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Abstract— The development of stealth technology in modern defense systems demands superior radar absorbing material
(RAM) innovation. This study aims to synthesize and characterize Fe;0,/ZnO modified carbon-based RAM composites in a
polypyrrole (PPy) matrix using graphite oxide (GiO). The composites were synthesized via a modified Hummer method as well as
a one-pot technique, and characterized using FTIR, XRD, SEM-EDX, and VNA. The FTIR characterization results showed that
the C=C peak decreased in intensity after the oxidation process, indicating the breaking of the aromatic double bond and the
formation of new functional groups such as C—O and C=0. This change was detected in both pGiO and kGiO samples. XRD data
showed a shift in the main peaks to 26 = 11.25° and 42.20° for pGiO and 26 = 11.56° and 42.40° for GiO-k, respectively. This
shift indicates the formation of a more amorphous graphite oxide structure compared to the original graphite.The results show
that GiO/Fe;0,/ZnO has the highest reflection loss value of -9.20 dB at 10.91 GHz (GiO-p/Fe;0,/ZnO 66%-PPy) with an
absorption value of 88.03% and rGO/Fe;0,/ZnO/PPy the highest RL value reached -7.51 dB at 11.57 GHz (rGO-k/Fe;0,/Zn0O
66%-PPy) with an absorption value of 82.21%. This research proves that Fe304/ZnO modified carbon-based composites in a
polypyrrole matrix have high potential as an efficient radar absorbing material and can support the needs of domestic defense
technology.

Keywords— Carbon composite; Fe;0,/ZnO; Polypirrol; Radar absorbing material; Stealth technology.

1. INTRODUCTION Stealth technology in military defense systems can be
implemented through two primary approaches:
modifying the structural design of the equipment to
minimize radar wave reflection, and applying radar-
absorbing coatings to the surface [2]. Structural
modification typically involves substantial financial
investment, making the use of absorbing materials a
more cost-effective alternative. Radar wave absorption
involves coating the surface of an object with materials
that reduce the intensity of incoming electromagnetic
waves by converting the absorbed radar energy into
heat [3].

There are several criteria required for the
development of radar absorbing materials, including

In an effort to achieve independence in defense
equipment production, the Defense Industry Policy
Committee has formulated a national strategic program,
which includes the development of indigenous radar
technologies. One of the key innovations within this
program is the advancement of stealth technology,
which aims to reduce the detectability of objects by
enemy radar systems [1]. This technology is
implemented across various defense platforms,
including fighter aircraft, bombers, helicopters, missiles,
and submarines.
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ability to absorb electromagnetic waves up to low
frequencies, minimizing radar visibility by reducing the
effect of electromagnetic wave reflection, light and thin
structure, good electrical conductivity and magnetic
conductivity, high thermal stability, corrosion resistance,
and easy to produce commercially [4]. The combination
of dielectric and magnetic materials in RAM can
enhance the performance and efficiency of
electromagnetic wave absorption [2].

Magnetic materials which exhibit strong magnetic
properties, are widely utilized as base materials for
effective microwave absorbers, one of example is Fe304
[5]. Magnetite is typically derived from iron sand and
contains oxidized iron that forms iron oxide, a compound
known for its strong magnetic characteristics [6].
Dielectric materials are materials that have ability to
store and convert electrical energy under the influence
of an electric field and are responsive to electromagnetic
waves due to their low polarization and conductivity [7].
Dielectric materials function as RAM by mechanisms of
polarization and relaxation loss [8], with commonly used
examples including carbon-based materials [9], metal
oxides, and polymers [10].

Carbon-based materials are known for their inertness,
chemical stability, corrosion resistance, high electrical
conductivity, and thermal stability across a wide range of
temperatures [11]. These properties enable carbon
materials to effectively absorb electromagnetic radiation
within the S-band and X-band frequency ranges,
typically between 2 and 12 GHz [11]. One of the carbon
materials that has the potential to be developed as RAM
is graphite oxide [12-13]. Graphite oxide exhibits an
interconnected porous structure, a large specific surface
area, and high potential for chemical modification, all of
which contribute to enhanced electrical conductivity and
electromagnetic wave absorption capabilities [14].

The synthesis of graphite and its derivatives
commonly employs a top-down approach, which is
generally regarded as efficient and cost-effective for
producing high-quality materials [15]. One widely used
top-down method is the modified Hummers method,
which utilizes a mixture of sulfuric acid (H,SO,), sodium
nitrate (NaNO;), and potassium permanganate (KMnQO,)
as oxidizing agents [16]. During the oxidation of graphite,
various oxygen-containing functional groups such as
hydroxyl, epoxide, and carboxyl was formed [17].

In addition to carbon-based materials, metal oxides
are also considered promising candidates for radar
absorbing materials due to their strong affinity for
oxygen anions and their tunable crystal structures [18].
These materials demonstrate the ability to interact with
electromagnetic radiation in the gigahertz frequency
range. Among various dielectric metal oxides, zinc oxide
(ZnO) has attracted significant attention. ZnO offers
several advantages, including excellent dielectric
properties, low density, and its function as a wide-
bandgap semiconductor (3.37 eV). Moreover, ZnO also
has structural stability at room temperature in the
hexagonal wurtzite phase, and can be synthesized
economically on a large scale [19].

Xaviera et al.

In this study, a polymer-based dielectric composite
incorporating conductive polymers was utilized to
enhance the performance of radar absorbing materials
(RAM). Conductive polymers, such as polypyrrole (PPy),
are capable of conducting electric current and possess
unique properties that contribute to the reduction of
electromagnetic wave reflection and absorption [20].
Polypyrrole exhibits high electrical conductivity, low
specific gravity, flexibility, oxidation resistance, and can
be synthesized through an efficient process. When used
as a matrix in composites, PPy can be combined with
inorganic materials to improve thermal stability and
enhance electromagnetic wave absorption efficiency
through the synergistic effects of dielectric properties
and the porous structure of the composite [21].

