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chalcogenide glasse’s (for example, As;Se; and Ge,3SbiaSego) are of particular interest due
to their chemical durability, moderate glass transition temperatures, and ability to transmit
infrared radiation both in the 3-5 m and 8-12 m regions.

15 Chalcogenide glasses have been made by a number of techniques. U.S. Patent
Nos. 3,338,728, 3,343,972, and 3,360,649 disclose the production of chalcogenide glasses
in sealed ampoules similar to that discussed below in relation to the commercial
chalcogenide glass known as TI-1173. U.S. Patent No. 3,360,649 relates specifically to a
selenium-germanium-antimony chalcogenide glass.

20 U.S. Patent No. 4,484,945 discloses a process which involves subjecting a mixture
of chalcogenide oxides contained in solution to a simultaneous coreduction reaction. The
coreduction reaction is achieved by adding reducing agents to the oxide solution such as
hydrazine, sulphur dioxide, thioureas, etc.

U.S. Patent No. 4,492,763 discloses germanium-free chalcogenide glasses prepared |

25  utilizing sealed ampoules.

High purity oxide glasses may be prepared by melting the oxides together in an
open crucible. For selenium based chalcogenide glasses, high purity metal selenides are

generally not commercially available, therefore, selenium metal is melted and reacted to
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15 tube, oxygen, an impurity, may be introduced, degrading IR transmission; (2) there is a

risk of explosion of the sealed quartz tube during heating if the ampoule is not designed
and/or heated properly to prevent sublimation of the selenium melt; (3) the rock and/or
roll mixing is not sufficient ;to produce optical quality glass; the reacted glass must be re-
melted, stirred, re-cast and annealed to produce optical quality glass; (4) the quartz
20 ampoule is not reusable; (5) temperatures in excess of 900°C must be reached to
completely melt the germanium; and (6) glass batch size is limited by the size of
commercially available quartz tubing, and by the margin of safety required to reduce the

risk of explosion.

25 SUMMARY OF THE INVENTION
Accordingly, a need has arisen for making chalcogenide glass, and particularly

selenium based chalcogenide glass, in a safer and more economical fashion.
In accordance with the present invention, a method of producing chalcogenide
glass is provided that significantly improves the safety and economy of making the glass.
30 The method. includes the steps of: (1) placing about stoichiometric amounts of glass

components into a reactor, (2) substantially covering the glass components in the reactor
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econoni cal fashion. In accordance with the present invention, a method of
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safety and econony of meking the glass. 30 The nethod. includes the steps
of (1) placing about stoichionetric amounts of glass conponents into a
reactor, (2) substantially covering the glass conponents in the reactor -
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the attached drawing in which:

Figure 1 is a simplified cross-sectional drawing of a reaction chamber for carrying
15  out the present inventive method. .
Figure 2 is a graph of Transmittance vs. Wavelength for chalcogenide glass made

pursuant to the example herein.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

20 With reference to Figure 1, the process of the present invention is preferably
carried out in a reactor 10 having an internal reaction chamber 11. The reactor 10 is at
least partially surrounded by a heater 13. Within the reactor 10, is a melt crucible 20
having a melt valve 21 (with a melt valve handle 22) and a stir bar 23. The reactor 10 has
a snoot 12 for removing the molten chalcogenide glass.

25 As shown in Figure 1, there are three levels indicating ternary glass components
and a fourth level indicating an encapsulent. Preferably, for ternary glass, the three ternary
glass components are levels 31, 32, and 33 and the encapsulent is level 34. As discussed
in more detail below, before heating begins, preferably, level 31 is selenium, level 32 is
antimony, level 33 is germanium, and level 34 is B;0;.

30 It has been found that if glass crucibles, stir bars and melt valves are used,. the

B;0; wets the glass and then breaks the glass upon cooling due to the large differential in
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The reactor 10 has a snoot 12 for renoving the nolten chal cogeni de gl ass.

