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Au-Sn (continued)

77Sim: V. Simic and Z. Marinkovic, “Thin Film Interdiffusion of
Au and Sn at Room Temperature”, J. Less-Common Met.,
51(1), 177-179 (1977). (Equi Diagram; Experimental)

*78How: S.M. Howard and J.P. Hager, “Thermodynamic Prop-
erties of the Liquid Sn-Ge and Sn-Au Systems by Mass Spec-
trometry”, Metall. Trans. B, 9(1), 51-59 (1978). (Thermo;
Experimental)

78Lab: B. Labulle and C. Petipas, “Crystallographic Study of
AuSn,-Sn Eutectic Alloy”, Ser. Metall., 12(7), 587-590 (1978).
(Equi Diagram; Experimental)

78Mon: V.D. Mon’kin, V.F. Ukhov, N.A. Vatolin, and B.R.
Gel’chinskii, “Electrical Resistance of Au-Sn, Au-Bi, Au-Ga,
and Au-Ni Alloys in Solid and Liquid States”, Izv. Akad. Nauk
SSSR, Met., (6), 53-57 (1978) in Russian; TR: Russ. Met., (6),
41-44 (1978). (Equi Diagram; Experimental)

78Rak: J. Rakotomavo, These de Specialite, Univ. de Province,
Marseille (1978) as cited in [81Hay]. (Thermo; Experimental)

79Bla: E. Blasberg, D. Korn, and H. Pfeifle, “Electrical Resistiv-
ity of Amorphous Alloy Films: Sn-Au”, J. Phys. F (Met. Phys.),
9(9), 1821-1832 (1979). (Equi Diagram, Meta Phases;
Experimental)

T9Fav: J.J. Favier and M. Turpin, “Faceting and Morphological
Regularity of Eutectic Structures: The AuSn,-Sn System”,
Acta Metall., 27(6), 1021-1030 (1979). (Equi Diagram;
Experimental)

79Jen: A K. Jena and M.B. Bever, “On the Thermodynamic
Properties of the Phases Zeta and AuSn in the System Au-Sn”,
Metall. Trans. B, 10(4), 545-549 (1979). (Thermo;
Experimental)

T9Kor: AL Korchagin and K.S. Aleksandrov, “Determination of
Solubility Parts in Binary Systems”, Izv. Sibr. Otd. Akad.
Nauk SSSR. (Khim), 6(14), 44-50 (1979) in Russian. {Thermo;
Theory)

79Po0: M.J. Pool, B. Predel, and E. Schultheiss, “Application of
the SETARAM High-Temperature Calorimeter for Determi-
nation of Mixing Enthalpies of Liquid Alloys”, Thermochim.
Acta., 28(2), 349-358 (1979). (Thermo; Experimental)

79Van: J.M. Vandenberg and R.A. Hamm, “A Time Dependent
X-Ray Study of Compounds Formation in Gold-Lead, Gold-
Tin, and Gold-Indium Films”, Proc. Symp. on Thin Film Inter-
face Interact.; publ. in Proc. Electrochem. Soc., 80-2, 283-289
(1979). (Equi Diagram; Experimental)

80Agr: R.D. Agrawal, V.N.S. Mathur, and M.L. Kapoor, “Ther-
modynamics of Tin-Bearing Binary Substitutional Solutions”,

Au-Sn
Cu-Pb

Met. Forum, 3(2), 121-128 (1980). (Thermo; Theory)

80Buel: L. Buene, H. Falkenberg-Arell, and J. Taftoe, “A Study
of Evaporated Gold-Tin Films Using Transmission Electron
Microscopy”, Thin Solid Films, 65(2), 247-257 (1980). (Equi
Diagram; Experimental)

80Bue2: L. Buene, H. Falkenberg-Arell, J. Gjoennes, and J.
Taftoe, “A Study of Evaporated Gold-Tin Films Using Trans-
mission Electron Microscopy. I1I”, Thin Solid Films, 67(1),
95-102 (1980). (Equi Diagram; Experimental)

