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Abstract
.
.
spectroscopy and X-ray diffraction. Mossbauer
spectra of
Co0.9Zn0.1Fe2O4 ferrite has been studied with Mossbauer
Co0.9Zn0.1Fe2O4 measured at various absorber temperatures of 20–830 K. Its N!eel temperature TN is found to be 790 K.
Atomic migration of Co0.9Zn0.1Fe2O4 starts near 295 K and increases rapidly with increasing temperature to such a
degree that 78% of the ferric ions at the A sites have moved over to the B sites by 700 K.
r 2002 Elsevier Science B.V. All rights reserved.
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CoFe2O4 is a well-known hard magnetic material,
which has been studied in detail due to its high coercivity
and moderate saturation magnetization. It has been
widely studied and used for magnetic recording materials and its importance of applications is appreciated in
various ﬁelds [1]. However, CoFe2O4 is not completely
inverse, and the degree of inversion depends on the heat
treatment. The area ratio of Fe(A)/Fe(B), has been
found to vary from 0.6170.04 to 0.8770.04 in CoFe2O4
by two extreme heat treatments, quenching (q) and
slowly cooling (s.c.), respectively [2]. For both ionic
distributions, the magnetic moment over 3 mB per unit
chemical formula or 71.5 emu/g is anticipated assuming
5 mB for Fe3+ and 3 mB for Co2+ ions. The values
observed, 3.4 mB for s.c. and 3.9 mB for q, respectively,
conﬁrm this expectation [3,4]. In this article, we present
.
results for Co0.9Zn0.1Fe2O4 from our Mossbauer
spectroscopy, and X-ray diffractometry with special emphasis on atomic migration as a function of temperature and
on the Debye temperatures for the A and B sites.
Co0.9Zn0.1Fe2O4 ferrite powders were synthesized by a
sol–gel method. Co(CH3CO2)2  4H2O, Zn(NO3)2  6H2O
and Fe(NO3)3  9H2O were dissolved into ethylene glycol
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and water for 30 min using an ultrasonic cleaner. The
solution was reﬂuxed at 701C for 12 h and then dried at
801C in a dry oven for 24 h. The dried powder was
ground and annealed at temperature 8001C for 3 h in air.
The X-ray diffraction patterns of the samples were
.
obtained with CuKa radiation. The Mossbauer
spectra
of the electromechanical type were in the constantacceleration mode [5]. A 20 mCi 57Co source in a Rh
matrix was used at room temperature. Results of the X.
ray and the Mossbauer
measurements showed that the
sample had an inverse spinel structure. The lattice
parameter a0 was found to be a0 ¼ 8:37970:005: The
.
Mossbauer
spectra of Co0.9Zn0.1Fe2O4 were measured at
.
various temperatures from 20 to 800 K. The Mossbauer
spectra are composed of two six-line hyperﬁne patterns
of the A and B. The spectra were ﬁtted to two mixed
magnetic dipole and electric quadrupole hyperﬁne
patterns. The constraints of the A and B patterns are
the equal linewidths and Ij ¼ I7j (j ¼ 1; 2, 3) with
.
intensity I1 : I2 : I3 ¼ 3 : 2 : 1 [6]. Some of Mossbauer
spectra are shown in Fig. 1. The isomer-shift values
at room temperature for the A and the B patterns
are found to be, respectively, 0.1870.01 and
0.2970.01 mm/s relative to the iron metal, which are
consistent with the high-spin Fe3+ charge state [7]. The
smaller value of the A site isomer shift is due to a larger
covalency at the A site. Fig. 2 shows the temperature
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