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Abstract: After adding cross-linking agents such as maleic acid, succinic acid, and glutaraldehyde to poly(vinyl alcohol)
(PVA), cross-linking was performed during drying process to cause water resistance and surface hydrophobization of the
resulting film. The formation of cross-linked structure was confirmed through Fourier-transform infrared spectroscopy,
and water resistance and surface hydrophobicity were evaluated by swelling degree and water contact angle. As the con-
tent of cross-linking agent increased, the swelling degree decreased and the contact angle increased. By adding the crys-
talline compounds, levan and reduced graphene oxide, hydrophobicity was further improved and PVA's low oxygen
permeability was maintained. Consequently, the PVA composite film showed improved water resistance and surface
hydrophobicity as well as excellent oxygen barrier properties due to the complementary contributions of the crosslinking
agent and crystalline additive. Since almost all the components are inherently biodegradable, the present composite films
are expected to be used as eco-friendly functional coatings.

Keywords: poly(vinyl alcohol), cross-linking agent, crystalline additive, water resistance, oxygen barrier.
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2T FAHPGA) & ZEsto|=EEA YR HPHAYS & st
3, FE g SAM O] E(PBS), -2l olt]H| o] E ]
2| 20| E(PBAT), Z2]7F228=(PCL) ¥ Zgu|d<=
Z(PVA)S T2t sg3ict. §2h= ol vls L) F2]
Tao] Bt} O]—XJ;HO]ﬁ i AAto] 7158 P, AL H)L0)
AHate] 83t FHolM 1§ wjg o)t} o] F, 53] PVAE
F8/dolu® Axzglo] gl Fx|of ke 524 5" F7go] uf
< A8AHY S o}

AAE PVAE S s|=SA1717e] g ol 718l &
Ao R =2 FAF 7F 3 HH W2 AA| 23S (fractional
free volume, FFV 2.74%)2% 7AW 1 A3} v ¢ =& 2kA4
Hll2]e] E/J(oxygen transmission rate, OTR < approximately
591 cc/m’day at 23 C and 0% relative humidity) & HoJE
o} Bk ofg}, o] FEve w2 WY FaA
A== Q8] =2 ©HdE(elastic modulus 2.75 GPa)Z
A S THIERE ] A EA 7]RAR =4s
I SRk o] EeHe B og JgAolng =
I 570l AT =E T AR GG A 71A14
cﬂ Odﬂ,g 0107]7-]] Elq_

RS W FH3 fsl PAR s s

A7 Eddstele WS EE ¢ Arh ke W
A ke 98k 7 7hEE AR wpael 2= 9tk AAE

PVA®] o] 7]4k(diacid),” tho]¥d]slo] = (dialdehyde)*!* 3}
FES 7HAIR HTlslel EE Az Al kgl 95| 7k
TZ7F AREEE =S 5 Uk o5 ﬂi}%—o‘ PVA-"/] s
TEA7]19} WhEste] Zhzt o RH| 2, opAl" Ao R Tt
T2E Jstal, Ao Wi-ok 9l FFQl agstE
ZHE Ao 7|Er). & AodA e PVAE WEEE &
Xﬂi /‘}*9’5‘}04 = 22 7hAlE o]gste] 7t PVAZ
ST 4, olF7IMkE VAR AME-E}
04 PVA—4 O]‘:g/‘]ﬂ-@r 0105714‘}—4 7FE8A 717t =H 2
s} 9hE-g Sl Tt E st MERAE Asted
T AU oA e 2= &40 4 (succinic acid), THE| A
(maleic acidy& A3} ol 48NS =¥l AZXS)
= HgolA Whgo] dojung Bist 340 9 fle &
E231 WhHolt}, B, to]du|ale| =5 ThuAlR H 7kt
7h A5 Azshs WS FESISITH PVAQ] 3|55
71} teldtlgtol =7t whgsle] opEd 25 FASkaL ©]
£ &3l 8ol 78S FAT AT telddstol=
2E= %—‘?‘*E}E%}H] 3= (glutaraldehyde)i AHE-3F3I T ’?}-ﬂ,
371 7heA gk o], A4 7= @V LEVAN) 52
F71E@E 22 SA|=, reduced graphene oxide, RGO)
A7HIE F7H R wilste] EHES Alxsii s
3 E B 2gstel I AkA vl 5AS SA9
A 7 ATk FEol] WE A9 3 (Fourier-
transform infrared spectroscopy, FTIR) #-41S 53l 25
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SR EN A

