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ABSTRACT  
Polycrystalline spinel ferrites were prepared by standard ceramic method. X-ray diffraction method used for 

characterization of the samples. Crystallographic parameters were calculated and are used to correlate the 

property of resistivity. Crystallographic study shows that in substituted Mg ferrites, Cd2+ resides at A-sites 

while Cr3+ occupies at B-sites. Study of the electrical resistivity shows that all the samples have semiconductor 

behavior. On substitution of Cd2+ activation energy of MgFe2O4 decreases while it increases with substitution 

of Cr3+ions. These changes were attributed to variation of the number of iron ions at B-sites. Lorria-Sinha 

Method was also employed to determine Curie temperature of the samples.  
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I. INTRODUCTION  

Ferrites are very important material for engineering field. These materials find many applications in 

power devices, magnetic devices etc. The properties of various ferrites are used for electronic as well 

as electrical applications. These materials have very high resistivity which gives low losses in power 

devices. This property, electrical resistivity in ferrites depends on preparation conditions and 

substitutions [1, 2]. Copper ferrites when substituted by Cd2+ then it were found that its resistivity 

increases [3, 4].  But in magnesium ferrites when Zn2+
 ions substituted, decreases its electrical 

resistivity [5]. The study on electrical resistivity in Gd3+ substituted Cu-Cd ferrites [6] and substituted 

Cd-Co ferrites by Vasambekar et al [7] were extensively carried out. They found that substituted 

trivalent ions occupy B-sites in the lattice and play an important role in determining the electrical and 

magnetic properties of ferrites. The study on electrical resistivity in other ferrites Mg-Cu-Zn ferrites 

prepared by microwave sintering method [8], Cr3+ substituted copper ferrites [9] and Zn2+ substituted 

Li- Mg ferrites [10,11,12] was well documented. 

In the present communication, we are reporting the effect of preparations conditions and 

crystallographic parameters on electrical resistivity Cr3+ substituted Mg-Cd ferrites. The paper is 

organized in the following manner, as Introduction, Experimental, Results and discussion, conclusions 

and references.  

II. EXPERIMENTAL 

Polycrystalline spinel ferrites with chemical formula Cdx Mg1-x Fe2-y Cry O4 (x = 0, 0.2, 0.4, 0.6, 0.8, 

1.0; y = 0, 0.05 and 0.10) were prepared by standard ceramic method, using oxides of CdO, MgO, 

Fe2O3 and Cr2O4 (AR grade LOBA Chemi India). These oxides were weighed in their atomic weight 



International Journal of Advances in Engineering & Technology, Jan. 2014. 

©IJAET                                                                                                          ISSN: 22311963 

2434 Vol. 6, Issue 6, pp. 2433-2438 
 
  

proportion and milled using acetone for two hours. The powdered compositions were presintered at 

7000C for 12 hours and again sintered at 10500C for 24 hours. The sintered powder was milled and 

mixed with 5% polyvinyl acetate (PVA) as a binder and pellets of 1 cm in diameter were formed by 

hydraulic pressure of 7 tons /sq.cm. Pellets were finally sintered at 10500C for 24 hours for better 

compaction.  

The powdered samples were characterized by X-ray diffraction method (XRD, powder diffractometer 

PW 3710) using Cu-K radiation, wavelength 1.54056 A0. 

To determine the Curie temperature of ferrites under investigation, Lorria-Sinha method [13] was 

employed. This method consists of cylindrical furnace and electromagnet. The electromagnet was 

energized by dc power supply of about 12 V. The pellet was attached to the iron rod and it was 

installed at the center of the temperature-controlled furnace. The furnace temperature increases and at 

certain temperature the pellet gets detached from the iron rod and falls down. This temperature was 

recorded as Curie temperature. 

DC electrical resistivity of pelletized samples was measured by conventional two-probe method. To 

ensure good ohmic contact the silver foils were sandwiched between electrodes that are placed across 

the pellet. 

III. RESULTS AND DISCUSSION  

3.1 Characterizations and Crystallography 

Typical X-ray diffractogram is presented in Fig.1.  

 

XRD study reveals that the structures of all the ferrites under investigation are found to have FCC 

spinels. The values of lattice parameters were calculated from XRD are plotted against Cd2+ 

concentration.  This plot is presented in Fig. 2.  
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This plot shows lattice parameter obeys Vegard`s law. Increase in the lattice constant due to addition 

of Cd2+ ions was attributed to the difference in ionic radii of Cd2+ ion (1.03A0) and Fe3+ion (0.67A0). 

