The Cu-Mo (Copper-Molybdenum) System

ByP.R.

Equilibrium Diagram

Barly works by [00Sar], [06Leh], [23Sie], and [24Dre]
indicated that Cu sand Mo are insoluble in one another
at all temperatures in both the liquid and solid states.
Electrical resistivity measurements of [32Lin] indi-
cated negligible solubility of Mo in Cu at 900 °C [61Bas)
studied Cu-Mo alloysbetween 1.5 and 14 wt.% (2.3 and
19. 7 at. %) Cu by X-ray, metallography, and electrical

‘They asolubility of
1.6 wt.% (2.3 at. %) CumMoat950°C [79Dri] inves-
tigated phase relationships in the ternary Cu- -Nb-Mo

and D.E
Carnegie-Meﬂon Unlversny

sented an equilibrium diagram based solely on esti-
mated thermodynamic data. (Details of their thermo-
dynamic calculations are .given in the “Thermody-
namics” section.) In view of the lack of significant ex-
perimental data, the assessed Cu-Mo "equilibrium
diagram (Fig. 1) is accepted from [80Bre]. The solu-
bility data of [79Dri] at 1900 and 2100 °C, also shown
in Fig. 1, were not taken into account in.the évaluation
of [80Bre]. The estimated solubility values of [80Bre]
are larger than the experimental data of [79Dri].

The essential ‘features of the assessed Cu-Mo éqm-
hbn\lm diagram are: (1) the very limited terniinal solid

gystem at 1900 and 2100 °C by an “el in-
duction” method. Their ternary isothermal sections in-
dicated liquidus compositions of 2.86 wt.% (1.91 at.%)
Mo and 8.72 wt.% (2.50 at.%) Mo at 1900 and 2100 °C,
respéctively, for the binary Cu-Mo systen.

As part of a systematic analysis of Mo-based binary sys-
tems, [80Bre] reviewed the Cu-Mo system and pre-

{Cu} and (Mo); {2) the eutectic reaction L) »
(Cu) + (Mo) at 1083.4 °C; (3) the monotectic reaction
Lg & (Mo) + L; at 2515 °C; and (4) the reaction Lg +
{Cu,g) + L; at- 2685 °C. Table 1 shows the compositions
and temperatures for the various invariant

Present_addréss: Universal Energy Systems. Inc., 4401
Dayton-Xenia Road, Dayton, OH 45432.
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’ Cu-Mo

Solidus.and Liquidus
‘The melting point of elemental Cu is ‘accepted from:
[Melt] as 1084.87 °C. In the evaluation of [80Brel, the
melting point of pure Mo was reported s 2617 °C from
[Hultgren,E]. In the present evaluation, however, the
melting point of Mo is aceepted to be 2623 °C from

the various phase boundaries of the Cu-Mo phase dia-

m. These are summarized in Tebles 2, 3, and 4.
Tables 2 and 3 show the coefficients of the equations
describing - the ‘phase boundaries between 1083 and
2515 °C and between 2515 and 2617 °C, respectively.
‘Table 4 describea how the miscibility gap in the liquid

[Melt]. [80Bre} p d for

b 2515 and 2585 °C was calculated. Figure 1

Fig.1 Assessed Cu-Mo Phase Diagram
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d from the
3, and 4. Also, the phase boundary of the liquid sat-

Cu-Mo

urated with atmospheric Cu gas in
range 2685 to 2727 °C was derived by [80Bre} fromi the
following expression:

36 123 - T000X%y5 - 600Xy - 12.737 T
=T log(1-XMo) = 0

‘where 7' is the absolute temperature in K and Xy, is

the atomic fraction of Mo.

