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Abstract

Microwave radiation can have harmful effects on our bodies. With increased exposure due to online activities, it is
essential to use absorber materials like perovskite manganate to reduce radiation. In this study, perovskite
manganate Laa-xBax:Srx2MnoaTiosOs (x = 0, 0.1, and 0.3) was synthesized using the sol-gel method. X-ray
diffraction (XRD) analysis revealed that the two samples were multi-phased, LaMnQOs and La:Ti2O7, and were
formed, exhibiting a rhombohedral crystal structure (R -3 c). Morphological characterization of the sample surface
using a Scanning Electron Microscope (SEM) showed that as doping increases, the grain size decreases from 282.02
to 245.63 nm at x=0 and x=0.3, respectively. This result implies that doping leads to more uniform grain distribution
and enhanced grain refinement. Characterization via Vibrating Sample Magnetometer (VSM) revealed that the
maximum saturation value, 0.79 emu/g, was attained when x = 0. This sample exhibits soft magnetic properties, as
evidenced by its coercivity (Hc) value of < 1kOe. Results from the Vector Network Analyzer (VNA) indicate that the
absorption capacity of Laa-Bax2Srx2Mno.4TiosOs increases, with a maximum reflection loss value of -25.5 dB with
1.5 mm thickness. Consequently, Laa«Bax:Srx2MnoaTiosOs demonstrates potential as a microwave absorber
material.
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INTRODUCTION

The continuous and prolonged use of electronic devices emits electromagnetic wave
radiation, which has the potential to adversely affect the functionality of specific organs in the
body [1,2]. This concern can be solved by employing electromagnetic wave-absorbing materials.
These materials have the capability to transform electromagnetic wave energy into other energy
forms, thereby shielding objects from undesired electromagnetic wave exposure [3,4].

Akinay et al. [4] summarize the electromagnetic wave absorber's mechanism by attenuating
incoming electromagnetic waves through a combination of reflection, absorption, and
transmission at the molecular level. When an electromagnetic wave encounters an absorber
material, the incident energy is converted into heat, reducing amplitude. This conversion
process can be understood by examining the various interactions between the electromagnetic
wave and material interfaces. The absorptive performance of the material is quantified by the
reflection loss value, expressed in decibels; a more negative reflection loss signifies better
absorption. Dielectric materials exhibit conduction and polarization losses due to ionic, dipole,
and interfacial polarization, with the free electron theory explaining the increase in conductivity
as a function of the imaginary part of the permittivity.

Furthermore, when considering materials with a magnetic component, the significance of
the magnetic loss in the absorption becomes crucial. Magnetic loss results from mechanisms like
the eddy current effect and resonance phenomena, including exchange and natural resonance.
The absorption efficiency can be elucidated using the energy-component law, which categorizes
electromagnetic wave energy into incident, transmitted, and reflected components. This
emphasizes the dynamics of energy propagation through the absorber [4].

Extensive research has focused on altering the composition of manganate perovskite to
develop an electromagnetic wave absorber material with notable characteristics such as
reflectance, particle size, and absorption thickness [5,6]. The architecture of lanthanum
manganate, denoted by the chemical formula LaMnOs, has been tailored to enhance its magnetic
and electrical properties. This improvement is achieved by substituting the La site with 2+
charged alkaline earth ions, such as Ba*, Sr**, and Ca?. These substitutions facilitate a double
exchange interaction, causing a transition in the magnetic properties of La-based materials from
antiferromagnetic to ferromagnetic. Furthermore, doping the Mn site with transition metal
elements can introduce novel electronic states within the bandgap, thereby altering the
material's electronic and magnetic properties[7-12].

Nevertheless, this leads to a reduction in magnetic properties due to a diminished Mn3*
content. The material's absorptive capability reflects its ability to assimilate electromagnetic
waves emitted within specific frequency ranges. Microwave absorption transpires from the
wave-material interaction, yielding a reflection loss effect. Reflection loss (RL) quantifies the
attenuation caused when electromagnetic waves impinge on a sample. This RL value,
representing wave absorption at a specific frequency and thickness, is derived from Vector
Network Analyzer (VNA) characterization.

