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ABSTRACT

Magnetic NiZnFe,04/SiO, nanocomposites are synthesized by ball-milling a mixture of crystalline o-
Fe,03, NiO, ZnO and SiO; powders. Crystallographic phases appearing during milling, their particle sizes
and lattice parameters are determined from X-ray diffraction (XRD) measurements and the morphology
of the as-milled powders observed by scanning electron microscopy (SEM). Room temperature hystere-
sis properties are characterized by vibrating sample magnetometry. The milling process, up to 260h,
promotes the progressive amorphization of the powders and the formation of different phases, such as
NiZn-ferrite, a-Fe and Fe,SiO4. For milling times smaller than 80 h, the complete transformation of the
precursor oxides into NiZn-ferrite is only achieved after annealing the as-milled powders for 1 h in air at
1273 K. This heat treatment favors the formation of NiZn-ferrite in detriment of the precursor oxides. On
the other hand, annealing in air the powder milled 260 h, essentially amorphous, results in the forma-
tion of both hematite and NiZn-ferrite in the amorphous silica. When the powders milled for 260 h are
heat treated in argon atmosphere, a biphase composite is obtained, with NiZn-ferrite crystallites of about
65 nm dispersed in an amorphous silica matrix. This last powder presents the highest values of saturation
magnetization (29.87 Am?2/kg) and coercivity (25.7 kA/m), being the latter two orders of magnitude larger
than that of bulk NiZn-ferrite.

Magnetic properties

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Magnetic composite materials, produced by embedding nano-
metric magnetic particles in a non-magnetic matrix are intensively
investigated because they exhibit novel physical, chemical and
electromagnetic properties due to their peculiar structures as com-
pared to those found in bulk materials [1,2]. Among these granular
solids, ferrite nanocomposites constitute an important group of
materials with interesting technological applications, especially in
microwave industries, electronics and telecommunications.

Among the different spinel ferrites, NiZn ferrites are the most
versatile magnetic materials for general use. They exhibit low
magnetic coercitivity and high electrical resistivity, which greatly
reduces eddy current losses at high frequencies, high Curie tem-
perature, good mechanical hardness and chemical stability. Due
to all these properties NiZn ferrites have extensive applications
such as in recording heads, antenna rods, loading coils, microwave
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devices, core material for power transformers in electronics and
telecommunication applications [3-6].

The traditional methods for preparing ferrites involve con-
ventional solid-state synthesis techniques, which are known
to have serious limitations, such as chemical inhomogeneity,
poor compositional control and the formation of large particles
[7-9]. Several synthesis methods have been developed to pre-
pare ferrite nanoparticles and nanocomposites, including chemical
coprecipitation, hydrothermal processing, sol-gel and mechan-
ical alloying. This last technique, in addition to reduce grain
size and mix powders uniformly, has proved to be a power-
ful tool for the synthesis of various kinds of materials, such as
amorphous alloys, nanocrystalline metals and alloys and ceramic
materials [10,11].

The aims of our work is to describe the mechanical alloying
process of precursor oxide powders to obtain a NiZn-ferrite/SiO,
biphase composite, evaluating the effect of different heat treat-
ments on the powders microstructure and magnetic properties. In
this article, we report the synthesis of NiZn ferrite/SiO, nanocom-
posites by a two step process involving: (a) ball milling a mixture
of crystalline Fe,03, NiO, ZnO and SiO, powders and (b) a
subsequent heat treatment at 1273 K, under oxidizing or inert
atmosphere.
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2. Experimental

The starting materials for ball milling are crystalline powders of a-Fe,03
(hematite or a-phase) (99.5% purity), ZnO (99.5% purity), NiO (99% purity) and
Si0; (99% purity), commercially available and with an average particle size of about
200 nm. A mixture of these materials with the proportion: 50 wt% SiO, +24.75 wt%
Fe;03 +21.45wt% NiO +3.79 wt% ZnO is chosen as precursor powder. The milling
operation is carried out at room temperature, under air atmosphere without any
additives, in a planetary ball milling device (Fritsch Pulverisette 5), equipped with
hardened stainless steel vials and balls. The initial ball to powder mass ratio is 10:1.
The powder is milled at a speed of 200 rpm for milling times from 1 h to 260 h. Then,
the powders are heat treated to reduce the internal strain introduced by the milling
process and to promote the formation of the desired compound.

