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Abstract: The rGO/CeO,/epoxy composite has been successfully prepared as radar
absorbing material (RAM) for the X-band (8-12 GHz) region. The reduced graphene
oxide (rGO) originated from pencil graphite oxide (GiO) was synthesized through the
modified Hummer method. The synthesis of rGO/CeO/epoxy was conducted by
immobilization of cerium(IV) oxide into rGO (rGO/CeQ,) via hydrothermal method and
followed by composited the rGO/CeO, with epoxy resin matrix. Morphological analysis
by SEM-EDX indicates that the rGO/CeQ; structure appears to be a tangled layer of edges
randomly aggregated, and CeO, is uniformly anchored on the rGO surface. From the
diffractogram result of the XRD instrument, rGO exhibits changes in crystallinity,
indicating a transformation of the interlayer structure from multilayer GiO to a single
layer of rGO. The presence of Ce-O was indicated at wavenumber 553 cm™" of rGO/CeO,
by FTIR. The microwave absorbing performance of rGO/CeO/epoxy conducted by vector
network analyzer (VNA) showed that the RL value of the composite was —3.22 dB (47%
of electromagnetic wave absorption) at a frequency of 9.25 GHz at the thickness of 1 mm
composite. The composite has the promising prospect of being developed as a captivating
candidate for the new type of microwave absorptive materials.

Keywords: reduced graphene oxide; cerium(IV) oxide; epoxy resin; radar absorbing

material; composite

m INTRODUCTION

Applications for electromagnetic wave technology
have expanded quickly in the last few years. Radio
detection and ranging (radar) is a contemporary detection
device that uses radio waves to track a target’s
movements. Radar is a detecting technology that can
actively monitor the target energy through the waves it
emits. Radar is frequently utilized in the military to find
hostile targets. Stealth technology has been developed for
warships and airplanes in anticipation of this. The

amount of electromagnetic (EM) radiation the target
reflects back to the receiver determines how effective
stealth technology is. It is called the radar cross section
(RCS). The RCS value needs to be as low as possible to
prevent the target from being identified.

The overgrowing method in this past decade to
reduce the RCS value is radar absorbing materials
(RAMs). RAMs are metamaterial absorbers composed
of multi-layer elements that can adjust impedance and
resonance absorbers [1]. The effectiveness of RAMs in
reducing radar reflection is quantified by the reflection
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loss (RL) value, which measures the proportion of
incident electromagnetic energy absorbed or scattered
away from the radar receiver. RL is typically expressed in
decibels (dB) and varies with frequency, angle of
incidence, and material properties.

To optimize stealth performance, RAMs are
engineered to exhibit maximum absorption across a
broad range of radar frequencies, including those used by
enemy radar systems. This necessitates careful selection of
materials, design optimization, and integration into the
overall stealth architecture of the platform. In addition to
their role in reducing radar reflection, RAMs also offer
other desirable characteristics such as lightweight,
durability, and flexibility, making them suitable for a wide
range of aerospace and defense applications. RAMs have
historically been made of metals, metal particles, ferrites,
conductive polymers, and dielectric materials [2].
However, factors including low absorption, weight,
corrosivity, and high density prevented them from being
used as absorbent materials in real-world applications. In
contrast to those materials, carbon-based materials
captured scientists' interest because of their unique
properties under specific operating conditions: chemical
inertness [3], strong resistance to common corrosive
reagents, as well as mechanical, thermal, and chemical
stability over a wide temperature range [4].

Fullerenes, carbon nanotubes (CNTs), graphene
and its oxidized forms, reduced graphene oxide (rGO),
and GO are examples of highly versatile materials that
have been developed in their unaltered state as
composites, doped, or decorated materials using different
polymeric matrices, metals, metal oxides, or
semiconductors for a wide range of applications, such as
solar panels [5], batteries [6], corrosion and wear,
coatings for metal protection against high energy particle
radiation, and radar absorption [7]. Radar absorption has
enabled the use of carbon-based materials, including
CNTs, fullerenes, black carbon (BC), carbon fibers, and
GO/rGO. To improve their radar absorption capability in
different
materials-especially

electromagnetic spectrum regions, these
GO/rGO-have also

incorporated into composites with ferrites, magnetic

been

metals, or conductive polymers [8].

