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Equilibrium Diagram

The Ag-Al equilibrium diagram has been studied extensive-
ly, and its general features are well established. There is lit-
tle doubt that the equilibrium phases have been identified
completely and correctly. However, some phase boundary
location problems remain. The liquidus from 50.0 to 80.0
at.% Al, the solidus in general, the (Ag) solidus in particular,
and the boundaries and structure of the . phase need fur-
ther study.

The equilibrium phases of the Ag-Al system are:

® the liquid, L,

@ the Ag-rich terminal solid solution, (Ag), with maximum
solubility of about 20.4 at.% Al at about 450 °C

o the Al-rich terminal solid solution, (Al), with maximum
solubility of about 23.5 at.% Ag at 567 °C

@ the cph intermediate phase, §, stable below about 727 °C,
extending from about 23 at.% Al at 611 °C to 41.9 at.% Al
at 667 °C

@ the high-temperature bec intermediate phase, 3, stable
above about 603 °C and extending from about 20.5 at.% Al
at 779 °C to 29.8 at.% Al at 727 °C

® the low-temperature intermediate phase, y, reported to
have complex cubic 3Mn structure, stable below about 448
°C, with the single-phase field extending from about 21.2 to
24.3 at.% Al at 300 °C

The provisional diagram is shown in Fig. 1, and invariant
reaction tempertures and compositions are listed in Table 1.
The temperatures are averages of the values of [05Pet],
131Hoa], [40Huml|, |41Fool, |49Ray], {500we|, [70Mas), and
[78Rob|. The compositions are extrapolations of phase boun-
daries to the invariant temperatures.

Liquidus. Many thermal analysis studies of the liquidus
have been reported [05Pet, 28Han, 29Cre, 31Hoa, 33Tis,
37Tis, 39Tis, 40Che, 78Rob|. The liquidus was also deter-
mined by the electrochemical cell method 160Wil, 70Mas|.
After thorough comparison, some of the studies were
rejected on the basis of large scatter and/or inconsistency
with the overall body of liquidus data. The accepted data
{05Pet, 28Han, 31Hoa, 60Wil, 70Mas, 78Rob| are shown in
Fig. 2 and 3. The data are sparse from 50 to 70 at.% Al with
consequent difficulty in ascertaining the L <> § + (Al eutec-
tic composition.

Solidus. At least five attempts were made to determine the
(Ag) solidus by thermal analysis [31Hoa, 50Pet]
electrochemical cell [60Wil, 70Mas| and metallography

Fig. 1 Assessed Ag-Al Phase Diagram
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Fig. 2 Ag-Rich Liquidus and Solidus of (Ag), g8 and §
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Table 1 Special Points of the Assessed Ag-Al Phase Diagram

Compositions of the

respective phases, Temperature, Reaction
Reaction at.% Al °C type
| TSY X S 0 961.93 Melting point
Agt+ LB 174 + 1.0 21.6 = 0.5 205 + 05 778 + 2 Peritectic
BH+Led o 298 + 1.0 327 +10 321+ 10 726 + 3 Peritectic
A+ BB, 203 = 1.0 237 + 05 2356 + 0.6 610 + 3 Peritectoid
B 244 + 04 603 + 4 Congruent
Led+ AD s 61.0 = 2.0 419 + 0.5 765 = 0.5 567 = 1 Eutectic
(AB) + 8« P 204 = 1.0 235 + 0.7 229 + 10 450 + 3 Peritectoid
L (A, 100 660.4562 Melting point

134Hum|. The thermal analysis data were disregarded, be-
cause at lower tempertures and higher Al contents, they
were in clear disagreement with the Al solubility limit estab-
lished on samples subjected to long heat treatment. Slow
equilbration of (Ag) with the melt is indicated. The (Ag)
solidus data of |70Mas| were also suspect. They lay at lower
temperatures than the data of |134Hum| and [60Wil] and dis-
played a curvature of opposite sign. The curvature of the
|70Mas| data appeared to be incompatible with the ther-
modynamic properties of the liquid, (Ag), and (Al), in that it
implied an implausible metastable extension of the fec
solidus. It should be noted, however, that the corresponding
{70Mas] liquidus points tended to lie below the provisional
liquidus; some small, consistently made compositional er-
rors could therefore account for the apparent curvature.

