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A study on the prevention of print mottle by means of the liquid absorptivity

controlling in coated paper

Se-I1lyun Lee

Dept. of Graphic Arts Engineering, Graduate school, Pukyvong National University.

Abstract

Development of the paper coating technologies to prevent print mottle is needed to obtain
high quality printing. Printing mottle is recognized as the most common printing problems in
using coated paper and which is one of the most difficult problems to solve in offset printing.
Print mottle is one of the most important quality properties of printed products and
manufacturers strive to improve the paper surface to gain higher and more even print mottle.
The prevention of printed mottle requires of coating color formation, especially the minimum of
binder migration. we carried out to prevent printed mottle by the base paper absorption. Then,
We used internal sizing agent (AKD) and surface sizing agent amount were changed in making
Paper. And printing test were carried out prufbau printability tester.

The results of this study showed that wet ink receptivity and the ink set-off ability was
improvement in paper making with the sizing agent amount changed.

The results the uniformity of liquid absorption by paper at very short contact time between
paper and testing printing liquids. We were carried out the studies for the influence on coated
paper quality of the variation of coating color formulation caused by the change the coating
structure.

Under our trial condition, The pigment of coating color was effects on the coated paper quality
and print quality by varing the coating structure. We were noticed that the using of clay lead
to possibility of print mottle. However, increasing the coated paper quality like paper gloss,
roughness, smoothness, and etc. When the coating color increased the CaCO; was opposed to
the clay. When the coating color contains the only CaCO; as the pigment, The coating paper
quahty was worst. Thus, it was difficult of using only CaCQOs for high coated paper quality as

the pigment.
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Fig. 1. Scanning electron microscope (SEM) images of uncoated and

coated paper and also a cross-section of coated paper.
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Table 1. The change of using sizing agent amount in making base

paper.
Sample A B I C
NBKP %/ton 20 20
LBKP %/ton 50 50
CTMP %/ton 10 10
Broke %/ton 20 20
Internal Sizing agent %/ton 0.77 0.63 0.94
Suface sizing agent Kg/ton 40 40 120
Machine speed m/min 1300 1310

Absl (A E AFEse] Table 29 20 F AR 2a5(KFMT-60, 60%<2/m,
Bl AAFA) 60part, 157 Zdlol(hvdragloss E, hubberAl) 20part, 27 Zd o]
(hydragloss, hubberAl) 20part& AFE31$13l vlelvl= S/B Latex (KSL-230,
FaAFskeh) 12part A=Y olul wEFAo) Fis 68%0]3l FE £

= 750m/min .2 EEAE A 2o}

Table 2. The coating color formulation of amount in coated paper.

GCC 60

Pigment, part #1 Clay 20
#2 Clay 20

Binder , part 12

Solid content, % 68
Machine speed, m/min 750
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% 58 ohm gt

z CZ

Fig. 2. Heidelberg sheetfed press(speed master—102).
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Table 3. The particle size and fraction of GCC and Clay.

Particle Size GCC Clay
<10 0.65 0.15
<50 1.04 0.31
<90 fan 1.77 1.78
Avg. Particle Size
(Norm Dist 50%, micron) 1.06 0.40
Surface Area mYem’| 7.21 | 22.84
Hkz2ls Al E I E{(sheet coater PM-9040, SMTAHE A}&3}e] “=FXE A 2}s)
Qon LFgxe HW 18g/m’o R Hdo|T(blade)E AEdte]l LEE & ¥
ol F&AHE Hosty] fote] AdHE 28] Syete nEEo e wy
kAl A x st
20 Particles size vs. fraction of GCC/Clay
18 =—=GCC ~—Clay|
16
14
SE D) g"\
o
210 ;\
=8 /
/
6
4 //
2 \\ /
o .

0 03 059 089 118 148 1.78 207 237 266 296 326 355 385

Particles Size(LLogx +1)-Micron

Fig. 4. The particles size and fraction of GCC/Clay.
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Table 4. Coating color formulations and the properties of GCC/Clay.