1689

The use of graphene and its derivatives (GO/rGO)
as RAMs has

researchers. Using an in-situ solvothermal technique,

drawn significant interest from
Liu et al. [9] created porous hierarchical CoFe,O./rGO
nanocomposites. The result was that the composites had
an RL value of —57.7 dB at 10 GHz and a thickness of
2.8 mm. Qu et al. [10] evaluated the reactivity of NiFe
NPs implanted in nitrogen-doped graphene layers made
by the evaporation technique. The experimental results
demonstrate an RL value of —46.89 dB at 11.96 GHz with
a thickness of 2.2mm. Thi et al. [11] investigated
graphene-polypyrrole composites produced by in-situ
chemical oxidation polymerization in the X-band (8-
12.5 GHz). At 5mm thickness, the material has an
absorption bandwidth of up to 96% at 10.46-11.75 GHz.
Specifically, at 8.2, 10.82, and 11.5 GHz, the absorption
efficiency was 99.7, 99.9, and 99.6%, respectively.

The use of inner transition metals for GO/rGO
decoration has been proven to produce RAM with high
RL values. However, immobilizing rare earth metals that
have good magnetic and semiconducting properties [4]
with rGO has not been found much in the literature.
Further, the use of pencils as a source of graphite has not
been widely reported. In this research, the cerium(IV)
oxide has been immobilized onto rGO originating from
pencil’s graphite. The prepared material was then
composited with an epoxy resin matrix to perform as
radar absorbing composite. This research uses epoxy
resin as a matrix, which binds and homogenizes
rGO/CeQ, particles and strengthens the composite
[12].
properties,

structure Synthesized composites' structure,

chemical morphology, and chemical
composition were characterized and deeply discussed.
Further, the radar-absorbing ability of the synthesized

composite was investigated in the X-band region.

m EXPERIMENTAL SECTION
Materials

All chemicals (hydrofluoric acid, HF 48%;
hydrochloric acid, HCI 37%; sulfuric acid, H,SO, 98%;
sodium nitrate, NaNOs; potassium permanganate,
KMnOg; hydrogen peroxide, H,O, 30%; cerium(III)
nitrate, Ce(NOs);; ammonium hydroxide, NH;OH 25%;
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and ethanol, C;H;OH) were pro-analysis provided by
Merck®, Germany, without further treatment. Commercial
pencil lead (2B) as a source of graphite was produced by
Faber-Castel®. The composite matrix was conducted
using epoxy resin (Dextone) and hardener Hybrid 951
(HY 951 Dextone). HY 951 is a low-viscosity hardener
suitable for use with various separate sold casting resins.

Instrumentation

Fourier transform infrared (FTIR, Bruker Tensor
27) was performed to identify the functional groups of the
material. The FTIR analysis was conducted in a range of
600-4000 cm ™" and 25 °C instrument temperature using a
KBr pellet. Scanning electron microscope-energy
dispersive X-ray (SEM-EDX, JEOL JSM-6390, under
accelerating voltage of 10 kV) was used to investigate the
surface morphology and chemical composition of the
material. The crystal analysis was conducted by the X-ray
diffractometer (XRD, Surveymeter Ranger S/N R309523)
using Cu Ka radiation (A = 1.54 A), 40kV voltage, and
30 mA current, with the scanning range of 10-79.98°
(2°/min). Through reflection and transmission methods,
the microwave absorbing performance was determined
by a vector network analyzer (VNA) in the X-band region
(8 to 12 GHz).

