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 Abstract: Samarium substituted cobalt ferrite CoFe2-xSmxO4 with concentration of  
x = 0, 0.05 and 0.15 were prepared using conventional solid-state ceramic method. 
Prepared samples first calcined at 900oC for 4 hours and then sintered at 1150 oC for 
4 hours. The X-Ray powder diffraction data analysed to identify the phases present 
in the crystalline ceramic. An additional phase of Sm-Fe-O was observed for the 
sample at x = 0.15. Lattice parameter, strain and saturation magnetization found to 
be decreasing whereas crystallite size and coercivity found to be vary with samarium 
content. Decrease of Curie temperature attributed to the decrease of exchange 
interaction among tetrahedral or octahedral ions due to samarium content. 
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 Introduction  

Rare earth doped cobalt ferrite shows changes in structural, magnetic 

and other absorption characteristics.1 Doping rare earth metals with higher 

ionic radii in spinel cobalt ferrites can cause changes in crystallite sizes and 
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lower particle size.2 Traditional rare earth metals replace iron, as it is the 

general practice and lead to distortion or strain in spinel ferrites.3 This results 

in moderating magnetic properties depending on the individual magnetic 

moments.4 Dilution of magnetic moments further effects the exchange 

interactions, lowers Curie temperature and acquires ability to tailor the 

material for desired application.   

Samarium has tendency to occupy octahedral sites and its presence 

lowers the net magnetic moment. The use of samarium in Ni-Co ferrites 

lowers the saturation magnetization due to lowering of exchange interaction 

among the ions.5 Cobalt ferrite with strong magnetic behavior due to high 

coercivity, high Curie temperature, magneto crystalline anisotropy and 

mechanical harness. The use of samarium in cobalt ferrite replacing iron can 

result in lowering the magnetic properties, and Curie temperature. In present 

investigation, we attempted to investigate the effect of samarium on magnetic 

properties and Curie temperature in CoFe2−xSmxO4. 

   Experimental 

Polycrystalline CoFe2−xSmxO4 ceramics were prepared using 

conventional solid state sintering technique. Raw materials of cobalt oxide, 

ferric oxide and samarium oxide  are used in stoichiometry proportional and 

thoroughly mixed, calcined in powder form at 900 °C for 4h. The powders 

were again grinded and sintered at 1150 °C for 4 h to obtain 

CoFe2−xSmxO4 (for x = 0, 0.05, 0.15). The XRD phase examined by using 

Bruker D8 SSS X-ray diffraction diffractometer (XRD) using Cu-Kα 

radiation. The microstructures of samples were characterized with a scanning 

electron microscope (SEM) (JEOL JSM-5600, Tokyo, Japan). Magnetic 

measurements were carried out using a 9 T PPMS based VSM (Quantum 

Design). 
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Results and Discussion 

Figure 1 (a) shows the XRD pattern that show sharp and well-defined 

peaks for polycrystalline Sm-doped Cobalt ferrites (x = 0, 0.05).  

Polycrystalline nature of the samples is evident from the existence of main 

peaks in spinel ferrites across the diffraction angle. It appears that 311 peak 

appears to be shifting slightly towards lower angles (2θ) values with increase 

in Sm content. This indicates that Sm with higher ionic radii (rSm = 0.94 Å) is 

incorporated into spinel matrix replacing iron with (rFe = 0.64 Å). The 

displacement of ferrite to lower angles results in the formation of garnet 

phase involving diffusion of iron oxide to grain boundaries and causes 

reaction with samarium oxide (Sm2O3). This results in the dissolution of 

Sm2O3 causing shrinking of unit cell, lowering lattice parameter, increasing 

strain and causing appearance of FeSmO3 peak6 as observed in Figure1 (b).   

Appearance of FeSmO3 peak occurred only for higher concentration 

of Sm at x = 0.15. FeSmO3 peak did not appear in low concentration of Sm-

doped cobalt ferrites.7 The absence of such peak for lower concentration for 

Sm indicates the ability of accommodation of unit cell upto certain extent for 

rare earth metals. Lattice parameter decreases with the increase in Sm and the 

variations of crystallite size may be observed depending on Sm concentration 

in Cobalt ferrite, tabulated in table 1.  Increase of strain is due to the presence 

of heavy metals and thus the increase in molecular weight is faster than that 

of volume of unit cell. 
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Figure 1. XRD patterns of unsubstituted and Sm substituted Cobalt ferrite. 
 

Table 1. Lattice parameter, crystallite size and strain size for Sm-doped  
                Cobalt ferrites. 

Composition 
CoFe2-

xSmxO4 

Lattice 
parameter 

(Å) 

Crystallite 
size 
(Å) 

Strain 

x = 0 8.389051 1116.9098 1.0251955 E-7 
x = 0.05 8.385238 1000.2195 1.4804201 E-5 
x = 0.15 8.379049 1130.3597 3.0240894 E-4 

Figure 2 shows the SEM pictures of CoFe2-xSmxO4 (x = 0.0, 0.05, 

0.15) sintered at 1150 oC. The decrease in grain size with increase in 

samarium concentration (table 2) has been observed. This decrease can be 
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attributed to the sintering behaviour of Sm doped Co-ferrite. The appearance 

of secondary phase increases stress at the grain boundaries and leads to 

decrease in grain size. 

