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Studies on Relations between High Solid Coating and
Quality Changes(I)
— Effects of major process factors on coating color rheology —
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ABSTRACT

In order to elucidate the effects of types and mixing ratio of GCC and clay, coating color concentration,
and types of rheology modifiers on high solid coating, various coating colors were prepared, high shear
viscosity was measured and then rheology of the coating colors was analyzed. Coating color concen-
tration was able to be increased from 67% to 69% and from 68% to 71% with a higher GCC ratio and
with the theology modifier instead of the synthetic thickener, keeping similar or improved coating color
rheology and coated paper quality. The rheological properties of high solid coating color were superior
with smaller average particle sizes of clay and latex, wider size distribution of GCC and higher added
amount of latex.
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GCCE: HA(Z)(GCC 1: KFMT-90U, GCC 3:
KFMT-95HS)¢} @ njof 2]oHGCC 2: Seta-K) 9] =
T8 GCC AIFE THUARE AHE sH¢l e, Clay=
o) =3 9)+= Engelhard(Clay 1: Ultra Gloss
LV), Huber(Clay 2: Hydralux 91, Clay 5: Hydra Gloss
E), Thiele(Clay 3: Kaofine 90) ~12] 1 Kimbros(Clay 4
: Amazone SB)9] A &-& AHg-stith 4 ¢tREY 5
8. Table 13 Zch Jz=EAZ7(TOYOSEKI
LMS-30, 4-2)& AH&-sho] A2 &4 5+ 1, Fig.
15} Fig, 20] ot Q® BE ML Liehyolet.

2.1.2 HiRIH

B oo ALE3} Blol| = SB(Styrene-butadien)
A el A2 435 453K Latex 1: KSL-242, Latex 2:
KSL-202, Latex 3: KSL-230)A]| &3} Dow Chemical A}
(Latex 4: XQ-83302)8] A &S AF8-319% 0.1, HiQl T
2] EALS Table 29} Zt} Tge Perkin-ElmerAl2]



Table 1. Properties of pigments

sgte] g d-r(18) 43

Surface Area Mean Particles
H 0, < 0, < o, < 0, <
Pigments %, <0.23um %, <0.55um %, <1.09um %, <2.15um mem’ diameter(d50%)
GCC1 0.00 241 36.26 84.52 6.010 1.287
GCC2 0.00 5.94 56.29 97.58 7.471 1.021
GCC3 0.00 4.82 56.16 97.79 7.378 1.025
Clay 1 23.60 65.18 68.31 79.65 19.051 0.366
Clay 2 33.36 86.14 92.20 08.86 24.653 0.296
Clay 3 37.14 95.58 100 100 26.981 0.276
Clay 4 35.50 95.40 100 100 26.676 0.281
Clay 5 31.36 70.19 71.99 81.56 21.383 0.310
100 100 e -
90 9 7%
80 80 | f-t—piw
Z 70 ; RS~ > —~+—Clay 1]
2 80 ——GCC 1 S 60 —#-Clay 2|
5 %0 —#-GCC 2 L) o
§ a0 ; ——GCC 3 E 10 Clay 3|
© g © 3 L = Clay 4|_
20 20 = Clay 5|
0 g/ 10 b
0 o i N A N
00 05 10 15 20 25 30 35 40 9 1 2 3 4 5 6 7 8 9 10
Particle Diameter (um) Particle Diameter {um}

Fig. 1. Cumulative frequency of GCC and clay particle sizes.

DSC-7& AH&3to] 273191, gel FeFS E29 & L5 A 2 A] theology modifier (Revocoat - 753B
o H-S ARE-5Ee] EA519 0, 9=} -8 Photal A} ; A Y3lsh e} synthetic thickener(JT-35B, A ¢3}eh
Auto Sizer3-& AR8-30] &43}9 ) & At o, o] 5 EAJL& Table 33} 2ot
3 REH W2 2.2 =FH Higt|
Table 2. Latex quality
Binder Surface tension(dyne/cm)  Viscosity(cPs) Tg(°C) Gel contents(%)  Particle size(A)
Latex 1 52.5 350 2 83 1100
Latex 2 55.0 200 2 83 1600
Latex 3 58.0 400 4 83 1350
Latex 4 40.0 500 10 80 1100

