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Abstract : A suspension polymerization of styrene in aqueous phase was employed to study if polystyrene
particles ranging from 1 to 20 um can be produced. Hydrophobic silica was selected as a stabilizer and azo—
bisisobutyronitrile (AIBN) as an initiator. Polymerization reaction was carried out at a selected tem—
perature in the range of 65~95 C. Stabilizer concentration was varied from 0.17 to 3.33 wt% compared to
the water, while the concentration of the initiator was raised from 0.13 to 6.0 wt% compared to the
monomer. Dispersion of hydrophobic silica into the water phase was achieved by precise control of pH.
Optimum dispersion of silica was obtained at pH 10. Average particle diameter decreased with increasing
amounts of stabilizer concentration initially, exhibiting the minimum average diameter at 1.67 wt% of
stabilizer concentration, after which it started to increase. It is speculated that an excessive presence of
stabilizer encouraged a secondary reaction in the reaction medium, which led to particle agglomeration, and
as a result an increase in average particle diameter. Molecular weight was found to be independent of
stabilizer concentration between 0.13 and 1.00 wt%; whereas, it increased when stabilizer concentration
exceeded 1.67 wt%. Variation of molecular weight was probably caused by the reduced activity and efficiency
of initiator due to the high concentration of silica, and the secondary reaction in the reaction medium, as well.
An increase in the initiator concentration and/or reaction temperature resulted in an increase in both
reaction rate and particle diameter. Consequently, we have confirmed that spherical polystyrene particles
with 1~20 um in diameter can be prepared by careful selection of the concentration of stabilizer, initiator,
pH and reaction temperature.
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Figure 1. Optical microscopic photographs of preparticle shape and diameter with increasing amounts of hydrophobic silica as
a stabilizer in the styrene monomer for suspension polymerization with 150 mL/450 mL of styrene/water and 3.0 wt% AIBN

as an initiator at room temperature.
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Table 1. Effect of Stabilizer Concentration on Molecular Weight and Average Particle Diameter of Polystyrene Particles Prepared
by Suspension Polymerization at 75 C with Hydrophobic Silica as a Stabilizer and AIBN as an Initiator

D Stabilizer  Ratio of stabilizer to water My, M, d(v,0.1) d(V,0.5) d(V,0.9) d(V,0.9)/
(g) (Wt%) (g/mol) {g/mol) in pm in pm in pm dv,0.1)
SS1 0.75 0.17 21000 65900 26.4 340 495 18.8
SS82 3.0 0.67 21100 65100 2.53 18.2 34.0 13.4
S83 4.5 1.00 21700 66500 1.07 13.1 20.1 18.8
5S4 7.5 1.67 24600 82300 0.56 7.96 15.6 27.9
SSH 115 2.55 24800 85500 0.59 9.54 21.0 35.6
SS6 15.0 3.33 22300 94500 0.54 11.7 25.6 47.4

(a)

(b)

Figure 2. SEM image of polystyrene particles prepared by
suspension polymerization with 1.67 wt% hydrophobic silica
as a stabilizer and 3.0 wt% AIBN as an initiator (§54): (a)
before washing with 5% HF solution and (b) after washing
with 5% HF solution (X3000).
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Figure 3. SEM image of polystyrene particles prepared by
suspension polymerization with hydrophobic silica as a stabilizer
and 3.0 wt% AIBN as an initiator: (a) 1.0 wt% stabilizer (5S3)
and (b) 1.67 wt% stabilizer (SS4) (X1000).
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Figure 4. Conversion against reaction time for varying amounts
of stabilizer with respect to liter of water in suspension poly—
merization at 75 C with hydrophobic silica as a stabilizer
and 3.0 wt% AIBN as an initiator: Il 0.17 wt%(SS1), @ 0.67
wt%(SS2), A 1.0 wt%(SS3), ¥ 1.67 wt%(554), € 2.55
wt% (SS5), 4 3.33 wi% (SS6).

Table 2. Effect of Initiator Concentration on Molecular Weight and Particle Diameter in Suspension Polymerization of Styrene at
75 ‘C with Hydrophobic Silica as a Stabilizer and AIBN as an Initiator

D Initiator Ratio of initiator to monomer M, M d(v,0.1) d(V,0.5) d(v,0.9) dv,0.9)/

(g) (wt%) (g/mol) (g/mol) in um in um in um dv,0.1)
SS87 0.19 0.13 180900 573400 0.79 12.1 16.2 20.5
SS8 0.38 0.25 120300 458300 0.88 12.3 21.0 23.9
SS9 0.75 0.50 80000 304100 0.92 12.9 16.9 18.4
SS10 1.50 1.00 52300 190300 1.21 13.9 22.3 18.4
SS3 4.50 3.00 21700 66500 1.07 13.1 20.1 18.8
SS11 9.00 6.00 15200 43100 2.56 17.6 29.5 11.5
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Table 3. Effect of Reaction Temperature on Molecular Weight and Particle Diameter in Suspension Polymerization of Styrene with

