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‘The broad features of the Cu-lIr-equilibrium diagram are
reasonably well established. This is so-despite the fact
‘that the system has been studied only in. part. A broad,
gently sloping liquidus stretches across the diagram; near
the Cui-end, the liquid und:

tion. Limited terminal solid solubxhcy fields occur wlth
both (Cu).and (Ir), and the (Ir) solidus extiibits rétrograde
behavior above the peritectic temperature: There is no ex-
perimental report of the occurrence of any intermediate or
metastable phases, nor are there reports on the thermody-
namic properties of the alloys.

Equilibrium Diagram

The equilibrium phases in the Cu-Ir system are: (1) the
liquid, L, miscible in all proportions and stable down to
the melting point of Cu at 1084.87 °C {Melt]; {2) the fec
(Cuw) solid solution with a maxium solubility of ~8 at.% Ir
at 1138 = 5 °C {69Raul; and (3) the fec (Ir) solid solution
with a maximum solubility of 6.3 at.% Cu at 1850 °C.

{69Rau] leted the major experi 1 work ‘on the
Cu-lIr system. The Cu-Ir equilibrium diagram shown in
Fig. 1 is derived from [69Raul. for temperatures below
1200 °C. The higher temperature portion of the diagram
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{above 1138 °C} is estimated in this evaluation from calcu-
lations based on thermodynamic modeling of the ‘exper-
imental phase diagram (see "Thermodynamics”). The only
other experxmental study of thns system was reported in
[32Lin], wh ical cand ity indi-
cated that at least 0.48 at.% Ir was soluble in (Cu) at 700
to 850 °C.

[69Rau} used differential thermal analysis (DTA) to deter-
mine both the solidus and the liquidus between 2 and 10
at.% Ir and the solidus at 50 at.% Ir. The solvus for (Cu)
and the solvus and solidus for.(Ir) were determined by X-
ray and optlcal mcroscopy. The alloys “were prepared from

ic Cu and ( purity Ir in the are
furnace. They were heat treated in a vacuum at tempers:
tures between 700 and 1090 °C for the solid and up to
1600 °C for the solid-plus-liquid two-phase alloys.

In the absence of any experimental results at higher tem-
peratures, the tentative diagram suggested by {68Rau) in-
dicates complete mlsclblllty between Cu and Ir in the
liquid state, w}uch is in qualitative agreemerit with the
resulLs uf the ther i analysls d'in this

In the solid di however, Cu and Ir
have restricted mutual solubility, which is quite unlike
the behavior of Cu with Rh, in the same group as Ir, or
wmh the ne]ghbonng Pt and Pd, all of which exhibit com-
ple ity in the solid.

Fig. 1 -Assessed Cu-lr Phase Diagram
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Table 1. -tiquidus, Solldus, and Solvus in the Cu-r System

T C ition, at.% ir 1
Salvus
‘Temperatirre, °C ‘Liquidus Solidus ©) dr) Reference
100 100 Melty
0 0
92.7 (69Rau]
988
(a)
80 97.0 ®)
7.3 97.3
4.1 98.7
28 99.2
19 99.5
0.6 99.9
(@) Calculated from Eq 2and 3. (b) Caleulated from Eq 3.
Table 2 Cu-Ir Crystal Structure Data
Composition, Pearson Space Strukturbericht
Phase at% I symbol group designation Prototype
Cw) 0to ~8 cF4 Fm3m Al Cu
[t ~93.7 to 100 cF4 Fm3m Al Cu

Thermodynamically, the Cu-Ir system is not very differ-
ent from the Cu-Rh system, in that clustering effect pre-
dominates in both systems (unlike Cu-Pt and Cu-Pd
alloys). The critical point of the {metastable} miscibility
gap between the two fee terminal solid solution phases in
the Cu-Ir system extends above the solidus (see Fig. 2),
whereas it lies below the solidus in the Cu-Rh system
[82Chal. Thus the intersection of the miscibility gap with
the solidus gives rise to a peritectic-type diagram in the
Cu-Ir system. The peritectic invariant temperature as ob-
tained by DTA measurements is 1138 = 5 °C, and the cor-

ding reported itions of the liquid, (Cu), and
(Ir) phases are ~4, ~8, and ~97 at.% Ir, respectively
{69Rau].