Aef A ME. PVAGHE AR (M,): 88000-97000, 7
3H: 98-99%)= Alfa Aesar(USA)OA -8k AME3IITH
DAk TCI(JapanJollA], £414KS- Hayashi Pure Chemical
(JapanA1ollX, SFEIZLHS]=(25 wt% in watery= TCI(Japan)
ALl A3} HH2 Real Biotech(Taiwan)A ol 4], §-7]
A7HAIQD 3 29l SAlo|=E 24341 189 (Korea)

oA sttt 7 Aok B Exe] FA| Y flo] L
= ARE-SFATH

PVA 71 28 N=. PVAS 250 Swi%E FY 3

T 90 Col|A] 2417+ wykate] $hd3] 83ldich. 5 wi% PVA
v«%%‘% Ao R Y7t T Al Wg 7}z Fd st
3L 2AZF kT, Ak wEAke] ¢ PVA HiH] 10,
20, 30, 40, 50 wt%E FA3sIATE 371 ﬂ%‘é Zoln=
Z R A L d 2 g B e e *‘%ﬂ/ﬂ 12*17L WAste] 7]
EE AA L DIk
150 ColA] 1A17F A x3} Jé%% ?%‘8 A .U}WWE
5wt% PVA %‘?‘4% oz Y7t & FFEELYE|EE F
A& 10 wi% AR 10 wi% AT, 50wt% HEe-S
Bl AIZE aRkeiith. S FEE 48| == PVA TiH] 2.5-
10 vi%E £ o} } Ghk g EUHE AR EEE S
AeF FYsidict. 24k pH 248 98l vieheS vhg-UA=
AR EEE FFEEYT lélE A Eg=2:3:20] HuH|=
A7FeAnh 7] &S EEoln= "ol 9o Zhzf A2
Bak & Aol 12417 BAJste] 7|2E A AL dE

ko BollA] 120 ColA 1A7F Azt D58 F53ATh

PVA 88 ZE H|=. PVAS 259 5 wi%s T3
90 CoflA] 2417+ wwksle] $h3] g3l H, Hvhe: +
kU 2,\]7]_ —5—} 1;], Are o g2 1@7L o3 uka]}\].__ o
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2A3F wnrete] 1S AZSeh WAL PVA th]
10 wt%, EﬂL PVA thH] 0-20 wt%s T3ttt ]
2 5wi% PVA §90 4802 W7 F B9 oY S

S8 el 10 s, 841 aekl SAolt

PVA tH] 2 wt% AME-31TE 2 3 PVA tiH] 10 wt%] 2
gAbS FRIskaL 2217F antsle] gl AlxsIiT. 7] &
o2 FEjoln|= H|o|Z 9o 2}z AT & oA 12
AIZF X5 712E AASIL BFET A 90 CellA
1A17F, 150 CollA] 1AZF zste] D58 F538I%T vzt
7R 5wt% PVA geljoll ghel Tefdl SAlel=E F9jsto]
EAg AT F, STFEE LSS, 10 W% G4 78,
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10 wt% 24k, 50 wt% MEHE-2 skl M7 anksle] &
NS A|zE9ch FEELZ Y E S PVA tH] 7.5 W%
FUSIT B g, 221, RS 4719} BT 24
2 A/1eISIc, AZH ol Fjolul dol 919 7]
2B T AFLo)A] 1247 WER|Ele] 7| EE A A &3
QEA 120 CollA] 117+ ARSI 2L =519}

