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Process for produci-ng opaque quartz glass, Si02 granulate suitable forzt"ﬁ‘g 2003
process, and an art|c1" of opaque quartz gI ass. Cains. ) 1. Process for
produci ng opaque y shaping a bl ank from synt hetic Si02

granul es and he mr H“Mﬂ“@mm&rm at a viitrification tenperature-to create a
gquartz gl ass art terized in that the Si02 gra es used are a
Si 02 granulate (21, 312y ~ conprising aggl onerates of at M@/ MMM 1y

porous Si02 primary particles, with a specific BET surfa i ng
from1.5 to 40 n2/g and an app ent g nll% g% of at |east 0.8 *ghenB. 2.
Process according to claiml, BPYFE™ h that the Si02 granul ate (21,

31 ) has a specific surqueaa s@ua{ﬁgﬂ %gﬂ%@,o 30 n2/g. 3. Process

according to claim1 or 2, characte I n t hat e apparent density is
ranging fromO0.9 g/cnB to 1.4 g/cnB. 4. Process accord| ng to-one of the
precedin ains, characterized in that the SiQ2 primary particles have an
aver age &mesgrf@r prioducingepague quantz gladuFiQxgranulate subtablefor thecpxacessng t o one

of the clains 1 to 3, characterlzed in that the Si02 primary . .' 2 MY
20i) 3 an article of opaque quartz glass.

Claims.

:*) 1. Process for producing opaque quartz glass by shaping a blank from synthetic SiO,
granules and heating said form at a vitrification temperature to create a quartz glass
article, characterized in that the SiO; granules used are a SiO; granulate (21, 31)
comprising agglomerates of at least partially porous SiO, primary particles, with a
specific BET surface area ranging from. 1.5 to 40 m*/g and an apparent density of at least
0.8 g/om®,

2. Process according to claim 1, characterized in that the SiO; granulate (21;31) hasa

specific surface area ranging from 10 to 30 m%g.

) 3. Process according to claim 1 or 2, characterized in that the apparent density is

ranging from 0.9 g/cm’ to 1.4 g/cm3.

4. Process according to-one of the preceding claims, characterized in that the SiO,

primary particles have an average particle size ranging from 0.54m to 54m.

5. Process according to one of the claims 1 to 3, characterized in that the SiO, primary

particles have an average particle size of less than 0.2um.



particles have an average particle size of less than 0.2,um "R My R3
6. Process according to one of the preceding clains, characterized I n tHhat
the Si02 primary particles are anorphous. 7. Process according to one of
the preceding clains, characterized in that a granulate (21; 31 ) is used
whi ch granul ate is conposed of Si 2 grjanul es havi ng non-honogenous density
distribution and an inner region (22; 32) of |lesser density at |east
partially enclosed by an outer region (23; 33) of higher density. r~ ~ 8.
Process according to claim7, characterized in that the outer region (23;

33) is co ted by thermal treatnent, copprising si.ntering at a tenperature
ot ween G00PaHATS H0cattts lopne of e gsecediog SPUTH G ERC GHAT SR MR Gzt of L zed |1
that the Q@WE L rises heating in an atnosphere containing
chl ori ne.l}r % %‘8%‘8%@%@@%@3@%3 to claim8 or 9, characterized in that the
the thermal treatnent conprises heating taking place at a tenperature
ranging from1,000C to 1,300C in an atnosphere containing nitrogen and in

t he pr eséhcePwotess acdoading tbloneff tegeecedmgatainsghamacterizeddh thahe gpaekaedi ng

clainms, characterized in that a Si02 granulate i s enployed, said granul ate
bei ng madélotl) grised whishwramlainiscoepaspd of Sipa granuleshavingmignrhymiageneussoum t o
2o " b A gtk R A AR i o805, 027 12
havi ng an., . X ?)r‘lq-l 3 a rotational axis (3) and that
t he bl ank%dfmg&gb}is%{i@%ﬁ.%%%%ﬁégch 6}11 eghﬁ%a' avitrification front ( 10)
advances fromthe inner surface (9) to the outside. 2 MAY 2pp8 3 13.

