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ABSTRACT: Two maize flours (standard and waxy grades) were plasticized in an internal mixer with a constant amount of water and
two glycerol contents. The resulting thermoplastic flours (TPFs) were characterized in dynamic oscillatory shear and creep/recovery
rheometry. They displayed two different behaviors: the viscoelastic behavior of a high-molecular-weight polymer for the first one and
a gel-like behavior for the second one. The TPFs were then mixed with a copolyester [poly(butylene adipate—terephtalate)]. All of the
blends contained the same volume fractions and were prepared with the same mixing conditions. The morphology and rheological
behavior of each blend were characterized. Different morphologies, ranging from cocontinuous to nodular, were observed. In fixed
mixing conditions, the blend morphology was shown to be governed by the rheological behavior of the starchy phase and the plasti-
cizer content. The gel-like behavior of the second TPF seemed to prevent droplet coalescence; this led to a very fine dispersion. The
rheological behavior of each blend appeared to be linked to both the morphology and the rheological behavior of the two phases.
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INTRODUCTION

The development of polymer/thermoplastic starch (TPS) blends
has recently widely increased, mainly for packaging applica-
tions.'™ A part of these studies has focused on synthetic polymer
matrices, such as polyethylene (PE)*™'* or polyamide.'"'* How-
ever, the main part is devoted to bioplastics, such as poly(lactic
acid),"”™"” polycaprolactone,'®* poly(butylene adipate—terephta-
late) (PBAT),”™%® or other aliphatic polyesters.”‘3 % In some
cases, ternary systems have also been studied.'®* Applications in
areas such as films and bags require a fine dispersion of the
starchy phase in the polymer matrix with sizes much smaller than
the initial size of starch granules (5-20 pm). Indeed, the usual
thickness of plastic films is around 10 um. To reach this level of
dispersion, it is necessary to destroy the native starch structure,
either by fragmentation or by melting and dispersion. The second
method is the most used. In this case, thermomechanical process-
ing and plasticization of the starch phase is mandatory before it
can be mixed with the polymer matrix.

The morphology of a polymer blend depends on the rheological
properties of components (viscosity ratio and elasticity ratio),
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volume fractions, and interfacial tension. To reduce the inter-
facial tension, it is common to add compatibilizers.”' !> *?>*3

Starch is composed of two polymer chains (amylose and amylo-
pectin), which are both based on D-glucose units, and minor
components such as lipids and traces of minerals.>> Amylose is a
linear chain, whereas amylopectin has a highly branched struc-
ture. The rheological behavior of thermoplastic starches is more
complex than that of a classical polymer.**® It depends on the
starch botanical origins (more precisely, the ratio of amylose to
amylopectin), eventual chemical modifications such as esterifica-
tion, the amount and type of plasticizers, and the thermome-
chanical treatment undergone by the starchy phase during
processing. Starch thermal transitions and phase transformations
are also more complex than those of synthetic polymers. There
are two main types of crystallinity for native starch. Three
others, formed by amylose/lipid or amylose/glycerol complexes,
appear during cooling, after the destruction of the native crystal-
linity during the process®>*® and remain stable at high tempera-
tures. Therefore, to prevent parasitic crystallization problems, it
is common to plasticize starch in a first processing step and

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40222


http://www.materialsviews.com/

ARTICLE

then to mix it with the polymer phase without intermediate
cooling.

Flour contains proteins in addition to starch. Its use in place of
starch for preparing bioplastic blends is more rare. Therefore, the
aim of this study was to characterize the behavior of two different
thermoplastic flours (TPFs) during their mixing with a PBAT
matrix. TPFs and blends were prepared in an internal batch mixer.
The effect of the plasticizer amount was also studied through the
comparison of two formulations. For a better understanding of the
morphology and the rheological behavior of the blends, special
attention was paid to the rheological characterization of the TPFs.

EXPERIMENTAL

Materials

Two maize flour types were kindly provided by ULICE (Riom,
France): a waxy maize flour (which we called flour A) and a
standard maize flour (which we called flour B). They differed
essentially in their amylose/amylopectin ratio. The standard
grade (flour B) contained 70% amylose and 30% amylopectin,
whereas the waxy grade (flour A) only contained amylopectin.
In addition to starch, the flours also contained proteins, lipids,
and some minerals in small quantities (<1%).

