
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=lpte20

Polymer-Plastics Technology and Engineering

ISSN: 0360-2559 (Print) 1525-6111 (Online) Journal homepage: http://www.tandfonline.com/loi/lpte20

Millimeter wave absorbing property of flexible
graphene/acrylonitrile-butadiene rubber
composite in 5G frequency band

Yukun Chen, Xingfeng Fu, Lie Liu, Ying Zhang, Liming Cao, Daosheng Yuan &
Pingan Liu

To cite this article: Yukun Chen, Xingfeng Fu, Lie Liu, Ying Zhang, Liming Cao, Daosheng Yuan &
Pingan Liu (2018): Millimeter wave absorbing property of flexible graphene/acrylonitrile-butadiene
rubber composite in 5G frequency band, Polymer-Plastics Technology and Engineering, DOI:
10.1080/03602559.2018.1542714

To link to this article:  https://doi.org/10.1080/03602559.2018.1542714

Published online: 05 Nov 2018.

Submit your article to this journal 

Article views: 27

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=lpte20
http://www.tandfonline.com/loi/lpte20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/03602559.2018.1542714
https://doi.org/10.1080/03602559.2018.1542714
http://www.tandfonline.com/action/authorSubmission?journalCode=lpte20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=lpte20&show=instructions
http://crossmark.crossref.org/dialog/?doi=10.1080/03602559.2018.1542714&domain=pdf&date_stamp=2018-11-05
http://crossmark.crossref.org/dialog/?doi=10.1080/03602559.2018.1542714&domain=pdf&date_stamp=2018-11-05


Millimeter wave absorbing property of flexible graphene/acrylonitrile-butadiene
rubber composite in 5G frequency band
Yukun Chena, Xingfeng Fua, Lie Liub,c, Ying Zhangb, Liming Caoa, Daosheng Yuana, and Pingan Liud

aLab of Advanced Elastomer, School of Mechanical & Automotive Engineering, South China University of Technology, Guangzhou, China;
bShenzhen General Test Systems, Shenzhen, China; cCollege of Electrical and Information Engineering, Hunan University, Changsha, China;
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ABSTRACT
The coming fifth generation mobile communication technology (5G) puts forward enormous
requirements on millimeter wave (MMW) absorbing materials above 24 GHz. In the present
work, elastic absorbing composites were fabricated with reduced graphene oxide (RGO) of
different reduction time and nitrile rubber (NBR). A series of characterization methods were
used to study the reduction degree and the structure of composites, the electromagnetic
parameters of composites in 26.5–40 GHz were also measured and used to conduct an
analytical computation of reflection loss (RL). It was found that, 3h-RGO/NBR presented the
minimum RL of −45 dB at 35.4 GHz while 7h-RGO/NBR exhibited the widest effective band-
width (<-10 dB) about 6.5 GHz. In addition, the mechanical properties of composites were also
improved by RGO. Therefore, the obtained RGO/NBR composites displayed promising prospect
as elastic MMW absorbing materials for 5G applications.
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1. Introduction

The widespread use of electromagnetic (EM) wave in
communication industry and electronic devices has
brought us much convenience.[1] However, it also accom-
panies with severe electromagnetic pollutions, such as the
interference on operation of electronic devices and the
damage on human health, etc.[2,3] Therefore, different
methods have been developed to solve the problem.
Among these methods, electromagnetic interference
shielding and electromagnetic wave absorbing are the
two most important ones. The former could act as
a barrier to elude the EM wave, which doesn’t really
eliminate the pollution source, but leads to a second pol-
lution in some way. While the later, electromagnetic wave
absorbing, is an effective alternative. It can dramatically
weak the EM wave by converting EM energy into thermal
energy or eliminating it by destructive interference.
Because of the outstanding advantages of electromagnetic
wave absorbing, it has attracted much attention in recent
years.[4] In general, it is desirable that microwave absorp-
tion materials with light weight, strong absorption and
broad absorbing bandwidth.[5] With the rapid develop-
ment of wireless communication, the fifth generation
mobile communication technology (5G) is around the
corner. According to the RSPG Second Opinion on 5G
networks from European Commission, the high frequency
band above 24 GHz will be the pioneer band in Europe to
give ultra-high capacity for innovative new services,
enabling new businessmodels and sectors of the economy
to benefit from 5G.[6] New available frequency bands will
certainly bring forward huge demand for corresponding
absorbing materials.