YR AE 259 Wrids Els] %}04 BEEE
Sk 112" 52 F2olA el 12417 A
A7 & 7 AsE FEel olE wi7kA HAlskit Ha
== 4 (el yepd vk} 2o %%% 259 FAW)St
Axd o] AWy 2= Axd 5] FAE vl
g2 et

(%) = (W= Wa)/Wy x 100 (1)

MEZ AxE DR A 25818 e A

%H |
GFETENA 120 TolA 1A A% F HE2F 54
7](Pheonix 150, SEO, Korea)s ©]-8-3l =234t} 10 mLe]
[}z KN

NS HFo Wojrmg] o, 1025 JF2HS 43It

FTIR 8. Az 45 W 7layx I8 gl 9
&4 JASCO ATR model PR0450-S7} 742+ JASCO FT/
IR-4100 spectrometer(JASCO, Japan)E A3} 32, 4000-
600 cm™ FH ] A A5 T

ta RAE £ AxE 59 Ah FHREE S
A3k OX-TRANZHH: 2/21, MOCON, USA)S ARE-3lod
243 AEE 100%, 25 CollA] 24417F 24 8k] Ak
T RS A

Z2it ¥ EE

£ Alx e olzE|2shkhg 2 opiE RES-S- F3ll PVAC]
7bﬂ—zi EO’EUr Al &rskE festala) sick

wEba], 94, PVA9L o] WS & F e 7hAlE 27
°l°ﬂ7l*b+ D‘r°l°Lﬂl stol= sigtE-S AA ST o971k
° 2 ke dste] ARSEQAL, tolgHsto| =2 25
E}E"‘tﬂolﬁﬂ AREEIQITE. o]5S &3 PVASL] 7 vt
&< Figure 191 VERNITH

Al5ke] & PVA tiM] 10, 20, 30, 40, 50 wi%= =&
7t d55 AlxskithFigure 1(a). oW, A% 2%=71 2
59 B4 PA= FgS s 28] 90 TolA 1417,
120 ColA INZF 221802 A%3 BE7 90 CollA] 14]
7, 150 CollA] 1A]7F =2 W o2 Axst 5L 77 A%
3 ol BEo WHEE Y3 th(Figure 2). #F4
o2 150 Collr] Ax3 = %ol 120 CollH Ax3 dEH}
HE A WEE7 H Byt ol HE dH ] dl~
H 23} 9hgo] £2 2LoA O 8407 Yo} 7t
27t ¥ wol FAEUSS 7HIZITh 1 o f = o ZH =23}

Joll &3t 7|
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Figure 1. PVA modification through: (a), (b) esterification reaction
with diacids; (c) acetal formation reaction with dialdehyde.
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Figure 2. Changes in swelling degree of PVA cross-linked film
depending on succinic acid content (0/10/20/30/40/50 wt%) and
drying conditions. Films obtained by drying at 90 C for 1 hour and
subsequent drying at 120 C for 1 hour and obtained by drying at 90 C
for 1 hour and subsequent drying at 150 C for 1 hour.

S|E=EAI7|7} 1EA|, 712 EAI7|7F IAAA 2 2
she 31814 oA $hkSoln g HE Aol M WA s F
AHEQl Eol oA o wEA] Fdste] AlekAR] 7] e
AZFETES mEba, o] F ThuA| 2 o] 74k AR
1352 5 90 CollA 1A17F, 150 CollA 1A 7F =2
AHE-3FAT.

90 CollA 1417, 150 CollA] X7 s o= Az I
9] FTIR 42 53] SAl4tel 23k PVA U] 7t &
23S gelsle] thFigure 3). A|2HEZS] Ft2R YY) A=

-

F

Transmittance (%)

—— PVA

PVA/Succinic acid 10wt%
1 -— PVA/Succinic acid 20wt%
PVA/Succinic acid 30wt%
PVA/Succinic acid 40wt

PVA/Succinic acid S0wt%
T
3500

1240

1710 1170

T T T T T
4000 3000 2500 2000 1500 1000

Wavenumber (cm’')

