Available online at www.pelagiar esear chlibrary.com

4
:ﬁ-: Pelagia Research Library
\I'E'_ Advancesin Applied Science Research, 2011, 2 (4): 49-57
Library

Library
I SSN: 0976-8610
CODEN (USA): AASRFC

Study of Crygallization Kinetics of Some Te(Bi,Ses)1.« Glassy Alloys
Shilpa Gupta?, Animesh Agarwal® and M anish Saxena”™

4Deptt. of Physics, Singhania University, JhunjhublDIA
PMoradabad Institute of Technology, Moradabad, INDIA

ABSTRACT

The activation energy plays a dominant role in diegj the utility of the material for the specific
purpose - here storage. Chalcogenide glasses begr investigated intensively because of their
promising technological applications in reversibjghase change optical recording. The
dependence of the crystalline temperaturg &hd the peak temperature of crystallizatiog) (@n

the composition and heating rai@) has been studied in the present work. From #agiihg rate
dependence pI the activation energy for crystallization JJEhas been evaluated. The activation
energy E, calculated using three different approaches imtbto increase with the increase in Te
content. This analysis helps in finding the sultgbbf an alloy to be used in phase transition
optical memories / switches. The results have l@®lyzed using Kissinger’'s equation and
Marseglia’s theory for non-isothermal crystallizai of materials.

Keywords: Glasses-thermal propertiehalcogenide GlasseSlass-optical materials; Thermal
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INTRODUCTION

Chalcogenide glasses are a recognized group ajanar glassy materials which always contain
one or more of the chalcogen elements Se, S oiThey are generally less robust, weaker
bounded materials than oxide glasses [1]. Chalddgeglasses have been attracting much
attention in the field of electronics as well asiiirared optics, since they exhibit several
peculiar phenomena useful for devices such asriglaicswitches, memories, image storage, and
photo resistors. The common feature of these ggassthe presence of localized states in the
mobility gap, as the result of the absence of loamgge order as well as various inherent defects.
Optical data storage based on laser induced amasptoocrystalline (a-c) phase transformation
of chalcogenide glasses is an area with on-goisgareh activity [2-9]. The trend of using
amorphous semiconducting materials, rather thaefudéy prepared crystalline semiconductors,
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in electronic devices necessitates further invatitg of such materials. These glasses are
known to exhibit single glass transition and singtgstallization temperatures, which is an
important condition for rewritable disks. Severahlcogenide alloys have been developed as
recording layer and their good practical perforngahas been reported [10-13].

Erasable recording is usually considered to betanpial replacement for conventional recording
due to its high storage density and archival stgbilThe chalcogenides used for recording
medium must be easy to amorphize and crystallizé,there should be a high optical contrast
between the amorphous and crystalline states. &sgpbhange technology (PC), the laser pulse
of duration several hundred nanoseconds is usedrdse a written spot. The a-c phase
transformation in PC recording layer material maestvery fast so as to enable erasing in such a
short time. Hence, the study of ac phase transfowmas of utmost importance for the
development of some new chalcogenide glasses &sr B&C recording materials [14]. The
addition of Bi to the Se-Te system is expected talifiy the material properties to make it more
suitable for reversible optical recording with aase time less thanisec. Thermal processes
are known to be important in inducing crystallipatiin semiconducting chalcogenide glasses
[15,16]. In order to view the suitability of a reatl for the above applications, it is necessary t
investigate the crystallization behaviour of thetenal concerned.

In the present work, a systematic investigationtref crystallization kinetics of amorphous
Te(Bi,Se)1x system has been made. The thermal stability aysdatlization kinetics have been
reported for the Te-Bi-Se system for different Tatents. In DTA two basic methods can be
used, isothermal and non-isothermal. In the isothémethod, the sample is brought quickly to
a temperature above the glass transition temperdfliy) and the heat evolved during the
crystallization process is recorded as a functiotiinee while non isothermal method, the sample
is heated at fixed rate and the heat evolved ierded as a function of temperature or time.
While isothermal experimental analysis techniquesnaore definite but non-isothermal thermo-
analytical techniques have several advantagesn®hasothermal method has been used for the
determination of the thermal stability of the anfwps alloys in the investigation of the
processes of the nucleation and growth that oceting transformation of the metastable phases
in the glassy alloys as it is heated. These teclasigprovide valuable information on such
parameters, as the glass transition temperatuysiatliization temperature and the activation
energy, over a wide range of temperature [17]. WMamase transformations occur too rapidly to
be measured under isothermal conditions becausemditions inherently associated with the
experimental apparatus. Industrial processes afepend on the kinetic behavior of systems
undergoing phase transformation under non-isothecmaditions. In this respect, a definitive
measurement of non-isothermal transformation kinstdesirable.

