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Polymer-composites of polyvinylidene fluoride (PVDF) and reduced graphene oxide (RGO) have 10 

been prepared from PVDF/GO membrane by a simple hot-molding technique. The specific 

interaction between oxygen-containing functional groups in GO surface and fluorine group in 

PVDF makes the GO dispersed into PVDF homogeneously and it can be thermal reduced into RGO 

after a hot-press process. Several characterizations such as AFM, XRD, FT-IR and Raman have 

been employed to confirm thermal reduced process from GO to RGO in the composite. The 15 

enhanced absorption and dielectric properties were investigated, the result indicated that the 

composites with a low filler loading of 3 wt%, the maximum reflection loss of PVDF/RGO 

composite can reach -25.6 dB at 10.8 GHz, and the frequency bandwidth less than -10 dB is from 

8.48 to 12.80 GHz. While, when the filler is 3 wt%, the dielectric constant can reach 3801 (103 

Hz). The enhanced mechanism has been also explained in detail. 20 

Introduction 

Since its discovery in 2004,1 graphene has received 
considerable attention and research interest due to its its excellent 
electrical and thermal conductivity, superior mechanical property, 
as well as large surface area.2, 3 In addition, there is an increasing 25 

interest in the research of its related materials, such as graphene 
oxide (GO) and reduced graphene oxide (RGO).4 GO is the 
exfoliated product of graphite oxide, which is prepared by a 
modified Hummers method from graphite power. Then GO can 
be transformed into RGO by chemical,5, 6thermal,7, 8and 30 

electrochemical9 reductions. However, one major challenge in the 
preparation of graphene is to overcome its easily irreversible 
agglomeration or even restacking as results of strong van der 
Waals interaction and the out-of-plane π bond between the 
individual graphene nanosheet. While for GO, after the oxidation 35 

reaction, oxygen-containing functional groups like epoxy, 
hydroxyl, carboxy and carbonyl groups are located either on the 
basal plane or on the edge of the single atom-thin sheet. The 
presence of these functional groups makes graphene oxide sheets 
be strongly hydrophilic, which allows graphite oxide to swell and 40 

disperse in various polar solvent readily.10  
Recently, with the increasing usage of electromagnetic wave 

devices such as wireless communication tools, local area 
networks, personal digital assistants and other communication 
equipment, there are some serious electromagnetic interference 45 

(EMI) and electromagnetic compatibility (EMC) problems have 
emerged.11, 12 Thus, to decrease electromagnetic radiation, the 
electromagnetic wave absorbing material has attracted much 
attention. This absorber can attenuate the electromagnetic energy 
through its dielectric loss or magnetic loss, and the most recent 50 

research is focused on the electromagnetic properties in the range 
of 2-18 GHz. Many microwave absorbing materials have been 
reported, such as Shimba et al.13 fabricated polymer composites 
containing amorphous Fe-B submicrometer particles and Ni-Zn 

ferrite nanoparticles. This composite exhibited good microwave 55 

absorption properties (RL<-20 dB) in the frequency range of 
0.65-1.12 GHz for absorber thickness of 2.38-4.06 mm. In 
addition, there are many nanostructures, such as CeO2,

14 ZnO 
nanostructures,15 β-MnO2 nanorods,16 3D α-MnO2,

17 CuS 
nanostructures18-20 and SiC fibers21 have been reported as 60 

microwave absorption materials. To date, much attention is being 
paid to carbon-based materials in electromagnetic wave 
absorption field, especially for carbon nanosheets and graphene 
nanocomposites. For example, Fan et al.22 reported that the 
reflection loss (RL) peak value of flaky graphite was -25.5 dB at 65 

about 14.4 GHz. Li et al.23 investigated the electromagnetic (EM) 
wave absorption properties of La-doped BaTiO3/MWCNT 
nanocomposites in the 7.5-18 GHz frequency range for an 
absorber thickness of 1 mm. When this nanocomposite doped 
with 1.5 at% La3+, an RL exceeding -5 dB for this sample was 70 

