A 500°C Isothermal Section for the Al-Au-Cu System

F.C. LEVEY!, M.B. CORTIE, L.A. CORNISH

The Al-Au-Cu system and its associated ternaryyalbind intermetallic compounds is
surprisingly poorly known, and the authors couidlfno phase diagram for it in the literature.
This paper addresses this omission by presentingpémermal section at 500°C, derived with
the aid of X-ray diffraction (XRD), energy dispies spectroscopy (EDS), metallography and
hardness measurements. The samples studied haciijereceived an anneal of 2 hours at
500°C, primarily in order to complete any transfations that occurred during solidification
and cooling of the castings. The possibility oftler changes on protracted annealing at
500°C is not ruled out, and the diagram presergédarefore applicable only to material
prepared by thermal processing of an industriaineafThe presence of a tern@rphase with

a nominal stoichiometry of AIALCu .4, 0<x<1 was confirmed, and its phase field at 500°C
determined. A number of the binary intermetalli@pés were found to exhibit some solid
solubility of the ternary element. In particuldrey Al,Cuw phase extends deep into the
ternary and, in the vicinity of the commerciallyeresting 18 carat line, appears to exist in a

ternary ordered form, designated herg,as
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[. INTRODUCTION

A family of Al-Au-Cu jewelry alloys with an unusuaparkling surface finish (‘Spangold’)
was developed in the early 1990s at Mintek, in Béftica™® At that time, the metallurgy
of these alloys was not understood, and no ptierdiure was found on the particular
compositions of interest. The structure of theyallgth the stoichiometry ARu;Cus was
subsequently determined from diffraction data, iptdoved to have an ordered B2 crystal
structure at temperatures above about 80°C andhanably tetragonal martensite at
temperatures below 30°€:® The properties of this phase indicated that & e@ernary
example of a Hume-Rothepyelectron phas® It is also of interest because it has shape
memory properties and because it straddles the evamly relevant 18 carat (75 wt.% Au)

section. Its range of stability is referred to hasethe ‘ternarfd phase field'.

In the present work, the extents of fhand other phases in the ternary Au-Cu-Al systewe ha
been determined, and a 500°C isothermal sectiohéms constructed. The motivation for
this work was firstly to address the omission ie likerature (as, for example in referentes

or ), and secondly to provide information that couddused to optimize alloys for jewelry
and shape memory applications. The isothermaioseist not proposed as a true equilibrium
phase diagram, because annealing times were image@mdy two hours at 500°C. Rather, the
diagram presented should be seen as being apglicabhly to the cast-and-solution-anneal
thermal histories typical of industrial processinthis work was performed in parallel with a
determination of the 76 wt % Au vertical sectiohefefore, about half of the samples studied

contained 75 or 76 wt % Au.



IIl. EXPERIMENTAL PROCEDURES

Samples were prepared by either arc-melting omailiting elements of at least 99.9 % purity.
The compositions of the samples were analyzed b§ B JEOL 840 SEM at 20 kV using
elemental standards. The reliability of the anedywas also confirmed by analyzing binary
line compounds. All the compositions in this paper given in atomic percent, unless
otherwise indicated. In general, the samples wenealed in air at 500°C for two hours and
then quenched into a mixture of ice and watercerand brine. Selected samples received
anneals in vacuum of up to 100 hours in order terd@ne whether further microstructural
changes were likely to occur. Each sample was padigo a 0.25 um finish using a diamond
suspension, and some were polished further to pifd.1inish using a gamma alumina
suspension. A combination of EDS phase compos#ialyses, X-ray diffraction (XRD),
peak matching from spectra of known phases in @RDB database® and metallography
were used to elucidate the phases present in sa@sgles. The structures of the phases that
could not be matched with previously documentedsebavere determined from the XRD
spectra, as described elsewHéféOptical metallography was generally performedrafte
etching with 0.1g Cr@in 10 ml HNQ + 100 ml HCI, which was satisfactory for alloyshvi
gold contents above about 30 at. %. However, lebgersamples were susceptible to rapid,
selective removal of Al and Cu, which caused théase to become obscured by a blanket-
like layer of gold. Acid ferric chloride or aquagia proved to be a better choice for such
alloys. In addition, some of these alloys were exaohin the unetched condition using

Nomarski interference.



