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Abstract

Blend films of poly(3-hydroxybutyric acid)(PHB) with chitosan were prepared and their mechanical
properties and crystallization were investigated. Mechanical properties of the blend films were measured
by rheometer. Tensile strength and percent elongation of the films increased with the increase of chito-
san ratio of the films. In the color of films, L and b values generally decreased with the increase of
chitosan ratio but transparency of the films increased. The PHB/chitosan blend films showed the differ-
ent X-ray diffractive peaks according to the blending ratio of PHB and chitosan. Relative crystallinity
in the X-ray diffraction pattern of the films containing small amount of chitosan was higher than that
of the films containing large amount of chitosan. It was observed that the particle sizes on the films
with high ratio of PHB were large by the scanning electron microscope.
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Eo] e A 222K biopolymer) EFEA g g]o}
g o8¢ BaAAFeE IdE F Y& polyhy-
droxyalkanocate[PHAIS: FolA Ald A& geix A
A F7FaA polyestero] thlordanskii er al., 1999,
Iriondo et al, 1996; Pizzoli et al, 1994). PHB+
D-3-hydroxybutyric acid’} 150 ¢4 4oz
dAE @A FEAIHeIEH, 1991), AR,
ARTET Fe Aol AX, BEY, 55 AE,
vioh Fo] AAFANA 2| EsfEhDieter and
Zuger, 1985; Ikejima et al, 1999a; Kamaev et
al, 2001). PHBE A&i4H 8 Fetogy 22
S8k 3 HAHE AU UAA| 9 oj 50
7H sl ReEjA7] 4 542 44 PHBY
SE&HAA HofagloR HZFrhe]EH, 1991).
o] PHBE hydroxyl7|9} carboxyl?] o}¢je] t}
2 353 e o]8d + Ue 7I%7I7F Kl
ALgel| Agto] Hoi Yt} whEbA o|2idt PHBY] ¥
g A8 M 35 Wy 9, PHB%
FH4 1ER Ev 7IRAE Bd9e UYHe
A7 4 UthCeccorulli et al, 1993). A|F7IA|
PHB$}  poly(ethylene  oxide)[PEO], poly(vinyl
acetate) [PVAc], poly(vinylidene fluoride)[PVdF],
poly(vinyl phenol)[PVPh] Z& ¥4 ZEAE
galldo] B3 tHCimmino et al., 2000, Ikejima
et al., 1999) °1E EJ= HE 5 PHB/PEOT ¢
A AR AR T PHB/PVAcSt PHB/PVAF 12|32
PHB/PVPhE F-#2o2 FfHATT RIHUE
o ole vlEs|g EFo| 232 PHBY HHA4E
qA8l7] ot o] AN Rt 7bad T
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22 ¢ 5E 9 AEel Ut Chitind A3
A BEZQA TFoR o] EASk: A
B2 Az shelth A ¥ &%, 1997).
Chitosane chitin®] goldldzlel] 9]sle] AYitse
Ehr3HE 24 2-amino-2-deoxy-B-D-glucan® 2 £
A= 717 500070 ©]t f1.4 ©AAYE 3
e tEFolul(Chatelet et al, 2001; Sandford,
1989), &34 T8 ¥ Eo2HH vixdn
Az GELE HFUYAAM aTvste AEsdsd

@ AAEATE FAY BEAZIthE HoA o)
S & AHE AU JtHChatelet er al, 2001;
Lim ef al, 1999; Kam et al, 1999). Chitosan 3
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chitosan} T}he ZEA} Agele] B A3 4
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71413 AAo) BAET 7|2 FEAY| chitosans)
g 7 £ de ASE JeRITHOlabarrieta
et al., 2001; ZAQ7} Z&9 1997). Wabs] B 4
TollA= PHB ¥E9 B4 /NS 981 chitosanS
kel ERI=E FEE ARSI o5 EH
B4 2 24 548 4Bt
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Poly((R)-3-hydroxybutyric acidy}(Mw=400,000~
700,000)x= Fluka(Buchs, Switzerland)ol M 79311
1L, chitosan(viscosity 550 cp) Tae Hoon Bio
Co.(Kyungpook, Korea)ollAl Fg9gtom, 7p4AQd
poly(ethylene glycol)[PEG] 4002 Aldrich(Wisconsin,
usA)l A FY3td®, 1,1,1,3,3,3-hexafluoro-2-pro-
panol[HFIP- Acros Organic(USA)A 28ttt