Chen et al. demonstrated that LaTiOs exhibits a high dielectric constant when substituted
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with Mn at site A [13]. Subsequent research indicated that replacing Ti at site B in LaMnOs
results in a high dielectric constant [13-15]. Fira et al. synthesized LaosCaosMni«xTixOs materials
(x=0,0.1, 0.2, and 0.3), noting the highest Reflection Loss (RL) value when x = 0.3, registering
RL -10.07 dB at a frequency of 10.4 GHz, corresponding to microwave absorption of
approximately 90.16% [16]. Li et al. analyzed La@-SrxMnOs for x = 0.4 and a thickness of 2.25
mm, identifying an optimal absorption peak around 25 dB [16]. Adi [17] synthesized the
material Laa-yyBayMnO:s (y = 0-0.7) and reported its ferromagnetic nature, with peak absorption
observed when x = 0.2 at a frequency of 14.4 GHz, registering 7 dB. While prior research has
involved doping lanthanum with barium and strontium, there remains a gap in the literature
concerning using La(Mn, Ti)Os as the foundational material and subsequent doping at the La
site with both Ba and Sr. In this study, LagxBax2Srx2Mno4TiosOs (x = 0, 0.1, 0.3) was successfully
synthesized via the sol-gel method, examining the dual-doping effects of Sr and Ba
incorporation on the crystal structure, morphology, magnetic properties, and, ultimately,
microwave-absorbing capabilities.

METHOD

Laa-Bax2Srx2Mno4TiosOs samples with x =0, 0.1, and 0.3 were synthesized using the sol-gel
method. The materials used in this study are La:0s (Merck, 99%), Mn(NOs)2.4H20 (Merck,
98.5%), Ba(NOs)2 (Merck, 99%), Sr(NOs)2 (Merck, 99%), TiO2 (Merck, 99%) which were then
weighed according to the required ratio stoichiometry and dissolved thoroughly with aquadest,
except La20s and TiO2 must be converted into metal nitrates by reacting them with Nitric acid
(HNO:s). All solutions were mixed to form a homogeneous solution and then stirred while
heated to a gel-like form. Meanwhile, around +70 °C, ammonia was added until the solution
reached a pH of 7. The next step involved placing the sample at 200 °C for + 1.5 hours until it
transformed into a dry gel to eliminate moisture.

Subsequently, the sample was calcinated in a furnace heated to 600 °C for 6 hours to
eliminate organic compound residues and was followed by a sintering process at 1200 °C for 6
hours to enhance crystal bonding and foster crystal formation. The samples were first
characterized using X-ray diffraction (XRD) to identify the resultant phase and crystal
parameters. The XRD utilized Cu-Ka radiation (Acuxa = 1.54 A) and scanned over a 20 angle
range from 10° to 80° in increments of 0.02°. The sample morphology and grain size were then
examined using a Scanning Electron Microscope (SEM), operating at a magnification of 20,000x
and an accelerating voltage of 20 kV. The material's magnetic properties were ascertained using
a Vibrating Sample Magnetometer (VSM) at 297 K, with a magnetic field between 0 and 20,000
Oe. Lastly, a Vector Network Analyzer (VNA) assessed the absorption and RL values of the
magnetite powder. The VNA functioned within an 8-12 GHz frequency range with 0.02 GHz
increments. Samples were placed in an acrylic holder with dimensions 2.5 cm x 1.5 cm with a
1.5 mm thickness.

RESULTS AND DISCUSSION

XRD characterization revealed that the material Laa-Bax25-2Mno4TiosOs is multiphasic, as
evidenced by impurity peaks. To identify the correct structure crystal, it is used the Goldschmidt
tolerance (tc) [18] formula with doping form as equation (1)

X
- (1_x)rLa+§(rBa+TSr)+TO
G ™ V2[04ryn+0.6T7i+T0]

ey
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where r represents the atomic radius. Substituting for x values of 0, 0.1, and 0.3 yielded tG values
of 0.95, 0.96, and 0.97, respectively. These values suggest that the incorporation of Ba* and Sr?
dopants into the LaMno4TiosOs material does not alter the fundamental crystal structure, which
retains either an orthorhombic or rhombohedral configuration (0.9 < tG < 1) [19]. Utilizing the
COD database [20-23], it matches LaMnQOs (96-153-1527) and La:Ti207 (96-200-2197) based on
peak intensity and position under XRD observations. The X-ray diffraction pattern of the Laq-
wBax2Srx2Mno4TiosOs material, depicted in Figure 1(a), exhibits multiphasic characteristics, with
the primary phase being LaMnOs and the secondary phase as La:Ti207. This observation aligns
with the research findings of Pika [14], Wisnu [6], and Hanif [24]. Figures 1(b) and 1(c) illustrate
the crystal structures of LaMno4TiosOs and La:Ti20y, respectively. The XRD characterization's
diffraction pattern outcomes were subsequently analyzed in greater detail using Rietveld
refinement in GSAS-EXPGUI [25], with results summarized in Tables 1 and 2.

