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Abstract

Keywords

LaFeOj; has been prepared using the solid-state reaction method with High Energy Milling (HEM). The preparation of LaFeO3 was
carried out using stoichiometric calculations. Based on the XRD measurement results, single-phase LaFeO3 with an orthorhombic
crystal structure was obtained. From the SEM results, the morphology of LaFeQOj is uniform, and the EDS results show the weight
percentage of La, Fe, and O elements are 49.74, 21.08, and 29.18 wt%, respectively. VSM LaFeO; results show magnetic saturation,
remanence, and coercivity are 0.24 emu/g, 0.02 emu/g, and 853.38 Oe, respectively, and the absorption of LaFeO; is -7.40 dB at a
frequency of 6.02 GHz with a LaFeO3 sample thickness of 1.5mm.
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1. INTRODUCTION
Magnetic materials are one of the classifications of advanced
materials that contain a combination of iron oxide components
or other metals to form new inorganic crystalline materials
(Phahul Zhemas et al., 2024). This type of material is charac-
terized by good permeability and permittivity values so that it
can interact with complex electromagnetic waves (Deng, 2021).
This magnetic material usually consists of a combination of
rare earth metal elements and transition metals that produce
magnetic properties that can function as an electromagnetic
wave-absorbing material. Perovskite is one of the magnetic
material candidates that has broad potential to be utilized in
various applications in technology such as electromagnetic wave
absorbing materials, sensor materials, etc (Meng et al., 2024;
Wang et al., 2021).

Perovskite have the chemical formula as ABOg. Site A has
a large ionic radius, and site B has a small one. Rare earth
metals have a large ionic radius size, so they are suitable for
inclusion on site A. This is called rare earth perovskite. Ideally,
ABOjg compositions where (A is a rare earth metal cation and
B is a 3d transition metal cation) such as the LFO system (Sub-

udhi et al., 2020; Gomaa et al., 2022). Rare earth orthoferrites
are the subject of recent research for beneficial applications
in various electrode devices, solar cells, permanent magnet
manufacturing, magnetic sensors, microwave absorbers, and
many more (Makoed et al., 2020, 2022; Subudhi et al., 2020;
Phahul Zhemas et al., 2024). These materials exhibit attrac-
tive magnetic and spin reorientation properties and ionic and
electrical defects. In these materials, the small cation B’ is at
the center of the oxygen anion octahedron, and the large cation
’A’ is at the corner of the unit cell (Azouzi et al., 2021; Saikia
et al., 2022).

In the rare earth orthoferrite series, one of them, LaFeOg
is of great interest to be discussed due to its various attrac-
tive features namely, a wide-gap antiferromagnetic insulator
with high Néel temperature (TN~740°C), the coexistence of
coupled ferroelectric and antiferromagnetic arrays, possessing
good thermal properties and chemical properties(Acharya et al.,
20105 Ateia et al., 2021). Previous research by Qiang Li and
Guangzhou Zhu that LaFeOg material shows negative mag-
netic permeability at 2.6-2.8 GHz and negative permittivity
at 0.8-1.2 GHz (Li and Zhu, 2021). The opposing magnetic
permeability and permittivity allow this material to be used in
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Figure 1. (a) Diffraction Patterns of LagOg, FegOsg, and LaFeOg, (b) Refinement Result of LakFeOq
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Figure 2. Morphology of (a) LagOg, (b) FegOg, and (¢) LaFeOg with 10000 times magnification, particle size of (d) LagOg, (e)