Previous studies have demonstrated that RAM
materials based on carbon/Fe;0,/ZnO exhibit good
absorption capabilities; however, they are limited by a
relatively narrow effective absorption bandwidth
(reflection loss, RL < -10 dB), thereby restricting the
range of electromagnetic frequencies that can be
effectively absorbed [22]. The incorporation of PPy into
the composite is expected to improve dielectric
properties and electrical conductivity, thereby
strengthening the electromagnetic wave attenuation
mechanism through interfacial polarization and dipole
relaxation. This enhancement is anticipated to broaden
the absorption bandwidth and improve overall RAM
performance.

The development of carbon-based radar absorbing
materials (RAM) has been extensively explored using a
variety of raw materials, including rice husks [23], cocoa
pods [24], palm oil residues [25], and others. However,
carbon derived from these sources generally exhibits
low crystallinity, which may limit its effectiveness in
electromagnetic wave absorption applications. In
contrast, pencil-grade graphite represents a low-cost,
widely available carbon source with high crystallinity [26].
Despite its potential, the application of pencil graphite as
a RAM precursor remains relatively unexplored. This
study aims to synthesize and characterize composites
based on reduced graphene oxide—magnetite—zinc
oxide (rGO/Fe3;0,/Zn0O) and graphite oxide—magnetite—
zinc oxide (GiO/Fe;0,/Zn0O), embedded within a
polypyrrole (PPy) matrix. The incorporation of these
components is expected to enhance the performance of
RAM through improved electrical and magnetic
properties, interfacial polarization, and synergistic loss
mechanisms. The resulting composites are anticipated
to exhibit optimized structural and electromagnetic
characteristics, contributing to the development of high-
efficiency RAM materials with superior radar wave
absorption capabilities.

2. EXPERIMENTAL SECTION
2.1. Materials

The materials consist of graphite pencil, commercial
graphite, and pure analitycal chemical by Merck: NaNOs,
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H,SO,, KMnQOs, HCI, ZnCl2, FeCl3.6H20, FeS04.7H20,
NH4OH, Pyrolle, and hydrazine hydrate.

2.2. Instrumentation

The instrumentation includes FTIR-Prestige-21
Shimadzu, SEM-EDS ASTM, XRD D8 Advance (Bruker)
Bragg-Bentano Diffraction, VNA Advantest R3770,
Shimadzu analytical balance, sonicator, centrifugator,
magnetic stirrer, oven, and hot plate stirrer. In addition,
additional tools are needed such as funnels, conical
bottles, Erlenmeyer flasks, measuring flasks, beakers,
droppers, volume pipettes, measuring flasks, and watch
glasses.

2.3. Preparation of Graphite Oxide (GiO) from Pencil
and Commercial Graphite

The GiO synthesis using the modified Hummer
method. The graphite used consisted of pencil graphite
with a hardness level of 2B and commercial graphite in
crystalline form (300 mesh, Alfa Aesar). 2 g of graphite,

50 mL of sulfuric acid (H,SO, 98%), and 0.5 g of NaNO3.

The solution was stirred at 5°C for 30 minutes at a
speed of 300 rpm. Gradually, 6 g of KMnO, were added
and stirred for 3 hours at a constant temperature and
stirring speed in an ice bath. During the process, the
solution will change color from solid black to greenish
black. After the reaction was complete, 100 mL of water
was slowly added to the mixture for 1 hour at
temperature 50°C and a stirring with 300 rpm. Then, 10
mL of hydrogen peroxide (H,O,) 30% was added to the
mixture and stirred for 30 minutes at temperature 50°C
and stirring with 300 rpm. The mixture was separated
using Buchner vacuum until a solid was obtained. The
solid was rinsed with 80 mL of 20% HCI followed by
distilled water until a neutral pH was achieved. Then the
obtained solid was dried in an oven at a temperature of
110°C for 12 hours. The synthesis of GiO from
commercial graphite was carried out with the same
procedure as the synthesis of GiO from pencil graphite.
All samples were characterized by XRD and FTIR.

2.4. Synthesis of ZnO

A total of 0.5 g ZnCl, dissolved in 25 mL of distilled
water, stirred for 1 hour at temperature 40°C. Then
NH4OH was added into the solution and the pH was
maintained at 11-13 while stirring at a stable speed for
10 min.

2.5. Synthesis of Graphene Oxide/Magnetite/Zinc
Oxide (GiO/Fe304/Zn0)

A total of 0.5 g of pencil graphite GiO was dissolved in
60 mL deionized water by ultrasonication for 30 minutes.
Fe?*/Fe®* solution was prepared by dissolving
FeClz.6H20 and FeS04.7H20 in 5 mL of distilled water
(11.5 mmol/3.1 g: 5.625 mmol/1.575 g). The Fe?*/Fe3*
solution was mixed into the GiO solution. Temperature
was maintained at 90 °C. After the temperature was
reached, the ZnO solution was added while continuing
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stirrer. The solution was washed with deionized water
(DI). Then the solid was calcined at 300°C for 3 h. The
GiO/Fe;0,/ZnO composites were synthesized using
both pencil graphite and commercial graphite following
the same procedure. The resulting samples were
characterized using SEM-EDS, XRD, and FTIR
analyses.

2.6. Synthesis GiO/Fe304/ZnO Composite

A total of 0.25 g (20%); 0.50 g (33%); and 2 g (66%)
of GiO/Fe304/ZnO were dissolved in 60 mL aquadest.
Then, 0.21 mL of monomer pyrrole was added to the
solution. The mixture was sonicated for 1 h and reacted
with 2.4 g FeCls dissolved in 0.1 M HCI, slowly. The
mixture was stirred for 4 h. The obtained samples were
filtered and washed with aquadest-ethanol and then
dried in an oven at 110 °C for 10 h. All samples were
characterized using FTIR, XRD, SEM-EDS, and VNA at
a thickness of 1.5 mm.