In general, microwave absorption materials can be
divided into coated and structural ones according to the
forming process and carrying capacity. Compared with
the former, the later can not only overcome shortcomings
such as bad adhesion and large density, but also provide
higher bearing capacity and wider absorbing frequency
band. [7,8] Structural absorption materials usually consist
of two parts, one is matrix, and the other is microwave
absorbents. The matrix mainly includes rigid plastics and/
or flexible rubbers, and the rubber-based absorbingmateri-
als show better prospects of deformability, elasticity and
self-healing capacity, etc. [9–14] Microwave absorbents
include dielectric style, magnetic style and the complex of
both styles. [15–20] Dielectric absorber works through the
interaction with electric field or dielectric polarization
relaxation, while the magnetic material functions largely
by the nature resonance and magnetic loss. For example,
Zhai et al. compared different kinds of composites prepared
with carbonaceous absorbents and hydrogenated acryloni-
trile-butadiene rubber (HNBR).[21] The minimum RL

of multi-walled carbon nanotubes (MWCNT)/HNBR (10/
100) composite in 2–18 GHz was −49.3 dB, and its −10 dB
absorption bandwidth was 3.8 GHz. The corresponding
values of conductive carbon black (CCB)/HNBR were
−13.1 dB and 2.9 GHz, while the minimum RL of carbon
fiber (CF)/HNBRwas just −7.1 dB. The obvious differences
may result from diminishing increase rate of electrical
conductivity and complex permittivity from MWCNT,
CCB to CF. Flaifel et al. reported a composite of 12 wt%Ni-
Zn ferrite nanoparticles and thermoplastic natural rubber
(TPNR), which reached theminimumRLof−38.3 dB at 9.6
GHz with 7 mm thickness.[22]

Over the past decades, extensive studies have been
conducted to develop rubber-based microwave absorb-
ing materials with magnetic or multiple absorbents,
while most of them are too heavy or rigid to be used
widely.[23,24] Moreover, there are relatively less research
about flexible rubber-based dielectric absorbing materi-
als, especially when graphene is taken as the absorbent.

NBR has high oil resistance and flexibility, due to
which it can be easily used in devices with complex
structure and harsh condition like chemical factory. It
also has broad applications in the airborne system for its
fabulous thermal stability in the range of −20°C to 125°C.
Graphene is an excellent dielectric absorbent and pos-
sesses excellent properties like light weight, strong elec-
trical and absorption property, etc. Some research on
RGO/NBR composites have been carried out in recent
years. For example, Ahmed A. Al-Ghamdi et al. fabricated
lightweight and flexible acrylonitrile butadiene rubber/
graphene nanosheets (NBR/GN) nanocomposites and
found that, the nanocomposites can provide a high SE
around 77 dB at just 4% CN loading in the frequency
range from 1 GHz to 12 GHz.[25] Vivek K. Singh et al.
prepared RGO/NBR composite with 10 wt% RGO with
layered and porous structure, and the minimum RL can
reach −57 dB over a wide frequency range of 7.5–12 GHz.
The main absorbing mechanism was explained as the
multiple reflections from the dihedral angles formed by
the stacks of flakes of RGO sheets.[26]

However, the existing research about RGO/NBR
composites is mainly focused on 2–18 GHz, and unable
to meet the requirements in the 5G high frequency
band. In addition, to the best of our knowledge, the
connection between reduction time and microwave
absorbing property of RGO/NBR composites has rarely
been reported.

In this paper, we prepared composites with NBR and
RGO in different reduction time, and studied the absorp-
tion property in 26.5–40 GHz for the first time. Besides, the
relationship between themicrowave absorption and reduc-
tion time was also discussed in detail. The results indicated
that 3h-RGO/NBR presented the minimum RL value of
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−45 dB at 35.4 GHz with 2.1 mm thickness, 5h-RGO/NBR
reached the minimum RL of −42.5 dB at 26.8 GHz while
the 7h-RGO/NBR achieved the minimum RL of −38.5 dB
at 28 GHz and exhibited the widest effective bandwidth of
absorption (<-10 dB) about 6.5 GHz. In addition, they also
manifested outstanding mechanical properties. Therefore,
RGO/NBR composites prepared in this paper are ideal
absorbing materials for 5G high frequency bands, which
may be used in OTA test system, dark room or other
relevant electronic devices, etc.

