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Preparation of Color Ink-jet Papers and Evaluation
of their Printing Quality

Yu-Chang Su,"” Horng-Tsai Chen,” Ya-Tzu Chang"

[ Summary ]

In this study, we used different binders (latexes, SMA, PU, and PVA), and pigments
(amorphous silica, colloidal silica, precipitated calcium carbonate [PCC], grounded calcium
carbonate [GCC], kaolin, etc.) to coat the surface of base paper and modify the surface properties
in an effort to prepare ink-jet papers of high printing performance (good absorbency, good ink
hold-out, high resolution, and high printed color intensity), good water resistance, and good
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light-fastness for black-and-white and color printing purposes. We also collected 14 varieties of
commercial ink-jet papers and subjected them to analyses and comparisons with the lab-prepared
specimens. After printing with a standard printer, the printing quality parameters, such as color
density, dot diffusion, contrasts, etc, were individually evaluated. The results indicated that our
lab-prepared specimens matched or exceeded the performance of high-grade commercial products.
The papers had better rendering of colors, dot diffusion, and print contrasts. Regardless of which
binders were used, the addition of the process of surface sizing markedly improved the printed
color density, while the printed surfaces provided viewers with a comfortable feeling as well.
Minute particle-sized silica can be used to prepare ink-jet papers of high color strength, low dot
diffusion, and good print contrasts. We also used calcium carbonate and kaolin to lower the cost
of the coating color. Results indicated that 50% replacement of silica with PCC or GCC could
achieve performances equivalent to those of superior market products. In order to increase the
water resistance of the paper surface, a cross-linking agent was added to the binder or 1% alum
or cationic polymers such as C-PAM or C-DADMAC were added all of which improved the post-
printing water resistance of the paper without affecting the printing quality.

Key words: coating, coated paper, color ink-jet printing paper, printing evaluation.
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Table 1. Formula of coating pigment"

Binder and additives Ratio
I Polyurethane, cationic starch 100: 10: 2: 0
I Polyurethane, cationic starch 100: 15:2: 0
I PVA, cationic starch 100: 10: 2: 0
v PVA, cationic starch, DM20A 100: 10: 2: 0.2
A% Starch, cationic starch 100: 10: 2: 0
VI Starch, cationic starch, DM20A 100: 10: 2: 0.2
VII Starch/PVA, cationic starch 100: 10: 2: 0
VIII Starch/PVA, cationic starch, DM20A 100: 10: 2: 0.2

" Pigment: 1. silica and colloid silica; 2. Si0,/CaCO;; SiO,/Clay.
? Ratio = pigment: binder: cationic starch: minor additives.
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Table 2. Physical properties of commercial color ink-jet papers

Dry B. W. Tensile index  Tearing index

Burstindex  Folding endurance

Sample (gm™) (Nm’g") (mNm’g") (Kpam’g™) (D. Folds) Paper rank
Base paper 75.3 50.4 7.16 7.90 46.5

A 84.0 58.9 6.63 7.20 178

B 80.6 394 6.60 6.89 25.5

C 109 29.4 6.27 4.20 14.5 <360 DPI

D 75.8 37.6 6.33 6.66 16.6

E 75.1 434 6.27 6.10 19.0

F 82.9 51.3 6.26 6.45 58.0

G 101 474 5.80 5.38 81.0

H 97.5 443 5.05 5.13 51.0

I 100 28.1 5.40 5.70 11.0

J 82.8 53.6 6.09 6.32 60.0 > 360 DPI

K 75.8 48.8 5.07 5.18 445

L 84.6 36.3 6.28 6.38 12.5

M 87.0 424 7.30 7.85 71.0

N 100 49.8 5.76 5.53 91.5
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Table 3. Optical and surface properties of market ink-jet papers

Sample Brightness Opacity Stockigt sizing Smoothness oH Ash Dennison Cobb.abso.
(% 1SO) (%) degree (s) (s) (%) wax test coated (gm?) coated
Base paper  84.5 87.6 28.3 28.4 85 9.65 18 17.5
A 89.3 90.9 30.5 18.2 75 952 11 31.6
B 89.7 91.8 11.2 64.7 83 195 8 343
C 86.5 96.4 3.70 207 82 302 7 91.3
D 82.7 89.9 14.2 48.9 49  7.62 10 26.8
E 82.7 94.5 42.7 473 6.2 11.1 15 13.5
F 91.7 89.5 389 425 48 122 6 28.4
G 90.8 94.3 44.6 56.9 79 216 8-9 443
H 89.6 93.8 9.70 77.0 79 242 23 52.6
I 92.4 94.4 54.8 79.9 7.7 185 5 47.6
J 90.9 88.9 422 41.6 49 114 7 26.2
K 87.7 90.0 20.6 49.6 8.0 195 7 355
L 89.8 93.8 7.40 66.8 54 132 6 458
M 88.8 92.0 45.6 44.0 77 155 7 322
N 90.8 94.4 452 57.4 78 223 7 44.4

