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In the present work crystallization kinetics of the amorphous Segg_xTe»oSn, (0 < x < 9)
system have been investigated using Differential Scanning Calorimetry. From the heating
rate dependence of the glass transition temperature and the crystallization temperature the
activation energy for the glass transition and that for crystallization have been determined
using the Kissingers equation and Matusitas equation for non-isothermal crystallization of
materials. The effect of addition of Sn to the Se-Te system on the dimentionality of crystal
growth has been investigated. An increase in the glass transition temperature with increase
in Sn content suggests that Sn plays a role in cross-linking the already existing Se-Te
chains which causes an increase in the thermal stability of the material. © 2000 Kluwer
Academic Publishers

1. Introduction ples through theifTy (glass transition)T, (peak crys-
Chalcogenide glasses are interesting candidates for réallization) andTy,, (melting point) . The samples (9-
versible phase change optical recording devices [1-3]L0 mg) in powder form were placed in standard plati-
In the present work a systematic investigation of thenum pans and scanned over a temperature range of
crystallization kinetics of amorphous §&exTexoSry 330°C . Ty was taken as the temperature correspond-
(0 < x < 9) system has been made in order to viewing to the intersection of the two linear portions ad-
the suitability of the material for the above applica- joining the transition elbow in the DSC trace€k, is
tions. The thermal stability and crystallization kinetics the temperature corresponding to the onset of crystal-
have been reported for the Se-Te-Sn system for diflization.The fraction X crystallized at a temperatdre
ferent Se: Sn ratios. Calorimetric studies were madés given X = Ar/A where A is the total area of the
under non-isothermal conditions at different heatingexotherm betweefi; where the crystallization just be-
rates. From the heating rate dependenc&adnd T,  gins and the temperatufig where the crystallization is
the activation energies for glass transition and crystacompleted A is the area betweeR, andT.

llization have been evaluated.

3. Results and discussion
2. Experimental procedure 3.1. Compositional dependence of Ty, T,
Bulk samples of the Sg xTexeSny (0 < x < 9) were E:, E. and dimentionality of crystal
prepared by the melt quenching technique. Appropriate growth
amounts of 5 N purity elements were sealed offinquartz DSC curves for SgTeyoSrnp, are shown in Fig. 1. It
ampoules (4 mm diameter) and placed in the furnace atan be seen that thg and T, of the samples shift to
a temperature of 650 for 48 hours. The furnace was higher temperature with the increase in heating rate.
constantly rocked to ensure a homogeneous mixing oimilar trend is also observed for all the other samples.
the constituents. The melt was then rapidly quenched id\ll the samples show a single glass transition tempera-
ice water. Quenched samples were removed from thure and a single crystallization peak. The variation in
ampoules by dissolving the ampoule in a mixture ofthe glass transition temperature with composition for
HF+H>0, for about 48 hours. Amorphous nature of the Sgg_xTexeSrk (0 < x < 9) system is shown in
the samples was ensured by the absence of any shalfiig. 2. It can be seen that tfig increases consistently
peaks in the X-ray diffractograms. Differential Scan- with the increase in Sn concentration at all the heating
ning Calorimetry (DSC) measurements were made usrates. This indicates that the addition of Sn to the Se-
ing a DSC3300, MacScience instrument. DSC thermoTe system crosslinks the already existing Se-Te chains
grams for various compositions of the samples werdghus causing an increase in the chain length and hence
obtained at different heating rates (5=20min.)inthe a more rigid structure resulting in an increase in the
temperature range 20-3%0 in order to scan the sam- Ty of the material. However the peak crystallization
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Figure 1 DSC thermograms for SgTexoSmp, at different heating rates showing the glass transition temperature, the peak crystallization temperature
and the melting point.
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Figure 2 Variation of Ty with composition for bulk amorphous Figure 4 T, versus logr for Sex_xTexoSry system.
Seso-x TexoSrk at different heating rates.

470 20°C/Min] Plots of Ty versus logr are shown in Fig. 4. The value
460 0 CMi of B is found to vary from 12—24 for different samples
450 , (Table I). Achange inthe value & indicates structural
E changes taking place in the samples with the change in
g 440 5 "C/Min, composition [4].
£ 430 ] The activation energy for glass transitié is cal-
420 3 culated using Kissingers formula [5]
410 ¢ 3 ng E,
400 3 In o + constant= R—Tg (1)
3900 Bt e
0 2 4 6 8 10  plots of In(l'gz/a) versus 1000Tg are found to be linear

as seen in Fig. 5. A linear behaviour has been observed

forallthe samples. Values & obtained from the graph

Figure 3 Variation_of T with‘ composition for bulk amorphous gre listed in Table |. The activation energy for glass

