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Poly(N-vinylpyrrolidone) (PVP) groups were grafted onto poly(3-hydroxybutyrate-
co-3-hydroxyvalerate) (PHBV) backbone in a homogeneous solution using ben-
zoyl peroxide (BPO) as an initiator and chlorobenzene as solvent. The structure

of raw PHBV and grafted PHBV was characterized by FTIR and 1H NMR spectra. The
existence of chemical bonds more likely the covalent bonds between PVP groups and
PHBV substrate was verified by the comparative analysis of weight reduction and 1H
NMR spectra change of PHBV/PVP blends and grafted PHBV after selective extrac-
tion. The effects of various reaction conditions such as monomer concentration, initia-
tor concentration, reaction temperature and reaction time on the percentage of con-
version (PC%), graft yield (G%), and graft efficiency (GE%) were investigated. In order
to obtain the higher G% and GE%, the reaction should be carried out at the reaction
temperature above 100ºC for PHBV cannot dissolve completely in chlorobenzene
below this temperature at the given concentration. Grafted PHBV with the highest G%
of 10.48% was obtained at the optimal reaction conditions: the NVP concentration of
0.4 g/mL, BPO concentration of 0.024 g/mL, the reaction temperature of 120ºC and
the reaction time of 1 h. The thermal properties of raw PHBV and grafted PHBV were
evaluated with a simultaneous thermal analysis system. The results showed that the
thermal stability of grafted PHBV samples was remarkably improved, which was
dependent on G%. When the G% reached 10.48%, the decomposition temperature
(Td) of grafted PHBV increased to nearly 30ºC compared to raw PHBV, while the melt-
ing temperature (Tm) of all samples was almost constant. 

INTRODUCTION

Poly(3-hydroxybutyrate-co-3-hyd-
roxyvalerate) (PHBV) is a thermo-
plastic polymer synthesized by
microorganisms under imbalanced
growth conditions, for example, in
the presence of excess carbon
source, under nitrogen, magnesium
or phosphorus limited culture con-

ditions. It serves as an intracellular
storage product for carbon and
energy, which can be utilized to
support growth when an extracellu-
lar carbon source is absent. The
synthesis of PHBV is very different
from common polymers synthe-
sized from petroleum or naturalgas.
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PHBV can be synthesized by bacteria using different
organic feedstocks, such as starch, waste edible oils,
waste vegetable, waste fruit and other organic wastes
originated from industries and trades [1,2]. It could
also be produced and extracted from plants through
transgenic technology [3,4]. PHBV has many excel-
lent properties such as biodegradability, biocompati-
bility, piezoelectric property, optical activity etc., so it
can be widely used as biodegradable packing materi-
als, tissue engineering materials, drug delivery sys-
tem, electric materials and so on. With the shortage of
energy resources and the increase concern on global
environmental protection, the exploration and appli-
cation of PHBV are attracting ever more interests in
research and industrial productions.  

The properties of PHBV can be tailored at a certain
extent by varying the hydroxyvalerate (HV) contents
of the copolymer. When the contents of HV are 3
mol%-8 mol%, the thermal and mechanical properties
of PHBV are similar to polypropylene. PHBV can be
processed in melt, so it is a prospective substitute for
currently used thermoplastic resin which is not
biodegradable to alleviate the environmental crisis.
However, the application of PHBV is very limited
presently due to its inherent disadvantage such as high
cost, hardness and brittleness, low thermal decompo-
sition temperature, narrow heat-processing window,
absence of functional groups and so on. In order to
improve the chemical, physical and heating-process-
ing properties of PHBV, various methods including
chemical modification [5-8], as well as blending with
other polymers have been investigated [9-12]. Out of
these modification methods, graft modification is a
well-known method to tailor the properties of the
polymer as well as to introduce new functional groups
to the same polymer backbone. Many studies on the
graft modification of PHBV have also been reported
[13-18]. 

Poly(N-vinylpyrrolidone) (PVP) is a synthetically
derived vinyl polymer with a unique combination of
properties, such as good solubility in water and a
range of organic solvents, remarkable capacity to
interact with a wide variety of organic and inorganic
compounds, good biocompatibility, non-toxicity to
living tissues and so on. PVP has been widely used in
the biomedical fields, the cosmetic and food industri-
al sectors which are closely related to the human

health for decades. PVP has also been widely used as
a medical additive or polymeric modifier [19-22].    

