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Phase Diagram Evaluations: Section I

Cu-Fe-Se (Copper-Iron-Selenium)

V. Raghavan

The previous review of this system by [1992Rag] pre-
sented isothermal sections at 900, 700, and 500 °C, from the
results of Bernardini et al. [1979Ber, 1981Ber]. Based on
the isothermal sections, a schematic liquidus projection and
a reaction scheme were also included in the evaluation by
[1992Rag]. Koneshova [1991Kon] determined a pseudobi-
nary section of this system along the Cu,Se-FeSe join.

Binary Systems

The Cu-Fe phase diagram [1993Swa] shows that there
are no intermediate phases in this system. A metastable
liquid miscibility gap is known in this system. The Cu-Se
phase diagram [1981Cha] depicts four intermediate phases:
Cu,_,Se, Cu;Se, CuSe, and CuSe,. Among these, Cu,_,Se
has two modifications (monoclinic and cubic). The high
temperature cubic structure, 3Cu,_,Se, forms congruently at
1130 °C. The monoclinic aCu,_,Se forms peritectoidally at
123 °C. CuSe has three crystalline forms: o (hexagonal), 3

(orthorhombic), and -y (hexagonal). Cu,Se, is tetragonal and
CuSe, has the FeS, (marcasite) type orthorhombic structure.
The Fe-Se phase diagram [19910ka] depicts a number of
modifications of the monoselenide around the midcompo-
sition: BFe, (,Se, yFe,_,Se, y'Fe,_.Se, dFe,_,Se, and
8'Fe,_,Se. BFe, y,Se has the tetragonal PbO type structure.
oFe,_,Se is a NiAs-type hexagonal phase. The other phases
are NiAs-related phases. FeSe, has the FeS, (marcasite)
type orthorhombic structure. For more structural details, see
[19910ka].

Ternary Compounds

As summarized by [1992Rag], there are two ternary
compounds in this system with significant homogeneity
ranges. (Cu,Fe)Se,_,, with the cubic pyrite (FeS,) type
structure, has the mineral name eskebornite. A high-
pressure phase transition in eskebornite was reported by
[1996Tin]. (Cu,Fe)Se occurs approximately midway be-
tween the Cu and Fe monoselenides and has the Cu,Sb type
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Fig. 1 Cu-Fe-Se pseudobinary section along the Cu,Se-FeSe join [1991Kon]
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tetragonal structure. Neither of these is present along the
Cu,Se-FeSe join [1991Kon].

The FeSe-Cu,Se Pseudobinary Section

With high-purity starting materials, [1991Kon] synthe-
sized about ten alloy compositions in evacuated quartz tubes
at 950 °C, which were then annealed at 475 °C for 30 d. The
phase equilibria were studied by differential thermal analy-
sis, x-ray diffraction, metallography, and microhardness
measurements. The pseudobinary section along the Cu,Se-
FeSe join constructed by [1991Kon] is redrawn in Fig. 1 to
agree with accepted binary data. There is a eutectic reaction
at 850 °C and at 80 mol% FeSe, which yields 8Fe,_,Se and
BCu,_,Se containing up to 53 mol% FeSe. The solubility of
FeSe in BCu,_,Se decreases rapidly with decreasing tem-
perature. A peritectoid reaction at 500 °C between
BCu,_,Se and 8Fe,_,Se yields BFe, o,Se.

References

1979Ber: G.P. Bernardini and G. Mazzetti: “Phase Relations in the
Cu-Fe-Se System at 900 and 700 °C,” Rend. Soc. Ital. Mineral.
Petrol., 1979, 35(1), pp. 71-90.

1981Ber: G.P. Bernardini, G. Mazzetti, and R. Trosti-Ferroni:
“The System Cu-Fe-Se: Reconnaissance Phase Relations Be-
tween 500 and 700 °C,” Canad. Miner., 1981, 19, pp. 451-60.

1981Cha: D.J. Chakrabarti and D.E. Laughlin: “The Cu-Se (Cop-
per-Selenium) System,” Bull. Alloy Phase Diagrams, 1981,
2(3), pp. 305-15.

1991Kon: T.I. Koneshova: “Reaction of Cu,Se With FeSe,”
Neorg. Mater., 1991, 27(12), pp. 2659-60 (in Russian); TR:
Inorg. Mater., 1991, 27(12), pp. 2281-83.

19910ka: H. Okamoto: “The Fe-Se (Iron-Selenium) System,” J.
Phase Equilibria, 1991, 12(3), pp. 383-89.

1992Rag: V. Raghavan: “The Cu-Fe-Se (Copper-Iron-Selenium)
System,” Phase Diagrams of Ternary Iron Alloys, Ind. Inst.
Metals, Calcutta, 1992, pp. 746-58.

1993Swa: L.J. Swartzendruber: “Cu-Fe (Copper-Iron)” in Phase
Diagrams of Binary Iron Alloys, H. Okamoto, ed., ASM Inter-
national, Materials Park, OH, 1993, pp. 131-37.

1996Tin: T. Tinoco, A. Polian, J.P. Itie, P. Grima, E. Moya, A.S.
Mignel, J. Gonzalez, and F. Gonzalez-Jimenez: “Structure Stud-
ies of CuFeSe, (Eskebornite) Under High Pressure” in High
Pressure Sci. Technol., Proc. Jt. XV AIRAPT XXXIII EHPRG
Int. Conf., W.A. Trzeciakowski, ed., World Scientific, Sin-
gapore, 1996, pp. 445-47.

84 Journal of Phase Equilibria and Diffusion Vol. 25 No. 1 2004



