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Provisional

The assessed Cu-Ca equilibrium diagram ‘presented .in
Fig. 1 has been derived primarily from the works of
Bruzzone [71Brul. Crystallographic. information on
phases in this system is given in Table 1. Cu and Ca are
virtually insoluble in one another in the solid state, but
are soluble in all proportions in the lquid. The hqu.ldus
is d by four

mations, correspondmg 1o two eutectic and two pentechc

CusCa, CuCa, snd CuCay ‘ate present, with Cu5Ca .

having a limited solubility field and undergoing congru-
ent melting at 950 °C. The crystal structures of the inter-
mediate phases have been determined, and all of them
of new . Except for

2 Y P!

Ca-Cu

several studies on the CusCa phase, very little thermo-
dynamic data dre available on this system.

Equillbrium Diagram

The equilibrium phases in the Cu-Ca systein are: (1) the
hqmd miscible in-all proportions and stable down to 482
°C at 75.7-at.% Ca; (2) the fec solid solition, (Cu), with
limited solubility of Ca; (3) the bee solid selution, (8Ca),
with negligible sqlubilit'y of Cu and stable down, to ~448
°C; (4) the fee solid solution, («Ca), with negligible solu-
bility of Cu and stable below ~448 °C; (5) the hexagonal
phase CusCa, with a composition that includes the stoi-

Table 1. Cu-Ca Crystal Structure and Lattice Parameter Data

Approximate
i

“ange(x), Pearion  Space Lattice parameters, nm
Phase at%Ca  symbol  group ~ Prototype a b ¢ Comments Reforence
©Cu) ... ] o4 Fm3m Cu 0.36147 - ) [Landolt-Bornstein]
CuiCa 14110 20(c) AP6 P6/mmm CaCu; 05074 % 00002 - 0. 4074 :t 0 0002 d,e) {71Bru}
aCuCa(h 50 mP20 - P2,/m CaCu 1947 04271 (& h,3) [81Mer]
BCqu(k\ 50. oP40 Prma CaCu 8.880 0.4271 0 5894 (A% {81Mer]
CuCas 6.67 6P12 ° Pama - CalCu 0.6126 0.4161 1.453 (gn,p) [82For]
{aCa) . 100 4 Fm3m. Cu 0.5692 ine e {q,1) [61Pet]
{pCa) .. 100 2 Im3m w 0.4480 - - (q,8) [598mi]
() From the phase di ) At 15 °C,on dlemental Ou. &) Based on asouel. but i sation of the lattice observed in this

rangs by [71Brul. A much narrower ho
71Brul. . (d)On 16.6 at.% Ca sample, furnace
{42Now].

99.9 wt.% Ca and 99.999 wt.% Cu, melted in Fe crucibles, sealed under Ar.
of the PeB-CtB type. * (k) Low temperature. - (m)
montht, () Ortharhombic strusture:alao regorted by 181Mer.
peraturs.  (s) At 467

room tem)

perature
e) Previously reported os CuyCa by i Danl s 35 CogOn by g

samples quenched n’samip]
(a) On' 99.94% Ca, containing 120 to 240 ppm H:

mogeneity range (approximately 16 to 17 at% Ca) was indicated, however, in the

phase diagram presented by
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chiometri¢ composition, stable below 950 °C; (6) the or-
thorhombic stoichiometric phase BCula, smble ‘betwéen.

Provisional

850 °C and less than 0:015 at.% Ca at 700 °C. Using
samples of H annealed at 800 °C for 1'h;, [30Sch] observed

567 "C lmd some undefined :lower (7} the

dification of -the CuCa
phase, aCuCa. whose témperature limits: of stability
have not been défined; and (8) the orthorhombic: stoi-
gg)%emc phase CuCa,, which forms peritectically at

Ca is very reactive in air, and the Cu-Ca alloys behave
similarly. Thus, the problem of contamination is ever
present with these alloys, particularly in the liquid. The
Ca used by Bruzzene {71Brul was purified by distillation.
The purities of Ca and Cu used were 99.9 and 99.999%,
respectively [83Brul. The melting point (839 °C) of BCa
and lattice parameter value (0 55884 nm) of aCa, re-
ported in [71Bru], are

Literature data (840 °C {81BAP} and O 5592 nm [61Pet],
respectively). The same is also true for.thé Cu that
was used.

