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ABSTRACT: Poly(3-hydroxy octanoate) (PHO), poly(3-
hydroxy butyrate-co-3-hydroxyvalerate) (PHBV), and linoleic
acid were grafted onto chitosan via condensation reactions
between carboxylic acids and amine groups. Unreacted
PHAs and linoleic acid were eliminated via chloroform
extraction and for elimination of unreacted chitosan were
used 2 wt % of HOAc solution. The pure chitosan graft
copolymers were isolated and then characterized by FTIR,
13C-NMR (in solid state), DSC, and TGA. Microbial polyester
percentage grafted onto chitosan backbone was varying from
7 to 52 wt % as a function of molecular weight of PHAs,
namely as a function of steric effect. Solubility tests were also
performed. Graft copolymers were soluble, partially soluble
or insoluble in 2 wt % of HOAc depending on the amount of
free primary amine groups on chitosan backbone or degree

of grafting percent. Thermal analysis of PHO-g-Chitosan
graft copolymers indicated that the plastizer effect of PHO by
means that they showed melting transitions T),s at 80, 100,
and 113°C or a broad T,,s between 60.5-124.5°C and 75-
125°C while pure chitosan showed a sharp T,, at 123°C. In
comparison of the solubility and thermal properties of graft
copolymers, linoleic acid derivatives of chitosan were used.
Thus, the grafting of poly(3-hydroxyalkanoate) and linoleic
acid onto chitosan decrease the thermal stability of chitosan
backbone. © 2006 Wiley Periodicals, Inc. ] Appl Polym Sci 103:
81-89,2007
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INTRODUCTION

Chitin is the second most abundant natural biopolymer
after cellulose found in the shells of crustacean, e.g.,
crab and shrimp, and cuticles of insects and also in the
cell walls of some fungi and microorganisms. Although
chitin is structurally similar to cellulose, much less
attention has been paid to chitin than cellulose, primar-
ily due to its inertness. Fully or partially deacetylation
of chitin yields chitosan, which is relatively reactive
and soluble in acidic solutions. When the degree of N-
acetylation is less than 50 wt %, the chitin becomes solu-
ble in aqueous acidic solutions and is named chitosan.
Chitosan has some advantages due to its nontoxicity
and biodegradability without damaging the environ-
ment. It is a biocompatible material that breaks down
slowly to harmless products (amino sugars) that are
absorbed completely in body. Several biomedical appli-
cations of chitosan, such as artificial kidney membrane,
artificial skin, absorbable sutures, hypocholesterolemic
agents, drug delivery systems, and supports for immo-
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bilized enzymes and several food applications, such as
antimicrobial agents, edible film industry, additives,
nutritional quality, recovery of solid materials from
food processing wastes, purification of water, have al-
ready been reported."?

Chemical modifications of chitosan by grafting
method are important to prepare multifunctional mate-
rials in different fields of application and to improve its
chemical, physical, and mechanical properties. Many
studies were reported in the literature about grafting
on to chitosan such as grafting of 4-vinylpyridine,’
mono(2-methacryloyl oxyethyl)acid phosphate,* poly
(ethyleneglycol),5 L-lactic acid (CL),° 4-(6-methacryloxy-
hexyloxy)-4' —nitrobiphenyl,7 polyurethane,8 acryloni-
trile and methylmethacrylate.’

Poly(3-hydroxyalkanoate)s (PHA)s are highly crys-
talline, optically active materials that are elaborated by
a wide variety of microorganisms. PHAs have many
medical and industrial applications because of their
biocompatibility, biodegradability, and permeability.'?
However their some physical, mechanical, and thermal
properties have limited some applications, e.g., their
actual use as plastics has so far been hampered by their
thermal instability.'"'* This prompted researchers to
explore chemical modifications of PHAs and thus to
obtain new materials with improved properties by
crosslinking, graft copolymerization, and functionali-
zation methods.''
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Chitosan and PHAs are biodegradable and biocom-
patible polymers having different thermal and solubil-
ity characteristics. This study refers to the grafting reac-
tions of chitosan and PHAs to combine their advantage
and to minimize or to annihilate their disadvantage.
Additionally the linoleic acid derivatives of chitosan
have been mentioned to compare the solubility and
thermal properties.

