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Abstract: A series of Gd-substituted  Cobalt   based   ferrites   of   nominal   composition   CoGd Fe O    for2x 2-2x 4

x= 0.00-0.25 in steps of 0.05 was produced by conventional ceramic technique. From X-Ray diffraction patterns,
all samples showed single cubic spinel structure as a main phase along with small traces of second phase
(GdFeO ). The lattice parameter 'a' initially increases for x = 0.05 and then decreases with increasing value of x.3

dc resistivity and activation energies showed increasing trend with increasing Gd contents. The temperature
dependent resistivity  and  activation  energy  decreases  with  increasing  temperature.  In  all  samples,
saturation magnetization increases while the coercivity decreases with increasing Gd content. The increases
in dc resistivity and saturation magnetization suggest that these materials are suitable for high density
recording  media  and  microwave  devices.  The  structural,  physical,  electrical  and  magnetic  properties  of
Gd-substituted Cobalt based ferrites are discussed in the current paper.
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INTRODUCTION mixed homogeneously in an agate mortar by grinding for

Spinel ferrites have  been  studied  extensively  due mortar and pestle were rinsed with acetone. The powder
to their low prices, easy to fabricate and abundant uses was then palletized using hydraulic pressing machine
in  technological   and    industrial   applications     [1-3]. (PAUL-OTTOWEBER) under the pressure of 30 kN/mm .
The useful properties of the spinel ferrites mostly depend Initially the heat treatments of the samples were carried
upon the chemical composition, preparation methods, out in a furnace for about 40 hours at 1250 °C and furnace
sintering temperature, nature of the  additives  and  their cooled.
distribution i.e. tendency to occupy tetrahedral (A) or The samples were finally sintered in a furnace at
octahedral (B) site [4]. In many commercial applications, 1300°C  for  03  hours  and  furnace  cooled.  The  Philips
like transformer cores, chokes, high density recording X-Ray       diffracto-meter    with       CuK        radiations
media, microwave devices etc., the dc resistivity of the (  = 1.540562 A°) was used to acquire patterns in the
spinel ferrites play a vital role which can be controlled by range of 2  from 15° to 75°. The peaks on the patterns
selecting a suitable sintering scheme and/or by addition were marked and matched with a known crystal structures
of small amount of suitable element [5]. The ferrites data using JCPDS cards [7]. The room temperature and
having high dc resistivity and low coercivity are very temperature dependent dc resistivity measurements were
useful  in  making  switching  devices [6]. In this paper, carried out using two probe methods.
the effects  of  small  addition  of  Gd  on  the  structure, The resistivity measurement system was consists of
electric and magnetic properties of Cobalt based ferrites a dc power supply model (IP-2717 Heatkith) and a
(CoGd Fe O ) have been reported. sensitive multimeter model (197 Keithley) connected in2x 2-2x 4

Experimental Procedure: A series of Cobalt based ferrites The surfaces of the samples were polished in order to
with small amount of Gd, CoGd Fe O  for x = 0.00 to remove any oxide layer and the scratches for better2x 2-2x 4

0.25 in steps of 0.05, was produced using the standard contact. The samples were held between two electrodes
ceramic technique. Analytical grade reagents CoO, Gd O under pressure and placed in an electric furnace having2 3

and Fe O  were weighed in appropriate proportions and accuracy  ±2 °C. A  vibrating  sample  magnetometer with2 3

more than four hours. Before and after this process the

2

series with a sample holder having two copper electrodes.
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maximum applied field 770 kA/m was used to determine
the magnetic properties.

