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This paper gives consideration to the three-component FeO—MgO—TiO, system that is a
part of the four-component MgO—Al,O,—FeO—TiO, system which serves to produce
materials with valuable properties. The structure of binary FeO—TiO, and MgO—TiO,
systems is described and the available data on the FeO—MgO—TiO, system are analyzed.
We present the thermodynamic data on all system compounds and calculate change of the
free Gibbs energy in the temperature range of 800 to 1900 K for three exchange reactions.
It was established that the triangulation of the FeO—MgO—TiO, system changes in three
following temperature ranges: at the temperatures of up to 1115 K, at 1115 to 1413 K (the
restructuring of conodes here occurs) and above 1413 K (stable pseudobrookite is formed).
It was shown that the following two-phase equilibria are stable: MgTi,O;—FeTiO;,
FeTiO,—MgTiO,, MgTiO;—Fe,TiO,, Fe,TiO,—Mg,TiO, and Mg,TiO,—FeO at the
temperatures of up to 1115 K; MgTi,0,—FeTiO,, FeTiO,—MgTiO,, FeTiO,—Mg,TiO,,
Fe,TiO,—Mg,TiO, and Mg,TiO,—FeO in the temperature range of 1115 to 1413 K; and
MgTi,O—FeTi, 05, MgTi,0,—FeTiO;, FeTiO,—MgTiO;, FeTiO,—Mg,TiO,, Fe,TiO,—
Mg, TiO, and Mg,TiO,—FeO at the temperatures of above 1413 K.
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Introduction

The FeO—MgO—TiO, system has an auxiliary
value to study different multicomponent systems.
For example, it forms a part of a four-component
MgO—ALO,—FeO—TiO, system that serves as a basis
for the production of materials with such valuable
properties (high refractoriness, enhanced mechanical
strength and resistance to the chemical impacts, and
an improved heat resistance). This system has been
studied insufficiently, especially in terms of its
structure and the processes that occur in it at different
temperatures.

The binary FeO—TiO, contains three
thermodynamically stable compounds: ulvospinel
Fe,TiO,, ilmenite FeTiO; and pseudobrookite
FeTi,O5 [1—3]. According to ref. [4], Fe,TiO, and
FeTiO, melt at 1668 K and 1673 K, respectively.
Pseudobrookite is stable at above 1408 K [5]; research
[6] showed that this temperature is equal to 1413 K.

The phase diagram of the MgO—TiO, system

was investigated in a number of works [7—9]. Early
studies mentioned two compounds: quandilite
Mg, TiO, and karroite MgTi,O;. Later on, the
stochiometric geikelite compound (MgTiO;) was
described. There was a lot of discussion about the
melting temperatures and the temperatures at which
appropriate compounds are decomposed. Ref. [9]
summarized all studies done to address this issue.
Mg, TiO, melts incongruently at 2033 K, MgTiO; is
decomposed at 1933 K and the third compound,
MgTiO;, melts congruently at 1933 K.

Berezhnoi [10] plotted the phase diagram with
three series of the solid solutions in FeO—MgO—
TiO, system (Fig. 1). According to this diagram, the
system has four series of continuous solid solutions.
These are as follows: magnesiowustites (Mg, Fe)O,
inverted spinelides (Mg, Fe),TiO,, ilmenites (Mg,
Fe)TiO,, and pseudobrookites (Mg, Fe)Ti,0;.

This work was aimed at establishing the
existence of mutual combinations of phases in the
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Fig. 1. Phase diagram of the FeO—MgO—TiO, system [10]

three-component system FeO—MgO—TiO, and
studying its subsolidus structure.

