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Phase Diagram Evaluations: Section II

Al-Mg-Zn (Aluminum-Magnesium-Zinc)

V. Raghavan

[1986Des] and [1993Pet] reviewed the experimental
results on this system. [1995Vil] presented liquidus projec-
tions from a number of sources, partial isothermal sections
at 460, 440, 400, 350, 300, 250, 223, and 200 °C, full
isothermal sections at 335 and 25 °C and 55 vertical
sections! [1997Lia] made their own evaluation of the
experimental data and presented assessed isothermal sec-
tions at 335 and 25 °C and a liquidus projection. They used
their evaluated data in the thermodynamic assessment of the
system. [1998Lial] performed new experiments and used
the new results in conjunction with the literature data to
compute the phase equilibria.

Binary Systems

The Al-Mg phase diagram [1998Lia2, 2003Cze] has the
following intermediate phases. Mg,Al; or MgsAlg (denoted
B) is cubic, space group Fd3m with a = 2.8239 nm. The
other phases are: R or € (rhombohedral) and Mg;;Al;, (412,
o Mn-type cubic, denoted ). The Al-Zn phase diagram
[1993Che] contains no intermediate phases. A miscibility
gap occurs in the Al-based face centered cubic (fcc) solid
solution below 351 °C, where the fcc phase splits into (Al)
and (Al)”. The monotectoid reaction (Al)” < (Al) + (Zn)
follows at 277 °C. The Mg-Zn phase diagram [1992Aga,
Massalski2] depicts the following intermediate phases:
Mg,Zn; (D7,, TazBy-type orthorhombic), MgZn, Mg,Zn;
(or Mgy4Zn;, monoclinic), MgZn, (Cl4-type hexagonal),
and MgyZn;; (D8.-type cubic). Using the specific heat
measurements of the liquid phase, [1998Lial] refined the
description of the Mg-Zn system.

Ternary Phases

There are two established ternary phases in this system.
The T phase (denoted t by [1998Lial]) with the nominal
composition (Al,Zn)4Mg;, is cubic (space group Im3).
[1997Lia] used this semistoichiometric approximation for
the T phase, even though the Mg content is also known to
vary by a few percent. [1998Lial] took into account the
variation in Mg content in the thermodynamic modeling.
The ¢ phase has the nominal formula Al,MgsZn,or
(ALZn)sMge, with the composition variation of 18-29 at.
% Al, 28-17 at. % Zn and 53-55 at. % Mg [1997Don]. It
has an orthorhombic structure with possible space group of
Pbc2, or Pbcm and lattice parameters of a = 0.8979 nm,
b = 16988 nm and ¢ = 1.934 nm [1997Don]. The
occurrence of a third ternary phase close to the Mg-Zn
boundary [1961Cla] has not been confirmed.

Computed Ternary Phase Equilibria

[1997Lia] made their own evaluation of the experimental
data and presented an assessed liquidus projection based
mainly on the work of [1913Ege], [1936Kos1], [1936Ko0s2],
[1936Ko0s3], and [1961Cla], an isothermal section at 335 °C
based on [1936Kos1], [1936Kos2], [1936Ko0s3], [1937Fin],
[1943Litl], [1943Lit2], and [1961Cla]. An isothermal
section at 25 °C was also presented, assuming that the ¢
phase is stable at room temperature.

In the thermodynamic modeling of [1997Lia], the liquid
phase and the face-centered cubic (fcc) and close-packed
hexagonal (cph) solid solutions were treated as random
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solutions with a single lattice. The ¢ phase was approxi-
mated to a stoichiometric compound: Al,MgsZn,. The T
phase was modeled as a semistoichiometric compound:
(ALZn)49Mg3,. The Al solubility in MgZn, was taken into
account. All other binary phases were assumed to have
negligible solubility for the third component. Their own
assessed phase diagram data were used by [1997Lia] in the
optimization. In addition, the vapor pressure of Zn over
liquid alloys measured by [1960Koz] and [1971Luk] and
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Fig. 4 Al-Mg-Zn computed vertical section at 10 mass % Mg
[1997Lia]

the activity of Mg in liquid alloys measured by [1974Pog]
were inputs. The optimized interaction parameters were
listed.

