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Abstract In this work, we aim compare the thermal and microbial degradation of two copolyesters a Branched
copolyester Based on Glycerol, Ethylene Glycol and Adipic acid COP B [27] and a linear copolyester based on Lactic Acid,
Ethylene Glycol and Succinic Acid COP L [2]. The quantitative and qualitative biodegradation phenomenon of the
prepared copolyesters studied using two selected strains of Aspergillus sp S1 and Penicillium sp S2. The mechanism
illustrating this process was proposed. The mean of the apparent activation energy (Ea) of COP L is biggest than
noted for COP B. In case of the biomass growth obtained for Aspergillus sp S2 and Penicillium sp S1 a high
increase of biomass was observed for COP B. The branched biodegradable copolyester exhibit potential to replace
linear biodegradable copolyester.
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1. Introduction
Copolyesters attract more attention their hydrolysable
ester bonds, especially aliphatic polyesters are considered
to be susceptible to microbial attack. Their degradation is
seen as a two step process: the first is depolymerization,
the second is enzymatic hydrolysis. The enzymatic hydrolysis
produces intermediates water soluble compounds that
can be assimilated by microbial cells [1]. It’s well known
that the introduction of lactic acid in copolyester chain
reduced its cristallinity [2], and to the increase rate of
biodegradation. Recently, the architecture of copolyesters
was investigated intensively to highlight their contribution

in thermal and microbial degradation. Branched copolymers
attract more attention [3-8], particularly from glycerol and
bifunctional acids [9-16]. Glycerol or glycerin is a viscous
compound, obtained from natural resources. The glycerol
presents three alcohols groups which are not equivalent,
responsible of its solubility in water lead to hygroscopic
nature, also can create three ethereal bonds. Furthermore,
the glycerol is used in many drugs’ compositions, because
of its low toxicity. For example, polyester was synthesized
by associating adipic acid and glycerol in the presence of
dibutyltin oxide as catalyst [17]. The branched polyesters
have opened new horizons especially in food, drugs and
agriculture domains by the release of bio-active and nonhuman toxic substances such as pesticides and antibiotics
[18-26].

Scheme 1. Linear copolyester based on Lactic Acid, Ethylene Glycol and Succinic Acid COP L
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Scheme 2. Branched copolyester Based on Glycerol, Ethylene Glycol and Adipic acid COP B

In this work, we aim compare the thermal and microbial
degradation of two copolyesters a branched copolyester
based on Glycerol, Ethylene Glycol and Adipic acid COP
B [27] and a linear copolyester based on Lactic Acid,
Ethylene Glycol and Succinic Acid COP L [2]. The
quantitative and qualitative biodegradation phenomenon
of the prepared copolyester will be studied by using two
selected strains Aspergillus sp S1 and Penicillium sp S2.
On the other hand, a mechanism illustrating this process
will be proposed.

ethylene glycol, 20 ml of toluene twice distilled and an
amount of paratoluene sulphonic acid equal to 0.1% of the
total mass of the reactant. The heating was maintained
at refluxed for 5 hours with continuous stirring. The
second step started, after removal of toluene by rotavapors.
The titanium butoxide was added under vacuum; the
glycerol is added 1ml/30 min using a micropipette at a
temperature of 230°C. The reaction mixture was dissolved
in dichloromethane and precipitated in an excess of diethyl
ether; the yellow branched copolyester was obtained after
filtration and stored under vacuum for 24 hours

2. Experimental

2.3. Characterization

2.1. Materials

2.3.1. TGA/DTA Investigation

Lactic acid, ethylene glycol, succinic acid, toluene, Tin
(II) chlorides, Glycerol, ethylene glycol, adipic acid,
toluene, paratoluene sulfonic acid, dichloromethane and
diethyl ether were purchased from Sigma-Aldrich
Chemical Co. All reagents were used as received.

