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ABSTRACT 

The systematic study of the Ge-Se-Te system was carried out by emana- 
tion thermal analysts and DTA. The quenched samples were classfiled acconl- 
mng to the thermal behavlour during heating and coolmg. The glass transition, 
recrystalllzatlon and meltmg of the samples have been investigated. By means 
of the ETA supplementary lnformatlon on these processes has been obtalned. 
The differences tn thermal behavlour of bulk and powdered samples have been 
characterized by ETA. 

INTRODUCTION 

Chalcogentde materials have been studled ln the last decades because of 
their lnterestlng properties and possible technological appllcatlons /l /. 

The ETA 1s a sensitive method of oblectlve characterlzatlon of solids 
/2,3/. The arm of this work 1s to show the posslbllltles of ETA ln the study of 
the thermal behavlour of the Ge-Se-Te glasses. The ETA results are compared 
with the results of DTA. 

EXPERIMENTAL 

Around 100 samples (of about one gram) of different composltlon were 
prepared by melting mixtures of the required amounts of the elements of 5N pu- 
rity In evacuated and sealed quartz ampoules. The melted alloys were held at 
1000 oC for 12 h, constantly agitated and then quenched tn air. 

ETA 1s based on the measurement of the release of radtoactlve inert gas 
from the solid previously labeled by inert gas. The sample labeling was made 
b 
234 

impregnation of the sample wtth an acetone solution contalnlng 22811, and 
Ra isotopes 121. The surface dlstrlbutlon of the inert gas was obtained tn 

this way. The volume dlstrlbutlon of the Inert gas m the sample was obtalned 
by sample melting. 

The Netzsch apparatus for ETA and DTA has been applied for the measu- 
rements, the heatntg and cooling was performed at a constant rate of 5 OC mm-1 
m dynamic atmosphere of argon. 

The glassy state of the samples after these measurements was checked by 
X-ray powder dtffractton. 
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The DTA and ETA heating curves shown fn Frg. 1 represent the general 
types of curves observed wzth all powdered samples of the Ce-Se-Te system 
obtamed as air quenched melts labeled m the surface. 

Fzg. 1: TypIcal beating DTA and ETA curves of: a) glasses wrthout rerrystaal- 
Elzatlon, b 1 glasses w&h reecrystallzzatzan, c > partially crystallme 
samples f and d > crystalhe sampIes 

The DTA cume of tne af sample 1s typIca i%r glasses W&?I do nat re- 
crystall~.e but change contznuously from glass to Itqnti and show only the glass 
transltlon (displacement OF the baselme]. The ETA curve of type a) sample 
shows: 1) the onset of the ~lld matrix foosenzng of the glass trans&on by the 
decrease of the emanatzon release rate E j&e begznnzng of the toosenlng pro- 
cess 1s several degrees before the onset of the glass translzlon determInd by 
DTA); 11) some osclllatzon, at a temperature above the glass transitton; that 
corresponds to the formatton of the first stages of the new metastable pkases 
mvdvmg small therm& effects; XIL) the decrease of E which has been aecrlbed 
to the surface annealmg OF $he sample, anneailng of LrregularltIes and cracks 
and other molecular defects; IV) an tncrease of the E: , usually observed after 
the meltxng, correspond~g to the lncseased mobxhty of the b.quld and to the 
thermal dtifuslon of radon LR the melt. 

The glass translt~on observed by DTA and ETA of type 6 f i4f and c ) sam- 
ples 1s revealed m a slmrlar way as wrth the type af sample. The DTA of sam- 
ples b) and c) mhcates recrystdhmt~on by one exothernnc peak or even three 
peaks. The dtiference between these DTA cumes Ites m the fact that m the 
first case bZJ Zfre hear evolved by rerryst&rzatzon 1.5 approxrmately the same as 
that of melting, whilst in the second case c> rt IS much lawcr. This d$ference 
slgnrfres that m the first case the sample was glassy beface heating and that m 
the second case d was par%alty cry&&me. Since the thermal behavlour varies 
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rather continuously with composltlon, the glassy or partially crystalline sam- 

ples were characterized by X-ray dlffractlon. 