The mechanochemical reaction is monitored by X-ray diffraction (XRD) analysis.
Small quantities of powder are taken out from the vial every 10 h grinding for X-ray
diffraction analysis and magnetic measurements. The corresponding milled samples
are labeled Mm, where “m” is the milling time, in hours. Furthermore, the powders
milled for 30, 60, 80 and 260 h are subsequently heat-treated for 1 h at 1273 K in air.
Powders milled for 260 h are also heat treated under argon atmosphere.

X-ray diffraction (XRD) spectra are measured in a Philips PW 3830 diffractome-
ter, using Cu Ko radiation (A = 1.5418 A) and they are recorded for a 26 range between
10° and 100°, at a scanning speed of 1.2°/min. A profile fitting is made for each max-
imum in the spectra to determine the peak width, after correcting for instrumental
broadening. XRD is used to identify the different crystalline phases in the samples
as well as to estimate their lattice parameters and average grain sizes.

A LEO 1450 VP scanning electron microscope (SEM) is used to characterize the
size and morphology of powder particles. X-ray fluorescence (XRF) analysis is per-
formed with a Philips PW 1400 wavelength-dispersive X-ray spectrometer. Samples
are irradiated with incident X-rays from a rhodium tube operated at 30kV and
30mA. Spectra are measured in step scan mode with a PET (2d =8.742 A) crystal
analyzer.

Magnetization measurements are performed on samples prepared by cold-
pressing the powders in a 5 ton-press, into cylinders of 6.5mm diameter and
typically 2 mm height. Room temperature magnetization curves are measured in
a vibrating sample magnetometer (VSM) Lakeshore 7300, with a maximum field
up to 1.5T. The applied field is corrected by the demagnetizing field - a geometric
demagnetizing factor of 0.2 is assumed - to calculate the internal field H;. The evo-
lution of the saturation magnetization (Ms), the remanent magnetization (Mg) and
the coercive field (H;c=H;(M=0)) of the as-milled and annealed powders is inves-
tigated. Saturation magnetization values are obtained by fitting the high field data
(H;i>1.2T) to the function M=Ms (1 — a/H;) [12], where Ms is the saturation mag-
netization of the composite, « is a measure of the magnetic hardness and H; is the
internal magnetic field.

3. Results and discussion
3.1. Effect of ball-milling

Fig. 1 shows the diffraction profiles of the powder after 0, 60, 80,
100, 140 and 260 h of milling operation. After ball-milling for 60 h,
significant line-broadening of the precursor oxide peaks is clearly
observed, indicating a drastic grain size refinement. The main con-
sequences of milling are the dissolution of the initial oxides and the
apparition of NiZn-ferrite. Since there is no significant difference
between XRD patterns of the powder milled for times shorter than
60 h, these conditions are not further investigated. M60 XRD profile
shows NiZn-ferrite, with the (31 1), (400) and (44 0) peaks clearly
defined in Fig. 1; in these samples, the intensity of diffraction peaks
due to a-Fe; 03, NiO and SiO, are reduced and the peaks from ZnO
disappear. Subsequent milling up to 80 h increases the proportion
of spinel NiZn-ferrite and promotes the formation of small a-Fe
grains, whereas the peaks corresponding to the precursor oxides
practically vanish. Further milling modifies the ferrite peak posi-
tion and width, indicating that lattice parameter and grain size also
change. After 100 h milling the amorphization process is more evi-
dent. The most intense line of BCC Fe (110) is observed between
80h and 140h milling. Besides, another new crystalline phase
appears, as an intermediate product, during the milling between
120h and 200 h. The corresponding new peaks are located at 20
angles of 25.0°, 31.7° and 51.5°, and they are identified as aris-
ing from the Fe,SiO4 (fayalite) phase. The diffraction pattern of the
powder milled up to 260 h shows a few, very broad peaks, attributed
to NiO, and a broad halo over the range 30-40°, characteristic of

Fig. 1. X-ray diffraction patterns of the powders as a function of milling time. The
principal diffraction lines of the precursor oxides: hematite (H), nickel oxide (N), zinc
oxide (Z) and quartz (S), and the ones corresponding to the phases formed during
milling: NiZn-ferrite (F), a-Fe (f) and fayalite (Y), are also presented.

amorphous phases. At this stage, the most intense reflection from
alpha-quartz (1 01) completely disappears and the sample consists
of magnetic nanocrystallites embedded in an amorphous matrix.

