Journal of Alloys and Compounds 506 (2010) 956-962

Contents lists available at ScienceDirect

Journal of Alloys and Compounds

journal homepage: www.elsevier.com/locate/jallcom

Journal of

ALLOYS
AND COMPOUNDS

Glass-crystal transformations in Segg_xTez0Agy (x=0, 3, 5, 7 and 9) glasses

S. Faheem Naqvi®*, Deepika?, N.S. Saxena®*, Kananbala Sharma?, D. Bhandari®

a Semi-conductor & Polymer Science Laboratory, 5-6, Vigyan Bhawan, University of Rajasthan, Jaipur 302055, India

b Department of Physics, S.S. Jain Subodh P.G. College, Jaipur 302055, India

ARTICLE INFO ABSTRACT

Article history:

Received 16 April 2010

Received in revised form 7 July 2010
Accepted 8 July 2010

Available online 22 July 2010

Keywords:
Amorphous materials
Amorphisation
Kinetics

Phase transition
X-ray diffraction

Sego_xTez0Agx (x=0, 3, 5,7 and 9) glassy alloys have been prepared by the conventional melt quenching
technique. These samples were structurally characterized using X-ray diffraction. Kinetics of phase trans-
formations of Sego_xTe20Agx (x=0, 3,5, 7 and 9) glassy system has been studied by differential scanning
calorimetry (DSC) under non-isothermal conditions at five different heating rates. The DSC traces have
been analyzed in terms of activation energy and stability by four models viz. Kissinger, Matusita, Gao-
Wang and Augis and Bennett models. Avrami exponent (1), dimensionality of growth (m) and frequency
factor have also been determined for a better understanding of growth mechanism. The obtained kinetic
parameters indicate that stability of the glassy samples increase with increasing Ag content.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In the past decades, glasses and glass ceramics have attracted
much attention because of their unique properties, such as
excellent chemical durability, amazing optical transparency and
excellent electrical properties. Recently, a great deal of work has
been done in the field of chalcogenide glasses due to their useful
applications in solid-state electronics [1-3], infrared optical fibers
[4], semiconducting properties [5,6] and in optical recording [7].

Chalcogenide glasses containing Se-Te belonging to VI B group
elements are efficient materials for thin film circuits, fabrication of
semiconductor devices, transistors and detectors. In Selenium (Se),
each atom needs two neighbors to satisfy the valence requirements.
This can be achieved either by the formation of small molecules
(Seg) or linear polymeric chains (Se) [8,9]. Selenium (Se) can melt
without an appreciable change within these structural units, the
required random arrangement of atoms being obtained by breaking
of the weak bonding between units. A rearrangement into a crystal
structure on cooling is a difficult step, and a glass is easily formed.
The properties of amorphous Se (a-Se) and the effect of alloying
Te into a-Se have been studied by various workers [8-10]. These
studies indicate that when Te is incorporated to amorphous Se, it is
dissolved in the Se chains to satisfy its coordination requirements
and to form a cross-linked structure, which retards the crystalliza-
tion probability and enhances thermal stability.
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The addition of third element in Se-Te glass converts it into an
interesting material and new promising properties of the material
are expected [11]. The addition of Silver (Ag) to Se-Te is expected to
create the compositional and configurational disorder in the mate-
rial as compared to binary alloy. Se-Te-Ag chalcogenide glasses
exhibit single glass transition temperature and single crystalliza-
tion temperature, which is the main requirement for good optical
recording medium [12]. Therefore, the crystallization kinetics of Ag
containing chalcogenide glasses is very important for the develop-
ment of new and better phase change recording materials.

The increasing use of thermoanalytical techniques such
as differential thermal analysis (DTA) or differential scanning
calorimetry (DSC) has offered the promise of obtaining useful data
on phase transformations with simple methods [13,14]. Accord-
ing to the kinetic view point, when the glass transform into the
crystalline state, the rearranged particles have to overcome some
potential barriers, such as the activation energy of the crystalliza-
tion. If the potential barrier is higher, i.e. the activation energy of
crystallization is larger, the nucleation and thus the crystallization
of the glass is more difficult and the atoms do not have enough time
to rearrange themselves, when the glass melt is rapidly quenched.
Consequently, a random disordered structure is obtained and this
is favorable for glass formation [15].

