
JFA (JURNAL FISIKA DAN APLIKASINYA) VOLUME 17, NUMBER 2, JUNE 2021

Development of Functional Materials Based on
Carbon/Manganite/Ferrite Composites for Microwave

Absorber Materials Applications
Maya Puspitasari Izaak*, Yohanes Edi Gunanto, and Henni Sitompul

Department of Physics Education, Universitas Pelita Harapan Karawaci, Tangerang 15811, Indonesia

Wisnu Ari Adi
Center for Science and Technology of Advanced Materials, BATAN, Tangerang Selatan 15314, Indonesia

Abstract: The synthesis of carbon/manganite/ferrite composite materials for microwave absorber applica-
tions has been successfully carried out with variations in the composition of 15:55:30 and 15:45:40 (wt%). This
composition was successfully confirmed based on the analysis of the X-ray diffraction pattern using the GSAS
program. The refinement results show that each phase of each composite has a good structure. Based on sur-
face morphological observations, it is known that the composite samples have varying particle sizes of around
150-500 nm which are evenly distributed over the entire surface of the sample. The result of the microwave ab-
sorption analysis implies that the difference in composition results in a slight increase of the reflection loss and
the presence of a new absorption peak at a frequency of 4.36 GHz. Our result underlines that the characteristic
of microwave absorption in composites is insignificantly influenced by the composition of the material as the
absorption properties are mainly affected by the respective phases that form it, not by the entire phase of the
composite.
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I. INTRODUCTION

The development of science and technology has led to the
emergence of sophisticated weapons being produced and used
in various developed countries. Various applications of ad-
vanced technology are used as solutions to overcome emerg-
ing new threats to the strategic environment in each country.
In the military, microwave (radar wave) is used as a tool for
visualizing targets. Radar (Radio detection and ranging) is
able to detect targets for information in the form of distance,
azimuth, and speed. Microwaves are useful for detecting dis-
tances and even making maps of information an object with
the X-Band frequency range between 8-12 GHz which are
known as military radar operations [1].

The strength of the radar signal with today’s technologi-
cal developments can be identified by describing the distance,
location, shape and size of the target identified as the Radar
Cross Section (RCS). Therefore, to reduce detection from
radar, a reduction of the signal is needed to be considered. The
principle of the radar absorbing material (RAM) is to reduce
the emitted energy in the collision material which reduces the
echo energy in the radar signal [2, 3]. There are several tech-
niques used as RCS reductors, namely shaping, jamming, and
distributed loading techniques. The distributed loading tech-
nique is most useful for covering carrier materials as a transfer
of electromagnetic energy and energy absorption [4, 5]. Radar

waves are essential in a surveillance technology, imaging and
tracking with a certain spectrum to convey information. A
method to overcome problems limiting RAM performance is
to design composite-based materials. Therefore, the current
study aims to synthesize and characterize magnetic compos-
ite materials based on carbon/manganite/ferrite with certain
combinations to be able to absorb radar waves.

As electromagnetic waves consist of vector components of
electric and magnetic fields, a material is theoretically able to
absorb electromagnetic waves, especially for the material that
has good permittivity (electrical properties) and permeability
(magnetic properties) [6]. In this study, the prepared compos-
ite material is consisted of constituent compounds that have
good permittivity (manganite) [7] and permeability (ferrite)
[8]. By combining the two materials with the carbon matrix,
it is expected to become a good absorber material for electro-
magnetic waves especially microwaves [9].

Manganite/Ferrite composite material is a functional mate-
rial that is very promising in its application in the fields of
science and technology [10]. The previous study have shown
that manganite is one of the candidates for microwave ab-
sorber material which has a good permittivity [11], and fer-
rite is known to has a good permeability [12]. Meanwhile,
carbon is a material that has long been known to be used as
an absorbent material for microwaves, although it has a rela-
tively small absorption capacity [13]. However, because car-
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FIG. 1: Refinement results of the XRD pattern obtained with GSAS
software: (a) composite 15:55:30 and (b) composite 15:45:40

bon is a light material and presents in a fine powder [9], it is
estimated to be a composite medium between manganite and
ferrite. In this study, the composition of the carbon material
is determined to be the same, while the composition of man-
ganite and ferrite is varied with the purpose that the impact
of changes in absorption characterization would be clarified.
Here, carbon/manganite/ferrite composites has been prepared
with a ratio of 15:55:30 and 15:45:40 to determine the effect
of constituent composition to the microwaves absorption.

II. MATERIALS AND METHODS

This research is a preliminary study of making composites,
so that only raw materials that have not been modified such
as carbon, manganite (LaMnO3) and ferrite (Fe3O4) are used.
Before making composites, LaMnO3 must first be prepared.
LaMnO3 is made from raw materials La2O3 and MnO2 which
are processed by the solid reaction method using high energy
milling (HEM) for 5 hours. It was the sintered at 1000oC for 5
hours. Carbon/manganite/ferrite composite samples were pre-
pared with the composition of C:LaMnO3:Fe3O4 of 5:55:30
and 15:45:40. This composite is mixed using HEM for 5 hours
before characterized.

The characteristics of the composites such as phases, par-
ticle size, and microwave absorbing performance were ana-
lyzed using various techniques such as XRD (X-ray diffrac-
tometer), SEM (scanning electron microscope), and VNA
(Vector Network Analyzer), respectively. The XRD Philip
PW1710 is used with a wavelength λ = 1.5406 Å. The quan-

FIG. 2: SEM image result of the composite with composition of (a)
15:55:30 and (b) 15:45:40

titative analysis of XRD data was performed using general
structure analysis system (GSAS) software [14]. Surface mor-
phology was examined using SEM. The ability of the material
to absorb microwaves was evaluated using VNA MS46322A
with a frequency range from 4 to 8 GHz (C-band frequency).