3. RESULT AND DISCUSSION

3.1. Characterization of GiO from Pencil and

Commercial Graphite

The synthesis process of graphite oxide (GiO) was
carried out using the Hummers method. In this study,
two types of graphite precursors were used, namely
pencil graphite (p) and commercial graphite (k). The
initial stage involved the process of sieving graphite to a
size of 100 mesh to equalize the surface area, thus
facilitating the homogenization process. Furthermore,
graphite was mixed with sodium nitrate (NaNO3),
concentrated sulfuric acid (H,SO,) and potassium
permanganate (KMnO,). The role of NaNOs is to reduce
the number of layers and slightly increase the distance
between layers in graphite, and H,SO, functions to help
the entry of oxidizer ions into the graphite structure and
as a graphite solvent [27]. Meanwhile, KMnO, was
added gradually to initiate the oxidation process on both
types of graphite. This reaction was carried out with
constant stirring on an ice bath to control the
temperature and prevent excessive exothermic
reactions. During the addition of KMnO,, the solution
changed color to dark brown indicating that the graphite
oxidation process had begun [27]. After oxidation takes
place, H,O, is added to stop the oxidation reaction and
reduce the remaining KMnO, [28]. The addition of H,O,
causes the colour of the solution to change to greenish
brown, which indicates the successful completion of the
oxidation process.

FTIR analysis is used to confirm that the oxidized
graphite has formed graphite oxide with the presence of
spectrum changes in FTIR. The analysis is carried out
by comparing the functional group spectra between
pencile graphite (Gi-p), pencile GiO (GiO-p), commercial
graphite (Gi-k), and commercial GiO (GiO-k). From the
results of the FTIR analysis, a graph is obtained which
can be seen in Figure 1.
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The results of the FTIR spectrum data show that the
characteristic peaks of Gi-p, Gi-k, GiO-p, and GiO-k
indicating the presence of C=C groups in stretching
vibrations were detected in all samples. This indicates
that the material has a sp? hybridization type (triangular
planar) [29]. Based on Figure 1, the Gi-p sample only
has a C=C group at the 1589 cm-' absorption peak and
a C-O group at the 1059 cm' peak. The presence of the
C-O spectrum indicates that the graphite material has
undergone a carbonation or pyrolysis process [30].
Therefore, it is confirmed that the pencil graphite has
undergone a carbonation or pyrolysis process.

—— GIiO (p)
GiO (k)

——Gi (P)
Gi(K) |

Transmittance (%)

T . T T T T T
4000 3500 3000 2500 2000 1500 1000

Wavelength (cm™)

Figure 1. FTIR spectra of Gi-p, Gi-k, GiO-p, and GiO-k

The GiO-p sample shows several oxygen groups
indicating that the graphite oxidation process with the
modified Hummer method took place well according to
previous studies [31]. The typical functional group in
graphite oxide is epoxy, but GiO-p does not contain
intercalated epoxy groups due to the type of sp?
hybridization having minimal plane defects [32].

The functional groups in the Gi-k sample show that
they only have C=C groups at the absorption peak of
1627 cm™ (Figure 1). The increase in absorption
intensity in the C=0, C-O, and -OH groups shows that
the oxidation process from Gi-k to GiO-k using the
modified Hummer method has been going well [33]. The
oxidation process successfully intercalated oxygen
groups in the graphite layer and caused significant
structural changes [34].

Then, GiO-p and GiO-k materials have the presence
of C=C groups indicating that in graphite conditions
there are still carbon double bonds in the aromatic
structure, but due to the oxidation and heating process
the aromatic structure is broken and oxygen functional
groups are formed [35]. It can also be seen that the
presence of -OH bonds was detected in all samples.
This bond is likely derived from KBr used in making
pellets. KBr is hygroscopic and easily soluble in water,
so it can absorb water molecules from the surrounding
environment [35].
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3.2. XRD Analysis Results of GiO from Gi-p and

Gi-k

The analysis was carried out using XRD instrument by
identifying each diffraction pattern of Gi-p, Gi-k, GiO-k,
and GiO-p. The test was carried out using X-ray using
an angle range of 10°-90° and a wavelength of 1.54056
A. The X-ray diffraction pattern of XRD spectrum is
shown in Figure 2.
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Figure 2. Diffraction patterns of Gi-p, GiO-p, Gi-k, and GiO-k

Analysis of the XRD data pattern shows that the
crystallinity of Gi-k is higher compared to Gi-p. This is
indicated by the sharper diffraction peak at 26 = 26.42°
for Gi-k compared to Gi-p at 26 = 26.54°. This is in line
with the highly ordered layer structure along the (002)
plane with d-spacing values of 3.37 A for Gi-k and 3.35
A for Gi-p, respectively. This is in line with the highly
ordered layer structu re along the (002) plane, with d-
spacing values of 3.37 A for Gi-k and 3.35 A for Gi-p,
respectively. This shift in the XRD angle pattern
indicates a change in the crystallinity properties of the
graphite material. After the oxidation process, it can be
observed that the graphite oxide samples, both in Gi-k
and Gi-p show a tendency towards the amorphous
phase. This is indicated by the emergence of wider
diffraction peaks. Comparison of the crystallinity of Gi-k,
Gi-p, GiO-k, and GiO-p was 86.2%, 71.9%, 23.4%, and
21.1%, respectively.

The degree of crystallinity of Gi-k shows the highest
level of crystallinity, which is 86.2%, while Gi-p has a
lower crystallinity, which is 71.9%. This difference shows
that commercial graphite has a more regular layer
arrangement compared to graphite pencils. After the
oxidation process, there was a significant decrease in
crystallinity in both types of graphite. The crystallinity of
Gi-k decreased rastically to 23.4%, while Gi-p
decreased to 21.1%. The decrease in crystallinity
occurred because the modified Hummer method used in
the oxidation process resulted in damage to the crystal
structure which triggered disruption to the inner layer of
graphite oxide [35].

