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Abstract

In this work, the thermal behavior of polymeric blends was prepared with the combination of post-consumer bottles of ethyl-
ene poly-terephthalate (recyclable RPET) and PHB (poly(3-hydroxybutyrate)), under several proportions. The PHB, RPET
and PHB/RPET films were prepared from individual PHB and RPET solutions, obtained from controlled heating. X-ray dif-
fractions, the absorption spectra in the infrared region (FTIR), thermogravimetry (TG), differential thermal analysis (DTA)
techniques were used to examine the crystallinity, chemical interactions, thermal stability and melting point, respectively.
In addition, the derivative thermogravimetry (DTG) curves under non-isothermal condition were also used to evaluate the
behavior kinetics of the blends to see the possible alterations in thermal decomposition. The results of the X-ray analysis
showed that the crystallinity in PHB/RPET had signals intense and also the lack of the diffraction related to PHB, while the
FTIR analysis showed individual bands of the two polymers, indicating that there was little interaction between them. The
TG/DTG and DTA curves had several reactions, shown that the blends are strongly dependent on the heating rates used.
The thermal reactions also showed different events, which correspond to the decomposition of different components, of
the blends. The kinetic parameters, such as activation energy (E) and the factor of Arrhenius (A), showed that two blends
had a similar behavior in the initial development of the kinetic behavior, while the third sample had behavior differently of
the others. Additionally, the kinetic compensation effect was determined and showed the probable direction of the thermal
decomposition for individual PHB and RPET as for its respective blends.
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Introduction

Plastics originating from petroleum have some desirable
mechanical properties and numerous applications. Conven-
tional plastic materials have low degradation rates which
can cause serious environmental problems. Alternatives to
mitigate the effect of the various plastics have been made the
chemical recycling these materials, with the purpose of reuse
[1, 2]. Usually, ethylene poly-terephthalate accumulates in
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the garbage of Brazilian cities, originated mainly from post-
consumption soft-drink PET bottles. These materials are
considered and an important source of raw material for recy-
cling (RPET). Moreover, the PET is a thermoplastic semic-
rystalline with excellent tensile and impact strength, and the
polymer wastes can be recycled in many ways. It can be used
for several applications, such as in packaging, textile and
electronics compounds, and regardless to the end of the duty
cycle also need to be recycled. Therefore, the production of
eco-friendly biodegradable plastics is one such reality that
can help to overcome the hazards of non-degradable plastics
and avoid accumulation in the environment. As the disposal
of manufactured products is still a constant problem, it is
necessary to prepare and test new biodegradable materials,
as, for example, the biodegradable aliphatics, such as poly
(butyleneadipate-co-terephthalate) (PBAT), polycaprolac-
tone (PCL), poly(lactic acid) (PLA), poly(butylenesuccinate)
(PBS) and poly(3-hydroxybutyrate) (PHB) [3-5]. Vitorino
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et al. [6] have studied the biodegradable polymer produced
with babassu palm (Attalea speciosa), which is new ther-
moplastic, formed with PHB matrix. Besides, the aim of
manufacturing PHB is the biodegradability and also the bio-
compatibility environmental.

Thus, as an alternative to recycling PET, the use of blends
with PHB can be an alternative, and much effort has been
made by other researchers to overcome the problems of
blending the PHB with various polymers. The PHB origi-
nates from renewable sources and biodegradable aliphatic
polyester, and it also degrades entirely by aerobic microor-
ganisms to CO, and H,O conversion [2-4]. However, pure
PHB has some disadvantages, such as its high degree of
crystallinity, poor thermal stability and low mechanical
properties [(7-10)]. Souza et al. [8] studied the PHB with
structural modifications through reactions with hydroxy
acids (HA), such as tartaric acid (TA) and malic acid (MA).
The results showed that the introduction of tartaric acid
and malic acid would significantly increase the activation
energy values of PHB [7]. Taweel and Stoll [11] studied
the effect of spherulitic growth rates of blends of polyhy-
droxybutyrate (PHB) with several oligomers, where the
influence of the temperature in the mass increase in PHB in
the blends was verified. According to Brebu et al. and also
Sarker and Rashid, both authors have indicated that the plas-
tic waste represents about 8 mass% of the municipal solid
waste. The plastic wastes are a mixture of several polymers,
which are not treated appropriately and are often incinerated
by pyrolysis or low amounts of oxygen [12]. Czégény et al.
indicated that the “pyrolysis is a promising alternative for
plastic waste recycling since the process produces valuable
chemicals or fuels.” These authors also indicate the use of
thermal analysis, especially the evaluation by TG curves, as
a technique to evaluate mixtures of different polymer, get
interesting information about the steps of thermal decompo-
sition [13]. Besides this, solid state reactions of many types
of plastics include phase transitions such as melting, evapo-
ration, sublimation and also decomposition stages, which
can result in the production of different compounds [14-16].
Thus, thermal analysis can be used to monitor these reac-
tions and determine the change of mass loss as well as others
thermal behaviors.

