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In DSC studies of liquid-quenched ternary chalcogenide glasses TesoGe20_xA v 
(A v = Sb, Bi), the characteristic temperatures (glass transition and crystallization 
temperatures) were determined. Changes in the thermal stabilities of these glasses, 
depending on the element A (Sb, Bi) from group V of the periodic table and on its 
content in the alloy were evaluated. Moreover, the effect of changes in the glass com- 
position on the glass formation ability expressed by the parameter Kg 1 was determined. 

Preliminary studies of non-crystalline materials usually deal with glass state 
formation and thermal stability. For this purpose the glass transition temperature 
(Tg) and the crystallization temperature (T• are determined by differential thermal 
analysis. Recently the results of thermal analysis of liquid-quenched chalcogenide 
glasses belonging to the ternary Te-rich systems T e - G e - A  TM (A TM = Sn, Pb) 
have been reported [1, 2]. The present studies concern Te-rich glassy alloys in 
which the element A v is from group V of the periodic table (Sb, Bi). Differential 
scanning calorimetry studies of liquid-quenched ternary glasses TesoGez0_xA v 
(A v = Sb, Bi; x-at. ~ of A v) were carried out. 

Experimental 

Alloys were prepared using high-purity components: Te-5N5 (VEB Halbleiter- 
werke, Frankfurt/Oder, GDR),  Ge-6N and Sb-5N (Aluminium Foundry, Ska- 
wina, Poland), and Bi-5N (Koch-Light Laboratories, England). The components 
were weighed and sealed in silica ampoules after evacuation of air. The ampoules 
were then placed in a resistance furnace, where the components were melted with 
shaking at 900 K during 30 min. Subsequently the ampoules were cooled in air. 

Non-crystalline samples for calorimetric studies were obtained by splat-cooling 
of the liquid alloy by the "gun" method (cooling rate 106- 10 :) deg/s). The initial 
crystalline alloy ( 1 -  2 rag) was melted in a ceramic crucible placed in a resistance 
furnace heated to about 200 deg above the melting temperature of the alloy. Sub- 
sequently the alloy was blown out from the crucible with argon (pressure 12 atm) 
onto a copper plate cooled with liquid nitrogen. 
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Calorimetric investigations were carried out in a Perkin-Elmer DSC-2 micro- 
calorimeter with continuous heating, at heating rate fl = 20 deg/min, sensitivity 
d H  

- 5 mcal/s and sample mass m = 10 mg. 
dt 

Temperatures of glass transition (Tg), crystallization onset (Txo) and crystalliza- 
tion peak (T,p) were read from the calorimetric curves. The bend in the DSC curve 
was interpreted as an effect of the glass transition, and the temperature of this 
transition was read at the inflection point of the curve. The temperature of crystal- 
lization onset (Tx0) was read at the intersection point of the base line and of the line 
tangential to the left side of  the first crystallization peak. These temperatures were 
established from at least three DSC curves for each glass composition. The repro- 
ducibility of the results was better than 1 deg for Tg and 2 deg for Txo. 

R e s u l t s  

Figures 1 and 2 show fragments of the DSC curves representing the transition 
and crystallization effects in alloys Tea0Ge20_xBi x and Tes0Ge2o_xSb ,. As concerns 
the bismuth-containing alloys, there is evidence of some thermal effects which can 
be attributed to the successive crystallization stages. The alloys containing Sb are 
characterized by only one distinct exothermic crystallization effect. Transition 
temperatures (Tg) and crystallization onset temperatures (Tx0) are shown in Fig. 3. 
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Fig. 1. Transition and crystallization effects in DSC curves for glassy alloys Tes0Ge~0_xBix 
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Fig. 2. Transition and crystallization effects in DSC curves for glassy alloys TesoGe~...xSb ~ 
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Fig. 3. Glass transition temperatures (T~) and crystallization onset temperatures (Txo) as 
functions of  Bi and Sb contents for alloys TesoGe2o_xSb x and TesoGe2o_xBix 
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The hatched area represents the thermal stability region of the glassy alloys. The 
thermal stability expressed by the crystallization onset temperature Tx0 reaches 
a maxinmm for both kinds of composition at 2.5 at. % of element A v (Bi, Sb). 
Within the whole range of compositions, this stability is higher for Tes0Ge20_xSb X 
then for TesoGez0_xBix. 