Many efforts have been made in the recent past to study the
kinetics of phase transformation of the chalcogenide glasses. Rocca
et al. [16] have investigated the crystallization process on amor-
phous GeTeSb samples near to eutectic point of Ge5Tegs. They
found that the Ge 5Tegs glass shows a primary crystallization of
Te superimposed with a secondary crystallization of GeTe and the
addition of Sb (5 at.%) to the eutectic point of Ge;5Tegs modifies the
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above mentioned behavior. The crystallization kinetic parameters
of Geyy 5Tey75 glass using model-free and model-fitting methods
have been studied by Abu El-Oyoun [17]. From the various kinetic
parameters, the author reported that the activation energy of
crystallization is not constant but varies with the degree of crystal-
lization and temperature. Faisal et al. [18] have studied the kinetics
of non-isothermal crystallization of ternary SegoTeyg_xZny glasses
and found that the glass with 2.5 at.% of Zn is the most stable glass
within the series. Bayri et al. [19] have studied the crystallization
kinetics of Fe73 5_xyMnyCu;Nb3Sij35Bg (x=0, 1, 3, 5, 7) amorphous
alloys and concluded that the activation energy increases uptox =3,
and then decreases with increasing Mn content.

The aim of the present paper is to study the kinetics of phase
transformations of Segg_xTez0Agx (x=0, 3, 5, 7 and 9) glassy sys-
tem using differential scanning calorimetry (DSC). The study of
kinetics is always connected with the concept of activation ener-
gies. The values of these energies are associated with nucleation
and growth mechanisms that dominate the divitrification of most
of glassy solids [20]. The kinetic parameters such as activation
energy of glass transition (E;), activation energy of crystalliza-
tion (E¢), Avrami exponent (n) and frequency factor (K,) and m of
both the phase transformations (glass transition and crystalliza-
tion) have been obtained using theoretical models [21] such as
Kissinger, Matusita-Sakka, Gao-Wang and Augis-Bennett model.
These parameters have further been utilized to determine the ther-
mal stability of these glasses.

2. Experimental details

Sego_xTez0Agy (x=0, 3, 5, 7 and 9) glassy alloys have been prepared by melt
quenching technique. The materials of high purity (99.999%) were weighed accord-
ing to their atomic weight percentages into a quartz ampoule. The content of the
ampoule was sealed in the vacuum of 10~ Torr and heated in a furnace. The tem-
perature of the furnace was raised at a rate of 3-4Kmin~' up to 925°C and kept
around that temperature for 12 h.

The ampoule was frequently rocked to ensure the homogeneity of the sample.
The molten sample was then rapidly quenched in the ice-cooled water to get glassy
state. The amorphous nature of the alloy was ascertained through X-ray diffraction
pattern of the samples using Bragg-Brentanno geometry on analytical X'pert Pro
diffractometer in 26 range of 15-60° with Cu K, radiation source (1 =1.5406 4). The
X-ray tube was operated at 45 kV and 40 mA. The thermal behavior of the samples
has been investigated using Rigaku 8230 differential scanning calorimetry (DSC).
The accuracy of heat flow measurement is £0.01 mW and the temperature preci-
sion as determined by the microprocessor of the thermal analyzer is +0.1 K. DSC
runs have been taken at five different heating rates, i.e. 10, 20, 30, 40 and 50 K min~!
on accurately weighed (10-15mg) samples taken in aluminum (Al) pans under
non-isothermal conditions. The temperature range covered in DSC was from room
temperature (300K) to 450 K.

3. Results and discussion
3.1. Structural and thermal analysis

Fig. 1 shows the X-ray diffraction pattern of as-prepared
Sego_xTez0Agx (x=0, 3, 5, 7 and 9) glassy systems at room tem-
perature (293K). The absence of any sharp peak confirms the
amorphous nature of these alloys.

The phase transformations of the samples have been observed
through DSC at five different heating rates, i.e. 10, 20, 30, 40 and
50 K/min under non-isothermal conditions. Fig. 2 shows the DSC
thermograms of Segg_xTezgAgx (x=0, 3, 5, 7 and 9) glassy samples
at a heating rate of 10 K/min as a representative case.

