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Resumo

O grau de alinhamento de imés permanentes de ferrita de estrdncio produzidos com diferentes tamanhos
médios de particula foi investigado utilizando analise de figura de polo. Os imés foram produzidos a partir
de pés sem moagem e moidos em moinho de bolas com tempos de moagem entre 60 e 360 minutos. O
tamanho médio de particula foi determinado utilizando Fisher Sub-sieve sizer e granuldmetro CILAS 1064.
A morfologia dos pos foram analisados utilizando imagens de MEV. Os p6s foram alinhados a um campo
magnético, prensados isostaticamente e sinterizados. Os imas foram caracterizados magneticamente
utilizando um permeametro. O grau de alinhamento dos imés sinterizados foi calculado utilizando a
reflexdo (006) e a morfologia dos graos do ima foi analisada utilizando imagens de MEV. Os imas
permanentes de ferrita de estréncio produzidos com pds moidos apresentaram maior grau de alinhamento
(0,82) quando comparados ao ima produzido com pés ndo moidos (0,79).

Abstract

The crystallographic alignment of strontium ferrite permanent magnets produced with different average
particle size powders was investigated by X-ray pole figure analysis. The magnets were produced with
non-milled powders and powders ball-milled between 60 and 360 minutes. The average particle size was
determined using Fisher Subsieve Sizer and CILAS 1064 granulometer. The morphology of the powders
was analyzed using SEM images. The powders were aligned to a magnetic field, isostatically pressed and
sintered. The magnets were magnetically characterized using a permeameter. The degree of alignment of
the sintered magnets was calculated using the (006) reflection and morphology of the sintered magnet was
analyzed using SEM images. The strontium ferrite permanent magnets produced with milled powders
presented a higher degree of alignment (0.82) when compared to the magnet produced with non-milled
powder (0.79).
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The remanence is calculated using the following
formula:

1. Introduction

Strontium ferrite, SrFe12019, is a ferrimagnetic oxide
used worldwide as a permanent magnet in automotive
sector due to its features such as low cost, chemical

Br = <cos6> f P o Ms Q)
Where <cos0> represents the degree of alignment,

stability, corrosion resistance and heat resistance. This
material was introduced in 1950 and remains
technically important and widely used on applications
where large demagnetizing fields are required [1-3].

A crucial issue to obtain strontium ferrite permanent
magnet with higher magnetic properties is to produce a
dense and anisotropic microstructure and
simultaneously grain size smaller than 1 pm.

f represents the fraction of magnetic grains present in
the magnet, P represents the ratio between the actual
density and theoretical density of the magnet, po is the
vacuum permeability (1.257x10® H.m?) and Ms
represents the saturation magnetization [4].

In this study the crystal alignment of SrFei12019
permanent magnets produced with powders milled
during different milling time in function of the particle
size was investigated using the (006) X-ray pole figure
(XRPF) and X-ray diffraction pattern (XRDP).
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2. Materials and methods

A commercial SrFe12019 powder was used in this
study. The powder was milled in a planetary ball mill
Pulverissete Fritsch during 60 and 360 minutes using
deionized water as milling medium. The resultant
powders were dried during 24 hours. The average
particle size of the dried powder was measured using
Fisher Sub-Sieve sizer and a granulometer CILAS
1024. Morphology was studied using SEM images
carried out in Philips XL 30 microscope.

After this process, the powders were aligned to 6 T
magnetic field, isostatically pressed (200 MPa) and
sintered in a tubular furnace in air at 1220°C during 25
minutes. Magnetic measurements of the sintered
magnets were performed in a permeameter LDJ BH-
5000 after saturation in a pulsed field of 6 T.

The degree of crystallographic alignment (<cos©>)
of sintered strontium ferrite permanent magnet was
calculated by X-ray pole figures using (006) reflection
and by the X-ray diffracted intensities of strontium ferrite
hexagonal phase.