*80Jan: A. Janitsch, K.L. Komarek, and J. Mikler, “Heat Capa-
cities of Liquid Au-Sn Alloys”, Z. Metallkd., 71(10), 629-634
(1980). (Equi Diagram, Thermo; Experimental)

80Lei: H. Leitz, “Liquid-Like Structure of Vapor-Quenched
SnAu- and SnCu- Films”, Z. Phys. B, 40(1-2), 65-70 (1980).
(Meta Phases; Experimental)

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

*81Hay: E. Hayer, K.L. Komarek, J.P. Bros, and M. Gaune-
Escard, “Enthalpy of Mixing of Liquid Au-Sn Alloys”, Z.
Metallkd., 72(2), 109-115 (1981). (Equi Diagram, Thermo;
Experimental; #)

81Kin: HW. King, “Crystal Structures of the Elements at 25
°C”, Bull. Alloy Phase Diagrams, 2(3), 401-402 (1981). (Crys
Structure; Compilation)

81Kub: R. Kubiak, “The Influence of Temperature on the Crys-
tal Structure of AuSn,”, J. Less-Common Met., 80(2), P53-P58
(1981). (Equi Diagram, Crys Structure; Experimental)

81Wal: P.C. Wallbrecht, R. Blachnik, and K.C. Mills, “The Heat
Capacity and Enthalpy of Some Hume-Rothery Phases
Formed by Copper, Silver, and Gold. Part II. Cu + Ge,
Cu + Sn, Ag + Sn, Au + Pb Systems”, Thermochim. Acta,
46(2), 167-174 (1981). (Equi Diagram, Thermo; Experimental;
#)

82BAP: “Properties of the Superconductive Elements”, Bull.
Alloy Phase Diagrams, 3(1), 129-130 (1982). (Equi Diagram,;
Compilation)

82Psa: V.1I. Psarev, V.G. Kirii, A.V. Kuzunetsov, 1.V. Psareva,
and A.L. Ivanova, “Investigation of the Crystallization of
Alloys in Systems Containing Peritectic Transformations”,
Izv. Akad. Nauk SSSR, Met., (2), 193-200 (1982) in Russian;
TR: Russ. Met., (2), 175-182 (1982). (Crys Structure;
Experimental)

*Indicates key paper.

#Indicates presence of a phase diagram.

Au-8n evaluation contributed by H. Okamoto and T.B. Massalski, Department of Metallurgical Engineering and Materials Science, Carnegie-Mellon
University, Pittsburgh, PA 15213, USA. Work was supported by the international Gold Corporation Limited (InterGold) and American Society for Metals
(ASM). Literature searched through 1983. Part of the bibliographic search was provided by ASM. Professor Massalski is the ASM/NBS Data Program
Editor-in-Chief for the binary alloys, and also Category Editor for binary gold alloys, jointly with Dr. Okamoto.

The Cu-Pb (Copper-Lead) System
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207.2

By D.J. Chakrabarti

ALCOA
and

D.E. Laughlin

Carnegie-Mellon University

Equilibrium Diagram

The equilibrium phases in the Cu-Pb system, shown in
Fig. 1, are: (1) the liquid that is miscible in all proportions
at higher temperatures, but develops a miscibility gap
below about 1000 °C; (2)the fcc solid solution (Cu), with
very limited solubility of Pb; and (3) the fec solid solution
(Pb), with presumably negligible solubility of Cu.

Liquidus. The liquidus in the Cu-Pb system has been stud-
ied extensively, and the results, for the most part, are in
good accord (see selected data in Table 1). However, the
results for the miscibility gap, including the critical point
and the monotectic invariant compositions, show large
scatter, so that the accepted results for these must be taken
as tentative (see Table 2).
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Fig. 1 Assessed Cu-Pb Phase Diagram with Selected Experimental Data
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The Cu-rich end of the liquidus was determined by
Heycock and Neville [1897Hey] by thermal analysis.
Although the freezing point of Cu reported by them was
quite low (1080.8 °C), as compared to the accepted value
of 1084.87 °C [81BAP]), the liquidus data are still in good
agreement with those of [65Sch1] and [56Pel]. Both au-
thors used the technique of sampling from the liquid,
which in this instance consisted of Cu-rich liquid in equi-
librium with the (Cu) phase and supersaturated with Pb.
The samples obtained at various temperatures were sub-
sequently chemically analyzed for the compositions of the
liquidus.

