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Effect of the MWCNTs selective localization on the dielectric
properties for PVDF/PS/HDPE ternary blends with in-situ formed
core-shell structure

Shuang-lin Li, Rui Dou, Yan Shao, Bo Yin*, Ming-bo Yang

This work demonstrated the selective localization of multiwall carbon nanotubes (MWCNTs) in (70/20/10 vol%)
poly(vinylidene fluoride) (PVDF)/poly(styrene) (PS)/high-density poly(ethylene) (HDPE) ternary blends to be an effective
method to reduce the dielectric loss and maintain high dielectric constant simultaneously. Here, PVDF/PS/HDPE blends
displayed a core-shell structure, HDPE phase was the core and PS phase was the shell. When MWCNTs was added into
PVDF/PS/HDPE blends, it stably dispersed in the PS layer. The morphology, electrical properties, and dielectric properties
of (PVDF/PS/HDPE)/MWCNTs composites were investigated. The results indicated that the conductivity as well as the
dielectric permittivity value increased with the content of MWCNTs. Meanwhile, the dielectric permittivity was dependent
on the electric field frequency. The dielectric constant for (PVDF/PS/HDPE)/MWCNTs composites was 400 with 1.0 vol%
MWCNTs at 10% Hz, accompanied by a low dielectric loss of 10 which was about 400 times lower than that of
PVDF/MWCNTs composites. Therefore, a low dielectric loss and high dielectric constant for (PVDF/PS/HDPE)/MWCNTs
composites, which formed a core-shell structure, have been obtained through MWCNTSs selectively locating in PS shell

even at high contents of MWCNTSs.

Introduction

In recent years, there has been a great interest in developing
polymer-based dielectric materials with high dielectric constant and
low dielectric loss owing to their potential application such as
electric energy storage devices, artificial muscles, and sensors.”? As
we know, polymers are most promising materials due to their high
mechanical properties, good processability, light weight, and low
cost. However, the dielectric constant of the pure polymers is
usually quite low, which restricted the application of polymers as
dielectric materials. To improve the dielectric constant of polymers,
one common approach is to add ceramics powder with high
dielectric constant, such as BaTi03.4‘5 Unfortunately, to get a higher
dielectric constant, the high loading of ceramic fillers is required,
which results in the deterioration of the mechanical, processing
properties, and high cost. Another widely used strategy is to add
conductive fillers into the matrix. Conductive fillers such as carbon
nanotubes (CNTs), carbon black (CB), carbon fibers (CFs), and
graphene oxide (GO) have been widely used in polymer-based
composites to improve the electrical, mechanical or thermal
properties of the materials.®® Among these conductive fillers, CNTs
exhibits excellent electrical properties and unique mechanical
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properties due to its high aspect ratio. Compared with
ceramic/polymer composites, a small content of CNTs is sufficient
to obtain a high dielectric constant.”™ Normally, CNTs/polymer
composites are good conductive ones but not good for dielectrics
because the large increase in dielectric constant of the composites
is usually accompanied by a dramatic increase in dielectric loss,

which largely limits their practical application.lz’ 1

As we know, the CNTs/polymer composites become conductive not
dielectric if CNTs contact with each other. Thus, attempts have
been made to reduce dielectric loss (tan &) by introducing
interlayers or insulating shells on the conductive fillers to prevent
them from connecting each other directly.14 Yang et al. ® have
reported that the composites with a stable high dielectric constant
(~44) and rather low dielectric loss (<0.07) were prepared. The
largely-enhanced dielectric performance originated from the
organic shell
(MWCNTs) through the inverse microemulsion polymerization. As a
result, the organic shell not only ensured good dispersion of
MWCNTSs in the matrix, and also screened charge movement to
shut off leakage current. Chen et al. 16 prepared a sandwich multi-

