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2 2f: Isopropanol/water Ak &4 styrene (St)/butyl acrylate (BA) (100/0~0/100 wt%)
o] BAE%e poly(vinyl pyrrolidone) ¥ 2,2°-azobis (isobutyronitrile) & 237z} tg A2} 7 A1A)
2 3lod 70~80 CollA A3t St/BA @EH 24o] 100/0~50/50 wt% Hejol AA, A=
g gt PR ] 1.28~2.12 o] GRS Role wid, BA 934 75wtk A e
2,72 pame] A B¥XE Rl dutH oz BA o] 7S4S glElad] JAYJAAL
Yl nEA vigate] e ZAadgdvh E3, St/BA (50/50 inwt%)e] BiA5EE 3
3l 9] 3%, A EAE ¥ 5, AR FF € vE, THRE, JludAe] 5
T, &Wt7|9] F5, isopropanol/water®] FHwAte] 24 B9 3 2 WE= poly(St/BA,
50/50 wt% ) etel 9] |lad 2 Y X E ZAFEA

ABSTRACT : Dispersion copolymerization of styrene (St) and butyl acrylate (BA) (100/0~0/
100 wt%) in isopropanol/water medium was carried out at 70~80 'C in the presence of poly
(vinyl pyrrolidone) and 2,2'-azobis (isobutyronitrile) as steric stabilizer and initiator,
respectively. The resulting poly(St/BA) latexes, containing 100/0~50/50 wt% in St/BA mono-
mer compositions, were found to be monodisperse particle diameter of 1.28~2.12 4m. But, the
poly(St/BA) latex, containing 25/75 wt% in St/BA monomer composition, was found to have
a broad size distribution with average particle diameter of 2.72 pm. Particle size of the poly{(St
/BA) latexes was in general increased and molecular weight of the latex particles was de-
creased with increasing BA wt%. Dispersion polymerization of St/BA (50/50 in wt%) was also
carried out to investigate the effect of concentration of monomer, molecular weight of PVP
stabilizers and its concentration, initiator types and its concentration, polymerization tempera-
tures, agitation types, and isopropanol/water ratios on particle size and size distribution of the
resulting latexes.

Keywords: dispersion polymerization, steric stabilizer, poly(siyreme/butyl acrylate) latex,
monodisperse particle, solubility parameter.
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Table 1. Standard Recipe Used in St/BA Disper-
sion Copolymerization

ingredients wt%® amount (g)
St/BA 13.0 3.00
isopropanol/water(70/30 wt%) 85.6 19.82
AIBN 02 0.05
PVP 12 0.27

“Based on total weight (23.14 g). Polymerization condi-
tions : 75 °C (polymerization temperature), 30 rpm (tumbler).

Table 2. Solubility Parameters®of the Com-
ponents Used in This Study

ingredients 8 (cal/cm3)/?
isopropanol 115
water 234
St 9.3
BA 8.8
PSt 86
PBA 85

A 150 7R AAES7] A 2 san.
ot 9l DR

St} BAS| EMZ2FS] Fig. 1& Table 19 4
bl 227 sA 571 e 9E 244 o
T BAFFEE Y3hd dolF St/BA el x9)
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0~50/50 wt% H9lAE 1.28~2.12 tm YAA
o] gk vyl Ax=HA (Fig. 1A)~(Ch). 2
2]t} BA D go] 2718 St/BA (25/75 wt%)
g AN E FF YAl 2.72 gl oHEA
o] H@Ap7t AU (Fig. 1D). =¥ St/BA (0/
100 wt%) @3 AN s FEAAY 2H o
2 vgzle) 44 JehE turbidityst 2y
o] glo] £3 gA4E X3 c)

St(M,)/BA (M;)9 358 whgAQulE= =117,
7,=0.152 Sto] BART} vhg-Ao] -4 314 g
& A 4 Utk Table 2= Q] U 2R
g 8= HoleEH Yehliglen Table 3
< St/BA EAFF Y i S o)A
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o] B @ fEdoleEE eI B
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Figure 1. SEM (&), (B), (C)) and TEM (D)) micrographs of poly(St/BA) dispersions at 4 different monomer concentra-

tions : (A) 100/0, (B) 75/25, (C) 50/50, (D) 25/75 wt%.
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Table 3. Solubility Parameters,” Molecular Weights, and Glass Transition Temperature in 5 Different St/

