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£ °f: DVB (divinylbenzene) & 71aAl 2 sto] vlolazule] 279 witat Eal ~Eld YRS
B4 o AzsiaA, wg 259 gail, AAA, o) 2 28ue] B%, HEAl poly
( N-divinylpyrrolidone) (PVP) 33 £x18, 12lx DVBe| #3ko] A@ss A ¢dale] =
71 2 B¥To) v gae ARG, Badas dqekg g, A4z AIBN, 2% Az
EF4q, 22l AFA2E BAF 400000] PVPE A8t w8257} Rolxa 7HAA 2l
FE7 1%9AM 4% 2 Z7185E US55 Mg A4dtn BE werzdA 104171 v
€ 27 28 gate] lE A &3 DAl ol2Rlen, 23 2447 $U WeE AR
o} At 104179 Rug HEHG. T3 w2k Agol A B ves
Tof Afgo] o YEg JEe vjAE Aoz FREHAC 42 v Ee] AL HIAIFIHEA
YAz E BAtze] HslE AR 2, W 540 Ay gEsle] RY¥LE b= 7Y
o] Bz YRS FEL ¢ Us HH) 21 05% DVB, 25% AW wadx, 20-25% EF
A, PVP £&: 10~15%, AIBNe] 5= 29} 4%0]9jon], of A 10A]7te] weoz
49 vee] HaE YAE L 47 3.9~4 ume} 3.4~9.3 pmo) Utk

ABSTRACT: In preparing micron-sized monodisperse polystyrene beads by dispersion
polymerization, the conversion, and the particle size and its distribution were affected by the
reaction temperature, concentration of the monomer, solvent and initiator, molecular weight
and concentration of the steric stabilizer, amount of oxygen existing in the reactor, and an ap-
propriate combination of these starting materials. Ethanol as a dispersing agent, styrene as a
monomer, PVP as a steric stabilizer, AIBN as an initiator, DVB as a cross-linking agent and
toluene as a co-solvent were the basic materials for the synthesis. The reaction rate and the
conversion were increased with the reaction temperature and the amount of DVB from 1 to
4%, and the conversion was saturated after 10 hours of the reaction time. The optimum reac-
tion recipe for the preparation of the monodisperse PS beads was 25% styrene monomer,
0.5% DVB, 25% toluene, 10-15% PVP, and 2 and 4% AIBN, thereby, 3.9~4 ym and 34~
9.3 sm of polystyrene beads, respectively, were successfully synthesized.

Keywords: dispersion polymerization, crosslinked monodisperse particle, morphology, polysty-
rene.
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Figure 1. Monomer conversion as a function of reac-
tion time at various temperatures with the recipe of
25% SM, 0.5% DVB, 4% AIBN, 12% PVP, and 20%
toluene (@) at 60 °C, (M) at 70 C, (A) at 80 C.
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Figure 2. Monomer conversion as a function of reac-
tion time at various initiator concentrations in the reci-
pe of 25% SM, 0.5% DVB, 12% PVP, 20% toluene, and
at 80 . (@) 1% AIBN, (H) 2% AIBN, (A) 3% AIBN,
(&) 4% AIBN.
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Figure3. SEM microphotographs of micronsized
beads obtained from 25 % SM, 0.5% DVB, 2% AIBN,
and 7% PVP (a) without co-solvent and (b) with 20%
toluene. ’
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Figure 4. SEM micromorphology of PS beads prepared by 25% SM, 0.5% DVB, 20% toluene, and 10% PVP with
various concentrations of initiator AIBN. (a) 1%, (b) 2%, (¢) 3%, and (d) 4%.
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(a) 2% PVP, (b) 4% PVP, (c) 6% PVP, and (d) 10% PVP.
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Figure 6. SEM microphotographs of micronsized beads obtained from 0.5% DVB, 2% AIBN, 15% PVP, 25% toluene
at 70 °C for 10 hr with various SM concentrations. (a) 25% SM, (b) 30% SM, (¢) 35% SM, and (d) 40% SM.

