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ABSTRACT

Chal cogenide glasses from the GeSe -GeTe-PbTe system are synthesized.
The temperatures of glass-transition, crystallization and melting are
determined using differential thermal analysis. On the basis of the obtained
valuesthe glass forming ability K ; of the glassesis determined by Hruby’s
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criterion. The maximum value of K is obtained for composition
(GeSe,),(GeTe),(PbTe),,. The minimal volume of the micro-voidsV, and
the energy for their formation E, are calculated. Thevaluesof V and E, vary
within 0.0219 — 0.0320 nm® and 15.89 — 17.31 kJ/mol, respectively. The
influence of the composition on theinvestigated characteristicsisanalyzed.
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INTRODUCTION

The chd cogenideglassesareimportant classof ma:
teriasinthe contemporary life. They areused asmate-
rial for high-speed switcherg'2, optical fibers and
lensesd®9, optical storagemedia®”, chemica and gas
sensorg®?, etc.

Beforeproving that agiven chal cogenide materia
isappropriatefor any of theabove-listed applications
theresearchershaveto perform arow of experiments:
outlining of theglass-forming region and establishment
of theoptima synthesisconditionsof thecha cogenide
glassesinit**1l, determination of their main physico-
chemical**, dectricall*"®, and optical™ character-

idics.

Without knowing the three main temperatures,
which characterizeaglass (temperaturesof glass-tran-
sition, crysta lization and melting), the performance of
any investigation a temperaturedifferent fromtheroom
oneisunthinkable. Thisisduetothefact that at any of
thesetemperatures structural changesoccur inthein-
vestigated materid.

Important indicesabout the possibility of modding
of thesematerias (in the shapeof lensesand fibersfor
example) are their mechanical, respectively
thermomechanica characteristics. Itiswell known that
the glass often possesses|ooser structure compared to
acrystal with the same composition. Thisfact supports


mailto:l_aljihmani@abv.bg

MSAIJ, 9(6) 2013

Lilia Aljihmani et al.

235

theposshility of usageof thecha cogenideglassasmatrix
for many kindsof sensors, since, dependingonthesize
of thesemicro-voids, thismateria can sdectively ab-
sorb or leak particleswith desired scale.
Theglassesfromthe GeSe -GeTe-PoTesystemare
i nteresting because semiconductorswith quite oppo-
site propertiesare combined inthem. Moreover, onthe
basisof theavailabledatain theliterature, onecan sup-
pose that the presence of PbTe in the glassy GeSe,-
GeTematrix will givepossbility for gpplication of these
materialsinthesensorics.
Theglassformingregioninthe GeSe,-GeTe-PbTe
system (Figure 1) issituated around the point corre-
sponding to 100 % GeSe, and lies partially on the
GeSe,-GeTe (0-58 mol % GeTe) and GeSe,-PhTe
(20-57.5mol % PbTe) sides. No glassy phaseshave
been obtained inthe binary GeTe-PbTe system(*3l,

PbTe
0 7100

25 75

25

0 25 50 75 100
GeSe, mol % GeTe GeTe
Figure 1: Region of glassformation in the GeSe~-GeTe-

PbTesystem.

Theaimsof the present work are: 1) determination
of the characteristictemperatures (glass-transition T o
aryddlizationT  andmelting T, ) of chacogenideglasses
from the GeSe,-GeTe-PbTe system, aswell astheir
glass-forming ability K ; and 2) calculation of their
thermomechanica characteristics(minima volumeV,
and energy for formation E, of micro-voids).

EXPERIMENTAL

For determination of the thermal and
thermomechanicd characteristicsof glassesfromthe
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GeSe,~GeTe-PbTe system 12 samples were synthe-
szed, whichcompositionsareshowninTABLE 1. The
initial components GeSe,, GeTeand PbTe, aswell as
thesamplesfrom theinvestigated system were synthe-
sized by direct monotemperature synthesisin evacu-
atedtoaresidud pressureof 1.103 Paquartz ampoules.
Theinitial elements used for the synthesis of GeSe,,
GeTeand PoTewere Ge, Seand Tewith purity of 5N
and Pbwith purity of 4N. Theinitia mixturewaswith
weight of 4 g. The synthesisconditions (temperature,
duration of theisothermal stepsand heating rate) were
conformed to the physicochemical featuresof theinitia
components. The maximum synthesistemperature of
thesamplesfrom theinvestigated sysemwas 975+10°C
(duration 2 h, continuousvibration stirring of themelt).
After atemperature decrease to 850+10°C the melt
wastempered for 10 min and then quenchedinicecold
water (cooling rateof 10-15°C/s).