obtained in the frequencies ranging from 9.6 to 16.3 GHz, with 
the optimal RL of -17.4 dB at 10.9 GHz. Cao et al.24 studied the 
microwave absorption property of Ni-C monolith composite at 
various loadings of nickel (10-30 wt%). Among these, the 
composite with an 18.2 wt% loading of Ni had a strong 75 

absorption peak at 13.7 GHz and achieved a maximum absorption 
value of -23.6 dB. Singh et al.25 synthesized reduced graphene 
oxide (RGO)/nitrile butadiene rubber (NBR) composite with 10 
wt% of the resultant graphene which had an effective absorption 
(>10 dB) over a wide frequency range between 7.5 and 12 GHz 80 

and the maximum loss was -57 dB at 9.6 GHz when the thickness 
was 3 mm. Apart from these, wang et al.26 made a conclusion that 
the chemically reduced graphene oxide have showed enhanced 
microwave absorption compared with graphite and carbon 
nanotubes, and could be expected to display better absorption 85 

than high quality graphene. Moreover, in the previous report, 
most scientific researchers use paraffin as matrix when they do 
such EM absorption measurement. This will restrict the practical 
application of materials immensely. In order to solve this 
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problem, our group selected PVDF, which possessed certain 90 

flexibility as matrix. And based on our previous research,18-20, 27 
we found a synergic effect between nanomaterials and PVDF in 
microwave absorption area. Meanwhile, the functional groups on 
the surface of GO could promote GO combined with PVDF 
better, forming polarized interface that would enhance the EM 95 

wave absorption ability and dielectric properties. 
On the other hand, in the dielectric materials field at the 

frequency from 102 to 106 Hz, graphene-based nanocomposites 
have been confirmed that it can enhance the dielectric properties 
due to the percolation theory,28, 29 and it is a promising way to 100 

improve the dielectric constant of the polymers. For the 
composites, the effective dielectric constant of polymer 
composites can be improved dramatically as the concentration of 
filler approaches the percolation threshold. 
Based on percolation theory, wang et al.30 fabricated the reduced 105 

graphene oxide/polypropylene (rGO/PP) composites. With an 
ultralow percolation threshold as low as 0.033 vol%, the 
dielectric permittivity of the composite was 160 and 40 at 102 Hz 
and 103 Hz, respectively. For Poly(arylene ether nitriles) 
(PEN)/graphene nanosheets (GNs) composites with 5 wt % GNs, 110 

the dielectric constant increased to 9.0 compared with that of neat 
PEN (3.1) and dielectric losses of all nanocomposites were in the 
range of  0.019–0.023 at 103 Hz.31 He et al.32 prepared graphene 
nanosheet-Fe3O4 (GNS-Fe3O4)/syndiotactic polystyrene (sPS) 
composites and investigated their dielectric properties. The 115 

composite showed a high dielectric permittivity of 123 (dielectric 
loss 0.75) at 103 Hz, which was 42 times higher than that of pure 
sPS in the neighborhood of the percolation threshold with 9.59 
vol.% GNS-Fe3O4. Dielectric constants as high as 230 and 100 at 
102 Hz were observed in poly(vinyl alcohol)-modified rGO(rGO-120 

PVA)/poly(vinylidene fluoride) (PVDF) and reduced graphene 
oxide (rGO)/poly(vinylidene fluoride) (PVDF) nanocomposites, 
when the rGO-PVA and rGO were in the percolation thresholds 
of 2.24 vol % for rGO-PVA/PVDF composites and 0.61 vol% for 
rGO/PVDF composites, respectively.33 In addition, Cui et al.34 125 

have reported that the composite materials with graphene as 
conductive filler exhibited a low value of the percolation 
threshold (4.08 vol.%). And the maximum dielectric permittivity 
of the composite film with 12.5 vol.% of graphene fillers 
achieved 2080 at 102 Hz.  130 

In this paper, we firstly prepared the PVDF/GO solution by a 
simple blending method. Because of the existence of oxygen-
containing groups in GO platelet, they would disperse in PVDF 
solution homogeneously and could not agglomerate together, and 
the GO can be translated to RGO by thermal reduction during the 135 

hot-molding process. The enhanced absorption and dielectric 
property of  PVDF/RGO composites were also investigated. 