The alloys were prepared under an argen atmosphere,
using Fe crueibles for compositions above 60 at.% Ca and
Mo ibles for Cu-rich itions [71Brul. The liqui-
dus and the temperature invariant phase boundaries
were determined by direct thermal analysis on specimens
during cooling. The rate of cooling was 2 to-4 “C/min, and
the melts were stirred prior to cooling. The temperature
'was mea to an accuracy of %1 °C, and the composi-
tion’ was determined by chemical analysis. The erystal
structures ‘of the phases were studied by X-ray
diffraction.
Liquidus and Solldus. The assessed liquidus in this eval-
uation has been based on the
for the alloys above 9.5 at.% Ca and on the compilation
in [81BAP] for the melting points of Ca and Cu at 840
and 1084,87 “C, respectively (see Fig. 1). Between 0 and
9.5 at.% Ca; the assessed liq\ndus ‘has been obtained from
h d i deli ati (see ‘under Ther-
modynamics and Fig. 2). The resultant liquidus is in
agreement with the limited differential thermal analysis
(DTA)-data of [80Kuz) and thermodynamically consistent
with the restof the phase diagram, as discussed below.

The Cu-Ca phase di d by {71Bru} ind

data of Bruzzonie [71Bru},

at room two-phase strueture
in 8.0.1 at.% Ca alloy, implying a solnblhby less than this
value, Thus, the sotubility of Ca in Cu. is extremely
limited, and the sanie appears to be also true for Cu-in
Ca. The claim of a single-phase structure in a 0.74 at.%
Ca sample by [318sy] is apparently not correct..

Under the: condition of zero mutual -solid solubility
between Cu and Ca, the. theorétical maximum initial
slopes of the liquidus at pure Cu and pure Ca, calculated
from the Van't Hoff relation, are, respectively, —11.74
and —12.1 °C per atomic percent of solute. The enthalpy.
of fusion values for Cu end Ca used in these.caleulations
were 13 054 and B8535 J/mol, respectively [Hultgren,;
Elements], The corresponding initial slopes of the liqui-
dus, estimated from the experimental data by {71Brul,
agree with the above value at the Ca end of the diagram
{~=—12 °C/at.% Cu), but this value is too low for the Cu
end, in that it would require ah ‘undceeptably large
terminal solid solution field. The DTA data-of [GOKuz]
at the Cu-rich end appear more compatible with the
theoretical lmutmg slope value and, thus, support the
liquidus from' the th

calculations in this evaluation.

The assessed solidus boundaries: also have been based on
the results of {71Bru). The existence of four temperature
invariant transformations was indicated by [71Bru] from
the occurrence of primary thermal arrests. These corte:
sponded to the two eutectic transformations at 917 and
482°C and the two peritectic transformations at 567 and
488 °C, respectively.

Figure 1 also shows a temperature invariant lme at

~448 °C, corresponding to. the (8Ca) 2 (aCa)

tion. The type of transformation would be either eutec-

toid or peritectoid, -depending on whether the (8Ca) >

(aCa) transition temperature is lowered or raised in

s]loys, with respect to that of pure Ca (448-°C [61Pet]).
Another mvana.nt oceurs

iated with the -orthorh

of the CuCa phase: However, be-

in this system,
S A

liagram
negligible mutual solid solubility between Cu and Ca. No
of the salubility of Cu in Ca is available. The solu-
bility of Ca in Cu was reported by [80Kuz], from X-ray
and microscopic analysis, to be 0.015 to 0.047 at.% Ca at

cauge’ the precise ‘transformation temperature is not
known, it has not been indicated in Fig. 1.’ Selected in-
variant ‘tempersdtures ‘and compositions' are -shown in
Table2.

