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Abstract
Methyl methacrylate (MMA), butyl acrylate (BA) and 1-butyl-3-vinylimdazolium tetrafluoroborate ([BVIM][BF4]) copolymer
(MMA-BA-IL) was prepared and used to enhance the electroactive phase content, toughness and dielectric properties of
poly(vinylidene fluoride) (PVDF). Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and differential
scanning calorimetry (DSC) tests indicated that crystal transformation of PVDF from α-phase to β/γ-phase occurred due to ion-
dipole interaction between PVDF and [BVIM][BF4]. Scanning electron microscope (SEM) results showed MMA-BA-IL copol-
ymer dispersed in the PVDF uniformly and the partial replacement of MMA components by [BVIM][BF4] decreased the
miscibility between PVDF and MMA-BA copolymer. MMA-BA-IL copolymer improved the tensile ductility and impact
toughness of PVDF. When the content of MMA-BA-IL was beyond 10 wt%, the elongation at break was higher than 400%
and the impact strength was higher than 600 J/m. Deformation mechanism researches proved that shear yielding of the PVDF
matrix and debonding/cavitation of the MMA-BA-IL copolymer particles were the major toughening mechanisms. The addition
of MMA-BA-IL copolymer enhanced the dielectric properties of PVDF significantly. When the MMA-BA-IL content was
15 wt%, the dielectric constant of the PVDF/MMA-BA-IL blend increased to 54.3 at the 100 Hz frequency, which improved
by 246% relative to that of the pure PVDF.
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Introduction

Researches on dielectric polymer composites have attracted
widely interest due to their potential applications in sensor,
actuator and energy storage fields [1–3]. Poly(vinylidene fluo-
ride) (PVDF) has usually been used as a precursor to prepare
PVDF-based dielectric materials due to its high dielectric con-
stant and favorable flexibility [4–8]. The dielectric constant of
PVDF is about 10, which is quite higher than most of the pure

polymers but is still lower than electroactive crystals and di-
electric ceramics. In order to achieve the applications, the
improvement in the dielectric constant is one of the important
issues [9, 10].

Some methods have been adopted to enhance the dielectric
constant of PVDF. In general, dielectric ceramics and conduc-
tive fillers are usually applied to blend with PVDF and com-
posites with high permittivity can be achieved. The dielectric
ceramics, such as BaTiO3, Zeolite and ZnO have successfully
raised the dielectric constant of PVDF in some literatures
[11–15]. However, the shortcoming for this way lies in the
high volume addition of the ceramic which decreases the flex-
ibility of the polymers and leads to environmental harm. As
conductive fillers, carbon nanotube, graphite nanoplates and
metals were introduced into PVDF matrix to achieve higher
dielectric properties [16–20]. Although many investigations
have been performed to increase the compatibility between
PVDF and the conductive fillers, the uniform dispersion of
the fillers in PVDF matrix is still a significant challenge.
Furthermore, the conductive fillers can lead to higher leakage
current and result in higher dielectric loss.
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Recently, the blends of PVDF and ionic liquids (ILs)
attracted the interest of some researchers [21–28]. ILs show
many excellent properties such as high ionic conductivity, high
thermal and chemical stabilities, strong polarity, low toxicity
and a broad electrochemical potential window. The investiga-
tions about PVDF and ILs blends were focused on the crystal-
line structure, miscibility, transparency, physical properties and
electrical conductivity. Due to the high ionic conductivity, ILs
should be used as conductive fillers to improve the dielectric
properties of PVDF. S. Lanceros-Mendez’s group prepared
PVDF/IL composites by solvent casting and melting method
[21–23]. They pointed out that the charge structure of ionic
liquid reduced the crystallinity and resulted in the complete
piezoelectric β phase crystallization of PVDF. The PVDF/IL
composites displayed lower elastic modulus due to the
plastification effect of ILs and showed excellent displacement
and bending under applied voltage, which was beneficial to be
used as electromechanical actuators. Li’s group prepared
PVDF/IL composites by melt mixing and electron beam irradi-
ation method [24–28]. They found that ILs showed excellent
miscibility with PVDF and the composites displayed outstand-
ing ductility, antielectrostatic and optical properties [24]. On the
other hand, electron beam irradiation caused the grafting of
unsaturated ILs onto the PVDF chains which improved the
dielectric permittivity and decreased the dielectric loss of the
composites [25, 26]. Furthermore, the PVDF/IL nanocompos-
ites with conductive carbon black and multiwalled carbon
nanotubes were also prepared to further improve the properties
of the blends and these materials show promising for use in
dielectric capacitor applications [27, 28]. In our group, 1-
butyl-3-vinylimdazolium tetrafluoroborate ([BVIM][BF4])
was used as ionic liquid to in-situ copolymerized with methyl
methacrylate (MMA) in poly(vinylidene fluoride) (PVDF) so-
lution by the free radical polymerization method. The introduc-
tion of [BVIM][BF4] into the in-situ PVDF/P(MMA-
co-[BVIM][BF4]) composites enhanced the electrical conduc-
tivity and dielectric constant of PVDF [29].

