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Abstract : The properties of the dispersion of the red, green, and blue pigments were investigated for the
manufacture of the millbase of LCD color filters. Their physical properties and viscosity were controlled to apply
to the screen printing in order to substitute the existing photolithography method. The best dispersion properties
were obtained with dispersant BYK-2000 and monomer EB-140. The millbase was pre-mixed at 500 rpm for 30
min, and dispersed at 4000 rpm for 5 - 6 hour by Torus Mill. The resulting particle sizes were 100~110 nm for
red, 50 ~70 nm for green, and 60 ~80 nm for blue. When the millbase viscosity was 200 - 300 cps in the low
viscosity formulation, an efficient impact of the beads on pigments was achieved. The dispersion properties were
confirmed from the rheological behavior and color characteristics.
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7ETH1]. LCDOIA ZAestE TdAI7IE 38 ARl Aeld
H(Color Filter)i= LCD A|x4e] 7|38l & 43 v
A= EHE?HO] x<]u1§}61— A|=EO 7 }‘}"Q‘E]_L_ 7] Lq]E_OH teksk

AzgEo] Asle] 9k 71Ee) Aelde) ATHE I
3l photolithography¥), =
&3 A (Photopolymer

FEA (photo-polymer & ©]-&
(FElectrodeposition), <13 (Printing),
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Table 1. The properties of R, G, B organic pigments

Pigment C.I.Pigment C.I.Pigment C.I.Pigment C.I.Pigment
Red 177 Red 254 Green 36 Blue 15:6
Hue Red Bright red Yellowish green Bright blue
Chemical Anthraquinone Diketopyrrolopysrole Phthalocyanine Phthalocyanine
PPD (nm) 80 80 50 30
SSA(m7g) 60 80 58 110
pH 6.0 7.5 6.5 6.5
Supplier DIC CIBA DIC DIC

pattern®] A Folw, HAPH, Inkjet A% s AT
Ha 9tk o5 FollA etaiabyo] Wwle] FUwL) 38t
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PPD(primary particle diameter)s= millbase 37 $-of &
®E 8h= 100 nm o]ake] A=AV = FAke] 7hs g bRl
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Figure 1. TEM image of pigment (C. I. Pigment Red
254(a), C. 1. Pigment Red 177(b), C. 1. Pigment
Green 36(c), C. 1. Pigment Blue 15:6(d)) before
the millbase process.
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Figure 12 <b59] QIAb @74a &otrr] S8 TEM
(Transmission Electron Microscope, JEM 2010, Japan)©.
% B9 Z0/eh 1A R A7 oRE 100 nm o]
a2 dAE o] gl AL goldl 2= glx|ul, Alo] x5k HEO
A7t 22k AR} AElE SAE = 21S UERdTE Red F
= 8uA & 23} A2 AU E x4 93, Greeny} Blue
kg AUHo= O]JX]‘ 717 #a -EF (agglomeration)
A7 okt S 4 4= Stk (Figure 1)

Table 2= o324 OE ARG B Bl EARALES HERd
otk Riers millbase 3784 4415 tlalste] 2aks &
T 9 dlof R els F&Ao] Folof stk EIt
millbase oA ¢tgo BAF EAJ®T olyz} FHF color
resist THE FHA], AR HAF I} F3Hy Folehs S



Table 2. Selection of monomer and dispersant

Types Properties

Tetrafunctional acrylated diluting oligomer

EB 140
(1,000mPa.s)

Monomer | TMPTA Trimethylolpropane triacrylate (115mPa.s)

Dipentaerythritol  hydroxypentaacrylate
(16,000mPa.s)

BYK-2000, | Modified acrylic block copolymer
BYK-2001 | BYK present)

BYK-161
BYK-163

DPHA

Block copolymer
(BYK present)

Pol |
Dispersant | Dispers-650 olyester copolymer
(Tego present)

Alkoxylates(non-ionic)
PD-7000 .
(Unigema present)

Acrylic block copolymer

FFKA-4530 (EFKA present)

ollX A7k womA #s7)7) ook Fhet ol d #AlelA
TMPTA, DPHA, Ebecryl 140(EB140)S F2 A-g-al3itt.
AR ] Ak IARIAR el FAeiM EAeY
A& AsHIAA HAFOI P o) Fo) A 1= s 2]l A
Feje]] 2ol ]kmis HlEHA Q] 714 E‘E‘i A AA7E 5
7Feted QPR AkE o] F717F of Tk HF jkRvith WS
Ao] th=7] wjigel] thfd BAAIE A ARG B s
of Sh= A-97F Wk whebA A ] *W*Oﬂ oM ks
R 715 TP Al SHoE, dA AEE AL gl
AFEo 7 A% F AAe7) 2 319 cHTable 2)[8].

