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sel eni um ger mani um anti nony chal cogeni de glass. 20 U. S. Patent No.
4,484,945 discl oses a process which invol ves subjecting a mixture -off MAR 2005
chal cogeni de oxi des contained in solution to a sinultaneous coreduction
reaction. TW@02/883%ducti on reaction is achi eved by addi pgrrosisming agents
to the oxide solution such as hydrazine, sul phur dioxide, thioureas, etc.
U.S. Patent No. 4,492,763 discloses germani umfree chal cogeni de gl asses
prepared 25 utilizing seal ed anpoules., Hi gh purity oxide glasses nay be
prepared by nelting the oxides togethe? in an open crucible. For sel enium
based chal cogeni de gl asses, high purity netal selenides are generally not
comercially avail able, therefore, seleniumnetal is nelted and reacted to
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are of interest because of their ability to transmit infrared radiation. Selenium based

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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seleniumnelt; (3) the rock and/or roll mxing is not sufficient to
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reacted glass, While this method allows for commercial production of TI-1173, there are a
number of shortcomings with this method, including: (1) during sealing of the quartz
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



description of exenplary enbodi nents set forth bel ow is considered i? MAR, 2005
conjunction with the attached drawing in which: Figure 1 is a sinplif %
cross-sectional drawi ng of a reaction chanber for carrying 15 out the
present i nv¥A02/4083et hod. Figure 2 is a graph of TransnPCLESIB1702.

Wavel engt h for chal cogeni de gl ass made pursuant to the exanple herein.

DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBCODI MENTS 20 Wth reference to
Figure 1, the process of the present invention is preferably carried out

in a reactor 10 having an internal reaction chanber 1.1. The reactor 10 is
at least partially surrounded by a heater 13. Wthin the reactor 10, is a
mel t cruci bwith 26 endapsnientjtoaprawent the alvaperafidn {oss bhlow brsling pcﬂ:lt\oe hiighnebper 22) and

chal cogens ok abet SRRBEnst o B et BR et CpprBpert PR eipasti s °"
i ndi cating mebmhng/pcgﬁtaeﬁtheommnmm, and (a]nmbuaeljr atixinhgdthe eamﬂ»oneﬁtdtmﬁsenlgp an
encapsul ent

Pre for ternar, he three tefnar ass
conponent s Iéﬁ'ué‘{ elcgm&em\%fo TR9Y él g’ﬁd ﬁﬁegtl a?B?uﬁ‘eg to gr%eglgltetmf As
di scussedl chalcngnneie@bssal | bel ow, before heatl ng begins, preferably, [|evel

31 is selenium Jevel 32 is. antinon Jev evel 34
L LS Sohet UM A St i B By LRl o R RS B0, 00!
val ves are fwsprbﬂuaimseldﬁﬁﬁsbamd shatcogeniflecpiassea whidhhie saflar axdksort lkeongivak upon
cool i ng due I}%g]i ?ho%? differential in - 7 MAR 2005 WD 02/ 30837
PCT/ US01/ 31 e roal expansions. Therefore, it is preferred to
utilize vitreous car bon crum bles, stir bars and nelt val ves such that
t he BZO?8 dog o at they can be reused. Ml ting
Poi nt ( 216685 Antinony (Sb)6301750

A Dbetter understandlng of the invention can be obtained when the detailed

description of exemplary embodiments set forth below is considered in conjunction with
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



Ger mani um ( Ge) 9372830 Boron Oxi de (B203) 4501860 As can be seen fronTt7hyAR 2005
above table, seleniumhas a nelting point of 216C. Many 5 chal cogeni de

gl ass' components have nelting points greater than 700C. Even at

antinmony's WOI0a88¥ely | ow nelting point of 631C, if antPapuoseiese to be
nelted in the presence of sel eniumunder atnospheri'c conditions, e.g., an
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evaporation. While the preferred chal cogenide glass is TI-1173
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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;



