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Cu-Pd (Copper-Palladium)

By P.R. Subr s and D.E. L 4
Carnegle-Mellon University
Equilibrium Diagram {28Bor] and {36Bel] found maxima in the transformation tem-
perature at 578 and 620 “C, respectively, and the stoichiometric
The equilibrium phases in the assessed Cu-Pd phase disgram  COmposition 25 at.% Pd. On the ofher hand, [34Tay] observed the
(Fig. 1) are: (1) theliquid, L; (2) the f Mh;ﬂ'fﬂl"c'mdhgﬁ.
(Cu,Pd); (3)ordered CusPd, in the solid soluti Pd.O

phase

field with a composition range of homogeneity; and (4) ordered

CuPd, also existing in the solid solution phase field with a range

of homogeneity. This evaluation of the Cu-Pd system updates the
).

%
X~ny, and spocnﬁc heat measuements, [39Jon] obscrved that
AuCus-type ordering is present only in alloys with less than ~20
lL%Pd.FotaHuyscomammgmm?SaL%Pd,mgomlmw-

phase diagram assessed by [Hanses turewas observed. [39Jon) CusPd phase boundaries
by o umepwdm[ﬁmsm]mthebeslsoﬂhemﬁomawndmaf

Liquidus and Solidus [MTay}, i ination with their ivity and Xeray data.
mOJPdsymmwuﬁ:stmvsngmedby[OGRue]byﬂmmﬂ 547au] 2th AuCuz
and 49Nem in10t019 at.% Pdand 1 n19

analysis and metallography.
lheOlPdlxqmdusonﬂ:ebas:soﬂhexmahmlyssdm.Thehq-

f [Hansen] the
data of [06Rue] and [49Nem]. 'I‘hcrehﬂvebeenmoﬂxermves-
tigations of the Cu-Pd liquidus and solidus. Therefore, the as-
sessed liquidus and solidus in Fig. 1 are based on the data of
[06Rue] and [49Nem], with modifications in the temperatures so
that the melting points of Cu and Pd conform 10 the
values of 1084.87 and 1555 °C, respectively, from [Meli], Table 1
shows the experimental liquidus and solidus data for the Cu-Pd
system.

{Cu,Pd) Solid Solution

m(md)wnmumlssohdsolnnonhubeenmvesugaledby
numemus physical properties were deter-
ctrical ivity and resistivity [245ed, 27Joh,
28Bor, 32Sve, 33Sce, 34See, 34Tay, 56Jaul, 73San),
susceptibility [32Sve, S6Jaul, 78Bel], X-ray methods [24Hol,
25Joh, 32Lin, 35Gra, 54Gei, S4Jon, 55Sch, S6Jaul, S7Hir, 69Pre,
71Rau, 73San, 78Ima], thermoelectric emf [49Nem, S2Rud,
S6Rud1] (also see [S6Rud2]), hardness [54Gei, 56Jaul, 69Pre,
- 738an], absolute thermopower [56Jaul], short-range order
{59Wat, 67Kat, 730hs, 760hs, 78Bel), diffusivity [52Tho,
66Mar, 66Bor, 69Bad, 74Ten), density [69Pre], optical absorp-
tion [72Spr], and thermal conductivity (uomplled by [78Ho]).

(Also see the sections on “Short-Range Order”

dynamics.”)

Order-Disorder T 1

Order-disorder transformations occur in CuzPd and CuPd.
CugPd

Early i igati fthe from di toor-

A
dered CusPd on the basis of electrical resistivity {27Joh, 28Bor,
32Sve, 33See, 34’Ihy, 36Bel], magnetic susceptibility [32Sve],
thermal analysis [34Tay, 36Bel, 49Nem), and X-ray methods
[27Ioh, 32L|n] md:uxed that ardered CuPd forms with AuCus-
type ition range 100 25 at.% Pd.