A number of vertical sections were computed by
[1997Lia] and compared with the experimental data of
[1937Fin], [1986Kuz] and [1959Wat] (Fig. 1-4). The agree-
ment is generally good. In addition, [1997Lia] computed a
liquidus projection and three isothermal sections at 400, 335
and 25 °C for the entire composition range. Some discrep-
ancies exist between the invariant equilibria calculated by
[1997Lia] and those in their own assessed data. The
limitations arise from the assumptions made in the modeling
such as a semistoichiometric T phase and negligible
solubility of the third component in the binary phases.
[1997Lia] concluded that more experimental data are
needed for this ternary system over a wider range of
composition and temperature.

With starting metals of 99.99% Al, 99.99% Mg and
99.9% Zn, [1998Lial] induction-melted 34 ternary alloys
under He atm. The samples were annealed at 335 °C for
19 days and cooled to room temperature in 10 min. The
phase equilibria were studied by X-ray diffraction, differ-
ential thermal analysis (DTA) and differential scanning
calorimetry (DSC). The compositions of the co-existing
phases were determined by electron probe microanalysis
(EPMA) and listed. In the thermodynamic optimization, the
new data were used in conjunction with the constitutional,
thermochemical and crystallographic information from the
literature.

The (Al), (Mg) and (Zn) solid solutions and the liquid
phase were modeled as substitutional solutions. The ternary
interaction parameters were introduced for the liquid phase
but neglected in the case of solid solutions which have
limited solubility. In the binary phases, the third component
solubility was taken into account. The T phase was modeled
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Fig. 7 Al-Mg-Zn reaction sequence during solidification

as Mgys(Mg,Al)g(AlLMg,Zn),gAl; [1998Lial]. The varia-
tion in the Mg content obtained from the EPMA measure-
ments was used in the optimization. The ¢ phase was
modeled as Mgg(Al,Zn)s, which provides for the small
observed variation of Al and Zn at constant Mg content. The
optimized interaction parameters were listed.

The liquidus projection computed by [1998Lial] is
shown in Fig. 5. The phases of primary crystallization are
marked in the figure. The computed compositions and
temperatures of the invariant reactions were listed by
[1998Lial]. The transition reaction L + Mg,Zn; < (Mg) +

206

ledi[Mg7Znz=(Mg)+MgZn[3257

MgZn (labeled Uy in Fig. 7) occurs too close to the Mg-Zn
side and is not indicated in Fig. 5. The computed isothermal
section at 335 °C (Fig. 6) is compared with the new data
obtained by [1998Lial]. The three-phase field of (MgZn +
(Mg) + Mg;Zn;) is too close to the Mg-Zn boundary to be
seen in Fig. 6. The reaction sequence in Fig. 7 is consistent
with the liquid-solid reactions in Fig. 5 and the triangula-
tions in Fig. 6. The underlined three-phase equilibria in
Fig. 7 are stable at 335 °C. The computed solvus of (Al) is
shown in Fig. 8 [1998Lial]. Three regions corresponding to
the equilibrium of (Al) with MgZn,, T and Mg,Al; (B)
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Fig. 8 Al-Mg-Zn solvus of the (Al) solid solution [1998Lial]

respectively are seen. The partial liquidus projection and the
(Al) solvus computed by [2002Mur] are in agreement with
the above. [1998Lial] also computed three vertical sections
at 20 at. % Al, 36 at. % Mg and 20 at. % Zn. These are in
satisfactory agreement with their DTA/DSC data. [1997Lia]
computed constant-temperature contours on the liquidus and
solidus surfaces of (Al) and found good agreement with the
experimental results of [1979Sti].

Among the other recent phase diagram studies,
[1994Dro] explained the occurrence of local melting of
the T and MgZn, phases, using published phase diagrams.
[2000Kra] studied the shift in the phase boundaries near the
Al corner with different cooling rates during solidification.
[2004Liu] made a thermodynamic analysis to predict the
alloy compositions of this system, which are amenable to
semisolid metal processing. [2005Alv] used the vertical
section at 5.3 at. % Zn (see Fig. 3) to predict microstruc-
tures of Al-anodes used for cathodic protection. [20060hn]
studied the phase equilibria and solidification of Mg-rich
alloys of this system, using three alloys with Al up to 9.4
mass % and Zn up to 1.7 mass %. A partial liquidus surface
computed for alloys up to 30 mass % each of Al and Zn was
compared with the present and the previous experimental
results. Vertical sections computed at 5, 10, 15, 20, 25, and
30 mass % Zn and at Al:Zn ratio of 1:1 were compared with
the experimental data in the literature.
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