EXPERIMENTAL
Materials

Chitosan (CS) (low molecular weight) was supplied by
Aldrich and used without further purification. Poly(3-
hydroxy butyrate-co-valerate) (PHBV) was obtained
from 4-pentenoic acid as a sole carbon source by Alcali-
genes Eutrophus'® and partially depolymerized prior
to use by heating under reflux condenser with 1,2-
diclorobenzene to facilitate solubility and subsequent
modifications. Thus, PHBVs with low molecular
weight (M,, = 14,664 and M,, = 77,338) were prepared

by heating for 6 and 2.5 h under reflux condenser,
respectively. Poly(3-hydroxy octanoate) (PHO) (M,
= 56,860) was obtained from Division of Life Science,
Gyeongsang National University, Chinju, S. Korea, and
used without any purification. PHO was partially
depolymerized by heating for 3 h under reflux con-
denser to obtain PHO with M,, = 19,064. Linoleic acid
was obtained from Fluka and used as a received. Gla-
cial acetic acid was supplied by Merck. N,N-Dimethyl-
formamide (DMFA) was supplied by Carlo Erba. Both
were used without purification.

Synthesis of chitosan-g-PHBV and
chitosan-g-PHO graft copolymers

Appropriate amounts of chitosan were dissolved in
2 wt % acetic acid (25 mL) and the solution was stirred
overnight at room temperature. PHAs were dissolved
in DMFA and the solution was also stirred overnight at
~35°C. A viscous solution of chitosan was gradually
added to a solution of PHAs with stirring at 35°C for
~ 15 min. The obtained reaction mixture was stirred for

TABLE I
Synthesis of Chitosan Graft Copolymers
Run Chitosan PHBV PHBV Linoleic PHO PHO Polym. Yield
no. (g) (M,, = 14,664) (g) (M, =77,338) (g) acid (%) (M, =56,860)(g) (M, = 19,064) (g) time (g)"
A% 0.50 1.00 - - - - 4h15min 091
VI 1.00 1.00 - - - - 5h 1.88
VIl 1.00 0.50 - - - - 4h 1.47
X1V 1.00 - 0.50 - - - 4h 0.81
VIII 0.50 - - 47> - - 4h 0.61
IX 0.50 - - 38°¢ - - 4h 0.81
X 0.50 - - 474 - - 5h 0.82
XI 0.50 - - - 1.00 - 4 h 0.62
XII 1.00 - - - 1.00 - 4h 1.07
XIII 1.00 - - - 0.50 - 4h 1.02
XV 0.52 - - - - 1.22 4h 0.84

? The weight of pure product.

P Chitosan and linoleic acid aqueous solution were stirred 30 min at 90°C before heating under vacuum.
€ Chltosan and linoleic acid aqueous solution were stirred 1 day at 40°C before heating under vacuum.
4 Chitosan and linoleic acid aqueous solution were stirred 2 day at 40°C before heating under vacuum.
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an additional 1 h at 35°C and then the solvent was par-
tially evaporated. After that the new viscous product
was heated at 90°C in silicon oil bath under vacuum for
a given time. Commonly, the obtained products were
dry and an undivided form. Grafting reactions of
PHBV and PHO were drawn in Scheme 1. The results
and conditions of polymerizations were collected in the
Table I.

Linoleic acid derivative of chitosan

Chitosan (0.5 g) was dissolved in aqueous solution of lin-
oleic acid (38 and 47 wt %) at 40°C for a given time with
continuous stirring. Reaction mixture was heated under
vacuum at 90-95°C in silicon oil bath for a given time.
Scheme 2 shows the reaction between linoleic acid and
chitosan. And the detailed conditions and results for
derivation reactions were also summarized in Table L.

Solubility Tests

The grafted products and homopolymers were tested
for solubility in water, 2 wt % acetic acid (HOAc), chlo-
roform (CHCl;), and dimethylsulfoxide (DMSO). The
results were summarized in Table II. The procedure for
the purifications of products was determined according
to this solubility test.

Measurements of swelling ratio of polymers

Swelling ratio (SR) of chitosan-¢g-PHBV and linoleic
acid derivatives of chitosan were measured gravimetri-
cally. The weighted polymers were placed in 2 wt %
AcOH solutions for 2 days at room temperature. Swol-
len polymers removed from 2 wt % AcOH solutions
and weighted. The SR of polymers is defined as SR
= W,/ W,, where W, is the weight of solvent in the swol-
len polymer and W, is the dry weight of polymer.

