Atomic migration in Ni–Co ferrite
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Ni–Co ferrite has been studied with Mössbauer spectroscopy and x-ray diffraction. The crystal
structure for this system is spinel, and the lattice constant is in accord with Vegard’s law. The
Mössbauer spectra consist of two six-line patterns corresponding to Fe31 at the tetrahedral (A) and
octahedral (B) sites. The Néel temperature increases linearly with Ni concentration, suggesting the
superexchange interacion for the Ni–O–Fe link is stronger than that for the Co–O–Fe link. It is
found that Debye temperatures for the A and B sites of CoFe2O4 and NiFe2O4 are found to be
u A 5734 K, u B 5248 K, and u A 5378 K, u B 5357 K, respectively. The intensity ratio of the A to B
patterns is found to increase at low temperatures with increasing temperature due to the large
difference of Debye temperatures of the two sites and to decrease at high temperatures due to
migration of Fe31 ions from A to B sites. Atomic migration of CoFe2O4 starts near 400 K and
increases rapidly with increasing temperature to such a degree that 69% of the ferric ions as the A
sites have moved over to the B sites by 780 K. It is noted that, as the Ni concentration in cobalt
ferrite increases, the Debye temperatures tend to decrease the migration at the A and B sites is slow.
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I. INTRODUCTION

II. EXPERIMENT

A ferrimagnetic spinel can be represented by the formula
AB2O4 , the A – B magnetic interactions between the magnetifc atoms on the A ~tetrahedral! sites and the magnetic atoms
on the B ~octahedral! sites are stronger than the A – A and
B – B interactions.1 Metallic atoms of a ferrimagnetic spinel
are in an inverse distribution; half the atoms of iron are in the
A sites and the other half plus magnetic atoms in the B sites.
However, CoFe2O42,3 is not completely inverse, and the degree of inversion depends on the heat treatment. The area
ratio, Fe(A)/Fe(B), has been found to vary from 0.6160.04
to 0.8760.04 for two extreme quenched and slowly cooled
CoFe2O4 samples, respectively. NiFe2O4 is an inverse spinel.
Chappert and Frankel4 have shown that the spin arrangement
in NiFe2O4 is of the Neél collinear type. The ferrimagnetic
Neél temperature was found to be 868 K by the thermal
scanning technique.5
In this article, we present our Mössbauer and x-ray results on slowly cooled Nix Co12x Fe2O4 with special emphasis
on atomic migration as a function of temperature and on the
Debye temperature for A and B sites.

The slowly cooled Nix Co12x Fe2O4 samples were prepared by direct reaction of elements in an evacuated quartz
tube. The starting materials were high-purity Fe2O3
~99.995%!, NiO ~99.999%!, and CoO ~99.999%!. Mixtures
of the elements in the proper proportions were sealed in
evacuated quartz ampoules, heated at 1000 °C for two days,
and then slowly cooled to room temperature at a rate of
10 °C/h. In order to obtain a homogeneous mateial, it was
necessary to grin the samples after the first firing and to press
the powders into pellets before annealing then for a second
time in evacuated and sealed quartz ampoules. The Mössbauer spectra were recorded using a conventional Mössbauer
spectrometer of the electromechanical type6 with a
10 mCi 57Co source in a Rh matrix.
III. RESULTS

X-ray diffraction patterns of the Nix Co12x Fe2O4 were
obtained in the u22u geometry with Cu K a radiation. The
lattice constant a 0 for each composition was found by plotting a ~u! against the Nelson–Riley function7 and extrapolating to u590°. The results are shown in Table I. The unit cell

TABLE I. Lattice parameter (a 0 ) at room temperature, magnetic hyperfine field ~H hf!, quadrupole shift (DE Q ),
and isomer shift ~d! at 13 K for Nix Co12x Fe2O4 . d is relative to the iron metal.
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