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£ 55 AR sk MRS GRSk d9S ol8ato] §140] 1~20 pumell ol2= IR
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TE 7%l whE FARERE gAY 571 0.13 wt%olld 1.00 wt%e] Alelellrs= 4gsia o, ePgAle] s5
7} 1.67 wt%s =33t F7IsISIh olefdt Exlge] weh= st QAR Qs iAAle] 4 9 &5 A3
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£ AT T Svhes ARSI

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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BRI e, RalE i) A9 Bl Wi vl st
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um7H] 37 ZHAAIZT

olfgh AMS vl o R E ATl RIS B kg
AR SFa T PYAIE o] 8shs dESEoRE BRE ke
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Si(CHa)2Cl9l 224 16 nm®] 9735 tehdct™ Az)7h= v)
Zo] Sl &25V3Q1 AR Eoll 3llekA o), dridos W
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Fe/de] Sl AoE AR
HAs}o]] whE gl oA
H|Jzte] Q)wisks Ftan| g o st Aujoltk of7]d
3 5 QlRo] A o] 0.17 wt%elA 1.67 wt%® 57}
5 2 A Akl ARFIAL 2974 iRkEe] B
(Figure 1 :SS1~SS4), FgA2] oFo] 2.55 4l 3.33 wt%ell ©]
A= omigirkse] S ek QlAe] Tk s W &
SItk(Figure 1 : SS5 3 SS6). o= Zrfst ePgA| o] ARg-0 =2 <l
slo] A7t 4=kl o] wAsh S8 Yefxe] AERIC R
T/ el date] kg do] Astelia] dojuhs o E AlR
ok

ZMES-2 1 liter?)] kettle W7ol @A) 150 mL, = 450
mLE ARgalo] Fuju)g 1/32 1433tk 7hAIAIQ] AIBNS] 5
= s 4.5 g(3.0 wtd/liter TEEAD S ARSI QFEAIQ)
2473 Ag7R= 0.75 g(0.17 wt%/liter H:0) ©llA 15.0 g(3.33
wt%/liter HoO)7FA] S7HA719A e AAlEelth BE 9ke
2 75 Cellr] Aegaloltk. Whe-Azk= Table 1014 Ha= nie} 2t
o] Mol Hi= wke} o] QPgA|S] = Sl $A Eu| Al
ARk YA 2ol 5A3] st 1.67 S8 %elA #
2270(7.96 pm) & HERALOM o] 3 QPgAS] ¢Fo] Eofl tiste]
2.55 wt%ell =gshiA S7keh= Zo® #AEItH(Table 1).
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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 M, M, d(v,0.1) d(V,0.5) d(V,0.9) d(V,0.9)/
() (wt%) (g/mol) (g/mol) in um in um in um d(v,0.1)
SS1 0.75 0.17 21000 65900 26.4 340 495 18.8
SS2 3.0 0.67 21100 65100 2.53 18.2 34.0 13.4
SS3 4.5 1.00 21700 66500 1.07 13.1 20.1 18.8
SS4 7.5 1.67 24600 82300 0.56 7.96 15.6 27.9
SS5 11.5 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

(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 (SS4): (a)
before washing with 5% HF solution and (b) after washing
with 5% HF solution (X3000).

olg]st A STl wE ERAEN YR ERshs T
HES Aol AAlgk 8- Yol ] a&mRb]ef olste] 3/d= o]
2 onidAte] JAw sk Figure 1)} FAKSICE dutd o= ¢
A= Eoll tiate] 0.1 wt%oll] 1 wt% Aleoll] ARgsl= R o7
A QITE® FelEgtsolx ket obg A AR a1}
A FrelM 9] FER- Al S5 AT F o et ofxit.
Figure 2(a) & SPIAIE wEEmllAlol tiste] 1.67 wt% Al8-54
A3t ZP AUl R e Yx)Eka Q= ATk FL
a1 Gtk & ATelx= o9} o) EEl Qxfe] el $
Hsh= Agl7ke] whs AASE] $l8te] 5% =AHHE) &4& o] 8-
slo] AAL AEaIgItE 1 A7 Figure 2(b) ok & 4= 9= vt
9} o] At AAE YAk BHE ERIsh = Qi

(b)

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 (SS3)
and (b) 1.67 wt% stabilizer (SS4) (x1000).

sk PGA|S] ARG HESHlA] Ulel A L] Al S
07 oJoix| 1REAMH(polymer phase) = HEZE HESuljA1A;
(medium phase) ol|x1€] o]xHEE-& op7|3F Zl o= FHrh =,
WS A el e Selam oz 9 Eejy er)dER o]
Folzl A= AARE] A /ES aRAPYe R {9lEH 1
EAAke] QIxETle] S48 Ao o7 ALt Figure 32
SEIA2) FEr) Bofl thale] 1.00 2 1.67 wt%olA FAE Z2
2EE IARE AR AR o R st A9E HojSa Qv
o71elA & = Sl vke}l 2o] A1) H57F 1.00 wt%elAl Al
5 ZEAEE YRS 78S W Qe (Figure 3(a)), <t
AL FEIF 1.67 wtolH e AlxE E2l~E xEe] $4
sh o] Folzl EfA &t iRkze] #EE I QITkFigure 3(h)).
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Tt QPYAIR Qlate] 2R 917 9) IRk ] FAdEE g
oF olgfgt S I Ak Y-S TN o= <QlEt]
BRI, 5 d(V,0.9)/dV,0.1)= A 5 1.67 wths 7]
How & Fow Tt los FHHrHTable 1).

