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INTRODUCTION

Poly(3-hydroxybutyric acid) (PHB) is a thermoplastic
polyester which has high crystallinity (more than 65 %), with
a melting temperature of 175-180 °C. It has a glass transition
temperature between 4-7 °C, like those of polypropylene (PP),
but different mechanical properties. However, poly(3-hydroxy-
butyric acid) has numerous inherent deficiencies to be used as
an engineering material and practical polymer materials; these
include brittleness due to its thermal instability near its melting
point and high crystallinity. Usually poly(3-hydroxybutyric
acid) mixture with polymers that has degradability and
good mechanical properties can be a solution to get additional
environmental friendly biodegradable polymers1-3.

Poly(3-hydroxybutyric acid) is of the typical natural
polyesters produced by some bacteria and microorganisms. It
is biodegradable in the environment by either hydrolytic
degradation via variety of bacteria2,4-9. It is been well known
that poly(3-hydroxybutyric acid) has similar thermal and
mechanical properties to polypropylene (PP).  It is not always
well suited for certain applications as a commodity plastic
because it is stiff and thermally unstable due to the high melting
temperature10.

In general poly(3-hydroxybutyric acid) has some
properties, such as its thermal instability and high degree of
crystallinity. It has physical properties and chemical structure
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fairly similar to petroleum synthetic polymers11. It has many
advantages including biocompatibility and biodegradability.
Nevertheless, the practical application of poly(3-hydroxy-
butyric acid) has been limited by its stiffness and brittleness
and the enzymatic degradability of poly(3-hydroxybutyric
acid) must be controlled in order to enable utilization12.
Several used different materials were obtained based on
blending poly(3-hydroxybutyric acid) with poly(vinyl acetate)
in different proportion. This result in improving the general
physical properties of poly(3-hydroxybutyric acid) and
reducing the excess brittleness. In addition, poly(vinyl acetate)
(PVAc) is usually used as paper finishing agents, binders and
adhesives13. Poly(3-hydroxybutyric acid) is grafting with
poly(vinyl acetate) and the surfaces of these PHB-g-PVAc films
were completely covered with graft chains and the enzyme
poly(3-hydroxybutyric acid) depolymerize could not attack
the poly(3-hydroxybutyric acid) substrate12.

There is an increasing request for biodegradable polymers
as a solution to problems about the biomedical applications
and overall environmental applications. Polymers are still
produced in large commercial amount because of its production
process characterized by less cost unlike poly(3-hydroxy-
butyric acid) that is still difficult to process and high brittleness3.
Poly(3-hydroxybutyric acid) has high crystallinity, brittle and
stiffness because it has been the matter of general studies as
an environmentally friendly polymeric substance7. However,
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there are numerous experiences to blend poly(3-hydroxy-
butyric acid) with other low molecular weight plasticizers or
flexible polymers to turn poly(3-hydroxybutyric acid) into
substances with developed properties in impact strength,
processing, biodegradability, film formation, biocompatibility
and mechanical strength14-16. It was reported that, poly(3-
hydroxybutyric acid) is grafting with poly(vinyl acetate)12 and
it is miscible with poly(methyl methacrylate) (PMMA),
(cyclohexyl methacrylate) (PCHMA)17, poly(epichloro-
hydrin)18, poly(ethylene oxide)19, dendrimers2, Poly(vinyl
alcohol)20,21 and poly(vinylidene fluoride)22. Poly(vinyl acetate)
(PVAc) is a type of thermoplastic which belong to the poly-
(vinyl esters) family. Poly(vinyl acetate) has good adhesion to
textiles, glass, leather, wood and paper23. In recent years,
blending polymers are an economic technique to improve new
polymeric substances, because the last properties of the
blend depend on the properties of its polymeric components,
its composition and mainly on the miscibility of the polymers24.
In addition, blending polymers with low concentration of
poly(vinyl acetate) may enhance the physical properties of
the polymers.