Three experimental (3 solidus points were obtained, two by
[40Hum| by thermal analysis theating) of samples equi-

librated in the single-phase {3 field, and one by [70Mas| with
the electrochemical cell method. A fair curve, compatible
with the terminating invariant temperature and composi-
tions, can be drawn through these data.

The § solidus was studied by |40Hum|, using metallography
and thermal analysis (heating) of samples equilibrated in
the single-phase § field. |70Mas| also studied this part of the
solidus, by the electrochemical cell method, and their results
were in excellent agreement with those of {40Hum|.

The (Al) solidus was studied by thermal analysis (cooling
|128Han|, heating {37TisD), metallography |49Ray|, and
electrochemical cell method {70Mas). Each of these four sets
of data showed noticeable scatter, but there were no incon-
sistencies among them. The solidus data are shown in Fig. 2
and 3.
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Fig. 3 Liquidus, Solidus, and Solvus of (Al)
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(Ag) Solvus. The (Ag) solvus was investigated metal-
lographically |31Hoa, 34Hum, 40Hum, 756Bar{ and by the X-
ray lattice parameter method [33Age, 41Fo0o, 500wel. With
the exception of the |33Age} data, good agreement existed.
All but the [33Age| data are shown in Fig. 4.

(Al) Solvus. There is little doubt that the (Al) solvus is in-
flected, because of the proximity of the incoherent (Al) mis-
cibility gap (see below) to the solvus, as suggested by
[49Ray|. Close scrutiny of the (Al) solvus data of [48Wak]|
and [49Ray] (both metallographic), |52Rot} (metallography
and resistometry), [56Bor| (resistometry), [564Hir| (specific
heat), and |78Rob] (microanalysis of heat treated samples),
coupled with the X-ray diffraction studies and ther-
modynamic model potential analysis of |74Wil|, makes this
conclusion compelling. A few points in this body of data ean
be interpreted otherwise (as can the earlier measurements
of |28Han] and [29Cre]), but great sensitivity to the
presence of impurities is to be expected in this region of the
diagram. In the freezing of such alloys, minor impurities can
readily segregate to the melt, leaving the terminal liquid
rich in impurities and resulting in a spurious freezing point.
Anomalous points of |56Bor} at 70.0 and 75.0 at.% Al can be
interpreted readily in this way. The data of 148Wakl|,
(49Rayl, [52Rot], [56Bor|, |64Hir], and [78Rob] are shown in
Fig. 5. Several (Al) solvus points were obtained by [70Mas| in
their electrochemical cell studies. These data displayed an
inflected solvus, but were in very poor temperatire agree-
ment with the other work. |70Mas| suggested that equi-
librium was not attained in their measurements in this
temperature/composition range.

B. Early workers [33Age, 360bi, 39Tis| interpreted the reac-
tion at 610 °C as a eutectoid (B «> (Ag) + §). However, high-
temperature X-ray diffraction studies by |36Hof} indicated
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that the single-phase f field extends down to at least 605 °C
at 25 at.% Al. Very careful, detailed microscopic and X-ray
studies by |40Hum| established that the 610 °C reaction is
peritectic ({Ag) + B <> §), and that the p — § transforma-
tion occurs below 604 °C and between 24.6 and 25.8 at.% Al
[40Hum] could not establish the nature of the § — § trans-
formation. They suggested it is either congruent or a eutec-
toidal decomposition of 3 into § of two compositions. The
latter was thermodynamically implausible. The former was
favored by thermal analysis studies |71Haw] of the massive
3 — 8 transformation.

The Ag-rich boundary was studied metallographically by
131Hoa| and |40Hum|. The Al-rich boundary was obtained
metallographically by [40Hum] and electrochemically by
{70Mas|. These data were in good agreement and are shown
in Fig. 4.