2.2. Synthesis of Copolyesters
The synthesis of the linear copolyester is analogue to
the preparation described [2]. First the copolyester was
synthesized using lactic acid, succinic acid and ethylene
glycol. Lactic acid (0.01mol), succinic acid (0.19mol) and
ethylene glycol (0.19mol) were taken in three-necked
round bottom flask and 20 ml of toluene was added. A
thermometer was fitted to the neck, a stirrer to the other
and Dean Stark was fitted to third neck. The temperature
was kept at 120°C for 7 h to remove water by azeotropie.
The organic solvent was extracted and 0.1% of SnCl2was
added as a catalyst with constant stirring, the temperature
was raised at 240°C under vacuum for another 5 h. The
reaction mixture was dissolved in dichloromethane and
precipitate in an excess of diethyl ether. The white
copolyester was isolated by filtration and kept at 60 °C
under vacuum for 24 hours. The synthesis of branched
copolyester [27], based on adipic acid, ethylene glycol and
glycerol, is carried out in two steps. The first step consists
of the dehydration of reagents and formation of oligomers.
In a flask of 500 ml we introduced a reaction mixture
consisting of 0.123 mol of adipic acid, 0.099 mol of

Thermogravimetric analysis was carried out with
SHIMADZU TGA/DTA. Samples were placed in alumina
crucibles, an empty alumina crucible was used as reference,
and samples were heated from room temperature to 600°C
in a 50 ml/min flow of N2. Nominal heating rates of 10, 15
and 20 °C/min were used, and continuous records of
sample temperature, sample weight, its first derivative and
heat flow were taken.
The application of dynamic TG methods holds great
promise as a tool for unraveling the mechanisms of
physical and chemical processes that occur during solids
state degradation. Thermal degradation is usually defined
in terms of kinetic triplet: the activation energy Ea,
pre-exponential factor A and the conversion function f (α)
[28].

α=

w0 − wt
w0 − wt

(1)

Where Wt, W0, and Wf are time t, initial and final weights
of the sample, respectively.

dα
= k × f (α ).
dt

(2)

With the reaction constant k and f (α) is the function of
converting α, the parameter k is dependent on the
temperature T according to the Arrhenius law
K (T ) = Ae− Ea / RT .

(3)
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The isoconversional method of Ozawa, Flynn and Wall
(OFW) is in fact, a (model free) method which assumes
that the conversion function f (α) does not change with the
alteration of the heating rate for all values of α. It involves
the measuring of the temperatures corresponding to fixed
values of α from experiments at different heating rates β.
1
in the form of
Therefore, plotting Ln (β) against
T

Af (α )

E
=
Ln ( β ) Ln(
)− a .
dα / dT ) RT

(4)

