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Abstract— Bulk glasses of compositions Se85Te10X5 (X = In, Sn) prepared by melt quenching technique. These samples were structurally characterized 
using X-ray diffraction. Kinetics of phase transformations of Se85Te10X5 (X = In, Sn) glassy compositions have been studied using differential thermal 

analysis (DTA) under non-isothermal conditions at five different heating rates ( α  = 10, 20, 30, 40 and 50 P

o
P C/min). From the heating rate dependence of 

glass transition temperature T RgR and peak crystallization temperature TRpR, the activation energy of glass transition E RgR, the activation energy of 
crystallization E RcR, the order parameter (n), the dimensionality of growth and the frequency factor k RoR determined via three models; Kissinger, Augis-

Bennett and Mahadevan et al. According to Avrami index n, the crystallization mechanism was interpreted as three-dimensional growth for SeR85RTeR10RSnR5R 
and two-dimensional growth for SeR85RTeR10RInR5R composition. Some kinetic parameters; the Hruby number H RrR, the glass formation ability (GFT), the 

temperature difference (T RcR – T RgR), the reduced glass transition temperature T RrgR and the thermal stability S studied as functions of heating rates and 
compositions. 

 
Index Term— Chalcogenide glasses, Chalcogenide material, Crystal growth, Crystallization approximation models, Differential thermal analysis, Glass 

activation energy, Stability parameter. 
——————————      —————————— 

 
 
1  INTRODUCTION    

halcogenide glasses are interesting materials belonging to 
the inorganic disordered solids. These glasses are subjects 
of intense research both for basic physics understanding as 

well as targets for device fabrication owing to their easily 
modifiable electrical, optical and thermal properties. Se- based 
chalcogenide alloys are the most materials in terms of 
composition and preparative conditions, and have wide 
potential for technological applications in solid state devices. 
Applications include xerography, reversible optical recording 
and electrical memory and threshold switching [1], [2], [3]. …  
Amorphous selenium assumed to consist of two structural 
arrangements, long chains and Se8 rings in a mixture held by 
presumably weak Van der Waal's forces with strong covalent 
bonding between the atoms in the chains or rings [4]. These 
molecular bonds imply that these glasses are less robust and 
mechanically weaker than oxide glasses. Moreover, the 
amorphous phase of Se is associated with a short lifetime, low 
sensitivity (nucleation and crystallization rates) and low 
thermal stability and thus poses limited applications. 
Additives are significant in increasing thermal stability, 
sensitivity, thermal and electrical conductivity, lifetime and 
glass transition temperature.       ................................................. 
     Amorphous Se–Te alloys have greater hardness, higher 
photosensitivity and smaller aging effects than pure Se. As 
these glasses have poor thermo-mechanical properties, in 

order to enlarge their domain of applications, it is necessary to 
increase their softening temperature and mechanical strength. 
The effect of addition of third element (In, Sn or Sb) into Se–Te 
glass has been carried out many research groups [5], [6], [7], 
[8], [9], [10], [11], [12]. The addition of  indium (In) which has a 
large electronegativity difference with Se and Te, expands the 
glass forming area and also creates compositional and 
configurational disorder in the system, and also is found to 
modify the structure and thus the electrical and thermal 
properties of the Se–Te system [13], [14], [15], [16], [17]. The 
addition of impurities like Sn is particularly of much interest 
as it has produced a remarkable change in the optical, 
electrical and thermal properties of chalcogenide glasses. The 
lattice perfection and the optical gap of the material play a 
major role in the preparation of the device which modified by 
the addition of the dopant (Sn)........................................................ 
     There are two methods can be used to study the 
crystallization kinetics in chalcogenide glasses: isothermal and 
non-isothermal methods. In the isothermal method, the sample 
is brought near to the crystallization temperature very quickly 
and then any physical quantity change drastically is measured 
as a function of time. In the non-isothermal method, the 
sample heated at a fixed rate and physical parameter recorded 
as a function of temperature. We use the non-isothermal 
method because the measurements made in a relatively rapid 
and precise manner. The aim of the present work is to analyze 
the glass transition and crystallization kinetics of amorphous 
SeR85RTeR10RXR5R (X = In, Sn) compositions by means of non-
isothermal differential thermal analysis (DTA) measurements 
at different heating rates using three different methods of 
analysis namely, Kissinger's relation [18], Matusita-Sakka 
theory [19] and Augis-Bennett approximation [20]....................... 
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2  EXPERIMENTAL TECHNIQUES