When the sample is heated at a constant heating rate in a dif-
ferential scanning calorimetry experiment, the glass undergoes
structural changes and eventually crystallizes. In addition to the
large exothermal crystallization peak, the DSC trace shows an
endothermic region before crystallization occurs and is denoted as
glass transition region. This calorimetric glass transition is gener-
ally considered to occur due to changes in the amorphous structure,
which approaches a thermodynamic equilibrium state as the tem-
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Fig. 1. XRD patterns of Segg_xTez0Agx (x=0, 3,5, 7 and 9) glassy system.

Table 1

Characteristic temperatures of all the samples at heating rate of 10 K/min.
Sample T, (K) T. (K) T, (K)
SegoTezo 341.2 371.1 394.7
Se77Tez0Ags3 340.4 370.5 392.9
Sez5Tez0Ags 338.0 368.9 390.0
Sez3TezoAgy 342 374.5 395.0
Se71Tez0Agg 343.8 377.5 401.0

perature of the system is increased. The DSC traces of all the
samples show single glass transition and crystallization, which,
confirms the homogeneity of the samples. Table 1 lists the char-
acteristic temperatures of all the samples at a heating rate of
10K/min.

From Table 1 and Fig. 2, it is observed that the glass transition
temperatures of these samples are found to decrease monotonously
up to 5at. wt% of Ag and then increases on further addition of Ag.
A similar trend has also been observed for these samples at other
heating rates. The variation of the glass transition temperature of
these glasses can be explained on the basis of structural changes due
to the introduction of Ag atoms. The generally accepted structural
model for a-Se includes [8] two molecular species; meandering
chains, which contain helical chains of trigonal Se and Seg, ring
molecules of monoclinic Se. The structure of the Se-Te system pre-
pared by quenching the melt is regarded [22,23] as a mixture of
Seg rings, SegTe, rings, and Se-Te copolymer chains. Therefore, an
introduction of Te decreases the Seg ring concentration favoring
Se-Te mixed rings with simultaneous increase in Se and Te atoms
in chain structure. When Ag is incorporated, Ag makes bond with Se
and is probably dissolved in the Se chains. The number of Seg rings
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Fig. 2. DSC thermograms of Segyg_xTez0Agx (x=0, 3, 5, 7 and 9) glassy system at a
heating rate of 10 K/min.
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Fig. 3. Variation of Ty with In(«) of Sego_xTez0Agx (x=0,3,5,7 and 9) glassy system.

increases while the number of long Se-Te polymeric chains and
Se-Te mixed rings decreases. Ty decreases [24] with increasing ring
concentration. This in turn explains the decrease in Tg values with
the increase of Ag concentration up to 5 at. wt%. Further, when Ag
is added beyond 5 at. wt%, Ag—Se bond formation take place along
with Ag-Ag bonds, which results in a decrease of Seg rings. The sin-
gle bond energy values [25,26] of Se-Se and Ag-Ag bonds are 225
and 160 kJ/mol, respectively, while the single covalent bond ener-
gies of Se-Te, Ag-Te and Se-Ag are 205.8, 195 and 202.5 kJ/mol,
respectively. Since the bonds are formed in sequence of decreasing
bond energy until the available valence of the atoms are satisfied,
therefore the bond energies are assumed to be additive. Then, the
cohesive energies are calculated by summing the bond energies
of the bonds present in the material [27]. Hence the formation of
Ag-Se and Ag-Ag bond increases the overall cohesive energy of
the system which in turns increases the glass transition tempera-
ture (Tg). Moreover, the decrease in Se bonds (Seg rings) makes the
structure more ordered and rigid. This ordered and rigid structure
requires higher energy for softening and therefore Ty and T, are
observed at higher temperatures.

3.2. Kinetics of phase transformations

3.2.1. Glass transition region

The glass transition region of a system has been studied in terms
of the variation of glass transition temperature with heating rate
(a). In addition to this, the activation energy of the glass transition
(Et) has also been evaluated. The glass transition temperature, Tg,
represents the strength or rigidity of the glassy alloy [28,29].