The difficulty of retaining {3 in quenched massive samples is
well known, but did not impede metallographic studies, be-
cause regions of transformed {3 are readily distinguishable.

8. The Ag-rich § boundary was determined metallographi-
cally [31Hoa, 40Hum, 75Bar], electrochemically {70Mas),
and via the lattice parameter method {41Fool. The Al-rich
boundary was determined metallographically and by dif-
ferential thermal analysis [40Hum]|, electrochemically
|70Mas], and microprobe analysis |[78Rob]. These data were
in quite good agreement and are shown in Fig. 4.

p. The boundaries of p, are based on the metallographic
studies of [40Hum| and |75Bar|, whose data are displayed in
Fig. 4. On the basis of internal friction, dilatation, and resis-
tometric measurements of 25 at.% Al, }71Yev] confirmed the
peritectoidal formation of y, from (Ag) and § and suggested
that y may order below 350 °C.
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Fig. 4 Solid-State Boundaries of (Ag), B, 1, 8nd &
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Metastable Phases

Aging of Al-rich Ag-Al alloys quenched from the fcc solid
solution or from the liquid has been studied extensively.
From this body of data, it is clear that two types of Guinier-
Preston (GP} zones occur, GP-I forming above ~ 170 °C, and
GP-1I, below. A number of reversible property differences
distinguish the two temperature regimes. Above 170 °C in
the GP-I region, diffuse X-ray scattering displays strong
halos around the direct beam and Bragg peaks. Aging below
170 °C produces asymmetric shells of scattering around su-
perstructure positions [42Gui, 65Aue, T1Gra). Samples aged
below 170 °C showed greater hardness |52Kos1] and lower
electrical resistivity than those aged above 170 °C, given
zones of the same size |56Bor, 61Bor, 656Ave, 65Kos]|.

Low-angle X-ray scattering studies and electrical resistivity
measurements |56Bor, 62Bau, 65Aue, 74Dau, 77Naul indi-
cated that GP-II zones have higher Ag content than GP-I
zones. The latter data are plotted in Fig. 5. Moreover, on
heating, GP-II zones transform endothermically into GP-I
zones |52Kos2, 53Hir|. The reversible nature of the diffuse
scatiering and other properities led to the suggestion te.g.,
|65Aue]) that the zones are ordered below 170 °C. However,
|71Gral measured the diffuse X-ray scattering from a single
crystal of 5.0 at.% Ag aged at 110 °C on an absolute scale and
were able to separate the data into components due to static
and thermal displacements and to clustering. They found
that the haloing near superstructure positions was caused
by static displacements, rather than ordering within the
zones.

[71Gral employed their clustering data in a computer
simulation using 108000 atoms in an fcc lattice. The results

indicated that the zones are octahedral, bounded by {111}
planes and containing ~ 68 at.% Ag. This predicted Ag con-
tent at 110 °C can be compared with the experimental value
(Fig. 3) at 110 °C |65Aue, 77Nau] of about 57.0 at.% Ag. Both
{111} facets and less prominent {100} facets were observed
by |84Ale] in a 5.1 at.% Ag sample aged at 160 °C in the GP-
II region. On further aging in the GP-I region (at 220, 285,
305, and 330 °C), faceting persisted, but decreased markedly
and (within the experimental scatter) smoothly with in-
creasing temperature, giving no indication of a discon-
tinuity between 160 and 220 °C.

The nature of the driving force for the reversible GP-II «
GP-1 transformation is not clear. No order-disorder trans-
formation or abrupt change in zone shape or crystal habit
occurs. Rather, below 170 °C, zones richer in Ag, with resul-
tant static lattice displacements, are favored energetically.

