Applied Polymer

SCIENCE

Preparation and Properties of g-Phase Graphene Oxide/PVDF
Composite Films

Ningli An, Shaolong Liu, Changqing Fang, Ruien Yu, Xing Zhou, Youliang Cheng

The Department of Packaging Engineering, Institute of Printing and Packaging Engineering, Xi'an University of Technology,
Xi'an 710048, Shaanxi, China

Correspondence to: C. Fang (E-mail: fcgxaut@163.com)

ABSTRACT: We report preparation of graphene oxide (GO) from expanded graphite (EG) via a modified Hummers method. GO/
PVDF composites films were obtained using solvent N, N-Dimethylformamide (DMF) and cosolvent comprising deionized water/
DMF combination. X-ray diffraction (XRD) and Fourier transform infrared spectroscopy (FTIR) analyses revealed that the main crys-
tal structure of the composite films is f-phase, and use cosolvent method tends to favor the formation of f-phase. Scanning electron
microscopy (SEM) was used to investigate the microstructure of composite films. Storage modulus and loss modulus were measured
by Dynamic mechanical analysis (DMA). Broadband dielectric spectrum tests showed an increase in the dielectric constant of the
GO/PVDEF composite films with the rising content of GO, and by cosolvent method could improve the dielectric constant while
reducing the dielectric loss. Our method that uses GO as an additive and deionized water/DMF as the cosolvent provides a promising

and low-cost pathway to obtain high dielectric materials. © 2014 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 41577.

KEYWORDS: composites; crystallization; dielectric properties; surfaces and interfaces; X-ray

Received 30 May 2014; accepted 1 October 2014
DOI: 10.1002/app.41577

INTRODUCTION

In recent years, with the development of microelectronics devi-
ces and nanoscale electronic devices, dielectric materials have
come increasingly to the research community’s attention. Based
on materials properties, dielectric materials can be divided into
two types, inorganic polymer composites and organic polymer
composites." The traditional high dielectric materials are ferro-
electric ceramics materials, such as barium titanate (BaTiO3)
and lead titanate (PbTiO;),? the high dielectric loss, low break-
down voltage and low resistance of these materials have limited
their development in the field of energy storage. By comparison,
the organic polymer materials have drawn increasing attention
due to the good processability, high breakdown strength (100—
900 KV/mm) and low dielectric loss (10~ %) of these materials.’

PVDF is a highly crystalline fluoropolymer that belongs to a
class of tough thermoplastics, which exhibit good electrochemical
activity and thermal stability.* Generally speaking, PVDF exists in
four crystalline phases: o, f§, 7, and ¢ phase’ and the first three
types are common. As shown in Figure 1(a), the o-phase is the
most common crystal structure that forms during solution proc-
essing of PVDE Figure 1(b) shows the fi-phase which has a trans
planar zigzag structure (TTTT), that leads to the largest spontane-
ous polarization per unit cell in comparison with other crystal
phases, contributing to the material’s high pryo- and piezo-electric
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properties.”” In Figure 1(c), the y-phase (TTGTTTGT) is shown
that may be obtained from both solution and melt-crystallization
at temperatures above 160°C.*> Among these crystalline phases,
the f-phase is the most attractive PVDF crystal type, which has
the highest ferro- and piezoelectric properties with the largest
spontaneous polarization and can be used for a variety of applica-
tions.” ™" Therefore, much attention has been paid to the research
and development of the f-phase PVDE

Graphene oxide (GO) is currently of great interest due to its low
cost, easy availability, and its widespread ability to be converted
into graphene. The scalability of this material is also a very desir-
able feature.'*'* The usual way for preparing GO is Hummers
method that includes proportional amounts of oxidants, such as
potassium permanganate, sodium nitrate, and concentrated sul-
furic acid that are mixed in a specified order with the graphite.'*

The addition of nanofillers to PVDF is often performed aiming
at the nucleation of the electroactive f-phase.'> Layek et al.'®
prepared poly (methyl methacrylate)-functionalized graphene/
PVDF nanocomposites and found that graphene sheets
enhanced f-polymorph PVDF formation, while increasing the
thermal stability of the nanocomposites. To observe the influen-
ces of nanocarbon sheets on the electrical performance of
PVDE, Song et al.'” studied the dielectric properties of gra-
phene/PVDF composites. They discovered that when the quality
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Figure 1. The crystal structure (a) the «- phase, (b) the - phase, and (c)
the y- phase of PVDF(@: carbon atom; O: fluorine atom; O: hydrogen
atom).

