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R 9f: Styrene BHRAE 0|48 A4 F3AFHE B ALz uA) FAE Azt oy
#3He] AFEQ G FAWY, waterd/styrenedte] B, AHEAIA| /water o] v, wrs
= 9@ AJZto] tEA ulAlTR 717 27, 71F9 ¥4, 28] 9k, v EAHY vXe o
#e APH o FAEINTh 1 A ARRAA /watert] ¥ mEES} 7)F A R E
gL nXE= AL ¢ 5 UAw, 948 713/27 7139 RESA = waterdd/styrene/de] Hlo|
ZA e AT F A TF A4 A HE JsT o] AREAIA F sorbitan
monoaoleate”} water/styrene 94-43141e] ZHuEEE o] &7 thEA AZAld AT ABEA
Az B o)y aFAHE Bl 11F9 =77 1~20mol 2 ZEY] =7} 0.05~
0.20 g/cm3¢] )2l thFA 4 v 72E 28E F AUSdch

ABSTRACT: A low density microcellular foam was prepared using inverse emulsion
polymerization of styrene monomer. The morphology of emulsion foams was examined in
terms of pore size, cell structure, bulk density, and specific surface area. The variables in
emulsion system including monomer feeding methods, water phase / oil phase ratio,
surfactant/water ratio, and mechanical stirring conditions were considered in this study. The
ratio of surfactant/styrene rather than that of water/styrene dominated the pore size of emul-
sion foams. The open-cell/closed-cell morphology was mainly determined by the ratio of
water/styrene. Mechanical stirring conditions also had an effect on the pore size. It was found
that sorbitan monooleate among various nonionic surfactants was suitable to the water/sty-
rene inverse emulsion system. The microcellular foams with well controlled morphology
having the pore size of 1-20 sm and the bulk density of 0.05-0.20 g/cm® were developed in
this study by the adjustment of the variables in emulsion system.

Keywords: microceliular foam, inverse emulsion, polysiyrene, porous material.
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4 #

Al ¢ OilAte 2 & styrene (ST, Junsei Chemical
Co.), Hlo]-24 ARPAA) 2= sorbitan monopal-
mitate (Sigma Chemical Co., SPAN-40), sorbitan
monostearate (Sigma Chemical Co., SPAN-60),
sorbitan monooleate (Sigma Chemical Co., SPAN-
80), sorbitan trioleate (Sigma Chemical Co.,
SPAN-85), ¥uMe/lAjA|2% potassium persul-
fate (KPS, Sigma Chemical Co.)& AM-3}t}.
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(type-2), batch®2 F98= ¥ (type-3)o2 &
A E FAHAAT. oy d& FYAE 0Eo=E
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2, 7A4eE (60 'C/AmmHg)dlA F7} AZRAIA
FAE 24k e F9o ExHE GPC (Wa-
ters, Model 600E)& o]&-3le] &A&}r}. ojn) &
of= tetrahydrofurang& ARg-giich. oh3Ale] R
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Table 1. Preparation of Emulsion Systems Used
in the Experiment

mixing condition
‘:.I’- KPS® ST/WM SPAN/ST feeding method ~(mixing speed/
’ feeding time)

11 0125

12 025 , .
13 050 10/90  10/100 feeding(type-2) 800 rpm/30 min
14 100

21 feeding(type-1)

22 025 10/90 10/100 feeding(type-2) 800 rpm/30 min
23 feeding(type-3)

31 5/95

:;12‘1 0.25 12;3(5) 10/100 feeding(type-2) 800 rpm/30 min
34 20/80

41 5/100

:z 0.25 10/90 ;gﬁgg feeding(type-2) 800 rpm/30 min
44 50/100

50 400 rpm/30 min
51 600 rpm/30 min
52 025 10/90 10/100 feeding(type-2) 800 rpm/30 min
53 1000 rpm/30 min
54 1200 rpm/30 min
61 800rpm/15min
62 . 800rpm/30min
63 0.25 10/90 10/100 feeding(type-2) 800rpm/45min
64 800rpm/60min

¢ Based on the amount of water + styrene.

7] 45 £9% E7 styrene ©EpAe] ZAu|E
53 A

Cl242l ZE2X &l Azd ENe] TE=Z
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Btttk o A3 Fig. 1614 B el o] water
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e AdALE FAALE Jepdt). v, oildd
water}& A&H o2 FYIe= type-2¢] B9l
oEA ®de EelxElde] ANIHAsH, oE
type-29] feeding§eo] B2 7|AIA mwt duzjzx

Feld A227 A4z 19983 7¢

(b)

Figure 1. SEM micrographs of polystyrene prepared
by different monomer feeding methods during mixing.
(a) Exp-21, (b) Exp-22, (c) Exp-23.