2.2. Milbase ™M=

B ATtofA= vkl Bl 4221l Torus mill (Gatzmann
7h& AR89 a1, B] == Zirconia Beads 0.3mm (Cenoteciit) &
A3l Figure 26 millbase®] A% wHAS JeER)ch
Millbase Alx 372 bz o} FAHAL 849 T4 FUA

[Monomer] [ Solvent ] {Dispersant]

30min

A
[ Direct Stirrer ]

(Crigment J—»] S0

A\ 4

[ Torus Mill (Zr bead) J

5 hr

Figure 2. Schematic of millbase process.
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Table 3. Optimum dispersion condition of milling machine

Machine Torus mill Beads weight Mﬂlbeﬁf we
Dispersion Time 57 Impeller diameter %
(hr) (mm)
Machine Power Container size
1. ,000
(kW) ’ () .
Dispession speed | 3,500~  Chiller temperature 18
(rpm) 4,500 (0
Line speed 118 Chamber temperature oo
(m/s) q0)
Bead size Pre mixing time 30~60
0.3 . (500 ~1,000
(mm) (min)
rpm)

TS e sk

Impeller= container?] Z7]¢} Y52
1% 2t%7] pre-mixing

90 mm 7% 3lch A E oA
500~1,000 rpm O = F3FFal, A1 FARA A~ o] 4]
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S22 Otsukail2] LCF series 2, contrast =72 Tsubosaka Z,
F352 UV-VIS spectrophorometer (Otsuka MCPD-3700)

= =733k

3. Znt ¥ AE
1. Mztel 4&4d

Millbase &7de 17171 A, A9 K 84S
olr 7] $1& shaker W) #AM7|(Red Devil Equipment
5400)5 A-§-3}31 Tk Red Devil 2 10% 59F wHkA 7] 1L glass
o] bar coatingste] 103 &<t WA g ¥ 34 Y7 25
e ferow wekasich

o s 5} A, 30 Ak Y g 4
3to] 353 (1=good, 2=middle, 3=bad)Z 3}3]11, 7|¥]
A= 7H = v sl 353 (1=low, 2=middle, 3=high) %
© Lol Lhebiglel J1% S YAEIA 28-S L
b M= RAENE WolmHnw )X} A85E Fohn
BRI Table 46141 o 5 910l FEAL Al 55 ¥
] B Qw8 ol A EB-1400] 71 55
AL 7149 HAE 7P A%tk TMPTA: @M=l £4]
915k, DPHAYS 7] o] ol Evfelq 727} Afebd
Z] ¢kgke}. EB1400] BYK-20003}2] AFg-Alo] 958k Ao =

&rﬂ

ol

-

Qb ef BAMAI 210 84S dotr 7] 9184 = Red Devil

Table 4. Observed behavior during mixing of monomer and

DPHA BYK-2001 cearness
Disper-650 opacity
PD-7000 cearness

EFKA-4330 opacity

dispersant

Monomer | Dispersant | Film state  Surface  Bubble

BYK-160 opacity 2 3

BYK-161 opacity 2 3

BYK-2000 clearness 1 1

TMPTA BYK-2001 clearness 1 2

Disper-650 opacity 2 2

PD-7000 clearness 2 1

EFKA-4330 cearness 1 2

BYK-160 opacity 2 3

BYK-161 opacity 2 3

BYK-2000 clearness 1 1

EB 140 BYK-2001 clearness 1 1

Disper-650 opacity 2 2

PD-7000 opacity 2 2

EFKA-4330 clearness 1 3

BYK-160 opacity 2 3

BYK-161 opacity 2 2

BYK-2000 clearness 1 1

2 1

2 2

1 2

2 3

= 6403 5 BAE 9 Q1% 271 lastel A 217)
74 e Ae g R Ashie] FE Aow B
eItk YESAL BHASAIIE ol galo] EARAIT
H(dynamic light scattering method) 0 2 #2435} 0w, A
22 FAIPGMEA)Z 5417 T A9 cellol Wit 74
3FAth Bead?] Z7|= 0.3 mm, %2 AA| 29132 100%
= eplon, Rers Zg/do] e et Ebecryl 1402 117
stol AbgsteiTh BAAl Be AzAbEIT okiel Aozt
qoix #AFero 7 Bk
Figures 3-4°] JJ=54 A9E =22 YeERAS+=d), Red
bl tisiA= BYK-2000, 2001°], Green¥} Blue bzl
tf3ird= BYK-20003} 1630] %53t A3E Yepfith &5
T HY ARl BYK-20000] U] /b5 Bl -3k 54
& HERHSIE: 2 Al ) ks 14} 1A nm ©h9jo]7]
mel F&3ketr] of el =4 3 A AL ARE BYK-2000
o] 7IA 11 9= WA oladdo|E #5717 R, G, B F7]¢k
25 Fassher A3 %ﬂﬁl FomH BAHES o
kAol B]3) millbase 3ol A <t
o1& Zol2} wbelc,
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Figure 3. Particle size measured versus dispersant mixing

time (C. 1. Pigment Red 177 (a) C. 1. Pigment
Red 254 (b)).
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Figure 4. Particle size measured versus dispersant mixing
time ((C. L. Pigment Green 36 (a) C. I. Pigment
Blue 15:6 (b)).

