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Mössbauer Studies of a Heat Treatment Effects in Ni-Co Ferrite
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The Ni-Co ferrite Ni0.3Co0.7Fe2O4 has been investigated by X-ray diffraction and Mössbauer
spectroscopy. The crystal structure is found to be cubic spinel with the lattice constants a0 =
8.361 ± 0.005 Å and a0 = 8.368± 0.005 Å for slow-cooled and quenched Ni0.3Co0.7Fe2O4, respec-
tively. Mössbauer spectra of Ni0.3Co0.7Fe2O4 ferrite have been taken at various temperatures from
13 K to 780 K. The isomer shifts indicate that the valence states of the irons at both tetrahedral(A)
and octahedral(B) sites are in ferric high-spin states. The variation of the iron ions at magnetic
hyperfine fields at the A and the B sites is explained on the basis of A-B and B-B supertrans-
ferred hyperfine interactions. The Debye temperatures for the A and the B sites of Ni0.3Co0.7Fe2O4

are found to be θA = 565 ± 5 K and θB = 285 ± 5 K for slow-cooled and θA = 499 ± 5 K and
θB = 249± 5 K for quenched Ni0.3Co0.7Fe2O4, respectively. Atomic migration of Ni0.3Co0.7Fe2O4

starts near 450 K for the slow-cooled Ni-Co ferrite and 400 K for the quenched one and increases
rapidly with increasing temperature to such a degree that about 61% of the ferric ions at the A
sites in the slow-cooled compound and 71% in the quenched compound have moved over to the B
sites by 700 K.

I. INTRODUCTION

Metallic atoms of a ferrimagnetic spinel are in an in-
verse distributions; half the atoms of iron are in the tetra-
hedral(A) sites and the other half plus magnetic atoms
in the octahedral(B) sites. The magnetic properties of
CoFe2O4 are sensitive to the distribution of the transi-
tion metal ions among the cation sites in the structure.
CoFe2O4 [1,2] 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 0.61± 0.04 to
0.87± 0.04 for the two extremes of quenched and slow-
cooled CoFe2O4 samples, respectively. This is in con-
trast to NiFe2O4 a completely inverse spinel. Chappert
and Frankel [3] have shown from their Mössbauer stud-
ies that there is no canting of spins in NiFe2O4. In this
study, we present our Mössbauer and X-ray results for
heat-treated Ni0.3Co0.7Fe2O4 with the special emphasis
on atomic migration as a function of temperature and on
the Debye temperatures for A and B sites.

II. EXPERIMENTAL

The Ni0.3Co0.7Fe2O4 ferrite was prepared by the di-
rect 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 ele-
ments in the proper proportions were sealed in evacuated
quartz ampoules, heated at 1000◦C for 2 days, and then
slow-cooled to room temperature at a rate of 10◦C/h.
In order to obtain a homogeneous material, it was nec-
essary to grind the samples after the first firing and to
press the powders into pellets before annealing them for
a second time in evacuated and sealed quartz ampoules.
The quenched materials were obtained by quenching the
powder at 1000◦C in liquid nitrogen.

The Mössbauer spectra were recorded using a conven-
tional Mössbauer spectrometer of the electromechanical
type [4] with a 10-mCi 57Co source in a Rh matrix. The
low temperature was obtained using an APD CS-202 dis-
plex closed-cycle refrigeration system with a DMX-20
Mössbauer vacuum shroud interface, and the tempera-
ture controller was a model DRC-91C manufactured by
Lake Shore Cryotronics, Inc..

III. RESULTS AND DISCUSSION

X-ray diffraction patterns of the samples were ob-
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