In addition to the GP zones, metastable cph §' occurs in
aging of Al-rich alloys. It appears at aging times longer than
those required for the initiation of zone formation and
grows in the form of Widmanstatten plates. §’ is partially
coherent with the matrix, with principal stress in the basal
plane that lies parallel to the {111} fcc matrix planes [41Bar,
63Hrel. Growth continues until coherence is lost, and trans-
formation into equilibrium § occurs. Observations of &
growth established that heterogeneous nucleation occurs at
stacking faults at dislocations in the matrix |61Fra, 81Nic,
63Hre]. It was also suggested that §’ may form homo-
geneously from the zones |72Dob, 76Sch|, but such argu-
ments appeared to be based on models of the atomic struc-
ture within the zones that were incompatable with the
results of [71Gra).

Electron diffraction and transmission electron microscopy
studies of samples containing 21.0, 22.5, and 23.5 at.% Al
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Fig. 5 Coherent Miscibility Gap in the 5 + (Al) Phase Fleld
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Table 2 Ag-Al Crystal Structure Data

Struktur-
Homogenelity Pearson Space bericht Proto-
Phase range, at.% Al symbol group designation type Reference
V-3 O 0 cF4 Fm3m Al Cu |Pearson2|
¢ SR 20.5 to 29.8 el2 Im3m A2 {Pearson2|
B 22.9t0419 hP2 Péymme A3 Mg |Pearson2}
Pevcorrenimneninneressssesnnsanns ~21t024 cP20 P4,32 Al8 fMn |Pearson2|
cP20 P2ya) . [49Robl

CAD oo 100 cF4 Fm3m Al Cu {Pearson2}
(a) At ~300°C.

splat quenched from 1000 °C (just above the single-phase f§
field) were reported |72Gup, 73Gup}. Massive qm, L, and
Sm products, as well as three martensitic structures struc-
turally compatible with the P phase, were observed, each oc-
curring to some extent at all three compositions. Evidently,
@ is the first solid phase to form on quenching. No mention
was made of retained g, nor were assessments of the relative
amounts of massive and martensitic products reported.

These cbservations of massive @m, fm, and §m in splat
quenched samples were consistent with the results of
studies on conventionally quenched samples |68Haw, 69Ari,
71Haw). The {72Gup| martensite with hexagonal structure
(the 1H stacking variant) is presumably identical to the
hexagonal martensite observed conventional quenching
from @ reported by (69Ari| and |71Hawl, who were in good
agreement on the martensite transformation temperature:

M; = 2 867 - 11 868 xAl °C
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where 0.244 < x Al < 0.250, and the cooling rate is about
1075 °Cfs.

|72Gup| reported all three martensites formed in splat
quenching to be disordered. The shape memory effect was
reported by |75Kub], who quenched their samples of 24.1
at.% Al from 700 °C in the gfield in ice water to retain f3,
then requenched to temperatures ranging from -36 to -89
°C. Martensite of two different morphologies was ohserved
in the second phase of quenching, but no structural iden-
tifications were made. [75Kub] noted that ordered marten-
gite is necessary for the shape memory effect to occur.

Crystal Structures and Lattice Parameters

Ag-Al crystal structure and lattice parameter data are listed
in Tables 2 and 3. The bee structure of 3 was established by
high-temperature X-ray studies [36Hof, 360bi}. The phase
can be retained by sufficiently rapid quenching [68Haw,
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Table 3 Ag-Al Lattice Parameter Data

