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Effect of gas phase pressure on
phase stability and phase equilibrium of Co-Fe-Sb ternary system
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Abstract: By means of the determination of the isothermal-section at 1 073 K of the Co-Fe-Sb ternary system in vacuum
condition, the assessed thermodynamic parameters of the condensed phases and those of the constituent gas-phase species
of the Co-Fe-Sb ternary system, the influences of the gas-phase pressure on the phase equilibria and the phase stability of
the binary and ternary systems were calculated and analyzed. The results show that the compounds of the Co-Sb, Co-Fe,
Fe-Sb and Co-Fe-Sb systems start to pyrolyze when the gas-phase pressure decreases to a certain degree, and the
gas-liquid-solid three-phase equilibrium zones appear. The calculated pressure—temperature curves show that each
compound has a minimum pressure value corresponding to a temperature for its decomposition or pyrolysis. Above the
minimum pressure or below the temperature, the compound phase cannot decompose from solid phase to gas phase with
temperature change and can keep the same phase relations as those at the normal pressure. The calculated results can
thermodynamically explain the problems appearing in the experimental investigations and the preparation processes of
the Sb containing thermoelectric materials, and can be helpful for reference to the process design for the preparation of
the compound.
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Table 1 Phase designations of Co-Sb, Fe-Sb and Co-Fe-Sb systems

Symbol Phase
Ligor L Liquid
a(A2) Disorder solid solution based on (Co, Fe) with BCC—A2 structure
a'(B2) Order solid solution based on (Co, Fe) with BCC—B2 structure
7(Al) Disorder solid solution based on (Co, Fe) with FCC—AL structure
& Disorder solid solution based on (Co, Fe) with HCP—A3 structure
y Continuous solid solution based on {CoSb) and {FeSb)
¢ Ternary linear stoichiometric compound based on {CoSb, and {FeSb,
n Linear stoichiometric compound based on 7CoSbs with partial Co substituted by Fe
Sb Pure Sb with no solubility of Co and Fe

Phase with homogeneity ranges are indicated with round brackets as (phase name).

B3 Fe-CoSb; —Jo# #iUfHikF 1) BSE 14
Fig. 3 BSE images of Fe-CoSbj; ternary diffusion couples: (a), (b), (c), (d) Tested phase equilibra points between y and y(Al)
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Table 2 Equilibrium phase compositions of Fe-CoSb; ternary diffusion couples using EPMA annealed at 1 073 K
a(A2) ¥
Sample No.
Fe Co Sb Fe Co Sb
1 91.802 5.480 2.715 45.797 11.700 42.507
2 36.130 63.730 0.140 3.360 48.210 48.430
3 36.840 62.840 0.320 3.361 47.544 50.168
4-1 36.894 62.879 0. 185 2.483 47.500 50.152
4-2 35.644 64.510 0.553 3.971 50.718 47.178
5 89.060 7.500 3.040 45.770 11.010 43.020
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Fig. 4 Partial isothermal section of Co-Fe-Sb ternary system
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Fig. 5 Equilibrium phase diagrams of Co-Sb binary system at different pressures: (a) 1X10° Pa; (b) 1X 10*Pa; (c) 1X 10° Pa;
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Fig. 13 Pressure—temperature curves of three-phase equilibria
of gas-liquid-solid in Co-Fe-Sb ternary system along
iso-compositional lines: (a) x(Co)=3x(Fe); (b) x(Co)=x(Fe);
(c) 3x(Co)=x(Fe)
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