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Abstract. The technology in the field of electronic devices is currently advancing in line with the 

increasing usage by humans. This continuous and growing usage also increases the amount of 

microwave radiation generated. This leads to wave interference that can disrupt the functionality of 

application devices. Absorbing materials are a type of material that functions as a microwave 

absorber. This study engineered lanthanum manganate material, specifically La0.7[X0.95 Y0.05]0.3MnO3 

{XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)}, synthesized using the sol-gel method. The X-Ray Diffraction 

characterization results showed that each sample has a single-phase orthorhombic structure with a 

space group of Pbnm (62). The Scanning Electron Microscope–Energy Dispersive Spectroscopy 

characterization revealed particle morphology with varying particle size distributions on a micro-scale. 

Based on Vibrating Sample Magnetometer results, the samples La0.7[Ca0.95Ba0.05]0.3MnO3 and 

La0.7[Ca0.95Sr0.05]0.3MnO3 exhibit paramagnetic properties, while La0.7[Sr0.95Ba0.05]0.3MnO3 exhibits 

superparamagnetic properties. Through Vector Network Analyzer characterization, it was found that 

lanthanum manganate doped with Ca, Ba, and Sr demonstrated high electromagnetic wave 

absorption capabilities, achieving an absorption rate of 97%–98% at frequencies of 10–10.5 GHz. Thus, 

La0.7[X0.95 Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)} is a potential candidate as a microwave-

absorbing material. 
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  INTRODUCTION 

In recent years, technology has shown rapid advancements, supporting progress in nearly 

every field, such as radar systems, communication networks, automotive tools, medical 

applications, and other applications utilizing electromagnetic waves [1]. Continuous use of 

devices can lead to electromagnetic radiation hazards, causing electromagnetic wave 

interference that may damage the functional components of these devices [2]. Microwave-

absorbing materials play a crucial role in mitigating electromagnetic radiation in various 

applications [3]. Material engineering is employed as an effort to reduce negative impacts 

by developing materials capable of attenuating and absorbing electromagnetic waves by 

converting electromagnetic energy into other forms of energy as needed [4]. The mechanism 

of microwave absorption in a material involves interactions between the waves and the 

material, resulting in a reflection known as reflection loss (RL) [5], [6]. A material is considered 

a high-performance microwave absorber if it can absorb waves within a broad effective 

absorption bandwidth (EAB), covering frequency ranges where the reflection loss (RL) is 

below -10 dB, is lightweight, has good thermal stability, and can be tailored to the desired 

frequency bands for microwave absorption [7].   

Perovskite oxides with the ABO3 structure have gained significant interest due to their 

distinctive characteristics, including high structural stability, low density, heat resistance, and 

excellent electromagnetic properties [8], [9]. To date, studies on the crystal structure and 

electromagnetic properties of perovskites have demonstrated their potential for microwave 

absorption [10]. LaMnO3 is a perovskite material with an ABO3 structure belonging to the 

Pm-3m space group. La occupies the A-site, while Mn occupies the B-site at the center of 

the octahedral framework, coordinated with six oxygen ions  [11], [12]. Lanthanum 

manganate (LaMnO3) has become one of the most extensively developed materials due to 

properties that support wave absorption. Doping at the La site can influence the permittivity 

and magnetic properties, as indicated by the double exchange phenomenon [13]. This 

phenomenon arises when doping at the La site changes the Mn valence state to Mn3+ and 

Mn4+, affecting the material's response to an external magnetic field [14].  

Other studies report that doping with Sr2+ and Sm2+ impacts both dynamic and static 

magnetic properties [10]. The addition of Sr2+ and Sm2+ enhances the natural resonance and 

exchange resonance of the LaMnO3 matrix, thereby improving microwave absorption 

performance [15]. In addition to LaMnO3, CaMnO3 is another promising material due to its 

wide perovskite structure, high thermal stability, and excellent thermoelectric properties [9], 

[16]. CaMnO3, as a dielectric material, demonstrates microwave absorption mechanisms that 

are unaffected by the Curie temperature. Therefore, researchers suggest that this material 

also holds significant potential as a microwave-absorbing material [15]. 

