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Abstract —Polymerization in supercritical carbon dioxide has been getting attention since it is easier to
separate the remaining reactants from product polymer and since it is a cleaner process that produces neither
wastewater nor air pollutants, compared to the conventional polymerization processes. In this study, poly(vinyl
acetate) (PVAc) that is necessary in producing poly(vinyl alcohol) (PVA) with a lot of industrial applications
was manufactured in the presence of supercritical carbon dioxide for the second time in the world. A
poly(dimethylsiloxane)(PDMS)-derivative surfactant and three initiators were employed in the polymerization
of vinyl acetate (VAc) at 338.15 K and 34.5 MPa. Investigation was carried out to find out the effect of
the amounts and types of initiators and surfactants as well as the effect of reaction time on the yield and
the molecular weight of PVAc. The weight average molecular weight (Mw) of PVAc was in the range of
60,000 ~ 140,000 g/mol, and the number average molecular weight was in the range of 30,000 ~ 70,000
g/mol. The yield of PVAc was spread over 10 ~ 80%, based on the amount of VAc monomer.
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PVAE AWM 0% PVAcSE 28 HdoHO|E A|Fe] 1L
B2 vF3A A AlZ3KFigure 1)[1]. PVAFA = &8
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o o e =2 AL, I E U UREAd S Tt
AA FrH2]. o] v awAbEel vlgte] €58 e
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Figure 1. Polymerization reaction path of vinyl acetate to
poly(vinyl acetate) and to poly(vinyl alcohol).
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Figure 2. Structure of Monasil PCA surfactant.
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Figure 3. Schematic diagram of the supercritical fluid
polymerization equipment.
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Figure 4. Photographs of the supercritical fluid
polymerization equipment.
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2.3 2R 24

A3 E PVACY] #AFF2 Gel Permeation Chromatography
(GPC)E o]g3t] 43tk GPCi= Waters 515 Pump ¢}
Waters 2410 Differential Refractometer % Rheodyne
77251 Injector® g% o] Stk AMESH HAHL WatersAFe)
Styragel HRHEC]x, EA&F #2893t BFEAZA
ShowadenkoA}9] polystyrene YA R (FHH T 24 Mw
= 1310, 3370, 13900, 303000, 52400, 205000, 736000,
1190000, 2060000, 3850000) ARE-s}Sich +48 Ala+
tetrahydrofuran(THF)S o]85lo] 34171 &, PP disposable
filter(PTFE membrane)E ©o]-&3slo] Hol Q&= EE A=
& AWk GPC 45 fl8l] aLaApA 289 100 pls 9
s3lon, GPC wAxdows AP g0, HA
(carrier) &1 22 1 ml/min®Z ARt A3z F4]

& ke AW A 6%

3. Z21t A AE

ZAAOABFEL A 0]-83F PVAC2] 3142 %2l 9] Rindfleisch
et al.[12]0] &g AT~ o]9lefli= A AAZ & H A7}
# Zo]t}. Rindfleisch et al.= 1999\d¢]] PDMSE AH &/ A|
9} 7RAIA] AIBNS ARE-3Ho] QAo AbsRRA: UjellA] A}
o] 55,000 ~ 238,000%! PVAcE 7 ~ 89%2] &= 33}
Atk 2Ev 2] st A ALY Fst oF AEAd

Aol TR & 25, &, ARtel e HEE S o
4714 RS ARehs st ofu|dT Aol EstEE 249

AFA HollAe] £42 Q1 PVAc AT+ £ A77) A F
Zepa g ¢ Qloh 1 59t U B aEAkEel dlEiA 2%
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T A8 YA EREA] @i ot 2QARAE

o]&-%F PVAc?] 3ol th& EARE & <F HA] 5k7] )

2o® FHgTE # AFelxe 2Alo)AEEA UleA g
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HH7|2 ok

[ AP S 3

A A gAdebt] ZHactive radical)S Ao 24 F319)
Z7|HAlA Z 23k g shal Qlok EEIAF A, 7159
WO PVACE §4d3t7] st 7HA#I= AIBN[4], V-50
[10,11], KPS[8,9,16]5% A3t Z1& 4 Hglomz, &
Oﬂ?oﬂﬁb AAEIAE A ko) 5% Foldar, /MAA

