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Introduction

The equilibria in the Al-Cu-Mg system are complex and not fully understood. The complexity arises from the occurrence
of six ternary phases, and the lack of understanding from a need to clarify experimentally the ternary equilibria involving
three Laves phases, 4 5. Four ternary compounds have been studied extensively. The S phase is based on the

Al,CuMg composition, ¥ on Al Cty,Mg, and Q on Al,CusMgg. Each phase exists over a very limited homogeneity
range. The T phase has a broad range of homogeneity and the formula {Al, Cu, , J,sMds, adequately describes the
composition. Three Laves phases have been identified. The &, phase with a Cu,Mg type structure is a solution phase of
the binary Cu,Mg compound with replacement of the Cu atoms by Al along the 33.3 at.% Mg section. At a composition
close to the Al,Cu,Mg, formula, the &, phase melts congruently at=840°C. Further replacement of Cu by Al stabilizes

the %, phase with a MgNi, type structure and then the A, phase with a MgZn, type structure. A variety of polytype
structures with different atom layer stacking sequences have been observed between the MgNi, and MgZn, type

phases. The 4, 5 phases appear to be formed by peritectic reaction and each Laves phase is associated with a region
inwhich it forms as the primary phase on solidification of melts. A 400°C isothermal section, Fig. 3, indicates the
equilibrium relationships involving phases &, &, and 4, for alloys containing 33.3 at.% Mg or more [81Mel2]. No
comparable information is available for alloys with less than 33.3 at.% Mg. The liquidus projection, presented by [52Ural],
does not include the monovariant curves associated with the L + &, =4, and L + 4=, peritectic reactions (Fig. 5). They
have been tentatively inserted in the projection of Fig. 2. The Laves phases are the predominant primary phases, but
also the regions for primary solidification of (Al) and (Mg) are relatively large. Six pseudobinary reactions have been
identified, Table 2. and the pseudobinary reaction e, suaaested. The invariant reactions associated with the primary (Al) ¥
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phase associated

of being 5. [38Fell] regarded the Cu %L}R %EL:IE_H;:H:F aroved this assumption.
I

Invariant Equilibria

Table 2 lists the invariant reactions proposed for the Al-Cu-Mg ternary system and may be read in conjunction with Fig. 2.
The reaction scheme, Fig. 6 and Fig. 6a, is simplified, as By and B, vy and v, g and s, and the different Laves

phases are not distinguished and denoted by B, v, = and A, respectively. The solid state reactions of the Cu-rich Al-Cu
phases and of the Al-Mg phases are neglected. The three phase ec@libria with solid phases not stable at room
temperature are underlined by dashed lines. The ternary eutectic regtion E; has been widely studied, Table 3. The flat
nature of the liquidus surface near to E, has led to a considerable s@@tter in quoted compositions and temperatures,

Table 4. The reaction has normally been quoted as a ternary eutect] action and this is accepted. The transition
reaction U,y has also been widely studied, Table 5. The work of [46 ra, 49UraQ] and [488ro] rests on an examlnanon of
a greater number of alloys than other work and allowed a more pr at U, .
Ternary eutectic reactions in Mg-rich alloys occur at E; and Eg. Th 146U 3Bas,
34Por] or 2 K [49UraZ] below the binary Cu-Mg eutectic temperall ¢ ¢ URAZOV and D & PETROV, "Investigation [ the
liquid composition at E; since they indicate an addition of 0.5% Al o4y A1.Cu-Mg Phase Diagram” (in Russian), I K
compared with 2% Al found by [49UraZ2] for a 2 K depression. Thel 7 Fiz Khim., 20, 387-308 (1946) arded as
involving a Laves phase, but the work of [51Mir2] indicates that thi (Equi. Diagram, Experimental, 10) bt detected
by the previous workers. The liquid composition quoted by [32Bad d this

composition to be in a primary Laves phase field.
The reactions at Eg, Ug, U;5, Uy 4 @and P, are from Soviet studies. The ternary eutectic reaction at E; is due to