polypyrrole (PPy) of multiwall carbon nanotubes

layer structure polymer-based dielectrics with a dielectric layer
(NH,-MWNT/PI composites) intercalated between insulating layers
(pure PI). When the filler content of the mid-layer is 10 wt%, the
composites have the highest dielectric constant of 31.3-30.5 and
rather low dielectric loss of 0.0016-0.022 between the frequencies
of 1 to 1MHz. The fillers selectively locate in one phase of the
composites, which can provide interlayers or insulating shells for
fillers to prevent them from the direct connection. Zhao et al. v
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tuned the dielectric properties of immiscible PS/PVDF blends by
selectively localizing carbon black (CB) nanoparticles in different
phases. What's more, Zhao et al. 8 have successfully prepared the
nanocomposites with ultra-low percolation threshold and high
dielectric performance by controlling the selective distribution of
MWCNTs in the poly(methyl methacrylate) (PMMA) shell of
PS/PMMA/PVDF ternary continuous polymer blends. In addition,
the composites’ dielectric properties show excellent temperature
stability. Therefore, the selective distribution of fillers in the one
phase of the immiscible polymer composites is an effective method
to achieve high performance dielectric material.

In recent years, the ternary polymer blends, presented a wide
variety of micro-structured morphologies with multiple interfaces
between different phases, attracted more attention. For ternary
polymer blends, complete wetting and partial wetting are two
categories of morphological states. The spreading theory, defined
by Harkins equation, was employed to describe complete and
partial wetting. Hobbs et al. 22 rewrote Harkins equation and
calculated three spreading coefficients of ternary polymers system
to predict the morphology of the blends. In a ternary blend of three
polymers A, B, and C, (supposing A is the matrix) the spreading
coefficient,

(1)

Agc =Yac —Yas — VBc

where y values are the interfacial tensions between the different
phases. The spreading coefficient, Az, shows the tendency of
component B to encapsulate or spread onto phase C. In a certain
ternary blend, three different spreading coefficients exist including
Asc=Asa Ang=Aac and Aca=Acg. A positive value of one of the
spreading coefficients demonstrates that the complete wetting
behavior will be observed. A matrix/core-shell dispersed phase
structure is an example of the complete wetting. For example, if A
is positive indicates that phase B encapsulates dispersed phase C in
the matrix of A as shown in Fig. 1la. In the case that all three
spreading coefficients are negative, a partial wetting will be
observed in which none of the phases locates fully between the two
others as shown in Fig. 1b.

Although considerable works have been done to design the
polymer-based dielectric materials with high dielectric constant and
low dielectric loss filled with various fillers, to the best of our
knowledge, there are still lack of sufficient studies on the influence
of the fillers selective localization at three immiscible polymers
which can obtain the core-shell structure. In the current study, the
main purpose is to obtain MWCNTs/polymer composites with high
dielectric constant and a low dielectric loss by introducing the core-
shell structure and MWCNTSs selectively locating in the shell layer.
The core-shell structure was obtained in the composition (70/20/10
vol%) of PVDF/PS/HDPE composites. PVDF, with high dielectric
constant, mechanical strength, thermal stability and chemical
stability, is commonly accepted as an ideal matrix for the
fabrication of dielectric composites.B'25 The influence of MWCNTSs
loading on the morphology, electrical properties, and dielectric
properties of the (PVDF/PS/HDPE)/MWCNTs composites will be
systematically investigated and discussed in this article.

2| J. Name., 2012, 00, 1-3

(a)

Alc
A

Fig.1 Equilibrium morphologies for ABC ternary polymer blends (a) complete

A

wetting: the case that one phase locates between two other phases, and (b)
partial wetting: the case that all phases are in contact with each other.

Experimental section

Materials

PVDF (type FR906) powder with density of 1.6 g/cm’ at 200 ‘C was
purchased from Shanghai 3F New Materials Company (China). PS
(type PG-33) pellets with density of 0.95 g/cm® at 200 ‘C was
purchased from Taiwan Qimei Company. HDPE (type 5000s) pellets
with density of 0.85g/cm’ at 200°C was purchased from Lanzhou
Chemical Industry (Lanzhou, China). MWCNTs (type NC7000),
average diameter of 10 nm and length of 1.5 um and specific
surface area of 250-300m’ g'l, was supplied by Nanocyl S. A.
(Belgium).