 

Experimental 

Graphite power (300 mesh, 99.9999%) was purchased from 140 

Alfa Aesar. All other chemicals are of analytical grade and used 
without further purification. 
 

Preparation of graphene oxide (GO) solution 

 145 

To prepare graphene oxide, we first need to produce graphite 
oxide. Graphite oxide was prepared using a modified Hummers 
method35 from graphite power. Then the product was dispersed in 
N, N-dimethylformamide (DMF) and sonicated for 2 h under 
ambient conditions. The dispersion was then centrifuged at 4000 150 

rpm for 30 min. The homogeneous yellow suspension was 
obtained (shown in Fig. S1).  
 

Preparation of PVDF/GO film 

 155 

PVDF/GO nanocomposite films were obtained by dissolving 
PVDF in DMF under magnetic stirring at room temperature  and 
then adding the desired amount of suspended graphene oxide 
nanosheets in DMF. The mixture was then stirred for 30 min and 
poured them into glassy petridishes. After that, it was dried in an 160 

oven at 90 °C. PVDF/GO films with various GO contents were 
prepared. 
 
Preparation of  PVDF/RGO nanocomposites 

 165 

   To obtain PVDF/RGO composites, the dried PVDF/GO 
membrane were compressed into specified wafers for wave 
absorption testing and dielectric measurement by hot-pressing at 
200 °C under 6 MPa (pre-pressed for 5 min at the same 
temperature, released the press for a while, and then repressed for 170 

10 min, followed by cooling to room temperature under the same 
pressure). The GO can be thermal reduced to RGO through the 
hot-press process. 
 

Characterization 175 

 
Atomic force microscopy (AFM) images of GO were taken in 

the tapping mode by carrying out on DIMENSION icon with 
ScanAsyst. The sample was prepared by spin-coating sample 
solutions onto freshly exfoliated mica substrate. XRD analyses 180 

were carried out on an X-ray diffractometer (D/MAX-1200, 
Rigaku Denki Co. Ltd., Japan). The XRD patterns with Cu Ka 
radiation (λ= 1.5406 Å) at 40 kV and 40 mA were recorded in the 
range of 2θ =5o-90o. The XRD specimens were prepared by 
means of flattening the powder on the small slides. FTIR spectra 185 

were recorded on FTIR spectrometer-733 (iN10MX). Raman 
spectra were recorded from 1000 cm-1 to 2000 cm-1 on a 
LabRAM HR800 Laser Raman spectroscopy (HORIBA Jobin 
Yvon CO. Ltd., France) by using a 647 nm argon ion laser. The 
dielectric properties were measured by HP 4294A Impedance 190 

meter in the frequency range of 102-107 Hz at room temperature. 
The specimen for dielectric properties measurement were pressed 
into a cycloidal shaped compact(Φ = 10 mm, d = 2 mm). 

EM absorption measurement 

The composites used for EM absorption measurement were 195 

prepared by mixing the GO with PVDF in different mass 
percentages. The mixtures were then pressed into cylindrical-
shaped samples (Φout =7.00 mm and Φin =3.04 mm). The complex 
permittivity and permeability values were measured in the 2-18 
GHz range with coaxial wire method by an Anritsu 37269D 200 

network analyzer. 

Results and discussion 

AFM is a useful tool to determine the thickness of sample. 
Fig.1 shows the typical AFM height image of GO with the height 
profile. GO nanosheets are flat and its average thickness is about 205 

0.8707 nm, indicating that GO nanosheets exist in DMF solution 
with exfoliated structure. 

The distance between two layers is an important parameter to 
evaluate the structural information of samples. As shown in Fig.2, 
compared with the XRD patterns of graphite and GO, the d-210 

spacing of the GO is about 0.89 nm (2θ ≈ 9.92°), which is 
significantly larger than the d(002) value of graphite (d ≈ 0.34 nm, 
2θ ≈ 26.48°). The change of d-spacing between graphite and GO 
is due to the existence of oxygen-containing functional groups 
which are located either on the basal plane or on the edge of the 215 
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single atom-thin graphene oxide sheet, indicating the graphite has 
been oxidized and exfoliated effectively. On the other hand, to 
demonstrate whether the GO can be reduced to RGO effectively 
during hot-molding process, the XRD pattern of PVDF/RGO has 
been shown in Fig.S2. The absence of X-ray diffraction peak for 220 

PVDF/RGO around 10° indicate that GO has been reduced to 
RGO.  

