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Phase Diagram Evaluations: Section Il

Cu-Fe-Si (Copper-Iron-Silicon)

V. Raghavan

The early experimental results of this ternary system
were reviewed by [1979Cha] and [1992Rag]. More recent
publications on the experimental results of [19970ht]
(isothermal sections at 1300, 1200 and 1100 °C), [1999Hin]
(isothermal sections at 1450, 1350 and 1250 °C) and
[2002Wan] (isothermal sections at 1450, 1300 and
900 °C) were reviewed in an update by [2002Rag]. A
thermodynamic assessment applicable to Si-lean alloys was
done by [2003Mie] and reviewed by [2009Rag]. An
updated evaluation of the system was carried out by
[2005Leb]. Very recently, [2009Zha] carried out a detailed
thermodynamic assessment of the system, including new
experimental results in the optimization. This work will be
reviewed briefly in this update.

Binary Systems

There are no intermediate phases in the Cu-Fe system. A
metastable liquid miscibility gap is known in this system.
The Cu-Si phase diagram [Massalski2, 2009Ria] has the
following intermediate phases: Cu3Si (rthombohedral,
denoted 1, other ordered low-temperature forms 1’ and 1),
Cu;5Siy (impurity stabilized; cubic, denoted ¢), CuySi
(hexagonal, denoted 6), CusSi (BMn-type cubic, denoted
v), B (14-17 at.% Si, stable between 852-785 °C; bcec), and
Cu,Si (cph, denoted «). In the Fe-Si system [Massalski2],
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Fig. 1 Cu-Fe-Si experimental isothermal section at 750 °C
[2009Zha]. Narrow two-phase regions are omitted

the Fe-based face-centered cubic phase v is enclosed by a
loop. The bee phase o exists in the ordered forms: o, (B2,
CsCl-type cubic) and o (D03, BiF;3-type cubic). The other
intermediate phases are: Fe,Si (stable between 1212 and
1040 °C; hexagonal), FesSis (D8g, MnsSis-type hexagonal),
FeSi (B20-type cubic), PFeSi, (tetragonal) and oFeSi,
(orthorhombic). Computed diagrams of the above binary
systems were given by [2009Zha].

Ternary Phase Equilibria

With starting metals of 99.8% Cu, 99.6% Fe and 99.9%
Si, [2009Zha] arc-melted under Ar atm 17 ternary alloys.
The alloys were annealed at 750 °C for 19 days and
quenched in water. The phase equilibria were studied with
scanning electron microscope, energy dispersive Xx-ray
analysis, electron probe microanalysis and x-ray powder
diffraction. Differential thermal analysis (DTA) was carried
out between 1450 and 750 °C at a heating/cooling rate of
5 °C per min. The measured compositions of the identified
phases and the thermal arrests in the DTA tests were listed.
The isothermal section at 750 °C constructed by
[2009Zha] is shown in Fig. 1. The compound FeSi forms
tie-lines with all the Cu-Si binary compounds. No third-
component solubility was observed. No ternary phases
were found.
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Fig. 2 Cu-Fe-Si computed isothermal section at 1450 °C
[2009Zha]
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Fig. 3 Cu-Fe-Si computed isothermal section at 1250 °C Fig. 4 Cu-Fe-Si computed isothermal section at 1000 °C
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Fig. 5 Cu-Fe-Si computed vertical section at 30 at.% Cu [2009Zha]. For clarity, three-phase regions are not marked
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Fig. 6 Cu-Fe-Si computed liquidus projection [2009Zha]. For
details in (B), see [2009Zha]

In their thermodynamic modeling, [2009Zha] described
the liquid, fcc and bece phases as substitutional solutions. All
binary phases were described as compounds with zero
solubility for the third component. A single function was
used to describe both bce and B2 phases, by adding an
ordering energy term to the expression for the disordered
state. The optimized ternary interaction parameters for the
liquid, fcc and bee phases were listed. The parameters are
fewer in number in the present optimization, as compared to
those derived by [2003Mie] and [2002Wan].

The computed isothermal section at 750 °C (not shown
here) agrees with the experimental section in Fig. 1, except
for the homogeneity range of (Cu). The other computed
isothermal sections at 1450, 1250 and 1000 °C are com-
pared in Fig. 2-4 with the experimental data of [1999Hin]
and [2002Wan]. The agreement is satisfactory. The meta-
stable liquid miscibility gap in the Fe-Cu system becomes
stable even with very small additions of Si. Two vertical
sections at 30 and 70 at.% Cu were computed by [2009Zha]
and were compared with the DTA arrests. Figure 5 shows
the vertical section at 30 at.% Cu. Even though the DTA
data were not used in the optimization, the agreement is seen

Phase Diagram Evaluations: Section I

to be good. The liquidus projection computed by [2009Zha]
is shown in Fig. 6. The details near the Cu corner are shown
enlarged. The reaction labeled M, by [2009Zha] is redes-
ignated as U in Fig. 6. In the region marked B, a number of
invariant reactions depicting the regions of primary crystal-
lization of the Cu-Si compounds B, 6 and m occur at
extremely small concentrations of Fe. For details, see
[2009Zha]. A reaction sequence corresponding to the
computed liquid-solid reactions was given by [2009Zha].
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