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Abstract

The 5G internet network has been proven to facilitate daily life for people and render electronic devices such as smartphones as an integral
component of people's daily routine. However, in conjunction with the ease of use, there is an issue of electromagnetic radiation. To cope with
this issue, magnetic and dielectric composite microwave absorber materials have been undertaken. To address this, we investigated the
limitations of activated carbon composite material from Gnetum gnemon seed shells (AC) on the microwave absorption ability of
(Lao.7Sr03Mn0O3)1-y/(AC)y. The composite material (Lao.7Sr0.3Mn0O3)1y/(AC)y (y = 0; 0.3; 0.5; 0.7) was synthesized through a stirring process
with a 96% ethanol catalyst using Lao.7Sro.3sMnOs3 synthesized by sol-gel method and activated carbon material from Gnetum gnemon seed shell
(AC) synthesized by chemical activation method. The XRD and SEM characterizations indicated a single-phase structure, with smaller crystals
and particles that were uniformly distributed throughout the composite sample. The presence of activated carbon grains from Gnetum gnemon
seed shells (AC) were observed between the Lao.7Sro.3MnOs3 grains in the composite sample. The EDS results confirmed the material’s purity.
VNA characterization demonstrated that (Lao.7Sro3sMnQs)14/(AC)y was capable of producing two reflection loss troughs with the largest
absorption percentages recorded at 82.99% and 85.82% respectively within the frequency range of 8 — 12 GHz. This research highlights the
significance of controlled composite composition in enhancing microwave absorption capability, particularly in perovskite-based composites
with biomass-activated carbon, which holds a considerable promise for applications in electromagnetic wave attenuation and absorption
technologies.
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1. Introduction muscle spasms, ringing in the ears, and depression [2—6]. To
overcome electromagnetic radiation, Microwave Absorbing

In In the era of the 5.0 industrial revolution, the Internet of ~ Material (MAM), a material that serves to reduce

Things has evolved to enter the 5th generation (5G) [1]. This
has then resulted in the integration of electronic devices such
as smartphones becoming an inseparable component of
people's daily lives. However, this development has been
shown to trigger electromagnetic wave pollution that has been
demonstrated to have a negative impact, including
electromagnetic radiation that can exert an effect on health. The
phenomenon of electromagnetic radiation can cause
hypersensitivity - a physiological disorder with neurological
symptoms such as headaches, insomnia, excessive fatigue, and
difficulty focusing. Other symptoms include restlessness
accompanied by palpitations, nausea without any clear cause,
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electromagnetic wave energy and convert it into heat energy,
has been developed [7]. MAM exhibits permeability and
permittivity values, as well as ideal characteristics such as
strong absorption ability, thin thickness, light weight, and wide
absorption bandwidth [4,5].

Perovskite-based materials are identified as one of the
materials that possess the capability to absorb microwaves. The
development of perovskite-based materials as MAM is
conducted on manganate perovskite-based materials with the
formula ABO;. The doping of divalent ions on the A site has
been demonstrated to result in high permittivity and
permeability values in manganate perovskite-based materials,
thereby resulting in ferromagnet or soft magnetic properties
[8,9]. Lag7SrosMnO3 (LSMO) is a manganate perovskite-based
material with ferromagnetic properties, rendering it suitable for
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use as a microwave absorbing material [10,11]. To enhance its
absorption performance, LSMO is frequently prepared as a
composite with other materials, such as graphite, which has
good permittivity values and dielectric properties. This strategy
has been proven effective in increasing the microwave
absorption of LSMO [10].

Biomass is defined as a clean and renewable energy source
derived from photosynthesized organic matter, including both
products and residues [12]. Activated carbon materials
obtained from biomass are increasingly utilized as MAMs
because they are recyclable, environmentally friendly, and
abundant in nature. To enhance its microwave absorption
performance, it is possible to combine biomass activated
carbon with ferromagnet material [4,13].