*Current address: Materials Rescarch Division, Universal Energy
Systems, Inc., 4401 Dayton-Xenia Road, Dayton, Ohio 45432,

1027 a1.% Pd on the basis of X-ray and resistivity:

[54Gei] reported a “2-high inverted” Ni,

space group Pdy/m, for an alloy containing 20 at.% Pd. [S4Jon]
studied the temperature variation of the tetragonality of an or-
dmdolﬁmmd-noy,mdpmposed following relation-
ship between the degree of order (W) and the axial ratio (c/a) of
the tetragonal cell: ¢/a = 1-0.015W,

Basedonpuwdetx-nydaa.[SM]and[SSde]pmposedM

APD)struc-
ture(or} d ice, LPS)i ing18.510
Bu%Pd,mdl mplex"APDsmmrem?SSm!On%Pd
alloys. Subsequently, [SSWat] and [56Wat] determined the struc-
mofnﬂoy:vnﬂllsw~28m%l’d(a phasc) by electron dif-
fraction measurements in thin films and by X-ray dif-
fraction (XRD) of single crystals. They observed that in alloys

Table1 Experimental Cu-Pd Liquidus and Solidus Data

Composition, ‘Temperature(a), "C
Reference n%Pd Solidus
(o — - [} 106487
62 1093 1088
130 1104 1094
204 1125 110
285 1148 uz
328 1180 1145
374 197 1167
422 1215 180
413 1230
582 1289 1264
705 1375
843 1459
100 1555
[ L0 0 -, 10 1107
1119
30 1150
50 1241
70 1351 -
80 1416
% 1479

(&) The temperatures are adjusted so that the melting points of Cu and Pd cor-
alues of 1084.87 and 1555 *C [Meh],
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connmg—l&wﬁn.%?d,ﬂwlnmconmoffaceﬂsbuﬂt
interms of th d foc el <, the splitting
of atti ions indicated the p of 1D AFD’s
mthapmodwuydﬂl;dmglhemngmallmdtheﬁdo:ﬂ,
where M3 s the half period and varies with Pd content. In alloys
with ~25 to 28 at.% Pd, the reflections indicated a two-dimen-
sional (2D) APD structure, wherein the atoms have two kinds of

II: Phase Diag

step shifts occurring at every Msth and M th atom along the zand
xdirections, respectively, whe:eM;andMlmﬂnhﬂfpemdsm
the two directions.

The resulting 2D APD structure was observed to have lattice
parameters 2Myay, a3, and a3, where a1, a2, and a3 correspond to
the lattice vectors of the fundamental foc cell. The space group

Weight Percent Palladium
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Fig. 1 Assessed Cu-Pd phase diagram.
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symmynfmnh-ceﬂ(asshown,forexample.m[ﬁwublsno(
but rather [55Wal

Phase Di ion IT

Table 2 Values for the Half Period in the LPS CusPd (' )

t] and Alloys at Various Pd Concentrations

[56Wat] observed that the length of the APD's depend on Pd con-

umnmmulesﬂnemﬁrmedtheudmobmwmonsof Temperature,

[55Sch], with tx £[55Sch] Refereace at.% Pd C

mgbtbmmmmof[ﬁwm] Intddmon,[SSWat]ob- £54Sch] smuninns w o

i beAPD inall ninglessthn~18aL%Pd,  © 550 s

Table 2 lists the vatues for the half periods in the 1D LPS and 2D [55SchKb) conenrene 185 40

LPS Cu3Pd (a) alloys at various Pd concentrations; the half 1o %0

periods, in general, decrease with increasing Pd contents. g‘; g

{567au2) studied the anncaling behavior of quenched and cold a0 430

‘worked Cu-Pd llloysemIammgsmwn%Pdﬁmmomwm- gj g

perature to 450 *C. [56Jau1] measured various physical proper. 20 430

mdﬁwwu%Nlﬂaysulmnmondlbedeyeedudet 240 430

Buedonuothemlnmuhnglndx—ny dau, [SﬁlnuZ] con- 0 430

cluded that Tnthe 255 430 68 41

h@:amm[sam]pmpmmmunm or- 20 ;:g 62 :’},

dered region from 1010 ~28 at.% Pd has tetragonal structure, with 265 30 54 38

the axial ratio close to unity for 19 at.% Pd. {56Jau1] concluded 270 430 47 37

Mmdummﬁvmbhmpmmfaordenngm 275 430 45 36

thatithas th [54Gei]. However, 20 feed b+

[SMr]mudmmeexpenmwusﬂsof[ﬂGn)mbe 285 380 40 33

interpreted in terms of the 1D APD structure. 20 380 39 2
(continued)