Table 3. Specipications of thickener and rheology modifier

Series

Chemical composition

Ionic charge Type

Rheology modifier

Synthetic thickener

Acrylate copolymer

Acrylate copolymer

Anion Alkali Swellable

weak cation/Amphoteric ~ Absorbed on pigment surface
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Table 4. Coating color formulations
Series Synthetic thickener Rheology modifier
Components T1 T2 T3 R1 R2 R3
GCC3 60 70 80 60 70 80
Clay 1 40 30 20 40 30 20
Rheology modifier - - - 0.48 0.42 0.40
Synthetic thickener 0.25 0.17 0.11 - - -
Latex 4 10.3 10.3 10.3 103 10.3 10.3
Solid content (%) 66 68 70 66 68 70
'LSV(cPs) 2,900 2,800 2,900 2,800 2,900 2,900
*WR(g/m’) 108.8 1225 118.8 1113 113.8 113.8

"LSV: Low shear viscosity(Brookfield viscometer, 60rpm), > WR: Water retention(1 atm, 2 min.)

2.2.1 Synthetic thickener®} rheology modifier &E&f

Synthetic thickener®} rheology modifier 2-& A =
HEAS ghost izt GCCoClay ] QT 8| &
of whe} A At A &7} § AL & synthetic thickener
9} rheology modifier2] 59382 %235}o] Table 49}

Zol B3 ZASH

Tol O
THF

2.2.2 =8N BEo| HEF

Control2 T3lof 2 ALE-E|&= &71e] Hed
synthetic thickener& AME-$F L uhA 9] wjjgto|c}. S1 ~
S4+=rheology modifier& & -8-3}1 GCC/ClayH] &%
75252 DAHSHA =FN =2 67,68, 69, 70%7}
%) %7HA70 digolth. E3 A S5 Wslrh mgalol
4 Wt o) 2)= QS BrhetnA) shglon, =%

9] ulj e Table 59 Yebyich.

Table 5. Coating color formulations

2.2.3 Clay/GCC H|Z H3}

Control-2 synthetic thickener& Al&3t1, GCCE
60 part AF2-3F LuHA 9] wljgto|th Rheology modifier
& 283t 15 = v ghof A clay/GCC2] ¥]-&-2 30/70,
25/75, 20/808 WSIAIA 7H2F 2 A|S}IL clay/GCCE]
vlgd 5 golol S S4usle Brbel Al shgich.

=3l o] vjFhe Table 69 Vhelit),

=20

224 Claye| 19|

Claye 1 &l Wt st REdE =
AutA o7 £3ujsl A1, R} B}
FEAo| ™ Ao 2 arajA gleh*Y o]
27 5to theFet 279 clay 9] 4% E4S Hrkela
2} 519i ). Synthetic thickenerE AF8-3t control Hlj 3}
3} rheology modifierS AFR-3F 1% vl §hojjA] 42 9]

| st

(=]

Series

Control S1 S2 S3 S4
Components
GCC3 60 75 75 75 75
Clay 1 20 - - - -
Clay 5 20 25 25 25 25
Rheology modifier - 04 0.4 04 0.4
Synthetic thickener 0.13 - - - -
Latex 4 12.2 11.0 11.0 11.0 11.0
Solid content (%) 67 67 68 69 70
LSV(cPs) 2,270 800 1,000 1,360 1,760
WR(g/m®) 118.8 145.5 136.3 1313 1263
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Table 6. Coating color formulations

Componens Series Control Pl P2 P3
GCC 3 60 70 75 80
Clay 1 20 - - -
Clay 5 20 30 25 20
Rheology modifier - 0.4 04 04
Synthetic thickener 0.13 - - -
Latex 3 12.0 12.0 12.0 12.0
Solid content (%) 68 71 71 71
LSV{(cPs) 2,869 2,956 2,839 2,479
WR(g/m’) 121.3 112.5 116.3 117.5
Table 7. Coating color formulations
Series Control ci 2 C3 Cc4
Components
GCC3 60 75 75 75 75
Clay 1 20 25 - - -
Clay 2 - - 25 - -
Clay 3 - - - 25 -
Clay 4 - - - 25
Clay 5 20 - - - -
Rheology modifier - 0.4 0.4 0.4 04
Synthetic thickener 0.13 - - - -
Latex 3 12.2 11.0 11.0 11.0 11.0
Solid content (%) 68 71 71 71 71
LSV(cPs) 2,270 2,659 2,839 3,139 2,819
WR(g/m?) 110.0 98.8 118.8 125.0 140.0