Procedure

Synthesis of graphite oxide (GiO)

The synthesis of GiO was conducted via the
modified Hummer method [13]. Briefly, 50 mL of H,SO4
98%, 2.0 g of 200 mesh graphite powder, and 0.5g of
NaNO; powder were stirred for 30 min at 5°C and a
stirring speed of 300 rpm. Gradually, 6.0 g solid KMnO,
was added and stirred for 3 h at constant temperature and
stirring speed. Thereafter, the mixture was stirred for 1 h
at 50 °C reaction temperature and 300 rpm stirring speed.
Into the mixture, 100 mL of distilled water was added and
stirred for 1h at 50°C and 300 rpm stirring speed.
Another 200 mL of distilled water was added, and the
stirring continued at a constant temperature and stirring
speed. After 1h, 10 mL of 30% H,O, was added and
stirred for 30 min at 50 °C and 300 rpm. The mixture was
separated to obtain the solids. The solids were rinsed with
80 mL 20% HCI, followed by distilled water until a neutral
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pH was reached. The solid was labelled as GiO. The solid
GiO was dried in an oven at 110 °C for 12 h. All samples
were characterized by SEM-EDX, XRD, and FTIR.

Synthesis of rGO/Ce0z/epoxy composites

Synthesis of the rGO/CeO,/epoxy composite begins
with the synthesis of rGO/CeO, and then continues with
the composition of rGO/CeO, in the epoxy resin matrix.
Synthesis of rGO/CeO, was conducted by hydrothermal
method developed by Wang et al. [14] and Yin et al. [4].
Firstly, 1.0 g of 200 meshes of GiO powder was dispersed
in 60 mL of deionized water (DI) with ultrasonic handling
(200 W, 40 kHz) for 3 h. After obtaining a light yellow-
brown suspension, any unexfoliated GiO was removed
by centrifuging the mixture for 1 h at 300 rpm. Then,
2.52 g of Ce(NOs); powder was added to the dispersion
under magnetic stirring (25 °C, 300 rpm) until completely
dissolved. The prepared solution was then progressively
mixed with NH4sOH 25% as a reducing agent until the
pH was adjusted to around 10. The resulting solution
was rapidly stirred for 2h. The mixture was then
transferred into a 100 mL teflon-lined stainless steel
autoclave reactor at 200 °C for 12 h. The resulting solid
was filtered and rinsed with ethanol and DI to reach a
neutral pH. The obtained solid (rGO/CeQ,) was dried in
a drying oven at 110 °C for 12 h. For comparison, the
pure CeO, and rGO samples were also prepared by a
similar hydrothermal procedure without using GiO and
Ce(NOs); powder, respectively. All obtained samples
were characterized by SEM-EDX, XRD, and FTIR.

The synthesis of rGO/CeO,/epoxy was performed
based on the previous method [12]. A total of 0.5 gof HY
951 hardener (10% w/w), 4.0 g epoxy resin (80% w/w),
and 0.5 g (10% w/w) of rGO/CeO, powder were mixed
and homogenized by using a vortex. The obtained
dispersion was poured into 1 mm thick silicon molds
and then dried in an oven at 80 °C for 12 h. All samples
were characterized by SEM-EDX, XRD, and FTIR.

Data analysis

The crystal size (D) and interplanar spacing (d)
were calculated using Debye-Scherrer equation (Eq. (1))
and Bragg’s Law (Eq. (2)), respectively. Where A is the
wavelength of Cu K. radiation, B is full weight half
maximum (FWHM), n is an order, and 0 is Bragg’s angle.
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The reflected power and through power values were
calculated using the Eq. (3) and (4), respectively. The
symbol I" is the reflection coefficient obtained from Eq. (5).

