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Abstract

The suspension polymerization of styrene was carried out to obtain the
narrow-size distribution of particle by using poly(vinyl alcohol) (PVA) as suspension
stabilizer according to the degree of hydrolysis and the molecular weight. The
stabilizing properties of suspension are also dependent on the interfacial tension of
aqueous solution when PVA is added. When the polymerization process was carried
out with low hydrolyzed PVA, it gave single, well-defined particles, while high
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hydrolyzed PVA gave clusters. The size of particle produced in this study ranged
between 5mm and 10mm. The suspending agent, PVA, influences on the drop size and
drop stability. When the molecular weight of PVA is increased, the drop size
decreases and the drops become more stable toward coalescence. An increase in the
PVA concentration decreases the mean drop size and narrows the drop size
distribution.

1.4 &

g5 TEAJATHAM U3 ALHE FoT FHLE VAL a73%ke
S &R, £38F3H A nEA Algdl 7I%VE =93 MELE ZEAAE
2 /st wHoz ojgH1 Uk o] wade wi) o 71X ZFo A
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o] FolA EI2EPY Az WHLE AGFTHY 35, &AFH AYTHeE
A dE F7F 43, FEFes ASHE A ez e A9FHH 3T
o] 91, 1~1000m HW e YAE FAE 5 AA IAk”
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AE 713 FA o) BLgo] FEI HNE SHE R FHE A FFE AAA
o 93te] W& Wwol F99 £x © 4 WF 3o HIZHD o] gl ElH
A & F Atk o]Re] AW A olR Rxrrt Fito] Hol FHAI FES A4
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2-1. Nt 2 A%

Ao AHEF Exm¢ AER(SM)S Kanto chemicalAl A)oF 15S, }o)d& A3}
v Z@NAAE Junsei chemicalAl AJe}F<l 2,2-azobis-isobutyronitrile (AIBN)-& A&
3tk A A ZE Aldrich chemicalAle] PVAE 71428187 BEAgtd we} 47118
A3l 3, §4-2 Table 10 Yelifith

Table 1. Properties of PVA Used in this Study

operties Molecular Degree of Glass transition
Materials weight hydrolysis(%) temperature(C)
P-99L 124000-186000 99 73
P-99S 13000-23000 99 72
P-88L 124000-186000 88 70
P-88S 31000-50000 38 67
2-2. 4% 9y

Aol AT FHAXNE WS E, FeFXE, 17, 447, L=AdEEHE FAHY
t}. whgFE 500ml &%) 37 WS RE }%3&4_, PEEts 22 AAY gy
o2 AHFTHS E€9Foz EAAF FHolnR A4 myte] Wadly, A
£E¥E 100~300rpm7tA] 23l FHale T4 HASFE 300rpmoZ 1YL
e 25 &% ZFVE A 252 E AMEEY 2:2& 23T FHEL
500m! & %F2] ¥h-g7)e] 20ml 2E)ARxmE H$3, AAAQA ABN 01~02g8 HA
Binjd] §fAztt. FHFE 60ml FFsio] vFHo] R3 PVAE FEAAAZA 718
o 85TolA 30& U FHTo &A1k PVAYL A3 3% F 2Eldryd
AIBNE %9 §d& g4 ¥e oS nEEA7E A8 8000~15000rpmoi) A 5237}
APEA WA A B FFT 4 4AE FHAAD o] RE TSR XA
3] FY3ta ALvrE B917) FeM wieS HAASYY. o] of wg LT XS 70T
AA 8AIT FL FABATE FHel 58 F H27A WHsin, FEE YA
vg 2w E AAHFY] 5t e 2FH doj=g mwuksie &zt o
32 Y28 FHYAE G3 f¥eE 78, 50CAAM 2 AZAA Ze2eA
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Table 2. Recipes for the suspension polymerization of polystyrene particles

