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Synthesis and microwave absorption properties of
graphene-oxide(GQO)/polyaniline nanocomposite
with gold nanoparticles”
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A composite of graphene/PANI/GAupano is synthesized using the co-blend method. The morphologies and mi-
crostructures of samples are examined by transition electron microscopy (TEM) and Fourier transform infrared spec-
troscopy (FTIR). Moreover, the microwave absorption properties of both graphene/PANI and GO/PANI/ GAupane com-
posites are investigated in a microwave frequency band from 1 GHz to 18 GHz. The maximum reflection loss (RL) of
GO/PANI/GAupgpn, with a thickness of 2 mm is up to —24.61 dB at 15.45 GHz, and the bandwidth corresponding to RL at
—10dB can reach 4.08 GHz (from 13.92 GHz to 18.00 GHz) for a 2-mm-thick layer. The electromagnetic data demonstrate
that GO/PANI/GAupano can be used as an attractive candidate for microwave absorbers.
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1. Introduction

The microwave absorption technique is a key issue of
modern research because of the requirement to reduce pol-
lution to the environment and subsequent damage to human
beings. Microwave absorption is a process in which the wave
cannot permeate through or be reflected by a material.!'! The
absorption of the material depends on the frequency complex
permittivity, complex permeability, and layer thickness.”!
Magnetic losses and dielectric losses are two important elec-
tromagnetic properties of microwave absorbers. There are two
ways to enhance the absorption of incident waves: one is to
enhance magnetic losses and the other is to improve dielectric
losses.?! Polyaniline (PANI) is a promising material for mi-
crowave absorption applications because it is inexpensive, en-
vironmentally stable, easy to process, and it exhibits excellent
electrical conductivity.[*>! However, a single polymer is not
enough to produce larger electric or magnetic losses. There-
fore, PANI-based composites, such as carbon nanotubes, car-
bon fibers, and graphene have been popularly synthesized to
further develop the electrical conductivity.[®”] Due to the high
surface area, excellent conductivity, and remarkable mechan-
ical stiffness, graphene is an outstanding carbon material that
is used to form a composite with PANT.[3-9]

Mie theory (the classical electromagnetic theory of spher-
ical particles) was developed nearly a century ago and it plays
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a crucial role in describing the optical properties of metal
nanoparticles, especially silver and gold particles.!!%! Metal-
lic nanoparticles exhibit strong and tunable surface plasmon
resonance (SPR) when interacting with a microwave. 11121 In
small metallic nanoparticles, localized surface plasmon polari-
tons can be excited at discrete frequencies.!!3) This was ex-
perimentally demonstrated by Ritchie.['*] Due to their unique
optical and electrical properties, metallic nanoparticles can be
used in biosensors,!!>! surface-enhanced Raman spectroscopy
(SERS), "% and microwave absorption.!!”-18] Peng et al. syn-
thesized a core—shell structure by silver nanoparticles coated
with Nig sZng sFe;O4 spinel ferrites, which exhibit good re-
flection losses (—32.871 dB).?l Melvin et al. grafted silver
nanoparticles onto the surface of carbon nanotubes, which
also have good reflection loss (—21.9 dB).['”) Basavaraja
et al. reported a polyaniline—gold/graphene oxide composite,
whose electromagnetic interference shielding effectiveness is

(181 However, the studies of gold nanoparticles for

enhanced.
the applications in microwave absorbers are very limited.

In this research, we synthesize GO/PANI/GAupano
(GPAup,no) nanocomposite by using graphene oxide (GO) as
a substrate to adsorb aniline monomer. GO/PANI/GAuyano has
a great improvement in relative complex permittivity and per-
meability compared with the GO/PANI nanocomposite. In

our work, the maximum reflection loss of GPAuy,y, is up to
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—24.61 dB at 15.45 GHz, and the bandwidth corresponding
to RL at —10 dB can reach 4.08 GHz (from 13.92 GHz to
18.00 GHz) for a 2-mm-thick-layer.

2. Experiment
2.1. Materials

All of the chemical reagents used in this study were ana-
Iytical reagents.