The average crystallite size D of the as-milled mixtures is
monitored as a function of milling time. These results are
shown in Fig. 2a. The average crystallite size of the different
phases is estimated by means of the Scherrer equation [13,14]:
D=(0.91)/(FWHM,; cos 0), where FWHM,; is the full-width at half-
maximum of the diffraction peak, in radians, after subtraction of the
instrumental contribution; A is the X-ray wavelength and 6; is the
diffraction angle. In the present case, the reflections used for each
phase are: (220) for NiZn-ferrite, (104) for hematite, (101) for
Si0,, (11 0) for a-Fe and (2 2 2) for fayalite. In all the cases the val-
ues of D are estimated with incertitude of about 5 nm. The evolution
of the crystallite size is followed up to 140 h milling, as for larger
times it was very difficult to determine the width and position of
the different peaks due to amorphization. In the case of hematite
and NiZn ferrite phases, the analysis was stopped at earlier milling
times due to reflection line overlapping from different phases, in
addition to amorphization. Fig. 2a shows that Dgyart; continuously
decreases, from approximately 200 nm to 19 nm after 140 h milling.
The same behavior is observed for the other phases, which decrease
their average crystallite size with the milling time: Dyematite 1S found
to decrease from 54 nm to about 14 nm after 80 h milling; Deeyite
presents values from 15nm in sample M60 to ~6nm in sample
M120. On the other hand, Dge and Dg,y,jite €xhibit a small variation
during milling in the time interval observed, taking values from
12 nm to 9 nm in the case of Fe and about 15 nm for fayalite.

The mean lattice strain e is determined using the Stokes and Wil-
son relation [14]: e=(f/4)cot 6, from measurements of the integral
breath S of the reflection lines. Fig. 2b illustrates the evolution of
the lattice strain of the different crystalline phases detected in the
powder during milling. It may be observed that the mean lattice
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Fig. 2. Average crystallite size D (a) and mean lattice strain e (b) as functions of the
milling time, for the crystalline phases detected in the samples.

strain of the different phases increase with the milling time. This
behavior is commonly observed in mechanical alloying: the grain
size decreases while the lattice strain increases with the milling
time. enematite Presents a small reduction when NiZn ferrite phase
is first detected by XRD after 60 h milling. On the other hand, the
values of ege do not exhibit any important variation during milling,
as it is a ductile phase immersed in a mainly ceramic matrix.

SEM micrographs of samples M30 and M260 - shown in Fig. 3
- illustrate the resulting powder grains. These powder grains are
agglomerates of smaller particles with mean size of about 500 nm
inM30and 100 nmin M260. The agglomerates are somewhat larger
in M260 as a result of welding during grinding. The external mor-
phologies of powders M30 and M260 are quite similar even though
the former is completely crystalline while the latter is essentially
amorphous.

The evolution of room temperature magnetic properties during
milling is summarized in Fig. 4. It may be observed that satu-
ration magnetization (Ms) is almost constant until 40 h milling,
when only the initial oxides (NiO: antiferromagnetic, ZnO: para-
magnetic and a-Fe,05: weakly ferromagnetic) are present. After
40 h milling, Ms rapidly increases, reaching the highest value for
sample M80 (13.4 Am?2/kg). This occurs at the same time that the
crystalline structure is changing to form the NiZn-ferrite as a new
magnetic phase. From 80h milling, Ms diminishes because the
crystalline structure of NiZn-ferrite progressively deteriorates, as
revealed by X-ray diffraction analysis (at that point the sample
begins to amorphize) and during further milling, due to the forma-
tion of paramagnetic fayalite. From 140 up to 260 h of ball-milling,
Ms remains almost constant, while the sample becomes nominally
amorphous (amorphous for XRD) except for the NiO reflections,
which are clearly visible. After 260 h milling, the powders do not

Fig. 3. SEM secondary electrons micrographs of milled samples for (a) 30h and (b)
260h.

saturate, indicating that in addition to the ferromagnetic contribu-
tion, a paramagnetic or super-paramagnetic one is also present. The
remanence behaves in a similar manner to the saturation magne-
tization, reaching its highest value, of about 1.6 Am?2/kg, in sample
MS80.