FeqOg, and (f) LaFeOg and EDS results of (g) LagOs, (h) FegOg and (i) LakFeOgq
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Figure 3. Hysteresis Curves of LagOg, LagOg and LakFeOg
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Figure 4. Reflection Loss Results of LagOg, LagOg and
LaFeOg

the field of electromagnetic metamaterials. Based on previous
research, LaFeOg has been prepared in various syntheses, such
as the sol-gel method (Subudhi et al., 2020), Sol-gel auto com-
bustion (Coban Ozkan et al., 2020), hydrothermal synthesis
(Kayalvizhi et al., 2022), coprecipitation method (Rianna et al.,
20238), electrospinning (Jeong et al., 2018), solid-state reaction
method (Acharya et al., 2010; Mitra et al., 2018) and vari-
ous other types of synthesized methods (Edianta et al., 2021;
Elmahaishi et al., 2022; Pullar, 2012; Zhang et al., 2022).
This paper presents a comprehensive analysis of LaFeOg
synthesized via the solid-state reaction method employing
High Energy Milling (HEM). Our study aims to elucidate the
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structural, morphological, magnetic, and microwave absorption
properties of LakFeOg, contributing to a deeper understand-
ing of its potential applications across various fields. Through
meticulous characterization and analysis, we endeavor to shed
light on the intricacies of LaFeOg and pave the way for its
enhanced utilization in advanced technological applications.

2. EXPERIMENTAL SECTION

2.1 Materials

The materials used in this study were Lanthanum oxide (LagOsg)
of 99.9% purity and Hematite (@-FeqOg) of 95% purity from
LOBA CHEMIE PVT.LTD.

2.2 Methods

The materials used were weighed according to the stoichiomet-
ric calculation. The material was put into a vial with material-
to-milling ball ratio of 1:5. In this works, the material used was
10 grams, and the ball was 50 grams. The material is then wet
milled for 5 hours at 1000 m/s by adding ethanol. The sam-
ple dried in the oven for 20 hours at 85°C, then compressed
at 4 tons pressure. Hence the sample is sintered for 5 hours
at 1200°C. After sintering, the sample was crushed until 200
mesh sizes and then characterized using XRD (type SmartLab-
Rigaku), SEM-EDX (type Hitachi SU3500), VSM (VSM250),
and VNA (Advantest type R3770 300 kHz-20 GHz).

3. RESULT'S AND DISCUSSION

Table 1. EDS Results of LagOg, FegOg and LaFeOgq

Compound Element Content (Wt%)
La Fe O

LagOg 61.27 - 38.73

FeqOg - 59.14 40.86

LaFeOgq 49.74 21.08 29.18

Table 2. Magnetic Saturation (Ms), Remanence (Mr), and Coer-
civity (Hc) of LagOg, FeqOg, and LakFeOg, Respectively

Name  Ms(emu/g) Mr(emu/g) Hc (Oe)

LagOg 0.06 0.04 867.14

FeqOg 0.92 0.24 1.471
LaFeOgq 0.24 0.02 853.38

3.1 Analysis of Structure

The characterizations of synthesized nanomaterials have been
done using XRD measurement. X-ray diffraction (XRD) analy-
sis is a fundamental method for evaluating phase formation and
crystallinity. The XRD patterns of oxide-based materials such
as LagOg, a-FeyOg, and LaFeOg are shown in Figure 1(a), and
Figure 1(b) is a refinement of LaFeOg. They were prepared
by solid-state reaction using high energy milling (HEM).
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Table 3. Structure and Magnetic Properties of LaFeOg in Previous Work
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Dsc

DSEM

Ms

Mr

Hc

Method (am) (am) (emu/g)  (emu/g) (Oe) Reference
Solid state reaction mixed L onic
by agate mortar, 1400°C 24.8 NA 1.03 0.32 4030 (Mitra et al., 2018)
Sol-Gel Method, 600°C 30.4 NA 0.57 0.04 148.15 (Lin et al., 2018)
Sol-Gel Method, 1000°C NA NA 0.28 0.01 77.78 (Lin et al., 2018)
Sol-Gel Method, 500°C 26.57 846 0.81 0.15 123.41 (Coban Ozkan et al., 2020)
Sol-Gel Method, 850°C 29.69 439 0.57 0.06 79.18  (Coban Ozkan et al., 2020)
Co-Precipitation 24.6 39-77 6.5 0.5 1217.6 (Sasikala et al., 2017)
Co-precipitation 26.93 200 21.93 10.95 185.76 (Rianna et al., 2023)
Solid state reaction by High o) o9 574 5 () 94 0.02  853.38 This work