Reflected power=100xT" (3)

Through power=100x (1 -1 ) (4)
—Return loss

r= 10[ 20 ) (5)

m RESULTS AND DISCUSSION
Morphology Analysis

SEM was carried out to perform a morphological
analysis of the rGO samples. The analysis revealed that the
rGO structure appears to be a tangled layer of edges (Fig.
1(a)). Furthermore, the rGO structure is randomly
aggregated and strongly interacts with each other, as
similarly observed in the research conducted by Ali et al.
[15]. According to Rezayeenik et al. [16] the aggregation
of particles in rGO is initiated by edge-to-edge
interactions, precisely the attraction between hydrogen
bonds and remaining functional groups after the
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reduction process. Fig. 1(b) depicts the rough
appearance of pure CeO,, which forms a block structure
by randomly stacking together in a disordered state.

Different from pure CeO,, the rGO/CeQO, has a
distinct morphology. In rGO/CeO;, the CeO, exhibited
a nearly regular distribution and was closely packed with
a small amount of aggregation in rGO/CeO; (Fig. 1(c)).
This finding implies a good combination between the
rGO and CeO,. This suggests an attractive force
interaction between rGO and CeO,, which initiates the
immobilization process, then the hydrothermal method
can homogeneously immobilize CeO, nanocrystals on
the surface of the rGO layer [17-18]. Moreover, the
immobilization of CeO, to the rGO layer also reduces the
agglomeration potential of the CeO, nanoparticles [19].

The successful dispersion of rGO/CeQO, in an
epoxy resin matrix has been shown in Fig. 1(d). The
surface of the material was refined non-porous, and no
visible fracture was observed. It indicates that the
rGO/CeO; particles were able to form chemical bonds
with the epoxy resin, which resulted in changes in
structure and morphology. This finding is consistent
with the research by Bakhsi and Ahmad [20].

EDX analysis showed that the C/O ratio of graphite
powder was 9.09, and such a high C/O ratio indicates that

P
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Fig 1. Morphological image of (a) rGO, (b) pure CeO,, (c) rGO/CeO,, and (d) rGO/CeO,/epoxy
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pure graphite mainly contains carbon (Table 1). It also
confirmed the presence of oxygen-containing functional
groups in graphite powder. The decreasing C/O ratio
from 9.09 to 3.00 for rGO indicates the reduced number
of graphene layers post-exfoliation. This result is similar
to the research of Chuah et al. [21], which indicates the
success of the GiO reduction process in forming rGO. The
total atom contents of C, O, and Ce in rGO/CeO, samples
are 9.06, 5.39, and 85.55%, respectively. The research
conducted by Quan et al. [22] was in line with the result,
indicating that the obtained material that was synthesized
through the hydrothermal method possessed high purity.
The total C content of rGO/CeQO,/epoxy composite was
82.63%, followed by O at 17.34% and Ce at 0.03%. The
data show that the addition of epoxy resin enhances the
interface interaction while preserving the properties of
rGO and CeO,; particles dispersed in the epoxy resin [23].

Crystal Analysis

The XRD pattern in Fig. 2 indicates a significant
phase change from crystalline to amorphous phase when
graphite (Gi) transforms into GiO (Fig. 2(a)). As
evidenced by the formation of a broad diffraction peak,
the percentage of amorphous phase also increases when
GiO transforms into rGO (Fig. 2(a)). However, an
identical diffraction peak at 206 =26.61° (d-spacing
2.91 A) for Gi, 26.78° (d-spacing 3.75 A) for GiO, and
26.63° (d-spacing 3.52 A) for rGO are observed in the
diffraction patterns for each sample. This peak at around

(@
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(002) '1GO

Intensity (a.u.)

002 -
(002 GiO

G

Intensity (a.u.)
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20 = 26.61-26.78° represents the (002) plane, which is
identical to the graphite structure. These results confirm
the crystallinity of the synthesized material, as indicated
by the JCPDS dataset no. 75-2078 [24].

