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Abstract

A new assessment of two binary In—Pb and In—-Sn systems and a thermodynamic description of the ternary In-Pb—Sn system are presentec
in this paper. The modeling of each system is carried out in the same way, by taking into consideration available thermodynamic and phase
diagram data. The thermodynamic description of pure elements is taken from the Scientific Group Thermodata Europe (SGTE) data bank
[Calphad 15 (1991) 317]. The lattice stability of In, Pb and Sn inyhghase, which is not available, is evaluated. The liquid phase, the
three primary solid solutions (In), (Pb) anglSn), and the two intermediate phageand-y, are described by Redlich—-Kister—Muggianu
formalism as disordered solutions. The thermodynamic description is performed according to the Calphad method [Computer Calculation
of Phase Diagrams, Academic Press, New York (1970)] by using the Thermo-Calc software [Calphad 9 (1985) 153] and the Parrot program
[Ph. D. Thesis, Royal Institute of Technology, Stockholm (1984)]. The adjustable parameters obtained and the calculated phase diagrams are
presented. For the two binary systems and the ternary system, some calculated thermodynamic functions are compared with experimental
values of liquid alloys as well as of solid alloys.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction Przezdziecka-Mycielskid 0]). We also optimized the In—Pb
system, because for this binary border, to our knowledge,

Being interested in the miscibility gap of the liquid phase there does not exist some optimization based on the thermo-

in the multicomponent system Cu—In—Pb-Sn-Zn, we de- dynamic descriptions taken from the Scientific Group Ther-

veloped an accurate data bank which can be used by themodata Europe (SGTE) data bank collected by Dinsfdile

Thermo-Calc progranfi3] to evaluate the existence of this For the description of the third binary border, Pb—Sn, we

miscibility gap by using a multicomponent phase diagram have opted to the optimized set of parameters determined

calculation. The base of this data bank was the modeli- by Ohtani et al[11].

sation of the 10 binary subsystems and, as far as possi- The ternary In-Pb—Sn description is based on the enthalpy

ble, of the 10 ternary subsystems. All these optimizations of mixing measurements by Fiorani et El2] and on ther-

are performed according to the Calphad metfjdin the mal analysis data obtained by Evans and Prificg. We

Redlich—Kister—Muggianu formalisify,6]. We performeda  have used the Parrot progrd4j to determine the adjustable

new description of the In-Sn system because Vassiliev et al.parameters of the thermodynamic description and compared

[7] published an exploration of the liquid phase by electro- them to data available in literature.

motive force measurements on the whole system which is

more recent than the last assessments due to Lee[&f al.

and Korhonen and Kivilah{i9] (both are based on the ear- 2. Review of experimental data

lier electromotive force measurements of Terpilowski and

21. InPb
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between the melting points of the two elements. An inter- e A variety of vapor pressure techniques by Shiu and Munir
mediateB-phase separates the two primary solid solutions.  (at 1000 and 1200 K])31] and Sommer et al. (at 1000 K)
The liquidus was studied first by Kurnakow and Pusghhit] [32].

over the entire composition range. Valentiner and Haber- ¢ EMF method by Terpilowski and Gregorczyk (663-873 K)
stroh[15] have done a reinvestigation by thermal analysis [33], Kameda et al. (859-1330K}34], Zheng and
and have indicated the existence of the two peritectic equi- Kozuka (10231273 K}35].

libria: Liquid + (Pb) — B at 445.05K and Liquid+ B — e Calorimetric investigations by Minic et q136].

(In) at 432.35K.