The dependence of T; on heating rate () can be discussed on the
basis of two approaches. The first approach is the empirical relation
suggested by Lasocka [30], which has the form

Ty =A+Blna (1)

where A and B are constants for a given glass composition. The
value of A depicts the value of the glass transition temperature (Tg)
at heating rate of 1 K/min, while B is proportional to the time taken
by the system to reduce its glass transition temperature (Tg), when
its heating rate is lowered from 10 to 1K/min. Fig. 3 depicts the
variation of Tg with In(c) for the investigated Segg_xTez0Agx (x=0,
3, 5,7 and 9) glassy system.

From Fig. 3 it is found that this equation holds good for inves-
tigated samples. The values of A and B for all samples are listed in
Table 2. The value of A for Se;1TeygAgg glass has also been con-
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Fig. 4. DSC thermogram of Se7; TezoAgog glass at 1 K/min.

firmed from the DSC thermogram taken at 1 K/min and has been
shown in Fig. 4 as a representative case.

The second approach that shows the dependence of Tg on heat-
ing rate is known as the Kissinger formulation [31]. This equation is
used for the evaluation of the activation energy for the amorphous
glass-transition (E;), inspite of the fact that this equation is used
for the evaluation of the activation energy of the crystallization, it
has been frequently used for the determination of the activation
energy of glass transition using the peak glass transition tempera-
tures. The Kissinger model is based on peak shift method and if the
shift in the glass transition peak with heating rate is similar to peak
shifts in the crystallization region, then this equation can be used
for the determination of the activation energy of glass transition
[32]. This condition is satisfied in the measurements mentioned in
this study.

The Kissinger equation relating the peak temperature with heat-
ing rate («) is written as:

Ino E;
— == = constant 2
ngp <RTgP> " @
where E; is the activation energy of the glass transition, Tgp is the
peak glass transition temperature, « is the heating rate and R is
the universal gas constant. Fig. 5 shows the plot ofln(a/Tgp) versus
1000/Tgy, for Segg_xTezpAgy (x=0, 3, 5,7 and 9) glassy alloys.

The values of activation energies of glass transition (E;) for all
compositions are also listed in Table 2. From Table 2, it is observed
that the value of E; decreases with increase of Ag concentration.
This is due to the fact that Se and Te both are twofold coordinated
where as Ag is fivefold coordinated. When Ag is introduced into
Se-Te system, it tries to satisfy its coordination requirements and
bond energy. This gives rise to bond disorder with some degrees
of topological disorder which increases the entropy of the system

Table 2
The values of A, B and Activation energy of glass transition (E;) for Sego_xTez0Agx
(x=0, 3, 5,7 and 9) glassy alloys.

Composition A (K) B (min) Activation energy
of glass transition
(E¢) (K] /mol)
Kissinger Model
SegoTexo 327.5 7.02 £ 0.41 148.73 £+ 1.01
Se77Tey0Ags 326.2 6.63 £+ 1.41 147.97 £ 045
Sez5TexAgs 3254 6.72 £ 0.31 141.32 £+ 0.52
Sez3TeyAg; 328.2 7.04 £ 035 137.51 + 0.87
Se71Tex0Ago 330.6 6.51 + 1.28 134.68 + 0.90
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Fig.5. Plots ofln(a/ngp) against 1000/Tg, of Sego_xTez0Agx (x=0, 3,5, 7 and 9) glassy
system.

[33]. Therefore, the internal energy, which arises from the motion
of atoms, increases, i.e. the barrier height between two metastable
states decreases. The decrease in the barrier height between the
adjacent metastable states in the glassy region means that activa-
tion energy decreases and a jump to more stable metastable state
in this region is preferable. Hence, the decrease in activation energy
E; is due to the increase in the internal energy.

The Se;1 TeoAgg glass is found to possess lowest E;. It is reported
[34,35] that the glass with lower E; is more stable; therefore, it
may be concluded that the stability of the glass increases with the
increase in Ag concentration.

3.2.2. Crystallization

The Kinetic analysis of crystallization reaction is related to
the knowledge of the reaction rate constant as a function of
temperature. The activation energies to be considered in an
amorphous-crystalline transformation process are the activation
energy for nucleation (E;) and activation energy for growth (Eg).
The activation energy for the whole process is called the activa-
tion energy of crystallization and is denoted by (E;). The thermal
analysis methods enable the determination of E. [36,37].