ratio of graphene was 0.25%, the dielectric constant of the com-
posite was 1.7 times greater than pure PVDE

Subsequently, GO has been used to prepare PVDF membranes.
Wang et al.'® dissolved GO and PVDF in DMF to prepare
organic-inorganic-blended ultrafiltration membranes. The GO-
blended PVDF membranes appeared to be more hydrophilic,
and the tensile strength was also significantly enhanced. Kuwa-
hara et al."” demonstrate electro-luminescence enhancement by
the addition of GO nanosheets as a comparatively high dielec-
tric additive for PVDEF, PVA, etc. Their study shows that the
optimal volume of GO is 2.5 wt %, and the dielectric constant
of the composites increased by more than 10-fold and enhanced
the electroluminescence to more than three times that of the
composite layer with 1.0 wt % of GO. Sigamani et al.*® used a
cosolvent approach involving water and DMF to dissolve GO
and PVDE to obtain the GO/PVDF composites. The cosolvent
approach helped to disperse GO in a high aspect ratio in the
PVDF matrix. Dielectric results showed that with the addition
of GO remarkably increased the electrical conductivity of the
composites.

Currently, use of GO as filler for modifying polymers has
focused primarily on the mechanical properties and thermal
performance.?!
properties are relatively scarce. This article introduces the prepa-
ration for f-phase GO/PVDF composite films and the PVDF
crystalline phase transition. Additionally, preliminary investiga-
tions were conducted on the dielectric properties and dielectric
mechanism of GO/PVDF composite films. By controlling the
content of GO and deliberating whether to add deionized water
into the solvent, a series of GO/PVDF composite films were
prepared. Herein we present and discuss our investigations of
the crystalline phases, mechanical properties and the dielectric
properties.

Research on the microstructure and dielectric

EXPERIMENTAL

Materials

N, N-Dimethylformamide (DMF) was purchased from the Tian-
jin FuYu Chemical PVDE as the film material, was obtained
from the Shanghai 3F NewMaterials (FR-904). Expanded graph-
ite (EG, expansion rate =200 mL/g) was obtained from Qing-
dao Haida Graphite (Qingdao, China). Deionized water.

Mnh\"‘lfu-'§ WWW.MATERIALSVIEWS.COM
1

41577 (2 of 8)

Applied Polymer

SCIENCE

Preparation of Graphene Oxide (GO)

GO was prepared by a modified Hummers method from EG
(Expanded Graphite). 2 g of EG and H,SO, (98%, 100 mL)
were placed in a bottom-round flask. KMnO, (10 g) was added
in an ice-water bath with continuously stirring. The mixture
was stirred for 2.5 h at 10°C, and then stirred continuously for
another 1.25 h in a thermostatic waterbath (35°C). Deionized
water (400 mL) and H,O, (30%, 5 mL) was then added with
continuous stirring to prevent effervescing that resulted in a
bright yellow suspension. The suspension was subsequently
washed with diluted hydrochloric (1 : 10), and then dispersed
the suspension in the deionized water (200 mL) by ultrasonic.
Take dodecyl amine (3 g) dissolved in anhydrous ethanol
(100 mL) and stir to make it fully dissolved. After which the
dissolving liquid was added to the graphene oxide suspension,
and stirred for 48 h at 50°C to obtain the amination of GO dis-
persion solution. Finally, the dispersion solution was washed
with ethanol six times and then kept in a vacuum oven (60°C)
for 24 h to obtain a dry GO.

Solution Preparation
GO/PVDF solutions were prepared by solution composite
method.

1. GO (0.01 g) was suspended in DMF (100 mL), stirring and
intermittent ultrasonic dispersion were continued through-
out the process for 5 h at 60°C (made into the solution of
the mass fraction of 0.01%) to ensure the suspension stable
and uniform, with 0.0001 g of GO in per milliliter solution.

2. The samples were distributed as six groups according to the
different ration of GO and different solvent, shown in
Table L.

Preparation of the Nanocomposite Films
The specific process of composite films preparation is listed as
follows (ultrasonic power is 100 W):

1. Dissolve quantitative PVDF in DMF solution, stirring and
ultrasonic for 1 h, until the PVDF solution became
transparent.

2. Measuring quantitative GO/DMF solution (Sample C need
to add 2 mL deionized water into GO/DMF solution, then
stirring and ultrasonic for 1 h at 40°C). Add PVDF/DMF
solution to GO/DMF solution, stirring, and ultrasonic the
mixed solution for 2 h at 45°C.