Ond:ebassofthﬂmalemfmvemganmpmem], [SZRud],
and[sskm], p of ordered
s&mdnomeum CusPd (1667 n.%Pd)lnd
CusPd3 (37.5 at.% Pd). Similarly, [69Pre] suggested the forma-
* tion of ordered CugPd and CusPd. However, in view of the sub-
stantial evidence for the existence of ordered CuzPd and CuPd,

(@) In the 1D LPS, My is the half period along the tetragooal axis of the fun-
1o the 2DLPS. M: and M-

tions, respectively, of the fundamcatal cell, (b) Calculsted from the faukt den-
[Peacson2], data of [555ch). (&)

20020d 450°C
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Fig.2 Phase boundary of ordered CuzPd.
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ﬁcﬂon I: Phase Diagram Evaluations

Tuble 2 Values for the Half Period in the LPS CuyPd (@' '}
Alloys at Various Pd Concentrations (continued)

C

Reference % M ] M My

[56Wat]............ - 180 490 o 99

4N - 105

219 490 s 68

- 40 68 55

450 64

250 76 57

250 450 53 38

400 54 37

390 53 38

250 54 a7

230 55 37

280 400 a6 3z

a0 s 3z

360 a6 a1

250 35 32

300 400 33 31

3% 32 31

250 a3 31

(ST 208 © 70

252 © 44

58 © 42

273 © 40 32

%S © 38 35

[ FO—— 180 40 108

440 94

20 462 40

453 39

451 a7

442 38

20 413 a1

395 a2

258 as

us 35 43

N 450 58 43

185 475 120

190 475 17

450 15

195 475 94

205 n 71

[C1L. [— 280 0 3 34

[(:525 fo—— 200 457 - 80
@Inthe 1D m,u,umwmmmmwmumm

damental cell; in the 2D LPS, M and M:

mmpﬁﬁively,ofﬂzﬁmdlmﬂd (b) Calulated from the fauk deo-

muhudh[?mz],b.udmmdnd[ss&:h] () Anacaled at various

theconclusionsof [ S6Rud Jand[65Pre]arenotjustifid. [3Pre]

studied p ofaCu-
28.8 at.% Pd alloy and ﬂleplmuohdisadﬂndﬁuc
phase sbove 750 *C, an ordered foc phase between 350 and 375

“C, a tetragonal phase between 475 and 600 *C and a phase with
unknown structure between 675 and 700 *C. The existence of the
latter two phases within the mpnm range speaﬁed by
[63Pre] is quite untikely;
lhlllhﬂewucnnnd«ubleuncemmtymmeobsewedmpen—
ture range of stability of the various phases.
Single-crystal and powder XRD studies [S7Hir, 700ka, 70Sou,
TiMic, 71Sou, 81Egu], electron diffraction studies [S9Wat,
70Sou, 71Sou], and transmission electron microscopy (TEM)
studies [81Ter, 81Egu, 83Egu] confirmed the existence of 1D
APD structures in the range ~18 1o ~27 at.% Pd and 2D AFD
structures in the range ~27 to ~30 at.% Pd. Morcover, [59Wat],
[71Mic], [73Knb] and [7661ly] obmed ﬂn( the xehuve
stability of

Amdmgb[sﬂ-b:] [59Wn], lndﬂlmc],lmn-

proposed the space NmfmdnelDAPl;
structure, Investigations by [700h], [Sl’hr] and [81Egu]
shaweddunhemnpluseha]fpen the Jong-period struc-

integral periods
ofdomﬁmwaﬂseenumuywl [Bsm]mwﬂem-

omespondmgbﬂwhng-pcmdmmmma

Plnse dugnms showing the CusPd order-disorder transforma-
were proposed by 28Bor] [34Tuy], [39Joa), [55Sch),
[56’!“‘2]. [71Mic}, [7131.[760“)']-“[35?0"] Hﬂwmf,“

the phass with the 1D LPS tt ritectoid b
theLiztypea’ mmm(wd)mmmmmnm
the 2D LPS through a peritectoid reaction between the 1D LPS