Thetherma characterigticsof theglasseswerede-
termined by differentia therma andysis(DTA appara-
tusfrom the F. Paulic - J. Paulic - L. Erdey system,
produced by the M OM-Hungary company) at thefol -
lowing conditions: heating rate of 10 °C/min and refer-
ence substance o-Al O, (measurement accuracy of +
5°C). The glassforming ability of the glassy samples
was cal culated using the Hruby’s criterion, K [

Te - T,
“e=7 T, e
For calculation of the thermomechanical properties
(micro-voidsvolumeV, and energy for their formation
E,) thefollowing equationswere used?:

T
V,, = 5.04- 10'3ﬁ[nm3] )

Ep, = 29.75T,[3/mol] 3)

RESULTS

Theglasstrangtion T o crysdlization T _ and melt-
ing T _temperaturesof glassesfromthe GeSe -GeTe-
PbTe systemwere determined from the DTA heating
curves. Theglassforming ability K _, aswell asthemi-
cro-voidsvolumeand minimal energy needed for their
formationwerea so caculated. Theresultsaregivenin
TABLE 1. Theratio between the components GeSe,

e, P pterioly Science

Hn Tndéan g%wumé



236

Thermomechanical characteristics of chalcogenide glasses from the GeSe,-GeTe-PbTe system

MSAIJ, 9(6) 2013

Full Poper =

and GeTe is expressed by m, where m=[GeTe]/
([GeSe | +[GeTe]).
TABLE 1: Thermomechanical propertiesof sampleswith

composition (GeSe,), (GeTe)y (PbTe),, wher ex+y+z=100 mol
% and m=y/(x+y)

Compoaosition,

HV,

En,

value of m, which should be examined ascritical one
(m,,), two phases crystallize and the area under the
crystalization effect isdirectly rel ated to the content of
the crystallizing phase. With theincrease of the PbTe
them_, shiftstowardsthehigher vaues, for exampleat
z=40m_.=0.1;z=30m_,=0.25, etc. At z=10, them__
does not appears duethe approach to the glassforming
border, i.e. them . should appear at avalue higher
than 0.4. Suchregularity islogicd, sinceat lower zvd-
uestheprobability for crystallization of PoTeissmall,
and the probability for GeTecrystallizationisnot high
too, sincein thisthree-component system the GeTe,
regardlessof itsmodifyingrole, ishardto be obtained
inamorphous(glassy) state. Thelinear pathof the T _(m)
dependence at z=10 showsthat the crystallizing phase
isGeTe.

400

=10
—— =20
= =30

350

= =40

N mol% m Ko kgl Ky Vr10®
X y z mm?® mol MM
2 8 9 10 01 253 97 1717 00321
20 675 225 10 025 162 107 17.31 00274
9 54 36 10 04 142 113 1684 00252
25 72 8 20 01 130 114 1672 0.0248
28 60 20 20 025 331 120 16.87 0.0238
31 48 32 20 04 18 122 1645 00228
6 40 40 20 05 036 123 1589 00219
24 63 7 30 01 111 113 1645 0.0247
27 525 175 30 025 117 119 16.63 0.0237
30 42 28 30 04 055 121 1624 0.0227
23 54 6 40 01 08 111 1592 0.0243
2% 45 15 40 025 025 117 1601 0.0232
DISCUSSION

With the increase of the PbTe content the glass-
transition temperature T ; decreasesasthecurvesare
amogt equidistantly shifted oneby another with weekly
expressed maximum at m=0.25— Figure 2. In the con-
centration interval 0.10<m<0.25 the T, dightly in-
creases, which should berel ated to themodifying prop-
ertiesof GeTe. The T  decreasesin the concentration
interval 0.25<m<0.50, which can beindirectly con-
nected to the strengthened influence of the near glass-
forming border, asaresult of whichthe sysembecomes
more stable, sinceit gradually rearrangestowardsfor-
mation of crystalline phase(s). Thea most equipoten-
tid shiftof theT g(m) dependencieswith theincrease of
the PbTe concentration towards decreaseof T ] islogi-
caly related to the approximately evenincrease of the
crystalization trend from curveto curve.

Thecrystallizationtemperature T _ (Figure 3) de-
creaseswith theincrease of PbTecontent at m=const,
whichmakessensesincethe PbTeistypica crystdline
compound and at thismethod of synthesisit not likely
to existin practicein amorphous (glassy) form. This
meansthat whenitscontent isincreased lessenergy is
needed for itscrystallization. Moreover, at adefined
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Figure2: Tg(m)chonst dependence.
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Figure3:T_(m) .., dependence.

TheT_(m) curves family (Figure 4) at z=const
(0.1<m<0.5 and 10<z<40) is characterized by thefol -
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lowing peculiarities:

- az=10and m=0.10 and 0.25 two melting peaks
areobserved, asthe high-temperature one strongly
depends on the GeTe content and the low-tem-
perature does not depend in practice. Such behav-
ior synonymously showsthat the high-temperature
effect isrelated to theliquiduslineof the pseudo-
binary system, defined by the (GeSe,),(PbTe), -
GeTesection. Thelow-temperature effect isrel ated
to the eutecti c temperature of the phases, situated
inthe concentration borders 0.1<m<0.5. Sincethe
melting temperatures of GeSe, and GeTeareal-
most equd, themelting temperaturesof theglasses,
whichfal intheaboveinterva of concentrations,
will asoweskly depend onm;

- Fordl other curvesof the T _(m) dependenciesat
z=const (20<z<40) theminfluenceisweskly ex-
pressed and the curvesthemselvesaresituatedina
narrow temperatureinterva of 419-472 °C, which
meansthat in these concentration bordersthein-
vestigated dloysact ascompositionsfrom the sub-
eutectic region. In addition, the eutectic horizontal
weakly depends onthe PbTe concentration, since
itissituated inthe sameconcentrationinterval.