Although several polymers or monomers have
been grafted onto PHBV, PVP, however, has never
been grafted onto it. The aim of this work was to syn-
thesize a new novel biocompatible copolymer which
would combine the advantages of PHBV substrate
and PVP side groups. In comparison with raw PHBV,
not only the properties of grafted PHBV could be
improved but also the new functional groups could be
introduced due to the presence of PVP side groups.
Meanwhile both PHBV substrate polymer and PVP
side groups have biocompatibility, so it is expected
that the grafted PHBV with PVP also have biocompat-
ibility. PHBV grafted with PVP could be applied to
biomaterials such as tissue engineering materials,
controlled release system, drug delivery system and
so on. Furthermore, this new novel copolymer, PHBV
grafted with PVP could be further functionalized to
broaden the field of application because PVP groups
have remarkable capacity to interact with a wide vari-
ety of organic and inorganic compounds. In the pres-
ent study, PVP groups were originally grafted onto
PHBV using benzoyl peroxide (BPO) as an initiator in
chlorobenzene. The structure of raw PHBV and graft-
ed PHBV with PVP was characterized by FTIR and
1H NMR spectra. The effects of various reaction con-
ditions on graft copolymerization were investigated to
tailor the composition of graft copolymer. Grafted
PHBV sample with the highest graft yield (G%) of
10.48% were obtained. The thermal stabilities of raw
PHBV and grafted PHBV with different G% were
also evaluated with a simultaneous thermal analysis
system.

EXPERIMENTAL

Materials
PHBV (HV contents: 3.57 mol%, measured by 1H
NMR), obtained from Tian'an Bioproducts Ltd. Co.,
China, was recrystallized from ethanol and dried in a
vacuum oven at 60ºC at least 24 h. N-
Vinylpyrrolidone (NVP), purchased from Fluka, was
treated with active carbon sorption to remove
inhibitor before being used. Benzoyl peroxide (BPO),
obtained from Shanghai Zhongli Chemical Factory,
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was recrystallized from methanol. Hexamethylene
(1,6-hexylidene), ethanol, chlorobenzene, poly(N-
vinylpyrrolidone) (PVP-K30) and chloroform, sup-
plied by China Medicine Groups, were used as
received.  

Copolymerization of Grafting PVP onto PHBV
The PHBV powder with the weight of 2.5 g was com-
pletely dissolved in 25 mL chlorobenzene at about
100ºC in a three-necked flask. After the solution
cooled down to room temperature, the given weights
of NVP monomer and BPO initiator were added into
the flask, then the solution was heated up to a chosen
temperature under nitrogen atmosphere. Various
experimental conditions used in this study are shown
in Table 1. Because all the feed stocks and resulting
products are soluble in chlorobenzene, this reaction is
a kind of homogeneous solution polymerization. After
a certain period of time, 100 mL 1,6-hexylidene was
poured into the reaction solution with stirring and the
white precipitates were formed. The precipitates were
filtered using filter flask and dried at 60ºC in a vacu-
um oven at least 24 h and then weighed. The dried
weight of rough products (W2) should be higher than
2.5 g because of the PVP contents as shown in Figure
1. From the increased weight, the percentage of con-
version (PC%) can be estimated as the following
equation: 

PC% = 100 (W2 - W0) / W1 (1)

where W0 and W1 designate the weight of PHBV sub-
strate and NVP monomer in feed, respectively. In this
study, the value of W0 was fixed at 2.5 g.  

The rough products were extracted by ethanol in a
Soxhlet apparatus at least 48 h for the complete
removal of the homopolymer PVP. Finally both the
precipitates and extraction products were dried at
60ºC in a vacuum oven at least 24 h and then weighed, 

Figure 1. Isolation process for grafted PHBV.

respectively. The graft yield (G%) and graft efficien-
cy (GE%) are estimated as follows [20,23]:

G% = 100 (W3-W0) / W0 (2)

GE% = 100 (W3-W0) / (W2 - W0)   or,

GE% = 100 (W3-W0) / (W4 + W3-W0)                 (3)

where W3 and W4 are the dried weight of grafted
PHBV after extraction and PVP homopolymer as
shown in Figure 1.                      