GCC/Clay 50/50 | 70/30 | 80/20 | 90/10% 100/0
GCC, pph 50 70 30 Sie} 100 (95%<2m)

Coating US #2 Clay, pph 50 30 20 10 0

FFormulations

S/B Latex, pph 12 12 12 12

Solid Content, % 68 68 68 68 68

mDas

Brookfield . N
©Ookfxe 9 X ' 5 iy g
. 2210 | 1800 | 1620 | 1560 | 1440 | "0
P“"F‘““‘g _ pH 862 | 875 | 885 | 882 | 88
roperties
Wate nsi )
ater Retension |y o | o0 6 1963 | 1463 | 1625 | 2atm, 1min
g/m”
High Shear o o - cps
Viscosity S0 38 L0835 16000rpm, B bob)

322 4% ¥y

LS A F2et 3R Brookfield

gtz Fdlole wlgts 2AT e Yy de -
viscosity(No. 4 spindle, 60rpm)¢+ pH, %“5;, Hayy advk Ax(High shear
A o] A& Table 59 Ze] WHxls AE FIHE

viscosity) & FA3I . =F
o] g3sto] T Hi oly Z=FY

I eF 18g/m“ #Ad w8 5 A (calender)E
o] 83te] 23] EYAA EFE FHE A A 9o Table 38 & =4

1o

o2 Aste.
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Table 5. The conditions of experimental SMT coater and calender.

Parameters Expriment
Coating unit Blade Type
Coating Speed, mm/sec 1600
Coater
Conditions
Dry time, sec 7
Dry temperature, C 125
Roll temperature. C 43
Calender
Conditions
Pressurc, kgf/em?® 2

Ao Hy, FA, A AL Z(Roughness, PPS, IMPa), 4 4HISO Brightness,
CIE Whiteness, Elrepho), ZE(TAPPl 75°, PaperlLab) & ZA3s}¢ o

S
Prufbau ¢1s1 44 d-A7IKRKADE o] &3te] =19 &5 7(ink film thickness)
ogme sy, 93 dolw W Y FE4e  wAbsEd
(gretagmacbath, DI9C)& o] &&to] FA4sArt a3 Bo ud S48
F43t7] 98t Penetration dynamics analyzer®l Fig. 53 Fig. 694 el
PEA Module(emtec electronicAh) S AR&8lo] S4A4 Az BRE @4 Jo s
o Za8lgd o AAE N 7 (scanning electron microscope)S o] &3k T2z 9]

£9 GHE sk dEad
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Fig. 5. Measuring device Emtec PDA.

( Penetration Dynamics Analyzer)

Sampin Hodfar

Buper Samgte  ddbamive Tage
Measuring Cell

B Ultmamsent Bignal
. Raceiver

Trpnamittnr

Tositogiad

Fig. 6. Functional principle of the Module PEA(Print Evenness Analyzer).
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4-1. 9A Ao]l& % Ao Wt Az

asbol = A s sRisbol Al Sesle 2ol weh Aozl WakE &
Ao T At Table 6ol A LERLF: DA 9] A H 7] 3] Elstoeckight) Alo] =
= sample A 52%, sample B 8%, sample C 1522 2}7} Alo]2% ZHo| 7}
sakAl ¥ At

EA AL F wBA Aol an

= vk ol dERA H AT Aol
Z(cobb size)X= ZA3} sample A 33.55g/m’, sample B 33.64g/m’, sample C
2348g/m' 2 sample Co| Aol =% s 24T 4 Utk s&Fg 2~ Alolzx Ay
sample A 153.1sec, sample B 153sec, sample C 334.75sec2 W3 Alo] =z ¢}

£ AtolzAle] Fqjol W o2 xdol A ¥ & AN,

Table 6. The physical properties of base papers.

Sample A B C
Grammage g/m° 68.7 69.1 70.4
Thickness /m 87.6 88 85

Smoothness, top/wire sec | 27.8/25.9 31/30 35/34
Moisture % 2.7 3.3 2.9
Size Degree (Stoeckigt) sec 5.2 6 15
ASH % % 17.7 16 16.6
Porosity sec 151 27 30
Brightness(1SO) % 88.1 88.6
Opacity % 86.2 84.2
Whiteness(CIE) % 104.3 103.5
L* 94 .3 94.7
ax 1.25 1.15
b* -1.67 -1.28
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2~ E| 3y 2 (clark  stiffness) 2]
direction 27.4, sample A machine direction 50.9/cross direction 23.7, sample B
machine direction 44.4/cross direction 30 a2 % e QA Aol AR E

date] Tl R WHEAL ¥AA FA5

oAy I

e

o

S
[s]
sk wEA 4

Aol AMBEA FhR Aug 2
N

Table 7ol vFeERU] AL

Table 7. The physical properties of coated papers.