In the present paper, methyl methacrylate (MMA), butyl
acrylate (BA) and 1-butyl-3-vinylimdazolium tetrafluoroborate
([BVIM][BF4]) copolymer (MMA-BA-IL) were prepared by
the emulsion polymerization method. PMMA has been proved
to be completely miscible with PVDF. The use of MMA as co-
monomer is to improve the miscibility of the copolymer with
PVDF. The BA section can improve the toughness of the
blends. The IL component can enhance the dielectric properties
of PVDF. Furthermore, polymerized MMA, BA and
[BVIM][BF4] integrate in the form of macromolecular struc-
ture, which improves the stability of [BVIM][BF4] in the com-
posite and decreases the dielectric loss of the PVDF/MMA-BA-
IL blends. It was found that the addition of (MMA-BA-IL)
promoted the improvement of electroactive phase content,
toughness and dielectric properties of PVDF. The PVDF/
MMA-BA-IL composites show potential applications in sensor,
actuator and energy storage fields.

Materials and methods

Materials

PVDF (Solef 6010, made in France) was commercially pur-
chased from Dongguan Wenjin New Materials Co. Ltd.,
China. MMA and BA were kindly provided by Jilin
Chemistry Company, China. The ionic liquid (IL), 1-butyl-
3-vinylimdazolium tetrafluoroborate [BVIM][BF4], was ob-
tained from Shanghai Cheng Jie Chemical Co. Ltd., China.
Hexadecane (HD) was purchased from Acros. Tween 80 was
supplied by Meryer (Shanghai) Chemical Technology
Company and used as received. Tetrahydrofuran was pur-
chased from Beijing Chemistry Reagents Company. 2, 2-
azobisisobutyronitrile (AIBN) was supplied by Shanghai
Chemistry Reagent Company, China. Deionized water was
used in all experiment processes.

Table 1 Composition of the PVDF/MMA-BA blends

Designation used here PVDF/IL0–1 PVDF/IL0–3 PVDF/IL0–5 PVDF/IL0–7 PVDF/IL0–10 PVDF/IL0–15

PVDF content (wt%) 99 97 95 93 90 85

MMA-BA content (wt%) 1 3 5 7 10 15

Table 2 Composition of the PVDF/MMA-BA-IL blends

Designation used here PVDF/IL20–1 PVDF/IL20–3 PVDF/IL20–5 PVDF/IL20–7 PVDF/IL20–10 PVDF/IL20–15

PVDF content (wt%) 99 97 95 93 90 85

MMA-BA-IL content (wt%) 1 3 5 7 10 15
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Preparation of MMA-BA-IL copolymer

The MMA-BA-IL copolymer was synthesized by emulsion
polymerization method. The oil mixture including MMA,
BA, IL, HD and AIBN were stirred 1 h under nitrogen. The
water phase including water and Tw80 (emulsifier) also were
stirred 1 h under nitrogen. After agitation, the oil and water
phases were combined together and stirred 1 h for pre-
emulsification and homogenized by ultrasonication for
10 min under cooling with an ice-water bath. The polymeri-
zation was carried out for 5 h at 70 °C in a 3-neck 500 ml
round bottom glass reaction flask with a Teflon stirring paddle
and a Friedrichs condenser under N2 atmosphere. The copol-
ymer was isolated from the emulsion by drying in a vacuum
oven at 60 °C for 24 h before being used. The monomer
composition for the preparation of MMA-BA-IL copolymer
is 30:50:20. Furthermore, the copolymer of MMA-BA was
also prepared for comparison with MMA-BA-IL copolymer.
The monomer composition for the preparation of MMA-BA
copolymer is 50:50.

