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Polycrystailine samples of mixed ferrite Mn,_, Cd, Fe,0,, where x = 0, 0.2, 0.4, 0.6 and 0.8,
were studied by X-ray analysis and d.c. electrical conductivity. !t was found that the calculated
lattice parameter (a,) increases from 0.855 to 0.861 nm according to increases in x from O to
0.8. The apparent density and theoretical density exhibit the same behaviour. It was also
found that the activation energy of the conduction mechanism and log g,;-¢ increase with
increasing cadmium content, which affect the exchange interaction mechanism in tetrahedral

(A) sites and octahedral (B) sites.

1. Introduction

Manganese—zinc ferrite and nickel-zinc ferrite are
still by far the most imortant ferrites for high-
permeability and low-loss applications [1]. By varying
the ratio of zinc to manganese or nickel, or by other
means, both types of ferrite may be made in a variety
of grades, each grade having properties that suit it to
a particular class of application. In addition to their
use in magnetic applications, ferrites can also be used
as thermistors, but sometimes the resistivity is very
low [2]. Therefore, the control of resistivity in fer-
rites is a serious problem. There are two general
approaches to this: (1) controlling firing temperature,
and (2) addition of minor constituents to increase or
decrease the conductivity. The first point was studied
in our previous paper [3], but the aim of this work is
to study the effect of cadmium on some physical
properties of MnFe,0,.

2. Experimental details
Polycrystalline samples of mixed ferrite Mn,_,Cd,-
Fe,O, (where x = 0, 0.2, 0.4, 0.6 and 0.8) were
prepared by a standard ceramic technique. As seen
from our previous work on MnFe,O, [3], the homo-
genization and structure perfection is formed at a
sintering temperature of 1150° C. Therefore, this series
of Mn-Cd-ferrites was prepared at the same tem-
perature.

Conduct1v1ty measurements were carried out over
a wide temperature range (from room temperature to
637 K). Measurements during the heating and cooling
process were carried out to ensure the absence of any
kind of hysteresis. The two-terminal d.c. method
and indium-amalgam for contact were used in the
measurements. Further details of the preparation and
measurements are given elsewhere [3, 4].

The density of the samples was determined using
hydrostatic weighing 1n toluene. A single crystal of
germanium was used as a reference material. These
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measurements were carried out using an electrical
balance with a sensitivity of 107*g.

X-ray diffraction patterns were made of the finest
powder samples. A Philips recording diffractometer
was used and a CoKux radiation source was applied
with an iron filter to obtain the spectrum. A single
crystal of silicon was used to calibrate the diffrac-
tometer.

3. Results and discussion

3.1. X-ray analysis

X-ray diffraction patterns for the samples are shown
in Fig. 1. The X-ray patterns show the reflection
planes (220), (311),(222),(400),(422),(511) and
(440). It was observed that the (111) plane com-
pletely disappeared in all samples, but the (222) and
(4 00) planes disappeared at high cadmium concentra-
tions. This behaviour agrees with the ASTM cards.
Generally, the diffraction data proved that the
Mn,_,Cd, Fe,O, have been formed in cubic spinel
structure. The d-spacings for the recorded peaks are
calculated according to Bragg’s law. The lattice par-
ameter (anm) can be calculated directly using the
following relation:

a = dy(* + K+ L) (1)

where 4, K and L are the indices of the mentioned
planes. The measured lattice parameters are plotted
against the function F(6) = [1/2 (cos’0/sinf) +
(cos’0/0)] in Fig. 2; a straight line resulted. The value
of a, (the true value of g) can be found by extrapolat-
ing this line to F{#) = 0 as 6 — 90°. The lattice par-
ameters, a,, as a function of composition are tabu-
lated in Table 1. Fig. 3a shows the relation between
the composition and lattice parameter, a,. From this
figure, one can clearly see that the lattice parameter
increases with increasing cadmium content. This
observation may be accounted for the replacement of
manganese by cadmium ions, because the ionic radius
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Figure 1 X-ray diffraction pattern of Mn,_.Cd, Fe,O, fer-
rite.
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of Mn** (0.052nm) is smaller than that of Cd**
(0.099 nm) [5}.

It is known that there is a correlation between the
ionic radius and the lattice constant [6]. Pascard et al.
[7] found that the distance between the magnetic ions
on the tetrahedral sites (i.c. the lattice constant)
increases with the introduction of larger ions for
Ni,_,Zn Fe,0, and Ni,_,Cd,Fe,0,. In this work,
the relation between the tetrahedral ionic radii and the
lattice parameters of Mn,_,Cd, Fe,0, has been
studied. It is well known that the Cd** ions occupy the
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Figure 2 Relation between the lattice parameter and F(0) =
1/2[(cos?6/sin 8) + (cos’6/0)] for different compositions of Mn-Cd
ferrite.
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tetrahedral position (A-sites) only [8]. Starting from
the basic MnFe,0,, non-magnetic Cd’* ions are sub-
stituted to replace Mn>* ions in the A-sites and Fe’*
ions, which in turn move into octahedral sites
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Figure 3 Composition dependence (x) of (a) lattice parameter (q;),
(b) X-ray density (dy), and (c) apparent density (d), for Mn—Cd
ferrite.
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Figure 4 Tetrahedral ionic radius (7, ) plotted against lattice par-
ameter (4,) for Mn—Cd ferrite.

