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Abstract © Blends of poly (acrylic acid—co—maleic acid) (PAM) with poly (vinyl alcohol) (PVA) were obtained
by solution blending. The blends were solvent—on to a film to examine thermo—mechanical properties
and gas permeability. The transition temperatures (7 and 7;) of the blends remained constant regardless
of PAM contents. However, the values of enthalpy changes corresponding to melting transition (4/,,)
and initial degradation temperature (71) were decreased with increasing PAM content. The values of
ultimate strength and initial modulus gave the maximum value at the 12 wt% PAM then decreased with
further increase of PAM content up to 15 wt%. To measure the gas permeability of the PVA/PAM blend
films, the PVA blend solutions were coated onto both biaxially oriented propylene (BOPP) and poly
(ethylene terephthalate) (PET) films. The oxygen transmission rate (O; TR) permeability values mono—
tonically decreased with increasing PAM content. However, moisture vapor transmission rate was not
affected by PAM content.
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2 (biaxial polypropylene : BOPP) & o] PVA% PVA
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Figure 1. XRD patterns of PVA, PAM, and PVA/PAM blend
films depending on PAM content.
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Figure 2. Crosslinking and hydrogen bond formation in the
PVA/PAM blend.
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Figure 3. IR spectra of PVA, PAM, and PVA/PAM blend films
depending on PAM content.
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A3E Figure 40 YeRith PVA/PAMAIAY PAM 557}t 5
7S PEo) wo] AdoiX| 3 MyE Ko Sk Ae
gelg 5= Ql3ih ¢lE §of, PAME 12 wt% (Figure 4(0))7HA
A9E A= gyo] 23 ARYARN 6 wt% (Figure 4(bh) =
713 wigl A zols glo] Bk 18vt 15 wt%E PAM
FEE F7RI7IE FE2] WHo] o AFA 1 AA]e] 2R T
H7AA] e 28 ER1E0 (Figure 4(d)). o] Z3zRE
PAMS] %2 12 wt%7} 27 %olm 1 o3 PAME 7k
el PAMe| M B3 BRo] AR 1 A= A ¥ d%
o] GojupAl B-g & F UNrh o] Aips Zolo] AHE 7|4
2] AT 7k B $949) 4 4 "ok
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Figure 4. SEM micrographs of (a) O(pure PVA), (b) 6, (c)
12, and (d) 15 wi% of PAM in PVA/PAM blend films.

Table 1. Thermal Properties of PVA/PAM Blend Films with
Various PAM Contents

PAMinblends 7, T AH, o wetl?
(Wt%) (C) (C) J/g (C) (%)
0 78 232 82 252 4
(pure PVA)
3 88 221 61 250 5
6 87 219 51 233 6
9 88 218 33 217 6
12 86 219 23 215 7
15 87 221 19 210 7
100 97 - - 181 18
(pure PAM)

At a 2% initial weight —loss temperature. "Weight percent of residue
at 600 TC.

=7} 3 wt%d ul FeRol L% (7y) 7} 475 PVA(78 T)E
t} 8 T Z7}90ck o)A PVA/PAMe) EAe]dl s 7} 3}
Ho] Al 2A]Qlo) WalE wo} Tt F7HE Ao Ayt
g} 11 olEE: Bucy nE 989 Hrlel PAMS okl
F-#alA 86~88 TS 44T e Bt: =3 HgHolex
(T E 7K PAMY] w=el Fa381A 218~221 €] 44
LT #E BSith 28y £4 A€ (UH) 32 PAM o)
F7YELE £5% PVA B 938 2r4sielch PAME 6] 4
g74o)7] wize]l PAM o] 715 B= I372] Al°]
Zad Aoz BRItk Table 19 DSC A2 HYS A%
PVA/PAM BAITEo| 3h}e] 7.5 71X+ A0 E Holx|qt o] &
= Ed=g PAME <o) &a1 #=21.8] M7|7F ZslA] Eaie] vt
2] AR AH8A0) QlE AAY Ry B AARE 7R 9422 o]
o] AR A0 R RIS Figure 50l PAM ool W&
BA=E9 DSC 4 By}

TGA 4 348 E8) A9 PVA/PAM TEL et = PAM
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Figure 5. DSC thermograms of PVA/PAM blend films with
various PAM contents.
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Figure 6. TGA thermograms of PVA/PAM blend films with
PAM content.

