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ABSTRACT : Poly(vinyl alcohol)(PVA)/chitosan blend films with non-toxicity, biodegradability, and biocom-
patibility were prepared by solution casting. Variation of the physicochemical properties of the blend films was
investigated through to several analysis methods. Examination of antibacterial properties revealed that bacterio-
static ratios of all blend samples containing chitosan more than 10 wt% were greater than 99.9%. Moisture regain
was increased with increasing chitosan content but the degree of swelling was decreased. Up to chitosan content
15 wt%, the melting and crystallization temperature of blend films was increased with chitosan content. The
blends containing chitosan content 10 and 15 wt% gave melting temperature 229 and 228 C, respectively. How-
ever, the melting temperature was decreased if chitosan content exceeded 20 wt%. The mechanical properties of
the blend films were increased with increasing chitosan content in both dry and wet states. The blend film inclu-
ding 15 wt% chitosan exhibited unusually high tensile strength.

Keywords : PVA, Chitosan, Blend, Thermal behavior, Mechanical properties.

2o AR LS 7=

Z2|MH, A287A A3F, 20044, pp 253-262

253

1. AE st A W A 3] A5, AR, 2

S A mEA] g A7
& AR B ol glor], A ;AL P4 1
% AR BAC s Rgolt AR ARE AE

253



254 Jeongetal.

o]3t w1}l Bwle: A2 wEAF A5 &% &
e} vekslels SHOA wle- Fag dolH, F 7}
A oake] Az e] AAE BF e AER ARE N
g 5 Qe e R AgAe
5459 Adfe] we} W g vtk

Zm)d 4F2) (polyvinyl alcohol, PVA)S #
FAES THAE AY AR 2EARA, 540
3, AR RS 7 Gk AR 9 Y]
sfshgdo] f-ste] 1 &-& W7t vl B eIk, A
HfAE 2 E 77 A B2E 28 A, 2
4 |, A2A|, A, Z9DA, A, dERAA|, 23
2 E W AWE BIA|, 8|5 doF Ak RS o
9 27154 AE AAY € B3k EAE
A|2~¥ (drug delivery system), 3FoHA], 2] &A)|, 1A A7)
A slel=2A, A7), MHAAE 5o ou5d
LA AR PESEH ALEE e 38
A} EA-o|t} o]2jdl pvAE EHIAE W ga)=r}
=1, #AEY A7) (hydroxyl group)= S8R Q)
o] ¥} wEakel BH=A] 34 (miscibility)o] B $
SRdias

7)EAF (chitosan)> Al, A5, 7H 52 3FRe] A
o 3H=le] 9 718 (chitingg &, FezeEe] =4
stell A gobdst o wn dojxe v ofr|n
715 7M1= g AIE L] A Akl [B(1—4)-2-

amino-2-deoxy-D-glucopyranose] & T+ o2 A= A

52

_‘

ATEAR] A EAE BATE Fo o7 (NH)E E
et gyl whel 471 pelesh (NHI vIAE
AZHE FASHE AL QAR 5 Foles Fol
A PR ARES T3] 24L oA o
ol FFEAE viehyE,0 sebar] welg Qs 3
47) WEsk 27) ] wad Fe SR P4

= 73, =3 EATE Yol $22%E do 5
W TE] A9 oS FAlel TR lerw
v A B aEAkeke] -84 (compatibility) =
d#A Ak

71 Bk AAAFAAT AL o] 3h, A,

o
R4, ARAE S AAA SAo] g Aoz o

rlu
pa)
o
u

%, Qg 5o g 9 Afe AR, A
Fok 4, AE SBRE ASADA, BPAE S 4
§g0% de) AgEE /154 A} 2ol

Kim - p-ofele el 4k} 718, A EAF 5L
o1 gste] 84 oFEe] WE Aol Thste] swla

AEgre A4S AR o glow, Felold 2w

254 A7) &

Polymer (Korea), Vol. 28, No. 3, 2004

)t 7184 AR N-2-3Fo]=5A) ZRI3-E
el 7| EXF S 2elo|= (HTCO)E &t 3le &3}
AEAE Bl sk
Miya 52 A3" d72ze] m=d, PVAE F<
ARA Al Akt &
= & 3§ ARA FAAe] Bt defuhs 1A
7] #e At Ao DR R S glon, PVAS]
T NH, Alele] a2 o

(O8]
o, M

o

yeargow el vwd 4T Aew
B3 stk E3 Nakatsuka 52" 7fws 7|24k}
7| EAHPVA EAIE whE Az 3 vl oS £t
AA T 2 FAkre) sk Agg b glew,
Koyano 52" PVA/Z|EAl Bl= 3lo|=2 72 Alx3}
o] fiber- blast Al 2] -2k} 7ol ez Arstsick. A
}H AFAAE v]Fo] & W PVAZIEAF ERIE 2
o ulwA B3bel S0 wEA AR ol ong
AR A A AR FEagel o) o mv
7} o 3 Zoer A mebA, & dATelAe
=40l i, BEMNAT AAAJ}AES 7HA= PVASH
FEALE cleFih Lol vlo] wjel o Balcsiel 2
o Axsta, 7 Ak Z3hd W 9AAE (ther-
mal behavior), G814 SA 55 A8 <58 AAA)
B2 AMgstaat g

