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Copyright © 2016 Rui Li et al. This is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

The electric performance of the PA66/PVDF blends filled with various amount of copolymer synthesized from vinyl acetate-maleic
anhydride (VAMA) was investigated. PA66/VAMA/PVDF blends show high dielectric constants, low dielectric loss, and excellent
breakdown strength, which were important indexes in the actual application of dielectric material.TheVAMA copolymer improves
the dielectric and piezoelectric performance of the PA66/PVDF blends. Meanwhile, the addition of VAMA obviously decreases
the dielectric loss and breakdown strength of the blends. PA66/PVDF blends filled with 3wt% VAMA exhibited the best electric
ability. The stable dielectric constants of the all-polymeric blends can be tuned by adjusting the content of the VAMA.The created
all-polymeric blends represent a novel dielectric material that is technologically simple and easy to process forward application for
flexible electronics.

1. Introduction

With the continuous development of science and technology,
the need of high performance material urges people to
open up the composites, which display their advantages
outweighing their components, and also it is hard for single
polymer to meet requirements [1–3]. Polyvinylidene fluoride
(PVDF) andPolyamides (PA) are two famous polar polymers.
In particular, PVDF is known as polymer composites mate-
rials characterized by excellent dielectric and piezoelectric
properties [4, 5]. However, in the actual application, the
high cost of PA11 and the high melting point (220∼240∘C)
of PA66 limited the applications in many fields. Also there
are still few studies about PA66/PVDF blends. In addition,
the PA66/PVDF blends are an interesting system because
of some specific interactions [6–8]. As a new material, a
blend of PA66 and PVDF offers a strong potential for the
application in the field of capacitor [9]. According to the
property index requirements of energy storage material, the
polymers selected should have two features: (1) the polymer
itself should be partly crystallized and (2) the molecular
chain of the polymer should have polar groups. This makes
the polymer have a more sophisticated orientation under

the action of electric field. While improving the dielectric
constant of polymer, it can be used as energy storage material
with the inherent low breakdown strength [10]. Therefore,
VAMA offers a strong potential in the application of the all-
polymer blends [11].

The purpose of this work is to investigate the dielectric
and piezoelectric performance of the PA66/PVDF blends
filled with various amount of VAMA. Firstly, the copolymer
VAMA from acetic acid vinyl ester and maleic anhydride
was synthesized. Through grafting reaction can lower the
melting point of PA66 and the PA66/PVDF blends obtained
from PA66/VAMA/PVDF by melt blending through torque
rheometer. It is expected that this research can be useful in
promoting the applications of the PA66/PVDF blends under
oil-free lubrication conditions.

2. Experimental

2.1. Materials. PVDF is from Shanghai 3F Material Co., Ltd.,
𝑇

𝑚
= 175∘C, and 𝑑 = 1.75 g/cm3. PA66 is from Sinopec Baling

Branch Co., Ltd., 𝑇
𝑚
= 225∘C, and 𝑑 = 1.15 g/cm3. The related

products are commercially available.
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Figure 1: Reaction scheme of VAc and MAH copolymerization.
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Figure 2: The photograph of the physical films.

2.2. Synthesis of Graft Copolymer of Vinyl Acetate-Maleic
Anhydride. Themethylbenzene was added to a three-mouth
flask, which was equipped with stirrer, thermometer, and
reflux condensing tube, and then the maleic anhydride was
added and dissolved into methylbenzene slowly after stirring
and heating. After the solution turns to be transparent, acetic
acid vinyl ester is added. Also, 1.4% initiator azodiisobuty-
ronitrile was added. The temperature is controlled at 90∘C.
The copolymer is subsided for 3 h, filtered, and washed with
dichloroethane for 5 times, removing the unreacted maleic
anhydride. After vacuumdrying under 60∘C,white powdered
graft copolymer can be obtained [12]. Figure 1 is the reaction
scheme of VAc and MAH copolymerization.

