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ABSTRACT

Iron oxides intended for use in
ferrite manufacture are des-
cribed in terms of physical
properties such as surface area,
particle size and shape, and tap
density. Results are presented
of a study of the barium hexa-
ferrite formation reaction, using
X-ray Diffraction, Differential
Thermal and Thermogravimetric
Analyses and, based thereon,
the possibility of including a
reactivity parameter in the des-
cription of an iron oxide is sug-
gested.

Introduction

The physical and chemical properties
of jron oxides have a major influence
on the magnetic properties and on the
microstructure of any ferrite made us-
ing them, The techniques used in the
evaluation of iron oxides are of in-
terest to manufacturers hoth of iron
oxides and of ferrites. The present
paper deals mainly with some of the
methods used in assessing the physical

XX

properties of iron oxides intended for
use in ferrite manufacture.

The presence of impurities in an
iron oxide can easily obscure the
effect of variation of any of the
physical properties. The ferrite indus-
try, however, has been fortunate in
being able to obtain high-purity syn-
thetic iron oxides from the pigment
industries, thereby enabling variables
due to the presence of impurities to
be kept to a minimumn,

Generally, an iron oxide is described
in terms of its particle shape, particle
size distribution and surface area.
Other related parameters such as tap
density, apparent density, compress-
ibility, oil absorption, average particle
size and shrinkage on sintering have
also been used to indicate the physical
characteristics of the iron oxide,

In the present paper, an attempt is
made to relate the physical properties
of iron oxides with their reactivity
behaviour in the formation of barium

. hexaferrite, X-ray diffraction analysis

and the thermal behaviour were em-
ployed in the reactivity studies.

Experimental
1. Particle size and shape measure-
ments: Tron oxides intended for ferrite

manufacture usually have a distribu-
tion of particle sizes in the range of
0.1 to 10 microns. Electron micro-
scopy is the best technique to yield in-
formation regarding the shape and
surface characteristics of such iron
oxides. In Figure 1, electron micro-
graphs of two different types of iron
oxide are shown, one with acicular
shape and the other with irregular
shape,

Flectron microscopy and, in some
cases, optical microscopy can be used
for particle size distribution determin-
ations. Sedimentation and centrifugal
methods also can be used for particle
size analysis, although care must be
taken in interpreting such results,
since neither method will distinguish
between a single particle and an ag-
glomerate of equal size. In Figure 2,
the particle size distributions of four
different oxides, as determined with
an Fagle-Picher photosedimentometer,
are depicted. The results are com-
parable with those obtained using an
Andreasen Pipette. The analysis can
be completed in two hours. However,
sedimentation methods were not suffi-
ciently sensitive to show differences
between fairly similar oxides that
could, in faect, be distinguished from
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one another by thermo-analytical
methods, when the oxides were in-
corporated into ferrite compositions.

2. Surface Area Measurements: The
surface areas of the iron oxides were
dertermined using a Perkin-Elmer
Sorptometer. In Figure 3, the relation-
ship between the surface area of the
iron oxides, and their tap density and
average particle size, and also the de-
gree of shrinkage of barium carbon-
ate/iron oxide mixes on sintering, are
shown. The percent diametral shrink-
age represents the shrinkage of a
pressed pellet of a BaCO,:5.5Fe,04
(molar) mixture after firing at 1250°
C for two hours. In general, the tap
density and average particle size de-
crease with increasing surface area,
while the diametral shrinkage in-
creases, although there are certain
anomalous results,

3. Reactivity of barium ferrites —
a. Sample preparation: Mixtures hav-
ing molar compositions of BaCO,:
6.0Fe,05 and BaCO,:5.6Fe,0; were
employed to study the barium ferrite
formation reaction, in order to evalu-
ate the reactivity characteristics of a
range of types and grades of iron
oxide and to relate them to the sur-
face area of the oxides. Table I gives
a summary of the samples used in
this investigation.

