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Abstract Films of poly(vinylidene fluoride), PVDF, and
poly(vinylidene fluoride — trifluoroethylene), P(VDF-TrFE),
containing corn starch and latex of natural rubber as
additives were produced by compressing/annealing form-
ing blends visioning applications as biomaterials. There-
fore, considering the possible applications of these blends,
a basic characterization has been carried out targeting to
infer on their thermomechanical properties. The polymer
films (PVDF and P(VDF-TrFE)) with different percentage
of additives were characterized using scanning electron
microscopy (SEM), Fourier transform infrared spectros-
copy (FTIR), thermogravimetry (TG), differential scanning
calorimetry (DSC), and dynamical-mechanical analysis
(DMA). The compressing/annealing process allowed dis-
carding the necessity of using the solvents to dissolve
either PVDF or P(VDF-TrFE), which are usually toxic to
human. The results showed that the polymers do not
interact chemically with the additives with the blends
showing high thermal stability and elasticity modulus at the
same order of magnitude of the bone, for instance. The
SEM imaged revealed that the blends present morpholog-
ical structures of typical physical mixtures where each
material can be identified within the blends.
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Introduction

Polymeric blends have been studied for making possible
significant modifications in the traditional properties of
synthetic polymers [1, 2]. For instance, the poly(vinylidene
fluoride), PVDF, and its copolymer poly(vinylidene fluor-
ide-trifluoroethylene), P(VDF-TrFE), attract scientific and
technological interest due to their mechanical and electrical
properties where the piezoelectricity makes them a trans-
ducer in several application [3-5].

The PVDF crystalline phases are known as o (non-
polar), 5 (polar), y (polar), and ¢ (o polar). The o phase is
the most common, since the material normally is crystal-
lized in this phase while the f§ phase is usually the most
desirable due to its pyre and piezoelectric properties [6].
However, the crystallization of the PVDF in the f phase
does not occur directly, in normal conditions, from the
melted material [6, 7]. More recently, the PVDF as a
biocompatible material has been investigated in monofila-
ment vascular suture, fabrication of mechanically active
tissue engineering scaffolds, bony restoration and bony
filling, substrates to enhance nerve-fiber outgrowth invitro,
and enzyme immobilization [8—13].

The P(VDF-TrFE) that can be synthesized with different
TrFE molar ratios is crystallized directly in the ferroelectric
phase, which is polar and similar to the f§ phase of PVDF,
and the degree of crystallinity depends on the thermal
treatment [14, 15]. Besides, its phase transition from fer-
roelectric to paraelectric occurs below the melting point
and, due to polar nature of the material, also presents
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polarization of 2nd order, therefore, non-linear optical
properties [16]. In terms of application as biomaterial, the
P(VDF-TrFE) has been investigated as a bioactive material
for enhancing bone regeneration and vascular prostheses
[10, 17, 18].

The natural rubber latex (NR) obtained from the Hevea
brasiliensis trees [19] is essentially composed by poly cis-
1,4-isoprene, besides proteins, amino acids, carbohydrates,
lipids, and nucleic acids [19, 20]. It presents interesting
properties such as elasticity, abrasion resistance, electrical
insulating, and impermeability to gases and liquids [20].
More recently, its biological activity as angiogenesis
inducer has been investigated [21-23]. Corn starch is a
polysaccharide of glucose, insoluble in cold water; but
capable to hold water, being constituted by two types of
polymeric chains: amylose, which is linear, and amylo-
pectin, which is branched [24, 25]. Its viscoelastic prop-
erties under physiological conditions and substrate for bone
cells or proteins have been studied [26, 27].

In this work, the main goal is to study the thermome-
chanical properties of blends containing PVDF or P(VDF-
TrFE) with corn starch and NR as additives whose
molecular structures are given in Fig. 1. The materials are
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Fig. 1 Molecular structures of a PVDF mere unit, b P(VDF-TrFE)
mere unit, ¢ poly cis-1,4-isoprene segment, and d amylose and
amylopectin segments

processed by compressing under annealing until reaching
the melting point of the polymeric matrix to form films
targeting to exploit them as biomaterials. This process is
chosen to avoid using any kind of solvents, which are
usually toxics to human, while the NR presents elastomeric
properties that allow one to tune the thermomechanical
properties of the blends and the starch can be absorbed by
the human body forming porous, besides both additives are
biocompatible and biodegradable materials.