(B-sites). For a given composition (x), the mean ionic
radius for a molecule on the A-sites is defined as [9]

Fiet.jon = (1 - x)rm Fed+ + (x)rtet‘ Me2+ (3)

where Me** denotes the substituted divalent metal. By
using this formula, the tetrahedral ionic radius for
each composition was computed and tabulated in
Table I. Plots of tetragonal ionic radius (r, ) against
the lattice parameter (gq,) of Mn,_,Cd, Fe,0, are
shown in Fig. 4. Starting with MnFe,O, when
cadmium is doped, the lattice parameter is found to
increase with increasing cadmium content, because
Cd** with a larger ionic radius, replaces Mn?*, which
has a smaller ionic radius, on the tetrahedral sites
(A-sites).

As the lattice parameter (a,) was calculated pre-
cisely, the X-ray density (theoretical density), dyx, was
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TABLE ]

Composition (x) a, (nm) r,, (em) dx (gem™) 4 (gem™?)
0 0.855 0.056 4.90 4.50
0.2 0.855 0.065 5.15 4.7
04 0.858 0.073 5.34 5.00
0.6 0.860 0.082 5.54 5.28
0.8 0.861 0.090 5.76 541

The error in d, (nm) does not exceed 0.2%.

calculated as follows

dy = S8M/Naigem™ 4

where M is the molecular weight, N is Avogadro’s
number, 8 is the number of molecules per unit cell.
The apparent density (dgcm™>) was also measured.
The dependence of density (d) and X-ray density (dy)
upon cadmium concentration is tabulated in Table I,
and represented in Figs 3b and c. It is seen that the
X-ray density increases linearly with increasing
cadmium content, where the atomic weight of
cadmium (112.4) is higher than that of manganese
(54.94). In addition the apparent density (d gcm *) of
the same compositions nearly reflects the same general
behaviour of the theoretical density (dy).

3.2. D.c. electrical conductivity

The d.c. electrical conductivity of the Mn-Cd fer-
rite has been investigated throughout this work.
Fig. 5 shows the observed variation of log ¢ with 7!
for Mn, _,Cd, Fe,0,. As expected for all semiconduc-

Figure 5 The observed variation of log ¢ against 7' for
various samples of Mn—Cd ferrite.
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Figure 6 The variation of (a) the activation energy, E, and (b) the
log g,7-¢ With composition, x.

tors, the conductivity of the ferrites was observed to
increase with rising temperature. The conductivity (o)
at an absolute temperature, 7T, is known to be given by
o = o,exp{—E,/KT). In this paper we shall discuss
the effect of cadmium on the conduction mechanism
of MnFe,0,. The behaviour of MnFe, O, (i.e., x = 0)
at T. (Curie point) was discussed in detail in the
previous work [3] to which the reader is referred. The
behaviour of activation energy E,(eV) for various
samples with composition is represented in Fig. 6a. A
similar behaviour has also been observed for the rela-
tion between log 6,,- and composition (x) as shown in
Fig. 6b.

The experimentally observed variation of d.c. elec-
trical conductivity with cadmium content is thus
qualitatively explained by the assumption that as the
cadmium content increases the relative number of
ferric ions on the A-sites diminishes. This causes the
(A-A) and (A-B) exchange interactions to be reduced
with the increasing cadmium concentration. There-
fore, ferrites containing an appreciable amount of
cadmium are characterized by a fairly strong (B-B)
exchange interaction [2]. This would greatly affect the
activation energy needed for the transfer of the elec-
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trons between Fe’™ and Fe’* (Fe’™ = Fe’*) and
consequently the conductivity process. The replace-
ment of manganese ions by cadmium ions in A-sites
may lead to the following processes: (i) the introduc-
tion of manganese ions in the B-sublattice as Mn**
[10] would obstruct the electron hopping between the
iron ions by blocking the Fe** — Fe’* exchange; (ii) if
the Fe’* ions at the B-sites are converted to Fe?* ions
for charge compensation, the conduction due to elec-
tron hopping is modified because of a decrease in the
number of Fe’™ ions and an equal increase in the
number of Fe?* ions in the B-sublattice. Process (i)
increases the resistivity of the sample and Process (ii)
may increase or decrease the resistivity, but the prob-
ability of an increase is greater than a decrease. More-
over the replacement of manganese ions (4s?3d°) by
cadmium ions (4s?3d'®) whose d-electrons do not par-
ticipate in the conduction process but limit the degree
of conduction [4]. On the other hand, the electron
hopping between B—A sites is less probable compared
to that for B-B hopping, because the distance between
two metal ions placed in B-sites is smaller than that if
they were placed one in a B-site and the other in an
A-site [2, 8]. Thus the hopping probability depends
upon the separation between the ions involved and the
activation energy of the conduction process [11].
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