Melinjo (Gnetum gnemon) is an open-seeded plant native to
Tropical Asia, Malenesia, and the Western Pacific [14]. As
revealed in the horticultural production data from BPS (Central
Bureau of Statistics) in 2021, Banten Province was the third
largest Melinjo producer in Indonesia following Central Java
and East Java. [15]. The large production of Melinjo in Banten
has encouraged local people to process emping. However, the
large-scale production of emping has led to a significant
accumulation of melinjo seed shell waste that remains
improperly managed, resulting in the accumulation of organic
waste [15-19]. On the other hand, melinjo seed shell has been
found to contain cellulose, hemicellulose, and lignin,
suggesting its potential as a basic material to produce activated
carbon [19]. Dwijayanti et al. [20] mentioned that Gnetum
gnemon seed shell with a carbonization temperature of 400°C
and 65% KOH as an activator has been shown to produce
activated carbon with a surface area of 201.063 m?/g.

Carbon has diverse types of allotropes, including colloidal
carbon, carbon nanotubes, fullerenes carbon, graphite,
graphene, colloidal sphere carbon, nanofiber carbon, porous
carbon, nanowire carbon, and activated carbon [21]. The
composition of different carbon allotropes with LSMO has
been demonstrated their microwave absorption performance.
Some of the composite materials are LSMO/CNT composites
with 2 wt% CNT that exhibit a reflection loss value of -22.8 dB
at 9.5 GHz [22], LSMO/RGO composite with 60% RGO
demonstrating a reflection loss value of -31.81 dB in the range
of 16 GHz - 18 GHz [23] and CF/LSMO composite with 50
wt% CF showing a reflection loss value of -17 dB at 9.4 GHz
[24].

Activated carbon (AC) is one of the carbon allotropes that
have not been composited with LSMO. It is particularly
attractive as it can be efficiently synthesized from biomass, an
abundant and sustainable resource. Biomass sources including
banana peels and mango leaves are commonly employed as
base materials in the production of activated carbon for
microwave absorption. The utilization of banana peel activated
carbon, in conjunction with KOH activator and carbonization
temperature of 700°C for | hour, has been demonstrated to
yield a reflection loss value of -40.62 dB at a frequency of 10.72
GHz [4]. The utilization of mango leaves, in conjunction with
activated carbon and KOH activator produced a reflection loss
value of -23.26 dB at 17.68 GHz. This process was conducted
at carbonization temperature of 800°C for 2 hours [25].

Referring to the study by Dwijayanti et al., the activated
carbon of the Gnetum gnemon seed shell has not been

investigated as a microwave absorber [20]. In this study, the
synthesis and characterization of (Lag7S193Mn0O3)1,/(AC)y (y
= 0; 0.3; 0.5; 0.7) composite material with activated carbon
base material of Gnetum gnemon seed shell was conducted.
Furthermore, the present study investigates the microwave
absorption performance of a composite Lag7Sro3MnO3 and
activated carbon from Gnetum gnemon at X-band.

2. Materials and Methods

This section explains the synthesis of (Lag7Sro3:MnQO3);.
y/(AC)y composite material comprising a Lag7Sro3MnO3 base
material and Gnetum gnemon seed shell activated carbon.
Furthermore, XRD, SEM-EDS, and VNA were employed in
this study to characterize the composite and to determine its
crystal structure, morphology, and microwave absorption
performance.

2.1. Materials

The materials used included La,O; (Merck 99.99%),
Sr(NOs), (Merck 99%), Mn(NO3),.4H,O (Merck 98.5%),
C¢HsO7.H,O (Merck 99.5%), HNO; (Merck 65%), KOH
(Sigma-Aldrich), NHsOH (Merck 25%), ethanol 96%, aquadest
and Gnetum gnemon seed shell waste.

