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such as those soI y the Stauffer Chentcal Conpany under the SILBOND
trademark, can be used. Once forned, the green body is purified and
consolidated by a two-step process. I n8 he first step, the green body is
dried and partially sintered. In the secbnd step, the green body is fully
sintered. The drying and partial sintering step, anong other things, serves
to renove water fromthe green body 50 which could form bubbles in the



1000 €, <whjle introducing chlorine into the furnace and/or applying a
vacuum to the furnace and/ or purging 55 the furnace with one or nore inert
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stripping and/ or inert gas purging reduces the chances that the wat er
content of the green body wll cause bubbles to formduring full sintering.
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sintering. Thﬁe Bwréu pﬁdcasseroman@ rebttst.oﬁ 8the FEGE Sdiien o3MaIRMeRRY SAhd BEhuled took OF
exanpl e, ajebghRghsioBRow®| ybdenum furnace or a heliumfilled graphite furnace.
To mnimze GRRsddmisidh] §iphité Pnags, R DI YasnG aR&IRbS werldl porisrhed @h turdium siftbred t Z
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resul tiqig finished product is then ready’for use by the consumer. Based on
the foregoing description, the invention will now be further illustrated by
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t he 50 presgnt nvent I on. EEast man Kodak Chem caI

Comeny nggz{ g ;gegngﬁda %dr%rar%”foéaw ur;wgg yagk %

Pa Co T r

ﬁ/”()rz Ki I i , hlce}gre f&zg% xrmat 5 % fi §§ it% ﬁi%
\L_pgr ethé was rat o wi

ki | ogr ams, a% aﬁﬁb,{,} GCudh Jrg C’rdﬁ

clid
New Yor k)and-Bu IUithé"@ﬁar QLsSQUJeH ntﬁ&cggm Qs u& ewJD ﬂillereﬁ't rbugh Oérﬂﬁims en

added to .smuegos The resulting m xture was str rred until a tenperature of
65- 75 C was TheRmadtwasher at MO Clisr Wols@rahe® theh fisBd BLHALG X &tQAGH @F 3 atidingtb.| e d

t o gel 10 | tvo e BEBO 10 the Mrgoh/ONtyGenCriRtuseBvak ichdngederd athaRuairioride mixthre(3.5% QRlodne] t er
bef or e be200gecininuns fi@v Faa). Tie tolmpersirardf ahe @aaite was then ranigéd Go A9 COat Bl reli Wi NQ
and si nt ers*Ghowfand held gtethat teperaterel for Sromirsa Thef iwlibnyetdorind-tiawsrate wab then esladed o 28a.S

pl aced | necniute, aactbe &urdicd wes allewadde ataliVéheo fthet fraack ermaibiranked drappesciditotte 2000 |
C at a r al08°@fangepthe helighyoblarine noige wagysternpd ardiipridced withcantatgampurgdhe r eact or was
pur gedsni t hTee gdnd and rartipllyt dintespd geen bedvynwas fully. sinfered lr ¢ Bimgstenamelbdenugsvagyum

ot her gasE@agedEaguy =t 1333 x1GEFadl x 1053 torr) jap {oliows. Thebedy, g’ﬁ’sél agpdepn rﬂ"E?F"B H"*F’aP'I'd
filter be‘i"@'i"ec'% l“r?q“?'m“?'b!ﬂh e iy W?‘h@a'%"%é{btf'%f*""a‘? ""é’“’ ‘?ﬁB°’?

held at 1% " ﬁC/m ‘
e e
50 |S gégg’ﬁg‘" s 3‘&,9? %ﬁ rat W@%‘% m m'"g a %
§r0

peB
Vel i %o a%s@ %r ;
: :Q*’ mL . ?EG i{;ﬁm
xaceasarmn bS&J Zrasa.e SARRWLr rm

furnag
f r agment reb
m |1 et efe batw§é|'irt aﬁﬁo@maané BmPaistred, 3!, A o.ame bra/ JFBb e¢/dhingld
met er 26 aMasiek Qintering, Wolsliacas AR NidafedHolPhérs thuhEB BB R6Verdd Wi a myaﬁraceﬁas
then i nt rqkeGad. TH Rzd Was 16URaed REultddomand b Of Sroehia Helidilas tHaGuBpRA IR e gtser bey. t he
react or disd onatgraxacaih bd Bedn fashdao slRdnatel thadhazé. PasoLs0ile RERSTDIGH BEE WeeTodddtareen
t he oxygemvaaevitiifes. Bas tidUiake awd)the idewtritesiSoens atedeasilyt lambiee vite [hydrofiuoric acid. In
Al t er nat i additign tootkey beinofuais acid ttreatohanitettie ipprtianstdh ¢her ke which hadl lzset bt chatactowithitbeh a
10 cc/ pa nquaed tiauwerp gopndgway.0 a maxi num of 200 cc/m nute. This rate of
oxygen i nt r bRty cinterpd grean Hedyfwag Mbn thippedusingcd Cﬂmmtlmlygﬂpmdwg@h iag fallewse Theon
so as to ‘odyives wisepstidn Alpld Guerte ool Bndsteal foll andt plpagd in the fupraed'scsessarp ghagmbpry dhe
treat nentpfmsfed'bﬁpl qra'e'epr d‘ﬁF |“|“s°E' He %éﬁpat(mo@ R§H “t' ’QQ@I(""M' c?nﬁé'rea\mesoo
| C, at wWH"BIY'sgemRaralyre wa :

e ﬁ:z?j?d 12'5%139%;@% th%GPrgim e%)%* thg"foif;é‘;%‘}ri}?iw i\s%? err) %°§")°

Zgbf st a? &’ g roduc ﬁ%ﬁg s, Qiuct the | gJ fl}" ginteg gagfa'ﬁog%% dé Faldd® L Jogrgjg @ha
C, S| fus |
75 Qf?sw anR'l frain fxr §deEr? lan %ﬁceq FRANOLES rea iﬁwﬁ{um B thé) Goactb aa:graﬁaai

I@foly RS0 CSdt %ra 78405 &1Bir ané Insra erwaqem.ﬁramm foP 1 B/ TT®I rétoP WasI e
or der of HerbooBled ko rBaH @friperaididtht £ Jatedof LG CHIRRE THroUghELE the Afirdaing Probass She rictod wal

t he or der pupded Witk &n &Gdnkiyied) niire BOMMENEnUte BFAVED dohminute)oygeml appear ance of the
ful ly sintemsalyigid ahttié emiousXiocess stepl roro TEOS pblyrpavieatiers throlgrointherprdduction of the high

pr epar at | densiyf pdrdue greBCBody Metst as dollowso TEOS il fully isinteeadigregules - 8976: figlly sintered granalek

| ess t hantor@edhgranuiss -FP%7 reifledsgranies tggephbedy £ @P.A%c ByeralinbionD.TEOS (¢ awwsled
anal yses Rteduet, the vieldwae sppoximately 8834 y si ntered granules to deternmine their

K, Li, and m'sh@rﬂ!@ﬁtpf‘}ﬁt’%h@dtg cpd ingccrdangs with the ferpgoing prgeedugs haygbeepdound ip
and N co‘i’?d%ﬂ‘?rf‘%l'?‘i”'%gha(a(jﬁea‘*ﬁ?ﬁ )ef°1 P%"r'cf?aﬁ? £ in the, glagsinajthe quder ot 00 cpyntsics {this yplue -

concenft a?a\“d’ﬁ§° ’BP 3? ? : d’ﬁ“"S’Hw"% S'Hi‘"e’ﬁ?"é 6‘3"“’1“1‘?83) raf‘ |'t% Fﬂ%"‘ R
det { r r r n
Concont T e T‘g D rops%ezrm%ggﬁ?m
Coerar | so E‘%F as omog n | rn a rGC n TOXUN gg oré;oq‘ an;iecal:nt
AERCS n0 6"3 b%ﬁo B'?@dl Ss?an g %P;g%mgf GGt 066 %0