These changes in properties can also be confirmed
through X-ray diffraction (XRD) patterns, where after
oxidation, the diffraction peaks broaden, and their
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intensity decreases significantly. In GiO-p the main peak
shifts to 26 = 11.25° (001) and 42.20° (100) and GiO-k
to 206 = 11.56° (001) and 42.40° (100) from the
diffraction pattern it can be seen that there is a peak
shift from Gi to GiO and indicates the presence of an
amorphous phase in graphite oxide. The shift of the (002)
plane angle to a lower angle to the (001) plane at an
angle of 20 = 11.25° as a typical peak in GiO is in
accordance with the reference data (JCPDS Card
No.75-1621), this indicates that there is a significant
structural change due to the oxidation process. The
presence of a peak around 26 = 19.90° indicates that
graphene is in the form of a stack of layers and not as a
monolayer [36]. This decrease indicates that oxidation
causes changes in the graphite structure to become
more irregular due to the entry of oxygen groups into the
graphite layer. The presence of these oxygen groups
disrupts the interaction between layers and increases
the distance between planes (d-spacing), increasing d-
spacing to 7.65 A in GiO-k and 7.86 A in GiO-p. This
proves that graphite has undergone oxidation and
turned into graphite oxide [37].

The formation of the amorphous phase is also an
indicator of the formation of graphite oxide. In addition,
the high carbon intensity is closely related to the
increase in the amorphous phase in the material. Thus,
these results as a whole confirm that graphite has been
successfully oxidized into graphite oxide.

3.3. Synthesis of GiO/Fe304Zn0O Composite

The synthesis stages of modified carbon composites
with Fe;0,/Zn0O were carried out in stages. The first was
the synthesis of GiO-p and GiO-k on Fe3;0,/Zn0O using
the one-pot method, with precursors ZnCl,, FeCl;.6H,0,
and FeSO,.7H,0. In the initial stage, ZnO synthesis was
carried out. ZnCl, was first dissolved in distilled water to
ionize Zn?*, thus facilitating the subsequent reaction
process. After that, the solution was reacted with
NH40H, which produced Zn (OH), precipitate, indicated
by a change in the solution to become slightly cloudy.
Homogenization was carried out for 30 minutes at a
temperature of 40°C with heating, causing the solution
to become transparent. This process shows that Zn
(OH), is dehydrated and transformed into ZnO due to
the presence of sufficient heat energy and water
molecules [38]. The reaction that occurs can be seen in
the Equation (1) and (2).

ZnClz(aq) + 2NH4OH (aq)
— Zn(OH); (s) + 2NH4Cl(aq)
Zn(OH), (s) — ZnO (s) + H20 (1)

(1)

(2)
Then, the previously dispersed solution was combined

with Fe?*/Fe3" solution and heated to 90°C. At this

temperature, co-precipitation of Fe?* and Fe** ions occur,
which allows the optimal formation of Fe;O, (Equation 3).

Fe®* (s) + 2Fe** (s) + 80H- (aq) (3)
— Fe30, (s) + 4H2(9)
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The process of adding ZnCl,/NH,OH is carried out to
accelerate the formation of Fe;O,, which occurs under
alkaline conditions and heating to 90° C. At this stage,
the solution begins to thicken, so it is necessary to stir
for 1 h at a constant temperature so that perfect
homogenization can be achieved. The final result is a
black suspension. The solid obtained is then tested with
a magnet, which indicates the success of the synthesis
of GiO/Fe;0,/Zn0O. Furthermore, the GiO/Fe;0,/Zn0O
solid is composited with polypyrrole. The composite
material is synthesized through a one-pot stage by
combining oxidative polymerization, where the Fe3* ion
acts as an oxidizer for pyrrole. Graphene oxide (GO)
contains many functional groups such as carboxyl and
hydroxyl. When the pyrrole monomer is added to the GO
solution, the pyrrole easily adheres to the GO surface
due to the hydrogen bond interaction between the N-H
groups in the polymer and the oxygen groups on GO.
This interaction forms a nucleation center that supports
the in-situ polymerization of polypyrrole (PPy) [39].
FeCl; acts as an effective oxidizer for pyrrole, so that
after FeCl; is added, pyrrole polymerization takes place
directly on the GO surface.

3.4. FTIR Analysis Results of GiO/Fe;04/ZnO

FTIR was used to confirm the functional groups of
GiO/Fe;0,/ZnO from pencil and commercial graphite.
The analysis was carried out by comparing the
functional group spectrum of modified carbon with
Fez;0,/Zn0O (Figure 3).
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Figure 3. FTIR spectrum of (a) GiO-p/Fe304/Zn0O, and (b)
GiO-k/Fes04/ZnO
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It is confirmed that GiO-p/Fes04/ZnO contains several
oxygen-containing functional groups, namely hydroxyl,
alcohol, and carbonyl in its structure. It can be seen that
the results of the FTIR spectrum show that all samples
have a characteristic peak at 578 cm™ which indicates
the formation of Fe;O,. The absorption peak in the
range of 578-610 cm™ indicates the presence of
vibrations from the Fe-O bond [40].

Then, the presence of ZnO in all materials was
confirmed through the absorption peak at 439 cm™.
According to previous studies, the absorption peak at
around 400-500 cm™ indicates the presence of Zn-O
bonds [41]. The presence of the Zn-O absorption peak
indicates a chemical interaction between Zn metal oxide
and GiO during the functionalization process [42]. In
addition, it can be seen that another absorption that
appears in the 1404 cm area is thought to originate
from the -OH bond formed in the modified carbon
material with Fe;0,/ZnO both in pencils and graphite.
Based on previous studies, the absorption that appears
around 1395 cm indicates the presence of bending
vibrations of water molecules attached to the carbon
plane [43]. Meanwhile, the absorption bands that appear
in all samples around 3418 and 3433 cm are
associated with the presence of characteristic
absorption from the -OH group which indicates the
presence of hydrogen bonds between the materials [44].
Based on the analysis results, this indicates that there is
a chemical bond and strong interaction between GiO-
p/Fe304/Zn0O and GiO-k/Fe304/Zn0.