Hansen and Anderkfi6] have given an assessed In-Pb The enthalpy of mixing in the liquid has been measured
phase diagram based on experimental works of many au-PY calorimetric method by Scheil and Lukas (at 613&j],
thors. Hultgren et al[17] compiled thermodynamic data Wittig and Scheidt (at 644K])38], and Naguet et al. (at
from papers before 1973. Recently a critical assessment of/ 26 K) [39]. Heumann and Pred¢27] measured the en-
the binary system was made by Nabot and Andag]. thalpy of solidification of In—Pb alloys by quantitative ther-
They have also proposed a thermodynamic description of mal analysis. Yooi40] measured the enthalpy of formation
the system and given the thermodynamic properties of the Of solid alloys at 315K in the range of compositiep, =
different phases expressed with the Redlich—Kister formal- 0-1 t0 0.9.
ism [5]. Kao [19] has published another calculated phase
diagram of the system using the Calphad approach. The2.2. In-Sn
Gibbs energy of the solution phases are modeled using the
same expression as Ansara and Nabot. The two calculations This system has been explored many times. The tempera-
are based on the same experimental data, thermodynamidure and the composition of the different equilibria were dis-
values and phase diagrams. We have rejected the descripeussed a long time as well as the liquidus, the solidus curves
tion of Ansara and Nabot because since 1987 (the date ofand the stability range of the two intermediate phases whose
their publication), the description of the lattice stability of boundaries differ according to the authors. Hansen and
(In) and (Pb) has changed and does not correspond to theAnderko[16] have given an assessed In—-Sn phase diagram
data collected by Dinsdald]. Other works on this system based on experimental works of various authors. Hultgren
was performed by Bolcavage et §20], by Kao [19], by et al.[17] proposed another compilation of papers published
Boa and Ansard21] and by Zivkovic et al.[22]. Never- before 1973. The phase diagram that is now accepted is
theless, any of these good optimizations is based both onprimarily based on the work of Heumann and Alpi]
the thermodynamic descriptions of the pure elements andwho used several methods, differential thermal analysis
on the lattice stability parameters, taken from the Scien- (DTA), X-ray, dilatometric measurements and microscopic
tific Group Thermodata Europe (SGTE) data bftik That observations and on the work of Cakir and Alpddg].
is the reason why we preferred to reoptimize this binary The main difference between the phase diagram of Hansen
system. and Anderko and those of Heumann and Alpaut is found in

Table 1gives experimental equilibria according to Mas- the stability region of the two intermetalliggIn-rich) and
salski[23]. We only present the experimental data used for y(Sn-rich).
the modelisation and which are summarizedatle 2. For The In-Sn phase diagram is formed by two peritectic re-
further detail the reader is referred[t8]. actions located near the pure elements and one eutectic reac-

The liquidus, the solidus and the phase boundaries weretion situated in the middle of the phase diagram. The system
determined by Kurnakow and Puschjh4], Ageew and contains two intermediate phases with large ranges of solu-
Ageewa[24], Valentiner and Haberstroli5], Klemm and bility: a hexagonal Sn-ricly-phase and a tetragonal In-rich

Volk [25], Campbell et al[26], Heumann and Pred7], B-phase which has the same space group as (In) but with a
Liao et al.[28], Marcotte[29] and Evans and Prind&0]. smaller c/a ratio. The eutectic equilibrium is formed by lig-
The chemical potential of lead and its activity in liquid uid and the two intermediate phases. The composition of the
phase have been determined by different methods. eutectic point is 48.3at.% Sn and the eutectic temperature
Table 1
Calculated and assessg8] temperatures and compositions of invariant reactions in the In-Pb system
Reaction Assessed23] Calculated Reaction
Compositions of the Temperature Compositions of the Temperature type
respective phases (K) respective phases (K)
Liquid+ B < (In) 10.16 12.67 11.56 432 10.2 13.9 10.5 432 Peritectic
Liquid+ (Pb) < B 19.5 29 26 445 19.8 28.7 25.7 445 Peritectic
Liquid < (In) - 25 - 429 Not restituted Congruent

The compositions are given in atomic% of lead.
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Table 2
Summary of the experimental data used for the thermodynamic description of the In-Pb system
Reference Experimental method Data used
[14] Thermal analysis Liquidus temperatures
[15] Thermal analysis, XRD Phase boundaries, peritectic temperatures
[24] Thermal analysis, XRD Liquidus temperatures
[25] Thermal analysis Liquidus, solidus temperatures
[26] XRD Liquidus temperatures
[27] Quantitative thermal analysis, XRD, resistivity measurements Enthalpy of solidification
Liquidus, solidus temperatures
Congruent point
[28] DTA Liquidus, solidus temperatures
[29] DTA Liquidus, solidus temperatures
[30] DTA Liquidus, solidus, peritectic temperatures
[31] Vapor pressure Activity of Pb 663-873K
[32] Knudsen effusion method Partial pressure of Pb at 1000 K
[33] EMF Activity of Pb 663-873K
[36] Calorimetry Activity of Pb at 673, 773, 873 and 973K
[37] Calorimetry Enthalpy of mixing at 613K
[38] Calorimetry Enthalpy of mixing at 644 K
[39] Calorimetry Enthalpy of mixing at 756 K