3. The well-dispersed GO/PVDF nanocomposites are placed on
a glass substrate in the vacuum drying oven at 120°C for 3
h to evaporate solvent, well below the melting temperature
of PVDE.

4. Decrease the temperature in the vacuum drying oven at the
rate of 10°C/15 min, until the temperature is below 40°C.

5. Peeling off these composite films from the glass substrate,
and then coating a circular conductive aluminum layer as
electrode on these composite films for dielectric perform-
ance test.

Characterization
X-ray Diffraction (XRD). XRD was performed using a XRD-
7000 diffractometer (SHIMADZU LIMITED, Japan) with two-
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Table 1. Samples and Formulations

Samples Solution GO

A PVDF(1 g)/DMF 0

B1 PVDF(0.9996 g)/DMF/4 mLGO 0.04 wt %
B2 PVDF(0.9994 g)/DMF/6 mLGO 0.06 wt %
B3 PVDF(0.9992 g)/DMF/8 mLGO 0.08 wt %
B4 PVDF(0.9990 g)/DMF/10 mLGO 0.1 wt %
ce PVDF(0.9990 g)/DMF/ 0.1 wt%

10 mLGO/2 mL deionized water

2GO/PVDF nanocomposite films are synthesized by cosolvent method
involving deionized water and DMF.

dimensional (2D) area detector with Cu Ka radiation. The dif-
fraction patterns of GO/PVDF composite films in the 20 range
of 10-70° and the peaks corresponding to the o- and f-phase
polymorphic modification were detected.

Fourier Transform Infrared Spectroscopy (FTIR). To identify
the o- and f-phase polymorphic modification of PVDE, a Fou-
rier Transform IR spectrophotometer [SHIMADZU FTIR-8400S
(CE)] and recorded in the transmission mode at room tempera-
ture by averaging 20 scans was utilized to perform a FTIR anal-
ysis on the GO/PVDF composite film samples. The spectra were
analyzed in the frequency range of 1000-400 cm ™.

Dynamic Mechanical Analysis (DMA). The dynamic mechani-
cal analysis was used in tensile mode at a frequency of 1 Hz,
and the static force is 0.01N. The blended films were made in
the form of rectangular strips having dimensions of 30 mm X
10 mm X 0.05 mm, approximately. After heating from —45 to
80°C at rate of 5°C/min, the storage modulus, loss factor and
tand as a function of the temperature were recorded.

Scanning Electron Microscopy (SEM). Surface morphology of
the impact fracture was analyzed by means of SEM. The frac-
tion surfaces of sample were coated with a layer of gold by a
JEC-1600 Sputter coater for 5 min. The SEM experiments were
performed by a JSM-6390A scanning electron microscopy to
observe the morphology of the dispersed phase.

Dielectric Properties. The dielectric properties of samples were
measured with a frequency range between 10~* and 10”7 Hz at
room temperature using a Novocontrol Technologies Broadband
dielectric spectrum test system (Concept 80, Novocontrol, Ger-
many), used to analyze dielectric constant and dielectric loss.

RESULTS AND DISCUSSION

XRD Analysis

The crystalline phase analysis of the experimental samples was
carried out using the X-ray diffraction (XRD). In general,
PVDF powder was mainly composed of a-phase, Figure 2(a)
shows the XRD of o-phase PVDE, the strong peaks appear at
20 =18.5° and 27° indicating the a-phase.”?

As shown in Figure 2(b), the XRD spectrum of PVDF was
measured at a temperature of 120°C. It can be seen that
at 120°C, 20 = 18.5° on behalf of the diffraction peak of a- and
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y- phase is restrained, 20 = 27° diffraction peak decreased sig-
nificantly corresponding to the o-phase. This illustrates that at
120°C, with the addition of GO, the a-phase in the crystal is
restrained and large amounts of f-phase existed in the crystal
structure.

Figure 3(a) shows XRD of pure PVDF film and GO/PVDF films
with the GO content of 0.04%, 0.06%, 0.08%, and 0.1%
sequentially. It shows that the «- and y-phase of these crystalline
structure of the composite films are suppressed, this implies
that with the addition of GO at the crystallization temperature
of 120°C, f-phase formation is favored.