HEZ gl eHgAle] TS S7M7IE A4S dgde] As
STIA AR A1 dolrbA JAke] e S haa
A 973 Aasht, zF A o] dEkAlel] thst ZRAIAlL] vlE
o] Q7] wiitol] QPgA|9) F Bl P3RS XA kS
Zolt}, Table 1014 Hi= nlel o] QPgA|e] o] Eof H]|s}o]
1.0 wt%oll 1271714 =3¢k B FHHH AR A9 nisgt
7S e QItH(Table 1 :SS1, SS2 2 SS3). 12Ul g4
o] oFo] Eof| talo] 1.0 wt% s Z7ste] 1.67 wt%el o]=ZwA]
WA TA| S7sIolom o] A W SRR EAl
oA FAlol] #HEEQTHTable 1 : SS4 9 SS5). o] A9
o] WS ZuePAM Arhd o Fir) v AL 24
I ZES AT ERA A wkge] Folshs gze] s
AR 3 o At ukg A Aol Walshs o3kl
A Fge el 9 ZEi BoE A e SR &
QJo= Qlale] whgsl Awtw Alugth QFgA|e] oko] Eof tist
o] 3.33 wt%el o|2WA FHHIEAS OS5 S7sh d4dol
A= o]AHESE QPIAY] Tkt sl VRIsks A o® MRl
o]2]gt A7H= Ray @ Mandalol®® ©Jate] B ygl Balzshis
S olgate] S Zelolado|= kel k- Aol vile- &
Al BESAIZY] whE HESHEE-S A3l An WA
o] ool w2 WHSEoll= WMt A=A ekatth(Figure 4).
QA2 ke MkSS o= Haslgl on whe-E 4A]7ko] A3}
3 Fofli= E AF9olX 100%2] WA LERIth

TAAL] Fe] W 917 W FAEPHER: Table 2014 K=
HRel 2k 2 AAtolidis 254 Aeile] miAlek o R Q1% Y
& 3EWA (130 m¥g) 02 Q1ato] /AL ZE&S A 5
Th= 7Fs7d8 7HIth: wollA] nlwa] P SIst Mool 7AA
9] L2 W37 WSS 2ALEIIT) ebgAl FRE B
450 mLell th&kd 4.5 g(1.0 wt%/L H:0) 0.2 117g8te] A}-8-8}
Atk MAAL] FETE Hhgell WA= P el Hagel
HES-Aoll A AAAY s A 1/2%0] whldlshs BEe
ERfe 0|22} AXghe BTt ol T EAlE 9 F
FHAEAE BF U3 S Rk FaAAS AL
57 WA wEkAle] diste] 3.0 wt%/L dEgAel o]=
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VAR 25 S7Fskslo, AAAIS] 57t dEEAlel st
6.0 wt%/Loll =2eidls weles & For Frkshs Zlow
WHHATHESS1D). WA w8 F7he w1
7131 o= A /P AsAA dxkEel Sxlet dAEE
S7MZ I 210 & Zgsitt. Figure 5 7IAIA] 2] WS}l
HESASHES Kol Sltk ZAAS] oFo] FrkehEA RE
| WSS HAs] STk dEER] dubAl 5
R AL Q1o whg-2 ZAIANS] st 0.13 wt% 2] 735
of 25 100%2] RkeAe-E4 Let

nor

)
E55 S7HA

olo of
d

i

SS9 Wgle] w2 W-5-A3E Table 30 22F6151
th o] EFO W2 % = 65, 75, 85 9 95 TE Adlsto] vl
S5 A3 Ay} 65 CTolr= 5417k0] A Fofl 90%2] WhS-
Agke-S LERIGITHFigure 6). ©Hlel 9] Hl8-S 1/3S &
251909 AAARE BB WESollA Al 150 mLel| tisle] 4.5
g(3.0 wt%/L &g, P91 & 450 mLell tisle] 4.5 g(1.0
wt%/L Hy0)& ARSIt 8+ B SRy iA ey Whe
Tt Sk ashs 43S UERIITE 22dso] i At
o) it ol 24T wiwdt Ayt 65 Tl 75 T ARolelA]
v A9 o]&X 9 sl oy vt Fks et ealkE

100

80

604

40+

Conversion (%)

20+

0 1 2 3 4
Reaction time (h)

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%(SS4), € 2.55
wt% (SS5), €4.3.33 wt% (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) d(V,0.9)/

(g) (wt%) (g/mol) (g/mol) in um in pm in um d(v,0.1)
SS7 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

Reaction temperature M, M,

1D (C) (g/mol) (g/mol)

dV,0.1) d(V,0.5) d(v,0.9) d(V,0.9)/
in ym in ym in pm d(v,0.1)

SS12 65 30700 101500
SS3 75 21700 66500
SS13 85 18400 57700
SS14 95 9900 35700

0.79 10.6 18.0 22.8
1.07 13.1 20.1 18.8
1.01 11.5 18.9 18.7
10.8 25.4 47.3 4.38

Conversion (%)

O T T T T T
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%(SS7), @
0.25 wt% (SS8), A 0.50 wt% (SS9), ¥ 1.00 wt% (SS10), ¢
3.00 wt% (SS3), €4 6.00 wt% (SS11).

100

804 -
§ L]
o 607
.2 .
12}
—
£ 404
g
o
O

207

O T T T T
0 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 T(SS12), @ 75 C(SS3), A 85 T(SS13), ¥
95 C(SS14).

YRSl Bt i 65, 75 B 85 CelM= 719 Aol
ERpA] ekgkort 95 ColMe & For F7keglth vhHeSe
RS2 57F 65 1CO 7ol vl ekt Hrg Z3ste] 513t
o] Ak Foll 90%2] WHeAgHE-S Yehi= shdoR, 75, 85
95 TelM= w7158 &7t 528 S7Fsto] 3AIRE 5
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