Hydrophobic Silica as a Stabilizer and AIBN as an Initiator

D Reaction temperature M, M, d(v,0.1) d(v,0.5) d(V,0.9) d(V,0.9)/
(T) (g/mol) (g/mol) in pm in pm in pm dv.,0.1)
SS12 65 30700 101500 0.79 10.6 18.0 22.8
SS3 75 21700 66500 1.07 13.1 20.1 18.8
SS13 85 18400 57700 1.01 11.5 18.9 18.7
SS14 95 9900 35700 10.8 25.4 47.3 4.38
100 7é g
804 257 A2 QYRR . B NS ke HEET
S HheoA QHEAIE pHE 1002 Fasks A9 Bao] 713 94
g 60 SIStk kAl Fre FeEakgol el Yxtel QgAY o
5l AL AR WS 29 98L sk Aoz BEHYL <
AAlY T2 27k A% STl 93l BAE ~EUe
w - - -
20 oH|R e} ZEERS To) AAE T AEH QI Wsks §A}
st A8k ERAQIE). 2, ePAle] B5E 2o thaled 0.17 wi%
0 S E— ol 3.33 wt% 1] Z7FshelN WA A3 1.67 wi%el o2

0 2 4 6 8 10 12
Reaction time (h)

Figure 5. Conversion against reaction time for varying initiator
concentrations with respect to liter of monomer in suspension
polymerization at 75 C with 1.0 wt% hydrophobic silica as
a stabilizer and AIBN as an initiator: l 0.13 wt%(S57), @
0.25 wt% (SS8), A 0.50 wt%(S59), ¥ 1.00 wt%(SS10), @
3.00 wt% (SS3), 4 6.00 wt% (SS11).

100
80 "
g | |
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Re] .
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=
= 40
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20
0 T T T T

1 2 3 4 5
Reaction time (h)

Figure 6. Conversion against reaction time at varying reaction
temperatures in suspension polymerization with 1.0 wt%
hydrophobic silica as a stabilizer and 3.0 wt% AIBN as an
initiator: M 65 C(SS12), @ 75 T(SS3), A 85 T(SS13), ¥
95 T(SS14).

vehfdel. BEUAE 65, 75 9 85 TAlME A2 xol&
Ex] gdstont 95 CollME & Foz Frlsisit) uhes
98227} 65 T2 Aol oie dntst S5 Qasio] 54
o) At Fefl 90%2 RFEATES VERE $HHCE, 75, 86 W
95 CollAe vke271%H g4t §23] F7lste] 347
o= ¥hgo] fE =i

i
N O

d

oy

N PAL A} 1.67 witwolr HAYAS B I F7)
B9tk eFgAIS) F5rt Bl tiEle] 1.0 wi%es 26k B2 %
Coe pEAMeM Q) 3R FAlol vReHA| Al o)x}
REgo] R ojFe] o YRR SR sl YAEE
T 1.67 wt%E 29 ZA F718 A0 2 Helt) o]#fd
ZF) SAEAE A E o2 ERIEI) 2l 1.00
wt% ©J5ke] QA sl HaPt flGon, 1.67 wi%elM 2
Zo = A5 & AGSIe] T ek A VeIt ol |
22 Tist QAR gt AAIAI) BT &8 A3 183 o]
Aggo g Qlat azke] S3lef 7|elsl= AoE Almett 1 4
7} Aegte AR st dgFEnkee] A B A 9
PARAE L] Mt B Alteks QA PIA HETT EA)
s, o]= Zoll thsle] 1.00 wt%eld 1.67 wt% Alolell x5t
= RA0R FAAT MAAL] FE M R SRS
F7MZeH, 1 A EeaER A YAS AF0 R st
o} AAY] FETE 6.0 wtPell o2 F Z0 2 AHEsIGinh
ANAS] sl mE FAFe] Wshs o]@X|9) A et
Hog et SRNE2EE 65 Tl 95 T7A F71A]
A} B Aasiolon AT o]&X|9) A9 dAE}
t}h 65 Col S-S APAZ A7) w2 5ARk] A3t
Fofl= 90%2] whEAgE wEFch ERAER Ak 9FHE
RS20 A5 ¥ 22 F7sI 95 TollAe & Fo=
Z7RISIT) ol RS2 T so® st At A 7|9l
Aoz Alggr). o]& Qlale] 95 Telxle] sk EelAEH ¢
AZY] YARBIT, dV,0.9)/dV,01)E FA 24318t 2584
7Rz 5% BAF NS o] g3lo] eAs] AAT F STk &
FA AEFE AR AR B Aol ez
E310] 1~20 pmel UxE FAAR FHE & U2
gt A4 AP AR o)g3 B JFE vgtor &
F1ES Hhe TEAEEA Akl E4d0] Kt golaH)
Fojd Aow AlgHrh
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