The change in d-spacing distance shows that Gi's
reduction process worked. Shifting a 20 angle to the
higher value occurred when the GiO transforms into
rGO was suggested as the disappearance of the phenol,
epoxy, ketone, and carbonyl group of GiO during the
reduction process. Diffractogram results of rGO indicate
that the inclined material turns amorphous or the
crystallinity level decreases. Singh and Dastgheib [25]
reported a similar result and concluded that the presence
of the Gi diffraction peak at 20 = 26.61-26.78° indicates
that the reduction process of GiO was incomplete,
resulting in impurities in rGO.

Table 1. Chemical composition of rGO, rGO/CeO,, and

rGO/CeO,/epoxy
Materials Element Atom (%) C/O ratio

Graphite powder C 90.73 9.09
(0] 9.98

rGO C 75.05 3.00
O 24.95

rGO/CeO, C 9.06 1.68
O 5.39
Ce 85.55

rGO/CeO,/epoxy C 82.63 4.77
O 17.34
Ce 0.03

(b) (111)
(202)
(200)
() rGOICeO,
‘H‘ (202)
| @0 (\ (3,‘:1) (313)
:od;) e 0:502)
bt . W Tt lobproai
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Fig 2. Diffractogram pattern of (a) Gi, GiO, and rGO, and (b) GiO, CeO,, and rGO/CeO,

Patricya Inggrid Wilhelmina Bolilanga et al.



Indones. J. Chem., 2024, 24 (6), 1688 - 1700

Fig. 2(b) shows the XRD patterns of synthesized
rGO/Ce0O,. The rGO/CeO, exhibits high-intensity
diffraction peaks at 20 of 28.80, 33.51, 47.95, and 56.59°
which represent the (111), (200), (202), and (311) planes,
respectively. The diffraction peaks observed in the-
rGO/CeO, are consistent with those observed in the
cerium metal oxide solid, as reported in JCPDS data no.
34-0394 [18]. The similar diffraction peaks between
rGO/CeO, and CeO, suggest that the Ce metal is
completely immobilized on the rGO sheet and tends to
form physical and chemical interactions, thus significantly
improving the crystallinity properties of the material [14].

The rGO/CeO,/epoxy composite shows five
diffraction peaks at the 20 of 16.09, 26.70, 38.62, 49.42,
and 50.11° (Fig. 3), which corresponds to the plane of
(111), (200), (202), and (311), respectively. These peaks
were conformed to the JCPDS data No. 34-0394 [18]. The
additional broad peak observed at 20 =17.70° in the
rGO/CeO,/epoxy diffraction pattern corresponds to the
epoxy resin diffraction peak. This finding is consistent
with the work of Ahmad et al. [12]. The results suggest
that the epoxy resins may interact chemically with both
composite structures.

Further, analyzing crystal dimension (D) and inter-
crystal plane spacing (d-spacing) values may deeply
examine morphological changes for all samples.
According to the obtained d-spacing value (Table 2), the
d-spacing value appears to increase with oxidation Gi to
GiO. This suggests that there is an oxygen-functional
group intercalation process in the graphite interlayer
initiated by KMnO, and H,SO, [26-28]. The d-spacing
value was observed to decrease during the reduction
process of GiO to rGO, confirming the success of the
reduction process carried out by the hydrothermal
process [25]. Similarly, the d-spacing values seem to
decrease after the synthesis process of rGO/CeO,,
indicating that the multilayer GiO was exfoliated into
single-layer rGO/CeO..

Based on the results obtained, there is a fluctuation
of D value during the synthesis process. The
rGO/CeO,/epoxy composite had D and d-values of 41.12
and 0.29 nm, respectively. This value indicates that
modifying rGO/CeO, particles with epoxy resin leads to
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an increase in the D value, as reported by Ahmad et al.
[12]. Nevertheless, it is noteworthy that the d-spacing
value in the rGO/CeO; (2.55 A) is slightly lower than the
d-spacing value in rGO/CeO,/epoxy composite (2.91 A).
This increasing d-spacing value is attributed to the
intercalation of epoxy rings in the rGO/CeO, layer
structure [29].