Table3 Cu-Pd Crystal Structure Data

and the dis (Cu.Pd) solid solution. In additioa, [S6Jan2]

Struldur-
Composition, Pearson Spece bericht
at.% Pd symbol oup designation Prototype Referesce
010100 oF Faim A1 [ [King1]
~T.6t0-22 P4 Pr3m Lia AnCuy [39J0e]
~17t0~28 *28 Pdmm CusPd [s5Wat]
~1910-31 {s5Wat]
~3610-47 P2 Flm 7 Ot {39%ce]
(8) The 1D APD celf has ttice paramicters a and 2Msc, where @ and ¢ are the lattice fth and My is the b varies with Pd con-
centration. (b) The 2D APD cell ay, 82 .Mzu,.s,-n.m. a3, and 11, andM; and
My are half periods and vary with Th p y P
234 Journai of Phase Equilibria Vol. 12 No. 2 1991



and {71Sou] showed the existence of a eutectoid equilibrium be-
tween ordered CuyPd and CuPd at lower temperatures,
Figure 2 shows the tentative phase diagram for ordered CuzPd,
on the basis of selected data from [3%Jon], [sssd:],
[56W¢t], [71Mic}, [71S0u}, and [76Guy]. lnwcwofl:heluge
for CuzPd

Phase Di : Section II

orderof £10°Cfor fi and £2% for
theumponmnnngenfmbﬂnyofmcvmmsuucmm.

CuPd

ofmhmyoszG-lypeOll’dvns

gree of
regarded as a ise, with on the

Table 4 Lattice Parameter Data for the (Cu,Pd) Solid
Solution

The composition range

iedb X-ny[27]oh.32hn,34‘lhy,39lon] magnetic suscep-
tibility [32Sve), and clectrical resistivity measurements [27Joh,
28Bor, 32Sve, 34Tay, 36Bel]. On the basis of electrical resistivity
measurements, [28Bor]

observed in the phase boundary of CuPd
lmmumnl-G?O‘CmdSOn.%N[Sﬂhy]detumnedM
the from d (Cu,Pd) solid solution to or-

‘Composition, Lattice ‘Composition, Lattice
% Pd parameter, nm at.% Pd parameter, wm
From [24Hol] From [56Fau2)(c)

dered CuPd occurs over the range 35 10 50 at. % Pd, from thermal
analysis, metallography, and electrical resistivity measurements.
‘Moreover, [34Tay] noted that the CuPd phase boundary shows a
mmmumat596'cwthnnoewxsulheoﬁ—sundmmam
40n%l’d ‘This maxi fl
QHO:L%

Pddhyl the fthe enthal
nouofllou%Pdllluy [620n']delummedthm!hzmda—dm—
order tansformation for this alloy occurs at ~600 °C, in agree-
mmtvnﬂnhedmof[MTay]md[SSllon] Thelepomof
{49Nem] and [S6Rud1} showing the existence of ordered
CusPds, instead of CuPd, have not been

phuednmmo([sﬂaﬁ]showedtbemmohﬂlw
toid equilibrium beiween CuPd and Cu3Pd, based on X-
nydnuonaCu—EaL%PdalloyﬂmmsdowlyeoohdlnﬂS
*C. Similarly, [68Dzh] i ining 26.41028.8
a%Pd ) itionof (Cu,Pd). The
dngxmpmpoudbyﬁlSm]alsomdnudrhneumdeqm-
their diagram was d by
mgtlu&i;?dmd&ﬂdph:sebmndmsﬁmh@ampur

Order-dlsordertnnsformaﬂonsm&lPdhxvulsobeeumldwd

by [70EN], [72San], {73San}, [78Imal, [78Iwal, [78Bel], [S1Tel],
[Sllwn], and [83Syu]. [70ElL] observed that any type of deforma-
tion induced a transformation from ordered CsCl structure to dis-