2. Experimental

2.1. Materials

Graphite oxide (GO) (SE2430W, solid content, 42.7 wt%)
was purchased from the Sixth Element (Changzhou)
Materials Technology Co.,Ltd. Acrylonitrile–butadiene
rubber (NBR3365; acrylonitrile content, 33%) was
obtained from NANTEX Industry. Dicumyl peroxide
(DCP) was purchased from Sinopharm Chemical
Reagent and used as vulcanizing agent. Hydrazine hydrate
(80%) was reducing agent and obtained from FuYu Fine
Chemical Co., Ltd, and Dimethyl Formamide (DMF;
anhydrous, 99%) was supplied by Richjoint. All the che-
micals were of analytical grade and used without further
purification.

2.2. Preparation of RGO

Firstly, GO was exfoliated acoustically using ultrasonic
bath with a power of 100 W in DMF at 1g/150ml for
3 h. Then hydrazine hydrate was subsequently added to
the obtained dispersions to trigger the reductive reac-
tion, which carried out in oil bath at 90°C for 3, 5 h and
7 h, respectively.[27] Stirring was used throughout the
whole preparation process. The suspension gradually
changed its color from brown to black. Then, the sus-
pension was isolated via filtration, washed with distilled
water for three times to remove the residual solvent and
then dried at 60°C for 48 h. The obtained black pow-
ders were named as 3h-RGO, 5h-RGO and 7h-RGO in
accordance with the reduction time and preserved for
further studies.

2.3. Preparation of RGO/NBR composites

RGO/NBR composites were prepared by solution blend-
ing. The desired weight of NBR was dissolved in DMF (1g/
20ml) at 90°C, while the predetermined amount of GOwas
dispersed in DMF (1g/150ml) and exfoliated by bath soni-
cation of 100 W for 2 h. Then, the solution of NBR was
added into the GO suspension to make homogeneous

slurry under stirring and sonication for 1 h. Reduction
reaction was carried out by hydrazine hydrate under
same condition as above. The obtainedmixture was poured
into ice deionized water and yielded black precipitate,
which was then dried at 60°C for 24 h. A two-roll mill
with a nip clearance of 1 mm was used to compound the
dried mixture and 3 wt% DCP at room temperature. The
next stepwas vulcanization that proceeded in an electrically
heated compression-molding hydraulic press, where com-
posites were heated and vulcanized under 3 MPa at 170°C
for certain time. Finally, the materials were cut into rec-
tangles of 7.15 mm*3.60 mm for waveguide measurements
in 26.5–40 GHz. The samples with different reduction time
of 3, 5 and 7 h were named as 3h-RGO/NBR, 5h-RGO
/NBR and 7h-RGO/NBR, respectively.

2.4. Characterization methods

Fourier transform infrared (FT-IR) spectra of com-
posites were recorded by a Tensor 27 sectrometer
(Bruker, Germany) under the attenuated total reflec-
tance (ATR) model (32 consecutive scans and resolu-
tion of 4 cm−1 wavenumber). Raman spectra were
taken on a SENTERRA R200 Raman spectrometer
with a 633 nm laser excitation. The crystalline struc-
tural of samples was identified by X-ray Diffraction
(XRD, D/MAX-III, Japan) using Cu Kα radiation.
The scanning rate was 0.02°/s in diffraction angle
from 5° to 35° (2θ). X-ray photoelectron spectro-
scopy (XPS) was conducted using Kratos Axis
Ulra DLD spectrometer. The morphology and micro-
structure of RGO and RGO/NBR composites were
investigated by Field-emission scanning electron
microscopy (FESEM, Zeiss Merlin, Germany), scan-
ning electron microscopy (SEM, LEO1530VP, Zeiss,
Germany) and transition electron microscopy (TEM,
Tecnai F30G2; FEI, Eindhoven, Netherlands). The
measurement of electromagnetic parameters of
RGO/NBR composites was conducted by vector net-
work analyzer (PNA-N5244A) at the frequency range
of 26.5–40 GHz with waveguide method. Stress
−strain behaviors were carried out on a UT-2080
(U-CAN) instrument under a tensile mode with
a crosshead speed of 500 mm/min.