Coercivity (Hjc) first increases during 60 h milling, reaching at
this time its maximum of 17 kA/m. From this time and up to 140 h
of ball-milling, H;c continuously decreases as a consequence of pro-
gressive amorphization. According to XRD results, the magnetic
phases present in the samples at this time are NiZn-ferrite and
BCC Fe, both with nanometer size (<10nm). Then, these small
grains are in a super-paramagnetic state leading to the diminution
of coercivity with longer milling times. The smallest value of H;c
is reached after 140 h milling and is about 6 kA/m. For long-term
milling (from 140h to 200 h) coercivity again increases, reaching
a quite stable value after milling for 200 h. This magnetic hard-
ening, taking place at an almost constant value of Mg, is likely to
arise in the exchange coupling between the small ferromagnetic
ferrite particles and the also small antiferromagnetic NiO parti-

Fig. 4. Room temperature saturation magnetization Ms, remanence Mg and coer-
civity Hc as a function of milling time.
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Fig. 5. X-ray diffraction patterns of the powders milled 30, 60 and 80h and heat
treated at 1273 K for an hour in air atmosphere. The principal diffraction lines of
a-quartz (SiO, —S), NiZn-ferrite (NiZnFe, 04—F) and hematite (o-Fe, O3 —H) are also
shown.

cles. Enhancements in coercivity, squareness and energy product
have been obtained at room-temperature by mechanically milling
mixtures of ferromagnetic (FM) and antiferromagnetic NiO [15,16]
powders.

3.2. Effect of heat treatments

Samples milled for 30, 60, 80 and 260h are then heat treated
at 1273K for 1h in air atmosphere to study the crystallization
behavior. The samples milled up to “m” hours and annealed in air
atmosphere are named Mmair.

The XRD results for the annealed samples are presented in
Figs. 5 and 6. As can be seen in Fig. 5, very similar patterns are
obtained for samples M30air, M60air and M80air. The differences
are mainly related to changes in the relative peak intensities and
to the fact that for higher milling times the proportion of crys-
talline SiO, in the sample is smaller. The XRD results show that
this heat treatment favors the formation of NiZn-ferrite phase, and
contributes to the disappearance of the a-Fe; 03 peaks in the cor-
responding diffraction patterns. The phases present after the heat
treatments are mostly NiZn-ferrite and crystalline SiO,, with small
traces of a-Fe;03

The situation is different in the case of sample M260air, shown in
Fig. 6. XRD analysis of this sample reveals that after the heat treat-

Fig. 6. X-ray diffraction patterns of the powders milled 260 h (sample M260) and
annealed at 1273 K for an hour in air (sample M260air) and argon atmosphere (sam-
ple M260Ar). The principal diffraction lines of NiZn-ferrite (F), hematite (H) and
nickel oxide (N) are also shown.

Fig. 7. X-ray fluorescence spectra of Si for the powders milled 260 h (M260) and
further annealed at 1273 K for 1 h in air (M260air) and argon (M260Ar) atmosphere.

ment, the major phases are hematite and NiZn-ferrite. Traces of
NiO can also be detected. No other crystalline phases are observed
in the pattern, indicating that SiO, is now dispersed as an amor-
phous phase. The presence of a-Fe;03 in the sample M260air may
be explained by considering that for the heat treatment at 1273 K,
the temperature is high enough to produce a fast oxidation of free
iron to hematite. In order to obtain information about the oxidation
of Fe to a-Fe,03, the powder milled 260 h (M260) is heat treated
at 1273K for 1 h in argon atmosphere (sample M260Ar). The cor-
responding XRD pattern is also included in Fig. 6. Sample M260Ar
has a different structure and the only crystalline phase observed
after transformation is NiZn-ferrite. No other crystalline phases are
found and no traces of quartz, cristobalite nor intermediate prod-
ucts involving silicon (e.g. Fe;SiO4) are detected, indicating that
the silicon oxide present in the samples is nominally amorphous
for XRD. Thus, most of the nanocrystalline ferrite formed in the
amorphous silica matrix.

The presence of silica in samples M260, M260air and M260Aar
is further corroborated by XRF analysis. Fig. 7 shows the measured
X-ray fluorescence spectra of Si for the powders both, as milled
and after the heat treatments at 1273 K. As can be observed, all the
samples exhibit silicon peaks, being the annealed samples spectra
almost identical.

