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ABSTRACT 

The activation energy of crystallization of glasses from the 
Se-S-AR system are estimated on a basis of DTA meassurements car- 
ried out by a different beating rates. 

INTRODUCTION 

The glassy chases in the system Se-S-Ag take UD a very limited 

area /l/ in the threeanqle diagramme. This suggest that they have 

a great cristallization ability, which nermits the anplication of 

non-isothermal techniques for the invest\gation of phase transi- 

tions in them. Although the nroblem of finding out the denendence 

of the activation energy on the temperature is complicated enough, 

at certain points of the DTA curve the activation energy of cri- 

stallization could be estimated accurately enough. This uroblem is 

discussed in the worcs of Kissinger /2/ and Usvitzkii /3/ about 

processes from the first order. Then the folloving denendences are 

valid: 

~~~~~ = Clln - CZlnln b 

t/T, 
2 

= Clm - C2m ln(b/Tm) 

(1) 

(2) 

where T. in and Tm are initial and\maxlimal temperatures of the exo- 

thermal crystallization peaks, Clln and Clm are constants, denen- 

ding onkthe temnerature, b is the heating rate and CZin = &, 

CZrn = r; k is Boltzmann constant and Ea - the respectivelyaactiva- 

tion en&gy. 

EXPERIMENTAL 

Sneclmens have been investigated, sythezed by the nreviously 

described methods /l/. Anproximately 2g samples were ground to 

size less then 75 urn and vlaced in evacuated thermographic ampules. 

The heating rates were 2,s; 5; 10 and 20°/min. 

X-ray nowder diffraction natterns confirmed the non-crystalli- 
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The characteristic temneratures on the DTA curves are T 
R' 

Tc 

and Tn - giving information resoectively about the transition, 

crystallization and melting of the material. A crystallization peak 

usually occurs on the therno- 

grams after a slope changing 

of the DTA curve, showing the 

Tg' 
but with the samples of 

high contents of selenium, 
ol despite the appearance of a 

single crystallization peak, 

there is a slight sign of two 

unresolved melting peaks. This 

6 

1 

show that the single crystalli- 

compositions, tab1 1 zation ueak nay consist of two 

01; x2; As; 6; AS superimposed coincident peaks. 

44t 

The crystallization peaks 

3 2 
increase, with the increase of 

1 
the amount of silver and sul- 

- 252 0 

nity of the samples. The comnosition of the crystallized phases was 

investigated also by an X-ray technique. 

The habit of the ,crystalllzed phases was observed with a 

electrone microscope. 

QESULTS AND DISCUSSION 

Ln b, deg sek-1 

Fig. 1. Dependence of the ini- 
tial crystallization 
temperature on the 
heating rate 

ohur content in the specimens, 

which lmulies a greater crys- 

tallization ability of these 

compositions. The neaks are 

nerrower - an indication of a 

faster crystallization. All 

when increasing the concen- 

grows to the highest extent 

characteristic temperatures increase 

tration of silver and sulphur and Tm 

and the difference between the T 
g 
and T, decreases. This tendency 

is probably connected with the structure of the investigated glas- 

ses in which sulphur and selenium are connected in conolynere 

chains striving to reduce the number of b-atoms seleniu rings /4/ 

which leads to an increase of T 
g* 

On the other hand silver is loca- 

tea among the chalcogenide chains, forming bridges between them. 

Thus creating a netlike structure of the glasses, which also deter- 
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Imines the higher T . Since Tc depende,s not only on T 
g g’ 

but on the 

equilibrium liquldus temperature and the mechanism of crystallite 

nucleation in a particular sample, as well one can deduce, that 

both the nucleation rate and the growth rate of crystals in the 

metastable liquid ohase just above T 
g 

increase as the difference 

between T 
g 

and the llquidus temperature increases. 

The characteristic 

I 

compositlons, tab1 1 temperatures are conside- 

6 \ 01, x2; ~3;e4;r5 rably lower when the DTA 

heating rate IS slower. 

Fig. 1 and Fig. 2 show the 

dependences of the Tin of 

the crystallization peaks 

on the heating rate. The 

good location of the expe- 

rimental results on the 

straight lines is a proof 

that the crystallization 

10 li li 1'3 process obeys first order 

klnetrcs. This result 1s 

- ln ( b/Tm2 I, deg-' sek-' in accordance with certain 

diffusion llmlted growth 

Fig. 2. Dependence of the maximal vrocesses /5/. 
crystallization temperature 
on the heating rate The activation energy 

of the initial stage of 

crystallization, i.e. at the moment starting from Tin and the ener- 

gy, corresponding to the maximum of the exothermlc peak, are de- 

terminate graphically, using a computer programm for the estima- 

tions - table 1. 

The values of the crystallization energy depend on the compo- 

sition of the samples but roughly speaking, they are quite low. 

One of the reasons for these is that Tc does not necessarily cor- 

respond to the temperature of the maximal crystalllzatlon rate, as 

indicated by Reed /6/. Moreover, Ea deoends on the temperature 

before quenching /7/, which is relatlvelly high - SOO’C in our 

case. Both types of activation energy have lower values when the 

sulphur and silver content in the alasses increase the latter ha- 

ving a considerably greater influence due.to its metal nature and 

the changes it tames in the structure of the samples. 
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Tabb. 1 

N composition E 
atomic % in 

E 
trn 

ccal/mol ccal/mol 
Se S Ag 

1.90 s 
2.85 S 

3.80 S 

4.75 5 

5. 85 '10 

6. 80 10 

7. 75 10 

8. 70 10 

9. 80 1s 

10. 75 1s 

11. 70 1s 

12. 65 1s 

13. 7s 20 

14. 70 20 

15. 65 20 

16. 60 20 

5 

10 

15 

20 

5 

10 

15 

20 

5 

10 

15 

20 

5 

10 

15 

20 

o,7z15 2~77~~ 
0,40,1 2,g3g8 

OJlSS l,5l23 

O,lO42 1,5077 

The X-ray phase analy- 

ses proved, that in all 

cases the phase that cri- 

stallized during the DTA 

is Ag2S. The diffraction 

oatterns of specimens rich 

in selenium (from 80 till 

90 at.%) show a nrogres- 

sive nresence of trigonal 

selenium, whus typical 

crystallization form in 

cylindrites was observed 

with electrone microscopic 

investigations. 

Our investigations 

show, that glasses from 

Se-S-AR system have a ve- 

ry low crystallization ac- 

tivation energy and they 

change their composition 

at crystallization. This 

1s an indication that crystallization could be cause by non-dras- 

tic influences, leadlng to grate 'changes in the uroperties of the 

glasses. 
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