2. Al-@

ME. PVAE FFAES}E oA 793 A B T
=7} 17000132, 53t} 99%] A= AA glo] L
= AHgslglom, AEALE () HhE ulel2oA A4k
Sl %7} 36 cpse]il EolAEstE (degree of deace-
tylation)7} 92%62) A& F3lele] AR Beted 4
sto] ARgskGinl A W2 71EAF EEE 1.0 wt%]
O EAL F=gollol] &AL, A5 ST
#A gt 7| B4 $AE 1.0 wind] FABMMER 45
How FIpsla, vANEE AR TS SR
F, 60 CollA] 48417k F<2k AF71F stellA Azt
1 9]¢ AJeFEQl oFAEAF (CH;COOH), $-AFEH
(NaOH), 1/400N potassium polyvinyl sulfate(PVSK), tolui-
dine blue 5~ Aldrich Chemical Co.ol|4] F438F 15 AJ<F
& AASIA gk 2oz AHEsgleh
PVA/7|EAF E91= HE2] AZ. PVAS 9
12/17F < §3lste] PVA S-S Ax )
32 wine) ohAlEARE Arhehe] PVAAIEA ale
gl Azsigle. oln) Ak 314717 130 of
ABEAF 8o A8 o]+ Caner 5! Rhim 5

AL
X

[«
a
>

Z2|H, A28¥ A3E, 2004



Polymer (Korea), Vol. 28, No. 3, 2004

o2 A Aol A ofA|EAL Fg-ofef &
7| EA o] E}E Ak —r—Q~°“°ﬂ J%H*] 7l 7] /}}
o B3] 7|AH =4l 5
AN EAE 8-l ARE-3SIT Zﬂi% PVA/ﬂE{\} -‘;—aﬂz
LA AP E NAESsE 50 TollA] 4847k <t
Aol Zx= gk 2z F S3le HR &S
O EALS A|AF AL 1 wt% FABIFEF (NaOH)
LS o]&3l 6AIZF T T3 A, TRSE
A A2lgk 3 obA] 50 TollA] 4841 7F Eo} PAEECRS)
Al Az AlxzE PVA/ZIEAE BRIE HEe] F
7= 30~40 ume]gem, 90 T o]A+e] Ao £
=) 2] o= B84 SRl 2ES Ak PVA<}
7|E4ke] Bl w)= ZFz} 100/0, 90/10, 85/15, 80/20, 75/25,
70/30, 60/40, 50/50, 0/100°. & ZA =] g},
4.
wAF 54 AA
EA]—/] "—X]'o - uE—S
o] oA EAL 8ol AR
03 g/dl, 0.5 g/dl®] 5% 7|E
b= Hste] oF AT AE YhioA B &
3} t}. Ubbelohde type2] HEAIS AR8-31] 301002 C
oA 71EARS] F-FAHE [n](intrinsic viscosity)” S T-5FiL,
o2 Al (1)9] Mark-Houwink2]ol* e3isle] 7124k
VHAEE ARHT FARF M)eE s 7]
A ARgg A5 K9F o= Rao 5ol st SAH 3
= ARE-sSi

2

3

=
7]

24
=
a=)

: ARARE 5
i{j]— 2% 1 5&146‘]-&11:]_ 1.0%
o] Z+z} 0.05 g/dl, 0.1 g/dl,
A S Aok 4

pul
;Lzé

alo] lejzl A= )

=
=

4
st

[7]=Kxnm? (1)
where, 7 ! intrinsic viscosity
M, : viscosity average molecular weight
K :0.0474
a 0.723
Az —5—7 A AT} 1.0%2] oM EAL glel gaf=l ]
EAke] Hx g AbeFe oF 80,000 o] St

b 5

e FRol= AAWEET AREtg

o8] DolAReE S Atk

: AR 7|8k Doty =

ow, vk A @)l

X

161

—+

161
X=1/400<1/1000 XF X 161 XV
Y=1.0/100—X

Degree of deacetylation (%) =
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where F : factor of N/400 PVSK solution
V' : volume of N/400 PVSK used in titration (mL)
161
203

 molecular weight of chitosan
* molecular weight of chitin
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Bacteriostatic ratio(%) =

€)

where M, : the number of bacteria recovered from the ino-
culated control specimen incuvated for 18 hours

M, : the number of bacteria recovered from the inocul-
atedtreated test specimen incuvated for 18hours
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. . I/Vcon B VVdry
Moisture regain(%) = W x100

dry

4)

where W, - weight of sample after conditioning

Wary - weight of dried sample
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. I/Vcon - Wdry
Degree of swelling(%) = — x100 (5)

dry

where W, - weight of sample after swelling

Way - weight of dried sample
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(E-1030, Ton-Sputter)S ARg-38le] AZAbefolA Edl=
259 e wgos I3 & FARAL dw
7 (S-4200, Hitachi Co.)= ARE-3}e] 2000v2] wil&=
20 kve] 715ASE 7IstHA 259 sdHs ISt
et

