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Abstract. Polycrystalline ferrite samples with general formula CdxCo1-xFe2-yCryO4 (x = 0.80, 0.85, 0.90, 0.95 and 
1.00; y = 0.1) were prepared by standard ceramic method and characterized by XRD, IR and SEM techniques. The 
electrical switching was investigated at the room temperature. The X-ray analysis confirms the formation of single 
phase cubic spinel structure. The lattice constant increases with increase in Cd2+ content. The crystallite size of the 
samples decreases with increases in Cd2+. The IR study shows two absorption bands around 400 cm-1 and 600 cm-1 

corresponding to octahedral (υ1) and tetrahedral (υ2) sites, respectively. The values of υ1 and υ2 decrease with 
increase in Cd2+. The SEM study shows that the grain size of all the samples decreases with increase in Cd2+. 

The required electrical switching field decreases with increase in the Cd2+ content. It decreases with decrease in 
grain size. 
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INTRODUCTION 

Cobalt ferrite is an inverse spinel structure and 
cadmium ferrite has a normal spinel structure [1]. The 
trivalent substations (Gd3+ and Cr3+) for iron have been 
reported [2]. Current Controlled Negative Resistance 
(CCNR) type of electrical switching at room 
temperature was observed in various spinel ferrites 
such as Cr and Al doped nickel ferrites [3, 4], Ti doped 
Mn–Zn ferrites [5], Cr3+ substituted Cd-Co ferrites [2] 
and Lithium ferrites [6]. The conductivity is switching 
between conduction and instability region in the initial 
phase. The slow switching in the final phase is due to 
CCNR type was observed [3]. 

In the present communication, we report structural 
and electrical switching properties of Cr3+ substituted 
Cd-Co ferrites.   

 

EXPERIMENTAL 
 

Polycrystalline spinel ferrites with general   
formula CdxCo1-xFe2-yCryO4 (x = 0.80, 0.85, 0.90, 0.95 
and 1.00; y = 0.1) were prepared by the standard 
ceramic method. The starting materials were AR grade 
cadmium oxide, cobalt oxide, chromic-tri-oxide and 
ferric oxide. These materials were weighed in the 
required stochiometric proportion, presinterd at 873K 
for 10 hr, sintered at 1273K for 24 hr. The pellets were 
final sintered at 1273K for 2 hr. The heating and 
cooling of the samples were carried out at 353K per hr. 

The XRD patterns were recorded with Cr-Kα 
radiation on Philips PW-3710 X-ray powder 
diffractometer. FTIR spectrum was recorded on 
Perkin-Elmer spectrum one (USA). The SEM study 
was carried to analyze microstructure of fractured 
surfaces of the pellets on JEOL JSM 6360 SEM model 

(Japan) at 5000X magnification. The grain size was 
calculated by linear intercept method. The electrical 
switching was recorded at room temperature with dc 
voltage of 0-600V from Aplab high voltage power 
supply.  

 

RESULTS AND DISCUSSION 

The X-ray diffraction patterns of all the samples 
under investigation are presented in Fig 1. The patterns 
confirm the formation of single phase cubic spinel 
structure and. The XRD patterns for cadmium ferrite 
agree with JCPDS card number-02-0975. The 
calculated values of lattice constant are presented in 
table.1. From this table it can be noticed that the lattice 
constant increases with increase in Cd2+. This 
increment is due to substitution of smaller ions (Co2+, 
0.82A0) by slightly larger ions (Cd2+, 0.97A0). The 
crystallite size is also presented in table 1. The 
crystallite size decreases with increases in Cd2+. 
Similar results are reported by Nikumbh et al. [7]. 

The IR spectra presented in Fig.2 show two major 
absorption bands near 400 and 600cm-1 corresponding 
to octahedral (υ1) and tetrahedral (υ2) sites, 
respectively. The values of υ1 and υ2 for all samples 
under investigation are presented in table.1. It is seen 
that υ1 and υ2 decrease with increase in Cd2+ content 
[7]. The typical micrograph of one of the samples 
presented in Fig.3 shows that the  morphology  of  the 
particles  is  almost  spherical  and  regular  in  shape  
and  the particles are uniformly dispersed. From 
table.1 it can be seen that the grain size decreases with 
increase in Cd2+ content.  