JErsey). of0.39 x 10-5; 10) a logio resistivity of 12.87 ohm-cm at 200 c 11) a dielectric constant at 1 kHz of 3. 91
at 25°C; 12) a loss tangent at 1 kHz of 0.003 at 25°C; and 13) an Abbe' consiant of Vp =732, ng =
1.465, np = 1.461, nc—1459

10

.
3
]



The resuitg of these anal yses are shown fn Table Il. As shown therein, the
artificial sand .of the present 35 invention was found to have either
equi val ent purity or to be nore purEPoRah1TaABEd silica with respect to each

of the foregoing el ements. Mreover, as illustrated in the follow ng
exanple, unlike funmed silica, the art ificial sand of the present invention
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cool . \Wen girBeusbl Whr8 GenckaRyTHESootbiBed 1@ ExatipR@ped 1 nto the 200- 300 * C range,
t he hel i unl chh Gémé)®uPhtt BB, caess, thb ARP Shlterd yréed PoBC @aE Mprdel, Ein AslGWING PeeGBy the S
The dried ardedums tof Ekdnyples 2.Nbridr &l beitige drawrh itby fitwe Shd oiltdide surfadecdt a@ldb greerabody was
t ungst ens nelipivitally ground oLaudianietar nbaperotimateiv 48nmm, tled8a with HydroBuoRiadidland fife(polished.
torr)) as Dowingwes pefleenadoeing aetendpddaipduroasezi r coni a beads and quartz cloth
in a nol ybdenihm tangryissionhandt steppgthyepharpatesisticd of rfiberg eprenared ald eaccerance (with the above
t enper at ur @ogtduterEe sal oA deTaRlasy. whaip EaMPIes 1 PO were @ egpredyusingthippigg andsggmple 2 was
C/ mi nute. PeRared, mihauk hipeings Asathgr in,dis fablp.qthe fibers) tiad @xqelipnt ¥enspissien ad ?‘IS}“
then rarfpedhaastotsiiy_These,fesults aig gonsidersd Furprisinain, isw i e fiegt dhat they, Jepresgnt fniig!
1450- C f oP*®SiMILs: agpappsed Lo a fé{ deff"ﬁ‘éﬁ"dr"gﬂﬁ'é?f R%®$F740 C at a rate of 25
C/ mnute. After 5-10 minutes at 1740' C, the furnace was allowed to cool to
600 i C, at which point the furnace's chanber was backfilled with helium
The furnace was then cooled to roomtenperature, and the fully sintered
green body was renoved. Although the foregoing processing procedure works
successfully, even better results are achi eved when sl ower ranps are used
bet ween the vari ous hoI ding tenperatures, e.g., ranps on the order of 6.5 *
C/ m nut e.

rate). The %t
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25 t After sintering, the surfacés of ghe consolidated body were found to
be covered with-a thin translucent white haze. This haze was found to
result fromthe use of zirconia bEROR92479 B¢ support for the green body.
Use of A-grain zirconia has been found to elimnate the haze. Al so, sone
areas of the body were found to have devitrified. Both the haze and the
devitrifled areas were easily renovedpagigigh frydrofluoric acid. In addition
to the hydrofluoric acid treatnent, i ons of the body which had been
in contact wwth the 30 quartz cloth were ground away. The fully sintered
greew body was then hi pped using a conventional hipping furnace as foll ows.
The boay was w apped in Al pha Quartz wool and steel foil and placed in the
furnace's pressure chanber. The pressure in the chanber was raised to
48263. 3 kPa (Watex:@BOS with argon (not filtered), and then the.furnace's
tenperature weoleaRadda o 1328 10 &k a rate o0 20 -1 ¢/ ni nutkS el pressure
i n the,,chanber was 35 raised to 137895.2 kPa (20,000 psi) and . the furnace
was held at this pressure and tenperature for_a period of 45 m nutes.
Thereafter, the 28 Mhs cooled to 800 S}‘nge A¥ee of 10 CUninute, and
then cool ed t eMP&FAMERG @ e. To produce YHY &58®XEhed product, the

hi pped, fully-sintered green body was anneal ed, ground, and polished. The
anneal isng was performed as. follows. The body was placed onto a fused
silica flat pl ate,'w 40 quart_z]_q:i oth for SupPEYg - and placedgy4 a tube
reaqtor. The tenperature In the reactor was raised to approxinately 1150 C
at a rate of 240 S@%hour and helld&it thig tenpet@@ure for 1 HR3. The
reactor was then @y ed to roomgenperature at gggate of 20 O54¥hour.
Througfout the anneal i ng process, éhe react or purged with g

ar %/ oxygen mi xt h (200 cc/m ﬁl}t argon; 50 i nute oxyge’h?. The yield
of the various pr@@es steps from3ECS pol yneri2@8i on t hrough3%é t he
production of the '@h 45 densi{?/, por ous green bpdy wer e as LQ#I ows: TEGCS
to fully sintered’granules - 99 o'%ully sintered granules to | ed
granules -- 97.5%93@ |1 ed granulesto green body==- 90.3% O¥@+3l|, from
TECS to anneal ed product, the yield was approximately 86.3% Finished gl ass
products produced in gccgrdance with the foregoi ng procedures have been
found to haveDems¥ _M‘N@echaracteristics: 1) a particle count in the

gl ass an the @r‘t!'e?e B&00 counts/&ea (this value so can be reﬂu_ g by
perform ng the‘gﬂ’rcﬁ%s)s usi ng coﬁ\/%i onal clean Toomtechniq eg§ 2) an IR
transm s- sion coefficient at 2. 73 mcrons of 90-91%for 10 mm of gl ass; 3)
a UV transm ssion coefficient at 200 nm of approxi mtely 82% for 10 nm of
glass; 4) a UV transm ssion coefficient at 185 nm of approximately 70% for
10 nmm & gl ass; 5) a honpbgeneity in all directions of approximtely 2.75 x
10-6 for fully anneal ed sanples; 6) a strain point of 9930 C, 7) an

anneal ing point of 1113 C, 8) an average expansion coefficient 55 between
0O Cand 200 * C of 0.54 x 10-6; 9) an average expansion coefficient between
-10Q * . C and 200 - C of 0.39 x 106; 10) a logo resistivity of 12.87 ohmcm
at 200 C, 11) a dielectric constant at 1:kHz of 3.91 at 250 C, 12) a |l oss
tangent at 1 kHz of 0.003 at 25 C, and 13) an Abbe' constant of VD = 73. 2,
n 1.465, nD = 1.461, nc = 1.459. 10 EP 0 292 179 B1 For conparison, a
comercially available premumqquality fused silica glass sold by Com ng

d ass Wrks under the designation 7940 has the follow ng characteristics:

1) a particle count in the glass on the order of 130 counts/cc for grade AO
quality glass; 2) an IR transm ssion coefficient at 2.73 m crons of
approximately 0% for 10 mmof glass; 3) a UV transm ssion coefficient at
200 nm of approximately 88% for 5 10 nmof glass; 4) a UV transni ssion
coeffi & ent at 185 nm of approximately 80% for 10 mmof glass; 5) a
honogeneity in one direction of approximately 1.5 x 10-6; 6) a strain point
of 990 C, 7) an annealing point of 1075 C, 8) an average expansion
coefficient between O C and 200 C of 0.57 x 10-6; 9) an average expansi on
coeffi csi ent between -100-C and 200*C of 0.48 x 10-6;10) a |logl0 resistivity
of 13.8 ohmcmat 200 C 11) a dielectric constant at 1 kHz of 4.00 at 25
C, 12) a loss tangent at 1 kHz of 0.00002 at 25" C, 1o and 13) an Abbe'
constant of VD = 67.8, nF = 1.463, nt, = 1.458, nc = 1.456. Purity data for
the glass of the present invention and the 7940 glass are set forth in
Table I'V. As these representative data_ jllustrate, the glass produced by
the present invention Is functionally éﬁuivalent to the comercially

avai |l abl e prem um gl ass, and Indeed is superior to that glass with regard
to 5 ’
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honogenei ty and.I R transm ssion dispersign. Wth regard to purity, the

gl ass of the invwention Is generally 15 nbre pure than the 7940 gl ass.
Moreover, the process of the preserEp02eimiBn can be used to directly cast
conpl ex shapes, while the comrercially avail able prem um glass ts produced
In bulk formso that If conplex shapes are to be nmade, they nust be

machi ned out of or pressed from sheetgamfg tgye bul k material. In sum as
denonstrated by this exanple, the prdCess. or the invention allows
conventional casting procedures to be used to produce high purity, optical
qual {ty gl ass products which are eRURETY{ppb) or, Wth 20 regard to _
certain properties, superior to existing, conmercially available, prem um
gl ass products. Exanple 3 This exanple illustrates the use of the process
of the present invention to prepare tDeguasaa porti orGudntltes of ctheldi ng
for an optical gif de fiber. A conveyg Gppl chenignile P fndlElefdh ! ON .
process ,y\as us%rma gl ass rod cMng of ms. Oﬁ.‘ "TTeIT lt‘-doped
region (core) surrounded by a pure silica region (lnner portion of the
cladding). (if g@aoredg) he core can havesa uniformindex @fg3&fracti on or
can i ncl ude reqisi? s, having different indicz_ of refraction.) The glass rod
was heated and Whed to form a segment=’of "cane" having soll' di aneter in
the 6-8mm 30 rSodjam A pl aster of Paris <833 was fornmed hav23® an internal
cylindrical caydpasdiias | ength was appryggrately 101.6 i nches) and
whose di anet er\lsv\(/;aﬁs{a approxi mately 61.0 nm%ﬁ | nches). Thm(}é/\gﬁl s of the
cavity sl oped RATM from the bottomt ¢XI® top of the catd¥d at an angle
of appr%i mat elGalleiumhe bottom of the c&@g@ggy included an apsgture for
receivi one enhd of, the cane, and the tg f the cavity | osed with a
35 astic cov%ﬂ%ﬂ"l ncl uded a corresﬁgo di ng aperture :‘Ngiz#ecei ving the
ot her end of tHdmzondumhe cane was supp(ﬂltﬂa*%l n the nol d b33Geans of the
top and bottom td’lﬁ:fS’ the nol d was tted with D er, and
filled wth a s tﬁiy of mlled, artificﬁﬁvﬂsand pr epar ed fr%\?ﬁéTEm

fol | owi ng gener@Mamium procedures descri B3 above | n Exanpl ek 1 and 2. The
slurry 'had a siguppérc gravity of 1.75. Afteg 15 hours, a strahg green body
had fornmed whi was easily renoved from nol d. The green éo ‘body was
held at roomtempetature for 48 hours, dri¥d and partially sttered in 1)
an oxyges- cont Marnganeserosphere and 2) a dfl ori ne-cont ai ni ng<fat nosphere,
and t hen fullyé&'éﬁ red under vacuum The gy oce- dures used.ygre generally
t hose described I'n anple 2. In sone, but not all, cases, the fully
sintered green body was hi pped, again follow ng generally the procedures of
Exanple 2. Prior to being drawn into fiber, the outside surface of the
green by was 45 cylindrically ground to a dianeter of approximtely 45
nm cl eaned with hydrofluoric acid and fire polished. Drawi ng was perforned
usi ng a standard or avot uiewsueredihe transm ssion and strength

characteristicsf_f) enas j qgélg i Jafl t a ocedure
areiset forth in TaAW%e@%&Qﬁé @ Ean eo\/%mr%ﬁkprlgg%’r %yﬁss%g hi ppi ng
and xg‘anpﬂoe 2 was prcgeshniqye hout hi ppi ng. As shown in this table, the
fibers had excellent transm ssion and strength 50 characteristics. These

results are considered surprising in view of the fact that they represent
Initial experinments, as opposed to a fully refined and optim zed process.

56 ERs0 292 179 Bl TABLE | 5 Water: ThOS Mole Ratio Stol

10 to 1 15 to 1 10 Sintering Surface Area
Tenperature (*C) (H gram 15 400 192

596 673 500 - 150 560 663 20

600 122 475 548
: 50

§6
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700 * ¢ 118 - -. . 398 _ 443 800 13

206 354 900 <0 5 4 88 950

--- --- ESOEstvspibefore Ointering (gm cnB)

1.529 --- 1.290 35 . 40 45 50 56 12 EP 0 292 179 Bl
TABLE Il PURITY (ppb) Deguassa G anul es of.the El enment

OX.-5- Present | nvention 10 _ *

0. 034 Lithium EE ff} <54 15 Sodi um

<233 . <233 Pot assi um <966_ <966
Bar i um Neutron Actithtlon Analysis of Milfed3ili¢¥ Granules

200 dPts per million) o120 . 220
Zi rconi um 240 230 Al um num

66500 <23 25 Chrom um 51

1 Copper 5 .3 1lron

927 Ticanjum,, Manganese <33-0 . 10

<4 Nlckel Tin 55 <0.5 <18 35 * - not neasured **
- Al um num anal ms,as_naerfor med by the D. Qo goezna 40 t echni que.

50 56 13

Silica G anul es

15

20

25

36

50

55

292 179 81 TABLE |1 |
BAPESRer

Copper
Vanadium
Chlorine
Aluminum
Mercury
Samarium
Tungsten
Molybdenum
Uranium
Lanthanum
Cadmium
Arsenic
Antimony
Zirconium
Bromine
Sodium _
Potassium
Cerium
Calcium

‘Lutetium

Europium
Selenium
Terbium
Thorium
Chromium
Ytterbium

mllion)

<0.6
<0,02
<0.3
20.937
<0.0015
<0.0001
<0.7
<0.009
<0.0001
<0.0004
<0.017
<0.001
<0.0001
<0.4
0.0038
0.259
<100.0
<0.0015
<5.0
<0.001
<0.005
<0.010
<0.0006
<0.0005
0.002
<0.004

14
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+ 15.0%
+ 10.0Z
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Titanium . <35.0 10TitanumO Ti n

<0 .5 lodine '. <0. 003 Manganese 0.322 *
5.01 15 Copper EP 0292 120B6 Vanadi um
<0.02 Chlorine 0.3 Al um num 20.937 *
1.3 20 Mercury <0. 0015 Samarium
<0. 0001 Tungsten - <&@ﬁ r;t-Ir sum J m
-0C. 009 Uranium <0. X YQ&&@)’ <0. 0004
Cadmi um <0. 017 Arsenic <0. 001 Anti nony
<0. 0001 5Zi rconi um : 0.4 35 Brom ne
0.0038 * 15.01 Sodi um 0.259 * 10. 0% Pot assi um
<100.0 Cerium Hafnium <0.0015 40 <@abOtum
<5.0 Lutetiu Barium <.0 001 Europium g1 <0. 005 45
Sel eni um N d<0 010 Ter bi um : 40. 0006 Thorium
<0. 0005 ,chr oni um eodymium (o 02 * 20.0% 80013 * 20.0% bi um
<0.004 55 14 EP 0 AedfitmBl TABLE |11 (contk@uedpsHaf ni um
<0. 001 Barium : 0.1 Neodym 0.013 *
20. OZ Cesi um Silver o (005 i fver | <0-002 <0. 002
Ni ckel Nickekq 45 15 Sce@dhbm
0. 00003 % 15.02 Rubi diggandium <0. 08500669 + 1
0.258 * 20.0X 20 ubddi "C 95 018592 ol
0.0017 :12.Cz 25 30 3Rubidium <0.005 |
Iron 0.258 £ 20.0%
20 ' Zinc <0.025
A\ Col?alt ' 0.0017 £ 12.0%2
26
30
35
\\t 40
45

