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Ultrafine Ni0.65Zn0.35Cu0.2Fe1.8O4 particles were fabricated by a sol–gel method. The magnetic and
structural properties of the powders were investigated with x-ray diffraction, vibrating sample
magnetometer, and Mössbauer spectroscopy. Ni–Zn–Cu ferrite powders that were fired at and
above 823 K have only a single phase spinel structure and behave ferrimagnetically. Powders
annealed at 523, 623, and 723 K have a typical spinel structure and are simultaneously paramagnetic
and ferrimagnetic in nature. The magnetic behavior of Ni–Zn–Cu ferrite powders fired at and above
623 K showed that an increase of the annealing temperature yielded a decrease of the coercivity and
an increase of the saturation magnetization. The maximum coercivity and the saturation
magnetization of Ni–Zn–Cu ferrite powders were H c ⫽96 Oe and M s ⫽68 emu/g. Mössbauer
spectra of powder annealed at 1223 K were taken at various temperatures ranging from 12 to 675
K. As the temperature increased toward T N , a systematic line broadening effect in the Mössbauer
spectra was observed and was interpreted as originating from the different temperature
dependencies of the magnetic hyperfine fields at various iron sites. The isomer shifts indicated that
the iron ions were ferric at the tetrahedral 关A兴 and the octahedral site 关B兴. The Néel temperature was
determined to be T N ⫽675⫾2 K. © 2000 American Institute of Physics.
关S0021-8979共00兲40908-4兴

I. INTRODUCTION

powders. The magnetic and structural properties of ultrafine
Ni–Zn–Cu powders as a function of annealing temperature
are presented in this article.

Spinel ferrite are commercially important materials because of their excellent magnetic and electrical properties.1
The usefulness of ferrites is influenced by the physical and
chemical properties of the materials and depends on many
factors including the methods of preparation. Nanostructured
materials are now being studied intensively due to their
novel physiochemical properties.
Some workers2,3 have synthezised Ni–Zn, Co–Mn ferrites by a sol–gel technique and then studied their magnetic
properties. Recently, there has been a growing interest in
Ni–Zn–Cu ferrite for the application in producing
multilayer-type chip inductors because of its better properties
at high frequencies than Mn–Zn ferrite, and the lower densification temperatures than Ni–Zn ferrite.4,5 The aim of the
present work is to study the structural and magnetic property
of ultrafine Ni0.65Zn0.35Cu0.2Fe1.8O4 ferrite powder by using
x-ray diffactometer, Mössbauer spectroscopy, and vibrating
sample magnetometer 共VSM兲.
X-ray diffraction and Mössbauer spectroscopy measurements provide information about the formation of phases, the
cystallization temperature, particle sizes, and magnetic
phases of ultrafine ferrite powders. VSM mesurements yield
the saturation magnetization and coercivities of the ferrite

II. EXPERIMENT

Ultrafine Ni0.65Zn0.35Cu0.2Fe1.8O4 particles were synthesized by a sol–gel method. Weighted amounts of
Zn共NO3兲3•9H2O,
Cu共CH3CO2兲2
Ni共CH3CO2兲2•4H2O,
•4H2O, and Fe共NO3兲3•9H2O were first dissolved in
2-methoxyethanol, diethanolamine, and water for 30 min using an ultrasonic cleaner. The solution was refluxed at 343 K
for 12 h to allow the gel formation, and then dried at 373 K
in a dry oven for 24 h. The dried powder was grounded and
annealed at temperatures ranging from 423 to 1223 K for 6 h
in air. These compositions of samples fired at various temperatures were identified with an x-ray diffractometer with
CuK ␣ radiation. Mössbauer spectra were recorded using a
conventional Mössbauer spectrometer of the electromechanical type6 with a 30 mCi source in a Rh matrix.
III. RESULTS AND DISCUSSION

X-ray diffraction patterns of Ni0.65Zn0.35Cu0.2Fe1.8O4
powders fired at various temperatures are shown in Fig. 1.
The x-ray diffraction measurement shows that all peaks of
Ni0.65Zn0.35Cu0.2Fe1.8O4 powders annealed at and above 523
K are consistent with those of a standard pattern of a Ni–Zn
ferrite. In addition, the increase in the annealing temperature
yields an increased sharpness of the major peaks 共311兲,
that is, the growth of the larger grain size of
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