2.3. Preparation of PA66/VAMA/PVDF. PA66, VAMA, and
PVDF were mixed for 45min based on different volume
ratios in torque rheometer, and then press vulcanizer was
used to press the evenly pressed PA66/VAMA/PVDF blends
into thin plate. In addition, microtablet machine is used
to press plate into around 1mm. Finally, the samples were
polished and silvered by silver paint.

2.4. Instrumental Analysis. The microstructures of blends
were characterized by scanning electron microscopy (SEM)
and Fourier transform infrared spectroscopy (FTIR). The
electric properties of the samples were performed by
HIOKI3532-50 LCR; the frequency is from 102 to 106Hz at
room temperature.
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Figure 3: FTIR spectrum of PA66/VAMA/PVDF.

3. Results and Discussions

3.1. Structure Analysis. The photographs of the films were
shown in Figure 2(a). It can be seen from Figure 2(b) that
PA66/PVDF blends present a unique structure of ordered
arrangement which is evenly distributed. The infrared spec-
trum of PA66/VAMA/PVDF was tested by Fourier transfor-
mation infrared spectrometric analyzer. It can be seen from
Figure 3 that the absorption peak where the wavenumber
of 1780 cm−1 was the stretching vibration of carboxylic acid
C=O and 1374 cm−1 was the flexural vibration of methyl.
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Figure 4: Variation of 𝜀 and tan 𝛿 with VAMA content.

The strength of the absorption band of 1314 cm−1 was
greater than that of 1433 cm−1, which is the significant
characteristic of vinyl acetate structure, which proves the
reaction of copolymerization between acetic acid vinyl ester
and maleic anhydride. Also, it can be found that the two
acid anhydride peaks disappear at 1780 cm−1 and 1740 cm−1.
When the infrared spectral curve of PA66/VAMA/PVDFwas
compared with that of copolymer VAMA, it can be found
that PA66/VAMA/PVDF characteristic peak of cyclic amide
disappears at 1414 cm−1, which shows that the anhydride of
VAMAmolecule has chemical reaction with -NH of PA66.

3.2. Dielectric Properties. At room temperature, when the
frequency is 103Hz, the dielectric properties of PA66/VAMA/
PVDF blends are obtained for analysis after adding different
mass fractions of VAMA (1wt%, 2wt%, 3wt%, and 5wt%) as
shown in Figure 4. The quantities of VAMA added are those
by which it can improve not only the dielectric constant of
PA66/PVDF blends that have been improved but also the
dielectric loss of blends that have been down. It proved that
VAMA can make polar dipoles easier to be oriented within
PA66/PVDF blends, thus lowering the dielectric loss of
blends.The relation curve of the dielectric constants between
the PA66/VAMA/PVDF blends and the content of VAMA
was shown in Figure 4. Obviously, the influence of copolymer
VAMA on the dielectric constant of PA66/VAMA/PVDF
blends is 3 wt% > 2wt% > 5wt% > 1 wt%. When PA66
and PVDF were melted and blended, adding VAMA can
improve the molecules flexibility of PA and PVDF, and
also the dielectric constant of PA66/VAMA/PVDF can be
improved. However, excessive VAMA was prone to the
grafting ratio of PA66, which is not good for the collection
and delivery of the system charge. Therefore, the results
indicate that, after grafting, a distinct layer structure is formed
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Figure 5: Piezoelectric constant 𝑑
33

of PA66/PVDF blends.

in PA66/VAMA/PVDF blends. The optimum content of the
VAMA was 3%.

3.3. Piezoelectric Properties. The PA66/PVDF blends with
0wt%, 1 wt%, 2wt%, 3wt%, and 5wt% VAMA were chosen
for studying piezoelectric coefficient (𝑑

33
) owing to the

highest dielectric constant and good interfacial compati-
bility. Figure 5 shows the relationship between the piezo-
electric constant 𝑑

33
and the different VAMA and PA66

content. Although the samples do not exhibit super piezo-
electric properties, PA66/VAMA/PVDF blends have a better
enhancement in the piezoelectric constant 𝑑

33
than that

of the PA66/PVDF at room temperature. The results show



4 International Journal of Polymer Science

20 30 40 50 60 70 80
0

5

10

15

20

25

Br
ea

kd
ow

n 
str

en
gt

h 
(k

V
/m

m
)

PA66 (vol.%)

Figure 6: Breakdown strength of PA66/VAMA/PVDF (3wt%
VAMA).

that the polarization degrees of PA66/VAMA/PVDF were
enhanced by VAMA so as to improve the piezoelectric
properties.