Table 2 p Tr in the Cu-Ca System

S .
Transformation C T at% Ca =
Eutectic
L2 (Cu) + CuCa. . ~10 ~0 ~16.7
Lz CuCe; + (8Ca) . 7.7 66.67 ~100
Peritectic
L+ CuCaz BCuCa .. 506 ~16.4 . ~50
L.+.8CuCa = CuCay . : ~745 ~50 ~66.67
Eutectoid (either) .
(Ca) 2 CuCay + (@Ca). ... ieiiveciiiiin ~u48 ~100 86.67 ~100
Peritectoid (or) : o
(BCa) + CuCay 2 (@Ca). ... .ovii i ainns 448 ~100 66.67 ~100
Congruent
LA s 950 ~16.7 ~16.7
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Table 3 Experlmental ve Calculated Liquidus in the'Cu-Ca System
i liquidus. liquidy i k] i
7 1 ‘Compositionic), fquidus mu’l?:;enl-meu).‘
8% Ca “C . Reference(b) aL% Ca. -
quuld.I(Cn) ‘squilibrium Liqiitd/(Cu) equilibrium

. [81BAP]
2. . {This work]

{This work]

is work]
[This work]
{This work]

{71Bra)
(71Bru]
[TiBrul
[71Bra]
(71Bru]
f71Brl
{T1Brul
{71Bru}
{71Bru]
{7iBra]

[?1Bru]

{71Bru]
[71Bru}
{71Btu]
{71Bru}
{71Bru}
181BAP| e ;
{m) Temperatures shown for experimental data ate as reporied and have not been corréeted to the 1968 umpe'r::ure scale (IPIS-68). (h)) Experimental

liquidus data’ without any indieated refererice corréspand. to valiies obtained from- Fig. 1 by i ta.

lculsted using in Table 6 and with repect L. temperataes given in the second columo in esch respective row.

@ are caleulated alyti 4 Lo § and with rompert givenin the first in each
res v

from. (e}
‘boundsries shown in Fig. 1, and ﬂ:erefm'e, they are not suitable for comparison with our calculated vul\lea
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The mvannnt compositions of the Liguidus at vanous
d from.

the i of the 1 liquidus-data -or.
from the resnlbs of modeling. calm!ahons (see Table 3):

Among the earlier studies on the Cu-Ca system, Baar
{11Baa] determined part of the Cu-Ca phase diagram by
thermal analysis, and Haucke [40Hau] and Nowotny
{42Now] identified the stoichiometry and structure of the
intermediate phise CusCa by X-ray analysis. . Various
aspects of phase equilibria were also studied by [06Sto]
and [08Don). In recent times, the Cu-rich side of the
- phase diagram was studied expérimentally and theoren-
cally by [SOKuz] and the of the'i
phases was studied by {70Myl]. The Cui-rich side of the
diagram ‘given by {11Baa] is roughly in agreement with
the accepted dxagrnm, but the Ca-nch side" of his
The

eutectic temperatures on the Cu side, reported by the
different authors, were approximately 910 °C by {11Baal),
920 °C by [08Don], and 906 °C by {80Kuz], compared to
the accepted value of 817 °C by {71Brul.

The experimental data, from which the assessed liquidus
in Fig. 1 has been dmwn, are presented in' Table 3. The
detailed thermal analysis
ented in Table 4 (sce a.lso [83Brul):

. Analytic representations of the liquidus temperature, in
terms of the polynomials of composition, have been
obtained by the least-squares analysis of the experimen-

tal data in the different composition ranges: These are
shown in Eq 1 to.5 below, where X ig the atomic fraction

of Ca, and 7 is in °C. The fit between the calculated and

the experimental lignidus‘is within %2 °C in most of the

ranges, as can be seen in Table 8 and Fig. 2.

For0to 9.5 at-% Ca:

T = 108487 — 1540X + T828X* — 107684X° (Eq 1)
For 9.5 t016.67 at.% Ca:

T =8013 + 17352X ~ 5057X* (Eq 2}
For 16.67 to 50.5 at.% Ca:

T = 7233+ 3937.1X — 20789X> + 35942X°

| —22633X%* (Eq-8)
For 50.5 to 75.7 at.% Ca:

T = 5718 ~ 1395.6(1 — X) + 5614(1 = X)*

= 5684(1 — X)* (Eq 4

For 75.7 to 100 at.% Ca:

T =840 - 1303.2(1 ~ X) — 692(1 ~ X)? (Eq 5)

Intermediate Phases. Three intermediate phases -are
present in the Cu-Ca system; CuCa and CuCa, are
‘believed to be stoichiometric. phases, but CusCa has a
limited solubility field. The CuzCa phase, wrongly
quoted as Cu‘Ca by [11Baa] and as. CuaCa by 818syl,

d the by {40Hau] and
by [42N0w], who a].so determmed its crystal structure.
The phase melts congruently at 950 °C. The presende of a
homogeneity rangeé in'CuzCa was suggested by [Hansen]
from the report of coring, and its probable ‘approximate
range was. investigated from' X-ray lattice parameter
data by {71Bru] (see Table 1), The CuCa phase reported
by [42Nowl and the CuCay phase by [70Myl] were

results of [71Bru] are pres- .

