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Chemistry

The equilibrium conditions of solid solutions NiFe,O,—Fe;0, during the reduc-
tion of nickel ferrite by hydrogen were investigated under equilibrium conditions
at various temperatures. A weighed portion of NiFe,O, was placed in a closed
vacuum apparatus in which a mixture of H, + H,O circulated. The water-vapor
pressure corresponded to the saturated vapor pressure at 0°C. Equilibrium was
attained both from the reduction side and from the oxidation side, and the aver-
age hydrogen-pressure values were taken as equilibrium values Py . These data
are given in Table 1. From the values of the equilibrium hydrogen pressures,
the equilibrium constants of the reduction reaction were calculated:

K - Py,o

= o
(Figure: Fig. 1. Change in the activities of ferrite and magnetite in the
NiFe,O,—Fe;0, system as a function of composition: 1 —900°; 2 —800°; 3
—700°; 4 —600°)

Fig. 1. Change in the activities of ferrite and magnetite in the
NiFe,O,—Fe;0, system as a function of composition:
1 —900°; 2 —800°; 3 —700°; 4 —600°

X-ray structural analysis of the reaction products showed that, upon reduc-
tion of NiFe,O,, metallic Ni with an admixture of Fe and the solid solution
NiFe,O,—Fe;0, are formed. On the basis of the change in the lattice parame-
ter of the metallic phase and the data of work (1), the mole fractions of NiFe,O,
and Fe;O, in the solid solutions were calculated (Table 1). Knowledge of the
mole fraction of ferrite N, and magnetite N,, and of the equilibrium constants
made it possible to calculate the activities of ferrite a, and magnetite a,, in
solid solutions of variable composition. Ferrite reduced by 0.1% was taken as
the standard state. The activity of ferrite was determined as

K

P;

a¢ K 5

Po

and the activity coefficient—from the equation
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ag = YNy

The activities of Fe;O, were calculated by graphical integration of the Gibbs-
Duhem equation:

1—N¢
lna¢:—/ N¢ dlna,.

Table 1

Activities of the components of solid solutions of the system
NiFe,O,—Fe;0,

N,, 900%D0T00%€00°C

Puaay an vy i Pratg am Ve I Pa2ty o Y v Prafe v Y Ym

mim mim mim min

Hg Hg Hg Hg
0.160.031.000.000.000.000.041.000.000.000.000.046.000.000.000.000.048.000.000.000.000
0.850.038.908.007.056.050.046.892.006.042.040.05@2.888.002.030.017.058.816.000352.003
0.710.040.770.090.078.318.05d. 76d.082.068.290.066. 720.058.998.187.080.597.026.836.092
0.438.050.530.378.220.660.080.508.360.160.638.100.420.300.968.547.140.300.246.700.432
0.179.100.280.665.570.810.148.289.665.620.810.190.240.636.346.770.320.150.618.839.748
0.020.189.159.953.940.970.296.138.956.900.970.444.108.945.150.968.610.078.933.910.955

The activity coeflicient of Fe;0, was determined as

_ 9

™

These data are given in Table 1. The change in activities is shown in Fig. 1.

The partial free energies of mixing were calculated by the formula AF, =
RT Ina,;, and the total free energy of mixing from the expression

Since the temperature dependence of these functions is very weak, their values
were averaged, and these data are presented in Fig. 2.

Applying the theory of regular solutions (?) to solid solutions of ferrites, we find
the partial enthalpy of mixing from the formula:

— 1
4.5751g~, = AHiT + const,
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and the total enthalpies of mixing from the expression

AHpi - AF¢L N N¢z + AFM’L . NM’L"

The partial entropies were calculated similarly to how this was done in work (?),
from the expression

—_  AH,—AF,
AS, == oo
1 T b

and the total entropy was calculated by the formula

Since the dependence of the entropies on temperature is very weak, averaged
values were calculated and are presented in Fig. 3.

The excess entropies of mixing were calculated similarly to how this was done
in work (%), from the expression

AS,;

7 excess

= AS, - AS,

iideal”

From the theory of regular solutions it follows (°) that AS;j.u = —RInN;.

Excess entropies of mixing usually have a complex dependence on composi-

value. For the compositions studied at 900°C, this dependence is represented
by the curves shown in Fig. 3. The excess entropies characterize the degree of
ordering of the solid solutions. As a first approximation one may

(Figure: Fig. 2)

Fig. 2. Change in the partial free energies and enthalpies of mixing in solid
solutions of the system NiFe,O,—Fe;0,: o
1—AH, Z—Af(b, 3—AF,,4—AH,, 5—AF,;, 6—AH,,.

(Figure: Fig. 3)

n’

Fig. 3. Change in the entropies of mixing in solid solutions of the system
NiFe,O,—Fe;0, as a function of composition:
1—ASy, 2—AS oxcesss 3—AS,, 4—AS

n excess’

57ASM’ 67ASM excess”*

assume that the degree of ordering in the NiFe,O,—Fe;O, system changes for
NiFe,O, according to curve 2, for Fe;O, according to curve 6, and, overall, for
the solid solution according to curve 4.
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