25 As shown in Figure 1, there are three levels indicating ternary gl ass
conponent s WQW3®W3T ourth | evel indicating an encapsul enecr/gsoebeonbl y, for
ternary glass, the three ternary glass conponents are levels 31, 32, and

33 and the encapsulent is |level 34. As discussed in nore detail bel ow,

bef ore heating begins, preferably, level 31 is selenium level 32 is
antinony, level 33 is germanium and | 8vel 34 is B203 30 It has been found
that if glass crucibles, stir bars and nelt val ves are used, the B203
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at nospher i c Gemmivm @3, e.g., an open93r uci bl e, a signifigant |oss of

sel eniumwoul d result fromevaporation. Wile the preferred chal cogeni de

glass is TI Baﬁ)ﬁfﬂ),&(ﬁgﬁgﬁ | 2Se60), the pgesent 10 inventigggenmay be used to
make any chal cogeni de gl ass, and is particularly adapted for naking

chal cogeni de gl asses where one or nore conponents have a | ow boiling point
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5  chalcogenide glass components have melting points greater than 700°C. Even at
antimony’s relatively low melting point of 631°C, if antimony were to be melted in the
presence of selenium under atmospheric conditions, e.g., an open crucible, a significant
loss of selenium would result from evaporation.
While the preferred chalcogenide glass is TI-1173 (GeSby,Seq), the present
10  invention may be used to make any chalcogenide glass, and is particularly adapted for
making chalcogenide glasses where one or more components have a low boiling point
(high §/apor pressure) in relation to one or more other components which have a high
melting point.
The present invention applies to chalcogenide glasses in its broadest definition,
15 including chalcohalides, chalco-oxides, as well as the combination of chalcogenide
elements (S, Se, Te) with Group VA elements (including phosphorus (P), arsenic (As),
antimony (Sb) and bismuth (Bi)), the combination of chalcogenide elements with Group
IVA elements (including germanium (Ge), tin (Sn) and lead (Pb)), and the combination of
chalcogenide elements with Group ITIA elements (including aluminum (A1), gallium (Ga),
20  indium (In) and thalliom (TI)).
For purposes of the present application, boron oxide (B20;), is an “encapsulent”.
An encapsulent is any element or compound which meets the following requirements:

(1) is aliquid (molten) at temperatures suitable to form chalcogenide glasses;
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In addition to preventing the evaporation of low boﬂmg point components, the

15  encapsulent allows for stirring the melt, allows for easy operation of the melt valve 21
(utilizing melt valve handle 22), and allows thermocouples (not shown) to be inserted to
determine temperature at various depths of the melt.

The encapsulent has a lower density than that of the melt being processed. This
allows the encapsulent to remain on the top of the melt being processed to prevent .

20  evaporation loss, but also provides for reducing contaminants in the glass, and, upon
operation of the melt valve 21, allows the molten chalcogenide glass to be removed
through the snoot 12 with the encapsulent remaining in the crucible 20.

The following description details the preferred method of making TI-1173
according to the present inventive method:

25

. 1. tarting materials
Stéichiometric amounts (as noted below) germanium, antimony,' and selenium,
each 99.999% pure, are obtained from a suitable source. One such suitable source is
Sigma-Aldrich Corp. of St. Louis, MO.
30  Germanium 28 mol %.



determ ne tenperature at various depths of the nelt. The encapsul ent Tﬁ&‘305
| oner density than that of the nelt being processed. This allows rhk 0
encapsulent to remain on the top of the nmelt being processed to prevent

20 evapor atWomW2Bws%s, but al so provides for reduci ng conpexrusvamsizez i n t he

gl ass, and, upon operation of the nelt valve 21, allows the nolten

chal cogeni de glass to be renoved through the snoot 12 with the

encapsul ent renmaining in the crucible %0. The foll ow ng description

details the preferred nethod of making®Tl-1173 according to the present
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not ed bel owhntirenyd@imedfs. ant i nrony, and sel enium each 99.999% pure, are
obt ai ned fr |t e source. One such suitable source is

