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Abstract

Ferrite  with general formula Niix Cox FexOs(where
x=0.0.1,0.3,0.5,0.7, and 0.9), were prepared by standard ceramic
technique. The main cubic spinel structure phase for all samples was
confirmed by x-ray diffraction patterns. The lattice parameter results
were (8.256-8.299 “A). Generally, x -ray density increased with the
addition of Cobalt and showed value between (5.452-5.538gm/cm?®).
Atomic Force Microscopy (AFM) showed that the average grain size
and surface roughness was decreasing with the increasing cobalt
concentration. Scanning Electron Microscopy images show that
grains had an irregular distribution and irregular shape. The A.C
conductivity was found to increase with the frequency and the
addition of Cobalt, D.C conductivity was found to increase with
temperature due to decreases in resistivity. Dielectric constants were
noticed to decrease with frequency and Co addition. The Hall
coefficient was found to be positive. This demonstrates that the
majority of charge carriers are p-type, suggesting that the mechanism
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of conduction is predominantly caused by hopping of holes.
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Introduction

Ferrites form a very good class of electrical
materials due to their high resistivity and
low loss behavior, and thus have vast
technological applications over a wide range
of frequencies. Ferrites are preferred in the
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field of electronics and telecommunication
industry because of their novel electrical
properties which makes them useful in
radiofrequency circuits, high quality filters,
rod antennas, transformer cores, read/ write
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heads for high digital tapes and other
devices[1].

One of the most important members of
spinel Ferrite systems is the nickel ferrite
(NiFe20a), which is a soft magnetic material
with an inverse spinel structure[2]. NiFe204
IS a suitable material for microwave
applications. It is noted for its high Curie
temperature and good temperature stability
of saturation magnetization[3].

The crystal structure is face center cubic
with the unit cell containing 320%, 8Ni?*
and 16 Fe** ions. The oxygen ions form 64
tetrahedral sites and 32 octahedral sites,
where 24 cations are distributed. The eight
Ni2* and eight Fe®*" cations occupy half of
the octahedral sites and the other eight Fe3*
ions occupy eight tetrahedral sites.
Ferrimagnetic property of the material arises
from magnetic moments ofanti-parallel spins
between Fe* ions at tetrahedral sitesand
Ni2* and Fe3* ions at octahedral sites[4].

Several investigations on structure and
electrical properties of Ni- modified ferrites
have been reported in literature. Most
reports, however, describe the obtaining and
characterization of bulks through several
processing routes[2]. This paper investigates
the structural and electrical properties of Ni-
ferrites bulk ceramics doped with Co.

Experiment

Ferrites with general formula Niix
Cox Fe;04 (where x=0.0.1,0.3,0.5,0.7, and
0.9), were prepared by standard ceramic
technique. Powders of Fe;Os, NiO and
C0203 were weighed and mixed according
to the general composition formula by
moles ratio. The powders were mixed and
blended homogenously through dry mixing
using a ball mill. After powder mixture,
they were pressed using a die with diameter
(1.8 cm) to produce specimens in a pellet
shape. The pressing load used was (3 ton)
and the specimen held for 1min under
pressure using a hydraulic press (of a
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maximum load 15 ton). The specimens
were then sintered at 900C° for two hours
and then left to cool down to room
temperature. The spinel structure was
characterized by x-ray diffraction carried
out using Shimadzu XRD-6000
diffractometer with Cu ko radiation
(A=1.5405 "A) at scanning speed 5 deg/min.
The Atomic Force Microscopy(AFM)
studies were performed on Angstrom
Advanced Inc, 2008,USA. Scanning
Electron Microscopy (SEM) studies were
performed using (JOEI JSM-6400) with
magnification 589 and 477. The AC
measurements were performed using
Agilent impendence analyzer 4294 A. D.C
conductivity measurements were done
using sensitive digital electrometer type
keithley (616) and electrical oven. The Hall
Effect measurements were performed using
four-point probe on Ecopia HMS-3000.