The liquidus, as accepted in this evaluation and shawn in
Fig. 1, is'based on the DTA measurements of {69Rau] for
up to 4 at.% Ir, above which it is estimated from thermody-
namic caleulations. The melting point values of Cu and Ir
at 108487 and 2447 °C, respectively, were obtained from
{Melt].

The solidus for up to ~8 at.% Ir was determined by ther-
mal analysis. The Cu-rich solvus was determined by the
X-ray lattice parameter method; the results are shown in
Table 1: The solvus and the solidus boundaries for the (Ir)
phase were also obtained from lattice parameter measure-
ments, but- with the assumption (in the absence of actual
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data) that Vegard’s law was valid for these alloys [69Raul.
If this assumption is not valid, the resuitant solidus
boundary will vary from the actual one, especially at com-
positions further-away from pure Ir. Therefore, the solidus
boundary for the (Ir} phase, as argued below, is accepted
tentatively from the thérmodynamic analysis results.
Both the experimental results of [69Rau] and the present
calculations indicate a retrograde solidus for the (Ir)
phase. This is consistent with the very large melting point
difference between Ir and Cu, and the restricted solubility
field in the (Ir) phase (66Pri). There is no report of any
intermediate phase in the Cu-Ir system. Thermodynamxc

analysis indi instead a at lower
temperatures.
Metastable Phases

There is no report of any metastable phases in the Cu-Ir
system.- The: metastable mlsclblhty gap of - the liquid ‘as

lated from the ther of the equi:
librium diagram data is shown in Fig. 2.

Crystal Structures and Lattice Parameters
Cu and Ir both have fec crystal structures (see Table 2);

lattice parameters for (Cu) and (Ir) are presented in Table
3. The lattice parameter of Cu increases with the addition
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Fig. 2 Cu-ir Experimental vs-Calculated Phase Diagram
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Table 3 Cu-Ir Lattice Parameter Data
Lattice parameter,

Comment Reference
Cw)

0.36147.. ...100% Cu at 18 °C [Landolt]

0.3621. .2 at.% Ir at:860 °C (69Rau]

.3 at.% Ir-at 860 °C (69Raul

4 at.% Ir at 860 °C [69Rau]

..5at.% Ir at 860 °C [69Rau]

.. “specpure” Ir at 30 °C {683in]

.40 at.% Ir at 800.°C {69Rau]

.60 at.% Ir at 1200 °C {69Rau|

/60 at:% Ir at 1400 °C {69Rau]

..60 at.% Ir at 1600 °C {69Rau]

of Ir following a positive deviation from Vegard's law
[69Rau). The fcc crystal structure of Ir has been observed
to persist. down to 4.2 K [683ch]. The lattice parameter
values for the (Ir) phase shown in Table 3 are derived from
the two-phase alloys &t. thermal equilibrium at the respec-
tive d to the satura-
tion composmons of the (Ir} phase at those temperatures.

Thermodynamics

No-thermodynamic measurements have been reported for
the Cu-Ir alloys. [79Les] calculated several Cu-Ir equi-
librium diagrams based on the subregular solution model,
using several combinations of the interaction parameters
for liquid and fec phases that were determined from the
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experimental diagram of [69Raul. Their diagrams show
large deviations either in the liquidus or in the peritectic
temperature from the diagram given by [69Raul.

Because no experimental thermodynamic data exist, the
equilibrium diagram of {69Raiu] has been -utilized in this
evaluation as a source of thermodynamic infermation for
the different phases. The equilibrium compositions be-
tween the liquid, {Cu), and (Ir) phases, whichi are fairly
well established between 700 °C and the peritectic temper-
ature at 1138 °C, were used to determine thermodynamic
expressions for these phases. The resuiting thermody-
namic'parameters could be used to reproduce the (Cu} and
{Ir} phase boundaries-as a check for self consistency, and
also to calculate the liguidus not determined experimen-
tally.