Ill. RESULTS

A. Composition and Structural Analysis

The analyzed compositions of the samples and toeistituent phases are given in Table I.

The ternan phase could usually be identified from its chaggstic microstructure (Figure
1), which contained laths formed during the maitengansformation of the parent B2/L.2
phase (which have been previously studied in soeteildy the authorS*?), its
intermediate range of hardness values (extendarg 80 to 360 HV), its nominally

tetragonal X-ray diffraction spectrum, and its clhehanalysis.

Many of the samples contained the face centerbit ¢icc) a phase, which in these alloys is
a disordered solid solution of Au and Cu. Such dampad hardnesses of only 100 to 180
HV, which together with their fcc X-ray diffractiospectra made identification of the
microstructure straightforward. However, as islwabwn, the stoichiometries 3Au:1Cu,
1Au: 1Cu and 1Au: 3Cu will form the ordered phag&asCu, AuCu and AuCurespectively
below 500°C. In some cases, such ordered phasésrdidn the samples, and their lath-like
optical microstructures appeared superficially Emtio those of th@ phase, while their
hardness values extended as high as 290 HV. Howtesr could be differentiated from the
B phase by a consideration of their X-ray diffrantgpectra and by chemical analyses. It is

possible that these ordered compounds were formedgicooling after the anneal at 500°C,



since they are not present in the Au-Cu binaryrdiaigat 500°C. The occurrence of these

ordered phases will therefore be ignored in thiefahg discussion.

The phase AAu (also known as ‘purple glor§?”) was readily identified from its vivid purple
color, its narrow stoichiometry and its X-ray dé@tion spectrum. The other binary
compounds were identified from their stoichiometmich (with one exception discussed

below) was relatively restricted.

An unexpected discovery was the presence of a phiagebetweerf3 and AbAu on the 18
carat line. This phase is designayeth Table I, and will be discussed further in tbédwing

section. The, phase was brittle, with a hardness of betweenad80860 HV, depending on

composition.

The structure of some of the phases was investigaité the aid of Crystallographita a
software package that calculates X-ray diffracgpectra from user-defined unit cells. In
particular, the unit cell dimensions and latticenaic occupancy of thgphase were varied,
and the resulting structures used to calculate XRé&xrtra, which were then compared to the

experimental spectra.

* Crystallographica is a product of Oxford Cryosysse 3 Blenheim Office Park, Lower Road, Long

Hanborough, Oxford OX8 8LN, UK.



B. Determining the Ternary Extension of tid®hase

It was originally anticipated by the authors theg brder of the phases obtained on
progressively substituting Al for Cu along the Hat (75 wt.% Au) section of the ternary
would be fcan- (Au,Cu), then the bcg electron phase with the nominal formula A&,
and finally the purple intermetallic compound,Ali (which has the Cafstructure).
Metallographic examination of the samples provexdydwver, that there was a fourth phase,
intermediate in composition between theAl and theB. At first we confused this phase
with B, as in reference8, ™ and®. This confusion was abetted by initial analysethefnew
phase’s XRD spectrum, which indicated that it waminally bcc, with lattice parameters of
0.306 nm (or multiples thereof). This is very ngdhe same as that of tephase, which

was found to have a lattice parameter of 0.308 manwindexed as B2 body centered ciiic.
However, examination of a comprehensive set of hogtaphic specimens showed the
presence of fine duplex microstructures consistinigght pink dendrites of the new phase,
and either yellows (Figure 2) or purple AAu (Figure 3), depending on the overall

composition of the sample, proving that a sepgrhtse was present.

