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Abstract

A hyperbranched polyester polyol of the second generation (HBP2) was modified with polylactic acid (HBP2-g-PLA)
and employed as a compatibilizer for plasticized tapioca starch (TPS)/polylactic acid (PLA) blends. The effect of the
compatibilizer HBP2-g-PLA was evaluated in comparison to the control sample (TPS/PLA blend without HBP2-g-PLA).
The torque value of the TPS/PLA blends with HBP2-g-PLA was lower than that of the control sample, while thermal
stability and crystallinity followed opposite behavior. The glass transition temperature (T ) and degree of crystalhmty
of the TPS/PLA blends with HBP2-g-PLA decreased with increasing mass fraction of ‘HBP2- -g-PLA. By scanning
electron microscopy (SEM), it was observed that the morphology of the TPS/PLA blends with HBP2-g-PLA was more
homogeneous than that of the control sample, confirming that HBP2-g-PLA acted as a compatibilizer and plasticizing
agent to the TPS/PLA blends. Rheological analysis of the compatibilized TPS/PLA blends indicated the presence of
microstructure.

Keywords: biodegradable polymers, hyperbranched polyester, compatibilization, thermoplastic starch/PLA blend,

properties.

1. Introduction

The environmental impact caused by conventional
non-biodegradable polymeric materials waste has created
the need to develop sustainable polymeric materials
from renewable resources, since alternative methods of
recycling and disposal of non-biodegradable polymeric
materials have not been fully effective!’?l. Petrochemical
resources are non-renewable and are continuously
depleted, so it is important to find sustainable substitutes;
especially for disposable packaging applications with a
short time of usel..

The starch has granular form and it is not a thermoplastic
polymer. Therefore, for obtaining thermoplastic starch, it has
to be plasticized*). The typically used plasticizing agents are
hydrophilic. Some of these are urea, ethanolamine, glycerol
and sorbitol!®. The material obtained has poor mechanical
properties as compared to polymers derived from petrochemical
sources!?. One way to improve mechanical properties and
maintain the biodegradability properties consists in mixing
starch with PLA, which is hydrophobic, biodegradable, and
it has good processability and mechanical properties (high
tensile modulus and tensile strength)*!. The incompatibility
of the hydrophobic aliphatic polyesters (for example
PLA) and starch makes a weak adhesion between the two
components!®), which results in low mechanical properties of
this mixture!®!”), In order to improve compatibility between
the two phases and the physicochemical properties of the
starch/PLA blends, different strategies of compatibilization
have been developed®'). PLA/starch modified with maleic
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anhydride (starch-g-MA) blends were prepared, however,
they exhibited poor interfacial adhesion, which was due
to the hydrophobicity of PLA and the hydrophilicity of
starch-g-MA!, PLA was blended with starch, plasticized
with glycerol, and the morphology of the materials obtained
was very coarse (TPS particles sizes between 5 and 30 um).
But when PLA was replaced with PLA modified with MA
(PLA-g-MA) the particle size was in the 1-3 pum range!'?.
Starch/PLA blends were obtained by using epoxidized
soybean oil (ESO) as a reactive compatibilizer agent.
The starch granules were grafted with MA to enhance its
reactivity with ESO. The blends prepared were compatible!'.
Starch/PLA blends were obtained employing three strategies
of compatibilization: 1. Formation of urethane bonds in-situ,
2. Crosslinking between starch and PLA, and 3. Addition of
PLA grafted amylose. Better results were obtained by using
PLA grafted amylose as compatibilizer agent®!.

The hyperbranched polyester polyols (HBP) possess
structures with a high structural packing and great number
of OH groups. They also have low viscosity in solution and
molten state, a lower degree of molecular entanglements
than linear polymers of the same molar mass, and they are
not toxict'*2!1, These materials may be a good alternative to
obtain compatibilizer agents by modification of OH groups
with other compounds such as amine, isocyanate, acids, etc.
In a previous study?!), HBP2 was modified with different
proportions of PLA to obtain materials (for example,
HBP2-g-PLA) that may be employed for studies of the
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compatibilization of starch/PLA blends, since there are
OH and PLA units on the periphery of this material.
Additionally, this material has low viscosity (lower than
1 Pa.s) due to small hydrodynamic dimensions in solution
and possibly it may be located at the interface between
starch and PLAPY. Thus, HBP2-g-PLA possibly acts as
a plasticizing agent to this blend.