Glycerol was chosen as a plasticizer. Two contents were selected:
15 and 30 wt %. These contents were based on the total weight
of the TPF formula: Glycerol + Water + Flour. Indeed, to facili-
tate processing, water was also added to reach a total water con-
tent of 20 wt % (including the water initially present in the
flour) for all formulations.

PBAT (kindly provided by ULICE) is a semicrystalline random
copolymer with a crystallinity around 10%. Its comonomer
units are butylene adipate and butylene terephthalate.

Processing

The TPFs and blends were processed with an internal mixer
(Haake Rheocord 600P, ThermoFischer, Karlsruhe, Germany).
Flour, water, and glycerol were initially mixed by hand and
allowed to rest under controlled humidity conditions for 24 h
before their introduction into the internal mixer. The mixing
parameters were kept constant for all of the experiments: chamber
temperature = 125°C, filling ratio = 70%, rotation speed =175
rpm, and mixing time = 8 min. After this treatment, part of the
flour was removed for further analysis, and the remaining part
was blended with PBAT under the same mixing conditions. The
PBAT/TPF weight ratio was kept constant, with PBAT forming
the major phase. The exact PBAT/TPF ratio could not be indi-
cated for confidentiality reasons, but it was in the range 60-80 wt
% for the PBAT phase and 4020 wt % for the TPFs.

For sake of simplicity, the TPF with flour A and 30 wt % glyc-
erol content is denoted as TPF A30, and the corresponding
PBAT/TPF blend is called A30 blend. Similar notations are used
for the other products i.e. TPF Al5, TPF B15, TPF B30, Al5
blend, B15 blend and B30 blend.

Characterization
The TPF samples were quenched in liquid nitrogen, and cryo-
fractures were observed by scanning electron microscopy (SEM)
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with a Philips XL30 ESEM with an accelerating voltage of
15 keV in backscattered-electron mode. These pictures, made
under a low vacuum (0.1-1 mPa), were used to characterize the
starch plasticization state.

The cryofractured TPF/PBAT blend surfaces were treated to dis-
solve either the starchy phase or the PBAT phase: attack in 1N
sulfuric acid for 3 h under magnetic stirring to dissolve the starchy
phase or dissolution of the PBAT phase in a 50/50 acetonitrile—
chloroform mixture for 3 h at 50°C followed by centrifugation to
collect the starchy phase. The samples were then metallized by vac-
uum plasma deposition of Au—Pd alloys before SEM observations.

The dynamic rheological behavior of the PBAT, TPF, and blends
was characterized on a strain-controlled rheometer (ARES, TA
Instruments). The measurements were carried out with parallel
plates 25 mm in diameter and with a 1.5 mm gap. The samples
were obtained by compression molding for 10 min at 20 MPa
and 150°C, followed by cooling under pressure. The sample
edges were coated with a thin film of silicone oil to limit water
loss during the measurements. Striated plates were used to pre-
vent wall slippage.

Creep/recovery measurements with a stress-controlled rheome-
ter (Stresstech, Reologica) were also performed with the same
protocol.

RESULTS

TPF Characterization

The specific mechanical energy (SME) provided during the TPF
plasticization process was calculated from the time integration of
the mixer torque. The SME values and final product tempera-
tures are reported in Table I for the different TPFs (with the
same mixing conditions). The SME values were different for the
two flours and mainly depended on the plasticizer amount. The
SME value for the TPF with the lowest glycerol content (15 wt
%) was indeed three times larger than the one with the highest
content (30 wt %). This was valid for both flour types. The SME
values for the standard flour grade TPF B were in all cases higher
than those for the waxy flour grade TPF A; this indicated a more
viscous material. This higher viscosity also led to a higher over-
heating: compared to the chamber temperature (125°C), product
temperatures up to 152°C were reached in TPF B15 after 8 min
compared to those of 130-132°C for all other samples. The SEM
pictures (not shown here) indicated that the presence of residual
granules (or fragments) was fairly low for both flours, even
though TPF B showed a few more residual particles.

Before characterizing the TPF rheological behavior, we evaluated
their thermal stability with time sweep tests at 1 rad/s and

Table I. SME During TPF Processing and Final Product Temperatures

Glycerol
15 wt % 30 wt %
Flour A 111 kWh/t, 132°C 38 kWh/t, 130°C
Flour B 228 kWhft, 152°C 67 kWh/t, 132°C
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Figure 1. (a) Thermal stability (G as a function of time at 1 rad/s

and 1% strain) and (b) linear domain (G as a function of the strain at
1 rad/s) for the two TPFs at 150°C with two plasticizer contents.