Table 2. Mechanical Properties of PVA/PAM Blend Films with
Various PAM Contents

PAM in blends Ult. str. Ini. mod. EB¢
(Wt%) (MPa) (GPa) (%)

0 118 4.03 10

(pure PVA)

3 120 4.42 10

6 129 432 9

9 133 4.82 10

12 136 4.81 9

15 131 4.73 7

“Elongation percent at break.

E2) VSRR 2% A 2] BT (7Y) 7 QAEA
2313 TH(Table 1). PVA©L v]3)] PAM? €327t W7) u
Bl o]2|3 BEAE Mtk 600 T 7194 FoEY FA g2
(wizd®) PAM o] 271858 71 7to] UAapA F71s3ich
PAM®| PVAXT} 600 TollMe ZoiE Fo] W7 i) £
E &% PAMS o] 78S 600 TolMe] AAE 5%
o] Z718 Zlow &EQEQrt TGA Z3Z Figure 60l YER
Sict.

Z|HI™ ME. Table 20 PVA/PAM EE9] 13 A8 A= o}
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ez AX3E QA st PAM 5571 12 wt%d o 7t
e 9 AL #¢E VERIITE AE E0], PAM #30] 12
wt% wji= ¢4 PVA(118 MPa)e Hlsia ¢k 13%(136
MPa) F71sl5it). olelsgt 275 Role A& PAM ol &
V5 PVASH PAMS] 7o} B Eox)7] whEe] A%
A5t BdE 2 0F BojzIn) RN PVA $o] 15 wt%d o
L o 7w} 131 MPaz 3|8 243-=u, 7 o] PVA
o] PAMS] UF &2 <o) t=le] PVASY] 7hashdo] 23ts]
o] PAMo| 2= wio 2 siME]w o] Fuk= o|v] Figure
42] Ao} gA|gict,

Z7] 1% DA S (Initial modulus) FHe <578+ PVA(4.03 GPa)
o vls] PAMS] &&°] 6 wt% wl 4.82 GPaZ Z71Iit7}
I F2&E PAMO] 12 wt%7HA] SVl 4 aks vehid
o} 73y PAM @) 15 wta 2 S71H H9 Qg 45e] 7
F9} mRRZ IR 2 EAo] "ol ElIg 4= girk PVA &ge] uje
PVA/PAMS] 71414 Ad42] ¥3lE Figures 73 8l 242+ 1)
v}l F 33O 2XE] PVA/PAM BAC HES QA 5 34
PAM &0} 12 wt%ed o 1 g 7FRon, 27 A 8AE
9] 7%-ol= PAM 0] 6~12 wt%dd H1 gks 75

A Aot 27] A €@dEe] PAMS W oM
e 7R ol 1 AR A PAMe] 98 7twslt St
= g Asrt 298 5 e Ad S8R S HEd,
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Figure 7. Effects of PAM content on the ultimate strength of
PVA/PAM blend films.
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Figure 8. Effects of PAM content on the initial modulus of
PVA/PAM blend films.
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PAM 30| 12 wt%Q # PVA/PAM EdAE F2& A2 7}
TEEE 7T, 8 ols) BAE HE0) 7] @ & Qs A1
9] $9& I Aoy WAL o] Wkl 27 Q% BAES A
7 7K 2712 BAEAE vehlE Z0E, PAMS $Edo]
6~12 wt%Q wWHEl PVA/PAM BAd=7} 712 4 9= 769
2 kg 7HE R Helth

o1 A5 PAM &0 15 wt% Y WS Aldstn AxH ez
9~10%2] Blsegt gk VeIt Yol s 23] PAM &
2o 15 wt%d v #ke] PAMo| 4 Raxo] Q13 Zss) Q1
B AT} g o g gt

