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Abstract: A series of Cu0.7Mg0.3MyFe2-yO4 spinel ferrites with M = Bi, Sb and 0.0  y  0.25, have been prepared by 
standard ceramic technique. X-ray diffraction (XRD) studies revealed a single phase spinel structure with small 
secondary phase at some concentrations. Lattice parameter and X-ray density were calculated and reported. Seebeck 
coefficient was measured, their values for all samples were positive, indicate the majority of charge carriers were holes 
(p-type). ac conductivity and dielectric constant as a function frequency and temperature were carried out. The 
measured transport  properties  were decreased with increasing of Sb3+  while increased with Bi3+ content up to y=0.15 
and then decreased again. . 
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1. Introduction 

Spinel ferrites having the general formula AB2O4 
are very promising materials for many technological 
applications. Spinel type ferrites are commonly used in 
many electronic and magnetic devices due to their high 
magnetic permeability and low losses [1, 2], also they 
can be used in electrode materials at high temperature 
applications because of their high thermodynamic 
stability, electrical conductivity, electrocatalytic 
activity and resistance to corrosion [3,4]. Mixed copper 
ferrites have been commonly used for many years in 
high frequency devices such as radio frequency coils, 
transformer cores, rod antennas and magnetic cores of 
read-write heads for high speed digital tapes [5, 6]. In 
the present work, we have decided to study, the effects 
of Sb and Bi substitutions on the electrical properties 
of Cu –Mg ferrites. Another goal was to study the 
characterization due to substitution of different 
elements with different ionic radii.  
 
2. Experimental techniques 

The samples under investigation were prepared 
by standard ceramic technique, where high purity 
oxides were mixed together in stoichiometric ratio 
according to the formula Cu0.7Mg0.3 My Fe2-yO4, where 
M = Bi, Sb and 0.0  y  0.25. The mixed oxides were 
grinded manually in agate mortar for 3 hrs and 
compressed to pellet form using uniaxial hydraulic 
press with pressure of 1.96x108 N/m2. The pellets were 
pre-sintered at 850 oC for 6 hrs with heating rate of 
4oC/min. using Lenton furnace UAF 16/15(UK). The 
samples were grinded again and then pressed into 
pellets and finally sintered at 1100C for 6 hrs using 
the same rate and cooled to room temperature with the 
same rate as that of heating. The pellets were good 
polished and covered with silver past and checked for 
good conduction.  

The structural properties of Cu0.7Mg0.3MyFe2-yO4, 
were investigated by X-ray diffraction (XRD) (Proker 
D8) with Cu Kα radiation of wavelength λ = 1.5481 Å. 
The ac conductivity and dielectric properties 
measurements as a function of frequency (100 kHz – 5 
MHz) were performed at different temperatures using 
RLC bridge model HIOKI 3531 (Japan). The 
temperature of sample was measured using T-type 
thermocouple with junction just in contact with the 
sample to avoid temperature gradient, the accuracy of 
measuring temperature was ± 1 0C.  The thermoelectric 
power measurements (Seebeck coefficient) were 
carried out to determine the type of charge carriers. 
 
3. Results and Discussion 
3.1 Structure  

Figure (1) shows the X-ray diffraction patterns 
for Cu0.7Mg0.3SbyFe2-yO4  where 0  ≤  y  ≤ 0.25.    

The samples showed cubic spinel structure with small 
intensity of FeSb2O6 at (y=0.15 and y=0.25) and 

another phase of CuFeO2 appeared at (y=0.25).  Table 

(1) reported the variation of the lattice parameter and 

X-ray density (Dx) with Sb
3+

contents. It can be seen 

from the data that the lattice parameter increases from 
y=0 to y=0.05 which is acceptable result because the 

ionic radius of Sb
3+ 

(0.76 Å) [7]
  

is greater than of 

Fe
3+  

(0.64 Å) [7]
 
