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INTRODUCTION

Polymer blending is one of most attractive and convenient
method to develop new polymeric material with effective
desired properties at low cost [1-4]. The property of blends
depends on proper miscibility of the polymers. The miscibility
of polymers depends on the specific interaction between the
polymer constituent [5]. The completely miscible polymers
have better properties as compared their constituent polymers.
Polyvinyl acetate (PVAc) is an atactic, branched thermoplastic,
formed by polymerization of vinyl acetate monomers. It is semi-
crystalline, partially hydrophilic copolymer of vinyl alcohol
and vinyl acetate. The glass transition temperature (Tg) of PVAc
is very low at room temperature and shows good resistance to
oxidation and UV-radiation. It is sticky above Tg and brittle
below it. It has good adhesion, high tensile straight and
hardness and brittleness varies with the molecular weight [6].
It is used mainly in paint industry [7,8] and also used in medical
field for drug delivery [9]. In this work we prepared the PVAc/
PLA blends by solution casting methods. The thermal stability
of blends film was characterized by TGA, morphology of blends
film was analyzed by SEM and biodegradability observed by
soil burial methods.

EXPERIMENTAL

Polylactic acid (PLA) was prepared in lab. p-Xylene,
tetrahydofurane (THF), polyvinyl acetate (PVAc) i.e., methanol

Thermal, Morphological and Biodegradable Properties of PVAc/PLA Bioblends

SANJAY K. SINGH
*, PRASHANT ANTHONY and ABHISHEK CHOWDHURY

Department of Chemistry, Sam Higginbottom University of Agriculture, Technology & Sciences, Allahabad-211 007, India

*Corresponding author: E-mail: sanjay86in@gmail.com

Received: 24 April 2018; Accepted: 29 May 2018; Published online: 31 July 2018; AJC-19017

In this work, PVAc/PLA blends films were prepared by solution casting methods. The characteristics of PVAc/PLA blend films were
analyzed for thermal properties by thermogravimetric analysis, morphology of blends film by scanning electron microscope. The
biodegradability of blend films were analyzed under controlled condition of soil burial test. The degradability of films was analyzed by
visual observation, measuring weight loss and by morphological analysis.

Keywords: Bioblends, Polyvinyl acetate, Polyvinyl alcohol, biodegradation.

Asian Journal of Chemistry;   Vol. 30, No. 9 (2018), 2039-2042

and ethanol were purchased from Central Drug Houses (CDH)
and other reagents were of analytical grade and were used
without further purification.

Preparation of PVAc/PLA blends: The homogeneous
solution of PVAc and PLA was formed in tetrahydrofuran
solvent in three different ratios 7:3, 6:4 and 5:5. The solution
of PVAc and PLA were mixed at normal temperature after
soaking for 12 h. The blends solution was left for 2-3 h and
casted onto mould. The solvent was allowed to evaporate at
normal condition. The blend films were peeled off from mould
and dried in oven at 50 °C for 24 h [10,11].

Soil burial method: The biodegradation of polymeric
films were examined by soil burial test method. The prepared
soil composition was taken in a suitable container and environ-
mental condition was maintained at 30 ± 2 °C with 20 to 30 %
relative humidity. The initial weight (w0) of specimens was taken
on an analytical balance. The test specimens were buried in
the prepared soil at least 12.5 cm deep. The weight loss of film
samples were studied after a definite interval of time (1 month),
washed with water and dried at 85 °C. The degree of biodegrad-
ability was assessed by total weight loss of film samples with
respect to initial weight of samples.

Scanning electron microscopic: ZIESS (EVO MA 15)
scanning electron microscopic (SEM) was used to observe
the surface morphological characterization of PVAc/PLA
blends films. The specimens were fractured in liquid N2 and
coated with gold before measurement.
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Thermogravimetric analysis: The thermal stability of
blends sample was analyzed by thermogravimetric analysis.
The weight of sample was taken approximately 10-15 mg.
The sample was heated from 30 to 600 °C at a heating rate of
50 °C/min.

Soil burial test: The degradation of polymer was charac-
terized by ASTM G 160-98 method. The soil and specimen of
polymer film was prepared according to ASTM G 160-98
method.

Weight loss: The weight loss of PVAc and its blends with
different constituent of PLA was determined by the % weight
loss equation:
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where Wo is the initial weight before buried in soil and Wt

after interval burial time t.

RESULTS AND DISCUSSION

PVAc/PLA blends: The PVAc and PLA blends were
formed by solution casting method in different ratios of PVAc/
PLA such as 7:3, 6:4 and 5:5. Good intermolecular interaction
between two polymers revealed the formation of miscible
blends. Morphology, thermal stability and biodegradability
were analyzed by SEM, TGA and visual observation.

Morphology of PVAc/PLA blend: The SEM micro-
graphs of both pure PVAc and the different blends with PLA
are shown in Fig. 1. On observing SEM images of the pure
PVAc films and its blends with PLA, the PVAc films have a
smooth and uniform surface. But in the blends films we observe

several very small domains of PLA dispersed phase in PVAc
matrix distributed in the homogeneous pattern indicating
miscible blends formed. The formation of these homogeneous
small domains in PVAc matrix indicates strong interfacial
interaction force between PVAc and PLA layer leading to no
phase separation and hence miscible blends was formed [2,12-
14].

