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Preparation of silica/poly(vinyl alcohol) organic-inorganic
hybrid gas barrier membranes

Koji KURAOKA*, Takeshi UEDA*, Arifumi HASHIMOTO and Masa-aki SATO*
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Silica/poly(vinyl alcohol) organic-inorganic hybrid gas barrier membranes were prepared by
sol-gel method using silicon alkoxides and poly(vinyl alcohol) on poly(ethylene terephthalate)
(PET) substrates. Oxygen permeability and water vapor permeability of the membranes were
measured. Oxygen permeability coefficients and water vapor permeability coefficients of the
hybrids were the same order of those of poly(vinylidene chloride). Pencil hardness of the hybrid
membranes were more than 6H. From the results, it was found that the organic-inorganic
hybrid membranes could be applicable to gas barrier membranes.

X—— R HFANYT?, HEEBNA T o F, SN =-FLiE YA, BYVEZ LTI

Keywords : gas barrier, organic-inorganic hybrid, sol-gel method, silica, poly(viny! alcohol).

‘WEKE YRS (T658-0022 FA i HEEX IRILATAT5-1-1)
Faculty of Maritime Sciences, Kobe University, 5-1-1. fukae minami, higashinada, kobe, 658-0022, Japan

—135—



SUH HYEZANTAI—NAGRBERNA T 9 FHINY FTREOERE ZOHME

1. ¥

onji

BB LUKEROEBEYTHH A1)
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BELShENTLERCHESXZ SR TY
5V, I hECIEFOECA AN T
PoOEHINTELRYEE=) 7T
(PVDC) 2HEHID Y 4 4 % 2 A DB
M6 ZDOMHANEE S IR 27D,
FHROF AN TEPPLEIN TS, D
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OHEVHAOHETRIFT IR TS, Filz
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LYWL EmEF ) A— LY 4 XTHH
EEpTLickh, EHRIRTHHH LMD
TARZ PHOKESEZFML., 7 RAEMN
2FRBELLFTANYTHZMEEEE00H
EISNhTWE™ Y, F/o, ERIRETIET
AN THELTERERI)EZ LT VIO —
v (PVA) OMBTTOH A1) 7 M L%
Hie LCHiAMTHER)FL Ly EDdk
ELAHROMRE KHh, EESLMIC LTS
nNTwab,

PVA &, EBIRETIIEFITH VT AN
VT7HEETHIEDASATWSHGTFT
HHM, KERAOEBIFEHIZKE CKER
N T7HOYUBFVEELREELE Lo TV b,
ABLTIE, 2O PVA ZHBNSE LTH
v, KEFNNY THEMESES OIS
HEIE TRER ) THEATZERE S &
LTI HIARBATH, ERTFEEL
TR TH S AR ERTREL VNV - S Ve
Huo, SHETISHHEMEE LTH R R
P N=Fa— " R EDOA R TE TR
HENTELAR-ERBNS 7Y v VR, &

BESELTYY A, ARG ELTH AN
VT2 ET S PVA ZHVWTHERL. 20
Bk, HICEEENY TH, EBECOnT
BET 5o
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- BN Ty FHAN) TEOE
BUIVN - NEIZE N To 7, Vv, TR
DFFSLIFY LS5 (TEOS, Si (OCH)n
Wik, 3ERROFYr A ETVIFIFEL
T7xz= VbV bF3 ¥ 5~ (PhTEOS.
CH:Si (OC.Hs)s GV a—r) Fihid
FUPYZFFT Y5 (MeTEOS. CH,Si
(OC.Hy), BEI YV a—2), YAFNVRANF
¥ F (DMSO. (CHy) SO. iz TH).
mife. AWK, PVA (CEHIAKEH500. VT
AALIES6~90mol%. FNIEHERE H) % Table
1 OHUKTHE LBFET A LICI DAL
AR
WRLAYVVER)IFLYFLT7YL—
b (PET) ## (IREY v 4~ A4100. B
B 100 um, HEHFH) LiCAEryra-—-%
(ACT-300A. 7274 7) ZHlWTAY Y
A—=F4 7L, BERTAIEICEDREE
WL 7o, BEStiE, 100C 1201 (F-iREEE
05C/4r) & 200C 55?2 & L7, EH
LABIZOWT 3 BROTFAETLVIZFVF
¥ LT MeTEOS #Hwv: 100C B0 200T

Table.1 The sol compositions of the organic-inorganic

hybrid membranes

Sol Sol ition {molar ratio}

TEOS MeTEQS PhTEOS DMSQO H;O HNO, PVA
Me 08 0.2 - 10 4 0.01  5wi% Alkoxide
Ph 08 - 0.2 10 4 0.0 Swi%Alkoxide
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YTNRMIZBOTH Y 7V EBEBICHHL
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Fig. 1 Schematic diagrams of (a) the cup, and (b) the

apparatus used for water vapor permeation
measurement.

A7y FERfTbh3ICE{b LBz,
HE, HOHR T Sy s R ENBEESNS T
H, V) hE PVA 9T+ —¥—THHEIZ
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BEEPSEFOBREEL 1um BETHLI LD
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Fig. 4 12 Mel00 3 X U Me200 DAL
A7 bIVE, Fig. 5142 Phl00 3 X TF Ph200

Fig. 2 SEM micrographs showing the surface morphology
of (a) Me100, (b) Me200, (c) Ph100, and (d)
Ph200.

o

Fig. 3 SEM micrographs of the cross section of Ph200.
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B, % 800 cm™' {2 Si-O-Si DX FRMERIRENIC
BET LR O RELN, ZhooRIRA
LYV ARy PTI—=2BEEERTVE I L
Bhdbd, # 950 cm™' WKk ¥ T/ — vk
(Si-OH) #AT WL, 3200 cm ™ '~3800
em N iZite Fox v (OH) IREET S
R AR SN 5,

3400 cm ' Dk FaFx I EICERT AR
IRDOBFEE (Aow) &£1080 cm ™' @ Si-O-Si @

Absorbance
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Wave number (cm-1)

Fig. 4 IR spectra of (a) Me100 and (b) Me200.

Absorbance

4000 3000 2000 1000
Wave number (cm-1)

Fig. 5 IR spectra of (a) Ph100 and (b) Ph200.
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Fig. 6 Oxygen permeability coefficients of the hybrid
membranes.
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Fig. 7 Water vapor permeability coefficients of the hybrid
membranes.
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Table. 2 Pencil hardness of PET and PET with the hybrid

membranes
Membrane PET Me100 Me200 Ph100 Ph200
Pencil Hardness H 2H 2H 2H 2H

lum BEEHECBRE T, EMROWEED
HEERE( R B0, PET EMHiZa—7F
1 YT LIZGATIR, RoPvEHOLEY
ZHELS Ro ot EZLNS,

4. ¥EER

UIW=-FIVEEHWTR)ZFLIFLT
¥L—bF (PET) £ LIZY YA RKYE=
WTNVa—N (PVA) HR-EHBANLATY v
FAANY) TIEEER L. (ERLANA T
)y N ¥WE - 8HT, KL=y
7 (PVDC) L FEEOBREEEREML L
UREREBFHEBEZRL, FAN)THEZH
THIEMbhor, o, SHEMERRIC
X DWEE 2H TH Y. PET EMICHRTEH
WBEEZRT Z b o, IO DR
i, BBESTHS PVA LERESTHS
SYBBGFLRNVTHEICTHL TS
HThHDHEER LN,
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