Experimental procedure

The PVDF Florafon F4000 HD was purchased from Ato-
chem in the form of pellets and grounded in a cryogenic
grinder producing a powder with particles of ca. 30 um in
diameter. The copolymer P(VDF-TrFE) 72/28 wt% was
purchased from Piezotech in the powder form. The latex of
NR, collected from different trees of Hevea brasiliensis,
clones RRIM-600 (RRIM—Rubber Research Institute of
Malaysia), was supplied by Prof. Dr. A. E. Job. The sta-
bilization of the latex was made using a commercial
solution of NH,OH (4.7 mL of NH,OH for 100 mL of
latex). The corn starch was supplied by Prof. Dr. A. J. F.
Carvalho. Nine samples were produced mixing the polymer
(PVDF or P(VDF-TrFE)) with the additive (NR or starch or
both). Table 1 presents the amount of each material used
and their mass % in relation to the blend total mass. In the
case of NR the % is calculated taking into account that the
latex used contains ca 40% in mass of NR (called dry
rubber as well) determined by TG [28]. Both binary and
ternary blends were produced.

The mixing between the polymer and the additive is
carried out manually during ca 20 min using a pestle. Then,
the polymer/additive mixture obtained is placed in an
aluminum frame leading to the fabrication of films with
thickness of 0.4 mm. The compression of this system was
made in a hydraulic press Forte Charlott, which is coupled

Table 1 Mass % of each material in relation to the blend total mass and the names to specify each sample

Film compositions

% in mass of each material in relation to the total mass of the blend Film names

PVDF

P(VDF-TrFE)

Natural rubber latex

2.0 g PVDF/1.0 g starch

2.0 g P(VDF-TrFE)/1.0 g starch

2.0 g PVDF/1.0 mL latex

2.0 g P(VDF-TrFE)/1.0 mL latex

3.0 g PVDF/1.0 g starch/1.0 mL latex

66.6% PVDF/33.3% starch

66.6% P(VDF-TrFE)/33.3% starch

83.7% PVDF/16.3% NR

83.7% P(VDF-TrFE)/16.3% NR

61.2% PVDF/29.2% starch/9.6% NR

3.0 g P(VDF-TrFE)/1.0 g starch/1.0 mL latex 61.2% P(VDF-TtFE)/29.2% starch/9.6% NR

PVDF
P(VDF-TrFE)

NR

PVDF/starch
P(VDF-TrFE)/starch
PVDF/NR
P(VDF-TrFE)/NR
PVDF/starch/NR

P(VDF-TrFE)/starch/
NR
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Table 2 Static and dynamic forces for DMA curves of the three point
model

Materials Static force/mN Dynamic force/mN
PVDF 480 400
P(VDF-TrFE) 400 350
NR 10 7
PVDF/starch 360 300
P(VDEF-TrFE)/starch 600 500
PVDF/NR 240 200
P(VDF-TrFE)/NR 360 300
PVDF/starch/NR 360 300
P(VDF-TrFE)/starch/NR 360 300

to a temperature controller Contempcom model PXV. In
the case of PVDF blends the temperature was 180 °C and
in the case of P(VDF-TrFE) blends the temperature was
165 °C, which were chosen to ensure a complete melting of
the polymers.

The SEM images were recorded using a JEOL equip-
ment model JSM-820 (3 and 20 kV). Samples were frac-
tured at low temperatures and coated with gold before SEM
characterization. FTIR measurements were carried out in a
Bruker spectrometer model Tensor 27 using the ATR mode
(not polarized), 64 scans, and 4 cm™" spectral resolution.
The thermogravimetry (TG) was carried out using a Met-
tler TGA/SDTA 851° equipment for samples with ca.
12.0 mg from 50 to 850 °C at 10 °C min~' in N, atmo-
sphere and from 850 to 950 °C in air. Differential scanning
calorimetry (DSC) was performed using a Mettler DSC30
equipment for samples with ca. 5.0 mg from —120 to
200 °C at 10°C min~' and using N,. Dynamical
mechanical analysis (DMA) was performed in three point
bending using a Perkin Elmer DMA’ from —40 to 150 °C
at 5°C min~', frequency of 1 Hz, and using N,. The
sample size was 5.0 mm x 20.0 mm and thickness of
0.4 mm. The static and dynamic forces are given in
Table 2. All the experiments were performed at very low
static and dynamic strains (<1%). The DMA measurements
were repeated at least three times for all the films. The
results presented are the average of all curves.

