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ABSTRACT

New oxychalcogenide glasses from the As,Se,-SnSe-SnO, system were
synthesized from the initial compounds by melt quenching technique. The
state of the samples (glassy, crystalline, glass-crystalline) was proven by
visual, X-ray diffraction and electron microscopic analyses. The glassforming
region within this system was outlined. It lies partially on the As,Se,-SnSe
(0-50 mol % SnSe) and As,Se,-SnO, (75-87 and 93-100 mol % SnO,) sidesof
the Gibbs concentration triangle. No glassy phases were obtained on the
SnSe-SnO, side.

The phase-transition temperatures (glass-transition, crystallization and
melting) of some glassy samples were determined by DTA. The density of
the samples was measured by hydrostatic method. Their Vickers
microhardnesswas al so determined. A correlation between the investigated
properties and the composition of the glasses is established.
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INTRODUCTION

Themulticomponent glassesare subjectedto in-
tensive study during the last 15-20 years due to the
possibilitiesthey offer for application in the optod ec-
tronics, sensorics, andytics, energetics, etc. The*“‘mixed”
glassy materid sareof particular interest, sincethey in-
tegrate the specific properties of the“simple” glasses
(oxide, halide and chal cogenide) and acquire better
propertiesor gain new ones.

When chal cogeni de glasses are combined with ox-
ideor halide ones, doped with rare-earth metal's, high-

effectivemateria sfor opticd amplifiers, lasersand other
elementsfor the IR opticd® are formed, aswell as
materialswith new properties: highionic conductivity,
specificrestivity, which variesinwiderange, porosity,
absorption and catalytic ability, thermal and chemical
dtability, etcd®, which broaden thepossibilitiesfor their
goplication.

Theam of the present investigationisdevel opment
of new oxychal cogenide glasses, which are perspec-
tivemateria sfor e aboration of gassensors, ionsdective
electrodes, sengitived ementsfor multifunctional sen-
sors, optical amplifiers, nano-sensitive sensorstype
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QCM, gavanic elements, optical windows, catalyst
pands, protectivelayers, capacitiveand optod ectronic
elements, etc. The subject of the present study isthe
three-component systemAs, Se, -SnSe-SnO,,, datafor
whichwasnot foundinthescientificliterature. Thegod
issintering of new oxycha cogenide materias, outlining
of theglassforming regionwithinthissysemandinves-
tigation of thebasic physical properties of someof the
obtained oxycha cogenideglasses.

Asitisknown, theglass’ structure and properties
depend on many factors, themainfromwhich are: a)
chemical composition; b) type of thestructural units,
which built the glassy network; c) the synthesiscondi-
tions; d) additiona stresstrestment of theinitially ob-
tained glass (mechanical, thermal, optical, electrical,
magnetic, etc.).

During thedevel opment of new materiaswith pre-
liminary given properties, theresearchersneed to know,
asfar asitispossible, each one of the above-counted
factorsto determinetheir particular areaof application.
For exampl e, the possibility for application of agiven
materid (glassy or crystaline) assenstivedlement for a
gassensor or ascarrying carcassfor catalyst pane, the
degreeof porosity (looseness), whichisdefined by the
compactness coefficient (C), hasto bedetermined. If
the system, subjected to present investigation, isana-
lyzed onthisbess, thefollowing andysismotivation can
bemade:

In thisthree-component system each of the com-
ponentsis charged with specific functions: As,Se, is
glassformer; SnSe—modifier, and SnO, —the compo-
nent, which determinesthe property (inthe current case,
it influencesthe compactness(C), by itsalf or in combi-
nation withthemodifier). Mainly two factorsinfluence
C: physicd (by thedensity and theatomic radius of the
participating el ements) and structural (stereometric) —
by the characteristic of thestructural units. TheAs,Se,
buildsthe carcassof theglasswithitsstructural unitsof
trigona unitstype (AsSe,,); the SnSeisincluded into
theglass’ network with its linear structural units (-Sn-
Se-); the SnO, participatesinthe building of theglass
withtetrahedra structura units(SnO,,,). Dependingon
theinclusion way of the SnSe structura unitsintothe
glass’skeleton, formed by the glass former As,Se,, the
SnSecan lead to decrease of C (SnSebreaksthe Se-
bridgesand buildsin between them: —Se—Sn—Se—Se-)

—= PFyll Pgper

or to dengfication of theglass’ structure (increase of C)
—the Se from SnSe breaks a Se-chain and enters in it
(—Se—Se—Se-), while the Sn atoms are settled into the
micro-voidsof theglassy matrix.