As was already mentioned, the materials usually
employed for the compatibilization of starch/PLA blends
are linear structures with low functionality. However, taking
the structure of HBP2-g-PLA into account!?!), this material
may possibly act as a compatibilizer agent for TPS/PLA
blends, since PLA and OH groups of HBP2-g-PLA can
interact with PLA as well as TPS, respectively (Figure 1).

In order to make effective compatibilization of the
TPS/PLA blends, HBP2-g-PLA may be used as a new
alternative. Therefore, the aim of this study was to evaluate
the compatibilizer effect of HBP2-g-PLA in a TPS/PLA
blend (50/50 wt%). Furthermore, the structure to properties
relationship was investigated for different proportions
of HBP2-g-PLA and TPS/PLA blends considering their
structural, thermal, rheological, morphological and
mechanical properties. Additionally, in this study the neat
PLA was not processed under the same condition of the
TPS/PLA blends.

2. Experimental Part
2.1 Materials

The PLA with the number average molar mass (M,)
68.000 g/mol and acid value of 51.72 mg KOH/g was
supplied by the company ALICO from Colombia. TPS
(Plasticized tapioca starch) was previously prepared in
our laboratory (60 wt% of tapioca starch and 40 wt% of
sorbitol) by using a torque rheometer Thermo Science
at 150 °C and rotation speed of 50 rpm. HBP2-g-PLA
was synthesized as described in a previous study?!! by
an esterification reaction, employing 45 wt % of HBP2
and 55 wt % of PLAPY. In that work®?!, this material
was named HBP2G45 and the characteristics are as
follows: acid value: 8.99 mg KOH/g, hydroxyl value:
172.48 mg KOH/g, decomposition temperature (T ):
243.1°Cand T : 42.8 °Cky,
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Figure 1. Schematic representation of the interactions of TPS and
PLA with the HBP2-g-PLA.
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2.2 Preparation of the samples

The respective proportions of TPS, PLA and HBP2-g-PLA
were weighed and homogenized in a container, and measured
by torque rheometer Thermo Science at 200 °C. The rheometer
was kept at a rotation speed of 50 rpm. The mixing time
was 5 min. In all cases the mass ratio of TPS and PLA
was 50/50 wt%. The amount of HBP2-g-PLA utilized
were 5 wt% (Blend1), 10 wt% (Blend2), 15 wt% (Blend3)
and 20 wt% (Blend4) with respect to the total amount of
TPS and PLA. To evaluate the compatibilizing efficiency
of the HBP2-g-PLA in the TPS/PLA blends, a control blend
(TPS/PLA 50/50 wt%) without HBP2-g-PLA was prepared
under the same conditions used for preparation of TPS/PLA
blends with HBP2-g-PLA.

2.3 Characterization

The thermal stability of the samples was evaluated by
thermogravimetric analysis (TGA) on a TA Instruments
model Q-500 employing nitrogen atmosphere. The materials
(around 20 mg) were heated from room temperature to
600 °C, utilizing a heating rate of 10 °C/min. Differential
scanning calorimetry (DSC) measurements were performed
on a TA Instruments model Q100 equipped with a cooling
and heating system. The samples (around 10 mg) were heated
at a heating rate of 40 °C/min from room temperature to
250 °C, followed by an isotherm for 5 min. The sample was
then cooled to -80 °C, using a cooling rate of 40 °C/min and
equilibrated at -80 °C (first scan). The second heating scan
was in the temperature range between -80 °C to 250 °C by
using a heating rate of 20 °C/min. In all cases a nitrogen
atmosphere was used. The T, melting temperature (T, ) and
melting enthalpy (AH, ) were determined from the second
heating scan. The samples (granules) for X ray diffraction
(XRD) analysis were placed in a desiccator for 24 h.
The XRD analysis was performed on a PANalytical X’Pert
PRO MPD diffractometer by using Cu-K alpha radiation
(A=1.5406 A). The voltage and operating current were 45 kV
and 40 mA, respectively. The sweep was done between
10 and 70 degrees with steps of 0.013 degrees and a step
time of 59 s. The samples for SEM analysis were placed in
a desiccator for 24 h. They were then fractured under liquid
nitrogen, and finally were coated with gold. SEM analysis
was done using a microscope JEOL JSM-6490LV at an
acceleration voltage of 5 kV. In order to perform rheological
analysis, a rotational rheometer of Malvern Instruments was
employed, using a cone-plate geometry with a constant gap
setting of 1 mm. The oscillatory analysis was performed
by using strain of 0.01% at angular frequency between
0.1 and 100 Hz. All measurements were performed at 200 °C.
For tensile analysis the type IV specimens were prepared
in an Implejoy injection machine. About 25 g sample was
put into the cylinder for 5 min. and kept at 200 °C and
then molded by using a piston. The mechanical properties
according to ASTM D 638 standard were determined on
a universal machine brand Digimess at a deformation rate
of 5 mm/min.