Other perovskite materials such as LSM or lanthanum manganite doped with 

strontium are also widely researched materials because they have distinctive electronic and 

magnetic properties that can be applied to various technological applications [17], [18]. LSM 

has properties such as colossal magnetoresistance and magnetocaloric effect so that it is 

ferromagnetic at room temperature [19]. However, LSM material has one disadvantage, 

namely poor ionic conductivity [20], so it needs to be combined with other elements to find 

the right combination.  
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Research on the material (La0.8Ba0.2)(Mn0.4Zn0.2Fe0.4)O3 with x = 0.2 obtained X-ray 

diffraction pattern refirenement results show that the sample has a single phase. The 

absorption of electromagnetic waves in the frequency range of 8-12 GHz was obtained at 

96%, making it a potential candidate to be applied as an electromagnetic wave absorbing 

material [13]. La0.7Ca0.3Mn1-xTixO3 which was studied using the sol-gel method, obtained VNA 

results that the sample with a concentration of x = 0.3 had the highest absorption ability 

reaching 90.16% and a value of -10.07202 dB at its optimal frequency of 10.4 GHz [21]. Ratna 

Isnanita Admi et al investigated La0,7(Ca1-xSrx)0,3MnO3 (x = 0; 0.1; 0.2; and 0.3) samples 

synthesized using the sol-gel method. It shows that there is an increase in particle grain size 

due to the addition of Sr2+. Microwave absorbing properties in the frequency range of 8-12 

GHz are shown through an optimal absorption peak of about -3.53 dB for the x = 0 sample 

with a thickness of 1.5 mm [22]. 

In this study, we synthesized La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)} 

using sol-gel method to analyze the phases formed, crystal system, morphology and particle 

size, magnetic properties, and microwave absorption properties. We also studied the effect 

of dopant addition to lanthanum manganate at La site on its absorbing ability. 

 

EXPERIMENTAL SECTION  

Materials  

La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)} samples were synthesized by sol-gel 

method. The materials used in this study include La2O3 (Merck, 99,99%), Mn(NO3)2.4H2O 

(Merck, 98,5%), Ca(NO3)2.4H2O (Merck, 99%), Sr(NO3)2 (Merck, 99%), Ba(NO3)2 (Merck, 99%), 

C6H8O7 H2O (Merck, 99,5%), Nitric acid (HNO3), 25% ammonia solution, distilled water, and 

70% alcohol. 

 

Methods 

All materials were weighed first according to the stoichiometric ratio, then each material was 

dissolved with distilled water, especially La2O3 was dissolved using nitric acid (HNO3) to 

become homogeneous with other nitrate-based precursors. Afterward, all solutions were 

mixed based on the samples to be made, namely La0.7[Ca0.95Ba0.05]0.3MnO3, 

La0.7[Ca0.95Sr0.05]0.3MnO3, and La0.7[Sr0.95Ba0.05]0.3MnO3. he mixing of the solution was carried 

out in a fume hood using a hot plate that was heated while stirring until the solution reached 

a temperature of +70°C, ammonia was added to obtain a solution pH of 7 and became a 

gel. 

The samples that have become gels are then put into an oven at 200 °C for ±3 hours 

with the aim of removing the water content in the sample so that the sample becomes a dry 

gel. Next, the calcination process is carried out in a furnace with heat up to 600 °C for 6 hours 

to remove the remaining organic compounds that may still remain. After that, it was 

continued with higher temperature heating to strengthen bonds and crystal formation, 

namely sintering at 1200°C for 6 hours. 

http://issn.pdii.lipi.go.id/issn.cgi?daftar&1523512026&1&&


Al-Fiziya: Journal of Materials Science, Geophysics,                    Vol.7 No. II 2024, 33-47 

Instrumentation and Theoretical Physics                                                                 P-ISSN: 2621-0215, E-ISSN: 2621-489X 

 

36 
 

A series of sample processing processes were then followed by a characterization 

process consisting of X-ray diffraction (XRD) using Cu-Ka radiation (1.5 A) and scanned in 

the 2θ range from angles of 3° to 90° with an increase of 0.02°, this test was carried out to 

determine the crystal parameters and phases formed from the sample. The morphology, 

grain size, alloy composition of the samples was examined using Scanning Electron 