2.2. Lag 78r3MnQOs synthesis

The synthesis of Lag7Sro3MnOs; (LSMO) samples was
conducted through the utilization of the sol-gel method. The
synthesis started by weighing the precursors based upon
stoichiometry, with C¢HsO7.H,O serving as the catalyst. The
synthesis process was comprised of five stages: hydrolysis,
gelatinization, dehydration, calcination, and sintering. The
hydrolysis stage started by converting the La,Os base from
oxide to nitrate using HNOj;. Subsequently, all nitrate-based
solutions from each precursor were mixed and stirred using a
magnetic stirrer until homogeneous. The solution was stirred
with a magnetic stirrer while being heated at 230°C until the
solution temperature reached +70°C. The gelatinization stage
was initiated when the solution temperature reached £70°C, at
which the solution was added with 25% NH4OH until the pH
of the solution became 7 (neutral) and a gel was formed. The
gel was then heated on a hot plate at 90°C for 3 hours to
evaporate the acid solvent. Furthermore, at the dehydration
stage, the gel sample was reheated in an oven at 185°C for
approximately 3 hours. Afterwards, the sample (dry gel) was
subjected to grinding and ground and the calcination stage was
initiated using a furnace at 600°C for 6 hours for the
decomposition of organic compounds in the sample. Following
this, the sample was ground once more to enter the sintering
stage using a furnace at 1000°C for 12 hours with a heating rate
of 8°C/minute to strengthen the crystal bonds of the sample.
The samples were then ground and sieved using a 200-mesh
sieve to enter the composite and characterization stage.

2.3. Gnetum gnemon seed shell activated carbon synthesis

The synthesis of Gnetum gnemon seed shell activated carbon
(AC) samples was conducted through the utilization of
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chemical activation with 65% (w/v) KOH solution by referring
to our previous research [26]. The seed shell waste of Gnetum
gnemon was washed using distilled water prior to be dried. The
carbonization of the Gnetum gnemon seed shell was conducted
at a temperature of 400°C for 15 minutes. The carbonized
sample was then activated with 65% (w/v) KOH at the ratio of
4:1 for 24 hours. Subsequently, the sample was stirred using a
magnetic hot plate stirrer at 110 rpm at 110°C for 5 hours. The
sample was then washed to neutral pH and dried at 110°C for 2
hours. It then went to the process of grinding for processing to
the composite stage.

2.4. Lag 78r93MnO3/AC composite synthesis

The (Lag7Sr03Mn0Os)i.,/(AC)y composite sample was
synthesized through a stirring process referring to the research
of Al-Rabi et al [27]. In this study, LSMO samples were
composited with Gnetum gnemon seed shell-activated carbon
with a composition variation of y = 0; 0.3; 0.5; 0.7.

Table 1. Comparison of LSMO and AC sample composition for the synthesis
of (Lao7S103Mn0Os3)1.y/(AC)y composite material

Gnetum gnemon
Sample Code Y LaosStsMnOs  geed Shell AC
Composition (%)
(%)
LSMO 0 100 -

LSMO/AC 30 0.3 70 30
LSMO/AC 50 0.5 50 50
LSMO/AC 70 0.7 30 70

The synthesis process started with the weighing of LSMO
and AC samples in accordance to predetermined composition.
Afterward, LSMO and AC samples were mixed with 96%
ethanol being introduced as a catalyst. The solution
homogenization process was carried out using a magnetic hot
plate stirrer without heating (room temperature at 25°C).
Solution was stirred for 30 minutes and dehydrated via oven
heating at a temperature of 85°C for 1 hour prior to go to
characterization process. The composition of
Lag 7Sro3MnO3/AC composite sample is presented in Table 1.

2.5. Material characterization

Non-destructive tests were conducted to obtain information
about the properties and characteristics of the material. At room
temperature, the crystal structure of the samples was analyzed
using X-Ray Diffraction (XRD) with a Cu-Ka radiation source
(1.54056 A) in the range of 3° - 90° with a step size of 0.02°.
Scanning Electron Microscope and Energy Dispersive X-Ray
Spectroscopy (SEM-EDS) with a maximum magnification of
30000% and an accelerating voltage of 20 kV were used to
analyze the material morphology and elemental composition.
The Vector Network Analyzer (VNA) was utilized to measure
the absorption properties including reflection loss and through
power in the X-band region in the range of 8-12 GHz with a
step size of 0.2 GHz. The absorber material in this study was
characterized as pure from each sample (Lag7Sro3MnOs);-
y/(AC)y (y =0;0.3; 0.5; 0.7), with a filling ratio of 100% for the
test sample, and an absorber thickness of 1.5 mm.

3. Results and Discussion

This section discusses the results obtained from the
characterization of the (Lag7S103Mn0O3)1.,/(AC)y (y = 0; 0.3;
0.5; 0.7) composite material, including crystal structure,
morphology, and microwave absorption performance.

