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ABSTRACT

In this paper glass forming capabilities of chalco-

genide glasses based on A52533 with TlZSe concentrations are

discussed. The studies were made using the differentizl

thermal analysis (DTA) technique. These studies show that

the glass forming tendency of A32563 decreases as the concen-

studies

trations of Tl Se molecules are increased. Also these/show

2

that with additiom of TlZSe, the glass transition temperature

of

As.Se. decreases, suggesting a tendency for weaker bonding

2773

and hence less stability of Tl-rich compositions.
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For the last twe decades or so there has been a wide
spread interest in amerphous semiconductors, partly due to a
Jdesire to confront fresh problems and partly due toc an lncreas-
awareness
ing /of their potential applications which range far beyond the
cptical and structural uses of the silica glasses (1,2). The
chalcogenide glasses based on Se have attracted particular

attention. The optical and electrical properties of these

new materials have been studied extensively. Also a great deal

of efforts have been made to understand the structural proper-

ties of these solids.

Structural changes affect the electrical behaviour of
the compounds, lack of knowledge about these changesmay lead to
misinterpretation of experimental results, particularly when
these studies are extended beyond the softening temperatures.
In the present paper, information about such changes iIn A525e3
and 1ts compounds with lese, 1y presented by investigating
their differential thermal analysis (DTA) charactetristlcs. The
DTA-atudieas of these glasses were performed upto about 50 c®
above thelr softening points. 1In the case of Aszsej, similar
studies are reported by Liang et al (3), whereas in the case of
the other two compesitions, to the author’'s knowledge, no such

infermaticn is available,

2. EXPERTIMENTAL

The glasses used in this study were synthesized by the
conventional method of heating the constituents (all of 99.999%

purity)} in evacuated silica glass ampules. These ampules were



sealed off after being evacuated to 2x166torr and degassed

for about 20 hours to ensure a complete degasging of the
atmospheric constituents. The ampules were heated to high
temperatures above the melting temperature o¢f the highest
melting constituent. To ensure a thorough mixing of the con-
stituents, the ampules during heating were shaken well several
times. Quenching was carried out In ice cocled water., The
glasses thus prepared were completely amorphous. Amorphous
state of the glass was checked b+ examining their X-ray diff-

raction patterus.

Present investigations were carried cut using equip-
ment built inm this laboratory. In this set-up the specimens
were heated In air at normal atmospheric pressure cconditicns.
Chromel-alumel thermocouples were used. Because of the inte-
raction of these glasses with copper, copper-constantan thermo-
couples were avolded. The thermocouple was so mounted that 1t
did not touch the specimen holder and its output was recorded
using an Hewlett-packard chart recorder model hp 7100. A1203
(MP, 2070 K) was used as the reference material. The amount
of the sample used was, approximately 0.5 gm. The specimens
used were in the form of fine powder (~ 5 pm grain size). The
set-up was sensitive encugh to detect temperature difference

5

signals as small as 1838y corresponding to ATe~2 x 107V,

3. RESULTS AND DISCUSSION

In the differential thermal analysis technique the
sample 1s heated at the same rate as an 1lnert reference sample

and the temperature difference (AT} between these two samples

is plotted against the temperature of the glass. Second order
transformations (viz, changes in specific heat, thermal expan~
sivity (etec.) produce vertical displacement of the otherwise
horizontal AT curve (base line). The range of temperature over
which this transition takes place is called the glass transition
or glass transformaticen temperature Tg. The magnitude of this
endothermic effect is sensitive to the thermal history of the
glass (4). A glass slowly cooled yields a larger area under the
endothermic peak (a quantity proportional to the energy which is
absorbed by the relaxation of glass structure) thanm one rapidly
chilled (5). As the glass is heated through this temperature TB, '
enough vibrational energy 1s present to help relaxation of glass

structure and to break gome of the weaker (highly strained} bonds,

thus introducing some degrees of freedom into the system. These

additional degrees of freedom result in an increase in the heat

capacity.