Table 1 reveals that substituting Ba and Sr into the LagwBax2Srx2Mno4TiosOs material
predominantly retains the original crystal structure. However, there is an observed
augmentation in the lattice parameters attributable to the doping at the A site, where Ba?" and
Sr>* ions occupy the La3+ sites. Notably, the ionic radii of Ba?* (1.61 A) and Sr>* (1.44 A) exceed
that of La®* (1.36 A). Such A-site doping also amplifies the bond length between Mn and O while
diminishing the bond angle. This doping suggests a propensity for the perovskite LaMnO:s to
undergo a structural transition towards an orthorhombic configuration. Nevertheless, given the
relatively minor value alterations, the overall structure remains unaltered. It is worth noting
that such structural transitions can potentially influence the material's thermal properties [26].

The crystallite size was determined using calculations based on the Williamson-Hall
method[27], given by the equation (2):

B cos 6 =X 4 4esing, (2)
Dw-y
where {3 is the Full Weight Half Maximum (FWHM) of the diffraction peak at position 20, ¢ is
strain, Dw-n is the crystallite size (nm), K is the constant corresponding to the crystal form (0.9),
and Acu is the wavelength (Cu = 0.154 nm).
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Figure 1. (a) XRD Pattern of Laa-wBax2Srx2Mno4TiosOs (x =0, 0.1, 0.3), (b) Crystal Structure of
LaMno4Ti060s, and (c) La2Ti207

Table 1. Structure Parameters of LaaxBax2Srx2Mno4TiosOs (x =0, 0.1, 0.3)

Lag-»Bax2Srx2Mno.aTiosOs La2Ti207
Parameter
x=0 x=0.1 x=03 x=0 x=0.1 x=03
Space Group R-3c Pna2l
Crystal System Rhombohedral Orthorhombic
a(A) 5.527 5.546 5.544 25.701 25.665 25.786
b (A) 5.527 5.546 5.544 7.813 7.833 7.806
c(A) 13.405 13.472 13.579 5.540 5.546 5.682
Volume (A3 354.908 358.817 361.528 1112.638 1114.979 1143.769
Density (g/cm?3) 6.675 6.525 6.330 5.798 5.786 5.378
Weight Fraction (%)  61.084 68.553 98.502 38.916 31.447 1.498
(dyn—-o0) (A) 1.95 1.97 1.98
(Omn—o-mn) © 174.6 163.9 161.7
Dy _y (nm) 47.81 92.44 38.52
e (%) 0.395 0.205 0.177

SEM analysis reveals the morphology and grain size of the material, as depicted in Figure
2. Particle shapes are predominantly irregular, with their relatively diminutive sizes attributed
to La2Ti207 impurities. The SEM images were further analyzed using ImageJ2 [28] to measure
the average grain size of each sample. It was selected 30 points from each sample and calculated
their distribution, with the results in Table 2.
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Table 2. Crystallite, Grain Size
Lag-xBax2Srx2MnosTiosOs (x =0, 0.1, 0.3)

Grain Si
Doping  Crystallite Strain r?;lr:n)lze
Si 9
* ize (nm) (%) Mean STD
0 47.81 0.395  282.02 78.57
0.1 92.44 0.205  257.77 63.12
0.3 38.52 0.177  245.63 79.76

Figure 2. Morphological Results of SEM Lag-yBax2Srx2Mno4TiosOs
with (a) x=0, (b) x=0.1, and (c) x=0.3

