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ABSTRA CT: Micron sized monodisperse crosslinked polystyrene (PS) beads were prepared
by a m lti-stage emulsion polymerization using styrene monomer, divinylbenzene (DVB)
crosslink ng agent and potassium persulfate initiator in the absence of emulsifier. The beads
crosslink :d with 10 mol% DVB at 80 C were uniformly formed in the early stage of reaction
and gracually grown with the reaction time. The lower reaction temperature, the larger the
beads siz 3s were obtained. Particle nucleation of the pre-existing polymer seeds using a multi-
stage en ulsion polymerization at 60 C was required to bring monodisperse crosslinked PS
beads of sizes greater than 2 um. As the particle size grows, the number of free radicals
around t 1e growing particles increases and the conversion rate of the next stage was acceler-
ated. It i 5 possible that the continuous polymerization at inner part of the bead surface leads
to spher; zal particles. On the other hand, phase separation during the growth of the seed par-
ticles or the capture of the free radical at the beads surface may result in the formation of
protrusicn on the beads surface.

Keyword :. polystyrene, micron size polymer bead, seeded polymerization, emulsifier- free emulsion
polymerization.
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Table 1. Recipe for the Synthesis of Micron Size PS
Beads for Each Stage

First Stage [Second Stage| Third Stage
Styrene 10g 20g 40¢g
DVB 0.8g 2g 56¢g
K3S,04 0.087 g 0.119¢g 0.238¢g
H,0 100 g 100 ¢ 200 g
Solid Content| 10.8 % 16.4 % 19.6 %
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Fig. 1. Uniform . ;rowth of monodisperse PS beads crosslinked with 10 mol% DVB at 80 'C for different reaction
time(hr) (Initiat: r concentration : 2.2 x 1073 mol/L, H;0). (a) 1, (b) 3, (¢) 5, and (d) 9.
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Fig. 2. SEM mic ographs of synthetic PS beads
crosslinked with d: ferent DVB mol% (Initiator concen-
tration : 3.2%x 1073 nol/L Hy0). (a) 2, (b) 5, and (c) 10.
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Fig. 3. SEM micrographs of PS beads crosslinked
with 0.5 mol% DVB at various temperatures ('C) {In-

itiator concentration : 2.2 103 mol/L Hy0). (a) 60,
(b) 70, and (c¢) 80.

Polymer(Korea) Vol 20, No. 2, March 1996



F/31 gl oA Seed F8F 3O A% tlelaE 279 E AP v=9 Az

90% oldol =%-8g wje] SEM Aleg, 60 C Al A& BrtEs Egi{]ﬂ 7= QIzle] ¥Ho) 23
A= 28413, 70 CellA= 18A1ZE, 80 CTollAle 9 SE HYollAle] E-olF BAE neisly ¥Hgr]
A FRAN F AxF AEE B4 Helr}. A 252 7BAAIHA 2A5QT

BE Y 9AZ Hol FYE FFelUeH 60 T, Fig. 5= 60 CollA 2mol% DVBE 1617} £t

70 'CS} 80 T2 HFE-2EolA AAE vi=e A
o 7001 m, 445 nm Z22]3 429 nmo|P o
2E7F v EFE AYEY FFe FUkete
BT ¢ 2oy duEgos 4w
2] 7719} ¥ A-S Kol Aeltt. Ono
0 R E grpEiA g2 fE5del s 4
AL 2hE 20 AR ot REFPoRE F
A gl ~8n g Busiged, ols £33
A= E Ao #7F A7) wjZelnh. 2] Fig. 1]
A Fig. 37212 23& T8 BH ¢A9 2rle
FTHLEIF W& F, 28| O9EA 4 fAAY] ¢
7 25E ARES o 7 Ao 2ERE | i
A& Fig. 4¢| YERA vie} go] 257} iOV
of wh F7HIA . SREES} vz AHL vt
250 WE g & Bol B I F %l%l
), ohdA seed FRtOlA YxA71E F7HAF17]
A FHLEEE 60 CE nAIA. =3 7F9
P2t BHol NI HAAY EFshe S Hig8)
7] 95te] Al <ige] JYE+F DVBY ¥E& &
7HA ZHE S IR o, 28V 3T S

-

ox o rr o H (o
z &
o iz
| oo

L (0 rlo
<

ft off

o mi

j‘zloo

100

o /A/‘ LNV
l1 )/
| b

R
g
14
2 40 /
S /
A
20 A —eo— At 60C
| —a— AL 70C
.;%‘ —A— At 80C
0 + T ™ T T
] ¢ 10 15 20 25 30
Reaction Time(hour) Fig. 5. SEM micrographs of PS beads prepared by seed-
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Fig. 6. SEM micrographs of PS beads at 60C. (a)
First stage latex particles of PS with 8 mol% DVB,
(b) second stage latex particles of PS with 10 mol%
DVB, and (c) third stage latex particles of PS with 12
mol% DVB.
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( @ )third stage ( >S beads with 12 mol% DVB).
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Fig. 8. SEM micrographs of PS beads prepared by
seeded polymerization in the third stage at 60°C. (a)
12hr, (b) 13hr, and (¢) 14hr.
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