HES| M=

PHB/chitosan F&& Tuble 18] FAJo 8 Az
¥en, PHBE HFIP 45 mLol ¥ 30°ColA &
B A7) chitosane acetic acid €% 13.5 mL, &
F 10 mLol ¥ 40°CollA &840 H F &
A& EFEUG. oldf 7t&A PEG 400= A 3
7FEaL 2417 stk gt § 71EE glofs]
#1381 sonicatorg ©]&3td FEWMZ degasingd L
A 308 A= WA F o] 89E teflon®]
IR T21X30 cm) Ao Ho castingdt F 25°C
oA 2U7F AFAA 5552 PHB/chitosan &S
A =3t

Table 1. Compeosition of PHB/chitosan-PEG films

. PHB Chitosan PEG

Type of Film ® ® mL)
PHB-P 1.50 0 0.15
PHB(H)-P 1.20 0.30 0.15
PHB(M)-P 0.75 0.75 0.15
PHB(L)-P 0.30 1.20 0.15
Chitosan-P 0 1.50 0.15
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HES T &3

A Z¥ PHB/chitosan Y& 57+ micrometer
(Peacock, Mfg. Co. LTD., Ozaki, Japan)Z ©|-&3}
o g9 gz tE AFAAM Y FAE &4
BH#E st

aEe 74N 84 &3

AZE BEL 50% FHFEAM 402475 &
AN F 1X2 emZ2 & AA7 E(tensile st-
ength)$} 27 & (percent elongation)& Rheometer
(Compac-100, Sun Scientific Co., Japan)E ©|-4-3}
o Z431ch o o load cell& 10 kg, speed
100 mm/min®] F7A02 104 ¥HEse] 248},

Yge| E 2%

AlZ¥ PHBfchitosan HE9 M= M3
(Whiteness Checker RF-1, Nippon Denshoku
Kogyo Co., JapanyE ©]8-3t] Hunter color system
ol L, a, b B2E =AU} ol AR EiEw
Fh(standard white plate)}= Lzkel 92.5, agkel 0.7,
bakol 3.0011tt.

LEo| Sy &Y

AzH &L quartz celld]l F2A|F), spectro-
photometer(Beckman DU Series 600 Instruments.
INC., USA) ©]83td 400~800 nme] g5 ol
A g TN FFEE FAs

X-ray S|Hx: &3

Xqray 3AEw X-A 3 A7|(Philips, X’pert
PW3710, Netherland)& ©|-8&38}% scanning speed:
24 2 O/min, voltage: 30 kv, angle: 5-35°%2 3]A@A|
A A8k

LES| BTHMEN 84

Azg dgo TUAAEE FRI7] 93t FAL
A 218 v) 74 (Scanning electron microscope, Hitachi
S-4200, Japany& ©|-&-&te] so0uf Frivl&=E #F
a5t

SAA A2

Aol 2 AF#ELS SAS program(version
6.12)% A3l FAEA 3}cHSAS Institute Inc.,
2000).
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dge FRIdE FAe @4 JehA ¢
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Table 2. Thickness of PHB/chitosan-PEG films

Type of film Thickness (mm)
PHB-P 0.15£0.006°
PHB(H)-P 0.10£0.004°
PHB(M)-P 0.10£0.004°
PHB(L)-P 0.09 £0.003°
Chitosan-P 0.09+0.003°

Means = SEM.

Each value mean for eighty replicates.
“*Means with different superscript within the same column
are significantly different(p <0.05).

Table 3. Mechanical properties of PHB/chitosan-PEG films

Type of film Tensile strength  Percent elongation

(MPa) (%)

PHB-P 6.57+0.03° 10536 £0.24°

PHB(H)-P 6.96+0.03° 105.83£0.52°

PHB(M)-P 11.76 £0.07° 106.00+1.18"

PHB(L)-P 20.68£0.07° 11036 £1.25°

Chitosan-P 33.22+0.12° 110.21+1.51*
Means + SEM.

