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Abstract

Research has been carried out on the effect of Ni and Ti doping on the microwave absorption properties of the perovskite man-
ganate material Lag7Cag 3Mn1«Nix/2 Tix203 (LCMNTO) with variations x = O; 0.03; 0.05; and 0.1, which were synthesized by the
sol-gel method. The effect of Ni and Ti doping on the structure, grain size, magnetic properties, and microwave absorption prop-
erties were investigated in detail by various analytical methods. XRD (x-ray diffraction) characterization showed that the material
Lag.7Cao3Mny«Niy/; Tix2 O3 has a single phase with an orthorhombic crystal system. The SEM (scanning electron microscope) results
showed a tendency to decrease in grain size when the composition of Ni and Ti dopants began to increase. VSM (vibrating sample
magnetometer) characterization shows that Lag7Cag 3Mni«Nix/2 Tix205 is a soft magnet with magnetic properties that decrease
with increasing Ni and Ti dopant composition. The characterization of VNA (vector network analyzer) in the 8-12 GHz shows that the
highest ability to absorb microwaves is 98% at 8.24 GHz, and there is an addition of absorption areas point and widening of the
absorption bandwidth. Thus, the material Lag 7Cag 3Mn1«Niy/; Tix203 has the potential to become a microwave absorber material.
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1. INTRODUCTION 2022). Therefore, many researchers are researching to engi-
The COVID-19 pandemic that has hit the world since 2019~ 1€€T O obtain materials with the best absorption capabilities.
Microwave absorber material performs well intrinsically and
has good magnetic and electrical properties. Structure modifi-
cation on lanthanum manganese by doping on the La site and
Mn site with the form Lag_ AEMn(_y) TM;Og (AE = diva-
lent ions such as Ca2*, Sr%*, Ba2*; TM = transition metal ions
such as Cu, Fe, Ni, Co, Ti) will lead to exchange interactions
that can affect the magnetic and electrical properties of the ma-
terial (Akram et al., 2028; Dimri et al., 2021; Gonzdlez Garcia
etal., 2023; Keshri et al., 2021; Mu et al., 2022; Suresh et al.,
2023). Liu et al. (2018) researched the absorption properties
of microwaves at La;_CayMnQOg and obtained a reflection loss
value of -42 dB at x = 0.1 with a bandwidth of 8.5 GHz. In an-
other study, substituting transition metals in LSMO increased
the ability to absorb microwaves (Zhang and Cao, 2012). Adi
and Manal Ridwan (2017) substituted Fe and Tiions in LBMO
and found that the combined doping of Fe and Ti increased
the reflection loss and improved performance.

Materials synthesized using the sol-gel method have a ho-

created a new normal condition, which causes an increase in
the daily need for electronic devices, wireless communication
devices, local area networks, and so on that use microwaves
in the frequency range 1-20 GHz, such as laptop and hand-
phone used in the online school learning, and work from home
(WFH). The increasing use of electromagnetics at various, ex-
ceptionally high frequencies, which is increasingly intensive in
line with technological developments, causes electromagnetic
wave interference, reducing the device’s performance (Akinay
et al., 2028). In addition, long-term exposure to electromag-
netic radiation can hurt health. Anil’s research stated that at
least 60% of microwave radiation is absorbed and penetrates
the area around the head and can cause health problems in
parts of the body, including the reproductive, nervous, and
psychological systems (Saradva, 2023).