Table 5 Lattice Parameters of Ordered L1;-type CusPd
@)

Lattice Lattice
% M parameter,am %P parameter,um
From [32Lia] From [65Prel(®)
108 03655 91 03645
148 03662 1040. 03647
170 03671 111 03652
190 03680 125. 03655
FUE I, 03661
From 39Joakn) 16T e 03667
03646 200 03675
15 03662 250, 0.3689
18- - 03672
From [76Guy}
From[S55ck] 175 . 03670
1800 03670 150. 03674
25 193
(8 Lattioe parmeters calcalated from stomic volums data of [Wloa), @Al 2 sz 203 o366
Whhhwuorim(c)kadmmmmwm i
C@ vs (@)Latsi " dataof
4 () '650°C. (1 A28 °C. Ot et ni (39%0n). B)Read
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II: Phase Diag)
mdemd(Ox.Pd)sohdsnlmmdndegxeeofhnsfmmn ceptibility measurements. Their results showed that the ocdered
onﬂzdeg;eeofdeformmm'[‘humled phmhmsbymldunmahngthegtmbumdmofﬁe
{74War] to suggest that the disord ion is mar- parent di of the
tensitic in nature. mmwm&emﬂzhabmdm:mthcu-

Wm]mmwdﬂuudmngp:mmlcu-ﬂBn%Pd
alloy by electron diffraction, metallography, and magnetic sus-

Table6 Lattice Parameters of Ordered CusPd (a)

B1Tel]
mmmmmlwmﬂ!l’dnﬂoybym“mbgnphy,
XRD. Their of [78Bel] in that
d:eotdmngplmmvol_vunudeammdgmmhofmdaed

'h 5o definite
with

oudendphse.[?&lwa]md[suwa]stmdcheeﬁwofpremre

C L am m'.h
(3.0, L] [ Couwment sure displ ’ﬂltePdphaseﬁeldwwudthelduleqmﬂm
positis i -Cu-41 IL%Pdaﬂoysbowed
that the application of pressure rai transfor-
03715 03663 mation temperature at the rate of 1.4 *C/kbac.
The assessed CuPd phase boundarics in Fig. 1 and 3 are dawn
03685 03664 from the data selected by [39Jon] from the resistivity measure-
ments of [34Tay).
03710 03654 At18°C Short-Range Order
[Smlwmlsmmn%maﬂaysbyﬁww
0367 03661 Anncaled st 430°C electron diffraction measurements at temperatures sbove
036% 03665 Anmladlm:g uder-duadermmfumnmpmntmyobmeddmmalby:
0.3681 03660 Anncaled ot 430 with the 2D APD structure, diffuse
o A mmmmnlmmm'cmmnmm
0.3696 03655 Anncalod t 300°C mmuﬂmdommsummnsofhrppodmoi
03693 03657 30°C regions between ordered domains. Dif-
03701 03666 Anncaled st 430 'C fnsex-ny mdmuveofshm-rmgeordﬁ,wsob-
03703 03635 Annealed 2t 300 'C medby[m]inl():-lsn%l’dmoymhdbem
0.36% 03667 Annealed # 430 °C oy 1o A Diffuse electron
0370 03677 o h
03699 03679 c was also observed by {730hs] in 12.6 t0 60.6 at.% Pd
alloys that had been quenched from above their respective trans-
03687 0369  Quenched from400°C copy 0f 250294 8.9 Pd alloys at ~500 “C showed thatthe dis-
03688 03655  Quenched rom275°C
pyesed e proipiedvd Table7 Lattice Parameters of Ordered CsCl-Type CuPd
03703 03653 Quenched from275°C position, Lattice Lattice
03702 03683 Quenched from 400°C
03703 0367  Quenched fom275°C %P puramcternm  o.%Pd  permcenam
From [24Hol} From {39Joal(s)(coat)
03691 03659 455 e 02980 02977
gj% 0.3660 From [32Lin]
03711 03677 02960
03710 03682 02958 €10mscceine
02973
02977
03736 03680 ® %
02966 02967
03710 03665 02996 02973
02955 02954
03678 03660 02955
03680 03668 ®) 02965
03680 03664 (u) 02970 02962
03680 03669
(a) Lattice Sculated from atomic £ (39%0a}. (b) Al-
Note: Lattice parameters givea in termas of the fundamental cell, (8) Annealed by-lxeinﬂnwwhueuﬁnsm (v)Anuded“lO’C(d)Al\m