Process according to claim 12, characterized in that the blank (1) is
ﬂf?t at ed abouProcess ageprding tmeldimakicharagiprizaddn ithat theauter regiore(28y33)dsie to a
Vi

trification t rature above 1,9Q0C by .an electric arc (7) fromthe
i nner sur‘P‘%‘H@m(egg?%?Emg@%?nﬁ}’ SPTPATRe le%éflﬁ%P%WPe’iaHEe b‘?%’é%‘i%écaécor ding to
one of th dﬁlfﬂpgél to 13, forned fromat |east partially porous
aggl onerates’o i 02 primary particles, characterized in that the said
granul ate has a specific BET surface area ranging from1l.5 n2/g to 40 nR/g
and an apparent density of at least 0.8 g/cnB8. 15. Ganulate according to
cl ai m 14, 9.chdraezkesdcaeihg to claivat8, chardveesizad fythatithe theidhal treatnieat eomprises

heating in an atmosphere containing chlorine.

10.  Process according to claim 8 or 9, characterized in that the the thermal treatment
comprises heating taking place at a temperature ranging from 1,000°C to 1,300°C in an

atmosphere containing nitrogen and in the presence of carbon.

11.  Process according to one of the preceding claims, characterized in that a SiO,
granulate is employed, said granulate being made of granules with an average granule

size ranging from 150/Mm t0 2,0004m, with granules under 1004«m being avoided.

12.  Process according to one of the preceding claims characterized in that a blank (1)
is formed having an inner surface (9) extending along a rotational axis (3) and that the
blank (1) is heated in such a way that a vitrification front (10) advances from the inner
surface (9) to the outside.



ranging from 10 n2/g to 30 nk/g. 16. Ganulate according to clai mRyay 2&8,
characterized in that its apparent density ranges from0.9 g/cnB to 1.4
g/cnB 17. Granul ate according to one of the clainms 14 to 16, characterized
in that the Si02 primary particles have an average particle size ranging
fromO. fan to 5u m 18. Granulate accprding to one of the clains 14 to 16,
characterized in that the Si02 primary particles have an average particle
size of less than 0.2m 19. G anul ate according to one of the clains 14 to
18, characterized in that the aggl onerates have a non- honngeneous density
di'stributj o that ap inn ion 32 ess densi is at |east
partlallyben rsgeéaawr Pg ?aémfzgglil%qrﬁdl%%yﬂﬁ?lv oS Tt 3{ ut 2 MAY

2003 REPIYﬁ‘ (t3p]a1%d lts%lezﬁe&vﬁ!%e%g'%%ne to (f;fcgpéﬁ t%ﬁlgg ﬁfg@ [ﬁlgc%\?g to claim

char ac er| Rée rnner regr o onpri oW space.

21 G anuyj %@Ca@,%r&gcﬁggr@(g%npﬂleqmrmcg@ 14 to 20, characterized in

that the speC|f| c surface and the apparent denS|ty of the Si 02 granul ate

are set by thermal treatnment conprising sintering at a tenperature ranging
from800C to 1,350C. 22. Ganul ate accordi ng to one of the clains 14 to 21,
char act er Mz edSiOh grqﬁ»aiatqqeenwmﬁaﬂ}w;ﬁmcﬁsac@@ maveone efithe elainy bipeld, cont ai ni ng

Char act or fopbée Fpohieasharfal? poich ptduneeS of 545 Py Bebigghed wi th al uri num
to a Ieveé a%fégi%@ltfctﬁﬂgﬁessaﬁd)%rgﬂulﬁﬁ 'i{hp%' ﬂ)@@i‘ﬁgrﬁE&‘ aftfacChidh H{ng{ng f?cﬁﬁ?rSd' ng to
e al um num do n

claim 23, characterized 1n that t pant I's pr n"~f or m of
finely di gt/gitbud af/gndansppdrent 8320 obar least DBSy/cm’.