On the ETA curves the recrystalllzatlon of samples b) and c) IS lndlcated 
by: 1) a peak of E (some tens of degrees before the onset of the process ldl- 
cated by DTA), corresponding to the onset of the surface changes and forma- 
tion of the first nuclei of the new crystalline or lntermedlate phases; 11) the 
decrease of the slope of E (at the same temperature as that of the recrystalll- 
zatlon observed by DTA) , corresponding to the onset of the bulk process; 
111) the end of the bulk process, detected also by the change of the slope of E 
at the same temperature as on the DTA curve. These effects of ETA are less 
pronounged with the samples of type c) than with the samples of type b). 

The melting of the samples of type b), c) and d) 1s lndlcated by DTA as 
one or several endothermic peaks corresponding to different regions of the 
phase diagram /5 /. The DTA curve d ) exhlblts only melting endothermic peaks, 
It 1s a typical DTA curve of a crystalllne sample. The onset and the end of the 
melting process are observed by ETA by a decrease and an mcrease of E, 
respectively. Moreover, by ETA It 1s possible to detect\the pre-melting pro- 
cess, and the onset of total lattice dlstortlon by a change of the slope of the 
ETA curve. 

Se Ge 

Fig. 2: Glass-formmg regions for quenching 
1n air. m glasses without recry- 

stallization; m glasses with recrystalll- 
zation; m partially crystalllne; a cry- 
stalline 

Four different glass-form- 
ing regions found in air quen- 
ched melts are presented in 
Fig. 2, corresponding to the 
four types a) -d) of samples. 
The region of glasses without 
recrystalllzatlon 1s located m 
the Se-Te-GeSe2 subsystem, 
around of the eutectlc GeBSeg2. 
There exist extensive regions 
of glasses with recrystalliza- 
tlon and partially crystalline 
In the Se-Te-GeSe2, 
Te-GeSe2-GeTe and 
GeSeZ-GeTe-GeSe subsystems. 
There exist also crystalline 
samples 111 the GeSe-GeTe-Ge 
subsystem and some regions 1n 
other the three nominate sub- 

systems. 

The bulk dlstrlbutlon of the radioactive label can be supposed 1n samples 
previously melted. Three different types of DTA curves (Fig. 3) were obtamed 
during the cooling of the melts at 5 OC mm-l: the DTA curve e) 1s a baseline 
wlthout any change (the melt 1s transformed Into a glass); DTA curve f) exhlblts 
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a broad exothermlc peak which IS always reproducible (a partlally crystalline 
sample 1s formed); and the DTA curve g) exhibits well defined exothermlc peaks 
(the llquld IS nucleated heterogeneously and a crystallme sample IS formed). 
The cooling ETA curves of these three types of melts represent a monotonous 
decrease of the E. By the evaluation of the temperature dependence of this de- 
crease the defect state and its changes in the concerned samples can be charac- 
terued. 

Frg. 3: Typtcal cooling DTA and ETA curves of: e> glass-formmg samples, 

f) partially crystalline samples and g > crystallme samples. 

The ETA curves obtalned durmg the reheating of preylously method sam- 
ples differ from those of the lnltlally surface labeled samples. Glass transltlon 
IS not observed with melted samples as they possess a very small Internal sur- 
face and the dlffuslon of radon IS negligible. The recrystalllzatlon IS indicated 
by a small increase of E. ln the vtctnlty of the melting temperature the tntense 
increase of E IS due to radon dlffuslon in the solid, which IS enhanced by pre- 
-meltmg phenomena. 

CONCLUSIONS 

The DTA and ETA curves obtarned for the Ge-Se-Te system were clas- 
sified into four types. The ETA results agree with those of DTA , moreover 
the ETA provides a supplementary lnformatlon about the frrst stages of the va- 
rious structural changes. OTI the basis of these results the glass-formmg re- 
gion III the Ge-Se-Te system was determuted. 
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