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ABSTRACT

DMF is not a good solvent for PVA. There is no solvent-PVA interaction such as H-bonding. DMF/PVA
makes a UCST system. DMF/PVA makes a gel through crystallization—induced gelation. X-ray, thermal
analysis, and other experimental proofs are presented. The gelation rate was faster at low temperature. Small
addition of PEG increased the rate of gelation, but urea decreased the rate. SEM showed the phase demixing
process very clearly. In the early stage of gelation, only phase demixing was occurring at a low rate. Hence, no
holes appear in the early stage photographs. As demixing proceeded further, the holes began to appear and the

sizes became bigger. DMF phase remains many holes after vaporization and PVA phase constitute the matrix

phase.
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PVAYX wuFg-Ale] g9l -OH groupe 2J3A epo-
xidet} aldehyde Sl ¢}sl 414 #stAo=z 7lavte
< A)F 4 Qv PVAY] 7tmubgS 4449 PVA
7 seta shmaed o edez Fezm
PVAZL Afzrel shsAel dESd 105040
FHo2 479,

g PVAL AAA TEAEA A v
Yels tacticitye} FH3HA B A& ¥
Eeld Ao EAL Ex-FAEe] o)z
ol8] TEA} chaine] ZAgse Aoz 7 ZHIEH|
oFsle] thermoreversibled}th. Guenet-e Tiz}e] &
A Aztg ZA guirp Astel] Fefske A+
Lol el 33 sixte] AA s 7 T A4A
772 AYPLHAda A2)stgd e (Guenet, 1992). PVA
9 HASole AA3b o7 Azt o7 fefelA
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BuHge & 59 @Y §ei2: ethylene
glycol (Stoks et al., 1991), DMSO (Trieu et al., 1995)e
A BuE s, 2340 2A 5 water/DMSO (Matsuo
et al., 1997), water/ethylene glycol (Stoks et al., 1991)
BollM Bl

ARt &% A g7k DA oA
o2 A gotek 30, 2 717 AA -4 2
A3 AzHdcim Aleker 2w} 31} (Sioks et al,
1991). DMF¥ PVAd] &3] £& 49| opx|qt
2 d7eME A F7A GER A gk DMF 49
soll A PVAS] 738 DSC,xAl 54 Fo=z $43
22h skt 22 Aslel] o]ojA ZY =& synere-
sis@Ae] AANE FARAARN AL o 3pe]
aging®] AAFA& FalalmA shgie

JERT

Algle] Ab2 A oke 87~89% 7lpEal® AT
24k, 51k, 104}k, 159F2] Poly (vinyl alcohol) (PVA,
Aldrich Chem. Co.)3, 19+2] Poly (ethylene glycol)
(PEG, Aldrich Chem. Co.), urea (Hayashi Chemical Co.)
£ A}4-3}9i ). Dimethylformamide (DMF, Samchun
Chem. Co)E $¥-& A7 7] $3) HFe] KOHE
A7El & Z2F3sled A8l o™ Acetoned} ether
78] 3 isoamyl acetate S A}-8-51ith

2. Gel H[=

8ml 42 vialo] PVA 223} DMFE 43} %
2 A Y2 Z 150°C ovenol| A 1A|7F A= F
o] PVA 228 93] xeld F3a 89 Az
e 2 F Aol 20°CAA A8 A -5Ce)
SAle)] dolA quenchihg sampleS THE4%Th PVA/
PEG/DMF gel -2 Ex}€ 19} PEGE DMFe¢| o 4]
she pxe Sog BE F. ol £9& SUAY A
23] PVA 288 wtEgiv}. PVA/urea/DMF gel=
PVA/PEG/DMF gel#} 72 vbf o2 PEG t4l urea
& AH8sted A zatelet

3. Astzxo £H

Ass = (CeeD?] FAel= A Fel 3.1 mm, FA7}
1.05g9) &FE& AMEEITE Ao S8l vialoﬂ
HTFES Yo 30° A== 7]E) ¥ o 30¢
ot & 7&9] YA7F 1mmuet HA o] F3hd, 1 “ﬂ
9 Exg A3 Hxz 7HFEHg o (Kokufuta et al.,
1995).