The difference between pencil graphite and
commercial graphite explained by the C=C absorption
peak in pencil graphite at 979 cm-!, while in commercial
graphite it is lower, around 972 cm™. Another difference
is the disappearance of the -OH peak in commercial
graphite indicating high purity. This shows that the
source of graphite affects the structure and composition
of functional groups in the synthesized material.

3.5. XRD Analysis Results of Fe;0,/ZnO Modified

Carbon

Analysis of Fe;0,/ZnO modified carbon was carried
out through XRD test by identifying each diffraction
pattern of GiO/Fe;0,/ZnO. The test was carried out
using X-rays in the angle range of 10°- 90° with a
wavelength of 1.54056 A. The X-ray diffraction pattern
was analyzed based on the XRD spectrum of pencil

graphite and commercial graphite, as shown in Figure 4.

The diffraction pattern of X-rays shows the change of
crystalline structure after the modification process. The
GiO-p and GiO-k samples show diffraction patterns with
low intensity and broad peaks, indicating that the
samples are amorphous or have low crystallinity. The
black dashed line in the Figure indicates the formation of
graphite oxide in the material mixture. Then carbon is
combined with FesOg, it can be seen that Fe3O4 has a
special peak with the highest intensity at 206 = 35.560,
57.720, 62.880, corresponding to the crystal planes
(311), (511), and (440) which are in accordance with
JCPDS (96-900-745) [45].
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The XRD diffraction pattern of GiO-p/Fe;0,/ZnO
sample shows several main diffraction peaks detected at
angles 26 = 18.20°, 30.20°, 35.60°, 43.21°, 57.22°,
74.40°, and 75.31°. This diffraction pattern shows
amorphous characteristics characterized by the
presence of non-sharp peaks and resembles the
diffraction pattern of amorphous materials. Changes in
GiO-p, after mixing with Fe;0,/Zn0O, there is a shift in
the diffraction angle from 26 = 19.77° with a d-spacing
value of 4.48 A to 26 = 18.20° with a d-spacing value of
4.87 A, which indicates a change in the crystal structure.
This shift can be attributed to the interaction between
GiO-p with Fe;0,4 and ZnO, which indicates a change in
the distance between crystal planes (d-spacing).
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Figure 4. Diffraction Pattern of (a) GiO-p/Fes04/Zn0O, and (b)
GiO-k/Fe304/ZnO

The presence of ZnO is confirmed by the emergence
of distinctive peaks at 20 = 49.43° (102) and 75.31°
(202), which correspond to the wurtzite structure of ZnO
in the hexagonal phase [45]. The weak peak value of
ZnO is due to the deposition in thin sheets on graphite
[46]. In its crystal structure, ZnO adopts the wurtzite
crystal structure, namely the hexagonal lattice
arrangement of Zinc and Oxygen atoms [47].

The crystallinity degree of the GiO-k (23.4%), Fe3Oa
(65%), and GiO-k/Fe304/ZnO (72.7%) show that GiO-
k/FesO4/ZnO has a diffraction pattern similar to pencil
graphite, with relatively similar values. However, when
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compared with commercial graphite, the crystallinity

results of the pencil are higher than commercial graphite.

Comparison the crystallinity degree of GiO-k and GiO-
p shows that GiO-k higher than that of GiO-p. The
crystallinity of GiO-k has a value of 23.4%, while GiO-p
has a lower crystallinity, which is 21.1%. After the mixing
process with Fe3;0,/ZnO, the crystallinity of both
increases, but GiO-k/Fe;0,/ZnO still has a higher
crystallinity (72.7%) than GiO-p/Fe;04/ZnO (70.9%).
The crystal size of Fe;0, GiO-k/Fes04/ZnO, GiO-
p/Fe3s04/ZnO were 62.15, 59.69, and 57.28 nm,
respectively. Fe;0, is the highest crystallite size, so that
when GiO-p and GiO-k are mixed with Fe;0,/Zn0O, there
is a phase change into crystals with the following
average crystal sizes.

The increase in crystallinity is due to Fe;O, acting as
a nucleation center that allows carbon atoms in graphite
to rearrange their arrangement [48]. In addition, the
interaction between Fe;O, and ZnO with GiO can
increase the structural stability and atomic order in the
material formed. With ZnO material that has a wurtzite
structure, it can play a role in increasing directional
crystal growth so that crystallinity increases [49]. When
reduction is carried out on graphite, the reduction
changes the structure of graphite oxide because there
are oxygen groups that are removed and allow C atoms
to reform a more regular sp? structure [50]. It can be
concluded that commercial graphite (Gi-k) has higher
crystallinity than pencil graphite (Gi-p) because its layer
structure is more regular. However, after modification,
the possibility of irregular crystallinity is caused by an
imperfect synthesis process and becomes an impurity
[51].

3.6. FTIR Analysis Results of GiO/Fe304/ZnO-Ppy

Composition Variations

The results of FTIR analysis were used to confirm the
functional groups of GiO/Fe;0,/ZnO with various ratios
of pencil graphite and commercial graphite that had
been composited with polypyrrole. FTIR analysis was
carried out by comparing the functional group spectrum
of Fe;0,/ZnO modified carbon composites to obtain
information on bond changes so that results were
obtained regarding the presence of functional groups
formed and the effect of modification on the structure
and properties of the resulting composite.