3.1. Crystal structure

In this study, the structural parameters resulting from the
synthesis process of LagsSro3sMnO; (LSMO) and
(Lag.7Sr93Mn03)95s/(AC)os (LSMO/AC 50) samples were
characterized using XRD. LSMO/AC 50 sample was selected
for XRD characterization due to its balanced composition,
which is a compromise between LSMO sample and AC sample.

. ; i
LSMO 150
1500 | 04 i
K (obs) o
I(calc) §§
1000 |- 5:\ < 7
& | 7o 20 30 ;owf ot
o 4 [024] o
< 500 ¥ xR -
= 012 % e
0 2 ,f . § ; [208]  [134] i
S ‘ X
% 0 L L : L . 1 1
- | LSMO/ACS0 150
1140 | |
4
¥
&
760 - 4 F
: t S
L -
380 | P
. 7
N 1 N | T 1 1

20 ()

Fig. 1. XRD Pattern of LSMO and LSMO/AC 50. The cross red scatters
indicate observation data and green line is Rietveld refinement result using
GSAS-EXPGUIL. Inset plots indicate amorphous background

Fig. | depicts a comparison of diffraction patterns of LSMO
and LSMO/AC 50 samples. The diffraction pattern of the
LSMO/AC 50 sample revealed the absence of activated carbon
peaks. This phenomenon exhibits an inverse proportionality to
the characteristics of composite materials, defined as materials
consisting of two constituent materials or multiphase [28].
However, the diffraction pattern of the LSMO/AC 50 sample is
in line with the findings of Wang et al. [29] and Guan et al.
[30], stating that the absence of an activated carbon peak in
composite sample is related to the amorphous characteristics of
activated carbon. On the other hand, Ali et al. [31] mentioned
that the diffraction pattern of amorphous material only shows a
maximum average peak at a certain diffraction angle with low
intensity in view of the absence of a periodic atomic
arrangement.

The results of crystal structure characterization by XRD and
qualitative analysis were conducted by Rietveld refinement
method through GSAS-EXPGUI [32]. As demonstrated in Fig.
1, LSMO and LSMO/AC 50 samples exhibited a single phase
with a goodness of fit (¥?) of 1.000 and 1.002, respectively. The
reference material for Rietveld refinement was the data from
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Lag.7Sr93MnO;s [33] for LSMO and LSMO/AC 50 samples. The
composite of AC into LSMO altered no crystal structure and
space group of the material, however, it affected the value of
lattice parameters of the material. From all three lattice
parameters a, b, and c, the lattice ¢ was the most affected with
values of 13.367 A and 13.365 A for LSMO and LSMO/AC 50
samples, respectively. More complete information is presented
in Table 2.

The crystal structure of LSMO remains unchanged when
mixed with activated carbon, provided the mixing process is
conducted through physical methods without applying high-
temperature treatment [34], [35]. Consequently, the activated
carbon composited into LSMO will appear in the XRD pattern
as an amorphous phase. To evaluate this in the XRD data, we
then employed the Degree of Crystallinity (DoC) equation [36]:

Apeaks

Dot Apeaks + Aamorph ’ (1)
where A represents the integral area under the curve of peak.
As illustrated in Fig. 1, it is possible to differentiate between
the crystalline peak area and the amorphous phase area, with
the amorphous phase typically exhibiting extremely broad
peaks. In this sample, the amorphous feature appeared in the
range of 0-55° as evidenced by the magnified view of the
angular region. Table 2 summarizes the calculation results,
indicating an increase in the amorphous fraction of 16.9% after
the addition of activated carbon into LSMO, confirming the
successful incorporation of activated carbon into the

composite.