3. Results and discussion

3.1. Characterization of RGO

FT-IR spectra of GO and RGO with different reduction
time are shown in Figure 1a. The spectrum of GO
illustrates the presence of oxygen-containing groups at
1720, 1232 and 1045 cm−1, which are attributed to
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C = O stretching, C-O-C epoxy symmetrical ring defor-
mation and O–H deformation vibration, respectively.
The peak at 1402 cm−1 is assigned to the C–O–H
deformation, and the broad absorption bands at 3411
and 1614 cm−1 are attributed to the vibration of water
molecules.[28] It is seen that the peaks at 1720 and
1402 cm−1 almost disappeared after 3 h reduction,
while other characteristic peaks are gradually decreased
with increasing the reduction time. All peaks show
almost no change when the GO was reduced beyond
5 h, which results in two similar lines of 5h-RGO and
7h-RGO in Figure 1a. The attenuation percent of char-
acteristic peaks were calculated by peak areas and given
in Table 1, proving the reduction degree is positively
correlated with the reduction time.

Figure 1b shows the result of Raman spectra,
where the GO and the RGO in different reduction
time are compared. All samples display D-peak at
1357 cm−1, which represents the breathing modes of

rings or K-point phonons of A1g symmetry, indicat-
ing the structural imperfections caused by defects and
functional groups. The G-peak at 1580 cm−1 is asso-
ciated with the first order scattering of E2g mode,
representing the sp2 hybridized carbon-carbon
bonds.[29,30] The peak area ratios of D band and
G band were calculated, i.e. 1.08, 1.41, 1.50, and
1.56 for GO, 3h-RGO, 5h-RGO and 7h-RGO respec-
tively, which increased with the reduction time. This
phenomenon could be explained by (i) increased
amount of “unorganized” carbon in the samples and
(ii) decrease in the graphite crystal size (the sp2
hybridized carbon-carbon bonds).[31]

As shown in Figure 1c, XRD pattern of GO exhibits
a sharp single peak at 11.2° corresponding to an inter-
layer spacing of 7.85 Å, which is due to the oxygen
functional groups of GO as well as water molecules
held in the interlayer galleries.[32] In the XRD patterns
of RGO (agglomerated into a powder form) with

Figure 1. Spectra of (a) FT-IR, (b) Raman and (c) XRD of GO and RGO with different reduction time.

Table 1. The attenuation percent of several characteristic peaks.

Oxygen-containing group Position/cm−1

The attenuation percent after different reduction time

GO 3 h 5 h 7 h

O-H stretching 3411 0 23.4% 80.2% 83.8%
O-H deformation 1621 0 37% 85.4% 89.3%
C-O-C stretching 1041 0 53.5% 86.2% 86.5%
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different reduction time, three similar broad peaks are
observed at about 24.5° with an interlayer spacing of
about 3.7 Å, which is quite close to the (002) graphite
peak at 26.5°.[33] The broad peaks at 24.5° could be
attributed to the small sheet size, relatively short
ordered domains and turbostratic arrangement of
RGO, which is confirmed by Raman spectra. In addi-
tion, there is a little shoulder peak at 19.8° induced by
a bimodal or multimodal character of the interlayer
spacing of RGO being not exfoliated perfectly.[34]

The C1s XPS spectra of GO and RGO with different
reduction time were used to analyze the diverse chemi-
cal environment of carbon atoms, detailed results are
depicted in Figure 2. The various peaks at 284.6, 286.1,
287.1 and 288.7 ev correspond to C = C/C-C in aro-
matic, C-O from epoxy and hydroxyl, C = O in carbo-
nyl and O-C = O from carboxyl groups respectively.[30]

After being reduced for different times, the relative
intensity of C-O group, which is the main oxygen-
containing group in carbonaceous materials, decreased
obviously. Compared with the peak values of GO, the
value of C = O and O-C = O of RGO also decreased
with reduction time and almost approached 0, while the
C-O/C = O increased inversely. In addition, the C/O
ratios of samples also show an obvious change, where
the C/O ratio of GO is 2.34, whereas that of RGO are

7.34, 8.88, and 10.75, respectively. The change could be
attributed to the remove of more oxygen-containing
groups with increasing reduction time. All these results
indicate a gradually increased reduction degree with
extending reduction time.

