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The present status of knowledge in the field of material physics studies 
and ceramic industry. The article mainly focusing on solid state 
reaction method and sintering temperature effects on structural, 
electrical and optical properties of Sm0.5Ca0.5MnO3. There are plenty 
of studies on doping mechanism using Sm0.5Ca0.5MnO3 but very less 
focusing on sintering temperature effects using divalent compound. 
Solid state reaction method used in the making of divalent compounds 
such as mixing, grinding, and pelleting. The density was calculated 
utilizing the Archimedes Principle, and the porosity level was 
calculated using the usual method. As the sintering temperature rises, 
so does the bulk density and porosity. Scanning electron spectroscopy 
shows clear increasement in grain size as the sintering temperature 
increases. As the sintering temperature rises, so does the resistance. 
Through EDX analysis, the samples were found to have the same 
composition without any contaminants. 
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1. Introduction 

Researchers have been debating perovskite manganite compounds since the last decade due to their fascinating 
characteristics. Sintering is a vital processing step in the production of ceramic materials, and understanding its 
influence on material characteristics is important for the development of sustainable and efficient manufacturing 
methods. A systematic study of the Sm0.5Ca0.5MnO3 manganite has been conducted, mainly to understand the 
influence of sintering temperature on structure, electrical and optical properties in the materials. The solid-state 
reaction technique was used to create the manganese sample Sm0.5Ca0.5MnO3. The Sm0.5Ca0.5MnO3 manganite 
is synthesized in this work to investigate the influence of sintering temperature on a structural term, surface 
morphological, electrical, and optical properties of the manganite composition. Further research into the 
influence of different sintering temperatures on manganite allows for greater comprehension of the alterations in 
structural properties such as crystalline structure and arrangement, as well as surface morphology including as 
grain size, boundaries, density, and porosity [1]. This study will use the sample compound Sm0.5Ca0.5MnO3 to 
evaluate the influence of sintering temperature on the structural, optical, and electrical characteristics of divalent 
manganite.  
         The main objective of this study is to prepare Sm0.5Ca0.5MnO3 sample by using solid state method reaction 
and to investigate the sintering temperature effects on structural properties of Sm0.5Ca0.5MnO3 compound 
under three different temperatures by using x-ray diffraction analysis. To explore the sintering temperature 
effects on electrical and optical properties on Sm0.5Ca0.5MnO3 under three different temperatures (1100°C, 
1150°C and 1200°C) by using point probe method. Solid state reaction method will be used to prepare the 
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Sm0.5Ca0.5MnO3 sample. The Sm0.5Ca0.5MnO3 will undergo processes such as mixing, calcination, grinding, 
pelleting, and sintering. 

2. Method 

Sample with chemical formula, Sm0.5Ca0.5MnO3 has been prepared using solid state reaction method. The 
preparation of the sample process has been described extensively elsewhere. Synthesized of Sm0.5Ca0.5MnO3 in 
this research, contains processes such as grinding, calcination, palletization, and sintering [2]. The first step in 
sample preparation involved weighing the mass of each of the elements accurately, which is Samarium Oxide III, 
Calcium Carbonate and Manganese IV Oxide. The weighing process repeated twice to obtain the accurate mass.  
          The chemical powders mixed homogenously and undergo calcination process at 100°C to remove impurities 
and volatile substances to cause thermal composition. Followed by grinding process to promotes homogeneity, 
increases surface area, and reduces particle size. The powder undergoes calcination process once again at 100°C 
to increase the quality of the sample. Next is the palletization process with a scale of 13mm diameter and 2mm to 
3mm thickness. In the last phase of the sample preparation technique, the taken samples had been sintered for 
twenty-four hours at three different temperatures which is 1100 °C, 1150 °C, and 1200 °C. 

3. Results and Discussion 

The chemicals used to synthesize the sample were Samarium (III) Oxide, Calcium Carbonate and Manganese (IV) 
Oxide powder of high purity (99.9%). Agate mortar, crucible, spatula, digital weighing scale preterm furnace, 
Carver model 3851-0 hydraulic press, Coxem EM-30AX Plus (SEM), four-point probe.  

4. Sample characterization 

To study structural analysis, surface morphology imaging was performed using X-ray diffraction (XRD) and a 
scanning electron microscope (SEM) equipped with energy dispersion x-ray spectroscopy (EDX). The electrical 
and optical properties were analyzed using the four-point probe method and Fourier transform infrared 
spectroscopy analysis respectively. The bulk density of the materials was calculated using the Archimedes 
principle with acetone as the buoyant medium. The bulk density was then calculated using the equation below. 
 

 

where wair represents the weight of the sample in air, Wacetone represents its weight of the sample immersed into 
acetone (buoyant medium), and acetone represents the density of acetone. The formula to calculate porosity is 
shown in equation 2. 
 