Table 2. Crystal structure parameters of LSMO and LSMO/AC 50 samples

Parameter LSMO LSMO/AC 50
Space group R -3c (167)
Crystal system Rhombohedral
a(A) 5.496 5.495
b (A) 5.496 5.495
c(A) 13.367 13.365
Volume (A% 349.672 349.582
Density (g/cm?®) 6.452 6.454
Crystallite size (nm) 21.601 18.562
Degree of Crystallinity
Crystal (%) 62.85 46.95
Amorphous (%) 37.15 53.05
Discrepancy Factor
wRp (%) 13.34 12.82
Rp (%) 10.29 9.98
v 1.000 1.002
Mn-O Bond
(Ortn-o—-mn) (A) 1.9523 1.9521
(dyn-o0) (©) 166.4188
Bandwidth (a.u)

W (10?) 9.5514 9.5543

The crystal size of the material obtained from the diffraction

pattern. Specifically, the crystal sizes of the LSMO and
LSMO/AC 50 samples were determined using the Debye-
Scherrer method [37]:

kA
b= BcosB’ @)

where D is the crystal size (nm), k is the Scherrer constant with
a value of 0.9, A is the X-ray wavelength (Cu-Ka, A = 1.54056
A), and B is the FWHM (rad). The crystal sizes of the LSMO
and LSMO/AC 50 samples were 21.601 nm and 18.562 nm,
respectively.

LSMO and LSMO/AC 50 samples exhibited Mn*" and Mn**
ions due to doping of Sr?* ions into La3" sites, thereby affecting
the mobility of electrons in (Lag7S103Mn0O3);.,/(AC)y material.
This phenomenon is known as double exchange [38]. To
determine the effect of double exchange on LSMO and
LSMO/AC 50 samples, the bandwidth (W) value was
calculated using Eq. (3) [39]:

_cos [% (r — HMn_o-Mn)]

3.5 ’
dMn—O

3

w

where Oy, _o_un 18 the average angle formed from the nearest
Mn-O-Mn atoms and dy,_, is the average distance from the
nearest Mn and O atoms. A decline in the value of Mn-O bond
length was identified in LSMO/AC 50 sample. This then
resulted in an increase in bandwidth value in LSMO/AC 50
sample. The bandwidth of the material is related to strength of
the double exchange interaction. A wider bandwidth can
increase electron mobility between adjacent Mn ions.
Otherwise, a reduced bandwidth can increase localization,
thereby reducing the double exchange interaction [40].

3.2. Morphology

The geometric characteristics of a material, such as particle
size, shape, internal structure, and surface topography, define
its morphology. The shapes of crystal grains vary widely,
including circular, angular, flake, beam, cube, rhombohedral,
cylinder, flat, grain, spherical, ball, modular, dendritic, and
needle [41]. The morphology of the samples was characterized
by using a Scanning Electron Microscope (SEM) at a
magnification of up to 30,000 times and an accelerating voltage
of 20kV. The LSMO/AC 50 sample was selected as a
representative composite sample for SEM-EDS
characterization in view of its balanced composition between
the LSMO sample and the AC sample. A composite material is
defined as a material that consists of two constituent materials
and does not react chemically but remains a physical unit in
composite material [28]. This allows the morphology of LSMO
and AC samples to coexist in the morphology of LSMO/AC 50
samples. Furthermore, the analysis of the SEM images was
conducted with ImageJ software [42].

As illustrated in Fig. 2 (a) and (c), a comparative analysis of
the morphology of LSMO and LSMO/AC 50 samples was
conducted at a scale of 10 pum. The LSMO sample exhibited a
hollow sharp coral-like morphology characterized with small
spherical particles. Thanh et al. classified this structural
characteristic as pseudo-spherical [11]. Fig. 3 refers to our
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previous study [26], AC sample had a hollow plate-like
morphological shape. This structural characteristic was termed
“honeycomb-like structure” by Goel et al. [43] and “net-like
structure” by Soleimani et al. [4]. As depicted in Fig. 2 (b) and
(d) the mean particle sizes of LSMO and LSMO/AC 50
samples were 131.554 nm and 113.186 nm, respectively. A
decrease in particle size in the samples was observed after the
presence of composite at LSMO. This result is consistent with

TeknikMesin ITS 20.0§

(0)

the decrease in crystal size as observed in the composite
samples, as depicted in Table 2. The decrease in particle size
was likely attributed to mechanical effects during the stirring
process. The incorporation of activated carbon into LSMO
promotes interparticle interactions under agitation, which may
facilitate the breakdown of LSMO particle, which in turn led to
smaller particle size. However, the particles were not classified
as nanoscale since their average diameter exceeded 100 nm.
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Fig. 4 presents the distribution of AC grains between LSMO
grains in LSMO/AC 50 sample. LSMO/AC 50 sample exerted
both morphological forms of LSMO and AC samples that
coexisted with each other. The morphology is in accordance
with the characteristics of composite materials, which is a
material consisting of two constituent materials and does not
react chemically, but remains a physical entity [28]. This
finding indicates that AC has been composited into LSMO.
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Fig. 5. EDS spectra of (a) LSMO and (b) LSMO/AC 50 samples