BA Dispersion Copolymerization

samples  St/BA  &lcal/cm®)"? D, (um) P.DI M, M, MWD T, (C)

A 100/0 14.78 1.28 1.002 29140 131314 4.50 106.0

B 75/25 14.77 1.58 1.001 18175 43364 2.38 50.8

C 50/50 14.76 2.12 1.001 15081 28795 1.79 115

D 25/75 14.75 2.72 2.957 13796 22071 1.59 -22.5

E 0/100 14.72 - - 3640 8842 2.30 -56.7
% Solubility parameter of the mixture was calculated by averaging the solubility parameters of the components based on the volume

fraction.1°

1000 SUBAGD Uehigith vheld] BA w3 100 wt% oA
%000 o :SBAITS/2) 13 ate FUwNF $ARE YRt 2 ol
5000 &+ SUBA®5/75) St EAEde] F$, TRV HeEY £ F=
' 0 :SUBAD/100) of 71ste) gAY o) APeY g2l noi gl

70.00

Intensity (MV)
8 8
S S

B
38

22.00

"Elution Time (min)
Figure 2. GPC chromatogram of poly(St/BA) pre-
pared with 5 different monomer ratios.
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Table 4. Effect of Concentration of Monomer and
Molecular Weight of Stabilizer in Dispersion
Copolymerization® of St/BA (50/50 wt%)

conc. of PVPK-10 PVP K-30

PVPK-%0

monomer (M%)’ D (um) PDL Djun) PDL Dmm) PDL "

100 279 1120 211 1004 L71 1005
130 299 1063 212 1001 172 1003
200 312 1054 249 1054 204 1011
250 322 1233 298 113 209 1074

%9.2 wt% stabilizer and 1.67 wt% AIBN (based on monomer).
Polymerization conditions: 75 °C {polymerization temperature),
30 rpm (tumbler). ® Based on total.
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7] 918l WFEAEFe] 4000020 PVP K-30& A}
£-39ich

IAH R 55 A FE2To ois FE.
Table 63 Table 72 ZZ 37}x & 7JAA]
AIBN, AMBN, BPO9] % % FH= 939
w&} AZ% poly(St/BA, 50/50 wt%) }el29]
4473 4 9AE £XE Yepii
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g g AAA w77t Zagel we Az

Table 5. Effect of Concentration of Stabilizer and

Its Molecular Weight in Dispersion
Copolymerization® of St/BA (50/50 wt%)
conc. of PVP K-10 PVP K-30 PVP K-90

stabilizer (wt%)* D,(m) PDL Djum) PDL Dyum) PDI

70 320 1319 259 1001 242 1028
9.2 299 1063 212 1001 172 1003
11.0 281 1120 209 1005 157 1003

%13.0wt% monomer {based on total) and 1.67 wt% AIBN
(based on monomer). Polymerization conditions:75 C
(polymerization temperature), 30 rpm (tumbler). 5Based on
monomer.
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Table 6. Effect of Initiator Type and Its Concen-
tration in Dispersion Copolymerization® of St/BA
(50/50 wt%)

conc.of  AIBN(2 289min) AMBN(*”2 500min) BPO(2'2 1049 min)

nitator W%’ Dm) PDL Djum) PDI Dfum) PDI
10 167 1003 146 106 073 1206
167 212 1000 170 1014 1ol L0s9
20 214 107 177 1018 13 L7
25 277 L0 232 1057 L0 10M

¢13.0 wt% monomer (based on total) and 9.2 wi% PVP K-30
(based on monomer). Polymerization conditions: 75 C
(polymerization temperature), 30 rpm (tumbler). ® Based on
monomer.