A EL Rl oty 9 5 42 v 5% 8] B R P
BUEANWRRRR L - WERGHE AL - BRI - R
A E1 S5 FH 20 B 10 ek = BRL A o o [T ) L B R %
IR L £ 3 17 R 5 BN 2% FIAR A TR A6 L 3% I i
IR R ZARHE(Ma 2000) ©
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1.44,1.08, 1.67 °
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Table 4. Color density of various commercial color ink-jet printing papers

Paper sample Ranking Color density
Cyan Magenta Yellow Black
A 1.69 1.39 0.92 1.58
B 1.17 1.13 0.90 1.40
C <360 DPI 1.64 1.40 1.09 1.67
D 1.68 1.40 1.10 1.70
E 1.60 1.46 1.13 1.68
F 1.56 1.36 0.94 1.55
G 1.64 1.52 1.03 1.64
H 1.67 1.52 1.12 1.78
I 1.67 1.43 1.03 1.64
J >360 DPI 1.38 1.23 0.94 1.32
K 1.69 1.53 1.11 1.78
L 1.78 1.45 0.96 1.68
M 1.45 1.13 0.94 1.41
N 1.18 1.13 0.75 1.24
Total average 1.48 1.33 0.99 1.54
Upper 50% average 1.62 1.44 1.08 1.67

Table 5. Degree of dot diffusion of market color ink-jet printing papers

Dot diffusion
Paper Sample Paper Rank
75% 50% 25%
A 1.27 1.49 1.66
B 1.22 1.35 1.49
C <360 DPI 1.26 1.40 1.47
D 1.25 1.42 1.52
E 1.21 1.42 1.61
F 1.25 1.44 1.59
G 1.27 1.51 1.76
H 1.26 1.48 1.68
I 1.27 1.47 1.62
J >360 DPI 1.18 1.31 1.38
K 1.26 1.50 1.67
L 1.25 1.45 1.58
M 1.20 1.37 1.50
N 1.15 1.33 1.53
Total average 1.30 1.58 1.85

Upper 50% average 1.28 1.52 1.71
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Table 6. Print contrast of market color ink-jet printing papers

Print contrast
Paper sample

Cyan Magenta Yellow Black

A 21.47 21.32 25.56 11.95

B 25.00 24.11 26.44 34.68

C 27.88 27.27 28.04 20.81

D 24.53 25.35 27.78 18.93

E 30.26 36.05 39.05 33.97

F 24.03 23.48 27.96 22.22

G 22.02 23.33 22.55 24.12

H 25.15 26.80 26.36 26.70

I 22.89 19.58 26.00 12.20

J 30.16 35.25 37.63 31.82

K 27.22 25.83 26.36 27.84

L 27.01 24.48 28.42 17.65

M 30.03 30.59 34.17 29.79

N 29.91 30.93 36.33 32.06
Total average 21.38 20.80 24.78 20.76
Upper 50% average 25.71 24.94 27.05 27.81

Table 7. Surface properties of lab-made ink-jet printing papers”

Coating L Stockigt sizing ~ Bekk Smoothness Dennison
. 2 Coating binder
Pigament degree (s) (s) wax test (No)
A PU 28.9 93 10
A PVA+DM20A 28.1 127 9
A Starch+DM20A 314 88 9
A Starch/PVA+DM20A 30.5 115 10
B PU+DM20A 42.1 176 8
B PVA+DM20A 449 114 16
B SMA+DM20A 44.4 151 13
B Latex+DM20A 36.8 88 9
C PU+DM20A 40.5 122 8
C PVA+DM20A 38.6 100 9
C SMA+DM20A 45.5 121 16
C Latex+tDM20A 35.6 133 12
D PU+DM20A 27.6 128 20
D PVA+DM20A 29.0 109 18
D SMA+DM20A 33.1 161 20
D Latex+DM20A 279 178 20
Base paper none 28.3 28.4 18