Ethanol is a good solvent for PVP as well as a pre-
cipitant for raw PHBV or grafted PHBV, so the PVP
homopolymer could be easily separated from the
rough products. However, it seemed to be difficult to
further separate the unreacted PHBV from the prod-
ucts and the right separation methods are still in
progress in our research. In view of the modification
intention, the unreacted PHBV is not very necessary
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Reaction condition  Description 

NVP weight in feed (g)  

BPO weight in feed (g)  

Reaction time (min)  

Reaction temperature ( oC) 

2.5 

0.2 

20 

70 

5.0 

0.4 

40 

80 

7.5 

0.6 

60 

90 

10.0 

0.8 

80 

100 

12.5 

1.0 

100 

110 

15.0 

 

120 

120 

 

 

 

130 

Table 1. Graft copolymerization conditions used in this study.

 



to be separated from the products, so the blends of
unreacted PHBV and the graft copolymer PHBV-g-
PVP were actually obtained in this research and their
compositions were unknown. In several studies on the
grafting modification of polymer, the unreacted sub-
strate polymer and graft copolymer were also not sep-
arated from the products [13-17, 24-26]. If the unre-
acted PHBV could be separated from the products, the
graft copolymer PHBV-g-PVP with higher G% could
be obtained, but the values of PC% and GE% would
not be affected. 

Characterization
The structure of raw PHBV and grafted PHBV after
extraction by ethanol in a Soxhlet apparatus was char-
acterized by FTIR and 1H NMR spectroscopy studies.
The FTIR spectra were recorded by preparing sam-
ples on a pellet of KBr using a Nicolet NEXUS670
FTIR spectrophotometer at a resolution of 2 cm-1 in
the wavenumber range from 4000 cm-1 to 500 cm-1.
The high-resolution 1H NMR spectra were obtained
using a Bruker AU400 spectrometer. Deuterated chlo-
roform was used as the solvent and tetramethylsilane
(TMS) as the internal reference.

The thermal properties of all samples were inves-
tigated with a simultaneous analysis system
(STA409PC, Germany) under nitrogen atmosphere at
a heating rate of 20ºC/min from 25ºC to 400ºC. The
sample weights were kept within 8-10 mg. The melt-
ing temperature (Tm) and decomposition temperature
(Td) of samples were determined by differential scan-
ning calorimetry (DSC) analysis. T95% is defined as
the temperature at which the residue mass (M) of sam-
ple after heat treatment relative to its original mass
(Mo) is 95% by thermal gravimetric analysis (TGA).   

RESULTS AND DISCUSSION

Structure Characterization 
Figure 2 shows the FTIR spectra of raw PHBV (A)
and grafted PHBV with G% of 6.98% (B). Both spec-
tra show the several characteristic adsorption bands at
1720 cm-1, 1275 cm-1, 1045 cm-1, and 980 cm-1, but
in FTIR spectrum of grafted PHBV, a new adsorption
band appears at around 1670 cm-1 corresponding to
the carbonyl vibrating of lactam in PVP units. 

Figure 2. FTIR Spectra of raw PHBV (A) and grafted PHBV
with G% of 6.98% (B).

Figure 3 shows 1H NMR spectra of raw PHBV (A)
and grafted PHBV with G% of 6.98% (B). Both spec-
tra show the several characteristic peaks of methine
protons at around 5.25 ppm, methylene protons at
around 2.40-2.70 ppm, methyl protons of HB units at 

Figure 3. 1H NMR Spectra of raw PHBV (A) and grafted
PHBV with G% of 6.98% (B).
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around 1.27 ppm, and methyl protons of HV units at
around 0.95 ppm, respectively. In the 1H NMR spec-
trum of grafted PHBV sample, several new distinct
peaks appear at around 2.10 ppm, 3.30 ppm, and 3.50
ppm which can be respectively assigned to the protons
of PVP units marked as a(a´), b, c(c´) shown in Figure
3 (B). In addition, the 1H NMR spectrum of grafted
PHBV shows the characteristic peak of aromatic ring
protons at about 7.45 ppm which is assigned to the
aromatic ring protons probably caused by the residue
of initiator. From the ratio area of peak at 0.95 ppm to
peak at 1.27 ppm, the HV contents in PHBV (3.57
mol%) can be determined [27]. The PVP mole frac-
tion can be estimated from the ratio of the area of peak
at 2.10 ppm to peak at 2.40-2.70 ppm. The mole frac-
tion can be converted to a weight fraction for calculat-
ing the graft yield and the result is 7.02% which is
very near to the value calculated from the eqn (2),
implying that the calculation method by weight
change is correct.   