The results of the FTIR spectrum for each material in
pencil graphite can be seen in Figure 5a. Through
functional group analysis, it can be ascertained that the
spectrum formed in the GiO-p/Fes04/ZnO/Ppy
composite is a combination of the GiO-p/Fe304/Zn0O and
Ppy spectra, which indicates that the particles in the
composite have good homogeneity during the synthesis
process. In addition, it can be ascertained that the GiO-
p/Fe304/Zn0O particles are well dispersed in Ppy [52].
Various compositions of GiO-p/Fes04/ZnO with Ppy it
can be seen that the effect on the spectrum with the
addition of variations of GiO-p/Fe304/Zn0O, the spectrum
absorption intensity decreased. This happens because
the addition of material can disrupt the PPy conjugation
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structure, so that the bonds in the polymer become
weaker [53].
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Figure 5. FTIR spectrum of various compositions of (a) GiO-
p/Fe304/ZnO/Ppy and (b) GiO-p/Fe304/ZnO/Ppy

Through FTIR analysis, it is confirmed that GiO-
p/Fe304/ZnO/Ppy contains several functional groups
containing nitrogen in the form of nitro and amine. There
is a red dotted line indicated by the arrow at the peak of
the spectrum around 925 cm-! indicating that there is an
out-of-plane ring deformation related to the movement of
the pyrrole ring structure that is not in one plane, this
indicates that there is a conformational change due to
interaction with other materials [54]. With the addition of
variations of GiO-p/Fe304/Zn0O, the intensity of the FTIR
spectrum decreases, which means that the bonds and
interactions between the material and the composite are
getting weaker. For comparison, FTIR analysis was
carried out on GiO-k/Fe304/Zn0O. The results of the FTIR
spectrum for each material in commercial graphite can
be seen in Figure 5b. The results obtained, similar to
GiO-p/Fe304/Zn0O/Ppy, the GiO-k/Fe304/ZnO material
contains a number of nitrogen functional groups, namely
nitro and amine. The difference is only seen from the
absorption intensity which has a difference that is not
much different. With this, it can be concluded that the
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polymerization process of Ppy occurs with the
appearance of nitro and amine groups and a shift in the
FTIR spectrum indicating that the GiO p/Fe304/ZnO/Ppy
and GiO-k/Fe304/ZnO/Ppy materials were successfully
synthesized [55].

The FTIR spectrum results show that all samples
have characteristic peaks at 578-609 cm™, which
indicates the formation of Fe;O,, based on previous
studies in the range of 578-610 cm™ indicating the
presence of vibrations from the Fe-O bond [56]. With
this absorption band indicating the presence of a cubic
spinel structure in the Fe-O bond. Then it can be seen
that the FTIR spectrum of the Zn-O bond in all materials
has an absorption peak of around 455 cm™. According
to previous studies, the absorption peak at around 400-
500 cm™ indicates the presence of a Zn-O bond [57].

The FTIR spectrum results of the composite show
the presence of typical absorption peaks at 1195, 1041,
1550 cm™ which are related to the presence of
stretching vibrations in the C-N, C-O, and N-O groups.
The characteristics of the C-N group indicate a typical
band in the pyrrole ring, and a typical peak that
broadens in the C-C bond indicates the formation of a
Ppy composite [58]. Then, the presence of a spectrum
peak of 3417-3433 cm™ is associated with the overlap
between the -OH and -NH stretches which indicate the
presence of hydroxyl groups and nitrogen-containing
groups. The changes that occur in the peak position and
band broadening from GiO/Fe304/ZnO to GiO/
Fe304/ZnO-Ppy (p) indicate that there is a chemical
interaction between the materials which causes the
polymer conformation.

Analysis of functional groups shows the differences
between pencil graphite and commercial graphite
(Figure 5). It can be seen that the FTIR peak absorption
of both graphites has almost the same typical pattern.
This indicates that there has been an interaction
between GiO-p/ Fes04/ZnO and Ppy as well as GiO-k/
Fes04/Zn0O and Ppy. The peak shift and the emergence
of new absorption bands indicate the presence of
chemical bonds between these components. In addition,
changes in intensity and peak broadening in the C=0
and C=C regions indicate that the graphite structure has
been modified due to interaction with other materials.
Thus, based on the FTIR analysis, it can be concluded
that the GiO-p/Fes04/ZnO/Ppy and GiO-
k/Fes04/ZnO/Ppy composites have been successfully
formed.

3.7. XRD Analysis Results of Composition

Variation of GiO/Fe304/ZnO/Ppy

Analysis of Fe;0,/ZnO modified carbon composites
on Ppy was carried out through XRD by identifying each
diffraction pattern. The test was carried out using X-rays
in the angle range of 10°-90° with a wavelength of
1.54056 A. The XRD pattern was used to compare the
crystallinity properties of Fe;0,/ZnO modified carbon
composites with various ratios and polypyrrole (Ppy).
The ratio variation was obtained by adding
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GiO/Fe;0,/Zn0O from pencil graphite and commercial in
different amounts.

The XRD pattern for the Ppy-GiO-p/Fe;0,/Zn0O
composite can be seen in Figure 6. Based on the
results obtained, there are several typical diffraction
patterns in each material. From the composite, a high
diffraction pattern intensity was obtained at around 26 =
30°, 35°, 57°, 62° angles with planes (220), (311), (311),
(440) which are similar to the Fe;O, material according
to JCPDS (96-900-745) [59].
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Figure 6. Diffraction pattern of (a) GiO-p/Fe304/ZnO/Ppy and
(b) GiO-p/Fe304/ZnO/Ppy composition variation

The typical diffraction peaks of ZnO were observed
around the angles of 206 = 57° (110) and 75° (202),
which correspond to the wurtzite structure of ZnO in the
hexagonal phase [60]. Based on previous studies, the
diffraction intensity of ZnO/Ppy will show weak and
broad XRD peaks due to the small distribution of ZnO
and particle size. Based on previous studies, the
diffraction intensity of ZnO/Ppy will show weak and
broad XRD peaks due to the small distribution of ZnO
and particle size.