tHE clay 5 AHEOF 1, =524 9] vl k-2 Table 70f) Lt
etk

2.25 GCCo| BF2| et

GCCE= RAP o H4 125 7M1 9o I
ol clayRth= -5 E4 0] 243} 1 water retention £
Aol "ol Zoz dajx ek Synthetic
thickenerS ARE-3t control B3t} theology modifier
& 8% L5 = Hjgo) A 3%2] t}E GCCE AHE-3}
11, =2 o] uiFhe Table 8o LebATE

2.2.6 S/B latex Xt 2 7|2 Hek
1% EFEoA UR}AHo] thE & FH(L1: 11004,
L2: 1600 A)2] S/B latex S Al23}0] T ole 2|5}

Fth Latex 2] Iz} A7]7F 2R 72 clayut GCC o] &
YAt Ao ol A] ball bearing & 22 VR o] /-5 &4
2 WA 5 9=AF F74 DA Sk Synthetic
thickenerE A}t control 8 rheology modifier
2 H83 15 E uigol A YRR Apolrt & 2%9)
latex & 21-8-8+ 91 11, =3 2| v -2 Table 9] LreRy]

=y

2.2.7 S/B latex E£QJ2F0

vRQIt] o] Fejeko] Z7} =™ ball bearing & 7+5 2
ZAA E3H0 J-5 EAS MAee aats Hotkst
112} 3193t} Rheology modifierS Al£-8t 113s = ulgt
o) A latex 5 F-& 10~12 part 7} 0.5 part HA 0.2
HERA o v, Tl o] ui g2 Table 100} Urebsi Tt

st

S

olN
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Table 8. Coating color formulations
Components Series Control Gl G2 G3
GCC 1 32.61 80 - -
GCC2 32.61 - 80 -
GCC3 - - - 80
Clay 1 37.78 20 20 20
Rheology modifier - 0.4 0.4 04
Synthetic thickener 0.13 - - -
Latex 2 11.12 10.0 10.0 10.0
Solid content (%) 68 71 71 71
LSV(cPs) 3,439 2,369 3,279 2,889
WR(g/m2) 110.0 121.8 138.8 108.0
Table 9. Coating color formulations
Series Control L1 L2
Components
GCC 1 32.61 - -
GCC2 32.61 - -
GCC3 - 82.6 82.6
Clay 1 37.78 17.4 174
Rheology modifier - 04 0.4
Synthetic thickener 0.13 - -
Latex 1 - 10.5 -
Latex 2 11.12 - 10.5
Solid content (%) 68 71 71
LSV(cPs) 3,269 1,470 1,920
WR(g/m’) 111.3 97.5 100.0
# L1(KSL 242) = Styrene/Butadiene : 49/38 pts., Acrylic monomer/Acid Monomer : 9/4 pts.,
L2(KSL 202) = Styrene/Butadiene : 44/37 pts., Acrylic monomer/Acid Monomer : 15/4 pts.,
Table 10. Coating color formulations
Componens Series DI D2 D3 D4 D5
GCC3 75 75 75 75 75
Clay 1 25 25 25 25 25
Rheology modifier 0.4 0.4 04 04 0.4
Latex 3 10.0 10.5 11.0 11.5 12.0
Solid content (%) 70.5 70.5 70.5 70.5 70.5
LSV(cPs) 2,240 2,240 2,260 2,270 2,280
WR(g/m®) 133.8 126.3 126.3 124.8 121.5
2.3, "ruiH =), 18] 2 water retention( AA-GWR)-& 245} t}.
ZAE woolo] oWty EAS wAGAR AE & o coater(SMTAL: L&) & o] 8-3t0] =g 3,
IR HFAFEF 15%, &% 150 °Col| A 7?}_ QI FEAZRS}H