5 The encapsul ent, preferable boron oxide (B203), covers the nelt beifgd
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prevents any 10 significant sel enium evaporation. O her conpounds
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glasses and multicomponent mixed glasses such as borosilicates,
borophosphates and phosphosilicates.
In addition to preventing the evaporation of low Boiling 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 %.
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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



and starts reacting wwth the solid germanium Wth both the sel eni_éj{nhdem%
antinony nolten, vigorous mxing is provided to dissolve the soli

germani um chunks. The stirring 30 speed is ranped fromlrpmto 60r pm by

i ncreasi ng woenegeed at Irpmmin. and the tenperature ipgriddiapdsto 670C
The tenperature is held at 670C. with the contents being - 7 MAR 2005 WD
02/ 30837 PCT/USOL/ 31702 7 m xed at 60rpm for 120 m nutes. Under these
conditions, the solid germaniumw ||l conpletely dissolve in the

sel enium antinmony nmelt and a glass forfing melt will be produced.
Preferably, the tenperature should not be raised above 670C., because the

boi i ng poi niixedfat SOIpRNiforMA0SmBBRE. Uridér! @¥de @ndiRGRE tHe' 68 PemSHinnA will 2SS
form ng nelt has 5é£5 n produc owever, reflnln of the glass nust be
conpl et ed t8°“ﬂ¥ﬁ & ? é}ie 8 ffﬂ’é‘fqtatn?m@%l&?t apd a gl?ﬁefm'{u% m%’t‘!ﬂbb%ubbl es
from the nﬁﬂoﬂuceﬂ he@reférably, e taneftudd BRUIdMY bt AsddBibbve §0C. HodaseGAOC f OF
60 m nut es ?lees%%eﬁogeltwll rlsetotheto of the nelt.
After fini an ?31@1%19 gelenium {5680 pwing fhesepragefies, wlqss)mma@eltrhes nel t

t enper at §ir ebden pgrédiCed] hotvotbr,Stefifiin BY tiat %laérr&ﬁﬁt foercoRiglerBanigt Reducd Bpsical

honogeni zes tﬁﬂﬁ' hem cal conposition of the nelt. The stirring 1s stopped
j ust bef or e %t 2’3? %ss is cast into the plate nold. This is acconplished

by raising the rl ‘tﬁn\é’attv@erﬁ’ohewKHﬁestﬂ’ba{) théﬁﬁelfl&ilé stﬁlh@/\ﬁ sﬁyﬁedtaﬁlé wpat 12
into the plage% ngjqu er t he | ens %EISt r}g S conp ) ¥rema|n|ng
glass melt S ﬁ°r émmfﬁ T gey pbhlesyy "r’@elﬂﬁﬂlrld'ésﬂ t"a‘il‘iﬁwp themelti bl e 20,
stir bar 23Afiarfthingpthe meitlisr@adiel fof lenscastiny 69l IoWeting G AR epF AR50 ar ti ng
Mat er | all& IR Se'a??ér% m}gr 666\ 1911151{1@? %31 gomcgoegreﬂtl?egltlllje Ecgr?ncal composition of the
melt. The stirring is stopped just before the glass is cast into the plate mold. This is
accomplished by raising the melt valve 21 such that the melt flows out the snoot 12 into
the plate mold. '
After the lens casting is complete, any remaining glass 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

cleaned.

EXAMPLE
Starting Materials . grams
Selenium 691
Antimony 213
Germanium 296
B;0; 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.



B203600 Time (Mn.|l Procedure and Conments Vacuum on overnight - pulled
to 300 mTorr. 1 Vacuum at 225 m Torr; vacuumoff; |ow purge at 4scf 2; @Btzﬂus
melt set-point controller to 450C. 78 Melt thernocoupl e readi ng 440C, t
melt set-poWR28W#t rol ler to 535C. - 7 MAR 2005 WO 02/ 388BUSoPEIFI2US01/ 31702
8 85 Set nelt set-point to 560C. 110 Increase heating. 161 15 rpm nelt
is 652.6C. 172 20 rpm nelt is 653.5C. 177 25 rpm nelt is 654.7C. 183
30 rpm nelt is 658.8C. 189 35 rpm It is 662.4C. 387 Start to
honogeni ze; lower nelt set-point to 490C, |ower stir to 20 rpmfor 40
mn, then stop. 513 Lower nelt set-point to 470C. 557 Lower nelt
set-point to 468C 57SetEslisctipoindtopioatc nol d. 1193g of raw (unfinished) T-1
173 gl ass was pgi@ducebicrensethatingxperiment. A 0.3955 in. thick glass casting
was produced. Tbls gl tSpncaskisdy26as tested for IR 5 transmittance
yi el ding the ragsplts s0wWwWimelis598fc 2 and the following results: At 12.8
m A-0.508 cm 1174t 1225pth; AreR ish3d. 70 At 12.0 m A=0.226 cm 1

183 30 rpm; melt is 658.8°C.

189 35 rpn; melt is 662.4°C.