Electromagnetic wave absorber material can convert elec-
tromagnetic wave energy into heat energy, which helps protect
an object from unwanted electromagnetic waves (Zhang et al.,
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mogeneous size distribution and physical properties of mate-
rials that increased in the results of previous studies (Alabada
et al., 2023; Coban Ozkan et al., 2021; Ye et al., 2022; Zheng
et al., 2028). Cheng et al. (2005) reported a 10 K increase in
curie temperature in LCMO materials synthesized using the
sol-gel method, Ts = 773 K. Tagarkuyu et al. (2011) reported
an increase in curie temperature in LCMO double perovskite
material and a rise in the temperature sintering. In this re-
search, the selection of Ti and Ni ions as doping content at
the Mn site is based on the following considerations: First, it
has been reported by Rizky et al. (2022) that they researched
the microwave absorption properties in Lag 7Cag sMn_TixOg
synthesized using the sol-gel method. That, along with the in-
crease in the composition of the Ti dopant, causes the magnetic
properties to decrease. The same results were reported in the
Hua et al. study, which analyzed the influence of Ni doping
on the magnetic and magnetocaloric properties of LCMO ma-
terials. With the Ni doping, the contents of Mn®* and Mn**
change, weakening the double exchange interaction (Iua et al.,
2013). Second, double doping of Ti and Ni in perovskite
Lag 7Srg sMn_«(Ni, Ti) y/9Og has been reported by Saptari et al.
(2022), with space group (R-3c), the presence of Ti and Ni
doping does not change its basic crystal structure. Furthermore,
the higher the content of Ti and Ni, the more it improves its
absorption ability from -8.572 dB at x = 0.1 to -11.8 dB at x
=0.5.

Furthermore, Several studies have conducted various analy-
ses on LCMO substituted with Ti ions or other transition metals
at the Mn site. However, no reports of LCMO analysis substi-
tuted Ni and Ti (LCMNTO) have been found. This paper is
aimed to analyze the crystal structure, morphology, grain size,
magnetic properties, and performance of Lag 7Srg sMnj_(Ni,
Ti) /903 (x = 0; 0.03; 0.05; and 0.1) synthesized using the
sol-gel method (Ts = 1200°C) as a microwave absorber ma-
terial. Therefore, the research on the combined doping of Ni
and Ti in LCMO holds high significance that can fill the knowl-
edge gap in the study of new perovskites. The results of this
research are expected to provide a deeper insight into more
optimal microwave absorber materials, thereby contributing to
the development of perovskite-based technology.

2. EXPERIMENTAL SECTION

2.1 Materials

Samples of Lay 7Cag gsMn] «NiyeTi /903 (x = 0; 0.03; 0.05;
and 0.1) were synthesized by the sol-gel method using some
raw materials. The materials were LagOg (Merck 99%), Ca(N

03)9.4HyO (Merck 99%), Mn(NOg) 9.4HoO (Merck 98.5%),
TiOg (Merck 99%), Ni(NOg) 9.6 HyO (Merck 99%), C4HgO~ -

HqyO (Merck 99.5%), nitric acid 65% (HNOg), ammonia solu-
tion 25%, aquabidest, and alcohol 70%.

2.2 Instrumentations

The sample’s phase composition, crystal system, and crystal
grain size were measured using X-ray diffraction (XRD). This
test was carried out at the XRD Laboratory of Research Center
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for Telecommunication, National Research and Innovation
Agency, Bandung, using the PANalytical brand with Cu anode
(1=1.54056 A), Empyrean type, scanning angle at 15°-90° with
step size 0.02°. The sample used in this test is a powder placed
in the sample testing area on the XRD. This x-ray diffraction
(XRD) data will then be analyzed by matching the data using
software, and qualitative refinement was carried out using the
GSAS software. A Scanning Electron Microscope (SEM) ex-
amined sample morphology and grain size distribution. This
test was carried out at the Research Center for Telecommuni-
cation, National Research and Innovation Agency Bandung,
with magnifications of 1000, 3000, 5000, 10000, and 20000.

The magnetic properties of the samples were checked us-
ing a Vibrating Sample Magnetometer (VSM). This test was
conducted at the Physics Research Center (P2F-BRIN) Ser-
pong. The information obtained from this characterization
is magnetization parameters due to changes in the external
magnetic field described in the hysteresis curve. Finally, the
material absorption properties and reflection loss values will
be obtained using the Vector Network Analyzer (VNA) char-
acterization. This test was conducted at the Research Center
for Electronics and Telecommunications, National Research
and Innovation Agency (PRISTEK-BRIN) Bandung with the
emitted frequency range of 8-12 GHz, the X-band microwave
frequency. The material’s absorption property is the ability to
absorb electromagnetic waves emitted by a wave transmitter at
a specific frequency range. At the same time, reflection loss is
caused by the process of reflecting electromagnetic waves that
hit the sample.