There are studies concerning about PHB/PET polymers.
Li et al. reported the polycondensation modification of PHB/
PET polymers with eight monomers and each with different
structural features. The authors showed that the compound
with vanillic acid exhibits a lower melting point, and other
characteristics properties [17]. Blends obtained with PET
and PHB change the properties of the final product, improv-
ing the mechanical properties of the prepared compound
[18-20].

Ioakeimidis et al. studied the PET bottles (ethylene poly-
terephthalate) collected in the submarine environment. The
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samples were characterized by ATR-FTIR, and the authors
indicate that after 15 years, there were the decreased func-
tional groups or disappeared and even formed new groups
[21]. The biodegradation of plastics by microorganisms and
enzymes was studied by Nakkabi et al. [22]. These authors
verified that this would be an interesting process for the
effective process to fight against plastic waste. Japanese
researchers also evaluated a bacterium that degrades and
assimilates poly(ethylene terephthalate) and identified the
decomposition mechanism [23].

In the present work, the aim was the preparation of PHB/
RPET blends under heating of 50 °C and also in a room
temperature with the purpose of comparison and evaluation
of the thermal decomposition and kinetic behavior. Simul-
taneous TG—DTA curves have been used with a rising tem-
perature program and specific rate constants to evaluate the
thermal stability, while the DTG curves were used to deter-
mine the experimental data to evaluate the kinetic behav-
ior. The kinetics parameters are estimated at temperatures
corresponding to fixed values of conversion degree (@) and
the activation energy (E,/kJ mol™!). Thus, the data obtained
from DTG curves (triplicate) were applied using the isocon-
versional method proposed by Flynn—Wall-Ozawa [1, 2, 24].
Furthermore, X-ray powder diffractometry evaluations were
also carried out to verify the interaction between the poly-
mers and the prepared blends. Preliminary tests carried out
in the soil under different experimental conditions showed
the possible degradation of PHB samples blends.

Experimental

The post-consumer soft-drink bottles (RPET) were washed,
dried at room temperature, cut into pieces of approximately
2 mm? and dissolved in a phenol/tetrachloromethane solu-
tion (~ 1:1 v/v) at 80 °C under stirring. After dissolving the
RPET, trichloromethane was used as the stabilizing agent
of the solution.

Samples of commercial PHB provided by PHB Industrial
and medium MM 342,000 g mol~! [25] were also prepared
by dissolving in trichloromethane at 60 °C under stirring.
Keeping the solutions on heating, add RPET slowly over the
PHB, stirring continuously, thus obtaining the PHB/RPET
solution. The films were obtained with the respective PHB,
RPET and PHB/RPET solutions added in Petri dishes for
drying at room temperature for 48 h (A) or drying by heating
at 50 °C in an electric plate (B), as shown in Table 1.

The X-ray powder pattern of the samples was recorded by
a Siemens D-5000 X-ray diffractometer, using CuKa radia-
tion (A=1.544 A) and settings of 40 kV and 20 mA.

The absorption spectra in the infrared region were
obtained in an Impact 400 SX-FT “NICOLET” Spectropho-

tometer from 4000 to 400 cm™! and resolution of 4 cm™".