Si gna- A ar | el b BBYE, ° Louis, MO. 30 Germanium 28 mol % - 7 MAR 2005
WO 02/ 3083 7THRGR0uB0Y b8 hiroRasél AArpfasnpueks chAtaining @ZﬂOppSeH@“r&MDAf mca& I The
B203 may b sed-a s pucks contai ning <200ppm H20 from
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i ngots are broken into pieces, preferably <30min dianeter. The sel enium
ant i nony aqg geiﬂ%g&un1are | ayered in the crucible 20, with, preferably,
‘sel enium as't he r level 31, followed by antinony (level 32), then

foll owed 10 by dErmaaninrand | aatimbny3 Rigots B2O Broked finte i pheves, tppefbrablyn <Bematmout one

inch | evel (. )seleSium G e f. the germanium Preferably, the
sel eni um i s&%ﬁé{?heﬂ%c?ﬁieeﬁlmége %ﬁ g%&s S%ngm%%lafes Y?r?(isa{n %ﬁﬁmﬁlége 2&’ At®h vapor
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10 by germanium (level 33). B;0; sufficient to form an about one inch level (level 34) is

added on top of the germanium. Preferably, the selenium is on the lower level 31 as it

melts first and has a high vapor pressure (low boiling point); thus, as the selenium melts,
the antimony (the second lowest melting point component) falls into the molten selenium,
improving the glass formation reaction and heat transfer. Also, with the selenium on the

15  lower level 31, there is less opportunity for the selenium to evaporate before the B,O;
layer (level 34) melts.

A vacuum bake-out is performed on the crucible 20 and its contents to remove
residual moisture and oxygen. This is done by heating the reactor 10 and its contents to
200°C under a vacuum of <200 milliTorr for one hour. This vacuum bake-out helps to

20  prevent moisture and oxygen from contaminating the chalcogenide glass (which is very
sensitive to impurities). Following this, the reactor 10 is pressured with dry nitrogen to a
pressure of about 1 psig while maintaining a purge rate of about 4 scfh. The reactor 10
atmosphere is checked to verify that the O, and H,0 contents are each below 20 ppm.
Crucible 20 is then heated to 450°C and held at that temperature for 60 minutes, At

25  217°C, the selenium melts and begins dissolving the solid antimony and germanium. At
450°C, the B20; melts and encapsulates the germanium, antimony and liquid selenium.
The crucible 20 and its contents are then heated to 630°C. At 630°C, the antimony melts
and starts reacting with the solid germanium. With both the selenium and antimony
molten, vigorous mixing is provided to dissolve the solid germanium chunks. The stirring

30  speed is ramped from lrpm to 60rpm by increasing the speed at lrpm/min. and the
temperature is raised to 670°C. The temperature is held at 670°C. with the contents being
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conpleted to pro tical ual i gl ass fine" (tqQ remve bubbl es
fron) the nelt, %éet ?FG‘W% %‘{'??B%%cfnﬁrﬁ“?‘ﬂ’@g (As§ melt and B;O; in the

15  crucible 20 are dumped and the crucible 20, stir bar 23, and melt valve 21 are removed and

l"(x)

cleaned.

EXAMPLE
Starting Materials . grams
Selenium 691
Antimony 213
Germanium 296
B,0s 600

Time

Min,) Procedure and Comments
- Vacuum on overnight - pulled to 300 m Torr.

Vacuum at 225 m Torr; vacuum off; low purge at 4scth; set melt set-point
controller to 450°C.

78 Melt thermocouple reading 440°C; set melt set-point controller to 535°C.



cooled to 640C for 60 mnutes, and any bubbles in the melt will rise to
the top of the nelt. After fining, the nelt is readied for |ens ca§t7| %R 2005
by lowering the nelt tenperature to 560C 10 and stirring at 35rpm for

m nut es. ThWO 0RB#¥geni zes the chenical conposition of tpker/usmbizo2z The
stirring is stopped just before the glass is cast into the plate nold.
This is acconplished by raising the nelt valve 21 such that the nelt
flows out the snoot 12 into the plate nold. After the lens casting is
conpl ete, any renmaining glass nelt and 83203 in the 15 crucible 20 are
dunped and the crucible 20, stir bar 23, and nelt valve 21 are renoved and
cl eaned. EXAMPLE St ar Setmgpltisbttpeint sl 350°Qr ans Sel eni unmb691 Anti nony213