150°C in the linear viscoelastic domain (1% strain). As shown
in Figure 1(a), the TPF storage modulus (G) increased with
time, even though TPF B was more stable than TPF A. As
expected from the torque measurements in the mixer, TPF B
(standard grade) was more viscous than TPF A (waxy grade).
The time evolution could have been due to a loss of plasticizer
during the measurements. To check this point, the mass losses
were measured after 48 h at 130°C on samples taken just after
mixing and then after 1 h at 150°C in the rheometer. As shown
in Table II, the mass losses varied from 8 to 23% after mixing
and from 3 to 18% after the rheological measurements. This
confirmed that despite the silicon oil, part of the volatiles
evaporated during these measurements. Complementary meas-
urements of the glycerol content (performed at Ecole Nationale
Supérieure de Chimie de Clermont-Ferrand France) showed
that the mass losses were mainly due to water for temperatures

Table II. Weight Loss During 48 h at 130°C for Samples Before and After
Thermal Stability Testing at 150°C

Mass loss (%)

TPF A15 TPF B15 TPF A30 TPF B30
Before 13.6 7.9 22.8 22.0
After 31 53 8.0 17.8
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below 200°C. Consequently, we considered that the measured
losses corresponded to the amount of water present in the sam-
ples at the beginning and at the end of the thermal stability
tests. This means that around 3-4 wt % of the water was evapo-
rated for TPF B in comparison with 12-15 wt % of the water
for TPF A. The greater stability of TPF B15 was thus probably
due to its low water content after processing (Table II). Even
though an equivalent water amount was initially introduced in
flours A and B, TPF B15 was subjected to a much larger over-
heating than TPF A1l5 (see Table I), and this led to a higher
water loss. In the case of 30 wt % glycerol content, the over-
heating was low and similar for both flours, and this resulted in
similar water losses. However, TPF A30 lost much more water
during the rheological test; this indicated that water appeared to
be less bonded to the standard flour grade A than to the waxy
flour grade B at the same temperature.

The linear viscoelastic domain was determined for the different
samples [Figure 1(b)]. It was different for each TPE. The linear
domain was much smaller for TPF B than for TPF A. Moreover,
whatever the flour, it decreased when the glycerol content was
increased. The critical strains were 1.6, 4.1, 22.2, and more than
100% for TPF B30, TPF B15, TPF A30, and TPF Al5, respec-
tively. This difference could be explained by the difference in
the rheological behavior between the two TPFs.

Figure 2 presents the viscoelastic data [G, loss modulus (G"),
and complex viscosity (17*) vs frequency] for TPF A30 and TPF
B30 at 150°C (similar results were obtained for the TPFs with
15 wt % glycerol but with higher values). TPF A30 showed a
quasi-superposition of both modules over several decades; this
was characteristic of a polymer melt of very high molecular
weight with a branched structure.*"** This behavior was con-
sistent with the composition of the waxy flour (100% amylo-
pectin). n* obeyed a power law with an index of 0.46.
Conversely, TPF B30 exhibited a gel-like behavior with G
higher than G” over the whole range of frequencies, with both
moduli being quite independent of frequency. n* also obeyed a
power law but with a very low index, close to 0.06; this con-
firmed the plastic-like behavior of TPF B30. Such rheological
behaviors have already been reported for TPS with similar amy-
lose/amylopectin ratios.”**’

To complete the rheological characterization, creep experiments
were carried out at 150°C (at 100 Pa during 480 s), and this
was followed by recovery [Figure 3(a)]. TPF A30 showed a cer-
tain deformation during creep, which was proportional to time
like for a viscoelastic fluid. However, the recovery seemed non-
existent. Conversely, TPF B30 was much more difficult to
deform: under the same stress, the strain after 480 s was only
0.017 compared to 265 for TPF A30. However, by imposing a
stress ramp between 0.1 and 50 Pa, we observed, as shown in
Figure 3(b), that TPF B30 was effectively deformed but to a
smaller extent and only above a yield stress of around 1 Pa.