The composition of the new phase suggested thaght be an extension of either AlAu
(since it had a stoichiometry that could be writtsnAl(Au,Cu) ) or of they-electron phase
Al 4Cuw, with a stoichiometry of A(Cuw sAupe)e. HOwever, an analysis of the relevant XRD
spectra revealed that its crystal structure wasetyorelated to that of theelectron phase
(Figure 4). It is interesting to note that thstructure is often described as a complex bcc
structure with certain atoms remov&twhich explains our initial error. The lattice pareter
of the new phase was, however, relatively larganttmat of the standard &lu. This could
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be explained by noting that the atomic radius ofismominally 0.144 nm while that of Cu is
only 0.128 nm. Substituting Au for Cu in the rat@§, and assuming that the very simple
linear law of Vegard applies, should have caubedinit cell parameters to expand-th899
nm for Aly(Cup AU 4)9. When the ratio of Au to Cu was 6:4, as in(@u s»Aup e)e, the

predicted unit cell parameter would b@.914 nm. In fact, the measured values from the
spectra were 0.9020.0005 nm and 0.91#5.0005 nm respectively, which we consider to be
a satisfactory agreement given the known shortcgsnrf Vegard's law” Interestingly, the
latter of the new lattice parameters is exactlg@dr of three larger than the lattice parameter

determined for the initially-supposed B2 structure.

Despite the good match in the peak positions,ritensity of the peaks of the measured
spectrum differed from those of the standard bisggctrum for AICuy (compare the
calculated spectrum in Figure 5a to the measuredtispin Figures 5b and 5c). The actual
peak heights could be explained by assuming thadidmot substitute randomly for Cu, and
that there was actually a degree of ternary ordanwolving the atoms these two elements.
The resulting calculated spectrum is shown in Fdad, and is a reasonable representation of
the measured ones. Therefore, this phase willfleereel to as thg, phase in the present

work, since its structure appears to be producad that of they phase by additional ternary

ordering.



C. Construction of the 500°C Isothermal Section

The proposed isothermal section has been plottédyure 6 according to the EDS phase
composition analyses of the samples annealed 4C5@0gether with the structural analyses.
Two versions are presented. In the first (Figuretba data points and experimental tie lines
are shown superposed on the derived phase bousidatige in the second (Figure 6b) only

the inferred phase boundaries and their assodiated-phase and two-phase fields are given.

Thea phase region extends, as expected, down the Asid@wf the ternary section from the
o phase of (Al,Au) to thel phase of (Al,Cu). Note that at lower temperatuings phase is
known to form ordered compounds of the types@w AuCu and AuCy which are not

shown on the 500°C section. The restriction inahghase field adjacent to that of the ternary
3 phase appears to be the result of a periteeatic- (3 transformation that occurs at elevated
temperatures, and which, on solidification, convertiendrites containing more than about

10 at.% Al tof phase.

It appears that thg phase of the nominal AIACucomposition occurs as an island in
between the extensions of the binaryAluand AlCuw, B phases into the ternary. This
situation differs from one of the original possiitgls considered, in which tephase was
envisaged to be part of a continugughase field linking th@ phase fields of AlCuand
AlAu,.© This has been observed in other systems, for pleag-Al-Au, where the AlAy3

intermetallic compound reportedly stretches acnessly the entire ternary section at

500°C®



The other interesting feature of this phase diagsatine great extent of the &u, y phase.
This phase field, like many of the others, is sgitgraligned along a line of constant electron-

to-atom ratio, providing a fine illustration of tiiime-Rothery rules.

Also included on this section is a proposed thiegsp field determined from the constituent
phases in the as-cast PB15 60.6 % sample, the citopaof which lay within the AlAu-
AICu-Al,Cu tie triangle. The microstructure (Figure 7) émel presence of this tie triangle
suggests that there is at least one ternary imiargaction, involving the liquid phase and two
of the three intermetallic phases. The microstmecindicates the cooling sequence:

L — Al,Au

L + Al,Au — AlCu

L + AICu — Al,Cu.

Dendrites of AICu were also observed. Evidentlgythre they result of directional

solidification of the AlCu phase after its periiedormation from AuAj.