PVA/PAM TEIEE0| JIA EE PVAE $284 18234
ol B8] ust pEAjolt) wehy Fkeol wel spa St
T w3 S W g wex PVAS] 4L SEEe Hate
o wWa} Be P3g wher) B AFola AMR3 PVAE Zshert
ol lgdo] 938 AlFS ARSle] PAMT} ElTslo] §9S
= $ IR, 02 TR T MVTR WHEE AsHgid

ZHARE 2ol PET & ¢lol PVA/PAM EH= g48 57
B3t 150 CellA 571t dA2lgt BE2] 7k FH5(Table 3)
£ ZARISITE PAM o] #7hslR] oke &= PVAE ZH% 98
oJL} PET 71& #E T5F 22 gt9) Ak F31343 co/m*/day)
& BAT PAME 3 wt%E 3713 Ed= §4& PET 2E
o] Rt Ak 3H19 co/m¥day) ©lFHE "olhE ¥k PAM
FTEE AL TAAA 12 wted W 3 @3 aka F3zk6
ce/m?/day) & Holth7t PAME 15 wt%® S718Md -1 3k th
14 cc/m*/day® F7F81SiT) o] AL o|n) AR Hdn)A
7 71AR B4 sk dalel Ix)gie) ek o] AufeRE 9
A= Fod PAM o) 12 wt%d W 7luskE Qs 71 94
g AAE el Ao w Btk e #5719 A%l PAM
F5ol FasHA A9 dAT g B, 5719 SEE
Zhaslel] A3 JFS WA ¢ & 5 Atk PET HEY A4
< FE AE F PAM &0 W& Abs F3E HILE Figure 9
o YeRfIct.

Table 48} Figure 109= BOPP & )9 T8 PVA/PAM
B0 7tA B A0 eI o] A3} oA PAM &
ol 12 wt%d W 71 2 Ak B3} JA5ES Bk s
gk 71t 100 co/m?/day ©18+e] ke HolA] ¢k, o]

Table 3. Gas Permeabilities of PET® coated with PYA/PAM
Blends of Various PAM Contents

PAM in blends 0O, TR® MVTR®
(Wt%) (cc/m?/day) (cc/m?/day)
Pure PET 43 20
0 43 20
(pure PVA)
3 19 22
6 12 24
9 11 22
12 6 23
15 14 22

“Thickness of PET is 25 um. *Oxygen transmission rate. ‘Moisture
vapor transmission rate.
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Figure 9. Oxygen transmittance of PVA/PAM blend coated
PET films under 80% relative humidity (Thickness of PET is
25 pm).

Table 4. Gas Permeabilties of BOPP* Coated with PVA/PAM
Blends of Various PAM Contents

PAM in blends 0, TR? MVTR®
(Wt%) {cc/m?/day) (cc/m?/day)

Pure BOPP 2080 7

0 950 7
(pure PVA)

3 950 7

6 860 7

9 710 7

12 550 7

15 690 7

“Thickness of BOPP is 20 pm. "Oxygen transmission rate. ‘Moisture
vapor transmission rate.
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Figure 10. Oxygen transmittances of PVA/PAM blend coated
BOPP films under 80% relative humidity (Thickness of BOPP
is 20 pm).
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-84 TEARI PVAS] B2 A4S A1) f8) 7he4
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AEE WdE wol7] Y8l PVAS 358 7HE4 99% ol
4 NEE ARSI PAM2] 7R 7)7F PVAJ T

7 o9 FAFEE T g RS RS st
Ty PVA 3ol dijsl] PAM 0] 3 wt% 37HE IS W
8 T Z7IslAwt 1 8= PAM 71k SaebA ¥4
31, T8 PAM 37)eke)] BuslA A9 Q48 28 2%
A A 7] Bel2xE= PAM o] e s
AaslGEd o W BIEEE 2He PAMO] s N2 £
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