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B g ARG o] galo] thakst $Heke] AFELLO|E(SPT) ES X3 Za|M)d &3S )(poly(vinyl alcohol),
PVA) U B3A] 252 AR SPTE 0914 10 wi%Z7HA] 7kt PVA Ui B3] 2559 €4 54, &
E=2A), 3% T 9 71A Tl el AT 53] 5 wi% SPT 235k PVA 34 ZFo] nf¢- -3¢
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Abstract: Poly(vinyl alcohol)(PVA) nanocomposite films containing various saponite (SPT) clay contents were syn-
thesized using a solution intercalation method. The thermal property, morphology, optical transparency, and gas per-
meability of the PVA nanocomposite films with various SPT contents in the range of 0 to 10 wt% were examined. PVA
nanocomposite film containing 5 wt% SPT showed excellent thermal and gas barrier property. The hybrid films con-
taining 5 wt% SPT were equibiaxially stretched with stretching ratios ranging from 150 to 250%. The clay dispersion,
optical transparency, and gas permeability were also examined as a function of equibiaxial stretching ratio. The PVA
nanocomposite films with various equibiaxial stretching ratios showed excellent optical transparency and barrier to oxy-
gen permeability.

Keywords: poly(vinyl alcohol), saponite, nanocomposite films, equibiaxial stretching.
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%32, SPTS] CEC(cation exchange capacity)= 70~80 meq/
100 go]2lt}. PVA ¥ HES] B4l 8= S/RITE AMEs)
At

PVA & H=. 250 mL ZER~30l SF 80 mLeF PVA
1.0 g& Y3l 80°CollA] SHrahaA] 3417 52t AEsHA o
Hkate] 9bA ] EAMAIZITE 10x10 cm? el Sloll Zajod
@ "2 o|E(PET) ¥5o=2 E£2 o] FHsH =
2 PVA £9 20 mLE 7|2y} 7289 f2)9he 35°C
QB ¥, 48717k o) AxAZITh A E 423 PVA
L5 s SstA AAS] f18iA 80 °C Xy 289
HaL 24X 7F o) AZRAIZITE®

SPT/PVA Lt S&H E& M=, SPTE
(0~10 Wt%)S= ARE-3td PVA e B3] Z
k. o] Al e B SUslE= SPT &
o wjnt & So] S st AlE ¥l SPT
F 100mLE ¥l 2% 80 °CollAl 147 B2t
20 3 3% 223 APsla 158 whke] HhLe

iu)
ol
o
%
o

A %
5
e 5

i)
ul(]
o
F

o

i
g
wn —

ok

OO
g
X

e
[o

o Rl
ok

S Al

o] B
ZAZITE, dojRl gole o7k BRI oL S9to 2= ¢l
25 2] o e AEg FAle] Arlom, x2u A
g Tl £ o] Tyl F B gAS A8 = 9
t}. ole} FAlel 1000 mL Ze}2==ol PVA 9.5 g3 S/
700 mLE Y3 2% 80 °CRE FA|sPHA] 3A|7F B2t wwks}

of e8] =t} SPT7F 24kel 89S PVA 8
3] gk ¥ wejrme] PVASH F 4101=% 3A7F 59
Sl aRke AlA, A3 Rl T See
°] &l 10<10 em? 213 9] PET BFO2 S
A FEE EF &S 20mL B AR A
o] B2 F, 4847k ol A=A

1=
=

e
e

2

C'[“_E,
g i
1L

i
¢
u

y

gr
(o3
= 3
<
e ©
T
tlo &
g S
E; }‘O
Iy

%0,
N
=)
o
=2
=0
B
i{tl

A A )
ol ﬂl;__ﬁoﬂ
o Jz ¥

o

X

F

rz

2

N ullm r
&
ME
o
s
=
o,

o

U

S
r
A
B
>
Py
V)