Poly(3-hydroxybutyric acid), is a well-known biodegra-
dable thermoplastic polyester with a high degree of crysta-
llinity. Therefore, to improve these material properties, various
poly(3-hydroxybutyric acid) blend have already been examined.
Blending of poly(3-hydroxybutyric acid) seems to decease the
melting temperature4, there by implying an improved process
ability at a lower temperature to avoid or limit degradation.
The aim of this research was to seek the possibility of improving
the thermal, mechanical properties and process ability of poly-
(3-hydroxybutyric acid) via the addition of poly(vinyl acetate).

EXPERIMENTAL

Bacterial poly(3-hydroxybutyric acid) was purchased
from Sigma Aldrich (average M.W = 150,000) powder, natural
origin. Poly(3-hydroxybutyric acid) was dissolved in
chloroform, then poured into a mixed solvent of methanol and
n-hexane (1:1v/v %). poly(vinyl acetate) was purchased from
Sigma Aldrich (average m.w. = 100,000 by GPC), beads and
used as receive without further purification.

Procedure: Poly(3-hydroxybutyric acid) was dissolved
in chloroform and poured into a mixed solvent of n-hexane
and methanol (1:1 v/v %). Poly(3-hydroxybutyric acid) and
poly(vinyl acetate) were weighted and dissolved in chloroform
and followed by moderate stirring and  heating at around 55 °C
for 48 h. PHB/PVAc blended solutions were prepared by
adding the  poly(vinyl acetate) gradually drop by drop to the
poly(3-hydroxybutyric acid), after that, kept on the homo-
genizer under magnetic stirrer, at around 55 °C. Then the PHB/
PVAc mixtures were stirred at thin speed for 1 h. Details are
shown in Table-1.

The range of the added poly(vinyl acetate) to poly(3-
hydroxybutyric acid) was with different ratios and stirring for
1h after blending. Blending films of solutions were obtained
by casting onto glass dishes followed by drying at 60 °C for
48 h. Similar films from pure polymers were prepared using
the same casting processes. Structure details (PHB and PVAc)
are shown in Fig. 1.

TABLE-1 
PREPARATION OF POLY(3-HYDROXYBUTYRIC ACID)  

AND POLY(VINYL ACETATE) BLENDS 

Solution blends VPHB (v/v %) VPVAc (v/v %) 
PHB/PVAc (100/0) 100 0 
PHB/PVAc (0/100) 0 100 
PHB/PVAc (90/10) 90 10 
PHB/PVAc (80/20) 80 20 
PHB/PVAc (70/30) 70 30 
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Fig. 1. Structure details of reaction between poly(3-hydroxybutyric acid)
and poly(vinyl acetate)

Fourier transform infrared spectroscopy: The FTIR
spectrum of polymer thin film was recorded on a spectrometer
[Perkin Elmer, 2000, USA]. The spectra were obtained at room
temperature in the range of 4000-400 cm-1.

X-ray diffraction analysis: The XRD analysis is a conve-
nient tool to determine the crystallization and structure of the
polymer25. XRD measurements of polyester sample was made
on a PAN alytical diffractometer system (High Score Plus)
using CuKα radiation (40 mA; λ = 0.154 nm; 40 kV) and The
XRD patterns of polyesters were recorded at room teampe-
rature in the range of 2θ = 5° to 80° at a scan speed of 98
sec2,26,27. The percentage of crystallinity was calculated from
diffracted intensity data.

Thermogrvmetric analysis: TGA analysis was done on
a Perkin Elmer Pyris Diamond TG/DTA thermal instrument
(TGA 4000-USA) in the temperature range 50-700 °C, under
N2 at a flow rate of 10 cm3 min-1 and scan rate of 20 °C min-1

to temperature well above the degradation temperature of the
polymers.

Field emission scanning electron microscopy: FESEM
analysis was used to study the morphology of the blend samples.
The FESEM (Quanta FEG 450, EDX-OXFORD) measurement
was carried out to study the surface morphology and to study
the compatibility of the blended films. The film surface image
was observed atvoltage of 10 KV.

