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ABSTRACT

Chal cogenide glasses from the GeSe,-Sb, Te,-CdTe are synthesized from
the initial compounds by melt quenching technique. The density and the
Vickers microhardness are determined. Using the density values the com-
pactness C is calculated. The thermomechanical characteristics (micro-
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voidsvolumeV, and energy for formation of amicro-void E,), aswell asthe
elasticity modulus E of the glasses, are also calculated. A compositional
dependence of the revealed properties is observed and discussed.
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INTRODUCTION

The cha cogenide semiconductor glassesareinter-
esting because of themultiplepossibilitiesfor their ap-
plicationsintheoptics, éectronics, sensoricsand other
areas of the contemporary engineering>¢. The multi-
component chal cogenide systemshave wider regions
of glassformation compared to the e ement oneg 11
and givetotheresearcherswider variety for choosinga
composition, appropriatefor agiven application. Be-
Sdes, duetotheir better glassforming ability, themuilti-
component cha cogenide glassesallow theintroduction
of larger quantity of the component, which carriesthe
required property of thematerial.

Before beginning thereal application search of a
given glassy material, someimportant properties as
glass-transition temperature, density, compactness,
microhardness, etc. haveto beinvestigated. Theknow-
ing of the mechanica and thethermomechanical prop-
ertiesof thematerid by itssidealowstheinvestigators
to evaluate, even hypotheticaly, thepossibility for for-

mation of thematerial.

Theglassy materidsfromthe GeSe,-Sb, Te,-CdTe
system areinteresting dueto their highionic content
and molecular mass, which, even provisionally, give
groundsfor assumption of thepossbilitiesfor their prac-
tica application (intheoptics, sensorics, etc.).

Theregion of glassformation withinthe GeSe,-
Sb,Te ~CdTesystem!*d isextended towardsthe GeSe,
apex and liespartialy onthe GeSe,-Sb, Te, (from Oto
32.5 mol % Sh,Te,) and GeSe,-CdTe (from 0 to 27
mol % CdTe) sdes(Figure1). A smal crystalinearea
isobserved inthe concentration interval 5-12 mol %
CdTewith maximum solubility of Sb,Te, init of ~2
mol %. No glassy phases were obtained in the
quasibinary Sb,Te,-CdTesystem.

Theaim of the present work isto determine the
physicochemical (density d, compactness C and
microhardnessHV), mechanica (elasticity modulusE)
and thermomechanica (micro-voidsvolumeV, and
energy for formation of amicro-void E,) properties of
chal cogenide glasses from the GeSe,-Sh,Te,-CdTe
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systemandtofind an explanation of their compositiona
dependence, if such exigts.
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Figurel: Region of glassformation within the GeSe,-Sb, Te.-
CdTesystem

EXPERIMENTAL

Theinitial components GeSe, and S, Te,, aswell
asthesamplesfromtheinvestigated system, weresyn-
thesized by direct monotemperature synthesisin evacu-
atedtoaresidud pressureof 1.103 Paquartz ampoules.
Thedementsused for thesynthesisof GeSe,and S, Te,
werewith purity of 5N for Ge, Seand Te, and 4N for
the Sb, respectively. The CdTe used for the synthesis
of thesampleswaswith purity “Coating material”, pro-
duced by BALZERS.

The synthesis conditionswere conformed to the
physicochemicd propertiesof theinitia compoundsand
theused elements, aswell aswith the propertiesof the
eventudly formedintermediate compounds. By thisrea
son the synthesiswas performed by isothermal steps,
asthe last one, at temperature of (1000-1150) + 10
°C, was with duration of 3 h and continuous vibration
stirring of themelt was applied. After decrease of the
temperatureto (900-1050) + 10°C the melt was tem-
pered for 10 min and quenched in water+ice mixture
(coolingrate of ~ 10-15°C s2).

The density of the glassy sampleswas measured
by hydrostatic method in toluene asimmersion fluid.
TheVickersmicrohardness (HV) was measured us-
ing MIM-7 microscope with built in
microhardnessmeter PM T-3 at loading of 20 g (30
measurements per sample). The accuracy of both
measurementsis+ 5 %.

