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Bulk glasses of Se85Te15−xSbx (x=0,2,4&6at.wt%) are prepared by melt quenching 
technique. The amorphous nature of bu`lk samples was detected by X-ray 
diffraction analysis. This paper presents the results of kinetics studies of glass 
transition and crystallization kinetics of phase transformation by non-isothermal 
method using differential scanning calorimetry (DSC) technique for the 
investigated compositions .DSC is performed at different heating rates. The values 
of glass transition and crystallization temperatures are found to be composition 
and heating-rate dependent. The obtained results have been analyzed in terms of 
the activation energy of the glass transition Eg using Kissinger's and Mahadevan et 
al relations. Values of Eg obtained by the two relations are agreement with each 
other. The growth kinetics and its dimensionality have been investigated using 
three different models viz. Kissinger, Augis et al and Mahadevan equations. It is 
found that the activation energy for crystallization Ec increases with Sb content 
which indicated that the speed of crystallization rate is faster with increasing Sb 
content. The results indicate that the crystallization process is two-dimensional 
growth. 
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1. Introduction 
Impressive progress has been made over the last two decades in our understanding of the 

structure of semiconducting chalcogenide glasses from the theoretical, as well as experimental 
point of view [1]. Chalcogenide glasses are well-known and promising materials for a variety of 
photonic applications such as ultra fast optical switches, frequency converters, optical amplifiers, 
infrared lasers, and infrared transmitting optical fibers. The interest in these materials stems 
principally from their low phonon energy, extended infrared transparency, high refractive index, 
high photosensitivity, ease of fabrication and processing, good chemical durability, and special 
second/third order optical non-linearity [2]. Two different approaches have been adapted to 
investigate these materials: The first is the analysis of their structure and physical properties, while 
the second is connected with their stability, i.e. the study of glass transformation and 
crystallization process. Since the amorphous state is essentially a metastable one, it possesses the 
possibility of transformation into a more stable crystalline state.  The most promising properties of 
chalcogenide glasses have been found to deteriorate drastically during crystallization. 
Understanding the mechanisms of crystallization to impede or control crystallization is therefore a 
prerequisite for most applications, as stability against crystallization determines their effective 
working limits [3-7].    
___________________________________ 
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    Two popular techniques have been widely employed for the study of the crystallization 
behavior of glasses upon heating, isothermal and non-isothermal crystallization analysis [8-12]. In 
the isothermal method the sample is brought quickly to a temperature above the glass transition Tg, 
and the heat evolving during the crystallization process at a constant temperature is recorded as a 
function of time.  In the non-isothermal method, the sample is heated at a fixed rate β (oC/min), 
and the heat evolving is recorded as a function of temperature or time [4,13,14]. Non-isothermal 
analysis of the crystallization kinetics, of metallic glasses and glass forming liquid, has become 
increasingly attractive. Compared with isothermal techniques, non-isothermal experiments can be 
performed over a shorter time period and over a wider temperature range.   

     Thermal analysis methods including differential thermal analysis (DTA) and 
differential scanning calorimetry (DSC) are particularly important as they: (i) are easy to carry out, 
(ii) require little sample preparation, (iii) are quite sensitive and (iv) are relatively independent of 
the sample geometry. DSC is the more sensitive of the two calorimetric techniques and measures 
the volume fraction transferred as a function of time and temperature by measuring the heat 
liberated or absorbed during the phase change [15,16].  

      Chalcogenide glasses containing Se-Te belonging to VIB group elements are efficient 
materials for thin film circuits, fabrication of semiconductor glasses, transistors, detectors and 
other practical applications. From a technological point of view, these glasses should be thermally 
stable with time and temperature during use. However, thermal instability leading to crystallization 
is found to be one of the drawbacks of these glasses. Thus several attempts[17] have been already 
been made to improve the stability of Se-Te by the addition of third element such as Bi, Sb, Ge, In, 
Ag and others[18].Such addition to Se-Te glass converts it into an interesting material and new 
promising properties of the material are expected[19]. It is found that the addition of Sb to Se-Te  
is expected to create the compositional and configurationally disorder as compared to binary alloy.  