Samples of Se85Te10X5 (X = In, Sn) glassy system prepared in 
bulk form by melt quenching technique. For each sample, materials 
of 99.999% purity weighed according to their atomic percentage are 
sealed in evacuated quartz ampoules (~10-5 Torr). The sealed 
ampoules were then heated to ~1273 K in an oscillatory furnace at a 
heating rate of 3K/min and were frequently rocked for about 10 
hours at the highest temperature to make the melt homogenous. 
The quenching has done in ice-cooled water. The structure of the 
investigated samples was examined by X-ray diffraction analysis 
(Shimadzu XD-D2) with Cu target and Ni filter. The chemical 
composition of the obtained samples is checked by energy 
dispersive X-ray analysis using a scanning electron microscope (Joel 
5400). Fully quantitative analysis of the results has obtained from 
the spectra by processing the data through ZAF correction 
program. The samples so obtained were ground to powder form 
for carrying out DTA measurements. The thermal behavior was 
investigated using a differential thermal analyzer (Shimadzu DTA-
50). Five heating rates (α = 10, 20, 30, 40 and 50oC/min) were 
selected for DTA measurements. About 10-15 mg. powder, heated at 
constant heating rate and the changes in heat flow with reference to 
empty reference pan were measured. The presence of a well-
defined endothermic peak (at the glass transition temperature and 
melting temperature) and an exothermic peak (at the crystallization 
temperature) was observed in each DTA analysis. …             ….. 
 
3 RESULTS AND DISCUSSION…………………………. 
3.1.1 Structural and thermal analysis………………… 
     X-ray diffraction was carried out for the investigated samples of 
Se85 Te10 X5 (X stands for In or Sn). The obtained X-ray patterns for 
the studied samples shown in Fig.1. The absence of any sharp peak 
confirms the amorphous nature of these samples.…………   …….. 
3.1.2 Energy dispersive X-ray spectrum analysis EDX 
     Composition of the investigated samples was checked by energy 
dispersive X-ray spectrum analysis using a scanning electron 
microscope. The obtained data showed that the percentage of the 
constituent elements of the studied samples are approximately the 
same as given in Table 1.     ………………             ….   …….. 
3.1.3 Differential thermal analysis DTA……………. 
     The phase transformation of the samples observed through DTA 
at five different heating rates (α  = 10, 20, 30, 40 and 50oC/min). A 
typical DTA thermogram of Se85Te10In5 and Se85Te10Sn5 glassy 
samples at heating rate 10oC/min as representative examples 
shown in Figs.2 (a, b). When the sample heated at a constant 
heating rate in differential thermal analysis experiment, the glass 
undergoes structural changes. The DTA traces show three 
characteristic phenomena. The first one is an endothermic region 
which denoting as glass transition region while the second is an 
exothermic phenomenon manifesting the crystallization process 
and the last is an endothermic phenomenon corresponding to the 
melting point of the sample. ………………………………………….. 
…………………………………………………………  
     The glass transition is generally considered to occur due to 
changes in the amorphous structure. The DTA traces of the studied 
samples show single glass transition peak Tg and which confirms 

the homogeneity of the samples. In addition, the glass transition 
temperature Tg represents the strength or rigidity of the glassy 
alloy [21], [22]. Also, there is an exothermic peak originating which 
arises due to an abrupt increase in specific heat of the sample.…  
     From the Amorphous- Crystallization Transformation, this 
exothermic peak has three characteristic points, The first point is the 
onset temperature of crystallization Ti, the second is the peak 
temperature Tp and the third is the final temperature of 
crystallization Tf.………    ….………………………………………. 
Fig.2 shows the characteristic melting temperature Tm represented 
by an endothermic peak. Tables 2& 3 illustrate the values of  Tg, Tp 
and Tm for the studied compositions at different heating rates as 
mentioned above. It is clear from these tables that Tg, Tp and Tm 
increase with increasing heating rates for the studied compositions. 
The Tg of multi-component glass is known to be dependent on 
several independent parameters such as band gap, coordination 
numbers, bond energy, effective molecular weight and the type and 
fraction of various structural units formed [23], [24], [25].  ……….. 
It is clear from Tables 2& 3 that Tg for Se85Te10Sn5is lower than that 
for Se85Te10In5. This understood according to the chemical bond 
energies given in Table 4 between the constituent elements in the 
investigated samples [26]. Since the Se – In bond (183.86 kJ/mol) is 
higher than that of  Se – Sn ( 176.65 kJ/mol). This increase of Tg 
with addition of In attributed to the cross linking of Se – Te chains 
and substitution of Se – Se homopolar bonds with Se – In 
heteropolar bonds with increased bond energy as mentioned 
above. Consequently increases the overall cohesive energy of the 
system which in turns increases the glass transition temperature 
(Tg). This will lead to increase the lattice rigidity as well as Tg and 
decrease the thermal stability as well as Tp [21].……---------------------
--------        
3.2 Kinetics of phase transformation………..………. 
3.2.1 glass transition region…………………………. 
     The dependence of glass transition temperature Tg on the 
heating rateα used to study the glass transformation region of a 
material and determine the value of activation for glass transition 
Eg. …………………………………………………… 
The kinetics of glass transition can be studied using the dependence 
of Tg on the heating rate α.This dependence discussed on the base 
of three approaches. …………………………..………………….. 
     The first one is corresponding to the empirical relation 
suggested by losaka [27] in the form:                     …  ……………. 