IV. DISCUSSION

A. Thef Phases

The AlAuw, B phase and the ternary Al-Au-@uohase have a range of stoichiometry that is
aligned in the direction of a constant electromtmm ratio of about 1.5. It is probable that the
AICu3 3 phase also exhibits an appreciable solubilityhefternary element (Au in this case)
along this line, although of course this will nagifale on the 500°C section on account of
AICuj3 not being stable below 567°C. Therefore, givermte#-known tendency db phase
fields to shrink in extent witdecreasen temperatur&® it is possible that the thrgeregions
of AlAuy, ternaryf3 phase and AlCuare contiguous at some temperataibeve500°C, and

the division arises from miscibility gaps ratheanhfrom a reaction. If so, then the present
ternaryp phase may not strictly speaking be a new phasefanas it might also be the
ternary extension of one or both of the binanhases. However, it is clearly stable at lower

temperatures than either of the two binary phasbkigh accentuates its presence on the

500°C section.

At 500°C at least, the stability range of the teyrfaphase can be approximately described as
lying within a triangle with the stoichiometriesiAbAu; 96Clo g6 Al ssAU2.1 Uy g0 and

Al 0Au; oCly o at the vertices, and with the widest range ofibtgloentered on the
stoichiometry AIAyCu and the narrowest on AlAugut seems acceptable to describe it as
having the nominal stoichiometry AlAYCu .y, 0<x<1. The triangular shape results
geometrically from the fact that the locus of tenaperes for the eutectoid decompositior3of
appears to pass through the 500°C plane of tharteat close to the AIAuGListoichiometry.

1C



The present study has confirmed that 18 carat Spajgvelry alloys with between 4 and 6
wt. % Al lie within the phase field of @ phase. Therefore these alloys may be expected to
exhibit behavioral affinities with other shape meynalloy systems that have a parent crystal
structure based onflaphase. These othBrshape memory parent phases are invariably
ordered as B2, Li2or DG;, or as B2-LZ2 or B2-DQ; hybrids, a complexity that applies also to
Al Au/Cus- the best studied of the AlAuCuy . alloys“? Furthermore, thermal cycling
through the martensite transformation temperattitd #Au;Cus is accompanied by lath
formation and acoustic emissiffi,and the Mand A temperatures of the AIAUCu, .« alloys
vary according to composition, as in other shapmang systems. The lath morphology of
AlAU »«Cuy.y is quite similar to that of AIGand the other copper shape memory alltys,
but is substantially different from that of the Id@mperatur@” form of the AuAl phase,
which is also apparently formed by a displacivesghmansformatiod® On the other hand,
the crystal structure of the low-temperature foffAlAusCus is significantly different from
those of the martensites of the copper-based shapery alloys*® In particular, the
martensite has a nominally tetragonal structurl w/@<1. This is a rare situation, known

mainly for certain martensites of Ni-Mn-Ga and Lg-f. "%

Curiously, the presence o3gphase in the part of the phase diagram in thaitycof
AlAu,Cuhas been alluded to previously by other workersabpparently never specifically
investigated by them. Raub and Walter, for exampleorted the existence of two phases in
an alloy containing 8.2 % Al, 45.9 % Cu and 45.%\ethat had been annealed at 400°€.

The XRD peaks of the one phase corresponded tAufiel disordered fcc phase. The lines

11



of the second phase corresponded to those of td\lAphase, but the authors thought this
was unlikely. Although a composition of 4Al would be required for a Hume Rothey
electron phase with aata of 1.5 the equilibrium binary AuAB phase actually occurs at a
composition of around AuAl. “® It is thus likely that the second phase detecteRdub and
Walter was AlAu.,Cu+x. Not surprisingly, the overall composition of thalloy falls in the

proposedx + 3 phase region in Figure 6.

In other work, Isobe claimed that the brittle,Auphase was present in an alloy with a
composition of 13.3 % Al - 41.3 % Cu - 45.4 % K&, This alloy exhibited the shape
memory effect, which is possibly due to the sanvensble transformation that occurs in the
B phase of the AAu;Cuscomposition. However, the composition of theiogllies at thex
edge of thex+(3 phase field, and contains less Au than the 1& édzAu,Cus alloy. It thus
seems unlikely that the A8l phase would be found in these alloys under dupiuim
conditions, according to the proposed ternary secnd once again the phase observed

appears to have been AlAC U +.