=]
A
2
r=
I

2L
i N
N
N ot T
T o
i
S
il
T >
g b
Fz Y H
s
i—"z
el
u
o
§)
X
o
o
EN
N
i
il
d

A7) kel oy 120 °CollA 1 mm/s
s, 150~250%2
2 300% o] A2l
FotaL, oA d&
7} (Rt o]F AilV= BEE SAl 4530 5o
ol 4= A Toyo Seiki Seisaku-Sho Ltd AlllA] A 2He
X6H-S& A&kt

SMZAL SPTE] S7F A—E ER1sl7] S8l AMS-E H2
Z} XA 34 % (wide angle x-ray diffraction, WAXD)= Cu-
Ko B} S o] & 3}= PANalytical(Netherland), XPert PRO-
MRDZ AR&-8IAL, 20 Fko] 2~10° eIolA] 29min®] &&=

d
il

o

N

N

~
{12 ﬁ
>
5 fr
e &
£
[

e,

ot
(e

H

g e

o

1

A

ol

N



2 A3t PVA Wi 53 d59] S SRIs]
QA ARE QA A HollA ghdste] AES dof, A
Al Al A} A A8 w) 7 (field emission scanning electron
microscopy, FE-SEM: JSM-6500F)2. &2 =&t} Fa} =}
&1 1] 7 (transmission electron microscopy, TEM)S =4 &}7]
913l PVA A EE oFAI=Z AR F, 70 °C Q200 244]
7 X188 HolE H, frefgo] A mlo]AZ % (microtome)
< olgste] 7 90 nmE A|EE AZ3IUTH AHE-E TEM
Ed2 EM 912 OMEGA®IH 7REHY2 120 kVE 543}
Atk PVA Wie 53| 50 43 545 Ak flsf A
43k A2} A} G 247 (differential scanning calorimeter,
DSC: 200F3, NETZSCH)= &2 4% 20 °C/minol] 24~ 7]
T HolM AL, E T 471 (thermogravimetric
analyzer, TGA: Auto-TGA Q3500)= <& &% 10°C/min
e Aa 717 &elA 438tk 5% PVA 353 U
= B9 59 F5h 5A4S ERlsh] flsliA AkelAd-
7HA1 8 &3 = 7] (ultraviolet-visible spectrometer, UV-vis.:
SHIMADZU UV-3600)5 AH&-3tS1aL, A 2] 5 (yellow
index, YDE &<135}7] 91814 Konica Minoltar}2] A x}-A|
(CM-3600D)S ARE-SIATE AtA F3pdS dolry] fslA]
24 E 3= =7 7] (oxygen transmission rate tester, O,TR:
OX-TRAN Model 2/61, Mocon)S AR5}t

Zit ¥ EE

2 2t X SEE. 20 7ol 2~10° M9olA =75t SPT
HE, &7 PVA Z&5 2 T} SPT gl & PVA &
S e gk XA A E=E Figure 19] 2ok B2 3
Bfo] £25=31 SPTE] 7% 20=6.62(d=13.54 Ayl <F3k EA4
935 YePAT) SPTe= Zolo} T2 ¥(L/W)7} 1652, th
2 HEQ MMT(L/W=218)1} Mica(L/W=1230) 5l 4]}
w2 ZhE 7EA7] wjitel] AR AdEfellA] dH o= ofst

d=13.54A
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0 (pure PVYA)
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Figure 1. XRD patterns of pristine SPT powder and PVA hybrid
films with various SPT contents.