Fig.3 shows the FT-IR spectra of GO, the PVDF membrane 
and the PVDF/RGO wafer with 3 wt% GO. The broad band of 
GO spectrum in a range from 3000 to 3600 cm-1 is due to O–H 225 

stretching vibrations of carboxyl groups and the absorbed water 
molecules. For O–H of carboxylic groups, the flexural vibration 
shows at 1420 cm-1. The peak at 1220 cm-1 can be assigned to the 
epoxy C–O–C stretching vibration. The characteristic peak for 
C=O stretching vibration appears at 1730 cm-1. The C=C skeletal 230 

stretching vibration appears at 1622 cm-1. Fig. 3b shows the FT-
IR spectrum of the PVDF membrane. The peaks at 2978, 1400 
and 1169 cm-1 can be attributed to the stretching and deformation 
vibrations of C–H and the C–F stretching vibration, respectively. 
From the spectrum of PVDF/RGO wafer, except for the 235 

stretching and deformation vibrations peaks of C–H and C–F in 
PVDF, only the peaks of C=O stretching vibration and C=C 
skeletal stretching vibration are exist. Moreover, the peaks 
resulted from O–H stretching vibration and flexural vibration 
disappear. This is due to the hydrogen bonding interactions 240 

between the fluorine of PVDF and the carboxylic groups of GO. 
And it also confirms that the GO can be reduced effectively.4, 36-38 

The Raman spectra can reflect some significant structural 
changes of the carbon framework. As shown in Fig.4, it is seen 
that GO exhibits a D band at 1345 cm−1 and a G band at 1602 245 

cm−1, while the corresponding bands of PVDF/RGO wafer are 
1332 cm-1 and 1583 cm−1, respectively. As a comparision, the 
pure PVDF has no Raman signal in the range of 1000~2000 cm-1. 
The Raman peak (G band) of GO at 1602 cm-1 is mainly assigned 
to the in-plane displacement of carbon atoms in hexagonal carbon 250 

sheets while the peak (D band) at 1345 cm-1 is assigned to 
disorder in the graphitic structure. The D band of PVDF/RGO 
wafer at 1332 cm-1 arises from a breathing mode of κ-point 
photons of A1g symmetry and the G band at 1583 cm-1 arises from 
the first order scattering of the E2g phonon of sp2 carbon atoms. In 255 

addition, the G band of PVDF/RGO wafer red-shifted from 1602 
to 1583 cm−1 is due to the recovery of the hexagonal network of 
carbon atom. And the PVDF/GO wafer shows relatively higher 
intensity of D to G band (1.05) than that of GO (0.97). This can 
further confirm that the GO is reduced through the hot-press 260 

process.39, 40 
 

 
Fig. 1. AFM image and section analysis of GO nanosheets 
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Fig. 2. X-Ray diffraction pattern of graphite and GO. 
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Fig. 3. FT-IR spectra of (a) GO, (b) PVDF membrane, (c) PVDF/RGO wafer. 
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Fig. 4. Raman spectra of (a) PVDF, (b) GO, (c) PVDF/RGO wafer (3 270 

wt%)   
 

The XPS measurements have further indicated the reduction 
effects from GO to RGO. As shown in Fig.5a, the main 
contributions to the spectrum are the C1s, F1s and O1s transitions. 275 

In addition, there are O KLL and F KLL Auger electron 
emissions. Fig.5b shows the C1s spectra acquired from PVDF, 
GO and PVDF/RGO samples, respectively. A wide peak centered 
at 286.3 eV in the binding energy scale (B.E.) and a peak 
centered at 290.8 eV are associated with -CF2- bonds in PVDF. 280 

