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Temperature dependence of the magnetic susceptibility of the FeCr:04 chro-
mite and TiFe:0s titanomagnetite minerals in the temperature range 300—
1300 K is studied. Based on the experimental dependences, the magnetic pa-
rameters of the samples are calculated: Curie temperature, Curie-Weiss con-
stant C, effective magnetic moment per one magnetic ion of the compound,
and magnetic moment per formula unit of the sample. The results obtained
are analysed in the light of available theoretical models.
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HocmimxeHno TeMIepaTypHy 3aJIe;KHIiCTh MarHeTHOI CIPUAHATINBOCTUA MiHe-
paiiB xpomity FeCr204 Ta Turanomaraerutry TiFe204 B iHTepBai TeMuepatyp
300-1300 K. 3a ekcrnepuMeHTAJILHUMU 3aJ€KHOCTAMU O0UYMCIeHO MarHeTHi
mapameTpu 3paskiB: TemmepaTtypy Kiopi, crany Kiopi—Beiicca C, epekTuBHM:
MAaTHeTHUII MOMEHT, IO IPUIIafae HAa OOUH MAarHeTHUH HOH CHOJYKM, Ta Mar-
HEeTHUI MOMEHT, IO IPUIafae Ha (popMyJbHY OAMHUIO 3paska. Omepskami
pe3yabTaTy IPOaHaJi30BAHO B CBiTJIi HATBHUX TEOPETUYHMUX MOJEJiB.

KarouoBi ciioBa: MarueTHa CIpUAHATINBICTD, XPOMIT, TUTAHOMATHETUT, Mar-
HEeTHUII MOMEHT, ITapaMarueTHa Temneparypa Kiopi, crama Kiopi—Beiicca.
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1.INTRODUCTION

The fundamental difference between an iron-containing mineral and a
rock is that the mineral, both in terms of its chemical composition and
its physical properties, is a relatively homogeneous body, while rocks
are aggregates of minerals consisting of a number of mineral compo-
nents [1].

The physics of magnetism is able to predict the magnetic properties
of materials from their structure; this also applies to rocks. However,
this approach is not optimal: it requires an in-depth study of the struc-
tural characteristics of the substance, which is not available in geo-
physical research. On the other hand, measuring the magnetic proper-
ties of rocks is not difficult even with a large number of samples [2].
The nature of the magnetism of rocks and the characteristics of the
factors that determine the patterns of distribution of the magnetic
properties of various rocks must be supplemented with empirical data
for the most common minerals of rocks and ores that cause magnetic
anomalies [3, 4].

The magnetic states of rocks and ores are of particular interest for
the physics of magnetic phenomena, since, due to the complex crystal
structure, the magnetic structures of these minerals are necessary for
understanding their key features [5]. There is little experimental data
on the magnetic properties and electronic structure of rock minerals at
high temperatures.

The study of the magnetic properties of rock minerals from the per-
spective of a mineralogist is extremely important. To date, the mag-
netic properties of these minerals have been studied mainly in their
magnetically ordered state, while their paramagnetic state has been
almost unstudied [6].

To date, the temperature dependence of the paramagnetic suscepti-
bility %(T) of pure iron has been measured in detail by many research-
ers [7—9] in a wide temperature range covering its liquid state and in-
terpreted on the basis of the polymorphic and magnetic phase transi-
tions occurring in iron. According to the results of these studies, the
dependence y }(T) of iron is complex. y ! grows abruptly at the temper-
ature of the ferromagnet-paramagnet magnetic phase transition (®,
=1043 K); ! increases linearly in the temperature range 1043—-1183
K, and at the polymorphic transition a-Fe (b.c.c.)>y-Fe (f.c.c.) (at
1183 K) decreases abruptly; in the temperature range 1183-1665 K, it
increases linearly, and during the polymorphic transition y-Fe (f.c.c.)
—d(a)-Fe (b.c.c.) (at 1665 K), it decreases abruptly; it increases in the
temperature range 1665-1809 K linearly, during melting (1809 K) ab-
ruptly, and then linearly. By now, the magnetic properties of the com-
pound of iron with non-magnetic metals at high temperatures have
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been little studied. This is due to the difficulty of making precision
magnetic measurements at high temperatures.

The purpose of this work is to study experimentally the y(T) de-
pendence of the iron-containing minerals chromite and titanomagnet-
ite included in the rocks of Uzbekistan. The dependences y(T) were
measured by the Faraday method using high-temperature vertical
pendulum balances in Al:Os crucibles and in an excess atmosphere of
purified helium in the high temperature range 300—-1300 K. The max-
imum relative measurement error for y did not exceed 3% [8—11]. Rock
(mineral) samples were obtained from the Central Research Laboratory
of the Navoi Mining and Metallurgical Combine.