On substitution of Cr3+ ion, the lattice constant is found to decrease. This is attributed to the difference 

in ionic radii of Cr3+ ion (0.63A0) and Fe3+(0.67A0) [8]. Values of lattice parameter for Cr3+ 

substituted Cd-Mg ferrites are slightly smaller than Cd-Mg ferrites due to shrinkage of unit cell [14]. 

Such variations in lattice parameter for Cr3+ substitution and Nd3+substitution were also reported in 

literature [2,7].  

The cationic radii at A-sites and B-sites were calculated by [7],  

                           rA= (u-1/4) a 3½ – r0
2-……………………….(1) 

                           rB= (5/8-u) a 3½ – r0
2-……………………….(2) 

                   Where, u is oxygen ion parameter,  

                                r0
2- is radius of oxygen ion. 

The bond lengths at A-sites and B-sites were calculated by [7], 

                          A-O = (u-1/4) a 3½………………………(3) 

                          B-O = (5/8-u) a 3½……………………….(4) 

The values of rA, rB, A-O and B-O are presented in Table 1. From this table it is seen that cationic 

radius (rA) and metal oxygen bond length (A-O) increases with increase in Cd2+ content. Substituted 

Cd2+ ion occupies A-sites displacing equivalent number of Fe3+ ions to B-sites.  The bond length B-O 

in all the compositions was found to be greater than that of A-O except CdFe2O4. This is rather 

normal behavior of spinel ferrites. With substitution of Cr3+ in Mg - Cd ferrites, rB and B-O decreases 

slightly. This is attributed to the occupancy of substituted Cr3+ ions at B-sites. The same table also 

lists the values of X-ray densities. From this table it is found that, the values of X-ray densities 

increases with increasing Cd2+ content and decreases with Cr3+ content. With increase in Cd2+, lattice 

parameter increases, thus it was expected that density must decrease but it increases because in our 

composition, increase in Cd2+ content, atomic or molecular weight overtakes the lattice parameter. 
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Table 1. Structural data from X-ray diffraction study of CdxMg1-xCryO4 ferrites. 

Content  x 
Content 

y 
‘a’       A0 

Ionic 

Radii rA 

A0 

Ionic 

Radii rB 

A0 

Bond 

Length A-

O    A0 

Bond 

Length B-

O    A0 

X-ray 

Density dx 

gm/cc 

0.0 

0.00 

8.36 0.58 0.71 1.91 2.03 4.53 

0.2 8.43 0.62 0.72 1.94 2.04 4.81 

0.4 8.50 0.65 0.72 1.97 2.04 5.08 

0.6 8.57 0.68 0.73 2.00 2.05 5.33 

0.8 8.63 0.72 0.73 2.04 2.05 5.58 

1.0 8.70 0.77 0.73 2.09 2.05 5.80 

0.0 

0.05 

8.35 0.59 0.71 1.91 2.03 4.50 

0.2 8.42 0.62 0.71 1.94 2.03 4.80 

0.4 8.48 0.65 0.72 1.96 2.04 5.05 

0.6 8.54 0.67 0.72 1.99 2.05 5.32 

0.8 8.60 0.72 0.72 2.41 2.04 5.53 

1.0 8.66 0.76 0.73 2.08 2.04 5.80 

0.0 

0.10 

8.34 0.58 0.70 1.90 2.02 4.47 

0.2 8.40 0.61 0.71 1.93 2.03 4.78 

0.4 8.46 0.65 0.71 1.97 2.03 5.04 

0.6 8.52 0.65 0.72 1.97 2.04 5.34 

0.8 8.58 0.71 0.72 2.03 2.04 5.47 

1.0 8.64 0.76 0.73 2.08 2.04 5.70 

3.2 Curie temperature 

Values of Curie temperature obtained from Lorria-Sinha Method are presented in table 2. From this 

table it is seen that the Curie temperature of Mg –ferrites, decreases with both Cd2+ and Cr3+ 

substitutions. Cd2+ ions have strong preference to A-sites, which displaces equivalent amount of Fe2+ 

ions from A-sites to B-sites. This site preference reduces the A-B interaction and hence reduces Curie 

temperature [15]. Further substituted Cr3+ occupies B-sites and reduces the Fe3+ ions at B-sites.  This 

reduces Fe-Fe interaction since magnetic moment of Fe3+ ion is 5B and that of Cr3+ ion is 3B. 

Therefore Fe-Fe interaction is greater than Cr-Fe [14], which also results in the reduction of Curie 

temperature. 