50

55
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40 45,50.55 15

EP 0 292 179 Bl TABLE |V PURITY (ppb) El enent

7940 Présent’ I nvention Sodium <233

<233 Pot assi um <BB® 292 179 B1 <966 Copper

1521 2 - 75 f Magnesi um 10 - 100

* Cal cium 180 350 - 380 Zinc

50 - 500 * 20 Bor 50 -.500

* Al um num <32 SEELE'I! *25 Chlorine

10000 - 100000 * Titani um 420 120
- 180 ,45. Phosphor ous PURATY 198bL) * Arsenic

1- 5 * Anti nony ' 1-5 *.
30 Bi snmut h 10 - 100 * Vanadi um

10.- 10 Element * Chrom um 7940 Presefnt Invention 1
-24 35 Manganese <4 lron 117
42 -48li t hi um <54 <54 Ni ckel

<20 Sodium - < 15 40 Zi r 68ABum <233 " 170

180 - 230 Barpd¥asgium <%9%6 <9680 Urani um

*e - .3 45 Thori1um <.5 * .

not measur ed GRPREEX
Vi bul 18 50 SaM@gwesium

Probability
60 KPS dﬁici““
21nc

0. 39
20 Boron
|\ Aluminum
Chlorine
Titanium
Phosphorous
Arsenic
Antimony
30 Bismuth
- Vanadium
Chromium
36 Manganese
Iron
Lithium
Nickel
Zirconium
Barium
Uranium
45 Thorium

25

(dB/ KM@ ~3008m

0.36 - 0.
42658 -kKbBE80O 16
50 -.,500

<32

10000 - 100000

420
10 - 100
1-5
l1-5
10 - 100
10 - 100

<4
117
<54
<20
170 -
<100

* - not measured

50

56

16

180 0.39 - 0.3Qg -

EP 0 292179 Bl TABRE Vv Fiber Strendt A tenuation Ite

*-ai |l ure
. 3??%.9 RPSSI 3

*
<25

*

120 - 180

2 ~ <15
180 - 230
<110
.1 -.3
<.5



Clainms 20 1. A method for produciing fused silica granules comprising the
steps of: (a) preparing a solution which,contains at |east one
silicon-containing organic conpouncEPrth]stBie formula Si(OR)4 or SiR(OR)a,
where R Is an al kyl group; (b) polynerizing the silicon in the solution to
forma S102 gel; (c) drying the gel at a rate which causes the gel to
fragnent into granul es having a nean [BABLECW®e 25 size | ess than about
1 millimeter; and (d) sintering the granules at a tenperature |ess than
about- 1150 IC the density of the granules after sinteri ng bei ng

appr*oxi rgatel y equal to their maxi mumtheoretical density. 2. The nethod of
claim1 wherein the solution of step (a) contains tFéthﬁala lﬂDS| licate
havi ng the 30 formul a QQM Pn 3 met hod ere| n the
gl ass granul esSemplerped t hi{(dBikm}&1300am si on | Faljure “n‘ gl &y ep (a)
of at |east one el enent selected: fromthe group consi s | um num
anti nony, barium 1bery| l'ium tq'sﬁﬂjt'h 0 2 on, brom ne, %rﬁtacal cium

cerium chlorine, .chromum c ? uori ne,
germani um 1Iron, Zant hanum | 3’2‘34&| il tcfnpﬁﬁ] magne3| u %%y%#{n ni ckel,
oxygen, phosphorops pot assi urg marium silver, (r:ﬁ 6 W tium
tantalum tin ani u urani Um® vana- di um yttr| u and zi rconi um
4. The method of cl ai m3 wherein (i) the elenent is tltanl um and (ii) the
titaniumis introduced into the 40 solution as a titaniumester having
the formul a TI(CR)4 where R is an al kyl group. 5. The nethod of claim4
wher ei n t h€alMs ani um est er Is selected fromthe group consisting of
tetraeth'}/ titanate hav the fornula Ti OCZH5J4 and tetrai sopropyl
titanat & hkvi °"P‘1‘?é°r h rlsi i Ny
wheTein the dr i} R% gg,ﬁ 5;; §° "° w%r ?°B‘P8'P§/°'8?'&Fe‘f°"ﬁ?““§ naving o
St lj

the cI aim1l wherein the gel

tenperature ab Y 6o

and/ or the gra

step (Clgt ogr e&y saﬁg 6&1 neeytéragn sgﬁg,g@g. nes et ﬁ{oc#'a%?é ; Pé%m%g'}ﬁd\fﬁga rg%'en

the rate of OXyfGReligRd GEdles biSa BRAPHIR le8inaPatdst 1160-BY ﬁé(@éﬁsnysdi gt ge%nbe&fter
erein

charring of thengfig baRg asproximafiydoadt ) 1Rk méimumReordéangsisigt Cl ai m

the rate of oxygen treatnment is controlled so that the tenperature of the
66 gel 2.armié avettiol eof Glaivi | whreBhO®e sbiGtion I'df S@p JH)0soataiad GirhetiBAbithdsiliCate héving Tihe
met hod ad cl d@srmuia SiD@&HER.N t he surface area per unit mass of the granul es
prior to sintering step (d) is greater than about 150 square neters per
gram and t $ie Themfetiod obglaim 1pwhereimrthe glassgsanglps arh alopadahrolgh shel fclusion EPthe soi@ien b7 9
Bl step (a) of @ feyst @ne elpment/selectrd ABIhE grpup epnsisting of EiutminumSentimpgyt karium,
At t enuati on bﬂg[h\gn bismuth, boron, bromine, ca@prbuq:qlcug@(y@@mqﬁpl@'ine, chromium, cobalt, copper,
(dB/ Km) @_300r? ‘opium, fluorine, germamum,.—_ o [gpthangm igads [ithip vpxn agnesium, neodymium, njckel, oxygen,
0 39-- 0.50 P osphorous, potassium, samar! um » giyer. so |str§ntlu tantalum, tin, titanlurb \g@lum, vgpar

426.9 KPS1 gium, yitrium, zinc, and zurcoamg;g 426. 6 KPS

15 Cl ai M5 20 rhy AnlE bG8 5hineRinof 4 s it Anﬁ AfttiuiSis GRaRIch Infb%nd N
st eps of, iakol@ﬁoﬁﬁ?ﬁ'ﬁ@ﬂmﬁesﬁé‘ h\fvdg@ﬁb Mﬁfnehﬂ P g‘Lgie }F i)4 or SIR(CR) 3,

silicon- contalnlng organi ¢ conpound aV|ng the ornula

where R | sgamméineirbd 8f G4R;4 wrdleiPBb YidRirh %st&qs tsb\6otedStid & Grol cdn3iSting @k Wirkdyl t O
forma Si02 gehate having tHoYormgla TIEC.HEL art tetfisbitbr bha haiUERmiuRerOCH(CHE, ), .
fragnment into granules having a nean particle
45 6. The method of claim 1 wherein the drying of step (c) is performed in a rotary dryer at a temperature
above about 100°C.

7. The method of claim 1 wherein the gel andfor the granules are treatad with oxygen during at least a
portion of step (c) to remove organic materials.
50
8. The method of claim 7 wherein the rate of oxygen treatment is controlled so as to prevent substantial
charring of the gel and/or the granules.

9. The method of claim 8 whersin the rate of oxygen treatment is controlled so that the temperature of the
66 gel and/or the granules does not rise above about 340°C.