baween‘iﬂmd 475 °C. (b)Annealed betweea 475 and 480 °C.

treated 2t 500 °C.
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Fig. 4 Variation of lattice parameters of the disordered (Cu,Pd) solid solution with composition.

237

Journal of Phase Equilibria Vol. 12 No. 2 1991



48

1I: Phase Diag

tribution of short-range order diffuse scattering in these alloys is
lmﬂlrlothnobmvedmﬂlequndledalbyx[ﬂiohs]gew;
d29.8at.
Pdﬂloyby)ﬁleusnmtsmnnglcaymkththadbeen
quenched aftes annealing at 500 *C. The existence of short-range
udumq!uad:edlﬂnyswnhssmlln.%mwumpawdby
[78Bel]. Also,
m:d:ndﬂed&l—%tt.%?dalloyby[m]wvuledﬂuex-
istence of microdomains in the alloy, suggesting the presence of
:hmnngemdet(&ﬂ'hn]observedﬂ:e of lattice frin-
ges in electron of disordered Cu-21 and -29.8 at.%
Pdalluys.ﬂwyemdudedthammefnnmmmlmdmdm
range ovder diffuse streaks, i
miﬁeddulmmmthedm‘hmdaﬂoys.[ﬁﬁsn]s\ldwdhef-
fects of short-range order on low-temperature specific heats of
Cu-Pd alloys containing 58, 67.5, and 75 8t.% Pd.

Crystal Structures and Lattice
Parameters

Theaysnlmmmesof()x -Pd phases are listed in Table 3. Lat-
solid solution

Thermodynamics
Solid (Cu,Pd) Solution

'lhmodymmicpmpmofsohdoll’dlllayswmdﬂu
mined by chemical equilibrium studics [40Sch, 51Sch], emf

measurements [58Vec, ﬁo\bc, 63Vec, 69Bug], tin solution
calorimetry [62Gua, 620ri), and vapor pressure measurements
[68Myl] [Hulmen,B]assesedthcvmthcmodynamcd:m

nlmpom.lna“mnus.ﬂwdiushawneynveenthdpﬁof
mmngfulhesothmever.ﬂwemhalpyu‘\c.lGlbbsenel’gy

b 40and 45 at.% Pd. This inthe th
dymcﬁmonsmamnbmamnwuhthehrgeugmvem-
thalpics of mixing, could explain the tendency for ordering
observed at lower temperatures. Figures 5 and 6 show the com-
puuofaﬂtvndablzdmforthenamﬂludemhﬂpmof
mmng,A"/X(l—l’\ d f mixing,
Sex/X(1 - X), respective ly,forulesothuPdalbys(whueXu
ﬂwmﬁmonof?d).nlsln]apphedﬂtmbmgulxmdd

tice parameters of the (Cu,Pd) phase dby
[24Hol], [32Lin}, {35Gral, [39Jon], [54Geil, [S5Sch], [S6Tau2)],
{S7Hir], [69Pre], [71Rau), [73San], and [781ma] are summarized
in Teble 4 and Fig. 4, along with data for the pure
[Mlsals\iZ].lngpm!,thelmﬁcapunmmdlushowgood
agreement in the range 0 to 30 at.% Pd, whereas there is a small
degree of scatter in the range 30 to 60 at. % Pd. Almost all the data
lhowpo-uvedevuuonﬁomVegud:hw [54Jon] determined
the inaCu-25
uﬁmdhyﬁmhglkwmpeumux—uydln.[?lhu]
d CuPd

alloys inthe range 35 to 50 at.% Pd between 400 and 700 °C.