Two techniques were employed in
the preparation of mixtures. In one,
a Waring Blender was used to wet-
blend Fisher “Technical Grade” bar-
ium carbonate with the appropriate
Northern Pigment iron oxide. In the
second method, the mixing was done
by precipitating barium carbonate on
to suspended iron oxide particles by
slowly adding an ammonium bicar-
bonate solution to 2 censtantly-stirred
slurry of iron oxide in barium nitrate
solution. A 0.3M solution of Fisher
“Reagent Grade” barium nitrate was
used for this purpose. After the pre-
cipitation was complete, the slurry
was filtered and the residue washed.
This method yielded a more intimate
mixture of iron oxide and barium car-
bonate than the wet-blending pro-
cedure.

From surface area measurements, it
was found that the barium carbonate
obtained using the precipitation pro-
cess was much finer than the technical
grade barium carbonate. The two diff-
erent types of mixtures were examined
by optical microscopy as shown in
Figures 4a and 4b. The barium car-
bonate particle agglomerates in the
precipitated mixtures were of equant
shape with a size range of three to six
microns (See Figure 4a). In con-
trast, in the wet-mixed samples, the
barium carbonate particle agglomer-
ates exhibited a different shape, as
illustrated in Figure 4b and appeared
as long needles, up to 20 microns long
with a cross dimension of one to four
microns. The barium carbonate par-
ticles were of the same size for the
various mixtures prepared by a given
method and it can thus be supposed
that any variations in the reactivity
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Fig. 1. Electron micrographs of two types of iron oxide: (a) a acicular shape; (b) irregular

shape. (Magnification: X 10,000)

observed following a given method of
mixing, are attributable mainly to the
variations in the physical character-
istics of the iron oxides.

Iron oxides of acicular particle
shape — but of three different grades
(used in Mixtures A, C and H), an
iron oxide of irregular particle shape
(D), and a hydrated iron oxide of
acicular shape (E), were used in the
preparation of 12 different mixtures
using either the wet-blending or the
precipitation techniques. Samples of
the mixtures were heated to tempera-
tures of 750°C, 1000°C, 1100°C for
30 min., and to 1200°C for two hours;
they were then subjected to x-ray
diffraction examination, to differential
thermal analysis and to thermo-
gravimetric analysis, in order to as-
sess the extent of reaction that had
taken place.

It is believed that surface area
measurements on the calcined samples
provide a very good indication of the
behaviour of the material in the later
stages of processing(1l). Surface area
measurements were again done on the
various samples after heat treatment
using a Perkin-Elmer Sorptometer,
while the average particle size was
determined using a Fisher Subsieve
Sizer. Some of the results are shown
in Figures 5a and 5b, respectively.
In each case, the surface area of the
mixture after the heat treatment at

750°C was lower than that of the
original iron oxide used in the mix-
ture.

b. Differential thermal analyses and
x-ray diffraction examinations: Differ-
ential thermal analysis was done us-
ing an equipment constructed by one
of us (R.H.L.) at the Mines Branch,
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Fig. 2. Particle size distribution of four
grades of iron oxide used in various com-
positions. (The letters on the curves indi-
cate the mixes in which the porticular oxides
were used).,
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pected substantlally higher figures.
"These low reactivity ﬁgures were
strongly supported by the semi-quan-
titative x-ray diffraction results on
these samples. The sample I, which
contains an iron oxide of surface
area 5.9 m®/g, showed a weight loss
corresponding to 82.0% decomposition
at 750°C of the original BaCOg pre-
sent in the mix, whereas samples J
and X, containing an oxide of surface
area only 2.1 m?/g, gave weight-loss
figures corresponding to 36-40% de-
composition of the original BaCOj,.