The activation energies of crystallization (E;) for Segg_xTeoAgx
(x=0, 3, 5, 7 and 9) glassy system have been estimated using the
following methods.

3.2.2.1. Kissinger model. The activation energies of crystallization
(Ec) for Segp_xTegoAgx (x=0, 3,5, 7 and 9) glassy system have been
determined using the following equation proposed by Kissinger
[31].

In (;;) = — (151;) + constant (3)
p

where Tj, is the peak crystallization temperature. Fig. 6 shows the
variation of ln(oz/Tg) with 1000/T, for Segg_xTezoAgx (x=0, 3, 5,
7 and 9) glasses. The data were well-fitted by straight lines. The
slope of these straight lines gives the activation energy of crystal-
lization.

3.2.2.2. Matusita and Sakka model. Crystallization kinetics has
also been studied using a method suggested specially for non-
isothermal experiments by Matusita et al. [38]. The value of fraction
crystallized (x), in glass, heated at constant heating rate («) is
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Fig. 6. Variation of ln(a/TpZ) with 1000/T, of Sego_xTezoAgx (x=0, 3, 5, 7 and 9)
glasses.

related to the effective activation energy of amorphous-crystalline
transformation (E.), through the following expression:

mE¢
RT + constant 4)

where x is the fraction of crystals precipitated in a glass heated
at uniform rate and n is a numerical factor depending on the
nucleation process. The fraction of volume x crystallized at any
temperature T is given as x=Ar/A, where A is the total area of the
exotherm between temperature T; where crystallization just begin
and the temperature T, where the crystallization is completed. At
is the area between T; and T, as shown by the hatched portion
in Fig. 7. Here n=m+1 is taken for a quenched glass containing
no nuclei and n=m for a preheated glass containing sufficiently
large number of nuclei, where m is an integer which represents the
dimensionality of growth. Fig. 8 shows the plot of In[—In(1 —x)]
against 1000/T at five different heating rates 10, 20, 30, 40 and
50 K/min for Se;1TeygAgg glassy alloy as a representative case. All
the other samples of the series also show the same behavior.

At high temperatures or in regions characterized by large crys-
tallization fractions, a nonlinear behavior was seen for all heating
rates. A similar behavior has also been reported for other chalco-
genide glasses [39,40]. This nonlinear character can be attributed

In[-In(1 —x)] = —nlna — 1.502

Heat Flow (mW)

EXO

ENDO

Temperature (K)

Fig. 7. Typical DSC curve indicating the estimation of volume fraction crystallized.
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to the saturation of nucleation sites in the final stages of crystal-
lization [41] or to the restriction of crystal growth by small size
of the particle [42]. From Fig. 8, the value of mE. was calculated
from the slope of the In[—In(1 —x)] versus 1000/T for all heating
rates.

At constant temperature, Eq. (4) can be written as:

In[-In(1 — X)] = —nlIn o + constant (5)

Fig. 9 shows linear plots of In[-In(1 —x)] versus In(«) at three
fixed temperatures for Se;;TeygAgg glass. Using Eq. (5), the values
of n have been determined from the slopes of these linear plots at
each temperature and are given in Table 3 for Segg_xTegAgx (x=0,
3,5, 7 and 9) glassy system.

As no heat treatment was given to nucleate the sample prior
to DSC scans, therefore, n is considered to be equal to (m+1). The
values of n are given in Table 3. It is to be noted [43,44] here that
if the value of n is less than 2 then the value of m will be 1. Hence
the value of the corresponding m is equal to 1. The result indicates
that the crystallization process is carried out by surface nucleation
with one dimensional growth.
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Fig. 9. Variation of In[—In(1 —x)] with In« of Se;1 Te;0Agy glassy alloy.

Table 3
Values of Avrami exponent and Frequency factor for Segp_,TexoAgy (x=0, 3,5, 7 and
9) glassy alloys.