2.3 Methods

The synthesis of perovskite manganese material using the sol-
gel method is expected to produce a high-purity and homoge-
neous material (Navas et al., 2021). In the sample preparation
step, the mass of the precursor material was weighed accord-
ing to stoichiometric calculations, while citric acid was used
as a catalyst. The next step consists of two processes, namely,
the hydrolysis process and the gelatin process. The hydrolysis
process began with the nitrate solution from each precursor
mixed and stirred using a magnetic stirrer until homogeneous.
After that, the solution was stirred while heated to a temper-
ature of + 180°C until the solution had a temperature of +
70°C. Next is the gelatin process, where the solution is added
to ammonia until the solution’s pH is seven and is in the form
of a gel. In the dehydration step, the gelled sample was heated
in an oven at 200°C for + 1.5 hours. After that, the sample
(dry-gel) was pulverized using a mortar and transferred to a
crucible cup to enter the calcination heating step using a fur-
nace at a temperature of 600°C for 6 hours, which will remove
organic compounds in the sample. After that, the samples were
mashed again with mortar, and the next step was sintering with
a furnace at a temperature of 1200°C for 6 hours for sample
crystallization. The samples in the furnace were pulverized
using a mortar and sieve no. 200 and tested for XRD, SEM,
VSM, and VNA characterization.
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Table 1. Refinement Results of Materials Lagy 7Cap gMnj_«Niy/9Tix/9Og (x = 0; 0.03; 0.05; and 0.1)

Parameter

Lag7Cag.3sMn;_«Niy/9Tiy/90g

x=0 x =0.03 x=0.05 x=0.1
Space Group Pnma
Crystal System Orthorhombic
a(A) 5.4645 5.4637 5.4656 5.4672
b (A) 7.7232 7.7219 7.7249 7.7274
c(A) 5.4808 5.4796 5.4814 5.4829
V (A%) 231.31 231.18 231.43 231.64
Density (g/cm?) 6.093 6.095 6.088 6.080
Strain (107%) 36.6 43.8 78.5 80
Crystallite Size (nm) 133.65 110.92 142.00 92.44
Discrepancy Factors
RwP (%) 10.6 9.43 9.41 9.21
Rp (%) 8.47 7.54 7.46 7.32
Bond lengths (A)
Mn—0(1) 1.96468(4) 1.96434(3) 1.96512(4) 1.96573(5)
Mn—0O(2) 1.95746(3) 1.96124(3) 1.96190(3) 1.96246(4)
<Mn—-0O> 1.96107(3) 1.96279(8) 1.96351(4) 1.96410(0)
Bond angles (°)
Mn—O(1)—Mn 158.6886(5) 158.6895(5) 158.6909(6) 158.6917(8)
Mn—0O(2) —Mn 161.7988(8) 161.7987(3) 161.7980(3) 161.7977(4)
<Mn—O—Mn> 160.2437(4) 160.2441(0) 160.2445(5) 160.2447(6)
Bandwidth (a.u)
W (1072) 9.327977 9.299405 9.287480 9.277805
Tolerance Factor
Goldschmidt 0.9075112 0.907047 0.906737 0.905964
(a) § ol [ 32.799
_ _ x=0.03
= g (\&‘ § g S ><=05 \
‘A_—‘ J{ T k A JL J\..__A_J:\——A_/\—l /32.758
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Figure 1. (a) XRD Pattern of Lag 7Cag 3Mnj_(Niy9Tiy 905 (x = 0; 0.08; 0.05; and 0.1), (b) Peak Shift at 20 ~32.7°.