is 393 K. The two peritectic reactions are formed by the lig- [16], Hultgren et al[17], Lee et al.[8] and Korhonen and
uid, one primary solid solution and an intermediate phase. Kivilahti [9].
The composition and the temperature of these reactions ac- The liquidus was determined first by Heumann and
cording to MassalsKi23] are given orrable 3. Alpaut [41] in the entire composition range. They used
Recently the binary system was assessed by Lee et alseveral experimental techniques and found three invariant
[8] and by Korhonen and Kivilahtf9]. The two modeli- reactions—two peritectic equilibria: Liquid (In) — B
sations were done by the Calphad metHall using the at 416.15K, Liquid+ (BSn — v at 497.15K and one
Thermo-Calc softwar3] and the Parrot prograifd]. eutectic equilibrium: Liquid— B + vy at 393.15K. They
Korhonen and Kivilahti have done a new modelisation have observed a kink in the-phase in the Sn-rich region.
because the description of the lattice stability of (In) in the After the work of Heumann and Alpag41], the liquidus,
B-phase used by Lee et al. does not correspond to the datdhe solidus and the phase boundaries have been determined
collected by Dinsdalgl]. This parameter is not the same in by Predel and Gédecd3] who used DTA in the Sn-rich
the primary (In) solid solution and in the (BIn) phases and region, by Evans and Prindd4] who used DTA and ten-
this fact was taken into account in the paper of Lee ¢84l. sile testing in the whole composition range, and by Kaplun
This difference is not really important for the calculation [45] who used vibration method and thermal analysis in the
but the presence of this supplementary term is more correctrange 0—60 at.% Sn. Solid phase boundaries are determined
and closer to physical reality. In the calculation of Korhonen by Wojtaszek and Kuzyk, using the measurements of the
and Kivilahti the In-rich boundary is displaced to higher In ratio of resistance in the range 60-100 at.% [86]. We
contents due to a different choice of experimental data set fornote that these authors have used the same method in the
this region used in the calculation. These choice origins from range 0—-60 at.% S 7]. These results have not been taking
results obtained from calculations of the ternary Sn-In—-Ag into account in the calculation because the authors have
system. suggested that the equilibrium of the concerning alloys was
In this paper we only present the experimental data usednot good. Predel and Gédecke and Evans and Prince agree
for the thermodynamic descriptionTable 4. Further details  with the data of Heumann and Alpaut but did not observe
are found in the previous assessment of Hansen and Anderkdhe kink in they-phase.

Table 3

Calculated and assessg8] temperatures and compositions of invariant reactions in the In-Sn system

Reaction Assessed23] Calculated Reaction
Compositions of the Temperature Compositions of the Temperature type
respective phases (K) respective phases (K)

Liquid+ B < (In) 10 14 12 416 10 13.1 12.9 415 Peritectic

Liquid < B + v 48.3 44 77 393 48.1 43 77 393 Eutectic

Liquid 4 (BSn) < v 95.7 99.5 99 497 96.3 98.9 98 497 Peritectic

The compositions are given in atomic% of tin. ]
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Table 4

Summary of the experimental data used for the thermodynamic description of the In-Sn system

Reference Experimental method Data used

[7] EMF Activity of In 630—-830K

[38] Calorimetry Enthalpy of mixing at 644 K

[41] DTA, dilatometric measurements, XRD, microscopic observations Liquidus, solidus temperatures
Phase boundaries

[42] EMF Activity of In 348-393K

[43] DTA Liquidus, solidus temperatures

[44] DTA, tensile testing Liquidus, solidus temperatures

[45] Thermal analysis, vibration method Liquidus, solidus temperatures

[46] Ratio of resistance measurements Solvus 60-100at.% Sn

[47] Ratio of resistance measurements Solvus 0-60at.% Sn

[48] Calorimetry Enthalpy of mixing at 723K

[49] Calorimetry Enthalpy of mixing at 521 K

[50] Calorimetry Enthalpy of mixing at 723K

[51] Quantitative thermal analysis Enthalpy of solidification

The chemical potential of indium and its activity in the Table 5
liquid phase have been determined by EMF method by Terpi- Summary of the experimental data used for the thermodynamic description