3.2. Microstructure

Figure 3 illustrates the SEM images of RGO samples
with different reduction time magnified at 5000 times
and 2000 times, which show different structure of these
materials. From Figure 3, it is easy to find that wrinkled
flakes increased gradually with increasing reduction
time, suggesting the increased reduction degree.[35] In
addition, it could be clearly noticed that more and
more fragments were created with increased reduction
time because of overexposure to ultrasonic and velocity
mixing stirring. During the preparation process,
more oxygen-containing functional groups concealed
between sheets were exposed to hydrazine hydrate in
solution and got reduced, which is another reason for
7h-RGO achieved the highest reduction degree.

Figure 4a is the TEM image of 7h-RGO/NBR, which
shows a homogeneous dispersion of RGO sheet in NBR
matrix. The small and light areas marked by white arrows
represent both monolayer and few-layer graphene sheets,

Figure 2. C1s XPS spectra of (a) GO, (b) 3h-RGO, (c) 5h-RGO and (d) 7h-RGO.
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as shown in Figure 4b, Red arrows are used to indicate the
large and dark areas resulted from stacked graphene
sheets in the matrix because of nanometer effect. Even
though there exists little agglomeration in NBR, a good
dispersion in large scale could be achieved, as shown in
Figure 4c, which is beneficial for the absorption and
mechanical properties.[36,37]

3.3. EM dielectric properties of RGO/NBR
composites

EM parameters of RGO/NBR composites with differ-
ent reduction time were measured by vector network
analyzer using waveguide method. Figure 5 exhibits
the real part (ε’) and imaginary part (ε’’) of relative
complex permittivity (εr = ε’-iε’’) in 26.5–40 GHz,

which represent the storage ability and the attenua-
tion capacity of EM absorbing materials,
respectively.[35] As an EM transparent material,
NBR showed very low and constant ε’ and ε’’ values
over the whole frequency band.[26] Besides, both
RGO and NBR hold very low permeability in real
part and imaginary part due to the weak magnetic
characteristic. Therefore, only the ε’ and ε’’ of the
composites are displayed here. As shown in Figure 5,
the value of ε’ of 3h-RGO/NBR, 5h-RGO/NBR and
7h-RGO/NBR increased with increasing frequency,
while the value of ε’’ decreases in the beginning and
then increases gradually. The increase of ε’ resulted
from the Maxwell-Wagner polarization effect,[38] that
was, the electrolytic polarization caused by charge
accumulation would improve the value of ε’. The

Figure 3. SEM images of (a) and (d) 3h-RGO; (b) and (e) 5h-RGO; (c) and (f) 7h-RGO.
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decrease of ε’’ might be related to the resonance
behavior.[25] Furthermore, the ε’ of samples show
a decreasing trend in the order from 5, 3 to 7 h,
indicating different electrical conductivity of samples,
which is generally affected by the residual oxygenic
groups, structural integrity as well as the dispersion
in matrix of graphene sheets.[39] It also could be
noticed that the ε’’ of RGO/NBR composites

decreased gradually from 7, 3 to 5 h in 26.5–31
GHz, but also decreased from 7, 5 to 3 h in 31–40
GHz. This result is presumably caused by the com-
bined effect of conduction loss and relaxation loss,
which fluctuate with the frequency. In addition, the
relative complex permittivity of RGO/NBR compo-
sites with different reduction time keeps at a low
value in the whole measured band, which helps to

Figure 4. (a) TEM, (b) and (c) SEM micrographs of the 7h-RGO/NBR.

Figure 5. (a) Real part and (b) imaginary part of the complex permittivity of RGO/NBR composites.

POLYMER-PLASTICS TECHNOLOGY AND ENGINEERING 7



reduce the reflection and enhance the absorption of
incident wave for a better impedance match.