The liquidus on the Pb-rich side beyond the miscibility gap
has an increasingly steep downward slope that becomes
nearly vertical near pure Pb, where it forms a eutectic.
'1897Hey] determined this part of the liquidus by thermal
analysis, but the measurements could not be extended
above 85 at.% Pb, corresponding approximately to 858 °C,
as this method failed to detect the increasingly weak
thermal arrest at higher Pb contents. Kleppa and Weil
(51Kle], followed by [55Pell, [57Tay], [58Gor] and [63Pin],
used the more sensitive technique of sampling (from the
liquid) and determined the entire Pb-rich portion of the
liquidus in good agreement with each other (see Table 1).
In this sampling method, Cu was added to Pb and was
allowed to saturate by partial dissolution in the molten Pb
at various temperatures. The composition of the sampled
liquid was determined at each temperature to define the
liquidus. The data of [51Kle] overlap the temperature
range of the data of [1897Hey], in good agreement with the
latter. The data of [51Kle] also agree with the limited data
of [65Sch1] above 906 °C, also obtained by the sampling
method. Thus, the liquidus up to ~15 at.% and above
~65 at.% Pb have been fairly well established.

Heycock and Neville [1892Hey] claimed that the depres-
sion in the melting point of Pb on adding Cu reached a
maximum of 1.2 °C at 0.195 at.% Cu. Subsequent studies
confirmed the occurrence of a eutectic transformation at
the composition indicated by [1892Hey]. The correspond-
ing transformation temperature, as derived from the data
of [1892Hey], is not correct, however, as the melting point
of Pb reported by them was 326.5 °C, as compared to the
presently accepted value of 327.502 °C [81BAP]. Both
{1897Hey] and [13Bor] obtained thermal arrests at 326 °C
and estimated the eutectic composition to be less than
0.2 and 0.18 at.% Cu, respectively, in reasonable agree-
ment with [1892Hey]. Pelzel [55Pel] reported the eutectic
temperature to be at 325.5 °C. The eutectic composition
reported by him was, however, too high (0.36 at.% Cu),
compared to all the other results. [51Kle] obtained 0.2 at.%
Cu for the eutectic composition from the extrapolation
of the liquidus to the eutectic temperature, assumed at
326 °C. Based on the literature data (Table 2), the accepted
eutectic temperature and composition values have been
established at about 326 °C and 0.2 at.% Cu, respectively.

Miscibility Gap. A miscibility gap is formed in the Cu-Pb
liquid near the midcomposition range. In spite of several
studies, the boundaries of this gap have not been well-
established. This is shown in Table 2, along with the re-
ported purity of the materials used in these works. The
extremely high critical temperature (>1500 °C), reported
by [13Bor] from the electrical resistivity measurements, is
apparently not correct, as all subsequent studies have
shown. Most of the other studies [13Fri, 15Bog, 31Bri,
62Szk] were based on the sampling method, in which a
ligquid of known composition was formed by complete dis-
solution of Cu in liquid Pb. This liquid was subsequently
equilibrated in the two-phase region at successively lower
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Table 1 Selected Liquidus Data in the Cu-Pb System

