MA:AA 50:50 binder has the highest
gloss value of the prepared binders where AMPS/AA blend binder has the lowest gloss. The improvement of
some samples gloss is correlated with the surface roughness. It has been shown that gloss is predominantly go-
verned by the surface texture of the paper [21]. Reducing the roughness of the coated surface leads to an in-
crease in gloss. This is consistent with the equation that relates specular gloss to surface roughness.

In gloss o —(4no cos /1)

where:

a is a surface roughness parameter defined as the standards deviation of the surface roughness from the mean
plane of the surface;

@is the angle of incident light;

A is the wavelength of the incident light.
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Also the effect of various binders on coated paper tensile strength of machine direction (MD) and burst
strength is shown in Table 2. The results indicated that MA:AA 50:50 and MA:AA 1:2 binders show a high ten-
sile strength more the commercial binder and higher than the other binders. The high tensile and burst strength
of these binders may be due to these types of binder show higher network structure than other binders as shown
in Figure 5 and Figure 6 which also enhance the adhesion between the coat layer and the base paper.

3.4. Effect of Different Binders on Print Quality of Coated Paper

Table 3 shows the effect of different binders on print density of coated paper. Coated paper containing MA:AA
50:50 hinder has the highest print density like that the coated paper containing the commercial binder Acronal S
360D but that containing MA:AA 90%:10% and the blend have lower print density values than them. The
coated paper containing MA:AA 70:30, MA:AA 70:30 and MA:AA 10:90 have the lowest print density. Coated
papers having both Acronal S 360D and MA:AA 50:50 showed the lowest roughness of all prepared coated pa-
pers having the others binders. This process of smoothing the paper surface improves (increases) the potential
area of contact between the ink film and the paper surface. This effectively increases the amount of ink trans-
ferred to the paper, and consequently the concentration of pigment on the surface [23] [24].

The effect of different binders on print gloss of coated paper is illustrated in Table 3. The print gloss of
coated paper containing Acronal S 360D has the highest print gloss this may be due to increase the amount of
ink transferred which leads to increasing the print gloss. MA:AA 50:50 has the higher print gloss than the other
prepared binders where the blend MA:AA + AMPS has the lower print gloss than the others. These results are in
accordance with the results of measuring coated paper gloss and roughness. Low print gloss is an indication of a
rough print surface, and this often means that the print density is also low, resulting in a poor image and poor
colour reproduction [25].

3.5. Photomacrography

The macrographs of printed coated papers have different binders at different magnification (4%, 10x) are shown
in Figures 7 to 18.

Figure 7 is photomacrograph of offset prints on paper coated with clay coating mixture of commercial binder.
It is shown a uniform printed surface with good distribution of ink without any picking up of coated surface.
This can explain the higher print density of this coated paper samples and the high mechanical properties. This
type of binder shows good adhesion properties to clay pigments together and with the base paper.

Comparing with the prepared binders, it is shown that MA/AA 50:50, MA/AA 2:1, and the blend MA/AA +
AMPS/AA binders gave high good adhesion properties and homogeneous distribution of ink without any pick-
ing as shown in Figure 11, Figure 12, Figure 16, Figure 17 and Figure 18 respectively. Where upon using
MA/AA 90:10 and MAJAA 30:70, (Figure 8 and Figure 13) it is shown that some the coat layers are removed
and the greatest effect is shown for MA/AA 70:30, 10:90 binders (Figure 9, Figure 10 and Figure 14).

Table 3. Effect of various binders on printed coated paper properties.

Binder designations Print Gloss® Print Density %
Acronal S 360D 19.8 0.68
MA:AA 90:10 10 0.52
MA:AA 70:30 7 0.36
MA:AA 50:50 10.6 0.68
MA:AA 30:70 6.8 0.35
MA:AA 10:90 6.7 0.34
MA:AA 2:1 11.8 0.45
MA:AA 1:2 9.8 0.53
Blend (MA/AA 50:50 + AMPS/AA 30:70) 6.1 0.59
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Figure 7. Photomacrograph of offset prints on paper coated
with clay coating mixture containing commercial binder. At
Magnification ~4x.

Figure 8. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 90:10 binder.
At Magnification ~4X.

Figure 9. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 70:30 binder.
At Magnification ~4X.

Figure 10. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 70:30 binder
At Magnification ~10x.
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Figure 11. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 50:50 binder.
At Magnification ~4X.

Figure 12. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 50:50 binder.
At Magnification ~10x.

Figure 13. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 30:70 binder.
At Magnification ~4X.

Figure 14. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 10:90 binder
At Magnification ~4X.

(=)
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Figure 15. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 1:2 binder. At
Magnification ~4Xx.

Figure 16. Photomacrograph of offset prints on paper coated
with clay coating mixture containing MA/AA 2:1 binder. At
Magnification ~4X.

Figure 17. Photomacrograph of offset prints on paper coated
with clay coating mixture containing (MA/AA + AMPS/AA)
blend binder. At Magnification ~4x.

Figure 18. Photomacrograph of offset prints on paper coated
with clay coating mixture containing (MA/AA+AMPS/AA)
blend binder. At Magnification ~10x.

(=)
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4. Conclusions

The following conclusions can be withdrawn from the previous results in the following points:

e The results revealed that the polymerization between water soluble maleic anhydride acrylic acid with dif-
ferent maleic anhydride ratios and the blend have a good effect on paper coating which improve the optical
properties such as brightness and gloss.

MA/AA 50:50 binder shows higher mechanical properties than the other prepared binders, in addition it has

lower roughness and high print density.

As the maleic anhydrides ratio increased the pick resistance of the coated paper decreased.

MA/AA 50:50, MA/AA 2:1 and the blend binders have more suitable coating film properties and have the
most pick resistance as the commercial binder Acronal S 360D.
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