)

15. Granulate according to claim 14, characterized in that it has a specific BET surface

ranging from 10 m?/g to 30 m%/g.

16.  Granulate according to claim 14 or 15, characterized in that its apparent density

ranges from 0.9 g/cm3 to 1.4 g/cm3 .

17. Granulate according to one of the claims 14 to 16, characterized in that the SiO,

primary particles have an average particle size ranging from 0.5/4m to S5um.

) 18.  Granulate according to one of the claims 14 to 16, characterized in that the SiO,

primary particles have an average particle size of less than 0.24m.

19. Granulate according to one of the claims 14 to 18, characterized in that the
agglomerates have a non-homogeneous density distribution so that an inner region (22;
32) of lesser density is at least partially enclosed by an outer region (23; 33) of higher
density.



25. @anulate according to one of the clains 14 to 24, charact eri zed- physy
that the granulate (21; 22) is conposed of rounded Si 02 T 2003
Granul ate according to one of the clains 14 to 24, characterl ze t%EEzT
the granulate is an extrudate. 27. Article made of quartz gl 33s ,
characterized in that it has an opaque4quartz gl ass region f g‘?ﬁt%i C

St 02 granulate (21; 31) which granul ate has a specific BET surface ranging
from1l.5 to 40 n2/g, an apparent density of at least 0.8 g/cnB and is

formed fromat |east partially porous agglonerates of Si02 primary

particl es20. Granplatgacconidyg tPalaimtl Ipghpiracterized in thattbe inmef wgiopr(d2)uci ng opaque
quartz glass, Si02 granulate suitable for the process, and an article of
opaque qmmp_nsgmb@l.omm ption The invention relates to a process for the
manuf act ure of opaque quartz glass by formng an initial body from

synthetic Si 02 granul es and heating said body at a ;'~ vitrification

terrperatu gﬁé ot i Furt hernore,
t he inven |on re ?"legc&g&é&g@éﬁg@% graﬁmqu éh %%d#oqmttﬁ process,
sai d grangleafR shﬁ‘a&hﬂrtﬁ@&ifﬂaﬁénf A&t bf ih@%%(bz Qﬁﬁﬁlht%%é/sepﬁf ﬂié?mﬁgw oner at es
of Si02 primary particles.” Opaque quartz glass is prinmarily utilized in

heat - t echtredtmgyt comprisingt sintering/dt artemperatird farging frotm&0d°@te 350%¢ hi gh
tenperature stability are of inportance. Increasingly higher denands are
made in these fields regardi ng the purity of such quartz gl ass bodi es. The
fol | ow ng.exa of applicatio i ctor i pdustry,. _may be
ront § oned2or o BRe ?ﬁ%&omepﬂﬁﬁg ninya 4 S04, httactenzanin it e gl
imarily ﬂlrfab equi red in these appl i cations.
Qamty gﬁgﬁgn 45 coﬁ ggit gans?‘n‘!‘t ance (less than one percent)
both in the visible (approxi mately form 350 to 800 nn) and the IR spectra
(approximately from 750 to 4,800 nnm). In quartz glass of low purity the
desired opaci tGrapulate acchagling to@hé oﬂtheclaims th%nhmmamwinﬁmthiimed t herein.
On the ot her hand, when re SO material s are used, nsparenf quartz
glass is GAMRPYEST S8 ules dopeg EPmigum tp @ leve 958559 15 03 pa Yy

mtroducede? es. The subject of the present invention is the production of
opaque quew gI ass from pure source naterial s.

24.  Granulate according to claim 23, characterized in that the aluminum dopant is
present in form of finely distributed nano-scale Al,Os particles.

25. Granulate according to one of the claims 14 to 24, characterized in that the
Q ) - granulate (21; 22) is composed of rounded SiO; grains.

26. Granulate according to one of the claims 14 to 24, characterized in that the
granulate is an extrudate.

27.  Article made of quartz glass, characterized in that it has an opaque quartz glass
region of synthetic SiO; granulate (21; 31) which granulate has a specific BET surface
ranging from 4.5 to 40 m %/g, an apparent density of at least 0.8 g/cm’ and is formed from
at least partially porous agglomerates of SiO, primary particles.