Provisional

Table 4 Thermal Analysis Results of

Cu-Ca Alloys(a)
Tiquidus
arrest
<
915
918
916
915
567
56T e
56T . |-
567 . e
567 .o
565 e
565 . ee
488 476
488 479
- e aB2
482
480
480
476
482
475
455

{a) Data from Bruzzone [83Bru.

observed by {71Bru] to melt incongruently via peritectic
transformations at.567 and 488 °C, respectively.

Crystal Structure and Lattice Parameters

‘The erystal and d latti

Cu, Ca, and -of the intermediate phases ‘CusCa, Cqu,
andCuCagareshowanablel Ca has an fec structure;
aCa, at room temperature that transforms to the bec
structure, SCa, at 448 °C:[61Pet]. The cph and other
complex forms of Ca observed at intermediate tempera-
tures in the early works were shown by Smith, Carlson,
and Vest {565mi] to result. from the presence of i impuri-
ties. Hydrogen was found to stabilize the cph phase
{598mi; 61Pet), wheress N -or C stabilized the complex
structures .of Ca [598mi].. High-pressure studies by

- 163Jay] also showed that -only the bec:-and fee Ca struc-

tures exist. Measurements at-much higher pressures by
{638ta) ‘indicated: two at'25 °C at

~150 kbar and ~300 kbar, respectively. The phases have
unkrown crystal structures.

Thermodynamics

The free energy of formation: of CusCa between 25 and
780 °C(298 and 1053 K) was determined by {64Chi}l ﬁ'om
equilibrium hy vapor
between 523 and 873 °C (800 and 1150 K) by [79Not],
using the emf method. The enthalpy of formation (AH) of
CugCa was obtained by {80Djal, directly from calorime-
tric measurements. The results are presented in Table 5,
where also are ‘shown the-integral molar Gibbs free
energy for the Cu-26 at.% Ca liquid st 873 °C (1150 K)
reported by. [79Not] and. the enthalpy and entropy: of
formation data ‘of CusCa’reported by [64Chil, {79Not],
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Table 5 Thermodynamic Properties of Phases
in the Cu-Ca System

Ca-Cu

Table 6 - Calculated Thermodynamic Properties
of Phases in the Cu-Ca System

Deta and with Resuits Integral molar Gibbs free energies
Integral molar Gibbs free energy(a) GY = X(1 - X)(~26480 + 12550X ~ 12.28T)
) (= Giba frec encrgy, J/mol—————— BRI X + (1~ X)in(l - D)
K [78Not] {79Noti(b). -~ [This Worklb,e) -~ GO = 21560 + 9397
Cice —
Liquid (Cu-26 at.% Ca) at 1150 K gcw‘; fff:foi 1: :65 ;
1150, ~10600(d) ~12100 ~12700
Note; X is atomic fraction of Ca, and all units are in J/mol ‘Standard
states: pure liquid Ca and pure liquid Cu. Mole for. CugCa, CuCs, and
{e) -13893 -14038 CuCay; refers to the atom as the elementary entity. This wurk from the
e} ~12611 —13098 zassessed phase diagram, Fig. 1.
€) -11403 -12160
©) —11559 -11221 functions of the lquid, and X is‘the atomic fraction of Ca.
) —9755 —-10752 The coefficients have been assimed to be mdependont of
ol and aumw “of formation of CuCala) The linear
i Bamonyion from the. equilibrium between the liquid and AW
Reference J/mol J/mol Method phases- at several temperatures, have beén solved by the
[64Chikf)..... —7300 = 2000 —0.63 « 13 ili Itiple least-squares regression analysis'
H, pressure {and the G Jord: thm) to derive the
FI9Not]. ... .. ~10500 = 1000 —22=x1 values of the coefﬁclents aff and bF, respectively. The
{80Dja}g)..:.. 7800 £ 1300 . .- Solution number of the a and I::'s terms have been limited to'a
in these asa ise between
‘Lattice stability parameters {Hultgren} the reproductibility of the leulated di , -which.
i with their i 1 and the simplic-