Ger mani un296 B20B600 Thicremse heddng. ) Procedure and Comments - Vacuum on
overni ght - pullbed t o183fh; mekdwa52.64C.Vacuum at 225 m Toff; vacuum off; | ow
purge at 4scfh;17set neddpns alelt B@sBB°C.control ler to 450C. 78 Melt

t her nocoupl e rgagi ng & meRis g387éc. set - point controller to 535C. - 7 MAR
2005 WO 02/ 3083%3 PCT/ M&@ﬁ%ﬁg@ Set melt set-point to 560C. 110

I ncrease heatingg 1613slay) Rk idWhled s 652. 6C. 172 20 rpm nelt is 653.5C

177 25 rpm melsgyis 68¢y ?ocimmogem'ze; lower melt set-point to 490°C; lower stir to 20 rpm for
40 min, then stop.
513 °  Lower melt set-point to 470°C.
557 Lower melt set-point to 465°C
573 Pour into plate mold.

1193g of raw (unfinished) T-1173 glass was produced in the experiment.

A 0.3955 in. thick glass casting was produced. This glass casting was tested for IR
5  transmittance yielding the results shown in Figure 2 and the following results:

At12.8 m A=0.508 cm™
At12.5 m A=0.455 cm™!
At12.0 m A=0.226 cm’
10  At10.0 m A=0.021 cm™
At8.3 m A=0.023 cm™
At8.0 m A=0.026 cm™
At7.5 mA=0.019 cm™

15  Where A is Absorbance.

7510115 m
Avg. Transmittance = 65.0%

20 11.5t0135 m
Avg. Transmittance = 47.7%

7510135 m

Avg. Transmittance = 61.2%

25 '
The present inventive method of making chalcogenide glass is advantageous over

known methods of making chalcogenide glass. The present inventive method is easier,
more economical and safer than previously known methods. The present inventive
method solves the several problems noted above relating to making chalcogenide glass in
30  scaled ampoules, specifically (1) No sealing of a quartz tube is required, and oxygen

contamination is minimized; (2) There is no risk of explosion because the selenium



183 30 rpm nelt is 658.8C. 189 35 rpm nelt is 662.4C. 387 Start to
honogeni ze; lower nelt set-point to 490C, lower stir to 20 rpmfor_ f“}v 05
mn, then stop. 513 Lower nelt set-point to 470C. 557 Lower nelt Wi Ly
set - poi nt tWMBB@37 573 Pour into plate mold. 1193 g of pewusuniini shed)
T-1173 gl ass was produced in the experiment. A 0.3955 in. thick glass
casting was produced. This glass casting was tested for IR 5

transmttance yielding the results shogn in Figure 2 and the follow ng
results: At 12.8 mA=0.508 cnl At 12.5in A=0.455 cml At 12.0 in A=0.226
cni 1 10 At 10.0 in A=0.021 cm"' At8.3 mA=0.023cm1 At 8.0 m A=0.026 cm

1 At 7.5 nietp@ra@i©mayibe tightly\bentrelled, il abh sapidevecsressifre of fectioh.cRarhbier AV J.
Transmtta nsmttance = 47.7% 25 7.5

n = 0020 11.5 to 13. m Av r
Lo 1o oAy BefiReved®sg BudriialrEyabid ol okl (D BERIRE the Sheon faken alhon
meki ng chal sogesibld 80,ghaglassicompshenis eageOstitred vieficierlyQwprodaie ecal Qhatiigki ng

cconont cal  Eah BEFe iR B B G, 1AV Fbm ool 2f s cuhicomont | ve
met hod sé! v ehapesh &)%@@miblqozmblrmblﬂ ohedasathe qeartz it is Agt; I(5) Thekkdddon
chal cogeni degy ol 333 sbviral hundred degrees lower than the known sealed ampoule technique, thus
requiring less sophisticated equipment; and (6) The batch size can be increased over the
known sealed ampoule technique.
Having described the invention above, various modifications of the techniques,
10 proc‘edures, material, and equipment will be apparent to those skilled in the art. Tt is
intended that all such variations within the scope and spirit of the invention be included
within the scope of the appended claims.