D5 Q1 4, mERA), Y3 TR, R A Ty 581

= 574 93 20 fto] vheA] eigkem, 3~10 wi% SPT o+
o] th2 PVA 53 dEl= SPTO] 54 3= VER A
Ut o2 B uf, PVA A& HE 7 AMYSE 3|
HAE Zo] 1] (exfoliation) =o] HES] F7F A2lE Yehy
= d #o] UERA] 298 & F AT 2Ey HE
o] 7k ATE Els] S8l XA SEETE FE Hol
AR EIR| R, o] RS AA}H 9] Axtd Bo|y, HEL] AFYo]
U uke] S-S #ERb] flEiMe AR dAnlEds BeiA
Al EelsfjoF & "art Sl

BE=ZX|, 53 PVA ZE3} SPT gl 12 PVA L=
3 559 Judd s 54L vl 1] fs)
Al FE-SEM ©]&3t3lom, HE ik JejE Hr} =z
Als] ER1st7] 93l TEMS ARS8ttt offl =} dwvl7d
ARS8 dollA AEk XRDAAE B 5= glom,
S0l AES] A REEAE Fo1g S Qlrp o

Figure 20 245 FE-SEM AN =, JEZ} 28 FH A
%2> T3 PVA ZE9] et Holl= ol F-d FelE el
g 4= QIAAINE, 3~10 wit% SPTS ¥313F PVA E3H 25
M= dFE Al g Ae RISt S 3 wi%
SPT7} &% PVA 53A 2552 5-10 wt% SPT7F 23
H B3 dEo AR vwEld s o, dHes £ o
Frele gt WS HAFR) o]xd HES] Fafo wet
A Aot vhdk Wl et thE A gRlstlon, of
<8 HEQ] o] 9 AARET oA AE7|2] A2
TAE A4S g0 5 AT 28 PVA WIEE X 3
bl gist HES] Hs Hake TEM AR B34 o
A3 B S Q)

Figure 30l SPT/} 3, 5 2 7 wt% ¥3He PVA e B3]
o] TEM ARZ1S w9t} 33 5wit% 73-$-(Figure 3(a-b)elle

(a)

“

Figure 2. FE-SEM micrographs of PVA hybrid films containing (a)
0 (pure PVA); (b) 3; (c) 5; (d) 7; (e) 10 wt% SPT.
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(@)

Figure 3. TEM micrographs of PVA hybrid films containing (a) 3; (b) 5; (c) 7 wt% SPT.

(a)

PVAS] thi-E9] HEZ} 10nm 77 o)8te] == A ¢
HaA vl SPT YA ER1E o UARAAT, 7 witvedl 7
$(Figure 3(c)°l= AEZF ¢F 20 nm o2 FHUE F-
& AT = JSTh

AE B2Hs F o 28] B3] 98] Blas 2ato]
Y53 A3E HAF Swi%ee] SPTE X35l PVA 23
A FE2] TEM ARIE vlilgol w} thdshAl Figure 49 B
ATk 53] uujEe] Agole ware By A A =
Fo] HEZF AU oW, o] A= o|v] 42 Figure 13}
Figure 28] A3} A5kt

YUx M. SPT gl w2 PVA 23 ZEE2 I3
AEE Gotrr] £13 DSC A3E Table 191 Bttt &
%k PVA Z59] fE]lxlo] = (glass transition temperature:
Ty= 69 °Col™, -8 (melt transition temperature: 7, Y=
165 °Coltt.? thoFet wt%2] SPTE &3 PVA B3k Z&
E9] T2 69~70°CE 55 PVAS} 79| BIs=ai3ltt. 514
o T2 A9, 33 swivert sk B3k 225 77
1729} 176 °CZ S7VsIAth. ol 2A T,0] 57k o= &
E7F 9S Adshs @37t )lof, AR ARl Fol dg
=] 2o} AR Asel & IS F7] whitolth 28 o]
oh= WHHE SPT dHo] 7wt% o4l PVA E3 ZE2
2318 7,0 Zashe 23S B dE S0, Twt%s}
F3E Eokd 29 7,2 166 °CE 7HAsided], o9 2+
o] HEZ} ol YAlFE ool HH HEZ} Aol A4k
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Figure 4. TEM micrographs of PVA hybrid film containing 5 wt% SPT with increasing magnification levels from (a) to (c).
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Table 1. Thermal Properties of PVA Hybrid Films with
Various SPT Contents

