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The prepctration of chctlcogenide glasses of high chemicaland phvsicalpuritvfor their usage as opticalftbersfor optoelectronics
w,as carried out bv ntelting the strtrting nnterials in the reactive atntosphere g,enerated bv the therntal decomposition of various

chlorirle contpouncls such asTeClr, GaCl.,, CCll, SCl2etc.. This ntethocliJ ver'\' effectivefor reducing the concentration of hvdride
(OH, SH, SeH groups) ancl o.ride inqturities in prepared glasses belovt' I0a nutl.7o.

INTRODUCTION

Many applications in medicine, chemical and

biomedical sensors, ecology and industry demand optical
l-ibcrs operating in middle and ťal intiared region o1.the

spectrum Il ]. Chalcogenide glasses belong to attractive

materials for these applications and opposite to halide
crystals and fluoride glassy fibers have many advantages.
They have hi-eh chemical stability and durability and they

are transparent in the spectral interval fiom 0.5 pm (for

sulphide composition) to 20 pm (for telluride ones) [2].

The Values tlť their theoretical optical losses

c:alculated Íj.om the dependence oÍ' Rayleigh scattering
and multiphonone absorption are app. 5 x l0 r dB km I at

4.5 pm (sulphide), 6.1-5 pm (selenide) and 8.1 pm
(telluride) [3l but at prescnt the optical losses prepared

ťibers are about 0.l JB rn.''
The main reason of high optical losses is insufficient

degrec o1' chemical and physical purity. The chemical
purity of .elasse s is given by the concentration oť

chernical irnpurities having absorption bands in the range

from 0.5 to 20 prm and physical purity is connectcd to

the atnclunt oť the physioal deÍ.ects causing scattering oť
the radiation. Both sources of impurities increase
extrinsic losses of thc radiation.

Thc required purity ot'prepared glasses is aohieved
step by step fbr many years duc to very difficult
problems with removing hyclride, oxide and carbon

impurities and physical imperf'ections such as bubbles,
microcrystals and microparticles.

The rmpurities in the chalcogenide glasses causing

extrinsic absorption oan bc divided into three categories:
- hydride impurities bring the absorption bands in the

Spectral interval oť 2 - 6 ttm corresponding to the

vibration of the hydride bonds, such as SH
(a.01 pm), SeH (4.51 pm), OH (2.92 pm), HtO
(6.30 pm).

- oxide impurities with absorption bands in the

spectral range fiom 8 to 12 pm correspond to the

presencc oÍ. Se - o' As - o, Ge - o and Si - o
bonds.

- carbon impurities exhibit the absorption in the

spectral range from 5 to 8 pm due to the presence
o1'CO2, CO, hydrocarbonates, organic sulphide and

selenide compounds.

These impurities can be introduced into the glass as

fiom starting substances aS fiom vapours oÍ.vacuum oil
pump and also fiom inside residual atmosphere in an

apparatus.
Scattering optical losses are introduoed by

heterophase impurrities, inclusions, phase scparation,
bubbles etc. The de':rease of the optical transmission is

observed in the whole interval of inÍiared spectrum. The
existence of these deÍ.ects is strongly attbcted by the

interaction of melts with the quartz apparatus, by the

concentration of volatile impurities, by technological
procedures etc.

To achieve the values oť the optical losses of the

chalcogenide glasses near the theoretical ones, the

concentration of the hydride impurities should be about
106 at.'Vo, oxide and carbon impurities have acceptable
leve I about l0 s at.?a. The concentration of heterophase
def'ects should be about 60 particles per cmr with a

diameter of 5 pm ancl approx. l0r per cm3 with a

diameter o1' 0.5 lrm. It can be achieved only by
improving purification methods and technological
procedures of glass preparation.

EXPERIMENTAL PART

The designed method fbr the reduction of the

impurity concentration is based on the preparation of the

glass under reactive atmosphere of halogen vapours
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generated by the thermal decomposition oť halide
conrpounds. The efÍiciency of the purification is fbllowed
by the measurements 01' the infiared absorption spectra
and scattering.