The method of preparation of the
mix also affects the percentage weight-
-loss figures obtained. Thus, samples
J and L, which contain the same lot
and grade of iron oxide in the same
molar proportions, gave weight-loss
figures corresponding, respectively, to
40.3% and 11.2% decomposition at
750°C of the original BaCOg present;
sample J was made by precipitation
mixing, whereas sample L was made
by wet mixing. '

Samples A and K were prepared
using the precipitation-mixing tech-
nique and contain the same iron oxide
but with different molar ratios, viz.,
1:6.0 in A and 1:5.5 in K. The weight
losses were 86.2% and 36.4%, re-
spectively. In samples B and J, using
the same oxide, the weight losses were
41.5% and 40.3%, respectively. These
indicate a good degree of reproduc-
ibility of the test. The significance of
the weight-loss parameter is also ap-
parent from the comparison of the
weight-loss figures 86.2% and 41.6%,
or 36.4% and 40.3%, between iron
oxide samples of the same grade, but
from two different lots, namely sam-
ples A and B or K and J, respectively.
Surface area and tap density mea-
surements did not show any signifi-
cant difference between these two
pairs of samples.

From the above discussion of the
results of the TGA tests, it would
seem that the percentage weight loss
corresponding to the decomposition
of a proportion of the original barium
carbonate at 750°C would be a useful
parameter for comparing the reactiv-
ities of various grades of iron oxide
and also among various lots of the
same grade, insofar as the term “re-
activity” is used to denote the barium
carbonate decomposition in the pre-
sence of iron oxide.

Eeonomos and Clevenger(3), and
Blum and Li(4) studied nickel ferrite
formation by measuring the satura-
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tion magnetization with the aim of
studying the influence of particle size
on the reactivity of iron oxides. They
could not obtain any function relating
particle size and reactivity. Economos
and Clevenger also noted that two of
the mixtures, somewhat coarser than
the finest mixture, yielded about 10%
more ferrite, Their conclusions were
that size, in itself, does not affect the
activation energy of the ferrite forma-
tion, but that size distribution does
appear to have an effect.

In the present study, the hematite
phase had disappeared to a consider-
able extent at 1000°C in the samples
usmg the coarser grades of acicular
iron oxides, while, in the samples us-
ing a finer grade "of oxide, the hema-

tite phase was still present in signi- -

ficant amounts even at 1100°C, Using
the much finer, hydrated iron oxides,
the hematite phase was present in
significant amount even in material
that had been heated to 1200°C. This
result showed a distinet similarity to
the above-mentioned observation by
Bconomos and Clevenger and may be
another manifestation of the effects
of an acicular vs. an irregular particle
shape. co

It is apparent that an oxide which
could be termed highly reactive from
the weight-loss experiment does not
necessarily yield a greater proportion
of barium ferrite at 1200°C. How-

ever, it may be assumed that the‘

differences in the weight loss from

" one sample to another reflect the diff-

erences in the interface activation of
the mixtures, caused by variations in
the size distribution and surface activ-
ity of the iron oxides under consider-
ation, While the size distribution and
surface activity characteristics may
not correspond quantitatively to the
reactivity of the ferrite formation,
they may have some relation to the
subsequent steps in  the processing
and to the final mierdstructure of the
ferrite and its magnétic properties.

Conclusions

From the above study, it is seen
that surface area and related para-
meters, such as tap density and aver-
age particle size, for a given type of
iron oxide, need not necessarily repre-
sent the reactivity characteristics of
the iron oxide, either in association
with the barium carbonate decompos-
ition or in the final ferrite formation.

The application of thermogravi-
metry to determine the extent of de-

composition of barium carbonate dur-
ing the barium ferrite formation
appears to be a sensitive and rea-
sonably reliable method of indicating
the surface properties that influence
the reactivity of the iron oxide in
ferrite formation, dependent mainly
on the particle shape and size distri-
bution, which controel the surface area.
This method gives a reproducible
comparison between various types of
iron oxide, between various grades of
the same type, and also between
various lots of the same grade. In-
vestigations are being continued with
additional grades of iron oxide with a
view to substantiating the above work.

From the above study, it is, how-
ever, evident that there is, as yet, no
means of completely characterizing an
iron powder so that its properties can
be used to predict with certainty the
final microstructure and magnetie
properties of a ferrite made from it.
Fabrication techniques can affect the -
final properties of a ferrite as much
as the chemical and physical proper-
ties of the powder constituents, It is
proposed to extend the study of ferrite
formation to cover these facets of the
problem.
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