The glass transition is not a precisely defined tempera-

ture. To start with the glass transition 1is not sharp but occurs

L e

over a range of temperature. Tg is sensitive to the total thermal
history of the glass 1.e. to rate of cooling from the liguid as
well as to subsequent heat treatment in the neighbourheced of Tg(G).
Tg is also kuown as the softening temperature since the viscosity
of the glass drops perceptibly at this point., The temperature at
which viscosity of the glass falls toNlGl3 poise, 1s also taken

as the measure of Tg (6,7).

As the glass is heated above Tg, in a DTA~experiment,

-

one may observe an exotherm for the crystallization of the sample .
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and on still further heating another endotherm for the ﬁelting
point Tm of the glass. In scome cases cne observes only one endo-
therm at T_and the glass &raduslly becomes liquid without showing
any other transition (8).

The start of the transition (peak) represents the onset
of the reaction. The peak maximum represents the temperature at
which the reaction ( AT) is maximum and the end of the peak ace
which the quasi steady state (8T = 0) 1s re-established, the
completion of the reaction (8).

In the present studies, the start of the endothermice
peak was taken as the measure of glass transition temperature 'I'8
To read this temperature from DTA curves, a method of tamgents
similar to Hruby (9) and Abraham et al (10) was employed. The
accuracy in the measuréments was # 3°¢C. These results were record-

ded at a sensitivity scale of 0.1°C/cm for AT,

I. Aszse3

The DTA characteristics of this glass were noted upte
523 K. Heating rates in the range of 8°¢/min to 16°C/min were
tried. At high heating rates, the baseline did not remain strai-
ght, therefore, comparatively low heating rates (rJB—QOC/min)
were preferred.

Figure 1 1llustrates the DTA-curves of this glass.
Curve (a) was obtsined by heating the specimen up to about 323 K
at S.SOC/min heating rate. 1In this temperature range, it shows
only one endothermic peak., Allowing the sample to cool down slowly
(vvdoclmin), no transition was observed, and the specimen trans-
ferred from the liquid to the amorphous solid state {curve b). On

reheating, the endothermic transition as obtained during the

first heating cyecle, was repeated appreximately at the same

position (curve c).

The average value of Tg obtained from these studies
was 451 K. The maximum value of the AT was found to be, approxi-
mately 0.3°C. The maximum area under the endothermic peak for

this glass was found to be approximately 10 + 1 joules/gm.
II. (A528e3)3 H lese

The DTA charactetistics of this chalcogenide glass
were studied upto about 473 K. In this temperature range, the
studies show only one endothermic peak. TFigure 2 shows the DTA
curves of this chalcogenide. Curve (a) was obtained by heating
the specimen at g‘bclmin heating rate. On cocling, this glass,
similarly to A525e3 became an amorphous solid without undergoing
any phase transition. This 1is shown in curve (b) which 1s the
3)3 £ TIZSe while cooling down from 473 K to

the room temperature at about 4°c/ain cooling rate. The re-

DTA trace of (ASZSE

heating of the specimen resulted in a curve with similar details
as curve (a). Average value of Tg as obtained from these studies
was 403 K. The maximum area under the endothermic peak for this

composition was measured to be approximately 8 + 1 joules/gm,

ITT. TlAsSe2

DTA studies of this glass were made upte 433 K, This
glass also shows only one endothermic transition representing the
glass transition regfion. Figure 3 fllustrates the DTA-curves of
this glass. Curve (a) was obtained during first heating cycle of
the charge at s.SOCfmin heating rate. On cooling, no phase tran-

sition was observed and the charge tranaferred from the liquid teo



the amorphous solid state (curve b). On re-heating the speci-
men, the above mentioned transition was repeated. This is shown

in curve (c).

The average value of the glass transition temperature
Tg of this glass as obtained from these studies was 366 K. The
maximum area under the endothermic peak was measured to be ,

approximately 6.5 + 1 Joulea/gm.