30 seal ed ampoul es, specifically (1) No sealing of a quartz tube is

requi red, and oxygen contamnation is mnimzed; (2) There is no risk of
expl osi on because the selenium- ] mm % Lud WO 02/ 30837 PCTI USO1/ 3171)2}4@ 2005
tenperature may be tightly controlled,, and any rapid over-pressure of
reaction chanber 11 may be relieved over-pressure val ves (not shown);

(3) Because the reaction takes place in crucible 20, the glass conponents
can be stirred sufficiently to produce optical quality glass, and the

gl ass C%ﬂE@@LﬁQ@LﬁﬂMﬁ?ﬂﬁQt 12) directly fromcrucible 20 to cast desired 5
shapes; (4) the cruacrpre 20 is reusable whereas the quartz tube is not;

(5) The reaction takes place several hundred degrees |ower than the known

seal ed anpoul e techni que, thus requiring |ess sophisticated equi pment;
and (6) Thg' hinethad of dnaking ghalcogenideglass, eqraprisingtheistepoaf:seal ed anpoul e

t echni que. Havi desgLi i | ah I OUS difications of
t he techni ques, t]‘1910 E@gl?:lggg?&etgﬁ%ﬂgﬁf@%g%&% ‘%gahalx%#éngéjon\ﬁn%lm%@ appar ent
to those skilled in tdaetogrt. It is intended that all such variations
within the scopf\b and jri.t. of the invention be included wthin the scope
of the appended®) aj SHPstantigllygqvenng the plasgrompengnis ip thasagter with am net hod of
maki ng chal cogeni de g,{cgﬁsq,le,ﬁpe[ﬁgri sing the steps of. (a) placing about
stoichionetric anobunts of glass conponents into a reactor; (b)
substantial |y ctWer i heptingéo glemperamesoffsians ta causdithe rghms tamponents tan

encapsul ent; and (c) hetjti nlgbto ate eratclur%ssuffi cient to cause the
gl ass components to rAedeformolienchaljsemide glass sgeni de gl ass. wherein the

encapsul ent is @Rérefif B8 eAdapbuledtiensthiteRUR MG aoBSRde glassTe Met hod of
claim1l1, wherein:

=2

2. The method of claim 1, wherein:
the glass components comprise at least a first glass component and a
second glass component, wherein the first glass component has a melting point
which is lower than the melting point of the second glass component; and
when heating in step (c), the encapsulent substantially prevents the

evaporation loss of at least the first glass component.

3. The method of claim 2, wherein the first glass component is selenium.

4. The method of claim 2, wherein the encapsulent is B,Os.

5. The method of claim 2, wherein the encapsulent has a melting point which is

lower than the boiling of the first glass component.

6. The method of claim 1, wherein the encapsulent has a density lower than that of a

combination of glass components.

7. The method of claim 1, wherein:



the gl ass conponents conprise at |least a first glass conponent and a

second gl ass conponent, wherein the first glass conponent has a nel ViMﬁR 2005
point which is |lower than the nelting point of the second gl ass

conponent; and when heating in step (g¢), the encapsul ent substantially
prevents the evaporation |oss of at Teast the first glass conponent. 3.

The net hod of cl ai 2,1 wherein the first glass conponent is selenium 4.
The method of cl ai HEE'3HTAMRPAEHEomRRIss 36 (¢ Rifirptsglass cgmpenentipesegenchod of

claim 2. wher@hd chiiBoR AL R gieScdinibisg oI Nt which s | over than

the boiling of the first glass conpone > The method of claim1l,

wher ei n t he encapshe bertingas stap G®mssltsythe finseglasshemponait aafl tie seeoitdslagt i on of
gl ass conponents. 7.. The nethod of claiml1l, wherein: - 7 MAR 2005 11 The
gl ass corrponecr?fl?og%?r} e at least a first glass conponent, a second

gl ass conponent, anélescapblilérd sﬁ!&s@a’iﬁaﬁfﬁ%@@&ﬂlﬁ’ev‘é BGPILOGE dt ToaSt G (C%