Should give straight lines and its slope is directly
E
proportional to the activation energy (− a ).
R
If the determined activation energy is the same for the
various values of α, the existence of a single step reaction
can be concluded with certainty. On the contrary, a change
of Ea values with increasing degree of conversion is an
indication of a complex reaction mechanism that invalidates
the separation of variables involved in the OFW method.
These complications are significant, especially in the case
that the total reaction involves competitive mechanisms [2].
2.3.2. Biodegradability Testing Method
The biodegradation tests were performed in liquid
culture medium under aerobic condition during a period of
28 days. These culture tests were carried out according to
microbial invasion method [29]. For each test, blanks with
microbial inoculums and without polyester samples were
also performed for checking the micro-organisms activity.
2.3.2.1. Mineral Medium Preparation for Fungi
The mineral medium (M1) used in this study is
composed of monopotassium phosphate (KH2PO4: 0.7 g);
di-potassium hydrogen phosphate (K2HPO4: 0.7 g);
magnesium sulfate heptahydrate (MgSO4/7H2O: 0.7 g);
ammonium nitrate (NH4NO3: 1 g); sodium chloride (NaCl:
0.005 g/l); ferrous sulfate heptahydrate (FeSO4/7H2O:
0.002 g); zinc sulfate heptahydrate (ZnSO4/7H2O: 0.002
g); manganese Sulfate heptahydrate (MnSO4/7H2O: 0.001
g) dissolved in sufficient distilled water to make up 1000
ml. This medium was sterilized by autoclaving at 121°C
for 20 min. After sterilization, the pH value was fixed
at 6.3.
2.3.2.2. Fungi Preparation
Two strains of Penicillium sp S1 and Aspergillus sp S2
were isolated from the lixivia of the landfill of Oujda
(Morocco) and previously selected for their biodegradation
capacity of the polyester [30]. The microorganisms were
previously purified and stored in YEG medium (yeast
extract + Glucose).
2.3.2.3. Biodegradability Investigation by Invasion
Method
The biodegradation of polyesters was carried out using
200 mL bottles containing tested polyester (powder 1.5g/L)
as a sole carbon source. The strain (Penicillium sp S1 or
Aspergillus sp S2) was inoculated at 2 ×106 cells/ml as
initial inoculum in 150 ml of mineral medium M. The
cultures were incubated at 30 °C during 28 days under
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stirring conditions. The development of biomass was
evaluated at regular intervals (typically twice a week). For
each assay, samples of 2 ml were collected and the cells
were counted by cell Thoma cell counter (hematimetre.
The tests were repeated three times to check the
reproducibility. The results of these studies are presented
as cell growth curves.
2.3.2.4. IR Spectroscopy
The FTIR spectrum of the linear and branched polyester
synthesized were recorded before and after biodegradation
using FTIR B8400S SHIMADZU between 4000 and
600 cm-1 at resolution of 4 cm-1
2.3.2.5. Crystallinity Investigation
The crystallinity investigation was carried out with
shimadzu XRD 6000 using Cu kα radiation (λ=15) at
40KV and 30 mA with scan of 4°/min.
As reported in Figure 1 the copolyesters COP B and
COP L are semicristallins. In Figure.1.a, the COP B,
exhibited some diffraction peaks which appeared around
2θ = 21°, 22° and 24.5° indicating different size of
crystallites and attributed to the order arrangement of the
polyester chains. Moreover, we noted the presence of
others peaks at 44.65°, 64.60° and 78° which are
assignable to (010), (110) and (100) plans. The COP B
presents more amorphous areas (Figure.1.a). Also as
reported in Figure.1.b, the COP L exhibited more
diffraction peaks which appeared around 2θ = 20°, 23°,
24°, 26°, 31°, 38° indicating different size of crystallites
and attributed to the order arrangement of the COP L
chains at 44.65°, 64.60° and 78° which are assignable to
(010), (110) and (100) plans. The COP L exhibited more
crystallites areas (Figure 1.b).

3. Results and Discussion
Thermal degradation of the copolyesters COP L and
COP B was studied by determining their mass loss during
heating. In (Figure 2 and Figure 3) are presented the mass
loss (TG mg % and %) and their derivative mass loss (DTG
mg/min and %/min) curves. From the thermogravimetric
curves TGA % the copolyester COP L under heating rates
10 °C/min (Figure 2), it can be seen that the copolyester
presents a relatively good thermostability, consequently
no significant weight loss occurred until 158.52 °C , and
the weight loss (%) was 3.35 % at T= 165 °C. Studies
showed that polyethylene succinate is stable until T =
300°C [31], the succinic acid degrades at a temperature
equal at 200 °C and the ethylene glycol degrades at a
higher temperature up to 300 °C [32]. The introduction of
lactic acid significantly reduces thermal stability in the
case of the copolyester COP L. In Figure 2.a, showing the
variations of instantaneous reaction in DrTGA (% / min)
with heating rate β = 10 °C/min, it is noted that two peak
rates can be identified, the first peak at T = 214.11 °C may
be caused by small volatile molecules, the catalyst residue
and unreacted monomers [33]. The second peak showed
rapid deterioration of the copolyester at T = 361.38 °C. An
early comprehensive overview about the mechanism of
the thermal decomposition of polyesters was reported by
Buxbaum, but only for aromatic polyesters like poly
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(ethylene terephthalate) [34]. It was shown that esters
containing at least one β-hydrogen decompose via a cyclic
intermolecular transition state to an olefin and acid end
groups. Tomonaga et coll [35] investigating the random
scission and chain-end scission in the thermal degradation
of polyethylene and showed that the direct scission and
one-step-radical transfer increased with the temperature,
indicating that β scission occurs on the chain end before
the radical transfer because the rate of the β scission
becomes faster as the temperature rises. In our case the
polyester is aliphatic chain but at least two carbons are
nearest which indicate that probability of random scission