Purification of graft copolymers and preparation
of chitosan-g-PHO graft copolymer films

First, the obtained product was extracted with CHCl;
to remove the unreacted PHBV, PHO, and linoleic acid

for 24 h. Afterwards, to remove the unreacted chito-
san, the product was extracted with 2 wt % acetic acid
solution for 1 h. Finally, the product washed several
times with methanol and dried under vacuum at 30°C
for24 h.

Chitosan-g-PHO graft copolymers were dissolved in
2 wt % acetic acid solution and stirred overnight. The
solution was filtered, poured in to a petri dish and
allowed solvent to evaporate at room temperature for a
few days. The films were dried under atmospheric con-
ditions.

Characterization

The Fourier transform infrared (FTIR) spectra were
obtained from a PerkinElmer Spectrum One spectrome-

TABLE II
Solubility Tests of the Copolymers

Run Polymer/ HOACc

no. copolymer H,O (@2wt%) CHCl; DMSO
Chitosan - + - -
PHBV - - + -
PHO - - + -
Linoleic Acid - - + +

\% Chit-g-PHBV®  — -
VI Chit-g-PHBV - - - -
VII  Chit.-g-PHBV - - - -
XIV  Chit-g-PHBV - + - -
VIII  Chit.-g-Lino.” -
X Chit.-g-Lino. -
X Chit.-g-Lino -
XI  Chit-g-PHO" -
XII  Chit-g-PHO -
XIIT  Chit-g-PHO -
XV Chit-g-PHO -

4+ +
|
|

(++) soluble; (—) insoluble; (*) partially.

@ Chit.-g-PHBV graft copolymers (run nos. V, VI, VII)
partly swelled in water and highly swelled in 2 wt %
HOAC.

b Chit.-g-lino grafts (run nos. VIII, IX, X) partly swelled
in 2 wt % HOAc.

¢ Chit.-g-PHO graft copolymers (run nos. XI, XII, XIII)
highly swelled in water.
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TABLE III
Swelling Properties of the Polymers in 2 wt % AcOH

Weight of polymer (g)

Run
no Original Swollen polymer SR

\Y 0.11 2.35 20.36
VI 0.11 2.06 17.73
VII 0.11 2.51 21.82
VIII 0.07 0.79 10.28
IX 0.04 0.22 4.50
X 0.07 0.93 12.28

Swelling ratio (SR) of polymers is defined as SR = W,/
W4, where W; is the weight of solvent in the swollen poly-
mer and W, is the dry weight of polymer.

ter, and all samples were prepared as potassium bro-
mide pellets.

The C-NMR spectra of graft copolymers were
recorded with a Varian UNITY Inova 500 MHz spec-
trometer in solid state.

Differential scanning calorimetry (DSC) was carried
out on a Setaram DSC 141 with a heating rate 10°C/min
under a nitrogen atmosphere.

Thermogravimetric analysis (TGA) was performed
on PerkinElmer Pyris 1 with scan rate of 10°C/min
under a nitrogen atmosphere.

RESULTS AND DISCUSSION

Chitosan-g-PHBV and chitosan-¢g-PHO graft copoly-
mers were prepared by polycondensation method
under vacuum at 90°C (Scheme 1). The grafting reac-
tion took place in DMFA and acetic acid solution. Ace-
tic acid was used as a catalyst and the assistant agent
for dissolution of chitosan. Grafting of linoleic acid on
chitosan was also performed by condensation reaction
under vacuum at 90-95°C without a catalyst (Scheme
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2). Results and initial conditions of experiments were
givenin Table I.

Solubility properties and purification of polymers

The solubility of graft copolymers and homopolymers
was tested in H,O, 2 wt % HOAc¢, CHCl;, and DMSO
(Table II). Chitosan is soluble in diluted acidic solu-
tions, such as lactic acid, acetic acid, linoleic acid, and
HCI, but insoluble in CHCl; and DMSO. PHBV and
PHO are soluble only in CHCl;. Linoleic acid is soluble
in CHCI3; and DMSO.

Chitosan-g-PHBV (V, VI, VII) graft copolymers were
insoluble even in 2 wt % HOAc and CHCl;, which are
known to dissolve chitosan and PHBYV, respectively.
However, they swelled partly in H,O and highly in
2 wt % HOACc (Table III). Chitosan-g-PHBV (XIV) pre-
pared by using PHBV with higher molecular weight
was soluble in 2 wt % HOAc (compare Run Nos. V, VI,
VII with XIV in Table I and Table II).