The structural characterizations have indicated the
presence of PVP groups in grafted PHBV. In order to
investigate whether there is covalent bond existing
between PHBV and PVP, 2.5 g PHBV and 0.2 g PVP-
K30 were dissolved and cast from chloroform at room
temperature. The blends were extracted by Soxhlet
apparatus using ethanol at least 48 h and then dried at
60ºC in a vacuum oven at least 24 h. The dried weight
of sample after extraction was almost equal to the
weight of PHBV contents in the blends. 1H NMR or
FTIR spectra of blend sample after extraction was
almost the copy of raw PHBV, indicating the PVP had
been completely extracted from the blends. But after
the grafted PHBV was extracted once more at the
same condition, the dried weight was almost constant
together with the ratio of the area of peak at 2.10 ppm
to peak at 2.40-2.70 ppm in the 1H NMR spectra of
samples before and after extraction was almost
unchanged. Thus it is reasonable to conclude the pres-
ence of chemical bond, more likely the covalent bond,
between PVP groups and PHBV substrate, namely the
PVP groups were successfully grafted onto PHBV
backbone.

Proposed Mechanism for the Reaction of Grafting
NVP onto PHBV
According to the experiment results and previous 

Scheme I. Proposed mechanism for the reaction of grafting
NVP onto PHBV substrate. 

research on graft copolymerization, the proposed
mechanism for the graft copolymerization is shown in
Scheme I [20]. It can be observed in this scheme that
grafting NVP onto PHBV backbone evidently pro-
ceeds by three ways: (1) random hydrogen abstraction
from PHBV backbone by direct attack of initiator rad-
icals; (2) chains transfer of PVP growing radicals onto
PHBV backbone; (3) the recombination of PVP and
PHBV growing radicals. 

Effect of NVP Concentration
The copolymerization of grafting NVP onto PHBV
was carried out at different NVP concentrations rang-
ing from 0.1 g/mL to 0.6 g/mL but at constant BPO
concentration of 0.024 g/mL together with reaction
time of 1 h and reaction temperature at 120ºC. The
effect of NVP concentration on the graft copolymer-
ization is shown in Figure 4. With the increase of NVP
concentration, it was observed that PC% decreased.
This is probably ascribed to the fact that the radical
concentration is assumed to be constant according to
the steady state approximation for the kinetic analysis
of free radical polymerization. With increasing NVP
concentration at the fixed BPO concentration, the
amount of NVP which cannot react with radicals
increased, resulting in the decrease of PC%. GE% 
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Figure 4. Effects of NVP concentration on the graft copoly-
merization.

increased, however, with increasing NVP concentra-
tion up to 0.4 g/mL, and thereafter it decreased. The
increase in GE% is due to the fact that more NVP
monomers are present to react with PHBV polymer
radicals with initially increasing NVP concentration,
but with the further increase of NVP concentration
after a critical value being reached, the homopolymer-
ization probability of NVP increased, usually result-
ing in the decrease of GE%. G% is a function of GE%,
PC% and NVP weight in feed (W1). From the eqns
(1), (2) and (3), the relationship between G% and
GE%, PC%, W1 can be deduced as the following
equation:

G%=100 (W1 × PC × GE) / W0 (4)

From Figure 4, it can be observed that G% increased
with the initial increase of NVP concentration, reach-
ing to a maximum value of 10.48% at the NVP con-
centration of 0.4 g/mL and then decreased with the
further increase of NVP concentration. The initial
increase of G% is caused by the increase of W1 and
GE%, while the decrease of G% is the result of
decreased GE% and PC% at higher NVP concentra-
tion.  

Effect of BPO Concentration 
The copolymerization of grafting NVP onto PHBV

Figure 5. Effects of BPO concentration on the graft copoly-
merization.

was carried out at different BPO concentrations rang-
ing from 0.008 g/mL to 0.04 g/mL but at constant
NVP concentration of 0.4 g/mL together with reaction
temperature at 120ºC and reaction time of 1 h. The
effect of BPO concentration on the graft copolymer-
ization is shown in Figure 5. PC% increased rapidly
with initially increasing BPO concentration up to
0.024 g/mL and thereafter almost leveled off. The ini-
tial increase in PC% is due to the increased radical
concentration with the increase of BPO concentration
which is beneficial to the polymerization of NVP, but
with the further increase of BPO concentration after a
critical value being reached, the recombination of pri-
mary radicals and termination reaction of growing
radicals can be enhanced, causing PC% to increase
very slightly or almost level off. GE% increased with
increasing the BPO concentration up to 0.024 g/mL
and thereafter decreased. The initial increase in GE%
is due to the increased chance of hydrogen abstraction
from the backbone and the chain transfer reactions of
PVP growing chains to PHBV backbone with increas-
ing BPO concentration up to 0.024 g/mL. Since the
recombination of primary radicals and termination
reactions of growing chains can be enhanced at much
higher initiator concentration, the further increase of
BPO concentration which would be higher than a crit-
ical value usually results in the decrease of GE%. G%
is only a function of GE% and PC% because W1
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(10 g) is constant here. From Figure 5, it can be
observed that G% increased with the increase of BPO
concentration, reaching a maximum value of 10.48%
at the BPO concentration of 0.024 g/mL and then
decreased with the further increase of BPO concentra-
tion. The initial increase of G% is caused by the
increase of PC% and GE%, while the decrease of G%
is the result of decreased GE% at higher initiator con-
centration.  