£,

Ober 52 otAAlZ hydroxypropylcel-
lulose & col18

Abgslg o, 52° polyacrylic
ac1d9} polyethyleneimine $-& aliquat 3363} <

= AFA L EA A1gstH e, Tseng
PVF‘s’q‘L Fol2Aolt Hlol2d Hx (AHAE I
AHgslTh T 557t 1~3% AFAE AAHE
PS dzte] =37l 4%& Fx Fedn Rudy
th. ¥ Paine 5% PSe] 94zt3717F PVPe)
Fxd wmE, PVPe Exlgais g3 2o
VA7 A& B

Almog

cold
© U

294

MW-D. 18

Size (diameter) = 90.4 x [PVP]*3

ZANE DT £ DYE A2golA e Yol
2ojst REE BRI A8k 80 CAM 2%

AIBN, 15% PVP, 0.5% DVB, 25% toluene3}d]
A SM9j % = YRS dof Yol avist #

Exol #3 Z7E Figure 69 A3t o] 2
HellA *42%51 o] SMe] EEE Z{o] AL A
B WA 2A AEgUH 25%¢ A 9l By

ol date] =7)9} 3.56 m ) ‘\’Bﬂ (Figure 6

Polymer(Korea) Vol. 24, No. 3, May 2000



gEgdez 7tad IEA ¥=9 ¥4

(a)), SM2] ¥oj 30(6(b)), 35(6(c)), 40(6(d)) %
2 Z713 we AR FHA YAt 72717 843 F
Zhshs diAle] ol - & 23t At el A4HEA
o} & dF9 Sxd @ AAE }Aseve
SM 3%¥o] 30~40% 2 ¥ 42 AAEHA R
Aoz Jepd £ AIBN 2%, 05% DVB, tol-
uene 25% 3lolA ©FA o ¥ F7HE B¢ A3
Ao PR F7lHoksleE SMo] ¥E B E &
23 PVPe] 4& 20%°0A 40% 74X F7HAA W
£ 23 o] EF Uxle] £¥J} YT Hol YAz
X9 AN7E gtk a8z & A7 234 2
A= e YAE FAP) A HAHe 1PEL 5%
2] SMojt}.

25% SM3} 05% DVB, &% #4i toluene
25%, 2e8]lil AIBNE 2% =2 134|712 PVPe] ¥
9} vk A7 (10417 244179 @& o] 37
o} £¥o| ¥3E Figure 79 =A3A. PVP9
a8 7, 10, 12, 15% 2 F7HAFIEA 93 AE
Ztz} 10774 247t 2 AN A FHE vi=9
SEM A}AZ3l, 7%9 PVPslelA 10417t (Figure
7(a)) 3} 2477 whg-AIZ YAH(Figure 7(b))Ale]
de & 443 4AH(3.5 )] Aol o o)
o] FoiAA] gigtod, 24A17t ¥hgAIT] QiAtEo] A
2 =] Aol HolA: e BA3Y
Figure 7(c)¢} 7(d)& ARAM HXeo], 10%9
PVP #drlz gdA:= Hojgou (25 m), B3d #
Aol FASALE 2} 24A]7ke] uhgof oj3 A
AE A= 10417 w321t} doubletolt} triplet
Ee 4A 2347 dehdes 5 9zl 357} v
&3 Aoz Jehdo. whad) 12%¢] PVP (Figure
7(e)st 7(1))7 78 A= HgAITto] 10417
oju} 24A17to] EHolx Aoy YAt =717} v
2% 9Y 4ol #AE Y, o] F 1A whex
(107} 24 AIZH)olX e HE YAl 24 34
9} 3.6 )me 2 ZHHQU}. 15% PVP=2 107} 24
A7t A7) Alge] SEMARN AzH(Figure 7(g)
% 7(h)), 12% PVPZ ¥4 Zas} vlsd P4
& Bied, 4FAY Pol T/EFE Yol A
=7F F7tet e, weAITte] 10A1ZkolA 24417}
22 AoAE ¢ U] 2y EE 54o] ¥z
Wzl ivlch 2oz B A7 A23 #4 re-