Thermal properties of PVAc/PLA blends: The TGA is
used to inspect the kinetic parameter such as order of reaction
and activation energy and thermal decomposition polymers.
On the basis of this parameter the thermal stability of polymer
can be determined. According to Zulfiqar & Ahmad [15] and
Sivalingam et al. [14] like PVC the thermal decomposition of
PVAc was also completed into two stages. First stage complete
near about 300 °C temperature with elimination of acetic acid
by deacetylation process and after deacetylation the stable
products polyolefin formed. In the second stage several reac-
tions such as structural degradation, cis-trans isomerization,
aromatization and cross-linking occurs and produced stable
aromatic product like benzene, toluene and naphthalene and
aliphatic hydrocarbon. The thermal properties of pure PVAc
and its blends were analyzed by the TG graph given in Fig. 2
and TG data given in Table-1 shown the thermal stability of
blends decreased with the increases of PLA content in blends.
The results indicated the thermal stability of PVAc/PLA blends
gradually decreases as compared to pure PVAc.

According to Sivalingam et al. [14] the two peaks observed
in DTG graph revealed that thermal decomposition of PVAc
is complete in two stages. First peak correspond due to elimina-
tion of acetic acid by deacetylation process. Second peak

Fig. 1. SEM images (a) pure PVAc (b) PVAc/PLA blend in 7:3 ratio (c) PVAc/PLA blend in 6:4 ratio (d) PVAc/PLA blend in 5:5 ratio
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Fig. 2. TG graph of pure PVAc and its blends with different PLA content

TABLE-1 
TG DATA OF PURE PVAc AND BLENDS OF PVAc/PLA 

Temperature (°C) at different weight loss PVAc/PLA 
blends 10 % 50 % 70 % 75 % 90 % 
100/0 300 325 365 420 500 
80/20 278 322 361 415 490 
70/30 271 320 358 411 488 
60/40 268 317 353 408 485 
50/50 261 314 349 405 479 

 
correspond due decomposition of polyolefine into aromatic
and aliphatic hydrocarbon. In this study on comparing the DTG
Fig. 3 of Pure PVAc with its different blends with PLA it was
observed that the corresponding peaks of blend decreased with
the increase of PLA content in blends indicated that thermal
stability of blends decreases.
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Fig. 3. DTG graph of pure PVAc and its blends with different PLA compo-
sition

Visual observation: Many researchers [16-18] in their
studies have indicated that the degradation rate of degradable
and non-degradable polymers blends increased with increase
of biodegradable polymer content. PVAc do not degrade easily
by action of microorganism. The degradation of PLA provi-
ded a pathway to the disruption of the interfacial interaction
between PLA and PVAc and microorganism could easily get
diffused into blend by the way of disrupted part of blend films.
The several cracks and holes were formed in blend due to the
degradation of PLA. Therefore the degradation of PVAc also
started with the passage of time period as shown in Fig. 4 and
Table-2. After about 8 months the polymeric blend film of
5/5 composition was degraded 56.73 %, the film of 6/4
composition degrade 47.25 %, the film of 7/3 composition
degrade 35.42 %. On observing the degradation rate of different

blends composition it was found that when the % of PLA incre-
ased in polymeric blend the degradation rate was also found
to increase.
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Fig. 4. Weight loss (%) of pure PVAc and its PVAc/PLA blends with diffe-
rent PLA content for different time duration in soil

TABLE-2 
WEIGHT LOSS (%) DATA OF PURE PVAc AND 

PVAc/PLA BLEND DIFFERENT PLA COMPOSITION 
FOR DIFFERENT TIME DURATION IN SOIL 

Weight loss (%) 
PVAc/PLA 

2 months 4 months 6 months 8 months 
70/30 13.43 18.52 27.13 35.13 
60/40 15.51 21.71 32.67 41.06 
50/50 18.34 26.13 47.25 56.73 

 
Morphology of biodegradable blends films: The morpho-

logical changes in pure PVAc and blends of PVAc/PLA films
before biodegradation and after biodegradation were analyzed
by scanning electron microscopy the SEM micrographs are
shown in Figs. 1 and 5. In the pure PVAc film, there was no
significant change observed on the surface of film after 8
months under the soil. On the other hand in PVAc/PLA blends
the degradation commenced due to presence of PLA. The dis-
ruption at the surface of blend was observed after degradation
by soil burial method. There some erodes, holes and cracks
were observed on the surface of PVAc/PLA blends films. The
degree of disruption of blend surface also increases gradually
with the increasing degradation time. With an increase of PLA
composition in blends the cracking at the surface of blends
increased. With the passing degradation time the microbes and
water molecule penetrate into a blend through these holes and
cracks, which increased the contact area between blends
surface, microbes and water and accelerates the degradation.

Conclusion

In this work we prepared PVAc/PLA blends by solution
casting methods. The thermal properties of blends was analyzed
by thermogravimetric analysis and the results revealed that
the PVAc thermally degrade in two stage, first stage deacetyla-
tion process and second stage structural degradation, cis-trans
isomerization, aromatization and cross-linking process occur.
The thermal stability of blends decreased with the increases of
PLA content in blends i.e. the thermal stability of pure PVAc
more as compared to PVAc/PLA blends. Another hand on obser-
ving the biodegradability of pure PVAc and its blends with
PLA, the results indicate that the degradation of blends film
increased with increases of PLA content in blends.
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