Table 2 exhibits the changes in crystallinity for all
samples. These changes indicate a transformation of the
interlayer structure from multilayer Gi to a single layer
of rGO, which has a random and turbostratic structure
[30]. In referring to the obtained results, the crystallinity
for rGO, rGO/CeO,, and rGO/CeO./epoxy composite is
18.56, 42.23, and 23.45%, respectively. This change in
crystallinity value indicates a change in the interlayer
structure from multilayer graphite to single-layer rGO
with random and turbostratic structure [30]. However,
during the formation of rGO/CeO,, an increase in the
crystallinity value was observed due to the decomposition

(111)
(202

i rGO/CeO,/epoxy

5 (202)

s

2 (111) rGO/CeO,

1]

e |

2 H (2?2) (311)

£ || (200)

J\J\«.J\ (222) (400) (313)(402)

CeO,
Epoxy

T T T T T T T T
10 20 30 40 50 60 70 80
2-theta (deg)

Fig 3. Diffractogram pattern of epoxy, CeO,, rGO/CeO,,
and rGO/CeO,/epoxy composite

Table 2. The value of D, d-spacing, and crystallinity of
the Gi, GiO, rGO, rGO/CeO,, and rGO/CeO2/epoxy
D  d-spacing Crystallinity

Samples (am)  (A) (%)
Gi 40.77 291 64.48
GiO 33.70 3.75 28.75
rGO - 3.52 18.56
rGO/Ce0O, 23.82 2.55 42.23

rGO/CeO,/epoxy 41.12 2.97 23.45
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process of oxygen groups and the formation of sp’
hybridization, which initiates layer rearrangement in the
[31]. Meanwhile, the rGO/CeO,/epoxy
composite has a relatively lower degree of crystallinity

composites

influenced by the utilization of epoxy resin [32].
Functional Group Analysis

The comparison of FTIR analysis results on Gi, GiO,
and rGO samples can be seen in Fig. 4(a). It was found
that the C=C stretching (Table 3) was identified in all
three samples, which is consistent with Cano et al. [33].
These results indicate that Gi, GiO, and rGO exhibit the
type of triangular planar (sp?) carbon hybridization.
Notably, even after the reduction process, the C-O

(a)

Transmittance (a.u.)

3459

Transmittance (a.u.)

Indones. J. Chem., 2024, 24 (6), 1688 - 1700

stretching vibration type was detected in all three
samples. According to the results of Bargaoui et al. [34],
it was also observed that the C-O groups intercalated in
the Gi layer structure and its derivative compounds
exhibit more excellent resistance to elimination by
reducing agents compared to other functional groups
containing hydrogen bonds.

The comparison result of FTIR analysis on GiO
and rGO/CeO; is depicted in Fig. 4(b). Based on the
result, GIO and rGO/CeO, were found to contain O
functional groups. The GiO sample exhibited two C-O
absorption peaks at 1222 and 1074 cm™, while in
rGO/CeO,, the peak was observed at 1080 cm™. This
observation may indicate decreased oxygen functional

(b) —GiO

rGO/CeO,

742

c=C
-OH
T T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers (cm™) Wavenumbers (cm™)
(c) — Epoxy
rGO/CeO,/epoxy

3745 2917 1612 ——rGO/Ce0,
¥ C-H

Transmittance (a.u.)