is very low. Bikiaris et coll have investigated the thermal
degradation mechanism of poly (propylene succinate)
using pyrolysise - gas chromatography- mass spectrometry
(Py-GC-MS) and TGA analysis [36]. They have concluded
that the decomposition of polyester begins by the
decomposition of its hydroxyl and carboxylic end groups,
also it was noted that in similar aliphatic polyesters similar
polycaprolactone (PCL), at the same temperatures given, a
sharp decrease molecular weight while water, carbon
dioxide and 5-hexamoic acid were the main evolved gases
[37]. These gases are produced from the decomposition of
hydroxyl and carboxylic end groups, respectively.

Figure 1. X-ray diffraction patterns of COP B Figure.1.a and COP L Figure.1.b
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Figure 2. Thermal analysis of the COP L, at heating rate β: 1) 10 °C/min, 2) 15 °C/min and 3) 20 °C/min

Figure 3. Thermal analysis of the COP B, at heating rate β: 1) 10 °C/min, 2) 15 °C/min and 3) 20 °C/min
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Thermal stability and thermal degradation traces of the
branched copolyester (COP B) were also measured, Figure
3 illustrates the noted thermogravimetric traces TGA/DTG
at heating rate of β= 10, 15 and 20 °C /min. We noted
that the polyester presents a good thermal stability, since
there is no significant weight loss until T= 226.93°C
which corresponds to a weight loss of 2.92 %. Two
peaks are identified in the TGA curve, the first peak
is barely distinguishable, but it is very apparent in
the corresponding DTG curve. At the heating rate
β=10 °C/min, the first peak started at T= 162.5°C and
finished at T= 275 °C and the second peak started at
T= 276 °C and finished at T= 475 °C. These two peaks
indicate the existence of two thermal reactions. The
presence of more than one reaction indicates the existence
of a very complex mechanism governed by the transition
states.
To simplify calculates our approach will study the
principle reaction by using Ozawa method. The results are
summarized in Table 1.
Table 1. The apparent activation energy Ea of COP B and COP L
Ozawa method
Conversion α