387 Start to homogenize; 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




10 At 10.0 mA=0.021 cmI| At 8.3 mA=0.023 cm' At 8.0 mA=0.026 cm |

At 7.5 m A=0.019 cm 15 Where A is Absorbance. 7.5 to 11.5 m Avg. _ T 05
Transmittance = 65.0% 20 11.5 to 13.5 m Avg. Transnmittance = 47.7% 7l 3y el
13.5 m Avg. WrG3R8e37 t t ance = 61.2% 25 The present invent ipegusativmg of

maki ng chal cogeni de gl ass i s advantageous over known nethods of making

chal cogeni de gl ass. The present inventive nmethod is easier, nore

econon cal and safer than previously known nethods. The present inventive
met hod sol ves the several problens not &d above relating to making

chal cogeni de glass in 30 seal ed anpoul es, specifically (1) No sealing of a
quart z t ube temperatiemayelok tightiyl cantrg el andeanp rphd dvei-prefRuie F FoastionicE/sber {2) There

is no risk .0S]j because the sel eni um : MAR 2005 WO 02/ 30837
PCT/ USOL/ 31 %gé%“g"cr?pﬂlgpé’?ﬁ??é“ﬁg%v Ve ?‘P@ ?FH“S?ST;](@ gise thg reastion 1y plagsi d
over - pr essuinecrudible 88,abe glasschmpdrents tan beRiyred euffigbrith e ?roﬁucecbpﬁéai Qhfgpur e
val ves (not 0 : use the r ti.on,takes C in crucible 20,
the gl ass cgﬁép}b%@n g(gg’aésn §%g&s?cfuferde Ogﬁif)l egthy ngtc&P“ﬂﬁ%g% &y cashflysirsd
qual ity Sgl shapss; € dbe varcibleadt isqausalile wheessatle (eaaaiibelid nowi(5)eTte! rackis®m
cruci ble 20 i hapes: .(4), The crucible 20 is reusable
wher eas t hetaié%é’?tﬁg %%V%%Zhﬁ{nggeﬁi %Fégre?sg?w“"m*émr‘%e&@f’% ﬁeafeflmg piegbiaueethus o
hundr ed degrequising iarsophisticatet] lequikinentyard€6) b WAAGIZe @ar BE 1oicale ovérihs
requiring 'Eﬁﬁwﬁﬁﬁ&h&h&&%%&ﬂmﬁﬂyip”E”t; and (6) The batch size can be
t he . )

i ncreased over
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.



known seal ed anpoul e techni que. Having described the invention above,
various nodifications of the techniques, 10 procedures, material, and

equi pnent will be apparent to those skilled in the art. It is intenpq,g\R 2005
that all such variations within the scope and spirit of the invention be
included wthin the scope of the app]é]nded claims. - 7 MAR 2005 10 WHAT IS
CLAIMED I'S: 1. A nethod of maki ng chal cogeni de gl ass, conprising the steps
of : (a) placing about stoichionetric anounts of gl ass conponents into a
reactor; T #ERld.y covering the glass conponents in the reactor

W th anv—vgr%)ga'sjé A ; ﬁ (c) heating to a tenperature sufficient to cause
the gl ass conponents to react to formnolten chal cogeni de gl ass. wherein

the encapsulept is not present in the chal cogenide glass. 2. The nethod of
claim 1, wheremsthadpd makingchaloegenidnglasse eorpprisieg the stepasf: a first gl ass

t d el , ' flrst. al t
has a ol ting paint DanreRors sRATRIRGRL It Ok b Briplibbes 383 Sotona

gl ass conponent; andreatters heating in step (c), the encapsul ent
substantially ppeventg the evapqration |oss of at |east the first glass
conmponent . 3. Th’g rref‘ﬁ’éﬁmﬂ‘l‘nyc‘foé'gﬂ?&t,he\ﬂlﬁﬁ EPWPeNeBtsrin the reagtarwith iponent i s
selenium 4. The metnaps@éniCddl M 2, wherein the encapsulent is B203 5.
The method of claim 2, wherein the encapsul ent has a nelting point which
is lower than fdle bheatingde afempeeathrersafficing sscanserthe igast coiporknes toet hod of

claim11, wherein there cagsul enit h sla degsifg | ower than that of a
conbi nation of glass eég% HEKE ten chalcogenide glass.

wherein the encapsulent is not present in the chalcogenide glass.