Graphite powder, concentrated sulfuric acid (H,SO4),
potassium permanganate (KMnOy4), hydrogen peroxide
(Hy0,), aniline, tetrachloroauric acid (HAuCly), sodium cit-
rate, sodium silicate, hydrochloric acid (HCl), were purchased
from Beijing chemical factory and directly used without fur-
ther purification.
Aquapro ED12-3002-U system. Aniline was distilled under

the protection of high purity N, before being kept in a refrig-

The deionized water was treated by an

erator. GO was synthesized using natural graphite powder by

the modified Hummers method. 2%

2.2. Synthesis of GO/PANI (GP for short) nanocomposite

The purified GO (0.189 g) was added into 50-ml DI H,O,
and the solution was ultrasonicated for 60 min to let the GO
fully dispersed. Then, 52.5-ml HCI (12 mM), 1.955-g aniline
monomer, and 50-ml ethanol were added into the GO solu-
tion and stirred for 1 h at —10 °C to form a uniform mixture.
The oxidant, 3.1948 g (NH4)2S,03 (APS), was dissolved in
17.5-ml HCI (12 mM) and the mixture was kept in a fridge.
The polymerization was performed by rapidly adding the pre-
cooled oxidant solution, and the mixture was stirred for 24 h
at —10 °C. Emerald flocculent precipitates were obtained and
washed with a large amount of HCI (1 mM), ethanol, and DI
water. The resulting precipitates were diluted into 100-ml DI

water.

2.3. Synthesis of GO/Aupane (GAupape for short) nanocom-
posite

The Au nanoparticles were prepared according to
the sodium citrate reduction method of HAuCly in GO
solution.?!" GO powder dispersed in 50-ml DI water was sub-
jected to ultrasonication for 60 min to give a stable suspension
of GO and then centrifuged at 3000 rpm for 30 min to remove
any aggregates remained in the transparent light brown exfo-
liated GO suspension. Then, 200-ul HAuCly (0.01 mM) were
added into the above solution, and the solution was mixed with
vigorous magnetic stirring. The mixture was heated to 90 °C
followed by the addition of 1-mL sodium citrate (0.1 mM).
The solution was heated for 30 min. The resulting GAupano
suspension was put into dialysis for two days.

2.4. Synthesis of GO/PANI/ GAuyano (GPAupp for short)
nanocomposite
The 50-ml GO/PANI solution and 50-ml GO-Auyane SO-
lution were blended and ultrasonicated for 5 h.

2.5. Characterization methods

The samples were characterized by TEM (JEM-1400
operating at 120 kV), FTIR (Thermo Fisher Nicolet 6700),
and XRD (BRUKER) equipped with Cu Ko radiation (k =
0.15406 nm). The electromagnetic (EM) parameters of the

composite were measured by an HP§722ES network analyzer.

3. Results and discussion

Figure 1 shows the TEM images of GO, GP, and GAupapo
nanocomposites. Figure 1(a) is the TEM image of pure GO
sheet. After composite reaction, aniline monomer is adsorbed
on the surface of GO due to the electrostatic attraction, as
shown in Fig. 1(b) and the inset image with high resolution.
Fig. 1(c) shows that gold nanoparticles are adsorbed on the
surface of graphene, which prevents their particles from being
agglomerated. It can be seen in Fig. 1(d) that the gold nanopar-
ticles are uniformly distributed on the composite. In addition,
GO sheets are covered by PANI arrays evenly, indicating that
the nucleation and growth processes occur only on the surface
of the GO sheet.

i (b)
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100 9m

Fig. 1. TEM images of GO (a), GP (b), inset image with a different resolu-
tion, GAupano (¢), GPAUyan (d) nanocomposites.

Figure 2 shows the FTIR spectra of GO, PANI, GP, and
GPAuyan nanocomposites. In the FTIR spectrum of GO, ab-
sorption peaks at 1732 cm™!, 1617 cm™!, 1225 cm™!, and
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1053 cm ™! correspond to C=0 characteristic absorption of —
COOH, O-H flexural vibrations attributable to the vibrations
of the residual water, C—-OH stretching vibration and C-O
stretching vibration, respectively.??! In the spectrum of GP
shown in Fig. 2, absorption peaks centering at 792 cm™!,
1123 cm™!, 1291 cm™!, 1486 cm™!, and 1557 cm™! are at-
tributed to the flexural vibrations inside and outside aromatic
C-H plane, C—N in PANI, the aromatic C=C stretching vibra-
tion, and the vibration of C=N respectively,'>3! among which
1123 cm ™! is the characteristic peak of conductive PANI. The
characteristic peak of GO at 1732 cm ™! and the disappearance
of 1617 cm™! prove the polymerization of aniline monomers
by the adsorption on the surface of GO and the participation
of the surface functional groups of GO in the polymerization
process. It is possible that —COOH on the surface of GO, as
a kind of proton doping agent, could be connected to N atoms
in PANL

Figure 3 shows the XRD patterns of GO, GP, GPAup,y,
nanocomposites. The XRD pattern of the GO shows a sharp
peak at 20 = 10.54°, corresponding to the (001) reflection of
GO.[??1 In the cases of GP and GPAup,,, diffraction peaks
corresponding to both GP and Au can clearly be seen. The
diffraction peaks at 9.41°, 14.91°, 20.72°, 25.55° are derived
from PANI and those at 38.32°, 45.58°, 64.76°, 77.81° come
from Au,**! while the characteristic diffraction peak of GO
disappears.