3. 23 QL EE

54, Table 1> £ n]2] W3l wE PVA/7]
EAF BAl=E A5 A& YeEh Zlo|th Table 19
Al PVAS] A&2 T2 75 253%, s9
F4E 02I%E FaEI) = ﬂoa ;@Lo]gcﬂ o,
PVA/Z|EAF EHIE D50 Aol F a5l ozl =
£ ABoA 7EA} 22 99.9%°] S8 AdES U
BRAgieh. ol Jung? 5o AE Ael Qx|

7]
471 (OH)9] 3192 712 16 8,
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Figure 1> PVA/Z|EAF 53
2 Eg0] H3kE e 7i°1 . EFAE 20E1 C,
65+2% RH)OIA 543 Sel= A5 5282 PVA
2] 745 102%°]aL, 7] EAR] —,——,~%__ 20.7%% 7| EAF
o] PVA©l 3] vl FEEo] & AL & 5 gtk
o]x= Wwatte] A3iE AFATe} AX|sl= Fo 7 ofn
w=7]7} 2241719 bjE) A o] e At GAkE)

Table 1. Bacteriostatic ratios of PVA/chitosan blend
films with various blend ratios

Blend ra til(?;:cterla Staphylococcus aureus  Klebsiella pneumoniae
100/0 25.3 22.7
90/10 99.9 99.9
85/15 99.9 99.9
80/20 99.9 99.9
75/25 99.9 99.9
70/30 99.9 99.9
60/40 99.9 99.9
50/50 99.9 99.9
0/100 99.9 99.9
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Figure 1. Moisture regain of PVA/chitosan blend films with
chitosan content.
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Figure 2. Degree of swelling of PVA/chitosan blend films with
chitosan content.
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Figure 3. Infrared spectra of PVA/Chitosan blend films with
various blend ratios; (a) PVA, (b) 90/10, (c) 85/15, (d) 80/20, (e)
75/25, (f) 70/30, (g) 60/40, (h) 50/50, and (i) chitosan.
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‘/P‘/M Zo|tt. Figure 44, (a)°] PVAS] 75 &8

T (T)e 9F 224 TR AR 33 Itz e &
9 522 yehe, 2as YeAs 7Rk @
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Figure 5+ 7] B4 gl mE S3l= 52| g3l
(heat of fusion, AH,,)& WeFH Z1 =, Figure 594 ¢} 3+

Heat Flow (w/g)

40 éO éO 1(50 1éO 1‘40 160 1é0 260 ZéO 24‘10 260
Exo Up Temperature (C)
Figure 4. DSC thermograms of PVA/chitosan blend films with
various blend ratios in the second heating scan: (a) PVA, (b)

90/10, (c) 85/15, (d) 80/20, () 75/25, (f) 70/30, (g) 60/40, (h)
50/50, and (i) 0/100.
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Figure 5. Heat of fusion (4H,) of PVA/chitosan blend films
with chitosan content in the second heating scan.
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Heat Flow (w/g)

160 170 180 190 200 210 220
Exo Up Temperature (C)

Figure 6. Crystallization temperature (73,.) of PVA/chitosan
blend films with various blend ratios in the cooling scan: (a) PVA,
(b) 90/10, (c) 85/15, (d) 80/20, (e) 75/25, (f) 70/30, (g) 60/40, and
(h) 50/50.
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Figure 7. Heat of crystallization(4H,) of PVA/chitosan blend
films with chitosan content in the cooling scan.
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Figure 8. Wide-angle X-ray diffraction patterns of PVA, chito-
san, and PVA/chitosan blend films; (a) PVA, (b) 90/10, (c) 85/15,
(d) 80120, (e) 75/25, (f) 70/30, (2) 60/40, (h) 50/50, and (i) chitosan.
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Table 2004 &+

Table 2. Mechanical properties of PVA/chitosan
blend films with chitosan content

Tensile strength ~ Breaking elongation  Young’s modulus
(MPa) ()] (MPa)
wet dry wet dry wet dry
100/0 438 46.2 414 223 1.1 2119

Blend
ratios

90/10 8.0 75.8 353 140 1.6 2552
85/15 116 1733 315 116 34 4165
80/20 103 1434 293 104 2.6 3615
75125 8.7 99.1 186 139 24 2408
70/30 5.8 84.0 164 122 29 2487
60/40 4.7 115.1 131 82 32 3923
50/50 25 1353 115 56 37 4713
0/100 4.1 177.9 83 36 52 10162
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Figure 9. SEM photographs of cross-sections of PVA/chitosan blend films with various blend ratios : (a) PVA, (b) 90/10, (c) 85/15, (d)

80/20, (e) 75/25, (£) 70/30, (g) 60/40, (h) 50/50, and (i) chitosan.
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