3. RESULTS AND DISCUSSION

3.1 Crystal Structure

The XRD characterization was carried out at room tempera-
ture, and the data were analyzed using the Rietveld method.
The resulting diffraction pattern shows that the increase in the

© 2024 The Authors.

substitution of Ni and Ti ions (x = 0; 0.03; 0.05; 0.1) causes a
change in intensity and a shift in peak position without changing

the XRD pattern (Figure 1). He et al. (2024) stated that this 26
shift indicated that there had been a replacement of cations in
the compound lattice. So, in this study, the intensity and peak
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Table 2. Comparison of Refinement Results of Materials Lag 7Cag sMnj_«Niy/9Tiy9Og (x = 0; 0.08; 0.05; and 0.1) to other

similar references perovskite structure.

Perovskites é?gﬁ; I;attlce Pargmeters (Ac) (2[;) References
Lag7CagsMnOg Pnma  5.4645 7.7232 5.4808 231.31 This work
Lag‘7ca0.3Mn0'g7Ni0.m5Ti0,01503 Pnma 5.4637 7.7219 5.4796 231.18 This work
Lag.7Cag.sMng.95Nig.095 Ti0.02503 Pnma 54656 7.7249 5.4814 231.43 This work
Lao_7Ca()_3Mn()_gNi().():;Ti().(];;03 Pnma 5.4672 7.7274 5.4829 231.64 This work
Lag7CapsMnOg Pnma 5.4517 7.7280 5.4653 230.26 (Hua et al., 2013)
Lag 7Cag.sMng 95Nig.0503 Pnma  5.4479 7.7319 5.4692 230.38 (Hua et al., 2013)
Lag7Cap.sMng gNig.1Og Pnma 5.4410 7.7040 5.4630 229.50 (Hua et al., 2013)
Lagy.7CaggMng 7 Tig 303 Pm-3m 38.8762 38.8762 3.8762 58.24 (Rizky et al., 2022)
La().7Ca()_3Mn().g{,Ti(].()_r,()g Pnma 5.4932 77623 5.4988 234.47 (Ulyzmm' et 211., 2006)
Table 3. The Average Grain Size of Sample angle <Mn—O—Mn>, which affects the material’s bandwidth.

Lag 7Cap.gMnj «NigeTixyeOg Based on SEM Results

Doping Concentrate x  Grain Average Size (um)

0 0.899
0.03 1.168
0.05 1.130
0.1 1.098

position change indicated that Ni and Ti are doping at the site
Mn. In the XRD pattern, no typical peaks were found due to
the doping of Ni and Ti. This is because the doping of Ni and
Ti is still within an acceptable tolerance of Lag 7Cag sMnOg and
can replace Mn well in the perovskite LCMO structure. This
result is from a study conducted by Saptari et al., who reported
that the diffraction pattern of Lag 7SrggMnj_«(Ni, Ti)/9Og
obtained for all variations of the value of x showed the same
diffraction pattern, indicated by the peaks at nearly the same 26
angle (Saptari et al., 2022). The results of the data analysis are
summarized in Table 1. The analysis results in Table 1 provide
information that the material Lagy7CaggMn_(Niy/9TieO3
(x = 0; 0.03; 0.05; and 0.1) is a single-phase with the same
crystal system and space group for the four samples, namely
orthorhombic (Pnma). In addition, we compare the results
of lattice parameter XRD refinement with various research
similar perovskite compositions in Table 2 and show structural
similarities for the minimum Mn doping site content. The
Goldschmidt tolerance factor (7;) calculation for all samples
calculated based on Equation (1), which is 1z ~ 0.91, based
on the research of Ardani et al. (2021), when r < 0.96, the
perovskite will have an orthorhombic crystal.

O'7rLa3+ + 0.37‘Ba2+ + rp2-

\/2 [(0.7 = 2)rypae +0.8ry1 0 + 052778 +ros- |

(M

G =

In addition, these results also show that there is a change in
lattice parameters without the difference in the crystal system,
causing a change in the bond length <Mn—0O> and the bond

© 2024 The Authors.

The decrease in the value of bandwidth (W) and the increase
in lattice strain, along with the addition of Ni and Ti dopants
compositions, have an impact on reducing the strength of the
double exchange (DE) interaction between Mn*" and Mn3*
and will cause a super-exchange that can decrease in magnetic
properties (Bouzidi et al., 2019).