°GE, - °GE = 13054 - 9.613T
GG, — "GEY = 8535.(2418) — 7.68 (£0.38)T

{a) The- entities for the mole are the atom (for the liquid phase and
the compounds). .(b) Standard states: Liquid Cu and hquld C.
{e) Calculated using the equations in Table 8. (&)
Solid Cu and

Jiquid o, e o Solid O sa soid G
(6) Between 800'and 1000 K, 88 compiled in [Hultgren] from the data of
[64Chil.. ' (g) At room temperature.

and [80DJB] Apart from this limited ‘information, no
data Tabl

are on' the Cu-Ca

n]lnys

Because the Cu-Ca phase dlagram is reasonably well
established, the equilibrium b the

ity -of the model. A total of 35 data points have been used
to derive two coefficients for o™ and one for 5° that could
reproduce the phase diagram satisfactorily. The result-
ant expression for the ZAG is as follows:
FAGh = X(1 ~ X)(-26480 + 12550X

='1228T) (J/mol) Eq7)
where X is in atomic fraction Ca, and T"is in kelvin. :
The i value of AH, ding to Eq 7, is ~5168
J/mol at X = 0.43, and the corresponding AG value, esti:
mabed at 1000 K, is —13 847 J/mol. The only avmlxble
1 result for the Gibbs free energy of the

coexisting phages can be utilized to derive expressions for
the thermodynamic variables of the different phases. The
varigbles, in turn, can be used to reproduce the phase
boundaries as a check for. self-consistency and also to
calculate. the regions of the phase diagram not deter-
‘mined experimentally. Both of these aspects have been

d in this luati Hlowing the h
below.

Becauseé both the (Cu) and the (Ca) phases display virtu-
ally zero solubility, they have been assumed to be line
phases, and the representation of their molar free energy
has been obtained from the respective latiice stability
parameter values for the solid — liquid transition, as
given in [Hultgren; Elements]. The resultant expressions
relative to pure liquid Cu and.pure liquid Ca as standard
states (used-throughout the calculation) are presented in
Table 5.

The liquidus boundaries between 1084.87 and 917 °C and
between 840 and 482 °C.have been utilized to estimate
the integral molar excess free energy expressions for the
liquid. The latter has been expressed as a polynomial
with compositien:in the folowing form: .

FAGM = X{(1-X) 2 @fX - 77X
where af and &

{Eq 6)

liquid was reported by {79Not). This value; when normal-
ized relative to pure liquid Ci and pure liquid Ca as
standard states, agrees to within 5% of the valie caleu-
lated from Eq 7 (see Table 5) Thus, Eq 7. represents a
realistic approxi to the ics of the
liquid in this instance.

From a knowledge of the molar free energy of the liquid,
the molar free energy of CusCa, expressed in-the form
(A + BT), has been estimated by considering equilibriim
of the phase with the liquid at temperatures 950 and 567.
°C, corresponding to the invariant liquid:compositions of
16.67 and 50.5 at.% Ca, respectively. For these calcula-
tions, CusCa hag been represented &s a line phase, and
its small solubility field has been neglected. In a similay . -
manner, the molar free energies of CuCa and CuCa,
have been d from the least: fittihg of the
liquidus data at 567, 525, 488, and‘at 488 482 °C, respec-
tively. The results for f.hese phases are presented in
Table 6. The molar free energy of CusCa has been ealcu-
lated at.several temperatures, based on the derived
expressions in Table 6, and are compared in Table 5 with
the experimental resalts of {79Not], normalized relative
to pure liquid Cu and pure liquid Ca as standard states.
The agreement between the two sets of results is better
than 10% at most temperatures ‘This, together with the
in the llqmd demonstratas~ .

enthalpy (AH fX(l 2 X)) and entropy (EAS/X(I - X ))‘

that the h of deriving . th expres-

Bulletin of Alloy Phase Diagrams Vol.5' No.6 1984 : -575



“Ca-Cu

sions of phases from equilibrium’ phase diagrams, can
produce a realistic representation of free ‘energies of the
phases.