Cu-Pb

Temperature, Composition, Experimental Temperature, Composition, Experimental
Reference °C at.% Pb method Reference °C at.% Pb method
[1897Hey]...... 1080.8 0 Thermal analysis [55Pell......... 635 96.56 Chemical analysis
1079.3 0.15 540 98.22 of liquid
1077.1 0.32 500 98.80
1071.6 0.78 450 99.09
1062.8 1.55 370 99.53
1055.1 2.26 [55Sei]......... 988 31.5 DTA
1039.2 3.70 984 23.5
995 8.42 965 17
977.6 10.92 [56Pel]......... 1008 71 Microscopy and
963.6 13.86 chemical analysis
948.8 64.7 of liquid
945.1 67.06 990 ~33.35(b)
941.1 68.94 {57Tayl......... 510 98.84 Chemical analysis
932.2 72.20 of liquid
924.0 74.30 460 99.16
917.0 75.90 410 99.48
890.8 80.30 [58Gorl]. ........ 826.8 87.82 Chemical analysis
851.8 84.80 of liquid
326.0 98.03(a) 800 89.90
327.3 100(a) 774 91.32
[13Frij......... 1025 35.8,+--  Chemical analysis 750 92.47
of liquid 726.8 93.43
1000 284, --- 700 94.54
975 22.8,52.2 650 96.10
{31Bri]......... 989 25.6 Chemical analysis 626.8 96.62
of samplings of 600 97.27
liquid 550 98.16
986 25.2 526.8 98.45
972 20.8 500 98.80
[51Kle]......... 920.2 75.40 Chemical analysis 478 99.0
of liquid 450 99.23
918.7 75.81 426.8 99.38
910.3 77.30 [62S8zKk]......... 985 25.2,43.5 Chemical analysis
907.5 78.05 of liquid
897.8 79.40 965 17.7, 53.3
883 82.10 [63Pin]......... 403 99.45 Chemical analysis
825.9 87.72 of liquid
783.9 90.82 358 99.70
746.2 92.5 337 99.76
726.9 93.06 [65Schi]........ 1065 1.2 Chemical analysis
707.2 94.42 of liquid and DTA
656.2 95.94 1050 2.4
641.8 96.14 1008 6.8
640.9 96.29 975 10.8
572.9 97.14 968 124
520 98.19 945 67.6
505.7 98.75 DTA data....... 1003 36.6, ---
378 99.65 998 27.8, -
360.2 99.69 981 20.6, --
[55Pel]......... 727 92.88 Chemical analysis 964 .-+, 60.8

of liquid

NOTE: Temperatures shown for the experimental data are as reported and have not been corrected to the 1968 temperature scale (IPTS-68). Accepted results
are taken from [51Kle}, [58Gor], and from data of other authors shown in boldface type.

(a) Solidus data.

(b) Estimated from microscopy work; result differs from that by chemical analysis of liquid.

temperatures, and the corresponding compositions of the
liquid were determined. The data for the critical point
from these studies vary from 975 to 1025 °C and from
~31.5 to 36.5 at.% Pb.

The critical temperature (1025 °C), reported by Friedrich
and Waehlert [13Fri), is perhaps high. Both Briesemeister
[31Bri] and Szkoda [62Szk], as well as the thermal analy-
sis [65Sch1] and thermodynamic calculations [65Sch2]
data by Schurmann and Kaune, reported it to be around
1000 °C. DTA measurements by Seith, Jonen, and Wagner
[55Sei] and optical microscopy by Pelzel [56Pel]l gave a
value of 990 °C. A sensitive method, employed by {67Jac],
consisted of measuring the temperature at which an

abrupt change in the pressure of air bubbling through the
Cu-Pb liquid occurred because of the formation of layers
(with different densities) in the liquid. Using this method,
a critical temperature of 980 + 5 °C was determined for
the bath composition of 34.3 at.% Pb. The actual tempera-
ture could be somewhat higher, considering the possibility
of some undercooling effect during the bubbling experi-
ment. Thermodynamic calculations by [80Tim], based on
their vapor pressure data, gave a critical temperature of
983 °C. The weight of evidence from the above works
suggests that the critical temperature lies somewhere
between 990 and 1000 °C; therefore, the accepted tem-
perature has been established at 995 = 5 °C. The sug-
gested critical temperature between 1100 and 1200 °C by
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Table 2 Compositions and Temperatures at invariant Points in the Cu-Pb System