I GLASS FORMING TERDENCY

The glass-forming tendency of these materials was
criterion
caleulated on the basis of Kautzman's/(11). According to

Kautzman's model the criterien for good glass-forming abilicy

1s given by

G 2
tgéi

GrB being the reduced temperature of transformation and is
written as

ez T /T

where Tg is the glass transition temperature and ‘I‘u1 the melting

polint of the glass, in degree Kelvin.

Demovskii et al (12) as well as Roland et al (13} have
reported the phase diagrams for this system of glasses. The
melting points of the glasses under present studies as ohtailned
from Roland et al's (13) results are listed Iin Table 1 along~
with their glass forming abilities. Also listed are the values

of Tg obtained from the X-ray crystallization method,

.This study has shoewn that ameng the glasses ofjthe‘family

Table 1.

Glass Transition Temperature Tg and Glass Forming
Ability Grg of Chalcogenide Glasses of the Family (ASZSEB)I_

(T125e)x

+ 3 K + 5K T_ K(Roland
Glase Composition Tg - Tﬁ s m ¢

(D.T.A.) ({X-ray) et al (1974) T8
AsZSe3 0 451 453 6435 0.72
: . 573 0.70
(A525e3)3.T125e 0.25 403 408
TlAaSe2 0.50 366 378 545 0.67

(ASZSe :(TlZSe)x, As,Se, has the highest glass transition

) 2
- 3
371-x ability
temperature and the strongest glass-forming /-, the addition of

Tl,8e lowering both the Tg and glags-forming ability of this

2
glass, resulting in ternary compounds aof slightly weaker glass-
forming tendencies. This leads to the conclusion that TIZSe
atoms hasten .the crystallization kinetics of the resultamt glass.

This has been found indeed in this laboratory during the investi~

gation of crystallization kinetics of these glasses,

These investligations suggest a gradual drop of Grg with
TlZSe concentrations x. We may speculate that addition of T125e
content higher thanm 50 at % in A32593 will probably result i1in
compounds whose glass-forming abilities lie below the critical
limit (G'__g = 2/3) set by the Kautzman's criterion. Thus such
compounds, when vitrified by the normal methods of virrification
{air quenching, etc) should not form good glasses i.e. they will

noplvitrify'completelyﬁ This 1s in.agreement with the findings .

~B-



of Flaschen et al (l4) and Kolomiets et al (15). These authors,
have reported that in the As-Tl-Se system of glasses cocmpositions
having concentrations aof Tl-atoms, approximately higher than 50 at

% do not form good glasses when quenched by normal methods and

need higher cooling rates (ZOODCImin or higher) to de sa.

Alsc these results show that Tg decreased with increa-

i .
sing lese content in A523e3

weaker bonding and hence less stability Inm Tl-rich compositions.

This suggests a tendency for

This is indeed found.

For ASZSE3,

with that reported by Flasck et al (16} Tg

our value of Tg (451 K) is in good agreement

= 453 K), Demovskii (17;

T
B

that reported by Liang et al (3; Tg

450 K}, Schnaus et al (18; Tg = 448 K}. But compared with
465 K) our value of Tg is

about 15°C less.

The value of the area under the endothermic peak at Tg

for A525e3

ment with that reported by Kuriyama et al (19}.

as obtained in the present investigations is in agree-
These authors
from their DS5C measurements on the As-S5e system of glasses have
reported the area under the endothermic peak at Tg tote of the

order of 8.5 Joules/gm for sleowly cooled AsZSe specimens.

3
In the case of the other two compositions included in
these investigations,to the author's knowledge,no such information

is available therefore, no comparision can be made.
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FIGURE CAPTIONS

Fig.l:
a)
b)

c)

Fig.2:
aj
b)
c}

Fig.?3:
a)
b

c)

DTA traces of vitreous ASZSEJ:
o

heating at 8.5 C/min.

cooling

re-heating

DTA traces of vitreous (A52S93)3 : T1,Se:

heating at 8.5%C/min
cooling

re—heating

DTA traces of vitreocus TlAsSez:
heating at 8.53°C/min
cooling

re-heating
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