Energy Milling, 1200°C

Table 4. Reflection Loss Parameters of LagOg, FeqOg, and
LaFeO3

Name  Reflection Loss (dB) F (GHz)
LayOg -25.46 5.83
FeqOgq -24.84 5.83
LaFeOg -7.40 6.02

Figure 1(a) shows the sample’s X-ray diffraction pattern.
In the crystallographic phase, Lanthanum Oxide (LagOg) has
two compounds such as La(OH) 3 with peaks at (020), (111)
and La203 with peaks including (110), (011), (002), (210),
(002), (112), (022), (311). This is consistent and confirmed in
ICSD (ref code. 98-0167480). The crystallographic phase of
iron (II) oxide (FeqOg) confirmed that all peaks belonged to
FeqOg and no impurities were found, this is also by the data
confirmed in ICSD (98-016-1283) and the strongest (100%)
peak (121) of FeyOg was observed at 20 = 33.147. When
LagOg and FeqOg materials are mixed using the solid-state
reaction method with stoichiometric calculations, the LaFeOq
phase is formed. The desired Lanthanum Orthoferrite LaFeOq
crystallographic phase of the sample is confirmed by the ICSD
file (Ref code. 98-015-3536) with space group Pnma (62)
and has an Orthorhombic structure. All the peaks displayed
in Figure 1 closely match LakFeOg. No peaks except LaFeOgq
were detected in the XRD pattern, which can be confirmed
in Figure 1(b). This results from LaFeOg refractoriness. The
strongest (100%) peak (121) of LaFeOg was observed at 26 =
32.196°.

3.2 Morphology and EDS Result

Figure 2 is the morphology and the elemental analysis of
LagOg, FeqOg, and LakFeOg observed using SEM (Scanning
Electron Microscopy) and conducted by EDS (Energy Disper-
sive X-ray spectroscopy).

From Figure 2a-c on morphological observations using
SEM carried out at a magnification of 10,000 times, in the
image LagOg, FeqOg has a tiny particle size and forms agglom-
erates due to its small particle size. Meanwhile, in LaFeOsg,

© 2024 The Authors.

the particle size becomes more extensive. This occurs due to
heating so that particles that were initially small experience
nucleation, which forms a larger particle size or indicates the
formation of a new phase (Liu et al., 2015).

From Figure 2d-f, the average particle size of LagOg, FegOg
and LaFeOg respectively are 450.55 nm, 249.30 nm, dan
5738.95 nm. In Figure 2f it can be seen that the particle size
is crystallized and enlarged due to the formation of new com-
pounds from the precursor materials LagOg and FeqOg into
LaFeOg. This has been confirmed by the XRD refinement
results in Figure 1b.

From Figure 2g-i, the constituent components of each com-
pound have no other elements or impurities. This can be seen
in Table 1, where the weight of each element of each compound
has no other elements present.

In Table 1 it can be seen that the La content in the LagOg
compound is by the stoichiometric calculations that have been
made. Likewise with Fe in the FeqOg compound. So that when
the La content dominates the formation of LaFeOg compared
to Fe. This happens because the atomic weight of La is greater
than Fe so in the weight ratio the element La is greater than Fe
in the LaFeOg compound. This will also affect the magnetic
properties of the LaFeOg compound which will be discussed
in the next subchapter.

3.3 Magnetic Properties

The measurement results of the magnetic properties of LagOs,
LagOg, and LaFeOg, which were tested using VSM, can be
seen in Figure 3.