Blending and molding procedures

Themelt blending of the PVDF/MMA-BA and PVDF/MMA-
BA-IL blends was performed on a Thermo Haake mixer
(Thermo Scientific, Karlsruhe, Germany) at 55 rpm and
200 °C for 5 min. The compositions of the blends are listed
in Tables 1 and 2. After blending, samples with different com-
positions were obtained by hot press molding for 5 min at
200 °C and cold press molding for 3 min at room temperature.

Characterizations

Crystal phase tests

Crystal phases were characterized by Fourier transform infra-
red spectroscopy (FTIR) and X-ray diffraction (XRD) tests.
The thickness of the samples is around 1 mm. FTIR

measurement was recorded from 650 cm−1 to 4000 cm−1 with
a resolution of 4 cm−1 and 32 cm−1 scans. The XRD was
measured on a D/MAX 2000/PC from 5o to 60o at a scanning
speed of 10°min−1.

DSC test

The melting behavior of the samples was tested with a Perkin-
Elmer DSC-7 (Perkin-Elmer, Waltham, MA, USA). The sam-
ples were heated from 30 to 220 °C at 10 °C/min under a
nitrogen atmosphere to test the melting behavior and held
for 3 min at 220 °C to remove the thermal history, then cooled
at a rate of 10 °C/min to 30 °C.

Mechanical tests

The notched Izod impact strength was tested by an XJU-22
Izod impact tester (Chengde Tester Machinery Factory,
Chengde, China) at 23 °C according to ASTM D256. The
dimensions of each sample were 63.5mm×12.7mm×3.18 mm,
with a notch depth of 2.54 mm. The tensile tests were per-
formed with an Instron-3365 tensile tester (Instron, Boston,
MA, USA) according to ASTM D638 at a crosshead speed of
50 mm/min at 23 °C.

Fig. 1 The FTIR results of PVDF
and its blends: a PVDF/MMA-
BA, b PVDF/MMA-BA-IL

Fig. 2 The α-phase and β/γ-phase content calculated according to the
FTIR results
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Morphology observation

Scanning Electron Microscopy (SEM) micrographs were
characterized using a JSM6510 scanning electron microscope
(JEOL, Tokyo, Japan). Before testing, all samples were coated
with a gold layer for SEM observation with an operation volt-
age of 10 kV.

Dielectric properties

Dielectric measurements were performed on LCR Meter
(E4980A, Keysight Technologies, USA) with the frequency
ranging from 20 Hz to 2 MHz at room temperature. The sam-
ples were coated with silver paste before test. Thus the dielec-
tric constant and dielectric loss were tested.

Results and discussion

Crystallization properties

PVDF shows several crystalline phases and at least five pos-
sible types of crystal phase, such as nonpolar α-phase, polar
β-phase and γ, δ, and ε phases have been reported. FTIR and
XRD measurements were usually used to determine the crys-
tal forms of PVDF and its blends [30]. Figure 1a shows the

FTIR results of PVDF and PVDF/MMA-BA blends.
According to the researches, the peaks at 766, 795, 976, 855
and 1385 cm−1 are the characteristic peaks of nonpolar α-
phase. The ones at 840 and 1279 cm−1 are the polar β-phase,
while the peaks at 840 and 1234 cm−1 belong to the polar γ-
phase. From Fig. 1a, it can be found that PVDF displays the
nonpolar α-phase and the addition of MMA-BA has no influ-
ence on the α-phase of PVDF. Figure 1b shows the FTIR
results of PVDF and PVDF/MMA-BA-IL blends. Different
with MMA-BA, MMA-BA-IL copolymer affects the crystal
phase of PVDF obviously. With the increase of MMA-BA-IL
content in the blends, the characteristic peaks intensity of α-
phase decreases and the characteristic peak intensity of β/γ-
phase (840, 1234 and 1279 cm−1) increases significantly.
From the structure of MMA-BA and MMA-BA-IL, we can
conclude that the transition fromα toβ/γ-phase is induced by
IL composite.

The β/γ-phase content of the PVDF/MMA-BA-IL blends
can be quantified from the FTIR spectra by the following
equation [30, 31]:

F β=γð Þ ¼ AP

1:26ANP þ AP

AP and ANP correspond to the absorbance at 840 cm−1

(polar β/γ phase) and 766 cm−1 (non-polar α-phase), respec-
tively. The relative β/γ-phase content is showed in Fig. 2. It

Fig. 3 The XRD results of PVDF
and its blends: a PVDF/MMA-
BA, b PVDF/MMA-BA-IL

Fig. 4 Melting behaviors of
PVDF and its blends: a PVDF/
MMA-BA, b PVDF/MMA-BA-
IL
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can be found that, when the content of MMA-BA-IL is more
than 7 wt%, more than 95% α-phase transfers to β/γ-phase.