 

 

 

 

 

 

Figure 2. Scanning Electron Micrographs of CoFe2-xSmxO4 (x = 0, 0.05, 0.15). 

Table 2. Grain Size of CoFe2-xSmxO4. 

Composition CoFe2-xSmxO4 
Grain Size 

(μm) 

x = 0 1.176 

x = 0.05 1.106 

x = 0.15 0.991 

Figure 3 Shows the magnetic hysteresis graph for CoFe2-xSmxO4  

(x = 0, 0.05, 0.15) for samples sintered at 1150 oC. Figure 2 shows normal 

trend of increase of magnetization with the increase of magnetic field 

saturating up to 10 kOe for all samples even when magnetic field was 

extended up to 50 kOe.  Doping rare earth metal such as Sm decreases 
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saturation magnetization due to paramagnetic nature and lowers magnetic 

moment, as per our previous investigation.5  

 
Figure 3. Magnetic Hysteresis of CoFe2-xSmxO4. 

Decrease of saturation magnetization with the increase in Sm content, 

as shown in table 3, indicate the dilution of magnetic moment contribution 

due to non-magnetic ions.  High concentration of samarium doping may 

cause migration of cobalt present in octahedral sites towards tetrahedral site, 

lowering the net magnetization, as observed in higher Sm content. The 

substitution of Sm3+ replacing Fe3+ in the octahedral sites reduces the  

Fe3+-Fe3+ exchange interactions, thus lowering net magnetization, as per 

Neel’s model.8-9 

Table 3. Magnetic properties of CoFe2-xSmxO4. 

Composition 

CoFe2-

xSmxO4 

Saturation 

Magnetization 

(emu/gm) 

Coercivity 

Hc (Oe) 

Curie 

temperature 

(K) 

x = 0 82.425 155.01 720.61 

x = 0.05 78.086 210.99 712.71 

x = 0.15 65.034 179.28 641.18 



Investigation on magnetic properties and curie temperature of samarium …          147 

 

Increase in coercivity (table 3) was observed for Sm doped cobalt 

ferrite is due to rising of coupling behaviour from magneto-crystalline 

anisotropy.  Further, the decrease of coercivity is due to lowering iron ions 

(Fe3+) which decrease anisotropy field, due to which domain wall energy is 

also lowered.10-11 It is known that coercivity is related with magnetization, 

which can be observed from the relation:12 

0.64
c

s

K
H

M


   

Variation of magnetization with temperature under magnetic field of 100 

Oersted was plotted in Figure 4 for further investigation. The investigation 

reveals that with the increase in Sm concentration, Curie temperature has 

decreased and corresponding values have been plotted in the table 3.  

Lowering ratio of iron replacing non-magnetic Sm can effectively reduce the 

magnetization rising from individual sites. Samarium’s magnetic moment 

with 1.7 µB Bohr magneton rising from 4f electrons replacing iron in 

octahedral, can cause magnetic variations. Sm increase can cause disruption 

among Co-Fe ions or Fe-Fe ions or secondary phase formation can lead to 

lower exchange energies. This effectively reduces the pinning effects of the 

rising from cobalt or iron, lowering the net contribution for magnetic 

moments or magnetization, further lowering Curie temperature. Abnormal 

path followed by the state of magnetization observed in x = 0.05 content of 

Sm in cobalt ferrite, as shown in Fig.3 when compared with unsubstituted 

cobalt ferrite. For Sm = 0.05, the abrupt rise and fall in the state 

magnetization in the same vicinity zone of cobalt ferrite suggests the 

lowering exchange interaction among magnetic ions due to samarium.  Only 

∆T = 8K change was observed from basic cobalt ferrite sample with x = 0.05 

but significant change of  ∆T = 80K for x = 0.15 samarium content can also 
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be observed. Lowering exchange energies from individual sites can be 

understood on path followed by the state of magnetization with respect to 

temperature, which is evident due to Sm doping.  In previous reports, it has 

been shown that the decrease in Curie temperature enables operation within 

the temperature range of reversible magneto-mechanical response. In another 

study by B. Chandra Sekhar et al high strain derivative, moderate values of 

maximum magnetostriction and saturation magnetization and low Curie 

temperature as a good sensing material has been obtained. Based on these 

studies, it can be said that the decrease in Curie temperature along with 

considerable increase in coercivity in the present study make Sm doped  

Co-ferrites suitable for magnetostrictive applications.13,14  

 
Figure 4. Magnetization versus temperature for CoFe2-xSmxO4. 

 Conclusions 

Samarium doped cobalt ferrite prepared with solid state ceramic 

method. Powders calcined at 900 oC for 4 hours and then sintered at 1150 oC 

for 4 hours for phase formations. XRD studies identified addition phase of 

Sm-Fe-O3 for x = 0.15 samarium content and lattice parameter was found to 

be decreasing with the increase in samarium. Dilution of magnetic properties 
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was understood based on lower exchange interactions and low magnetic 

nature of samarium which, in turn caused reduction of saturation 

magnetization and Curie temperature.  
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