Each value mean for ten replicates.
*"Means with different superscript within the same column
are significantly different(p < 0.05).
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of #7FE chitosan®] B]&°] FLFE FU1E
PHB(H)-P, PHB(M)-P, PHB(L)-P ¥ &< PHB-P 4
Eoll Hisl AFFEI 106%, 179%, 315% A Z7}
39l Chitosane side chains®ll %2 amine”] &
A §le] olEo] thE EA}9}9] hydrogen bonds
PAo FAdste Ao RAEHA=d (kejima er al,
1999b; Musale er al., 1999), ©]%A PHB/chitosan
Ed= 989 3= 71 Rz PHBS}
chitosanAkololl BAE hydrogen bonds?} i AL
7198g Aoz AAHAG. EF AP FE
o] &3] #oRAe &7t Bojd EHlY ¥4
olel tigt W]E&2A], PHB BE2] 4SS chitosan
£ FrIgte 2 F7tEe™ chitosane] 7T H|
o] FHETE AFEE FUhsle S B
£3| PHB(L)-P9} Chitosan-P Y& U &
ol ofsf AFgo| feldez EA vehdtl. PHB
2ef gl BoA)7] 42 EHE 7R 9l
) chitosan®] 7ol eJal olzdt Adzo] M E
AAAES} MLl FriElo] e &4
A" 7oz Jehsdtt Chitosan &2 chitosan
st g vgo] e o AZAE gE
Rol=t(FE % &, 1999), olsh o] BAY vl
of et " EAC Aozt yEue AL
chitosan®} PHBS] #A4% 2 A9 o] wjio]
g & 4 ot

ni&_:,‘,mlom
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AlZ¥ PHB/chitosan 52| L, a, b3t Table 4
o} 7} Wxg Yehl= Lgk(lightnessyS A 2
° 2 "gd| PHBY ol BS 9 FVIelNL, &
3 Bdl= "E 5 PHBM)-PIA 714 A e
st} aff(redness)S ¢ chitosan E-E(Chitosan-
Pelr 74 A JERRL, chitosan®] §HFo] Be-
YE(PHB(M)-P, PHB(L)-P)0| chitosan &-8ko] &2

Table 4. Color properties of PHB/chitosan-PEG films
Type of film L a b

PHB-P 4516t 130° —038%£018  056%0.18
PHB(H)-P 40041070 —044%+050" -0.28+0.15°
PHB(M)-P 4652+028° 038%0.11° —0.20£007°
PHB(L}P 31381062 036*0.13 ~034%0.11°
Chitosan-P  1668+0.82°  0.661021° -1.02106%

Means - SEM.

Each value mean for ten replicates.
“*Means with different superscript within the same column
are significantly different(p < 0.05).
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Fig. 1. Absorption spectra of PHB/chitosan-PEG films
measured by spectrophotometer.
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Fig. 2. X-ray diffraction patterns of PHB/chitosan-PEG
films.
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17.5° 28]3 22° FlA FHo] dojube Zlo]
#ZE =, chitosan®l H7FESEN 4 PHB

BolA JeRd sld-o] HA oA 129 18°
A A2 HE Hart veves A& 8 F A
A}, o] PHBY) A 847} chitosan®] 3|3 o))
857 R ESE t& AFdME ol FAlE
AAto] FEE Y TH(Ikejima ef al., 1999b; Pizzoli er
al., 1994). ¥ PHB/chitosan 222 AN AA 3}l
g ANE A3 ¢4 PHB HES AUdAslws

Table 5. Relative crystallinity of PHB/chitosan-PEG films

EUA T A7 chitosand] ¥l&o] F7MEFE A
W AAgEst Ropxe Ao YebdthTable 5).
o] AL chitesan®] ZHAASE7F W7 WEOER
chitosan®] H7}=o] g AAA FHo| 74
S 2R AR volxl AAE B 4 Sk

FAF A #Hv|Zdox #FE PHB/chitosan ¥

LES| EHAME &4
o] kA= Fig. 3¢l Yeht Slth. Chitosan

g9

Pro Type of film
perty PHB-P PHB(H)-P PHB(M)-P PHB(L)-P Chitosan-P
Crystallinity (%) 46.16 41.02 33.40 32.36 23.00

{Ac (Ac+AaD)}

PAc: crystallinity area
¥ Aa: amorphous area

PHB(M)-P film

Chitosan-P film

PHB(L )-P film

Fig. 3. Scanning electron micrographs (x500) of PHB/chitosan films.
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g £ Bdo 84l ¥ B2 Aoz HoH
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