Preparation oť glasses

Purification of Se and S

Chaloogenide elements as probably the major source
oť hydride and carbon impurities should be re-purified
bel'ore the glass synthesis. The distillation and the
sublimation in the reactive chlorine atntosphere -eenerated
by thc thermal decontposition of CCl*, SCl., Se.Cl,, or
in I' Vapours seems to be more ef.Íective than the
distillation under vacuum or in inert or hydrogen
atmosphere. The distillation o1' Se is r:arried out at thc
temperature 650 "C, the sublimation oÍ'S at 550 "C.

Purlfication oť glasses

This tcchnological procedure involves the synthesis
in reaotivc atmosphere, the distillation of prepared glasses
and thc prefbrm preparation in the special ampoule. The
connection clÍ' a|l tcchnoIo'9ical proccdures in the one
apparatus lowers thc possiblc contamination (namely by
air) cluring thc prcparation prclocdurcs. This rnethod is
basccj tln thc princip|c <lÍ. rrreItine t|tc -ulass in rcactive
atrnosphcrc and thc distillation undcr vAcuum in the
special arnpoulc (l'i_surc I). Schcrnatic techn<tlogical
prclccdures arc as Íil|Itlws:

a) starting elemcnts (approx. 30 _s) and the halide
compound (0.01 to 0.5 at.%,) are insertecl in the part
A and afier the evacuation and heating (330 oC). the
scal Sl is made.
the synthesis oÍ. .ulass is carried out in thc part A in
reactivc atmosphere duc to thcrnral decomposition
according to this equation: MCl" -+ M + 2Cl' of
the halicle compound. Thc melting temperature is
750 "C, melting time 8 hours.
the part D is cvricuated and heated to removc
moisturc traces adsorbcd on walls of thc ampoules
and thcn thc brittlc wall B is hroken by quartz
rod C.
the prepared glass is distilled under vacuum in open
system liom the part A to the part D at thc
temperatures 600 - 650 oC. Then the seal 52 is
made and thc parts A and D are separated by the
seal S3.
the prefbrm preparation is carried out in the part D
by rernelting and rcťining oÍ' the glass (750 .C),

coolin-e and annealing. Prepared prefbrms are
80 - 100 rnm in lcnsth and 12 mnr in diameter.

Figure l. Specia| ampoule tbr the preparation oť chalcogenide
glasses in reactive atmosphere.
A - part fbr synthesis of glass in a reactive atmosphere; B -

brittle wall separating both partes, C - quartz rod fbr breaking the
brittle wa|l; D - part fbr disti||ed glass and preÍbrming in
prcÍbrms.

The reaotive atmosphere

The reactive chlorine atmosphere in the part A
(Í.i-uurc l) is generated by the thermal decomposition of
various halide compounds, such as CaClr, Alclj, GaCl.,
InCl,, PrCl., TeCl. etc. according to above mentioned
cquation' The va|ues of the Íiee energy of AG of the
thernial decomposition of some chloride compclunds are
givcn in table l' The use oť these compounds has two
advantages - atomic chlorine Cl evolved during the
synthesis reacts with hydride impurities and fiee nretal
serves as getter and reacts with oxides. Theretbre, the
halide compound can remove both hydride and oxide
impurities. AÍier the distillation of the residual non-
volatile chloride compounds, oxides and elemental carbon
remains in the part A and volatile by-products originated
by the rcaction with atomic chlorine are removed by the
cvacuation of the arnpoule befbre sealing.

Table l. Free energies AG of the thermal decornposition of some
chloritlc compounds (T = 1000 K) [51.

cornpound AG (kJ rnol'r;

S1

ht

c)

d)

e)

cclr
SCI.
SeCl,
TcCl.,
GaCl.
InCl,
Alcl,
CaCl.

-36.76
26.9s
52.54
97 t2

376.52
3n.52
533.7
642.0

Distillation oÍ. glasses
in the reactive atmosphere in an open system

The distillation of polluted glasses is also carriecl our
in open system under the reactive chlorine atmosphcrc.
The reactive chlorine atmosphere is obtained by thc
thermal decomposition of CCll or SCl, in separate
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furnace at the temperatures 700 - 800 "C. The distillation
oť glass is carried out in the flow of the gas mixture of
nitrogen and chlorine (20 mol.Vo) at the temperature
650 .C. AÍier the disti]lation the part with pre-distilled
glass is evacuated and remelted at the same conditions as

befbre.