Evaluation of the thermal decomposition of blends prepared with poly(3-hydroxybutyrate)... 3449

Table 1 Temperature ranges
and mass losses observed for
each step of the TG/DTG curves

of the compounds

Compound Steps
First Second Third
PHB/RPET 8/1 (A) 30-150 °C 246-311 °C 311-475°C
1.81% 86.65% 9.83%
PHB/RPET 1/1 (A) Interval and mass loss 30-150 °C 235-315 °C 315-500 °C
3.56% 47.80% 40.35%
PHB/RPET 1/8 (A) 30-160 °C 232-320 °C 320-500 °C
18.15% 8.26% 64.55%
PHB/RPET 8/1 (B) 30-225°C 225-300 °C 300465 °C
0.65% 83.05% 7.95%
PHB/RPET 1/1 (B) Interval and mass loss 30-178 °C 238-328 °C 328-500 °C
1.75% 46.57% 40.15%
PHB/RPET 1/8 (B) 30-190 °C 234-312°C 345-500 °C
4.55% 7.06% 73.94%

The thermal stability and kinetic studies were per-
formed using a TA Instruments SDT 2960, from TA
Instruments under dynamic nitrogen gas purge with a flow
of 100 mL min~!. The heating rates of 5, 10 and 20 °C min~!
were used from 40 to 300 °C, with a sample mass around
9 mg in an a-alumina crucible. For the preliminary test in
wet soil, a vessel of 10 L capacity was used, adding soil up
to approximately 5 cm from the upper border. The sample
was added in Eppendorf 2.0 mL with a plain cap and per-
forated at the thin end, and introduced into the soil with
the tip down to facilitate mobility of moisture, keeping the
soil constantly moist. The images used were obtained from
a binocular optical microscope of the Bioval brand with
the increase from 100x.

Results and discussion

Figure 1 shows the X-ray diffractions for samples of PHB,
RPET, and PHB/RPET films in only one condition (A)
because in condition B, the result was similar to that shown.
The diffraction of PHB sample shows plans of diffraction in
26 equal 13.9° and 16.9°, to RPET 14.1° and 16.9°. PHB/
RPET 8/1 blends show plans of diffractions to 13.5°, 17.0°
and 25.7°, and blend 1/1 and 8/1 shows plans of diffractions
to 14.1°,17.0° and 25.7°. It can be observed the crystallinity
effect, with the increased mass ratio of RPET in blends, the
signals are more intense and acute, and also the lack of the
diffraction related to PHB. Thus, this result shows that the
X-ray diffraction can be used as a technique for the evalua-
tion of polymeric presence in the samples [26, 27].

Fig. 1 X-ray diffraction of films 600
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Studies indicated surface erosion with the formation of
holes and formation of layers and concluded that the deg-
radation begins by the amorphous regions of the polymer
extending into central crystalline regions and finally reach-
ing the peripheral crystalline regions [28].

Samples of PHB, RPET, PHB and PHB/RPET (condition
(A)) were evaluated by infrared spectroscopy from 4000 to
400 cm™!, as shown in Fig. 2.

The infrared spectra of PHB films have the main charac-
teristic bands assigned as the axial deformations of carbonyl
(C=0)at 1731 cm™', OH at 3444 cm™" and C-C at 980 cm™"
[29-31]. In addition, it possible to see the symmetrical and
asymmetrical angular strain in the plane, of CH; groups at
1375 and 1445 cm™! and typical band of the helical con-
formation of the chains at 1126 cm™!. The 1135 and 1165
cm™! bands are, respectively, assigned to symmetrical and
asymmetrical stretches of C—O—C groups, and bands 2933
and 2982 cm™! are attributed to symmetrical and asymmetric
axial deformation, respectively, of the C—H bond.

The absorption spectrum in the infrared region for RPET
films in also shows the characteristic bands [32], such as
1722 cm™ relative to the stretching of the carbonyl esters
(C=0), between 1024 and 1259 cm™! relative to the stretch-
ing of the ester (CO) bond, at 731 cm™!, p-substitution of
the aromatic ring conjugated with the carbonyl and at 2973
and 2908 cm™!, stretching of the CH bond. In 3436 cm™! a

band not reported in the literature is observed which must
be of the OH group from the phenol.