3. Results and Discussions

Figure 2 presents the torque vs time graph (Figure 2a)
and the temperature vs time graph (Figure 2b). It can be
observed (Figure 2a), that all the samples exhibited an
increase in torque value after the first minute of mixing
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Figure 2. Torque rheometry of the TPS/PLA blends and control sample: (a) torque vs time, (b) temperature vs time.

process. The control sample showed the highest torque value
(156.4 Nm) indicating the highest viscosity of all samples.
The TPS/PLA blends with HBP2-g-PLA exhibited much
lower torque value in comparison to the control sample; this
observation implies the plasticizing effect of HBP2-g-PLA
on the TPS/PLA blends. In all cases, the torque stabilized at
about 4.5 min of mixing, which can be taken as the optimum
mixing time. The first increase of the torque is due to the
melting process of the sample. The second increase on the
torque value is possibly due to increase of interactions and
rearrangement of the TPS. It was observed that the second
increase on torque value reached a stable value, therefore
the degradation process was not observed. The second
increase on torque value due to the Blend1 appeared after
two minutes. It is possibly attributed to a low proportion
of the HBP2-g-PLA, which was employed during the
preparation of this blend, since there is low interactions
and rearrangement of the starch granules.

The final torque values did not exceed 50 Nm. The final
torque values obtained for blends of PLA/thermoplastic
acetylated starch (5-10 Nm)!'!, are comparable to that of the
Blend1 (5.90) Nm) and Blend2 (5.58. Nm), but are higher
than those of the Blend3 (2.6 Nm) and Blend4 (2.3 Nm).
All blends reduced the initial temperature gradually (Figure 2b).
The control sample showed a reduction in temperature
with respect to the TPS/PLA blends with HBP2-g-PLA,
indicating that the presence of HBP2-g-PLA required an
additional energy to melt. Therefore, an increase in torque
(Figure 2a) is a result of not completely melted samples,
which is also reflected in reduced sample temperature. These
results are important because the processing temperature of
TPS/PLAblends with HBP2-g-PLA is reduced as compared
to the control sample.

TGA and DSC thermograms of samples are presented in
Figure 3, while the T, values of the samples, obtained at 10%
of weight loss, are presented in Table 1. Figure 3a and 3b
show the TGA thermograms of the samples. TPS shows a
small weight loss (8.18%) between 100 and 200 °C and
this can be attributed to evaporation of water due to the
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Table 1. Values of T, T, and T, of the samples.

AH

Sample T, (°C) T, O T, (O o /g'; X, (%)

TPS 264 26.1 - - -
Control 301 59.6 153.1 2.6 5.6
Blendl 289 57.4 152.1 2.5 5.4
Blend2 285 49.8 150.8 1.0 22
Blend3 280 48.0 - - -
Blend4 281 433 - - -

presence of humidity. Additionally, TPS shows another
significant weight loss at 264 °C. The thermal stability
of the control sample is higher than that of the TPS/PLA
blends with HBP2-g-PLA (Figures 3a and 3b). This behavior
can be attributed to low thermal stability of HBP2-g-PLA
(243.1 °C)?Y or a closer interaction between the TPS and
PLA could facilitate faster PLA degradation. This also has
been observed in starch/PLA blends using butyl-etherified
wax as a compatibilizer agent??. Furthermore, some authors
have demonstrated that TPS tends to reduce the thermal
stability of PLA>%1, which is caused by the moisture.

The T, of the PLA on the TPS/PLA blends with
HBP2-g-PLA was lower than that of neat PLA (332 °C)??!,
it can be attributed to the processing, since it has been
demonstrated that the thermal stability of PLA is slightly
reduced by processing. The mechanism of the degradation of
PLA has been attributed to depolymerization by intramolecular
transesterification and it occurs between 270 and 360 °C 24,

The TGA thermograms did not exhibit the T, of the
HBP2-g-PLA (243.1 °C) and this may be associated
with the low amount of HBP2-g-PLA employed or the
interactions of HBP2-g-PLA with other components in the
blends. Additionally, the T, values of the TPS/PLA blends
with HBP2-g-PLA do not show dependence on the amount
of HBP2-g-PLA employed (up to 20 wt%). This can be
interpreted by differences in the degree of interaction between
the materials (TPS, PLA and HBP2-g-PLA) or probably
differences in degradation mechanisms®?. The Blend3
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Figure 3. TGA and DSC Thermograms (a) Weight vs. temperature, (b) Deriv. weight vs. temperature, (c) Heat flow vs. temperature.

exhibited two peaks (Figure 3b); it is attributed possibly to
the formation of some structure of low mass molar, which
was formed by hydroxyl-ester interchange reaction, it has
been reported for hyperbranched polyesters!'®..