Figure 3. FTIR spectra of PVA/succinic acid cross-linked films
(dried at 90 C for 1 hour and subsequently at 150 C for 1 hour)
produced with various compositions.
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Figure 4. FTIR spectra of PVA/maleic acid cross-linked films
(dried at 90 C for 1 hour and subsequently at 150 C for 1 hour)
produced with various compositions.

o] 71918+ 5 T=7} 1710 em™ F-2ollA] YERFH, 1240,
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S 937} YeRsith B3 PVAS] 32279 7]¢18r &2

9|27} 3300 em™ oA Bl v SAlcke] Rl
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A% FAA 7k vkgo] & ot A& FRIT 93
I slbe] EQlgo 7 vl WEE A 28T 4 ddith
S FETE A BRI mE el ek Tk 2
T SUet #EES & & ok
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TATS THE 2 ARkl Tl WS W skt
(Figure 1(b)). FTIR 415 53l PVA W 7tz A4S &
lstATh(Figure 4). SA1%ke] 790 v 2 Zelike A
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IgH F5 F=27F 1710 em'ollA] YRS, C-O-C A5 927}
1240, 1170 em 'l Uebtom 7haA] o] o] =255
=7t S AT PVASE TE|4E Alelo] of| 28| 238} nkg-
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Figure 5. Changes in swelling degree and water contact angle of
PVA cross-linked films (dried at 90 C for 1 hour and subsequently
at 150 C for 1 hour) depending on maleic acid content (0/10/15/
20 Wt%).

30-50 wi%s FHs 25 A 3
A AR w7t &
e vehliA] ¢7] A8 kel AT 10-20 wt%
=2 ek

10-20 wt%®] Eelhte 2 7w 52 FHsial gA &
AR AL SoluA] Tt ol& 29| 7h dEe] IH &
A2 7P A-E o= A7t 31 AT s W7t
371 98l BHE2S S48 thFigure 5). 7t
10 wt%lA F4%F SHE BP0} 1 o)de] heolr=
AL FUS HRATh 479 TIwARE Thwrt 2 o] o]
A FH syt & JgE AR A i w3
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= 7)\ ]1:]. o]‘: 7—H = EH oﬂ}\Eﬂeﬁz‘ﬂ- 7]13}9]
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nR|ufe 2 FFEREUH S =E ARESle] PVA 7h 125
FA3AT FEE=2DY 5| =9 A9 E=9l2Fo] PVA thH]
10 wt% o1’ 73-5- &gl Azt AlatA st &
=2 5T 4 fISlTh wWEkA PVA tiH] 2.5-7.5 wi%s F
dated 120 ColA M7 AZxS DES FE3IAT 7keA 2]
Fol F/ETE BHEes THast ﬁéﬂ% S = A
(Figure 6). PVA tH] 7.5 wt%®] SFEf2Qu|s| =7} A%
Ql Aoz IRl o] /o= Azt 7}5£ &9 FTIR
A EHS 24590} PVAL] AFEZA YeRd 1710 cm?
DA ﬁﬁ‘rﬂﬂ 2> HIEoHHI0|EZ] 9] C=0 A& 250l
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B2 s|=9] C=0 4l ﬁ—5°ﬂ 71Q1%k =98] Fh7t
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Figure 6. Changes in swelling degree and water contact angle of
PVA cross-linked films (dried at 120 C for 1 hour) depending on
glutaraldehyde content (0/2.5/5.0/7.5 wt%).
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Figure 7. FTIR spectra of PVA/glutaraldehyde 7.5 wt% cross-linked

film (dried at 120 C for 1 hour).

3 PVA9] o] =5A7|9} SFER= LT oltA g stel=
7F ikgste] FAE obEr] o] C-0-C 4% &5 7]E
JJEU} 1084 em™ F-Zollx] S ¥]o] LElstt). Wb PVASH
STFEELU S| =t abH o g whgsle] oplE ThaTzrt
?‘é*é% Ao Aasich(Figure 7).
SHA AFIHE o973k} tho|gHslo| =5 ZhaA =
/\F%}O% 7hiTEE B8kl B &58HE fri=sle] PVA
o WdS BT & Ut B 5o] o5 ZE &
—oﬂ A7 BRS ARl Z1Ale] St HRE 5HoR
# afg]of %*é% N 9,1" Ao Y7k
o] flal & AelME & I AR ks
7] 7= ,%@*301 H] 3% %f& Shel 23 SAtol
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Figure 8. Structure of levan.