The crystal transformation can be further confirmed by the
XRD result. Figure 3 showed the XRD curves of the pure
PVDF and its blends. Pure PVDF exhibits characteristic dif-
fraction peaks around 17.66, 18.30, 19.90 and 26.56o, which
are ascribed to the (100), (020), (110) and (021) reflections of
α-phase. As for the PVDF/MMA-BA blends, no crystal tran-
sition for PVDF can be found (Fig. 3 a). However, when IL is
introduced into MMA-BA, the intensity of α characteristic
diffraction peaks for PVDF decreases or disappears, further-
more, the emergence of the peak at 20.26o (β-phase) and
20.04o(γ-phase) replaces the peak at 19.90o (α-phase), which
is attributed to the crystal transformation fromα-phase toβ/γ-
phase of PVDF (Fig. 3 b). From the results of FTIR and XRD,
it can be concluded that the incorporation of IL copolymer

induces the crystal transformation of PVDF from α-phase to
β/γ-phase. Some studies reported that the addition of surface
charged fillers in PVDF matrix could work as crystallization
directors to induce the crystallization transformation of PVDF
from α-phase to β/γ-phase [21, 22, 32–34]. P. Martins inves-
tigated the influence of NiFe2O4 and CoFe2O4 ferrite nano-
particles on the electroactive phase of PVDF [32, 33]. The
results indicated that strong static electro interactions between
the magnetic particles with a negative charge on the surface
and PVDF chains with the positive CH2 induced the polymer
chains to align on the surface of the nanoparticle in the ex-
tended conformation and therefore resulting in the formation
of β/γ phase. Furthermore, they reported the effects of anion-
ic, nonanionic and cationic surfactants coated CoFe2O4 on the
phase crystallization of PVDF [34]. The results showed that
the nuclear effect of negative charged CoFe2O4-SDS was

Fig. 5 The SEM results of PVDF/
MMA-BA (a: 5 wt% MMA-BA
copolymer, b: 10 wt% MMA-BA
copolymer) and PVDF/MMA-
BA-IL (c: 5 wt% MMA-BA-IL
copolymer, d: 10 wt% MMA-
BA-IL copolymer) blends after
etched

Fig. 6 The strain-stress curves of
PVDF and its blends: a PVDF/
MMA-BA, b PVDF/MMA-BA-
IL
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higher than that of zero surface charge CoFe2O4-Triton and
positive charge CoFe2O4-CTAB. In addition, the effect of dif-
ferent ionic liquid anion and cation on the electroactive phase
of PVDF was also investigated [22]. The results showed the
incorporation of ILs into PVDF matrix promoted the increase
of β/γ phase content due to the strong electrostatic interac-
tions between the dipolar moments of PVDF and the ILs.
Therefore, these works indicate that the phase crystallization
of PVDF can be changed with the addition of negative
charged fillers. As for the PVDF/MMA-BA-IL blends, the
crystal transformation of PVDF from α-phase to β/γ-phase
is mainly due to the existence of large number of negative ions
in the copolymer. The strong electrostatic interactions be-
tween the positive CH2 bonds of PVDF and the negative
charges in ILs anion lead to preferential orientation of the
polymer chains conformation corresponding to the β/γ phase.

DSC was used to identify the melting behavior of PVDF
and the blends. It has been reported that the melting tempera-
ture of the α-phase is lower than that of the polar β and γ
phases for PVDF [28, 35]. Figure 4 illustrates the DSC heating
curves of pure PVDF and its blends. In Fig. 4 a, the pure
PVDF exhibits a melting temperature at about 178.6 with a
shoulder at lower temperature region. As for the PVDF/
MMA-BA blends (Fig. 4 a), the PVDF in the blends shows
the similar melting temperature with the pure PVDF. On the
other hand, the PVDF in the PVDF/MMA-BA-IL blends dis-
plays much higher melting temperature than the pure PVDF.
The melting properties further prove the transition of α-phase
to β/γ-phase of the PVDF in the PVDF/MMA-BA-IL blends
due to the interaction between PVDF and IL.