Ag-Al

Composition,

Lattice parameters, nm

Phase at.% Al a [ Comment Reference
(AZ) i 0 0.40862 At RT |Pearson2}
0.40861 AtRT [41Foo]
4.00 0.40811 AtRT 141Foo|
10.76 0.40727 At RT |41Foo|
11.22 0.40720 At RT [41Fool
14.24 0.40680 At RT |41Foo|
15.75 0.40661 At RT [41Fo0]
17.35 0.40643 At RT |41Fool
17.45 0.40642 At RT [41Foo|
18.28 0.40638 |41Foo}
€ Z OO 25.00 0.324 At 700 °C |36Hof]
25.74 0.3302 AtRT [360bi]
Porrreninininnnininns 25.7(a) 0.629 At RT [360hi|
Brrrrreriirriree e 26.3 0.2871 0.4665 At RT |69Mas]
28.6 0.2874 0.4677 At RT [69Mas)
30.3 0.2875 0.4633 At RT (69Mas]
32.8 0.2878 0.4618 At RT |59Mas]
34.05 0.2879 0.4612 At RT (69Mas]
34.87 0.2880 0.4606 At RT (59Mas)
35.85 0.2881 0.4601 At RT [59Mas|
36.70 0.2882 0.4591 At RT 159Mas|
39.00 0.2884 0.4585 At RT {59Mas|
(AD i 854 0.41057 At 525 °C 162Sim}
87.2 0.41051 At 525 °C |62Sim)
90.0 0.41039 At 525 °C |62Sim|
92.4 0.41030 At 525°C 162Sim|
95.0 0.41024 At 525°C 162Sim|
97.56 041014 At 5256 °C |162Sim]
98.9 0.41000 At 525 °C 162Sim|
100.0 0.40982 At 525°C |62Sim |
0.40496 At RT [Pearson2]

(a) Alloy in two-phase . + & region, mostly .

69Ari, 71Haw|. Lattice parameters obtained at high
temperatures are listed in Table 3.

The lattice parameters of cph § obtained by |59Mas| on
samples quenched from 550 °C are listed in Table 3. In a
sample containing 33.2 at.% Al annealed at 150 °C for 10
days, [66Neu| observed strong short-range order within the
basal plane and weak long-range order in the ¢ direction.
They were unable to present a satisfactory structural model.

Early workers [28Wes, 36Hof, 360bi, 37Kat| reported com-
plex cubic $Mn structure for p. The most recent study by
149Rob]| indicated cubic structure of lower symmetry. The
lattice parameters of (Al) listed in Table 3 were obtained at
525 °C by 162Sim). Many attempts have been made to obtain
(Al) lattice parameters from samples quenched from either
the solid or the liquid [48Axo, 50Gul, 52Ell, 55Hil, 62Hel,
73Rob]. Little significance can be attached to these results,
because even the most rapidly quenched samples show some
degree of spinodal decomposition | 73Rob}.

Thermodynamics

169Bel| measured the Ag and Al partial Gibbs energies of the
liquid at 1600 °C from 6.1 to 90.2 at.% Al by the vapor pres-

sure technique. Electrochemical cell measurements of the
Al partial Gibbs energy of the liquid were made by [60Wil]
from 3.9 to 97.3 at.% Al between 700 and 900 °C and by
|70Mas] from 0.5 to 95.0 at.% Al between the liquidus and
1050 °C. When the Al liquid partial Gibbs energy data of
160Wil| and [70mas] are extrapolated to 1600 °C, they are
found to be in very good agreement with the Al partial Gibbs
energy data of |69Bel].

The enthalpy of mixing of the liquid was studied by reaction
calorimetry by |30Kaw| from 14.6 to 80.1 at.% Al at 1060 °C
and by (68Ital from 10.0 to 90.0 at.% Al at 970 °C. Drop-
calorimetry measurements of the liquid heat of mixing were
done from 30 to 90 at.% Al at 800 °C by 169Bej| (unpublished
work tabulated by |70Casl). These three sets of liquid en-
thalpy of mixing data were in poor mutual agreement, with
the |60Bej] data in very strong disagreement with the others
for Al contents less than 50 at.%. None of the three was in
good agreement with the enthalpy of mixing calculated from
the electrochemical cell Al partial Gibbs energy measure-
ments of [60Wil| and {70Mas|. Determination of the Al par-
tial Gibbs energy of mixing in (Ag) were carried out from 5.2
to 18.4 at.% Al between 347 and 547 °C |56Hil|, from 3.9 to
17.4 at.% Al between 700 and 980 °C |60Will, and from 6 to
20 at.% Al between 350 °C and the liquidus |70Mas|. These
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three sets of data were in reasonable agreement, but the
question of equilibrium attainment at low temperatures is
problematical.

|66Hil} determined the Al partial Gibbs energy of mixing for
(Al) from 80.4 to 95.4 at.% Al at 547 °C. |70Mas) measured
the Al partial Gibbs energy of mixing in § from 30.0 to 40.0
at.% Al between 350 °C and the liquidus.