Chitosan-g-PHO (XI, XII, XIII) graft copolymers were
exhibited excess swelling in H,O, solubility in 2 wt %
HOACc and insolubility in the other solvents. Chitosan-
g-PHO (XV) graft copolymer prepared by using lower
molecular weight PHO was partially soluble in 2 wt %
HOAC (See Table I and Table II compare Run Nos. XI,
XII, XII with Run No XV).

The solubility of the graft copolymers in 2 wt %
HOACc depends on the number of unreacted (free) NH,
groups on the chitosan backbone, which provides solu-
bility in acidic medium to chitosan, namely depends
on grafting percentage. When grafting percentage in-
creases in other words when the number of free NH,
groups decreases, the solubility of the polymer de-
creases. The increase in the molecular weight of PHAs
used in grafting reactions decreased the grafting per-
centage of PHAs because of steric effect. Thus soluble
polymers were obtained because of free NH, groups.

TABLE IV
Results of Purification of Graft Copolymers via Extraction with Chloroform and Acetic Acid Solution, respectively

Initial condition

Soluble fractions (g)

PHA () In In 2 wt % PHA in
Run no. Chitosan(g) PHBV PHO Yield (g) CHCI,° of HOAc copolymer® (wt %)
Chit.-g-PHBV (V) 0.50 1.00 - 091 0.57 Insoluble® 47.0
Chit.-g-PHBV (VI) 1.00 1.00 - 1.88 0.16 Insoluble® 45.0
Chit.-g-PHBV (VII) 1.00 0.50 - 1.47 0.04 Insoluble® 31.0
Chit.-¢g-PHBV (XIV) 1.00 0.50 - 0.81 0.32 Soluble 22.0
Chit.-g-PHO (XI) 0.50 - 1.00 0.62 0.87 Soluble 21.0
Chit.-¢g-PHO (XII) 1.00 - 1.00 1.07 0.92 Soluble 7.5
Chit.-g-PHO (XIII) 1.00 - 0.50 1.02 0.43 Soluble 7.0
Chit.-¢g-PHO (XV) 0.52 - 1.22 0.84 0.78 Partially soluble 52.0

@ Calculated theoretically from initial weight of used PHA, weight of unreacted PHA (CHCl; phases) and yield as
(Initial weight of PHA (g) — Unreacted PHA (g)/Yield (g) x 100.

b Soluble fraction in chloroform was the unreacted PHO and PHBV.

¢ In the case of Chit.-g-PHBV (Run Nos. V, VI, VII) there were approximately 2 wt % soluble part which was attributed

to unreacted chitosan.
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(Compare Run Nos. VII with XIV in Table I and
Table 1V). Decrease in the molecular weight of PHAs
used in grafting reactions increased the grafting per-
centage of PHAs, and thus, solubility of the polymers
was decreased as expected. (Compare Run Nos. XI with
XVin Table I and Table IV).

Linoleic acid derivative of chitosan was insoluble in

all solvents used but only partly swelled in 2 wt %
HOAC (Table II and Table III Run No’s VIII, IX, X). The
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aim of grafting linoleic acid on chitosan is to obtain a
hydrophobic polymer by confining all NH, groups,
and to compare the solubility properties and thermal
properties of polymers.

The graft copolymers were purified in accordance
with solubility test results and the amount of soluble
parts were weighted (Table IV). Chloroform or 2 wt %
HOACc could dissolve the unreacted homopolymers, so
copolymers can be separated from prepared product
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Figure 1 The FTIR spectra of (a) chitosan, (b) PHO, (c) chitosan-g-PHBV (Run No. VII), and (d) chitosan-g-PHO (Run No. XIII).
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after extracting with CHCl; and 2 wt % HOAC, respec-
tively. FTIR and GPC analysis of chloroform phases
were demonstrated that they were unreacted PHBV or
PHO. Furthermore, unimodal GPC spectra assumed
that chloroform phase was free of soluble graft copoly-
mer. It was also determined from GPC results that
PHBYV and PHO were not hydrolyzed during polymer-
ization reactions. FTIR analysis of 2 wt % HOAc phases
for run nos. V, VI and VII were also demonstrated that
2 wt % HOACc phases were unreacted chitosan. Percent-
age of microbial polyester in copolymer was varying
between from 7 to 52 wt % as a function of molecular
weight of PHAs, namely as a function of steric effect
(TableIV).

