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Thermal studies of Sn10Sb20Se70-XTeX (0≤X≤12) have been performed using Differential 
scanning calorimetery (DSC) at different heating rates. Glass transition temperature and 
crystallization temperature were evaluated from DSC scans and are found to increase with 
heating rate. The glass transition temperature Tg increases with increase in Te contents 
upto X=10 and then decreases for X=12 while the crystallization temperature Tp increases 
upto X=4 and then decreases with further substitution of Te. The apparent activation 
energy for glass transition and activation energy for crystallization were calculated using 
Kissinger, modified Kissinger and Matusita equations. The difference in the bond energies 
of Se and Te with Sn and Sb leads to decrease of Tg initially but increases with further 
substitution of Te. The parameters for glass stability reflects X= 4 composition as best 
glass stabilty among the composition studied. 
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1. Introduction 
 
Recently chalcogenide materials are widely studied for their potenial applications in active 

as well as passive solid-state electronics and optical devices. The applications include 
photoreceptor in xerography [1], optical recording and memory switching [2, 3], infrared optical 
fibres and waveguides [4] and non-linear optics [5]. Due to high transmittance in the IR region of 
chalcogenide glasses, these materials are being used as an active as well as passive component in 
IR optical devices. The chalcogenide materials containing S, Se and Te have high transmittance in 
the 0.8-7, 1-10, and 2-12 µm, respectively [8]. Chalcogenide glasses with heavy atomic mass 
elements show small glass forming region but on the other hand has advantage of having higher 
transmittance in IR region due to reduction in optical band gap and thus low optical losses [2].  
This technological advantage increases the interest in the chalcogenide systems having Sn, Sb as 
heavy elements.The optical and electrical properties of these materials are significantly modified 
by substitution or addition of impurity elements in the chalcogenide system. 

  P Kuamr et al. [10] showed the glassy nature of the SnxSb20Se80-x (8≤ X ≤ 18) and 
showed that the system with X=10 with average coordination number Z=2.40 is the best glass 
former. The aim of the present work is to find out the effect of isoelectronic substitution of 
chalcogen element Te with Se on thermal and electrical properties of the glassy Sn10Sb20Se70 
system [10]. There have been reports of Se-Te system having better corrosion resistance [9], which 
makes it a prospective material for phase change memory application. The study of crystallization 
kinetics of amorphous materials has been widely discussed in literature [6,7],[11]. Different 
techniques viz isothermal and non-isothermal are employed to study the crystallization kinetics in 
solids. In isothermal technique, the temperature is quickly increased to above Tg and heat evolved 
is analyzed. On the other hand, in case of non-isothermal technique, the sample is heated at 
constant heating rate and heat evolved is analyzed. non-isothermal technique employs the use of 
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differential scanning calorimetery. There have been many theoretical models developed to explain 
the crystallization kinetics [14-16], [22]. In the present work, these models are used to calculate 
the apparent activation energy for glass transition and activation energy for crystallization. 

 
 
2. Experimental Procedure 
 
Bulk samples of Sn10Sb20Se70-XTeX (0≤X≤12) were prepared using conventional melt 

quenching techinque. The quartz tubes of 5mm outer diameter and ~10 cm length were sealed 
from one end and were rinsed using organic solvant (acetone). These tubes (ampoules) were 
cleaned with aqua regia and finally with HF for two hours each and then dried. The appropriate 
amounts of constituent elements of 4N purity were weighed and sealed in the cleaned ampoules 
under vacuum sealing at ~ 10-5 mbar. The sealed ampoules were heated in furnance at 5 K/min 
heating rate upto 1123K and were kept for 48 hours.The ampoules were frequently rocked to 
ensure homogenous mixing of constituents. The ampoules were then quenched in ice cold water to 
obtain amorphous materials. The quenched ampoules were etched in 60% V/V HF + 40% V/V 
H2O2 for 40-48 hours for extracting the materials. The bulk material extracted was ground finely 
and used for X-ray diffraction (XRD) and differential scanning calorimetry (DSC) studies. XRD 
studies were done using Phillips PAN ANALYTICAL machine and X-Ray of Cu K� line to check 
the amorphous nature of the materials. DSC studies were done using Mettler Toledo Stare system 
from RT- 773K at different heating rates viz (5,10,15 and 20 K/min) under N2 environment and 
empty reference pan. The glass transition temperature is defined as the temperature corresponding 
to the intersection of two linear portions adjoining the transitions elbow of the DSC trace in the 
endothermic direction. The onset crystallization temperature Tc, has been defined as the 
temperature corresponding to the intersection of the two linear portions adjoining the transition 
elbow of the DSC trace in the exothermic direction. The fraction Xc crystallized at a temperature T 
was calculated using the relation Xc = AT/A where A is the total area of the exotherm between Tc 
and the temperature at which crystallization is completed, AT is the area between  onset 
temperature Tc and temperature T. 