QH Aole] 92 Aeksle) WFAHT Hol&
=9 AL )3 differencial scanning calorimeter
(DSC, CSC-4100 model)Z A}L-&-3}%]c}. Sample oF-2
0.1g, 25¥4$+E 0~100°C7HA & 34t} scan rate:
upscan, downscan2 25 2°C/mine2 &t} A of
Lx Ho| peak?] F mE= FAAd of-g3l=
L5E 9o, AHE peakE ABFozH AAbst
At

5. X-ray Diffraction

AZdel wE AAst=e] FrME WA HEA
X-ray Diffractometer (XRD, Brucker)E °]&3}c}.
g o2 Al2-3}e] primary monochromater
& A& Ko x-rays ARSstglor, 40KV, 30mA=Z
20=5"~60° 7} 6.4°/secd] 452 scandte] 3H7}

= AL od9lch powder sample?] 7-9E 114}8}e)
Al pellet Alzsle] 2233 .0H, gel sample®] 7
2= petri-dishol] A3t FAZ gels #HE F et
A oz ARgsto

CopperE-

6. FAINAIEOIY AE

A& A3 AzATln =¥ Az A9 A
H3e Haslslr] $lsiA AE 6cme petri-dishe]
PVA 49 15mlE $3o] HE2 Yo dAT 24
oA Ag TrE & 1x15cm 272 e} W} 2Ae)
W ALz}t 2 acetoned]] 4X]7, etherel]l 4A]7F, o}
A acetones] 4A17+8 X )sla, AlLeA isoamyl
L gl 24304 28], w4
Isoamyl acetatel] 2A]7+4 23] Az & wix|zte=

acetate : acetone 1 :
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isoamyl acetateel] 3}F oA} HFElg ). A E Alw

E2 43} olaleiAng o]8% YAAH AxE A3

Sl W¥yo] Iz FXH Aoz A4 AEE

Aok Al5se =1 g 28-S Ion Coater2 =7

3}l A} x}a 0] A (SEM, Hitachi $2500) 2.2 gel?)
< FAsGH

Al%J?Ed_-._q.

1. DMF2| PVAo|| c{st Eofjgat

7t A=7F 87~89%9) 100%e F EF
PVA"” s DMF &0 £33 zA}aluh 9M 282

£ £%0|A] PVAS DMFdl] %9l o1& AA3]|
AB|HA fa= WEE #FsYC 87~89% Tk
B ¥ PVAE 120°ColA DMFel| & =gron] 20°C
2 A3E dole g £ fAsA. 100%
7t 9 PVAE 120°C DMFol A= 2 2] 9ot
o Ex8 o ¥ 140°ColAlE DMFe] %% 120
'C= AER Gl RS A Hle

3 ¥

2. 9| 2, &, EAE 2/EY

$A Azl &5 5AE 1) 5 F A 2=
olx) ARt 20°CAAM WA T Az Azt 2
e Alzkel wig =Fioh EAo] 242} 27k, 54110
% 15T PVA 442 389 Cgeloll Ao] A
Hed AR Had 157F edds 2t 2
ZZN —5°Coll N AT A Az 201 ¥
A3 Frlste] 4 A3 Hell= Ae] A=t 20
"CollA AL DMF 471 8lellA] PVA7} o] HxH)
495E AzZk wxot EA1 wetd AE o
g e AL T 4 TH(Table 1). A4 154k
Az} Agells Cgelell sj2shs 2 wi% T4 2
F7t 2289 Aol 4wt GRRAE 147kl A
7} faHgG G EAFE] AREE CgeldA
T Azt dFY oA 28HY, JHg 2 FE
dAE B FAZME AfHe AE 2 S U
o}