Monotectic Eutectic Critical
Temperature, Composition, Temperature, Composition, Temperature, Composition,
Reference °C at.% Pb °C at.% Pb °C at.% Pb Method/comment
[1892Hey] ........... 1.2 below 0.195 Freezing point
melting point depression(a)
of Pb
897Hey] ........... 954 17 65 326 <0.2 Thermal
analysisth)
[138Bor}.............. 955 to 956 14.7 79.5 326 0.18 >1500 Electrical
resistivity(c)
[(13Fril .............. 953 21 57 1025 35.8 Chemical
analysis(d)
[15Bogl.............. 940 14 67 975 oue Chemical
analysis(e)
[81Bril.............. 16 to 17(f) 79(H) 1001 36.5 Chemical
analysis(d)
[33Nis]l.............. 957 25 67 e oee e (g)
51Klel.............. e e 67(h) 0.2(0) .- aee Saturation
solubility(k)
[52Bis].............. Electrical
resistivity(m)
[55Pell.............. 325.5 0.36 Saturation
solubility
[558eil .............. e 15(f) 65(f) 990 34 DTA(n)
[56Pel].............. 955 + 0.5 16(p) 64 990 33.4 Optical
microscopy(p)
[68Abd] ............. 1100 < T'<
1200 Pb vapor pressure
[628zk].............. 1000 315 Chemical
analysis(d)
[65Schll............. 1002 35.5 Thermal analysis
[65Sch2]............. 952 14.9 64.6 1004 35.5 Thermodynamic
calculations(q)
[67dac]l.............. 980 £ 5 Density
measurements(r)
[80Tim]............. ‘e 16.3 65.3 983 36.3 Thermodynamic
calculations(s)
[82Esd].............. 1054 36.4 Thermodynamic
calculations
Accepted
(this evaluation) . .. 955 155 = 0.5 65 326 0.2 995 £ 5 35 +1 See text for

(a) Melting point of Pb reported by the authors is 326.5 °C.
from two-melt layers held in equilibrium.
(f) Estimated values from extrapolation of hquidus to T, = 954 °C
(j) Value from extrapolation of liquidus to 326 °C.

on heat content measurement data.
point method.

(b) Melting point reported by the authors is 327.3 °C.
(e) Quenching of liquid droplets from different temperatures; 99.97% Cu and 99.5% Pb starting material.
(g) Quoted in [56Pel].
(k) Starting material compositions: 99.8% Cu and 99.997% Pb.
gap was found to lie between 1007 and 994 °C for liquid alloy of 36 at.% Pb.
(p) Chemical analysis of the liquid samplings indicate a higher Pb content (20.4 at.%) at monetectic point than that estimated by microscopy.
(r) On 34.3 at.% Pb alloy made from electrolytic Cu and 99 95% Pb.

explanations

() Quoted in (31Bri). (d) Sampling
(h) Value from extrapolation of liquidus to 954 °C.
(m) Boundary of miscibility
(n) Starting material compositions: electrolytic Cu and 99.99% Pb.
(q) Based
{s) Based on vapor pressure data using dew

[58Abd], based on the observed constancy of the vapor
pressure of Pb with composition in this temperature range,
was not supported by other works.

An accurate critical composition of a miscibility gap is
often difficult to determine experimentally, and the re-
ported compositions in Table 2 are approximate, because
they have been derived from either interpolation or ex-
trapolation of the measured composition data. The pres-
ence of a shallow gap at the top, as in the Cu-Pb system,
will probably introduce errors in such estimations. This
may account, to a certain extent, for the large difference
existing between the reported critical composition results,
as shown in Table 2. Thermodynamic calculations, by
contrast, can offer accurate determination of the critical
composition and temperature, provided the selected ther-
modynamic variables used in the calculation are consis-
tent with the features of the experimental phase diagrams
at other points. The critical composition calculated by

[65Sch2] was 35.5 at.% Pb at 1004 °C, and that calculated
by [80Tim] was 36.3 at.% Pb at 983 °C. These composition
results are comparable with some of the earlier experi-
mental data [13Fri, 31Bri] and the thermal analysis
results of [65Sch1]. However, the results are higher than
some of the recent measurements [55Sei, 56Pel, 62Szk].

