N USGET

© 2017 IJSRSET | Volume 3 | Issue 6 | Print ISSN: 2395-1990 | Online ISSN : 2394-4099

Themed Section: Engineering and Technology

Theoretical Analysis of Thermal Behaviour with Structural
Change in Ge-Se-Te Glasses

Manuj Agarwal *, Manish Saxena®, Nikhil Rastogi?
'Department of Physics, Moradabad Institute of Technology, Moradabad, India
’Department of Physics, IFTM University, Moradabad, India

ABSTRACT

In the present article we have studied the thermal behaviour of Ge,SesoTeso« (X = 10, 20, 30, 40) alloy, for different
combinations with changing heating rate (o) have been studied on the theoretical background. The values of the
glass transition temperature, Tg, the crystallization temperature, Tc, and the crystallization peak temperature Tp,
were found varying with change in composition as well as heating rate. The glass transition energy Eg was also
calculated. On the basis of determined parameters glass, forming ability of the present system has been discussed.
Keywords : Glass transition temperature Tg, Crystallization temperature Tc, Glass transition energy Eg and Peak

crystallization temperature Tp, Glass forming ability.

I. INTRODUCTION

Due to potential applications of electrical, optical and
technological field, chalcogenide glasses are widely
used in reversible phase change optical recording,
memory  devices, optical fibers,  xerography,
photolithography, infrared lenses and optical amplifiers.
These are multipurpose utility material and are used in
the fabrication of technological important devices. Due
to having an important role in research fields, the
researchers have shown a lot of interests in these
materials [1-4]. The properties of these glasses are
influenced with the structural change which is most
dependent on thermal effect [5, 6]. The structural
change helps in studying practical applications and
thermal stability in the material. The studies of glass
transition and crystallization behaviour in chalcogenide
glasses are the area of particular interest due to
important phenomena such as switching and reversible
optical recording, etc.

There are various techniques available to study the
structural change in glass such as X ray diffraction,
electron microscopy and scanning calorimetric [7]. In
calorimetric measurements, two methods are used,
which are isothermal and non-isothermic. It is well-
known that in the isothermal method the sample is
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brought quickly to a temperature above the glass
transition temperature and the heat evolved during the
crystallization process at a constant temperature is
recorded as a function of time while in the non-
isothermal method, the sample is heated at a fixed rate
and heat evolved is recorded as a function of
temperature or time. Since Practical processes occur
under dynamic and non-isothermal conditions, the non-
isothermal experiments have been suggested for the
analysis of the DTA data [8-11]. By the study of
crystallization kinetics, the crystallization activation
energy and crystallization exponent can be determined.
Metallic amorphous alloys are very well-known to
possess unique physical, mechanical, magnetic and
corrosion  properties compared to conventional
crystalline metals. These alloys are kinetically
metastable. Most of them are stable at low temperatures
and can crystallize at high temperatures [8], therefore
thermal and thermodynamic characteristic during
crystallization process used to vary substantially [12].
Hence, the understanding of thermally-induced
crystallization process in such systems is important
from the application point of view.

Chalcogenide glasses which are selenium rich exhibit a

unique property of reversible transformation and makes
these systems very useful for applications like optical
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memory, X-ray imaging and photonics. Among
chalcogenide glasses, Se-Te based alloys have gained
much  importance  because of their  higher
photosensitivity, greater hardness, higher crystallization
temperature, and lesser ageing effects as compared to
pure Se glass [13-15]. The addition of third element like
Ge in Se-Te system affects the electrical and optical
properties and leads to cross linking of chains results in
the increase of glass transition temperature of system
[16- 18]. The addition of Ge to the Se-Te system is
expected to modify the material properties to make it
more suitable for reversible optical recording. Thermal
processes are known to be important in inducing
crystallization in semiconducting chalcogenide glasses.
It has been reported that the effect of the heat treatment
on the structure and electrical resistivity of amorphous
GeyoSexTeg « alloys (where x = 15, 30 and 50 at %) [4].
The crystallization kinetics of chalcogenide glasses is
always connected with the concept of activation energy,
which is associated with the nucleation and growth [19-
23].

The effect of the annealing temperature (T <Tp) on the
optical energy gap had been reported by earlier
researchers [24].

The crystallization kinetics of Ge-Se-Te glasses with the
increasing heating rate with the result of crystallization
kinetics for GesoxSesoTe, for x = 10, 20, 30, 40 at % are
reported earlier [25]. The composition dependence as
well as the effect of heating rate on the glass transition
temperature (Tg), the crystallization extrapolated onset
temperature (Tc) and the crystallization peak
temperature (Tp) were investigated by the earlier
researchers. Information on some aspects of the
crystallization mechanism was discussed.

This present research work is based on a theoretical
study of the thermal behaviour with the structural
change in Ge-Se-Te glasses with various compositions.

II. Result and Discussion

To analyze the dependence of Tg on the heating rate
two approaches are used. The first is the empirical
relationship, which has originally been suggested by
Lasocka [26];

T,=A+Blha "

Where A and B are constants for a given glass
compositions.

When this study is made for the temperature 2.5 to 22.5
then the results are shown in the table 1.