T T T
4000 3500 3000 2500

T T T
2000 1500 1000

Wavenumber (cm™')

Fig 4. (a) FTIR spectra comparison of Gi, GiO, and rGO, (b) FTIR spectra comparison of GiO and rGO/CeO,, and (c)
FTIR spectra comparison of epoxy, rGO/CeQO,, rGO/CeO,/epoxy
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Table 3. List of identified wavenumber (in cm™) of Gi, GiO, rGO, rGO/CeO,, epoxy, and rGO/CeO,/epoxy by FTIR

analysis
Materials ~OH =0 €0 ,C=C c-C , C-H Ce-O
Alcohol  Carbonyl Epoxy Cyclic Alkene Aromatic Alkene
Gi 3459 - 1134 1652 - - -
GiO 3472 1721 1222, 1074 1582, 802 - - -
rGO 3485 - 1071 1584, 815 - - -
rGO/CeO, 3463 - 1080 1578, 742 - - 553
€poxy 3746 - 1246, 1028, 835 1612 1505 2925 -
rGO/CeO,/epoxy 3745 - 1247, 1036, 827 1612 1505 2917 553

groups due to the hydrothermal reducing process [35].
Furthermore, as reported by Bandara et al. [36], it is
noteworthy that the synthesis process leads to a shift in
the absorption peak of the functional group. This shifting
suggests a structural change from multilayer GiO to
single-layer rGO/CeQ; [37]. On the other hand, based on
the result obtained and the research results of Khan et al.
[38], the presence of Ce-O absorption peaks at 553 cm™
suggest strong chemical interaction between CeO, and
rGO during the functionalization process.

FTIR analysis on the synthesized rGO/CeQO,/epoxy
composite (Fig. 4(c)) exhibited that the rGO/CeO,
composite is highly dispersed in epoxy resin. The work by
Ahmad et al. [12] shows a similar result. However, the
addition of epoxy resin did not significantly change the
sp® hybridization pattern in the rGO/CeO, structure. This
is confirmed by the absorption spectrum of the C=C
group at 1612 cm™ (Table 3), which is identical to the
C=CinrGO/CeO; (peak at 1578 cm ™) [39]. According to
Nsengiyumva et al. [40], this interaction is a dipole-dipole
interaction, which significantly affects the properties of
the epoxy resin reinforcement in this composite.

The
rGO/CeO,/epoxy synthesis process can be seen in Fig. 5.

schematic presentation of the overall

HOOC

Modified
Hummer
Method

HOOC Y
] 0 | @)
[ ou] || Ce

Pencil graphite Graphite oxide (GiO)

Hydro-

: SN NS S oo thermal

—

The disappearing carboxyl group band at 1721 cm™
indicates Ce's interaction with rGO [41]. Fig. 5 visualizes
the prediction structure based on the morphology,
crystal, and functional group analysis.

Microwave Absorption Performance of

rGO/Ce0,/Epoxy Composite

There are two types of commonly used S-
parameter in VNA to characterize the behavior of a
device under test (DUT): S;; and S,;. In this case, the
DUT is 1 mm thickness of rGO/CeQ,/epoxy composites.
The S, parameter represents the reflection coefficient at
port 1 of the DUT. It quantifies how much of the
incident signal at port 1 is reflected towards the source.
S11is a complex number typically measured in dB. A low
Sii value indicates good matching and minimal
reflection, meaning most of the signal is transmitted into
the DUT rather than reflected. The result of S, is known
as reflection Loss (RL). The S, parameter represents the
transmission coefficient from port 1 to port 2 of the
DUT. It quantifies how much of the signal at port 1 is
transmitted through the device and received at port 2. S,
is also expressed as a complex number and measured in
dB. It gives information about the signal loss or gain as

@®o
o-Cc_
| 7
oH ‘
. N

T on

rGO/CeO,

rGO/CeCO,/epoxy
Fig 5. Schematic presentation for the synthesis of rGO/CeO,/epoxy composite
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it travels through the device from input to output. The
result of S;; is known as insertion loss (IL). This study
focuses on measuring the RL and IL for rGO/CeO,/epoxy
composites.