Figure 3(b) shows the XRD of the GO/PVDF films with the GO
content of 0.1%. It can be seen that in curve C, 20 = 18.5° cor-
responding to the diffraction peaks of - and y- phase is obvi-
ously weaker than curve B4, and in curve C exhibits less
volatility than curve B4. This indicates that the cosolvent
method for the synthesis of GO/PVDF nanocomposites, which
involved addition of deionized water and DMF, can convert o-
phase to f-phase, resulting in a further increase of f-phase in
crystal. This may occur from addition of deionized water which
disperses the GO more uniformly in the mixed solution, thus
reducing the formation of a microporous structure during the
preparation of the composite film. This improves the stability of
the framework, thus affecting the physical properties of the
material.
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Figure 2. XRD spectrum of (a) a-phase and (b) f-phase of PVDE
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Figure 3. XRD spectrum of the GO/PVDF composite films with (a) (A)
0, (B1) 0.04, (B2) 0.06, (B3) 0.08, (B4) 0.10 and (b) (B4) 0.10, (C) 0.10
(cosolvent method DMF+ water) wt % GO. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

FTIR Analysis

Figure 4(a) shows the FTIR spectra of GO/PVDF composite
films. The peaks at 530 cm Y, 610 cm ™Y, 765 cm ™Y, 975 ecm !
are related to the o-phase, and the peaks at 440 cm ™',
840 cm ™', 510 cm ™' can be assigned to the f-phase. The pres-
ence of the f-phase in PVDF films indicates strong dielectric
properties and piezoelectric properties. The peaks at 430 cm ™'

are related to the y-phase.”

As we can see from Figure 4(a), the peak representing the f-
phase of curve A (PVDF) and B4 (0.1% GO/PVDF) at
440 cm™ "' is relatively weaker, peaks of a-phase at 610 cm ™',
765 cm™ ', 975 cm ™" are slightly stronger than other curves. We
observe in Figure 4(b), appearance of the peak at 440 cm™ ' that
was not discussed by previous investigators. This peak makes its
appearance in the spectra of PVDF films comprising a substan-
tial fraction of the f-phase, which demonstrates strong piezo-
electric properties. The spectrum demonstrates a broad and
peak located at 440 cm ™' and 840 cm ™' are related both to the
p-phase of PVDE Compared with B4, curve C the peaks at
840 cm ™' and 440 cm™' corresponding to the f-phase peaks
are enhanced and the peaks of a-phase at 610 cm™' and
975 cm ™! are slightly reduced.
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FTIR and XRD tests provided similar results. These results indi-
cate that the transition from the metastable f-phase to the sta-
ble a-phase was prevented by the homogeneous dispersion of
GO nanoparticles in the PVDF matrix owing to the match of
crystal lattice of GO with the f-phase of PVDE, which is similar
to the effect of adding clay to obtain the f-phase of PVDE>*
Hydrogen bonds were formed between the hydroxyl group on
the surface of the GO particles®® and the polar C—F bonds of
the PVDE*® The movement and arrangement of the polymer
chains were restricted and oriented to the surface of GO to
form an orderly arrangement. This mechanism induces forma-
tion of the f-phase of PVDF at 120°C. Using the cosolvent
approach involving deionized water and DMF helps to disperse
GO with high aspect ratio in the PVDF matrix and then affect
the crystalline structure of PVDE continuing to shift the -
phase towards to the f-phase.

Dynamic Mechanical Analysis

Dynamic Mechanical Analysis (DMA) is an effective and impor-
tant technique for the analysis of polymer molecular chains,
structure, and properties. Figure 5 shows the temperature
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Figure 4. FTIR of the GO/PVDF composite films with (a) (A) 0, (B1)
0.04, (B2) 0.06, (B3) 0.08, (B4) 0.10 and (b) (B4) 0.10, (C) 0.10 (cosol-
vent method DMF+ water) wt % GO. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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Figure 5. DMA spectrum (a) storage modulus and (b) loss factor of (A)
0, (B4) 0.10, (C) 0.10 (cosolvent method DMF+ water) wt % GO.

dependence of the storage modulus and the loss factor of the
GO/PVDF composite films, at 1 Hz.

In Figure 5(a), compared with pure PVDF films, the storage
modulus (E’) of composite films decreased with the addition
content of GO. This is due to the facts that GO did not com-
bine well with the PVDF in composite structure and the addi-
tion of GO destroyed the PVDF crystal structure, leading to a
drop in storage modulus. It is can be inferred that the rigidity
of composite films is lower than the pure PVDF films. For
curve C, the energy storage modulus of GO/PVDF composite
films which was prepared by the cosolvent deionized water/
DMF method is improved in comparison with curve B4, this
reveals that in the composite interface the combination between
GO and PVDF has improved, and in macro presentation exhibit
the increase of storage modulus.