, at y>0.05 the lattice parameter is 

very slightly decreased, due to the small secondary 
phase appeared which resides on the grain boundaries 
of the spinel lattice. This will cause a mismatch 
between grain and grain boundaries due to the 
difference in thermal expansion of both phases. The 
fruitful result is the decrease of the crystallite size 

with increasing  Sb
3+   

content.  This was ascribed to 
the  microstrain  on  the octahedral sites due to the 
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presence of Sb
3+ 

on the expense of Fe
3+ 

ions. From 
table (1) we note that the X-ray density increases 

with increasing Sb
3+  

content, also we note that, the 

crystal size decreases with increasing Sb
3+ 

content. 
Figure (2) shows the X-ray diffraction patterns 

for Cu0.7Mg0.3BizFe2-zO4;  0 ≤ z ≤  0.25,  The X-ray 

chart showed the existence of a single phase  cubic 
spinel ferrites without any extra lines corresponding to 
any other phases. The data in table (2) show the 

variation of lattice parameter and Dx with Bi
3+ 

contents. It is clear that the lattice parameter increases 
from z=0 to z=0.05. This was an acceptable result 

because Bi
3+  

has large ionic radius (1.03 Å) [7]
 
 

compared with Fe
3+ 

ions (0.64 Å) [7].  With 

increasing Bi
3+ 

content from z=0.05 up to z=0.25, the 

lattice parameter decreases. Here Bi
3+ 

behaves as a 
rare earth ion, so one could expect that two diffusion 
mechanisms can b e  occurred, the first one is the 
surface diffusion and the second is the volume 
diffusion. In our case, volume diffusion is the most 
probable and this is clear from XRD where no 
secondary phases appeared. Another explanation of 
this trend is the low melting point of Bi (630 oC) 
therefore a high reactivity and partial incorporation 
into the spinel lattice takes place, which is a similar 
trend to the rare earth R3+ doping which impedes the 
grain growth and prevents the existence of inner pores 
which enhances the densification as well as the 

decrease in crystal size. The increase of Dx with Bi
3+ 

contents assures our suggestion. 
3.2 Seebeck Coefficient: 

Figure (3) shows the Seebeck coefficient with the 
average of absolute temperature for the samples  
(Cu0.7Mg0.3SbyFe2-yO4; 0.05≤y≤0.25). The data in 

the figure show that the Seebeck coefficient is 
positive for all samples except y=0.10, which is 
positive from 300 up to 345K after that it 
becomes negative. These positive values of Seebeck 
coefficient indicate that the majority of charge carriers 
are holes. The increase in Seebeck coefficient with 
temperature indicates that the  conductivity is  due  to 
thermally activated mobility not to thermally creation 
of more charge carriers. 

Figure (4) shows the dependence of Seebeck 
coefficient on average of absolute temperature for the 
third   group (Cu0.7Mg0.3BizFe2-zO4; 0.05 ≤ z ≤0.25). 

The Seebeck coefficient is positive for all samples 
indicating that the predominant conduction mechanism  
of this  group is  p-type.  The values of   Seebeck 
coefficient increased with temperature up to certain 
temperature beyond it, the value decreases with 
increasing temperature [8-11]. The  positive value of  

Seebeck coefficient  increases with increasing Bi
3+ 

content up to z=0.15 then decreases. This is due to 

t he  increase of Bi
3+ 

ion content which decreases the 

number of available of Fe
3+  

ions on the B-site. 

Thereby decreasing the ratio of Fe
3+

/Fe
2+ 

leading to 
a decrease in the hopping probability and/or the 

number of hopping e
-
. 

3.3 dc Conductivity 
Figure (5) shows the dependence of dc 

conductivity ln as a represntive curve o n  the 
reciprocal of absolute temperature for the samples 
of (Cu0.7Mg0.3MyFe2-yO4; where M=Sb and 

Bi:0.05≤y≤0.25). The data clarify that the d c  
conductivity exhibits a semiconducting  behavior  
where  it  increases  with  increasing  the  temperature 
up to certain value called T at which a change of 
slope has been occurred, the transition temperatures 
Tare reported in tables (3, 4)    Comparing  the  
values  of  T  of  the  investigated  samples  with  the  
Curie  point reported  in table (3, 4) for the same 
composition one can find that T values agree well 
with the reported Curie temperatures. Therefore, this 
transition T is due to the magnetic transition from 
ferromagnetic ordering to paramagnetic ordering. It is 
clear that the transition temperatures decreases with 