The plots of current vs electric field for all the 
samples under investigation are presented in Fig.4. 
The CCNR type of electrical switching is observed [2-
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4] in all the samples. It is that the electrical switching 
field decreases with increase in Cd2+ content. The 
current has passed through instability conduction 
region and entered into an extremely high conductivity 
region i.e. the conductivity has switched between two 
regions of conduction and instability [2-4]. Table 1, it 
can be noticed that the switching field decreases with 
decrease in grain size. Similar results reported by 
Babbitt et al. [6]. 

When the switching cycle of the all sample was 
repeated after two weeks, the reduction in the field 
required for switching was observed.   

 

CONCLUSIONS 
 

The X-ray diffraction analysis confirms the 
formation of single phase cubic spinel structure of Cr3+ 
substituted Cd-Co ferrites. The Lattice constant of all 
samples increases with increase in Cd2+content. The 
crystallite size and grain size of the samples decrease 
with increase in Cd2+ content. The values of absorption 
bands υ1 and υ2 decrease with increase in Cd2+ content.  
The grain size and electrical switching field decreases 
with increase in Cd2+ content.  

               FIGURE 1                                   FIGURE 2                          FIGURE 3                        FIGURE 4 
        

XRD, IR, SEM and I-E characteristics of CdxCo1-xFe2-yCryO4 (x = 0.80, 0.85, 0.90, 0.95 1.0 and y = 0.1) 
 
 

TABLE 1. Structural and switching properties of Cr3+ substituted Cd-Co ferrites 
 

  

 ACKNOWLEDGMENT 

The authors are grateful to UGC New Delhi, for 
financial assistance through the MRP Ref. No- 
F.No.36-212/2008 (SR).  
 

  REFERNCES 
 

1.   P. Muthukumarasamy, T. Nagarajan, A. Narayanasamy, 
phys. status solidi (a), 64, 747-754 (1981) 

 
 
2.  P.N. Vasambekar, C.B. Kolekar, A.S. Vaingankar, J. 

Mater. Res. Bull.34, 863-868(1999)    

3.   S.M. Patange, S.E. Shirsath, K.S. Lohar, S.S. Jadhav, 
D.R. Mane, K.M. Jadhav. Mate.  Lett. 64 (6), 722-724 
(2010) 

4.   S.M. Patange, S.E. Shirsath, K.S. Lohar, S.S. 
       Jadhav, N. Kulkarni, K.M. Jadhav, J. Physica B 406, 

663-668 (2011) 
5.   K.G. Saija, U. S. Joshi, V.K. Lakhani, K.B. Modi, J. 

Phys. D: Appl. Phys. 42, 165402-165407(2009) 
6.   R.W. Babbitt, G. Sands and A. Dunlap, J. Appl. Phys. 40, 

1455-1457 (1969) 
7.   A.K. Nikumbh, A.V. Nagawade, V.B. Tadke, P.P.    
      Bakare, J. Mater. Sci. 36, 653-662 (2001) 

10 20 30 40 50 60 70 80 90 100

0

200

400

600

800

1000

1200

1400

1600

In
te

n
si

ty
 (

A
.U

)

2Deg)

(220)

(400) (422)

(311)

(222)
(333) (440)

X=0.80

X=0.85

X=0.90

X=0.95

X=1.00

 

350 400 450 500 550 600 650 700 750
0

5

10

15

20

25

30
  x= 0.80
  x= 0.85
  x= 0.90
  x= 0.95
  x= 1.00

T
ra

n
sm

itt
a
n
ce

 (
%

)

Wave Number(cm
-1
)

 

 

 
0 1000 2000 3000 4000 5000 6000 7000

0

1

2

3

4

500

600

 

 x=1.00 ; y=0.10
 x=0.95 ; y=0.10
 x=0.90 ; y=0.10
 x=0.85 ; y=0.10
 x=0.80 ; y=0.10

Electric Field E (v/cm)

C
u
rr

e
n
t 
(m

A
)

 

 

Cd2+ 
Content  

 (x) 

Cr3+ 
content 

(y) 

Lattice 
constant 

Crystallite 
size (D) nm 

Grain 
size 
(µm) 

Electrical 
field  

(E) V/cm 

Electrical field  
After 15days 

 (E) V/cm 

IR Absorption band 
 (cm-1) 

υ1        υ2 

0.80 

0.10 

8.729 51.1  1.45 6700 6600 575 450 
0.85 8.731 46.2 1.30  5600 5550 570 441 
0.90 8.735 39.4 1.10 5500 5300 568 427 
0.95 8.739 37.3 1.00 5200 5100 563 425 
1.00 8.748 34.3 0.90 5000 5000 561 420 