3t Table 1o]A 2L =0 Agste Ealgko]

SEM on the Phase Demixing of PVA Gel 119

Table 1. Concentration and molecular weight dependence of
gelation time at 20°C

Mqlec'ula.r ?S{I;Kl/%lﬁ‘? Aging time Pea]g max. AH
weight Wt %) ’ (hr) _ 0 J/g)
50,000 5% 1 nopeak  no peak
12 nopeak  no peak
72 53 0.5934
336 60 1.0112
720 64 1.0772
100,000 3% 1 nopeak  no peak
12 55 0.1485
72 60 0.6237
336 63 1.1354
720 68 1.1426
150,000 3% 1 no peak  no peak
12 54 0.1282
72 57 0.6313
336 64 1.3201
720 70

1.3213

Table 2. Concentration and molecular weight dependence of
gelation time at —5°C

Molecular Sample &% Aging time Peak max. AH
. (PVA/DMF, o

weight Wt %) (hr) (°C) J/g)

50,000 5% 1 58 0.2467
12 56 0.3969
72 61 0.2637
336 58 10321
720 56 1.0852

100,000 3% 1 61 0.4399
12 57 0.3521
72 62 0.5095
336 61 1.1368
720 61 1.1945

0.0496,

150,000 3% 1 61 0.1733
12 62 0.2637
72 62 0.6058
336 63 1.2936
720 64 1.3280

=% A Al wed 182 o 4 AR

N

r2 4 wit% FE A EAbeFo] 10%kel Al A}
o 5Azke] AQF=d EAIF 159 Alm: £ 1
|3wtel| A3} "o} ,

Table 20 —5°Coll A A& ThE W) 2 A Az
& el 7o 2 Table 19] Ao} ujmely 22

>
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—-5°C2 JgEoz N
A7) wl ] AAEE o

27 E 23 34
4 lgie

3. Aging® ZX 3}

PVA/DMF A& whEe]zl ¥ Ajzte] Z45 HA
o "geiAlch 283 20°Coll A WX Zlrd
=5°CellA aging A1 W7} Aste=rt o wiac
PVA /DMF g<8o] A& A 7|77} T, FA
AL PASF H3EHE o7t FldA 4
e x-A HFEAPE Ak L A} RS
ghel PVAE Adsled 10 wi% A& THE F, 247} |
A (), 25 (b), 12 (c) B3t 20°CollA aging A|7} F
A Ae] 2d)2 X-ray refractometer (XRD)E -2
chromato-gram& Rt} (Fig. 8). 7 & powder A€
aze] PVAE 244 2494 & e u glch
I3 a,b,ce A Az A2 Aolmz Fxrt %

o} dell ®)sl FA7=s} Yol (Fig. 8). 22} 20
20°2 UdA3] pe AYF2L) BAYE Ho] F
™, amb—cd) EAUS AT ANUA peak
7} ®oko] sharpd] A= Z& & 4 9let o] AL A
Zrol Bgol wet AAHst AdHT Y& et
Wadet.

4. PVA #o| &3 43

PVA/DMF 712 thermoreversibled}c}h, 83| <3)
%9t aging A|Z] PVA A2] A3 A< thermogram=
B9lo}h(Fig. 9). ZE A|=elAM A& upscanAlell:= &
g peak 7} Ve x| gt 1A upscano A& peak &

2 4 9ot =3 downscand| A= —35°C7HA| = &
D8 W peak: yeh)x] 9ot} o7& PVAS
293 &= e =g Be F Aoloh PVA/