Plots of Tg versus Ino for Ge50-xSe50Tex glasses are
shown in figure 1, which indicates the validity of eq. (1)
for our compositions. It is clear from figure 1, Tg is
increasing with heating rates as well as with increase in
composition. This indicates that system is more suitable
to form glass.

The corresponding Tc-Tg result is given in figure 2 and
their values listed in Table 2.

Both Tc and (Tc-Tg) represent the thermal stability of
the glass [27, 28]. The values of (Tc-Tg) for the studied
compositions at different heating rates are given in table
2. It is clear that the composition GeypSesyTesp has the
highest value of (Tc-Tg) which indicates the
composition GeySesoTesg is most stable and the
composition GeypSespTey is less stable.

These studies may be connected with the concept of
activation energy. Hence the activation energy should
be identified. So the second approach is being
considered which is connected with glass transition
activation energy Eg, and can be calculated using the
well-known Kissinger’s equation [291];

ln(a/Tg2 )+const =—Eg /RT, @

Where o is the heating rate, Eg is the activation energy
for the transition and R is the gas constant. Fig (3)
shows the variation between In(o/T,?) and (1000/T°g)
for the investigated compositions.

Glass transition energy Eg can also be deduced by using
approximation [30];

Inoe=-E_/RT, + const @)
The relation between and for the studied compositions is
shown in Fig. 4

The calculated value of Eg is shown in the table 3 for all
compositions from the table it is clear that the values E,
(glass transition energy) decreases with the increase in
Te content which results in apparent decrease in the
glass transition temperature Tg.

This result is in good agreement with the result obtained
by earlier researchers [25]. The decrease of Tg was
attributed to the decrease in the coordination number (2),
bond energies and the mean atomic masses of these
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glasses with increasing Te. The values of Tc and (Tc-Tg)

represent the thermal stability of the glass.

IIL. Figures and Tables
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Figure 1: The dependence of Tg on different heating
rate Ina.
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Figure 2: Variations of Tc-Tg with Te atomic
percentage
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Figure 3: Graph between In(a/Tg?) versus 1000/ Tg
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Figure 4: Graph between In(o) versus 1000/ Tg

Table 1: The glass transition temperature (Tg), the
onset crystallization temperature (Tc), the crystallization
temperatures (Tp) and (Tc-Tg) for all compositions at
different heating rates.

a Ing Tq Te o Composition
25 | 009163 | 370.39 | 416.29 | 460.42 | GeioSesoTes
75 | 50149 | 37611 | 42876 | 47206
125 1 5 557 | 380.039 | 437.33 | 48005
175 1 58620 | 38045 | 44259 | 484.95
225 | 31135 | 384.68 | 44745 | 489.48
i 0.9163 | 449.66 | 594.73 | 6017
"> | 50149 | 46489 | 61598 | 62364
125 | 5 5057 | 46775 | 61997 | 627.76
15 | s g622 | 47107 | 6246 | ean5a | CPRStTEw
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225 | 31135 | 472.99 | 627.28 | 635.31
25 1 090163 | 54134 | 629.49 | 635.27
"> | 50149 | 547.14 | 63673 | 64671
125 | 55057 | 55419 | 64554 | 653.71
175 | 58602 | s56.82 | 648.82 | 658.31 | CeoSesoTex
225 | 31135 | 558.95 | 65148 | 663.82
25 | 09163 | 578.75 | 6424 | 64654
"> | 20149 | 59967 | 68047 | 6857
125 | 55057 | 597.32 | 688.78 | 698.86 GeySes,Ter
175 1 58622 | 60158 | 695.38 | 713.95
225 | 31135 | 605.41 | 703.88 | 71915

Table 2: Variation of the values of Tc-Tg at different
heating rates with varying Te atomic %

Te0 Tca;;l'g Tc;l’g Tc-Tgat | Tc-Tgat | Tc-Tgat
Oa/t) ) Z.SIElMi 7.55/Mi 12.5"}1(/M 17.':_;:1(/M 22.':_;:1(/M
40 459 52.65 57.29 60.14 62.77
30 145.07 151.09 152.22 153.53 154.29
20 88.15 89.59 91.35 92 92.53
10 63.65 80.8 91.46 93.8 98.47

Table 3: The coordination number (Z) and the
activation energy (Eg) and using eq. (2) & (3) for
various compositions

Paramete | GeypSesy GeypSesy GezpSesy GegoSesy
rs Teq Tes Tex Teqg
Coordinat | , 2.4 2.6 2.8
on
number
(4]
Eg{Eq. 39.01 45.20 57.27 67.91
2}kcal/mi
n
Eg{Eq. 40.37 46.87 59.15 69.70
3}kcal/mi
n

IV. CONCLUSION
Systematic investigation of crystallization kinetics of
Ge-Se-Te glass system reveals a heating rate

dependence of Tg. It is found that the glass transition
temperature Tg increases with the increase in heating

rates. The little increase in Tg was observed, with the
variation of Te content from 10% to 40%. There is
increase of Tc-Tg at higher Te concentration upto 30%,
which leads to more stable glass and at 40% becomes
less stable. Thermal stability of these glasses is also
found in good agreement to form the glasses with ease.
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