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Abstract: The effect of sintering temperature on the structure, magnetic transition and magnetic entropy of La0.6Ca0.4MnO3 
manganite was studied. It was observed that this compound belongs to the orthorhombic structure with the Pnma space group 
without any impurity phase. The effect of sintering temperature on the Curie temperature (TC) was studied. The small increment in TC 
is found with increasing the sintering temperature. The magnetocaloric study exposes a quite large change of the magnetic entropy, 
which varies with sintering temperature. For an applied magnetic field of 3 T and sintering temperature of 1300 °C, the relative 
cooling power (RCP) is 89 J/kg. As a result, the studied compound can be considered as potential material for magnetic refrigeration 
near and below room temperature. 
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1 Introduction 
 

Magnetic refrigeration has been paid much attention 
in recent years due to its high energy efficiency and 
being environment friendly, in contrast to the traditional 
gas-compression refrigeration technology [1,2]. More 
recently, an interesting property has been found in the 
manganites near the Curie temperature, the 
magnetocaloric effect (MCE) for refrigeration [3]. The 
phenomenon was firstly observed by WARBURG [4] in 
1881. In ferromagnetic manganites, the magnetic spins 
align with an applied magnetic field, reducing the 
magnetic entropy of that spin system. If this process is 
performed adiabatically, this reduction in the spin 
entropy is accompanied by an increase in the lattice 
entropy. And then the temperature of the material rises. 
In contrast, when the field is removed, the spins tend to 
randomize, increasing the magnetic entropy and lowering 
the lattice entropy and the temperature. The possible use 
of the MCE at near room temperature requires the 
exploration of new kind of magnetic materials [5]. Most 
important requirements for magnetic refrigeration are 
large magnetic entropy change, magnetic phase transition, 

and Curie temperature near room temperature. The giant 
MCE in the pseudo-binary alloy Gd5(Si−Ge)4 in the 
range of 50 to 280 K [6,7] and at about 300 K has been 
measured in MnFeP(O0.45As0.55) [8]. Gd based materials 
are considered for a large magnetocaloric effect near its 
Curie temperature (293 K) [9,10]. Although they are 
good candidates for magnetic refrigeration, they are 
limited either by the dangerous pnictides used in their 
fabrication or by expensiveness. In recent years, various 
types of ferromagnetic manganese oxides have attracted 
attention as alternative candidates to replace Gd for this 
purpose [11,12]. 

In this work, the experiment was carried out on the 
bulk polycrystalline samples of La0.6Ca0.4MnO3 
manganite. the effects of sintering temperature on 
structure, magnetic and magnetocaloric properties of 
La0.6Ca0.4MnO3 manganite were investigated. The MCE 
properties of the samples were analyzed by computing 
the magnetic entropy change using magnetization data. 

 
2 Experimental 

 
Polycrystalline sample of nominal composition 

La0.6Ca0.4MnO3 was fabricated by using standard 
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solid-state reaction procedure under ambient condition. 
Stoichiometric amounts of high-purity analytical grade 
(99.99%) La2O3, CaO and Mn2O3 powders were mixed 
by ball-mill process for 24 h in ethanol medium. The 
mixed powder was first calcined at 950 °C in air for 10 h 
and then heated up to 1050 °C for 10 h. After grinding, 
mixed powder was pressed into pellets and sintered at 
1000 °C for 20 h and cooled down to room temperature. 
This sintering process was repeated at 1100, 1200,    
1300 °C for 20 h. The structure and phase purity of the 
sample were checked at room temperature by means of 
X-ray diffraction (XRD) using Phillips X’pert (MPD 
3040) X-ray diffractometer with Cu Kα radiations 
(λ=0.15406 nm) operated at voltage of 40 kV and current 
of 30 mA. The morphologies of grain boundaries and 
surfaces were investigated by scanning electron 
microscope (SEM-JSM5610). The magnetic measure- 
ments in the temperature range of 100−350 K with a 
frequency of 40 Hz were performed on a quantum design 
vibrating sample magnetometer PPMS-6000 VSM. 
 
3 Results and discussion 
 

The results of the X-ray diffraction (Fig. 1) of 
La0.6Ca0.4MnO3 sample sintered at various temperatures 
indicate that all the samples have single phase without a 
detectable secondary phase. The absence of any kind of 
impurity phase suggests the complete reaction among the 
reactants during the sintering process. As the sintering 
temperature increases, the increase in the crystallinity is 

 

 

Fig. 1 XRD patterns of La0.6Ca0.4MnO3 samples sintered at 
various temperatures 
 
found, as shown in the XRD patterns. 

All the observed XRD peaks were indexed to the 
orthorhombic structure with Pnma space group using 
powder-X software, which matches very well with the 
PDF card No. 89-8080. The SEM image (Fig. 2) reflects 
a smooth polycrystalline structure with inhomogeneous 
grain size distribution. By increasing the sintering 
temperature, the average grain size increases. 

The temperature dependence of magnetization for 
the samples was measured at the constant field of 0.5 T, 
as shown in Fig. 3. The Curie temperature (TC), defined 
by the maximum in the “absolute value” of dM/dT, has 
been determined from the magnetization versus 

 

 
Fig. 2 SEM images of La0.6Ca0.4MnO3 samples sintered at various temperatures: (a) 1000 °C, (b) 1100 °C, (c) 1200 °C, and (d)  
1300 °C 
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