(Hercules DV-10, =]=}), At

A % (Brookfield, 1]
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of EFA 2 A2 gk BT T MY 1.125 kg/em 2 o
BREHKR ;212 3ottt £ 719l roughnes o [-a T
£ L&WAFS] PPS 274 7], gloss= Paper Lab, 718|311 100 |- i, lﬂ—*-N-e—R] -ER2 —#R3 [
. - _ 90 - ‘.
1SO Brightness= L&WA}2] Elrephor & o]-85}¢] 3 % . 1 ﬁmﬁ_‘:;\
et fo A — ]
g & R Sy
= 50 Q\& A o Y
3]
(=] X 40 —
3. Azt ¢ 1 . —
20 L
; ; s 0 10000 20000 30000 40000 50000
3.1 Synthetic thickener2} rheology modifier She e (/oec)
o
o . Fig. 2. Effects of synthetic thickener and rheology
71& &2 & synthetic thickener & 8¢ & modifier on high shear rheology.
&3} rheology modifierg 283+ =& Ho 5

d& B w3t BIHE Fig. 29 e ik

o= EFof A A AT A & =2000 cPs A =7}
EJ_OH‘,} Agd gk 22401] 2|31 ]-E]-_TV_ ae A g)
T AN QA E =5 N AT HEES 1000~3000 cPs
Gl A 2t et ZF R FEE 66%0
A T0%7HA F7FA 7| H A, 2 B oA AT
Z7} 3000 ¢Ps X7} 5 =& synthetic thickener®}
rheology modifier®] X7}ekS 235t nAtho) A
HES v)shenh. Fig. 20 Lreh} glso] nRxie)
AW&/d& Algtste rheology modifierE AH3-3F R1,
R2, R3 wjglo] 7129) oiztal WeA synthetic
thickenerg A3 T1, T2, T3 wligtEct nAH &=
o] AAAHE ek

71& 9] &hzt2| 9.3 synthetic thickener= &7+
ol A LEAL BFA =7} o UBHA| Ghot B TR ok
el A ol Be ot AL Jefe] FEAAE 4
§;m Zitt. HhA o] rheology modifier= IL8-2}] -4

P4 QAR 10 2248 LA
synthetic thickener H.th 943}

RPNV L PERE
B EF S EFA 245 H7Heklch (Table 11
Rheology modifier& #-&3FR1 ~R37} roughness E
JoliAl tha f-2l gk A5 B o] 1, paper gloss 42
71 9] §-AFSE A2 LeRitt. 18] 31 ISO brightness
L GCC 3tgfo] 2715l A] A4dl= a8 B¢}
Fig. 298] 23N 82 EA] H7} Aylol v|wstd &F
SE7H sl mhet GCC Hlgo] Fobyl o = B}
T AR A o] AAMES A3 ekt

3.2 E"_OH !::.EO' g%o
gdo

Fig. 30| 4] B v} Zro] mRol w7} 27}k
VA He7t F7E A &4 vk gekd e
2 AA=FofA 24 EAHOE Mooney F4]
(Eq. [1]) &-& Krieger-Dougherty 4] (Eq. [2])& &

S AIFAA EFH Y EEE FUHA SFRAZIa o] FEshal e, ol X £8E FHl Hx
Table 11. Quality of Coated Paper
Series unit Tl T2 T3 R1 R2 R3
'BP Grammage g/m’ 68 68 68 68 68 68
cp Grammage g/m’ 85.5 86.1 86.1 85.5 86.0 86.1
Coating Weight g/m’ 17.5 18.1 18.1 17.5 18.0 18.1
Roughness(] MPa) #m 1.47 1.41 1.35 1.45 1.35 1.29
Gloss(750) % 71.4 75.3 76.0 73.0 75.7 76.6
ISO Brightness % 87.8 88.0 88.3 87.8 88.1 88.4

'BP: base paper, ’CP: coated paper.
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2 PR
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Shear rate (1/sec) Shear rate (1/sec)