3.4. EM wave absorbing abilities of RGO/NBR
composites

The EM wave RL value of RGO/NBR composites were
calculated by the measured complex relative permittivity
and permeability in 26.5–40 GHz at given sample thick-
ness using Equation (1).[40]

RL ¼ 20lg

ffiffiffi
μr
εr

q
tanh j 2πfdc

� � ffiffiffiffiffiffiffiffi
εrμr

p � 1
ffiffiffi
μr
εr

q
tanh j 2πfdc

� � ffiffiffiffiffiffiffiffi
εrμr

p þ 1

�������

�������
(1)

where εr and μr are the complex relative permittivity
and permeability, respectively, c is the velocity of light
in vacuum, d is the absorber thickness, and f is the
frequency. Calculated RL curves of composites are
given in Figure 6. It could be observed that the RGO/
NBR composites exhibit excellent microwave absorbing
properties in measured region, with low reflection loss
and wide effective absorption bandwidth (<-10 dB).
Among all samples, 3h-RGO/NBR shows the best per-
formance for the minimum RL of −45 dB at only
2.1 mm and 5 GHz bandwidth of RL below −10 dB at

all thicknesses apart from 2.5 mm. Furthermore, the RL
values exceed −20 dB at all thicknesses of 2.0–2.4 mm.
For 5h-RGO/NBR, it reaches the RL value below −15
dB and effective bandwidth (<-10 dB) beyond 4 GHz at
2.0–2.5 mm. It also reaches the minimum RL of −42.5
dB at the thickness of 2.5 mm, where the bandwidth of
RL value below −10 dB is just 4 GHz. In addition, the
effective bandwidth of 5h-RGO/NBR at 2.3 and 2.4 mm
is up to 6 GHz. 7h-RGO/NBR shows similar absorbing
characteristic as 5-RGO/NBR for reaching the RL value
below −15 dB at all thicknesses. Better yet, it shows
a wider effective bandwidth (<-10 dB) of 6.5 GHz at all
thicknesses apart from 2.5 mm, where the −10 dB
absorption frequency band is only 5 GHz but the mini-
mum RL is −38.5 dB. In addition to the reduction time,
it is noteworthy that thickness of samples also have
great influence on the microwave absorbing property.
The frequency corresponding to the minimum RL
value would shift towards lower values with increasing
thickness.[4,5] Table 2 summarized the recent reported
materials that could be used in 5G. Compared with
obvious materials, the absorbing property of RGO/
NBR composites obtained in this work is obviously
excellent in many ways, such as better deformability,
lower absorbent content and stronger absorbing ability
over wide frequency band.

Figure 6. RL curves for RGO/NBR composites of different reduction time in the frequency range of 26.5–40 GHz (a) 3h-RGO/NBR, (b)
5h-RGO/NBR and (c)7h-RGO/NBR.
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It is well known that impedance match and elec-
tromagnetic attenuation are two basic principles of
microwave absorbing materials.[43] Low complex per-
mittivity of RGO/NBR composites leads to a weak
reflection of incident EM wave and provides proper
impedance, which are beneficial to achieve strong
microwave absorption property. The EM attenuation
capability of RGO/NBR composites is determined by
many factors. The first is the conduction loss, which
comes from an oscillatory current induced by the
directional motion of carrier charges, appearing in
all RGO/NBR composites. The second one is polar-
ization from lattice imperfections and residual oxy-
gen-containing groups of graphene sheets, which act
as the polarization centers and arouse the localized
states near Fermi level, where the EM energy could
be dissipated by the transition from contiguous states
to Fermi level in alternative EM field. The third way
is relaxation effect, which include the dielectric
relaxation caused by the lag of induced charges, the
polarization relaxation from structure defect and the

electric dipole polarization resulted from the different
ability of C and O in residual oxidized functional
groups to catch electrons.[38] Beyond above conven-
tional loss mechanism, the interface scattering and
multiple reflections also play critical role in attenuat-
ing microwave. The numerous interfaces of RGO and
NBR could lengthen the spread road of incident wave
and contribute to the final absorption of EM
wave.[26]

