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During the last decade nanocrystalline magnetic materials have been widely studied
due to the multiple technological applications. Amongst the magnetic materials of major
technological interest are the soft magnetic ferrites and the granular solids formed by ferrites
dispersed in non magnetic matrices.

It is a well known fact that the magnetic properties of these materials, such as
coercivity, magnetic saturation and magnetization, depend on the shape, size and size
distribution of the nanoparticles. For this reason, the general purpose of this work was to
obtain structural information on ferrite nanoparticles (NiFe2C>4 and NiZnFe2C>4) and granular
solids obtained by dispersion of these particles in non magnetic matrices, like SiCh and SnC>2.
The ferrite samples were prepared by co-precipitation and heat treated between 300 and 600
°C [1] at the Applied Physics Laboratory of the CDTN. The granular solids, with 30% in
volume concentration of ferrite, were obtained by mechanical alloying with milling times (tm)
varying between 1.25 and 10 h, at the CBPF.

X-ray diffraction (XRD) analysis was used to follow the structural evolution of the
samples under thermal Ireatment. The diffraction patterns also allowed the determination of
the average crystalline grain size (<D>hki) using Scherrer's formula. Small-angle X-ray
scattering experiments were performed in order to obtain additional information on particle
size and surface characteristics, using synchrotron radiation at the SAXS beamline of the
National Synchrotron Light Laboratory (LNLS). In this communication we report the results
obtained from the expeiiments with samples of NiZn ferrite as a function of heat treatment,
and of Ni ferrite dispersed in a SnC>2 matrix as a function of ball-milling time.

In figure 1-a we display the XRD patterns for NiZnFe2C>4 samples without annealing,
and after heat treatment at 300, 400, 500 and 600 °C. These patterns show the evolution of the
sample crystallinity. The average grain size increases with heat treatment as shown in the
inset, reaching a maximum value of <D>hki = 334 A. For the samples of NiFe2O4 dispersed in
SnCh (30% vol.) the two phases are initially identified in the diffractograms (figure 1-b). The
effects of mechanical alloying are evidenced by the increasing line broadening, which is
attributed to smaller particle size and structural disorder. The ferrite phase is practically
undetected in the granular material after 10 hours of milling.

The SAXS curves from both set of samples show a broad particle size distribution.
The intensity versus scattering vector q (=(4n sin &)/A) are shown in figure 2 in the form of
log I(q) vs. log q plots. For the NiZn ferrite samples (figure 2-a) we observe a behavior
obeying Porod's law for large q values. This is characteristic of the existence of smooth
interfaces in the scattering sample. A shoulder that is displaced as the treatment temperature
increases has been attributed to a change in the particle structure factor. For the composite

79



material NiFe2O4 + SnC>2, for different milling times (figure 2-b), we note a change in the
slope in the log I(q) vs. log q plots, indicating a change in the scaling law exponent for the
samples submitted to ball milling. Volume size distribution functions calculated for the NiZn
ferrite assuming spherical particles showed a wide dispersion, centered in values smaller than
the crystallite size determined by XRD but
presenting the
same trend.
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Figure 1. (a) XRD patterns of NiZn ferrite samples for different heat treatments (Inset shows changes in
average grain size) (b) XRD patterns from Ni ferrite dispersed in a SnO^ matrix for different milling times.
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Figure 2. (a) SAXS curves of NiZn ferrite samples heat treated at 300, 400, 500 and 600 °C. (b) Scattering from
a Ni ferrite + SnO^ sample for several milling times.
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