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Thermodynamic reassessment of the Au—Te system

Jianhua Wang*, Xiao-gang LW, Bo Sundma#, Xuping St

a Institute of Materials Research, School of Mechanical Engineering, Xiangtan University, Xiangtan, 411105 Hunan, China
b Department of Material Science and Engineering, Royal Institute of Technology, S-100 44 Stockholm, Sweden

Abstract

The Au-Te binary system has been thermodynamically reassessed using the CALPHALD method. The excess Gibbs energy of the liqui
phase was formulated with the Redlich—Kister expression and the Aofmetallic phase was treated as a stoichiometric compound.
A set of self-consistent thermodynamic parameters for each phase has been obtained. Good agreement is reached between the calcule
and experimental results. Additionally, the standard formation enthalpy and enthalpy of fusion efidgfimetallic phase have also been
calculated.
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1. Introduction Au-Te binary system was performed in the present work. A
set of self-consistent description of the phase relation and

In electrical industry, Au—Te alloy can be used as Au/Te thermodynamic data was obtained by means of the CAL-

bilayer thin films[1] and Au/Te/Ni thin films for Ohmic con- ~ PHAD techniqugb5].

tacts to n-type GaA§], which possess the lowest contact

resistivity. The phase diagram of the Au—Te binary system is

well known experimentally and only one intermediate com- 2. Thermodynamic models

pound exists. There are also experimental data on thermody-

namic for this system. The system was previously assesse®.]. Solution phases: liquid, fcc and hexagonal phase

by Berman and Castang®]. Okamoto and Massalsk#]

summarized the thermodynamic data before 1979 and gave The Gibbs energy of the pure element is described relative

some suggestions for future experimental research. The preto the standard element reference (SER), i.e. the enthalpy of

viously assessed results were reasonably consistent with thehe pure element in its stable states at 298.16]K

experimental data of the phase boundaries and thermody- For fcc (Au) and the hexagonal (Te) phases, no solubility

namic properties in the Te-rich region. But in the Au-rich is considered. The liquid phase is described using a substitu-

region, the consistency between the phase boundaries andional model for which the Gibbs energy of expression is:

thermodynamic properties was poor. The shape of the lig-

uidus in the Au-rich region was difficult to obtain. Following GY = xAquﬁu + xTeOGﬁe

the assessments of this system, new thermodynamic data pre-

Ec¢
sented. In view of this, the thermodynamic reassessment of + RT(eau Inxay + x7e Inxre) + =Gy (1)

where®G4%, and°GY, are the molar Gibbs energies of the
* Corresponding author. Tel.: +86 732 8292213; fax: +86 732 8292210, PUre elements Auand Te with the structyie non-magnetic

E-mail addresses: superwang111@hotmail.com, wangjh@xtu.edu.cn  States, respectively, adopted from the work of Dinsd@le
(J. Wang). The variablesa, andxte denote the mole fraction of Au and

doi:10.1016/j.jallcom.2005.05.038



Table 1
The optimized parameters describing the thermodynamic properties of the
Au-Te systerf

Eq~¢ _ ire i Liquid:
G = xpuxte ) 'Ly tel¥Au — XTe) ) :
m Z Au.Te 07, . = —10472+ 63.9417— 9.329TIn T
L, = 6822
where/ Lﬁu Treisthe binary interaction parameter evaluated in =~ 22}, = 8477

the preserit work. It can be temperature dependent and giverfuTe::
as follows: OGRUTe _ OGfee _ 20Ghex — 11 808— 2.416T

u:Te

Te, respectivel)ﬁG?ﬁ is the excess Gibbs energy, expressed
in the Redlich—Kister polynomidl] as:

1

- @ The values are given in Sl units per mole of atoms.
ILAuTQZA,'+B,‘T+Cl’T InT 3)

In order to model the temperature dependence of the enthalpy
of mixing of liquid Au-Te alloys in this system, at leaS§ 872,955, 1000 {15], 737, 1103 and 1200 8], 769 K[16],
should be non-zero. and at 1281 K[17]. The agreement of the data betwdadh

and[17]is poor and the data at 1103 K is too negative. So the
enthalpies at 1103 K and 1200[R] and 1281 K[17] were

not used in the optimization. The enthalpy of mixing of liquid
Au-Te alloys measured by Ishida et[dl6] for 60—100 at.%
Teisinvery good agreement with the results of Castanet et al.
[14]. Bergman and Castang] deduced an enthalpy versus
composition expression from their data obtained at 737 K and
the experiment results $§f4,16]. Because of the qualitative
agreements with the phase diagram and the preferable exper-
GAUTe — O0Gfee 4 20Ghexy 4 4 bT imental method, the results of Castanet ef], Bergman

and Castanef3] (except that at 1103 K and 1200K), and
Yassin and Castan§l5] were accepted for thermodynamic
assessment.