Effect of Reaction Time
The effect of reaction time on the graft copolymeriza-
tion is shown in Figure 6. The concentrations of NVP
and BPO were fixed at 0.4 g/mL and 0.024 g/mL
respectively together with reaction temperature at
120ºC. Both G% and PC% increased rapidly during
the earlier reaction period and almost leveled off after
60 min. Even though there is a slight increase of G%
and PC% after 60 min of reaction time, most of the
reaction seems to occur within that period. Therefore
all the polymerization reactions were terminated after
60 min. 

According to the kinetics of initiator decomposi-
tion, the half time (t1/2) is often used to evaluate the
reaction activity of initiator, t1/2 is a function of
decomposition rate constant (kd) and can be written as
the following equation [28]:

t1/2 = ln2 / kd (5)

Figure 6. Effects of reaction time on the graft copolymeriza-
tion.

The value of kd can be given by Arrhenius equation:

kd = Ad Exp(-Ed / RT)                                         (6)

where Ad, Ed , R, and T represent the pre-exponential
factor, the activation energy, the gas constant and
reaction temperature, respectively. For BPO in ben-
zene, the Ed is at about 127.2 kJ/mol; the kd and t1/2
are at about 2.5×10-5 s-1 and 7.7 h at the reaction tem-
perature of 80ºC [28]. Hence the values of kd
(2.05×10-3 s-1) and t1/2 (5.6 min) at the reaction tem-
perature of 120ºC can be calculated. The theoretical
half time is being much lower than 60 min, so all the
polymerization reactions experimentally terminated
after 60 min are reasonable as BPO has decomposed
completely within that period.    

From Figure 6, it can be observed that GE% is
almost constant at all time. This phenomenon was dif-
ferent from Yan Zhang's study on the grafting PVP
onto Pluronic [20]. The possible reason is that PC%
was low and the decrease of NVP concentration dur-
ing the reaction period was limited in this study. The
constant GE% at all time indicates that the graft
copolymerization and homopolymerization reaction
take place in synchronization which is in accordance
with the nearly simultaneous increase of G% and
PC%.

Effect of Reaction Temperature
The effect of reaction temperature on the graft copoly-
merization is shown in Figure 7. The concentrations
of NVP and BPO were fixed at 0.4 g/mL and 0.024
g/mL, respectively together with reaction time of 1 h.
Both G% and GE% increased with the increase of
reaction temperature, reaching their maximum values
at 120ºC, respectively, and then decreased rapidly at
the higher reaction temperature. The highest value of
G% at 10.48% can be attained. The increased in G%
and GE% are probably due to the increased chance of
chain transfers of growing PVP chains to PHBV back-
bone and the increased initiator decomposition rate
which is beneficial to the hydrogen abstract from the
PHBV backbone with increasing the reaction temper-
ature from 70ºC up to 120ºC. While above this tem-
perature, both G% and GE% decreased rapidly. This is
probably caused by the increased termination reaction
rate of radicals and other unpredictable side reactions 
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Figure 7. Effects of reaction temperature on the graft
copolymerization.

at very high temperature. In addition, it should be
noticed that both G% and GE% increased remarkably
from 90ºC to 100ºC. This phenomenon is probably
caused by the fact that the PHBV powder cannot be
dissolved completely in chlorobenzene and keeps its
high crystalline state which has low accessibility for
NVP monomers at the given concentration below
100ºC, whereas at or above this temperature, the
PHBV powder can dissolve completely and its crys-
talline structure changes to an amorphous state which
has relatively high accessibility for monomers. This
has been proved by the fact that the solution is not
transparent below 100ºC, but it becomes transparent at
or above this temperature. PC% increased with
increasing reaction temperature from 70ºC up to 90ºC
and thereafter it decreased. The increase in PC% is
due to the increase of polymerization rate with
increasing reaction temperature, but with further
increase in reaction temperature higher than 90ºC, the
enhanced recombination of primary radicals and ter-

Table 2. Relationship between NVP concentration and the
result G% of grafted PHBV.