 
 
3. Results and disscussion 
 
Powder of bulk samples was used to check the amorphous nature of the material using 

XRD technique. Fig 1 shows the XRD pattern of the samples. XRD patterns are shifted on 
intensity scale for clear visiblity. Absence of any sharp peak indicates the amorphous nature of 
these samples.  

 
Fig. 1. XRD pattern of Sn10Sb20Se70-XTeX glasses. The absence of any sharp peak in the 

pattern shows the amorphous nature of the materials. 
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Fig 2 shows the typical DSC plot of sample having X = 6. Samples with other X values 
show similar plots.  

 

 
 

Fig. 2. DSC Plot of Sn10Sb20Se64Te6 at different heating rates. The glass transition, Peak 
Crystallization and melting temperature are marked in plot. 

 
 
 

3.1 Glass Transition 
 

The glass transition temperature Tg as obtained from the DSC plots shows a monotonic 
increase upto X=10 and then decreases as shown in fig 3. 

 
Fig. 3. Variation of Tg with Tellurium contents in the samples. 

 
 

The value of Tg shows a shift towards higher temperature with increase in heating rate, α  
as shown in fig 4 for Sn10Sb20Se68Te2 sample. 
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Fig. 4. Plot of linear Variation of Tg with heating rate α for Sn10Sb20Se68Te2 sample. 

 
 

The empirical realtion for glass transition variation with heating rate  
 

Tg = A + B logα                                                         (1) 
 

Where, A and B are constants holds good for all samples. The variation of B values from 
2.35 to 3.60 reveals the structural changes occuring in the sample as the composition is           
varied [12]. The apparent activation energy for glass transition was calculated using Kissinger 
equation [13].  

 
    ln(Tg

2/α) + constant = Egl/ RTg                (2) 
 

Where α  R and Egl are heating rate, gas constant and apparent activation energy for glass 
transition respectively. The slope of ln (Tg

2/α) versus 1000/Tg plot gives the value of Egl as shown 
in fig 5. The apparent activation energy for glass transition shows a decreasing trend with 
increasing tellurium contents.  

 

 
Fig. 5.   Plot of ln (Tg

2/α) versus 1000/Tg for samples Sn10Sb20Se70-XTeX  with X=4  and 12. 
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3.2 Crystallization 
 
The activation energy for crystallization was calculated from the modified Kissinger 

equation [14] 
   ln(αn/ Tp

2) = -mEc/ RTp + ln K'                                    (3)  
        

Where K’ is the constant containing factors representing the thermal history of the sample. 
The n and m are factors having values between 1 and 4 depending upon the morphology of the 
growth.The slope of lnα versus 1000/Tp gives the value of mEc/n as shown in fig 6.  
 

 
Fig. 6. Plot of ln α with 1000/Tp for X=4 and  8. 

 
 
 

In case of non-isothermal crystallization the activation energy can be calculated using the 
Matusita equation [15] 

 
                                                            (4) 