Results and discussion
Infrared absorption (FTIR)

The FTIR technique was applied with both targets to
determine the crystalline phase of the polymers in the films
and to investigate the nature of the interaction polymer/
additive. Figure 2 shows the FTIR spectra recorded for
the films of PVDF, PVDF/NR, PVDEF/starch, and NR and
the starch powder while Fig. 3 shows the FTIR spectra
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Fig. 2 FTIR spectra starch powder and films of PVDF, NR, PVDF/
starch, and PVDF/NR
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Fig. 3 FTIR spectra of starch powder and films of P(VDF-TrFE),
NR, P(VDF-TrFE)/starch, and P(VDE-TrFE)/NR

recorded for the films of P(VDF-TrFE), P(VDF-TrFE)/NR,
P(VDF-TrFE)/starch, and NR and starch powder. The
PVDF FTIR spectrum in Fig. 2 shows that the PVDF is in
the o phase with the main bands given in Table 3 [29] and
the P(VDF-TrFE) FTIR spectrum in Fig. 3 shows that the
P(VDF-TrFE) is in the ferroelectric phase with the main
bands presented in Table 3 [30]. Besides, the FTIR spectra
of the films containing PVDF/NR and PVDF/starch in
Fig. 2 and P(VDF-TrFE)/NR and P(VDF-TrFE)/starch in
Fig. 3 are totally dominated by the polymers. This indicates
that there is not a strong chemical interaction polymer/
additive, modifying the chemical nature of a significant
amount of the system. If that was the case, then the FTIR
spectra of the blends should present significant changes
such as new band(s), displacement in frequency and/or
variation in the relative intensity of the band(s) involved in
the chemical interaction [31]. Therefore, the properties of
the bends will depend on the interfacial adhesion or com-
patibility between phases. This has been analyzed by using
SEM in the next section.
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Table 3 FTIR bands in cm™" and assignments for the films of PVDF
and P(VDF-TtFE)

PVDF P(VDF-TtFE)

Band/cm™'  Assignments Band/cm™'  Assignments

612 CF, 0; CCC o 840 CF, vg; CC v,

762 CF, ¢; CCC ¢ 878 CH; r; CF; vy CFy 1
870 CCv; CCCo 1168 CF, v,; CEy r

1179 CF, v,; CH, w 1285 CH, v,; CC v, CCC 6
1381 CH, 0; CH, w 1399 CH, w; CC vy

v, Symmetric stretching, v, antisymmetric stretching, ¢ scissoring, w
wagging, r rocking

Scanning electron microscopy (SEM)

The morphology of the blends forming compressed films
was investigated through SEM. Figure 4a—f show the SEM
images with different magnification of the transversal
section (across the volume) of compressed films formed
either by blends (PVDF/starch (4a), P(VDF-TrFE)/starch
(4b), PVDF/NR (4c), P(VDF-TrFE)/NR (4d), PVDF/
starch/NR (4e), and P(VDF-TrFE)/starch/NR (4f)). The
compressed films of the blends present morphological
structures of a typically physical mixture where the struc-
ture of each material can be identified when in the blend.
Comparing the morphology of the blends PVDF/starch and
P(VDF-TrFE)/starch, Fig. 4a and b, it can be inferred that a
better physical adhesion occurs for the film P(VDF-TrFE)/
starch, which must be related to the polarity introduced by
the trifluoroethylene groups.

Comparing the morphology of the blends PVDF/NR and
P(VDF-TrFE)/NR, Fig. 4c and d, it is observed that both
phases can be distinguished with the NR presenting
domains of around 20 microns and a good compatibility
with both polymers. However, a good physical adhesion is
seen for both blends. In Fig. 4e and f are presented the
SEM images of the blends PVDF/starch/NR and P(VDF-
TrFE)/starch/NR. Curiously, the starch particles, that are
well defined in the blends with PVDF and P(VDF-TrFE),
are barely observed when the NR is present (Fig. 4e shows
a spot hardly found, where the starch particle can be
observed). Since the starch is not soluble in the NR at the
conditions worked here, the particles might be involved by
the NR. Therefore, it seems that the NR phase is acting as a
compatibilizer between PVDF and starch, improving the
interfacial adhesion between phases.