The heat of solution of Ag in liquid Al was measured
calorimetrically by |67Mat| to be 18630 J/mol of atoms.
|69Wit] measured the heat of formation of (Ag) from 7.1 to
17.6 at.% Al, of § from 25.0 to 39.0 at.% Ag, and of (Al) from

96.2 to 98.2 at. % Al at 470 °C, from the heats of solution of
Ag, Al, and Ag-Al alloys in liquid Zn,
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ture; Experimental)

52Kos1: W. Koster and H.A. Schell, “Age-Hardening of Al-Ag Al-
loys. 1. Measurements of the Hardness and Elastic Limit,” Z,
Metallkd., 43, 193-201 (1952) in German. (Meta Phases; Ex-
perimental)

52Kos2: W. Koster and H.A. Schell, “On the Age Hardening of Al-
Ag Alloys VI. Determination of the Heats of Precipitation and
Reversion,” Z. Melallkd., 43, 454-459 (1952) in German. (Meta
Phases, Thermo; Experimental)

62Rot: L. Rotherman and L.W. Larke, “The Solid Solubility of Ag in
AlL"J. Inst. Met., 81, 67-7T1 (1952). (Equi Diagram; Experimental)

63Hir: K. Hirano, “On the Mechanisms of Aging in Al-Ag Alloys, 1,”
J. Phys. Soc. Jpn., 8, 603-608 (1953). (Meta Phases, Thermo; Ex-
perimental)

64Hir: K. Hirano and Y. Takagi, “On the Solid Solubility of Ag in
AL” J. Phys. Sve. Jpn., 9, 730-735 (1954). (Equi Diagram Ex-
perimental)

66Bor: G. Borelius, Defiects in Crystalline Salids, Physical Society
London, 164 ¢ 19HH). (Meta Phases; Experimental;

55H1: R.B. Hill and H.J. Axon, *The Lattice Spacing of Aluminum-
Rich Aluminum-Silver Solid Solutions,” Research, 8, S2-S3
(1955). (Crys Structure; Experimental)

56Bor: G. Borelius and L.E. Larsson, “Resistometric and
Calorimetric Studies on the Precipitation in Al-Ag Alloys,” Ark.
Fys., 11, 137-163 (1956). (Equi Diagram, Meta Phases; Ex-
perimental)

B5611ik: M. Hillert, B.L. Averbach, and M.Cohen, “Thermodynamic
Properties of Solid Al-Ag Alloys,” Actu Meiull., 4, 31-36 (1956).
(Thermo; Experimental)

69Mas: T.B. Massalski and B. Cockayne, “Lattice Spacing and
Stability of Close-Packed Hexagonal Cu-Ga, Cu-Ge, and Ag-Al Al-
loys,” Acta Melall,, 7, 762-768 (1959). (Crys Structure; Ex-
perimental)

*GOWil: T.C. Wilder and J.F. Elliot, “Thermodynamic Properties of
the Al-Ag System,” J. Elecirochem. Soc., 107, 628-635H (1960).
(Equi Diagram, Thermo; Experimental)

61Bor: G. Borelius and L.E. Larsson, “Resistometric and
Calorimetric Studies of Ageing Phenowena in Quenching Al Al-
loys,” Arh. Fys., 21, 213-240 (1961). (Meta Phases; Experimental)

61Fra: G.R. Frank, D.L. Robinsan, and G.Thomas, “Precipitation
Sites in Aluminum Alloys,” J. Appl. Phys., 32, 1763-1764 (196 1).
{Meta Phasges; Experimental)