Figure 9. Photographs of a) a film produced using only PVA and
levan, and (b) a film produced using PVA, levan, and maleic acid.
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S Felstgint wEbA, PVA 8- guk 22k
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A&k 2UtHFigure 9(a)). ©l& PVAZ} &
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FEAR1 A7 2] W
AeE DS I go] xS d52
o] vidEEtaL vl T LAl 75 HAcK(Figure
9(b)). ©]= Zalite] PVAZIE]2] 7k kgl oluE} PVA-
gt 7ke] NwukS e frsle dFo sk 98-S )
7] wje]ch.
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Figure 10. Changes in swelling degree and water contact angle of
PVA-levan composite films (dried at 90 C for 1 hour and subse-
quently at 150 C for 1 hour) depending on levan content (0/10/15/
20 wt%).

W, HESZe ghite] d] 10 wi%eollA F43] 78I
gRte] gHro] S7HdrE B S7Fske] 20 wi%eoll A 86°5
Hojth Ao gute] 7= PVA & Wi &3}
o= ZA 718k Eati o AAg BH AsE Z
skATh

FH Lste] 1S that o] Azt = Stk PVAE
HE FAREY| S|E5A7|E 7KL Q13 o]= 7|24 o=
A7) (hydrogen bonding donor, HBD)Y &2 3it}, 2
HEe Fjdo] 2 6-beta-glycocidic linkage® A3 tFdaliEA}
24 9HE 9 Yol 7€) S|=FA17], 17]9] S|=SAHE ],
Vhe] dHZ7]E 7AW, S|=5A]7]= HBDZ 2h&-slal, o
HZ27]= 423N (hydrogen bonding acceptor, HBA)Z.
2hg-ghc} 2wk, A A G FAA YRS u)g- Fot
Agole} siEjEie dlHte] PVAS 7o} 2 FAH PVA-
ZRk Abo] o] =A%t PVA-PVA ARE712] 8] 4z etol H]
3 o Aoz d Zlojtt. ojnf #k EA= PVA eSS
2Apx1e] F= FoFA 5 WielA Adie 21 S8
HE AT oz FHHEY. Z, gt ARilo] 7o goz
2hg-3to] wERZ Q] PVA ARES] S|=FA7]7F Al 1HE
FBIEs st RHE FE FARES 25 39S el
= AEEo] AEE Fog AR KFigure 11).

o] FojmEY X F# 2~ (Core-Matrix Cluster)g 37} 2
Ao 2 PVA-ENE 53 Fo] HHS AA 8] AT AES
RO FFHE o] A= Edsto] AHEE F 2ol &2
F 9ol Bl Ee] M| ddE A4S YEME
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Figure 12. Changes in swelling degree and water contact angle of
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(dried at 90 C for 1 hour and subsequently at 150 ‘C for 1 hour).
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Figure 13. Changes in swelling degree and water contact angle of
PVA/levan(0/10/15/20 wt%)/maleic acid 10 wt% cross-linked films
(dried at 90 'C for 1 hour and subsequently at 150 ‘C for 1 hour).
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Table 1. Oxygen Permeability of PVA and Composite Films

Sample OTR (cc/m*day)
PVA 0.79
PVA/Maleic acid 10 wt% 1.04
PVA/Maleic acid 10 wt%/Levan 10 wt% 0.97
PVA/Maleic acid 10 wt%/Levan 15 wt% 1.33
PVA/Maleic acid 10 wt%/Levan 20 wt% 0.87
PVA/ glutaraldehyde 7.5 wt% 3.08
PVA/RGO 2 wt% 3.11
PVA/glutaraldehyde 7.5 wt%/RGO 2 wt% 3.51
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