Thermogravimetry (TG)
The measurements of TG were carried out with the

objective to verify the thermal stability of the films, since
to be applied as biomaterials it is necessary to be highly
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Fig. 4 SEM of the transversal section for the blends forming
compressed films containing a PVDF/starch; b P(VDF-TrFE)/starch;
¢ PVDF/NR; d P(VDF-TrFE)/NR; e PVDF/starch/NR, and f P(VDF-
TrFE)/starch/NR

steady not only in the temperature of the human body, but
mainly in higher intervals of temperature, which involve
sterilization processes. Figures 5, 6, and 7 show the curves
of TG recorded with 10 °C min~" for the starch powder
and for the films of PVDF, P(VDF-TrFE), NR, PVDF/
starch, P(VDF-TrFE)/starch, PVDF/NR, P(VDF-TrFE)/
NR, PVDF/starch/NR, P(VDF-TrFE)/starch/NR. The DTG
curves are given in the insets of Figs. 5, 6, and 7.

A good thermal stability can be observed for PVDF,
P(VDF-TrFE), starch, NR, and the respective blends as
well [20, 28, 32]. The thermal degradation due to annealing
process under nitrogen atmosphere starts at ca. 450 °C for
both PVDF and P(VDF-TrFE) films, at 300 °C for starch,
and at 200 °C for NR. In the case of the blends it starts at
ca. 300 °C for PVDF/starch, P(VDE-TrFE)/starch, PVDF/
starch/NR, and P(VDF-TrFE)/starch/NR, and at ca. 360 °C
for NR/PVDF. These results indicate that all the blends are
suitable materials in terms of the application desired con-
sidering the physical and chemical stabilities with tem-
perature. In general way, with exception of the losses of
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Fig. 5 TG curves for the starch powder and films of PVDF, P(VDF-
TrFE), PVDF/starch, and P(VDF-TrFE)/starch. The inset shows the
DTG curves
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Fig. 6 TG curves for the films of PVDF, P(VDF-TrFE), NR, PVDF/
NR, and P(VDF-TrFE)/NR. The inset shows the DTG curves

humidity, about 9% for the starch and 5% for the NR, the
TG curves for the neat materials (starch, PVDF, P(VDF-
TrFE), and NR) presented only one inflection related to the
mass loss being ca. 74% for the starch, 67% for the PVDF,
91% for P(VDF-TrFE), and 95% for the NR with a residual
mass around 17% for the starch, 33% for the PVDF, and
9% for the P(VDF-TrFE).

The TG curve for the films of PVDF/starch in Fig. 5
presents a residual mass of ca. 23%, being 20% related to
PVDF and 3% to starch, and three inflections related to the
mass loss. The first inflection at 150 °C corresponds to
approximately 2% and is attributed to the humidity in the
starch. The second inflection at ca. 300 °C corresponds to
approximately 21% and is assigned to the degradation of
the starch and the third inflection around 400 °C and mass
loss of ca. 44% is attributed to the PVDF. The TG curve for

DTG

=—=PVDF

2 P(VDF-TrFE)
-
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Fig. 7 TG for the starch powder and films of PVDF, P(VDF-TrFE),
NR, PVDF/starch/NR, and P(VDF-TrFE)/starch/NR. The inset shows
the DTG curves

P(VDEF-TrFE)/starch is similar to those of the blend PVDF/
starch, where at ca. 300 °C there is a mass loss around 25%
(starch) and at ca. 400 °C there is a mass loss of approxi-
mately 42% (P(VDF-TrFE)) with a residual mass of ca.
23%.

The TG curves for the films of PVDF/NR and P(VDEF-
TrFE)/NR in Fig. 6 are very similar showing a residual
mass of approximately 33%. They also present two small
inflections related to the mass loss of the polymers. The
first inflection around 380 °C with a mass loss of ca. 15% is
related to the burning of the NR while the second inflection
around 440 °C with a mass loss of ca. 50% is attributed to
the thermal degradation of the polymeric matrix, that is,
PVDF or P(VDF-TtFE).

The TG curves for the films of PVDF/starch/NR and
P(VDF-TrFE)/starch/NR given in Fig. 7, besides present-
ing a residual mass of approximately 25%, four inflections
related to the mass loss are observed. The first one at ca.
150 °C of approximately 6% is attributed to the humidity
of the starch. The second at ca. 300 °C and mass loss
around 13% corresponds to the thermal degradation of the
starch. The third at ca. 350 °C and 7% of mass loss is
related to the burning of the NR while the fourth around
400 °C and mass loss of ca. 44% is assigned to the poly-
meric matrix (PVDF or P(VDF-TrFE)).