 
    The aim of work is to study the crystallization kinetics of amorphous Se85Te15-xSbx 

(x=0, 2,4,&6at.wt%)glassy system using the DSC technique under non-isothermal conditions with 
the sample heated at several uniform heating rates. The study of kinetics is always connected with 
the concept of activation energies. Values of the activation energies of crystallization are 
determined for the study compositions. The glass transition temperature, crystallization 
temperature at different heating rates and structural change during glass transition have been 
determined. The glass transition temperature )( gT , peak crystallization temperature pT , the 
activation for glass transition Eg and the activation energy of crystallization Ec and the 
dimensionality parameter n(Avrami exponent) are calculated at different heating rates by using 
different kinetics models to investigate the growth process in the transformation .The heating rate 
dependence and composition dependence of the activation energies of glass transition and 
crystallization are discussed.  

 
2. Experimental details   
 
Se85 Te15-x Sbx compositions glassy (x=0,2,4&6at.wt%) are prepared by melt quenching 

technique. The elementary constituents of each composition of purity 99.999 % were weighted in 
accordance with their atomic percentage and loaded in a pre cleaned silica tubes. The tubes with 
their constituent elements (5 gm total in weight) were sealed in a vacuum of 10-5 Torr. The tube 
was placed in an oscillatory furnace where the temperature was increased at the rate of 2-30C/min 
and heated regularly to 8500c to allow Se, Te and Sb to react completely. The ampoule was 
frequently rocked for 12h at the maximum temperature to make the melt homogenous then 
quenched in ice water very rapidly. Quenched samples were removed from the tubes by breaking 
the silica tubes. The initial vitreous alloys were powdered and separated according to the size. The 
chemical composition of the investigated samples was checked by energy dispersive X-ray 
analysis (EDX) using JOEL 5400 scanning electron microscope. The structural identification of 
the investigated glassy compositions was confirmed by both X-ray diffraction XRD using Philips 
X-ray unit (PW3710) with generator (PW 1830) supplied with a copper target with Ni filter. The 
X-ray tube was operated at 40 kV and 30 mA.  



 
 

     The thermal behavior was investigated using differential scanning caliometry DSC 
(Shimadzu DSC-50). Typically, 20 mg of sample in powder form was sealed in standard 
aluminum pans and heated at different rates ranging from 2.5 to 40 oC/min. The accuracy of the 
heat flow is ± 0.01 mW/cm and the temperature precision as determined by the microprocessor of 
the thermal analyzer is ± 0.1 0C, with an average standard error of about± 10C. 

 
3. Results and Discussions 
3.1. Structure identification 
3.1.1 X-ray diffraction patterns XRD 
   X-ray diffraction pattern was carried out for Se85 Te15-x Sbx (x=0,2,4&6at.wt%)  system 

in powder form and shown in Fig. (1). The results indicate that the prepared samples are of 
amorphous nature due to the absence of sharp peaks and the presence of only broad humps.  
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Fig. (1) X-ray diffraction patterns for  Se85Te15-xSbx (x = 0,2,4&6 at.wt%) in powder form. 

 
3.1.2. Electron 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 compositions are approximately the same as 
tabulated in Table1.  

Table 1. Eneregy dispersive X-ray analysis (EDX) for Se85Te15-xSbx films. 
 

Nominal compositions 
At % (Experimental) 

 
Calculated composition 

Sb Te Se 
Se82.46Te17.54 - 17.54 82.46 Se85Te15 

Se83.73Te14.4Sb1.87 1.87 14.40 83.73 Se85Te13Sb2 

Se83.79Te10.85Sb5.36 5.36 10.85 83.79 Se85Te11Sb4 

Se84.41Te8.12Sb7.47 7.47 8.12 
 

84.41 Se85Te9Sb6 

 
 

3.2. Thermal analysis 



 
 

The crystallization studies have been made under non-isothermal conditions with the 
sample heated at several uniform rates. 

