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2 ¢F: Void core/shell 2 & 7t TA A ¢tE (plastic pigment) & FAIELT 0] +4 gfal~
HAE wigtste) B x, oHE 58 A3t T Aol M+ seed, core, sheath, swelling
2 shell &9 oA F3tEPE AHEstRon 7 dAEE vhgxde & gAz4, 235
ol @& 4 (secondary nucleation) 2] H A3} @ GAE polymerE 2] compatibilitys} & AL 1
213 morphologye] Zdwy Sol da] HESAUG. AA4E FF(void core) T2 44 <t
= A HRAEC TiOE 4% dAstd AL 888 o Hax, 298 Fo AdolA 559 a7}

Abstract : Plastic pigments with void core/shell structure were synthesized and resulting latices were
tested in the aqueous paint formulation. For the synthesis of plastic pigment a sequential emulsion
polymerization method was used. Control of particle size, secondary nucleation and morphology for
the void core/shell structure was investigated in a sequential step of seed, core, sheath, swelling and
shell polymerization. The resulting plastic pigment latices were tested for whiteness and hiding in
aqueous paint formulations for a partial substitution with titanium dioxide inorganic pigment.
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Table 1. Seed Latex : Effect of Emulsifier Mixture

Ingredient/Sample No. C1 C2 C3 C4
DI water, ml 553.6 5536 553.6 553.6
DBS Na agsol'n®, ml 275 275 275 275

NP-15, g 02 04 0.6 0.8
APS ag.sol'n.”, ml 26 2.6 2.6 26
M/E Part
BA, ml 8577 85.77 85.77 85.77
MMA, ml 748 748 748 748
MAA, ml 212 212 212 212
DI water, ml 51.29 5129 5129 51.29
DBS Na agsofn®, ml 225 225 225 225
TSC, % 20.26 2028 2030 2032
Dz ave, A 811 762 759 830

2 DBS Na aqueous solution : 0.04167 g/ml H,O
» Ammonium persulfate aqueous solution : 0.3g/ml H,O
9DBS Na aqueous solution : 0.04712 g/ml H,0
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Fig. 1. Variation of particle size with emulsifier mix-

ture(DBSNa 1.15g+NP-15) in seed polymerization.
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Ak & AFe) 2 o] 2, E WL LS 80CE &
kS sodium persulfate 7AA| A& 718t A vHE
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Designed Latex 2
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Fig. 2. Particle size distribution of seed latex.
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Fig. 3. Effect of agitation speed on coagulum forma-

tion in core polymerization.

Table 2. Core Polymerization : Effect of MAA
Monomer

Ingredient/Sample No. H1 H2 H3 H4
ml 320.60 320.6 320.60 320.60
ml 275 275 275 275
ml 138.0 138.0 138.0 138.0

DI water,
SPS aq. sol'n?,
SEED Latex(C3),

M/E Part
BA, ml 1144 1144 1144 1144
MMA, ml 122.10 122.10 122.10 122.10
MAA, ml 90.61 7446 57.13 29.89
DI water, ml 7520 7520 7520 7520

DBS Na aq. sol'n”, ml 10.00 10.00 10.00 10.00
Total Sold Content, % 31.60 30.30 28.70 26.90
Stability, gel gel gel 0.70%°
¥ Sodium persulfate aqueous solution : 0.0417g/ml HO
» DBS Na aqueous solution : 0.121 g/ml H,O

9 Coagulum after filteration

¥ 91x}E9) butylmethacrylate(BMA), MMA %
MAA @& EFES A core YAES EAA
s Ao 2 ojm) MAAS %L thg9 swelling
Aol 4] KOH §-8-& AHg-3te] cored BHA1Z o
1234 Q7] (fixed base) ¢l KOH7} sheathet& £3)
ZE3] wa EEE MAAS &g ZHdbool
813 core Bt v ZH9 Zo] R FHEE core &
A9l BA di4l BMA 93#& =8]8ttt o] @4
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Fig. 4. Particle size distribution of core latex.

Table 3. Sheath Polymerization : Variation of MAA
Monomer

Ingredient/Sample No. K1 K2 K3

DI water, ml 499.14 499.14 499.14
SPS aq. sol'n?, ml  35.50 35.50 35.50
CORE Latex(H4), ml 4208 42.08 42.08

M/E Part

BMA, ml 2273 22.73 22.73
MMA, ml 8875 85.28 79.51
MAA, ml 231 5.78 11.55
DI water, ml 8173 81.73 81.73

DBS Na aq. sol'n”, ml  10.00 10.00 10.00
Total Sold Content, % 16.37 16.37 16.37
Diameter, A 3,069 3,250 3,223

¥ Sodium persulfate aqueous solution : 0.0417g/ml H,O
» DBS Na aqueous solution : 0.006 g/ml H,O

£ sheath o2 F=& e & @A KOH
o] 98 core W& HAo)A sheath layery.c} Al
Moz A4 oAl MAAE o] E3slal softdh
core7} & Rz W3g uw Y2 #Y3F sheath =t
o Yo FHA #9g 7HA A =7l HEelth
Sheath £§4H-3-& core @AI9} #o] seeded emul-
sion FHS Mg om F¥rzo] Table 39
Ueht it o1& THE sheath l& 2F9] skl
K2 sample®] $4E %7} Fig. 5 Yeht gl
Hi 9742 < 325 nm 0|27 sheath FIA T
22133l Aol glo] GRS FABIASE &

A~
F 9
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Fig. 5. Particle size distribution of sheath latex.