increasing Sb
3

 and Bi3+ions content.  The activation 
energies, EI; EII at low and high temperature regions 

respectively for all samples were calculated and 
reported also in table(3, 4), from which the data o f  

the activation energy increases with increases Sb
3+  

ion, where increasing Sb
3+  

ions decrease the amount 

of Fe
3+  

in octahedral site thereby reduces the 

hopping conduction between Fe
3+ 

and Fe
2+ 

then 
increasing the activation energy, as well as the 
resistivity. In table (4), it is clear that the activation 

energy decreases with increasing Bi
3+  

content up to 
z=0.15 and then increases which indicate the 

resistivity decreases with Bi
3+  

content up to z =0.15 
and then increases. 
3.4 ac Conductivity 

Figure  (6)  shows representive  curve of ln-1 

cm-1)versus 1000/T(K
-1

) for  (Cu0.7  Mg0.3  My  
Fe2-yO4; 0.05 ≤y≤0.25 M=Sb and Bi) in the 

frequency range (10kHz– 5 MHz). The figure shows 
that σ exhibits a semiconducting like behavior with  
the  temperature,  where  the  ac  conductivity 
increases  with  increasing  the temperature, due to 
increase in the drift mobility of the thermally activated 
charge carriers according to the hopping conduction 
mechanism. More than one straight lines   with   
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different   slopes   are   obtained   indicating different  
conduction mechanism. In ferrite samples such as those 
under investigation the most probable conduction 
mechanism is the small polaron mechanism rather 
than the classical barrier hopping mechanism [12]. The 
conductivity increases with frequency up to certain 
value where the frequency acts as a pumping force 
pushing the localized charges between the different 
conduction states. The data from tables (3, 4) shows 
that the activation energy at low temperature region 
(EI) is lower than that at higher temperature region 

(EII), which was expected because by increasing 

temperature up to certain limit the thermal agitation 
increases and the scattering of charge carriers takes 
places as the result of the interaction between charges 
and phonons was also increased. 
 
3.5 Dielectric properties 

The mechanism of polarization in 
polycrystalline ferrites is mainly reported to  be  
hopping of  electrons  between  ions  of  the  same  
element  but  with  different oxidation states [13]. As 
the electrons reach the grain boundary on application 
of an electric field, they pile up and a charge build up 
takes place, causing interfacial polarization. This type 
of polarization affected by many factors such as 
sintering temperature, structural homogeneity, 
stoichiometry, density, grain size and porosity. Higher  
density sample implies  decreased  porosity  and  
higher  number  of polarizing species per unit 
volume, both contributing to the observed increase in 
polarization. The effect of frequency on the ac 

electrical conductivity ac, 
/ 

and tan was 
theoretically studied [14-16]. The simplest expression 
indicates that ac is directly proportional to the 

angular frequency  while 
/ 

and tan are inversely 
proportional to  as follows [17]: 

\ = 4 ac / (  tan

The real 
/ 

and imaginary 
// 

parts of the 
dielectric constant and the loss tan are given by the 
following Debye equations [18]: 

 
                                    (2) 

 
          (3) 

 
 

  (4) 
 
 
 

wheree , s and ∞ are relaxation time, dielectric 
constant at very low and at very high frequency, 

respectively. Eqs. (2-4) indicate that 
/
, 

// 
and 

tandecrease as the frequency increases. 
Figure (7) correlate the real part of the dielectric 

constant (
/
) versus T(K) for  (Cu0.7Mg0.3SbyFe2-yO4 

0.05≤y≤0.25) in the frequency range (100kHz – 5MHz). 
T he real part of dielectric constant increase very slowly at 
low temperature region and after which it increases 
suddenly due to orientation of more free dipoles in the field 
direction. The sample with y=0.15 shows peak at T=635 K, 
this peak positions and peak values decrease with increasing 
frequency. The sample y=0.25 show peak at low temperature 
region T=345 K. When comparing X-ray charts for Sb 
contents one can find that, a secondary phase begins to 
appear at y =0.15 but with small intensity as FeSb2O6. At 

y=0.25 the secondary phase appears with more intensity 
peaks as   of FeSb2O6. The appearance of a hump in 

dielectric constant at (y=0.25) is due to such secondary 
phase because help in accumulation of space charge on the 
grain boundaries, causes an increase in the polarization as 

well as 
/.  Fig.(8) shows the variation of (

/
) with 

temperature for (Cu0.7Mg0.3BizFe2-zO4  0.05≤z≤0.25) in 

the frequency range (10kHz – 5MHz).  A nearly same trend 
as that in case of Sb was obtained.  

