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This papex presents measurement results of maagnetic susceptibi-

lity of high purity (>99,998%) alpha Fe203 in the temperature range
from 300 to 100 K. The existence of a maagnetic nhase transition lving

at 939 K is determined on the basis of these measurements.
INTRODUCTION

The hamatite, alpha Fe203, has been a subject of numerous inve-
stigations due to its highlv interesting magnetic pronerties (e.a./1/).
The linear antiferromagnetic of about 1000 K becomes a weak ferroma-
gnet (antiferromagnet with canted sublattices) at the temperature of
260 K. In a strong magnetic ohase, weak ferromagnetism is maintained
to the highest temperatures. The theoryv exmlaininag such behavior of

hematite is developed /2/.
However, there are some disadreements amona the authors as rega-

rds the magnetic phase transition of hematite in paramegnetic state.
Accordina to one'group of aqthors, with the increase of temperature
a weak ferromagnetism,disappears first (Curie temperature, Tc) and
the hematite becomes a linear antiferromagnet, and then, at a some-
what higher temperature there is a transition into a paramagnetic
phase (Neel temperature, TN) (e.g. /3/). But according to another
group of authors, weak ferromaqnetism disappears simultaneously with
antiferromagnetism, i.e. there is onlv one maagnetic phase transition
{e.g. /4/.

The investigation of high temperature magnetic phase transition
of hematite is performed by means of various mathods: neutronographic
/5/, dilatometric /6/, method of differential thermal analysis /4/,
method of MOssbauer spectroscopy /3 / as well as by the methods of
classical magnetic measurements /5/. These, as well as other measu-
rements performed later on bv means of the same methods /8-12/ show
that temperature, i.e. temperatures of phase transition, lie, i.e.
lies in the range of 920-998 K.
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The temperature of maanetic nhase transition is determined to a
certain extent bv real features of samples investigated; it depends
on whether a monocrvstalline or nolycrvstalline sample is investiga-
ted. It also depends on the chemical composition (deviation frmm the
stoechiometric ration and the presence of impurities), structure Ade-
fects, and previous thermal, i.e. madgnetic treatment /13-15/ as well
as on the temperature madgnetic hysteresic (TMH) which is very signi-
ficant for hematites /16/. Still, if investications are performed on
pure enouagh samples, deviations in measurement results should not be
sionificant; but in case thev are, they should be explained especi-
allv if Jdifferent results are a consecuvence of anplication of diffe-
rent methods.

This paper presents the results of our investication of high

temperature maagnetic transition of hematites.

EXPFRIMENT

™he investiocation is performed by measurement of maanetic susce-
ptibilitv bv Gouv method. Measurements are Aone on a nowder sample of
hioh purity (. 99,998%, Koch Light) alpha Fe,04. The device descrihed
in /17/ is used.

Fxperiment comprised measurements of the devendence of maanetic
suscentibility X on tempberature T for three Aifferent maximum inte-
nsities of maanetic field in the gap of electromagnet: H=4,1; 5,1 and
6,1 ka. Such experiments are performed in the nonhomogeneous magnetic
field, so that the appropriate measurements vield values of the effec-
tive suscepntibility /17/.

EXPERIMENTAL RESULTS

Figs. 1, and 2 nresent measurement results of 2 (T) for hematite.

Fig. 1 shows results of the first measurement at H=6,1 kg. It is evi-
dent that the curve of the first heating lies significantly below
the one for the first cooling. Such behavior of hematite is typical for
TMH of the first kind /16/. This effect is eliminated by cvclic therm-
al treatment: the heating curve "climbs" untill it overlaps the cooling
curve and measurement results become reproducive.

Fio. 2 presents measurement results of X (T) éfter'cyclic thermal
treatment; everv curve revresentina a reoroducive Aependence X (T) in
a oiven field. It can be noticed that all three curves flow into one
(with a possible error beinag significantly below susceptibility mea-
surement error and the error of temperature definition).
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The form of curves obtained suagests that madgnetic phase tran-
sition correspondina to Curie temperature, e.e. disappearance of weak
ferromaanetism, is determined by these measurements. Repeated measu-

rements performed at temverature of up to 1000 K do not indicate "'~

existence of the second phase transition.
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Fig. 1.

This result is checked bv DSC calorimetry (Dupont commercial
Aevice) and an interestina effect is nbtained. NDurinc heatina, the
first exreriment vields two meaks in the temmerature rance below
970 R, the first of them bheinag strondgder and the second one weaker.
The peaks are spaced at about 20 K. Repeated experiments yield onlv
the first peak, the second one not appearing at all. In that way the
second high temperature transition in hematites becomes a very inte-
resting oroblem demanding further investiaations.

Mote that there is an opinion in literature /1/ that ma¢neto-
static experiments, like ours, do not permit observation of the anti-
ferromagnetic - paramagnetic phase transition Aue to a small anisotro-
phy of hematite in basal plane. It is Aifficult to tell if that is a
reason for the negative result of the experiment. It should be empha-
sised that in our experiments the susceptibility Adetermination error
is about 5.10_8CGS what means that the effect, if it exists, should
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cause cause changes of X (T) lving below this limit.
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ANALYSIS-OF RESULTS

Another problem arising in these experiments Aeals with the Curie
temperature definition. The form of curve X (T) allows for some unce-
rtainties. Without going into Aetails, we may mention that here there

are difficulties of the same nature as those in the investigation of
maanelic phase transition in a pure antiferromaanet /17/. The solut-
ion of such problems in the case of NiO and Cr203 /17/ sugaests that
a similar orocedure should be applied in our case. The principle of

the procedure suggested is explained in Fig. 3. Transition temperature

is determined bv the vosition of the cross noint for the tangent on
inflection point of the curve with the horizontal tangent of the cu-
rve Arawn for the part of the curve correspondina to the paramagnetic

phase restablished. In our case this procedure yields

+
Te (939 = 2) XK.

It is interestina that this value corresoonds (with the accuracy of
0,5 E) to C(T) curve minimum, C being the parameter of hematite unit
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cell /12/. Dependence C(T) is determined by the method of high tempe-
rature x - ray diffractometry, while the measurements are performed
on samples made out of a substance which is investigated in our expe-
riments.

CONCLUSION

By measurement of the effective magnetic susceptibility in the
function of temperature, the investigation of high temperature magne-
tic transition of hematite is performed. It is determined that the
reproducive magnetic measurements enable determination of the Curie
temperature. The procedure for TC determination on the basis of expe-
rimental data is suggested. This experiment has not confirmed the
existence of a distinct, antiferromagnetic transition.
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