Microscopy - Energy Dispersion Spectroscopy (SEM-EDS) with an accelerating voltage of 20 

kV and magnification up to 20,000 times. The magnetic properties of the material were 

measured using a Vibrating Sample Magnetometer (VSM) with a magnetic field between 0 

and 20,000 Oe at a temperature of 297 K. Then, the final test to determine the absorption 

value of the sample against microwaves through reflection loss (RL) using a Vector Network 

Analyzer whose measurement specifications are in the frequency range of 8-12 GHz with a 

gradual increase of 0.02 GHz. 

 

RESULT AND DISCUSSION 

Crystal Stucture 

La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), dan (Sr,Ba)} material has been synthesized using 

sol gel method in the form of La0.7Ca0.285Ba0.015MnO3, La0.7Ca0.285Sr0.015MnO3, and 

La0.7Sr0.285Ba0.015MnO3. samples. The samples were characterized using XRD by producing 

diffraction patterns showing the phase of each sample as seen in Figure 1. 

 

 

 

 

(a) (b) 
Figure 1. (a) XRD pattern of dari La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)}, (b) 

Diffraction pattern of the sample at the highest intensity. 

  

In the figure, it can be seen that each sample has a single phase without any 

impurities. Figure 1 (b) shows a shift of the highest peak (at 112 hkl) by the LSBMO sample 

to a smaller angular position and a reduced intensity. This is because the substitution of Sr2+ 

and Ba2+ in La3+ causes a change in the lattice parameters to be larger [23]. This result is in 

accordance with Bragg's law which states that a small value will be produced if the distance 

between crystal planes is large. Bragg's law is written in equation (1) as follows: 
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                                                            2 𝑑 𝑠𝑖𝑛𝜃 = 𝑛 𝜆                                                          

(1) 

d is the distance between planes, θ is the diffraction angle, n is the diffraction order (integer), 

and λ is the wavelength of the x-ray used [24], [25]. 

The results of XRD characterization in the form of diffractograms with the relationship 

between the angle 2θ and intensity are then processed quantitatively. The processing uses 

the Rietveld smoothing method with fit parameters that must be met based on the goodness 

of fit value χ2 ≤ 1.3 [26] to obtain the structural parameters of each sample as presented in 

Table 1. 

 

Table 1. Structural parameters of La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)}  

Parameters LCBMO LCSMO LSBMO 

Space Group P b n m (62) 

Lattice Paramaters 

(Å) 

a 5.4709 5.4709 5.5120 

b 5.4597 5.4544 5.4679 

c 7.7152 7.7072 7.7481 

Volume (Å) 230.45 229.99 233.52 

Density (gram/cm3) 6.158 6.149 6.332 

𝐷𝑊−𝐻 (nm) 51.7794 47.2002 40.5756 

𝜀 (%) 0.085 0.068 0.053 

𝐷𝑀𝑛−𝑂(Å) 

𝐷𝑎 1.994 1.9932 2.0039 

𝐷b 1.917 1.916 1.9248 

𝐷𝑐 1.9508 1.9489 1.9593 

𝜃𝑀𝑛−𝑂−𝑀𝑛 

𝜃𝑎 162.307 162.314 162.31 

𝜃𝑏 162.307 162.314 162.31 

𝜃𝑐 162.761 162.745 162.715 

W (%) 9.4784 9.4988 9.3303 

𝜒2 0.9237 0.9221 0.9993 

 

Based on Table 1 above, it is shown that the three samples have an orthorhombic crystal 

system with space group Pbnm (62). The smallest average crystal size is owned by the LSBMO 

sample which is influenced by an increase in the lattice parameter. The crystal size was 

measured using the Williamson-Hall method with the strain of each sample less than 0.1. 

The Williamson-Hall method [27] is written as in Equation (2). 
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                                                      𝛽 cos(𝜃) =
𝐾𝜆

𝐷
+ 4𝜀 sin (𝜃)                                            

(2) 

where β is FWHM, K is constat (0.9), λ is the wavelength of the X-rays used (1.5406 Å), 4ɛ is 

a straightline equation with gradient m. 