FTIR analysis of graft copolymers

The FTIR spectra of chitosan, PHO, chitosan-¢g-PHBV,
and chitosan-g-PHO were shown in Figure 1 (a,d),
respectively. In the FTIR spectra of graft copolymers,
compared with those of chitosan and PHO (or PHBV),
additional peaks were determined. In the FTIR spectra
of chitosan-g-PHBV, the peak at 1740.4 cm ! repre-
sents the ester carbonyl groups from PHBYV side chains
of graft copolymers, the peaks at 1647.5 and 1560.4 cm ™
were attributed to the amide I band and amide II band,
respectively. This confirms the successful formation of

ARSLAN ET AL.

Chitosan-g-PHBV graft copolymer structure. In the FTIR
spectra of chitosan-g-PHO, the peaks at 1739 cm ™ rep-
resents the ester carbonyl groups from PHO side
chains and the peak at 1638.7 cm ™' represents amide I
band, and especially this band demonstrates that the
reactions of graft copolymerization are occurred.

NMR analysis of graft copolymers

Solid state ">C-NMR analysis were performed to obtain
clear spectrum because of the lack of complete solubil-
ity of graft copolymers. Figure 2 displays the *C-NMR
spectra of chitosan-g-PHBV (a), chitosan-¢-PHO (b),
and chitosan-g-linoleic acid (c) copolymers. In these
spectra, the peaks corresponding to chitosan were the
broader resonance between 60 and 110 ppm at 102.8 ppm
for C1, at 76.8 ppm for C3/C5 and at 60.8 ppm for
C2/C6; the peaks corresponding to PHBV, PHO and
linoleic acid side chains were the sharper resonance at
21.4 ppm for methyl, at 43 ppm for methylene, at
70 ppm for methine and at 170 ppm for carbonyl car-
bons of side chains.

Thermal characterization of graft copolymers

Thermal characterization of graft copolymers was per-
formed by using DSC and TGA techniques. Thermal
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Figure 2 13C-NMR spectra of (a) chitosan-g-PHBV (Run No. V), (b) chitosan-¢g-PHO (Run No. XI), and (c) chitosan-g-lino-

leic acid (Run No. VIII).
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TABLE V
Thermal Analysis of Graft Copolymers

Run Polymer/
no. copolymer T (°C) Tz (°C) Tz (°C) Tna (°C) T4 (°O)

Chitosan 123 - - - 308
XI Chit.-g-PHO 80 100 - - 300
X Chit.-g-PHO 61-125 - 288" 295
X1II Chit.-g-PHO 80 113 - 266° 290
XIII Chit.-g-PHO 75-125 - 239° 295
\Y% Chit.-g-PHBV 131 144 - 251 -
VI Chit.-g-PHBV 117 146 160 275 -

@ Used different apparatus for DSC analysis

® Endothermic drift in the heat flow observed prior to exothermic peak initiation and

due to formation of graft copolymer structure.

analysis results were summarized at Table V. Figure 3
shows DSC thermograms of chitosan and graft copoly-
mers. In the DSC thermogram of chitosan the endother-
mic peak at 123°C is due to liberation of water con-
tained in chitosan backbone because of free NH,
groups and OH groups. The exothermic peak at around
308°C is due to thermal degradation of chitosan main
chain.” The characteristics of DSC thermograms of chi-
tosan-¢g-PHO are generally similar to that of chitosan,
but in the case of graft copolymer it was shown that the
endotherm at 123°C was shifted to at 100-113°C and a
small additional shoulder at 80°C contributed to melt-
ing of PHO units and the decomposition peak tempera-
ture (exothermic peak) came down from around 308 to
290-300°C and intensity of these peaks decreased (com-
pare (a) and (b) in Figure 3, see run no XI and XII in
Table V). On the other hand, PHO homopolymer exhib-
its melting at 61°C and glass transition at —36°C. The
decrease at the decomposition peak temperature was
attributed to the formation of graft copolymer struc-
ture. DSC thermograms of the other chitosan-g-PHO
graft copolymers exhibited a broad melting transitions
between 60.5 and 124.5°C for run no XI' and 75-125°C
for run no XIII, which include melting of PHO and
endotherm for chitosan. Furthermore, before exother-
mic peak initiation endothermic drift in the heat flow
(indicated by an arrow in Figure 3 and indicated as T4
for run no XI', XII, XIII in Table V) was observed, which
may originated from bulky side chains of grafts con-
nected to chitosan.”