RESULTS AND DISCUSSION

Fourier transform infrared spectroscopy analysis:
Fig. 2 shows the spectrum of pure poly(3-hydroxybutyric acid),
poly(vinyl acetate) thin film and their blends show a broad
peak at 3434 cm-1 which is due to the O-H stretching28. The
peaks at wave numbers 2900-2800 cm-1 in all samples spectrum
are the combination of CH2, CH3 asymmetric and symmetric
stretching modes. The poly(3-hydroxybutyric acid) shows a
strong and sharp absorption peak at wave number 1734 cm-1

assign to C=O and in pure poly(vinyl acetate) at 1738 cm-1,
but in their blends shown broad peak and decrease the value4,28

(Table-2).
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Fig. 2. Typically FTIR spectra of pure poly(3-hydroxybutyric acid),
poly(vinyl acetate) and their blends shown the decreasing in C=O
when increasing PVAc

X-ray diffraction analysis: Fig. 3 shows typical X-ray
diffraction patterns of pure polymers and their blends. The
XRD pattern of the pure poly(3-hydroxybutyric acid) showed
that it has a semi crystalline nature, which is in good agreement
with the results reported earlier4. The XRD pattern of pure
poly(vinyl acetate) is shown to have low crystallinity or amor-
phous nature7,24,29. The diffraction patterns of physical mixtures
showed varied peaks which is similar to that in pure form,
indicating that the crystallinity of poly(3-hydroxybutyric acid)
and poly(vinyl acetate) was not changed2,25-27,30.
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Fig. 3. Typical XRD of pure poly(3-hydroxybutyric acid), poly(vinyl
acetate) and their blends

The crystallinities decrease from 73.6 to 50 % as the poly-
(vinyl acetate) fraction was increased from 10 to 30 mL %26.
The crystal structures were not affected by the addition of
poly(vinyl acetate) to poly(3-hydroxybutyric acid)7,30. While
by the addition of poly(vinyl acetate), the curves present a
better resolution for peaks than that of poly(3-hydroxybutyric
acid). Moreover, the intensities of the crystalline peaks of the
blending obviously increased, thereby appear small peaks4.

Thermogravimetric analysis: The TGA results profiles
of poly(3-hydroxybutyric acid), poly(vinyl acetate) and their
blends shown in Fig. 4. There was no mass loss up 200 °C for

all polymers. Fig. 4 showed TGA curves were obtained in
the range of temperature between 50 to 700 °C for poly(3-
hydroxybutyric acid), poly(vinyl acetate) and their blends. The
real weight percentages of blends in composites were
determined from these curves31. The TGA data analysis also
provided thermal degradation temperatures of the composites
(Table-3). It was evident that intended compositions had been
achieved for the composites. The pure poly(3-hydroxybutyric
acid) thin film degrades thermally in one stage with weight
loss around 97.57 % at 276 °C1,4,32, 33. The pure poly(vinyl
acetate), whose thermal degradation takes place as two stages
with weight loss around 67.4 % at 315 °C34. The first stage is
due to acetic acid at 280 °C, known as deacetylation and  in
the second stage is due to the structural degradation of the
polyene backbone occurs, leading to the evolution of benzene,
toluene and aliphatic hydrocarbon at 423 °C13,35. On the other
hand, degradation of blend polymers thin film sample stake
place via three stages. In the first peak decomposition of
poly(3-hydroxybutyric acid), in the second peak corresponds
to deacetylation of poly(vinyl acetate) and the third smaller
stage corresponds to structural breakage of polyolefinic
backbone of poly(3-hydroxybutyric acid) and poly(vinyl
acetate).
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Fig. 4. TGA curves for (a) pure poly(3-hydroxybutyric acid) PHB; (b)
poly(vinyl acetate) PVAc, (c) 90/10, (d) 80/20 and (e) 70/30. PHB
degrades in single stage; PVAc degrades in two stages and their
blends in three stages