The Williamson-Hall method shows a linear relationship between FWHM.cos(θ) and sin(θ) 

and then a graph of the relationship between y = FWHM.cos(θ) and x = sin(θ) is obtained 

through the Least Squares Fit to Straight line approach [27] as shown in Figure 2 (a). 

 

 

 
(a) 

 
(b) 

Figure 2. (a) Williamson-Hall plot, (b) The rhombohedral crystal system La0.7[X0.95Y0.05]0.3MnO3 {XY = 

(Ca,Ba), (Ca,Sr), and (Sr,Ba)}  

 

The rhombohedral crystal system in the sample is visualized as in Figure 2(b). The 

La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)} material is known to experience a 

double exchange mechanism caused by the substitution of divalent ions for trivalent ions, in 

this case the La3+ oleh Ca2+, Ba2+, dan Sr2+. This mechanism causes changes in Mn ions to 

Mn3+ dan Mn4+ which affect the material's response to magnetic fields. The double exchange 

mechanism is also influenced by the Mn-O bond length factor [22], [28]. The average bond 

length (Mn-O) and bond angle (<Mn-O-Mn>) of each sample are LCBMO 1.954 (Å) and 

162.458, LCSMO 1.953 (Å) and 162.458, and LSBMO 1.963 (Å) and 162.445, respectively. 
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Morphology 

SEM-EDS characterization results show the morphology and particle size distribution tested 

using magnification up to 20,000x with an accelerating voltage of 20kV. It can be seen that 

the three samples are homogeneous and the particles are distributed in micrometer size or 

the samples are microparticle materials. The average particle size of our samples is 

represented by measuring 15 grains obtained by ImageJ software measurements resulting 

in an image as presented in Figure 3. 

(a) 

 

 

 

(b) 

 

 

 

(c)  
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Figure 3. SEM magnified sample morphology and particle size distribution of samples (a) LCBMO, 

(b) LCSMO, (c) LSBMO 

The LCBMO sample has an average particle size of 345 nm, the LCSMO sample is 329 

nm, and the LSBMO sample is 340 nm. The histogram presented in the figure is a graph that 

shows the particle size distribution in each sample. In addition to SEM, the samples were 

also characterized using EDS to determine the composition of each element forming the 

sample. EDS testing is also supporting evidence that the sample does not contain other 

phases in the form of impurities or impurities trapped as indicated by the number of element 

compositions is 100%. 
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(b) 

 

(c) 

Figure 4. EDS characterization results on samples (a) LCBMO, (b) LCSMO, (c) LSBMO 

The particle size of the sample has an attachment to the crystal size of the sample. 

This shows that the XRD and SEM test results are related. As summarized in Table 2, the 

particle size and crystal size of the XRD and SEM samples are slightly different. The XRD 

results show that the smallest crystal size belongs to the LSBMO sample while the SEM 

results show that the smallest particle size belongs to the LCSMO sample. 

 

Table 2. Correlation between XRD and SEM-EDS results 

Sample Element Weight (%) Particle 

Size (nm) 

Crystallite 

Size (nm) La Ca Sr Ba Mn O 

LCBMO 42.45 5.47 - 0.43 25.91 25.73 345 51.78 

LCSMO 41.22 5.38 0.64 - 25.37 27.39 329 47.20 

LSBMO 41.03 - 10.15 0.57 24.77 23.49 340 40.58 

 

Magnetic Properties 

Measurement of the magnetic properties of La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and 

(Sr,Ba)} samples was carried out through VSM testing using a 2 T magnetic field at room 

temperature. The test results can be seen in Figure 5. 
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Figure 5. Magnetization graph of La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)} sample 

against magnetic field at room temperature 

 

In Figure 5, it can be seen that the samples have small magnetization properties 

characterized by the absence of hysteresis formed. LCBMO and LCSMO samples have 

magnetic saturation below 20 emu/g, remanent magnetization less than 0.2 emu/g, and 

coercivity fields of only 94.46883 Oe and 107.1359 Oe which makes these two samples 

paramagnetic. The LSBMO sample produces superparamagnetic properties with the 

provisions of magnetic saturation of 43.43736 emu/g, remanent magnetization of 0.216275 

emu/g, and a high coercivity field of 14459.51 Oe. Samples with Sr and Ba substitution 

caused an increase in magnetization value compared to LCBMO and LCSMO samples. Full 

details of the VSM characterization results are in Table 3. 