Fig. 3. Effects of solid contents on high shear

Fig. 4. Effects of Clay/GCC ratio on high shear

rheology. rheology.
Table 12. Quality of Coated Paper
Series unit Control Sl S2 S3 S4
BP Grammage g/m’ 87 87 87 87 87
CP Grammage g/m2 106.0 106.1 106.0 106.2 106.0
Coating Weight g/m’ 19 19.1 19.0 19.2 19.0
Roughness(1 MPa) i 1.18 1.28 1.25 1.20 1.18
Gloss(750) % 79.2 76.2 77.8 78.2 78.9
1SO Brightness % 84.5 86.5 86.4 86.5 86.4
5k % e T 9L7) ol ot Mo 4 9l o §FTE) HE 02 THG HES} 57}
n,=exp{2.50/(1-2/,,) [1] she A A9t 9 Fig 39 & F74E 1A
n= (1= /@ ) 2% 2] A= F8 A= o9 YAISHL Ql5-& B2k
LT3N F g Sk 71 ®H roughness&= Hot

7] A ne2 H T, D Z|Th 77 AbEf o] 213
B8, 02 1y E BgolthEq R dE= &
o ny R Hgst HY )7 THE LY BT
A7 &L HojZrh Mooney 22 Krieger-
Dougherty 342 =3 N9 F&7t 7l =39
Yol 4] a1gEo] Bgol ol i, ¢t YRSl &

~

T o2
e e

Table 13. Quality of Coated Paper

2T gloss== AH48SITH (Table 12). 70% 5=(S4)]
A clayZ 40 part Z-8-3} control 7} roughness 2} gloss 7}
L Abs}iTh E8FISO brightness= GCC grgo] &7}
=l 3= i $H (ST ~ S4)oll A control B g o 34Tt

3.3 Clay/GCC d|& H3}e} Het

Series unit Control Pl P2 P3
BP Grammage g/m’ 163.5 163.5 163.5 163.5
CP Grammage g/m’ 187.8 188.2 188.4 187.9
Coating Weight g/m’ 243 247 249 24.4
Roughness(1 MPa) (m 1.44 1.40 1.43 1.45
Gloss(75%) % 79.2 79.3 79.1 78.9
1SO Brightness % 87.87 88.44 88.7 89.0




GCCE BA R 780 717k WA el FA-L
P1A 2 9o, clays £3u)7} cherer & 2kl
TF2E 7HA I Qlek o] 2Et taFEE A& clay7t
GOCETH= AT alo] 4 $Eak7]0] B as ol g
Zro] ] go] @75} & Clay?] AT 554
GCCEU} Bafsich 1 akat & 9lch o7
71% EFE EZN AL GCC/Clay B-&©] 70/30¢]
7} 7].1]— 05 EHO] Hak@ionq 80/20.4 7:1 }
control(68%)¢4— FASE G5 EAL B9} (Fig. 4).
oA e %7 T4 T2 Clay Ro] 571 U4E &
5 E40] BRerty wad Anel YAk
Control B} g (clay: 40 part)Z} P2 (clay: 20 part), P3v)|
3t (clay: 25 part) roughness ¢} glossE4J 0] +AFH
ot %% Hi R (P1, P2, P3) 9] ¢ GCC v &o] Z7}
&} A ISO brightness 7} 2711t}

0 oH

3.4 Claye| 74 H7t

Fig. 59| clay £F7} =5 {H
= g3 Yehich Clay2h g2 534 2
go] 2 E =R AR i S
et $96) % £ 30 USR] 9 0
= 57 thu] ARF719] B]& 2 FA of ]
dojof vzt

THu) =dn [3]

(d : a diameter of pigment, t : a thickness of pigment)
Zu1E AP Sk i e B3k sol9)
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2] geh. QibE 0 2 Yrpe] BEG o] Yo% 29
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Fig. 5. Effect of clay types on high shear
rheology.

WY d(1R) 49

SR 2 S B o £he
zow nEstol A R A gL vl

A ek G A ek & Aol A= Table 19] A3}
S AR stoEy GdEYAY] A7|= clayl>
clay2>clay3 = clay4< © & Ve = A 31 819
11, Fig. 59 235 Hd clay 47te] 277} 2 g8
2 QR3] GCC Afolo] A 28 242 |2 E 2 <l

clayl>clay2>clay3 = clay4 « o2 - w7k ur

ol AFE Yehts A0 2 Az gth
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