DSC analysis was performed in order to identify
thermal transitions and possible changes in T, The control
sample exhibits a T, value of 59.6 °C (Flgure 3c), which
is higher than that of neat PLA (57.6 °C)Y and neat TPS
(26 °C) meaning that TPS restricts mobility of PLA chains
in this sample and that a new structural arrangement or
interaction possibly occur. Additionally, it also may be due
to the migration of sorbitol present in TPS. The T, value of
the control sample is also higher than that of the TPS/PLA
blends with HBP2-g-PLA, which follow the trend of an
decrease with the HBP2-g-PLA content (Figure 3¢ and
Table 1). In the case of the Blend3 and Blend4, it is due to
improved miscibility of the components!', because the PLA
crystalline domains disappear. But in the case of blend 1 and
Blend2, it is due to a plasticizing effect of HBP2-g-PLA,
which is also supported by the lowest viscosity in the molten
state (lower than 1 Pa.s)?!"! and by the torque rheometry
study (Figure 1). A similar effect of starch/PLA blends was
reported for MA®. Jang et al.* observed a reduction of
T, value of starch/PLA blends compatibilized with MA,
but the variations were larger than 6 °C in relation to neat
PLA. The T values are the lowest for Blend3 and Blend4
and allow to infer that these blends present the highest
compatibilization degree and miscibility. The absence of
the T, of the HBP2-g-PLA (42.8 °C)! in the TPS/PLA
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blends thermograms, could not be observed due to the low
difference between the T, values.

T _ofthe PLAin the control sample is lower than that of
neat PLA (156.7 °C)2", Therefore, TPS reduces structural
packing. T  of the control sample was slightly higher than
those of the Blendl and Blend2 (Table 1). Blend3 and
Blend4 did not exhibit Tbbb,_, which indicates that these
blends increased ostensibly the degree of structural disorder,
since their crystalline nature was reduced. The conclusion to
be drawn from these results is that the Blend3 and Blend4
present a high compatibilization degree.

In a study of compatibilization of the starch/PLA
blends three different strategies have been reported: a)
in situ formation of urethane linkages; b) coupling with
peroxide between starch and PLA, and (c) the addition of
PLA-grafted amylose as a compatibilizer; in all cases the
T of the PLA was observed®!.

The degree of crystallinity of the samples was determined
by employing the following Equation 112°);

X, =(AH,, | Dp., )/ AHO %100 1

Where X, AH,,, D p; 4 and AH , are the crystallinity percent,
the melting enthalpy, the wei ght fraction of PLA in the
blends and the melting enthalpy of a crystal of infinite size
of PLA (93.6 J/g) respectively!™. The degree of crystallinity
ofthe samples was calculated as a function of PLA content.
The control sample showed higher degree of crystallinity
than the TPS/PLA blends with HBP2-g-PLA (Table 1).
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Among the TPS/PLA blends with HBP2-g-PLA, Blendl
with the lowest amount of HBP2-g-PLA showed the highest
values of AH,,, and X ., which indicates that this sample has
a greater number of crystals (Table 1). HBP2-g-PLA thus
affected the crystallinity of the PLA in the TPS/PLA blends
enormously. This is possibly attributed to HBP2-g-PLA,
which restricts the structural packing of the PLA, and since
it is an amorphous molecule, it increases the molecular
disorder in PLA. According to the literature reviewed, we
could not find evidence for any similar case, where the T |
of TPS/PLA or starch/PLA blends did not appear. This is
important because it allows concluding that HBP2-g-PLA
may be a good alternative for the compatibilization of
starch/PLA or TPS/PLA blends".