Table 2. Molecular Weight of Microporous Poly-
styrene

exp. no. KPS(wt%) M,x103 M,x10° pp]

Exp-11 0.125 131 214 1.63
Exp-12 0.25 103 165 1.60
Exp-13 0.5 85 138 1.62
Exp-14 1.0 68 110 1.62

|A W/0He A4/ & 94%e 93t o
2 FA AR7t 5H B P e type-29
Hel el e e A 5 A

A Mol ME s dAFHoz Arle 94
f3le] FINEAl g FE F FEAY EA
& GPC= #AT Hoe vhg9 Table 294 &
F AEl M,7F 110000~214000 Alo)diL, EA
T (polydispersity index)+ 1.6 02 JEldt} o}
2 AR thFAle] 7 RERAY & 43dE 1|
AR e AE #FYE 5 UA

FEAE o]FL Ue 7N FAAEA - -
AHEAGA ] w3l a2 gFAIS4] dsle @
23l ). WA styrene/water % ®i3lo| wE tlE
Ao w&E2A = Fig. 2¢] SEM A& S8 A3y
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Figure 2. SEM micrographs showing the effect of ST/WM ratio on the microstructures of emulsion foams. (a) Exp-

31, (b) Exp-32, (c) Exp-33, (d) Exp-34.

g At} &, styrene go] 5wt% < A5 F2|AH
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water’do] SRl Qztz Ral=En =3 Y=t
A7t o= Bl wE Aoz YgHc)

AP AR e} Gl 2Au7) 7)Fe] PR v
A= G2 Fig. 394 B uls} o] ARA@AA
Fo] T7HEFE B £zl 3717 §43) s
of, ANEAA7} 256 wt% o3 Al FelxHE
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% 5~50% FEOE T {3 AT o AW
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Figure 3. SEM micrographs showing the effect of SPAN/ST ratio on the microstructures of emulsion foams. (a)

Exp-41, (b) Exp-42, (c) Exp-43, (d) Exp-44.

S s Aoz wuEr. £ AREBIA 7]
F718E JdAe] g3AE YA ed, o 94l
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#2lo] A223 A4z 1998 7€
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Figure 4. The effect of mixing speed on the viscosity
of emulsion system.
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Fig. 4914 2E uls} o] #3Ae] =& w3}
o Frlehe YL BT 2R oA =E
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d 7129 ar|7} A gadie Re BAY £
At ole 94 F3EHE o)8F TTA AFA
dgAel A E 1A H @ite] ol EHe) RE2X
o wj& & JFL viAE= AL u|dic. & J1AH
e UR T} FU1ge] wel g¥ )7 pRAAM 2
3 713 RE2A 2 dstE YL RdF3 g
t}h. =3 Table 394 Jehd s} o] o]E thE
Ao MEAFE 24T A7 RS} S
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(c)

(d)

Figure 5. SEM micrographs showing the effect of mixing speed on the microstructures of emulsion foams. (a) Exp-

51, (b) Exp-52, (c) Exp-53, (d) Exp-54.
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Table 3. The Effect of Mechanical Mixing Condi-
tions on the Pore Structure

mixing feeding avg. water avg. open surface
exp.no. speed time phasesize poresize  area

(rpm)  (min) (am) (mm)  (m%/g)
Exp-50 400 30 - - -
Exp-51 600 30 15.0 52 1.39
Exp-61 800 15 133 45 -
Exp-52,62 800 30 135 35 3.78
Exp-63 800 45 12.1 2.3 -
Exp-64 800 60 115 1.2 -
Exp-53 1000 30 9.7 19 8.86
Exp-54 1200 30 48 1.3 12.33

dAt A7) Zid] e viEHE F7HEY oplz,
& E Fuld wel E22elde] HREddA %
Yare] Fx9 Ag o7 vHEHEEF FIPL F8¥
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FFRA) uAE g 2] A8 water g
ALEQA o] @A ZHE 15894 60871x] WA
0 F old WE f3dle] HEAFTE ZAISlA KBt
i, FHekeFe 139 T2 JFPh 2 F
I WA ZE Fobel weEl At 37 Asdte AY
& BYAY, AAFHo=z A3l Fo] AR ¥yrh.
ol AxAFTLE V|Fe BERA ¥} X =
Age BoEt}(Table 3 =), =,  Eiba9]
=27] A e A B2 & WH3lE Holx f§x
AR Zte] 7 EEE Y 7)F9] A7)} Zadhe
AL BHAF). o) A¥FED 7S F
ke o] &3 vjAItEEA o ATA] Z1AA muks
= o5 B #4iRe] =717 2ol Hu, ¥
7139 B wutEs g wikA|zle)] o3 FFE
< 4 F UdAoh

oldciEAel Ol SR8, fasiies Az
® gFAE ol FHAZ & 7S ZABYI
A Azl @& oil F/F HzE FAsAT 2
A7 27] FHEEE Fig 694 B ulsg) o) o}
ZA e o8 E4 F 2y dxd 3 2 938
e Aoz WAL ARy 4dxr) AAEFE 2
7l FREEE F/1EIA L R A9 1~28 9

F2jol A228 A4z 19984 74
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Figure 6. Oil absorption behavior of emulsion foams.
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= § 2iAe] 37E 2A3e F8¢ 9=
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