Also the corresponding peak at 284.6 eV is generally associated 
with C=C bonds. In the XPS spectra of GO, there are two typical 
peaks at 286.7 eV(C-O) and 284.8 eV(C=C). Besides, a small 
peak appears at 288.5 eV in C1s spectra of PVDF/RGO is 
attributed to –COOH. And the peak intensities and atomic ratios 285 

(O1s/C1s) of PVDF/RGO  in the C1s peaks decrease significantly 
in comparison with those of GO.41-43 
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  Fig. 5. XPS spectra of PVDF, GO and PVDF/RGO: (a) survey scan; (b) C1s 

 
To measure the electromagnetic wave absorption properties of 

PVDF/RGO composite, various contents of GO were mixed with 295 

PVDF to form composites, and pressing the mixture into a 
cylindrical shaped compact (Φout=7.00 mm and Φin=3.04 mm) by 
a simple hot press method. Because of the GO has no magnetism 
and PVDF is a typical dielectric material, so the main microwave 
absorbing mechanism of PVDF/RGO composite is dielectric loss. 300 

Fig.6a and b show the frequency dependence of the real part (ε′ ) 
and imaginary part (ε″ ) of relative complex permittivity (εr =ε′ - 
jε″ ) for the PVDF/RGO composites with 0, 1 wt%, 3 wt% and 7 
wt% GO. The real permittivity and the imaginary permittivity of 
the PVDF/RGO have a slight decrease with the increasing 305 

frequency and increase with filler loading, which are higher than 
that of the pure PVDF. The dielectric loss, a ratio of the 
imaginary permittivity to real permittivity, is plotted in Fig.6c. 
From 2-12 GHz the dielectric loss is above 0.40, and also exhibits 
a strong peak at about 10.8 GHz and 8.72 GHz with a 310 

corresponding peak value of 0.58 and 0.76 for 3 wt% 
PVDF/RGO and 7 wt% PVDF/RGO composites, respectively. 
The dielectric loss mechanism of the GO is mainly attributed to 
the relaxation process. And interfacial polarization is one of the 
most important relaxation process. In general, interface 315 

polarization arises when the neighboring phases differ from each 
other in a dielectric constant, conductivity, or both, at testing 
frequencies.44 Although there are many functional groups on the 
surface of GO, which can easily form hydrogen bond with 
fluorine atoms of PVDF, the interface between GO and PVDF 320 

still exists. Therefore, it is the interfacial polarization that causes 
the difference of polarization process. 
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Fig. 6. Frequency dependence on real part (a); imaginary part (b) and dielectric 
loss (c) of the permittivity of samples. 

 
It is well known that PVDF is a strong dipole material due to 

the existence of electrophilic fluorine in its molecular structure. 330 

So it may cause electronic dipole polarization. In addition, the 
dangling band atoms and unsaturated coordination on the surface 
of PVDF/RGO composite can result in orientational polarization, 
which is beneficial to dielectric loss.  

Because the PVDF/RGO composite is a kind of dielectric loss 335 

material, the Debye dipolar relaxation is another important 
mechanism for the dielectric loss material to absorb microwaves. 
According to its expression, the relative complex permittivity can 
be expressed by the following equation, 

'''
21

εε
τπ

εε
εε j

fj

s
r −=

+
−

+= ∞
∞

                                                   (1)

 340 

where f, εs, ε∞, and τ are frequency, static permittivity, relative 
dielectric permittivity at the high-frequency limit, and 
polarization relaxation time, respectively. Thus, ε′  and ε″ can be 
described by  
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According to Eqs (2) and (3), the relationship between ε′ and 
ε″ can be deduced,  

222 )
2

()"()
2

'-( ∞∞ −
=+

+ εε
ε

εε
ε ss

                                          (4)

 