lowski and Przezdziecka-Mycielska (673-873K) e, = of the In-Pb-Sn system
0.10-0.95[10] and Vassiliev et al. (630-830K) forsp = Reference  Experimental method Data used
0.20-0.95[7]. The latter values are very accurate and reli-_ [12] Calorimetry Enthalpy of mixing at 717 K
able and do not correspond to the values obtained by Terpi-[13] Thermal analysis Liquidus temperatures,
lowski and Przezdziecka-Mycielska especially in the In-rich phase boundaries .
side. Invariant temperature reactions
- Lo 26] Thermal analysis, XRD, Liquidus temperatures
The enthalpy of mixing of the liquid has been measured [ . . )
. T . microscopic observations
by calorimetry in liquid tin solution by Kleppa (at 723K) for g DTA measurements Liquidus temperatures

xsn = 0.66—0.94[48]. The direct calorimetric method was
used by Wittig and Scheidt (at 644 K) fag, = 0.11-0.90
[38], by Bros and Laffitte (at 521 K) over the entire compo-

sition range[49], and by Yazawa et al. (723K) fors, = analysis. The compositions of the alloys are situated along
0.10-0.95[50]. The discrepancy between the data of the sections at 30, 40 and 70wt.% Sn, 2 and 25wt.% In and the
various authors is low. section joining the In—Sn binary and the Pb—Sn binary near

Concerning the solid phases, Alpaut and Heumgain the two eutectic points. In this article, they presented only

measured the enthalpy of formation in In-Sn alloys by graphics of the two sections at 2wt.% In and the section
quantitative thermal analysis and Cakir and Alpaut have between In—-Sn eutectic and Pb—Sn eutectic. They reported
investigated the thermodynamic properties of solids by de- two ternary invariant reactions: Liquig (Sn) — (Pb)+y
termination of the activity of indium by EMF measurements at 444K and Liquidt (Pb) — 8 +y at 409K.

between 348 and 398 [42]. Skoropanov and Voronovib2] have proposed the inte-
gral mixing isoenthalpic curves from measurements in the
23. In-Pb-n ternary system. Fiorani et 41.2] have investigated the sys-

tem by the drop method in a Calvet type calorimeter. The

There is only few experimental information available in enthalpy of mixing measurements were performed follow-
literature concerning the phase diagram or the thermody-ing the three isoplethic sectionn = xpp, xsn = xpp and
namic data. The liquidus and the solidus curves and the xin = xspat 717 K.
phase boundaries were determined by Campbell ¢2@]. The set of data used in this modeling of the ternary system
who studied 40 alloys, 13 of which contained less than is summarized imable 5.
40wt.% Sn. They found that no ternary eutectic occurs in
the system, and that tiephase in the binary In—Pb forms a
continuous series of solid solutions with tRephase in the 3. Thermodynamic models
binary In—-Sn. Marcott¢29] using DTA measurements has
investigated liquidus and solidus temperatures of 20 alloys Six phases are meeting in the ternary system: liquid, (In),
the majority of which contained less than 30 wt.% Sn. These 3, (Pb),y and (BSn). The thermodynamic description is
results are in agreement with the data of Campbell et al. based on the data of pure elements taken from Scientific
[26]. Evans and Princd 3] have explored the ternary system Group Thermodata Europe (SGTE) data bftikand from
in the composition range up to 25wt.% Sn using thermal [8] for some lattice stability parameters. They are expressed
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Description of the Gibbs energy for the unary phases