2 1% 7}5te] 338.15 KS} 34.5 MPaclA] E3u+e-S Sa)s}h
01 w3kl AIBNS A3 Ao nix7) A=A q
(FEAE 59,000, 58 29%), V-503} KPSE AFE-dF A& oA
= A gEgo] dojubA] SktK(Table 1). 53] 487921
V-507} KPSE o]g3dto] Sa3e st Aol vhgo] &
Ae ok aAlEdEe] IR Al Hol gl AoE H
of o] MAAEL COgell & 7] Feths 21s & & AUdrh
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Table 1. Effect of the type of initiator (1 wt%) on the
polymerization of VAc with 5.0 wt% Monasil PCA
surfactant at 338.15 K and 34.5 MPa for 5 hours

Initiator Mw Mn P Yield  Reaction

Type (g/mol) (g/mol) (%)  Progress
AIBN 59,100 30,900 191 29.5 Y
V-50 N/A N/A N/A N/A N
KPS N/A N/A N/A N/A N

Table 2. Effect of the amount of initiator on the
polymerization of VAc with 5.0 wt% Monasil
PCA surfactant at 338.15 K and 34.5 MPa for

10 hours
Monomer  Initiator Mw Mn Pl Yield
® (wt %) (g/mol)  (g/mol) (%)
2.01 0.2 116000 49800 2.33 14.3
2.05 0.5 102000 43400 2.35 45.1
2.02 1.0 95300 38300 2.49 59.7
2.03 2.0 82300 34600 2.38 64.9
2.06 5.0 65200 33300 1.96 72.2
A gov g JRAAL] TS &4 Fek Wb, 290 A] COLollA
Gl == AIBNTRS A AR A 2] 8hs & ol Zlo)eka A7)

At wleba] 0]F9] Ao A= AIBNYHS: o]-&3lo] F3huk-3
= Ty

MAIAL] S (dFAe] oFel st wi%) 2] Hstel] w2 Mw
9] ¥3}= K, Table 29} Figure 594 & &= Q50| A|HE
AA 2] oko] w9 5.0 wt%, <% 338.15 K, 8 34.5
MPacl 4] 10417 §E&A1Z1 79- |AJA Q] oFo] F7}ghel| whe}
¥ PVAce #Akzo] 1Hasldith PVAc #4452 7RAA

120000

Mw (g/mol)

60000 L

0.0 2.0 4.0 6.0
Initiator (wt %b)

Figure 5. Variation in the molecular weight of PVAc
upon the amount of initiator in the
polymerization of VAc with 5.0 wt% Monasil
PCA surfactant at 338.15 K and 34.5 MPa
for 10 hours.



9] Fo] 0.2 wt%d ul FFFEAF Mwe 116,000 g/mol
(Mn=>- 49,800 g/mol)o|l o}, ZAIAE] Qo] F7}Ete) whet
Aaste] 2 wi%d wele= Mwrl 82,000 g/mol (Mn
33,300 g/mol)°] gl om, 71 o]Fof= Fado] A7 w3}y
Aok pEAY EaF EILES Uehfls polydispersity
index (PI):= 7A)AQ] ko] 0.20014 5.0 wt% o2 =718 uf
2.33914 1.960.%2 7+4&3tk ole|gt ety Plojx ] W
sh= MAIAS o] BErS v B gjzo] A=Y F
goll ofsh= etz 7t S7sle R, 711 A 1wAE A
J3HA Zstar dolrt & awAE v AAdsh] witolth
=, MAIAL] gheFo] 20 whgoll H st 2] Ze] 71 Fof
o] WA AN = WS meX Rk St Qe
AbEelA 9] REgo] Al&E o] EAjggo] & IR} REE0A]7)
wZoltk. ek 0.5 ~ 1.0 wt% (Aol thato])e] 7HAIA]
9] ofo] F&Y I FAES WSS 7P At E&olgta
E 7 Qith