From the results obtained by infrared spectra, all analyzed
PHB/RPET samples show the characteristic bands contained
in the individual PHB and RPET spectra. It is an indication
that these polymers have low interaction since the chemical
groups contained in the individual polymers are found in
the blends in both. The only exception is the appearance of
a band between 3433 and 3444 cm™', which is more acute
after heating and may be related to the chemical OH group
of phenol, which should be promoting weak bonds with
RPET.

Before performing the thermal evaluation of the blend, it
is necessary to evaluate the two main materials (RPET and
PHB) and both thermal behaviors. The evaluation of small
reactions can shed light on understanding the thermal behav-
ior observed. Besides this, the importance of these facts can
be linked to the kinetic behavior in solid state [14, 33].

The effect of heating on the RPET and PHB can be seen
in Figs. 3-6, where it is possible to observe the thermal
parameters obtained by TG/DTG curves. Figure 3, for the
RPET sample, shows that during the progress with the three
heating rates (5, 10 and 20 °C min~"), several reactions took
place, and that the thermal behavior is strongly dependent
on the heating rate. For analysis under 20°Cmin~’, the com-
pound has a mass gain of 1.36%, between initial temperature

Fig.2 FTIR spectra of samples
PHB, RPET and PHB/RPET
with the ratios of 8/1, 1/1 and
1/8
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Fig.3 TG/DTG curves of RPET, showing several variations, under a
nitrogen atmosphere (100 mL min~") and heating rates of 5, 10 and
20 °C min™'

and 245 °C (not shown in Fig. 3). During the melting point
(Fig. 6), there occurs a sudden mass loss of 0.63%, as seen
in TG curve in Fig. 3. After melting, the compound had a
mass gain of 0.63%, up to the temperature of 362 °C. The
first stage of thermal decomposition occurs between 362 and
393 °C, and the second occurs between 393 and 500 °C with
loss of 84.70%. For the analysis with a heating rate of 10°C
min~!, the behavior is very similar to the rate of 20°C min~!,
but with lower gain of mass and also of mass loss. The cor-
responding values of temperature and mass variation are:
(1) Between the initial temperature and 244 °C, there was a
mass gain of 0.70% (not shown in Fig. 3); (2) between 250
and 367 °C, there was a loss mass of 0.28% and after the
367 °C, there occurs the main thermal decomposition up to
500 °C, with mass loss of 84.72%. For the analysis with the
rate of 5 °C min~!, between the initial temperature and 240 °C,
there was a loss of 0.82%, and between 240 and 375 °C,
there occurs a gain of 1.35%. The main thermal decomposi-
tion occurs with mass loss of 82.30%. The mass loss before
the main thermal decomposition was not observed, as seen
in the rates of 10 and 20 °C min™", probably due to the lower
speed rate of 5 °C min~".

Concerning the PHB sample in Fig. 4, the thermal behav-
ior shows that for heating rates used in this study, the sample
also has small variations in mass. From the initial tempera-
ture, up to 140 °C, was not seen mass variation with the
samples. For rates of the 20 and 5 °C min~!, there were a
mass gain between 147-228 °C (0.56%) and 169-230 °C
(0.69%), respectively. The sample under 10 °C min~! shows
a mass loss of 0.16% between 156 and 180 °C and a mass
gain of 0.80% between 222 and 245 °C.

As aforementioned, the masses variations observed can
be attributed to the several sample sizes in the mass sample
used for analysis, which causes a difference in the stages of
mass variation. In addition, with samples not uniform, may
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Fig.4 TG/DTG curves of PHB, showing several variations, under a
nitrogen atmosphere (100 mL min~") and heating rates of 5, 10 and
20 °C min™!

cause variations in the behavior of the TG curves during
the melting process, where the different particles size lose
solvents in different times, and thus, the crucible vibrates.
Other factors can also be considered, among which:
(1) only the effect of the solvent present in the samples,
due to the evaporation; (2) due to the melting point effect,
which associated with the speed of the heating rate, can
favor the loss or gain of mass the reaction with the purge
gas [34, 35]; (3) factors related to the equipment, but in this
case, the oscillation in balance should have a repetition pattern.