The n* values of the different formulations are compared in
Figure 4. As already seen, flour B led to a more viscous TPF
than flour A, and, for both materials, the viscosity decreased
with increasing glycerol content. All of the curves could be fit-
ted by power laws, with indices of 0.41, 0.46, 0.16, and 0.06 for
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Figure 2. Viscoelastic moduli (G, G”) and »* of TPF with 30 wt % glyc-

erol as functions of the frequency at 150°C and 1% strain: (a) TPF A30

and (b) TPF B30.
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TPF A15, TPF A30, TPF B15, and TPF B30, respectively. The
low power law index values for TPF B were coherent with the
existence of a yield stress, as observed previously. The viscosity
of the PBAT, which was used to prepare the blends discussed in
the next section, is also indicated on the same figure for the
sake of comparison. The PBAT viscosity was lower than that of
both TPFs with 15 wt % glycerol. In the case of 30 wt % glyc-
erol, depending on the frequency, the viscosity of PBAT was
higher than those of both TPFs or between those of TPF B30
and TPF A30. We therefore expect to obtain different morphol-
ogies for the blends, depending on the glycerol content.

TPF/PBAT Blend Characterization

As for TPE, the SME provided to the blends during mixing, and
the final product temperatures were recorded. The results are
presented in Table III. In PBAT, which had a melting tempera-
ture that extended from 110 to 130°C, the starch phase under-
went significant shear stresses at the beginning of mixing, and
overheating was important. For a chamber temperature of
125°C, the final temperature of the blend reached 142-173°C.
This temperature increase was slightly higher for blends with
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Figure 3. (a) Creep-recovery tests and (b) creep in stress steps for TPF
A30 and TPF B30 at 150°C.

TPF B and more limited at a high glycerol content. The SME
was generally high, between 170 and 563 kWh/t. The values
were more important for blends based on TPF B and on the
TPFs with low glycerol contents.
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Figure 4. #* as a function of the frequency at 150°C and 1% strain: (O)
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Table III. SME During TPF/PBAT Mixing and Final Product
Temperatures

Glycerol in TPF

15 wt % 30 wt %

461 kWh/t, 169°C 170 kWh/t, 142°C
563 kWh/t, 173°C 398 kWh/t, 164°C

TPF A/PBAT blend
TPF B/PBAT blend

TPF/PBAT Blend Morphology. The PBAT/TPF blend morphol-
ogies were analyzed by SEM. Pictures for Al5, A30, B15, and
B30 blends are shown in Figures 5 and 6. A great diversity of
both morphology and starchy phase size was observed. The
blends realized with TPF A showed a relatively coarse morphol-
ogy, with a nodular morphology for the A15 blend [spheres of
several tens of micrometers, Figure 5(a,b)] and a cocontinuous
one for the A30 blend [Figure 5(c,d)]. The cocontinuity of the
A30 blend was more apparent, as shown in Figure 5(c), after
dissolution of the starchy phase. Indeed, the starchy phase after
PBAT extraction did not appear as continuous because it was
very brittle. Nevertheless, the very large size of the starchy
domains tended to confirm this assumption. Contrary to what
could be expected from the rheological behavior, blends made
with TPF B showed a much finer morphology with a nodular

WILEYONLINELIBRARY.COM/APP

Applied Polymer

CIENCE

starchy phase (Figure 6). The nodules had a nice spherical
shape. The average values of the nodule dimensions measured
by image analysis are summarized in Table IV.

TPF/PBAT Blend Rheological Behavior. The thermal stability
of the different TPF/PBAT blends was evaluated with time
sweep tests at 1 rad/s and 150°C in the linear domain [1%
strain; Figure 7(a)]. The presence of the PBAT matrix improved
the thermal stability of the blend compared to TPF alone [Fig-
ure 1(a)]. However, it did not fully prevent water evaporation
during the test. The blends based on TPF B were more stable,
as was already noticed for the TPF B alone.

The linear viscoelastic domain was determined for all of the
blends [Figure 7(b)]. It was almost the same for the different
blends; the critical strain was around 10%, and it did not
depend on the TPF type or glycerol content.

The linear viscoelastic behavior (G, G’, and 5* vs frequency) of
the different blends is shown in Figure 8. Blend B15 presented
classical viscoelastic behavior, with G’ larger than G in the inves-
tigated range, a Newtonian plateau at a low frequency and a
shear-thinning behavior at higher frequency. Blends A15 and A30
behaved similarly, with G’ larger than G over the entire fre-
quency range and a more pronounced shear-thinning behavior.
The A15 blend tended to show at low frequency an onset of the
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Figure 5. SEM micrographs of the A15 blend after the extraction of (a) the starchy phase and (b) PBAT and the A30 blend after the extraction of (c)

the starchy phase and (d) PBAT.
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Figure 6. SEM micrographs of the B15 blend after the extraction of (a) the starchy phase and (b) PBAT and the B30 blend after the extraction of (c) the

starchy phase and (d) PBAT.

