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[2002Mur] developed a thermodynamic description of
this quaternary system and computed a liquidus and a
solidus projection and three isothermal sections at 460 �C.
The isothermal sections were compared with the experi-
mental results of [1947Str, 1956Wri]. [1991Kuz] deter-
mined two vertical sections at 6Zn-0.5Cu and 6Zn-1Cu (in
mass%).

Ternary Systems

Updates on Al-Cu-Mg, Al-Cu-Zn and Al-Mg-Zn ternary
systems appear in this issue. For the Cu-Mg-Zn system,
[1997Lia] computed three isothermal sections at 800, 600,
and 400 �C, a liquidus projection and several vertical
sections. The vertical sections were compared with the
published experimental data. In the Al-Cu-Mg system, four
ternary phases are known: Al7Cu3Mg6 (cubic, denoted Q),
Al2CuMg (BRe3-type orthorhombic, denoted S), (AlxCu1-x)49
Mg32 (0.76 < x < 0.91) (cubic, denoted T), and
Al5Cu6Mg2 (Mg2Zn11-type cubic, denoted V). Further,
along the 33.3 at% Mg line, all three Laves modifications
occur. In the Al-Cu-Zn system, a ternary phase with
rhombohedral symmetry and with the nominal composition
Al4Cu3Zn (denoted s) is known. A low-temperature form of

s (denoted s¢) is stable between 400 and room temperature.
In the Al-Mg-Zn system, the T phase is cubic (space group
Im�3) and has the nominal composition (Al,Zn)49Mg32. The
u phase has the nominal formula Al4Mg11Zn5. The Laves
phase MgZn2 dissolves a few percent of Al.

Quaternary Phase Equilibria

[2002Mur] treated the T phase variants separately as
(Al,Cu)49Mg32, (Al,Zn)49Mg32, and (Al,Cu,Zn)49Mg32 and
derived Gibbs energy functions assuming a fixed compo-
sition for each variant. Similarly, the Mg2Zn11 binary phase,
the isomorphous V phase of the Al-Cu-Mg system, and the
isomorphous quaternary phase Z were treated as separate
phases. The Laves phases MgCu2, MgZn2, and the quater-
nary Laves solid solution were also treated as separate
phases. As an approximation, all these phases were assigned
a fixed composition and the Gibbs energy functions were
derived. The details of the thermodynamic modeling and of
the selection of experimental input data were not given. The
computed liquidus and solidus projections of the subsystems
Al-Mg-Zn and Al-Cu-Zn were given.

For the quaternary system, [2002Mur] plotted computed
liquidus and solidus surfaces as projections from the Al

Fig. 1 Al-Cu-Mg-Zn computed isothermal section at 6 mass%
Zn and 460 �C [2002Mur]

Fig. 2 Al-Cu-Mg-Zn computed isothermal section at 90 mass%
Al and 460 �C [2002Mur]
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apex on to the base, where compositions of the solute (Cu,
Mg and Zn) were normalized to total solute. The quaternary
invariant reactions on the liquidus surface were listed with
the computed reaction temperatures and compositions of the
liquid and the (Al) solid solution. The liquidus and solidus
surfaces depict separate regions for the three variants of
the T phase and of the Laves phases. No direct compari-
son of the surfaces with the experimental data could be
done.

[2002Mur] also computed three isothermal sections at
460 �C and compared them with the available experimental
data. Figure 1 is a computed isothermal section at 6 mass%
Zn and 460 �C, compared with the experimental data of
[1947Str]. Figure 2 is an isothermal section at 90 mass% Al
and 460 �C, compared with the experimental data of
[1956Wri]. The third isothermal section was at 80 mass%
Al, compared with the data of [1956Wri] (not shown here).
The reasonable agreement with experimental results seen in
Fig. 1 and 2 justifies the assertion of [2002Mur] that the
model provides an interim tool for application to industrial
problems, pending more experimental information about the
separate existence of isomorphous phases and their homo-
geneity ranges.

[1991Kuz] studied the phase equilibria of this quaternary
in the solid state, by determining the phases present in three
alloys. The alloys contained a constant Cu of 1 mass%, Mg
of 1.6 mass%, and 4, 6 and 8 mass% Zn, respectively. The
alloys were annealed for 100 h at temperatures between
460 and 320 �C. The polythermal sections constructed

by [1991Kuz] at 0.5Cu-6Zn and 1Cu-6Zn (in mass%) are
shown in Fig. 3 and 4.

[2000Kra] calculated isothermal sections of this quater-
nary system for solidification under nonequilibrium condi-
tions as a function of cooling rate.

References

1947Str: D.J. Strawbridge, W. Hume-Rothery, and A.T. Little,
The Constitution of Aluminum-Copper-Magnesium-Zinc Alloys
at 460�C, J. Inst. Metals (London), 1947, 74, p 191-225

1956Wri: E.H. Wright, Equilibrium Relations at 460�C in Alu-
minum-Copper-Magnesium-Zinc Alloys of High Purity, Internal
Report 13–56-EC2, Aluminum Research Laboratories, Alumi-
num Company of America, 1956, cited by [2002Mur]

1991Kuz: G.M. Kuznetsov, M.I. Abbas, A.A. Aksenov and O.B.
Mamzurin, Phase Equilibria in Aluminum-Zinc-Magnesium-
Copper Alloys, Tsvetn. Metall., 1991, (2) p 79-82, in Russian

1997Lia: H. Liang and Y.A. Chang, A Thermodynamic Descrip-
tion for the Ternary Cu-Mg-Zn System, Z. Metallkd., 1997,
88(11), p 836-841

2000Kra: T. Kraft, The Influence of Kinetic Effects on the
Equilibrium Phase Diagram During Solidification – Aluminum-
Rich Corner of the Quaternary System Al-Cu-Mg-Zn, Z.
Metallkd., 2000, 91(3), p 221-226

2002Mur: J.L. Murray, Thermodynamic Modeling of the
Al-Cu-Mg-Zn System in the Aluminum Corner, in CALPHAD
and Alloy Thermodynamics., P.E.A. Turchi, A. Gonis and
R.D. Shull, eds. Min. Met. Mater. Soc., Warrendale, PA,
2002, p 165-175

Fig. 3 Al-Cu-Mg-Zn polythermal section at 0.5Cu-6Zn (in
mass%) [1991Kuz] Fig. 4 Al-Cu-Mg-Zn polythermal section at 1Cu-6Zn (in

mass%) [1991Kuz]
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