RESULTS AND DISCUSSIONS

The X-ray diffraction patterns of CoGd Fe O2x 2-2x 4

ferrites for x = 0.00 to 0.25 are given in Figure. From this
figure it can be observed that for x = 0.00, the sample is
apparently single phase which can be identified as a cubic
spinel structure after matching with the ICDD PDF #86-
2267 data [7]. Introducing an appropriate amount of Gd3+

ions into Co-based ferrite, an additional peak at 32.8° 2
was appeared which indicate   the   presence  of a
secondary  phase. Using this small single peak it is very
difficult to identify the structure of the secondary phase,
however  comparing     this     peak   with   ICDD PDF#
78-0451data [7] and from the literature it may be identified
as GdFeO  phase [7-9]. The Gd partially replaces the Fe3

3+

ions on the octahedral sites which obey Vegard's law and
remaining Gd form grain boundary phase [8, 9]. The
calculated lattice parameter as a function of Gd content x
(at.%) are plotted in figure 2 which shows that the lattice
constant ‘a’ initially  increase  from  8.36  A° to  8.39 A°
for x = 0.05 and then gradually decrease to 8.28 A° as x
increases up to 0.25 at.%. The initial increase in spinel
lattice parameter ‘a’  reflects  that  the  Gd (ionic radius =
0.094 nm)  is  partially  replacing  the Fe  ion (ionic radius3+

= 0.064 nm) on the octahedral sites and partially forming
the grain boundary phase [9]. For higher values of Gd
contents (x > 0.05) the lattice parameter ‘a’ is linearly
decreasing, which may be attributed to strong exchange
coupling between grain  boundary  and   main   spinal
cubic   phases which   induce   shrinkage   in  lattice
constants. Similar  behaviour  has  also  been  observed
by Rezlescu et al. [10] who co-related this fact to  the
grain  boundary   phase  presence  along  with  main
spinal structure having different thermal expansion
coefficients.  X-Ray  density  (Dx) and Bulk density (Ds)
as a function of Gd  content  x  (at.%)  are  shown in
Figure  3.  X-Ray  density  (Dx)  increase  linearly  from
5.33 g/cm  to 6.08 g/cm  as Gd concentration x increase3 3

from 0.0 to 0.25 at%.  The  increase  in  X-Ray  density
may be due to difference in the molar masses of the
substituted  Gd   (157.25  g/mol)  as  compared to the+3

base atoms Fe (55.84 g/mol). The bulk density (Ds)3+

calculated from the measured mass and volume of   the
pellets  also  increases  from 4.18  g/cm  to 4.43 g/cm  with3 3

increasing Gd concentration having the same arguments
as above.

Fig. 1: X-Ray Diffraction patterns of CoGd Fe O2x 2-2x 4

ferrites

Fig. 2: Lattice Constant ‘a’ as a function of Gd-
Concentration x at.%

Fig. 3: X-Ray Density Dx and Bulk Density Ds as a
function of Gd-Concentration x at.%
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Fig. 4: Percent porosity %P as a function of Gd- Fig. 6: The dc resistivity as a function of temperature for
Concentration x at.% CoGd Fe O  ferrites

Fig. 5: The log of room temperature dc resistivity as a
function of Gd-Concentration x at.% Fig. 7: The log of dc resistivity as a function of 1000/T K-

From figure 3, it can be observed that the magnitudes
of bulk densities (D ) are smaller than that of 22.17 to 27.14 which may be attributed to the presence ofs

corresponding X-Ray densities (D ). This difference in more cation vacancies and due to loss of metaloins. Thex

magnitude may be related to the existence of pores in the log of room temperature dc resistivities measured by two
bulk samples [11]. The %Porosity is calculated using the probe method as a function of Gd-concentration are
equation: reported in figure   5   which   clearly  demonstrating  the

%P = [1-(D /D )]×100 (1) concentration. In CoGd Fe O  alloys, the concentrations x