G plateau; this was associated with a low yield stress. The B30
blend depicted a different behavior, with G’ quite superimposed
with G’ over the investigated frequency range. The interpretation
of these results, according to the behavior of the components and
the blend morphology, is discussed in the next paragraph.

DISCUSSION

TPF/PBAT Blend Morphology

For a nodular morphology, the particle size is usually defined
by the critical capillary number, which is a function of the ratio
between the viscosity of the dispersed phase (Etad) and the one
of the matrix (Etam).*~* Different expressions can be found in
the literature, for simple (shear, elongation) or complex (extru-

Table IV. Blend Morphology and Medium Size (Length and Width) of the
TPF Nodules

Blend Morphology Length (um) Width (um)
A15 Nodular 21 12
A30 Cocontinuous 39 17
B15 Nodular 3.4 1.8
B30 Nodular 1.5 0.8
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sion) flow situations. For example, Wu*® proposed the following
empirical equation in the case of blends prepared by extrusion:

20 +0.84
D=2 (1) M
NV \Mm

where D is the droplet diameter, ¢ is the interfacial tension, and
7 is the shear rate. The exponent is positive for 14/1,,>1 and
negative for #4/1,,<1. The nunm ratio must be calculated at
the shear rate and product melt temperature corresponding to
the processing conditions. This empirical model was established
for blends of immiscible thermoplastic polymers. It considers
that the droplet size results from an equilibrium between the
interfacial stress and the shear stress and takes into account the
effect of the viscosity ratio. It does not consider any effect of
the components’ elasticity on the blend morphology. Therefore,
our purpose in the following was just to check whether the sim-
ple consideration of the viscosity ratio and the shear stress was
enough to explain the variation in droplet size of the TPF/
PBAT blends. In the internal mixer, the shear rate could be esti-
mated from the rotor speed according to the methodology orig-
inally proposed by Bousmina et al.*>*’ At 175 rpm, the average
shear rate was around 100 s '. Accordingly, the viscosity ratios
were equal to 0.2 and 0.4 for the A30 and B30 blends and 1.5
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and 1% strain) and (b) linear domain (G as a function of the strain at 1
rad/s) for the TPF/PBAT blends at 150°C.
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and 3.0 for the A15 and B15 blends. If we assume that the nod-
ule size follows eq. (1), the smallest size should be obtained for
the A15 blend, the largest one should be obtained for the A30
blend, and similar values should be obtained for the B15 and
B30 ones. As shown in Table IV, that was not really the case.
This means that the viscosity ratio alone could not explain the
size variations of the starchy phase. In addition to possible dif-
ferences in the interfacial tension, the difference in the rheologi-
cal behavior of the TPF phase was also at the origin of this size
difference. Indeed, unlike TPF A, TPF B showed a gel-like
behavior with a very short linear domain. This TPF was more
elastic and could be deformed only under a high shear stress
[Figure 3(b)]. Similar studies with modified highly elastic
starches mixed with PE® or polycaprolactone®' indicated that
the deformed starch particles formed very stable fibrils because
of their high elasticity. The gel-like behavior of TPF B could
have also led to greater difficulties for particles to coalesce.
Thus, this absence of coalescence explained the small nodule
size observed in these blends, with deformation and rupture
being the only possible mechanisms. In the case of TPF A, the
coalescence of the droplets was at the origin of the coarser
observed morphologies. The evolution from a nodular mor-
phology to a fibrillar one with increasing glycerol content was
already demonstrated in PE/starch blends by Rodriguez-
Gonzales et al.® and was explained by the viscosity ratio. In the
case of TPF A, the drop in the viscosity ratio with increasing
glycerol content explained the formation of a more elongated
dispersed phase, which was favorable for the formation of a
cocontinuous morphology, as shown in Figure 5(c).*®
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TPF/PBAT Blend Rheological Behavior

The rheological behavior of each blend at 150°C is compared to
that of its respective components (PBAT and TPF) in Figure 9
(7*) and Figure 10 (G).

With a blend of two immiscible polymers and with the applica-
tion of a simple mixing rule without interfacial tension (e.g.,
the model of Kerner®), one expects that the modulus or the
viscosity should lie between those of the components. The
droplet interface (characterized by a specific time relaxation)
should give rise to an additional viscoelastic contribution, char-
acterized by a shoulder on the G curve at intermediate fre-
quency, which could be predicted by the model of Palierne.”.

