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Effects of Chitosan Addition on Physical Properties and
Crystallization of Poly(3-hydroxybutyric acid) Film

Jin-Kyung Gu and Meera Kim'
Dept. of Food Science and Nutrition, Kyungpook National University, Daegu 702-701, Korea

Abstract

Blend films of poly (3—hydroxybutyric acid) (PHB) with chitosan were prepared, and their physical properties
and crystallization were investigated. The degree of crystallinity of PHB/chitosan films by X-ray diffraction
decreased with increasing chitosan concentration. In the fourier-transformed infrared spectra, carbonyl peak
of PHB became lower with increasing the amount of chitosan. The addition of chitosan to PHB film decreased
thermal stability and crystallinity of the blend films. The granular sizes of the films were reduced with the
addition of chitosan to the film in the microstructural observation by a scanning electron microscope. Mechanical
properties, including tensile strength and percent elongation, of the blend films increased with increasing chitosan
ratio in the films. For color of the films, L and b values generally decreased with increasing chitosan ratio,

but transparency of the films increased.
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529 71AA Aol “}"c}lﬂ RIL o)A F AR} Alelel| &
W3 S 2hg-ol] 2% Zelelx #¢dth Miya 5(25)- chi-
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EA}F Abe) 9] A2 & FIEA A Frhal R skl o Tkejima
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£ 7ol A48t poly((R)-3-hydroxybutyric acid)(MW=
400,000 ~700,000)% Fluka(Buchs, Switzerland)ell 4] 413}
4] 11, chitosan(viscosity 550 cp)-2 Bl& ulo] &(F)N(EA, &
2 3E FFueken 111,333 hexafluoro-2-propanol
(HFIP)2 Acros Organic(USA)d| A F4ls}e] A1-8-31¢do),

PHB/chitosan 2&29| Hx

PHB#} chitosang 4] &2 Table 13} o] £§314
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chitosan 1 g% &% 60 mL, acetic acid 0.4 mL, HFIP 5
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Table 1. Mixing ratio of PHB/chitosan films

Type of Film PHB (g) Chitosan (g)
PHB 1.50 0
PHB(H) 1.20 0.30
PHB(M) 0.75 0.75
PHB(L) 0.30 1.20
Chitosan 0 1.50
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PHB/chitosan2 & A 2% &2 F7& 0.01 mme] A
22 2 micrometer(Peacock, Mfg. Co., LTD., Ozaki,
Japan)& o] &-3te] FE9| o2 XA & 834 A3 H
TS Tk

ZEo X-M 3|z &Y

X-A A= E X-4 37 7] (Philips, X'pert PW3710, Neth-
erland) & ©]-43}] scanning speed: 2.4 2 6 /min, voltage:
30 kV, current: 20 mA, angle: 5~35°742] 3R A A £ 38t
st

FT-IR &3
FT-IRUFS 120 HR, Bruker, Germany)< ©]-8-3++ 600
em ' ~4000 cme] WA 2EL At

Differential scanning calorimeter (DSC) &8

AzH DS 2] 4= EAL DSCIDSC 2910, TA Instru-
ment Co., USA)E Al-4-3ted 24 39ich &4 2702 9
-50~200°Coll A 42&% 20°C/min® $+9 2 A 532 0.7
mgl 2 2§ ArzAstdA SAstH o d#F FH2
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A 25 LES F&dH7) A 25°C, 50% s == 40
A7k Bot fA]5he] $E3 S 24 F AR E(tensile

strength)$} A1 A& (percent elongation)-& Rheometer(Co-
mpac-100, Sun Scientific Co., Japan)& ©]-4-3}¢{ load cell
10 kg, speed 100 mm/min¢] 27122 103] k&3t &34
ahodch.
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ness Checker RF-1, Nippon Denshoku Kogyo Co., Japan)&
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o]8-3}ed L(lightness), a(redness), b(yellowness)@t<& =4
sksdet. o)) AL-2-3F ZF 9 (standard plate)-2 Lgke] 92.5,
agre] 0.7, bgkol 3.00]4ch.

2 quartz celleol] F2FA] 7] 3L, spectrophoto-
meter(Beckman DU Series 600 Instruments INC., USA)S
o]-4-5k1 400~800 nm] sHaHd Fol 4 WL FHA 7] F
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can's multiple range test® A A3} chH{p<0.05).
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Table 2. Thickness of PHB/chitosan films

Type of film Thickness (mm)
PHB 0.16£0.006%
PHB(H) 0.11£0.005°
PHB(M) 0.10+0.002°
PHB(L) 0.10£0.007°
Chitosan 0.10£0.002°
UMeans T SEM.

"Means with different superscript within the same column are

significantly different (p<0.05).
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Fig. 1. X-ray diffraction patterns of PHB/chitosan films.

Table 3. Relative crystallinity (%)? of PHB/chitosan films
Type of film
PHB PHB(H) PHB(M) PHB(L) Chitosan
58.50 47.90 33.84 35.82 17.12
YRelative crystallinity (%) = {Ac/(Ac+ Aa)} X 100.
Ac: crystalline area.
Aa: amorphous area.
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Fig. 2. FT-IR spectra of PHB/chitosan films.
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Fig. 3. Differential scanning calorimeter curves of PHB/
chitosan films.

Table 4. Melting point, heat of fusion and degree of crys-
tallinity of PHB/chitosan films

Type of Melting point Heat of fusion Crystallinity”
film °C) (aH) (J/g) (%)

PHB 175.91 81.59 55.88
PHB(H) 175.28, 71.82 65.85 45.10
PHB(M) 171.35, 96.13 60.71 41.58
PHB(L) 94.90 -2 -
Chitosan 99.58 - -
DCaleulated AH by assuming AH of 100% crytalline PHB is
146 J/g.

INot estimated.
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Fig. 4. Scanning electron micrograph (X500) of PHB/chitosan
films.
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Fig. 5. Tensile strength of PHB/chitosan films.
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Table 5. Color values of PHB/chitosan films

Type of L a b

film
PHB 4830112 034%0.14°  060+0.10°
PHB(H)  5948+08%  0.72+0.19° -022+015°
PHB(M)  4882+048°  032+011° -0.30%£0.14°
PHB(L)  3412+221°  032%+0.17° -066+031%
Chitosan  15401052°  910+194* -108+087

})MeansiSEM. Each value is the mean for ten replicates.
“Means with different superscript within the same column are
significantly different (p<0.05).
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Table 6. Absorbance for PHB/chitosan films
Type of film 400 nm 500 nm 600 nm 700 nm 800 nm
PHB 1.26+0.01 1.22%0.01 1.21£0.01 1.21+0.01 1.20+0.01
PHB(H) 0.50%0.01 0.43%0.01 0.381£0.01 0.36£0.01 0.33£0.01
PHB(M) 0.47%0.01 0.34%0.01 0.28%+0.01 : 0.241001 0.22+0.01
PHB(L) 0.22£0.01 0.17£0.01 0.14£0.01 0.12%0.01 0.11£0.01
Chitosan 0.1910.01 0.14%0.01 0.12%0.01 0.11£0.01 0.11x0.01
2ok ARFAREA & o) fate] FAT WES) BHY 475-480.
12. Yim GB. 1994. Biodegradable polymer: PHB. Polym Sci
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