Result and discussion

1. X-ray Diffraction

Figure 1shows XRD patterns of Nii.x Cox
Fe2Os where (x=0,0.1,0.3,0.5,0.7 and0.9)
doped Co prepared by standard ceramic
technique. The patterns were compared with
standard data (96-230-0296) and the
formation of single phase cubic spinel
structure in all specimens was confirmed
with the appearance of secondary phases.
The component Niix Cox Fe2O4 were multi
phases. The correspond miller indices (311)
referred to the nickel ferrite while the other
one (311) referred to the ferric oxide.

The lattice parameter (a) of individual
composition for cubic structure was
calculated. The calculated lattice
constant (a) is seen to increase with an
increase in cobalt content. A small change in
lattice parameter may be related to the
oxidation states and distribution of cations
among tetrahedral (A) and octahedral (B)
sites of the spinel structure, the probability
that the Co*™ ions occupy the (A) sites of
Fe*® ions must be excluded, since the
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tetrahedral sites too small to be occupied by
the large Co*™® ions which have large ionic
radius. However the probability of
occupancy of the octahedral (B) sites by the
cobalt ions increases with decreasing of the
R ionic radius [2,5]. X-ray densities
generally increase with Co addition as
shown in Tablel. The x-ray density (dx)
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determined as follows:-

dx = (ZM/Na?) 1)
Where Z is the number of molecules per unit
cell(Z=8), M is the molecular weight, the
value of M varies with x concentrations and
(N=6.022*102 /mol?) is avagadro’s
number[6].

Table 1: Effect of Co content on lattice parameter(a), density of unit cell (dx), molecular weight(M)
and unit cell volume(V).

o
(1)

3
o
(L1004

(206

Intensity (arbitrary wnit

Co content | dnwi (A) | (hkD) | M (gm/mol) | a (A) V(cm?®) dx(gm/cm?)

0 2493 | 311 234.379 8.266 5.647*107%? 5.513
0.1 2502 | 311 234.402 8.296 5.709*107%? 5.454
0.3 2.501 311 234.450 8.293 5.703*107%? 5.461
0.5 2496 | 311 234.498 8.276 5.668*107%? 5.496
0.7 2.503 311 234.546 8.299 5.715*%107%? 5.452
0.9 2490 | 311 234.594 8.256 5.627*107%? 5.538
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Fig.1: XRD spectra of bulk Niix Cox Fe-O4 with different content of Co.
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2. Atomic force microscopy (AFM)

Figs. 2 and 3 shows the AFM images for
bulk Nii-xCoxFe204 ferrites where (x=0.3
and 0.7) respectively. AFM pictures show
that the all specimens have granular nature.
The grain size and roughness as determined
from AFM are given in Table 2. Both The
grain size and surface roughness decreased

Hind Mohammed Hasan and Farah Tarig M. Norri

with the increase in Co substitution, though
the average grain size of x=0.3 and 0.7 from
113.87nm to 91.08nm, respectively as
shown in Figs 2 and 3. On the other hand the
average roughness decreases from 1.96 to
1.22nm for x=0.3and 0.7 respectively.
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Fig.2 : AFM micrographs for the composition (Nio7 Coo.s Fe20a4).
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Fig .3: AFM micrographs for the composition (Nio3 C0o.7 Fe204).
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Table 2: Average grain size and average
roughness for bulk Ni.xCoxFe,Os where x=0.3
and 0.7.

Co content Ave. grain | Ave. Roughness
size (nm) (nm)
0.3 113.87 1.96
0.7 91.08 1.22

3. Scanning electron microscopy(SEM)

In addition to atomic force microscopy,
scanning electron microscopy was carried
out to further characterize the topographical
properties of the material. Fig. (4aand b)

4. AC measurement

In this study, we report the A.C conductivity
for bulk cobalt addition nickel ferrite
(NizxCoxFe204) where (x=0, 0.1, 0.3, 0.5,
0.7 and 0.9) of cobalt additions. The cac(®)
for all specimens was found to increases
with increasing the frequency as shown in
Fig. 5. In this case, cac (®) is proportional
to (®°) which means that cac () dominates
at higher frequency in the range (50kHz to
5MHz), for lower frequency in the range
(50Hz to 50kHz) o©ac (®) becomes
independent of the frequency because D.C

Flg 4: SEM |mages fOf a) Nlo 7Coq. 3Fe204, )Nlo 3C007F€,0..
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represents the SEM micrographs for bulk
Ni1xCoxFe20s where (x=0.3 and 0.7)
respectively. The grains were observed as
irregular distribution and irregular shape.