However, it is interesting that when Sato and T&tradded up to 23 % Al to AuCu thin

films, no observation of @ phase was recorded. The 23 % Al alloy investightethese
authors contained 38.5 % Cu and 38.5 % Au. Ictraposition of this alloy is plotted on the
isothermal section of Figure 6, it falls within theoposed phase field. This may possibly be
explained by the fact that, over some compositairisast, the AlAp,Cuy.x phase appears to
form during solidification from the by a peritectic transformatidth.The AlAu xCuyx.

phase boundaries above 500°C are therefore expecbedrather different to those shown in

12



Figure 6. In particular, the solidus surface ofdhghase is expected to overlie some of the
ternaryp3 phase field. This difference might also applyhim films, if they are in a metastable

condition.

B. Technological Implications

Now that it has been confirmed that the 18 caraf&Cu jewelry alloys lie in a previously
undocumented ternafy/phase field, and the extent of this phase fieltl same of its
associated phase transformations have been detgtniimmay be possible to determine the
most suitable composition for jewelry or shape menatioy manufacture. In particular, the
knowledge can be used to ensure that single-plaasplas are produced, free of other,
possibly deleterious, intermetallic phases. Thay improve the mechanical integrity of the
alloy, which would, in turn, improve the commergmabspects for both jewelry and shape
memory applications, since the major disadvantdgleeoalloy to date has been its brittle

behavior.



V. CONCLUSIONS

1. The maximum solubility of Al in the (Au,Cw@) phase at 50 varies from about 15 at.%
Al at the Au-Al and Cu-Al extremities to about 11%a Al at 50 at.% Au. The constriction
in the phase field at the 50 at.% Au level app&atse the consequence of a peritectic
L+a - 3 reaction.

2. A previously undocumented ternary phase, wighrtominal stoichiometry AlAUCU; .«
(0=sx<1), is present on the 500°C section. However,stiiat been determined whether this
phase is contiguous at higher temperatures wittAAand/or AuCuy, the binaryp phases in
this system.

3. The AlAw..Cui+x phase field is widest around the Al&Lu stoichiometry. This region of
the phase diagram also contains the Spangold jgaetlt shape memory alloy, which has a
nominal stoichiometry of AAuU;Cus.

4. The AgAl and AwAl phases may contain up to about 10 and 15 at.%e€pectively, with
the Cu substituting for Au in their compositions.

5. The ALCuw y phase extends deep into the ternary section aC5@hd may contain up to
about 50 at.% Au, which substitutes for Cu.

6. The X-ray diffraction spectra of the Au-rich exales of they phase indicate that some
ternary ordering of Au and Cu occurs. The new,agrordered phase is designayedThe

nature of the phase boundary betwgandy, was not determined.
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TABLES
Table 1. Sample analyses and constitution in atp@icent. The balance in all cases is Au.

(Noten.d. = not detectedh.a = detected but not analyzed)