Figure  (9)  correlates  loss  factor  (
//

)  versus T(K)  
as function of applied frequency (100kHz-5MHz) for 
(Cu0.7Mg0.3MyFe2-yO4; M=Sb and Bi: 0.05 ≤y≤0.25). at 

different temperature up to 700K.  The loss factor (
//

) 
increase with temperature up to maximum value then 
decreases and then increases. 

3.6 Composition dependence  

The effect of Sb
3+  

ion substitution on ac 

conductivity (ln), (
/
) and (

//
) for 

(Cu0.7Mg0.3SbyFe2-yO4 0.05≤y≤0.25)is represented 

in Fig.(10) at room temperature and at 1 kHz. It 

is observed that ln   
/ 

and 
// 

decrease as Sb
3+  

ion substitution increases. This is acceptable r e s u l t   

where by increasing  Sb
3+   

ions  the  amount  of  

Fe
3+ 

in octahedral site will be decreased which in 

turns reduces the hopping conduction between Fe
3+  

and Fe
2+ 

. This will increase the resistivity and 

decreasing , ln, 
/ 

and 
// 

. 

The effect of Bi
3+  

ion substitution on ac 

conductivity ln, 
/
 and 

//
 for (Cu0.7Mg0.3BizFe2-

zO4  0.05 ≤z≤ 0.25) is represented in Fig.(11) at room 

temperature and 1 kHz. It is observed that ln,
/ 

and 


// 

increase up to z=0.15 then decrease. As previously 
reported here the positive Seebeck coefficient 

increases with Bi
3+ 

ion content up to z=0.15 then  
decreases  which  increase  the  conductivity  up  to  
the  same  concentration (z=0.15). The composition 
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\\

1

)(









 s

)(

)(
tan

22\\

\\























s

sAC

)(

)(
tan

22\\

\\























s

sAC



Journal of American Science 2012;8(7)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 563

dependence of lattice parameter table (2) it decreases 
with increasing Bi3+  ion then decreases, the inter 

ionic distance between the ions (Fe
2+   

and Fe
3+

) 
decrease, the conductivity increases. 

 
Table (1). Lattice parameter (a), X ray density (Dx) and particle size for Cu0.7Mg0.3SbyFe2-yO4 ; 0.05 ≤ y ≤ 0.25 

 
Sample 

Lattice parameter 
(a) Å 

Dx 

(g/cm
3

) 

Crystal size 
(nm) 

   y=0 8.372 5.151 127.8 

y=0.05 8.408 5.159 100.0 

y=0.15 8.407 5.309 86.0 

y=0.25 8.403 5.464 48.0 

 
Table (2). Lattice parameter (a), X ray density (Dx) and particle size for Cu0.7Mg0.3BizFe2-zO4; 0.05 ≤ z ≤ 0.25 

 
Sample 

Lattice paramter 
(a) Å 

Dx 

(g/cm
3

) 

 
Crystal size (nm) 

    z=0 8.372 5.151 127.8 

z=0.05 8.392 5.287 82.6 

z=0.15 8.380 5.655 129.0 

z=0.25 8.368 6.026 76.0 

 
Table (3) The values of Curie temperatures, the transition temperatures T ; the activation energies for conduction EI 

and EII  for Cu0.7Mg0.3SbyFe2-yO4 ;0.05 ≤y≤ 0.25 

y TC(K) Transtion temperature Activation energy (eV) 

T dc(K) T ac(K) EI EII 

0.05 626 520 623 0.28 0.56 

0.10 604 603 606 0.28 0.60 

0.15 588 590 588 0.34 0.73 

0.20 582 573 572 0.46 0.82 

0.25 575 570 568 0.50 0.90 

 
Table (4) The values of Curie temperatures, the transition temperatures T ; the activation energies for conduction 
EI and EII for Cu0.7Mg0.3BizFe2-zO4; 0.05≤ z ≤ 0.25 

 
z 

 
TC(K) 