Calorimetric studies were made under non-isothenabitions at different heating rates. The
kinematical investigations are always connectedh whie concept of the activation energy. In
glass crystallization phenomena, the values ofethesestigations are associated with the
nucleation and growth processes, which dominatedéhtrification of most glassy solids. In
general, separate activation energies must beifigentvith individual nucleation and growth
steps in a transformation, although they usuallyehbeen combined in to activation energy
representative of the overall crystallization psxe Selenium based melt are characterized by a
high viscosity among amorphous chalcogenide al[@8s19]. Selenium in particular has been
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reported to exhibit a unique property of reversitstensformation, which makes these glasses
useful as optical memory devices. It is reporte@ J2] that addition of Te into a-Se results in
dissociation of long polymeric chains and eight rhemrings of amorphous selenium . As a
result Se-Te alloys are more important as compéved-Se due to distinct advantages viz.
greater hardness, better photosensitivity, lesgeing effects etc. and hence find applications as
recording layer material in optical phase changhrgue. However, limited reversibility and
low glass transition and crystallization temperasuin these alloys are serious problems. These
problems can be overcome by addition of third el@nas a chemical modifier as it is reported to
expand the glass forming region and also creategpositional and configurational disorder
[22]. This feature favours the glass formation utkiform by air-quenching or water—quenching
as well as in evaporated thin film forms. Sincduteim based melts with the same elements
generally have low viscosity, a high cooling raderequired to prevent nucleation and growth
during quenching and to obtain bulk glasses. THeritem alloys have often been used for the
active layer of those devices because of low nglpoint. Te-based alloys, which contain a
small amount of As, Bi, Sb or Ge, exhibit fast tajlszation processes after switching [23].
However, several problems like segregation anddogstallization temperature arises with these
alloys. The segregation limits the reversible titams between amorphous and crystalline states,
because the compositional deviation is likely tontowe in the active layer in every
crystallization process. The answer to the abowblpms may be a ternary solid alloy with
relatively low melting point because no composiéibchanges occur in a solid solution when it
is cycled between amorphous and crystalline sthidbis paper, we report our studies on Te-Bi-
Se ternary glasses with the variation in Te contérdm the heating rate dependence gftfie
activation energy for crystallization.Bas been evaluated.

MATERIALSAND METHODS

For the preparation of Te-Bi-Se glasses, high pwiéments (99.999 %) in appropriate atomic
percentage were weighed in to quartz ampoules. arhpoules, sealed under high vacuum
conditions (10 Torr) were suspended in a vertical furnace at°@0fbr 24 hours, shaken
vigorously for homogeneous mixing. The temperatuas raised at a rate of 3 to 4 K/min. The
melt was rapidly quenched in ice-water mixture. Gnenched samples were removed from the
ampoule by dissolving the ampoule in a mixture &#H,O, for about 20 hours. The samples
were then kept at room temperature in dark for @bome month for attainment of
thermodynamic equilibrium as stressed by Abkowitzhalcogenide glasses [20]. Amorphous
nature of the samples was ensured by the absencanyfsharp peaks in the X-ray
diffractograms.

The prepared solid solution in powder form has baead for thermal analysis using the
Differential Thermal Analysis (DTA). This materiafas first sealed in a standard aluminium pan
and the calorimetric thermo grams of various corntjprs of the samples were obtained with a
RIGAKU DTA 8150 calorimeter in the temperature rarig)-700C at various heating rates (10
— 20°C min™). Calorimetric measurements were made under rathésmal conditions and a
multi-scan technique has been used for crystaltimastudies. The activation energy for
crystallization (E) has been determined by using Kissinger’'s equatialifferent forms.
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RESULTSAND DISCUSSION

In the Te-Bi-Se system the various bonds involvedBa-Te, Bi-Se, Te-Se, Se-Se, Te-Te etc. The
chemical bonds approach predicts that only thrpestyf bonds, namely Bi-Te, Bi-Se and Se-Se
bonds, are expected to form for the investigatedpasitions. In other words, the Te-Se, Te-Te and
Bi-Bi bonds are not present. Addition of Bi leadshe formation of Bi-Se bonds at the expense of
the Se-Se bonds. When the atomic percentage o iBcieased in Te-Bi-Se glass system, Bi is
expected to combine preferably with Se becausbdhd energy of Bi- Se (170.4 kJ/mol) is greater
than that of Bi-Te (125.6 kJ/mol). This resultglecreasing Se-Se bonds. The number of the Bi-Se
bonds increases with increasing Bi content [24]s Biplains the increase i With the increase in

Bi content due to the formation of large numberheteropolar Bi-Se bonds and decrease in
homopolar Se-Se, Te-Te and Te-Se bonds. The gemdtsimilar to those obtained by earlier
workers [25].

In memory devices using different electrical and @boroperties in the crystalline and amorphous
states, a lower melting point is preferable, beeahe crystalline state can be converted to the
amorphous state by laser beam or electrical puige refatively lower energy. Moreover, those
solids forming a solid solution are preferable, duse phase separation or segregation does not
occur in the transition from amorphous to crystellstate. The phase separation or segregation in
crystallization processes cause degradation of medavices. A higher crystallization temperature

is also necessary for memory devices.