[49UraZ]. The Al-Mg binary system [815ch] indicates the peritectic formation of two binary phases designated X and Y.
The ternary transition reactions U,, and U, are introduced as speculative; no experimental data exists to substantiate
either reaction. The reaction at P, was initially regarded as a transition reaction [37Nis, 52Han], whereas [46Ura] and
[49Ura2] conSIdered |tto be a ternary pentectlc reactlon L + 11 3 8 T [51M|r2] gwes it as L + 7«1 + 8 Q There is doubt

e
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region at 400°C to includ — ? ':F' Z’EE,\“Q_ does not ~
appear to be justified on ; . Laves
ph Hasociated wath B Table 2: Invariant Equilibria E’Jﬁﬁ'ﬁ&ﬁ{m,u\ obability
of Nng ;. [38Pet1] reg nption.

. oo T (°C) Type Phase Composition (at. %)
Inviiant Equilibria R Al cu Mg
Table 2 lists the invariant 665 P, B 45.9 420 12.1 nction with Fig. 2.
The reaction scheme, Fi L+g+h =V aves
phases are not distingui Cu-rich Al-Cu
phases and of the Al-Mqg 520 B L 53.6 6.7 397 at room
temperature are underlin L+3,+5=0Q able 3. The flat 2
nature of the liquidus su mperatures,
Table 4. The reaction ha 964-1022 U, transition
reaction U, has also be I+ By=RB+ 1y n examination of
a greater number of allo osition at U,q.
Ternary eutectic reaction 818 U, L 25.5 38.7 158 2Por, 33Bas,
34Por] or 2 K [49Ura2] b Ltp=%*p data for the
liquid composition at E5 ure by 1 K
compared with 2% Al fou 2 % X o 208 L2 ally regarded as
involving a Laves phase, Sl G was not detected
by the previous Workers. o = i 0 e e ] proved this
composition to be in a pr b s 3
The reactions at E¢, Ug, | 1727 M3 e to
[48UraZ2]. The Al-Mg binz 505 U L 535 23 1 24 3 nated X and¥Y
The ternary transition re 2 | fto substantiate