Table 3. Weight percent and particle size of LSMO and LSMO/AC 50

samples
Elements (wt%) LSMO LSMO/AC 50
La 41.85 35.68
Sr 10.36 7.02
Mn 27.29 22.67
(0] 20.50 20.88
C - 13.75

Fig. 5 illustrates the EDS analysis of the LSMO and
LSMO/AC 50 samples, revealing the absence of impurities.
Only peaks corresponding to constituent elements appear, and
the total weight percent (wt%) reaching 100% further validated
this result. The appearance of carbon element in EDS spectrum
of LSMO/AC 50 sample again indicated that AC has been
composited into LSMO. Furthermore, Table 3 presents the
weight percentages of the elemental composition of the LSMO
and LSMO/AC 50 samples.

3.3. Microwave absorption performance

VNA instruments work based on scattering parameters.
When electromagnetic waves of a specified frequency interact
with the material under test, they are partially transmitted
(output signal) and reflected (reflected signal), resulting in both
reflected and transmitted signals. The quantification of

reflected scattering, measured in decibels (dB), known as
reflection loss (RL), indicates the absorption performance of
the material against microwaves [44]. This can be calculated
as:

Zin/Zout -1

RL (dB) = 2010g m )
in/“ou

“

Sanf (L 5], o

Zin(Q) = Z, p
-

where Z, is the wave impedance of the free space with Z, =

+/ o/ &, for this case Z,,; = Z,, f is input frequency (Hz), d
is the sample thickness (mm), c is the speed of light (m/s), and
j is the imaginary number. Meanwhile, u, (H/m) and &, (F/m)
are relative permeability and permittivity, respectively, with
definition p, = p' + ju" and g, = &' + je'"'. Smaller reflected
scattering value indicates that the performance of material is
more excellent [39]. VNA testing provides data that explains
the correlation between reflection loss and wave frequency.

In this study, LSMO samples were composited with AC into
(Lag.7S193Mn0O3)1,/(AC)y (y = 0; 0.3; 0.5; 0.7). All samples
were tested with VNA to evaluate the influence of AC
composite composition on the microwave absorption
performance of LSMO. Fig. 6 presents the comparison of the
microwave absorption curves of (Lao7Sro3MnOs)i/(AC)y
samples.

RL (dB)

=2 LSMO/AC 30
~3— LSMO/AC B0
—@— LSMO/AC 70

Frequency (GHz)

Fig. 6. Microwave absorption curve of LSMO, LSMO/AC 30, LSMO/AC 50,
and LSMO/AC 70 samples

Table 4. Microwave absorption parameters of LSMO, LSMO/AC 30,
LSMO/AC 50, and LSMO/AC 70 samples

Reflection  Reflection  Through

Sample Frequency Coefficient Loss Power
(@) (n) (aB) )

LSMO 10.30 0.765 -2.33 41.52

LSMO/AC 30 10.30 0.721 -2.84 47.98

LSMO/AC 50 8.08 0.571 -4.87 67.42

10.86 0.518 -5.71 73.14

LSMO/AC 70 8.08 0.412 -7.69 82.99

10.86 0.377 -8.48 85.82
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The percentage of microwave absorption (through power) is
obtained using Eq. (5) [45]:

Through power (%) = 100(1 —T'?), (6)

where T is the reflection coefficient (I' = 10RL/20). The
Lag 7Sr93MnO; (LSMO) sample has a single distinct reflection
loss of -2.33 dB at a frequency of 10.30 GHz. The LSMO
sample has a maximum absorption strength of 41.51%. The
(Lag7Sr93Mn03)97/(AC)os (LSMO/AC 30) sample has one
reflection loss distinct of -2.84 dB at 10.30 GHz. The
LSMO/AC 30 sample has a maximum absorption strength of
47.98%. The (Lag7Sro3Mn0s)os/(AC)ys (LSMO/AC 50)
sample has two reflection loss distinct of -4.87 dB and -5.71 dB
at 8.08 GHz and 10.86 GHz, respectively. The LSMO/AC 50
sample has a maximum absorption strength of 73.14%. The
(La0,7Sr0,3Mn03)0_7/(AC)0,3 (LSMO/AC 70) sample has two
reflection loss distinct of -7.69 dB and -8.48 dB at 8.08 GHz
and 10.86 GHz, respectively. The LSMO/AC 70 sample has a
maximum absorption strength of 85.82%. Table 4 presents the
microwave absorption parameters for this material.