Results and discussion

This paper reports the thermodynamic analysis
of the subsolidus structure of the FeO—MgO—TiO,
system by considering temperature dependences of
free Gibbs energy (AG vs. T) for the solid-phase
reactions of the type 2—2 and 2—3, i.e. where two
initial compounds and two or three interaction
products may exist) using the methods described
elsewhere [11]. Calculations were performed in the
temperature range of 800 to 1900 K using
thermodynamic data given in Table 1. The following
model exchange reactions were investigated:

MgTiO;+FeTi,0,=MgTi,0s+FeTiO,, (1)
2MgTiO,+Fe,TiO,=Mg,TiO,+2FeTiO,, (2)
2MgO+Fe,Ti0,=Mg,TiO,+2FeO. (3)

Table 2 shows the calculated data on the values
of the changes in the Gibbs energy for solid-state
exchange reactions (1)—(3) as a function of
temperature.

First, we will give consideration to reactions
(2) and (3), because the FeTi,O; compound is stable
above 1413 K. According to the obtained data
(Table 2), reaction (2) is reversible at 1115 K and it
provides the stability for the combinations of initial
MgTiO; and Fe,TiO, compounds up to this
temperature and the phase combination of Mg,TiO,
and FeTiO; is stable above 1115 K. As for reaction
(3), the combination of Mg,TiO, and FeO phases is
stable in the entire temperature range (Table 2).
Hence, we will triangulate the FeO—MgO—TiO,
system up to the temperature of 1115 K (Fig. 2) and
in the temperature range of 1115 to 1413 K (Fig. 3).
At the temperature above 1413 K, we will take into
consideration reaction (1), according to which the
compounds MgTi,Os and FeTiO, are stable and this
system can be triangulated (Fig. 4).

Conclusions

The subsolidus structure of the system under
consideration is complicated and is characterized by
the phase changeability. Above 1115 K, the solid
phase interaction occurs with the transformation of

Table 1
Initial thermodynamic data [11]
2 —1 -1
Compound | —AH%gg, kJ mol ™ AS%5, T mol ' K a G a+bT+Cbif10’3 e —-107
FeO 272.044 60.752 48.785 8.37 2.80
MgO 601.241 26.924 42.59 7.28 6.19
MgTiO, 1571.93 74.56 118.37 13.27 27.32
MgTi,0s 2507.89 138.91 170.21 38.49 30.75
Mg,TiO, 2163.55 115.1 154.64 35.73 28.83
FeTiO4 1236.37 105.86 116.61 18.24 20.04
FeTi,0s 2190.7 145.6 192.59 22.01 31.00
Fe,TiO4 1510.42 163.18 139.5 63.10 14.23
Table 2
The results of the calculated changes in the Gibbs energy for the reactions in the system FeO—MgO—TiO, at different
temperatures
Reaction AG, kJ mol™!
number 800 K 1000 K 1200 K 1400 K 1600 K 1800 K 1900 K
1 4.260 2.833 1.552 0.239 —1.228 —2.941 -3.912
2 5.218 1.845 —1.298 —4.133 —6.605 —8.671 —9.541
3 —16.531 —24.268 —32.138 -39.941 —47.538 —54.825 —58.327

Thermodynamics of phase transitions in the subsolidus domain of the FeO—MgO—TiO, system
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Fig. 2. Triangulation of the FeO—MgO—TiO, system at
temperatures up to 1115 K
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Fig. 3. Triangulation of the FeO—MgO—TiO, system in the
temperature range of 1115—1413 K
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Fig. 4. Triangulation of the FeO—MgO—TiO, system at
temperatures above 1413 K

the MgTiO,—Fe,TiO, conode into Mg,TiO,—FeTiO,
one. Pseudobrookite is not stable up to 1413 K and
the solid solutions of a pseudobrookite type can be
formed only on the basis of karroit with a similar
type of the crystalline lattice. Magnesium ferrite solid
solutions coexist with quandilite and are not stable
in the combination with ulvospinel. These data can
be further used to develop scientific basis for
fabricating new materials with specified operational
properties.
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TEPMOJMHAMIKA ®A30BUX IIEPETBOPEHb HA
CYBCOJIIAYCHIU JUIAHII CUCTEMU FeO—MgO—TiO,