Pl T(0) Ty () T(0) wh™ (%)
pure SPT - - 142 92
0 (pure PVA) 69 165 227
3 70 172 248 6
5 70 176 249 12
7 70 168 240 12
10 70 166 238 15

“At a 2% initial weight-loss temperature. *“Weight percent of residue at
600 °C.

o] & HX] & ME FA, 23]8] €4 Al o it
Al AP A AR Sk A Ao wEt 44 5
o] tEre 2& I 4 AU Figure 50 22t T2
SPT &l W& PVA W= B34 dE¢] DSC F4E& B
o353 ik

0~10 wt% SPT $Ffol] W& PVA U B3 EE2
4 FgAES Lopy] S8l TGAS ARE-S Z3E 9A] Table
10l A28l olv] e DSCel Az} iR A|Z SPT
o] ghefo| whgl % 7]l (initial decomposition tem-
perature: 7o'yt ZH7F thE A& SIS 5% SPT= &
E Z Afolol] Gof| okgt 159718 23et7] Wl Tp7F
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X’_\f— 0 (pure PVA)

Endotherm.
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Temperature (°C)

Figure 5. DSC thermograms of PVA hybrid films with various SPT
contents.

100) ey —— \ — ¢ — — — . pure SPT
AR =
—_— .
SIS A
= ‘ -
= W
=0 60 1 \
] A A
3 40
SPT in PVA (wt%) =
= g (pure PVA)
04 25 2
—-7
- - l" ---------
0
100 200 300 400 500 600 700

Temperature ("C)

Figure 6. TGA thermograms of PVA hybrid films with various SPT
contents.

150°C w|Fre = v~ WA yepsdth 33 5wt% SPT X3
gt PVA 53 2559 Iye &5 PVA &3 Hlws)
RS W, 21-22°C7HA] =4 YERT) o] F2A T,7F F7tet
ol E= HETF aFEA}e|| FAtEo] Hol o]Fd= PR
E AHAA & 252 71 Al AEA AR e o
AGP7] wEo|ch P SRR, 72F 10 wt% SPTS 2335k PVA
Wi B3 9552 g‘cﬂ*ﬂ oln] Arg gt nie} o] JET}
U dA T ool Hol AR FA|AL AR E8) E
g a9E B EA et 1,7t 5wi% SPT XE3Hsh
PVA E3HA| FEof vlg] 23]8 w2 7+ B2t} 600 °Coll
A 719 Al SPT HE ﬂoq% SN 90% ©)FS B
QAT 0~10 wt% SPT TS E3ksl= PVA EeHl= FHE
shagol] wE} 3~15%% 474 3} | S7Fe 7S 2o} Figure

R

R

69l ThFsk SPT Skl & PVA &3] FE9 TGA =4
< Btk

st EM®E, SPT $Hafo] w2 PVA Ui B3 2EE
o] Fst EAS Yoty fdl] UV-vis. 8= A 4

Y1
9t} 538 PVA 229 g8 500 nmol
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Table 2. Optical Transparency and Oxygen Permeation of PVA
Hybrid Films with Various SPT Contents

; ; b
SP](HV;L/SVA Th(l ;Clknrql)ess 500 nm™* yr (cc(?lil];}({iay)
0 (pure PVA) 20 91 0.12 5.13

3 20 91 0.19 0.44

5 25 91 0.21 0.25

7 31 91 0.26 0.63

10 20 91 0.23 0.88

“Yellow index. "Oxygen transmission rate.

100 1
80 4
Z
S
g
2 607
g
E 40 4:
; SPT in PVA (wt%)
—_— 0 (pure PYA)
20 4 --
....... 5
_-7
- =10
0k T T r T -
200 300 400 500 600 T00 800

Wavelength (nm)

Figure 7. UV-vis. transmittance of PVA hybrid films with various
SPT contents.

o] E&2 91%0]1, o] gk SPT7F 3-10 wi% 7}l
= PVA 53| FEolx WskelA] ed9kar, ok wig- -

5761—6_'} EU:]/\-L_O_ :&]-o]—g]_Oﬂq_ o]7—]_0_ 01-‘04 SEMSL}. TEM
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3%

Chnolo%:

%

Figure 8. Photographs of PVA hybrid films containing (a) 0 (pure
PVA); (b) 3; (¢) 5; (d) 7; (e) 10 wt% SPT.