{565Sei] used high-purity material for the alloys and
determined the gap boundaries in detail. However, the
relative insensitivity of the DTA method near the top of
the gap boundary, caused by relatively small changes
with temperature of the enthalpy value, makes the abso-
lute accuracy of their results somewhat uncertain. The
accepted composition has been established tentatively
at 35 + 1 at.% Pb, as a compromise between the calcu-
lated results of [65Sch2] and the experimental results of
[655¢h1] and [55Sei], because the width of the gap at
the monotectic temperature given by these works is com-
parable with the accepted one (see below).
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[1897Hey] observed a thermal arrest at 954 °C, corre-
sponding to the monotectic transformation. Subsequent
measurements confirmed the occurrence of this trans-
formation, and the reported results overlapped between
953 and 957 °C, except for the one by [15Bog], which was
too low (see Table 2). The accepted monotectic tempera-
ture has been established at 955 °C, as obtained by [56Pel].

There is considerable uncertainty regarding the com-
positon of the Pb-rich liquid at the monotectic tempera-
ture. [1897Hey] reported the composition at 954 °C to be
65 at.% Pb, compared to 67 at.% reported by [15Bog],
[33Nis], and [51Kle], (the latter from extrapolation of the
measured liquidus data from the Pb-rich end up to 954 °C),
65 at.% by [558ei], and 64 at.% by [56Pel]. Some of the
other reported results were unacceptably too high or too
low (see Table 2). The accepted composition has been ten-
tatively established at about 65 at.% Pb, in keeping with
both the experimental as well as the thermodynamically
calculated values of [65Sch2] and [80Tim].

The probable composition of the Cu-rich liquid at the
monotectic point is between 14 and 17 at.% Pb, while still
higher values were also reported in the literature. Pending
further experimental verification, the monotectic com-
position is tentatively accepted to be 15.5 + 0.5 at.% Pb, in
keeping with the experimental results of [565Sei] and
[56Pel], as well as the calculated results of [65Sch2] and
[80Tim].

Terminal Solid Solubility. Cu and Pb have very restricted
mutual solubility in the solid state. The solubility of Pb in
(Cu) does not exceed 0.09 at.% at 600 °C, as determined by
X-ray and microscopy by [46Raul. The solubility of Cu in
(Pb) is probably less than 0.023 at.%, because precipitates
were observed by optical microscopy in cast and rolled
specimens of that composition [38Grel.

The suggestion by [63Kim] of at least 5 at.% Pb being
soluble in Cu between 900 and 1000 °C, based on vapor
pressure measurements, is apparently not correct.

Metastable Phases

There is no report of any metastable phase in the Cu-Pb
system. A possible metastable extension of the terminal
solid solubility of Ph in (Cu), amounting to 3.3 to 4.0 at.%,
was observed by [50Rau] in electrolytically deposited Cu-
Pb alloys. Metastable extensions of the liquidus curves,
below the monotectic point, are shown by dashed lines in
Fig. 1.

Cu-Pb

Crystal Structure and Lattice Parameters

Cu and Pb both have fcc structures, but because of the
large difference in Goldschmidt atomic radii (37%), they
are nearly immiscible in each other in the solid state. No
lattice parameter data exist for the solid solutions. Pb
undergoes an allotropic transformation to the cph struc-
ture under pressure, corresponding to 130 kbar at room
temperature [69Tak].

The crystal structure and lattice parameter values for the
elements are presented in Table 3.