2 swelling ©@Ale] A4doc =2 HE sheath la-
yere] MAA o3| 9] oFo] ¢F 5% K2 2]uho] 85
T4 KOH| #ibg golahA dtgon MAA9
ol o 10% 2 K3 Ak F-2-o A= KOHe gt
o] FAHUL 2%<] K1 A& KOHe} &ito] 85
Col M Baslct.

Swelling % Shell F¥uk-$

Sheath #t&l~ YA S 85C=E FAEL 10%
KOH &8 Z7}8lo] core H89o] MAA 9E3E
ZF3HA)FI™ core FE-2 HA71H vhdE o] 98 po-
lymer chaino] #3=]4| €}, Swelling 2o A}
|2 F de 9712 /Y] o, 4=yl ol
sheath ZA3-& Zdshs & x e FHAAE &
gsht WAl 5 87 8918 13ty 1A ¢§7)
(fixed base)?] KOH £9a¢ #®algon oA 71&
g 27} o] KOH9 sheath wg £3 we &4rs
S8l A= 85C 2] &% 9} sheath?}g o] &+ polymer
% ¥ 5%9 MAAEZ =38 a7t 9138 gsuth
T KOH &8¢ &g o] EA47} Hed o] A3}
7] A#A Fig. 60 JebR Rz o] 3 AA &
Oiron ResearchAl2] Model 811 pH meter2 =A}
st Fig, 622 28 A% o]e] KOH7} F
H=H B2 Ho] pH7 §535H 2 2338 4
AN e pH=9,5¢] ez HE& THFoZ AW
t}. Swellingo] ¥t 2}l ~E t}A] seeded emul-
sion FHYPOZ styrened TFAZ 3t shell F
T stk vhRAIY shell S A styrened AHS-
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Designed Latex %
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Fig. 6. pH vs. KOH titration curve of sheath latex

containing 5% methacrylic monomer.

Table 4. Swelling & Shell Polymerization

Ingredient/Sample No. L1 L2
Sheath Latex, ml  395.60 395.60
10% KOH sol'n, ml 4193 4193
SPS aq. sol'n®, ml 2.00 2.00
M/E Part
St, ml 230.86 230.86
DI water, ml 85.95 85.95
DBS Na ag.sol'n, ml 10.00 10.00
DBS Na g 0.35 0.35
DI Water ml 9.65 9.65
TSC, % 39.22 39.22
Diameter, A 4,790 5,945

? Sodium persulfate aqueous solution : 0.2 g/ml H,O

e AL core ¥EHT} Tgr7l &2 polymerg 9+
Eo] & FHo| Al void core/shell +2E
T dart giv] WEeld), olme A ¢ F
Z MY FATA gt el 97 dataz} Table 49
Ueht gl Table 404 L13} L2 72k K29} K3
sheath latexE swelling 3 shell 3t o=
sheathel] acid monomer7} B8 L27} ¢ & 43S
et E L1 samplee] 3 Az} &n|7 AR
(Fig. o2 ¥E] 53 F27} o] FojH & & 898
T A%t

=2/ A16¥ A1Z 19923 1Y

o]
ar

ol AF A4

Table 5. Paint Formulation Including Plastic Pigments
and Performance of Paint Film

(A) Ingredients/

Formulation No. M1 M2 M3
TiO,(*part) 85 6.8 6.8
ISA-325 16 13 13
KG-325 94 6 6
Silicate W 8 8 8
Comm. Sample - 8 -
Lab. Sample(L1) - - 8
B ey M1 M2 M3
Hiding 09754  0.9698  0.9708
Differential Hiding  0.0109  0.0034  0.0159
Reflectivity( %) 83.3 83.5 83.2
Anti-Washing Good Good Good
Paint Spreading Good Good Good
Film Status Good Good Good

Fig. 7. Transmission electron microscopy (TEM)
photograph of plastic pigment latex showing void
core/shell structure(X=238,000).

#4452 ¢+g 2| Paint Test
FAFA G £85 YL dotry] {std F
21 F7] k5l TiO,5 & 4
59} TiO, 47-& A8 Aol A F3d FA4A ¢
2 A}& plastic pigment sample 2 th A} 3t] T2
4 2, I wrbg 58 248K Table
Soll A Ho] Aol e FAdFA 8 &
‘44 sample-2 TiO,% # =g o] 399 22 29
2o vAES AYY e AR JEe] ¢l

A daE 27
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