3.2. Millbase formulation 2 22X EA

(1) ZHEE type Millbase

I HE type millbaser= millbase ¥ HFE F&4 &
B2 Hesty] 98 Rl EB-140S o g Alg-5ko
s 248tk AR 395 R, G, BEF U3k 83l
THTable 5).

Figure 5~7°14 1% type millbase 9] g JE-AHAE
DLS-8000 dH|olE]Z et Red <FE7} 225 nm,
Green ¢FE7} 228 nm, Blue €57} 150 nmE Ao &
o7 ARgsblelE YgAF A717F A, k59 12k 1Ak A7)
o} w3l Kol st FAto] o]Fofxx] ok Z1o® H

Table 5. Formulation of high viscosity type millbase

Pigment Dispersant Monomer  Solvent Viscosity

Red 177 BYK-2000 EB-140  Butanol | 10,000 cps

Green 36 " " " 5,000 cps

Blue 15:6 " " " 12,000 cps
22% 16.5% 58.5% 5%
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Ls Int. Distribution
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87 2820

Figure 5. Particle size and its distribution of C. L.
Pigment Red 177 for high viscosity type
millbase (diameter (d50) : 225.5 nm).
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1 6.8 45.7 309.1 2090

Ls Int. Distribution

Diameter (nm)

Figure 6. Particle size and its distribution of C. I.
Pigment Green 36 for high viscosity type
millbase (diameter (d50) : 228.0 nm).
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1 6.6 439 291.2 1930

Ls Int. Distribution
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Figure 7. Particle size and its distribution of C. I.
Pigment Blue 15:6 for high viscosity type
millbase (diameter (d50) : 150.4 nm).
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Table 6. Formulation of low viscosity type millbase

. BYK- Viscosity

Pigment 2000 EB-140  Solvent 1?2581;)

Red 1774254 | 25.0% 23.2% 18.8% 33.0% 200
Green 36 29.0% 26.5% 20.0% 24.5% 300
Blue 15:6 27.0% 24.5% 20.0% 28.5% 200

(2) MEE type Millbase

A% type millbaseo| A+ formulationS A/gujt} 20|
5 FolriTable 6). 453 W37] 918 &4 ¥1&2 w3
Rede] 29 The Aol vla) 28 H(wetting)o] vt &)
]SS 0% 59|17, Red 1773} Red 254+ 3:72] H| &2 &
eIt Green 369 73-9-= Wl o] AL 7] ol
wAke] # o] Folgom], BAL M k=R A7) elA
et dabE YERISITE Blue 15:6: bR #4449 H]
W0 110 gz 7F3 o1 Red B} HAto] & o] &
Btk AE7} 200~300 cpso A= millbase o] F-5/do] &
Mo ST ARs] FA A8 B B

Rl 2 W oA

Ls Int. Distribution
Gu )

Diameter (nm)

Figure 8. Particle size and its distribution of C. L.
Pigment Red 177 and Red 254 for low
viscosity type millbase (diameter (d50)
104.5 nm).

Ls Int. Distribution
Gu (%)

Diameter (nm)

Figure 9. Particle size and its distribution of C. I.
Pigment Green 36 for low viscosity type
millbase (diameter (d50) : 53.6 nm).

Ls Int. Distribution
Gu (%

Diameter (nm)

Figure 10. Particle size and its distribution of C. I.
Pigment Blue 15:6 for low viscosity type
millbase (diameter (d50) : 75.1 nm).

ik
Figure 8 ~109] A3 X type millbase?] =% DLS-8000
HlolE = e olet. g3t Aa7]S B9 Red= 427

Table 7. The color coordinates in the color resist patterns

Color | Thickness X Y Z X y

Red 3.6im 63397 19575 5.0953 059602 0.32055
Blue | 2.6pm  13.468 7.1116 75.008 0.1409 0.07439
Green | 25um 31026 59.993 2209 02743  0.5304

7F ¢k 105 nm, Green<a 50~70 nmo]=, Bluex 60~80
nm Atole] Qxp= 7|7} Bxeta BELE AR (sharp)s}7)
UEFstE). Green & #449] g golt 914k2719] el 7}
T £e 3B Won] Redi B4l i o}sIA% 100
nm olske] LODE A#HEl) Qb Ak )% WEeh

10000 g e T T
3 A
1000 |Ayogtppopssigos=s=osis A
E \ k.i.\li'.'sn L
L "\’ :
—_ 100 o
© £ . 4
Q. r \'\ 4
p 10 E “\-'ii"'
U] E R
1L —=—RedG’
E | —*—Green G’
§ A— Blue G'
0.1 1 10 100 1000

Stress [Pa]

Figure 11. Shear stress dependent of G' for low viscosity
type millbase (stress range : 0.1~1,000 Pa).
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Figure 12. The frequency dependence of G' and G'' of
0.1~1000 rad/s for low viscosity type millbase.