Discussion 

Alloys of  the T e - G e  binary system with a near-eutectic composition (TeasGe15) 
were studied. Compositions of the investigated ternary alloys as well as the binary 
equilibrium diagrams of the component elements [3 ] are shown in Figs 4 and 5. 

rxo- r~ 
Hruby's parameter Kgl, defined as Kgl - ~Tm --7~x~ [4], is a coefficient describing 

the glass formation ability of the liquid-quenched alloy. The present results are 
comparable, because all measurements were taken at a constant heating rate 
(fl = 20 deg/min). Figure 6 shows the changes in Kg 1 as functions of the changes in 
the bismuth or antimony contents. Parameter Kg~ attains a maximum at 2.5 at. % 
of A v (Bi, Sb) for both Tes0Ge20_~Bi ~ and Tes0Ge2o_xSb x alloys. This means that 
at such a content of A v the glass formation ability is highest. Glass formation pro- 
ceeds more easily for alloys containing Sb as compared with those containing Bi. 
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Fig. 4. Binary equil ibrium diagrams [after [3]] and compositis of investigated ternary alloys 
' Te-Ge-Sb 
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Fig. 5. Binary equilibrium diagrams [after [3]] and compositions of investigated ternary alloys 
Te-Ge-Bi 

i 

o 

: 20deg/rnm 

A - B i  o 

[ t I ~ 
5 10 

x la t  ~176 

Fig. 6. The dependence of parameter K g  l o n  the alloy composition for alloys TesoG%o_xSb x 
and Tes0G%0_• • 

Conclusions 

1. Comparisoau of the thermal stabilities (described by the crystallization onset 
temperature, Tx0 ) of ternary liquid-quenched glasses TesoGe2o xSbx and 
TesoGe2o_xBi x leads to the following conclusions: 
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a) the changes in the temperatures of the glass transition (Tg) and crystallization 
onset (T~o), depending on the Sb or Bi contents, are different for the alloys, despite 
the similar stoichiometries of tellurides BizTez and Sb2Tea; 

b) the thermal stability of the glassy alloy is higher in the presence of Sb, as 
compared with Bi; 

c) the thermal stabilities of the alloys TesoGe2o_~Bi ~ and Tes0Ge20_~Sb~ are 
maximum at 2.5 at. % Bi or Sb. 

2. The glass formation ability described by Hruby's parameter Kgl attains a 
maximum for both Tes0Ge20_~Sb~ and Tes0Ge~0_~Bi ~ at x = 2.5 at. % Bi or Sb. 
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R~sUMr~ -- On a d6termin6 par  analyse calorim6trique diff6rentielle (DSC) les temp6ratures 
caract6ristiques (temp6ratures de transit ion vitreuse et de cristallisation), des verres ternaires 

chalcog6nures form6s par  trempe ~t part ir  du liquide, du type Tes0Ge~0_xA v (A ~ = Sb, Bi). 
On a 6valu6 la variat ion de la stabilit6 thermique de ces verres en fonction de l'616ment A 
(----- Sb, Bi) du V6me groupe du tableau p6riodique et de sa teneur dans ralliage. De plus, 
on a d6termin6 l'effet des variations de la composit ion du verre sur la capacit6 de formation 
du verre clui s 'exprime par  le param6tre K ~ .  

ZUSAMMENFASSUNG - -  In DSC-Untersuchungen abgeschreckter tern/irer Chalkogenidgl/iser 
des Typs Tes0Ge~0_xA~ (A x = Sb, Bi) wurden die charakteristischen Temperaturen (die Glas- 
f2bergangs- und Kristall isationstemperaturen) bestimmt. Die A.nderungen der Thermostabili-  
t/it dieser Gl~iser wurden in Abh~ingigkeit von dem Element A ( =  Sb, Bi) aus der V Gruppe 
der Periodensystems und von seinem Gehal t  in der Legierung ausgewertet. Ausserdem wurde 
der Einflufl der ~nde rungen  in der Glaszusammensetzung auf  die Glasbildungsfhhigkeit,  
ausgedrtickt durch den Parameter  K~, bestimmt. 

Pe3roMe - -  I-lprt ~[CK nccneRoBanrtn Tpo~u~,IX xanI, rorenr~nblx creron TesoGe20_ xA~ (A v=  Sb, 
Bi), no~y~emi~x pe3rriM ox~ia~enrIeM )I(H~KOGTblO, 6high onpeRe~e~,i TeMrlepaTypbT CT ~ o  
06pa30BaHn~ ~I TeMrIepaTyp~,I rp~4cTaYI~n3auHn. OueneHb~ H3MeHeH~I~ TepMI4'tecro~ CTa6HJIb- 
HOCT~I cTeKo~ B 3aBrlCI4MOCTH OT 3YIeMena A (----- Sb, Bi) a nZTO~ rpynne nepno~H'tecro~ Ta6nnlll, l 
~t ero co~ep~ranu~ B canane. B~n~Hr~e H3MeHeHvo~ COCTaBa CTeKOY~ Ha crtoco6HOCTb fiX K CTeKYIO- 
06pa30aartrtro, 0603na~aeMoe napaMeTpoM gg~, 6r~tno or~pe~ey~eHo. 
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