Sample preparation

All the polymers were dried in a vacuum oven at 60 C overnight
before blending. For the preparation of (PVDF/PS/HDPE)/MWCNTs
nanocomposites, the volume ratios of PVDF/PS/HDPE fixed as
70/20/10 vol%, and varied the volume fraction of MWCNTs. All
components were added into the HAAKE torque rheometer (XSS-
300) at 200 ‘C and with screw speeds of 100 rpm for 8 min
simultaneously. The samples were marked as SMx, and x
represented the loading of MWCNTs. As the comparison group,
PVDF/MWCNTs nanocomposites used the same method to prepare,
the samples were marked as VMy, and y represented the content of
MWCNTs. After blending, the mixtures were molded by hot
pressing at 200 ‘C and 10 MPa for further characterizations. The
volume fraction of MWCNTSs given below was relative to the whole
system.

Characterization
Interfacial Tension Measurement

The interfacial tension for polymers pairs in this study was
determined using the rheological behaviour of their respective
blends. And the data were analysed using Gramespasher and

. 26,27
Meissner’s analyses.

Electrical Conductivity

The direct current conductivity measurement of the

(opc)
composites was done by a Keithley 6517B electrometer (Keithley
Instruments, Ohio) on the molded specimen bars of dimensions 30

3 . .
x 10 x 2 mm°. Prior to the measurements, electrodes of silver were
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pasted on the opposite sides of samples. Minimum of five tests
were performed for each specimen and the data was averaged.

The alternating current conductivity (o) of the composites (disc
type sample with thickness ~ 2.7 mm and diameter ~ 20 mm) was
obtained using Agilent 4294A precision LCR meter in the frequency
(f) region of 100 Hz to 10MHz at room temperature.

Dielectric measurement

The value such as parallel capacitance (C,) and dielectric loss
tangent (tan 6) were also obtained as a function of f using the
Agilent 4294A precision LCR meter. The dielectric constant (g) was
determined with the following equation:

(2)

where C, is the observed capacitance of the sample, and G,
(= g9A/d) is the capacitance with vacuum between parallel plates,
and g, is vacuum permittivity, A is the area of electrodes, and d is
the thickness of the samples.

Morphology Observation

The samples were fractured in liquid nitrogen and then the
fractured surface was directly sputtered with a thin layer of gold.
Morphology observation was performed at an accelerating voltage
of 20.0 kV using a JEOL JSM-5900LV scanning electron microscopy
(SEM, JEOL, Japan).

The dispersion states of MWCNTs in the nanocomposites at the
microcosmic scale were observed with transmission electron
microscope (TEM, Philips CM120) equipped with field emission gun
(FEG) at 200 kV. Ultrathin sample sections with a thickness of 100
nm were cut on a Leica EM UC6 ultramicrotome (Leica
Microsystems, Wetzlar, Germany) at —150 C.

Results and discussion
Matrix/core-shell dispersed phase morphology

The interfacial tension values and the spreading coefficients of
polymer pairs for the ternary PVDF/PS/HDPE systems at 200 C are
reported in Table 1. For ternary blend of PVDF/PS/HDPE, the high
interfacial tension of HDPE/PVDF (uppepvor = 11.9), and the low
interfacial tension of PVDF/PS (#bsuppe = 4.7) and PS/HDPE (Jps/mppe=
3.4), resulting in a positive spreading coefficient of PS over HDPE
(Aps/mppe) With a value of 3.8 mN/m. The other two spreading
coefficients are negative, they are Apprps = —13.2 mN/m and
Anppesevor = —10.6 mN/m, respectively. This predicts a complete
wetting case with the development of a thermodynamically stable
PS layer between PVDF and HDPE. The sketch map of core-shell
morphology is shown in Fig. 2a. Fig. 2b, c and d show the real phase
morphology of PVDF/PS/HDPE (70/20/10 vol%) ternary blends. The
spherical structure can be clearly observed in Fig. 2b. In order to
distinguish the phases, PS is etched by xylene as shown in Fig. 2c
and d. The cracks between PVDF and HDPE phases can be clearly
observed in contrast to Fig. 2b. This demonstrates that HDPE is
encapsulated by PS phase. Dou et al. >’ chose PVDF/PS/HDPE blends