10. The method of claim 1 whersin the surface area per unit mass of the granules prior to sintering step (d)
is greater than about 150 square meters per gram and the surface area per unit mass of the granules

17
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25 size less than about 1 mllineter; and (d) sintering the granul es
at d teénperature |ess than about’ 1150 C, the density ofthe granufes after
sintering being approxi mately equal to their maxi mumthe i it

2. The nethod of claim1 wherein tBfe0 2R 4TABh of step (aﬂ!mHmyﬂﬂ[!mnnl
tetraethylorthosillcate having the 30 formula Si (OC2HS-")d. 3. wlhe '« -
met hod of claim 1 wherein the glass granul es are doped through the
inclusion In the solution of step (a)I4BLE:V|east one el enent selected from
t he group- consisting of alum num antinony, barium beryllium bisnuth,
boron, brom ne, cadm um calcium cerium chlorine, chrom um cobalt,

copper s 36 europium fluorine, germanium iro # gead,
lithium magnesium neodyry nickel ,», 0xygen, ph | re{: Ssium
- T L K& . x B | i ium

samarium silyer odi um ;

vana- dium ym Zi nc, -ene IR 4. The-hathot—oroers erein
(i) the elenment ks titanium (di e titaniumlsgyntr ed into the
40 10s50| uti on %'s a titani urga'ggsbt er h’f\’/‘?ng t he formJIgoTi (@?E where Ris
an al kyl group. 9. The nethody ofg cl ag '8¢ wherein theqd6t9gngpgrester is
selected fromthe group consisting of tetraethyl titanate having the
formula Ti (OC2Hs3) and tetraigg@g opyl titanate havi ng26heé KPsTul a

Ti (OCH(CHs)2)4. 45 6. The method of claim 1l wherein the drying of step (c)
is perfornmed in a rotary dryer at a tenperature above about 100 IC. 7. The
met hod of claim1 wherein the gel and/or the granules are treated with
oxygen dyghd at least a portion of step (c) to renove organic materials.
50 8. The nethod of claim7 wherein the rate of oxygen treatnent is

cont r olyl el AGnediva id? p%@d(r%ﬂﬁse&H_t?@atg?d?lhlbﬁquhfbhﬁﬁi‘ﬁlgﬁe&f&t he gel -and/or the
granul es. 9. hhgrepanhd @ EolGtfon Ghich BdntindHe leRitdnd Biftohi-adnRining oi@&HISQ&nﬁdhﬁtﬁﬁd@ﬂ?ihe' S
control | ed sofoinufd SifORR dr SIHIEM)AWAER ROS ad BB/ Goup;  gel and/ or the granules
does not ri seppdperisipté. sifdb in*thésolulibh to Tdim asd.lyel of claim 1 wherein the
surface area (@Eedryingithe gshsisa @fe whivh cgusas theegel {orftagmertt intcs graviulasihadngsd apan( ghticies
great e t han sidsdess tieh@batjlisnilématesiapds per gram and the surf-ace area. . per unit
mass of the gdhsivipring thergranulegpt teperatyrg desBihar avout 1159 141, thejdagsity of thegranulds after
about 0.5 squiteingeing appfreimaiplyaqpal ortheirmpaximue thepsetist! depsily-one of - cl ai ns 1- 10
additional step after step (d) of m|li nq the granules to reduce their mean
particl e %i 788 msthed of pigim R’é’(’ﬁ@ﬂ' Be selutionnd® ter, Rl FaNs efezolriaigiicate diadng\the| ed
until ¥hei r"’t’fﬁ‘ﬁﬁs'b%ﬁzf‘f)tl e size is between about 5 m crons and about 15

i . 3 t hod i t -of | ai - 1-12 i

i g i g
granul es;  ( Bdritie Bedl) Gordar drbyh Jea) e ir et Selioreveival %ggffa% v by
(1) T aigSi NY obyBifiurh ARBHALAHREIORY irb]) Bt HRRDIREG, WiAD R SheS Hoo oo )

 mickef &
i Nt r oduci Ng pRdabidkdullEpoitdSiurh, amakiunt siaA NBEIim 2kdntiim, SARIAC i, MEhnluE uehiai DRha-t O
a vacuum andiu@l ytialkh OdintQardRecoalmber with an Inert gas; and (g) fully
sintering the green body In a chanber by raising the tenperature of the
chanber t4 ahdbethod of cldire Bpaieainuif) eheodl@went ltitantum] driti() tho Wianilre ispiovagluceg intd the
chanbes wi t boltieh asimtitaniure pgiérihaving the foamdaiTi(ORB, virees R istrantbggroup4. The met hod of
claim13 including the additional step after step (g) of hot Isostatic
pressi ng & hé&hd methgd g g rdceherpincitn tigoiup gstar is selactad Bem B gredoonpistinchef tetrasthyl
t enper at ur e gtate hxing g fps@pla TiOGeblply andiiprirorrerys titanate haging the fogpdla TikAGHeHeng an
i nert %as into the chanber at aﬁr_es_sure above about 689.5 kPa élOO psi g').
15. ThE et ABHT8I°¢ f‘ifaéﬂ“ T 4heRidheAing RESIPRLC) § PeTfPRt B & "GP StYen BYR, temgerature
wrapped in §%28%3Hb rior to the hot isostatic pressing step. 26 16. The
nmet hod of, clLains, 3. and.1 erein the elenent is titani and the
ar il g 10 iy Bkl GRLRE o Mo 0 Bl 0 e i B o
50 .
8. The method of claim 7 wherein the rate of oxygen treatment is controlled so as to prevent substantial
charring of the gel and/or the granules.

9. The method of claim 8 wherein the rate of oxygen treatment is controlled so that the temperature of the
55 gel and/or the granules does not rise above about 340°C.

10. The method of claim 1 wherein the surface area per unit mass of the granules prior to sintering step (d)
is greater than about 150 square meters per gram and the surface area per unit mass of the granules
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17. The et hod of cl.aim 13 wherern the sintered granul es &lstep (d)

mlled In water ‘to forma slurry and wherein the green bo m’
slip casting the slurry. 30 18 ThEleEsbo*ﬁbBi claim 17 wher ”Eﬂlii’”’
gravity of the slurry is greater than about 1.70 grans per cub

centinmeter. 19. The nethod of claim 13 wherein the granules are heI d

t oget her i nafieh%"‘ﬁ’l“éésdeﬂﬁm bRyt R Evare FRERPERGAM. or ganosi | i con bi nder. 20.
The nethod -of claim 13 wherein oxy i s introduced into the chanber
during at' Egspetipd gt any o hcleigis ‘°(‘%5’"“t“8‘ ﬁ“i?oﬂff&' S'PHE 9 illing 1y 9’6’?‘*&56‘? fduce
mat etial asSocha” Gﬂ'ﬁx'ff'ﬁethe green body. 40 21. The nethod of claim 13 or
s ot A S M R e i
formula Si( e smtered granul es of step (d) are nmlled in

water to &OMQ&'&: él:&}&ﬁd’to aﬁ@én‘é of‘&lé.-‘u\?%ﬂ"c@rﬂwsnﬁémbm&%e gean particle size
bet weep about(eﬁormngra%nwf@p,qw ,,’}bﬁd%,g{uggs (r11) the green body is
formed by sl i@ df@igtdndParidhg siletiig e gloen! 2 SnatbbiCly ©Q8iRY thé tomp6rBilieQ the
portion 45  chambert6l aBbveOktoGt 1GR0FC,I 613, (Ilf MBoduEING ShiodMe! das Oifto | HE [chidbsg) and/or