Absorption measurements

The inliared absorption spectra are measured on

Mattson 3000 Unicam Spectrometer in the range

2.0 - 20 pm. The extrinsic scattering of sulphide and

sulphide-selenide glasses is measured by He - Ne laser

beam. The optical scattering is detected on the screen
placed cca 50 cm Íiom the end of the sample [3].

The concentrations of SH, SeH and OH groups are

calculated fiom the intensity of the absorption bands at

4'0l' 4.5] and 2.92 1lm using the absorption coeÍficicnt
54 cmr (at.o/o) ' fbr SH, 23 cmt (at.o/o) 'fbr SeH and

9l crn | (at,%,s'| Íor oH group[4].

RESULTS

Puriťication od Se and S

InÍiarcd absorption spectra of Se befbre and after

distillation are given in figure 2. The ooncentration of
ScH groups 10'6 at.To is about two orders lower than

befbre distillation. Similar effbot o1' the purification is

lbund at the sublimation of S in chlorine atmosphere,
where thc concentratton of SH groups is estimated to be

about 5. l0 6 
aL.Vo.

--+ wavelength (pm)

3 4 5 6 78910

3s 30 25 20 15 10

wavenumber (cm')

Figure 2. Infiared absorption spectra of selenium.

r'r) aÍter purification; á) bel.ore purification.

The influence
of the reactive halogen atmosphere
on the concentration of impurities

The survey of the absorption bands and their
intensities in the infrared absorption spectra of prepared
chalcogenide glasses by melting with various the chloride
compounds is given in table 2.The following experiences
were obtained:

- Very eÍfbctive compounds Íbr removing hydride
impurities from As - S, As - Se, As - S - Se glasses

seem to be TeClo and then Alclr. In the infrared
absorption spectra of the prepared samples only very
weak absorption of SH or SeH groups are observed.
The absorption band at 2.92 1tm belonging to the

OH group absorption is not detected.
- smaller ef'Íbct of the puriÍication was fbund using

GaCl.,, InCl., and PrCl.,. In this case partial removing
of the concentration oť SH, SeH and oH groups is

occured too, but their conoentration is about one

order higher.
- bromine and iodine vapours have less afÍbctivity of

the purification than chlorine reactive atmosphere.
- the distillation oť glasses in open system in the flow

of reactive gas atmosphere (Cl' + Nz + CClo or

SCl2) is very effective fbr the removing of hydride
impurities. The disadvantage of this method is the

pollution of glasses due to the solubility of the

reactive gases into glass melts and therefore afier
the distillation the glass has to be heated and

remelted under the vacuum. The results are shown
in fisure 3.

-.+ 

wavelength (pm)

3 4 5 6 78910 1520

60+

35 30 25 20 15 10

-+ wavenumber (cm')

Figure 3. Infrared absorption spectra of glasses AsrSe.,.

a) aťter distillation in N, + Cl + CClo atmospherel b) after
vacuum heating and remelting. Thickness of samples - 80 mm.

P
ř
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Table 2. Absorption bands and their intensities of impurities in chalcogenide glasses prepared under the reactive chlorine atmosphere.
The concentration of impurities was calculated fiom the intensity of present absorption bands. Thickness of samples - 80 mm.

composition of glasses reactive atmosphere

absorption bands

OH (2.92 trm) SH (4.01 trm) SeH (4.57 pm)

AsrS., TeCl.
Alclr
PrCl,
GaCl.,
SCI,
cclr
vacuum

w.-m

).

w.

m.-s.
e. w.

S.

As,Se.r TeCl.,
Alcll
GaCl,
ccl.,

m.

e. w.

In.

e. w.

As,S,S TeCl.,
Alcll
GaCl,
ccl.i
SCI,

lTl.

e. w.

w.

s.

e. w.

c. w. - cxtremely weak - concentration = 105 at.7c
v. w. - vcry weak - concentration = 105 - 7 x 105 at.7o
w. - wcak - concentration = 7 x l0-s - 3 x lOt at.Vo

ln. - nledium - conccntration = 3 x l0] - |O.] aÍ,o/t,

s. - strong - conccntration = < l0r at.%

- 

wavetength (pm)

3 4 5 6 7 8910

40 35 30 25 20 .15 10 5

+ wavenumber (cm')

Figure 4. Infiared absorption spectra prepared in reactive
atmosphere generated by various halogenide compounds and
rntensities of absorption bands present in glass.
a) - TeClu; Ď),- AlC|..: c) - SCl,; d) - CaC|,, e) - PrCll; PrC|',;
l) - GaCl.; B) - N:.

