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Abstract : A series of isotropic Ba-Sr mixed ferrites were prepared, using a
conventional dry technique. The starting materials were hematite by product of
Isfahan steel factory, strontium carbonate from Merck company and barium
carbonate obtained from a local source. The principle phase of the samples was
chosen to have a composition in the form of (BaO)|.x (SrO)x nFe2C>3 , in which x
varied between 0 to 1 and n was varied between 5 to 6. The raw materials were
thoroughly mixed and fired in an electircal furnace for 2 hours. They were then
milled in a vibrating ball mill, in which the optimum milling time for each sample was
obtained.

»
After annealing at 750C , the powders were compacted in a cylindrical die

under 5 tons/cm2 . The compacts were then mixed with a binder and sintered in air
for 10 minutes at their optimum temperatures. Using SEM technique, the
microstructure of the samples were investigated. Using a permeameter, the coercive
force He and remanent induction Br were measured. The microstructures obtained
from SEM technique can be used to control the sintering stage in ferrite fabrication.

Introduction

The hexaferrites Me Fei2Oi9, where Me represents a divalent ion such as Ba,
Sr and Pb are well- known materials for the production of sintered permanent
magnets. The replacement of each ion is possible with any mixing ratio without
changing the crystal stucture. For example, Bao.75Sro.25 Fe-^O-ig and Sro.75Pbo.25
Fe-|2Oi9 have been investigated1.

The relevant physical properties of ferrites in many cases depend on the
microstructure2. For example one of the basic requirements at any aspects of
isotropic ferrite production is the size and shape of the particles. In the case of
anisotropic production the orientation of the magnetic particles is also important3. In
recent years new instrumental techniques have been used to study the mentioned
requirements4.

Two important factors, which characterize the improvement of permanent
magnets are coercive force He and the remanent induction Br. The coercive force
depends on the size and shape of the particles, whereas the remanent induction is a
function of chemistry and packing of the magnetic particles in a specific volume5.

The optimum size , in the case of the hard ferrits, has a mean value of 1.3
microns6. A distributed particle size around 1 micron can be achieved by milling, but
the proper optimum size can be controlled during sintering process. It has been
found that different additives in the right proportion can control the size of the
grains during sintering7.

In this work scanning electron microscopy was used to obtain some information
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about the shape, size and orientation of the particles during sintering.

Experimental procedure

In this work different compositions of (Ba-Sr) mixed ferrites were prepared,
using the stoichiometric formula (BaO)|.x (SrO)x nFe2O3. The starting materials
were hematite, BaCO3 and SrCC«3. The hematite is a by- product of Isfahan steel
factory and is obtained by spray roasting HCl pickling solutions according to Ruthner
process. The BaCO3 is locally made and SrCO3 is from Merck company. The purity
of the raw materials are more than 97%. A special mixer with 5 cylindrical Cr-steel
jars was made to meet the similarity of the mixing beetween the samples. The mixed
powders with different x and n = 5.6 were calcined at different optimum
temperatures.

The calcined powders were then dry milled at different optimum milling times.
The optimum milling times were fairly higher for higher x compositions. To release
the possible stresses in the milled powders, an annealing process was performed,in
which a temperature of 750C for 2 hours was used. Using a hydraulic press, samples
of cylindrical shape were formed at 5tons/cm2. Finally the compacts were sintered at
different optimum temperatures, using a programable electric furnace.

Using a philips SEM, XL30 model, micrographs of the different unmagnetized
sintered magnets were obtained. A permeameter was used to measure, the values of
(BH)max- The values were then plotted against different sintering temperature, with
a fixed sintering time of 10 minutes.

Results and Discussion

The effect of the sintering temperature on the micrographs of a series of the
samples with x=0.2 is shown in figures 1 and 2. The sintering temeratures in figures 1
and 2 are respectively 1230C and 1260C. The variation of (BH)max for each sample
with respect to the sintering temperature is also shown in figure 3. As can be seen
the value of (BH)max at the sintering temperature of 1230C is higher than the one at
1260C . The comparison of the figures 1 and 2 shows that, the size of the majority of
the particles in figure 1 are about 1 to 2 microns, whereas in figure 2, there is a
considerable grain growth due to higher sintering temperature, which leads to lower
coercive force or lower (BH)max- Also in figure 2 a liquid phase which is probably
due to higher sintering temperature is observed.

Conclusion

In this work it was proved useful to observe the size and shape of the particles
on the sintered ferrite surface with a SEM. This observations show that the magnetic
parameters of the hexaferrites not only depend on the microstructure, but also can
be controlled and modify by SEM observations.
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Figure 1 : The micrograph of 1230C sintered magnet.
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Figure 2 : The micrograph of 1260C sintered magnet.
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Figure 3 : The variation of (BH)max with respect to sintering temperature.
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