It is well known that the magnetic properties of ferrites are
influenced by chemical composition and by the actual crystal
microstructure, including grain size, grain boundaries, porosity,
atomic defects and structural homogeneity. The magnetic prop-
erties of ferrite composites are mainly determined by the ferrite
content and its average grain size [1]. The average crystallite size of
NiZn-ferrite, as determined from XRD analysis through the (311)
reflection for samples milled and further annealed and the (220)
reflection for the as-milled samples (the latter due to peak over-
lapping with hematite reflections) are shown in Table 1, together
with the room temperature magnetic parameters of the compos-
ites. It should be noted that the mean ferrite crystallite size is almost
constant (around 30 nm) for samples M60air, M80air and M260air,
while it exhibits a much higher value in the case of sample M30air,
of about 110 nm. In this sample, NiZn-ferrite is formed during the
heat treatment at 1273 K because there are no observable traces of
this phase in the as-milled M30 sample. On the other hand, sam-
ples M60 and M80 already present a fraction of NiZn-ferrite phase
formed during the milling process and sample M260 is essentially
amorphous with nanocrystalline (<10 nm) NiO and/or NiZn ferrite
small particles, non detected by XRD. The main difference between
all these samples is that the heat treatment in air atmosphere favors
the formation of NiZn-ferrite at expenses of hematite in samples
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Table 1

Lattice constant a and mean crystal size D for the NiZn-ferrite phase obtained
from XRD data for the samples milled and annealed in different atmospheres. Also
included are the room temperature coercive field Hjc, saturation magnetization Ms
and the remanent magnetization Mg of the nanocomposites investigated.

Sample alA] D [nm] Hic [KA/m] Ms [Am?/kg] Mg [Am?2/kg]
M30 - - 15.5 131 0.13
M30air 8.349 110 10.9 27.70 5.74
M60 8.363 15 171 5.37 0.70
M60air 8.347 35 11.2 22.68 4.03
M80 8.343 9 10.7 13.39 1.55
M80air 8.349 34 6.4 26.94 4.30
M260 - - 13.8 4.68 0.29
M260air 8.342 32 5.8 17.97 4.26
M260Ar 8.348 65 25.7 29.87 11.00

M30air, M60air and M80air, but it promotes oxidation with the
formation of both hematite and NiZn-ferrite in sample M260air, as
was already mentioned.

Sample M260Ar shows a different microstructure. It is com-
posed by NiZn-ferrite as the only crystalline phase, with an average
particle size of 65 nm. NiZn-ferrite lattice constant a obtained from
the XRD profile fitting is also presented in Table 1. The values
of a around 8.344 A obtained for most of the samples are consis-
tent, within experimental errors, with a crystalline structure of
NiggZng,Fe;04 [17]. The only sample that deviates from this ten-
dency is M60, whose lattice constant, equal to 8.363 A, implies a
lower nickel content, of about 0.6 [17].

The room temperature M(H) curves for samples M30, M60 and
M80 and their corresponding heat-treatments in air atmosphere
at 1273 K are shown in Fig. 8; the magnetic parameters, derived
from these loops, are also resumed in Table 1. It is seen that Ms and
Hc values change as a consequence of heat-treatment. The satura-
tion magnetization has increased in the three heat-treated samples
with respect to the non-treated ones. Owing to the fact that the
saturation magnetization is only related to the nature and the vol-
ume fraction of magnetic particles in the sample, the changes are
attributed to the apparition of the ferrimagnetic NiZn-ferrite phase.
The saturation magnetization increases with the ferrite content due
to an increase in the number of magnetic dipoles in the unit volume
[1,18].

Magnetization curves obtained for samples M260air and
M260Ar are shown in Fig. 9, together with the hysteresis loop
of M260 for comparison. The saturation magnetization values
in this case are 17.97 Am?/kg for the sample heat-treated in
air and 29.87 Am2/kg for the sample annealed in argon atmo-
sphere. Such differences can be explained taking in consideration
that M260air is mainly composed of amorphous silica (diamag-

Fig. 8. Room temperature hysteresis loops for samples milled up to 30, 60 and 80 h
and further heat-treated in air at 1273 K during 1 h.