Table 7. Effect of Reaction Temperature in Dis-
persion Copolymerization® of St/BA (50/50 wt%)

polymerization  particle size & distribution latex

samples

temp(t) D, (um) PDL  stability
A 0 1.60 1028 stable
B 7 212 1.001 stable
C 80 311 1.001 stable

%13.0 wt% monomer (based on total), 9.2 wt% PVP K-30 and
1.67 wt% AIBN (based on monomer). Polymerization condi-
tions : 30 rpm (tumbler).
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XA = F7tel v a9 J¥Y. agx
BT Ao AFE g BAdo) oA BN
71Zke] Aol A HL AAE EXE 7} 188

mE7| S/oll CiEt At Table 82 3 71A] &
71 & AH8-3l A 2% poly(St/BA, 50/50 wt%)
He 0] Qi 2 YA BEE Ui a
W2 end-over-end WY, 39 $E3}= recipro-
cal Wy Zela HYAoz 360°3 A= orbital
WHoz o]F Ay|d o3 AT sgaE wF
SR B2¥E Yelidnh. FoAE aexe B
YU A73-& reciprocal wE7)) ¥ AHe) 71} am
(2.36 yam), tumbler ¥Fg-7] (2.12 zan), orbital 1t
€71 (1.86 ym)& o2 Yehgton, gA7e Aol
A gtth Asua 5% wut whgd] @E Y=
3 AR BEE 9% glvkn Bag bl Aot
£ d7dAe ity mE ujad gapd zle]
© Agggd A Aoz #4HY, v gy
S YehdozA Qa4 R AAr)TE 98
Aoz gt

7t chzkdlofl cHEt A&k Fig. 32 slagsiel
DVBE 93| sl 0~20wt% & AM3ld
Table 99 wg-Zdd wal A=xF poly(St/BA,
50/50 wt% ) 2tel o] SEMARle|t). 0.0~0.6 wt%

Table 8. Effect of Agitation Type in Dispersion
Copolymerization® of St/BA (50/50 wi%)

pirticle size & distribution latex

samples type

D, (4am) PDl  stability
A orbital 1.86 1.003 stable
B end-over-end 212 1.001 stable
C reciprocal 2.36 1.009 stable

713.0 wt% monomer (based on total), 9.2 wt% PVP K-30 and
1.67 wt% AIBN(based on monomer). Polymerization condi-
tions : 75 rpm (polymerization temprature), orbital; 100 rpm,
end-over-end; 30 rpm, reciprocal; 100 cycles/min.
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Figure 3. SEM micrographs of poly(St/BA, 50/50 wt%) dispersions at 4 different DVB concentrations : (8) 0.0 wt%,

(B) 0.6 wt%, (C) 1.2 wt%, (D) 2.0 wt%.

o] DVB%x ¥4 WA Ax% e ~EL Fig. 3
3} Table 994 HojFe A o] Ao FYUF 9
o3 dAA3, 4923 22X E Jehiich a8y,
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229 A3 A BEHQA flocculations] FEE
2t 2.0wt% DVBEEZAdAE 2R3 AAFH
YAES coagulumo] AP o AT YAE
< Yol HimA FAm YA FE7} WA e
t}. o]9} & A} o]u] El-Aasser T o3 E
g v Qeni o]ge] A 0.6wt% JHLIHFA
CFEE ARRENE o AAAQ coagulumo] A4}
ﬂc}.ZI.ZS
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Table 9. Effect of Concentration of DVB
Crosslinker in Dispersion Copolymerization® of
St/BA (50/50 wt%)

) oonc. of  particle size & distribution latex
SampieS pypt D, (um) PDI stability
A 0.0 2.12 100t stable
B 06 220 1.005 stable
C 12 2.17 1.021 partial flocculation
D 2.0 - - coagulum

% 13.0 wt% monomer (based on total), 9.2 wt% PVP K-30 and
1.67 wt% AIBN (based on monomer). Polymerization condi-
tions: 75 C (polymerization temperature), 30 rpm (tumbler).
® Based on monomer.