Lattice of ordered Llx-type QuaPd (o), ordered
Cu3Pd ("), and ordered CsCl-type CuPd (B) phases are listed in
Tables S, 6, and 7, respectively.

and a 1 model to derive analytical expressions for
theuuhlpuofmmngofsolul&deaﬂuys,bamdonthe
sclected values of [Hul B}. These ions are also rep-
resented in Fig, 5.

{6200ri] determined the temperature variation of the enthalpy of
formation of a Cu-40 a1.% Pd alloy in ordered and disordered
mbydlﬂuenndsﬂmalmukymmzhnﬂw
order-disorder emh.llpy
and entropy changes. However, weordmgto[ﬂ\mgm,n],
type of behavior is inconsistent with tho thermal effects obscrved
during the order-dmda transition. [688:!] and [70Sat]
cific Ty Cu-Pdal-
bysanddet:mmdﬂwvmumofﬂzmlpeaﬁchen
coefficient and Debye temperature with Pd concentration.

BH/X pg{1-Xpgd k0701

l7| st o

BT 02 03 04 05 06 07 08 03 10
[ Xn P

Fg 5 C of i of
mixing in solid Cu-Pd alloys, (8) AH/Xpg(1 - Xpy) = —48 982 +
8954Xpq J/mol. (b) AH/Xpy(l — Xpq) = -51 857 + 20 636Xpq -
9954F30q Jmol.

-20f

S/ Xpglt-Xpal, J7mol - K
r

24 s eawc

.
28 & tligrin.d

o1 o0z 03 04 05 06 07
Xm

Fig6 C entropies
ofmunngmsothx Pdalloys ®) 5“=XM(1—XN)( 5.198
-20.560%pg) §fmol - K.
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Liquid Cu,Pd

[71Vat1] and [71Vat2] determined the activities of Cu and Pd in

alloys by emfandv-pormusumems, respectively.
[71vatl] d from the hat the ex-
w-annoyynfmnngnfﬂnhqmdudosewmo {71Ukh] cal-
culated the activitics of Cu and Pd in liquid Cu-Pd melts from

ﬂaelmhus).mmv:tydmsbowpounvedewauonsﬁum

Phase Diagram Evaluations: Section II

data of [Hultgten, B], is taken from the subregular model of
[71Sha] as:

AH(s) = X(1 - X)(— 48 982 + 8954X) J/mol EqD)

The assessed SeX values for the solid from [Hultgren, B} were
fitted by the least-squares approximation to give:

§%(s) = X(1 - X}~ 5.198—20.560X) J/mol - K (Eq2)
mmungpm&ﬂnmmyvdmmwmpamdmﬁg

liquid solution

ponnvehemofmmng.?ubdmﬂ:ﬂpuof()und?dmhqmd
solutions, determined by [74Sec] on the basis of a cluster model,
were reported to be in good agreement with comresponding ex-
perimental values from [S9Ukh]. [81Arp] determined the enthal-
pnesofmnngoﬂaquldOJ‘PddbysnlsooKbyhlgh—wmp«:-
indicated that the
wnmonoftheemh:lpmnsmxhrlolhatobsewedforxﬂxdul—
oys.

Themuhngdlu,pmmmhmﬁg 7, show negative en-
thalpies of mixing wnhlnnmnnnnvaludappmmmalely—ls
k¥/mol atXm-O.SS {81Arp] explained the large negative values

CuandPdinthe
hquudsme.lnlddmon.[BlArp]wpmedlhnhqlndenﬂlﬂpmof
calculated on modified association model

Sand6, withthe ta. [81Arp]
fitted their experil vuucsfoﬂheenthalpyofmmngohh;
liquid lytical expressl b 1ol ace
AH(L)=X(1 - X)-87 824 + 63 054X) J/mol Eq3)
and on a quasichemical model as:
AH(L) = X(1 - X)-81 380 + 9296X + 81 568X%)

T/mol Eq4)

The resulting AH vs concentration curves are shown in Fig. 7,
along with the experimental data. No entropy data are available
for the liquid.