It is well known that thermal relaxation occursairglassy substance following an instantaneous
change in temperature, during the quenching proesss relaxes from a state of higher enthalpy
towards a metastable equilibrium state of lowerhaiply. This type of thermal relaxation
depends upon the annealing temperature and mayulle fast near the glass transition
temperature. The glass transition is exhibited ifieBential Thermal Analysis or Differential
Scanning Calorimeter traces as an endothermic @ealshift in the base line due to a change in
specific heat. However, in chalcogenide glasses) am endothermic peak can also be observed
due to a fast change in enthalpy when the glassiesyrelaxes quickly due to a decrease in
viscosity at the glass transition temperature. DArADSC techniques can, therefore, be quite
useful in the study of thermal relaxation in glasse

Among chalcogenide glasses, Se-Te based alloysdamed much importance because of their
higher photosensitivity, greater hardness, highngstallization temperature, and smaller ageing
effects as compared to pure Se glass. A typical Di#e for Te at 30% with heating rate of 10
K/min is shown in Fig. 1. The single endothermitasg transition peak indicates the
homogeneity of the glass. Fig (2) shows the varabf T, with Te content at different heating
rates ranging from 10 K/min to 20 K/min. It is deed from the figure that the value of T
increases with the increase in Te content whetdasfound to be increasing with the increase in
heating rates from 10 K/min to 20 K/min.
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Figl : DTA curvesfor Teat 30% for different heating rates.
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Fig2 : Variation of T, with Te content at various heating rates.

Theoretical aspectsfor calculating E

The activation energies to be considered in a crystalfprocess are the activation energy for
nucleation (&), activation energy for crystal growth gjEand that for the whole process of
crystallization, called the activation energy foystallization, denoted by:.EThe thermal analysis
methods enable the determination Qf[#6,27]. It has been pointed out that in non-isatial
measurements, generally due to a rapid temperas@reand big differences in the latent heats of
nucleation and growth of the crystalline phase fitben amorphous matrix; nucleation is more or
less calorimetrically unobservable at temperattwdsw the crystallisation exotherm, or it takes
place very rapidly and immediately after overheptirf the material in the initial stages of the
crystallisation exotherm, which results in the defed beginning of the measured exotherm [28].
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Based on the experimental results, the theoredjgaloach is set up on three models to exhibit how
the activation energy associated with crystallazatis modified with respect to the different
parameters.

First Model - The activation energy, (Eof the amorphous to crystalline transformation is
calculated by using the equation derived by Kis=irg9,30]

In (T,%/B) = (EJKT,) + constant {1}

Fig. (3) shows the relations between Irﬂﬂ) and 16/Tp for different compositions of Te-Bi-Se
system. The data are well fitted by straight lingkich show that the crystallization obeys the
above-mentioned relation. It is evident from tige {6) that the value of activation energy, E
increases from 1.865 eV to 2.170 eV with the irgega Te content, using the relation (1), for Te-
Bi-Se system.
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Fig.3: Relation between In (T,7/g) and 10% T, for various compositions.

Second Model - The activation energy of the amorphous to chys¢atransformation, E can be
calculated also from the following relation, whiotrrelate the shifts ingivalues of DTA with the
heating rate [29,31].

Inp = - E/KT, + constant {2}

Fig (4) shows the plots of fnwith 1§/Tp for Te-Bi-Se glass system. The data are welldfitig
straight lines, which show that the crystallizatiolbeys the above-mentioned relation (2). The
values of E are found to increase from 1.826 eV to 2.185 e wie increase in Te content using
the relation (2) as shown in Fig (6).
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Fig4: Relation between In p and 10% T, for various compositions.

Third Modd - The third model, used to calculate the valuespidhased on Marseglia's theory
[32,33], which admits that

In T/ = EJKT,+ constant {3}

Plots of In T/p versus 1§Tp for different compositions of Te-Bi-Se glass systare shown in fig
(5). A straight line could be fitted to give thetigation energies, which are listed in table ZeT
values of E, obtained by using relation (3), are also showrign(6) with the variation of Te
content. Itis clear from the fig (6) that thewabf E increases from 1.868 eV to 2.227 eV with the
increase in Te content of Te-Bi-Se system. Fothallthree relations, the: licreases with increase
in Te content. It is found that the values gfdbtained using these relations, are almost same.
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Fig5 : Relation between In (T /g) and 103/Tpfor various compositions.
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Fig 6 : Ecwith variation of Tefor Relations (1,2,3).
CONCLUSION

The effect of varying the concentration of Te inHieSe alloys on the crystallization kinetics and
activation energy has been investigated. It is dainat the glass transition temperature shows littl
variation with the addition of Te. The value of ke crystallization F is found to increase with
the increase in Te content. From the heating rafeertdence of Jlthe activation energy for the
crystallization has been evaluated. The resultdm@issed on the basis of Kissinger's approach
and Marseglia’s theory for non-isothermal crystaliion. The activation energy,Ealculated using

all the three approaches (1,2,3), increases wailease in Te content. There is not much difference
between the obtained values @f 8o it can be concluded that any of these modeide taken to
calculate Eas the values of activation energies, using ttiféerent models, are in good agreement
with each other.
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