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:



7. The nethod of claim1l1, wherein: 7 MAR 2005 11 The gl ass conponents
conprise at least a first glass conponent, a second gl ass corrponenZ,MﬁRcmﬂs
a third glass conponent, the heating in step (c) nelts the first glass
conponent and the second glass conpopent; and the encapsul ent _
substantially prevents the evaporation |oss of at |east one of the first

gl ass conponent a ttie second gl ass corrPonent, 8. The method of claim7,
wher ei n upon heat inﬂ{f’g ?FSSCP@IBOW@?S, cqmpprise 3t least @ fstsgless wpmipenant, assegond| i d;

and further g]ggg%jtl%bﬁ&t,tgﬁgast ggéggs ggngé]dglg?tghe third gl ass conponent with

a conbi nati on of e first g conp and the second gl ass conponent

to cause the gl aghe beatipgiestep (¢)onelaln fitsoglhey sonpohtkand ied eoaanglde gl ass.
9. The nethod of claiml, wherein the glass conponents are selected from
the el enent scog}Pr?Q?rgt? of sulfur, selenium tellurium fluorine,

ne el ement s bERCrL: P . (
chl orine, brom ne,the b%pﬁﬁent@%%’ﬁall?ﬁ&%&ﬂ@fﬂléﬁvaﬁgﬁﬁy dll%ss %ﬂ%‘é’t{%{g' i um

bi smuth, germanium tin, |lead, alumhnum ga um an

10. The net ho thy fitst glass compenenteind themecoridaglssscomponentt s i ncl ude at | east
sel enium germanium and antinony. 11. The nethod of claiml1l, wherein: in
the heating step (c), the glass conponents are heated to a tenperature

bel ow t he BoiThengethed oft clgitn 7,he | owest boili ng point gl ass conponent; and
in the heating step (c), at |east one gl ass conponent is a liquid and at

| east one gl ass CHEEUIASREN heatiag dwstep) (C)athe thitd glassicompoperitss asplidiendst ep of

m xi ng the gl ass ; e . at east, one |iquid.qglass
conponent to reac ?ﬂ %R%}%S{-}ﬂi%ﬁs%g t}fegégéq ott)r%gu@)tpie h“bqs glass Eompottent with a
combination of the first glass component and the second glass component to

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.



conponent to form nolten chal cogeni de glass. - 7 MAR 2005 12 12. A nethod
of maki ng chal cogeni de gl ass, conprising the steps of: (a) placing about
stoi chionmetric anmounts of glass conponents, including at |east a fiMAR 2005
gl ass conponent, into a reactor; (b) substantially covering the glass
conponents in the reactor with an encapsulent; and (c) heating to a
tenperature bel ow the boiling point of the | owest boiling point glass
conponent. wherein the encapsulent is not present in the chal cogenide

| ass. 13. . i . el when . heating in step (c), the
gncapsul en%ihgt@daaggi%@ %fragyééycslé"glﬁges, 8@%%%%‘% }hSﬁ%%QE of at |east the
first glass confmnenplacihg.abdiiatoietibiaetriofamounais©f ffss ¥dpdHents! MelublingSt 9! ass

conmponent is selenium. 15. The nethod of claim 12, wherein the
encapsul ent is B203. atlgast #figst glashempanest, ifteateactather ei n t he encapsul ent

bor 11 ng. poi nt o s oasenulfy oo URE (e dls LipbiRhls HaheRhab: Glnbll” | Tre™"
encapsul ent has a deemapsuléntywd t han that of a conbination of thedgl iass

: : h f clai 2, furth conprising a secon ass
gg?ﬁgzgm SanéBa(‘:}Eii ?%’ng%g%gﬂf%‘g%t ekﬂ%ﬂ@ﬂﬁ@ﬂ@% of s lg\éfﬁ-‘itibﬁgiqgn gt ep
(c) nmelts the first ?&,iﬂﬁga@%mﬁéﬂt. and the second gl ass conponent; and
t he encapsul ent substantially prevents the evaporation |oss of at |east

one of the firwhegindtbe eneappdensns netrpdesentain slcdnitogemids glassponent . - 7 MAR
2005 13

13. The method of claim 12, wherein, when heating in step (c), the encapsulent

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.



19. The nmethod of claim 18, wherein, upon heating in step (c), the tﬂi r/ﬂ?‘.
gl ass conponent is a solid; and further conprising the step of mXi g*’i 2005
third glass conponent with a conbination of the first glass conponent and

t he second gl ass conponent to cause fhe glass conponents to react to form
nol t en chal cogeni de gl ass. 20. The method of claim 12, wherein the gl ass
conponents are selected fromthe elenents consisting of sulfur, selenium
tellurium fluorine, chlorine, brom ne, iodine, oxygen, phosphorus,

arseni c, amgi ' . ermanium tin, lead, alum num gallium
16 iRt 84 S£4A 18

i ndium an rum e nethod of claim 12, wherein the gl ass

conponent s i ncl udewkreihpgoh heedininhep (c)) SRRl eSO FsHeh B Dolid:2md A
met hod of maki ng chal cogeni de gllpass cont ai ni Qrgusel eni'um conprising the