From Figure 38, the hysteresis curves of LagOg, FeqOg, and
LaFeOg can be seen. The magnetic properties of LakFeOg
have a minimal value of magnetic properties. This is because
LaFeOg is known as weak ferromagnetic (FM) (Huang et al.,
2022a). The magnetic structure of lanthanum orthoferrite
has two intersecting pseudo-cubic face-centered sub-lattices
consisting of FeOG6 octahedral units. This indicates a collinear
arrangement of the two sub-lattices, which gives it weak ferro-
magnetic properties (Huang et al., 2020; Huang et al., 2022a).

Nevertheless, the reduction in particle size led to a fun-
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Table 5. The Amount of Microwave Absorption of LaFeOg that Has Been Done Before

Sample Method Reflection Loss d(mm) References
LaFeOg Sol-Gel -10 dB (X-Band) 3.00 (Huang et al., 2022b)
LaFeOgq Sol-Gel -17.53 dB (Ku-Band) 1.8 (Huang et al., 2020)
LaFeOgq Sol Gel -12.20 dB (Ku-Band) 2.00 (Huang et al., 2022a)
LaFeOg Solid state reaction - 7.40 dB (C-Band) 1.5 This work

damental change in the magnetic order across the particles.
Namely, an uncompensated surface spin is generated by the
increased surface area. More details of the magnetic properties
can be seen in Table 2.

Table 2. Magnetic saturation (Ms), Remanence (Mr), and
coercivity (He) of LagOg, FegOg, andLakeOg, respectively

In Table 2, it can be seen that LagOg has a lower value of
magnetic properties compared to FeqOg. So, when LagOg and
FegOg are combined with the solid-state reaction method, it
will produce theLaFeOg compound.LakFeOg compounds have
new magnetic properties that are between LagOg and FegOg.
This will also affect the amount of microwave absorption dis-
cussed in the next chapter.

In Table 38 is shown the Structure and magnetic properties
ofLaFeOyg in previous work as the comparison to this work.

3.4 Microwave Absorption

The results of the microwave absorption of LaFeOg tested
using VNA with the standard absorption performed at -10 dB
can be seen in Figure 4.

Figure 4 shows the amount of microwave absorption or
reflection loss on theLLaFeOg sample with a sample thickness
of 1.5 mm measured in the frequency range of 4.5-8 GHz
(C-Band). The figure shows the optimum absorption value is
-7.40 dB at a frequency of 6.02 GHz. This indicates that the
microwave absorption capability has a low reflection loss, but
on the bright side, it has a wide bandwidth, as shown in Table
4.

Some comparison of microwave absorption ofLakFeOg ma-
terial with several methods can be seen in Table 5.

ThisLaFeOg material has a bandwidth value, so it is promis-
ing to be used as a candidate for microwave-absorbing materials
(MAMs). However, because the reflection loss value is still not
deep enough, it is necessary to modify the structure to be used
as a MAM material. One way is to substitute rare earth metals
such as Nd, Gd, and Dy for La or other transition metals such
as Mn, Co, and Ni for Fe in the Orthoferrite system.

4. CONCLUSION

In this study, we successfully madelLakFeOg material using a
solid-state reaction method using high energy milling (HEM).
Based on the XRD data, it was found that the single-phaseLakeOg
and no other phases were found, and this was corroborated
based on the refinement results. SEM-EDS results found no
elements other than La, Fe, and O. VSM results show that-
LaFeQy is antiferromagnetic and tested at room temperature.

© 2024 The Authors.

The VNA obtained optimum results on the amount of absorp-
tion of -7.40 dB at 6.02 GHz with a thickness of 1.5mm. Re-
search on perovskite materials still has the potential for further
study. Therefore, developing or modifyinglLaFeOg material
as a microwave-absorbing material is essential. Because this-
LaFeOg material has a broad bandwidth value, it is promising
to be used as a candidate for microwave-absorbing materials
(MAMs). However, because the reflection loss (RL) value is
still not deep enough, it is necessary to modify the structure to
be used as an MAM material.
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