Thus, the plot of ε′ versus ε″ would be a single semicircle, 350 

which can be defined as the Cole–Cole semicircle. Each 
semicircle corresponds to one Debye relaxation process. Fig.S3 
shows the ε′-ε″ curve of the pure PVDF and PVDF/RGO 
composites (1 wt%, 3 wt% and 7 wt%). One obvious Cole-Cole 
semicircle was found in the ε′-ε″ curve of pure PVDF and several 355 

smaller semicircles in PVDF/RGO composites, indicating the 
existence of Debye relaxation process. The sole relaxation 
process of PVDF may arise as following: under the alternating 
electromagnetic field, the lag of induced charges which counters 
the external applied field results in the relaxation and transfers the 360 

electromagnetic energy to heat energy by the motion of electrons, 
so the microwave can be attenuated.45, 46 The obvious dielectric 
relaxation process of PVDF is due to numerous delocalized 
electrons. Hence, the dielectric relaxation is the main reason for 
PVDF to absorb microwave. And for RGO, there are residual 365 

defects and groups exist, the sp2-bonded carbon network is partly 
reconstructed,47 so its conductivity will decrease significantly. 
Then the dielectric relaxation process that caused by the lag of 
induced charges becomes not as obvious as that in PVDF. 
Therefore, the corresponding Cole–Cole semicircle becomes 370 

smaller.26 
The existed defects and functional groups in RGO are 

additional two relaxation processes. First, defects can act as 
polarization centers, which would generate polarization 
relaxation under the altering electromagnetic field and attenuate 375 

electromagnetic wave, resulting in a profound effect on the loss 
of microwave.48 Second, there are oxygen containing chemical 
bonds such as C=O in the RGO.47 The different abilities to catch 
electrons between carbon atom and oxygen atom result in 
electronic dipole polarization, while this kind of dipole 380 

polarization is absent for PVDF. Therefore, through the synergic 
effect, the PVDF/RGO composite will have better microwave 
absorbing ability. 

To study the microwave absorption property, the reflection loss 
(RLs) of the electromagnetic radiation under the normal 385 

incidence of the electromagnetic field was calculated. The 
normalized input impedance (Zin) is given by:49 






= rr

r

r
in

c

df
jZ εµ

π
ε
µ

)
2

(tanh

                                             (5) 
Where, εr and µr (for PVDF/GO, µr is thought as 1), are the 

complex permittivity and permeability of the composite absorber, 390 

respectively; ƒ is the frequency; d is the thickness of the absorber, 
and c is the velocity of light in free space. The reflection loss (R) 
is related to Zin as:16 

1

1
log20

+
−

=
in

in

Z

Z
R

                                                                    (6) 

Thus, the theoretical reflection loss (RLs) of the PVDF and 395 

PVDF/RGO composites with filler loading of 1 wt%, 3 wt% and 
7 wt% at a thickness of 4.0mm can be obtained through Eqs. (5) 
and (6) (shown in Fig.7a). It can be seen that the minimum RL 
decreases and shifts to a lower frequency with increasing filler 

loading. This is mainly due to the increase of interface between 400 

PVDF and RGO. More interfaces will produce more interfacial 
polarization. And the interfacial polarization can be more easily 
induced at lower frequency.50The minimum RL can also be tuned 
by altering the concentration of the GO. The maximum reflection 
loss of PVDF/RGO composite reaches 25.6 dB at 10.8 GHz with 405 

a loading of 3 wt% when the thickness is 4.0 mm, which is 
obviously stronger than the reported r-GO.26 In the mean time, 
the composites with a loading of 1 wt% and 7 wt% have a lowest 
peak at a frequency of 10.08 GHz (-13.1 dB) and 7.2 GHz (-19.9 
dB) when the thickness is 4.0 mm, respectively, while all the 410 

composites are still as flexible as the pure PVDF and can be cut 
into different morphologies as you want (Fig.S4). 

Fig.7b, c and d show the three-dimensional presentations of 
calculated theoretical RLs of the PVDF/RGO composites with 
different thickness (2-5 mm) in the range of 2-18 GHz with the 415 

loading of 1 wt%, 3 wt% and 7 wt%, respectively. This indicates 
the microwave absorbing ability of PVDF/RGO composite at 
different frequency can be tuned by controlling the thickness of 
the absorbers. 
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Fig. 7. (a) Microwave RL curves of the composites with a thickness of 4.0 mm 425 

in the frequency range of 2-18 GHz. Three-dimensional representations of the 
RL of (b) PVDF/RGO composites with a loading of 1 wt%; (c) PVDF/RGO 
composites with a loading of 3 wt%; and (d) PVDF/RGO composites with a 
loading of 7 wt%. 