Measurements of (006) pole figure were carried out
by the Schulz’'s reflection method with RINT 2000
diffractometer from Rigaku using CrKa radiation [5] The
tilt angle (a) was varied from 0° to 75° in steps of 5°.
The rotation angle, azimuth angle (B), was varied from
0° to 360° in steps of 5°. The crystal alignment (<cos6>)
was calculated using the following formula:

n/2
f/

)\ d
0 exp 202 sina cosa aa

< cosO > = (2

2
1w

aZ .
exp(—m)sma da
Additionally, grain size of the sintered magnets was
studied using SEM images.

3. Results and discussion

The average particle size (APS) from powder as
received and ball-milled between 60 and 360 minutes
are shown on figure 1 with granulometer
measurements. Powders milled during 360 minutes
presented average particle size equal to 1.3 pum
according to the Fisher subsieve sizer technique and
11.04 um according to granulometer measurements.
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Figure 1: Average patrticle size of the powders in function of different
ball milling times.
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SEM images of the powders are shown on figure 2.
It can be seen that even with 360 minutes of milling
there are particles with nearly the same size as the non-
milled powder.
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Figure 2: SEM images of the powders a) non-milled, b) milled during 60
minutes, ¢) milled during 120 minutes, d) milled during 240 minutes and
e) milled during 360 minutes.

In the micrographs is observed that particles have a
flake shape and agglomerates. In  addition,
heterogeneity powders was noticed with all milling time.
These results are related with the Fisher Sub-Sieve
Sizer measurement, showing that particles tend to
agglomerate in liquid media.

Demagnetization curves, presented on figure 3,
show that the sample produced with non-milled powder
presents the highest magnetic properties. According to
the SEM images (fig. 2) the reason of low magnetic
properties values is, most probably, due to the
presence of hard agglomerates. These agglomerates
interfere on the quality of green bodies at particle
alignment step before pressing in a way that particles
cannot be well aligned once that agglomerates present
many particles with different orientations and sizes.
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Figure 3: Demagnetization curves of permanent strontium ferrite
magnets.

Normalized intensities for the (006) reflections in
function of the a angle for the sintered magnets
produced with non-milled powder and powders milled
with different milling time are shown in figure 4. Figure 5
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presents 2D and 3D representations of (006) pole figure
from strontium ferrite permanent magnet produced with
120 minutes milled powder. The calculated
crystallographic alignment was 0.82.

1,04 —=— No milling -
—®— 120 min.
08 —4A— 240 min.
! —¥— 360 min.
Pl
2
S 064 L
2
£
3
N 044 -
©
3
o 0,24 L
4
0,0 4 L

T T T
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4
o (rad)
Figure 4: Normalized intensities in function of a angle for the (006)
reflections of permanent magnets sintered using different average
particle size strontium ferrite powders.

representation from crystallographic plane from strontium ferrite magnet
produced with non-milled powders.

Figure 6 presents the crystallographic alignment
calculated using XRDP from all samples. The
calculated crystallographic  alignment  with  this
methodology was 0.84.
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Figure 6: Ratio of the experimental normalized intensity of an oriented
sample to the relative intensity of a sample with no texture as function
of the angle y.

SEM micrographs from strontium ferrite permanent
magnets produced with powders ball-milled during 120
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and 360 minutes are shown on figure 7. It is observed
that a pulsed 6 T magnetic field was not efficient to
align all strontium ferrite powders due to the
inhomogeneity of the milling step and agglomeration of
the powders.

Figure 7: SEM micrographs of permanent strontium ferrite magnets
sintered with powders milled in a planetary ball mill: a) during 120
minutes and b) during 360 minutes.

4. Conclusions

The magnets produced in this work using milled
powders presented crystallographic alignment equal to
0.82.

The best magnetic properties were found in the
strontium ferrite magnet prepared with non-milled
powders, this is most probably due the homogeneous
particle size and free agglomerate powder.
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