A3 sample C machine direction 63.9/cross

wEAE At S Ale
S CL RS EARES =

Aet.

Sample A B C
CP grammage a/m 101.52 100.21 101.35
Thickness Lm 83.7 83.2 82.6
Bulk ont/g 0.82 0.83 0.81
Density g/en 1.21 1.2 1.23
S“”rr‘\jgj’ég'ark) /100 | 50.9/237 | 44.4/30 | 63.9/27.4
Cobb size g/m 33.55 35.64 23.48
HST sec 153.1 153 334.75
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Smoothness

sec

A B C

Fig. 7. The comparison of samples with the result of the smoothness.

Size Degree (Stoeckigt)
16

14
12

10

Sec
o]

A B C

Fig. 8. The comparison of samples with the result of the stoeckight.
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4-1-1. 94§54 220 B AfAY die A

A4 AES 915l Croda ink test ¥ Prufbau printability test, 2 <13}
= 2]
[} =

4-1-2. Croda ink test

AMAG HzE Ay RES A7) 38t croda ink HEAIHS 3%, 5
o bzt 2 WSt A4¥E dstdeh. 4¥ A7 croda test 37 A&
Al Abol =% sample C Q1= H=F7E top side 0.01357/ wire side 0.0075%
sample B top side 0.01489/ wire side 0.01245 Bt} 7/iA = A& 2 4 ¢l9)
ot Fig. 109 s =29k Fig. 11°] £&Azet 2 Axg vehdian ok

croda test 5% A8 2] sample B, sample C A8 Ao x vhebyt
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4-1-3. A "Hz=e Ay

o)z Mabd ol sy b Fig. 149 #o] &M < A(yellow ink)el Al top™
SAFSE 3L wired Al Al v sample C7F 1.312 = A vkt Fig. 139 A4 <
“L(magenta ink) ' Fig. 12¢] ¥4 J(cyan ink)ell A2l Qs 3@t &
FrAReE A b vhEb o 2l
B8 (ink set-off) 214 A afoll M- Fig.159 o] sample C7F 714 £ 4
W Rdon g E o FyAl(wet ink receptivity) A4S Fig. 1694 t}E}
v Ayl zro] sample C7F A4 E AobE & 5 Al
Fig. 175 H2EX(2 2E vhxo whghs S48 A YA Aol =2%8 &
7F A7 % =38k sample Co] 14 w7 29kow Fig. 16014 UEbd #£5
Az Az §58HA VERR T
9ol 9l Bely}l Fig, 209 AZElLE A sample C7F = A UERRE
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Croda ink test

0.45
0.40
0.35
0.30
0.25

0.20

Optical densit

0.15

0.10

L

Fig. 10. The optical density result of croda ink test
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0.020;
0.018
0.016
0.014
0.012
0.010]
0.008
0.006
0.004
0.002
0.000

2.09

2.08

2.07

2.06

2.05

2.04

Optical density

2.03

2.02

2.01 /

Standard deviation

fig. 11. The standard deviation result of croda ink test.

Eltop side @ wire side

Fig. 12. The optical density result of cyan ink.
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Optical density

Optical density

2.25

2.20

215

210

2.05

2.00

1.32
1.30
1.28
1.26
1.24
1.22
1.20
1.18

1.16

top side B wire side

e

A B C

Fig. 13. The optical density result of magenta ink.

top side B wire side

L

Fig. 14. The optical density result of yellow ink.

A B C
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Optical density

Optical density

0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

1.80
1.60
1.40
1.20
1.00
0.80
0.60
0.40
0.20
0.00

top side

e

A

Fig. 15. The optical density result of ink set—off.

B wire side

top side

7

A

Fig. 16. The optical density result of wet ink receptivity.

B wire side
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1.60

1.50

1.40

1.30

1.20

1.10

Optical density

1.00

0.90

0.80

cyan blue magenta red yellow green

Fig. 17. The optical density result of sheetfed printing on coated paper.

0.040

0.035

0.030

0.025

0.020

0.015

0.010

0.005

0.000

L

cyan blue magenta red yellow green black

Fig.18. The standard deviation result of
sheetfed printing on coated paper.
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Print gloss, %

cyan blue magenta red yellow green black

Fig. 19. The print gloss resulf of sheetfed printing on coated paper.