The  calculated  percent Porosity (%P), which with increasing x while the substituted Gd  partially
depends on D  and D , as a function of Gd concentration occupies the corresponding empty location. As the Gds x

x at.% is shown in figure 4. From the figure it can be seen has large ionic radius which may be one of the causes to
that initially for x = 0.05, there is a very small decrease in decrease the hopping rate of electron as it enhances the
Porosity while for the higher values of Gd concentration, separation between   Fe    and   Fe    ions  and
porosity increase linearly with increasing x. Comparing consequently, enhances  the  dc  resistivity  and
figures  2  and  4,  the  initial lowering  of  %P  from  21.48 activation  energy. These results are consistent with the
to 21.04 for sample x = 0.05 may be attributed to the fact results reported by various authors [12, 13].
that Gd  is partially replacing Fe  and corresponding ‘a’ The temperature dependent dc resistivity measured+3 +3

is increasing and the Porosity is decreasing. N. Rezlescu using two probe method in the temperature range 303-573
at al. [10] have observed the same behavior and °K  for  CoGd Fe O    ferrites,   for   x   =   0.00 to   0.25,
suggested that it may be due to increase in oxygen as a function of temperature and 1000/T K  are given in
vacancies and less cation creation. For further increase in figure  6  and  7.  These  graphs  show  that  the  increase
concentration of Gd (x =  0.10  to  0.25)  %P  increase  from in    temperature    leads    to    decrease    in    resistivity,

2x 2-2x 4

1 for CoGd Fe O ferrites2x 2-2x 4

increasing trend  of  resistivity  with  increase  in Gd
2x 2-2x 4

of Fe  ions on Octahedral   sites   gradually  decreases3+

+3

3+ 2+

2x 2-2x 4
1
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Fig. 8: Drift mobility as a function of temperature for
CoGd Fe O  ferrites2x 2-2x 4

which is the normal behaviour of semiconducting
materials and it obeys the well known Arrhenius relation
[14]. The higher values of temperature for the samples
help the trapped charges to be librated and participate in
the conduction process   which   results   decrease   in
resistivity. According   to   the  conduction  mechanism
in ferrites, the decrease in resistivity could also be
related to the increase in the drift mobility of the thermally
activated electrons [15, 16]. Fig. 10: Room temperature M-H loops for CoGd Fe

O ferrites
calculated from the following relation

µ = 1/(ne ) (2)d

where e is the charge of electron,  is dc resistivity and n
is the concentration of charge carriers, calculated using
following equation:

n = (NACFeDs)/M (3)

where NA is the Avagrado’s number, CFe the number of
iron atoms in the chemical formula of the samples, Ds is
the bulk density and M is the molar mass of the sample.
Calculated drift mobility as a function of temperature is Fig. 11: Room temperature magnetic properties for
plotted in Figure 8 which shows that the drift mobility CoGd Fe O ferrites
increases with the increase in temperature and this may be
due to increase in hopping rate at higher temperature The charge carriers are considered as residing at the
[17,18]. vacant sites and conduction occurs via a hopping

The activation energies for the samples were process  which  depends  upon  the  activation  energy
calculated from the slope of Arrhenius plots shown in [13].  Due  to  addition  of  Gd  inter  ionic  distance
Figure  7  and the  results  are  shown  in  figure  9. In increase  which  enhances  the  barrier  height
general,  for  ferrite  samples,  the  activation  energy is encountered by the charge carriers during the hopping
often  associated  with  the  variation  of  mobility of process and consequently, it enhances the activation
charge   carriers   rather  than   with   their   concentration. energy.

Fig. 9: The activation energy as a function of Gd-
Concentration x at.%

2x 2-

Using dc resistivity data, the Drift mobility is 2x 4

2x 2-2x 4
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Comparing the figure 7 and 9, the behaviour of resistivity and saturation magnetization suggest that
activation energy is similar to that of the room temperature these materials can be used in manufacturing high density
dc resistivity. In the present study the observed dc recording media and microwave devices.
resistivity,  calculated  drift  mobility  and  activation
energy  are in  good  agreement  with  those  reported  by ACKNOWLEDGEMENT
I.H. Gul at al. [13].
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