DSC thermogram of chitosan-g-PHBV graft copoly-
mers exhibited three melting transitions at 117, 160,
274.8°C and a shoulder at 146°C [Fig. 3 (c)], while PHBV
homopolymers shows T,,s at 130, 105, and 90°C. The
exothermic decomposition peak corresponding to ther-
mal degradation of chitosan main chain at 308°C nearly
disappeared. These findings confirm the formation of
graft copolymer structure.

When DSC thermogram of chitosan compared with
that of linoleic acid derivatives of chitosan [Fig. 3 (d)], it
was observed that the endotherm at 123°C was shifted

to lower temperature (at 100°C) and occurring of split
which might be due to heterogeneity of the structure
namely there may be free NH, groups and capped NH,

308

— Ekzo

Heat Flow
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100

0 80 100 130 200 260 200 30 a0

Temperature (°C)

Figure 3 DSC thermograms of (a) chitosan, (b) chitosan-
g-PHO (Run No. XII), (c) chitosan-g-PHBV (Run No. VII),
and (d) chitosan-g-linoleic acid (Run No. VIII).
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Figure 4 TGA thermograms of (a) chitosan, (b) chitosan-g-linoleic acid (Run No. X), (c) chitosan-g-PHBV (Run No. V),

and (d) chitosan-g-PHO (Run No. XII).

groups with linoleic acid in chitosan backbone. It was
also observed that the exothermic at 308°C was broader
in the DSC thermogram of linoleic acid derivatives of
chitosan.

TGA thermogram of chitosan exhibited one decom-
position temperature (Td) at around 340°C and loss of
water took place at around 70°C [Fig. 4 (a)]. TGA ther-
mograms of linoleic acid derivatives of chitosan (Run
Nos. VIII and IX in Table I) exhibited two main decom-
position temperatures at around 280-290°C for chitosan
backbone, at 465°C for linoleic acid grafts and a peak at
around 70-100°C for the loss of water. On the other
hand, in the case of run no X, it was observed that the
decomposition of linoleic acid grafts occurred at two
steps between 400 and 500°C [Fig. 4 (b)]. When Figures
4(a) and 4(b) were compared, in the case of linoleic acid
derivatives of chitosan, multistep decomposition due
to heterogeneity of the structure and decrease in ther-
mal stability of chitosan backbone were observed. TGA

thermograms of chitosan-g-PHBV graft copolymers
exhibited only two decomposition temperatures at
around 255-281°C, which is lower than that of chito-
san and PHBV Td’s and a small peak around 160°C
while chitosan had a decomposition temperature at
340°C and a small peak at around 100°C for loss of
water, and PHBV had a decomposition temperature at
around 300°C and a small peak at around 150°C [Fig.
4 (c)]. It was also observed that the peak correspond-
ing to loss of water at 100°C disappeared. This may
explain the high grafting percentage of chitosan-g-
PHBV graft copolymers. TGA thermogram of chito-
san-¢-PHO graft copolymers exhibited three decompo-
sition temperatures at around 260°C for PHO, 300°C
for chitosan, and 70°C for the loss of water while
decomposition temperature of PHO was 300°C [Fig. 4
(d)]. TGA analyses demonstrated the formation of
graft copolymers with the decreases at thermal stabil-
ities in comparison to PHO, PHBV and chitosan.
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CONCLUSIONS

Chitosan-¢g-PHBV and chitosan-¢-PHO graft copoly-
mers were synthesized and grafting of linoleic acid on
chitosan were performed by condensation reaction
under vacuum at 90-95°C. The graft copolymers were
characterized by FTIR, 13C-NMR (in solid state), DSC,
and TGA. Solubility tests were also performed and
graft copolymers exhibited different solubility behav-
ior as a function of degree of substitution of NH, in
other words as a function of grafting percent such as
solubility, insolubility, or swelling in 2 wt % acetic acid
and in water while chitosan does not swell in water. It
was concluded that grafting percentage was affected
by molecular weight and structure of grafted PHAs
(steric effect) and finally solubility of polymers in the
polymerization medium, so the solubility of chitosan-
g-PHA graft copolymer could be controlled by arrang-
ing of grafting percentage. It has been planning to
investigate applicability of these new materials in the
medical applications, such as tissue engineering and
drug delivery systems, by testing their antimicrobial
activity and biocompatibility, because chitosan and
PHA are natural polymers, and have many medical
applications.
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