Thestructural unitsof SnO,, asarule, lead to de-
crease of C (theglassbecomeswithlooser structure).

This analysis gives grounds to assume that
oxychal cogenide glasseswith variable compactnesscan
be obtained by changing the concentration of SnO, and
SnSeintheAs,Se.-SnSe-SnO, system, which will be
checked during our futureinvestigations.

MATERIALSAND METHODS

For thesynthesisof samplesfromtheAs,Se,-SnSe-
SnO, system (in quantity of 4 g) we used preliminary
synthesized by direct synthesisAs,Se, and SnSe (pu-
rity of theinitial elements of 5N), aswell as Merck
SnO, with purity > 99.99 %. For the obtaining of
samplesfrom the system, subjected toinvestigation, a
multiple step direct monotemperature synthesiswas
performed in evacuated to aresidual pressure of 102
Paquartz ampoules. The synthesiswas conformed to
the physicochemicd propertiesof theinitia compounds
(T.(As,Se) = 360 °C'; T (SnSe) = 861 °C!*3,
T_(SnO,) = 1630 °C*¥). The heating rate between the
stepswas 3-6 °C/min, as the duration of each step, at
300, 650 and 1100 °C (in crucible furnace), was 1.5 h.
Atthefinal stage of the synthesisacontinuousstirring
of themet was performed. Beforethe sharp quenching
of the melt in water+ice mixture (cooling rate of ~15
°C/s, the ampoule was taken from the furnace and
cooled at air up to~1000 °C.

The obtained material swere characterized by vi-
sual, XRD and SEM analyses.

Thevisua analys sincludesobservationwith non-
armed eyeand with binocular magnifier (4¥) of freshly
reved ed surface, obtained by mechanical “fracture” of
thesample. The condition of theobtained sampleswas
determined by the characteristic crack of thefreshly
revealed surface.

The XRD investigations were performed on
diffractometer D2 Phaser Bruker AXSusing CuK -
irradiation and Ni-filter, and the morphology of the
sampleswas observed on scanning € ectron microscope
Philips515.
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The characteristic temperaturesof the glasseswere
determined by differential thermd andyss(DTA) using
apparatusfrom the F.Paulic-J.Paulic-L.Erdey system
of the company MOM-Hungary at heating rate of 10
°C min*, standard substance—- a-Al,O,, and accuracy
of £5°C.

Thedengty (d) of the sampleswasmeasured with
accuracy + 5 % at air temperature of 25-30 °C by
hydrostatic method using tolueneasimmersionfluid.
Thedensity of toluenewas determined from the equa-
tion: d = 0.879 — 0.001T , where T isthetemperature
[°C], at which the measurement was made.

The microhardness (HV) was measured by the
Vickers’ method (a metallographic microscope MIM-
7 with built in microhardnessmeter PM T-3 has been
used at load of 10g). Thevaluesof HV arean average
of 20 measurements per sample; accuracy —=+ 5 %.

RESULTSAND DISCUSSION

Theregion of glassformationwithintheAs,Se. -
SnSe-SnO, systemwas outlined using 44 samples, the
compositionsof whichareshowninTABLE 1.

Theresultsfromthevisua anaysisshowed that the
glassy samplesfromtheAs Se.-SnSe-SnO, sysemare
dark colored, with strong luster and shell-like surface.
The crystalline samples have matt and rough surface,
whilethemixed glass-crystaline phases, which aresitu-
ated on theborder of theglassformingregion, arechar-
acterized by presenceof both phases.

The electron microscopic observations show
smooth and homogeneous surface of thesamples, lying
into theregion of glassformation. Areaswith crystdline
objects (microcrystals) appear onthesamplesfromthe
glassforming border. The surface of thesamples, which
aresituated outside theregion of glassformation, is
rough, without areas, characteristic for the presence of
glassy phase.

Theresultsfrom the XRD analysisare shown on
Figurel.

Thefollowing conclusions can be madefromthe
XRD patterns(Figure 1):

- thepoints, which compositionsfal intotheregion
of glassformation, are characterized by weskly ex-
pressed X -ray amorphous plateau at 26=33 °, even
weaker one at 20 ~18 °, and lack of reflexes or
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presence of somewith very small intensity, which
areindexed to belong to SnO, (p. 16 and 28, Fig-
urel);

- thecompositions, Stuated ontheglassforming bor-
der or near it, have well expressed reflexes, but
withreatively smdl intensity. They ared sorelated
to the SnO, phase (p. 3 and 14, Figure 1). The
composition, correspondingto p. 4, whichisout-
sidetheregion of glassformation, but near itsbor-
der shows“clear” XRD pattern with inherent for
SnO, diffractionreflexes. Thesameisvadidfor p.
13, which besidesall pointed above, falsinto one
smdl by areacrystalineregion;