The liquidus {(composition), calculated at selected temper-

atures based on these derived -expressions (Table 6) and -

the lattice stability parameters for Cu and Ca (Table 6),
is‘shown in Fig. 2-and is tabulated in Table-3 for guanti-
tative comparison Wwith the experimental:liquidus. The
agreeient. between these results, for the most part, is
very good, suggesting good oonslstency between the ther-
of the phases as derived
from the phase diagram. As for the Ca:enriched liquidus
coexisting with CuzCa, it is possible to obtain a closer fit.
between the experimental and calculated liguidus in the
range 16.7 -and 50 at.% Ca, if the * ig derived
from phase equilibria data at several intermiediate
temperatures between 950 and 567 °C. However, the
associated congruent point shifts down by 20 to'30 °C,
and the Cu-rich side of the ‘caleulated liquidus, between.
9.5 and 16.7 at.% Ca, dlso shows a poor fit. The accepted
value of GEC (see Table 6), by contrast, shows excel-
lent agreement in both these respects. The presence of
the discrepancy between the calculated and experimental
Ca-enriched liquidus coexisting. with Cus(la is under-
standable, because -the solublhty ﬁeld zn CusCa has
been lected .for ‘the above.
Conversely, becatse the liquidus has been measured by
thermal analysis during cooling, the possibility of a
downward shift of the liquidus, caused by undercooling:
effects, alse canniot be ruled out.

Sugaestions for Future Experimental
Worl

The CusCa phase is known to have a narrow homogene-
ity range. However, its precise bouudanes are riot known.
and need determination.

Cited References

065to: L. Stockem, “Information on Alloying Ability of Ca”,
Metallurgie, 3, 147-149 (1906) in German. (Equi Diagram;
Experimental)

08Don: L. Donski, "On Alloys of Ca with Zn, Cd, Al, T1, Pb, Bi,
Sk, and Cu?, Z.-Anorg. Chem., 57, 185-219 (1908) in German.
(Equi Dugram, Experitental)

11Baa: N. Baar, “On Allays of Mo with Ni; Mn with TI, ahd Ca
with Mg, Tl, Pb, Cu, andAg”, Z. Anorg. Chem., 70, 377-383
(1911} in German, (Equ: Diagram; Experimental; #)

308ch: E.E. Schumscher; W.C. Ellis, and J.F. Eckel “Deoxida-

tion.of Cu with Ca and Properties of Some. Cu- Ca Alloys”, -

Trans. Met. Soc. AIME, 89,.151:161 (1930). (Equi- Diagram;

Ssym atnikov; "On Alloys of Ca”, Metallurg, 6,
466-485 (1931) in Russian. {Equi Diagram; Expenme tal)
40Hau: W. Haucke, “Crystal Structure of CaZn5 and CaCug”, Z.

Ce-Cu svaluation céritributed by D.J. Chakrabarti, ALCOA, and D.E: Layghlin, f
Commegie Mellon Umvemty Pittsburgh, PA 16213, USA. Work was supporied by the.

Provisional

Anorg. Chem., 244, 1722 (1940) in German. (Crys Structure;
Experimental)
42Now: H. Nowotny, “Crystal Structure of NigCe, Ni;La,~

N:;Ca, CugLa, CusCa, Zngla, Zn:Ca, Ni;Ce, MgCe, M,
d MgSr”, Z: Metallkd,, 34 247-253 (1942) in German. ((k'ys

St:mct Experimen
3 Smith, O.N. Carlson, and R:W. Vest, . “Allotropic.
i of Ca”, J. . Soc.,. 103, 409413
(1958). (Crys Structure; Experimental)
598mi: J.F. Smith and BT. Bernstein, “Effects of Impurities on
Crystallographic Modifications of Ca Metal”, J. Electrockem.
Soc., 106; 448:451(1959). (Crys Structure; Experimental)
61Pet: D.T. Peterson and V.G. Fattore, “Ca-Ca Hydride Phase
8ystem”, J. Phys. Chem., 65, 2062-2064 (1961). {Crys Struc-
ture; Experimental)
63le~ A. Jayaraman, W.Klement, and G.C. Kennedy, “Phase
Diagram of Ca and Sr at High Pressure”, Phys. Rev., 132,
1620-1624 (1963). (Pressure; Experimental)
63Sta: R.A. Stager and H.G, Drickamer, "Effect of Temperature:
and Pressure on Electrical Resistance-of Four Alkaline Earth
Metals " Phys Rev., 131, 2524-2527 (1963). (Pressure;