Because the (Ir) and (Cu) phases have the same- crystal
structure (fec), their interaction parameters are assumed
to be identical. The phase diagram data at the peritectic
temperature, 1138 °C; where the liquid having 4 at.% Ir
coexists with (Cu) of 8 at.% Ir and (Ir) of 97 at.% Ir, were
utilized to derive expressions for the integral inolar excess
Gibbs.energy G™ of the liquid and the fec phase: The G**
for both -phases is expressed in the following form:

G* = X1 - X)},(n“X' o THIXTY (Eq 1)

where a! and bs are, respectively, the coefficients of the
enthalpy and entropy of mixing functions of the respective
phases, and X is the mole fractmn of Ir.- The coefficiénts

d to"be ind of e. The num-
ber of a™ and §° terms derived from the standard multiple
least-squares regression analysis of the phase coéxistence
data- was kept to a minimum, as a compromise between
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‘of the d diagram and the sim~
phclty of the model {86Chal).

In the present instante, approximations of the fce phases
by a-subregular.solution and the liquid by a regular solu-
tlon were found to:be adequate for repmducmg the phase
above the.p . The corre-
sponding expressions of G™ for the hqmd and the fce
phases are shown below in Eq 2 and 3, respectively.

G(L). = X(1 - X) (26990) (J/mol) (Eq-2)
G™(fee) = X(1 ~ X) (32980 + 10360 X) (J/mol) . (Eq 3)

According to Eq (2), the maximum value of AH(L) is 6.75
kd/mol at X = 0.50. The corresponding integral molar
Gibbs energy G(L) (based on pure liquid Cu and pure lig-
1id Tr-as standard states), estimated at 1000 °C is - 0.59
kd/mol. These same values for the fcc phase are 9.58 kJ/
mol at X = 0.53 for AH (fce), and 2.27 kd/mol at 1000 °C for
AGfee).

Using Eq 2 and 3, the liquidus and the {Ir) phase
boundaries were calculated as shown by a solid line in
Fig. 2. In the absence of any experimental results for the
liquid, ‘the calculated diagram was compared for repro-
ducibility against the solidus for the (Ir} phase, part of
‘which (up-to 1600 °C) is known from the work of [69Rau].
The calculated solidus shows satisfactory agreement with
the latter. Incorporation of an additional entropy term in
the G**(fce) expression does not improve further the repro-
ducibility of the phase diagram. On the other hand, if the
G™(fec) is represented by a combination of one enthalpy
and an.entropy term, or if the lxqmd was allowed to as-
sume larity, the resul d solidus dif-
fers considerably from the diagram of [69Raul. The
resultant liquidus boundaries also exhibit large devia-
tions from those shown in Fig. 1 or in {69Raul. Thus, Eq 2
and 3 are considered most appropriate and are accepted in
this evaluation to represent the thermodynamic proper-
ties of the liquid and the fcc phase, respectively.

The validity of the calculated liquidus was further as-
sessed through another analysis. It was assumed that, al-
though the (Cu) and (Ir) phases have the same crystal
structure, differences in the atomic properties can intro-
duce large local variations in the Gibbs energy curves in
the narrow terminal solid solution ranges, where the G
may be d by two i expressions for
these isomorphous phases. Under such circumstances, the
equilibrium compositions of the (Cu) and (Ir) phases at
several temperatures from 700 and 1138 °C, as obtained
from the solvus boundaries given by [69Raul, can be uti-
lized to derive the expresssion for G* for {Cuj and (Ir), as
ini Eg 4 and 5 below:

G™(Cu) = X(1 ~ X) (26450 + 49130 X) (J/mol) " (Eq 4)
G*(Ir) = X(1 - X) (181600 ~ 147400 X) {J/mol) (Eq 5)

As expected, the. calculated solvus boundaries based on
Eq 4 and 5 show better agreement w1th the experimental

daries than do calculated bo ies based on Eq'3,
which uses a single expression for the G** for both (Cu)
and (Ir) (see Fig. 2). Equations 4 and 5 and the three-phase
equilibria data at 1138 °C were utilized to derive the G**
for theliquid for a regular solution model as in Eq 6 below.