either reaction The reac [46Ura] and
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£ Ternary Evaluations A type phase A, or to a composition AICuMg. They take no account of the A, and ; Laves phases, but extend the %, phase
[ System Report Al-Cu-Mg region at 400°C to include the AICulMg composition. This extension is shown as a dashed curve in Fig. 4 and does not
] Ti"’s Sorn oot appear to be justified on the basis of reports on crystal structure {Fig. 1) and on the later work of [81hel2]. The Laves
o Tab,e: 3 phase associated with the pseudobinary reaction at pg is more likely to be the A, or A3 phase, with a greater probability
® Table 1: Solid Phases of being 25. [38Pet1] regarded the CuAl-S section as a pseudobinary, but later work has disproved this assumption.
® Table 2 Invariant Equilibria
® Table 3: Reported data for the invariant reaction Invariant E guilibria
® Table 4: Reported data for the invariant reaction
® Table 5: Reported data for the invariant reactior
® Table 6: Reported data for the invariant reaction
e Tahle 7: Lattice parameters of (Al) phase [51Poc
[ References
o Literature
[ Reaction Schemes
® Fig. 6: The reaction scheme, part 1 Nde
® Fig. 6a: The reaction scheme, part 2 nature of '[hp' || quid
BDegas e maa e Table 4. The react
e Fig. 2 Liguidus projection with the invariant liquic
® Fig. 3: Isothermal section at 400%F from 33.3t0 1
® Fig. 4: Isothermal section at 4008F [52Ura] : Y {
® Fig. 5: Liguidus projection with liquidus isotherm: Ternary eutectic reactlone in Mg-rich alloys occur at E3 and E6 The reaction temperature at E3 is 1K [32P¢ as,
. :9; :zg';z:x: ::3:2:2 iﬂf.erfiﬁ"fﬁiﬁé’f;eii 34Por] or 2 K [49Ura2] below the binary Cu-Mg eutectic temperature. Preference is given to the French data forthe
= Fig:QQ Solubilty of Al and Mg in Cu [57Rog] liquid composition at E since they indicate an addition of 0.5% Al to lower the binary eutectic temperature by 1 K
[ Schematic compared with 2% Al found by [49UraZ] for a 2 K depression. The ternary eutectic Eg, Table 6, was initially regarded as
® Fig. 1: Phases detected along the 33.3 at.% My involving a Laves phase, but the work of [51Mir2] indicates that this eutectic involves the Q phase which was not detected
g N : by the previous workers. The liquid composition quoted by [33Bas] and [34Por] is not accepted. [40Han] proved this
5 composition to be in a primary Laves phase field.
) The reactions at E5, Ug, Uy5, U4 @and P, are from Soviet studies. The ternary eutectic reaction at Eg is due to
0 [49UraZ]. The Al-Mg binary system [81Sch] indicates the peritectic formation of two binary phases designated X and Y.
g o The ternary transition reactions Uy, and U, are introduced as speculative; no experimental data exists to substantiate
B N elther reactlon The reactlon at P, was |n|t|ally regarded as a transition reactlon [’ TNis, 52Han], whereas [46Ura) and =
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£ Ternary Evaluations A eutectic sections at Cu contents below the beginning of the primary Q phase region. [43Gue, 48Ura1, 49Ura2] and
O3 System Report Al-Cu-Mg [51Mir2] are in agreement on the nature of these two sections and the most-detailed study [51Mir2] is accepted, Table 2.
b Ti’“s oo The v,-%4 section is considered as pseudobinary according to liquidus projections of [49Ura1, 49Ura2] and [52Ura] but
o Tab,e: ¢ there has been no direct study of this section. The investigation [51Mir2] of the region of primary solidification of Q led to
® Table 1: Solid Phases the conclusion that the T phase is formed by peritectic reaction with Q at pg, Fig. 2.
® Table 2 Invariart Equilbria _ A pseudobinary reaction was indicated by [46Ura] who found a maximum on the curve U,P, corresponding with the
S Tobin e Ropntibe ooln fo e v reac peritectic formation of S by reaction of liquid with a Laves phase. [49Ura1, 49Ura2] and [52Ura] refer to the cubic Cu,Mg
® Table 4: Reported data for the invariant reaction 7
B Tabin = Frrorlid ala tor tnek varioet rencion type phase %, or to a composition AlICulg. They take no account of the A, and 25 Laves phases,.but extend the 4 phase
® Table 6: Reported data for the invariant reaction region at 400°C to include the AICulg composition. This extension is shown as a dashed curve in Fig. 4 and does not
® Table 7: Lattice parameters of (A1) phase [51Poc appear to bEs : ucture (Fig. 1) and on the later work of [81Mel2]. The Laves
b R:’e::;f:jre phase asgor i more likely to be the A, or A, phase, with a greater probability
B\ Reaction Schemes of being 2. — bseudobinary, but later work has disproved this assumption.
@ Fig. 6: The reaction scheme, part 1 )
® Fig. 6a: The reaction scheme, part 2 Invariant E
[ Diagrams
: EE ; :;'mi‘:;;r:f;ﬂ : :2:;; ';:Z:';;ﬂ 3!'?;": Table 2 lists . I-Mg ternary system and may be read in conjunction with Fig. 2.
@ Fig. 4 Isothermal section at 4008 [52Ura] The reaction scheme, Fig. 6 and Fig. 6a, is simplified, as By and B, v, and ¥, 5, and &, and the different Laves
SiFlg. sstidus projectiop wihliciidus [stherm: phases are not distinguished and denoted by B, v, £ and A, respectively. The solid state reactions of the Cu-rich Al-Cu
whlg-Colethenmal seelions e AL pchicne 8 phases and of the Al-Mg phases are neglected. The three phase equilibria with solid phases not stable at room
e Fig. 8: Isothermal sections in &l-rich corner &t tel 3 3 3 : 3 ’
o Fig. 9: Solubity of Al and Mg in Cu [57Rog] temperature are underlined by dashed lines. The temary eutectic reaction E; has been widely studied, Table 3. The flat
[ Schematic nature of the liquidus surface near to E, has led to a considerable scatter in quoted compositions and temperatures,
® Fig. 1: Phases detected along the 33.3 at.% Mg Table 4. The reaction has normally been quoted as a ternary eutectic reaction and this is accepted. The transition
g E;‘“:LC’L‘;;";;" reaction U, has also been widely studied, Table 5. The work of [46Ura, 49Ura2] and [48Bro] rests on an examination of
B E‘in;'-.f S a greater number of alloys than other work and allowed a more precise determination of the liquid composition at U, .
£ Diagrams as published 3 Ternary eutectic reactions in Mg-rich alloys occur at E; and Eg. The reaction temperature at E5 is 1 K [32Por, 33Bas,
B3 p-T-x Disgrams 34Por] or 2 K [49Ura2] below the binary Cu-Mg eutectic temperature. Preference is given to the French data for the
g ;’:n’:i'“ Letss 3 liquid composition at E5 since they indicate an addition of 0.5% Al to lower the binary eutectic temperature by 1 K
p ‘ | ~ih compared with 2% Al found by [49UraZ2] for a 2 K depression. The ternary eutectic Eg, Table 6, was initially regarded as
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48Bro, 52Han]; the data of [46Ura] are accepted. The sections AlsMgo-T and Aly,Mg,,-T are alspuobinary
EWetaile sections at Cu contents below the beginning of the primary Q phase region. [43Gue, 49Ura1, 48Ura2] and