melts the first glass conponent and second ags corrponen?% and the
encapsul ent <Qiiaa frst glass somposensrand thersecendoglassabinponémss of at | east one
of the first glass conponent and the second gl ass conponent. 8. The net hod
of claim?7, wherein upon heating in step (c), the third glass conponent is
a solid; aBd THeunéthed ofcsdsipi 7,51 ng the step of mxing the third gl ass
conponent with a conbination of the first glass conponent and the second
gl ass conponent t dvhesein gpon heatigp i step (mptbe dntdsglass component ds 4 solit amd t en

chal cogeni de gl as . d I wherei n the gl ass conponents
are selected f rom%}tuﬁl?aer Cé&@#egﬁ%?? ecscggs? s‘t"?‘h@ tﬁ? ﬂgﬁf glﬁﬁs,cog)é)pg%]tmﬁl ellurium
fl uorine, chl or combinkticmofitke first gk@mMpBAYANI RNRESRDEES, cotlpdR&itGo

antinony, bismuth, germanium tin, |lead, alum nun}1 gallium indium and
thal l'i um cause the glass components to react to form molten chalcogenide glass.

9. The method of claim 1, wherein the glass components are selected from the
elements consisting of sulfur, selenium, tellurium, fluorine, chlorine, bromine,
iodine, oxygen, phosphorus, arsenic, antimony, bismuth, germanium, tin, lead,

aluminum, gallium, indium, and thallium.

10. The method of claim 1, wherein the glass components include at least selenium,

germanium and antimony.

11. The method of claim 1,

wherein:

in the heating step (c), the glass components are heated to a temperature
below the boiling point of the lowest boiling point glass component; and

in the heating step (c), at least one glass component is a liquid and at least
one glass component is a solid; and

further comprising the step of mixing the glass components to cause the at
least one liquid glass component to react with the at least one solid glass

component to form molten chalcogenide glass.



10. The method of claim1l, wherein the glass conponents include at |east
sel enium germani um and antinony. 11. The nmethod of claiml, wherein: in
the heating step (c), the glass conponents are heated to a tenperdat MAR 5005
bel ow t he boiling point of the | owestugoi | i ng point glass conponent; an

in the heating step (c), at |least one“glass conmponent is a liquid and at

| east one gl ass conponent is a solid; and further conprising the step of
m xi ng the gl ass conponents to cause the at |east one liquid glass

conponent TR AR e | id as cgnponent to form
nmol t en cha?%'o’%gﬁi?ﬁd)g%gfl ass. gﬁ#okﬁﬁﬁég@%, i@%ﬁgm&hﬁgﬁ%agof maki ng
chal cogeni de gl s, phoingiabbutgtdidteorméteip anints 08 laBé SsthpttheAROEIuding

stoi chionetric anounts of gilgass conmponents, including at least a first
gl ass conponent, i nt & 1525t a5iEst glass compeneRt intARiteActsf; covering the gl ass

conponents in thg regiRhii &)v@Hn% ﬁ%@@%g&ﬁg&ﬁe@s’]ﬂ glﬂqcéeaé}S%itﬂg?t 0 a

tenperature bel ow the boilirdg poin wes i'ng  pol gl ass
conponent. wherei n téreapswlegpsandent is not present in the chal cogenide

gl ass. 13. The thod of claim12, erein, en heating .in step (c), the
encapsul ent  su tang?aipgio ﬁfemmtg%@%%agﬁ%m@wt%@lewe-atboﬂ@ast t he
first glass conponenpeindgiassddtpdRédiod of claim 12, wherein the first glass
conmponent is sel enium 5. The method of claim 12, wherein the

encapsul ent i s Bhewrintbe eMtapsutenthivuotgiresehtan thel¢haloogenidé plashe encapsul ent
has a nelting point which is |ower than the boiling point of the | owest
boi ling point glass conponent. 17. The nethod of claim 12, wherein the

encapsul en13.Mee raethed6f dlainl D)vhekdiaHeRMeatitlg indtepqER M ABuRht t he gl ass
conponents.
P substantially prevents the evaporation loss of at least the first glass component.

14. The method of claim 12, wherein the first glass component is selenium.
15. The method of claim 12, wherein the encapsulent is B2Os.

16. The method of claim 12, wherein the encapsulent has a melting point which is

lower than the boiling point of the lowest boiling point glass component.