“(Eq 6)

GHL) = X(1 — X) (26850} (J/mol)

Cu-ir

Table 4 ' Th i in.the

: Cu-lr System

" Lattice stability parameter (a)

AGK" = 13054 ~ 96137

AGTU = 26137 - 9.609T

Integral molar excess. Gibbs energy (b)

GXL) = X(1 - X)}(26990)

G*(fee) = X(1 — X)(32980 + 10360X)

Note: X = role fraction of Ir; all units are in J/mol; standard states dre

puré liquid Cu and pure liquid Ir.
(){Hultgren,EL  (b)This work.

The liquidus and the (Ir) solidus calculated from Eq 5 and
6 are shown by.plus (+) marks at selected temperatures in
Fig. 2. The liquidus is identical with that calculated from
Eq 2 and 3, and the solidus indicates slightly lower solu-
bility. The above calculations indicate good internal con-
sistency in the liquidus derived from the thermodynamic
analysis of the experimental phase diagram.

The thermodynamic consistency between the calculated
liquidus and solidus derived from Eq 2 and 3 was further
checked at the Ir-rich end with the van’t Hoff’s relation-
ship. Specifically, the distribution coefficient, K, of €uin
the liquid and (Ir) phases at very dilute ranges was deter-
mined from the initial slopes of the liquidus and the
solidus, and was compared with: the thearetical value of K
as given by the. following expression [68Gor]:

XEXk=1 + [AHFY RTDH AT [ X%,

In this equation, AT/X§, is the.initial slope of the lig-
vidus, 7% is the melting point of Ir (2447 °C), and AH{ ™" is
the enthalpy of fusion of Ir (26 137 J/mol (Hultgren, E].
The value of K as obtained from Fig. 1 is approximately-
0.28 * 0.01 and compares very well with the theoretical
value-of 0.29 + 0.02 (obtained from Eq 7 using the‘initial
slope of the liquidus —1667 °C/X L, from Fig: 1). The corre-
sponding values of K from the suggested curves of [69Rau}
are, respectively, ~0.25 and 0.62 £ 0.03, which indicate a.
much greater discrepancy. Thus, the liquidus and the
solidus for (Ir) as obtained from Eq 2 and 3 are considered
to be consistent thermodynamically, as well as with the
limited available éxperimental results, and are accepted
in this evaluation. The solvus, and the solidus and lig-
uidus boundaries below the peritectic temperature, are ac-
cepted from the experimental results of [69Rau}, as shown
in Fig. 1. The accepted thermodynamic parameters for the
different phases are presented in Table 4.

Figure 1 shows slight discrepancy between the calculated
and the experimental solidus for the (Ir) phase above
1300 °C. However, the experimental results, especially at
higher solute ranges, may not be very reliable, if the (Ir)
phase deviates from Vegard's law. In the (Cu) phase, the
authors observed a positive deviation from Vegard's law.
A negative deviation from Vegard’s law in (Ir) is required
to account for the decreased solubility indicated by the cal-
culated solidus.

Thé calculated liquidus in Fig. 1 shows an inflection point,
which indicates the likelihood that the liquid develops a
metastable miscibility gap at lower temperatures. The
metastable gap of the liquid was calculated ‘and is shown
in Fig. 2, with the critical temperature. at ~1350 °C. The

Bulletin of Alloy Phase Diagrams Vol 8 No.2 1987 135



Cu-ir
Be-N
symmetric shape of the gap is a consequence of the liquid
being approximated ‘as a lar solution. Figure 2 also

shows the meétastable miscibility gap of the fee phiase cal-
culated from Eq 3.

Suggestion for Future Experimental Work

For the sake of completeness of the assesaed phase dia-
gram-and for comparison with the the

K. Less-Common Met., 15,103-105 (1968). (Cirys Structure;
Experimental)

688in: H.P, Singh, “Determination of Thermal Expansion of Ge,
Rh, and Ir by X-Rays,” Acta Crystaliogr. A, 24, 469-4711968).
{Crys Structure; Experimental)

*69Rau: E. Raub and E. Reeschel, “Copper-Iridium Alloys,” Z.
Metalikd., 60, 142-14441969) in German, (Equi Diagram, Crys
Structure; Experimental; #) .

79[.95* A.G. Lesnik, V.V, and A.A, Ovcl k

~Aided C of Constitution Diagrams of

liguidus -in the Cu-lr system must be determined exper-
imentally.
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