Sitti Ahmiatri Saptari, et al
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Table 2 illustrates the effects of doping concentration, denoted by 'x', on the crystallite size,
strain, and grain size of LaaxBax2Srx2Mno4TiosOs perovskite structure. A discernible trend
emerges upon increasing the doping concentration. With no doping (x=0), the crystallite size is
observed to be 47.81 nm, which increases significantly to 92.44 nm for a doping concentration
of 0.1. However, further increasing the doping level to 0.3 decreases crystallite size to 38.52 nm.
Such non-linear behavior might stem from intricate dopant-lattice interactions, hinting at an
optimal doping concentration, seemingly near x=0.1, that maximizes the crystallite size.
However, more rigorous exploration is essential at escalated doping levels and in producing a
single-phase crystal to corroborate this observation. In terms of strain, an inverse relationship
with doping concentration is evident. Strain decreases consistently from 0.395% at x=0to 0.177%
at x=0.3. This decrease suggests that introducing Ba and Sr dopants can effectively relieve lattice
strain in the material, enhancing its structural stability.

The grain size exhibits a decreasing trend as doping increases. The average grain size
decreases from 282.02 to 245.63 nm at x=0 and x=0.3, respectively. Concurrently, the standard
deviation (STD) values indicate a general decrease in grain size dispersion with increased
doping, reaching their lowest at x=0.1 before slightly increasing at x=0.3. This data implies that
doping leads to more uniform grain distribution but with an increase in overall grain refinement.
The grain size in polycrystalline materials influences the electron transfer process; smaller grain
sizes result in more complex electron transfer, leading to increased resistivity within the
material.

0.8
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Figure 3. Hysteresis Curve Lag-xyBax2Srx2Mno4TiosOs3

Table 3. Magnetization Parameter Data Lau-yBax2Srx2MnoaTiosOs (x =0, 0.1, 0.3)

Doping x Ms Mr Hc
(emu/g) (emu/g)  (Oe)
0 0.79 0.03 434.15
0.1 0.73 0.04 497.00
0.3 0.75 0.03 463.07

Analysis of the hysteresis curve depicted in Figure 3 suggests a magnetic phase
transformation, underscored by the material's saturation, remanence, and coercivity values
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detailed in Table 3. As evident from Table 3, the Lag-xBax2Srx2Mno4TiosO3 material can be
classified as a soft magnet due to its coercivity value being less than 1 kOe. In the range x =0 to
0.1, the material's permeability diminishes upon introducing Ba and Sr, manifested as a
reduction in the saturation field. As posited by Yadav et al. and Navin et al., a decrease in
crystallite size correlates with a reduction in magnetic saturation. This phenomenon is
attributed to lattice irregularities, especially structural relaxation, which significantly drive
magnetic changes in such fine particles [29-31].

However, when x = 0.3, there is an observed increase in permeability, evidenced by the
heightened value of the saturation field compared to x = 0.1. As suggested by Orgiani et al.,
doping can modify the electronic structure of a material, which subsequently impacts its double-
exchange interactions and, by extension, its magnetic properties [32]. In this case, the
fluctuations in permeability can be attributed to disruptions in the double-exchange interaction
between Mn* and Mn*. Additionally, the X-ray diffraction patterns indicate that the structures
for compositions x = 0 and 0.1 contain a more substantial proportion of impurity La:Ti2Ov.
Research by Amor et al. and Jacko et al. has demonstrated that La2Ti2O7 phases are non-magnetic,
leading to diminished permeability values [33,34].

The investigation results from the VNA reveal a Reflection Loss (RL) curve for microwaves
within the X-band frequency range (8-12 GHz). Figure 4 displays a singular absorption point,
calculated using the Through Power formula presented in equation (3), where I represents the
reflection coefficient and is given by I' = 108/,

Through Power (%) = 100 x (1 — |T|?) (3)
10 -
)
2 151 i
— :
& .
-20 - ]
-25 ; x=0
ceeex=01
------ x=03
-30 . . :
8 9 10 1 12

Frequency (GHz)

Figure 3. Graph of the Combined Relationship of Reflection Loss with the Frequency of
LagaxBax2Srxv2Mno.4TiosOs

Based on Table 4, the absorption capability of LaaxBax2Srx2Mno4TiosOs appears to enhance
with increasing Ba and Sr dopant composition. The peak RL value reaches -25.5 dB at an optimal
frequency of 10.56 GHz for x = 0.3. Additionally, the VNA's analysis of physical properties
yielded reactance and resistance values, which were subsequently used to derive impedance
and reflection loss values. The most pronounced negative reflection loss is achieved when the
resistance approaches 50 €, coupled with minimal reactance.
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Table 4. VNA Characterization Results at Maximum Reflection Loss of
Lag-xBax2Srx2MnosTiosOs (x =0, 0.1, 0.3)
Lag-vBax2Sry2MnoaTiosOs