III. RESULTS AND DISCUSSION

The working principle of this XRD device is based on
Bragg’s law. Fig. 1 shows the refinement results of XRD pat-
terns with the GSAS program. GSAS, one of the XRD data
analysis programs, is based on the Rietveld method. Based on
the analysis using the GSAS program, the quantitative number
of each phase in the composite and the structural parameters
are obtained. The success of this analysis is determined by
statistical factors in the form of the value of wRp, which must
less than 10 %, and χ2,which should less than 1.3. These
values are relatively small in accordance with the Rietveld
method code [14].

The small value of wRp and χ2 indicates that the fit-
ting between the calculation and observed results is relatively
good. The carbon orthorombic structure was also obtained by
Oganov, et al. [15] and Wei, et al. [16]. Schmitt, et al. [17]
also found that LaMnO3 has an orthorombic structure, while
the cubic structure for Fe3O4 was also obtained by Gunanto,
et al. [18].

The results of the refinement of the XRD pattern of the two
composites show the presence of the manganite phase as a
main peak at 2θ of 32.37o. The intensity seems to decrease,
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TABLE I: Structural parameter determined from the refinement result of the composite 15:55:30
wRp: 5.72 χ2 (Chi square): 1.062

Phase System Space Group Lattice Parameters
V (Å3) rho (g/cm3)a b c

C Orthorombic C m m a 4.597(1) 5.373(1) 5.785(2) 142.9(9) 2.338
LaMnO3 Orthorombic P b n m 5.538(1) 5.603(1) 7.823(3) 242.7(1) 6.615
Fe3O4 Cubic F d -3 m 8.369(1) 8.369(1) 8.369(1) 586.3(2) 5.247

TABLE II: Structural parameter determined from the refinement result of the composite 15:45:40
wRp: 5.58 χ2 (Chi square): 1.059

Phase System Space Group Lattice Parameters
V (Å3) rho (g/cm3)a b c

C Orthorombic C m m a 4.620(1) 5.335(1) 5.708(2) 140.7(9) 2.303
LaMnO3 Orthorombic P b n m 5.539(1) 5.607(1) 7.825(3) 243.0(1) 6.608
Fe3O4 Cubic F d -3 m 8.370(1) 8.370(1) 8.370(1) 586.4(2) 5.245

FIG. 3: Reflection Loss (RL) of the composites with composition of
(a) 15:55:30 and (b) 15:45:40

while the peak of the ferrite phase at 2θ of 35.44o tends to
increase. This means that the ferrite phase content in the com-
position increases in accordance with the expected composi-
tion.

The detail results of XRD characterization and structural
parameter of refinement result are summarized in Table 1 and
Table 2, respectively. Each composites consists of a carbon
(C), manganite (LaMnO3) and ferrite (Fe3O4) phases with an
appropriate structure, indicating that the mixing process does
not cause damage to the structure of each phase. This can be

seen from the volume of the unit cell and the atomic density
of each phase in the composite which has relatively the same
value. In addition to that, the phase composition in each com-
posites is close to the expected composition.

The results of the XRD refinement are also supported by
observations of particle surface morphology for the two com-
posites using SEM with a magnification of 10000 times as
shown in Fig. 2. The composites consists of particles that
vary in size from 150 - 500 nm, which can be easily seen by
comparing the particle diameter with the existing line scales
in Fig. 2. The results shows that the composites are very het-
erogeneous with an even distribution over the entire surface
of the sample. Moreover, it was found that agglomeration in
the sample was caused by the surface interaction of the Fe3O4

magnetic particles wrapped in carbon particles.
The ability of a material to absorb microwaves is repre-

sented in reflection loss (RL). The amount of reflection loss
(RL) is calculated by Eq. (1) [19]:

RL(dB) = 20 log
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Here, Zin is the input impedance of the absorber, µr and εr
are the permeability and relative permeability of the medium,
respectively. f is the microwave frequency, d is the thickness
of the absorber, and c is the speed of light.

Fig. 3 shows the results of RL measurements using a vector
network analyzer (VNA) with a C-band adapter (4-8 GHz).
The obtained maximum RL values for composites with the
composition of 15: 55: 30 and 15:45:40 are -12.93 dB (f =
7.22 GHz) and -19.96 dB (f = 7.24 GHz), respectively. The
detailed results of this VNA characterization can be seen in
Table 3.

Based on Fig. 3 and Table 3, it is shown that in the 15:55:30
composition the microwaves absorption occurs at three differ-
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TABLE III: Summary of the composite’s ability to absorb mi-
crowaves

Composite RL (dB) f (GHz)
15:55:30 -5.38 5.14

-7.56 6.26
-12.93 7.22

15:45:40 -2.17 4.36
-6.45 5.14
-7.57 6.26
-12.96 7.24

ent frequencies, while in the composition 15:45:40 the absorp-
tion takes place at four different frequencies. There are also
an increase in the RL. Even though it is not significant, but
a slight increase in the microwave absorption at a frequency
of 4.36 GHz was observed. This means that changes in the
composition of manganite and ferrite may not significantly
affect the microwaves absorption, which probably due to the
absence of a chemical interaction between one phase with an-
other in the composites. As the result, the microwave absorp-

tion mechanism caused by the resonance of the electric and
magnetic dipole moments do not go together, and the absorp-
tion only occurs in each material in the composite.

IV. SUMMARY

In this research, carbon/manganite/ferrite composites have
been successfully prepared with the composition of 15:55:30
and 15:45:40. The obtained composites consist of rather het-
erogeneous particles, having the size in the range of 150-500
nm. A slight increase in the microwave absorption is observed
after the composition of the composite changes, especially at
the frequency of 4.36 GHz.
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