#2H  A248 A3z 20004 59

cipe2E= 25% SM, AIBN 2-4% &)X 12-15% 9}
PVPe} 20~25%9] F8u EFqoz 1047 &
St wrAlZ YAt =718} 37] £33, agu O4F
= 59 o8 71K A P FAHon B d
Tl A e dAE AZRE F Jde A

© o] 2Aog Z2HEL). :

%oz 25% SM, 05% DVB, 25% &F3}
d A AIBNe| 3§3Fo| 29} 4% Zzte] AlAdl]
PVPe] 9& 10, 12, ¥ 15% 2 Z7MAA A4S
PS vl=9] 779} £¥X=g A ed, YAz
o} ¥ 54 R BE¥xrl vlay g Figure 8
(a), 8(b) % 8(c)l= AIBN 2% 3lolA PVPY
ko]l 742} 10, 12, 15% 2 Z/IEBA 1047 F
gt vrg-d A, g4Aar)el 27 PVP #%
o ¥ Aglel HFYAL =717} 3.9-4 pmo]BA
Y2t Fol A FX oA vl g PP Aoz
Ueldth Figure 8(d), 8(e), ¥ 8(f)= AIBN9]
4% &9l A, PVP §2 10, 12, € 15%9A 104
uwieg Awly), ¢ko] AIBNo| 2% Y nje] Zzs}
233 og YL velw Ut ¢4 Ue] EA
54e G Holes v, 37 gAle] 27171
Z}7} 6.86, 3.4 ¥ 953 )im2 ZHHL EE, ¥}
Hiokgk ¢4E Holx U #F, AIBNY] $%71
7t wet B dze] a7)7t Fokshd £¥ A
A3yl o], 4% AIBNoAME zH-FAES
o Ads 23] de @ Ao Jepdo

AE7A Y] A7 Z22E T & o £ FHH
d o3 25% SM, 05% DVB, 25% EFo =
A4 PVP H=7} 10~15%0]2 AIBNY %%
7} 291 4% B, B Y4A P 47 3.9~
4.0 yms} 3.4~9.5 1m¢Ql PS ¥j=r} ARG, A2}
© 97 237t F& 9, Fals He BXE UE
dth @ £ AT E tAle 38 05% 2 1
AN 7taAle] de] F7ME BS A3 YA
SFol MASInZ O] & NAEE AT AaHd
Me o Be o] dFAe) Al g8 =g
ghgojop & Zojth.

2 B

2 A LCDY AA ZF spacerZ AR &

295



Figure 7. SEM microphotographs of micron beads obtained by various PVP concentrations at 10 and 24 hr with
25% SM, 0.5% DVB, 2% AIBN, 25% toluene. (a) 7% PVP, 10 hr, (b) 7% PVP, 24 hr, (c) 10% PVP, 10 hr, (d) 10%
PVP, 24 hr, (e) 12% PVP, 10 hr, (f) 12% PVP, 24 hr, (g) 15% PVP, 10 hr, and (h) 15% PVP, 24 hr.

296 Polymer(Korea) Vol 24, No. 3, May 2000



T LEPA LT

C5@546¢ 25KV Y

Figure 8. SEM microphotographs of micronsized beads obtained by the >reaction recipe of SM 25%, 0.5% DVB, 25%
toluene and various concentrations(%) of AIBN and PVP, respectively. (a) 2 AIBN, 10 PVP, (b) 2 AIBN, 12 PVP. (¢)
2 AIBN, 15 PVP. (d) 4 AIBN, 10 PVP, (e) 4 AIBN, 12 P\'P, and (f) 4 AIBN, 15 PVP.
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