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ABSTRACT 

The Sb,Te,-Ag,Te-Te subternary system was investigated using thermal analysis, dlf- 
ferentlal scannmg calometry metallographx techmcs and X-ray powder analysis Three 

lsopleth sections were constructed The transitory reactlons were characterized and the 
eutectlc point coordmates were determmed Analysis of polythermal projection of tlus system 
1s given 

INTRODUCTION 

The study of this system 1s interesting because of thermoelectnc conver- 
sion devices This system includes an mtermehate phase (Ag,,Sb,,Te,,) (or 
(Ag,Sb,Te,,)) wluch has a very low thermal conductlvlty (K= 0 6 W K-’ 
m-‘) and hence 1s mterestmg for thermoelectnc apphcatlons 

In spite of many studies on this compound [l-3] the results are not 
satisfactory for apphcatlons Thus, we have remvestlgated ths compound 
and its physical behavlour Because of the complexity of crystal growth, 
studies on the ternary system were found to be necessary. In the first stage 
of ths work we have mvestlgated the subternary system Sb,Te,-Ag,Te-Te 

Thermal analysis by heatmg, differential scanmng calonmetry, nucro- 
probe analysis and X-ray diffraction were used 

EXPERIMENTAL 

For each alloy of composltlon Ag,Sb,,Te,, silver, antimony and tellunum 
metals were nuxed and heated m quartz ampoules under a vacuum of 10P4 
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torr The heat treatment adopted for each composltlon was chosen as 
follows (I) heating of the nnxture at 973 K for 12 h; (u) steckmg and 
cooling of the alloys to room temperature, (III) anneahng at 573 K for 21 
days 

After ths thermal treatment each sample was charactenzed by radlocrys- 
tallographx measurements Thermal analysis was camed out with an mstru- 
ment constructed m our own laboratory [4] Several samples m the medium 
range of the ternary system were also studled mth a Netzsch apparatus. 
Calonmetnc analysis was carned out wth a DSC Setaram m order to venfy 
thermal analysis data. Charactenzatlon of the alloys was performed by 
optical metallography and the chermcal composltlon determmed by nucro- 
probe analysis 

CONSTITUTIVE BINARY SYSTEMS 

Thus subtemary system IS built up from the cross sections Sb,,Te, 6- 
Ag, 666Te,, 333, Sb,, ,Te, 6-Te, Ag, 666Te0 333-Te whch have been studed pre- 
vlously 

Sub-system Sb, 4 Te, 6- Te (Fig I) 

The Sb-Te phase diagram has been studed by several groups [5-lo] and 
particularly, by Hansen [lo]. After a study of the S phase Sb,,TeO,, ths 
diagram was modfled by Abnkosov et al [ll] Thus work was remvestlgated 
by Bordas and Legendre [12] who have determmed rmxed enthalples and the 
behavlour of AH of the S phase as a function of T [13,14] These authors 
have shown the chermcal formula of ths compound to be (Sb,,,Tq 595) 
Thus phase reveals a defect m tellunum m relation to the well-known 
stolchlometnc formula of ths compound (Sb,Te,) 

T! 

90 

697 

Fig 1 Phase diagram of the Sb-Te system 
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The charactenstlcs of this system are (1) fusion temperature of the 6 
phase* 889 K; (u) eutectlc reaction at 697 K according to 

=3 

69-l K 
hq % S + Te 

Sub-system Ag,, 666Teo 333-Te 

The Ag-Te system has been studied by Kracek et al [15] and rede- 
termmed by Legendre [16] It shows three mtermedlate compounds m the 
part of the diagram apphcable to our work (Fig 2) There are two mcon- 
gruent phases of formulae ((Ag, azsTeO 375) and X) and one congruent phase 

Fig 2 Phase diagram of the Ag-Te system 

416 

t 

Moreover, It has been determmed that the X phase exists only above 393 K 
The reactions for by these phases are 

e2 h 3 Te + (AgO 625Teo 375) T=610 K 

Pl hq + GQo 666=0 333) e if T= 733 K 

P3 h + X * (Ago ,525’h 375 > T=693 K 

Sub-system Sb, ,Te, 6-Ag,, 666Te, 333 (Fig 3) 

This system was studied m our laboratory [17]. An mtermedlate phase 
with a pentectlc fusion 1s formed around the composltlon Ag, 19Sb, 29Te, 52 
The mvmants are 

P2 hq+arQb T= 847 K 

e1 hq % p + Ag, 666Te,, 333 T = 817 K 



Fig 3 Phase diagram of the quasi-bmary system Sb,Te,-Ag,Te 

THE SUBSYSTEM Sb, c,T,, 6-Ago 666 Te, 333 -Te 

Three lsoplethal sections have been studied m the subsystem 
Sb,Te,-Ag,Te-Te The reactions that take place m the constituent binaries 
and m the ternary system are summarized I; Table 1 