81INic: R.B. Nicholson and J. Nutting, “The Metallography of
Precipitation in an Al-16 Percent Ag Alloy,” Acta Metall., 9, 332-
342 (1961). (Meta Phases; Experimental)
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62Bau: R. Baur and V. Gerold, “The Existence of a Metastable Mis-
cibility Gap in Al-Ag Alloys,” Acta Metall., 10, 637-645 (1962).
(Meta Phases; Experimental)

62Hel: W.J. Helfrich and R.A. Dodd, “Density Anomalies in Binary
Al Solid Solutions,” Truns. AIME, 224, T57-762 (1962). (Crys
Structure; Experimental)

62Sim: M. Simerska, “Lattice Spacing of Equilibrium Solid Solu-
tions of Ag in AL” Czech. J. Phys., 12, 54-69 (1962). (Crys Struc-
ture; Experimental)

63Hre: J A. Hren and G. Thomas, “Direct Observation of Precipita-
tion in Thin Foils of AL-20 Pct Ag Alloy,” Truns. AIME, 227, 308-
318 (1963). (Meta Phases: Experimental)

85Aue: H. Auer and V. Gerold, “Age Hardening and Atomic Struc-
ture of an Al Alloy with 6 at.% Ag,” Z. Metallkd., 56, 240-248
(1965) in German. (Meta Phases, Experimental)

65Kos: W. Koster and A. Knodler, “On the Age Hardening of Al-Ag
Alloys,” Z. Melallld., 46, 632-635 (1965). (Meta Phases; Ex-
perimental)

66Neun: J.P. Neumann, “Determination of the Ordering in the In-
termetallic Compound AgpAl,” Actu Melall., 14, 505-H11 (1966).
(Crys Structure; Experimental)

67Mat: J.C. Mathieu, B. Jounel, P. Desre, and E. Bonnier, “Heats of
Solution of Sn, Ag, Si, and Fe in Liquid AL,” Thermody. Nucl.
Mater., Proc. Symp. Vienna, 767-776 (1967). (Thermo; Ex-
perimental)

68Haw: E.B. Hawbolt and L.C. Brown, “Massive and Martensitic
Transformation in an Al-Ag Alloy,” Truns. Metall. AIME, 242,
1152-1184 (1968). (Meta Phases; Experimental)

*¢8Ita: K. Itagaki and A. Yazawa, “Measurements of Heats of
Mixing in Liquid Ag Binary Alloys,” Nippon Kinzoku Gukkai-shi,
32, 1294-1300 (1968). (Thermo; Experimental)

69Ari: D. Arias and J. Kittl, “Massive and Martensitic Decomposi-
tion of the AgAl Beta Phase,” Trans. Melall. AIME, 245, 182-184
(1969). (Meta Phases; Experimental)

69Bej: R. Beja, unpublished work, These Dect. Sci. Phys., Aix-Mar-
seille, Oct. (1969) in French. (Thermo; Experimental)

*G9Bel: G.R. Belton and R.J. Fruehan, “Mass Spectrometric Deter-
mination of Activities in Fe-Al and Ag-Al Liquid Alloys,” Truns.
Metall. AIME, 245, 113-117 (1969). (Thermo; Experimental)

69Wit: F.E. Wittig and W. Schilling, “Heats of Formation in the Al-
Ag Systems at 470 °C,” Z. Metullkd., 50, 610-617 (1969) in Ger-
man. {Thermo; Experimental)

70Cas: R. Castanet, Y. Claire, M. Gilbert, and M. Laffitte,
“Entropies of Formation of Liquid Alloys of Ag with Group B Me-
tals: Critical Study,” Rewv. Int. Hautes Temp. Réfract., 7, 51-60
(1970 in French. (Thermo; Theory)

*70Mas: . Massart, P. Desre, and E. Bonnier, “Thermodynamics
of Al-Ag Alloys,” JJ. Chim. Phys., 67, 1485-1488 (1970). (Equi
Diagram, Thermo; Experimental)

*71Gra: J.E. Gragg and J.B. Cohen, “The Structure of Guinier-
Preston Zones in Al-5 at. Percent Ag,” Acta Meltull., 19, 507-519
(1971). (Meta Phases; Experimental)