Fig. 9. Room temperature hysteresis loops for samples milled up to 260 h and fur-
ther heat-treated in air and argon atmosphere, at 1273 K during 1 h.

netic) and crystalline hematite (weakly ferromagnetic), so the
observed magnetization of the composite only corresponds to
the NiZn-ferrite present in it (<25wt%). On the other hand, the
sample heat-treated in argon consists of crystalline NiZn-ferrite
(50wt%) dispersed in an amorphous silica matrix. For this last
sample, the specific saturation magnetization Ms of the ferrite
phase, calculated from the saturation magnetization of the com-
posite Ms, results in 59.74 Am?/kg, a value that is smaller than
the saturation magnetization for bulk NiZn-ferrite (67.2 Am?/kg
[19,20]). This phenomenon of a reduced saturation magnetiza-
tion has already been reported for NiZn-ferrite nanoparticles
[6,21,22] and NiZn-ferrite/SiO, nanocomposites [2,23], synthe-
sized by different physical and chemical techniques, and may be
ascribed to surface or finite size effects of the nanoparticles, i.e.
a reduction in the exchange coupling in the surface causing spin
canting [24].

The coercivity in these samples also depends of the atmo-
sphere used in the heat treatment, resulting in 5.8 kA/m for sample
M260air and 25.7 kA/m for sample M260Ar. This last value of H;c
is the highest one obtained in this work and is near two orders
of magnitude higher than the corresponding value for bulk NiZn-
ferrite [17] and almost three times higher than the coercivity
measured for a similar NiZn-ferrite/SiO, nanocomposite synthe-
sized by sol-gel processing [25]. This high value of coercivity in
sample M260Ar is attributed to an increase of the mean size of the
NiZn-ferrite crystallites embedded in the amorphous silica matrix,
as compared to samples M80air and M60air. In all these cases, the
magnetic particles have a mean size smaller than the critical sin-
gle domain diameter, so reversion mechanisms involving more or
less uniform polarization rotation are expected, which lead to a
coercivity increasing with the mean particle volume. For the NiZn-
ferrite powders synthesized in this work the critical single domain
diameter is between 65 nm and 110 nm. Samples with larger crys-
tal sizes show small coercivity values, around 11 kA/m, indicating
that domain-wall displacement is dominant in the magnetiza-
tion process. This critical single domain size (110 nm) is largely
smaller than the micrometer size observed for bulk NiZn-ferrite
samples [26] but a little higher than the values around 30-40 nm
obtained for NiZn-ferrite powders synthesized by chemical
methods [27,21].

4. Conclusions

In this work NiZn-ferrite/silica nanocomposites are obtained by
ball-milling a mixture of crystalline of a-Fe;03, NiO, ZnO and SiO,
powders. The main effect of grinding is the apparition of various
phases at different stages of milling, such as NiZn-ferrite, a-Fe and
Fe,Si0O4 (fayalite) and a long term powder amorphization.
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Magnetic properties are sensitive to these microstructure
changes; at the beginning the saturation magnetization grows
due to the gradual apparition of NiZn-ferrite (ferrimagnetic) and
then after 100 h milling it decays due to the formation of fay-
alite (paramagnetic) and amorphization. Three different coercivity
regimes are identified during the milling process: a slight increase
in Hjc until 60h milling (multidomain regime, diminution of
grain size), followed by a decrease until 140h milling (single
domain regime, diminution of grain size) and finally another
increase in the coercive field, associated to exchange harden-
ing of the ferromagnetic phase by small NiO antiferromagnetic
particles.

A complete transformation of the precursor oxides into NiZn-
ferrite is not achieved by solely ball-milling the precursor powder
for 30, 60 and 80h; further annealing of these powders for 1h
at 1273 K in air atmosphere is necessary to form NiZn-ferrite at
expenses of the remanent precursor oxides. The samples annealed
consist of crystalline NiZn-ferrite and SiO,, in addition to small
quantities of residual hematite. The average crystallite size for
NiZn-ferrite in these samples is 110, 35 and 34 nm, for M30air,
M60air and M80air respectively. Additional heat treatments are
performed for powders milled up to 260h in air and argon
atmospheres. In this case, annealing in air promotes the sample
oxidation, resulting in the formation of both hematite and NiZn-
ferrite almost in the same proportion. On contrary, annealing in
argon atmosphere results in a biphase nanocomposite consist-
ing of 65nm-NiZn-ferrite particles dispersed in an amorphous
SiO, matrix. Saturation magnetization and coercivity reached
their highest values for this sample, of about 29.87 Am?/kg and
25.7 kA/m, respectively.
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