Y Coating pigment: Binder: Cationic starch: DM20A = 100: 10: 2: 0.2 (by weight).
? (A) Silica/Colloidal silica = 9: 1; (B) Silica/CaCO,/Clay = 5: 3: 2; (C) Slica/CaCO;= 5: 5; (D)
Silica/Clay = 5: 5.
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Table 8. Color ink-jet printing evaluation by color density of different formulations'
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Table 8 Fy[EEBR S8 : BAR
FULRY = 9: 1% » LIPVA, PU, &%) » J¥3/PVA
o B 2 T R 75 B S B B B R - DAPVA
KB A A o IR E - HERS Mz
U B B SN RE BT T AR S E9E - X
SEEIR B S0% R iR IR §5/H £ - BEESS ~ BH
HEREEEYEN TR (Table 9) - fEPVALy
G ] 0 68 1 T 5 U —SAE R B R R 2
X-37TBEURE HE GRS R - iR
100% —FALR IR INAHES ~ SE4L ~ B fiRpg
AEIE AR Kk HE > MERS E MR B o B DU
Pt 75 B A I HL s E ) FR R B M BRI $2 7 (Table

)

Coating binder Color density
C M Y K
PVA 1.62 1.27 0.83 1.51
PVA (2DM20A)” 1.72 1.35 0.86 1.54
PU 1.52 1.21 0.81 1.40
Starch 1.49 1.21 0.84 1.39
Starch (2DM20A) 1.72 1.37 0.87 1.54
Starch/PVA=1:1 1.56 1.21 0.87 1.38
Starch/PVA =1: 1 (2DM20A) 1.68 1.33 0.90 1.50
Total average from market papers 1.48 1.33 0.99 1.54
Average of upper 50% from market papers 1.62 1.44 1.08 1.67

Y A-200 Silica: Colloidal silica = 9: 1. coating pigment: binder: cationic starch=100: 10: 2 (by

weight).
? Percent on binder.

Table 9. Color ink-jet printing evaluation by color density of different formulations”

Silica/CaCO,/Clay = Silica/CaCO;= Silica/Clay =
Coating binder 5:3:2 5:5 5:5

cC M Y K C M Y K cC M Y K
PVA 1.18 095 0.68 1.09 127 1.02 079 1.15 126 1.02 0.74 1.09
PVA (DM20A) 1.35 1.09 0.77 125 140 1.13 0.83 1.21 1.25 1.01 0.76 1.11
Latex (DM20A) 1.39 1.08 0.80 1.21 1.37 1.04 0.78 1.17 128 096 0.74 1.06
PU 1.30 099 0.72 1.17 136 1.02 0.77 1.11 1.27 1.04 0.76 1.10
SMA 1.20 091 0.72 1.08 125 098 0.82 1.07 1.18 098 0.79 1.04
SMA (DM20A) 1.26 096 0.75 1.13 145 1.11 087 120 1.27 1.00 0.80 1.09
T. Avg.” 148 133 099 154 148 133 099 154 148 133 099 1.54
U. Avg? 1.62 144 1.08 1.67 162 144 1.08 1.67 1.62 144 1.08 1.67

" Coating pigment: binder: cationic starch=100: 10: 2 (by weight).
?T. Avg.: total average from market papers. U. Avg.: average of upper 50% from market papers.
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Table 10. Color ink-jet printing evaluation by color density of different formulations”

) Color density
Paper sample (pigment) C M v K
Finsil X-37B 1.85 1.47 0.76 1.85
Finsil X-37B/CaCO;=1:1 1.52 1.26 1.26 1.38
Finsil X-37B (2DM20A) 1.83 1.49 0.77 1.79
Finsil X-37B/CaCO; =1: 1 (2DM20A) 1.53 1.29 1.29 1.40
Total average from market papers 1.48 1.33 0.99 1.54
Average of upper 50% from market papers 1.62 1.44 1.08 1.67

" Coating pigment: PVA: Cationic starch=100: 10: 2 (by weight).

Table 11. Dot diffusion of color ink-jet printing papers using different binders"

) ) Dot diffusion
Coating binder

75% 50% 25%
PVA 1.31 1.78 1.92
PU 1.31 1.78 1.92
Starch 1.31 1.78 2.00
Starch/PVA=1: 1 1.32 1.74 1.84
Total average from market papers 1.30 1.58 1.85
Average of upper 50% from market papers 1.28 1.52 1.71

" A-200 Silica: Colloidal silica = 9:1. Coating pigment: PVA: Cationic starch=100: 10: 2 (by weight).