DME 2 3 438 A5} FEI24E 5
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Fig. 8. X -ray chromatograms of PVA gels of different aging period. The aging period is 1 day (a), 14 days (b), and 30 days (c). (d)

is the chromatogram of PVA powder.
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el Exbgko] 54, 101L, 1581 Al7FA]2] PVAE
272y 5 wi%, 3wt%, 3 wt%oll A AL 7o) aging &
-5 =23t microcalorimeterE # o] #<ldlglch
(Table 3). 7. A3} Table 30|49} o] AHo]2xel F
9 peak?] peak maximum- agingo] ZZHMA A
% Z7ksle A ®olon, 108 151 PVAZE F
29| peak”} vfeh s 124)17F %2] peak maximum-2
zZ}7z+ 55°C, 54°Ceoln], 59 PVA 9] # &9 peakr}
Yehts 39 59| peak maximum-2 53°CZ #3 H
ek 2+ Algelet 2202 peakrt viehis AlH-E
7+ Alge] AA3}L AAEE Aoz AA x|
2 o)z} ¢lom, 7 we] peak maximum-2 53~55
C2 dAs dee 7oz FAHYH 1=y
Agingo] A%EHA AAsr} AP Mol
A% F7tste] 7k AlgEE 64~70°Ce] o] 2t}
Table 39] 14¢] (336 hr) &8} gk (720 hr) T2 Brjek
o & AHZHE Plxd A3} 5w F=2] ST
A&7t 3wt% =2 109t} 159k%e] A|snct
AH zlo] #h2 7lo 2 FIF . o] A2 5ubste] A
87} gdue] HF 2=} Folm 38k
Aeko| zt7] wgel AX3rL d AP Aoz

=

M e

Aol e L3l = Aele HASA vele Ao
2 gl eh A3yt AdHE &4 e 4o
sl BApEFe] 4% S3l=rt FA43] HelA
AR o @l He Zes FHaFHgen 223

Table 3. Dependence of AH and transition temperature of gels
on molecular weight, concentration, and aging times

C Aging Peak max. AH
Molecular (PVA/ time °C) Jd/g)
weight DMF, (hr)
wt %) 20°C -5°C  20°C -5°C
50,000 5% Il nopeak 58 nopeak 025
12 nopeak 56 nopeak 0.40
72 53 61  0.5934 0.26

336 60 58 1.01 1.01
720 64 56 1.08 1.09

100,000 3% 1 nopeak 61 nopeak 044
12 55 57 0.15 035

72 60 62 0.62 051

336 63 61 1.14 1.14

720 68 61 1.14 1.19

150,000 3% 1 nopeak 61 nopeak 0.05,0.17
12 54 62 0.13 0.26
72 57 62 0.63 0.61
336 64 63 1.32 1.29
720 70 64 1.32 1.33

endo, ——

Microwatts

&—— exo.

2 ' P

Temperature( 'C )

Fig. 9. The typical thermogram of gel—sol transition of PVA gel (upscan).
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wt% %29 10952 B} 159522 AH Zhe] =27
vpelstet. Table 39) -5°C) WEAlo) A aging A1 Z<&
T 2] DSC A= Aol A agingAlZ] Algshs e
g A7} agingA]7) sample®] 74-$-o) = upscaneil A =
F &4 peakZ ellgith ©] A2 quenched sample
9 A7t A wzA A3 APPe el
Hog iAol F £F AH7} A el

O

5. PVA/PEG/DMF A~

PEG7} PVA Asto] ofi o3k F=7] <d7) 913
PVA/DMFe| PEGE #7}8t 23} 3a}ake] 103} o
4 == PEO: PVAS} incompatibledte] z-Zal @
ol wd 257 AL YA ey B 19 o
8] PEGE PVASH 1:1 28 Adjel Mz #U8 &
HNAS $2)5F Tk 5wi%e) EA}eF 57 PVA) Xz}
2% 179 PEGS 0.01~1.00 wt%7hx] Hola] o=
32-¢ 2AE A7) PEGE 7)3)x] 99e m AHY)
1.08J/g 14l wv]8] PEGE 4% 713€ o PEG ¥ =
0.1 wit%oll A AHZ} 2.1J/g7HA] 27138 2 4= 919l
}(Table 4). o] 2= PEG Sx9l= ¥ ws}go
60~62°CH o} APAAE= PEG 55 Swt%7HA] ol
M= AHZF 1.0~121/g W99 2h& 8743kt