Figure 5(b) shows the loss factor (Tand = E’/E') of the compos-
ite films. Since the glass transition temperature (T,) of PVDF is
between —42°C and —5°C, we can infer that the Tand peak
between —20°C and —5°C is the glass transition peak of PVDE
With the addition of GO, the glass transition peak shifts to a
higher temperature. This is due to the fact that PVDF is a semi-
crystalline polymer, where GO changes the movement of PVDF
molecular chains, and thus the glass transition temperature
changes. The Tand peak of the GO/PVDF composite films that
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was prepared by cosolvent method has higher intensity than the
corresponding peak for the composite films prepared solely
with DME This can be ascribed to the deionized water that
makes GO better dispersed in the composite films, and the
combination between GO and PVDF is reinforced, resulting in
the increase of film’s toughness.

SEM Analysis

To investigate the influence of GO on the microstructure of the
composite films, SEM of GO/PVDF films cross-sections were
obtained.

Figure 6(a) shows the microstructure of pure PVDE where it
can be seen that the morphology of pure PVDF layer is dense,
smooth with no voids, but small fold lines appear on the sur-
face. Compared with pure PVDE the GO/PVDF composite
films contain some granular aggregates and much grainy mate-
rials distributed in a gradient inhomogeneously dispersed, where
the surface of the crystal is uneven. As seen from Figure 6(B1-
B4), as the content of GO in the film increase from 0.04% to
0.1%, the grainy aggregates increase and its size also grows and
more voids structures are observed. This phenomenon can be
interpreted as follows: GO particles are dispersed inhomogene-
ously in the PVDF matrix and the microstructure of PVDF was
destroyed as the increasing amount of GO resulted in the for-
mation of large grainy aggregations.

Figure 6(c) shows the GO/PVDF composite films prepared
using the cosolvent method, when compared with the Figure
6(B4), because the GO has a higher affinity for water than
DME, the cosolvent method helps to dispersed GO more evenly
in PVDF matrix, which is attributed to the smoothness of frac-
ture surface, the lower amount and smaller size of the grainy
aggregations. The improved compatibility and interfacial activity
between the GO and PVDE dramatically improves the nano-
composites performance.

The result of Energy Dispersive Spectrometer (EDS) test is used
to identify the elemental composition. Figure 7 shows the EDS
of the grainy aggregates on the GO/PVDF composite films and
the principal constituents of the composite and their percen-
tages. The EDS results indicate that the composite films were
composed of carbon, oxygen, and fluorine elements. The carbon
elements and oxygen elements are attributable to the oxygen
functional groups in GO, part of carbon elements from the
PVDE, and fluorine elements is obviously from the C—F bonds
of the PVDE.

Dielectric Properties Analysis

The dielectric properties of samples were measured in a fre-
quency range between 1072 and 1077 Hz at a room tempera-
ture. Figures 8 and 9 shows the dielectric constant and dielectric
loss of the pure PVDF and GO/PVDF nanocomposites.

As can be seen in Figure 8, the pure PVDE, exhibits a dielectric
constant that is generally about 10 at a the frequency 10~ > Hz.
With the increase in frequency, the dielectric constant of the
material exhibits an obvious downward trend. In the frequency
range between 10~' Hz and 10° Hz, the dielectric constant
decreased slowly. When the frequency was increased to 107 Hz,
dielectric constant decreased to about 3.
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Figure 6. SEM of GO/PVDF composite films with (A) 0, (B1) 0.04, (B2) 0.06, (B3) 0.08, (B4) 0.10, and (C) 0.10 (cosolvent method DMF+ water)

wt % GO.

By adding GO with a mass fraction of 0.04% and 0.06%, the
dielectric constant of the composite changes only a little,
reached about 11. When the content of GO is 0.08%, the dielec-
tric constant of the composite is increased to 16 at the fre-
quency of 1072 Hz. When the GO content was 0.1%, the
dielectric constant of the composite obvious improved, as
showed in curve B4, which attained a reading of 23.

Under the same test conditions with the GO content of 0.1%,
as shown in curve C, the composites prepared using the cosol-
vent method showed an improvement in dielectric constant
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above that of the composites prepared with DMF, almost
reached 24.

There are two explanations for this phenomenon. First, com-
pared with A, Bl, B2, B3, B4, such improvement of dielectric
constant may be correlated to the increasing GO content, the
increased content of f-phase crystal enhanced the polarity, it
may be the main reasons for the improving dielectric constant.