Figure 4 shows the XRD patterns of the neat TPS and PLA,
control sample and TPS/PLA blends (with HBP2-g-PLA).
TPS exhibits a wide peak between 20 = 12.5 and 30°; it is
associated with the C type crystallinity present in TPSE!,
In this 260 range, the peak can be also attributed to V type
crystallinity (20=21°), which has been identified for starch
plasticized with ethanolamine®® and glycerol™®. In the control
sample, the intensity of this peak is appreciably reduced,
indicating that in the TPS/PLA blends with HBP2-g-PLA
some degree of interaction between these materials exists
(TPS, HBP2-g-PLA, sorbitol and PLA). Neat PLA exhibits
peaks at 20=16.8°,19.5° and 22.3°, which are associated with
the o crystalline system!**3!, In the case of the TPS/PLA
blends with HBP2-g-PLA, the PLA peak intensities decreased
significantly. Blend2, Blend3 and Blend4 exhibited peaks at
26=16.8 and 19.5°, but the peak at 22.3° was not observed.
These results are in accordance to those of DSC analysis,
since it has been shown that the degree of crystallinity of
these materials is reduced as compared to the control sample.
Furthermore, it confirms once more that HBP2-g-PLA is a
good compatibilizer agent to TPS/PLA blends, especially
when it is used in proportions of 15 and 20 wt% (the lowest
crystallinity of PLA and significant lowering of T, value).

Figure 5 shows the SEM micrographs of the cryofractured
samples. TPS exhibits a homogenous surface (Figure 5a),
while the control sample (Figure 5b) presents a discontinuous
phase with rounded structures, which is attributed to the

—TPS —«<PLA —o—Control —0— Blend1
—/—Blend2 —— Blend3—'= Blend4

Intensi

20 (Degree)

Figure 4. Difractograms of the samples.
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starch granules. Hypothetically, this is attributed to possible
migration of sorbitol, employed as plasticizing agent
for starch, to PLA or interface. In addition, cracks were
observed in the control sample, which indicates a fragile
fracture of this sample. The same behavior was exhibited
by blends of PLA with maleate starch”, acetylated starch!!
and corn starch®2.

Blend! (Figure 5¢) shows the presence of a discontinuous
phase with fractured zones in the interface and in the starch
granules, which suggests limited miscibility of the components.
Blend2 (Figure 5d) presents a homogeneous phase with
fractures due to the presence of fine pores, which were due
to the presence of volatile compounds that evaporated by the
application of a vacuum. Compatibility of Blend2 (Figure 5d)
is better than that of Blend1 (Figure 5c¢), since the fractured
starch granules are not observed. Figure Se (Blend3) shows
ahomogeneous phase in the presence of starch granules and
fragments displayed on the surface, which could be due to
tearing the matrix during sample preparation. Nevertheless,
it shows good homogeneity. Blend4 (Figure Se) presents a
slight fracture at the interface, but this sample shows good
homogenization. Furthermore, no domains were observed
for this sample. These results are consistent with the DSC
analysis and it can be concluded that the TPS/PLA blends with
HBP2-g-PLA show good homogeneity and that HBP2-g-PLA
exhibits a good compatibilizer effect on TPS/PLA blends.

In the starch/PLA blends, compatibilized with MA (3 wt%)
and maleated thermoplastic starch (5, 10 and 15 wt%), domains
of starch and PLA were observed. All blends exhibited
cavities’l. Therefore, all these blends were immiscible.
In another study, it was observed for corn TPS/PLA blends
that dispersion between the two phases (TPS and PLA)
increased with increasing formamide content®*. The same
was evidenced when citric acid was used as a compatibilizer
agent to TPS/PLA blends®"). The control sample, Blend3 and
Blend4 were selected for theological measurements to study
the plasticizing effect of HBP2-g-PLA in these blends. Both
TPS/PLA blends have the best compatibilization degree, the
lowest crystallization degree of PLA and lower T, value as
compared to the control sample.

The rheological behavior of the blends is presented in
Figure 6. For all samples a reduction of complex viscosity
(Figure 6a) with the increasing angular frequency can be
observed (pseudoplastic behavior), which is attributed
to interaction rupture and disentanglement of the chains.
The complex viscosity decreases with increased HBP2-g-PLA
content meaning that HBP2-g-PLA acts as a plasticizing
agent for these blends, which can be supported by the highest
viscosity exhibited by the control sample in the range of
angular frequency studied. In a recent study, TPS/PLA blends
exhibited a Newtonian behavior between 1 and 10 Hz, which
was attributed to lower extent of interaction and entanglement
of these blends!". Rheological results are in accordance
with those obtained by torque rheometry. The reduction
in viscosity of the TPS/PLA blends with HBP2-g-PLA
facilitates the processability of the materials. The complex
viscosity of the samples showed first a decrease and then
an increase at different angular frequency values, for
control sample at 100 Hz, Blend3 at 31.62 Hz and Blend4
at 25.2 Hz (Figure 6a). This is ascribed to the formation of
amicrostructure, which is able to deform elastically when it
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Figure 6. Rheological behavior of the control sample, Blend3 and Blend4: (a) complex viscosity vs. angular frequency, (b) G’ and