A% 58 PVASH #x1% 19F PEGE o]g-38}of
PVAE 5wt%, PEGE 0.1 wt%7} 572 %= PVA/
PEG/DMF £3}-4-89] aging &35 FA}sleich. 20°C
olA] aging A1 A% PEGS 7}8}x) ¢tew Hz
DSC peak & d+d) 3de] A3, PEGE 715t &
& AL 77t AU peak® B gio) =3 Az}
9= ] AH o] M2 g 7|HE 149604 10
2 Zradtdeh -

v

6. PVA/urea/DMF #

Urea® #2118 $42¢E welsle 24z ¢
A o} (Mitchell, 1986). & Al&elA] PVAE 140
°C DMFo|A urethanizeA| 7|8 7L =2 slof|A] A
37 W HE A FAdstde 94 uread HoHY
< wel= Aslel] ZHelx A7k AA3) Zr)sleiv)
At 57 PVA 5% 4o urea® HFHE w9}
v wdt A3} 223 aging® PVA A]8%= AHY} 1.08

Table 4. Effect of PEG and urea on gelation. The concentration
of PVA was 5 wt%. Mw of PVA was 50,000. Hyd-
rolysis content of PVA was 87~ 89%

C Peak max. AH

(wt %) 0 (J/g)

PEG 0.01 60 1.13
0.05 61 1.36

0.10 67 2.10

0.50 64 1.02

1.00 62 1.19

Urea 0.01 56 0.88
0.05 57 053

0.10 56 0.71

0.50 55 0.69

1.00 58 0.67

J/gld uhs) uread 2tz 0.01%,0.05%, 0.10%, 0.50
%, 1.00% 7}3& o AH>= 0.88, 0,53,0.71, 0.69, 0.67
VigzA] AR} Awst WA 7Hastelc}(Table 4).

7. FAEAEHoZBE Hat

Agingo] A=A A mHe| nd T2 wWse
TAs7) 418 AaE FAEAENAos BB
o AlEE EF BAEF ST 10wt% oM 27
& WA7IH Aztetgeh 200Ce] exdlA 23
agingAl7] AR A9 EHo] F2o] 7L vz
2 HA= g o (Fig. 1a), vl &l A HG g uldol
TAA A 725 I3z LS AU 4 gl
A (Fig. 1b,¢). ©]9} 2L A9 mwe 7
agingA| 7te] ZojA4£=2 Axl FHsA glglen,
aging 7= ALolA 2T A B % T3
A Jepgsiet.

—5°C2] &=l agingAlzh& 147} 16417}, 2%
2 ¥ Aa: AlgadN Fgo wis sag
Z# (Fig. 2a,b, ¢) A& 16277 = ohh =80 F
AL ¥ Z W) glont 25 Tk F8o| @
o] HAA 3 wlgollH & 4 AR FAA Y= =k
22 FAFA £3} H2ZE F3 o] & 2A)e
FAA ] Helrlz ey Alg AAe FHA
o2 yehds L obYlet (Fig. 2c). Fig. 2c A] 2.9
I g BFoA aging A2kl whet W 99 o
A9 27t A= gE (Fig. 3a, b, ©). 164171744

tlo [@:
o &
rlo



Hong SG et al. : SEM on the Phase Demixing of PVA Gel 123

agingdt Alstx 5% sHTERE ¥ 5 gloy 2
F Folle ZHA AN RIpbrroke] @ 1HE
o] FAHUT. T v &M o] HET] A
HEE 02um o5& A& 4 9l (Fig. 3d). 2
< AaElE 20°Co &=olA agingAlZ] A 2 F74
Avhrol viR A vy F27F FAFg o, o v
34 Tz = i Aelsiirt

20°C %ol A 259} 3 2 3t agingAl7] A 8ol
] (Fig. 4a,b,c,d) Alg.o] &2 53 T2} gl
ow w7} 3xA oz o3 e 2ol (Fig.
5) 1% PEG7} A7}¥ PVA/PEG/DMF A2 o} ojw
ANano o 2estn 2 pah7 woke] HeE o
F3 U oA F27F dge] AEFAH.