Compared with B4 and C, the main reasons for the improved
dielectric constant may be the dispersion and networking of

J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.41577



http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE WILEYONLINELIBRARY.COM/APP
0.55
13500 — _- 0 50
Element Mass% o— A 1
o —Ar—B1 —40.45
oso0] 84 73.13 ’a 7 B2 i 0-40
o 337 = ——B3 ] 0.35
9000 —| 8 —4—B4 17
F 23.50 =1 —e—C —40.30
£ |
£ 77 Total 100 = 1025
° e 0.20
0.15
. 0 1 0.10
3000 > 0.05
woo-{ il © R R R T R R R R R 0.00
| 102 10" 10° 10" 10° 10° 10* 10° 10° 10
g T T T w T T T T T Frequency/Hz
0.00 1.00 200 300 4.00 500 6.00 700 £.00 2,00 10.00

eV
Figure 7. EDS of GO/PVDEF composite films. [Color figure can be viewed
in the online issue, which is available at wileyonlinelibrary.com.]

GO. The GO disperses much better in water whereas it forms
less stable solutions in organic solvents such as DMFE. Less soni-
cation time is required to achieve good dispersion in water due
to the hydrogen bonds that appeared to be more hydrophilic,
which form between water and GO’s functional groups.

GO is a material exhibits semiconducting properties, while GO
dispersed in PVDF matrix, part of the GO structure may act as
the role of tiny capacitors in the composite material, which
leads to an increase in the dielectric constant of the composite.

The dielectric loss is a measurement of the energy dissipation
from the movement or rotation of the molecules in the alternative
electric field.” Figure 9 shows the changes of dielectric loss with
frequency in a range between 10~ % and 10”7 Hz at room temper-
ature. The dielectric loss of pure PVDF is 0.3 at the frequency of
102 Hz, but after addition of GO, the dielectric loss of composite
material was increased. By adding different mass fractions of GO,
the effect on the dielectric loss is basically the same, in between
4.5 and 5. By the graph, it is evident that the valley location of
the dielectric loss curve does not substantially change with the dif-
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Figure 8. The dielectric constant under different frequency of GO/PVDF
composite films with (A) 0, (B1) 0.04 (B2) 0.06, (B3) 0.08, (B4) 0.10, and
(C) 0.10 (cosolvent method DMF+ water) wt % GO.
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Figure 9. The dielectric loss under different frequency of GO/PVDF com-
posite films with (A) 0, (B1) 0.04 (B2) 0.06, (B3) 0.08, (B4) 0.10, and (C)
0.10 (cosolvent method DMF+ water) wt % GO.

ferent content of GO, which is due to this groups of samples that
were prepared from the same substrate-PVDF matrix.

With the addition of GO, more interfacial area is created and
the PVDF polymer chains are separated into smaller domains
where more molecules or dipoles can rotate. Moreover, part of
GO agglomerated in the PVDF matrix causing clustering of the
free charge, which formed the electric conduction loss, which
dissipated more energy.

As curve C shown, the dielectric loss of the GO/PVDF compos-
ite films prepared using the cosolvent method declined com-
pared with curve B4, because the GO has a higher affinity for
water than DME, with the addition of deionized water, GO is
well dispersed in the PVDF matrix, so the interface combination
degree between PVDF and GO has improved, to a certain
extent, the formation of aggregate is reduced, leading to the
decrease of dielectric loss.

CONCLUSIONS

In summary, we have described the preparation of GO and GO/
PVDF composite films. XRD and FTIR analysis showed that the
crystal structure of the GO/PVDF composite films is the f-
phase. Dielectric spectrum analysis revealed that the [-phase
crystal structure could enhance the dielectric constant of the
composite films. The dielectric constant and dielectric loss
increased with the increasing GO loading throughout the whole
frequency range, especially when the amount of GO was 0.1%,
the dielectric constant of the composite film increased signifi-
cantly that almost reached 24. Additionally, by observing the
GO/PVDF composite films prepared using the cosolvent (deion-
ized water/DMF) method, the f-phase in crystal appeared to
increase and the dielectric constant improved significantly, with
low dielectric loss. The SEM analysis of the microscopic surface
of GO/PVDF composite films prepared by the cosolvent method
showed a relatively smooth morphology, the amount and size of
grainy aggregations in films were observed to be less. This result
indicates the potential of using the cosolvent method for the
synthesis of GO/PVDF nanocomposites involving deionized

J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.41577
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water and DMF that yields well-dispersed GO in the PVDF
matrix.
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