Figure 5 shows the TG/DTG curves for both samples
(RPET and PHB), where it is possible to see the complete
profile of both samples and that the mass loss occurs in
one only stage. Moreover, these curves also were used for
kinetic evaluation.

These previously observed changes may be better
understood with the use of DTA curves of RPET and
PHB samples, as shown in Fig. 6. Also, Santos et al. and
Souza et al. have reported the behavior of RPET and PHB
samples by DSC curves, as well as crystallization, vitre-
ous transition and melting points, respectively [7, 8]. In
the DTA curve of the RPET sample, we can see that the
first endothermic peak is due to the melting point, which
occurs at 248 °C. Furthermore, the DTA analysis under
20 °C min~! shows an exothermic peak between 373 and
411 °C, which is followed by an endothermic peak, both
during the thermal decomposition. This fact demonstrates
that during the thermal decomposition, there occurs the
alteration of heat, which is associated with the heating
rate used. The curves are evaluated with heating rates of
5 and 10 °C min~!, and it is possible to see that both are
in concordance. Concerning the PHB curves, we can see
that the melting point of this compound occurs at 175 °C.
The thermal decomposition occurs between 248 and 350 °C,
as observed in TG/DTG curves. Also, it is possible to see
the displacement of the curves, attributed to the inertia
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Fig.5 TG/DTG curves of 120 2.50
RPET and PHB under nitrogen RPET - nitrogen purge gas
gas purge (100 mL min~") and 100 I
a heating rate of 5, 10 and 20
°C min-| 1.75
80 |
60 | 4 1.00
40 }
-0.25
20 -— S <=3% L
g 2
a ~0.50 2
= 110} PHB - nitrogen purge gas S
% | E’
44
70 }
50 | 12
30}
4o
10 }
-10 n n L . N -2
0 100 200 300 400 500 600
Temperature/°C
_o.02f effect due to the several heating rates during the thermal
decomposition.
_o0.06l The thermal stability of the prepared blends is summa-
rized in Table 1, with the mass losses of these compounds.
-0.10 The same behavior of mass variation, as seen in PET and
- PHB samples, was not observed for all blends, which has
g -0.14 2 more significant mass variations.
g Figure 7 shows the TG/DTG curves of the A and B of the
% 5hE PHB/RPET films 8/1, 1/1 and 1/8, where it is possible to
g __5%¢ : observe that for samples with the PHB/RPET with ratio of
2 -02 g 1/8, the mass loss is more significant. It is also possible to
200c” 10 " verify that the samples with the presence of a higher mass
-04 | of RPET had a higher amount of residue at the comple-
tion of analysis. For the second and third steps of thermal
-06} decomposition, the mass losses are proportional to the mass
of PHB and RPET, respectively, contained in the mixtures
—08 in A and B [1, 2].
0 100 200 800 400 500 600 Figure 8 shows the DTA curves of the PHB/RPET sam-
Temperature/°C

Fig.6 DTA curves of RPET and PHB under nitrogen gas purge (100

mL min~!) and a heating rate of 10 °C min
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-1

ples with ratio of 1/1 and 8/1. For both blends investigated,
there is a distinct endothermic peak, which was attributed to
the fusion at 175 °C and another peak starting from 250 °C,
which was attributed to the stage of decomposition
of PHB. For samples regarding 1/8, also, we can see an
endothermic peak around 242 °C which is attributed to
the fusion of RPET, where the RPET prevails in the blend.
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Fig.7 TG/DTG curves of PHB/ 8
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This same event can also be noted in the proportion 1/1
0.0 but with less intensity. Nevertheless, the 8/1 blend shows
PHB/RPET A
" no thermal event of RPET.
The kinetic parameters were determined for the thermal
-02} decomposition of the individual PHB and RPET films,
8/1 according to Fig. 5. As well as this, the kinetic evaluation
contained in PHB/RPET blends A and B was carried out
T, ~04 R on the first and second mass losses. The activation energy
S ai (E /K] mol~") and pre-exponential factor (A) were obtained
S by non-isothermal measures through the isoconversional
S PHB/RPET B method, which was determined from DTG curves. The
E _of n . experimental data of activation energy (E,), In A and coef-
= \}3 E ficient of variation (CV) are summarized in Table 2.
-02 o Mathematically, the kinetic triplet (E,, log A and f{a))
can be obtained by the general equation (Eq. 1) [1, 2, 7,
-03
36]:
—04r da A E
— ==—exp|—— |f(a
s | | | | ar ~ p( RT)f() &y
"o 100 200 300 400 500 600