It is observed for all the blends a significant % of
residual mass even at high temperatures (900 °C). In
general, the PVDF residual mass is very dependent on
the processing methods. The presence of additives
introduced during commercial polymer processing, such
as lubricants and plasticizers, or the presence of solvent
molecules and/or radicals remaining in the samples pre-
pared in the labs, and reactions of the macromolecules
with small molecules and/or radicals that exist in the
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polymer are responsible for high values of residual mass
[33]. Particularly, in the case of PVDF used in this work,
it presents intrinsically a high % of residual mass inde-
pendent of how the samples were prepared in the lab.
For instance, the TG of the PVDF pellet bought from
ATOCHEM and used in this work presents ca. 30% of
residual mass as reported by Campos et al. [34]. In terms
of the P(VDF-TrFE), for the blend containing P(VDF-
TrFE)/starch, both pure materials present a residual mass
around 10% while the residual mass of the blend is
around 25%. In terms of a physical explanation for that,
it could be speculated that a better mixture among the
materials could lead to a better thermal stability, which is
consistent with SEM results. The same can be said for
the P(VDF-TrFE)/NR blends.

Differential scanning calorimetry (DSC)

The identification of the crystalline phases of the PVDF
and the P(VDF-TrFE), the glass transition temperature (7y),
and the melting temperature (7,,,) as well were investigated
using DSC. In Figs. 8, 9, and 10 are presented the mea-
surements of DSC for the starch powder and for the films of
PVDF, P(VDF-TrFE), NR, PVDF/starch, P(VDF-TrFE)/
starch, PVDF/NR, P(VDF-TrFE)/NR, PVDF/starch/NR,
and P(VDF-TrFE)/starch/NR recorded with 10 °C min~!
between —120 and 200 °C.

In general way, the curves of DSC for the blends follow
the behavior of the polymers (PVDF or P(VDF-TrFE))
considering the interval of temperature, which is in
agreement with the lack of chemical interaction between
the materials as shown by FTIR. The DSC curves for the
neat PVDF and PVDF blends presented endothermic peaks
() at ca. 167 °C related to the melting of the PVDF
a-phase [7]. A similar trend was found for the DSC curves
of the P(VDF-TrFE) and P(VDF-TrFE) blends. In this case

DSC

PVDF/starch
KP

P(VDF-TrFE)/starch

P(VDF-TrFE)

~—— Endothermic

148°C

10°C/min

-100 -50 0 50 100 150 200
Temperature / °C

Fig. 8 DSC curves for the starch powder and films of PVDF, P(VDF-
TrFE), PVDF/starch, and P(VDF-TrFE)/starch
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Fig. 9 DSC curves for the films of PVDF, P(VDF-TrFE), NR,
PVDF/NR, and P(VDF-TrFE)/NR
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Fig. 10 DSC curves for the starch powder and films of PVDF,
P(VDF-TrFE), NR, PVDF/starch/NR, and P(VDF-TtFE)/starch/NR

two well-defined endothermic peaks (|) were observed.
The first one at 132 °C corresponds to the ferroelectric-
paraelectric transition (Curie transition) and the second one
to the melting of the P(VDF-TrFE) paraelectric phase at
148 °C [32]. It is important to notice that the manufac-
turing process of the sample and its thermal history can
strongly influence the temperature of crystalline melting
point of both PVDF and P(VDF-TrFE) [7]. The certainty of
the assignments given to the crystalline phase in this case
came from FTIR measurements. In terms of the NR, the
DSC curves shows a base-line difference at ca. —70 °C,
which corresponds to its 7, [20]. Endothermic peak of
starch is attributable to vaporization of bound water
restrained by hydroxyl group of starch.