αlnBAgT +=                                                                              (1) 

     where A and B are constants. The value of constant A indicates 
the glass transition temperature for the heating rate of 1K/min, 
while the value of constant B is dependent on the glass composition 
[27] and the cooling rate of the melt: the lower cooling rate of the 
melt, the lower value of B. The plot of TRgR versus ln α for the glassy 
compositions shown in Fig.4. The values of A and B for the studied 
compositions given in Table 5. The values of A and B are in 
agreement with that obtained before [28], [29].……………  ……..    
The second approach is the use of Kissinger formulation [30] to 
show the dependence of TRgR on heating rate and then evaluation of 
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the activation energy for glass transition Eg. In spite of the fact that 
the Kissinger equation is basically derived for the determination of 
activation energy of crystallization process (Ec), it is shown [31-34] 
that the same equation can be used for evaluation of the glass 
transition activation energy (Eg). ……………………………….. 
According to Kissinger, the value of (Ec) can be determined from 
the formula [26]:……………………………    ..………………….…. 

cons)g/RTc(E)gT(α +−=2/ln                                                (2) 

where Ec is the activation energy for crystallization and R is the 
universal gas constant ( R = 8.3144 J/mol).………………….. 
Equation (2) can be used to calculate the value of Eg; i.e. replacing 
Tp by Tg and Ec by Eg where the above equation takes the 
following form for the glass transition kinetics 
…………………………… 

consgRTgEgT +−= )/()2/ln(α                                                (3) 

Eq. (3) states that )2/ln( gTα  versus )/1000( gT  K-1 plot should be 

straight line as shown in Fig.5 for the studied samples. The values 
of Eg deduced from the slope of Fig.5 according to Eq. (3) and listed 
in Table 5.…………………………      ..……………………………… 
The third approximation of Mahadevan et al. [35] where the 
variation of )2/1ln( gT  with αln . Thus, the Kissinger equation can 

be simplified to     ………………………… 
consgRTgE +−= )/(lnα                                                (4) 

A plot of αln  against )/1000( gT  K-1 for the studied compositions 

shown in Fig.6. Values of the activation energy are obtained from 
the slope of the resulting straight lines in Fig.6 and listed in Table 
5.……………..………………………………. 
     It is apparent from this table that the deduced values of  Eg 
based on the three models are in agreement with each other. This 
means that any of the three methods is suitable for calculating the 
glass transition activation energy.……   
…………………………….….. 
     The glass transition activation energy defined as the amount of 
energy that absorbed by a group of atoms in the glassy region, so a 
jump from one metastable to another is possible [36]. Eg involved in 
the molecular motions and the rearrangement of atoms around the 
glass transition temperature [37].    ……………………………..  
     It is clear from Table 5 that the values of Eg for Se85Te10In5 

composition is lower than that for Se85Te10Sn5 composition: that is 
due to the higher internal energy with In addition than Sn addition 
to Se –Te system, Hence the probability of atom jump to the lower 
energy metastable states decreases with In addition than Sn 
addition to Se – Te system.  ………………….………………………. 
 3.2.2 Crystallization kinetics, activation energy and 
dimensionality of growth.………………    ………………. 
     In this section, three different approaches [30], [38], [39] 
concerning the kinetics analysis of crystallization reaction and the 
temperature dependence of the reaction rate constant. It has 
pointed out [30] that in a crystallization process, three types of 
activation energies have to be involved: activation energy for 
nucleation, activation energy for growth and activation energy Ec 
for the whole crystallization process. Various studies [35], [38], [39] 
show that the activation energy for growth may be taken equal to 