The comparison of the infiared absorption
spectra of the prepared glasses using the various reaction
getters is shown in figure 4.

Scattering def-ects in glasses

Microbubbles are the main source of scat-
tering losses in chalcogenide glasses. Their origin
and concentration can be related to the concentra-
tion of volatile impurities as CO, CO2, SH, SeH, CCl.
ctc. [3].

CONCLUSION

The chloride compounds as getter substances
seem to be very advantageous as their thermal de-
composition during synthesis results in production
of the atomic chlorine reacting with hydride impurities
and of the metal which reacts with oxide impurities.
The best results were obtained with TeClo. Very effec-
tive purifloation oť the g|asses is the distiltation
under the chlorine atmosphere generated by the thermal

Ě
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decomposition of CCl4 or SCl2. Scattering losses
are c|osely connected to the concentration oť the volatile
impurities. This conflrms the f'act that these impurities
are soluble in the glass melt at higher temperatures. The
dccrease of theirl solubility with decreasing the
temperature brings about the production of the

microbubbles in studied slasses.
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pŘÍpnave CHALKoGENIDovÝCH SKEL
V REAKTIVNÍ ATMoSFÉŘE CHLoRU

D|M|TRIJ LEŽAL, JITKA PEDLÍrovÁ, JAN GURoVtČ, RuooLr. voGT

Laboratoř ayorganických materióIů, společné pracoviště
Ustavu anorganické chemie AV CR

a Vvsoké školy chemicko-technologické,
Technická 5, l66 28 Praha ó

Chalkogenidová skla tvoří velmi širokou skupinu
neoxidových ske|, chemicky a teplotně stabilních s výbornou
optickou propustností záÍení ve střední a vzdá|ené infiačervené
ob|asti spektra od 2 do 75 stm, Mezi ne.jvíce studovanými .jsou
skla o složení As,S'., As,Se. apod', která .isou vhodná na taŽení
optických vláken pro přenos záÍení Er:YAG (2'97 pm), Co
(5,3 Ltm) a Co, |aserů. Pozornost V tomto č|ánku je zejména
zaměřena na přípravu vysoce čistých ske| pro přenos záÍení
Er:YAG a Co |aseru, které má široké využití v medicíně,
chemickýclr a biomedicínských senzorech. Hlavní podmínka pro
uvedené použití je příprava zák|adních skel s vysokou chemickou
a fyzikální čistotou, zejména s velmi nízkou koncentrací tzv.
,.hydridových nečistot'' .jako .isou oH, SH nebo SeH skupiny
jejichž absorpční pásy se vyskytují u 2,93-pm, 4,0l_pm nebo
4,58_pm. K odstranění těchto nečistot byla vyvinuta nová
metodika, která umožňuje přípravu zák|adních skel v reaktivní
atmosÍěře' .ie.iich destilaci a přípravy prefbrmy v .jedné speciá|ní
aparatuře. Reaktivní atmosféra, V tomto případě atomární chlor,
vzniká během tavení skla rozk|adem chloridové sIoučeniny' která

.je přidána v definovaném množství k výchozím prvkům. V
našem případě byla odzkoušena účinnost čištění těchto látek:
SC|,, Se.Cl,, TeC|u' AlCl3' apod' Při teplotě tavení skloviny
dochází k tepelnému rozkladu uvedených sloučenin za vzniku
atomárního chloru, který reagu.je s oH, SH či SeH skupinami z'a

vzniku HCl. který se následující destilací získaného skla odstraní.
EÍ.ektivnost čištění by|a určována z intenzity absorpčních pásů
uvedených skupin a jako ne.jvhodnější se .jeví SC|' a Se,C|' pro
otevřené systémy a TeCl. pro uzavřené systémy. Koncentrace
hydridových nečistot oH a SH skupin v připravených sk|ech .ie
na a pod hranicí |0-a at.vo.
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