800
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—8—z=20
700 4 —he—7=30
= —C—7=40)
600 - \.
Q
=]
= 500
s | |
3
400 -
300 . . . T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6
m=y/(x+y)
Figure4:T (m), . dependence.

TheHruby’s criterion K, characterizesthe ability
of agiven compositiontotransforminglassy state. For
calculation of theK  the lower valuesof T_and T
have been used. As it can be seen from Eq. (1) the
numerical vaue dependsin threeindependent charac-
teristicsof theglasses- T, T_and T, aseach oneof
them dependson their composition. Thisexplainstoa
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large extent the complicated form of the concentration

dependenciesK ((m),_ . andK (2) __ .. Neverthe-

less, these composition-property diagrams show cer-
tantendenciesintheK ; deviation. Thefollowing spe-
cificsareobvious:

- Themodifier GeTeadvantagestheglassformation
to a defined concentration range. In the GeSe,-
GeTesystemthisrangeat first approachisfrom0
to m~0.25. Theinfluence of PbTe, whichisinthe
same homol ogous seriesformed by the compounds
with general formulaMeTe (Me=Ge, Sn, Ph), is
smilar. Thisapproachisconfirmed by theana ogi-
cal influence of PoTeontheK (K increasesin
the concentration interval from O to ~ 20 mol %
PbTea m=0.25). By thisreasonthemaximumvaue
of K , isobtained for the composition, marked with
p. 28 (Figurel);

- Theincreaseof the crystalline components GeTe
and PbTe content over the defined critical value
mentioned above, leadsto decrease of the prob-
ability for glassformation, whichfindsit expresson
intheabsolutevaueof K ;

- Itmakessensewhen gpproaching theglassforming
border, which physical senseisincreaseof the prob-
ability for crystallization and decrease of the
glassforming ability, a decrease of K _ to be ob-
served. Thisisconfirmed by the present experi-
ments

- Thededuced regularities, based on theexperimen-
tal results, allow usto outline, even very roughly,
three sub-regionswith different glassforming ability
-Fgurel(inregion1K >1.0;inregion2-K _>15
andinregion3-K _>2.0).
Duringtheglasssructureformationwiththeincrease

of the GeTe content (m increases, z is constant) and

increaseof the PbTe (m=congt) disparatestructura units
participate (tetrahedrons GeSe, , and linear structural
units—Ge—Te—and —Pb—Te-), as well as atoms with
differentionic radii (Ge, Pb, Te), aseach of them has
limitinginfluenceinacertain concentrationinterva . Such
behavior of the glasscomposition onthemicrohardness

HV was discussed in our previouswork™, [t makes

sensethesefactorsal so toinfluenceany other property

of the chalcogenide glasses from the GeSe,-GeTe-

PbTe system, inthe particular case the concentration

dependenceof K ..
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Anaogicdly, theabove-counted structural changes
influencethe concentration dependenciesof E,, which
isconfirmed by the even weskly expressed maximum
at m=0.25 in the concentration dependencies
E. (M), A changeof theanglecoefficient a m=0.25
isasoobservedintheV, (m),_ . dependencies. Since
thedengfication of theglassstructureisrd ated to change
of onekind of atoms (Seand Ge) with another (Teand
Pb), having larger ionic radius, thenthe energy, needed
for micro-voidsformation, decreaseswith theincrease
of the PbTe content. If thedensificationisrelated to
partia filling of theinterknotseither with Geatomsor
with Seatoms, displaced by Pb-, respectively Te-at-
oms (whichisless probable), then the E, shouldin-
crease duethe necessity of additional energy for this
second, significantly more complicated type of rear-
rangementsinthe network of the chal cogenideglass.

CONCLUSIONS

Onthebag sof thesynthesized cha cogenideglasses
from the GeSe,-GeTe-PbTe system and the preformed
differentia thermal analysistheglass-transition (Tg),
crystalization (T ,) and melting (T, ) temperatureshave
been determined. Itisestablished that:

i) Theglass-transitiontemperature T ; changes be-
tween 261 and 309 °C and decreases with the in-
crease of the PbTe content;

i) Thecrystalization and melting temperaturesvary
between (304+400 °C) and (419+669 °C), respec-
tively, asfor somecompositionstwo crystalization
and mdting effectsare observed;

iii) Onthebas sof the obtained resultsfrom the calcu-
lation of theglassforming ability by theHruby’s cri-
terion, threesub-regionswith different glassforming
ability areoutlined;

iv) Theinfluenceof theglassescompaosition onthevol-
ume of the micro-voids, formed inthem, and the
minimal energy, needed for their formation, isstud-
ied.
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