Samples
Ingredients P-1 P-2 P-3 P-4
SM(m¢) 20 20 20 20
AIBN(g) 0.2 02 0.1 0.1
Distilled Water(m{) 60 60 60 60
PVA(g) P99L(1) P99S(1) P88L(1) P88S(1)
2-3. ¥4 4g

YA HFE Y= dynamic light scattering WS AL83lY 1~600m7tA] =3
7}5 & Particle Size Analysis (SHIMADIU SALD-2001)2 =331, A% E2ol=9¢]
Zh= laser light scattering ®Wi 0.2 0.002~3m7t R 23 71535 Zeta Plus(BIC)E o]-&
&9 A=E ST YA Fejo 27 BXAAE YolR 7] 9159 Scanning
Electron Microscope(SEM, HITACHI-2700)& A}-§3le #&3th. YA+E ion sputter
(FC-1100)E 300A F79] F8& 848 9 7% At 20kV, 500~2000u)9) vj&=2 o
A YA EAF ZFHL Gel Premeation Chromatography(GPC, Hewlett
Packard, 1100 series, USA)E ©|&3l9 &3t F{YAE EFd =9 1 w/v%
S4 S Az AER ALS3IGT. olz2 BAFS vimsiych. gL Awo)N
I A] AFE #2387 918 Dynometer(BYK GardnerAhE o] &3} jx|e] &
a AR FAYT B AP E 50ml vA A=erPA Q) PVAZ =54
S3ANA B FEAY S S8, 2HAREAE ALE3te] 2Eldy ALYzt
] ARZAL e 229 o) gt sy

3. 43 ¢ &

3-1. 39899 AA3ZY
AHZTHAA ER - AUFY] 2L 299 YA A8 43S § A= @ WA
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Fgol @ 4 ok B AP AGAAAZ AL4E PVAS B FH sH5EH L
=3 3o wi BW - AARNFH Aol Ak 59 W] nE Z/PVAA
o] g EAFYH, styrene/PVAAIS QoA AHgE L 2484t 58 49 ¢339
& Bx 457k Aol oA dojdtt wekd om AT FolA ZAF A
fFoluA 7t Hastse FYFUE steE Ao Ae Reoln, ARHEEHL AT
E dAE FolA GHAN 753 & AFUR ArsEHE JuHE FAsAE R4,

Fig. 1~49 & PVAY d"YAF9 fxs} ExFH JleEd&d & PVAY AY
FHe Vel RO 257 27842 FW - AWAYo] Aase &3, PVA E4F
o] 271842 AWFYo] ol &FHI}F A1, R L W £5 ¢ Re AU
go] Yehts 77t 98-S 2 4 U3, ol Mendizabald 4% 29T dx gt

Ed - AdAg e sdsy] gAAE AQdAN ARAd ol(M)sh PVA Fx9
A BAE A9E "ayo Utk

M=7 - 7o (1)

yE PVA9 Folzx vE=2 Z2A"E AWAHolx y, & PVAJL gl ARAHE U
bt} o)l A& A(2), & Szyszkowski WA A o2 Ao},

M= I'RTIn(1+BC) (2)

= g9 F3xstd 2829 9% RE Boltzman A4, TE 2%, C= PVAY »
E, BE 254 g3t FFA=E Jehiz, B9 283 9ule A3)eR FojF)

_ —Fa
B=A exp( BT ) (3)