SMafe] ST CiEt HYE. Table 102 571
g oAX2RE/FHre £ A ue} A
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Figure 4. SEM micrographs of poly(St/BA, 50/50 wt%) dispersions with narrow size distribution [(A) to (F) : refer to
Table 11].
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Table 10. Effect of Isopropanol/Water Ratio in
Dispersion Copolymerization® of St/BA (50/50 wt%)

» particle size & distribution  latex

samples'

isopropanol/

waterrato {cal/em¥”? T, (um) PDL stabiity
A 100 1L 2% 1466 -stable
B w0 1248 212 138 stable
C  &m 13 215 1098 stable
D WA % 212 L0l stable
E o/ 15y 164 1006 shable

%130 wt% monomer(based on total), 9.2 wt% PVP K-30 and
1.67 wit% AIBN (based on monomer). Polymerization condi-
tions: 75 C (polymerization temperature), 30rpm (tumbler).
b Solubility parameter of the mixture was calculated by
averaging the solubility parameters of the components based on
the volume fraction.1°

Z% poly(St/BA, 50/50wt%) ulelxe] 1x74
2 973 BEEE Yepldo dutdos FPEA
olo] SAx7} Flgdel et xlEe YAF L 72
AYE BRSO ¥ AN E FFF Fol
Z7130 wel FEgAgel gadigen A4 B
I GRS Jehiiglth 2559 d3e] It
FE FUxI)d B4E SnriEe {HYe) A
Hol AT A EAE g4 Ha, ge F
o] gixido] & 7|7hol MA=o] FFHoR T}
Y272 gl art AAslA gl v oAz ey
29 gedo| F7IESE Sy Bl SAxE
72230 AAske gelanje 39 Friel A
o] F3 539 AT HE g o] A H
Ho 21 $44 7|70 o) HEe Y 713
BFYAE 2 4AE FEx=s 7R
Table 119 ¥ Q7§ E3l Az ©d#4 poly

Table 11. Polymerization Conditions’ for Making
Uniform Size Poly(St/BA, 50/50 wt%) Particles

conc.of  conc. of PVP polymrization gzt D,

ST ABN(w%) KDG) tmp(C) gpe  (m) PDL
A 10 92 75 tombler 146 1006
B 1§ 92 T ol 18 108
Y 92 % tumber 212 L1001
D 20 %2 T tmber 24 1007
E 16 7 5 tumber 259 LO0I
F 18 92 0 tumber 311 1001

%130 wt% monomer and 85.6 wt% isopropanol/water (70/30
wt%) (based on total). > AMBN.

870

(St/BA, 50/50 wt%) eld2o] di§ FFY=xA 7}
A4 £¥ 9 Ax2A& Jeh ). 28l Fig
4% Table 119 o3 AzE FEA poly(St/BA,
50/50 wt%) glel29] SEMAR o]},

2 =2

£ dF9 M= isopropanol/water #ilu] el A
St/BA (100/0~0/100 wt% )] #35%& PVPs}
AIBNg z}z} 9HA)s} A2 3] 70~80 Col
A &8t St/BA @A =4e] 100/0~50/
50 wt% Held AR, Az FHg2Ee GRS BY
9] 1.28~2.12 an HEYAEE Yehliglov, BA
G 75 wt% N A= oHEAY B¥ 9] 2.72 um BT
UAFE el dutdoz BA 8] F7}
3ol wie} e ae) HAYAR L S8 A
u|YPate] Exlge A B4 ojAL BA §
o] F7Hge] wel YA il FHRThe S92
Aoz dolFg GAHET. £ St/BA (50/
50 wt%)el EAEEEE uUdd 22D A
yile BAE ete o] Y33 R YAE E¥xeo |
3E ARG 93 B E, AAY = 2 5
H2rt FUiel uel HFRYAE L Fohslged,
eyl o] EAg ¥ FE, 27 FHAY S4=0)
271848 JAYAEL Zadiy. 28En £
g B39 1.57~3.11 mme] HFYAAE 2= &
249 poly(St/BA, 50/50 wt%) el A& A2
% Ach

#dAatel &2 97 s E(F)8 973
= Ay EAG sted Ul gsld) o]FoA He
2 ojd ZAE =gy}
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