| east one r egiublectingiihe Bhardsr taa vacoahe ¥ndir plirgihg the thamibenmitth @ inbrs g3t sndt er t han t he
out er porti ong) Kiysintering oel greenl isody it B cbiantbed by reistngt thee teciperatoerof dher chagbas tte
(f); amd (v) terhperdiué biyove pirub 1720 ¢ whilerpulaing thepehanibee exith beliumtoe ppriving & wcwyadi ng
into an opti dhéchambergui de fiber. 50 22. Fused silica granul es produced
according to any of claims 1-21 prepared fromat |east one silicon-

cont ai ni 1§ Begaethad @Glﬂﬁbtﬁ]tﬂdm ﬁaﬁqﬁ@"q' Stepngite SSPSQHZ%K"‘(WS‘SH exRpg theildr e R
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abput % m |7 riiojoing 2n jnart a5 nta fh chamber A ajpressure ghaye abp F8 10\%’?'E)ht

percent, rani u gt en bout Rar &S bi | d a
thori um d8nf} sr;LE *g?of,% Bl 5 R o BB B B B 5
silica granu P Pn 22 wherein the silicon-containing organi c conpound
s t et{saﬁkhﬂe%ethoh@éél%é §§ﬁc€13hﬁ1\$u'eﬂghetg'@net\ﬂ§ fﬁ%uﬂn ﬁd(tm)micléﬁas a cobffididnt of PO
232179 Bl gxpansion of less than ®510%7 &micmibec. M . The fused silica granules
of claims 22 or 23 wherein the granules |ncI ude a dopant selected fromthe
group COoRgi Shd Méihddl of laiM IWBreintiRd EiRtBNRY grahddsi df Blep i ladé rhiltlddh wltbSIBHR,.a $AMFON,
broni ne, caskiti vingleinGiR) geden BodyGie folrhisd by Gl €26ting @he sy, OM um cobal t, copper,
europlasm fluorine, germanium Iron, |anthanum lead, |ithium nagnesium
neodym unmg. MheCrkathad ab xigiget?, wtphmsmﬂmdiﬁgravpy)bfaaasémm is gtamrthanrapomh.lmarams per
sodi um st roubicicentimeteant al um tin, titanium wuranium vanadium yttrium
zinc, and zirconium Patentanspr Uche 1. Verfahren zur Herstellung von
Komchen d8s Tigumethes of laim {13 dierelsdier grenuiep areipid together i) thegreen kady by ragapgepf an
Losung® di eogrnasitren B‘ﬂ%e"el ne silici um ent hal tende organl sche Ver bi ndung mi t

der Formal Si (OR uppe ist: b)
Pol 50, T ofied o6 S e é%gﬁ °é§ P seesh s ion tep
T?oﬁﬂﬁéh el s m@fﬂ@@%@@ﬁﬁ 3 PR B ctatipcayo2 o0 DT DUCT, e)

ea” .{Z‘ th! SheShoplodlor GHRN Wﬁl diH‘ 1635 afEVR ah o&r&.wéanﬁ&rb%n ﬁ%@&m und 15
Sintern deg %u %f‘st et ortriobilitate halhgUhY Bimufalsiiac
d' e Dichte deg) wiPih R @iliddSh Waterdh f%l’rﬁ‘bslhtw Sdid Mingd uﬁ)Q havmg a
t heor eti schenmdan b&i@e &.gben%en éﬂ%ﬁtfﬂﬁ&rﬁﬁh dNaebbufsSREdsd 1, worin die Ldsung
des Schritts. ((uﬂﬁ'oe Tk 8&lyhy lomiddyslip tdsfiig the $lurgeibodra rSEhichi conthif 2 EdnjeB portion
ent hal . 20 3and\de biterporion, ttecentépepionl@tluding atMeast BneCtbglonGhhich lhas anliadex diorbiraetidn
wer den dur ch widah isgrese itHan Belontechostioh:osung des Schritts (a) von weni gstens
ei nem El enent(v) enimsigeelamirbducerlisto therch@nbephueing Slersedndnd aus Al umi ni um

{v) the fully sintered green body produced by step (g) is drawing into an optical waveguide fiber.

50 22. Fused silica granules produced according to any of claims 1-21 prepared from at least one silicon-
containing organic compound having the formula Si(OR)s or SiR(OR)s, where R is an alkyl group, said -
granules having a mean particle size less than about 1 millimeter, a carbon content of less than about
0.05 weight percent, a uranium content of less than about 0.1 parts per billion, and a thorium content of
less than about 0.5 parts per billion.

56

23. The fused silica granules of claim 22 wherein the silicon-containing organic compound is tetraethylor-
thosilicate having the formula Si{OCaHs ).
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Anti nmery, : Barium. Beryllium Bisnmut, Bor, Brom Cadm um Calcium Cerium
Chlor, Chrom Kobalt, Kupfer, Europium Fluor, Germani uU"lﬂLﬁﬁnmhmmm
Blel, 'Lithium Magnesium Neodym ungPdi2ser9 BL5 Sau

Kal i um Sanarium Silber, Natrium Strontium Tantal, Zinn, tarfi uth

Urani um Vanad| um Yitriu Zi nk und Zirkonium 4. Verfahren nach Anspr uch
3, worin (i P Sfigagrany fafm'm st 231!?’?8"’@“? orgrules. TF'P%Fh‘F H?ﬂai“rfe'a?t%" Fostiag
als Ti tanl uma%'ai"'gr o '"Fo?'n%‘l‘"“ ’BP"é E"F"UH’P "'W‘ me. cadm'“"‘
ARy ot e T :;:; o gﬂf s
Ti (0C2 I—54 und "I"%tral sg‘brop tana » ann. Sanadipn, yit %g

Ver f ahren mhhﬁgbﬁg‘gﬂéch 1, vvorl n die Trocknung aus Schr|tt (c) |n el nem .
Rot at i onst r ockner | elner 35 Tenperatur von Uber etwa 100 * C

dur chgef OhRl- Wéreiten Zir HYBIUAGVATKSRRREN 201G 6 Ad@E mk dorSthiitiindas Gel und/ oder die
Kénmchen gahr endy) wereleish leMBSLERINgSdie W&t-ds&ndase Shcibink-dnthitebd) orinfschaauéindtndf rhit der
behandel t war demmeusNOR)O6BH SIR{DR):\AthElt, iwabei RBing WkAguppenisten. 40 a Verfahren
nach Anspruch %) Poipndrisiede tesGiliziime evdeSadsengs ird bih ISedaaGedzubiigent equl i ert wird, um
ei ne betrichtl ic) Tedeineiatok daisumiy others Gé&sehwindigkelf, altbe tasd@el IKEBmCHve ik biner mittleren
ver mei den. 9. Veiidchedyrida voramter stws p nuciertBecheudéftrunder G a&der

Sauer st obf behardli|Sintagn der Kioghpn belt eingr Tdmpaial® @ eintbe pwe r145Q " CdwebelGdip Pichte der
und/ oder der Kdi¥aehan nachedem e etwe glgichs iper maximalentheprstischep Bighte ®ker f ahr en nach
Anspruch 1, worin die Oberflache pro _Masseneinheit_der K6rnchan vor_ dem
Sinter- sciriYarfahren i&}éd‘f‘i"éﬁc" |1-s“t'°"af"§ Lasung dasseehrits @ Topreptiyloshasiiest mit derforpat §
Massenei nhelt(ogé w&Metien nach dem Si ntern unter etwa 0,5 er/g liegt. 50

