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Effects of Pigment Blending and Thickener
Characteristics on Calendering Response and
Structure of Coated Paper
- Effect of Pigment Blending on Coating Properties -

Chong-Yawl Park™, Hak Lae Lee™, Byeong-Soo Kim* and Hyun-Chae Jung*

ABSTRACT

The aim of this work was to investigate the effects of pigment composition on the calender-
ing response and structure of the coated paper. Calendering response of the coated paper was
determined from the gloss values of the uncalendered and calendered coated papers, and the
relationship between gloss and coating structure was discussed.

The surface and cross section of the coating layer was observed using a scanning electron
microscope to examine the coating structure. Coating layers were hardened in epoxy resin
and polished with carbimet paper disc for preparing SEM samples.

Maximum calendering response was obtained for the coated paper prepared from 80pph of
clay and 20pph of ground calcium carbonate (GCC) as pigments. Photomicrographs of the
surface and cross section of the coating layer show that clay tends to form dense coating struc-
ture, while GCC tends to form bulky coating layer.
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Table 1. Basic properties of pigments

Pigment
Properties Clay GCC
Particle size Avg. (um) 3.39 1.25
distribution < 2wm(%) 78.12 85.76

Specific surface area(m?/g) 2.55 2.91
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Table 2. Properties of latex

Total solids content(%) 50
Gel content(%) 78
Tg(TC) 14

Particle size(um) 0.29




64 %34 - ol%

Volume(%)

20 /{ 100
90
aco / | clay

80

70
60
10 50

'\ 40

30

20

10
I | N
0
0.1 1.0 10.0 100.0 0
Volume(%)

Fig. 1. Particle analysis of pigments,
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Table 3. Pigment blend composition

Items F1 F2 F3 F4 F5 F6

Clay(pph) 100 80 60 40 20 0
CaCOs(pph) 0 20 40 60 80 100
Latex(pph) 12 12 12 12 12 12
TSC(%) 65 65 65 65 65 65
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Fig. 2. Particle analysis of latex,
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a: Length of coating color on the com-
mercial plain paper

b: Length of coating color on the com-
mercial coated paper
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Table 4. Effect of pigment blends on the rheological properties of coating color

Items F1 F2 F3 F4 5 F6
Low shear viscosity(cPs) 10rpm 2280 2940 3840 4080 4140 3780
60rpm 610 900 1090 1140 1100 1110
100rpm 450 624 708 792 750 768
High shear viscosity(cPs) 2200rpm 17.36 31.25 6.95 22.57 17.10 15.63
Torque 0.574 0.895 0.209 0.652 0.489 0.415
4400rpm 25.17 39.93 13.02 23.44 18.23 14.76
Torque 1.504 2.327 0.739 1.322 0.996 0.833
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Fig. 3. Relationship between shear rate and
low shear viscosity according to pig-
ment blends.
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Table 5. Effect of pigment blends on the water retention of coating color

Coating color formulation F1

F3 F4 F5 F6

WRG™(g/m? 184.7
WRI%(k) 0.77

192.8 195.6 197.3 210.8 186.3
0.62 0.58 0.55 0.45 0.47

*1: Water Retention by AA-GWR
*2: Water Retention by IGT (constant)
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Fig. 5. Relationship between pigment blends

and grammage water retention.
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Fig. 7. Effect of pigment blends and drying
temperature on the roughness of coat-
ed paper.
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Fig. 8. Effect of pigment blends and drying
temperature on the paper gloss.

Table 6. Effect of pigment blends on the properties of uncalendered coated paper dried at room

temperature
Items F1 F2 F3 F4 F5 F6
Basis weight(g/m?) 103.3 107.2 104.0 106.6 107.2 109.0
Thickness(um) 116 116 115 113 111 111
Smoothness(sec) 69 62.5 109 123 112 89
PPS roughness(um) 4.06 3.62 3.61 3.60 3.48 3.57
Whiteness(%) 76.99 78.46 80.11 81.54 83.15 85.22
Brightness(%) 82.33 8§2.91 83.75 84.50 85.37 86.17
Paper gloss(%) 58.3 53.0 50.7 46.5 39.3 30.8
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Table 7. Effect of pigment blends on the properties of calendered coated paper dried at room

temperature

Items K1 F2 F3 F4 F5 F6

Basis weight(g/m?) 105.8 107.1 107.5 107.5 107.1 108.8
Thickness(um) 90 88 89 88 88 90
Smoothness(sec) 1338 1463 1454 1313 943 633
PPS roughness(um) 1.37 1.35 1.29 1.31 1.42 1.56
Whiteness(%) 74.31 76.22 78.10 79.95 81.97 84.63
Brightness(%) 81.35 81.68 82.65 83.67 84.92 86.20
Paper gloss(%) 81.2 80.2 78.3 75.3 69.4 60.0