the activation energy of the whole crystallization Ec provided it is 
evaluated using thermal analysis of the sample. The following 
methods have been used to estimate the activation energy for 
crystallization.……………………………… 
3.2.2.1 Kissinger model ………………………………… 
The evaluation of the activation energy for crystallization Ec from 
the variation of the peak temperature Tp with heating rate )(α  
undertaken by using the Kissinger equation Eq.(2) [25]. Fig.7 shows 

the plot of )2/ln( pTα  against )/1( pT  for the studied samples. The 

data fitted by straight lines. The slope of the plot gives the 
activation energy Ec. The obtained values of Ec listed in Table 6 for 
the studied samples.                 ………………………. 
 3.2.2.2 Augis and Bennett model ………………….…. 
The activation energy (Ec) of crystallization can be deduced from 
the approximation method advanced by Augis and Bennett [20] 
which follows the expression:  ………… ……………………… 

okpRTcEoTpT ln)/()]/(ln[ +−=−α                                 (5) 

where To is the initial temperature and ko is the frequency of 
attempts made by the nuclei to overcome the energy barrier during 
crystallization. In case of Tp > To the previous relation can be 
approximated as follows: ……………         ……………… 

okpRTcEpT ln)/()/ln( +−=α                                                (6) 

From this approximation values of  Ec can be obtained from the 
slope of the linear plots shown in Fig.8 of )/ln( pTα  and 

)/1000( pT K-1 for the studied samples. The y-intercept of the 

obtained straight lines corresponding to okln  from which the 
frequency factor obtained. The obtained values of Ec and ko listed 
in Tables 6 and 7. It is observed that the value of the frequency 
factor ko is lower with In addition than Sn addition.…………… 
This indicates that Se85Te10In5 has greater crystalline tendency than 
Se85Te10Sn5.………………….…...…………………………… 
3.2.2.3 Mahadevan et al. model.………………………… 
The activation energy Ec of crystallization can be also calculated 
from the variation of the peak crystallization temperature Tp with 
the heating rate through the use of an approximation developed by 
Mahadevan et al. based on the following equation:          …… 

conspRTcE +−= )/(lnα                                                               (7) 

The plot of αln  against )/1000( pT  KP

-1
P yields a straight line, the 

slope of which gives the activation energy of crystallization ERcR. Fig.9 
shows the plots for SeR85RTeR10RInR5 Rand SeR85RTeR10RSnR5R from which ERcR 
values are come out and given in Table 6.  ………………….. 
From Table 6, It is clear that the barrier to crystallization for 
SeR85RTeR10RInR5R is higher than that for SeR85RTeR10RSnR5R sample. This 
indicates that the atoms require large energy to jump from the 
glassy state to the crystalline state. The difference in the activation 
energy as calculated with the different models, even for the same 
sample, may be attributed to the different approximations used in 
the models.………………………………………………………… 
3.2.2.4 Matusita and Sakka model……………………… 
 Matusita et al. [19] suggested an equation, which is applicable for 
kinetic of crystallization under non-isothermal conditions and 
given as ………………    .…………………………..………………… 
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consRTcmEn +−−=−− /052.1ln)]1ln(ln[ αc  (8) 
where c  is the volume of the fraction crystallize at any 
temperature T, and given by c =(AT/A) where AT is the area 
between Ti and T as shown by the hatched portion in Fig.2,  A is the 
total area of the exothermic peak between the temperature Ti where 
the crystallization just begins and the temperature Tf where the 
crystalline state completed, m and n are constants  related to the 
crystallization mechanism. For a quenched glass containing no 
nuclei n = m + 1 and for a glass that has sufficiently large nuclei 
before DTA experiment n = m [40]. A plot of )]1ln(ln[ c−−  versus 

)/1000( gT  K-1 data for the studied samples measured at different 

heating rates shown in Figs.10 (a,b). It is observed that the plots are 
linear over a wide temperature range, a break in linearity is seen for 
all heating rates for the studied samples. This is due to the 
saturation of the nucleation sites at the final stage of crystallization 
[41], [42] or to the restriction of crystal growth by small size of the 
particles [43]. From Figs.10 (a,b) the value of m Ec was calculated 
from the slope of the linear regions of the )]1ln(ln[ c−−  versus 

)/1000( gT  K-1  for all heating rates and given in Table 8. 