G” vs. angular frequency.

is exposed to external stress. This process has already been
observed by several authors and is attributed to the formation
of strong interactions!'*3). It is worth noting that the control
sample exhibited a higher value of angular frequency at
the beginning of an increase of complex viscosity than
those for Blend3 and Blend4 (Figure 6a). Therefore, it can
be inferred that the presence of HBP2-g-PLA favored the
formation of microstructure, which is most probably due to
onset of interactions between TPS, HBP2-g-PLA and PLA,
which is corroborated by faster formation of microstructure

Polimeros, 28(1), 44-52, 2018

in Blend4 (20 wt% HBP2-g-PLA) than Blend3 (15 wt%
HBP2-g-PLA).

Figure 6b shows behavior of elastic (G) and viscous
(G”) moduli of the control sample, Blend3 and Blend4.
The behavior of the control sample was viscoelastic with a
predominant elastic contribution in contrast to the TPS/PLA
blends with HBP2-g-PLA with higher viscous contribution.
Namely, the transition from elastic to viscous behavior
(G’ < G”) was not observed for the control sample. It is
possible that this transition occurs at an angular frequency
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Figure 7. Mechanical properties of the samples: (a) Tensile modulus, (b) Tensile strength, (c) elongation at break.

higher than 100 Hz. Thus Blend3 and Blend4 exhibit more
viscous rheological behavior as compared to the control
sample, due to plasticizing effect of the HBP2-g-PLA.
Additionally, in Figure 6b, two transitions can be observed
for the Blend3 and Blend4. The first one corresponds to
the transition from elastic to viscous response, and the
second one from viscous to elastic response. This result
confirms the formation of a microstructure, which is able
to deform elastically and therefore supports the explanation
presented above.

The tensile modulus (Figure 7a) and tensile strength
(Figure 7b) of the control sample was higher than those
of the TPS/PLA blends with HBP2-g-PLA. The tensile
modulus and tensile strength of the blends decreased while
the elongation at break increased with the proportion of the
HBP2-g-PLA (Figure 7c) indicating a reduction of crystalline
phase and increasing mobility of the chains. These results
are in accordance with those obtained by DSC analysis,
where the T was also reduced with the proportion of HBP2-
g-PLA. The value of tensile modulus of the control sample
is similar to that of the TPS/PLA blends compatibilized
with PLA-grafted amylose (340 MPa)P®l. The values of
tensile strength obtained in this study are comparable with
those obtained for compatibilized TPS/PLA (50/50), whose
values were between 10 and 20 MPal. The elongation at
break values of the samples are higher than those of the
compatibilized TPS/PLA blends (lower than 10%), which were
compatibilized employing benzoyl peroxide, 4,4-methylenbis
(phenyl isocyanate) and PLA-grafted amylose®.
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4. Conclusions

This study makes an important contribution to the
art state of these materials. The thermal stability of the
TPS/PLA blends with HBP2-g-PLA did follow a trend with
the proportion of HBP2-g-PLA employed. DSC analysis
showed that Blend1 and Blend2 presented a T and Tg, but
Blend3 and Blend4 only exhibited a T, Thereductionon T,
value of the blends with the content of HBP2-g-PLA is an
indication that HBP2-g-PLA acts as plasticizing agent. XRD
analysis showed that for the TPS/PLA blends with HBP2-g-
PLA, the peak of PLA associated to o crystallinity reduced
its intensity. The rheological behavior of the Blend3 and
Blend4 was pseudoplastic. Furthermore, the flow behavior
of the control sample was more elastic than those of the TPS/
PLAblends with HBP2-g-PLA. The use of HBP2-g-PLA as
compatibilizer agent of the blends of TPS/PLA (50/50 wt%)
evidently changed rheological behavior of these blends.

We have demonstrated that HBP2-g-PLA can act as
plasticizing and compatibilizer agent for the TPS/PLA blends.
Conventional compatibilizer agents traditionally employed
for the compatibilization of TPS/PLA blends, act only as
compatibilizer agents. Furthermore the compatibilization
degree is usually low. Therefore, according to the results
obtained in this study, HBP2-g-PL A may be an alternative
for compatibility of TPS/PLA blends.
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