A typical DSC trace of Se85Te15 obtained at a heating rate β of 10 oC/min, is given in Fig. 
(2), as a representative example. This figure shows three characteristic phenomena (endothermic 
and exothermic peak), which are resolved in the temperature region studied. The first one is the 
endothermic peak, at the glass transition temperature )( gT ,which arise due to an abrupt increase in 
the specific heat of the sample. The second is exothermic peak associated with maximum 
crystallization rate at temperature )( pT , while the third transition is an endothermic peak due to 

melting )( mT .  
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Fig.(2) Typical DSC trace of Se85Te15 at a heating 

 
     A complete set of DSC thermograms, measured at different heating rates for Se85Te13 Sb2, 
Se85Te11 Sb4 glasses as examples at different heating rates (β =2.5,5,10,20 and 40 oC/min) are 
shown in Figs.3 (a,b).It is observed that both Tg and Tp shift towards higher temperature as heating 
rate is increased. The values of gT  and pT  for the compositions under investigation are listed in 
Table 2. 
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Figs.3(a,b) A typical DSC trace of Se85Te13Sb2  and Se85Te11Sb4 at different heating rates as examples. 

 
Table 2.  The values of glass transition temperature (Tg) and the peak crystallization temperature (Tp) at 

different heating rates for Se85Te15, Se85Te13 Sb2, Se85Te11 Sb4 and Se85Te9Sb6 glasses. 
 

Heating 
rate β 

oC/min 

Se85Te15 Se85Te13Sb2 Se85Te11Sb4 Se85Te9Sb6 

Tg, oC Tp, oC Tg, oC Tp, oC Tg, oC Tp, oC Tg, oC Tp, oC 

2.5 52.06 107.88 55.4 143 56 145 51.7 156 
5 57.26 111.38 59.8 147 61.08 147 54.8 160 

10 61.8 116.7 62.9 150 64.6 151 58.1 164 
20 64 133.6 64.7 152 66.9 152.88 60.55 165 
40 69.3 139.15 69.7 156 71.6 160 63.04 169 

   
    The Tg of a multi-component glass is known to be dependent on several independent 

parameters such as band gap, co-ordination numbers, bond energy, effective molecular weight, the 
type and fraction of various structural units formed [20-23]. It is interesting to note that Tg varies 



 
 

with the heating rate β as given in Table 2. It is also clear from Table 2 that Tp increases with 
increasing heating rate β, so we can say that by increasing the heating rate,  the  peak 
crystallization temperature increases due to the reduction in crystal growth. It is also observed that 
Tp increases with increasing Sb content. On the other hand Tg increases with increasing Sb content 
up to 4at.wt%%, beyond this at 6 at.wt%% of Sb, Tg decreases. The Sb atom has a larger 
atomic/ionic radius than Se and Te atoms. Thus, when Sb is added to the Se-Te lattice, the lattice 
distorts due to the disturbed van der Waal type forces between chains and the rings of the 
chalcogen atoms [24,25]. The distortion in the lattice gives rise to more three-dimensional disorder 
in the material .It seems therefore that introduction of Sb in Se-Te system introduces some 
structural changes. The increase of Tg with initial addition of Sb could be accounted for by cross 
linking in the chains which increases the chain length thereby enhancing Tg. However, at higher 
concentration of Sb the structure is broken into a number of chains of smaller lengths due to the 
larger size of Sb atoms as compared to Se and Te atoms, thus deceasing Tg, which agrees with the 
conclusions reached by others [2,6,7,23,26]. 

 
3.2.1 The activation energy of glass transition Eg 
The dependence of gT  on the heating rate β could be discussed using three 

approaches[7,8].The first approach is the evaluation of  activation energy of  the glass transition Eg 
using Kissinger’s formula [27, 28]: 

tConsRTET ggg tan/)/ln( 2 +−=β ,                                                               (2) 

Where R is the universal gas constant (R=8.314472 J/K.mole).  A plot  of )/ln( 2
gTβ  against 

gT/1  for the investigated compositions are shown in Fig. (4). The obtained curves are straight 

lines. The values of the glass transition activation energy )( gE  deduced from the slopes of these 
lines are listed in Table 3. 
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Fig.(4) Variation of )/ln( 2

gTβ  against gT/1  according to Kissinger formula for Se85Te15-xSbx (x 
= 0,2,4&6 at.wt%) glasses. 

 
 
 
 
 
 



 
 

Table 3. Values of Eg (k.J.mol-1) for Se85Te15, Se85Te13Sb2, Se85Te11Sb4 and Se85Te9Sb6 according to different 
methods. 