[51Mir2] are in agreement on the nature of these two sections and the most-detailed study [51Mir2] is accepted, Table 2.

The vp-24 section is considered as pseudobinary according to liquidus projections of [48Ura1, 49UraZ] and [52Ura] but
there has been no direct study of this section. The investigation [51Mir2] of the region of primary solidification of Q led to
the conclusion that the T phase is formed by peritectic reaction with Q at pg, Fig. 2.

A pseudobinary reaction was indicated by [46Ura] who found a maximum on the curve U,P, corresponding with the
peritectic formation of S by reaction of liquid with a Laves phase. [49Ura1, 49Ura2] and [52Ura] refer to the cubic Cu,Mg
type phase %, or to a composition AICulMg. They take no account of the 2, and ; Laves phases, but extend the A, phase
region at 400°C to include the AICulMg composition. This extension is shown as a dashed curve in Fig. 4 and does not
appear to be justified on the basis of reports on crystal structure (Fig. 1) and on the later work of [81Mel2]. The Laves
phase associated with the pseudobinary reaction at ps is more likely to be the A, or 25 phase, with a greater probability
of being ;. [38Pet1] regarded the CuAl,-S section as a pseudobinary, but later work has disproved this assumption.

Invariant Equilibria

Table 2 lists the invariant reactions proposed for the Al-Cu-Mg ternary system and may be read in conjunction with Fig. 2.

The reaction scheme, Fig. 6 and Fig. 6a, is simplified, as By and B, v, and vy, & and &, and the different Laves
phases are not distinguished and denoted by B, v, e and A, respectively. The solid state reactions of the Cu-rich Al-Cu
phases and of the Al-Mg phases are neglected. The three phase equilibria with solid phases not stable at room
temperature are underlined by dashed lines. The ternary Elcleils reaction E, has been widely studied, Table 3. The flat
nature of the liquidus surface near to E4 has led to a considerable scatter in quoted compositions and temperatures,
Table 4. The reaction has normally been quoted as a ternary Ellteds reaction and this is accepted. The transition
reaction Uy has also been widely studied, Table 5. The work of [46Ura, 49Ura2] and [48Bro] rests on an examination of
a greater number of alloys than other work and allowed a more precise determination of the liquid composition at U,,.
utectic reactlons |n Mg rlch alloys occur at E; and Eg. The reactlon temperature at E3 |s 1K [32Por 338@5
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