From the peak obtained at the arrow, a diffraction
peak is observed at an angle of 26 = 24.27°, indicating
the presence of Ppy. Ppy has a peak at around 15° <20
<30° which likely overlaps with the GiO peak. The
resulting polypyrrole produces a sharp and long peak,
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meaning that the resulting Ppy interacts with the sheets
of graphite oxide to form a crystal structure [61]. After
the addition of Ppy to GiO-p/Fe;0,/Zn0, it can be seen
in the red dotted line that there is a change in the
characteristics of the material which becomes more
amorphous and the graph shifts slightly to the right
indicating a change in the crystal lattice parameters,
which can be caused by the interaction between Ppy
and GiO-p/Fe;0,/Zn0O. The results of the differences in
composition variations in GiO-p/Fe3;0,/Zn0O can be seen
in the degree of crystallinity as in Table 1.

Table1. Crystallinity degree of GiO-p/Fes04/ZnO/Ppy and
GiO-p/Fe304/ZnO/Ppy composition variation

Sample Crystallinity Degree (%)
GiO-p/ Fe304/Zn0O 70.90
GiO-p/ Fe;0,/Zn0O 20%-Ppy 63.60
GiO-p/ Fe304/Zn0 33%-Ppy 60.80
GiO-p/ Fe304/Zn0O 66%-Ppy 61.60
GiO-k/Fe;04/Zn0O 72.70
GiO-k/Fe304/Zn0 20%-Ppy 60.80
GiO-k/Fe304/Zn0 33%-Ppy 67.80
GiO-k/Fe;04/Zn0O 66%-Ppy 70.80

It can be seen that the addition of the composition of
GiO-p/Fe;0,/Zn0O to Ppy will reduce the crystallinity of
the material. This can be explained based on the
interaction between GiO-p, Fe;O,, ZnO, and Ppy, which
causes changes in the crystalline structure in the
composite. Ppy interacting with graphite will reduce
crystallinity due to the more amorphous polypyrrole
structure [62]. In GiO p/Fe;0,/ZnO 20%-Ppy,
crystallinity is still relatively high (63.60%) with a crystal
size of 50.48 nm. When the composition of GiO-
p/Fe;0,/ZnO 33%-Ppy, there is a more significant
decrease in crystallinity, which is 60.80%. This occurs
because the distribution is uneven in the material,
causing disruption of the crystal structure and reducing
crystallinity. In this composition, the crystal size is 45.68
nm. However, at the composition of 66% GiO
p/Fe;0,/Zn0O, there was a slight increase in crystallinity
compared to the variation of 33%, which was 61.60%.
The increase occurred due to the possibility of
aggregation in the particles, thereby reducing the gap
between the materials and making the structure denser.
This is evidenced by the crystal size of GiO-
p/Fez0,/Zn0O 66%-Ppy which has a crystal size of 64.63
nm. The crystal size is larger but there is more
irregularity in the crystal structure.

For comparison, XRD analysis was also carried out
on the composition variation of GiO-k/Fe;0,/ZnO/Ppy.
The XRD pattern of the composite can be seen in
Figure 6. The analysis results show that the GiO
k/Fe;0,/ZnO/Ppy composite has the same pattern as
GiO-p/Fe;0,/Zn0O/Ppy. However, there is a difference in
the crystallinity of the two materials. The degree of
crystallinity of the GiO-k/Fe;0,/ZnO/Ppy composite can
be observed as follows,

The results of the analysis showed that increasing
the composition of GiO-k/Fe;0,/Zn0O increased the
crystallinity of the composite. The sharp peaks in the
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diffraction pattern indicate that the graphene oxide
sheets play a role in increasing the crystalline structure
of polypyrrole [60]. The even dispersion of materials in
the composite and the dominance of the crystalline
phases of ZnO and Fe;O, also contribute to the
increase in crystallinity. In addition, based on the results
of the crystallinity degree analysis, it can be concluded
that commercial graphite has a higher degree of
crystallinity compared to graphite from pencils.

3.8. SEM-EDX Characterization of Fe304/ZnO

Modified Carbon Composite on Ppy

Characterization using SEM-EDX was used to
analyze the surface of GiO on Fe304/ZnO modified
carbon composite samples on PPy. SEM
characterization was used to describe the surface
morphology of GO, while EDX characterization was
used to obtain an overview of the carbon and oxygen
content in the GiO material. Figure 7 shows the surface
morphology of pGiO/Fe304/Zn0O at x10000 magnification
shows the presence of smooth surface sheets and
grains. Based on previous studies, the surface folds of
GiO show a denser and less porous structure.

To confirm the success of the synthesis, EDX
analysis was also carried out on each material. The EDX
spectra of GiO-p/Fes04/ZnO are shown in Figure 7c.
The GiO-k/Fe304/ZnO material shows a smooth surface
sheet and grains. It can be seen that on the surface of
the material there is quite significant agglomeration
between the Fe;O, and ZnO particles attached to the
GiO sheet. This agglomeration is caused by the high
magnetic properties of Fe3;0,, which encourages the
particles to interact with each other and form aggregates
due to the attractive force between the particles. In
addition, the observed agglomeration is also related to
the relatively thin thickness of the ZnO layer, so that it is
unable to completely block the interaction between
particles. Based on previous studies, the addition of a
larger amount of ZnO is known to help reduce
agglomeration by forming a thicker protective layer on
the particle surface [61].