This journal is © The Royal Society of Chemistry 20xx

Table 1 Interfacial tension of polymer pairs and spreading coefficient of
ternary blends at 200 C.

Interfacial tension (mN/m) Spreading coefficient (mN/m)

;LPS/HDPE =3.8
/LPVDF/PS =-13.2

Vevorses = 4.7
Yes/rppe= 3.4

Yupee/evor= 11.9 ﬂHDPE/PVDF =-10.6

Fig. 2 The core-shell structure of PVDF/PS/HDPE (70/20/10 vol%) ternary
blends (a) schematic representations, (b) SEM micrograph of cryo-fractured
surfaces, (c) and (d) SEM micrograph of cryo-fractured surfaces with PS
etched by xylene.

to prepare a ternary continuous structure, in which the PS engulfed
the HDPE phase completely. Therefore, SEM micrographs confirm
that a core-shell structure has been formed, where PS is the shell
and HDPE is the core. Moreover, the SEM results agree well with
the theoretical prediction.

Dispersion of MWCNTs in PVDF/PS/HDPE ternary blends

It is well accepted that the selective localization of fillers in the
polymer blends are governed by the surface energy of fillers and
polymer components, the affinity of fillers to polymers
components, and the viscosity ratio of the polymer phases. In
theory, the selective localization of nanofillers in the polymer
blends can be predicted by wetting coefficient, o, according to the
Young’s equation proposed by Sumita et al 2

_ Yent—1—Yent—2
Y12

® (3)
where 7,5 is the interfacial tension between CNTs and polymer 1,
Yent-21s the interfacial tension between CNTs and polymer 2, y;; is
the interfacial tension between polymers 1 and 2 . When the value,
o, above +1, below -1, and between +1 and —1 mean that CNTs
nanoparticles preferentially locate in polymer 2, in polymer 1, and
at the interface between two polymers, respectively.

J. Name., 2013, 00, 1-3 | 3
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Table 2 The wetting coefficient between CNTs and polymer pairs

Wetting coefficient 2]
PVDF/PS 1.7
PS/HDPE -2.1

HDPE/PVDF -1.1

Table 2 shows the wetting coefficient between CNTs and polymer
pairs of PVDF/PS/HDPE. The data shows that a thermodynamically
stable interaction is the strongest between MWCNTs and PS, which
indicates the stable distribution of MWCNTs in the PS phase. In
order to observe whether MWCNTSs selectively locate in PS phase,
selective solvent extraction is first used. Fig. 3 shows the SEM
micrograph of (PVDF/PS/HDPE)/MWCNTSs (SM,) blends. As shown in
Fig. 3a, there is no residual of MWCNTs in the blends after PS
etched at 0.1 vol% MWCNTs loading, which confirms that MWCNTs
selectively locate in PS phase. However, a few MWCNTs residual on
the surface of HDPE can be observed from Fig 3b, ¢, and d. As
shown in Fig. 3b2, the thickness of PS layer is about 2 um when the
MWCNTSs content is 0.3 vol%. While the length of MWCNTs is about