The microwave absorption property of material is gen-
erally determined by the complex relative permittivity and
permeability. Figure 4 shows the values of complex relative
permittivity real part (&') (a), relative permittivity imaginary
part (&') (b), relative permeability real part (') (c), relative
permeability imaginary part (u') (d), dielectric loss tangent
(tand;=¢€'/€’) (e), and magnetic loss tangent (tand,=p’/u’)
(f), for GP and GPAuy,,,. From Figs. 4(a) and 4(b), it can be
seen that both &’ and €’ values of GP are higher than those of
GPAuUpano in a range of 4 GHz-18 GHz. But, &' of GPAupap,
has a minimal peak at 16.3 GHz and &' of GPAuy,,, has a
maximal peak at 15.45 GHz. The u’ of GPAuy,,o has a max-
imal peak at 15.62 GHz as shown in Fig. 4(d). This shows
that a resonance absorption is produced due to the introduc-

s.[12' When gold nanoparticles absorb

tion of gold nanoparticle
microwaves, a closely induced current will be produced inside
the material, which is in accordance with the work of Peng et
al.”?! An electromagnetic field is then formed around the gold
nanoparticles before the increasing electromagnetic loss. We
can also see that the values of tand, are higher than the values
of tand, are nearly at a frequency of 15.45 GHz. This indicates
that the magnetic loss plays a main role in the microwave ab-

sorption nearly at the frequency of 15.45 GHz.

To further study the microwave absorption properties, the
reflection loss (Ry) is used to represent the microwave absorb-
ing properties. The Ry values of GP and GPAuy,y, are calcu-
lated as follows:

VI /&tanh [(j270fd [c) /1] —1
VR, /&tanh [(i27fd/c) /& +1|’
t=p'—ju'e=¢'~je’. )

RL=120lg

ey

In the above equations & and g, are the relative complex per-
mittivity and permeability, respectively; f is the frequency of
microwave; d is the layer thickness; and, c is the velocity of
microwave in free space.

In Fig. 5(a), it can be observed that the maximum Ry of
GP is —13.26 dB at 14.94 GHz and the bandwidth correspond-
ing to R at —10 dB can reach 2.72 GHz (from 13.92 GHz
to 16.64 GHz) for a layer of 2 mm in thickness. But, for
GPAuano (Fig. 5(b)), the maximum Ry, value is —24.61 dB at
15.45 GHz and the bandwidth corresponding to Ry, at —10 dB
can reach 4.08 GHz (from 13.92 GHz to 18.00 GHz) for a layer
of 2 mm in thickness. The GPAuy,,, composite exhibit an ex-
cellent microwave absorption performance in comparison with
GP (Fig. 5(a)), which is due to the microwave-induced reso-
nance effect produced by gold nanoparticles that increases the
microwave absorption and reduces the reflection losses.

Transmittance/arb. units

GPAupano

500 750 1000 1250 1500 1750
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Fig. 2. (color online) FTIR spectra of pristine GO, PANI, GP, and
GPAup,no nanocomposite.
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Fig. 3. (color online) XRD patterns of pristine GO (with inset patterns), GP,
and GPAuy,n, nanocomposites.
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Fig. 4. (color online) Complex relative permittivity real parts (a), relative permittivity imaginary parts (b), relative permeability real parts (c),
relative permeability imaginary parts (d), values of dielectric loss tangent (e), and values of magnetic loss tangent (f) for GP and GPAuuano.
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Fig. 5. (color online) Reflection loss curves of GP (a) and GPAuyano (b).

The excellent microwave absorption performance of the
GO/PANI/ Aupane nanocomposite is attributed mainly to the
following crucial factors: gold nanoparticles can absorb mi-
crowaves and a closely induced current will be produced inside
the material, this generates an electromagnetic field, (2] thus in-
creasing the electromagnetic loss. Ultimately, the microwave
absorption capacity of the material is improved.

4. Conclusions

The ternary composites of GO/PANI/GAup.n, are suc-
The obtained

nanocomposite shows the enhanced microwave absorption

cessfully prepared via a co-blend method.

properties compared with GO/PANI. The maximum Ry, of a
2-mm-thick GO/PANI/GAuy,y, layer is up to —24.61 dB at
15.45 GHz, which is more than —13.26 dB at 14.94 GHz of
GO/PANI. The bandwidth corresponding to Ry, of a 2-mm-
thick GO/PANI/GAup,y, layer at —10 dB can reach 4.08 GHz
(from 13.92 GHz to 18.00 GHz). The introduction of gold
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nanoparticles significantly enhances the microwave absorption
of the composite. This demonstrates that GO/PANI/GAupano

can be a promising material with excellent microwave absorp-

tion properties.
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