 
Method Eg, (Kj.mol-1) 

 Se85Te15 Se85Te13 Sb2 Se85Te11 Sb4 Se85Te9Sb6 
Kissinger 147.49 207.26 222.13 176.6 

Mahadevan 142.87 204.99 219.84 179.9 

Lasocka A=322 
B=5.28 

A=323.66 
B=5.3 

A=324.74 
B=5.34 

A=321.19 
B=4.10 

 
 The second approximation of Mahadevan et .al [29,30] was used, where the variation of 1/Tg

2  
with lnβ is much slower than that of 1/Tg with lnβ; Eq. (2) can be simplified by as follows: 

tConsRTE gg tan/)ln( +−=β ,                                                        (3) 

Fig.(5) shows the plot of βln  against gT/1  for the studied glass compositions. The slope of the 

resulting straight lines gives )( gE  for the studied samples   and listed in Table 3. 
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Fig.(5) Variation of βln  against gT/1  according to Mahadevan et al approximation for Se85Te15-xSbx (x = 

0,2,4&6 at.wt%) glasses. 
     
The third approach is the empirical relation suggested by Lasocka in the form [31,32]: 

βlnBATg += ,                                                                           (4) 
where A and B are constants for a given composition. Plots of gT  versus βln  for the investigated 
glassy compositions are shown in Fig. (6), which confirms the validity of this relation. The 
obtained values of A and B are listed in Table 3. It was previously suggested that the value of B 
depends on the glass composition and the quenching rate from the melt, which are the conditions 
for preparing the compositions under consideration. It is observed from Table 3 that the three 
methods are in the same order.  
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Fig.(6) Plots of gT  versus βln  for Se85Te15-xSbx (x = 0,2,4&6 at.wt%) glasses. 

 
      It is also clear from this table that Eg increases with increasing Sb content up to 

4at.wt% and then decreases as Sb content becomes 6at.wt%. The variation of )( gE of these 
glasses can be explained on the basis of structural changes due to the introduction of Sb atoms. It 
is known that a-Se about 40% of the atoms have a ring structure and 60% of the atoms are bonded 
as polymeric chains. Tellurium enters as copolymer chains and tends to reduce the number of Se8 
rings [33]. Simultaneously, it increases the number of Se and Te atoms in the chains. The structure 
of Se-Te system prepared by quenching the melt is regarded as a mixture of Se8 rings, Se6Te2 rings 
and Se-Te copolymer chains. A strong covalent bond exists between the atoms in the ring whereas 
in-between chains only Vander Wall's forces are dominant [34-38]. The addition of Sb with small 
amounts (2-4at.wt%) to Se-Te system leads to its entry into the cross-link  chains, and  Se-Sb 
bonds with higher bond energy (214.2kJ/mole) are formed, replacing the Te-Sb bond which has 
lower bond energy (205.8 kJ/mole) [35] i.e Se8 ring decreases. As a result the glassy matrix 
becomes heavily cross-linked and the steric hindrance increases make the structure more rigid [39-
42]; it is expected that )( gE  increases with increasing Sb content (2-4%). Further addition of Sb 
(Sb > 4at.wt%) leads to the formation of Sb-Sb bonds (bond energy176.4 kJ/mole) resulting in 
decreasing the Se-Sb bond concentration and the concentration of Se8 rings increases in the glass 
matrix. The decrease of )( gE  leads to the increasing of the ring concentration, this, in turn, 

explains the decrease in )( gE value with the increase of Sb content higher than 4at.wt% [35]. The 
obtained glasses are stable up to 4at.wt% of Sb content and increasing Sb content leads to the 
reduction of the system stability. 

 
3.3 .Crystallization  
It has been pointed out [43] that in a crystallization process, two types of activation 

energies have to be considered: activation energy for nucleation En and activation energy for 
growth EG .The activation energy for the whole crystallization process is called the activation 
energy of crystallization Ec. Further, it has been shown through various studies [44,45] that the 
activation energy for growth may be taken equal to the activation energy of whole crystallization 
Ec .The thermal analysis methods enable the determination of Ec. 

The kinetics of phase transformations resulting in a microstructure formation is driven by 
nucleation and growth steps and in general is well described by Kolmogorov, Johnson, Mehl and 



 
 

Avrami (KJMA) theory [46,47]. The mixed molecule approach and the empirical theory of glass 
formation are based on the idea that glass formation is easier when the specific elements mix well 
and a large number of crystalline stoichiometric compounds are possible between them. This effect 
reduces the predominance of any one compound therefore, preventing crystallization [48,49]. 
Nucleation and crystallization rates are sometimes measured directly in the microscope, but 
differential scanning calorimeter is valuable for the quantitative study of crystallization in different 
glassy systems. 