Foge R0l =53 PVA & H|wEHiE w A<
zto] 7t AT

718 Xtctd. =gk PVA 253 3~10 wt% SPT X34
PVA W= 53 59| A4 F3= AFE Table 20 B
Atk =8 PVA 59 A9 5.13 co/m¥/day®] A T
&2 2tk 28y 578 PVASl SPTS 715l
T3t PVA ZEHTH 2k Fahgo] dA3] sk A4S
o1&t dlE £, SPTZF S wit% EHE 7-$-oll= 714
Fgo] 0.25 ce/m?/day7FA] w5 RolxlTt. o] A HES]
YA E 0] Abie] o] FARE Walste] 71A At
A7t S7FeA Hlof, atae] T Ao =M vg- -
ek 71A AdE HRl Aog AZLHESY Jeu HE
7} o= AIEE ool Hol 7-10 wt% EEJS o o}
Al 1A B3-S 0.62914 0.88 co/m¥day= 71810t 2
olf= SPT gao] Bes il #sto] & 5% a1
MR BA, 93]H 2kh Firt gols "k

)

(e LT Y

(@
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O|F Qi4lst PVA LIz S&HH| i ZEEX|. IvHH
o2 Bokx)| ES o]F sk FxA|e] EAkdo] Eo}
Atk G Yk B B AYo)a] o] AAAlE PVA L
B3 dE9] SPT 4t FelE S9H3] H8iA TEMS A
L3t HEe] BakdS Fuslstr] flal 5 wi% SPTS
Z3SE PVA Uie E3HA] 58 250%= o|F dalst A
£ Figure 99 Bt} o]% AEHS woll= Bup At
HE 4AE AT 4= AU (Figure 9(c)), PVA T EZH
ool TS| HE Zo] FUslA vte]¥ Atk gelst
AT o] AFZ e B BEl| o]F AR o
FEZ} EY X Qo] HE Bk 2 98 Fris AL
S 4 AU

0| Qitlgt PVA Li- S§H| 2Ee| &sEN A Jix
Xy, o]F AAlgo] 22t o2 S5wit% SPT PVA Y= &
A 250l ek 33 5248 Table 39 F2I8KATE. 250%
712 o]& AAYS W 500 nmelA Y] TS F 90%= )
=2 B34S eI, AREA] 942 5 wi%  SPT
23 PVA Wie B34 e vwsEs A vt 3k
B ATt Figure 109 $141&0l W& Uv.-vis 2345 BT

5wt% SPT PVA Yz E3HA IFo] &4 A(YDe
0.21°] A ¥H(Table 3). E3HA] BEL 150~250 %7HA] ©]%
AR, YI 3 2 2R|E HolR] ARITH(YI=0.13~0.17).

4

Table 3. Optical Transparency and Oxygen Permeation of PVA
Hybrid Films Containing S wt% SPT with Various Equi-biaxial
Stretching Ratios

. - - 5

Bl srschivg o ooy T

100 (unstretched) 25 91 0.21 0.25
150 22 90 0.13 <107
200 20 90 0.16 < 107
250 19 90 0.17 <107

“Yellow index. *Oxygen transmission rate.

©
Figure 9. TEM micrographs of 250% equi-biaxially streched PVA hybrid films containing 5 wt% SPT with increasing magnification levels
from (a) to (c).
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Figure 10. UV-vis. transmittance of PVA hybrid films containing
5 wt% SPT with various equi-biaxial stretching ratios.

Figure 11. Photographs of PVA hybrid films containing 5 wt% SPT
with various equi-biaxial stretching ratios: (a) 100 (unstretch); (b)
150; (c) 200; (d) 250%.
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