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EXPERIMENTS IN THE Au-Bi-Te SYSTEM 

Ernst W. Winkler* and Norman F. H.  Bright § 

Mines Branch, Department of Mines and Technical Surveys, Ottawa, Canada 11 

(Received 15 July 1964 by B. N. Brockhouse) 

The system Au-Bi-Te has been studied by thermal analysis, X-ray diffraction, 
DTA and metallographic polished section techniques. The join Au-Bi2Te3 has • 
a eutectic point at 67.7 mol. per cent Au: 32.3 mol, per cent Bi2Te3 and 4720C. 
The join AuTe2-Bi2Te3 has a eutectic point at 78.1 mol. per cent AuTe2: 21.9 
mol , per cent Bi2Te3 and 4080C. A ternary eutectic occurs at 12 per cent Au, 
86 per cent Bi, 2 per cent Te and 2100C. The system contains no ternary com-
pound. Seebeck coefficient, electrical conductivity, hardness 'and Hall coeffi-
cient measurements are being made. 

THE system Au-Bi-Te is of technological impor-
tance in view of the use of bismuth telluride in 
components of thermoelectric refrigeration de-
vices and the employment of gold as a connecting 
link between-such components. The system also 
has mineralogical significance in that both gold 
and bismuth occur naturally as tellurides. The 
binary systems Ad-Bi, Au-Te and Bi-Te are 
reasonably well established: 1  the compounds 
Bi2Te3 and AuTe2 are both stable compounds 
with congruent melting points and well-establish-
ed physical and chemical properties. 2  There is, 
however, virtually no information concerning 
phase relationships in the ternary system, and 
particularly in that portion of the system involv-
ing Bi2Te3 as one of the stable phases. A very 
limited solid solubility of Au in Bi2Te3 has been 
claimed. 3  

The phase relations have been studied using 
thermal analysis to give liquidus and solidus tem-
peratures, DTA to give supplementary informa-
tion on melting and transition points, X-ray dif-
fraction for identification of phases, and metal-
lographic polished sections to give information 
concerning the number of phases and physical 
structure of the assemblages (e. g. eutectic 
characteristics, etc.). Throughout this study, 
either the elements of 99.999 per cent purity or  

pre-formed compounds made from them were 
used. 

All heating of compositions was done in quartz 
or Vycoi tubes in the absence of oxygen in order 
to prevent oxidation of either the bismuth or the 
tellurium. Since the partial pressure of tellurium 
above all compositions in this system is fairly 
high, precautions were taken to ensure that no 
loss of tellurium occurred from a composition 
by arranging that, in the sealed tube in which it 
was prepared, the portion containing the samp. le 
itself was always a few degrees cooler than the 
remainder of the tube. It was found possible to 
prepare, by this technique, exactly stoichiometric 
Bi2Te3 and AuTe2, as shown by chemical analysis, 
the examination of metallographic polished sec-
tions, X-ray diffraction examination, and the 
absence of uncombined, condensed tellurium. 

The join Au-Bi2Te3 was found to be a true 
binary join with a eutectic composition at 
67.7 mol, per cent Au: 32.3 mol, per cent 
Bi2 Te 3 and a melting point of 472 °C. The li- 
quidus and solidus relations in this sub-system 
are shown in Fig. 1. Very limited solid solu-
bility of Au in Bi2Te3 may occur at temperatures 
near the liquidus but exsolution occurs on anneal-
ing at lower temperatures. The join AuTe2 - 
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The Au-Bi2Te 3  Join. 
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The AuTe2-Bi2Te3 Join. 
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Bi2Te3 was also found to be a true binary jôin 
with a eutectic composition at 78.1 mol, per 
cent AuTe2: 21.9 mol, per cent Bi2Te3 and a 
melting point of 408°C. The compound AuTe2 
was found to have a melting point of 469°C with 
a crystalline transition at 435°C. This sub-
system is shown in Fig. 2. 

The join Au2 Bi-Bi2Te3 is suspected also to be 
true binary, although work on this sub-system is 
not complete and may be complicated by a pos-
sible incongruity of melting of the compound 
Au2I31 . A ternary eutectic composition of melt-
ing point 210°C and composition 12 per cent Au: 
86 per cent Bi: 2 per cent Te occurs in the com-
patibility triangle Bi2Te3-Bi-Au2Bi. No evidence 
of the formation of any ternary Au-Bi-Te corn- 

pound has been found anywhere in this system. 

Work is in progress to complete the phase 
diagram of the ternary system with the establish-
ment of other ternary eutectic compositions and 
the liquidus isotherms. 

Measurements of the Seebeck coefficient along 
the join AuTe2-Bi2Te3 have been made and will 
be reported elsewhere later. Similarly, Seebeck 
coefficient measurements along the join Au-
Bi2Te3 are being made but have been complicated 
by the occurrence of segregation in the crystal-
lization of these compositions. Measurements of 
the hardness, electrical conductivity and Hall 
coefficient of selected compositions in the system 
will be made and reported elsewhere when com-
plete. 
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Das System Au-Bi-Te wurde mittels thermischer Analyse, R6ntgenaufnahmen, 
differentieller Thermoanalyse und Metallschliffe untersucht. Der Schnitt 
Au-Bi2Te3 zeigt bei 67.7 mol. % Au: 32.3 mol. % Bi2Te3 ein bei 472 0  schmel-
zendes Eutectikum. Im Schnitt AuTe2-B12Te3 liegt das Eutectikum  bel  78.1 mol. 
% AuTe2: 21.9 mol % B12Te3 und 4080 . Ein ternâres Eutectikum tritt  bel  12% Au, 
86% Bi und 2% Te und 210°C auf. Es wurde keine ternâre Verbindung gefunden. 
Seebeck-koeffizienten, elektrische Leitfahigkeit, Hârte und Hall-koeffizienten, 
werden bestimmt. 