 430 

The dielectric properties of PVDF/RGO composites with 
various GO contents were measured at room temperature (Fig.8a), 
the dielectric constant increases with increasing the content of 
GO. At critical volume concentration fRGO = 3 wt%, the dielectric 
constant can reach above 280 at a high frequency as 106 Hz even 435 

though the dielectric constant decreases with increasing 
frequency from 103 Hz to 106 Hz. The change of dielectric 
constant with filled content of GO at 103, 104, 105 and 106 Hz was 
presented in the Fig.8b. The curves clearly reveal the percolation 
threshold of the composite at a critical volume concentration fRGO 440 

= 0.03, where the dielectric constant abruptly increases. The 
dielectric constant of the composites with fRGO = 3 wt% reaches 
3801 at 103 Hz, which is 600 times higher than that of the pure 
PVDF (Fig.S5a). The dielectric loss is about 40, which is much 
higher than that of the pure PVDF (Fig.S5b). Usually, the 445 

introduction of inorganic fillers to a polymer matrix would 
enhanc the dielectric loss values of the composites as reported 
previously in the case of ZnO.16, 51-53 For RGO, residual oxygen-
containing functional groups like C=O are located either on the 
basal plane or on the edge of the single atom-thin sheet can 450 

incresae interface polarization which can also increase the 
dielectric loss(Fig.S6). 

The enhanced mechanism in dielectric constant of PVDF/RGO 
nanocomposites can be mainly attributed to the homogenous 
dispersion of GO in the PVDF polymer matrix. And all the 455 

dielectric constants decrease with the increase of frequency. At 
low frequency, Maxwell–Wagner–Sillars (MWS) polarization for 
heterogeneous systems plays a very important role in improving 
the dielectric constant; a lot of charges are blocked at the 
interfaces between the filler and polymer matrix, owing to the 460 

MWS effect, which makes a remarkable contribution to the 
increment of the dielectric constant. With increasing the 
frequency from 103 Hz to 106 Hz, the dielectric constants 
decrease. When the frequency is over 105 Hz, the dielectric 
constant of the composites is dominated by the microcapacitance-465 

structure model (frequency-independent), the composite with fRGO 
(0.03) is maintained at a stable value of about 280, which is still 
much larger than that of pure PVDF.  
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Fig. 8. (a) Dielectric constants measured at different frequencies for the 
PVDF/RGO composites with a fill loading of 0.5 wt%, 1.0 wt%, 2.0 wt%, 2.5 
wt% and 3.0 wt% at room temperature; (b) The variation in dielectric constant 
of different filler contents (wt%) of GO at frequencies of 103, 104, 105 and 106 
Hz, respectively. 475 

 

Conclusion 

The multi-functional PVDF/RGO composites have been 
prepared from PVDF/GO membrane, which is synthesized by 
PVDF/GO solution instead of suspension in order to avoid 480 

agglomeration, by a simple hot-press technique. For the 
composites with filler loading of 3 wt%, the maximum reflection 
loss of PVDF/RGO composite can reach -25.6 dB at 10.8 GHz; 
and the stronger peak can be tuned by the thickness. The main 
microwave absorbing mechanism of PVDF/RGO composite is 485 

dielectric loss caused by relaxation process that includes 
interfacial polarization, the Debye dipolar relaxation, electronic 
dipole polarization and orientational polarization. The dielectric 
constant of the composites with fRGO = 3 wt% can reach 3801 at 
103 Hz, which is 600 times higher than that of the pure PVDF, 490 

while all the composites are still as flexible as the pure PVDF and 
can be cut into different morphologies as you want. As a result, 
the PVDF/RGO composites show enhanced microwave 
absorption and dielectric properties, which would become a very 
promising multi-functional composite. 495 
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Graphical Abstract 

The composites RGO/PVDF synthesized by a thermal reduction process exhibit high 

values of reflection loss and excellent dielectric properties with low filler loading. 
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