Fig. 6(a) shows the results of measuring the RL value
for the rGO/CeO./epoxy composite. Based on Fig. 5, 1-
mm thickness of rGO/CeQ,/epoxy produces a maximum
RL of —3.22 dB at 9.25 GHz frequency. This result was
lower than the reported RL into CeO,-rGO by Wang et al.
[42] (-45.90 dB at 4.50 GHz, 2 mm thickness). The lower
result may be due to the limited dispersion capability of
the composite particles [42-43], imperfect reduction
process of rGO [44], lower Ce composition in the ratio of
rGO/CeO,/epoxy [45], and material thickness. In this
work, EDX results showed that the O atom in rGO
material remained 24.95% (Table 1), indicating that the
GO was not completely reduced. Further, the composition
of Ce in rGO/CeO,/epoxy was relatively low (0.30%)

@ M\__\/—W/

Reflection loss S,, (dB)

Initial Condition
rGO/CeO,/epoxy

N
o
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compared with the rGO/CeO, (35.88%) (Table 1). These
factors contributed to the low RL values [44-45].

The RL value can be used to evaluate the material's
microwave absorption capacity, represented by the T
value [46]. The T value for rGO/CeO./epoxy composite
is 0.69. Further I calculation is the percentage of reflected
power and through power. In this research, the reflected
power value for rGO/CeO./epoxy is 47%, while the
through power value is 53%. The measured maximum
IL value of rGO/CeO,/epoxy is —1.39 dB at a frequency
of 10.89 GHz (Fig. 6(b)). This result reflects that 1.39 dB
is lost as it travels through the material.

As reported by Wang et al. [42], the magnitude of
the RL value is mainly influenced by the type of RAM,
which combines both dielectric and magnetic materials
and is expected to have a high RL value. However, the
thickness of the material significantly influenced the RL
value of the material [47]. Table 4 compares the RL value

e

9(b)

Insertion loss S,, (dB)

Initial Condition
rGO/CeOQ,/epoxy

T T T T
8 9 10 11 12
Frequency (GHz)

'5 T T T T T
8 9 10 11 12
Frequency (GHz)

Fig 6. (a) RL value and (b) IL value of rGO/CeO./epoxy

Table 4. Comparison of RL value for various RAM

Samples Thickness (mm) Frequency (GHz) RLn. (dB) Ref.
CeO, 2 15.84 -0.63 [42]
Epoxy 4 10 -0.21 [50]
rGO/CeO,/epoxy 1 9.25 -3.22 This research
rGO 2 12 ~5.10 [4]
rGO/epoxy 6 12 -25.74 [12]
Fe-Cr/rGO 5 6.86 -10.65 [51]
CeO,-rGO 2 4.50 -45.90 [42]
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of this research with the literature that exhibited the
thickness effect on RL value. Generally, the thicker the
RAM, the higher the RL value [48-49]. Taking the
versatilities of the combination of rGO, CeO,, and epoxy
resin, it is believed that rGO/CeO,/epoxy is a promising
electromagnetic wave absorber and deserves further
exploration to improve its performance.

m CONCLUSION

In summary, rGO/CeO,/epoxy composite was
successfully fabricated through one-pot hydrothermal
method, and its characterization and performance were
systematically evaluated. A morphological investigation
indicates that the rGO/CeO, structure appears to be a
tangled layer of randomly aggregated edges, and CeO; is
uniformly anchored on the rGO surface. Crystal analysis
of rGO exhibits the changes in crystallinity, indicating a
transformation of the interlayer structure from multilayer
GiO to a single layer of rGO. The Ce-O absorption peaks
at 553cm™ of rGO/CeO, suggests strong chemical
rGO during the
functionalization process. The RL value of -3.22 dB at a

interaction between CeQO, and

frequency of 9.25 GHz and adequate absorption bandwidth
of 47% with a thickness of only 1 mm have been observed
for rGO/CeO,/epoxy
versatilities of the composite, it is believed that the
rGO/CeO,/epoxy composite is a promising electromagnetic
wave absorber and deserves further development.
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