Temperature/°C

Fig.8 DTA curves of PHB/RPET blends, in experimental conditions
A and B, under nitrogen gas purge (100 mL min~') and a heating rate
of 10 °C min~!

where a is a conversional fraction, 7 is the temperature, and
p the heating rate. According to the isoconversional method,
from the angular coefficient log f in function of 1/7, it is
possible to calculate the activation energy.
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Table2 Activation energy (E/ — gpmpleg *E,+CV/AI mol~'  *In A=CV/1 min~' *E,+CV/KJI mol~' *In
kJmol™) and In A (1/min™") to A+CV/1 min™!
PHB, RPET and PHB/RPET .
with ratios of 8/1, 1/1 and First stage Second stage
/8, both of the experimental RPET - - 192.97£0.02 24.17£0.02
conditions A and B
PHB 160.37+0.06 24.69+0.08 - -
PHB/RPET 8/1 (A) 86.51+0.04 9.32+0.11 216.41+0.03 28.14+0.03
PHB/RPET 1/1 (A) 87.09+0.18 9.32+0.36 204.27+0.02 26.13+0.02
PHB/RPET 1/8 (A)  66.06+0.02 4.77+0.07 129.31+0.51 20.13+0.05
PHB/RPET 8/1 (B)  66.06+0.02 4.77+0.07 129.31+0.51 20.13+0.06
PHB/RPET 1/1 (B) 86.51+0.04 9.32+0.11 216.41+0.03 28.13+0.03
PHB/RPET 1/8 (B) 87.08+0.18 9.32+0.36 204.27+0.02 26.13+0.02
*Average
A 38/1
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| Fig. 10 Activation energy versus degree conversion of blend in
100 L 1 L L L L i 1 i . L.
0.0 0.2 0.4 0.6 0.8 1.0 experimental condition A
o
Fig.9 Activation energy versus degree conversion of RPET and PHB _ 150l
samples L | A A A A A A AAAAAANANLNADLDDLDALDAN
§100—AA Le=="""""
{“ ,.-.-'.-.-----------
. . . 50 |-
Figure 9 shows the plots of activation energy versus W =8
conversion degree of thermal decomposition of the RPET 0 = L " .
0.0 0.2 0.4 0.6 0.8 1.0

and PHB samples. For the RPET sample, the behavior
maintains the same feature on the extension of conver-
sion degree (a), while the PHB sample shows a contin-
ual increase in the conversion degree. It is imperative to
remember that the RPET and PHB samples were prepared
with the dissolution in an appropriate solvent, as afore-
mentioned. Santos et al. reported the thermal decompo-
sition the PHB sample without dissolution, but only “in
nature” condition. The result of this investigation under
non-isothermal conditions shows that the kinetic evalua-
tion shows a continual decrease in the activation energy
(from around 160-145 kJ mol™") [33]. The different results
of PHB obtained by Santos et al. when compared with
our results are attributed to the structural rearrangement
of the molecules, which influences the kinetic behavior.
Concerning the PET sample, Run et al. reported the kinetic
behavior by isothermal condition and inert gas purge, with
a variation of the values of activation energy from around

@ Springer

Fig. 11 Activation energy versus degree conversion of blend in
experimental condition B

208-230 kJ mol~!. The results obtained by these authors
are close to our results, as observed in Fig. 9 [37].