11{ Verf&h h (0] h
Sc h\‘ﬁ te{ naI:3}e1 a}arc Ea . onﬁ ¢ e%? rﬁ{'&ﬁéj écf'd ]n rcqg %hhzlliJ lﬁ % ezl_iligu(ﬁ en
9195 i ' éﬁiﬁ C rﬁn g,

mttlere Teic ZélarM |ng‘g &‘eeala

di e Ktrnchen g %ﬁu%eﬁﬂ& sm,amr. b0, hifan feLm.Jnt fosi Fn' feratals Ny
ZWi schenys et Wag el rHBSbIG WaiurhDSaGilrh Oiber, R 5tr$m1%(roﬁd% fa?'?mﬁaﬂﬁmum Uranium,
I rgendei nem dwnam%mgmﬁum Brkdniunin t den wel teren Schritten: (a) Fornen
eanes & Unk6rpers aus den gesinterten Kénthen; 19 ErP 0 292! 1759 B9l

*I ¢l ||| B 1eriahrbr ndch hsptuch 3,Twods kidas Eteir@ntt Rtbiivne ist endSiindae Mianthesin dloi Lbkialy pBI S
in einer KamrBtanidrestsn dériFprmed TigiRpeirgeiihrieinpeotat B pinel Skylgfeppaist. auf Cber etwa
1. 000 *Q@eund (ii) einfUnhren von Chlorgas in die Kanmer und/ oder

Vakuumi si edenVatighrerkpach#nspruehl 4overin dRe Titehigmestar @nsgpidiitiavird pust dee Gruppa. ibpaiehprdhaus
Gas; und (g) Veyeiethyilitent des EormiohTiOXCets ki Terasarremyfitana dprrFormeh EHOGHGHmed- dur ch
Er hohen der Tenperatur der 5 6 Kamer auf eine Tenperatur von Qoer
etwa 1.720 8 CYerighien Bach AnpRsucRanit@rin dig TrogiByng ays Gl (7iiny pingsy BptatioRstigpimen el plpgr
ei n Vakuim an'&ﬁ‘fpé@f”'\fﬂ"ruﬂe”’mmQ/ePf’él’ﬁ'PQ?W'“ﬁHE‘h Anspruch 13, das als

\Z/gls ?ts tz Llng Ihgln gg;mgs @?31 g %n E]ecﬁ%%n 3 erdenirgi ﬁ%ﬁm i O%t hrengrv]v ! %eﬁ ﬁme el%“s 3

Terrperatur armer au I 'nf Uhren ei nes

I ne rﬁ%? Svérﬂhrgr% ﬁ‘ac%ﬂﬁgiﬁ%h 'P%om‘?hé?%?QdQ"ePQﬁer\éBﬁoe%ﬁﬁn(ujperﬁaMer@&% am Sine pérkEi-

psi g St . chb VerkMfilin AB4 68ls tridfoler ABSIIR Zhbermblabd.n der vol I'stdndi g
gesinterte Grfl nkorper vor dem Schritt des isostatischen Hel9pressens In

G aswol | e @i Ngsmirek @hdh Mispidch BSwdrh. déveGirbdi BércSaubrBifoeRinaIeiY k& FogORRDWiIAC laes die
und 13, wori nTelqeraior Gesetuls uhi/bdon defKSimslienWitbk Uberetvi@ M8 geag®Iyt. St and ei nen
Ausdehnusagskoeffi zl enten von unter 0,5 x 10-7 cmiCm | C autweist. 17.

Ver f ahr en r@cVeriahramp naph AngBuchyip worin dlp@bgéléckhntpeq Messericinheitcdae S thelwen Sohddm Sivte(-d)
in Wasser ver sehiiit hord8pr ist als giwp d8hm?g pnv die Rleerfiigheskre Maspansintjeii-der KPmehen nach fem
worin der GLﬁfR‘B’Pp‘éﬁef%%ﬁm?!@l‘ﬁgﬁckergl ef en der Aufschl ammung geform Wi rd.

1& Verfahren nach Ans g ruch 17, worin das spezifische Gew cht de

Auf schl MH Verighupn ge_pdqﬁpngqug spriiche 1 bis 10, das als zusétzlichen Schritt nach dem Schritt (d)
das Vermahlen der K&rmchen umfaBt, um ihre mittlere TeichengrdBe zu verringern. .

12. Verfahren nach Anspruch 11, worin die KOrnchen so lange vermahlen werden, bis ihre mittlere
TellchengrdBe zwischen etwa 5 wm und etwa 15 um liegt.
55
13. Verfahren nach irgendeinem der Anspriiche 1 bis 12 mit den weiteren Schritten:
() Formen eines Griink&rpers aus den gesinterten K&rmchen;
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| i egts «25.19. Verfahren nach Anspruch 13, worin die Kornchen durch ei
Organosi liciumBindemittel im G Onké6r per zusammengehal mmu m‘i\
Ver fahren nach Anspruch 13, wori nEdé@r20gageBdt of f in dlumm

weni gstens eines Teils des 30 Schritts (f) eingefthrt “wi td,"urn die

Menge an mit dem G flnkérper ver bundenen orgam schen Materjial zu
verringern. Z(i %P?"aﬁ'?deﬁ?"‘ﬁ%ﬁ?hs'ﬂ\ﬁ%‘ fagc Frinkomea in i'ﬂer Kapimen duieh () erhGhen der

d asgegenst an "E’Pr Hagp a r 1 G0 i) f‘f RiervaRdy °FPas:§5d‘° Kammer(j ) -
di e Losung de P‘{"? 's' f A GI‘;:,Egb }‘P%q Fﬂ'ﬁ‘gW& Inmt %ﬂ)
32},3];] ugr: :al) )grr é m gr urakrvH p 1S72 gfgnd en%% meeﬁénn lum éz:em en
mttlere Tell&ﬁengrd e z sqgﬁenaeée\/\g:e‘@ smund etwa 15 amaus\/elsen (|||)

der  Gr Unkedr Rgfanidh ok Rkl K8 GHsChied ShkaBRor SEr5R aBNTHUAA SocHAR ) 38 isobiafache
gebi | det W Hgipprék8sén b3 volistindig Géshib%h GRINSIEREER oiNbr el durdhEndhbm 847 TAMBRSGN
Abschnijgt t easrhcahtnar 2P BSdr Bl I1.18€ AL luAd Gas AEUIMRA Ioinbs MEHRBh GEieR MBdi€ kitkrher BT eiomN
enthal t, deprek @anibsletrlveng KPadexpskpumastst , der gro8er ist als der des
auBeren Abschnitts; (iv) Chlor in die Kammer wahrend des Schritts (f)

ei ngef f hris. Merfabiren unach (Awgprgth r14g wodrh dele moli88iig pésintaglp GO ver ded |Sebrittndesg
gesinterte Bpiiirdempbeiborassess incGlasyplioi singbrdckell) fird. Wl |l enl eiterfaser
ausgaztigen wird. 22. Nach einern der Ansprfche 1 bis 21 hergestellte

Kor nchen Wu¥ertalyap pagh ginemyder dasprishe 8 uad, 13, yorin %t%?ﬂa"bT'ﬁ@Pm ist und der Glasgegen-
silicium en ﬂ"l?ﬁ ebnupaskqedizippien %F'B?’r?eﬁjh@ d‘é!?’c'PfoPﬁHfl”‘"§i (CR) 4 oder

Si R(OR) S, ru

mttl ere 1fel @ﬁ 'i%'Bg' %ﬁy{ﬂ% '?'Pg s"?e di;ggj h" '?y g% eﬁ'al t
voq/we i ger % Au dflﬁ:w un5/ rIgap A gero °§F

0, T"Tellen pro A un “einen Thorlimgehalt von wenl ger als etwa 0 6
Teilen preg %&aweﬁwcﬂ AR 15 Shbrin b bRl e ic e URHE Bma (LGSR GhS
22, worin diy&gesi!iciumenthaltende organi sche Verbi ndung

Tetraejshyl orthosilicat der Fornmel Si(0C2H5)4 ist. 56 24. Kornchen aus

Quar zgl as190 Qértafvaf Rach! MmBRUR A3 ORI didKErMbRdn durcHioh dYGdnBSIRRIM-BMdBmittel im GrlnkBrper
Dot i er ungs Ndskrmeyohdied weadbn. ausgew hit aus der G uppe, bestehend aus