Sample Avrami exponent (1) Frequency factor (K,)
Matusita model Gao Wang model

SegoTex 1.14 1.14 5.43 x 10%°

Sez7TeyAgs 1.21 0.94 1.71 x 10%°

SezsTeyAgs 1.55 1.08 5.70 x 1019

Se73Tengg7 1.38 1.03 1.86 x 1018

Se71TeyAge 1.31 1.34 1.28 x 10"

From the value of n and the average mE,, the activation energy
of crystallization of the Segg_xTepgAgx (x=0, 3, 5, 7 and 9) glassy
alloys can be calculated.

3.2.2.3. Gao and Wang model. Gao and Wang [45] proposed a
slightly different method to analyze DSC thermograms in terms
of the activation energy E., the dimensionality m, the frequency
factor K, etc., during the crystallization process. This theory is
based on the same fundamental assumption imposed on the
Johnson-Mehl-Avrami (JMA) transformation equation. It assumes
that the nucleation is randomly distributed and that the growth rate
of the new phase depends on the temperature and not on time. The
theory provides the relationship between the maximum crystal-
lization rate and peak crystallization temperature, which is given

by:

ln(z};> = _RETEP + constant (6)
where (dx/dt), is the rate of volume fraction crystallized at the
temperature corresponding to peak of crystallization Tp, which is
proportional to the exothermic peak height. Fig. 10 shows the plot
of (dx/dt), against temperature (T) at different heating rates for
Se;1TeyoAgg glass.

It is clear from Fig. 10 that the peak height increases and shifts
towards higher temperature values with the increase in the heating
rate. Shifting of the crystallization peak towards the higher tem-
peratures is an outcome of the fact that when the heating rate
is increased, the larger amount of heat is absorbed by the system
per second. The excess heat absorbed over the heat due to smaller
heating rate causes the transformation at a higher temperature and
hence there is a shift in transition temperatures towards the higher
temperatures at higher heating rates. Also the height of the crystal-
lization rate curve with heating rate is explained on the basis of the
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Fig. 10. Variation of (dx/dt), with temperature (T) at different heating rates for
Se;1Tez0Agy glassy alloy.
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fact that at higher heating rate the volume of fraction crystallized
in a given time is more as compared to fraction crystallized in the
same time with low heating rate.

Gao and Wang plot (In(dx/dt), versus 1000/Ty) for Se71TeyoAgy
glass is shown in Fig. 11 as a representative case. This plot is fitted
to straight line and the slope of this straight line gives the activation
energy of crystallization (E;).

The Gao and Wang method is also used to evaluate the Avrami
exponent using the following relations:

(073
(RTS) Kp = (7)
_EC
Kp = Ko exp (RTp ) (8)
dx
(E)p=0.37n1<p (9)

The values of Avrami exponent (n) obtained using above rela-
tion are shown in Table 3. The value of the corresponding m is
equal to 1 for all the samples, suggesting surface nucleation with
one-dimensional growth. The values of Avrami exponent (n) and
dimensionality of growth (m) obtained from the Gao-Wang and
Matusita models are in good agreement with each other.

3.2.2.4. Augis and Bennet model. The activation energy (E.) of crys-
tallization as well as frequency factor can also be determined by an
approximation method developed by Augis and Bennet [46], which
is given as follows:

o —E.
In (ﬁ) — e +Inky (10)
where T, is the temperature at which the crystallization just begins
and K, is the frequency factor (in s—1). The plots between In(c/T¢)
and 1000/T, for Segg_xTezoAgx (x=0, 3, 5, 7 and 9) glassy system
are shown in Fig. 12.

The value of K,, which is defined as the number of attempts made
by the nuclei per second to overcome the energy barrier, can be cal-
culated from the knowledge of In K, from Eq. (10). The values of K,
forall the samples are given in Table 3. These values are indicative of
the fact that the barrier to crystallization increases with increase in
silver (Ag) content, which in turn decreases the attempts made by
the nuclei’s to overcome the crystallization barrier. The decrease in
number of attempts to cross-crystallization barrier also decreases
the tendency of crystallization and hence makes the sample more
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Fig. 12. Variation of In(«/T.) with 1000/T, for Sego_xTez0Agx (x=0, 3, 5, 7 and 9)
glassy system.

stable against crystallization. The number of attempts made by the
nuclei to cross the barrier and the tendency to crystallization is
lowest for Se;1TeygAgg glass, which indicates the higher stability
of this glassy composition. The values of activation energy of crys-
tallization obtained from above discussed theoretical model have
been listed in Table 4.