17. The method of claim 12, wherein the encapsulent has a density lower than that of

a combination of the glass components.

18. The method of claim 12,
further comprising a second glass component and a third glass component and,
wherein:
the heating in step (c) melts the first glass component and the second glass
component; and
the encapsulent substantially prevents the evaporation loss of at least one

of the first glass component and the second glass component.



18. The nmethod of claim 12, further conprising a second gl ass conpozzq%
and a third glass conponent and, wherein: the heating in step (c) “ntl AR 2005
the first glass conponent and the second glass conponent; and the
encapsul ent substantially prevents the evaporation | oss of at |east one

of the first glass conponent and t he Second gl ass conponent. - 7 MAR 2005

13 19. The nethod of claim 18, wherein, upon heating in step (c), the

third glass conmponent is a solid; and further conprising the step of

m xi ng the ' ent wwth a conbination of the first.glass
conponent g%g“#ﬁggééiéﬁﬁgg ggs conponent to cause the glass conponents to

react to form nol twlereihalpoagraditeingtepss), tikChird BRissSHsthesl is 6lslid ahd,
wherein the gl ass conponents are selected fromthe elenents consisting of

sul fur, selenium behsrcpmpgsing thestemel mixingthe third gassomponeritadibre,  oxygen,

hosbh | o ! . . . " oad i
a1 um  naomisfion 8P el etasySfibhnc 85 BRRLCT ldsfeqmBBiint o e
gl ass conponehe glassuompbacsts td wastito Sehemblien chalivgemae prsaand anti nony. 22. A

met hod of maki ng chal cogeni de gl ass contai ning sel enium conprising the
steps of: (a) placing about stoichionetric anmounts of gl ass conponents,

i ncl udi ng 2@ efRIhRdRHLIAM 1£%ﬁkr&nﬂ§?@%§g§+~l Inn&%mg@ag@fé@ [t @ reactor,

wherein the second gl ass conponent g poln lI"'east about
600C; (b) suleiemants consigtingofsulfug seleriugl, tedRirinorflaond, shioring,lieomarct or Wit h

an encapsul en ting to.a tenperature sufficgient to cause the

. and (c). he .
gl ass Corrponé?filge’ ogygén, })hospgorus, arsenic, antimony, bismuth, germanium, tin, lead,

aluminum, gallium, indium, and thallium.

21. The method of claim 12, wherein the glass components include at least selenium,

germanium and antimony.

22. A method of making chalcogenide glass containing selenium, comprising the
steps of:

(@)  placing about stoichiometric amounts of glass components, including
selenium and at least a second glass component, into a reactor,
wherein the second glass component has a melting point of at least
about 600°C;

(b)  substantially covering the glass components in the reactor with an
encapsulent; and

(c) heating to a temperature sufficient to cause the glass components to
react to form molten chalcogenide glass.

wherein the encapsulent is not present in the chalcogenide glass.

23. The method of claim 22, wherein the encapsulent is B,Os.



react to formnolten chal cogenide gl ass. wherein the encapsul ent is not
present in the chal cogenide glass. 23. The method of claim 22, wherein the
encapsul ent is B2G3. - 7 MAR 2005 14 24. The nethod of claim 22, WQ?%AR t2005
t he encapsulent has a nelting point which is |ower than the boiling pornt
of the selenium 25. The method of cl¥i m22, wherein the encapsul ent has a
density lower than that of a conbination of the glass conponents. 26. The
met hod” of @é#-akheimethod of ¢laiar 22; ovherdis thegeneapishienthaylaanelting ppiatiwhichand,

wherein: the i f.step (c) |ts the sel enium and the second gl ass
conponent; ar%g‘%%%’glgwgé)ﬁilmg&?&%é’agfetsﬁfﬂ"fué’i"l y prevents the evaporation |oss
of at |least one of the seleniumand the second gl ass conponent. 27. The

met hod of ¢laim 26, wherein —upon heating in step (c), the third glass
conponent £% Thegpsther otglaim 23, wheeain therepedpsilent hase dehsity lowenihan tlat bhe third