Parameters

x=0 x=0.1 x=0.3
Frequency (GHz) 10.56 10.54 10.56
Reflection Loss (dB) -14.5 -17.5 -25.5
Resistance () 34.641 38.372 45.020
Reactance () 4.674 1.675 0.688

Z 34.641+i4.674 38.372+i1.675 45.020 +i0.688
[T 0.189 0.133 0.053
Through Power (%) 96.45 98.22 99.72

The diverse results presented raise several concerns. One relates to the phases formed
during synthesis, as evidenced by XRD characterization, and the consistency in particle size as
depicted by SEM imaging. Creating materials with a singular phase and a consistent, small grain
size is vital. Such a strategy ensures that the properties of the sample under investigation remain
unadulterated by external factors or contaminants. Among the three sample types (x = 0, 0.1,
and 0.3), only x = 0.3 showcases a singular phase marked by a superior RF value compared to
its counterparts. Conversely, x = 0.1 exhibits crystal and particle size variations relative to the
others. While several studies employing the same synthesis method report the existence of
similar impurities [6,14,15,24], the VNA data compellingly highlights the influence of x doping.

Table 5. Comparative Analysis of Reflection Loss in Various Manganate Perovskite Materials

Material Thickness Frequency Reflection Loss References
(mm) (GHz) (dB)

LaMno4Ti060s 1.5 10.56 -14.50 This work
LaosBao.0sSro.osMno4TioeOs 1.5 10.54 -17.50 This work
Lao.7Bao.155r0.1sMno.4Ti060s 1.5 10.56 -25.50 This work
LaosBao2MnosFeo.1Tio.10s 1.5 10.5 -24.00 [35]

Lao.sSrosMnQOs 2.25 9.5 -25.00 [36]

Lao7CaosMnosTios0s 1.5 104 -10.07 [15]

LaosCaosMnOs 1.5 10.44 -3.53 [37]

Lao.7(Ca09510.1)03MnOs 1.5 10.42 -3.11 [37]

Table 5 highlights reflection loss values for distinct perovskite materials. The primary
compound under consideration, LaozBao.15Sro.1sMno4TiosOs, registers an impressive -25.50 dB at
10.56 GHz. This result indicates the compound's potential as an effective electromagnetic wave
absorber. Nonetheless, comprehensive engineering considerations, including design and
development, are essential to transition this material into a functional electromagnetic absorber
device. With innovative strategies and methodologies, there is an opportunity to refine the
material's attributes, paving the way for a more practical solution in real-world electromagnetic
absorption scenarios.

Nevertheless, Further research is essential to produce Lau~Bax2Sr«2Mno4TiosOs samples
consistently exhibiting a singular phase for each x variation, including at elevated x values. This
endeavor might benefit from implementing a different synthesis approach [38].
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CONCLUSION

Lag-~Bax2Srx2Mno4TiosOs was successfully synthesized with compositions of x =0, 0.1, and
0.3 using the sol-gel method. XRD analysis revealed a rhombohedral structure (R -3 c) in the
sample, with an increase in the primary phase composition as the value of x increased. The
substitution of Ba?* and Sr?* ions did not alter the structure but changed the lattice parameters,
volume, and crystallite size. Morphological characterization of the sample surface showed that
as doping increases, the grain size decreases from 282.02 nm to 245.63 nm at x=0 and x=0.3,
respectively. This result implies that doping leads to more uniform grain distribution and
enhanced grain refinement. VSM analysis showed that doping Ba and Sr at the La site decreased
magnetic properties; however, when x = 0.3, there was an increase in the saturation value
relative to when x = 0.1. This material exhibits soft magnetic properties, as evidenced by a
coercivity value (Hc) of <1 kOe. VNA characterization indicated that the highest reflection loss
value, with an RL of -25.5 dB at an optimal frequency of 10.56 GHz, was achieved when x = 0.3.
Consequently, Laa-vBax2S1x2Mno4TiosOs shows potential as a microwave absorber material.
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