Element Phase T (K) 0GY(T) — "H? (298.15K) (Jmol? of atoms)
In (Pb) 298.14-3800 +123 — 0.1988T + GHSERIN
(Sn) 298.14-3800 2092 GHSERIN
(In) 298.14-429.76 —6978.89+ 92.338115T — 21.8386T InT — 0.00572566T2 — 2.120321x 10°% T3 — 22906 T 1
429.76-3800 —7033.47+ 124.476492T — 27.4562T InT + 5.4607 x 107%4 T2 — 8.367 x 1078 T3 — 211708
T-1 +3.30026x 10722 T-9
B 298.14-3800 +193 — 0.16479T + GHSERIN
L 298.14-429.76 +3282.152— 7.63649T — 5.21918x 1020 T7 4+ GHSERIN
429.76-3800 +3283.66— 7.640174T — 3.30026x 10?2 T-9 + GHSERIN
Pb (Pb) 298.14-600.63  —7650.085+ 101.715188T — 24.5242231T InT — 0.00365895T2 — 2.4395x 10797 T3
600.63—1200 —10531.115+ 154.258155T — 32.4913959T In T + 0.00154613T2 + 8.05644 x 1025 T—9
1200-3000 +4157.596+ 53.154045T — 18.9640637T InT — 0.00288294312 + 9.8144x 1078 T3 — 2696755
T-1 4+ 8.05644x 10?5 T-9
(Sn) 298.14-2100 +489 + 3.52T + GHSERPB
(In) 298.14-2100 +473.23+ 3.5531T + 2.14885x 1079% T2 — 0.0396834T In T + GHSERPB
B 298.14-2100 +183.2+ 0.45314T + 2.14885x 1079% T2 — 0.0396831T In T + GHSERPB
L 298.14-600.63 +4672.157— 7.750257T — 6.0144 x 10719 T 4+ GHSERPB
600.63-5000 +4853.112— 8.066587T — 8.05644x 1075 T-9 + GHSERPB
Sn (Pb) 298.14-3800 +4150— 5.2 T + GHSERSN
(Sn) 298.14-505.06  —5855.135+ 65.427891T — 15.961T LnT — 0.0188702T2 + 3.121167x 10°% T3 — 6196071
505.06—-800 +2524.724+ 3.989845T — 8.2590486T InT — 0.016814429T2 + 2.623131x 106 T3 — 1081244
T1 - 1.2307x 10%° 19
800-3000 —8256.959+ 138.981456T — 28.4512T InT — 1.2307 x 10%° T-9
(In) 298.14-3800 +5015.5— 7.5 T + GHSERSN
B 298.14-3000 +5015.5— 7.5T + GHSERSN
L 298.14-505.06 +7104.222— 14.09088T + 1.49316649x 1018 T7 4+ GHSERSN
505.06—3000 +6970.705— 13.813302T + 1.24912x 10?6 T-2 4+ GHSERSN
L: liquid.

@ Taken from[8] whereas the others are taken fréij.

as °GY(1) — °HP (298.15K) where °G¥(7) is the molar
Gibbs energy of the pure elemeinin the physical state
at temperaturd and WhereoH,.qb (298.15K) is the molar

body-centered tetragonal (BSn)) are described as disordered
solutions. The molar Gibbs energy of mixing is expressed
by the Redlich—Kister—-Muggianfb,6] model. In this case

the different terms are expressed as:

enthalpy of the stable state bat 298.15 K. These data are
reported inTable 6.Table 7gives the crystal structures of
the different phases. The molar Gibbs energy of a phase
G?(T), is expressed by:

G =3 "5 (°GY (1) - °HP (298.15K)) (2)

l
. G%9 = RTY " xilny; 3
GY(1) — Y xHY(298.15K)= G¥'* 4 G¥'9 + G¥* Z e ®)

1

1)

where x; is the molar fraction of the elementin the
p-phase. In this optimization, the liquid phase, the two
intermediate phase8 and y, and the three primary solid
solutions (tetragonal (In), face-centered cubic (Pb) and

G = Z ZX,’)CA/Z L;);p(x, — x./)“

i j#i v

. O le 2,0
+x,x/xk(Li7j’kx, + Li’j’kxj + Li,j,kxk) 4)

where theLZ’f parameters are dependent on the temperature.

v Ue v,@

Table 7 Lij =aij +b;;T ()
Crystal structure of the solid phases of the In-Pb and the In-Sn systems
Phase Pearson Space group  Strukturbericht Prototype . .

symbol designation 4. Results and discussion
(In) t12 14/mmm A6 In
B 112 14/mmm A6 In 4.1 In-Pb
(Pb) cF4 Frdm Al Cu
Y hP5 Pg/mmm The optimization was performed using the Parrot module
(BSn) 14 14/amd AS BSn of Thermo-Cald4] and the optimized parameters are pre-
(aSn) CF8 F@&m A4 C (diamond)