A process of this kind for the production of opaque quartz glass from pure
source materials is described in EP A 1 816,297. It is proposed there to
create opacity in the quartz glass by nmaking and nelting a powder mw(twe
of synthetically produced Si02 particles having an average particle si zg of
300um and an additive material in formg of '~ 2 MAY 2U03; 6 powdered
silicon nitride. Gaseous conponents such as nitrogen are released during
the nelting of the powder due to the thernmal deconposition of the Si3N4
powder. The gaseous conponents cause bubbles to be fornmed in the softened
quartz glass thus creating the desired gpacity of the body. A graphite nold
lined with graphite felt is fil gﬁ“f/\ﬁ?ﬂll‘ft)aﬁ'@“povxder m xture and heated in an
el ectric furnace in a vacuumat a tenperature of 1,800C. During the nmelting
the frontal region of the softening and nelting quartz gl ass advances as a
"mel t fropfocess 36k plolducinglopagde fua %lﬁ@s, BRD] SraftilatdCuiticfor Ry pidckds] cat i on
of the quartz glass can take place due to contam nants, |leading to

brittl eness and reduced randiataticle of opagupuaataglesschange. Remmants of the
additive material can also dimnish the quality of the quartz glass in this
respect. Pore gromh can al so take place during vitrification, with | arge
pores grow ng at the expense of smmller.ones. However, |arge pores
contribute Iittle to opacity, Iea?‘fstﬁngthnesser density of the opaque quartz

glass and r 4 j ngtza@ dy. A Si02
granul at e oﬁ&yﬁﬁ?%&ﬁéﬁﬁggﬁggﬁkmn%\%esﬂ%%{%&g&g cﬁfggﬁ&gﬁl&&a to éSﬁ'?’%posed

t her ei n t faghin@RAn3SIHABHTy HOSPEMHAO ST, grhhilés amd PeniiR saitebvdlagcaured in a
pyrogeni c process be treated in a m xing container by rotating agitators.
The r ot at vitifhtimeleoprtagure to ebtdin aprefoin phepaghaguarizglaset ween 15 and 30 s,
and 30 m's or nore in a sec¢ond m Xing pﬁgse. The sql jds, content of the
suspensi on Futhgrmorgqthe invenugnyelajgsite,  Fymipsticeganuinte ’F‘P?ag\e fos the BEPCes®: gr anul ar

it m oo Taa 8o bR (LIRSl oflay E5Rt Ao elB REBI iR G,

of anor phggﬁclég_l icic dust and the granular mass is reduced in size in a
second m Xi ng phase by intensive m xing and beating. Water energes fromthe
surface of Opsquglqamtit glassiimpsmaniy utidizebiadeedchnglops dpplicarions where goed | i ci
dust in order to prevent |unping of the granulate. The known process

provi des ﬁlepmjnm[;@osamth@hmaaat@re@fabmqg aresd Waportaned sincxeasingly thighee f or

applicatigons as filler. i.n dentistry.or, as catalyst s ort.. The object of
t he i nventye qurﬁad;e?rlﬂ\thea%g’g\ld’blfe&‘é% *%P“qtﬁg?ﬂ&ﬁlﬁlﬁ‘gi) Ellag Rpdies T2 paque

quartz gl i j } | : i hi density,
an R e o Bl Bl A e O et of
t he i nvenidactors| giffakisn tibes,Meatshibidsabels Q2 flgngesu Peiirarily bpavity én the IRar ryi ng out

the process. As concerns the process, the object is achieved according to
t he i nvenspeotumns tekuirdskigithese applisetignso pasitycingans in Hiis ¢antexylam t hat t he