3.2 Morphology and Grain Size

The morphological results obtained show polygonal and some
circular grains in the four samples shown in Figure 2. These
results are based on the morphological images of materials
with orthorhombic crystal systems attached to several previous
studies, namely pentagonal or hexagonal grains (Karoblis et al.,
2020; Xu et al., 2019). Table 3 shows that the samples not
doped with Ni and Ti have the smallest grain size. Then, after
doping Ni and Ti (x = 0.03), the grain size increases drastically
and then decreases again with the increase in dopant concen-
tration. Based on the results of XRD analysis, the grain size
obtained is much larger than the crystallite size, so the material
La().7Ca().;;Mnl_xNix/gTix/203 (X = 0; 0.03; 0.05; and 0.1) is
polycrystalline. The grain size in polycrystalline affects the
electron transfer process in the material. The smaller grain size
leads to the larger intergrain, with the tunnelling and electron
transfer processes being more complex, so the resistivity in the
material will be greater (Kurniawan et al., 2019).

3.3 Magnetic Properties

Properties of material Lay7CaggsMni_«Niy/eTizeOg (x = 0;
0.03; 0.05; and 0.1) is known from the results of the VSM char-
acterization in the form of a hysteresis curve (Figure 3) which
shows that at room temperature Lagy 7Cag 3Mn1_(Niy/9Tiy9Og
(x = 0; 0.03; 0.05; and 0.1) is a ferromagnetic material. A
similar curve shape was found in Reddy et al. (2011)’s research,
which showed a hysteresis curve of ferromagnetic polyvinyli-
dene fluoride (PVDF) composite film, which is straight at
the end but has loops around the coordinate points. Zhang
et al. (2011) also obtained a curve with a similar loop in the
Cog 7Feq 10O  ferromagnetic. Ferromagnetic materials have a
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Table 4. Material Magnetization Parameter Data Lag 7Cag sMn1_4Niy9Tiy /903

Doping x  Ms (emu/g) Mr(emu/g) Hc(Oe) Loop Area (KOe.emu/g)
0 9.58 0.08 81.71 0.9
0.08 6.29 0.02 100.34 0.5
0.05 5.14 0.02 121.9 448.5
0.1 3.83 0.02 116.14 338.7

Table 5. Results on the Percentage of Microwave Absorption Ability on Materials Lag 7Cag sMn)_«Niy9Tiy 9035 (x = 0; 0.03;

0.05; 0.1)

Doping x  Frequency (GHz)  Reflection Loss (dB)  Through Power (%)

0 8.24 -18.00 98.42
9.50 -9.32 88.30

11.20 -3.20 52.14

0.08 8.42 -17.40 98.18
9.54 -12.80 94.75

11.20 -4.40 63.70

0.05 8.66 -8.74 86.63
9.68 -12.10 93.83

11.86 -6.88 79.49

0.1 8.92 -5.71 78.15
9.68 -9.12 87.75

10.42 -6.37 76.93

11.04 -8.40 85.55

Figure 2. Morphological Results of SEM Lag 7Cag sMnj_4Niy9Tiy/9Og with (a) x =0 (b) x = 0.03 (¢c) x=0.05 (d) x=0.1

© 2024 The Authors.
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Figure 3. Hysteresis Curve Lag 7Cag 3Mnj_«NigeTix9O03 (x = 0; 0.08; 0.05; 0.1)
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Figure 4. (a) Graph of the Combined Relationship of Reflection Loss with Frequency (b) Changes in Absorption Bandwidth

Along with the Increase in the Composition of Ni and Ti

spontaneous magnetic moment even if they are in a zero exter-
nal magnetic field or a hysteresis curve, i.e., a remanent field.
This spontaneous magnetization indicates that the material’s
electron spin and magnetic moment are arranged regularly.
The small coercivity field indicates that the four samples are
soft magnetic (Khodayari and Gholizadeh, 2024).