Isoplethal sections 

These sections are plotted m Figs 4-6 Expenmental points were de- 
termmed by DTA and DSC measurements durmg heating The first section 
corresponds to the ( Sb,,TeO 6)-(Ag,,45Teo55) system and the second corre- 
sponds to the (Sb, ,Te, ,)-(Ag, ZTeO 8) system Two mvanants are obtained 
at 605 and at 633 K The first 1s the path of the ternary eutectlc valley The b 
point coordmates have been determmed with an accuracy of 5% The 
Tamman effects show a maximum for ths point b Its coordmates are 
Ag,,,Sb,,,,Te, 56 Another mvarlant reaction takes place at 633 K and point 
a corresponds to the composltlon Ag, 35Sb,, 09Te, 56 

In ths system, the thermal effects mdlcatlve of the paths of the tie lines 
are very weak They correspond to very small energes The general shape of 
section 2 1s slrmlar to that of section 1, and thus sm~lar comments can be 
made about the precision of the coordmates and paths of the tie lines. Also 
two mvanant reaction (at points a’ and b’) (one eutectlc and one pentectlc) 
exist m tls section for 605 and 633 K The coordmates of point a’ are 
Ag, 13Sb0 ,,Te,,, and those of point b’ are Ag, $iibO llTe,,,. The ternary 
eutectlc pomt 1s surrounded by these sections Its posltlon has been calcu- 
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Y +Z +Te 

0 Sb 4Te 6 

Fig 4 Isoplethal section Sb, ,Te, 6 -Ag, ,,Te, 55 

lated from the coordmates of the pomts a, b, 

According to the method reported m ref 18 

i 

Ag=O15 

E Sb = 0 12 
Te = 0 73 

2 

Y = Sb 4Te 6 

’ = ‘g 625T= 315 

633 

L+Y+Te 
605 

600. I - a 

Y+Te+Z 

x Ino1 
- 

Fig 5 Isoplethal sectlon Sb, ,Te, 6 -Ag, ,Teo s 

a’, b’ (Figs 4 and 5) 
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X = Aa WT.’ 333 

Y =SbqTe6 

= : As 625Te 375 

Sectm 3 

659 
L+l+,d 

633 

605 
600 I-- 

Y+Z +Te 

Fig 6 Isoplethal sectlon Ag, dZSbO ,,Te,, 44 -Ag, ,,Te, 58 

A thermogram has been obtained for an alloy havmg the same composl- 
tlon. It presents only one thermal effect at 605 K wth a very small shoulder 
whch indicates that ths composltlon 1s very close to that of the expenmen- 
tal eutectic. 

A vertical section correspondmg to a constant of 0.42 molar content m 
Ag, has been studied using DTA and DSC and this was useful for de- 
ternumng the transitory ternary perltectlc points urlth accuracy Ths sectlon 
1s shown m Fig. 6 All the reactions of the subternary system are present m 
this section 

The mvanant reactions occurrmg at 605, 633, 659 and 687 K present very 
energetic accidents on the DTA curves The hrmts of the mvanants and the 
path of the tie hnes are not clearly seen on the DTA curves However, some 
other expenments were performed at lower heatmg temperatures (e g 5 K 
mm-l) and enable us to propose the experlmental diagram presented m Fig 
6 

The position of the expenmental eutectlc pomt on the mvarlant appearmg 
at 605 K has been checked by calculatmg the Tammann diagram. 

DESCRIPTION OF THE POLYTHERMAL PROJECTION 

Three lsoplethal sectlons and the Sb, 4Te0 ,--Ag, 6asTe, 333 sectlon have 
been studied and are described. The polythermal proJectlon of the hqmdus 
hnes was determmed Thus proJectlon 1s shown m Fig 7 Four ternary 
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Fig 7 Polythermal proJectIon of the Ag,Te-Sb,Te,-Te system 

mvanants were observed At 687 K, a fn-st reaction 1s observed It 1s a 
transitory pentectlc sectlon due to the bmary eutectlc and pentectlc points 

e1 and Pl 

e1 L + P + 0% a% 333) 

PI L + G%l666T% 333) + x 

Two other reactions (659 and 633 K) of transitory pentectlc type were 
obtamed The ongm IS the decomposltlon of the two p and X phases. 
Finally, the ternary eutectlc reaction appears at 605 K The valley from the 
eutectlc e, m the sectlon Sb,,Te,,,-Ag,Te cuts across the pentectlc hne p1 

and p3 m the section Ag-Te and then across the pentectlc point p2 m the 
section Sb, ,Te, ,--Ag, 666Te,, 333. Thus, three pentectlc transitory points can 
be observed on the proJectlon 

CONCLUSION 

The ternary system Ag,Te-Sb,Te,-Te has been studled Several ternary 
transltlons have been observed m the system which can be explamed by the 
pentectlc fusion of the compound and by the relative complexity of the 
binary system Ag-Te The posltlon of the eutectlc ternary pomt has been 
calculated The temperatures and posltlons of the mvanant reactions have 
been determmed, and have been related to the binary mvanants. 
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