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polybutylene
adipate/terephthalate
(PBAT)
and
polymethylene adipate /terephthalate (PTMAT).
PLA is promising biomaterials in the field of temporary
therapeutic applications in surgery, pharmacology and tissue
engineering due to their biocompatibility and degradability.
Recently, low cost PLA products are finding uses in many
applications including packaging, paper coating, fibers and
films. The degradation has been extensively investigated and
it was concluded that degradation by products can be
assimilated by microorganisms, PLA can be considered as
environmental friendly materials [4]-[7].
PCL is an aliphatic polyester well known for its
demonstrated biodegradability and biocompatibility. It is of
great interest due to its favorable permeability to drugs and
thermal properties. Over the last two decades, PCL had
received increased attention for applications that span the
range from environmentally friendly thermoplastics to
medicine. However, the lack of functional groups along the
PCL backbone is the main drawback to broaden potential
applications. The introduction of pendant functional groups
along the polyester chain is highly desirable to tailor and
modulate physico-chemical properties. As a result, numerous
examples of PCL bearing pendant functional groups,
especially PCL-based graft polyesters, have been reported in
the literature [8]-[10].
Synthetic aliphatic polyester derived from L-lactide (LL)
and ε-caprolactone (CL) is regarded as profitable in the field
of temporary therapeutic applications in surgery, sustained
drug delivery and tissue engineering. Copolymerization and
stereocopolymerization provide worthwhile means to adjust
the degradation rate, as well as physical and mechanical
properties [11]-[16]. The present article focuses on the
preparation and characterization of PLA/PCL biodegradable
copolyesters. Biopolymers were synthesized by the bulk ringopening copolymerization of LL with CL. The polymerization
was optimized by varying reaction temperature, reaction time
and amount of catalyst.



Abstract—Biopolymers have gained much attention as
ecofriendly alternatives to petrochemical-based plastics because they
are biodegradable and can be produced from renewable feedstocks.
One class of biopolyester with many potential environmentally
friendly applications is polylactic acid (PLA) and polycaprolactone
(PCL). The PLA/PCL biodegradable copolyesters were synthesized
by bulk ring-opening copolymerization of successively added Llactide (LL) and ε-caprolactone (CL) in the presence of toluene,
using 1-hexanol as initiator and stannous octoate (Sn(Oct)2) as
catalyst. Reaction temperature, reaction time and amount of catalyst
were evaluated to obtain optimum reaction conditions. The results
showed that the %conversion increased with increases in reaction
temperature and reaction time, but after a critical amount of catalyst
was reached the %conversion decreased. The yield of PLA/PCL
biopolymer achieved 98.02% at the reaction temperature 160 C,
amount of catalyst 0.3 mol% and reaction time of 48 h. In addition,
the thermal properties of the product were determined by
differential scanning calorimetry (DSC) and thermogravimetric
analysis (TGA).
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I. INTRODUCTION

S

INCE many years, biodegradable polymers have become
of interest as substitution materials to polluting
petrochemical ones. These compounds have been classified
into two groups that are agro-polymers and biopolyesters [1][2]. Polyesters play a predominant role as biodegradable
plastics due to their potentially hydrolysable ester bonds [3].
The polyester family is made of two major groups aliphatic
(linear) polyesters and aromatic (aromatic rings) polyesters.
Biodegradable polyesters which have been developed
commercially and are in commercial development are
polyhydroxyalkanoates (PHA), polyhydroxyhexanoate (PHH),
polyhydroxybutyrate (PHB), polyhydroxyvalerate (PHV),
polylactic acid (PLA), polycaprolactone (PCL), polybutylene
succinate (PBS), polybutylene succinate adipate (PBSA),
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II. EXPERIMENTAL METHODS
A. Materials
L-lactide (LL) and ε-caprolactone (CL) were purchased
from Aldrich Chemistry. Stannous octoate (Sn(Oct)2) was
purchased from Aldrich Chemistry, is used as catalyst for
bulk ring-opening copolymerization of PLA/PCL biopolymer.
1-Hexanol was supplied from Sigma-Aldrich, is used as
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initiator. All chemicals and reagents were of analytical
reagent grade.
B. Synthesis of PLA/PCL Biopolymer
LL 50 mol% and CL 50 mol% were reacted in the bulk in
the presence of Sn(Oct)2 (0.1-0.5 mol%) and 1-hexanol (0.2
mol%). The reaction mixture was placed in a three-necked
round bottom flask (reactor), under a dry nitrogen atmosphere
and mechanical stirring (100 rpm) and immersed in an oil
bath at 120-160 oC for 24-72 h. The resulting copolyesters
were dissolved in chloroform, precipitated in methanol,
filtered and dried at 60 oC. The syntheses of the PLA/PCL
biopolymers were conducted following a single stage method,
as schematically described in Fig. 1.

