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Abstract

Ultra"ne Ni
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Zn
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���
Fe
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particles are fabricated by a sol}gel method. Magnetic and structural properties

of powders are investigated with X-ray di!raction, vibrating sample magnetometer, and MoK ssbauer spectroscopy.
NiZnCu ferrite powders which were "red at and above 823K have only a single-phase spinel structure and behave
ferrimagnetically. Powders annealed at 623 and 723K have a typical spinel structure and are simultaneously paramag-
netic and ferrimagnetic in nature. The formation of nanocrystallized particles is con"rmed when NiZnCu ferrite is
annealed at 523K. The magnetic behavior of NiZnCu ferrite powders "red at and above 923K shows that an increase of
the annealing temperature yields a decrease of the coercivity and an increase of the saturation magnetization. The
maximum coercivity and the saturation magnetization of NiZnCu ferrite powders are 88Oe and 73 emu/g, respectively.
� 2001 Elsevier Science B.V. All rights reserved.
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Spinel ferrites are commercially important materials
because of their excellent magnetic and electrical proper-
ties. Recently, there has been a growing interest in low-
temperature sintered NiZnCu ferrite for the application
in producing multilayer-type chip inductors because of
its better properties at high frequencies than MnZn
ferrite, and the lower densi"cation temperatures than
NiZn ferrite [1,2]. The aim of the present work is to study
the structural and magnetic property of ultra"ne
NiZnCu ferrite powders as a function of annealing tem-
perature by using X-ray di!actometer, MoK ssbauer spec-
troscopy, and vibrating sample magnetometer (VSM).
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powders were

synthesized by using a sol}gel method. Weighted
amounts of Ni(CH
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O were "rst

dissolved in 2-methoxyethanol and water for 30min us-
ing an ultrasonic cleaner. The solution was re#uxed at
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343K for 12 h to allow the gel formation and then dried
at 373K in a dry oven for 24 h. The dried powder was
grounded and annealed at temperatures ranging from
423 to 1223K for 6 h in air. These compositions of
samples "red at various temperatures were identi"ed by
an X-ray di!ractometer with CuK� radiation. MoK s-
sbauer spectra were recorded using a conventional MoK s-
sbauer spectrometer of the electromechanical type [3]
with a 30mCi source in an Rh matrix.
Fig. 1 shows the X-ray di!raction patterns for
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powders "red at various

temperatures. The formation of crystalline NiZnCu fer-
rite is seen to start at and above 623K. The X-ray
measurement reveals that the increase of the annealing
temperature yields the sharpness of the major peaks
(3 1 1), i.e., the increase of the grain size of
Ni
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powders. The grain dia-

meters were estimated to be 18&121nm for the powder
annealed in 723&1223K by the Scherrer method.
MoK ssbauer absorption spectra measured at room tem-

perature for Ni
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powders an-

nealed at di!erent temperatures and that at 12K for the
sample "red at 523K are shown in Fig. 2. Spectra of all
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