Journal Name

1.5 um. thus the cracks formed with PS extraction is too narrow to
get through for all the MWCNTs.*® Moreover, the PS layer thickness
is so thin that part of MWCNTSs across the PS layer and embed the
HDPE phase. What’s more, the thickness of PS layer will decrease
with the MWCNTSs content, increasing MWCNTSs can be observed on
the surface of HDPE core (shown in Fig. 3b, c, and d). Although, the
morphologies of SM, are influenced with the increase of MWCNTs,
the blends still present encapsulation structure. TEM observation
was carried out to reveal the dispersion of MWCNTSs visually at a
more microcosmic scale. We can see from Fig. 4, most of MWCNTs
selectively dispersed in PS layer and a few MWCNTSs locate at the
interface between PS and HDPE and some even embed HPDE phase,
which consistent with the SEM micro-morphology.20 What’s more,
from the TEM images, it further confirms that the core-shell
structure has been formed between the PS and HDPE phases.

Electric properties of the composites

The evolution of DC conductivity as a function of MWCNTs content
of composites is depicted in Fig. 5. As shown in Fig. 5a, the DC
conductivity of VM, nanocomposites suddenly increased up to
twelve orders (1012) of magnitude at 0.5 vol% MWCNTs loading. In

Fig. 3 SEM micrograph of cryo-fractured surfaces of PVDF/PS/HDPE (70/20/10 vol%) blends with PS etched by xylene (a) blends with 0.1 vol% MWCNTs, (b)
blends with 0.3 vol% MWCNTs, (c) blends with 0.5 vol% MWCNTs, (d) blends with 1 vol% MWCNTs.

Fig. 4 Typical TEM images of PVDF/PS/HDPE (70/20/10 vol%) blends with 1 vol% MWCNTs.

4| J. Name., 2012, 00, 1-3
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contrast, the DC conductivity of SM, nanocomposites increased up
to ten orders (1010) of magnitude at 0.5 vol% MWCNTs loading
which is presented in Fig. 5b. The conductivity can be further
analyzed with the critical content of MWCNTs (¢.). Above the ¢,
the bulk conductivity of the composites is related with the scaling
law, as presented in the equation (4).17’ 29,30

0pc (@ — @c)* For, @ > ¢ (4)
where opc is the conductivity of the composites, ¢ is the volume
fraction of the fillers, ¢, is percolation threshold of MWCNTs, and t
is the critical exponent. The best fits straight line was obtained by
considering the value for ¢~ 0.317 and 0.325 vol% for VM, and SM,
respectively in the log opc - log (p—¢.) plots, as shown in the inset of
Fig. 5.

As we can see, an increase in DC conductivity of the
nanocomposites is evident with the MWCNTs loading when its
content is less than ¢, value. Meanwhile, it is interesting note that
the DC conductivity of SM, nanocomposites is far lower than that of
VM, nanocomposites at the same loading of MWCNTSs. It can be

explained in terms of the selective localization of MWCNTs in PS

(a)

Log conductivity

9c=0.317vol%

DC conductivity (S/cm)

08 J‘S 0‘.‘ -0'1 00
Log (p-c)

00 0.2 074 o:s o:s 1?0 12 14 16
MWCNT loading (vol%)

(b) 10°
s.I e °
10° 1
t 1
g 10"1
%)
x 1
> -9
.E 10’ 1
§ -111 g
5 10 1 é
& 1 g
o 43 b %
o 1077 4 .
a 9c= 0.325 vol%
10"5.I
| e L PR LR |
o ) Log (9-00)
10 T ™ T ™ T M T v T
0.0 0.5 1.0 1.5 2,0

MWCNTSs loading (vol %)

Fig. 5 The evolution of the room temperature DC conductivity of the
nanocomposites as a function of MWCNTSs loading (a) VM, nanocomposites,
(b) SM, nanocomposites. Insets show the log-log plots of the conductivity as
a function of ¢. —paccording to eq. (4).
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Fig. 6 lllustration of the selective localization of MWCNTs in PVDF/PS/HDPE
ternary blends.

shell layer. As shown in Fig. 3 and 4, PS layer intercalates between
two insulating layers (PVDF matrix and HDPE core), amounting to
introduce the insulating shells on MWCNTs. What’s more, the core-
shell particles form a segregated structure, and further increase the
barrier gap for MWCNTSs as shown in Fig. 6. As a result, MWCNTs
cannot connect each other directly, which induces the lower DC
conductivity of SM, than that of VM, composites.