Table 12. Comparison of dot diffusion of color ink-jet printing papers with different binders

. . Silica/CaCO,/Clay = 5: 3: 2 Silica/CaCO5=5: 5 Silica/Clay=5: 5

Coating binder

75% 50% 25% 75% 50% 25% 5% 50% 25%
PVA 1.27 1.51 1.69 1.29 1.60 1.81 1.29 1.57 1.82
Latex 1.28 1.71 2.05 1.29 1.55  2.07 1.29 1.67 1.99
PU 1.28 1.67 1.98 1.29 1.70  2.01 1.30 1.70  2.02
SMA 1.29 1.69 1.99 1.66 1.31 1.69 1.30 1.59 1.84
T. Avg." 130 158 185 130 158 185 130 158 1.5
U. Avg.l) 1.28 1.52 1.71 1.28 1.52 1.71 1.28 1.52 1.71

U T. Avg.: total average from market papers. U. Avg.: average of upper 50% from market papers.
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Table 13. Dot diffusion of color ink-jet printing papers by using different types of SiO, and

CaCo,"
: ) Dot diffusion
Coating pigment

75% 50% 25%
Finsil-X-37B 1.29 1.46 1.40
Finsil-X-37B/CaCO5=1: 1 1.28 1.46 1.44
Finsil-X-37B/pcc=1: 1 (2DM20A) 1.28 1.48 1.44
Finsil-X-37B/CaCO5=1: 1 (2DM20A) 1.28 1.48 1.44
Total average from market papers 1.30 1.58 1.85
Average of upper 50% from market papers 1.28 1.52 1.71

" Coating pigment: binder: cationic starch=100: 10: 2 (by weight).

Table 14. Print contrast of color ink-jet printing papers with different types of binders"

Printing contrast

Coating binder
C M Y K
PVA 14.97 13.95 20.00 13.64
PVA (2DM20A) 21.22 19.57 26.14 9.62
PU 9.74 13.01 19.51 11.03
Starch 13.07 11.48 16.67 8.03
Starch (2DM20A) 9.25 11.51 22.22 7.64
Starch/PVA=1: 1 13.29 13.60 19.54 9.22
Starch/PVA=1: 1 (2DM20A) 13.37 11.19 20.88 7.95
Total average from market papers 21.38 20.80 24.78 20.76
Average of upper 50% from market papers 25.70 24.94 27.05 27.81

Y A-200 Silica: Colloidal silica = 9: 1. Coating pigment: binder: cationic starch=100: 10: 2 (by

weight).
Table 15. Print contrast of color ink-jet printing papers with different binders
Silica/CaCO,/Clay = Silica/CaCO; = Silica/Clay =
Coating binder 5:3:2 5:5 5:5
C M Y K C M Y K cC M Y K
PVA 153 149 21.1 122 920 6.0027.3 840 4.80 8.00158 7.10
Latex 127 11.0 183 6.50 730103 151 9.00 103 9.70 9.90 4.80
PU 11.1 152 153 135 720 10.7 224 790 790 7.80 11.7 7.80
SMA 8.40 430 11.1 990 890 6.30 890 9.20 11.1 12.6 150 8.90
T.Avg" 214 208 248 208 214 208 248 208 214 208 248 208
U. Avg" 257 249 27.1 278 257 249 27.1 278 257 249 271 278

' T. Avg.: total average from market papers. U. Avg.: average of upper 509% from market papers.
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Table 16. Print contrast of color ink-jet printing papers using different types of SiO, and

CaCo,"
Coati ) ; Printing contrast
oating pigmen C M Y X

Finsil-X-37B 36.17 29.93 34.21 25.56
Finsil-X-37B/CaCO;=1: 1 14.65 17.32 27.59 20.98
Finsil-X-37B (2DM20A) 41.08 28.86 3291 32.07
Finsil-X-37B/pcc=1: 1 (2DM20A) 25.87 16.00 27.06 17.86
Finsil-X-37B (2DM20A+500ppmOBA) 39.78 28.38 32.47 29.12
Total average from market papers 21.38 20.80 24.78 20.76
Average of upper 50% from market papers 25.70 24.94 27.05 27.81

" Coating pigment: PVA: cationic starch = 100: 10: 2 (by weight).