(MCln. P Chmtu R.W. Curtis, and P.F. Woerner, “Metal
ide -Reactions-Reactions of Hydrogen with CaMg;: and

CaCug and Thermodynamic Properties of Compounds”, .J.
Less-Common Met., - 7, 120-126- (1964). (Thermo;

Expetimental)
70Myl: KM. Myles, “Ternary. System Cu-Mg-Ca”, J. Less-
Common Met., 20, 149-154 (1970). (Equi Diagram;

imental)

Xperiment
*71Bru: G. Bruzzone, "Binary Systems' Ca-Cu, Sr-Cu, and
" Bu-Cw", J. Less-Comimon Met., 25, 361-366 (1971). (Bqui
Diagram, Crys Structure; Experimental; #)
#79Not: M. Notin, C. Cunat, and.J. Hertz, “Blectroskemical
o ;

Binary. Alloys (Ca, Cu) Between 800 ‘and 1300 K Using Cells
with Solid CaF; Electrolyte”, Thermochim. Acta, 33, 175185
1979) in French. (Thermo; Experimental)

80Dja: B. Djamshidi, M. Notin, J.C1. Gachon, and J. Hertz,
“Cnlorimetric Determination. of Enthalpy of Formation of
CaCuy”, Scr. Metall,, 14, 493-495 (1980) in French. (Therimo;
Expenmentnl)

80Kuzs M Kuznetsov, V.N Fedorov, A.L. Rodnynnsknya, A4

and T, “Pliase ‘Diagram of -
Cu-Cn System”, Izv. VU.Z Tsvetn. Mefall 3, 94—96 (1980) in
Russian; TR: Sov. Non-Ferrous Met. Res., 8(3), 292-293(1980),
{Bqui Diagram, Thermo; Experimental; #)

81BAP: “Melting Points of Eiements”, Buil. Alloy Phase
Diagrams, 2(1), 145-146 (1981}, (Equi Diagram; Compilation)

81Kin: HW. King, “Crystal Structures of the Elements at 256
°C”,Bull. Alloy Phase Diagrams, 2(8), 402 (1981). (Crys Strue-
ture; Compilation)

*BlMer: F. Merlo and-M.L. Fomasmx, “Structures- of aCaCu,
BCaCu, SrAg, ‘and BaAg: Four Different, Stacking Variants
Based on Noble-Metal-Centered Trigonal Prisms”, Acta Crys-
tallogr., B37, 500-503 (1981). (Crys Structure; Experimental)

*82For: M.L. Fornasini, “Ca,Cu with Trigonal-Prismatic Coor-
dination of Cu Atoms Forming Infinite Chains”, Acta Crystal-
logr.,,B38, 2235-2236 (1982). (Grys Structure; Expetimental)
83Bru: G. Bruuone, private communication of tabulated data-of
work in [71Brul, as well as of subsequenit work. :

* Indicates key pay

# Indicates presence ofa phase diagram.

and Materials. Sci
Tic., (INCRA) and the

Copper Research
ugh the Joint Program on Critical Compnhtwn of Physical and Chemws] Data eoordindted through the Office of Standard

Reference Dat.a (OSRD) ‘National Bureau of Standards. Thermodynami
available in

ic calcilations were done in
authors by Mr. ES.K. Menon of Carnegie-Mellon University. “The thermal analysis data on which the cvalustion had been primatily based w

tabulated form by Prof. G- Bruzzone of the University of Genoa. Literature searchied throughs 1982. Professor Laughlin and Dr. Chakrabarti
are the ASM/NBS Data Program Co-Category Editors for binairy copper alloys. )

rt with the use of the program made available to-the
were made

576 . Bulletin of Alloy Phase Diagrams Vol,5- No.6 1984