Fig. 7a-b presents the variation of AC conductivity of VM, and SM,
nanocomposites with various contents of MWCNTSs (0.05, 0.1, 0.3,
0.5, and 1 vol%) in the frequency range of 10° Hz to 107 Hz. As
observed, AC conductivity of VM, and SM, nanocomposites
increases with increasing in the MWCNTSs loading. When the

—a— VMO
—¥—VMO0.3

—e— VMO0.05
—<4—VMO0.5

—A—\VMO0.1
—»>-VM1

T T T
10’ 10° 10° 10° 10° 10
Frequency (Hz)
(b) % —=—SM0 —e—SM0.05 —4A—SMO0.1

—¥—SM0.3 —<4-SM0.5 —»—SM1

AC conductivity (S/cm)

Frequency (Hz)

Fig.7 AC conductivity of the nanocomposites with various MWCNTSs loading

as a function of frequency (a) VM, nanocomposites, (b) SMy

nanocomposites.
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addition of MWCNTs is less than 0.5 vol%, AC conductivity of VM,
and SM, nanocomposites are almost linearly dependent on the
frequency, and showing the typical behavior of an insulating
material. It is further noticed that a very drastic change in AC
conductivity can be observed with increasing the volume fraction of
MWCNTs. A frequency independent platform up to a critical
frequency is observed of the composites when 0.5 and 1 vol%
MWCNTs incorporated in the blends, implying that the formation of
conductive path and shows the character of direct current
(:onductivity.31 In addition, when 0.5 vol% MWCNTs is added into
composites, the AC conductivity of SM, blends is 10® far lower than
that of VM, nanocomposites with 10, which consistent with the
results of DC conductivity.

Dielectric properties of the composites

The good potential of the dielectric materials to store electrical
energy is attributed to polarization, which mainly arises from the
conductivity mismatch between the fillers and the matrix. According
to the Maxwell-Wagner principle, the disparity of the conductivities
between two adjacent materials results in polarization and charge
accumulation at their interfaces.”” 3> ** what’s more, two
conducting electrodes separated by a dielectric will constitute a
capacitor. So the applied electric filed to the nanocomposites will

(a) 10’

—=— VMO0
—w—VMO0.3

—— VMO0.05
—4—VMO0.5

—A— VMO0.1
—»— VM1

Dielectric constant

T T
10* 10° 10

10° 10° d 10
Frequency (Hz)
(b) 10° 5
] —&— SMO0 —8—SM0.05 —4A—SMO0.1
—¥—SM0.3 —<4—SMO0.5 —p—SM1
-
[
8 2
»n 10"
[ — <~
<]
o
2
=
(%]
2
2
o

T T
10°* 10°
Frequency (Hz)

Fig.8 Frequency dependence of dielectric constant of the nanocomposites
with different MWCNTs loading (a) VM, nanocomposites, (b) SM,
nanocomposites.
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induce the separation and alignment of electric charges, and

forming macro-capacitors between adjacent fillers. It has found that

the formation of micro-capacitors within matrix was able to
. . . . 34

generate giant increment of dielectric constant.