From Table 4, it is clear that the barrier to crystallization
increases with the increase in Ag concentration in the samples.
This indicates that the atoms require large energy to jump from
the glassy state to crystalline state hence the stability increases
with increase in Ag concentration in the samples. The difference in
the activation energy as calculated with the different models, even
for the same sample, may be attributed to the different approxi-
mations used in the models. Besides, one of the factors influencing
the activation energy may be the temperature gradient, which may
not be the same for all heating rates, when the sample is placed
in the DSC furnace. This arises due to the error in placing the pan
in the DSC furnace with respect to the position of thermocouple.
Another factor influencing the activation energy is that the models
like Kissinger equation were developed for clays but have been fre-
quently used in literatures [47,48] for determining the activation
energy of the glasses.

The Kissinger equation was basically developed for studying
the variation of the peak crystallization temperature with heating
rate. According to Kissinger’s method, the transformation under
non-isothermal condition is represented by a first-order (i.e. n=1)
reaction. Moreover, the concept of nucleation and growth has not
been included in Kissinger equation. Matusita et al. have devel-
oped a method on the basis of the fact that crystallization does
not advance by an nth-order reaction but by a nucleation and
growth process. They emphasized that crystallization mechanisms
such as bulk crystallization (bulk nucleation followed by two- or
three-dimensional growth) or surface crystallization (bulk nucle-
ation followed by linear growth) should be taken into account for
obtaining E.. In addition to activation energy, Matusita’s method
provides information about the Avrami exponent and dimension-
ality of growth. Gao-Wang and Augis-Bennett methods are helpful
in obtaining kinetic parameters such as frequency factor (K,), rate
constant (K) along with activation energy of crystallization and
therefore preferred for the calculation of the kinetics over the other
models.

Thermal stability of Segg_xTez0Agx (x=0, 3, 5, 7 and 9) glasses
has been ascertained through the T, — T, difference. Fig. 13 shows
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Table 4

Activation energy of crystallization (E.) of Sego_xTez0Agx (x=0, 3, 5, 7 and 9) glassy systems using different theoretical models.

Composition Activation energy of crystallization (E.)
Kissinger model Matusita model Augis and Bennet model Gao and Wang model
SegoTezo 116.97 £+ 2.96 108.891 + 1.40 144.49 + 450 90.54 + 1.20
Se;7TexnAgs 133.8 + 0.45 114.621 £+ 1.63 15447 + 1.10 116.48 + 1.48
SezsTez0Ags 143.83 + 1.40 115.24 + 1.75 157.79 + 0.60 123.6 + 6.90
Se;3Tey0Ag7 146.57 + 0.20 117.98 + 1.79 170.60 + 1.25 128.86 + 1.38
Se;1TeypAgy 158.78 + 0.90 120.98 + 1.90 177.42 + 1.00 1309 + 1.64
” ment of Physics, University of Rajasthan for using DSC is gratefully
7 acknowledged.
| |
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a plot of T; — T; against the Ag content of the samples at a heating
rate of 50 K/min as a representative case. It is clear from Fig. 13 that
the value of T, — Ty increases with the increase in Ag concentration.
Therefore, it is again confirmed that the stability increases with the
increasing Ag content in the samples.

4. Conclusions

The kinetics of phase transformation of Segg_xTe,gAgx (x=0, 3,5,
7 and 9) glassy system has been carried out using several theoretical
models and following conclusions could be made:

1. The glassy alloys under investigation shows single glass transi-
tion and crystallization region, confirming the homogeneity of
the samples.

2. The lowest value of E; and the highest value of E. for Se;1 Te;gAgy
glassy sample indicate that this glass is more stable as compared
to other samples of the series. The values T. — Tg also confirm the
same fact.

3. Besides activation energy, frequency factors (K,) have also been
determined. A decrease in the values of frequency factor (Kj,)
with increasing concentration of Ag also suggest that stability
increases with increasing Ag content in the samples.
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