The effective absorption bandwidth (EAB) is defined as the
free frequency range when the reflection loss value is less than
-10 dB. The frequency range is effective because the material
absorbs 90% of the incident electromagnetic waves under these
conditions [46]. As demonstrated in Fig. 6, there was no EAB
in all samples since reflection loss value was greater than -10
dB. This indicates that the samples absorb less than 90% of the
microwaves. However, LSMO/AC 70 sample had the
absorption values 0of 82.99% and 85.82% at frequencies of 8.08
GHz and 10.86 GHz, respectively, close to 90%. Thus, it can
be stated that (Lag.7S10.3Mn03);.,/(AC)y composite sample still
had good absorption ability.

These findings indicated that the material exhibited
maximum microwave absorption capability in LSMO/AC 70
samples. This sample has been shown to produce two
absorptions distinct at frequencies of 8.08 GHz and 10.86 GHz
with percentage absorption of 82.99% and 85.82%,
respectively. In microwave absorption theory, reflection loss is
indicative of a material's capacity to absorb microwaves. High
permittivity and permeability are critical to producing optimal
reflection loss, with permeability affecting magnetic loss and
permittivity  affecting  dielectric  loss  [39].  The
(Lag.7Sr0.3Mn03)1.,/(AC)y, material is a combination of
Lag 7Sro3MnO; magnetic material and Gnetum gnemon seed
shell activated carbon dielectric material. The permeability
values of magnetic materials will affect magnetic loss.
Meanwhile, dielectric materials possess a permittivity value
that will affect dielectric loss. If the (Lag7S193MnO3);.,/(AC)y
material is exposed to microwaves, the Gnetum gnemon seed
shell activated carbon material which acts as a dielectric
material will absorb electric field contained in microwaves and
cause a coulomb force. The charge will move with a certain
acceleration to produce an electric current. This electric current
causes heat, so it can be stated that the energy from microwaves
is converted into heat energy. Conversely, the onset of electric
current can also cause the generation of a magnetic field. The
magnetic field arising due to dielectric material of Gnetum
gnemon seed shell activated carbon will be strengthened by
magnetic field originating from Lag7Sro3MnO3 material. So,
that two magnetic fields will mutually superpose destructively
with magnetic field of incident microwave with same
amplitude value but has a different phase [47].

The absorption ability of the material is closely related to its
crystal and particle sizes. The XRD and SEM-EDS
characterizations reveal a reduction in both parameters after
compositing. This reduction increases the grain-specific
surface area, thereby enhancing the reactivity of the samples
through more frequent collisions. Consequently, the intrinsic
resonance weakens the microwave energy, leading to higher
microwave absorption [48]. This phenomenon demonstrates
that incorporating AC into LSMO effectively improves its
microwave absorption capability, consistent with Yan et al
[10], who reported that carbon-based materials possess high
permittivity and favorable dielectric properties that enhance
microwave absorption.

Table 5. Comparison of absorption capabilities of the material in this work,
LSMO/AC, with several references

Max.
Thickness  Freq. i
Material Composition d reflection Ref.
(mm) (GHz) loss
(dB)
LSMO/
Gnetum ;
anemon 70% AC 1.5 1086 848 oS
Seed Shell
AC
CF/LSMO 50 wt% CF 3 9.4 -17.0 [24]
LSMO/
2 wt% CNT 3 9.5 -22.8 [22]
CNT
LSMO/ Range
60% RGO 1.95 -31.81 [23]
RGO 16-18
RGO/ 6.25 wt%
: 2.5 10.7 -47.9 10
LSMO RGO [10]
12
—LSMO
11 ——LSMO/AC 30
LSMOVAC 80
10 ——LSMOIAC 70
9
8
= 7
N 6
N
44
3
24
1
0 -
8 Eli 1‘0 1I'I 12