—5°C &z A 2% agingA]Z] A) 9] A} (Fig. 6a, b,
¢) PVA/PEG/DMF A& tgA 3271 Jehls A
Aoz} £93] deojuix e Aoz HAFHNS o
TA T2 AFL 05um o]FzA dibHez
quenchingglt Al&HT} F wj o4} ZA FAFAH
(Fig. 6¢). ¢]& PVA/PEG/DMF A Fz* PEG7}
phase demixing& =2}57) wlEoz A, A} A3}
=9 dHQAANM s AFT whanw AHX e &
Ae tt=r AF2 gqlew zHgsE Aoz
A

~5°C &=l 4] 2% agingAlZ] PVA/urea/DMF 72
2 (Fig. 7a, b) Fig. 52| Al5¢} v|a¥ o, o}F A=
A7VeAl ok ARG oA Fz7F 9 g
U Aoz HAFHY. o] urear} AH el W
#5l7] wWFoln, YA Azt Lol A A
ABA 14 Aoz BRI

o &

PVAe| o} gl& o}AjH| o] E7] (acetate group)2]
2 PVA2] DMFeir9} Lo AFFal <Jsfs
F= 71& o 4 9o &, DMFE: oA H o] E7] 2
o] AjAew We 87~89% 7HaEs® PVAd)
Ead @2 A E 4oz 2H43kA| R 100%
7FealE PVAdE 2 ZxAAT Sz 24

2.

a2y PVADMF 92 723 A} 24 ¢
o] 2% JE45E Lewr) delAs o 4 QU
t}. 87 ~89% 7}l ¥ PVAZ slojats 233 =
g Fxoll M= 120°Coll M §R4}-& F-A3h} 20°CR
218l RS- Fogt Ao] Heh o] ARG W
o} DMF7} PVA©] tjs] &2 4wl opn, A3t
A e PVAZIE]S] $A& 2A] Eive AL
PE o] A3 54 FE o4 PVA Fxo
A 7bsae 2 el FEeldE ARl Aol 5
A Z3het

100% 7}4=2-3] 5 PVA £ 4] DMF <ol A] 140
CollX e Aot Loz Asd 54 5=
ool A AL AT 1yt 87~89% 7Hei
s ¥ PVASl= 2] Ao B5gslgct. 583 A%
£ Asstd Yoz o= 87~89% 7kpEsE
PVAe| =33t :

PVA7} DMFA Ag A 272 55, &
=, ATl &g 4 A
A} 3 A+-2- (intermolecular interaction)©] A ¥ oo} &}
22 PVA 3] S4F0E & #-97] Aoz Az
7} B7bssleh S8 A< Ae] HE Hx F
EE Cgelo]gl 39t A3 &2+ vt A
5 mhach 7 o] f+= Cgel oAl A ZEAEH2
2835 4430 A= 79 BAb9} interpene-
tration®)™] chain density”} Z7}stm2 2217k AA
3p7b w2 A defdth o] S =AM oz ey
%=} (Fig. 10). :

A Ao Bl &AL Al Exzte) st
4o] F5 olfz Rzl shie] mYkE & o
EApge] Z aRAE Adt IYL=TF ARAE 2
EAE 2o} (Gennes, 1979). webA] 22 pzehd
499 FF AELsE 2R G BApge) & a8a}
7} 99 Bxbe} ©] @2 interpenetration® o] §l&
ool BAE AuAtgelr] AHEAF A8E
o 84 S35t =3 DMFE: PVAd] £2 &7}
olmz ExjgFe] F45F fujavrl ezl A
= 7R aglelth o] AL HolM 7]&d Ao A
ARz JX) €} o