- theothersinvestigated compositions(p. 43 and 44,
Figurel) arewithtypical XRD patternsfor acrys-
tallinemateria. These compositionsare situated
away from the glassforming region and possess
maximum SnSecontent, duetowhichontheir XRD
patternsthelinesof SnSeareindexed;

- no As,Se, were registered, which makes sense
sinceitisoneof the best glassformers, can be ob-
tained easily inamorphous(glassy) and only at spe-
cid conditionsincrystdlinestate.
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Figurel: XRD patternsof samplesfrom theAs,Se,-SnSe-
SnO, system

On the basis of the performed syntheses and the
results, obtained fromthevisua, € ectron microscopic
and XRD analysestheregion of glassformationwithin
thethree-component As,Se,-SnSe-SnO, systemwas
outlined (Figure 2).

It isdrawn towards the Gibbs concentration tri-
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anglevertex, correspondingtoAs,Se, andliespartiadly
onitsAs,Se,-SnSe (0-50 mol % SnSe) and As,Se.-
SnO, (75-87 and 93-100 mol % As,Se,) sides. No
glassy phaseswere obtained inthe binary SnSe-SnQO,
Sysem.

¥ I I
0 20 40 60
As Se, mol % SnSe SnSe

Figure2: Region of glassfor mation within theAs,Se,-SnSe-
SnO, system

Themain phys cochemical properties(temperatures
of glass-trangition, crystalization and melting, density
and microhardness) of some of the obtained glassy
phaseswereinvestigated.

The characteristic temperaturesof the glassesfrom
theAs,Se.-SnSe-SnO, system were determined by the
heating curves. Theresultsaregeneralizedin TABLE
2, where x+y+z=100 mol % and m=y/(x+y).

The complexity of theinvestigated system harshly
increasestheprobability for crystallization of different
phases, obtai ned during high-temperature processes
(decompoasition, substitution, oxidation, reduction and/
or formationof intermediate phaseswith different chemi-
ca composition, aswell asvarioussolid solutions be-
tweenthem). Thisleadsto difficultiesduring theinter-
pretation of the concentration dependenciesof the char-
acteristic temperatures (T, T, T, ) —TABLE 2. Yet,
severa generd regul arities appesar.

Theinfluenceof thecomposition ontheglass-tran-
sitiontemperature T ; isweakly expressed for both in-
crease of SnSe (at z=const) and SO, (at m=0.2) con-
tent. Such aninfluence of the composition can beinter-
preted on thebasi s of the chemical composition of the

—= Full Paper

two components SnSeand SnO,, which participatewith
thesameaoms(Sn) and theatomsof Seand O,, which
aredementsfrom the samegroup of the Periodictable
(VIA).

At first approach onecantak about crystallization
of 3 phases, provisionally differentiated into 3 groups
onthebasisof therelatively near T values.

Thefirgt group isformed by the compositions, cor-
respondingtopoints24, 1, 2, 5and 10 with crystdliza
tiontemperature of about 290 °C. The compositions,
marked with points 20, 17, 9, 15 and 16 fall into the
second group with T_~320 °C, and the third group is
formed by p. 1with T =477 °C (the compositions are
showninTABLE 2).

Similarly to the concentration dependencies of the
crystallization temperature, themelting temperatures of
thetwo crystdlizing phases can beunited around 2 val-
uesof T _~440and 460 °C. The second crystallizing
phase of the composition, corresponding to p. 1
(T =477 °C) melts at 588 °C, which represents an al-
loy betweenAs,Se, and SnSe.

Thedendity and microhardnessvalues(TABLE 2)
aremainly influenced by 2 factors: the partial valuesof
thedensity (microhardness) of theinitial components
(physical factor) and the structure of theinvestigated
materia — structural (stoichiometric) factor.

If the physical factor islimiting, thedensity of the
oxycha cogenideglasseswill increasewiththeincrease
of both SnSe and SnO, content, sincethe densities of
the initial components increase in the row
Uas,se; <dgyge <Usno, and are 4.75; 5.00 and 6.86
g/cmi®, respectively.

If thestructurad factor islimiting, the density could
increase (with thedengfication of the structure) or de-
crease (looseness of the structure). Theinfluence of
those two factorsreflects on the path of thed(z),_,,
dependence— in the 0<z<10 interval the density in-
creases because of the physicd factor, whileat z>10 it
decreases dueto the structura factor. Inthiscaseinto
theglassy network formed by theAsSe, , structurdl units,
new onesarebuiltin- SnSe,,and SnO,,, astheratio
between them has significant influence onthe density
concentration dependencies.