Eq.(8) written in the following form, at constant temperature: 
consn +−=−− αc ln)]1ln(ln[                                                (9)  

Figs.11 (a,b) show linear plots of )]1ln(ln[ c−−  versus αln  at three 
different fixed temperatures for each sample under consideration. 
According to Eq. (9), the slope of each line in Fig.11 gives the n-
value and hence the value of m for the studied samples. The values 
of n and m are given in Table 8, since our samples are as-quenched 
the value of n = 4 and m = 3 for Se85Te10In5 sample, indicating bulk 
nucleation with three-dimensional growth. For amorphous 
Se85Te10Sn5Sample, the values of n = 3 and m = 2 indicating the 
bulk nucleation with two-dimensional growth. ……………….      
     The obtained values of activation energy of crystallization Ec for 
the studied samples calculated by different methods are in 
agreement with each other. It is observed also a considerable 
difference in the values of Ec for the studied samples evaluated by 
different methods. This may be due to different approximations 
that have been adopted to arrive at the final equation of the various 
methods.   ……………………………… 
3.3 Thermal stability of glassy alloys    ……………….. 
     The study of thermal stability and glass forming tendency (GFT) 
is an important condition for utilizing of chalcogenide glasses as 
recording materials. These materials exhibit the amorphous – 
crystallization phase transformation that is utmost importance for 
the development of some new chalcogenide glasses as better phase 
change recording materials. Also, the memory and switching 
materials demand the thermal stability and the case of glass 
formation.    …………………………… 
     Glass forming tendency (GFT) is the relative ability of the glass 
composition to conform to and remain in the amorphous state. 
Many studies have done for evaluating GFT and thermal stability 
of glasses [44], using the ratio Tg/Tm. Dietzel [45] introduced that 
the difference between Tc (Tc here is the onset temperature of 
crystallization) and Tg is a strong indicator of both GFT and 
thermal stability and is often an important parameter to evaluate 
the GFT. The higher values of Tc – Tg the greater the values of GFT. 
Higher value of Tc – Tg delays the nucleation process [46]. The 

values of Tc – Tg for a- Se85Te10In5 and a- Se85Te10Sn5 samples 
given in Tables 2 and 3 at different heating rates.     
……………………              
     The reduced glass transition temperature for the studied 
samples is calculated to determine the ease of glass formation 
according to the relation [44]   ………………………………….. 

mTgTrgT /=                                                                            (10) 

The obtained values of Trg at different heating rates given in Tables 
2 and 3. The average values of the reduced glass transition 
temperature Trg are 0.279 and 0.297 for Se85Te10Sn5 and 
Se85Te10In5 compositions respectively, which indicated that the 
addition of In to Se - Te alloy leads to the ease of glass formation. 
Hruby [47] calculated the parameter Hr (Hruby number that is 
used as an indicator of glass forming tendency GFT. Good GFT is 
found for glasses with Hr ≥ 0.4) by the aid of the following relation:                                          
. )/()( pTmTgTcTrH −−=                                              (11) 

     The thermal stability parameters is also defined in literature [48] 
by the following expression:                                . 

gTTH /' ∆= and )](/)[( gTpTgTcTpTS −−=
 

(12) 

     The higher values of S, reflect the greater thermal stability of the 
glass.     …………………………………………………….. 
     The above equations (11&12) applied in the present study to the 
alloys SeR85RTeR10RInR5 Rand SeR85RTeR10RSnR5R. The values of ∆T, Hr, H′ and S 
given in Tables 2& 3. It observed from these tables that the highest 
values of Hruby number Hr, H′ and S are for SeR85RTeR10RSnR5R 
composition. Therefore, SeR85RTeR10RSnR5 Rcomposition can be taken as 
the most stable in comparison with SeR85RTeR10RInR5R. …………….. 
 
4 CONCLUSION……………………………………..---                                                                                                                                            
DTA technique has been used to study the glass transition region 
and the crystallization kinetics in the chalcogenide glasses 
SeR85RTeR10RXR5R ( X= In or Sn ) at different heating rates. The analysis of 
experimental results is carried out by using three different methods 
under non-isothermal condition. The activation energy for glass 
transition ERgR and the activation energy for crystallization ERcR 
obtained for each treatment with close agreement implying the 
validity of these methods for determination of ERgR and ERcR in the 
present compositions. The values of Avrami index n for the studied 
compositions are found to be 4 for SeR85RTeR10RInR5R, which indicates 
three-dimensional growth, and n=3 for SeR85RTeR10RSnR5 Rcomposition 
which indicating two-dimensional growth. The thermal stability 
parameters, the Hruby number HRrR, the glass formation tendency 
(GFT), the temperature difference (TRcR – TRgR), the reduced glass 
transition temperature TRrgR and the thermal stability S studied as a 
function of heating rates. Results indicate that the SeR85RTeR10RSnR5 Ris the 
better thermally stable glass composition.                        .  
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