The images showed that the specimens
were not closely packed and consist of
several grains. It is obvious from Fig.(4a and
b) that the cobalt addition increase had no
major effect on the surface morphology of
the ferrite.

Wd um —
Inspect S 50 SEM

g >
HV mag O WD
15.00 kV|12 477 x|15.4 mm|1.13e-3 Pa

pressure

conductivity dominate in this frequency
range.

The values of exponent (S) for bulk
(Ni1-xCoxFe204 ) where (x=0,0.1,0.3,0.5,0.7
and (0.9) were estimated from the slope of
the curves plotted between Ln cac (o) versus
Ln(w) as shown in Fig.5 which found to be
less than unity for all prepared specimens
which corresponding to correlated barrier
model. Fig. 6 shows the value of exponent
(S) with different content of Co.
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Fig.5: Effect of conductivity as a function of frequency.
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Fig .6: S- value as a function of different content of Co for bulk (NiixCoxFe;Q0a).

The electrical conduction is a thermally Where 64 conductivity, - IS pre exponential
activated process and follows the Arrhenious factor, Ea is the activation energy and K is
law :- Boltzman constant.

Oac :G°exp[‘Ea /KT] (2)
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When a field is applied to a dielectric, the
polarization of the dielectric takes place. The
dielectric displacement found in a dielectric
material when subjected to an alternating
field (E) is not in phase. Hence the dielectric
constant is a complex quantity and is
expressed as:-

Vol.12, No.25, PP. 69-79

Where C is the capacitance and C- is the free
space capacitance

The dielectric constant (€1 is found to
decrease sharply with increasing frequency
for all samples as shown in Fig7. This is
may be attributed to the dipole polarization
i.e, the rotation of dipoles between two

E*=61+18&2 3) equivalent equilibrium positions is involved.
where €1 is the real part of dielectric It is the spontaneous alignment of dipoles in
constant which can be calculated by the one of the equilibrium positions that give
equation rise to nonlinear polarization behavior of
&1=C/C, 4) this composition[7].
30 7 X
25 1 X ox=0
X ox=(.1
| X ax=0.3
20 4
<
w15 - °
1 X
10 - X o
5 4 (m| O no
() ] T T T T 1
12 13 14 15 16 17 18
In(®)

Fig.7: Effect of dielectric constant with frequency and with Co addition.

€ Is imaginary part of dielectric constant

(dielectric loss factor) which can be
calculated by the equation
&=6D )

Where D is the loss factortan &
The imaginary part of dielectric constant
(€2) versus frequency is shown in Fig.8. The
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decrease in (€2) with increasing frequency
agrees well with Deby’s type relaxation
process[5]. The dielectric loss factor (€2)
was noticed to decrease with Co content
because Cobalt oxide (C0203) is known as
low dielectric loss materials.



Iragi Journal of Physics, 2014

10 - S
9 X o x=0.1
8 ; ax=03
7 7 X x x= 0.5
6 - K +x=0.7
o5 5 : » X ¥ x=09
4 : e,
3 3 a ™
. - C-’ o o Ooo
0 : 8 8 e eee“‘j s ;
12 13 14 15 16 17 18
In(®m)

Hind Mohammed Hasan and Farah Tariq M. Norri

Fig.8: Effect of dielectric loss with frequency and with Co addition.

5. D.C Conductivity

In order to study conductivity mechanisms,
it is convenient to plot the logarithm of the
conductivity (Lno) as a function of 1000/T
for bulk cobalt addition nickel ferrite
Ni1xCoxFe 04 with different content of Co
(x=0,0.1,0.3,0.5,0.7 and 0.9) as shown in
Fig.9. It is clear that all specimens have two
transport mechanisms, giving rise to two

activation energies Ea1 and Eaz respectively.
At higher temperature range (373-473) K,
the conduction mechanism is due to carrier
excited into the extended states beyond the
mobility edge and at lower temperature
range (293-373) K; the conduction
mechanism is due to carries excited into
localized states at the edge of the band.
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Fig.9:
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Ln(o) as a function of 10°/T for bulk Ni.«CoxFe,O4 with different content of Co.
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Table 3 : Activation energies Ea; and Ea for bulk NiixCoxFe 04 with different content of Co.