3.4. Breakdown Strength. Breakdown strength is an impor-
tant index in the actual application of dielectric material.
Regarding the material structure, there are many factors
which influence the breakdown strength, which are distribu-
tion uniformity of crystal particle, crystal size, and the mate-
rial defects such as internal air holes. In addition, to varying
degrees, the shape of samples, thickness, and the shape of
electrode can also influence the final breakdown strength. In
order to reduce the influence of material structure on the
breakdown strength, samples which were 1mm thick were
selected in this experiment.

The breakdown strength of PA66/VAMA/PVDF blends
with PA66 volume fraction increase was shown in Figure 6.
When the volume of PA66 was 40%, PA66/VAMA/PVDF
blends reach the maximum breakdown strength (𝐸

𝑏
=

15.3 kV/mm). And when the volume content of PA66 was
60 vol.%, the breakdown strength of the material has the
minimum (𝐸

𝑏
= 9.9 kV/mm). This is because the two poly-

mer phases (PA66 and PVDF) within PA66/VAMA/PVDF
sampleswere not bondedwell (PA66 : PVDF=60 : 40), which
cause a low breakdown strength.

Combining the dielectric property test result of
PA66/VAMA/PVDF blends, the sample with PA66 : PVDF =
20 : 80 has the best dielectric properties. In order to study the
influence of thickness on the breakdown strength of samples,
PA66/VAMA/PVDF blends were applied to prepare different
thicknesses of samples to have breakdown experiment in
the volume ratio of PA66 : PVDF = 20 : 80. Figure 7 is the
relational curve between breakdown strength and blends
thickness. It can be found from it that, with the increase of
thickness, the breakdown strength declines sharply. When
the thicknesses were increased to 2.0mm from 0.5mm, the
breakdown strength declined from 11.9 kV/mm continuously.
Obviously, the thickness of samples has a significant influence
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Figure 7: Breakdown strength of PA66/VAMA/PVDF.

on the breakdown strength.The reason is because the defects
in thicker blends than in thin blends.Thereby, the breakdown
strength of blends can be decreased greatly. On the other
hand, due to the fringe effect of the electric field intensity,
the increase of thickness strengthens the electric field for
few times on the fringe of electrode. Consequently, the
breakdown strength of PA66/VAMA/PVDF blends declined.

The result shows that it is easier for these defects to
cause local electric field distortion under the same electric
field and testing conditions. Thus, the probability to cause
breakdown to dielectricmedium is increased.Therefore, with
the increase of testing thickness, the breakdown strength will
be decreased sharply. Meanwhile, Kuang et al. found that
the electric field distortion of plate electrode was significant
by applying electric field simulation to different electrode
structures, and the electric field being enhanced on the fringe
of electrode makes it easier for the air holes on the surface
of medium around electrode fringe to cause gas discharge,
which caused breakdown to the entire medium [12, 13].

4. Conclusions

In conclusion, we have demonstrated a simple, efficient,
and repeatable route to produce discontinuously all-polymer
blends composed of PA66 and PVDF. The all-polymer blend
films have a relatively high 𝜀, low dielectric loss tan 𝛿, and
excellent storage modulus as induced by interfacial copoly-
mer VAMA.The alternating copolymer VAMA prepared can
be grafted on the molecular chain of PA66. The accession of
VAMA can improve the interface adhesion of PVDF phase
and PA66. The VAMA content of 1 wt% can improve the
dielectric constant of PA66/PVDF blends, and the dielectric
loss change of PA66/PVDF blends was not significant. When
the quantity of VAMA added was 3wt%, the optimum
content of VAMAwas 3wt%. PA66/VAMA/PVDFblends can
be used as flexible dielectric material.
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