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Abstract

Full Text
CHEMISTRY

Yu. A. KORNEEV, V. F. BALAKIREV,
Corresponding Member of the Academy of Sciences of the USSR G. I. CHU-
FAROV

THERMODYNAMIC ANALYSIS OF THE
SOLID SOLUTION

On the basis of the results of a study of the process of reduction of magnesium
ferroaluminate by hydrogen under equilibrium conditions (?), we shall carry out
a thermodynamic analysis of the MgAl,O,—Fe;0, solution formed in the reduc-
tion process and in equilibrium with the solid solution MgO—FeO of variable
composition.

In calculating the thermodynamic characteristics, the statistical method was
used for determining the activities of the components of a spinel-type solid solu-
tion for the case of its equilibrium with a wiistite phase of variable concentration
(?). This method makes it possible to represent the concentration dependence
of the activities of the components of a binary spinel solution in the form
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where a, and C) are, respectively, the activity and concentration of the i-th com-
ponent (Fe;O, or MgAl,O,); A} and A are the degrees of inversion of the crystal
lattice of the pure components (formula (1) was derived under the assumption
of a linear dependence of the degree of inversion on concentration, but this for-
mula was used because of the absence of experimental data on A = A(C') for the
given solid solution); « is an energy parameter determined experimentally.

Since the experimentally obtained crystal-lattice parameter of hypothetical
wiistite (4.320 + 0.003 A (1)) in solution with MgO corresponds to the
composition FeO (,, the equilibrium constant of the reaction for the reduction
of magnetite from the MgAl,O,—Fe;0, solution, proceeding according to the
equation

(Fe30y4), = 3(FeOy o), + 0.470,, (2)

is expressed as
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am
where agqo, , and ay; are the activities of wiistite and magnetite.

Substituting into (1) the degrees of inversion of magnetite (A{ = 0) and mag-
nesium aluminate (A) = 1), if A is taken as the fraction of divalent cations in
tetrahedral sites, we obtain

ay = Cy [1 = (1= Cy)?] ec1=Cw)?, (4)

1

1—Chg 2
AMgAI20, = ZCMgA1204<1 + CMgA1204)2ea( MgAI120, )", (5)

For the activity of FeO, (, in a binary wiistite solution, the formula given in (?)
is

a; = C’jea/ufci)z. (6)

Table 1

Thermodynamic characteristics of the solid solution MgAl,O,—Fe;O,
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0.050.668.00010002W02D0D00H016779-9.3-48—24942.8-124-1340.280.8613-40.280.85
0.1 0.668.00000880%BDB.800.806-443548-+748712H550-12063.0%0.450.983.0%0.450.98
0.2 0.64@.00830870084636.630.632-4996199-13683+5120826273.790.591.393.790.591.39
0.3 0.640.0083003)100450.460.467-268210861 1 #0131 81234 72.690.381.6#2.690.381.61
0.4 0.630.0469400468300.326.334-1998345-1306613 7283634531 .870.251.691.8%0.251.69
0.5 0.596.270.290.316.200.2168.227-1411596143733450553306L.340.041.6#41.3#0.041.64
0.6 0.550.410.430.440.120.130.144-10H19731432137%64529870.800.181.360.800.181.36
0.7 0.490.510.540.580.070.076.085-485-29H01 2131 3782852822).700.4#1.380.700.441.33
0.8 0.730.736.740.030.030.041-266-396868-774-9452298).450.700.70.450.700.71

0.9 0.888.880.886.010.010.015-51-34554491-319-108943740.2+0.590.700.230.590.70

0.95 0.94689469460)080)00D06311-64484136-146-13+7119-0.100.480.420.1090.480.42
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Substituting into (3) the explicit form of the concentration dependence of the
activities (4) and (6), we find that

lgk = 31g Cpeo, ,, +1.302(1—
—Creo, )20 +04T1g Py —
—lgCy —1g[1 — (1 - Cy)?]—
—0.434(1 — Oy ). (7)
By processing the data of study (1), analytical dependences were established for

the equilibrium oxygen pressure on the concentration of magnetite (Cy;) in the
solution at 900, 1000, and 1100°C:

lg ngo = —19.30 + 5.50C), ®)
lg Pégoo = —16.52 + 5.24C, ©
Ig P(l)ioo = —14.23 4+ 4.92C,, (10)

as well as relations for the equilibrium concentrations of magnetite in the spinel
and wiistite in the solid solutions.

From equation (7), taking (8), (9), and (10) into account, for three fixed con-
centrations of magnetite the values of Igk, «, and o’ were obtained for each
temperature: 1g kggg = —7.720, aggy = —1.228, o’ = +0.795, lgk; o9 = —6.767,
00 = —1.011, agep = +0.977, lgky 100 = —5.788, ay100 = —0.859, a}y00 =
+1.135.

By substituting the corresponding values of « into (4) and (5), the activities
of magnetite and magnesium aluminate in the spinel solution were determined
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Fig. 1. Concentration dependence of the activities of the components of the
solid solution MgAl,O,—Fe;O, at 1000°.

Figure 1: Fig. 1. Concentration dependence of the activities of the components
of the solid solution MgAl,O,—Fe;0, at 1000°.

(Table 1). As follows from Fig. 1, in the solid solution MgAl,O,—Fe;0, a sig-
nificant negative deviation from ideality is manifested. The activities of FeO, ¢,
and MgO in the MeO solution, which is in equilibrium with the spinel solution
and were calculated from (6) using «’, proved to be in good agreement with (4),
where the MgO—FeO solution was investigated.

The values of the activities of the components of the spinel solid solution were
used to calculate the concentration dependence of the partial molar (AX;) and
integral (AX ) thermodynamic functions (X) of mixing:

enthalpy AH, free energy AF, entropy AS, as well as the excess partial molar
AS,, and integral AS,, entropy (Table 1).

The temperature dependence of the equilibrium constant of reaction (2) can be
represented in the form

1
lgk, = —15510 +5.44. (11)

In accordance with the Fe—O phase diagram (®), the dependence known in
the literature (©) of the oxygen pressure on temperature for the equilibrium
of pure magnetite with wiistite should, taking into account the real composition
of wiistite, be referred to the reaction

Fe,0, 2 3Fe0, |5 4 0.3050,, (12)

whose equilibrium constant is

kio = P8'2305- (13)
Combination of (13) with
lg Py, = —% +13.07(©) (14)
gives
lgkyy = —9950% + 3.986. (15)
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Fig. 1. Concentration dependence of the activities of the components of the
solid solution MgAl,O,—Fe;O, at 1000°.

The difference between the equilibrium constants (11) and (15) is due to the
different composition of the equilibrium wiistite phase in reactions (2) and (12).
Their values agree if, along with (12), one considers the reaction of dissociation
of magnetite and dissolution of iron in wistite:

1 3 1
ZFGSO4 <:> ZFG + 502, (16)

Fe,, * (Fe) (17)

dissolved in wiistite*
By Hess’ s law, from (12), (16), and (17), (11) is obtained if the solution of iron
in wiistite is regarded as ideal within the limits of the homogeneity region, and
the equilibrium constant of reaction (16) is determined by extrapolation to the
interval 900—1100°C.

The considerations presented may be used for calculating the equilibrium con-
stants of reactions involving wiistite of another nonstoichiometry.
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