Table 8. Effect of pigment blends on the properties of uncalendered coated paper dried at 105C

Items F1 F2 F3 F4 F5 F6

Basis weight(g/m?) 103.6 106.6 106.4 107.5 106.5 108.4
Thickness{um) 107 100 106 106 106 106
Smoothness(sec) 50 56 92 121 112 97
PPS roughness(um) 4.05 4,02 3.77 3.45 3.49 3.76
Whiteness(%) 82.6 77.95 79.34 80.95 82.47 84.70
Brightness(%) 82.60 83.10 83.89 84.64 85.56 86.45
Paper gloss(%) 57.1 54 .4 50.7 45.5 38.0 30.0

Table 9. Effect of pigment blends on the properties of calendered coated paper dried at 105C

Items F1 F2 F3 F4 F5 F6
Basis weight(g/m?) 105.2 106.9 107.1 107.3 107.7 108.1
Thickness{um) 92 94 93 93 93 91
Smoothness(sec) 950 950 1042 1050 858 676
PPS roughness(um) 1.58 1.56 1.51 1.53 1.57 1.64
Whiteness(%) 76.10 77.98 79.64 81.26 83.05 85.50
Brightness(%) 81.60 82.23 83.18 84.40 85.07 86.41
Paper gloss(%) 79.9 79.0 76.7 72.3 66.6 57.1
blue 82.8 81.4 83.9 86.1 88.3 88.4
Print gloss(%) red 91.3 90.2 93.0 94.2 96.6 97.9
black 89.3 88.0 91.3 93.2 96.7 98.0
mean 87.8 86.5 89.4 91.2 93.9 94.8
K&N(%) 31.58 32.46 32.62 32.57 32.27 32.27
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Fig. 9. Effect of pigment blends and drying

temperature on calendering response.
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(A) Surface of Clay:GCC(100:0) (B) Surface of Clay:GCC(80:20) (C) Surface of Clay:GCC(60:40)
(x15000, Bar = 1#m) (x15000, Bar = 1¢m) (x15000, Bar = 1#m)

e

(D)

P 2 S SR A ®

Surface of Clay:GCC(40:60) (E) Surface of Clay:GCC(20:80) (F) Surface of Clay:GCC(0:100)
(x 15000, Bar = 1#m) (x15000, Bar = 1#m) (x15000, Bar = 1tm)

Photo. 1. SEM phetomicrographs of uncalendered surface according to pigment blends.

it - - B $

(A) Surface of Clay:GCC(100:0) (B) Surface of Clay:GCC(80:20) (C) Surface of Clay:GCC(60:40)
(x 15000, Bar = 1#m) (x15000, Bar = 1gm) (x15000, Bar = lgm)

e i ™ A, S %

(D) Surface of Clay:GCC(40:60) (E) Surface of Clay:GCC(20:80) (F) Surface of Clay:GCC(0:100)
(x 15000, Bar = 1#m) (x 15000, Bar = 1pm) (x 15000, Bar = 1#m)

Photo. 2. SEM photomicrographs of calendered surface according to pigment blends.
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(A) Cross section of Clay:GCC(100:0)  (B) Cross sectionof Clay:GCC(80:20) (C) Cross section of Clay:GCC(60:40)
(x20000, Bar = 1pm) (x 20000, Bar = 1¢m) (x20000, Bar = 1#m)
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(A) Cross section of Clay:GCC(40:60)  (B) Cross sectionof Clay:GCC(20:80) (C) Cross section of Clay:GCC(0:100)
(x20000, Bar = 1¢m) (x20000, Bar = 1#m) (x 20000, Bar = 1pm)

Photo. 3. SEM photomicrographs of uncalendered cross section according to pigment blends.
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(A) Cross section of Clay:GCC(100:0)  (B) Cross sectionof Clay:GCC(80:20) (C) Cross section of Clay:GCC(60:40)
(x 20000, Bar = 1pm) {x20000, Bar = 1pm) (x20000, Bar = 1pm)
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(A) Cross section of Clay:GCC(40:60)  (B) Cross sectionof Clay:GCC(20:80) (C) Cross section of Clay:GCC(0:100)
(x20000, Bar = 1#m) (x 20000, Bar = 1pm) (x20000, Bar = 1#m)

Photo. 4. SEM photomicrographs of calendered cross section according to pigment blends.
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