Table 17. AE of printed color of ink-jet paper after water dropping

Coating i o AE
oating pigmen C M Y K
Finsil-X-37B 43.50 10.40 15.70 18.20
Finsil-X-37B/CaCO,=1: 1 40.20 10.60 15.90 8.70
Finsil-X-37B/pcc = 1: 1 (2DM20A)” 3.11 1.92 2.13 1.54
Finsil-X-37B/CaCO;=1: 1 (2DM20A) 3.53 5.43 3.64 5.50
Finsil-X-37B/pcc = 1: 1 (10DM20A) 0.82 231 0.73 0.51
Finsil-X-37B/CaCO;=1: 1 (10DM20A) 0.84 1.30 2.30 0.72
Total average from market papers 1.81 2.19 1.57 0.93
Average of upper 50% from market papers 0.50 0.98 0.94 0.46

" Coating pigment: PVA: cationic starch=100: 10: 2 (by weight).
? Percent on binder.
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Table 18. AE of printed color block of ink-jet paper with alum or cationic polymer in
pigment after water dropping

1 AE
Paper sample
C M Y K
100% X-37B (1%Alum)? 0.99 2.07 1.05 0.53
X-37B/CaCO;=1: 1 (1%Alum) 0.76 2.07 1.45 0.08
X-37B/CaCO;=1: 1 (1%C-PAM) 0.42 1.69 3.30 0.64
X-37B/CaCO;=1: 1 (§%C-PAM) 0.44 1.62 1.05 0.24
X-37B/CaCO;=1: 1 (1%DADMAC) 0.73 1.95 1.33 0.27
X-37B/CaCO;=1: 1 (§5%DADMAC) 0.64 1.53 0.76 0.24
Total average from market papers 1.81 2.19 1.57 0.93
Average of upper 50% from market papers 0.50 0.98 0.94 0.46

1 Coating pigment: binder: cationic starch: DM20A = 100: 10: 2: 0.2 (by weight).
? Percent on binder.

Table 19. AE of printed color block of ink-jet paper with different coating pigments after
immersion in water

Coati . o AE
oating pigmen c M v K
Finsil X-37B 56.40 14.40 16.20 27.50
Finsil X-37B/CaCO,=1: 1 44.80 14.00 14.20 18.30
Finsil X-37B/pcc = 1: 1(2DM20A)” 4.10 5.23 5.77 4.12
Finsil X-37B/CaCO,= 1: 1(2DM20A) 5.81 7.92 5.04 6.42
Finsil X-37B/pcc = 1: 1(10DM20A) 0.82 2.13 1.81 0.73
Finsil X-37B/CaCO;=1: 1(10DM20A) 0.70 3.92 2.52 1.63
Total average from market papers 5.84 4.05 1.76 1.91
Average of upper 50% from market papers 0.56 1.47 1.01 0.80

Y Coating pigment: PVA: cationic starch=100: 10: 2 (by weight).
* Percent on binder.

Table 20. AE of printed color block of ink-jet paper with alum or cationic polymers in
pigment after immersion in water

Coati . o AE
oating pigmen C M Y K
100% X-37B (1%Alum)” 0.67 3.10 0.46 0.46
X-37B/CaCO; =1: 1 (1%Alum) 0.18 6.57 1.40 0.19
X-37B/CaCO; = 1: 1 (1%C-PAM) 0.47 5.19 1.92 0.52
X-37B/CaCO; = 1: 1 (5%C-PAM) 0.42 4.33 0.77 0.28
X-37B/CaCO,=1:1 (1%DADMAC) 0.49 5.72 0.99 0.24
X-37B/CaCO,; =1:1 (5%DADMAC) 0.62 4.87 0.69 0.27
Total average from market papers 5.84 4.05 1.76 1.91
Average of upper 50% from market papers 0.56 1.47 1.01 0.80

" Coating pigment: PVA: cationic starch: DM20A = 100: 10: 2: 1 (by weight).
? Percent on binder.
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Table 21. Color density and print contrast of formulated lab-made inkjet printing paper”

Property Sample Cyan Magenta Yellow Black
Color density A 1.63 1.52 0.95 1.69
B 1.42 1.27 0.94 1.38
. A 51.59% 55.70% 49.47% 52.98%
Print contrast
B 40.85% 44.44% 44.68% 39.86%

" A: 100% Finsil X-37B; B: Finsil X-37B/CaCO, = 5: 5 (alum: 1% on pigment).
Coating pigment: PVA: cationic starch = 100: 10: 2 (by weight).
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Table 22. Dot diffusion of formulated lab-
made inkjet printing paper”

Sample 75% 50% 25%
A 1.08 1.09 1.10
B 1.13 1.18 1.16

Y A: 100% Finsil X-37B; B: Finsil X-37B/
CaCO, =5: 5 (alum: 1% on pigment).
Coating pigment: PVA: cationic starch = 100:
10: 2 (by weight).
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