Morphology properties

The phase morphology of polymer blends is very important
for the property improvement and which is related with the

miscibility between the different components. The miscibility
between PVDF and PMMA has been investigated in detail
[36]. The results showed that PVDF and PMMAwere misci-
ble and no phase separation occurred for PVDF/PMMA
blends. Figure 5 a and b show the etched PVDF blends with
5 and 10 wt% MMA-BA copolymer. The MMA-BA compo-
nents have been etched by tetrahydrofuran. It can be found
that phase separation takes place for the PVDF/MMA-BA
blends. On the other hand, the phase domain size is small
and the particle size is similar between PVDF/PIL0–5 and
PVDF/PIL0–10 blends. So PVDF shows good miscibility
with MMA-BA copolymer due to the existence of MMA
components. As for the PVDF/MMA-BA-IL blends, phase
separation still can be found form the pictures of Fig. 5 c
and d. Furthermore, compared with PVDF/MMA-BA blends,
the PVDF/MMA-BA-IL blends display much larger phase
domain size at the same copolymers content. So the partial
replacement of MMA components by IL decreases the misci-
bility between PVDF and MMA-BA.

Mechanical properties

Figure 6 shows the typical strain-stress curves of the pure
PVDF and its blends. The pure PVDF is rigid and displays
higher yield stress and lower elongation at break than the
blends. With the addition of MMA-BA or MMA-BA-IL co-
polymer, the yield strength of the blends decreases while the
elongation at break increases obviously. When the content of
MMA-BA or MMA-BA-IL copolymer is more than 10 wt%,
the elongation at break is higher than 400% which is more
than 3 times that of the pure PVDF. So the introduction of
copolymers improves the ductility of PVDF. On the other
hand, compared with PVDF/MMA-BA blends, the PVDF/
MMA-BA-IL blends show much higher yield strength and
break strength when the copolymer content is the same, while

Table 3 Mechanical properties of the PVDF/MMA-BA blends

Designation used here PVDF PVDF/IL0–1 PVDF/IL0–3 PVDF/IL0–5 PVDF/IL0–7 PVDF/IL0–10 PVDF/IL0–15

Impact strength (J/m) 165±11 195±8 209±13 309±12 649±9 660±9 824±25

Yield strength (MPa) 55.4±0.8 47.9±1.4 45.9±1.7 41.1±2.3 39.1±1.1 31.7±1.0 25.9±0.9

Break strengh (MPa) 39.8±0.4 34.9±0.7 33.1±1.2 32.1±1.9 30.7±1.5 42.5±1.1 28.2±1.4

Elongation at break (%) 118±7 128±15 168±21 125±13 148±19 431±41 370±35

Table 4 Mechanical properties of the PVDF/MMA-BA-IL blends

Designation used here PVDF PVDF/IL20–1 PVDF/IL20–3 PVDF/IL20–5 PVDF/IL20–7 PVDF/IL20–10 PVDF/IL20–15

Impact strength (J/m) 165±11 194±13 202±15 288±21 625±10 652±9 807±31

Yield strength (MPa) 55.4±0.8 51.5±1.7 49.3±2.3 42.2±2.1 41.4±1.7 35.1±1.3 32.1±0.8

Break strengh (MPa) 39.8±0.4 34.9±1.0 35.8±1.5 34.7±1.7 31.2±1.4 43.9±1.3 45.0±1.3

Elongation at break (%) 118±7 108±8 161±17 176±18 232±24 417±37 437±40
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the elongation at break is similar. So PVDF/MMA-BA-IL
blendsmaintain higher stiffness than PVDF/MMA-BA blends
(see Tables 3 and 4).

Figure 7 shows the influence of MMA-BA or MMA-BA-
IL copolymer content on the notched Izod impact strength of
PVDF blends. The impact strength of PVDF is about 165 J/m.
The impact strength of PVDF increases greatly with the addi-
tion of MMA-BA or MMA-BA-IL copolymer. Both MMA-
BA and MMA-BA-IL perform good toughening ability for
PVDF. The brittle-ductile takes place between 5 and 7 wt%
copolymers content. On the other hand, no obvious difference
exists between the toughening effect between MMA-BA and
MMA-BA-IL. When the content of copolymers is higher than
7 wt%, the impact strength of the blends is higher than 600 J/
m. So the blends show excellent impact toughness.