 

 

 

 

Table 3. VSM characterization results of La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)} 

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

LCBMO 12.91142 0.187037 94.46883 

LCSMO 15.7618 0.167262 107.1359 

LSBMO 43.43736 0.216275 14459.51 

 

The addition of Ca2+, Ba2+, dan Sr2+ ions on La3+ site causes an interaction called 

Double Exchange, which is the change of Mn3+ to Mn3+ and Mn4+ [29], [30]. However, 

apparently it does not have a significant effect on its magnetic properties or DE interactions 

that occur are weak so that the ferromagnetic magnetic regularity is also reduced. 
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The VNA characterization results show the level of ability of the La0.7[X0.95Y0.05]0.3MnO3 {XY = 

(Ca,Ba), (Ca,Sr), and (Sr,Ba)} sample in absorbing electromagnetic waves. The measured 

frequency values in the X-band range (8-12 GHz) and reflection loss (RL) for each sample are 

then connected in the form of absorption curves in Figure 6 based on the Through Power 

formula in Equation (3) [31]. 

        𝑇ℎ𝑟𝑜𝑢𝑔ℎ 𝑃𝑜𝑤𝑒𝑟 (%) = 100 × (1 − |Γ|2)                                            (3) 

 

Figure 6. The absorption curve of La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)} 

 

Based on Table 4, the La0.7[Ca0.95Sr0.05]0.3MnO3 or LCSMO sample has the highest 

microwave absorption ability at the optimum frequency of 10.5 GHz, the RL value reaches -

17.94 dB. These results are also supported by the analysis of the physical properties of VNA 

in the form of resistance and reactance values used to obtain impedance and reflection loss. 

The most visible negative reflection loss value is found at a resistance of 57.71 Ω and the 

minimum reactance is the smallest. 

 

Table 4. VNA characterization test results of La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and (Sr,Ba)} 

Parameters LCBMO LCSMO LSBMO 

Frequency (GHz) 10.32 10.5 10.42 

RL (dB) -15.76 -17.94 -17.04 

Resistance (Ω) 45.35 57.71 44.20 

Reactance (Ω) 15.09 -11.35 12.03 

|Γ| 0.16 0.13 0.14 

Through Power (%) 97.44 98.31 98.04 
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However, this study of lanthanum manganate doped with Ca, Sr, and Ba on the La 

side resulted in an evenly good absorption capability, reaching 97% - 98%. However, it can 

be further developed based on innovative technical and methodological considerations so 

that these materials can have the opportunity to become real microwave absorbing 

functional devices.   

 

CONCLUSION 

Based on the research, it can be seen that La0.7[X0.95Y0.05]0.3MnO3 {XY = (Ca,Ba), (Ca,Sr), and 

(Sr,Ba)} material has been successfully synthesized using sol-gel method. XRD analysis 

showed an orthorhombic crystal structure (Pbnm(62)). The addition of Ca2+, Ba2+, and Sr2+ 

ions did not change the structure but changed the lattice parameters, volume, and crystallite 

size. The surface morphology of the sample characterized using SEM shows that 

La0.7[Ca0.95Sr0.05]0.3MnO3 has the smallest particle size of 329 nm. Then the EDS results state 

that La0.7[Ca0.95Ba0.05]0.3MnO3, La0.7[Ca0.95Sr0.05]0.3MnO3, and La0.7[Sr0.95Ba0.05]0.3MnO3 all 

compositions have been evenly distributed without any trapped impurities. VSM results 

show that the addition of Sr2+ and Ba2+ in one formula can increase magnetization so that 

LSBMO has super-paramagnetic properties, while LCBMO and LCSMO are paramagnetic. 

The VNA test displays the effective microwave absorption capability for all three samples 

which managed to reach Through Power 97% - 98%, while the highest capability is owned 

by the LCSMO sample with RL -17.94 dB at the optimal frequency of 10.5 GHz.       
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