Field emission scanning electron microscopy (FESEM):
Study on the morphology of the blends was carried out using
field emission scanning electron microscopy (FESEM) and
it was observed on the surface of pure poly(3-hydroxybutyric
acid), pure poly(vinyl acetate) and their blends are shown in
Fig. 5. Poly(3-hydroxybutyric acid) was semi-crystalline and
poly(vinyl acetate) was amorphous. It presents the micro-
graph of the pure polymer and their blends and an increase

TABLE-2 
FTIR CHARACTERISTIC BANDS OF POLY(3-HYDROXYBUTYRIC ACID)/POLY(VINYL ACETATE)  
(PHB/PVAc) BLENDED THIN FILMS WITH DIFFERENT RATIOS AND THEIR PURE COMPONENTS 

Perpetration O-H C-H C=O CH3 
PHB/PVAc (100/0) 3436 2976, 2934,2874 1734 1379 
PHB/PVAc (0/100) 3457 2960,2926, 2851 1738 1378 
PHB/PVAc (90/10) 3436 2975, 2934, 2875 1732 1379 
PHB/PVAc (80/20) 3436 2976, 2928, 2876 1715 1372 
PHB/PVAc (70/30) 3436 2976, 2934, 2874 1738 1396 
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in the porosity of the samples can be seen when the proportion
of poly(vinyl acetate) is increased11. The pure poly(3-hydroxy-
butyric acid) surface was homogenous and has pores even
though it is quite brittle6,36 while pure poly(vinyl acetate) was
strap surface. In the pure poly(vinyl acetate) had strap surface
and also their blends shown pores and smooth surface11. In
the blends, the degree of crystallinity of poly(3-hydroxy-
butyric acid) remains relatively constant for blends having a
large amount of poly(3-hydroxybutyric acid), but as the
poly(vinyl acetate) volume in the blend increases, the degree
of crystallinity of the blend decrease in proportion to the
weight fraction of poly(vinyl acetate)13.

(a)

(c) (d)

(b)

(e)

Fig. 5. Field emission scanning electron micrographs: (a) pure poly(3-
hydroxybutyric acid); (b) poly(vinyl acetate), (c) PHB/PVAc 90/
10, (d) PHB/PVAc 80/20 and (e) PHB/PVAc 70/30

Conclusion

The mechanical properties and thermal degradation
of poly(3-hydroxybutyric acid), poly(vinyl acetate) and
their blends made by solution and mechanical blends were

TABLE-3 
THERMAL PROPERTIES OF POLY(3-HYDROXYBUTYRIC ACID)/POLY(VINYL ACETATE)  

(PHB/PVAc) BLENDED FILMS WITH DIFFERENT PROPORTION 

 T(decommission) (°C) T1 (%) T2  (%) T3 (%) 
Pure PHB 276 97.57 % 238-311 °C - - 
Pure PVAc 315 67.4 % 280-404 °C 10.8 % 423-535 °C - 

PHB/PVAc (90/10) 282 82.4 % 254-315 °C 6.1 % 316-377 °C 7.4 % 434-501 °C 
PHB/PVAc (80/20) 279 83.891 % 254-312 °C 10.135 % 313-380 °C 3.137 % 434-480 °C 
PHB/PVAc (70/30) 274 78.7 % 239-315 °C 12.9 % 315-383 °C 3.5 % 382-490 °C 

 

investigated. With increasing poly(vinyl acetate) content in
the PHB/PVAc blends, the C=O for the blends decreased from
90 to 70 for the pure polymers. Properties of  poly(3-hydroxy-
butyric acid) were modified by blending with different ratios
of poly(vinyl acetate). The results of TGA showed that the
addition of the poly(vinyl acetate) improved the thermal
stability of poly(3-hydroxybutyric acid) component. Thermal
stability for the blending were more stable than the pure
polymers4. For the XRD, the crystallization rate was decreased
by blending poly(3-hydroxybutyric acid) with poly(vinyl
acetate). In the addition of poly(vinyl acetate) to poly(3-
hydroxybutyric acid) does not affect the crystal structure .The
decrease in crystallinity is an indication of miscibility.
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