Overall, % Phase 1, % Phase 2, % Phase 3, %
Specimen Phases
Al Cu Al Cu Al Cu Al Cu
PHD1 a 8.1 25.4 8.1 25.4 n.d. n.d. n.d. n.d.
PHD2 AugAl +3 21.1 16.5 23.0 24.7 22.9 12.2 n.d. n.d.
PHD3 Y 29.2 39.9 29.2 39.9 n.d. n.d. n.d. n.d.
PHDA4 a 9.3 55.2 9.3 55.2 n.d. n.d. n.d. n.d.
PHD5 B 24.1 37.4 24.1 37.4 n.d. n.d. n.d. n.d.
PHD6 B+a 25.0 49.3 25.4 48.5 21.5 54.9 n.d. n.d.
1S01® a+duplex structure 10.7 33.5 16.1 19.7 n.a n.a. n.a. n.a.
1ISO2 AuAl+y 32.3 14.0 32.3 19.7 33.2 11.4 n.d. n.d.
1ISO3 B+a 15.5 28.7 16.6 29.2 13.6 28.5 n.d. n.d.
1ISO4 B+a 15.1 42.3 17.6 35.7 14.3 45.0 n.d. n.d.
ISO5 AUAl+AuAl+y 42.0 9.3 48.8 2.0 33.9 11.2 34.0 19.1
1ISO6 B+y 29.5 24.1 31.4 23.4 27.7 24.1 n.d. n.d.
1ISO7 B+y 28.4 29.9 30.9 29.0 25.8 28.7 n.d. n.d.
1ISO8 a 10.7 335 10.7 33.5 n.d. n.d. n.d. n.d.
1ISO9 B 23.4 38.0 24.8 39.0 n.d. n.d. n.d. n.d.
1ISO10 y 33.0 32.2 33.0 32.2 n.d. n.d. n.d. n.d.
PBO a 0.0 46.8 0.0 46.8 n.d. n.d. n.d. n.d.
PB1.5 a 7.0 42.8 7.0 42.8 n.d. n.d. n.d. n.d.
PB3 a 11.5 38.3 11.5 38.3 n.d. n.d. n.d. n.d.
PB3A? a n.a n.a 11.2 38.3 n.d. n.d. n.d. n.d.
PB4 o+ 16.5 37.1 12.6 46.6 17.6 35.2 n.d. n.d.
PB5 B 19.2 34.1 19.2 34.1 n.d. n.d. n.d. n.d.
pPB7® B+y 26.9 29.9 31.8 26.0 n.a. n.a. n.d. n.d.
PB75 Bty 28.5 28.4 30.6 28.0 25.3 27.6 n.d. n.d.
PB8 Y 30.9 27.9 30.9 27.9 n.d. n.d. n.d. n.d.
PB9 AuAlx+y 33.6 25.4 61.4 3.4 31.8 26.1 n.d. n.d.
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PB10 AuAlo+y 38.6 21.3 65.4 1.6 33.1 25.8 n.d. n.d.
PB15“ |AuAly+CuAly+CuAl 60.9 24.1 62.3 5.8 66.1 33.7 48.1 51.5
PB20 AuAlo+y 62.2 3.5 65.4 1.2 32.3 22.7 n.d. n.d.
PB24 AUAl+A| 68.4 0.4 99.6 0.1 66.3 0.4 n.d. n.d.
AlO a 0.0 49.0 0.0 49.0 n.d. n.d. n.d. n.d.
Al0.5 a 0.0 435 0.0 435 n.d. n.d. n.d. n.d.
All a 2.9 46.6 2.9 46.6 n.d. n.d. n.d. n.d.
All1.5 a 6.0 44.6 6.0 44.6 n.d. n.d. n.d. n.d.
AI2®) a 8.2 42.4 2.6 47.9 n.d. n.d. n.d. n.d.
AI3® a+pB 12.9 40.2 75 48.8 11.1 38.4 n.a. n.a.
AI3.5 a+pB 13.6 38.6 11.4 43.7 14.8 36.8 n.d. n.d.
Al4.5 B 19.2 34.5 19.2 34.5 n.d. n.d. n.d. n.d.
Al5 B 14.4 36.7 14.4 36.7 n.d. n.d. n.d. n.d.
Al6 B 23.9 31.8 23.9 31.8 n.d. n.d. n.d. n.d.
AlI75 B+y 29.3 28.1 30.6 28.4 25.3 27.9 n.d. n.d.
1S011® AusAl+B 20.8 21.2 21.1 15.2 n.a. n.a. n.d. n.d.
1SO12 B+y n.a. n.a. 28.8 40.5 25.9 425 n.d. n.d.
1SO14 a+pB 18.5 46.4 22.3 36.7 17.8 48.2 n.d. n.d.
ISO15 AUuAlx+y n.a. n.a. 61.2 7.2 34.6 51.8 n.d. n.d.
1SO16 AuAly+y 54.1 16.3 64.7 4.0 34.8 36.8 n.d. n.d.
1SO19 v+l 20.7 57.1 30.5 46.1 21.4 56.4 n.d. n.d.
1SO20 y 33.0 56.9 33.0 56.9 n.d. n.d. n.d. n.d.
1SO21 y+Ql 30.3 56.3 31.0 55.4 24.7 62.6 n.d. n.d.
Notes

(1) The duplex structure was too fine to analyzsueately in the SEM, but appeared to comprise egicale mixture db and AuAl.