 

 

on which ρbulk is the bulk volumetric density of the sample's material derived utilizing Equation 1 and  ρtheoretical is 
the theoretical density of the material computed applying Equation 3. 
 

 
while n' indicates the approximate number of formula units/unit cell, Σ𝐴𝑐 represents the total atomic weights of 
cations inside the formula units, AA indicates the entire atomic weights of anions inside the formula units, 
𝑉𝑐 provides the unit volume of the cell, and NA indicates Avogadro's numbers. To assess the crystallized state for 
the samples, the information on lattice parameter and unit cell volume was examined using the Sigmaplot 
application.  
          Following that, the crystalline structures were identified and designated with miller indices (h, k, l), which 
indicate Bragg's plane. The lattice parameters a, b, and c were calculated using the method described in Equation 
4 [3]. 
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5. Result and Discussion 

 

 

Fig. 1 X-ray Diffraction (XRD) analysis for the sample Sm0.5Ca0.5MnO3 sintered at 1100°C, 1150°C and 
1200°C. 

Table 1 bulk density (ρbulk) and porosity of the sample Sm0.5Ca0.5MnO3 sintered at 1100°C, 1150°C and 
1200°C 

 
Sintering 
temperature, 

°C 

a (Å) b (Å) c (Å) ρbulk, g/cm3 

(± 0.001) 

Porosity, % 

(± 0.01) 
Resistivity 

Ohm m 

1100 5.458 7.720 5.454 4.936 21.89 117.443 

1150 5.459 7.705 5.458 5.287 16.43 117.658 

1200 5.453 7.708 5.451 6.082 4.03 117.870 

 
Higher sintering temperatures gives more ordered structure and improved crystallinity, which may result in 
improved magnetic and electrical properties. Excessive sintering temperatures, on the other hand, may result in 
the formation of secondary phases, which can have a negative impact on the material properties (Teoh, 2022). 
The peak in the graph shows the compound is ceramic. Ceramics are crystalline due to their highly organized 
atomic structure, which is structured in a repeating pattern known as a crystal lattice. The atoms in a ceramic 
substance are densely packed together in a regular and symmetrical pattern.  
          This arrangement produces discrete crystal grains, which gives ceramics their crystalline appearance. 
Sm0.5Ca0.05MnO3 is an orthorhombic structure. The orthorhombic unit cell is identified by three lines of double 
levelness around and this the phone may be turned by 180° not affecting its appearance. The trademark requires 
the points connecting both edges of the unit cell to be accurate points, even though these edges could vary in any 
length. The resistivity increases as the sintering temperature increases. The four-point probe analysis shows 
117.443, 117.658 and 117.870 for 1100°C, 1150°C and 1200°C respectively [4]. 
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1100°C 

 
 

1150°C 

 
 

1200°C 

Fig. 3 SEM images of Sm0.5Ca0.5MnO3 for 1100°C, 1150°C and 1200°C with 5kX magnification. 

 



391 Enhanced Knowledge in Sciences and Technology Vol. 4 No. 2 (2024) p. 387-393 

 

 

          Fig. 3 shows SEM imaging for each specimen at a magnification of 5kX. The SEM pictures indicated that grain 
size increases as the sintering temperature rises, whereas the boundaries of the samples become compact and 
linked, achieving a well-defined grain boundary at 1200°C. Indeed, it may be suggested that increasing sintering 
temperature might enhance particle size and agglomeration because at higher temperatures, grain 
microstructures are decreased, resulting in tightly packed grains. These properties can be seen in the photos 
where there are apparent porosities, this decreases as the sintering temperature increases from 1100°C to 
1150°C.  
          The grain agglomerate rate increases as well until no obvious pore exists that can be seen in the sintered 
sample at 1200°C. These might be explained by grain size rising as temperature rises, as grains try to create larger 
particles. While the information collected through SEM imaging on the number of pores in the sample corresponds 
to the porosity determined by XRD analysis according to the bulk density and lattice parameter, it might be 
assumed that the XRD analysis corresponds with the SEM imaging, as both results show that porosity decreases 
as the sintering temperature rises. This suggested a link between the two analytic approaches, which showed a 
high level of the agreement. 
 

 
1100°C 

Element Weight 
% 

Atomic 
% 

Ca 13.34 12.01 
O 27.29 61.56 

Mn 29.20 19.18 

Sm 30.18 7.25 

Total 100.00 100.00 

 
1150°C 

 

 

1200°C 

Fig. 4 The analysis spectrum EDX 
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          Fig. 4 depicts the analysis spectrum EDX for each sample. Based on the spectra, all the constituent 
components (Mn, Ca, Sm, O) were confirmed to be free of impurities, indicating that the sample was properly 
synthetized. The samples were undergoing three different sintering temperatures are estimated as per to the 
sthoiciometry proportion calculated during sample preparation based on the elemental composition weight 
percentage. when a result, when the sintering temperature rises, the atomic weight of Sm increases [3]. The other 
studies have been done in material physics and ceramic industry [5-11].  
 

6. Conclusion 

In general, increased sintering temperature improves the crystalline structure and surface appearance of the 
manganite complex Sm0.5Ca0.5MnO3. Despite a change in sintering temperature having no influence on the 
crystalline structure, it has previously been seen to modify the specimens' density, grain size, porosity, and 
resistivity. The material's constituent makeup demonstrates that altering the sintering temperature has no 
influence on the sample. The influence of sintering temperature has offered some insight on the structural as well 
as surface modifications to the sample manganite compound during this inquiry. To acquire a better knowledge 
of the influence of sintering temperature on manganite, more inquiry and characterization, such as magnetic 
characteristics and ultrasonic anomaly characterization, are advised. 
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