 
Transtion temperature 

Activation energy 
(eV) 

T dc(K) T ac(K) EI EII 

0.05 630 625 628 0.286 0.788 

0.10 640 625 625 0.215 0.506 

0.15 628 622 623 0.201 0.408 

0.20 618 620 620 0.240 0.716 

0.25 610 604 606 0.286 0.752 
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Fig.(1) X-ray diffraction pattern of Cu0.7Mg0.3SbyFe2-yO4 ;  0.0 ≤y ≤ 0.25 

 

Fig. (2)  X-ray diffraction pattern of Cu0.7Mg0.3BizFe2-zO4 ;  0.0 ≤ z ≤ 0.25 
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Fig. (3) Variation of Seebeck coefficient with the average of absolute temperature (T\) for  Cu0.7Mg0.3SbyFe2-yO4;  0.05 
≤ y ≤ 0.25 
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Fig. (4)  Variation of Seebeck coefficient with the average of absolute   temperature (T\) for  Cu0.7Mg0.3BizFe2-zO4 ;  0.0 
≤ z ≤ 0.25 
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Fig. (6)  Typical curve of ac electrical conductivity  (ln ) Vs (1000/T) K -1 for 
               (a)  Cu0.7Mg0.3SbyFe2-yO4 ;  0.0 ≤y ≤ 0.25 
               (b) Cu0.7Mg0.3BizFe2-zO4 ;  0.0 ≤ z ≤ 0.25 
 
 
 

 

(a) 

(b) 
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Fig. (6)  Typical curve of ac electrical conductivity  (ln ) Vs (1000/T) K-1 for 
               (a)  Cu0.7Mg0.3SbyFe2-yO4 ;  0.0 ≤y ≤ 0.25 
               (b) Cu0.7Mg0.3BizFe2-zO4 ;  0.0 ≤ z ≤ 0.25 
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Fig. (7) Temperature dependence of dielectric constant (\) at different frequencies of  Cu0.7Mg0.3SbyFe2-yO4 ;  0.0 ≤y ≤ 

0.25 
 



Journal of American Science 2012;8(7)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 570

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.(8) Temperature dependence of dielectric constant (\) at different frequencies of  Cu0.7Mg0.3BizFe2-zO4 ;  0.0 ≤ z ≤ 

0.25 
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Fig. (9)  Typical curve of temperature dependence of dielectric loss factor (\\) at different frequencies of    
            (a) Cu0.7Mg0.3SbyFe2-yO4 ;  0.0 ≤y ≤ 0.25 
            (b) Cu0.7Mg0.3BizFe2-zO4 ;  0.0 ≤ z ≤ 0.25 
 
 

(a) 

(b) 

 



Journal of American Science 2012;8(7)                                                     http://www.americanscience.org  

http://www.americanscience.org                                                                 editor@americanscience.org 572

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. (10) The composition dependence of Cu0.7Mg0.3SbyFe2-yO4 ;  0.0 ≤y ≤ 0.25 
   (a)AC conductivity    (b) Dielectric constant (\)    (c) Dielectric loss factor (\\) 
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Fig. (11) The composition dependence of Cu0.7Mg0.3BizFe2-zO4 ;  0.0 ≤ z ≤ 0.25    
   (a)ac conductivity    (b) Dielectric constant (\)    (c) Dielectric loss factor (\\) 
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Conclusion 
The composition Cu0.7Mg0.3SbyFe2-yO4  

showed spinel structure with small secondary 

phase at y ≥ 0.15, while the Cu0.7Mg0.3BizFe2-

zO4  showed single phase  cubic spinel ferrites.  The 

lattice parameter decreases with increasing both Sb3+ 
and Bi3+. 

All samples gives positive values of Seebeck 
coefficient which indicates the majority of charge 
carriers are holes (p-type).   The ac conductivity 
deceases with increasing Sb3+ content, it increases with  
increasing Bi3+ content up to y=0.15 and then 
decreases. The deceases and increases is due to change 
the ratio of Fe2+/Fe3+ and Cu2+/Cu+1. 
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