sented inTable 8. Because of the lack of experiments for
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Table 8 650 [N I NS N SR IR SN N
Set of parameters of the In—-Pb—Sn system A 27
Phase Parameter Value (Jmot of atoms) 600 @29
(disordered solution)
L L, 3679 — 1.0797T 550
Lty 605 — 1.3688T
Lo ~769 — 0.1312T V)
LES, —119 — 0.3902T = 500+
Lo, +6200 - 0.418T?
Lt sn +790 — 1.914T2 450
Lyop sn +515 — 8.7802T 2
Lir b sn —3881+ 19.9676T 400
Lo bp.sn +6550 — 30.8775T
0,tet—a6
i g, 2% 350
Lpsn™ +578 — 1.1232T A 0 010203040506 07080910
Linsn —1156 MOLE FRACTION Pb
Lpbsn' +6004
0p Fig. 1. Comparison of the calculated In-Pb diagram with experimental
B L b 3645 data.
1
LIn,Pb —533
Ly e +774 — 5.4627T J 1
Lhieta —2379+ 4.5664T 1880 N
1,tet A
L Pb(,eS?( +6000 AAA Bap
i & A
(Pb) Lir;f:;b 3824 § B8@8- A G -
,1cC 4
Erigp o0 = A\
Ly +7860 — 4.94T2 o 8
iy 4164 F 6807 BN i
In,Pb.Sn - +20T é
v oG} 413448 19.6760T b
°GY, +13098 g 400+ B
°Ge, 4700 — 1.3358T =
0,y =
Ly —17314+ 30.7559T 5 — A 39756 K i
L s ~19677 v 38 644 K
»F 0, <
0,bct 37613K
(BSn) Ly —2554+ 9.2776T
L2 +19700— 15.89T2 2 I ‘ ‘ \
Pb.Sn 8 8.2 8.4 2.6 ©.8 1.0
L: liquid.
Pb)
a From [11]. X(Pb

) ) Fig. 2. Comparison between the calculated enthalpy of mixing of the
solid alloys, we have chosen a regular solution model for liquid phase (solid line) of In-Pb at 756 K (referred to pure liquid) and

the three solid solutions (InR and (Pb) whereas the liquid experimental values (symbols) frofa7-39].
phase is described with a subregular solution model.

Fig. 1 reveals the good agreement between the experi-the ontimized parameters are presentedrable 8. The
mental data points and the calculated In—-Pb phase dlagram"quid’ (In) andB-phases were described with a subregular

Table 1lists the calculated invariant equilibria and compares .|, tion model. The (BSn) angphases were described with
them with the data of Massalgl@3]. Fig. 2shows the calcu- a regular solution model.

Ia_ted enthalpy of mixing of t.he_liquid phase at 756K dra}wn Fig. 4shows the calculated In-Sn phase diagram obtained
with reference to the pure liquid component in COMPArison \yit, the set of parameters taken frofable 8. The calcu-
with selected experimental results frq87—39]. We com-|54i0n s in agreement with the experimental values. How-
pare the activity measured H4$2,33,35,36]to the calcu- ever, theB/(B + ) phase boundary from Wojtaszek and

lated ir_1diu_m activity (referred to pure liquid In) at 673 and Kuzyk [47] is not reproduced because the phase diagram by
973K in Fig. 3(a), and the calculated lead activity at 673 o, mann and Alpay#1]—which is well-accepted—offers

and 1070K (referred to pure liquid Pb) Fig. 3(b). These 5 nore tin-rich phase boundary. Trable 4the calculated

values are correctly retranscribed. and experimental temperatures and compositions of invari-
42. In-Sn ant reactions taken from Massal4R3] are compared. All
invariants agree well with an accuracy less than 1at.% of
The lattice stability of In and Sn in thg-phase which tin. The maximum difference between the calculated and
are unavailable in the SGTE data bank had to be evaluated experimental temperatures of equilibrium is 1 K.
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]0 | | | | | 1 [ | | 520 | | | ! { 1 1 ] 1
09 “&¥ L 500
0.8 \ = 480
0.7 L 460
£
-‘% 0.6 2 - 440 ‘
= 420
T 05 4 33673K 2 13K X
z .| = 338BK & 400
2 049 4 32 1000K r
< g3l = 36673K 973K o L 380
) v 36773 K 360 -
024 * 36873K 1200 K 6 L
‘ * 36973 K 340 -
014 % 351000K B
" e 351100K 320
gl * 351200K
A l : ' : I ' ! : I 300 T I I T T T T T T
0 01 0203 040506 07 0.8 09 1.0 0 0102 03 04 05 06 07 08 09 1.0
a A
@ x®b) MOLE FRACTION Sn
1.9 ! Fig. 4. Comparison of the calculated In-Sn diagram with experimental
data.
Lo
2.8 - _ . :
i i In Fig. 5(c) the calculated enthalpy of mixing for solid
2 phases at 373K (referred to In(A6) and Sn(A5b)) is compared
< 0.6 £73 K 2 15?@ " with experimental values frorf#2,51]. We did not use the
foy N values of{42] in the calculation because they were derived
2 g 4 d B from activity measurements and not from calorimetry con-
2 trary to these due to Alpaut and Heuma®i]. Fig. 5(d
< A 371070K y P 9
o 32 1000 K shows a comparison between calculated activity of indium
B.2 ¢ gg g;g% - for the solid phases at 373K (referred to the In(A6)) with
v 36873 K experimental data frorfd2]. We note a good agreement in
2 ’ '+ 36913K In-rich composition and an important deviation for Sn-rich
2 0.2 @4 a e 2's 1.0 alloys. These activity values of In in Sn-rich alloys are very
difficult to reproduce by calculation without losing good
(b) X (PB) P y 99