Figure 8. DSC Traces of PHBV and grafted PHBV with dif-
ferent G%. (A): raw PHBV; (B): grafted PHBV with G% of
2.54%; (C): grafted PHBV with G% of 6.98%; (D): grafted
PHBV with G% of 9.01%; and (E): grafted PHBV with G% of
10.48%.

mination reaction of growing chains probably result in
the decrease of PC%.

Thermal Properties of Grafted PHBV
A simultaneous analysis system was used to evaluate
the effect of the graft modification on the thermal
properties of grafted PHBV. The grafted PHBV sam-
ples with different G% were prepared by varying the
NVP concentrations from 0.1 g/mL to 0.4 g/mL at the
fixed BPO concentration of 0.024 g/mL together with
the fixed temperature at 120ºC and reaction time of 
1 h. Table 2 shows the relationship between NVP con-
centration and the resulting G% of grafted PHBV.
Figure 8 shows the DSC curves of raw PHBV and
grafted PHBV samples with different values of G%.
All the curves show two endothermal peaks. The
lower endothermal peak temperature is the melting
temperature (Tm) and the higher is the decomposition
temperature (Td). From the figure, it can be observed
that Tm of all samples was almost unchanged while
the Td of grafted PHBV increased remarkably being
dependent on G%. When G% reached 10.48%, Td of
grafted PHBV increased nearly 30ºC compared to raw
PHBV, indicating that the thermal stability of grafted 
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0.2 
0.3 
0.4 

2.54 
6.98 
9.01 
10.48 

 



Figure 9. TGA Curves of PHBV and grafted PHBV with dif-
ferent G%. (A): raw PHBV; (B): grafted PHBV with G% of
2.54%; (C): grafted PHBV with G% of 6.98%; (D): grafted
PHBV with G% of 9.01%; (E): grafted PHBV with G% of
10.48%.

PHBV has been improved markedly which is benefi-
cial to the heat-processing of the samples. 

Figure 9 shows the TGA curves of raw PHBV and
grafted PHBV with different G%. The thermograms
were obtained by plotting the percentage of residual
mass against the temperature and T95% was defined
as the temperature at which the percentage of residual
mass was 95%. From the figure, it can be observed
that T95% of grafted PHBV increased remarkably
depending on G%. When G% reached 10.48%, T95%
of grafted PHBV samples increased nearly 30ºC com-
pared to raw PHBV which was in accordance with the
results of Td, while the shape of all curves was almost
alike indicating the mechanism of thermal degrada-
tion being very similar. It is widely believed that the
thermal degradation of PHBV occurs almost exclu-
sively via a random chain scission mechanism involv-
ing a six-membered ring transition state [29,30]. The
formation of six-membered ring may be hindered by
the side groups of PVP, thus the thermal stability of
grafted PHBV was improved. 

CONCLUSION

PVP Groups were successfully grafted onto the
PHBV backbone using BPO as an initiator in

chlorobenzene. The structural characterizations by
FTIR and 1H NMR spectra have indicated the pres-
ence of PVP units in the products. The existence of
chemical bonds more likely the covalent bonds
between PVP groups and PHBV substrate were veri-
fied by the comparative analysis of weight reduction
and 1H NMR spectral change of grafted samples and
blend samples after selective extraction. The effects
of various reaction conditions on the graft copolymer-
ization were investigated. In order to obtain higher
G% and GE%, the reaction should be carried out at
the reaction temperature above 100ºC for the PHBV
cannot be dissolved completely in chlorobenzene
below this temperature at the given concentration.
The highest G% of 10.48% was attained at the NVP
concentration of 0.4 g/mL, BPO concentration of
0.024 g/mL, the reaction temperature of 120ºC and
the reaction time of 1 h. The thermal stability of
PHBV was greatly improved by grafting PVP onto it.
Both Td and T95% increased with increasing G%
while Tm was almost unchanged which is beneficial
to the heat-processing of samples. 

The further studies about the effects of grafting
modification on the properties of PHBV such as melt-
ing and crystallization behaviours, hydrophilicity and
solubility are being carried out in our laboratory. The
application field of biodegradable polymer, PHBV,
appears to be broadened by the graft modification
with PVP. This modified PHBV seems to be very
attractive for biomaterials.
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