The behavior of the blends A and B is shown in Figs. 10
and 11, respectively, which were evaluated from the first
stage of decomposition. It is possible to observe that the
thermal decomposition of both blends (A and B) has a
similar trend in the development of the kinetic behavior,
which suggests the same reaction mechanism. Now, in
blend B, the ratios of 1/8 and 8/1 had the same similarity,
indicating the same reaction mechanism, which suggests
that there was no change in kinetic behavior during the
mass loss.
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Also, the interpretation of kinetic results can be made
using a mathematical artifice to verify the occurrence of
similar reactions or to a reaction under several experimental
conditions. This dependence is known as the kinetic com-
pensation effect or isokinetic (activation energy (E,) versus
In A) that is expressed mathematically using Eq. (2). A lin-
ear relationship has been verified between the In A and the
activation energy, and then, some alteration in one of the
parameters is compensated by a corresponding variation in
the other one.

InA = a + bE )

where a and b are the characteristic constants of the system
[38—41].

The dependence of activation energy on o and the kinetic
compensation effect (KCE) have been observed for thermal
decomposition of PHB, RPET and PHB/RPET samples
obtained from A and B as aforementioned. Figure 12 shows
the KCE to individual PHB and RPET and PHB and RPET
in a mixture, respectively. Through the values shown, with

Fig. 13 Photomicrographs of
films evaluated on wet soil from
PHB, RPET and PHB/RPET
with ratios of 8/1, 1/1 and 1/8,
both of the experimental condi-
tions A and B

the correlation coefficient next to 1, the KCE indicates that
the thermal decomposition of the individual PHB and RPET
and both of them in their respective blends occurs under the
same mechanism.

The preliminary test in wet soil for RPET, PHB/RPET
blends (1/8, 1/4, 1/2,2/1 and 8/1) and PHB was evaluated for
a period of 5 months to evaluate the degradability.

The wet soil showed a positive response to environmental
degradation. The photomicrographs of Fig. 13 show films
added in soil. The photomicrograph of the individual RPET
film does not show a degraded surface, but with a gradual
increase in PHB mass in the blends, dark regions occur on
its surface indicating that it may have begun the degradative
process at these points. These films are formed by small
spheres agglutinated one on top of the other in the form
of layers, and in the degradation process, these spheres are
coming off the surface. The sample of the film containing
individual PHB dissolved in the soil, not being possible to
make the photograph.
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Conclusions

The evaluation of polymer mixtures non-miscible is more
complex than the degradation of mono polymers and, there-
fore, is of very high interest.

The results obtained with the FTIR shown that the PHB/
PET-R samples analyzed have individual absorption bands
PHB and PET-R. This is an indication that these polymers
have low interaction between them. The X-ray analysis
showed the crystallinity effect, with the mass increased
of RPET in blends and the disappearance of some peaks,
which may suggest small chemical and physical changes in
the structure of the chains.

The thermal analytical study of PHB, RPET and PHB/
RPET blends by thermogravimetry degradation under non-
isothermal conditions allowed the determination of the main
thermal events showed by the individual compounds and
mixing. It was possible to observe the effect caused by the
use of a different temperature of evaporation of the solvent
and also the effect in thermal behavior on the performance
of the blend curves. With the data of TG/DTG curves at dif-
ferent heating rates (5, 10 e 20 °C min~!), the kinetic param-
eters (E and log A) were calculated using several conversion
degrees a (0.05 <a <0.95). Through the average activation
energy (E,) and InA, it was possible to observe the KCE
effect for blends. This same behavior was observed for the
RPET, although the latter has a small dispersion of points,
indicating that the thermal decomposition of this polymer is
more complex, but follows the same mechanism both indi-
vidually and in blends.

It shows relevant points which contribute to the thermal
degradation under high temperature, since PET bottles are
removed from inappropriate locations where they are dis-
carded, as well as the fact that the process can be economi-
cally viable, thus reducing the cost of the final product.
Blends obtained with PET and PHB changed the properties
of the final product improved the mechanical properties of
PHB in addition to reuse of PET.

Preliminary tests indicate the degradability of PHB in the
blends and the possible degradation of RPET, thus requiring
further evaluation in the attempt to detect some physical and
chemical changes in polyethylene terephthalate.
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