0.M. bopucenxo, C.M. Jloeeinkos, I.M. Illa6anosa,
L.A. Ocmanenxo

VY crarti po3risizaeTbest OynoBa TPUKOMITIOHEHTHOI CHC-
temn FeO—MgO—TiO,, 1110 BXOAUTH 10 CKJIaTy YOTUPUKOMITO-
HeHTHoi cuctemu MgO—ALO;—FeO—TiO,, Ha OCHOBI sIKOI o1ep-
KYIOTh MaTepiajii 3 LiHHUMM BJacTUBOCTIMU. OnucaHo Oy10BY
6iHapHux cucreM FeO—TiO,, MgO—TiO,, a Takox npoaHaizo-
BaHi BizmoMi maHi crocoBHo cucteMu FeO—MgO—TiO,. Hasene-
HO TePMOAMHAMIUHI IaHi BCiX CMOJIYK CUCTEMU, Ha OCHOBI SIKUX
BMKOHAHO PO3paxyHOK 3MiHM BiibHOI eHeprii ['i00ca B iHTEp-
Baji remneparyp 8§00—1900 K st Tpbox peaxkitii oomiHy. Bera-
HOBJICHO, 1110 TpiaHTyJsist cuctemu FeO—MgO—TiO, 3MiHIO€ETh-
cs1 B TPbOX TeMIlepatypHux iHtepBaiax: 1o 1115 K, 1115—1413 K
(BinOyBaeThcs nepedynosa KoHon) i Buuie 1413 K (yrBoproeTbest
cTabibHMI TIceBIOOpyKiT). [TokazaHo, 110 CTabiTbHUMM € Ha-
crynHi nBoasui pisHoBaru: MgTi,0s—FeTiO;, FeTiO,—MgTiO;,
MgTiO,—Fe,TiO,, Fe,TiO,—Mg,TiO, i Mg,TiO,—FeO npu Tem-
nepatypi no 1115 K; MgTi,Os;—FeTiO,;, FeTiO;—MgTiO;,
FeTiO,—Mg,TiO,, Fe,TiO,—Mg,TiO, i Mg,TiO,—FeO B Temre-
parypHoMy iHTepBami 1115—1413 K; ta MgTi,Os—FeTi,0s,
MgTi,0;—FeTiO;, FeTiO;—MgTiO;, FeTiO;—Mg,TiO,,
Fe, TiO,—Mg,TiO, i Mg,TiO,—FeO npu temneparypi Butie 1413 K.

KumouoBi ciioBa: (ha3oBa piBHOBara, 3MiHa BiJTbHOI €HEpTii
l66ca, ynbBolIMiHENb, UIBMEHIT, MCEeBIOOPYKIT, KBaHILIIT,
KappoiT, refKeJtiT.
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FeO—MgO—TiO, system that is a part of the four-component
MgO—Al,0;—FeO—TiO, system which serves to produce materials
with valuable properties. The structure of binary FeO—TiO, and
MgO—TiO, systems is described and the available data on the
FeO—MgO—TiO, system are analyzed. We present the
thermodynamic data on all system compounds and calculate
change of the free Gibbs energy in the temperature range of 800
to 1900 K for three exchange reactions. It was established that
the triangulation of the FeO—MgO—TiO, system changes in three
following temperature ranges: at the temperatures of up to 1115 K,
at 1115 to 1413 K (the restructuring of conodes here occurs) and
above 1413 K (stable pseudobrookite is formed). It was shown
that the following two-phase equilibria are stable:
MgTi,O;—FeTiO;, FeTiO;—MgTiO;, MgTiO;—Fe,TiO,,
Fe,TiO,—Mg,TiO, and Mg,TiO,—FeO at the temperatures of up
to 1115 K; MgTi,O;—FeTiO;, FeTiO;—MgTiO;,
FeTiO,—Mg,TiO,, Fe,TiO,—Mg,TiO, and Mg,TiO,—FeO in the
temperature range of 1115 to 1413 K; and MgTi,0,—FeTi,0s,
MgTi,O;—FeTiO;, FeTiO;—MgTiO;, FeTiO;—Mg,TiO,,
Fe,TiO,—Mg,TiO, and Mg, TiO,—FeO at the temperatures of
above 1413 K.
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