A A3k

Figure 11°4= AAE type millbase 2] FAEE ol x
7] 13l swressol] W G'& 5743 Aotk R, G, B B
0.1 PaolA5-E| 100 Pazk#] dst HE& vehfiar Qi) o]
7212 millbase W52 <tg7F FAbo]l 1127 ¥o] QlojA
stress7} WA3IE gl Qtg7)g]e AWk ¢ldo] A7 Fd3F}
A Agsls AL oujsitia wdkslgith Figure 120]4%
frequency sweep®] 245 WE G'9} G 2] g Yo] FHis)
e el B e WE GE AN B840l 2 4
o= FAatsich

3.3. Millb MEH

A JESHETE ol gl millbase MEAo] dnjt )
HA=rtzE BAMS 5 21t} Millbase o] MEA]S-
7kt S1eiA millbase X}Zﬂit A3l 1z 9 A7} =
A ¢F7] wjEol color resistE A|F3}, AW Q= W
Qs F 4B S

(1) Contrast Ratio

B oA 9] Contrast Ratio =7 (Tsubosaka electroTi)
ke Red7} F4 3.5 ﬂm 1 ] 3776, Greena 2.5 me 1w
2736, Blue= 2.6 ] o) 13869 S vteERYITE H]S=3k oj
| FACA 1,000 o]/ Fxojd AEE|Z A 7kt
thal A QIeH12]. E AFoA R, G, B EF WSS
S Yehd Zlo R Hol ¢ty 54 W BAJo] gE st
3 g = glr) 2y @Al LCD-TV Al AMHEE
color filter 2] F55(4000 o] oll= & n| 2= Fho| P& A%
3 FEe ohjely W,

(2) Btz

T3 5742 UV-VIS spectrophorometer(Otsuka MCPD-
370002 AHEsHIT Figure 138 el LEel1el
(photolithograpy)&- color resist®] F3} L (X)) & A9
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120
= 5F method

100 b =5 PL method =
#
o 80
9]
=
£ 510
E
2
LRty

20 &{é y

0 _"f o

380 480 580 530 T80
wavelength (nm)

Figure 13. Transmittance ratio of R, G, B color resist at
photolithograpy (PL) method. (Red : 95%,
Green : 90%, Blue : 80%, thickness : 2.0um)
and Screen printing (SP) method.(Red : 95%,
Green : 90%, Blue : 70%, thickness : R(3.5
/m), G(2.5/m))

FIE d9E ]
E3E = Blue A4
vl5=g ghs HERS
715 dolA7] Wi
ot & o ATH13)

(3) Mxhsig

Avjde AMAPHEL Otsukajt LCF seriesZ =73}o]
NTSCH|9] #¥ 2 yeplglon, ez 349 color
resiste} MAH S-S v w3FIT) Table 7-2 H Aol A Q133
WO 2 color resiste] MHEE =73 Fho|tiTable 7).

Figure 14°f&= color resist ¥E12] MHATE T 25T
AAEES NTSCH] °F 55%9] Ald&s Wehliglar o] 4
Bz J)E EEe LR Yol NapE e gol A, R
0 5 B R Sl UE U 6
e L e

F 7o)ttt E oA Q] color resist2]
ZhollA thA ®ox) 11, Red, Green<
th Bluef] %% 70% o4 oz AMEA

of 2 ATelAe] AR5 B FAES

gzl SlojA ko o] A THeAS ERlIgh Aol 71|
U= Aty A7 th(Figure 14).

4.2 B
B A= A HEE Screen Printing'S ©]-8-3}19]
Hested o AR s mlllbase o}gg_}ﬁ o sl AT

oy

1) AF7e] A AE A7 4k = BYK-2000, Bx=v
= EB-1400] 7P 978k 545 UERSIT

9) B2 H7 272 500 rpm O Z 30 min <} pre-mixing
3 %], 4000 rpmOE 5~6A17F ZHEA] QHgEHA 12} 9J=b
AFE7EA] etg 7t B4, Red”F 100~110 nm, Green 50 ~
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WNTSC
—— Printing
—*—axisled

CIEy
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Figure 14. Comparison of the chromaticity diagrams
between the screen printing color resist
and the existing photolithograpy resist.
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