Figure 694 B &% 338.15 K, &3 34.5 MPacl4 10
AIZE RESAIZE W] TIAAL] ofo] S7stell wet PVACS] +&
o] Z7FsklTh 7HAANE] ol 0.1 wt%d woll= PVAc &
7k A FAEA gkgront, I o]F 2= AAIAL ol T
of W} &0 60%7HA w28] T ek AEE Btk e
U JRAIAIS] oFS 1.0 wt%oll A 5.0 wthZE S7HA171Y 1 7}
7Agol A EshEo] 72% 7HA XA 8] Frkeh= AEFo] UEL
Wtk $H9, of7]elE BolA] gkgkont AAIY] kS 10 wt%
2 3FaL 20 A7 HESAIZ A oA = &0 93%7HA] Uit
HellA =3t wigl o] JIAAE] ko] FletA REgol FHofst
= 2 2e] 7 Sk Heol A RS 2t aiAks
o] Wo] APHER 7} b EAE FopA|, EEatal §l
Bz 71 Wokx F&o] S| wiEolth
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o F
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Figure 6. Variation in the yield of PVAc upon the amount
of initiator(AIBN) in the polymerizaton of VAc
with 5.0 wt% Monasil PCA surfactant at 338.15
K and 34.5 MPa for 10 hours.
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H, o] AAEAA] ko] AE= aAbe] FA g
a5 Stk olF flgte] 1.0 wi%2] AIBN 7A]
AZ o]g3slo] 338.15 K, 34.5 MPacl|x] Ad&A o] shek
ol tsh wt%)& WHSIAAHAZFHEA 10A]7F 5L WES-A]
7] Bokth ARG TollA AWEgA] g2 A it
=9 e Fol AU FPHES St ZlolA
B Ao X FAE PVACE gel FolRg 71 J3kS 742
= gl 7} gloltk. Shim et al.[14]2] Aol = gel &
FA21 poly(2-ethylhexyl acrylate)E $-d 8 wj AHE A=
AHESE 97F AREEHA] b 9-HT EARFE A4 yield=
& BOFQTE 2AAGA el ik g7t &e
v AAFAA7) QS wells nEATL d4F 7] oo
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A7F = Aol 2AAM el At el ARG A7
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VRAEN &0 7 GRFA7E An oo HH-go] zlad 4=
B ] g A2 fiAEe] Al HEsAl w9l
v 5ol vlal] @] Faksert w9 Zol vhgS T
AR B R FEApFT} Fgo] "ol RO oatst 4 9ok
T1%19] Table 33} Figure 794 7RAIA1Y] oFS 1.0 wit%=
A8k AAGAAL] S 1.0014 10.0 wth= F7HA7]H
A1 10A17E HESATR S W] 38 A (Mw) 135,0009014
87,000 g/mol? 23|18 35% H& 1ash= TS Ho] 11
Qltt. o]u] FHFEAEH Mn)S 69,0004 48,0000 7Haa}
Stk o8t ExlEe] el tisked polydispersity index (PI)
1.940]4] 2.25% Z7}8lcb) 1.82% 7hAshs AH3S HolF9)
t}. Lyoo et al.[8]= AAEAIAIQ] SDS2| FFollA ] Fr&7}
SVl et SR Aol o STk ade B
o FTE AW A| 9] o] Frtekd, 1At Ak A7)
Fhassto] AR R kA ghato] wha] oJoju} Exfeko] Ft
akA) gkor, 938 Ri= Yxte] A7V} SFAY B Y
2kl THel & o B AAEGATE 1A deg o] gt
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Table 3. Effect of the amount of surfactant (Monasil PCA)
on the polymerization of VAc with 1.0 wt%
AIBN initiator at 338.15 K and 34.5 MPa for 10

hours
Monomer  Surfactant Mw Mn PI Yield
(€9) (wt %) (g/mol) (g/mol) (%)
2.00 1.0 135000 69500 1.94 38.7
2.04 2.0 122000 56000 2.18 44.1
2.03 3.0 110000 54200 2.06 55.6
2.02 5.0 95300 42400 2.25 59.7
2.05 7.0 90200 47400 1.90 61.5
2.00 10.0 87300 47900 1.82 67.0
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Figure 7. Variation in the molecular weight of PVAc
upon the amount of surfactant in the
polymerization of VAc with 1.0 wt% AIBN
at 338.15 K and 34.5 MPa for 10 hours.
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S7/MAAZFEAA DB o] PVAce] 48 W3k, Figure
85 Hw & = qlizol, AEdA|e] ko] 1.0¢1A4] 10.0 wt%
2 104 F7el mat 282 39914 67%= <F 2u71E S}
e B3Ik A o] FrkshaA atAr YAke] =
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orE AAAR g FEENE Ao FHE 5 3k ol
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Table 4. Effect of reaction time on the polymerization of
VAc with 1.0 wt% AIBN initiator and 5.0 wt%
surfactant (Monasil PCA) at 338.15 K and 34.5

MPa
Monomer  Time Mw Mn I Yield
® (hr)  (g/mol)  (g/mol) (%)
1.99 2 55200 31100 1.77 9.70
2.00 5 79200 40900 1.94 29.51
2.02 10 95300 46300 2.06 59.65
2.05 20 112000 50500 2.22 70.72
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Figure 9. Variation in the molecular weight of PVAc
upon the reaction time for polymerization
with 1.0 wt% AIBN and with or without
surfactant at 34.5 MPa and 338.15 K.
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Figure 10. Variation of yield of PVAc upon the reaction
time in the polymerization of VAc with 1.0
wt% AIBN and with or without surfactant at
34.5 MPa and 338.15 K.
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