Ea (KJ /mol) Ozawa method

Copolyesters

COP B

R2

0.1

149.24

0.815

84.54

0.986

0.2

158.84

0.902

220.97

0.934

0.3

156.88

0.912

518.86

0.996

0.4

157.71

0.926

168.4

0.338

0.5

156.31

0.939

206.19

0.996

0.6

156.36

0.951

163.36

0.997

0.7

155.04

0.960

160.02

0.999

0.8

154.75

0.975

153.76

0.994

0.9

154.67

0.994

143.80

0.990

Mean

155.53

COP L

202.22

R2

The apparent activation energy (Ea) previously determined
(Table 1) were evaluated utilizing the classical Ozawa
methods, all process was described. It can be seen that in
the case of COP L there is two important steps (Figure 4):
the first step Ea increases between 0.05 ≤ α ≤ 0.3; the
second step Ea decreases and becomes relatively stable
between 0.4≤ α ≤ 0.85. In the case of COP B the apparent
activation energy (Ea) previously determined (Table 1) is
relatively stable in all processes and the lowest value. The
mean of the apparent activation energy (Ea) of COP L
202.22 KJ /mol is biggest than these noted for COP B
155.53 KJ /mol. These phenomena can be explained by
carbonaceous residue. It is important to note that works
reported that the activation energies of the thermal
degradation process depend largely on the polymerization
methods which determine the nature of architecture. María
Angeles et coll [38] demonstrated that while the combustion
progresses a carbonaceous residue is slowly forming.
This carbonaceous residue limits the diffusion of the
decomposed volatile products and, as a consequence,
the activation energy increases. These phenomena are
noted in the case of linear copolyester COP L between
0.1 ≤ α ≤ 0.4 but very slightly in the case of branched
copolyester witch meaning that the branched copolyester
inhibits the formation of carbonaceous residue.
Quantitative tests show an effective and simple way of
biodegradation of the copolyester COP B and COP L by
their simple contamination with drops of leachate landfill
Oujda north Morocco. Three Tests were performed. The
three tests are positive, and the results are reported in
Figure 5.
The evolution of biomasses of Aspergillus sp S1 and
Penicillium sp S2 in mineral medium M1 without
copolyester is already reported [27]. The results indicate
the impossible growth of Aspergillus sp or Penicillium sp
in mineral medium (M1) without carbon source. The
strain Penicillium S1 was more sensitive to the absence of
carbon source than Aspergillus.

Figure 4. Dependence of the activation energy (Ea) on the mass conversion (α), as calculated with Ozawa methods for the copolyesters COPB
and COP L
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Figure 5. Quantitaive tests, copolyester COP B and COPL contaminated by drops of leachate landfill Oujda north Morocco (tests repeated three times)

Figure 6. Culture of Aspergillus sp S2 obtained after 28 days of incubation at 30°C on copolyesters as a sole carbon source; (1) Biomass COP L, (2)
Biomass COP B, (3) spores
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Figure 7. Variation curves of Aspergillus sp S2 in mineral medium M1 with copolyesters COP B and COP L at 30 °C

In the presence of the copolyester COP L or COP B
as carbon source, the biomass growth obtained for
Aspergillus sp S2 is reported in Figure 7, a high increase
of biomass was observed to achieve, after 16 days of
incubation in case of COP L and 22 days of incubation in
case of COP B. A maxima of 35×106 and 40×106 cell/ml

for Aspergillus sp S2 in case of COP L and COP B,
respectively. After, a decrease of biomass was observed to
achieve, after 28 days of culture, 25×106 cell/ml in case of
COP L and 38×106 cell/ml in case of COP B for
Aspergillus sp S2. While in the control no biomass growth
was observed.

Figure 8. Culture of Penicillium sp S1obtained after 28 days of incubation at 30°C on copolyesters as a sole carbon source; (1) Biomass COP L, (2)
Biomass COP B, (3) spores
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Figure 9. Variation curves of Penicillium sp S1 in mineral medium M1 with copolyesters COP B and COP L at 30 °C

In the presence of copolyesters COP L or COP B as carbon
source, the biomass growth obtained for Penicillium sp S1
is reported on (Figure 9). a high increase of biomass was
observed to achieve, a maximum of 33×106 cells/ml after
16 days of incubation in case of COP L, and a maximum of

48×106 cells/ml after 22 days of incubation in case of COP B.
After, a decrease of biomass was observed to achieve,
after 28 days of culture, 22×106 cells/ml showed in case of
COP L and 44×106 cell number/ml in case of COP B. While
in the control “blank” no biomass growth was observed.