Crystal Structures and Lattice Parameters

The only stable crystal structures known in the Cu-Mo
system are those of the pure elements, and these are
listed in Table 5. Lattice parameters reported for the
(Mo) solid solution by [61Bas] are listed in Table 6. Lat-
tice. parameters reported for (Mo) by [78Koz1] and

listed in Tables 2, [73KozZ] were not aecepbed in the review of {80Bre],
. f the. of impurities in the ob-
eerved lattice
Thermodynamics

Thermodynamic data have not been reported. for the
Cu-Mo system. As part of areview of the thermochemi-
cal properties of Mo-base systems, [80Bre] estimated
the excess partial molar Gibbs'energiesof Cu and Moin
solid and liquid solutions as;

For liquid Mo and liquid Cu:
AGE/Rx, = 7900 - 600xcu K
and

AGERxmyZ, = 7000 + 600xM0 K

Table 1 F inthe Cu-Mo System
of th Cmpeommiimmhm Tes b Rescti
otive 3 tior

Reaction o Mo * R ‘Tcype " Reference
Ly (Cu)... 1084.87 Melting point [Melt]
Ly« {(Cu} + (Mo; 0 061 990,937 10834+ 0.1 Butectic [80Bre}
Lgw (Mo + L 98.4 118 2515 = 100 Monotectic [80Bre]
Ly + (Cug) + L ~100 130 2585 ? 180Bre]
Lg w (Mo}.... 160 2623 Melting point [Melt}
Note: Ly and La refer to the 1liquid t the Cu-rich end and Mo-rich end, respectively.
Table 2 Calculated Cu-Mo Phage Boundaries inthe Range 1083 to 2515°C

logi¥1=A/T + BT + +D
Phase Coefficionts
boun Y Bx10° € x 107 D

~8424 0212 -0.48 -1.36
-12.470 <101 332 257

{a)L/Lii.+ (Mo) phase boundary.
From {80Bre].
Table3 C: Cu-Mo.Pha: darles inthe Rsnge 2515102617°C

Xon = A(2890 - T). + B(2890 - )" + C(2890 - T)’
Phase Coefficients
boundary Ax10¢ B x 107 € x 108
Solidus .. 14 ~0.44
Liquidusta 94 122
(a)La/Lz + (Mo) phase boundary.
From {80Bre}.
Table 4 Calculated Cu-Mo Misclbllity Gap Between 2516 and 2685 °C

log(¥l = A/T +BT + C
Phase Coefficlents
bour Y B x 10 c

Mo 7300 44817 -0.767
XCu -7600 4.5120 ~0.790

From [80Bre}.
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Cu-Mo

Table5 Cu-Mo Crystaf Structure Data

Composition, Pearson Space Struktuibericht
Phase at.% Mo symbol group
(Cw. 00 0.061 oF4 Fm3m Al Cu
(Mo). 98.4 0 100 cl2 Im3m A2 w
From {Kingl]:
Table 8 Cu-Mo Lattice Parameter Data
Composition, Lattice
Phase at.% Mo parameter, nm Comment Reference
(Cu. .0 0.36146 At25°C [Massalski]
{Mo).. . 955 0.31460 (a) {61Bas]
97.8 0.31463 (61Bss]
100 0.31466 . (61Bas]
100 0.31470 At25°C {Massalekil
(a)Reported to be a two-phase alloy.
For the solid solutions, bee.(Mo) and fee (Cu): 28Sie: E. Siedschlag, “Chr: -Molybd and Chre-

AGEE/Red, = 9900K
and
AGE g, = 10.000K

where g and 1Mo are the atomic fractions of Cu and
Mo, respectively. The above estimates have an errorof
#1500 K for the liquid solutions.and £2000 K for the
solid solutions. From a Gibbs-Dubem integration of the
above expressions, the integral molar excess Gibbs
energy functions resulted as:

G (L) = xpgo(1 ~apgo (55 707 + 2494xyy,) J/mot

G (L3) = xpoll - x:0) (60 695 + 2494xMo) J/mel

G (Cu) = 83 144xMo(1 —x340) Jfmol

G*%(Mo) = 82 818xMo(1 -xMo) J/mol

where Li and Lg refer to the liquid solutions of Cu'and
Mo, respectxvely, and (Cu) and (Mo) refer to the ter-
‘minal solid {80Bre] d the el tal
praperties from (Hultgren,E). These Gibbs energy
functions were-used by [80Bre} to derive the Cu-Mo
equilibrium diagram (Fig. 1).
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