steps of: (a) pl adPriperspmprisiog shesienefanixing theshird glassicogipanentadthponent s,

including s AL te: Qnent. in a reactor,
wherein the ?g%%ﬁggg&gg%%%ﬁt@mﬁgg&gg%g{h? ??}Cgogggf e %rppqoﬂenf g’ac S%bout
600C; (b) suliké¢ glass ainiponenty 6 feag tb fiempmaken chalgaEdé glassd the reactor with

an encapsulent; and (c) heating to a tenperature sufficient to cause the
gl ass conponents to react to formnolten chal cogeni de gl ass. wherein the

encapsul ento. Fhedéndd 65l 2] WHaRi Q] SACHHGHALARS scileq 3 EL hod of

claim 22, wherein the encapsulent 1Is he met hod
of claim 22, elimsnts consistingofsubfu|selehiuimg selmrioed, fluodng ohlotingibromires | ower
t han t he boi l.i e sel enium . 25, e nethod qf claiim 22,

i nt t h
wherein the éﬂ‘@ﬁ%@%&gﬂ%?’ %sgﬁgruaeeﬁgqq% AGRERY, DFIHLR [EggFmYyum, 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.



a conbi nation of the glass conponents. 26. The nethod of claim 22, further
conprising a third glass conponent and, wherein: the heating of step (c)
nelts the selenium and the second gl ass conponent; and the encapsuLeptMAR 2005
substantially prevents the evaporation |oss of at |east one of the '
sel enium and the second gl ass corrpone]r’i't. 27. The nethod of claim 26,

wherei n, upon heating in step (c), the third glass conponent is a solid,;

and furthét %mth@g ﬂbcl@ine2£tvﬁpredm thei encapgulehehashai melting peiat whivhénent wi t h

a conbinati el.eni um and the second gl ass conmponent to cause the
gl ass corrpogg‘ﬁglfsth%%ﬁlfzogél{ngtpﬁlqté’?ﬂ?ensﬁl%f’@r’in'chaI cogeni de gl ass. 28. The

nmet hod of claim 22, wherein the glass conponents are selected fromthe
el ements consi sti nﬁ of sulfur, tellurium fluorine, chlorine, brom ne,
i odi ne,  o%3gds meshedof@ains22, avhseqin the eapapswionyhashaidensityllowgethanthanof ti n,

| ead, alum mélrgonﬁ)%eltf-oH@ftﬂe’@&sﬂ%wgggen;hal lium 29. The nethod of claim 22,
I'nc e

wherei n the glass conponent t | east ger mani um and anti nony. 30.
A nmet hod of maeking a ternary sel enium germani um anti nony chal cogeni de

glass, cogprising the steps of: - 7 MAR 2005 15 (a) placing about 50 nol
%to about%é‘:hﬁm%%‘g‘i)féﬁ?lmﬁlabout 1 mol %to about 40 nol % ger mani um

Substantial 1y covart e conerdte At koSl iy Snt Frony i n' the
react or with vheremcapsul ent; and
the heating of step (c) melts the selenium and 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:



(c) heating the reactor to at |east about 650C to cause the sel enium
germani um and antinony to react to formnolten chal cogeni de gl ass.

wherein the encapsulent is not present in the chal cogeni de gl ass.- 31MARI‘2£05
met hod of claim 30, wherein the encap%n ent is B2G8. 32. The method of

cl ai m 30, wherein the encapsulent hasa nelting point which is lower than
the boiling poi naé of the selenium_ 33. The nethod of claim 30, wherein the
encapsul ent has (@ deR¥FIg abayel0 mel% te pbqut §8moh%seleniuratabowt lofot feto

sel enium germani um 4 4@%31%)2%(%113?}1@1&%%{ pg}d%% }ogjﬂaz)hg#@g% erein the

encapsul ent substantially preve evapor a _ %el eni um
35. The nethod of cl antim@gy inthereactor; upon heating |nhstep (c)],c the .
ger mani um r enai a salid. and further conprising the step of mxing e
solid ger mani umﬂan t hS@Staeeﬂ@r $RYErBg therselepiumy geapanivm and antimpmibimythe 0 cause

the sel enium anti mfaéc@pd,ithgﬁreﬂ‘@a{yshllg}l& Ond €act to form nolten chal cogenide
gl ass. .
© heating the reactor to at least about 650°C to cause the selenium,

germanium and antimony to react to form molten chalcogenide glass.

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.