Thermodynamics

Thermodynamic Measurements. The thermodynamic
properties of the Cu-Pb liquid alloys were measured as a
function of temperature and composition by several au-
thors and were summarized in [Hultgren, Binary]. The
selected enthalpy (A H) and excess entropy (FAS) values at
1473 K, given by {(Hultgren, Binary] were based primarily
on the heat content measurements by Schurmann and
Kaune [65Sch1] and agree closely with the corresponding
values calculated by Kleppa [52Kle] from the phase dia-
gram. These variables show large positive deviations from
ideality. The results of {66Yaz] (based on vapor pressure
measurements by the transportation method), of [30Kaw]
(by the calorimetric method), and of {73Kir] (by the emf
method) are in qualitative agreement with the selected
values, but are considerably more endothermic. The emf
results of [71Dee] gave even higher values for these vari-
ables and must be rejected. The vapor pressure data of
[58Abd] and [63Kim] showed considerable scatter with
respect to the selected values and are also inconsistent
with the phase diagram.

Timucin [80Tim] made careful measurements of the vapor
pressure of Pb by the dew point method, using Cu and Pb
of 99.99% purity. The measurements were made between
1000 and 1200 °C at 50 °C intervals and between 2 and
90 at.% Pb. The various partial and integral properties
derived from these measurements were presented in their
paper. The A H values of [80Tim] showed reasonable agree-
ment with the selected results of [Hultgren, Binary], but
the corresponding £AS curve, by contrast, was consider-
ably skewed and went through a negative deviation near
the Cu end. The results of {80Tim] confirmed the conclu-
sions of [65Schl] and [66Yaz] that the Kopp-Neumann
rule holds in these alloys, in that the partial and integral
quantities are independent of temperature.

The activity coefficient of Cu, at infinite dilution in liquid
Pb (4&F™"), was estimated by [56Lan] to be 2.23, based

Table 3 Crystal Structure and Lattice Parameter Data

Approximate
composition(a), Pearson Strukturbericht Space Lattice parameters, nm
Phase at.% Pb symbol designation group Prototype a c Comment Reference
Cw........... 0(b} cF4 Al Fm3m Cu 0.36147 e () [Landolt-
Boérnstein]
Pb)........... 100 cF4 Al Fm3m Cu 0.49502 (d) [81Kin]
Pressure-stabilized form
Pb............ 100 hP 2(e) 0.3265(4) 0.5387(7) f) [69Tak, 83Kin]
(a) From the phase diagram. (b) Metastable solid solubility may extend up to 3.3 to 4.0 at.% Pb (see text). (c) At 18 °C, for elemen-
tal Cu. (d) Structure is stable at atmospheric pressure up to 320 °C [41Sto] and down to 20 K [26Kee]. (e) From [83Kin]. (f) At 139 kbar, at room

temperature; the change in atomic volume on transition from fec to cph was found by [69Tak] to be —1.2%.
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Cu-Pb
Fig. 2 Normalized Enthalpy,Q = AH/X(1 — X),
vs X in the Cu-Pb System
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D.J. Chakrabarti and D. E. Laughlin, 1984.

Table 4 Thermodynamic Properties of Phases
in the Cu-Pb System

Integral molar excess free energy of liquid

Case A: EAG™ = X(1-X)[36450 — 41 700X + 57250X?
—~ 25000X%) ~ T(10.89 ~ 34.31X + 54.53X?
- 26.3X%] (J/mol)

Case B: “AG" = X(1 - X)[(83875 — 18165X + 13115X%)
—T(6.94 — 9.37X + 9.78X%] (J/mol)

Case C: EAG" = X(1 - X)(36450 — 41 700X + 57250X°
—25000X% — T(5.04 — 9.20X + 12.63X%] (J/mol)

[80Tim]: 2AGY = X(1 — X)[(27620 — 2760X + 6800X?)
- T(-155 + 13.80X - 5.41X%] (J/mol)

Lattice stability parameter of Cu:

Q&ML = 7683 + 38.844 7 + 1.8933 x 107377
—6.527TInT (J/mol)

where X is atomic fraction of Pb, and T is temperature in K.

on the data of saturation solubility of Cu (6.2 at.%) in
liquid Pb at 657 °C, reported by {13Bor], and the rela-
tive partial molar enthalpy of Cu in liquid Pb (A HE>™) of
23.974 kd/mol at 6.2 at.% Cu, reported by [30Kaw]. The
value of y2F™" has been recalculated in this evaluation,
using the presently accepted solubility value at 657 °C of
4 at.% Cu (see Fig. 1), the AHEX'™ value at 4 at.% Cu of
25.1 kJ/mol [Hultgren, Binary], and the lattice stability
parameter of Cu [see Table 4], and was found to be 3.20.