Then, EDX analysis was carried out to analyze the
success of the synthesis of GiO-p into rGO-p. The EDX
spectrum of the GiO-p/Fes04/ZnO sample is shown in
Figure 7c. The oxygen element (O) in GiO-p/Fe304/Zn0.
has a high intensity. The weight percentage of carbon
and oxygen elements in GiO are 20.01% and 34.32%. In
addition, the EDX spectrum on GiO-p/Fe304/ZnO shows
that the Fe element has a high intensity and Zn has a
low intensity. Based on the composition results, the
weight of the Fe and Zn elements is 42.76% and 2.91%,
while in rGO-p/Fes04/Zn0O the weight of the Fe and Zn
elements is 36.82% and 2.69%. This is related to
proving that the material has more Fe atoms than Zn,
causing agglomeration. The magnetic properties of
Fe;O, encourage particles to interact with each other
and form aggregates [61]. The EDX spectrum in Figure
7d shows that the oxygen element (O) in GiO-
k/Fe304/Zn0O has a high intensity. Meanwhile, the EDX
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Figure 7. SEM results of (a) GiO-p/Fe304/ZnO (10000 magnification) and (b) GiO-k/Fe304/ZnO (5000% magnification), and
EDX result of (c) GiO-p/Fe304/Zn0O and (d) GiO-k/Fe304/Zn0O

spectrum shows relatively similar results to pencil-based
graphite.

3.9. Identification of Electromagnetic Wave

Absorption Properties of Composites

Testing using a Vector Network Analyzer (VNA) will
provide information on the characteristics of
electromagnetic waves in the material, namely the
reflection loss value and the amount of absorption power
[62]. Reflection loss (RL in decibels (dB) is the amount
of energy reflected by an object or surface that is hit by
a wave. A high reflection loss value indicates the
amount of energy reflected while a low value indicates
the amount of energy absorbed by a material [62].

The test was carried out on a 1 mm thick material
placed between probes S11 (reflection wave) and S21
(transmission wave). Waves with a frequency range of
8—-12 GHz were sent through probe 1 and received by
probe 2. By using a probe adapter, the reflection,
transmission, and absorption values of the sample can
be obtained, which are then used to determine the
reflection loss (RL) value. RL measurements on a 1 mm
thick composite layer were carried out using a Vector
Network Analyzer (VNA) type Advantest R3770, which
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has a frequency range of 300 kHz—20 GHz. This test
was carried out in the X-band frequency range (8—12
GHz) using a WR90 type waveguide. The results of VNA
testing on Fe;0,/ZnO modified carbon composites with
various ratios and polypyrrole (Ppy) can be seen in
Figure 8.

Based on Table 2, the reflection loss value of
GiO/Fe;0,/ZnO/PPy material from pencil graphite and
commercial graphite is obtained. In GiO-p/Fe;0,/Zn0O
20%-PPy, the reflection loss value is -4.62 dB at a
frequency of 8.81 GHz. Meanwhile, GiO-p/Fe;0,/Zn0O
33%-PPy shows a reflection loss of -5.76 dB at a
frequency of 8.92 GHz, and GiO-p/Fe;0,/Zn0O 66%-PPy
has the highest reflection loss value of -9.20 dB at a
frequency of 10.91 GHz. Based on the results obtained,
it can be seen that the more GiO-p/Fe;0,/Zn0 is added,
the more the material's ability to absorb radar waves will
increase. Similar results were also seen in the GiO-
k/Fe;0,/ZnO/PPy composite. In GiO-k/Fez0,/ZnO 20%-
PPy has an RL value of -4.49 dB at a frequency of 8.75
GHz. Meanwhile, GiO-k/Fe;0,/ZnO 33%-PPy has a
reflection loss of -4.95 dB at a frequency of 8.37 GHz.
The highest results were obtained in GiO-k/Fe;0,/ZnO
66%-PPy, with a reflection loss value of -8.01 dB at a
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Figure 8. VNA Test Results on (a) GiO-p/Fe;0,/ZnO/Ppy and
(b) GiO-k/Fe30,/ZnO/Ppy

Table 2. Comparison of reflection loss values in gio based
composite materials
Fre- Thick-
. RL
Material (dB) quency ness
(GHz) (mm)
pGiO/Fe30,/Zn0 20%-PPy  -4.62 8.81 1.5
pGiO/Fe3;0,/Zn0 33%-PPy  -5.76 8.92 1.5
pGiO/Fe304/Zn0O 66%-PPy  -9.20 10.91 1.5
kGiO/Fe;0,/Zn0O 20%-PPy  -4.49 8.75 1.5
kGiO/Fe;0,/Zn0 33%-PPy  -4.95 8.87 1.5
kGiO/Fe304/Zn0 66%-PPy  -8.01 11.32 1.5
GiO/Zn/Fe204/Epoxy [63] 12.70 10.50 2.35
GiO [64] -8.50 10.60 2.28
GiO/FeCoB/Epoxy [65] 10.98 8.45 2.00

frequency of 11.32 GHz. Based on these results, it can
be seen that the more the composition of GiO-
k/Fes04/Zn0O is added, the more the material's ability to
absorb radar waves will increase. Comparison between
the two types of materials shows that GiO-
p/Fe;0,/ZnO/PPy has a better RL value than GiO-
k/Fe;0,/ZnO/PPy. The difference in RL values is
associated with the crystallite size of each sample. The
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crystallite size of GiO-p/Fe;0,/ZnO 66%-PPy reaches
65.50 nm, while GiO-k/Fe;0,/ZnO 66%-PPy is only
52.20 nm. For other compositions, GiO-p/Fe;0,/ZnO
33%-PPy has a crystallite size of 43.35 nm and GiO-
p/Fes;0,/Zn0O 20%-PPy is 63.68 nm. Meanwhile, GiO-
k/Fe;0,/Zn0O 33%-PPy has a size of 42.83 nm and GiO-
k/Fe;0,/Zn0O 20%-PPy is 66.03 nm. Based on previous
studies, decreasing the crystal size can increase the
maximum RL value [64].

4. CONCLUSION

GiO/Fe;0,4/Zn0O material was successfully
synthesized using the modified Hummer method
confirmed by analysis using FTIR and XRD.
GiO/Fe;0,/ZnO/PPy material composite was

successfully synthesized as evidenced by analysis using
FTIR and XRD. The results of the VNA analysis showed
that GiO/Fe;0,/Zn0O had the highest RL value of -9.20
dB at 10.91 GHz (rGiO-k/Fe3;04,/ZnO 66%-PPy) with
88.03% absorption value.
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