The activation energies of crystallization Ec  for  Se85 Te15-x Sbx glassy system have been 
estimated using the following methods: 

 
3.3.1Kissinger method: the activation energy for crystallization Ec  has been determined 

for Se85 Te15-x Sbx (x=0,2,4and 6at.wt%) from the variation of the peak crystallization temperature 
Tp with the heating rate β using the following equation [50]: 

tConsRTET pcp tan/)/ln( 2 +−=β ,                                                               (5) 
where Tp is the peak crystallization temperature 
A plot of )/ln( 2

pTβ  against pT/1  for Se85Te15, Se85Te13 Sb2, Se85Te11 Sb4 and Se85Te9Sb6 glasses 
is shown in Fig. (7). The data were fitted by straight lines. The slope of these straight lines gives 
the activation energy of crystallization cE .The estimated values of cE  for all compostions are 
listed in Table 4 . 
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Fig.(7) Plots of )/ln( 2

pTβ against pT/1 according to Kissinger formula for Se85Te15-xSbx (x = 0,2,4&6 
at.wt%) glasses. 

Table  4. Values of the crystallization activation energy Ec  for Se85Te15, Se85Te13 Sb2, Se85Te11 Sb4 and 
Se85Te9Sb6 according to different methods. 

Method Ec(k.J .mol-1) 
 Se85Te15 Se85Te13 Sb2 Sce85Te11 Sb4 Se85Te9Sb6 

Kissinger 93.47 280.17 298.85 335.01 
Mahadevan 96.77 276.5 295.15 338.64 
Augis and 
Bennett 

100.06 272.83 291.45 339.28 

 



 
 

3.3.2.Augis and Bennett method: The crystallization activation energy cE  can also be  
determined by an approximation method developed by Augis and Bennett, [41,44],which is given 
as follows:  
 

opcop kRTETT ln/)]/(ln[ +−=−β  ,                                  (6) 
 

 Where 0k  is the frequency factor (in S-1) and 0T  is the initial temperature. In the case of 

op TT  , the above equation can be approximated as follows [51]: 
 

tConsRTET pcp tan/)/ln( +−=β  ,                                                                (7) 
 

    Plots of )/ln( pTβ  against pT/1  are shown in Fig. (8) for the investigated compositions. From 

the slope of these lines, the value of the activation energy for crystallization cE , can be calculated 
for all compositions which are listed in Table.4. 
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Fig.(8) Plots of )/ln( pTβ  versus pT/1 according to Augis and Bennett   for for Se85Te15-xSbx (x = 0,2,4&6 

at.wt%) glasses. 
 
3.3.3The Mahadevan et al method.  
The activation energy cE  of crystallization can be determined also by an approximation 

developed by Mahadevan et al [43,52] according to the following formula: 
tConsRTE pc tan/ln +−=β ,                                                                        (8) 

     Fig.(9) shows the variation of βln  against pT/1   for the studied compositions. The plot yields 

straight lines, the slope of which gives the activation energy cE . The deduced values of cE  for all 
compositions are listed in Table 4.  
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Fig.(9) Plots of )ln(β  versus pT/1 according to Mahadevan approximation for Se85Te15-xSbx (x = 0,2,4&6 

at.wt%) glasses. 
 

It is clear from this table that, the obtained values of cE , by the three different methods 
are in agreement with each other for all investigated compositions. It is well known that the 
activation energy of crystallization is associated with nucleation and growth process that 
dominates the devitrification of most glassy solids [53-56]. The activation energy of crystallization 
is an indication of the speed of crystallization rate. It is useful for the characterization of glassy 
alloys for different applications. It is clear from Table 4 that cE  increases with increasing Sb 
content in the present system which indicates the speed of crystallization rate, is faster with 
increasing Sb content [23].   