Table 2 Data on dc electrical resistivity measurement of CdxMg1-xCryO4 ferrites. 

Content x Contenty 
Activation Energy E ev 

Curie 

temperature from 

resistivity 
0K 

Curie 

temperature from 

susceptibility 0K Ferri region (Ef) Para region (Ep) 

0.0 

0.00 

0.32 0.894 725 715 

0.2 0.283 0.538 613 600 

0.4 0.099 0.248 496 495 

0.6 0.119 0.243 442 450 

0.8 ---- 0.195 ---- ---- 

1.0 ---- 0.124 ---- ---- 

0.0 

0.05 

0.323 0.863 680 669 

0.2 0.283 0.539 520 555 

0.4 0.259 0.347 455 465 

0.6 0.160 0.236 416 420 

0.8 ---- 0.207 ---- ---- 

1.0 ---- 0.298 ---- ---- 

0.0 

0.10 

0.365 0.865 619 613 

0.2 0.248 0.596 512 520 

0.4 0.354 0.278 435 430 

0.6 0.086 0.248 390 396 

0.8 ---- 0.259 ---- ---- 

1.0 ---- 0.312 ---- ---- 
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3.3 DC electrical resistivity  

Typical plot of log  versus 1000/T is presented in Fig 3.  From these plots it is seen that, the 

resistivity decreases with increasing temperature showing negative temperature coefficient of 

resistivity.  This is normal semiconductor behavior. In such ferrites conductivity is due to thermally 

activated mobility of charge carriers and it is attributed to the hoping of electrons between multivalent 

cations like Fe2+ and Fe3+ situated ate octahedral B-sites as, 

                                         Fe2   Fe3+ + e- 

 

  

The compositions with x = 0, 0.2, 0.4 and 0.6 show breaks in the linearity at the temperature equal to 

Curie temperature. At this temperature magnetic ordering changes from ferrimagnetic to paramagnetic 

state. The compositions with x = 0 for y = 0, 0.05 and 0.1 shows two breaks in the plots. The 

temperature at the first break was attributed to characteristic temperature (Ts) [16] and that of second 

to change of phase (Tc)[9]. The second region between Ts and Tc was attributed to the change of spin 

alignment started at the Ts and which finally leads to the magnetic disorder at the Tc [17]. Other 

compositions have only one break at the temperature called Curie temperature (Tc). The Curie 

temperature obtained from these plots is presented in table 2. Curie temperatures obtained from these 

plots and that of Lorria-Sinha Method are found to be nearly equal. 

Table.2 also contains estimated values of activation energies, from the slopes of ferrimagnetic (Ef) 

and paramagnetic regions (Ep).  From these values it is seen that the activation energies Ep are 

greater than that of Ef for all the samples. This can be attributed to the magnetic phase transition, 

which is the transition from order to disorder. Disorder provides resistance to the conduction [18]. The 

activation energy values suggests the electron hoping mechanism of conduction between the two 

equivalent octahedral sites [19], 

Fe2+  Fe3+ + e- 

With increasing Cd2+ ions, the activation energies are found to decrease. The substituted Cd2+ ions 

invariably occupies A-sites displacing Fe2+ ions from A-sites to B-sites. This site preference increases 

the concentration of iron ions at B-sites, resulting decrease in activation energy. On substitution of 

Cr3+ ions activation energy increases. The substituted Cr3+ ion occupies B-sites and does not take part 

in the electron hoping but provides impedance to the conduction process, this leads to the increase in 

the activation energy [20]. 

The compositions with x = 0.8, 1.0 for y = 0, 0.05 and 0.1 do not show any change in the slope of the 

line indicating that there is no change in magnetic ordering of samples. These samples are 

paramagnetic in nature at and above room temperature. 
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IV. CONCLUSIONS 

Ferrites under the investigation are found to have very high resistivity at room temperature. The 

property is correlated with the crystallography suggest that site preferences of cations on A- site and 

B-sites are effective. On substitution of Cd2+ ions, resistivity of Mg-ferrites decreases while it is found 

that it increases on substitution of Cr3+ions. Cationic radius and metal oxygen bond length changes 

with Cd2+ and Cr3+ substitutions.  These substitutions are also effective in determination of Curie 

temperature, which decreases with increase in Cd2+ as well as Cr3+content. Thus these devices are 

suitable for low loss power devices. 

V. FUTURE WORK 

These ferrites can be tested for core material as well as for the purpose of magnetic core; we can test 

these for magnetic properties also. 
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