The compactness C was cal culated using the equa-
tion*3:

M;iX; M;X; -
C:d{?d—i‘?T}ﬁMixiJ @
whereM,, x. and d. arethe molar mass, themolar part
and thetheoretica densty of thei"component, respec-
tivey.

For cd culation of thethermomechanica properties
(micro-voidsvolumeV, and energy for their formation
E,) thefollowing equations were used™:

T
Vy, = 5.04~10‘3ﬁ[nm3] )

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

The Tg values, needed for calculation of the
thermomechanical properties, aretaken from our pre-
viouswork[*sl,

The elasticity moduluswas cal culated using EQ.
(4y;
E=0.147.HV [GPa], (4)

RESULTS

The results obtained from the density d and
microhardness HV measurements of chal cogenide
glasses from the GeSe -Sh,Te,-CdTe system are
presented in TABLE 1. For convenience during the
anaysisof theresultsthe m parameter isintroduced,
which expresses the ratio between the GeSe, (x)
and Sb,Te, (y) — m = Sh,Te,/(GeSe,+Sh,Te,) = y/
(x+y). Dueto the samereason the third component
from the system (CdTe) ismarked with z in the de-
pendencies.

TABLE 1: Composition and physical propertiesof glassy
sampleswith composition (GeSez)X(szTe3)y(CdTe)Z

Composition d HV
Ne " 3 )
GeSe, Sh,Te; CdTe g/em®  kgf/mm
2 85.5 4.5 10 0.05 4.400 114
3 76.5 135 10 0.15 4.705 95
4 675 225 10 025 4.903 81
11 80.75 4.25 15 0.05 4.469 94
15 76 4 20 0.05 4525 88
20 7125 3.75 25 0.05 4.583 77

Theresultsfrom the ca cul ation of the compactness
(C), thedadticity modulus(E) and thethermomechanica
characteristics (V, and E,) of theinvestigated glasses
arepresentedin TABLE 2.

CHEMICAL TECHNOLOGY
Au Tudian Yournal



CTAIJ, 7(3) 2012

Lilia Aljihmani et al.

107

TABLE 2: Compactness, elasticity modulus, glass-transi-
tion temper atureand ther momechanical propertiesof chal-
cogenideglasseswith composition (GeSeZ)x(szTea)y(CdTe)Z
(M=y/(x+y))

Nz m C EGPaTg,KM™ v,.10% nm® Ep, kd/mol
2 10 0.05 -0.0504 1676 495 0.0219 14.73
3 10 0.15 -0.0488 1397 505 0.0268 15.02
4 10 0.25 -0.0608 11.91 510 0.0317 15.17
11 15 0.05 -0.0463 13.82 500 0.0268 14.88
15 20 0.05 -0.0454 1294 505 0.0289 15.02
20 25 0.05 -0.0443 11.32 510 0.0334 15.17
DISCUSSION

The density values of theinvestigated samples
(TABLE 1) fall between the density values of the

initial components (Jcese,=4.34g.cm¥), dg, ,Tes=
657g.om?andd_ =5.86g.cm3). Atbothd(z) __ .
andd(m),__ dependenm esanincrease of the den-
sity isobserved with theincrease of zand m.

Themicrohardnessesof theinitid componentsinflu-
encedirectly ontheHV of theglasseswith thechangeof
their composition— TABLE 1. Their microhardness de-
creasesin therow GeSe,—»CdTe—Sb, Te, with 100-
200018— 60018— 18 kgf/mm?219, respectively. Dueto
thisreasontheHV(m),_  and HV(2) _, .- dependen-
cies show well expressed tendency towards decrease
with bothincrease of the Sb, Te, content at z=10 mol
% CdTeand the CdTe content at m=0.05.