The frequency dependence of dielectric constant of the
nanocomposites at various MWCNTs contents is investigated at
room temperature, and the results are shown in Fig 8. According to
Fig 8a-b, the permittivity of nanocomposites increases obviously
with the MWCNTs content. It can be comprehended that the
amounts of micro-capacitors will increase and the distance between
adjacent MWCNTs will decrease with increasing MWCNTs content
within a certain range, accumulating vast charges on the interface
between two dielectric materials, and then dielectric constant
increases rapidly. At low MWCNTs contents, the addition of
conductive fillers cannot change the stability of the dielectric
constant with the increase of frequency, as seen a frequency-
independent behavior. However, when the MWCNTs content is
higher than 0.3 vol%, the permittivity of nanocomposites will
obviously decrease with the increase of frequency and exhibit a
frequency-dependent behavior. This is because the space charges
and permanent dipoles cannot keep in pace with the rapidly
changing electrical vector as the frequency increases, and they

(a) 10°

10°

—a— VMO0
—v—VMO0.3

—e—VMO0.05
—4—VMO0.5

—&—VMO0.1
—»— VM1

Loss tangent tan &

T ® T v T T T
10* 10° 10* 10° 10° 10’
Frequency (Hz)
—=—SM0 ——SM0.05 —A—SMO0.1
10" —w—SM0.3 —<€¢—SMO0.5 —»— SM1
o
s 0
g 10° 4
-
[
[ |
S |
c
] 1
S o4
[72]
17}
o
=1
107 4
T T T T
10’ 10° 10* 10° 10° 10"

Frequency (Hz)

Fig.9 Frequency dependence of dielectric loss tangent (tané) of the
nanocomposites with different MWCNTSs loading (a) VM, nanocomposites,
(b) SM, nanocomposites.
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35
“relax out” at some frequency. = As a result, the effect of overall
polarization will decrease, and dielectric constant of composites will
decrease consequently.

In general, high dielectric constant is coupled with high dielectric
loss for the conductive <:omposites.29 As depicted in introduction,
adding MWCNTs into composites could greatly increase the
dielectric constant, however, accompanied by a dramatic increase in
dielectric loss. For VM, nanocomposites, the dielectric loss is only
slightly increased when MWCNTs content less than 0.3 vol% as
shown in Fig 9a. However, it increases rapidly when MWCNTs
content beyond 0.3 vol%. The dielectric loss of VM, nanocomposites
even reach about 4x10° with 1 vol% MWCNTs at 100 Hz. We can see
from Fig 9b, for SM, blends, as the content of MWCNTs beyond the
percolation threshold (0.325 vol%), the dielectric loss increases
quickly with the content of MWCNTs. while, the dielectric loss of
SM, remains at 10 with 1 vol% MWCNTs at 100 Hz, which is 400
times lower than that of VM, composites. As we know, the dielectric
loss of the composites will increase because of the high leakage
current caused by the direct connection among conductive fillers.
For SM, blends, MWCNTs selectively distributes in PS shell layer,
which prevents MWCNTs from directly connecting each other and
induces the low current leakage. As a consequence, a low dielectric
loss and high dielectric constant for SM, composites can be
obtained.

Conclusions

The selective distribution of MWCNTs in (70/20/10 vol%)
PVDF/PS/HDPE ternary blends have been successfully prepared
through melt blending method. The Harkins spreading theory
predicts that PS phase will spread over the PVDF/HDPE interface
and display a complete wetting behavior. Meanwhile, the wetting
coefficient theory predicts that MWCNTs will selectively distribute
in PS phase. SEM and TEM images confirm that PVDF/PS/HDPE
blends form a core-shell structure, where PS is the shell and HDPE is
the core. And the results also demonstrate that the selective
localization of MWCNTSs in PS layer. It is characterized that the
partial electrical network of composites has formed with increasing
MW(CNTs content determined by the direct current and alternating
current conductivity results. The dielectric constant and dielectric
loss of composites are strongly dependent on the frequency and
MW(CNTSs content. The dielectric constant of SM, nanocomposites is
as high as 400 with 1.0 vol% MWCNTs at 10 Hz, accompanied by a
low dielectric loss of 10 which is almost 400 times lower than that
of VM, composites. Therefore, the selective localization of MWCNTs
in shell layer of the composites, which display a core-shell structure,
is an effective method to reduce the dielectric loss and maintain
high dielectric constant simultaneously.
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