Predel and Pieh]17] determined the activity of Te in
liquid Au—Te alloys through almost the complete composi-
tion range from measurements of the partial vapor pressures.
Yassin et al[18] deduced the activity of Te from the mea-
surements of the vapor pressure of Te over the Au—Te melts

2.2. Intermetallic compound

The intermetallic compound Au?%en the Au-Te sys-
tem is treated as stoichiometric compound because of its
very narrow homogeneity range. It is assumed that the
Neumann-Kopp rule is valid for this compound. The Gibbs
energy of AuTe phase is formulated as:

where®G'Scand®G1*are Gibbs energies of pure elements of
Au and Te in fcc and hexagonal structure, respectively. The
parametera andb are optimized in the present work.

3. Experimental information

The liquidus of the Au-Te system were determined by
Pellini and QuercigH8] with conventional thermal analy-
sis. Earlier observations by Rof# agree with Pellini and
Quercigh in the general form of the liquidus. But Rose’s 1400 e
result on the melting point of Te is low and the data show
more scatter than those of Pellini and Quercigh. Bergman
and Castane3] determined the liquidus using the breaks 1200
on the isothermal enthalpy-of-formation curve versus mole
fraction of Te. The eutectic temperatures and compositions
were determined by Pellif8], Rose[9], Pelabon[10] and
Bergman and Castan{@] using thermal analysis. The forma-
tion of the AuTe compound by alloying was first observed by
Rose[9] using the thermal and microscopic methods. Coste
[11] confirmed the existence of this phase by metallographic
observations and electrochemical potential measurements in
several Au-Te alloys. CabfiL2] confirmed that the solu-
bility is less than 0.46 at.% Te and no solubility of Au in
AuTe, compound using the method of Lattice parameter mea- 500 - =
surements. Veale and Barré¢ti3] also estimated the solid
solubility limits of this phase from the breaks of vapor pres-
sure versus composition curves. The melting temperature of A
AuTe, compound was determined by conventional and dif-

ferential thermal ana!y_5[§’8'9]' . Fig. 1. The Au-Te phase diagram calculated from the present thermody-
_The enthalp_y of mixing of liquid Au-Te alloys was deter-  namic description in comparison with experimental measurenfe®t4 5]
mined by calorimetric measurements at 73[1K], 751, 819, and[18-20].
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Table 2
Experimental and calculated phase equilibria data in Au-Te system

Invariant reaction liquid Reaction type Experiment data Calculated data
T (K) Te in liquid (at.%) Ref. T (K) Te in liquid (at.%)
Liquid =fcc (Au) + AuTe Eutectic 705 0.50 [9] 718.4 0.5394
720 0.53 [8]
721 (3]
725 0.547 [10]
Liquid = hex (Te) + AuTe Eutectic 670 0.857 [9] 689.9 0.8707
688 0.887 [10]
689 0.88 [8]
690 [3]
Liquid=AuTe, Congruent 737 [8] 738.4
725 [9]
736 [3]

in the 0.48-0.67 at.% Te. They also measured the heat con4. Assessment procedure

tent of four Au—Te alloys in the solid and liquid from 298 K

to T (400 K<T'<900K) on heating (drop method) with the Most of the experimental data mentioned above were
help of a high temperature Tian-Calvet calorimef&®]. used in the thermodynamic evaluation. The optimization was
Anres et al]20] measured the heat content of solid and lig- carried out by using Thermo-Cal22]. Each piece of the
uid AuTe, from 298K toT (471 K<T<1022K) using the selected information was given a certain weight by personal
same method as Yassin et al. They obtained the enthalpy ofjudgment, and changed by trial and error during the assess-
formation of AuTe compound at 298K (—3.0kJ per mole ment, until most of the selected experimental information was
of atoms) and the enthalpy of fusion (19.1kJ per mole of reproduced within the expected uncertainty limits.