ninitial isted of op-
:mizingthc i ph:seboundam.swnﬂ:dxeﬂmmo—
dynamic data for the solid from [Hultgren, B] (Eq 1 and 2),
together with the enthalpy function for the liquid from {81Arp]

[81Arp] are in positive enthalpi esofmmng
oL[THVat, [71Vat2), 71Uk, 745} they o consistent (Ea3) ";fd““w‘“" Totlowing function for the excess entropy of
‘with the form of -Pd phase diagram and thercfore are ac- e
eepwdm!heprmntcvaluam SH(L) =X(1 - X)-28.419 + 13.861X) J/mol - K (Eq5)
“Th namic The calculated liquidus and solidus data, based on the sbove ap-
’ hd pmach,showamsonableawdwnﬂnheamedphasedm—
The lattice stability f CuandPdaregiven ~ Sram &t high Pd , the
m’mJleQ.mAHﬁmonfonhesohd.basedmﬂwselecbd bmnd{nshyweﬂbelowtbeexpenmenhldahatbw?dwn—
Asumsult.'h- h pprop
for calculating the ph .
Anal i h the follow-

~8H, wizmol

(X3 X3 0.8 68 o

Fig.7 Enthalpy of mixing of liquid Cu-Pd alloys as a function of
Pdconcentration, (a) AH(L)=Xpa(1 ~Xpa)(~87824 + 63 054Xpq)
[slAm], see Eq 3. (b) AH(L) = Xpg(1-Xpg)(-81 380 + 9296Xpy +

81 568K2p) [81Arp]; see Eq 4. (¢) AH(L) = Xpa(1 - Xpg)-52 656
+9626Xpy);, present model.

ing pt

Table 8 Enthalpy of Mixing of Liquid Cu-Pd Alloys at
1600 K

From (81Asp).
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II: Phase

*  The excess entropy of the liquid is the same as that for the
solid.

+  The enthalpy of mixing of the liquid has a concentration
variation similar to that observed for the solid.

‘These assumptions are fairly reasonable, in view of the fact that

e nhage di i of A 1 soln

P P

Tble9 Thermodynamic Parameters for the Cu-Pd
System

ﬁouofOll_ndeathwerumperatmusmdnvuyna.nowtwo-
poratures. ! e
from Eq 1 and 2, respectively, the enthalpy function for the liquid
'was determined as:

AH(L)=X(1-X)-52 656 + 9626X) Jamiol ®46)

The d AH values are compared with the expeti l
dahof[slmp]m!-‘igJ whete it is observed that the resulting
deviation of uh:lmdvduensonthemuderofmg

itude as din theexp ) data themsel-

. - R - ot AH(L) shouldb

wewednnlyuﬁmngpcnmetﬂsnndnotrsmﬂdnm-
GXoety=0 dynamicq Theva for the Cu-
d‘(ox.ﬁe)--uwwmr A i2edinTable. TL liquidusand
Lattice stability parameters for Pd [$3Chal mmﬁ&&m‘:nnm neatwith t
Arary=0 P
P foc)=—A7560+ 9606T [80Gop] derived the Cu-Pd phnsedugumonthebamoia
Soldphase for the i dv:nl:ll::ld.
i) = X(L - X)48 982 + 3954X) [715ha) parameters fo the i
SH(a) = (1~ XX-5.158 ~20.560X) [Prescnt model] Wym 42578 3fmol
Liquid phase

and

ALY = X(1 - X)-52 656 + 0626X) [Present model]
L =01 -2)(-5.198--20.5608) [Pescad model]

Note: Quantities in Jfmol, J/mol - K, X is the atowmic fraction of Pd, and mal
wrefers to the aom as the clemeotary entity.

Weoo=— 41 744 Jmol

The resulting liquidus and solidus, shown at selected tempera-
tures in Fig, 8, lie well above the experimental data.

Weight Percent Palladium

Temperature °C

§

o % % &

Fig.8 Assessed vs calculated Cu-Pd phase diagram.

cu Atomic Percent Palladium Pd

70 a0 80 100
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