Al um nium Antinon, Barium Beryllium Bisnmut, Bor, Brom Cadm um Cal cium
Cerium Glol yerfam@t naotAnsfodeh 18, wokdn géreayerdtaft io pllotamnmiot withregnd Genigstans anes Tsils des,
Lant - &0 Scifes () SRBIUAT 9Bd uml die Mérigblabh mil dem GilihkSibA defidundenen organischen Material *
~~~~~~~ C euvemgpern.S* han, Blei, Lithium Magnesium Neodym um Nickel,
Sauer st of f, Phosphor, Kalium Samarium Silber, Natrium Strontium Tantal,
Zinn, Ti t?dn Nﬂfﬂ"fewﬂiﬁhupﬂ?ﬁmcvaﬁaéﬁf G‘FnWO"Ft W Glpfyeossisrd ﬂWMRW@I’%H‘eraW ist und
Revend| cat i Uﬁ’g‘ 1 ced jce fondue,

# i h“*’gﬁ?!'“ ?@e B
ﬁgrﬁ;euﬁnzo:;; Eﬁ@w D T
ou SiR(R)s, ufH é‘ VFe '('?))m SI ?n dans

l'a sol ution p erueur&egchﬁ&e@e% uf chléimn{uﬁa uﬁ\%ﬁ%‘fab bﬂi@! wﬁ% Y
vitessg qui &%O%r‘r‘a ﬂé&ﬂﬂﬁ%ﬂ& Jnb® By schiitt ShtRRU WoBe SHsR13 ntHQeAﬂsa%nn'
noyenne des Padnigstent Eifen! Bhréidhl HER odr BiNYH B.@éhuagsmaax aublolst] Qe §hsaer list lals 2@ ases
granul es a unggbeimsecrtidgy € i nfdrieure & environ 1150 C, la densit6 des
granul es apr eg) Chibrtih &g Karfkhé MWEhr@Rdes SChRE iemigemnin wigiobr@ h | eur densitd
t heori que naxyrabredurttb der? Sciifitto(gP @ebilead onilstiadiy epesintelteC Gtlinkiipat , zudelms dpisghedl | a
sol uti sn de |Welealpitoriésa) ausgaabgeamird.de | ' orthosilicate de t~trafthyle ayant la
formule Si (0021Hsh). 3 Proc~d6 selon | a revendication 1, dans |equel |es
gr anul es 22n Nedr giemsden Ansiches pia 121 hefbw@ﬂ“'esﬁﬁmhendaﬂQuarwasmemeﬂdh agbcwenigstensp e
(a), d' au neng silipupieathelignden H@P@chﬁambmoen Grp@ebﬁitﬂﬁhu'm%@@ﬁ)d » aobaiRrgingm
Alkylgruppe ist, und wobei die K8rnchen eine m lere silchengrd8e von unter etwa 1 mm, einen
§0 Kohlenstoffgehalt von weniger als etwa 0,05 Gew.-%, einen Uraniumgehait von weniger als etwa 0,1
Teilen pro Milliarde und einen Thoriumgehailt von weniger als etwa 0,6 Teilen pro Milliarde aufweisen.

23. Kérnchen aus Quarzglas des Anspruchs 22, worin die silicium-enthaltende organische Verbindung
Tetrasthylorthosilicat der Formel Si{OC2Hs ) ist.
55
24. Kdrnchen aus Quarzglas der Anspriiche 22 oder 23, worin die K&rnchen ein Dotierungsmittel enthalton,
ausgew#hit aus der Gruppse, bestehend aus Aluminium, Antimon, Barium, Beryllium, Bismut, Bor, Brom,
Cadmium, Calcium, Cerium, Chior, Chrom, Kobalt, Kupfer, Europium, Fluor, Germanium, Eisen, Lant-
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20 «» 4 vantinoine; -Je baryum le bdryllilum le brsrruth | e bore

brome, le cadmium le calcium le cérium le chlore, Hmn ul HMIH“'
le culvre, T europhisro, le fluor, -EROQE2EMBIM |e fer
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mat eri aux organi ques. 8. Proc6de solon |a revendication 7, dans |lequel le
debi t durst r2ai Prophsitselan Ja rgvepdieatien dsdang legyel lagelufiengdenl'étapk (a) caent de Forthogjlicetei de
une car boni satéffeﬁ*l‘\@tm@l‘!&ﬁ?‘WE‘PISKOQ?t!I'S)geI eVou des granul es. 9 Pr ochd sol on
| a revendi cation g dans | equel |e deb t du traitenent a I ne est

rbgl 4 de sok t B : nsr 240 e drra °éﬂ "'ife n '
au- dessus d mr)ifj gv g{?? b?"ﬁl §e§t§smu olrregr %ﬁ:ﬁlﬁ ;’;lﬂe 908 <|= um
%y ur uor, 16 gdrmani e e l

quuel 1#aire
ayi |um

r hro(frl
de r'ttage(m.mﬁl Résiulnc W0 o4
superficiel | ey raas% smqa'srrar.r.ﬁ ﬁﬁ.augn-arar.r re%taaaor.ﬁ n{'rJJaﬁé%Rumethrﬂl LhEblr €

A environ 0, 54 og@ﬁ, gramme. 11." Procedd selon |'"une quel congue d
revendicgtions 1 & 10, incluant |'dtape suppldnentaire, aprbs so

|"etape (d)a FRcdaB QMGUR rélSnditafn 3] Gms ALY (Y 19BMbit @stli®ttinatoR (i) lo@tai® ydt Mi6dull Gans
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55 13. Procédé selon 'une quelconque des revendications 1 & 12, comprenant en outre les étapes de :
(e) formation d'un corps vert & partir des granules frittés ;
{f) séchage et frittage partiel du corps vert dans une chambre (i) en portant la température de la
chambre & plus d'environ 1 000 °C, et (ii) en introduisant du gaz chlore dans la chambre et/ou en
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partie centrale et une partie extérieure, la partie centrale incluant au moins une région qui a un
indice de réfraction qui est supérieur & celui de la partie extérieurs,
{iv) du chlore est introduit dans la chambre durant I'étape (f) ; et
(v} te corps vert totalement fritté produit par 'étape (g) est étiré en une fibre opthue de guide
N d'ondes.

22. Granules de silice fondue produits -selon 'une gusiconaue des revendications 1 & 21, prépards a partir

d'au moins un composé organique contenant du silicium ayant la formule Si(OR) ou SiR(OR)s, ol R

est un groupe alkyle, lesdits granules ayant urie: taille moyenne des particules inférieurs & environ 1

45 mm, une teneur en carbone inférieure & environ 8,05 % en poids, une teneur en uranium inférieure 3
' environ 0,1 partie par milliard, et une teneur en thorium inférietre & environ 0,5 partie par milliard.

23. Granules de silice fusionnés selon la revendication 22, dans lesquels le composé organique contenant
du silicium est de l'orthosilicate de tétraéthyle ayant la formule SI(OC2Hs ).
50
24. Granules de silice fondue selon la revendication 22 ou 23, ol les granules inclient un dopant choisi
dans le groupe constitué de I'aluminium, I'antimoine, ie baryum, le béryliium, le bismuth, le bore, le
brome, le cadmium, le calcium, le cérium, le chlore, e chrome, le cobalt, le cuivre, 'europium, le fluor,
le germanium, le fer, le lanthane, le plomb, le lithium, le magnésium, le néodyme, le nickel, I'oxygéne,
65 le phosphore, le potassium, le samarium, I"argent, le sodium, le strontium, le tantale, I'étain, le titane,
{'uranium, le vanadium, I'yttrium, le zinc et le zirconium.
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