Thepathof theHV(m),_ . dependencies(TABLE
2) illustratestheinfluence of the physical factor—HV
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TABLE 1: Composition and condition of thesamples, used for outlining of theregion of glassfor mation within theAs,Se,-
SnSe-Sn0O,, system

Compasition, mol% Compasition, mol%

Ne Condition Ne Condition
As,Se; SnSe Sno, As,Se; SnSe Sno,

1 80 20 0 glass 23 55.25 29.75 15 glass

2 65 35 0 glass 24 90 10 0 glass

3 56 24 20 glasst+crystal 25 60 20 20 glass

4 70 0 30 crystal 26 76 19 5 glass

5 55 45 0 glass 27 95 0 5 glass

6 68 17 15 glass 28 85 5 10 glass

7 59.5 155 25 glass+crystal 29 85 0 15 glass

8 67.5 75 25 glass 30 77 13 10 glass

9 80 0 20 glass 31 63 7 30 crystal

10 80.5 9.5 10 glass 32 87 0 13 glass+crystal
11 45 55 0 crystal 33 93 0 7 glass+crystal
12 61.75 33.25 5 glass 34 87.3 2.7 10 glass+crystal
13 90 0 10 crystal 35 54 36 10 glass

14 75 0 25 glass+crystal 36 52.25 42.75 5 glass

15 72 8 20 glass 37 49.5 40.5 10 glass

16 64 16 20 glass 38 52.5 225 25 crystal

17 63 27 10 glass 39 51 34 15 glass+crystal
18 50 50 0 glass+crystal 40 47.5 475 5 crystal

19 63.5 215 15 glass 41 47.7 42.3 10 glass+crystal
20 72 18 10 glass 42 65.7 7.3 27 glass+crystal
21 59.5 255 15 glass 43 255 59.5 15 crystal

22 52 28 20 crystal 44 28.5 66.5 5 crystal

TABLE 2: Thermal characteristicsof sampleswith composition (ASZSea)X(SnSe)y(SnOz)Z
1t 0,

Ne fompost;/on, mol /; m Tg °C Te, °C T, °C g/gr’n3 kglf-%’mz
24 90 10 0 0.10 179 285 442 4.30 54
1 80 20 0 0.20 182 275, 477 361, 582 4.43 48
2 65 35 0 0.35 173 299 438 4.43 45
5 55 45 0 0.45 174 289 440 4.59 45
10 805 9.5 10 0.105 189 289 445 4.75 62
20 72 18 10 0.20 189 318 462 4.67 53
17 63 27 10 0.30 193 320 462 4.55 52
9 80 0 20 0.00 179 315 462 3.75 40
15 72 8 20 0.10 182 325 460 3.86 12
16 64 16 20 0.20 179 328 455 3.95 38

lightly decreaseswith theincrease of the SnSecontent,  denceduetothelimitinginfluenceof thestructurd fac-
since HV g g0, > HVgg, . 54 kgf/mm#:2 > 33 kgf/ "

mm?¢, respectively. We do not haveliterature data CONCLUSIONS
about the HV value of SnO,, but the path of the

HV(2),,,1sandogical thethisof thed(z), _,,depen- . 54y chal cogeni de glasses from the three-compo-
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nentAs,Se.-SnSe-SnO, system were synthesized
forthefirsttime.

- Bythehelp of visud, electron microscopic and X-
ray diffraction analyses, theregion of glassforma-
tionwithinthissystemwasouitlined. Itisdravnto-
wardsthevertex, corresponding toAs,Se, andlies
partially ontheAs Se,-SnSe (0-50 mol % SnSe)
and As,Se,-SnO, (75-87 and 93-100 mol %
Sn0,) sides. No glassy phases were obtained in
thebinary SnSe-SnO, system.

- Thethermd characteristicsof the oxychal cogenide
glassesfrom theinvestigated system were deter-
mined. Theglass-transition temperature changes
between 173 and 193 °C and depends weakly on
thecomposition. Thecrystalizationtemperature T
variesaround 275 — 477 °C, as at first approach
one cantalk about crystalization of three phases.
Themelting temperature changesfrom 361 to 582
°C.

- Thedensity of the glasseswasmeasured. It varies
from 3.75t04.75 g/cm?, asit increasesintheinter-
val 0<z<10 (m=0.2) and decreases at z>10
(m=0.2).

- TheVickers’ microhardness of the glasses was de-
termined. It decreaseslightly with theincrease of
the SnSe content and changesintheinterval 38—
62 kgf/mn.
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