2. EXPERIMENTAL RESULTS AND DISCUSSION

The dependences %(T) were measured in the temperature range 300—
1200 K for chromite and 900-1300 K for titanomagnetite (Fig. 1).

Analysis of Fig.1 shows that, for the studied minerals of chromite
and titanomagnetite, y decreases with raising temperature, but the
temperature dependence is complex [12].

The measurement results are shown in Fig. 2 in the form of ¢ '(T)
dependence.

In Figure 2, it can be seen that the y'(T) dependences of the miner-
als chromite and titanomagnetite in the studied temperature range
have a nonlinear complex character: the slope (dy'/d T) of the (T de-
pendence for chromite at approximately 823 K sharply increases, and
at 933 K, it decreases; for titanomagnetite at 1043 K, it sharply in-
creases, and at 1178 K, it decreases. The  '(T) dependence for chro-
mite in the temperature ranges 300-823 K and 933-1173 K, and for
titanomagnetite in the temperature ranges 923-1043 K and 1183-
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1273 K, they are linear.
The linear nature of x'(T) dependence in the specified temperature
range indicates that these dependences obey the Curie—Weiss law:
_ C
T-0,

X (1)

where C is the Curie—Weiss constant, ®, is the paramagnetic Curie
temperature.

Changes in the experimental dependences y '(T) of the samples un-
der study can be explained by the results described above for pure iron
[7, 8, 11]. The complex nature of % '(T) dependence of pure iron is
uniquely reflected in % '(T) dependences of the studied iron-based
compounds depending on temperature and the composition of non-
magnetic elements (O).

Consequently, changes in the y'(T) dependences of the studied sam-
ples occur due to magnetic and structural (polymorphic) phase transi-
tions that occur in them at certain temperatures [13]. In chromite at
823 K, there is the structural transition f.c.c.—b.c.c. in its cubic lat-
tice. In titanomagnetite at 1043 K, there is the structural transition
f.c.c.—Db.c.c. in its cubic lattice. These phase transitions are reflected
in the % '(T) dependence of chromite FeCr.0, and titanomagnetite
TiFe;04 (Fig. 2) in the form of jumps at the temperatures of these tran-
sitions. Changes in the ¥ '(T) dependence in the studied minerals can
only be explained by structural (polymorphic) transitions that occur at
higher temperatures in Fe sublattices of these minerals[7,8].

From the experimental y '(T) dependences for the studied samples,
we calculated their main paramagnetic characteristics: Curie—Weiss
constants C, paramagnetic Curie temperature ®,, and magnetic mo-
ment per mineral chemical formula ps.. The calculation results are
shown in Table. Information for pure iron in Table was obtained from
[8]. Analysis of the table shows that the magnetic characteristics (©,
and L) of the studied compounds are smaller compared to the magnet-
ic characteristics of pure iron. This can be explained by an increase in
the distance between the magnetic iron ions located at the sublattice
sites of the studied compounds. Due to this reason, the magnetic ex-
change interaction of electrons in the 3d-shell of iron ions, which are
responsible for the occurrence of magnetic ordering of the studied
compounds, decreases. O, is an energy measure of the exchange inter-
action.

Table shows that the values O, for the studied minerals are lower
compared to the values for pure iron (®, =1043 K). This is explained by
the fact that, if Fe3" ions are partially or completely replaced by Cr3*
and Ti*" ions in the crystal lattice of minerals, which in both structures
show a strong tendency to occupy octahedral positions, this will lead to
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TABLE. Calculation results.

. Temperature 4 3.1,
Mineral interval, K 0, K |C, 10*sm’g K| ptor, UB
1043-1183 1050 28,1 3.54
Fe 1183-1665 -2027 90 6.47
1665-1809 1100 25 3.34
-82 134 15.51
Chromite FeCr204 300-820 60 340 5-5
930-1170 520 72.05 3.59
920-1040 850 250 7.48
Tit tite TiF
ftanomagnetite TiFe:04 1661270 910 55.56 3.5

a significant decrease in the Curie temperature.

The distribution of cations between octahedral and tetrahedral posi-
tions in the titanomagnetite lattice has been the subject of extensive
discussion [14]. According to neutron diffraction data, most of Ti*"
ions are located in octahedral positions. The spin moments of octahe-
dral and tetrahedral ions are directed in opposite directions. As the
number of Ti*" ions increases, the Néel point decreases. Fe3" prefers for
octahedral sites, the actual distribution between octahedral and tetra-
hedral sites may depend on both temperature and composition.

4. CONCLUSIONS

Based on the results obtained, the following conclusions can be drawn.
For the first time, the % '(T) dependences of iron-containing minerals,
chromite FeCr:0,4 and titanomagnetite TiFe20,, were measured at high
temperatures. It has been established that these y '(T) dependencies
obey the linear Curie—Weiss law.

Based on the experimental dependences of the studied minerals,
their main paramagnetic characteristics were determined.
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