agreement with the other experimental data. Some values of

(solid line) calculated at 673, 973 and 1200K (referred to the pure 591 vare compared to these obtained by calculation and a
liquid indium) and comparison with experimental values (symbols) from

[32,33,35,36]; (b) calculated activity of lead for the liquid phase of In-Pb 900d agreement over the entire composition range was ob-
(solid line) calculated at 673 and 1070K (referred to pure liquid indium) tained.
and comparison with experimental values (symbols) fi@32,36].

4.3. InPb-&n

Fig. 5(a) shows the comparison between the calculated Considering the lack of data related to the solid phases,
enthalpy of mixing of the liquid phase at 673K (referred to we have chosen to limit the number of parameters in the
the pure liquid component) and experimental values from optimization of those phases. Thephase is not stable in
[38,48,49]. For the data of partial Gibbs energy of indium, the binary In-Pb system and not available in the SGTE data
two sets of experimental values, which cover the entire com- bank. It had to be evaluated. The liquid phase is described
position range, are available in literati&10]. These two with three ternary coefficients. The optimized parameters
authors give divergent results, so we only used the most re-are presented ifiable 8.

cent datd7] in the optimization. Orfig. 5(b)we compare Fig. 6(a)shows the calculated section joining the In—Pb
the calculated EMF versus temperature (from 630 to 830 K) binary and Pb—Sn binary near the two eutectic points in com-
with experimental values from Vassiliev et &r], for the parison with the results of Evans and Prirjt8]. The cal-

same alloy compositions as these authors. There is an impor<culated isoplethic cut at 2wt.% In is presentedFig. 6(b)

tant gap between the restitution of the activities of In due to and compared tfi3]. The two invariant reactions are calcu-
Terpilowski and Przezdziecka-Mycielsk&0] and the cal- lated with a discrepancy lower than 2 K: Liquid(Sn) —
culation over the entire composition range. This is normal (Pb)+ v at 445.7 K and Liquid+ (Pb) — B + v at 407.8K.
because we have preferred to be closer to Vassiliev informa-The liquidus curve falls in with the experimental points,
tion than those of Terpilowski and Przezdziecka-Mycielska. but the solid phase boundaries are not well reproduced.
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Fig. 5. (a) Comparison between the calculated enthalpy of mixing of the liquid phase (solid line) of In-Sn at 673K (referred to the liquid phase) and
experimental values (symbols) frof38,48,49]; (b) calculated electromotive forces (solid lines) between 630 and 830K for nine all8ys_lp (referred

to the liquid phase) and comparison with experimental results (symbols) [ffhnic) comparison between the calculated enthalpy of mixing for solid
phases (solid line) of In-Sn at 373K (referred to the In-tet-A6 and Sn-bct) and experimental values (symbolgRfedh (d) calculated activity of

indium for the solid phases of In-Sn (solid line) calculated at 373K (referred to the In-tet-a6) and comparison with experimental data (sympt#§) from
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Fig. 6. (a) Comparison between the calculated section joining the In-Sn binary and the In-Pb binary near the two eutectic points and experimental value
from [13]; (b) comparison between the calculated ternary section at 0.02wt.% In and experimental valugk3from
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Fig. 7. (a) Calculated isothermal cut in ternary In-Pb—Sn system at 445K; (b) calculated isothermal cut in ternary In—-Pb—Sn system at 407.7 K.
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and experimental values (symbols) frddR]; (c) comparison between the calculated enthalpy of mixing for liquid phase (solid line) at 717K in the
ternary In-Pb—Sn system (referred to the pure liquid components) following the isopletig, etitvs, and experimental values (symbols) frda?].
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Pb below the two temperatures of the ternary peritectic reac-
tions and thermodynamic functions are calculated.
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