gl ass comon%%nmiﬁ{gﬁgoéﬁgggﬂgéﬁggne Eﬁ‘t he sel enium and the second gl ass

conponent to cause onents to react to formnolten
chal cogeni de gl ass. 28. The method of claim22, wherein the glass
conponents, are sel ected fromthe elements consisting of sulfur,

tel lurium 2‘?0@&9@%@ efalam %%, bromine, iodine, oxygen, phosphor us,

arseni c, anti nony g, . e ! | alum num gallium
i ndium and thall ifﬂ%ﬁé%gﬁ?ﬁggﬁgﬁﬁ%gﬂ%&c glnjf:ﬁﬁ%gfi’ wherein the gl ass
conponents i rdleoeie: at | east gernani um and antinony. 30. A nethod of

maki ng a ternar | eni.um ger mani u nti mony chal cogeni de gl ass,
conpr igsi ng t he gt Z@ghe@ppg opsteg&') melts the seleni mancijl the second glass component;

and
the encapsulent substantially prevents the evaporation loss of at least one

of the selenium and the second glass component.

27. The method of claim 26,
wherein, upon heating in step (c), the third glass component is a solid; and
further comprising the step of mixing the third glass component with a
combination of the selenium and the second glass component to cause the glass

components to react to form molten chalcogenide glass.

28. The method of claim 22, wherein the glass components are selected from the
elements consisting of sulfur, tellurium, fluorine, chlorine, bromine, iodine,
oxygen, phosphorus, arsenic, antimony, bismuth, germanium, tin, lead, aluminum,

gallium, indium, and thallium.

29. The method of claim 22, wherein the glass components include at least

germanium and antimony.

30. A method of making a ternary selenium-germanium-antimony Chalcogenide glass,

comprising the steps of:



- 7 MAR 2005 15 (a) placing about 50 mol % to about 98nol % sel eni um

about 1 nol %to about 40 nol % gernmani um and about | nol %to about 30
mol % antinony into a reactor; (b) substantially covering the sel @nMAR2005
germanium and antinony in the react of wi th an encapsul ent; and (c)

heating the reactor to at |east about 5650C to cause the sel enium

ger mani um and agabi nony to react to form nolten chal cogeni de gl ass.

wherein the encfsul BREINgabaw: S0 pel% e abgut OBmok Fesicleniyemiabeutgl mok% t81. The

met hod of claim 30, wh&kat o i 51 B2 32. T, hod of

cl aim 30, wherein the erﬁgg&%%ﬁﬁ)ﬂﬁggﬁ%h@%tﬂh%"ﬁ?gi%\fo 5&9%?6‘{“5?% ower than
t he boiling point of antireomeinegna reaxto3. The net hod of claim 30, wherein the
encapsul ent has as den@%’é‘% .mwer than that of a conbination of the

sel enium ger mfPum $ HalY ¢RYRYING the selepiumygerprnivn apd antimey, inther ei n t he
encapsul ent subst ant 'ke%l:ﬂo}’wl?th%%ﬂ&ai)sﬁlgﬁt-a yaporation loss of the selenium

35. The nethod of claim30, wherern, upon heating in step (c), the

ger mani um renai (A a besting thearedctor torat heast abougsS0SC ngcdube titseleniuin, M xi ng t he
solid germaniumwi th_a conbi nation of the sel eniumand antinpny to cause

the selenium anti rmﬁ?fmélﬂﬂlml X RNt Frackiedpmh soltsp ghalengeaide @iss.cogeni de

gl ass. wherein the encapsulent is not present in the chalcogenide glass.

31. The method of claim 30, wherein the encapsulent is B,O3.

32. The method of claim 30, wherein the encapsulent has a melting point which is

lower than the boiling point of the selenium.

33. The method of claim 30, wherein the encapsulent has a density lower than that of

a combination of the selenium, germanium, and antimony.

34. The method of claim 30, wherein the encapsulent substantially prevents the

evaporation loss of the selenium.

35. The method of claim 30,
wherein, upon heating in step (c), the germanium remains a solid, and
further comprising the step of mixing the solid germanium with a
combination of the selenium and antimony to cause the selenium, antimony and

germanium to react to form molten chalcogenide glass.