S&o-xTezoSTk at different heating rates. transition is found to vary from 23 to 26 Kcal/mol with

the addition of Sn.

temperature shows a slight initial decrease for=Sn  The activation energy for crystallizatidf, has been

2 at% and then increases for Sn2 at% as shown in - obtained using the modified Kissinger equation [6, 7]

Fig. 3. The melting point is found to increase with the

increase in Sn content. o" mE.
The empirical relation [4][; = A+ B loga where I (—2> =———+Ink 2

A and B are constant, holds good for all the samples. T RTp
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TABLE | Parameters determined from the heating rate data ef gBeoSr, samples

Et mEc/n Ec mE Ec
Sample B (Kcal/mol) (Kcal/mol) n m (Kcal/mol) (Kcal/mol) (Kcal/mol)
SeyoTexn 14.28 23.98 32.90 4.03 3 43.86 91.25 30.41
SergTe oS 24 23.10 27.30 2.02 1 54.60 65.86 65.86
SergTexpSny 22 24.17 28.06 2.16 1 56.12 66.97 66.97
Ser1Te oSy 12 26.34 43.78 211 1 87.56 96.44 96.44
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Figure 5 Log ng/a versus 18/ Ty for SezgTexoSm, .

Figure 7 In(—In(1 — X)) versus 18/ T for SesgTexnSn, at different
heating rates.
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1ok _ It can be seen from the valuesmfindm in Table |
] that the mechanism of crystal growth changes with the
s TE ; addition of Sn to the Se-Te system. For theeSeyo
2 1E 9 sample without Snn = 4 which givesm = 3 sug-
0g b _ gesting bulk nucleation with three dimentional growth.
b ] However with the addition of Sn the valuerobecomes
08 3 E 2 andm = 1 which suggests bulk nucleation with one
0.7 F 3 dimentional growth to be the dominant crystallization
0.6 A mechanism. The values di. evaluated using these
235 2.4 2.45 25 255  Vvalues ofmandn are given in Table | column 7. The
1000/Tp value of mE; (Table I) is obtained from the slope of
the In(—In(1 — X)) versus 1000T curve (Fig. 7). The
Figure 6 Loga versus 18T, for SezgTezoSre curve is a straight line for most of the temperature range

but shows a break at higher temperatures which is at-

. . ) tributed to the saturation of nucleation sites in the final
wherek is a constant containing factors depending onsiages of crystallization [9] or to the restriction of crys-

the thermal history of the samplesandmare constants (5| growth by the small size of the particles [10]. The
having values between 1 and 4 depending on the Mo q\ysis is restricted to the initial linear region extend-
phology of growth. The value omEc/n was deter- jnqg gver a larger rangeE. is again obtained using the
mined from the slope of la versus 1000T, curves 5|,e ofm andmE.. These values are listed in Table |
as shown in Fig. 6. The values ofE/n are listed in  o|ymn 9. The value of, is found to decrease with

Tablel. _ _ the addition of a small amount of Sm & 2 at%) to
According to Matusitet al. [8] for non-isothermal  he SeTe system indicating an increase in the speed of
crystallization crystallization which is also consistent with an initial

E, decrease in th&, of the sample (Fig. 3). However with
m . .
IN[—In(1—X)] = —nIna—1.052——<tconstant (3) the increase in Sn content = 4 at%) the speed of
RT crystallization decreases resulting in an increase in the
activation energy for crystallization.

whereX is the volume fraction of crystals precipitated

in the glass heated at uniform ratg, is the activation

energy for crystallization anR is the gas constant. The 3.2. Thermal stability and the ease

value ofn is obtained from the slope of Ia(In(1 — X)) of glass formation

versus I curve. The value ofnis takento ben — 1 Since there is no absolute criterion to parametrize the
since no prior heat treatment was given to the sampleglass formation the empirical parameters extensively
before the thermal analysis runs. used for its quantitative characterization have been
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TABLE Il Glass forming tendency of the Se-Te-Sn system ating Sn= 2 at% and decreases with further increase in
10 C/min Sn content suggesting that the sample containing:Sn
Sample Ty Te Tm To-Tg Tm-Te Kg To 2 at% is be§t suited fqr application to reversible phase
change optical recording.

SeoTexs 337 402 521 65 119 0.54 0.65
SergTexSm, 346 384 530 37 147 0.25 0.65
SersTexoSmy 355 438 533 83 95 0.87 0.66
SenTeoSm 364 443 540 79 97 0s2 067 Acknowledgement
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evaluated. The thermal stability is determined from
Hrubys parameteiK given by [11]

The values for different compositions vary from 0.25
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