The B15 blend G and viscosity curves tended to follow the
tendency of a mixing rule; the B15 blend curves followed the
PBAT ones but shifted to higher values. The B30 blend also fol-
lowed the matrix behavior but with a pronounced departure at
a low frequency. The Al5 blend followed more closely the
behavior of TPF A15 than that of PBAT but with values inferior
to the ones of both components. This was similar for the A30
blend, which exhibited a cocontinuous morphology.
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An attempt was made to interpret the B15 blend data with clas-
sical blend models (Kerner and Palierne). The droplet size was
taken to have a 1 um radius (as observed by SEM), and for the
Palierne model, the interfacial tension was varied in the usual
range, that is, between 1 and 15 mN/m. The experimental
curves for the blend B15 [Figure 11(a)] were globally fitted by
the two models. However, the calculations did not show any
difference between the simple mixing rule and the Palierne
model, whatever the range of droplet size and interfacial ten-
sion. Because of the high viscosity and elasticity of TPF B15 rel-
ative to those of PBAT, the inclusions did not seem to be
deformed during the solicitation. For this reason, the B15 blend
was considered as a suspension. A suspension model, such as
the Krieger—-Dougherty model, for example, predicts that the
suspension Newtonian viscosity is equal to that of the matrix
multiplied by a constant factor depending on the volume frac-
tion and close packing fraction. The viscosity curve of the sus-
pension should thus be parallel to that of the matrix in a log—
log representation. This effectively corresponded to the behavior
of the B15 blend, as shown in Figure 9(b). As shown in Figure
11(b), this behavior could be nicely described by the simple
Einstein equation.

The B30 blend [Figures 9(d) and 10(d)] showed a similar rheo-
logical response, except at low frequency with the presence of
an onset of a G plateau; this indicated the existence of a melt
yield stress. This indicated that interactions between particles
were eventually favored compared to B15 by the smaller parti-
cle size. This also confirmed that these blends behaved more

like suspensions with a solid TPF phase than like classical
blends.

The A15 and A30 blends displayed behavior closer to that of the
TPFs. For these materials, the TPF viscosity was closer or even
lower than that of PBAT. The morphology was nodular with large
nodules (the A15 blend) or cocontinuous (the A30 blend). Conse-
quently, the influence of the TPF phase was more pronounced.

Anyway, it seems very difficult to propose clear explanations for
these various results: the behavior of the components, together
with the blend morphology, did not allow a correct interpreta-
tion. Moreover, it is worth pointing out that the evolution of
the volume fraction of the TPS phase via the evaporation of
plasticizer during the mixing process could not be neglected.

CONCLUSIONS

We studied the behavior of two flours plasticized with two glyc-
erol contents in an internal mixer and then blended them with
a PBAT matrix under identical conditions. The rheological study
of the TPFs highlighted two different behaviors. In the case of
the waxy-grade flour, we observed the behavior of a high
molecular weight viscoelastic polymer, and in the case of the
standard grade flour, we observed a gel-like behavior. In all
cases, the glycerol content only modified the viscosity level. The
water content, which decreased considerably during mixing, also
influenced the TPF viscosity.

The study showed that the TPF rheological behavior governed
the blends’ morphologies and their rheological behavior. The

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.40222
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TPF rheological behavior was governed by the flour nature, that
is, the amylose/amylopectin ratio and the plasticizer content, in
a similar way as that for TPS. According to the amylose/amylo-
pectin ratio and plasticizer content, different morphologies and
sizes of the starchy phase were obtained. The glycerol content
modified the viscosity ratio between the TPF and PBAT matrix
and, thus, the ability of the TPF particles (or droplets) to
deform and break or to coalesce to form a cocontinuous phase.
The development of a cocontinuous structure appeared to be
due to the behavior, size, and shape of the particles rather than
the viscosity ratio of the two phases. Indeed, a gel-like behavior
of the dispersed phase seemed to prevent the coalescence of
droplets or fibrils and allowed for much finer structures.
Through the selection of the flour type, plasticizer amount, and
mixing conditions (not presented here), it is thus possible to
obtain blends with a wide variety of morphologies and rheologi-
cal properties; this will lead to final products with various possi-
ble applications. The use of TPF in bioplastic blends may
constitute interesting alternatives to TPS with an economic inter-
est. Flour is less expensive than starch because of its simpler pro-
cess of obtention.
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