atoms). The enthalpy of formation of Aufeompound at The optimization was carried out step by step. The param-
728K is —2.5kJ per mole of atoms and the enthalpy of eters for the AuTgphase were first optimized using thermo-
fusion at 737K is 18.6 kJ per mole of atoms, which were dynamic data of AuTg compound. The liquid phase was
measured by direct reaction calorime{B]. The data for then investigated by considering the thermodynamic data of
enthalpy of formation of AuTgobtained from vapor pres- the liquid Au—Te alloys and the data of liquidus correspond
sure measurements by Andon ef2l] and Veale and Barrett  to fcc Au and hexagonal Te.

[13] are—4.74 and—3.91 kJ per mole atoms, respectively, at All the parameters were finally evaluated together using

298K. all thermodynamic and phase diagram data to give the best
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Fig. 2. The calculated enthalpy of formation of liquid Au—-Te alloy at 751 K  Fig. 3. The calculated enthalpy of formation of liquid Au-Te alloy at 955K
compared with various experimental measuremghis]. compared with experimental measuremghf.
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Fig. 4. The calculated activities of liquid Au-Te alloy at 753K compared Fig. 6. The calculated Heat content of Au-Te alloy at 77 at.% Te compared
with experimental measuremerfiis]. with experimental measuremefi].

description of the system. All evaluated parameters are listedagree well with those given b3,8—10]. The assessed con-

in Table 1. gruent temperature of AuFagrees well with those obtained
by [3,8].
The assessed enthalpies of formation of liquid Au-Te
5. Results and discussion alloys referring to liquid components at 751K and 955K

are plotted inFigs. 2 and 3, respectively. Also shown in
The assessed Au-Te phase diagram is showfign1. Figs. 2 and Zare the data from Bergman and CastgBét
The calculated phase diagram is in good agreement with theand Yassin and Castarjéb]. The assessed activities of liquid
experimental data reported by Bergman and Cast@jet  Au—Te alloys at 753 K and 1281 K are plottedHiigs. 4 and 5,
Pellini and Quercigli8], and Rosd9]. All invariant equilib- respectively. Also shown iffigs. 4 and Sare the experi-
ria in the system are reproduced and listedable 2. The mental data from Yassin et g118], and Predel and Piehl
temperatures and compositions of the two eutectic reactions|17]. As can be seen, the calculation enthalpies and activities
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Fig. 5. The calculated activities of liquid Au—-Te alloy at 1281 K compared Fig. 7. The calculated Heat content of Au-Te alloy at 88 at.% Te compared
with experimental measuremefis]. with experimental measuremefig].
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Fig. 8. The calculated Heat content of Au-Te alloy at 53 at.% Te compared Fig. 10. The calculated Heat content of Au—Te alloy at 66.7 at.% Te com-

with experimental measuremerjt9].

of liquid Au-Te alloys at different temperature agree well
with experimental dataFigs. 6-9show the assessed heat
content of Au—Te alloys at different compositions compared
with their experimental measuremefit9], the data are well
reproduced. The assessed heat content of Aadmpound

is plotted inFig. 10. The calculated heat content of AuTe
compound agrees well with the experimental da€4. It can

be seen that the Neumann-Kopp rule is valid for the AuTe
compound. The calculated enthalpy of formation of AuTe
is —3.936 kJ per mole atoms, which is close to the result of
Veale and Barretf13] (—3.91kJ per mole atoms). The cal-

40

35 A Yassin and Castanet(1997)

X(Te)=0.60

25

20

Heat content(J/mol)

T T
400 600
Temperature(K)

T
800

1000

pared with experimental measuremef2(3].

culated enthalpy of fusion of Aujds 18.772kJ per mole

of atoms, which is almost the same as the result obtained
by direct reaction calorimetry3] (18.6kJ per mole of
atoms).

6. Conclusions

Based on the experimental information available in the lit-
erature, the phase relations and thermodynamic properties in
the system Au—Te were evaluated. A consistent set of ther-
modynamic parameters was derived for describing the Gibbs
energies of liquid phase and Awli@ this system. The calcu-
lated phase equilibria agree well with the experimental data.
The calculated enthalpy of formation and fusion of ApTe
compound is-3.936 and 18.772 kJ per mole atoms, respec-
tively.
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