Thermodynamic Calculations. The miscibility gap bound-
aries in the Cu-Pb system were calculated with varying
degrees of success by [65Sch2], [80Tim], and [82Esd]. Mod-
eling calculations performed in this evaluation reproduced
satisfactorily the liquidus below the monotectic invariant

Fig. 3 Normalized Excess Entropy, ]
B = FAS/X(1 - X),
vs X in the Cu-Pb System
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temperature, but much less satisfactorily the correspond-
ing miscibility gap boundaries. The calculations were
performed for three different sets of normalized enthalpy,
@ (=AH/X(1-X)), and normalized excess entropy
B(=FAS /X(1-X)) values of the liquid, where X is the
atomic fraction of Pb. The sources of @ and B values were
as follows:

® Case A: selected AH and *AS data at 1473 K in [Hult-
gren, Binary]

® Case B: AH and ®AS data from [Hultgren, Binaryl, op-
timized with respect to the experimental phase diagram
in Fig. 1

e Case C: AH data from [Hultgren, Binary] and AS data
derived from the optimization fit of the above AH, with
respect to the experimental miscibility gap boundaries
in Fig. 1

Plots of @ and B curves for the three cases and from the

data of [80Tim] are shown in Fig. 2 and 3, respectively.

The corresponding polynomial expressions for the liquid

excess free energy are shown in Table 4. The lattice sta-

bility parameter of the solid phase, based on Cu and as-

sumed to have negligible solubility of Pb, has been derived

from the heat capacity data of Cu by [77Bar] and is also

given in Table 4.

The liquidus curves in equilibrium with the (Cu) phase for
Cases A, B, and C, together with the corresponding mis-
cibility gap boundaries, have been calculated on the basis
of the above data, assuming @ and B to be independent of
temperature. The results presented in Fig. 4 show good
agreement of the calculated liquidus, with the experi-
mental liquidus below the monotectic temperature for
Case A, whereas for Cases B and C increasing deviations
are observed at higher temperatures. The miscibility gap
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boundaries in all three cases, however, show large discrep-
ancy with respect to the experimental boundary. The same
has been experienced with the @ and B expressions de-
rived from the data of [80Tim]. The best overall fit has
been obtained with Case A, corresponding to the thermo-
dynamic data from [Hultgren, Binary], but even this was
not satisfactory. Small modifications in the compositional
fit of either @ or B expressions were found to result in large
and complex variations in the shape of the gap boundary.

Presumably, the shapes and the positions of the two
minima in the free energy curve of the liquid are shallow
and are extremely sensitive to small variations in the rela-
tive values of AH and AS. This results in large changes
in composition and temperature values, corresponding to
the points of common tangency between the two minima,
or between one of the minima and that of the coexisting
(Cu) phase. Thus, very accurate determination of the
thermodynamic properties of the liquid is required for an
accurate calculation of the miscibility gap boundary. The
accepted liquidus and the miscibility gap boundaries,
therefore, have been based entirely on the experimental
phase diagram data.

The Cu-Pb system, as contributed in a short version by
R.E. Johnson, was previously published in provisional
form in the Bulletin [80Joh]. The present evaluation re-
views all bibliography and data on the Cu-Pb system
available in the literature through 1982 and includes in-
formation pertaining to crystal structures, metastable
phases, and thermodynamics. The present authors have
also performed thermodynamic assessment of certain
phase boundaries. The present evaluation supersedes the
earlier work.
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