Figure 8 shows the deformation morphology of the im-
pact fracture surface (a, b) and the deformation form under

the impact fracture surface (c, d) for the PVDF blends. The
pictures of the fracture surface (Fig. 8 a, b) show that obvi-
ous shear yielding occurs for the PVDF blends. At the same
time, many cavities and copolymer particles can be found
from the surface and some copolymer particles exist in the
cavities. The morphology indicates that debonding between
the PVDF matrix and copolymer particles has taken place
and the much bigger cavities maybe formed by the agglom-
eration of some smaller cavities. Figure 8 c and d show the
morphology under the fracture surface. The extensive shear
yielding and cavities can also be found in the deformation
zone. On the other hand, some small cavities also exist in the
deformation zone which is due to the cavitation of the co-
polymer particles. So the shear yielding of the PVDFmatrix
and debonding/cavitation of the copolymer particles are the
major energy absorption way, which promote the improve-
ment of the toughness of PVDF blends.

Fig. 7 Impact strength of PVDF
and its blends: a PVDF/MMA-
BA, b PVDF/MMA-BA-IL

Fig. 8 Fracture surface
morphology of PVDF/MMA-
BA-IL blends: a PVDF/IL20–5
and (b) PVDF/IL20–10;
Morphology under the fracture
surface of PVDF/MMA-BA-IL
blends: c PVDF/IL20–5 and (d)
PVDF/IL20–10
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Dielectric properties

Figure 9 shows the frequency dependence of dielectric prop-
erties of the pure PVDF and the PVDF/MMA-BA-IL blends
at room temperature. It can be found that the dielectric prop-
erties of PVDF show weak dependence on frequency. With
the addition of MMA-BA-IL copolymer, the dielectric con-
stant and loss tangent of PVDF/MMA-BA-IL blends exhibit
strong frequency dependence than that of PVDF. At low fre-
quency, a similar feature of PVDF/MMA-BA-IL blends is that
both dielectric constant and loss tangent increase along with
the increase of MMA-BA-IL contents. The dielectric constant
and loss tangent of PVDF/PIL20–15 blend are about 54.3 and
2.56 at the frequency of 100 Hz, which are much higher than
pure PVDF. Similar phenomenon has been observed in ILs
filled PVDF blends. The dielectric property and ionic conduc-
tivity are determined by the number and mobility of ions [21,
23, 37, 38]. For PVDF/MMA-BA-IL blends with high filler
contents, large number of ions exists in the blends and exhibits
high ion migration at low frequency, which lead to an increase
in dielectric constant and loss tangent. However, with the fur-
ther increase of frequency, a typical dielectric relaxation be-
havior occurs. In this situation, the speed of ions movement is
lower than the electric field frequency switch and leads to low
ion mobility in the blends. Therefore, the dielectric constant
and loss tangent of PVDF/MMA-BA-IL blends decrease ob-
viously at high frequency.

Conclusions

In the present research, emulsion polymerization was used to
prepare methyl methacrylate (MMA), butyl acrylate (BA) and
1-butyl-3-vinylimdazolium tetrafluoroborate ([BVIM][BF4])
copolymer (MMA-BA-IL). Due to the ion-dipole interaction
between PVDF and IL ([BVIM][BF4]), the crystal of PVDF
transformed from nonpolar α-phase to electroactive β/γ-
phase and when the content of MMA-BA-IL is more than
7 wt%, more than 95% α-phase transfers to β/γ-phase.

SEM results indicated that BA-MMA and BA-MMA-IL
showed good miscibility with PVDF and the copolymers dis-
tributed in the PVDF matrix uniformly. On the other hand,
PVDF/MMA-BA-IL blends displayed much larger phase do-
main size than the PVDF/MMA-BA blends at the same co-
polymers content. So the partial replacement of MMA com-
ponents by IL decreased the miscibility between PVDF and
MMA-BA. The tensile ductility and impact toughness of
PVDF were improved byMMA-BA-IL copolymer obviously.
Shear yielding of the PVDF matrix and debonding/cavitation
of the copolymer particles are the major energy absorption
way, which promote the improvement of the toughness of
PVDF blends. The dielectric properties of PVDF/MMA-BA-
IL showed the frequency dependence. The dielectric constant
of pure PVDF was 15.7 at 100 Hz frequency, while the dielec-
tric constant of the PVDF/MMA-BA-IL blend increased to
54.3 at the same frequency, which increased by 246% relative
to that of the pure PVDF. So in the present research, the
electroactive β/γ-phase, ductility and dielectric properties of
PVDF was improved significantly by the addition of MMA-
BA-IL copolymer.
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