For 3h-RGO/NBR, the strongest absorption could
be ascribed to two main reasons. One is the most
oxidized functional groups, which arouse much elec-
tric dipole polarization. The other is the most com-
plete graphene sheets that could provide strong
multiple interface reflection by forming dihedral
angle, just as reported by Vivek K. Singh.[26]

Compared with 5h-RGO/NBR, 7h-RGO/NBR has
the similar reduction degree but stronger absorbing
ability and wider effective bandwidth, which may be
ascribed to the stronger polarization relaxation due
to more structure defect caused by longer reduction

Figure 7. Mechanical properties of (a) neat NBR, (b) 3h-RGO/NBR, (c) 5h-RGO/NBR and (d) 7h-RGO/NBR.

Table 2. Existing EM wave absorbing materials that can be used in 5G. Abbreviations: BaM, BaFe12O19; MEG, magnetic expanded
graphite; CIP, carbonyl-iron powder.
Samples Matrix Optimal Thickness Concentration RLmin (dB) Frequency below −10 dB (GHz) Ref

(BaM+ BaTiO3)/Polyaniline Epoxy Resin 2 mm 66 wt % −22 34.5–37.5 [41]

ZnO Whisker Silicon Resin 2 mm 50 wt% −14 66–78 [42]

MEG/CIP Silicone Rubber 1.5 mm 3 mg/cm3 −10.8 32–38 [43]

ε-GaχFeχ-2O3 / 217.2 μm 100 wt% −215 58–62 [44]

3h-RGO NBR 2.1 mm 10 wt% −45 32.6–37.6 This work
5h-RGO NBR 2.5 mm 10 wt% −42.5 26.5–30.5 This work
7h-RGO NBR 2.5 mm 10 wt% −38.5 26.5–31.5 This work

POLYMER-PLASTICS TECHNOLOGY AND ENGINEERING 9



time. In addition, the tiny otherness in impedance
match also contributed to the performance
difference.

3.5. Mechanical properties

As structural absorbing materials, RGO/NBR compo-
sites should have not only strong absorbing ability, but
also outstanding mechanical properties. To clearly
visualize the mechanical properties of the prepared
composites, the shore A hardness, tensile strength and
elongation at break of neat NBR and RGO/NBR com-
posites were tested and given in Figure 7. It could be
seen that shore A hardness of neat NBR is 57, while
that of RGO/NBR composites with different reduction
time are 71, 71 and 72, respectively. The tensile strength
of composites also exhibits a significant increase of
more than 3 times compared with neat NBR, while
the elongation at break slightly decreased accordingly,
which is due to the enhancement effect of RGO and its
uniform dispersion in NBR matrix.[45] All composites
show similar mechanical properties, which demon-
strates a modest effect from reduction time. Good
mechanical property would endow RGO/NBR absorb-
ing rubber great potential in broader applications.

4. Conclusions

In summary, RGO/NBR composites with different
reduction time of 3, 5 and 7 h were prepared in this
study. The correlation among reduction time, structure
and absorption property in 26.5–40 GHz of samples
were discussed in detail through various characteriza-
tions. Compared with existing EM wave absorbing
materials that could be used in 5G, RGO/NBR compo-
sites obtained in this study exhibit better absorbing
ability in 26.5–40 GHz by achieving the minimum RL
value of −45 dB at 35.4 GHz and 6.5 GHz effective
bandwidth with only 2.1 mm. Besides, they also possess
outstanding mechanical properties. Therefore, RGO/
NBR composites could hopefully be used as ideal can-
didate of millimeter wave absorbing materials for 5G
applications.

The microwave absorption abilities of RGO/NBR
composites, which were arguably derived from conduc-
tion loss, polarization relaxation and multiple interface
reflections, were found to be strongly associated with
thickness and reduction time for its determined role in
reduction degree and structure of graphene sheets.
Therefore, the microwave absorption ability of compo-
sites could be well regulated by changing reduction
time and sample thickness, which make it easy to
customize optimal electromagnetic absorption material

for specific requirement. Besides the above mentioned
factors, the grain size of RGO and its dispersion in NBR
are presumably influence factors to affect the EM wave
absorption, and more detailed studies will be conducted
later.
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