Figure 10. FTIR Spectra of the polyester COP L: before incubation (a), and after incubation during 28 days with Aspergillus sp S2 (b) and Penicillium
sp S1microorganisms (c)
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Figure 10 shows the changes in FTIR spectrum of the
pure COP L. In comparison with the reference (spectrum
a), a decrease in the intensities of some bands was
observed in polyesters inoculated with Aspergillus sp S2
(spectrum b) and Penicillium sp S1 (spectrum c) particularly
the absorption band at δ = 1161.31 cm-1 characteristic the
stretching vibration of the repeated –OCH2CH2 and also a
decrease of the C=O stretching vibrations of the ester
carbonyl group. This phenomenon has been elucidated
in the literature. The microorganisms secrete enzymes
(mainly esterase) hydrolyzing the ester group, so that
the large molecules become small and easily used as
nutrients. The esterase enzymes produced are generally
lipase [35].
Figure 11 shows the changes in FTIR spectrum of the
pure COP B. In comparison with the reference (spectrum
a), a decrease in the intensities of some bands was
observed in polyesters inoculated with Aspergillus sp S2
(spectrum b) and Penicillium sp S1 (spectrum c)
particularly at 1736 cm-1 (stretching vibration of -C=O
ester), 1284 cm-1 (stretching vibration O=C-O), 1262,
1170, 1145, 1080 and 1069 cm-1 (stretching vibration CO).
The intensities of these bands dramatically decreased in
the traces of Penicillium sp S1. This result indicates that
probably the Penicillium sp S1 is more active than
Aspergillus sp S2 in these experimental conditions. The
apparition of a new band at 750 cm-1 is probably due to
the metabolites of Aspergillus sp S2 them self. This

phenomenon as previously noted has been elucidated in
the literature. The microorganism secretes enzymes
(mainly esterase) hydrolyzing the ester, so that the large
molecules become small and easily used as nutrients, the
esterase enzymes produced are generally lipase [35].
Biodegradation of copolyesters is a complex and
heterogeneous process. Microorganisms cannot assimilate
insoluble molecules in water or having large sizes. The
microorganisms produce extracellular enzymes that
depolymerize the copolyester outside their cells, these
enzymes belong to the family of hydrolases namely
esterases, lipases, proteases, amidases, epoxide hydrolases,
nitrolases and glycosidases, which catalyze the hydrolysis
of the ester group [35]. When the molecular weight of the
polyester is sufficiently reduced, the micro-organisms
intervene to generate the intermediates which are
soluble in water and assimilate them. The assimilation
process generates the production of water, carbon
dioxide and biomass. Lipases are produced by a wide
variety of microorganisms such as Aspergillus and
Penicillium. The team of Soni et al. [31] studied the
mechanism of enzymatic degradation of the copolyester,
taking into account its results we have proposed a
mechanism for the enzymatic degradation of copolyester
based on lactic acid, ethylene glycol and succinic
acid (cop L) (Sheme 3). This mechanism can be
generalized for all synthesized copolyesters and branched
copolyesters.

Figure 11. FTIR Spectra of the polyester COP B: before incubation (a), and after incubation during 28 days with Aspergillus sp S2 (b) and Penicillium
sp S1microorganisms (c)
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Sheme 3. Mechanism proposed for the degradation of the copolyester by lipase enzyme secreted by Aspergillus sp S2 and Penicillium sp S1

4. Conclusion
In this work, we compare thermal and microbial
degradation of two copolyesters already reported, branched
copolyester Based on Glycerol, Ethylene Glycol and Adipic
acid COP B and Linear copolyester based on Lactic
Acid, Ethylene Glycol and Succinic Acid COP L. We
found that the introduction of lactic acid significantly
reduces thermal stability in the case of copolyester COP L
but The COP L exhibited more crystalline areas than COP
B. The apparent activation energy (Ea) was evaluated
basing the classical Ozawa methods, and all the process is
described. The presence of more than one reaction
indicates the existence of a very complex mechanism
governed by the transition states in case of COP L
and COP B. The mean of the apparent activation energy
(Ea) of COP L 202.22 KJ /mol is biggest than noted for
COP B 155.53 KJ /mol. In the presence of the copolyester

COP L or COP B as carbon source for Aspergillus sp
S2 and Penicillium sp S1 a high increase of biomass
was observed for COP B. The branched biodegradable
copolyester exhibit potential to replace linear biodegradable
copolyester.
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