Dynamical mechanical analysis (DMA)

The DMA measurements were carried out with the objec-
tive to investigate the elasticity or storage modulus (E') of
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Fig. 11 a E' for the films of PVDF, PVDF/starch, PVDF/NR, and
PVDF/starch/NR (NR in the inset). b E' for the films of P(VDF-
TrFE), P(VDE-TrFE)/starch, P(VDF-TrFE)/NR, and P(VDF-TrFE)/
starch/NR

the blends at different temperatures and their T, through
tan 0 curves (E"/E', E": loss modulus). Figure 11a presents
the values of E' (elasticity modulus) for the films of
PVDF, PVDF/starch, PVDF/NR, and PVDF/starch/NR and
Fig. 11b presents the values of E' for the films of P(VDF-
TrFE), P(VDF-TrFE)/starch, P(VDF-TrFE)/NR, and P(VDF-
TrFE)/starch/NR. The inset in Fig. 11a shows the E’ values
for the NR film. In terms of E’, it can be seen that the starch
and NR leads to PVDF blends less stiff (lower E' values)
with the NR playing a more significant role. On the other
hand, considering the P(VDF-TrFE), the blends containing
NR (P(VDF-TrFE)/NR and P(VDF-TrFE)/starch/NR)
present close E' values in relation to the neat P(VDF-
TrFE), which is less stiff itself than the PVDF. However,
the presence of starch in the P(VDF-TrFE)/starch blend
makes the film stiffer. This behavior can be been explained
by a better interfacial adhesion between starch and P(VDF-
TrFE) based on scanning electron microscopy (SEM—
results not shown). Besides, it is important to notice that all
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Fig. 12 a E” for the films of PVDF, PVDF/starch, PVDF/NR, and
PVDF/starch/NR. b E” for the films of P(VDF-TrFE), P(VDF-TrFE)/
starch, P(VDF-TrFE)/NR, and P(VDF-TrFE)/starch/NR

the blends can reach E’ values in the order of magnitude of
the bone [35].

Figure 12a and b present the curves of E” recorded at
5°C min~' and 1 Hz for the films containing PVDF and
P(VDF-TrFE), respectively. In the literature [36, 37], the
E" curves for the PVDF can present up to four relaxations
named y (=70 °C) attributed to the amorphous phase
(rotation movements of the chains), § (—40 °C) corre-
sponding to the glass transition, y’ (50 °C) attributed to the
amorphous phase (folding movements), and o (100 °C),
which it is an opened question, being attributed to motions
in the amorphous phase or in the crystalline phase. In our
case, two relaxations were observed in the E” for PVDF
based materials, the first one around at approximately
20 °C and the second one at about 70 °C. These relaxations
appeared for all the materials, neat PVDF and its blends at
similar temperatures, indicating again that no interactions
exist between the materials in the blends. In the case of
P(VDF-TrFE) two relaxations (tan ¢) are usually observed
in the literature, one at ca. —25 °C attributed to segmental
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motions in the amorphous region and other at ca. 30 °C
related to segmental motions in the crystalline fraction
[32]. Both relaxations were observed in the E” curves for
the materials based on this polymer.

Conclusions

Films of PVDF and P(VDF-TtFE) containing starch and
latex of natural rubber (NR) as additives were possible to be
fabricated avoiding using any solvent, which is an impor-
tant issue considering their applications as biomaterials.
The films were producing by compressing/annealing mix-
tures of PVDF, starch, and NR or P(VDF-TrFE), starch, and
NR at 180 and 165 °C, respectively, which are slightly
above the melting point of the polymers. The FTIR showed
that both PVDF and P(VDF-TrFE) do not interact chemi-
cally with the additives forming polymeric blends. Besides,
SEM images revealed that the materials within the blends
form separated phases with the interfacial adhesion between
two phases depending on the materials that form the blends.
For instance, the blends whose matrix is formed by P(VDF-
TrFE) allow a better interfacial adhesion. The TG mea-
surements showed that the blends are thermally stable up to
300 °C, which is fair enough considering that sterilization is
the hardest thermal treatment that these films might be
submitted when applied as biomaterials. Besides, the DSC
curves revealed that the phase transition of the blends fol-
low the polymers, being at 167 °C for PVDF, assigned to
the melting point, and at 132 and 148 °C for P(VDF-TrFE),
which correspond to the transition from ferroelectric to
paraelectric phase and melting point, respectively. In terms
of mechanical properties, the elasticity modulus (E') is
within 200 and 2,000 MPa for a temperature range between
—30 and 140 °C. Besides, the starch and the NR play dif-
ferent roles on the E’ values of the polymers. The E’ values
of the PVDF blends are lower than the PVDF itself while
the E’ value of the P(VDF-TrFE) blend containing starch is
higher than the P(VDF-TrFE) itself, which is not signifi-
cantly affected by the presence of NR.
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