In the C(m),_,, dependence the compactness
shows atendency towards decrease with theincrease
of the m ratio — TABLE 2. This is most probably
related to the breakage of the Se-bridges, which con-
nect the separate structural unitsin the GeSe,, and
following building of the Sb,Te,,, structural units(s.u.)
into them by the scheme:

Sh, T
-5e =8¢ c ——p

-Se Te

- Sb - Te-
-Se-Te”
Thisleadstoincrease of V with additional volume
V, proportional to the Sb Te3,2 structural units, asa
result of which the compactness decreases.

Anincrease of the compactnessisobservedin
the C(m),__.., dependence (TABLE 2). With thein-
crease of z the number of thelinear units, which are
brought by the CdTe, increases. The experiment

shows that the compactness increases, instead of

—= Pyl Paper

decrease, which leadsto the assumption that thelin-
ear fragments of the CdTeare not built between the
Se-, Te- or (Se-Te)-bridges, but fall into the micro-
voidsintheform of micro-crystals (their quantity is
proportional to the quantity of theintroduced CdTe).
Thisassumptionisconfirmed to alarge degree by
the presence of more than oneamorphous plateau in
the XRD patterns of these samples, for examplep.
15 (Figure 2) at about 26=13, 28 and 49°.
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Figure 2 : XRD pattern of sample with composition
(GeSe,),(Sh,Te),(CdTe),,

The concentration dependencies E(m),_,, and
E2),, o5 (TABLE 2), inconformity with Eg. (4) are
shifted in relation the analogical HV(m),_
HV(2). _, . dependencies. They show that theeladtici ty
modul us decreaseswiththeincrease of boththe Sb, Te,
content at z=10 mol % CdTe and the CdTe content at
m=congt.

With theincrease both Sb,Te, (z=10) and CdTe
(m=0.05) content, the minimal micro-voidsvolume
showswell expressed tendency towardsincrease, which
regardless of the scant amount of points, can bequali-
fiedaslinear.

The path of thesetwo concentrati on dependencies
isrelatedto:

- thebehavior of thenew-built s. u. SbTe,, (trigond
pyramids) and CdTe,, (linear chains);

- theinfluence of thecompositionintheT_and HV
characterigtics (Eg. (2)). The concentration depen-
denciesof T (' and HV (TABLE 1) show clearly
expressed tendency towards increase of T . and
decreaseof HV, whichin accordancewith thisequa:
tion synonymously leadstoincreaseof theV .
Itislogica withtheincreaseof T_inaccordance

with Eq. (3) theenergy for formation of themicro-voids
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E, toincreasetoo (TABLE 2). Besides, withthein-
crease of Sb,Te, or CdTe, as well as when they are
bothincreased, considerablestructural changes occur
(breakage of the —Se—Se— and/or —Se—Te— bridges,
building of different structurd unitsSbTe,, and CdTe,,
» E€c.), whichrequire additional energy.

CONCLUSIONS

Chal cogenide glasses from the GeSe,-Sb,Te.-
CdTe were synthesized and their densities and
microhardnessesweremeasured and vary between 4.4-
4.9 g/cmd and 77-114 kgf/mm?, respectively. Theden-
sity dincreases, whilethe VickersmicrohardnessHV
decreaseswith theincrease of mand z.

The compactness, the e asticity modulus and the
thermomechanical characteristicsof the sampleswere
cd culated and theinfluence of thecomposition onthem
wasinvestigated. Thecompactness C andtheeadticity
modulus E decreasewith theincrease of both Sb, Te,
(z=0.1) and CdTe(m=0.05) content. Theminimal mi-
cro-voidsvolumeV, andtheenergy, needed for their
formation E, increase with both Sb,Te, (z=0.1) and
CdTe(m=0.05) increase.

The path of the concentration dependenciesof the
investigated characteristics of the cha cogenideglasses
wasexplained onthebasisof thelimiting influence of
the structura units SbTe,, (trigonal pyramids) and
CdTe,, (linear chains) and their buildinginto theglass-
former structure by breakage of — Se — Se —and/or —
Se—Te — bridges.
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