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Phase Diagram Evaluations: Section Il

Al-Cu-Si (Aluminum-Copper-Silicon)

V. Raghavan

The early experimental data on this system were
compiled by [1995Vil], which included a liquidus projection
and a number of isothermal and vertical sections. In a recent
review of this system, [2005Luk] presented only a tentative
isothermal section at 400 °C, ruling that much of the data in
early literature lacked reliability. [2005Pan] assessed the
thermodynamic data on Al-rich liquid alloys, computed a
liquidus projection and vertical sections depicting the liquid-
solid equilibria and compared the results with the experi-
mental data. This work was reviewed briefly in the update
by [2007Rag]. The Cu-rich region of the system was
modeled by [2007Mie]. Very recently, [2009Ria] deter-
mined an isothermal section at 500 °C for the whole
composition range, with special attention to Cu-rich alloys.
Also, [2009He] presented a thermodynamic assessment of
the system, supplemented by new experimental results.

Binary Systems

The Al-Cu phase diagram [2004Ria, 2009Ria] depicts
the following intermediate phases: CuAl, (C16-type tetrag-
onal, denoted 0), CuAIl(HT) (n;, orthorhombic) CuAl(LT)
(M2, monoclinic), CusAl4(HT) (;, orthorhombic, space
group Fmm?2), CusAly(LT) (§,, orthorhombic, space group
Imm?2), ,(HT) (cubic?), &,(LT) (B8, NiAs-type hexagonal),
Cu;Al, (thombohedral), CugAl4(HT) (yo, D85, CusZng-type
cubic), CugAly(LT) (v, D83,CugAly-type cubic), and CuzAl
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Fig. 1 Al-Cu-Si Isothermal Section at 500 °C [2009Ria]

(B, bee). The Al-Si system is of the simple eutectic type with
the eutectic at 577 °C and 12.2 at.% Si. The Cu-Si phase
diagram [2009Ria] has the following intermediate phases:
CusSi (rhombohedral, denoted m, other ordered low-
temperature forms 1" and 1”’), Cu,;5Si4 (impurity stabilized,;
cubic, denoted €), CuySi (hexagonal, denoted 3), CusSi
(BMn-type cubic, denoted 7), P(14-17 at.% Si, stable
between 852-785 °C; bee), and Cu,Si (cph, denoted ).

Ternary Isothermal Section at 500 °C

With starting metals of 99.999% Al, 99.999% Cu, and
99.99% Si, [2009Ria] arc-melted 54 Cu-rich ternary alloys
and 9 binary Cu-Si alloys. The alloys were annealed at
500 °C for ~1 month and quenched in water. The phase
equilibria were studied with optical and scanning electron
metallography, x-ray powder diffraction and energy disper-
sive x-ray spectroscopy. The composition, crystal structure
and lattice parameters of the observed phases were listed for
all samples. The isothermal section at 500 °C constructed by
[2009Ria] is shown in Fig. 1 and 2. The Al-Cu vy, phase
dissolves 11.5 at.% Si and extends in a direction of constant
valence-electron/atom ratio of 1.61. Cu3Si dissolves appre-
ciable Al. The (Cu) solid solution extends up to 20 at.% Al
and 10 at.% Si. The Cu-Si x phase (cph) is stabilized by Al
and is present in the ternary region. It may be noted that in
the Cu-Si binary system, x decomposes eutectoidally at
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Fig. 2 Al-Cu-Si enlarged Cu-rich region of Fig. 1 [2009Ria]
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Section Il: Phase Diagram Evaluations

552 °C. A ternary compound labeled t by [2009Ria] is
present at the composition 1.5A1-21Si (at.%). It has the
same cubic structure as the binary Cu,5Si4 (€), which is not
stable at least in the temperature range of 500-780 °C.
[2009Ria] showed that Cu;sSis (€) is present in binary
samples made from Cu of 99.98% purity but not in samples
made from Cu of 99.999% purity.

Thermodynamic Description

[2007Mie] employed literature assessments of the binary
systems and optimized the interaction parameters of the
ternary system. This description is applicable up to
18 mass% Al and 8 mass% Si. The Al-Cu intermediate
phase y; was modeled as a solution phase by [2009Mie],
even though the compound formalism is expected to be used
here.

More recently, [2009He] carried out a thermodynamic
modeling of this system, using new experimental results in
the optimization. With starting metals of 99.9% Al, 99.99%
Cu, and 99.9% Si, [2009He] arc-melted 16 ternary alloys.
The samples were annealed at 600 or 500 °C for 21 d and
quenched in water. The phase equilibria were studied with
optical and scanning electron microscopy, energy dispersive
x-ray spectroscopy, electron probe microanalysis, Xx-ray
powder diffraction and differential thermal analysis at a
heating/cooling rate of 5 °C per min. The composition,
crystal structure and lattice parameters of the observed
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Fig. 3 Al-Cu-Si computed vertical section at 4 mass% Cu
[2009He]

phases were listed for all samples. In the thermodynamic
modeling, liquid, fcc, bee, and cph phases were treated as
substitutional solutions. The binary compounds were
described by appropriate sublattice models. The ternary
solubility of Al in v and m phases of the Cu-Si system was
neglected by [2009He].

The computed results of [2009He] included a liquidus
projection, three isothermal sections at 600, 500, and
400 °C and a number of vertical sections. The occurrence
of the « phase in the ternary region below its binary stability
range was seen in the results, but the homogeneity range of
(Cu) and the ternary solubility ranges of the binary phases
could not be reproduced well. In particular, the ternary
extension of the CuAl-y; phase was computed to be at
constant Cu content by [2009He], whereas their own results
indicated an increase in its Cu content, as it extends into the
ternary region. Further more, the influence of impurities in
stabilizing Cu;5Si4 (€) as a binary phase was not considered.
Two computed vertical sections at 1 mass% Si and 4 mass%
Cu, respectively, are in the Al-rich region. The section at
1 mass% Si was earlier computed also by [2005Pan]
(reviewed in [2007Rag]) and was shown to be in good
agreement with experimental results. The vertical section at
4 mass% Cu computed by [2009He] is shown in Fig. 3. It
shows good agreement with experimental data of [1953Phi].
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