Cocontent | Ea(eV) |Range (K)| Ea2(eV) | Range (K) | orT (Q1.cm)
0 0.192 293-373 0.587 373-473 451E-11
0.1 0.217 293-373 0.587 373-473 1.62E-10
0.3 0.173 293-373 0.464 373-473 6.93E-10
0.5 0.206 293-373 0.441 373-473 1.27E-09
0.7 0.168 293-373 0.339 373-473 9.78E-09
0.9 0.140 293-373 0.348 373-473 1.15E-07

Fig.10 show the relation between D.C
conductivity at room temperature with
different concentration of Co for bulk
Ni1-xCoxFe204. It is clear that there is

an increasing in the value of conductivity
(od.c) when increases in Co contents(x), and
these values increase to reach to the
maximum ( 1.15x107Q .cm™) at x=0.9.
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Fig.10 : Variation of & 4. versus concentration(x) for bulk Nii..CoxFe;O..

6. Hall Effect

The type of charge carries, carrier
concentration (n) and hall mobility (uw)
for bulk Ni1-xCoxFe204 where
(x=0,0.1,0.3,0.5,0.7 and 0.9) have been
estimated from Hall measurement.

The results of Hall coefficient listed in
Table4 shows a p- type semiconductors
behavior. Fig.11 shows the variation of
carrier concentration for bulk Nii-xCoxFe204
with different content of Co. We see that the
carrier ~ concentration  increases  with
increasing Co content, therefore the
conduction mechanism in this ferrite is
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hopping of electrons between Fe** and
Fe2*ions and hopping of holes between Ni*2
and Ni*which is the dominant one. The
number of hopping of holes between Ni*2
and Ni*® jons increases with Co*3doping.
This is because of Fe3* ions migration from
the octahedral to the tetrahedral sites[8].
Fig.12 show the variation of Hall mobility
with different content of Co. The decrease in
Hall mobility with Co addition can be
attributed to the increase in the carrier
concentration.
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Fig. 11: Variation of carrier concentration for bulk Ni;xCoxFe,O4 with different content of Co.
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Fig. 12: Variation of Hall mobility for bulk Ni..xCoxFe-O. with different content of Co.

Table 4 : Hall parameters for bulk Ni..xCoxFe,O, with different content of Co.

Co content | RH(cm?/c) nH (cm'3) nH (cm?/v.sec) | type 6(Q.cm)?
0 3.27E+12 | 19113149.850 147.5 p 451E-11

0.1 3.24E+11 | 19290123.46 52.5 p 1.62E-10

0.3 4.56E+10 | 137061403.5 31.6 p 6.93E-10
05 3.18E+10 | 196540880.5 40.4 p 1.27E-09

0.7 2.80E+09 2232142857 27.4 p 9.78E-09

0.9 1.29E+08 | 48449612403 14.8 p 1.15E-07
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Conclusion

Standard ceramic  technique  was
employed to prepare the cobalt nickel
ferrites were at 900C°sintering temperature.
From the x-ray diffraction results the
samples are polycrystalline because the
appearance more than one phases. X-ray
density generally increases with the addition
of Cobalt. Atomic Force Microscopy (AFM)
showed that the average grain size and
surface roughness was decreasing with the
increasing Cobalt concentration.. Scanning
Electron Microscopy (SEM) images show
that grains had an irregular distribution and
irregular shape. AC conductivity was found
to increase with frequency and Co addition,
D.C conductivity was found to increase with
temperature due to decreases in resistivity.
Dielectric constants were noticed to decrease
with frequency and Co addition. The Hall
coefficient was found to be positive. It
demonstrates that the majority of charge
carriers of p-type, suggesting that the
mechanism of conduction is predominantly
caused by hopping of holes.
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