 
Where Xc is the volume fraction of crystals precipitated in the glass heated at uniform 

heating rate α, Ec is the crystallization activation energy, Tp is the peak crystallization Temperature 
and n and m are constants representing morphology of the growth. Mahadevan et al [16] has 
shown that n can take value 4,3,2,1 related to different types of glass crystal transformation 
mechanism. n=4 represents volume nucleation and three dimensional growth, n=3 represent 
volume nucleation and two dimensional growth, n=2 represents volume nucleation and one 
dimensional growth, n=1 represents surface nucleation and one dimensional growth from surface 
to inside. The value of n can be calculated from the slop of the straight line of plot of                     
ln [-ln (1-Xc)] versus lnα at constant temperature. Fig 7 shows the plot of ln [-ln (1-Xc)] versus ln 
σ at two different temperature for Sn10Sb20Se64Te6 sample.the value of n comes out to be 4.15- 
4.51. Since the sample were not given any heat treatment before DSC experiments thus value of m 
can be taken as n-1 i.e. 3. Thus in the case of our samples, values of n=4 and m=3 reveal volume 
nucleation and three dimensional growth.  
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Fig.7. Plot of ln [-ln (1-Xc)] and ln α at two different temperatures for Sn10Sb20Se64Te6 sample. 

 
 

Fig 8 shows the variation of fraction crystallized with temperature.and shows an increase 
of the fraction crystallized as the temperature is increased during heating up of the sample in DSC 
runs.  

 
Fig.8. Shows the increase of fraction crystallization as the temperature increases with 

heating of the sample. 
 
 
 

Fig 9 shows the plot of ln[-ln(1-Xc)] with 1000/Tp at different heating rates for 
Sn10Sb20Se64Te6 sample. From the slope of the straight line drawn, one can evaluate the value of 
mEc. The deviation from the straight line nature at higher temperature is due to saturation of 
nucleation sites during the latter stage in the process of crystallization [17].  
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Fig. 9.   Plot of ln [-ln (1-Xc)] versus 1000/Tp. 

 
 

Using the value of n and m, the activation energy of crystallization was calculated for both 
modified Kissinger and Matusita methods. The calculated values of Ec are given in Table 1 as Ec 
(MK) and Ec (ME) for modified Kissinger equation and Matusita equation respectively. 

 
Table 1 value of B, Egl, n, m, Ec (MK), Ec (ME). 

 

 
 
 

3.3 Glass stability 
  

Different simple quantitative methods have been suggested for evaluating the stability of 
glasses [18] [19] [20] [21] using the parameters of glass transition temperature Tg, onset of 
crystallization temperature Tc, peak crystallization temperature Tp and melting temperature Tm 
obtained from the DSC data. Sakka and Meckenzie [21] used the ratio of Trg = Tg /Tm as glass 
stability parameter. Dietzel [18] introdued the glass criterion ∆Τ = Tg – Tc which is often an 
important parameter to reflect the thermal stability of the glasses. Hruby [19] introduced the 
parameter Hr = ∆Τ/(Τm – Tp). Saad and Poulain introduced the two weighted parameters H' and S, 
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H' = ∆Τ /Τg and S = (Tp - Tc)∆Τ /Τg respectively. The values of these parameters are given in     
Table 2.  

Table 2 various thermal stability parameters. 
 

 
 

From the values of these parameters the composition with X=4 shows best glass stability 
showing higher Hr and S parameter. The variation in glass transition temperature Tg can be 
explained on the basis of difference in the bond energies of Se and Te with Sn and Sb. The steep 
drop in the Tg in X=2 sample might be due to formation of weaker Te-Te bonds (bond energy 
291.6 KJ/mole) since Sn and Sb favour strong bonds with Se (bond energy 401.2 and 346 kJ/mole 
respectively). On further substitution of Te, the reletively strong Sn-Te and Sb-Te bonds (bond 
energy 359.8 and 277.4 kJ/mole respectively) are formed leading to increase in the Tg. The 
decrease in Tg on further substitution of Te might be again formation of weaker Te-Te bonds due 
to abundance of Te in the X=12 Sample.  

 
 
4. Conclusions 
 
The thermal investigation of the chalcogenide system Sn10Sb20Se70-XTeX was carried out. 

The variation of glass transition, crystallization temperature was evaluated from DSC plots. Glass 
transition temperature shows an increase upto X= 10 and then decreases. Apparent activation 
energy for glass transition and activation energy for crystallization were calculated using different 
theories. The crystallization kinetics showed volume nucleation and three-dimensional growth of 
cyrsallites. Thermal stability parameters were evaluated which showed the alloy with X=4 is the 
glass with best stability. 
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