Frequency (GHz)

Fig. 7. Impedance ratio of LSMO, LSMO/AC 30, LSMO/AC 50, and
LSMO/AC 70 samples

A comparison of microwave absorption capability of this
paper with that of other papers that composite LSMO with
other carbon allotropes can be seen in Table. 5. In comparison
to the results of this paper, the highest absorption capability was
shown by RGO/LSMO material (6.25 wt% RGO) in Ref. [10]
with a reflection loss of -47.9 dB at 10.7 GHz. This occurred in
relation to the thickness of tested sample that was very thick
(2.5 mm) compared to the results of this paper (1.5 mm), where
thickness is one of important factors that play a role in rising
absorption in addition to composite composition as
demonstrated in Eq. (5).
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Table 6. Impedance matching of LSMO, LSMO/AC 30, LSMO/AC 50, and

LSMO/AC 70 samples
Sample Frequency (GHz) |Zin/Zy| Zin/Zy (%)
LSMO 10.30 0.1469 14.69
LSMO/AC 30 10.30 0.1625 16.25
LSMO/AC 50 8.08 0.2853 28.53
10.86 0.5331 53.32
LSMO/AC 70 8.08 0.4161 41.62
10.86 0.5821 58.22

Fig. 7 and Table 6 illustrate the impedance ratio and
impedance matching of (Lag7Sro3MnO3)i,/(AC), samples,
respectively. This indicates that the thickness of material also
effects the impedance of sample match to reduced frequency.
Impedance value (Z;) used in this study referred to impedance
instrument which is 50 Q. The LSMO/AC 70 sample, which
exerted the best absorption performance, demonstrated low
match impedance values of 42.62% and 58.22% at 8.08 GHz
and 10.86 GHz, respectively. This finding indicates a mismatch
between thickness of tested material and reduced frequency.
Percent impedance match can be considered high when it is
close to 1 or equivalent to 100%, indicating that the thickness
of tested material matches the reduced frequency range [25].
This mismatch also leads (Lao.7S193Mn0O3);.,/(AC)y sample not
achieving an absorption strength above 90% at X-band
frequencies with a thickness of 1.5 mm. So, re-engineering can
be done by increasing thickness of the material to know the
optimum thickness of (Lao7Sro3MnO3)1,/(AC), sample as a
microwave absorber at X-band frequencies. In addition to
increasing material thickness, testing can also be performed in
frequency ranges other than X-band, such as S-band, C-band,
or Ku-band to identify the optimum frequency of
(Lao7S193Mn0O3)1./(AC)y material with a thickness of 1.5 mm.

4. Conclusion

The synthesis of Lag7S193MnO3/AC composite material has
been successfully achieved. Lag7Sro3MnO3 (LSMO) has been
synthesized through the sol-gel method, while activated carbon
from Gnetum gnemon seed shell was synthesized through
chemical activation method with 65% KOH activator. The
LSMO/AC 50 sample was selected as a representative
composite sample for XRD and SEM-EDS characterization
because it exerted the similar composition of constituent
materials. LSMO and LSMO/AC 50 samples had a single phase
with a rhombohedral crystal system (R - 3c). No activated
carbon peaks were found in the diffraction pattern of
LSMO/AC 50 sample for activated carbon is amorphous. The
LSMO sample had a hollow coral-like morphology with small
spherical particles. In contrast, the LSMO/AC 50 sample
exhibited both morphological forms of LSMO and AC sample.
There was a decrease in particle size in samples following the
composite process. The elemental composition of the LSMO
and LSMO/AC 50 sample was confirmed by means of the EDS
spectrum and mass weight measurements. As the composite
composition increased, a decrease reflection loss value and
increase absorption of the material were identified. The largest
LSMO/AC 70 sample exhibited the most significant absorption
strength with two distinct reflection loss at frequencies of 8.08

GHz and 10.86 GHz and absorption percentages of 82.99% and
85.82%, respectively. These findings provide further insight
into perovskite-based and biomass activated carbon composite
as potential microwave absorbers.
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