Aslel] glo] L= AAAA &€& vt 2=t
ol 45 DMFO| &vfazlrl "ejAm phase de-
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@

@

Fig. 10. Schematic representation of solutions. The concentration increases as a<b< c. Gelation starts at concentration b.

mixinge] wh2A W=, AAste JA) we) Zr}
317] wEolct. —5°CollAl A3 AlFIH 20°C 7o)
Hla) Cgels i woblt A% BT 4 9o
Cael o] RolAlE At ¥Ael Fe4s ot
x-ray A§-2 PVA/DMF A ¢] AA 3} A& 2 n
o] Ft}. PVA/DMF 22 thermoreversibles}e}. ©] 7
£ A3}t E2)A crosslinkingel| 23k A Y& 43},
thermoreversibledt A 71-&¥ = goe] ¥ uf Fol
AzEE system= Wol EuElort DMF: &
3 PVAS 8] 425 A HEdee e
207 ohish 9312 HET A% el DMF:
PVAS] 22 goir} ohe] 27} woldes 4%
2]u} phase demixingS 4o 7]= &wfjolc}, wlzbr] A
3}9] 7]F7} PVA chainzte] A& 3ol 7]¢18 Zojet
W Hzel Aske PVA 2AE BIE BEelA
intermolecular crystallization®l] £]&F Zl o2 R oo}
3t} PVAL: ethylene glycol 87 3}l A= crystalli-
zation induced gelationg 3= Aoz d2A o
PVA/DMF 79 44 A =3 ZA st 23
crosslinkingg & ®oj Zt}. Table 3¢ &)l o=
AL AlmEtE Aol AR 1247 IR+ A
3 &9 peakE £ 4 §&E ¢ 4 AT 1242 A
# Fo= 5% A= A4 peakE: B $ ggle
109t} 159 PVASIXE zH2 F9 peaks} vlebgd
t}: Aol A X¢Ed = microcalorimeter2. peakS
gl 4 gvke AL AAN) s ming A
el A ZUEe] Mz dZFYTE Hold. o] &4

Z

o2 3 /el PVA 2de] A9 dle] H7] KA
t olfdhy ZYH 3~4 A= HAL sHAH
Heg, ZAste njs 2r|dAdM = AL Y4
4 9let

39 ¥ REE= BE XA peakE FAY 5
%o, Alzkoe] B3herol wet peaksh A 271
ek oA AL AYH T ek EA o, o]
ofat 27} Folt 25 WxrA A4Hch Table 3¢
B 149 F9h & 2 Fo) AHG A°] Wt g
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Fig. 11. Schematic representation of SEM images as aging proceeds.
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FIGURE LEGENDS -

Fig. 1. SEM images of samples. Aging temperature is 20°C. The magnification is X 2,400 (a), % 6,000 (b), and % 12,000 (c),

respectively.

Fig. 2. SEM images of the surface of PVA gels. Aging temperature is —5°C. Aging time is 1 hr(a), 16 hr (b), and 2 weeks (c¢),

respectively. The magnification is x 2,400.

Fig. 3. SEM images of the surface of PVA gels. Aging temperature is —5°C. Aging time is 1 hr (a), 16 hr (b), and 2 weeks (c),

respectively. The magnification is X 12,000. For (d), aging time is 2 weeks and magnification is X 36,000.
Fig. 4. SEM images of the surface of PVA gels. Aging temperature is 20°C. Aging time is 16 hr (a, ¢) and 30 days (b, d). The

magnification is X 12,000 (a, ¢) and x 36,000 (b, d).

Fig. 5. SEM images of internal cut surface of PVA gels. % 6,000.

Fig. 6. SEM images of PVA/PEG. Aging temperature is —5°C. Aging time is 14 days. The magnification is X% 2,400 (a), X

6,000 (b), and 12,000 (c), respectively.

Fig. 7. SEM images of PVA/urea. Aging temperature is —5°C. Aging time is 14 days. The magnification is X 12,000 (a), X

36,000 (b), respectively.
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