 
3.3.4.Matusita and Sakka method 
 
Crystallization kinetics has also been studied using a method suggested specially for non-

isothermal experiments by Matusita et al.[57,58].In this method the crystallized fraction χ , 
precipitated in a glass heated at constant rate β , is related to the activation energy for 
crystallization, Ec through the following expression [59,60]: 

 
tConsRTEmn ccc tan/052.1ln)}1ln(ln{ +−−=−− βχ ,                                   (9)  

where cm  and cn (Avrami index) are integer or half-integer numbers that depend on the growth 
mechanism and the dimensionality of the crystal. The fraction volume χ crystallized at any 
temperature T is given as χ =A/AT, where AT is the total area of the exotherm between Ti where 
the crystallization just begins and the temperature Tf where the crystallization is completed and A  
is the  area between Ti and T as shown by the hatched portion in Fig.(2). Here nc = mc+1 is taken 
for a quenched glass containing no nuclei and n=m for a preheated glass containing sufficiently 
large number of nuclei, where mc is an integer which represents the dimensionality of growth. A  
plot of ln[−ln(1−χ )] against 1/Tp for Se85Te15 and Se85Te9Sb6 as representative examples, measured 
at different heating rates, give straight lines over most of the temperature range as shown in Figs. 
10(a,b).  
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Figs.10(a,b) A plot of )}1ln(ln{ χ−−  against T/1 for all the heating rates β = 2.5, 5, 10, 20 and 40 

min/CO for Se85Te15 and Se85Te9Sb6 glasses. 
 

     It is observed that the plots are linear over a wide temperature range. At higher 
temperature some deviations from linearity at high temperature or in regions of large crystallized 
fractions were attributed to the saturation of nucleation sites in the final stages of crystallization 
[60]. From the slope of each straight line the )( ccEm value can be calculated. It seems to be 
independent on the heating rate, and, therefore, an average value of )( ccEm  was obtained at the 
heating rates ( β =2.5, 5, 10, 20 and 40 oC/min).  Eq.(9) can be written as : 

)}1ln(ln{ χ−− =nlnβ + Constant,                                                      (10) 
Fig.11(a-d) show linear plots of  )}1ln(ln{ χ−−  versus βln at fixed temperature according to  
Ozwa expression(Eq.(10) [38] for the studied compositions. Using Eq.(10), the values of  
relations, (Avrami index) cn , cm  and cE  have been determined and are given in Table 5. 



 
 

Therefore, the corresponding cm  values are deduced; consequently, the average values of 
crystallization activation energy cE were calculated and the above mentioned parameters are listed 
in Table 5. 
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Fig. 11(a-d) Plots of )}1ln(ln{ χ−−  versus βln  according to Avrami for Se85Te15-xSbx (x = 0,2,4&6 

at.wt%) glasses. 
 

 
 
 
 
 
 
 
 
 
 
 
 



 
 

Table 5. Values of Ec (k .J.mol-1), mc and nc for Se85Te15, Se85Te13 Sb2, Se85Te11 Sb4 and Se85Te9Sb6 glasses 
according to Avrami formula. 

 
Composition Ec (k j . mol-1) nc mc Ec mc 

Se85Te15 206.35 3.01 2.01 621.11 

Se85Te13Sb2 252.1 3.060 2.060 519.32 

Se85Te11Sb4 298.26 3.080 2.080 620.38 

Se85Te9Sb6 319.02 3.003 2.003 638.99 

Since our samples are as quenched, therefore, nc is considered to equal to mc+1 and the value of  
mc = nc -1(see Table 5), indicating bulk nucleation with two-dimensional growth in these glasses. 
[61,62].  
 
 

4. Conclusions 
 
A systematic investigation of the crystallization kinetics of 

Se85Te15−xSbx(x=0,2,4&6at.wt%) chalcogenide glasses has been performed by using non-
isothermal DSC measurements. The obtained results suggest that the addition of Sb ( 2-4 at.wt%) 
increases the chain length of Se-Te ,resulting in an increase of the glass transition temperature of 
the alloy, whereas further enrichment in Sb (6at.wt %) leads to a breaking of chains and formation 
of a larger number of smaller chains with a decrease in the glass transition temperature. It is found 
also that the peak crystallization temperature increases with increasing Sb content. The observed 
dependence of heating-rate of the glass transition temperature was discussed in terms of different 
theoretical models describing glass transition. Difference in values of Ec and Eg using different 
theoretical models may be attributed to the different approximation used in these models. The 
results indicate that the crystallization mechanism in Se-Te-Sb glasses occurs in two-dimensional 
growth according to the obtained values for the Avrami exponent (nc). 
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