A€ 4, Bt F&9 W3 43R E vEdo.
=

(240236 Gibbs BRG] o3 FAAES} FAELHE $EL 47 A
__C dn

A9l HWHH, PVA 559 Wz we Awe 3 Wt FAsEs 2P
A% 98e ¢ & AT, ¥E7 FHEA BURLo] AasT, FRFE FHE
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e HYES & F Uk Fig. 148 58 FAHLE 25~70CA 2EA/PVA A
T AWRFEL 227t A wE ARgHE gasm, dAAY BT Z71e)
w2t AAGY gle] ZAsET. ot GAAY FEI FE4E AW dig Fa
o] F718tx, REA U YPAE AAIANLD ¢ Qe WAL F/AA, Y 8 $85 =
THNA dAFL FLEOE Ax ¢ £ Ao g PVA ERAgo] Z71845 gL
ARZEez A Hrh ¥e YE EXE 428 + Uz, Ay oz PVAY B3
o] ¥& Aot Bt} & AUFYez U £ Yx EXE 71 Aolgda A
ATk EF PVASY 7t &0 wi & R ARdge 4 Jelga A
dHez 7teEage] REFE AWZYol A ey 5B g wE Yt =2
717t D2 A YEpd Holrf
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Fig. 1. Interfacial tensions between styrene monomer and
the aqueous P-99L solution for the PVA
concentration at different temperatures.
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Interfacial Tension (dyne/cm)
3

--o- 40T
---&-- 60T
5
--¥-- 70T
T v T M T v T 1 T T T T
2 4 6 8 0 12 14 18

P-89S. Concentration (g/l)

Fig. 2. Interfacial tensions between styrene monomer and
the aqueous P-99S solution for the PVA

concentration at different temperatures.
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Fig. 3. Interfacial tensions between styrene monomer and
the aqueous P-88L solution for the PVA
concentration at different temperatures.
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Fig. 4. Interfacial tensions between styrene monomer and
the aqueous P-88S solution for the PVA
concentration at different temperatures.
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Fig. 5. Change of particle mean size of the suspension
solution according to the homogenizing time.
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3-2. 89499 4]

F39 AL VAR 3 AEZHA 3 o]FAA W, nEHEAT| A7 JAH
A e JAAVIE AASE JHF T2 ason wEA B dFdAE 2EHEANY
o AN @G YA M FAs] S8 8000, 15000rpme 2 LA FH
oA Azte] WE = WE FAHAL A S0l 9% BF AWFHo ¥L
B2 15000mmoE B} e AAA L dux 2AAZE 2FAPeH, MRl

88%%1 A$- 8000rpmo 2 BAAZIE ZAsgu. A Azte] e A= HHA
Fo Rxv §3& Z2AA 22 AR Az st E4E dARAIE 98
< £33 5 Ao B AFAHe 2FA/E FA vE 206022 ABA/ES FAY
& 16002 nAAZ FeoA SR YolAe g B AZte] wet 1z A7) BY
71 8 BE YAA7NE FAF8A

Fig. 5t 24 Azo] o& [1zte] HF 271& vetd RAojw, B0 FI18+F
JaYA A7) st g et o 45molA 20mz, 22moAA 2m2 A4, 2
BE¥7} 24t (polydisperse)?l HeElolA @ &AH(monodisperse)?l HElZ WA H o,
AztZ7] BE7 & FEo] dAF Fol=& F4E UEHAUT

HFEH g0 B P-99L, P-9959] ¢ 15000rpme| el A Alzto] Z el wet
30mT 20me s #HAsPoy, ZheEd&ol W& P-8L, P-83S9 7 ¢+ 8000rpm2
£5A 5m? 2mE YA} 277t FAEAT wEA BAY Ao 5E0l FRRE
W 4R 271 43T &9 oEE ¢ & AU

3-3. A" 5@ ALY
Fig. 6914 BE vle} o) PVAY 7t-isigs ExFo] dggd e 9Fe =
Abs7) SlEl 2Ede 28 A4S dSAHAY EAFH HEEH L0 e g A8
&9 Az BE wsls QAT FEAAAY JIFEH L) 9%E ALY 3 8
Am A% Folx AL 65% FERZ 7t-Eago] 88%S ALEH ALrTt ol e
= ah o] A% A9 AgHo) Yolde & F AUANT, EAFY 3 wgd @
a} Ae & zole B 4 Aoy BxFo] ¥& 3% AUHos Exgo] ¥ AR
o ﬁ}i %-& s&% ASge ARY F AU A@Eo] 70% ol FANE Fr14e] &
= ?4011—}21 gouz WAL ALl 70% ol B Wt
Az s}‘a ZEAAS 9L F Avtn Bugn Y’

¢
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Fig. 6. Plot of reaction conversion versus time for the

suspension polymerization of styrene at 70C.