71Haw: E.B. Hawbolt and T.B. Massalski, “Massive and Marten-

Ag-Al

sitic Transformations in the Ag-Al System,” Metall. Truns., 2,
1771-1777 (1971). (Meta Phases; Experimental)

71Yev: V.A. Yevayukov, V.S. Postnikov, and I.M. Sharshakov,
“Phase Transformations in the Compound AgsAl,” Fiz. Mel.
Melalloved., 32(2), 431-433 (1971) in Russian; TR: Phys. Mei.
Metallogr. (USSR), 32(2), 205-208 (1971). (Equi Diagram; Ex-
perimental)

72Dob: AV. Dobromyslov, “X-Ray Diffraction Analysis of the
Decomposition of Supersaturated Solid Solutions of Al Alloys. IV
Formation Mechanism of Gamma Prime Phase in Al-Ag Alloy,”
Fiz. Mel. Metalloved., 34(4), 729-738 (1972) in Russian: TR: Phys.
Met. Metallogr. (USSR), 34(4), 53-61 (1972). (Meta Phases; Ex-
perimental)

72Gup: S.P. Gupta, “Martensitic Transformation in Splat
Quenched Beta Ag-Al Alloys,” Mater. Sci. Eng., 10, 341-356
(1972). (Meta Phases; Experimental)

73Gup: Gupta, “Massive Transformation in Splat Quenched Beta
Ag-Al Alloys,” Mater. Sci. Eng., 12, 67-77 (1973). (Meta Phasge;
Experimental)

73Rob: R. Roberge and H. Herman, “Precipitaion in Liquid-
Quenched Al-Base Ag Alloys,” J. Mater. Sci., 8, 1482-1494 (1973).
(Meta Phases, Crys Structure; Experimental)

74Dau: A. Dauger, J.P. Guillot, and J. Caisso, “Study of the Lattice
Deformations Caused by the Cuinier-Preston Zones of Al-Ag, Al-
Zn, and Al-Mg by X-Ray Scattering near Bragg Peaks," Acte
Metall., 22, 733-73911974) in French. (Meta Phases; Experimen-
taD

*74Wil: R.O. Williams and D.S. Easton, “The Solubility of Ag in Al,”
Ser. Metall., 8, 27-30 (1974). (Equi Diagram, Thermo; Theory)

76Bar: S. Barat and J. K. Mukherjee, “Ag-Rich Alloys of the Sys-
tems Ag-Al-Ge and Ag-Al-Sn,” Indian J. Technol., 13, 510-519
£1975). (Equi Diagram; Experimental)

75Kuab: H. Kubo, A. Hamabe, and K. Shimizu, “Thermoelastic Mar-
tensitic Transformation and Shape Memory Effect in a Ag-Al
Alloy,” Scr. Metall., 9, 1083-1087 (1975). (Meta Phages; Ex-
perimental)

76Sch: T.V. Schlegoleva, “On the Second State of Aging in the Alloy
Al-Ag,” Fiz, Met. Metalloved., 41(13, 71-74 {1976} in Russian; TR:
Phys. Met. Metallogr. (USSR), 41t 1), 57-60 (1976). (Meta Phases;
Experimental)

TTNau: A. Naudon and A M. Flank, “Spinodal Curve and Metas-
table Miscibility Gap in Low Concentration Al-Ag Alloys,” Phys.
Sl;uus Solidi (u), 41, 207-211 (1977). (Meta Phases; Experimen-
tal)

78Rah: G.D. Roherts and G.A. Chadwick, “Terminal Solid
Solubility Limits in the Al-AgpAl Eutectic System,” Ser. Melall.,
12, 381-382 (1878). (Equi Diagram; Experimental}

84Ale: K.B. Alexander, F. K. LeGoues, H.I. Aaronson, and D.E.
Laughlin, “Faceting of G.P. Zones in Al-Ag Alloys,” Acte Metull.,
32, 2241-2249 (1984). (Meta Phases; Experimental)

*Indicates key paper.
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