Fig. 2 Effect of reaction temperature on %conversion of PLA/PCL
biopolymer (reaction time = 48 h and amount of catalyst = 0.3 mol%)

B. Effect of Reaction Time
The influence of the variation of reaction time on
%conversion of PLA/PCL biopolymer was studied by fixing
the temperature at 160 oC and the amount of catalyst as 0.3
mol%. The polymerization time was varied from 24 to 72 h.
It was observed that the %conversion increased with an
increase in the polymerization time and approached a steady
state at about 48 h, it was 90% at 60 h and about 98% beyond
72 h (Fig. 3). As can be seen from the curve even at the verry
initial stage polymerization proceed at a high rate. Longer
reaction time leads to further but quite moderate increase of
yield of PLA/PCL. It reaches the highest yield at 72 h of
reaction. It seems that equilibrium state is reached at 48-72 h
of reaction [19].

Fig. 1 Synthesis and structure of PLA/PCL biopolymers

III. RESULTS AND DISCUSSION
A. Effect of Reaction Temperature
Fig. 2 shows the relationship between the copolymerization
temperature and %conversion of PLA/PCL biodegradable
copolyesters. In this study, the polymerization time was fixed
at 48 h and amount of catalyst at 0.3 mol%. It was found that
the %conversion was almost 0% at reaction temperature
below 130 oC. The %conversion slowly increased after 150 oC
and was about 93% at 150 oC and was 98% at 160 oC. The
monomer conversion at 160 oC were higher than other
reaction temperatures. Compared with the reaction
temperature at 150-160 oC, the monomer was completely
consumed [17]-[18].

Fig. 3 Effect of reaction time on %conversion of PLA/PCL biopolymer
(reaction temperature = 160 oC and amount of catalyst = 0.3 mol%)

C. Effect of Amount of Catalyst
In the study of copolymerization of PLA/PCL, catalyst
concentration had a profound effect on the monomer
conversion and product molecular weight [18], [20]. Effect of
catalyst concentration was investigated using different
amounts of Sn(Oct)2, temperature was set at 160 oC, reaction
time was 48 h and the amount of catalyst was varied from 0.1
to 0.5 mol%. Monomer conversion as a function of amount of
catalyst was shown in Fig. 4. It was observed that the

139

International Journal of Chemical and Biological Engineering 6 2012

%conversion increased with an increase in the amount of
catalyst. But after a critical amount of catalyst was reached
the %conversion decreased, because of equilibrium among the
chemicals in system [19], [21]. The %conversion was found
maximum when the Sn(Oct)2 was 0.3 mol%. Therefore,
amount of catalyst 0.3 mol% was the optimal catalyst
concentration in the reaction system, and employed in the
subsequent research.

optimum conditions for the copolymerization of PLA/PCL
biopolymer were synthesized by the bulk polymerization at
160 oC of monomers. The optimum of reaction time and
amount of catalyst for synthesis copolyester were 48 h of and
catalyst 0.3 mol%.
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D. Thermal Properties of PLA/PCL Biopolymer
The thermal properties of pure PLA and PLA/PCL
copolyesters such as crystallization temperature (Tc), melting
temperature (Tm), the degree of crystallinity (Xc), initial
degradation temperatures (Td) and char residue obtained from
the differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA) studies are summarized in
Table I.
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