Table 3. The Molecular Weight of polystyrene particles polymerized by the
suspension of P-99L, P-99S, P-88L and P-88S

GPC data L
Samples Dn(im)
Mn(107™) Mw(10™% PDI
P - 9L 3.80 6.37 1.67 86.17
P - 99S 0.26 0.33 1.27 198.06
P - 8L 471 10.03 2.13 459
P - 88S 4.20 7.49 1.78 9.48
Fig. 7, 8& S%UA9 27|19 £¥E 4T Holx, Table 3914 £% 4ate =)
st BAF 43 BAL JAt AeFE A4S A 1¥R) PF 2AFLe 2
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z goads ARRY) Re4E, 3]
5 Aol FHAH) AFNAE &3
of A& 2 BAF AAst dojxm

3, dEetAA et BAE EAAES} 252
X PVASY £A3Fo] 23, 7t &0l ¥ g
7t A2 Fdo] JIyYHe T Exve IF
4z Z7|= FHolXA HE & 4 Utk

THE dAY B2} Z7E Yotry] s wi&& 300uo0A 2000802 &disie
SEMo 2 #&3t} Fig. 994 25 789 4A7F dojAH 3, Fig. 99 P-99Le] 3
PVAQ 7t Reled BRI & B4 Hd 4=/ 86me #4T 78 A
7F @0}z W, P-99S9 79 PVASY 7R &L w3 ExFo| ¥ HSEA FF
H=71 200im W9 EYAE Table 39 AFANAE & F UKol DEAYAY A F
o] ¥, dAE & A dAFo2 dagz BRYEE Ho] £o] Hlo] & hollow
T2Y Ao 2 AZtdr} ol EAF R AL AW Fo] ARNCE IHAAEI}
ol 1, YAe AWML FFol doju hollowTZ7F etz AZE.
P-83L, 88St€ 7l af&o] ¥& W1 EAFe] 3, ¥ &9 ASEA 7t gl
e Aot AA AL FHAYE 10m W9 T8 Ayt BEo oz 5EHE
o] ¥L 75 F=AAAI AT Y= OHY A 23 YRS AeHol HA doju}
Ui, 2L Y7k dojAe AE & 5 UdTh
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an Mean Value: 86.17(um) . —a— POIL
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20 4
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Fig. 7. Particle-size distributions of polystyrene polymerized by
suspension of P-99L and P-99S.
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Fig. 8. Particle-size distributions of polystyrene polymerized
by suspension of P-88L and P-83S.
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Fig. 9. SEM photographs of polystyrene particles obtained by suspension of P-99L(A),
P-99S(B), P-88L(C) and P-88S(D).

4. 4 &

PVAS 7t+E8&d @ 7tsEdge] & A+ A9Zgo A4 vakz, 4o
Hom Ve stgEdge AUggoel wA vetsrh wakA, polystyrene A= 7h
2o gol & A ARAAL A st BFE wo HFYETF 100m W2, 7
Eajgol @ B AUFHE @A s Y= XL 10mH e 73 4AE AUk

A A ] EAFo] & E BT /e EH S0 REFE I ¥ BEdY §
ol Al cEitel Pz wgHUon, AUGHo Frdtd FeaHz dstd AR
A7 X7 S FEol 43 Eo=% FFE HEHEING.

% A9 A% T B4 4B WAL QA H24S AAE FHSE 2
pae WE EAFL 23, ASAFAsty BAL AHAHES} F5E 3 A4
AWgo] We+E, 7|4t PVAY BEAFe] Ax, AsReAEc] Be £5 AR
F&4do] AN E EA7 282 FHo) AYHE ¢ vy FFo] 48 2
AR A7 olAD GRS ZNE oA BE ¢ + Av
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