A gloss, %

1 2 3 4 5 6 7

Fig.20. The Agloss result of sheetfed printing on coated paper.
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Table 8. The properties of coated paper according to the color
formulation.
GCC/Clay 50/50 | 70/30 | 80/20 | 90/10] 100/0
BP Grammage g/m° | 85.0 [ 85.0 | 83.0 85.0 | 85.0
CP Grammage g/m® | 103.3 | 102.9 | 102.5] 102.9 | 103.1 | TAPPI T-410
Coated Weight g/m* 18.3 17.9 17.5 17.9 18.1
Thickness 2 95.6 94.3 94.3 | 91.6 94.8 | TAPPI T-411
Bulk cem/g | 0.93 0.92 0.92 0.92 0.92
Density glfem” | 1.08 1.09 1.09 1.09 1.09
Roughness - 1MPa (m 1.16 1.12 | 1.15 1.15 1.22 L&W
Cobb Test g/m® | 35.2 | 33.7 | 335 | 31.2 | 31.6 | TAPPI T-441
[* L/D | 93.72 93.99 | 94.17 | 94.35 | 94.51 Elrepho
a R/G | -0.47] -0.21| -0.09 | 0.07 | 0.26
b Y/B 2.42 1.36 | 0.95 | 0.14 | -0.07
CIE Whiteness, D65 % 75.2 | 82.08 | 81.95] 88.79 | 92.39 [ SCAN P-66
ISO Brigtness, C % 81.66 1 83.6 | 831.54 | 85.57 | 86.6 [SO-2470
Paper Gloss % 77.60 | 76.5 |74.20 170.70 163.00 PaperLab,
Print Gloss % | 90.9 | 93.0 | 905 | 88.2 | 86.1 75" Gloss
A Gloss % 13.30 ] 16.5 }16.30 | 17.50 |23.10 | TAPPI T-480
Ink Receptivity | OD | 183 | 186 | 187 | 188 | Lsg | lruban
Mottle Index 0.002 | 0.002 { 0.006 | 0.004 | 0.002 PDA
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E Whiteness E] ISO Brightnes

hi E

50/50 70/30 80/20 90/10 100/0
CaCO; : Clay

Fig. 21. The color shade according to the color formulation.

60

»
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100

90
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R

70

' . .
A O Paper Gloss BPrint Gloss ||

50/50 70/30 80/20 90/10 100/0
/ / CaC03/: Clay / /

60

50

Fig. 22. The relationship of paper gloss and print gloss according to

the color formulation.
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1.90

o
61'85

—&— Optical Density

1.80
50/50 70/30 80/20 90/10 100/0
CaCO; : Clay

Fig. 23. The optical density according to the color formulation.

40

35

0.D

30

—&— Cobb Test

25
50/50 70/30 80/20 90/10 100/0 ‘
CaCO; : Clay |

Fig. 24. The result of cobb test according to the color formulation.
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Fig. 25. ’I‘he result bf ndn*uniformlty of liquid absofption 1.
(GCC 50/Clay 50)
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Fig. 26. The result of non—uniformity of liquid absorptionlIl.
(GCC 70/Clay 30)
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it

Fig. 27. The result of non—uniformity of liquid absorptionlll.
(GCC 80/Clay 20)
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Fig. 28. The result of non-uniformity of liquid absorptionlV.
(GCC 90/Clay 10)
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Fig. 29. The result of non—uniformity of liquid absorptionV .
(GCC 100)
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Table 9. The result of mottle index.
GUCC/Clay S50/50 TU/30 30/20 GO/10 100/0
Vartancoe, % 0.00000¢ 0.000005 Q.000011 G.000008 0.000004
Mottle Index 0.00241 0002128 | D.00GV0S 0.00598 0001506
4-2-3. w8Ae ¥W 9] G

Iig. 309 A wojiz= SEM SAAx Fderbdg/Zeo)e v &) 70/300 A
b BE e el Abelzel wx s yEhdlar glow] FAH el nlge] o}
A5% Yot REL FolEy AL B ¥ U
x 100 x 1000 x 10000
GCC/Clay
a0/a0 5
GCC/Clay
Y0730
GCC/Clay
80/20
GCC/Clay
910
GCC/Clay
100/0
Fig. 30. SEM Images of paper surfaces.
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