(2) This sample was noticeably cored. The compmosigiven is that of the ‘matrix’.

(3) Thep phase was too fine too to analyze accuratelyarSfaM.

(4) This sample was analyzed in the as-cast camditSince the analyzed intermetallic phases af#estip to their melting points in the case of
AUAl, and to at least 600°C in the case of the CuAl@undl,, it has been assumed that these structures arpralsent at 500°C in the
ternary alloys.

(5) This sample was noticeably cored. The composigiven is that of the dendrite.

(6) This sample was noticeably cored. The compostgiven are that of dendrite core and matrixhat order.
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FIGURE CAPTIONS

Fig. 1- Martensitic microstructure of fu;Cus phase, showing laths produced by the

B - martensite displacive transformation.

Fig. 2- Duplex microstructure consisting of,Au7Cus B phase angy, in the 27.9 % Al - 29.5 %

Cu sample, with a nominal composition of 76 wt.%-AUwt.% Al.

Fig. 3- Duplex microstructure consistingyafand AbAu, in the 52.7 % Al - 9.8 % Cu sample,

with a nominal composition of 76 wt.% Au — 15 wt&fb

Fig. 4- Spectrum of phaseAl,Cuy , as recorded in JC-PDF database as Card 24-3.

Fig. 5- Comparison of calculated and measured spémt new ternary phase. a. Calculated for
Al,Cuw assuming expanded lattice and no ternary ordefidgs and Cu; b. measured for
Al4(Aug 4Cluy g)o; €. measured for A{Aup ¢Cly.4)g; d. calculated for AlAup.eCup.4)9 assuming

ternary ordering.

Fig. 6- 500°C section of ternary phase diagramAleAu-Cu system. a. data points, tie-lines

and postulated phase boundaries; b. postulatesegiwndaries and their associated two- and

three-phase regions. The position of the 18 cdfatt.% Au) line is also shown.
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Fig. 7- Microstructure of sample whose overall cosipon lay within the tie-triangle of Afu-
Al,Cu and AICu, showing a non-equilibrium microstruetproduced by the peritectic

consumption of AlAu and AICu to produce ACu.
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FIGURES

Figure 1. Martensitic microstructure of Alu7Cus phase, showing laths produced by the

B — martensite displacive transformation.

Fig. 2- Duplex microstructure consisting of,Au7Cus B phase angh, in the 27.9 % Al - 29.5 %

Cu sample, with a nominal composition of 76 wt.%-AUwt.% Al.
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Fig. 3- Duplex microstructure consistingyafand AbAu, in the 52.7 % Al - 9.8 % Cu sample,

with a nominal composition of 76 wt.% Au — 15 wt&fb
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Figure 4. Spectrum of phag&Al ,Cug , as recorded in JC-PDF database as Card 24-3.
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Figure 5. Comparison of calculated and measurectrsp®r new ternary phase. a. Calculated
for Al4,Cuy assuming expanded lattice and no ternary ordefirg) and Cu; b. measured for
Al4(Aug 4Cluy g)o; €. measured for A{Aug ¢Cly 4)g; d. calculated for AlAup eCupy.4)9 assuming

ternary ordering.
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Fig. 6- 500°C section of ternary phase diagranAleAu-Cu system. a. data points, tie-lines

and postulated phase boundaries; b. postulatesegiwndaries and their associated two- and

three-phase regions. The position of the 18 cafatt.% Au) line is also shown.
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Fig. 7- Microstructure of sample whose overall cosipon lay within the tie-triangle of AfAu-
Al,Cu and AICu, showing a non-equilibrium microstruetproduced by the peritectic

consumption of AlAu and AlCu to produce ACu.

26