The curve and magnetization parameter table (Table 4)
also shows a decrease in magnetic properties and an increase
in the composition of Ni and Ti dopants, which is indicated by
a reduction in magnetic saturation. In LCMNTO, using the
theory of conservation of mass and charge, Ni and Ti doping at
the Mn site causes a decrease in the quantity of Mn®*. It directly

© 2024 The Authors.

impacts the double exchange (DE) interaction and weakens
the ferromagnetic coupling between Mn3* and Mn**. This
condition also causes the emergence of interactions that con-
tribute directly to weakening the material’s magnetic properties,
namely super-exchange, which is antiferromagnetic (Cheng
etal.,, 2023).

3.4 Absorbance

Characterization using VNA in this study is in the form of S11
data (reflection coeflicient) from the source of electromagnetic
waves, namely the RL (Reflection loss) value, which represents
the ability of a material to absorb electromagnetic waves. The
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frequency range used in this characterization is 8-12 GHz, the
microwave frequency range (X-band). The characterization
data is presented in Figure 4.

Each sample’s combined Reflection Loss curve shows that
the sample x = 0 has the deepest curve compared to the other
samples. It indicates that the LCMO sample has the best abil-
ity to absorb microwaves in this study. In addition, it can also
be seen that the maximum absorption point tends to shift to
the right towards higher frequencies, and the absorption band-
width gets broader as the composition of Ni and Ti dopants
increases (Figure 4). In the 11-12 GHz frequency range, the
absorption bandwidth of sample x = 0.1 is narrower because the
LCMNTO sample (x = 0.1) has an additional absorption point
area in the 10-11 GHz frequency range shown in Figure 5. It
causes the utilization of LCMNTO material as an absorber to
be more varied, so it can be used in several frequency ranges
as needed. With the potential for shifting the absorption area
to the right, it can reduce the negative impact of exposure to
high-frequency radiation on the body.

Based on Table 5, which is the result of VNA data pro-
cessing, Ni and Ti doping in LCMO reduces the ability of the
material to absorb microwaves. This is due to the decreased
magnetic properties of the material (Klmahaishi et al., 2022).
In addition, the SEM results showed a decrease in grain size
when the composition of Ni and Ti dopants began to increase.

© 2024 The Authors.

The smallest grain size in this study was owned by sample x
= 0, namely samples that had not been doped with Ni and Ti.
The smaller grain size would increase the material’s resistivity
(Bakonyi, 2021; Bishara et al., 2021; Mehner et al., 2020).
Based on this, it is suspected that the electrical properties of
the material have the potential to increase with the addition
of Ni and Ti dopant compositions. However, at variations of
x =0, 0.03, 0.05, and 0.1, a decrease in magnetic properties
dominates so that the material’s ability to absorb microwaves
continues to decrease.

4. CONCLUSION

Research on Lag 7Cag gMnj_«Nig/eTige05 (x = 0 0.03; 0.05;
and 0.1), which was synthesized by the sol-gel method, was
carried out. XRD analysis results show that LCMNTO is a
single phase with the same crystal system and space group, or-
thorhombic (Pnma). Doping Ni and Ti cause changes in lattice
parameters and bond lengths of Mn—O and bond angles of
Mn—O—Mn so that there is a decrease in the bandwidth value,
which can interfere with the double exchange. The results of
SEM characterization showed a tendency to decrease in the av-
erage grain size when the Ni and Ti doping started to increase.
In the VSM characterization test, all the samples are ferromag-
netic materials with small coercivity values, so they are soft
magnetic. The VSM results also showed a decrease in the ma-
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terial’s magnetic properties and an increase in the composition
of Ni and Ti dopants, which was indicated by a decrease in
the saturation field. In the VNA characterization results, Ni
and Ti doping caused a decrease in the material’s performance
in absorbing microwaves. However, there was an increase in
the absorption point areas and a widening of the absorption
bandwidth. Thus, the material Lag 7CaggMnj_(Niy9Tiy /903
has the potential to become a microwave absorber material at
more varied frequencies.
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