enpl oyed Si 02 granulate is fornmed fromat .I.east partiall rous

agpl oner aFé‘%S“Bga@F @gss&ﬁweggpg ibethda ,then‘8§‘g§ (@%lmayhkéf‘%&ﬁft%égo rangi ng
from1l.5 } f 18,0/ cnB.
Vitrifi caﬁigé)gn% egﬁssﬁ%/}x? i(%{gﬁg%%ﬁﬁéggg rrrggg? ?Og‘lrpf?g(% Xﬁng'alﬁa&usléggﬁdgﬁ &Jg‘gor ous

aggl oner ap@stythe dRisfed n@ﬂdcﬂ?b&’cu%ﬁ itdelfRfie 4 the cantamfahisicentBiaéd Serdiacenr angi ng
froml.5 n2/g to 40 /g to ~ ' ~~ an apparent density of at |least 0.8

g/ cnB, pr tetwtkes hapd ovhen puresource ntareriglsass used Hirdnisparent quannglassds sbigined

di stribution and high densi ' viscosity and | ow_tendenc

ty, high Viscos i
dev 11y o eore ek ik e Beabosre
t enper gt upﬁé?ntﬁvégﬁ‘?lbiﬁqgﬁ@%@% OEQP*}SIPSQE?#Z %W%S%Ph%‘? Sorey lélgtﬂfiaiﬁgrt ially
I . . _ . . b
Dbt ai med- by L 2esT i KNG Ml pH bl R o ey Bl P Bl ROk S pounds.

by hydr ol ytriahfis Qés@ABELCinEH AWI@,QW?OMlbqfrcépdsediﬂféﬁrt@@kda&i?blﬁ@ﬂty ehe process or
by hydrolysis of inorganic silica conpounds in a |liquid. Even though such
pri mary pansizglass bytmaakingand raelting @ powdérmibitughofsyntheticallygpyoduced 80 i cul t to
handl e due to their |ow powder density. Therefore conpacting by granul ation
pr ocesses ppgicles ho'eing AbAYArage naeicle Slﬁg@ﬁ/ 398t rpandan gdditivg matarial infomdfer s are
formed due to the lunping together of fine primary particles. These

aggl oner at es have a nunber of open pore channels, form ng a correspondi ngly
| arge vol unme of pores. The individual granules of the Si02 granul ate used
in the process according to the invention are forned from such

aggl onerates. Due to the |arge pore volunme the granulate is distinguished
by a specific BET surface ranging from1.5 n2/g to 40 n2/g. This surface

t herefore does not appear as outer surface but predom nantly as inner

o o o - - o, 4= I T




" ~ MAY 20B: a resulting in opacity or low transmttance. The | arge
surface is favorable for the formati on of gaseous silicon oxide (SQQMQUﬂhQQ
vitrification which counters the collapse of small pores since gases i
trapped in closed pores can no | onger escape. Therefore no additive
material volatile at vitrification is gieeded to achieve opacity as is the
case in the known process described initially. As a result contam nants

whi ch go hand in hand with the use of such additives can be avoi ded.
According to the invention, the synthetically manufactured Si 03 granul ate
used is distjnquished,hy a specific surface ranging from1.5 to 40 nB/g and
at the sdﬁ@“#? ﬂﬁ?“ﬂﬂﬂ%iapparent density. The density of at |east 0.8

g/cnB pri i i f t he

o1 ani ot ORehlseoRERHERS Al nidEaT k@bt Bt GERRe PRI 12
resul t oftofiRehémial Beconffobitibh o the 'SAREG poRdel XHeaftRds adtRYShentsRGusepeci fic
surface of the Si03 granulate is detéerm ned according to the BET process
(DI N 66138bpleatbd foemepinthe siftedehguarty gless thud cregtingth©dédile@Opadty, of Baer t  11.
Fromthe Si 03 granulate the starting body is fornmed as |ogse fill or as a
t her mal | ybody. AegtARtitedngld Jingd with (SFﬁPBg% telt 1pEHed with thepowdeemixiwsidt hat a
particularly . suitable S 03 granulate fqr use in progess gccording to
Phe. | nverisele it 8806g Birpitedh RR4S B aadimbeirdhy 11D0R S B5RBR B o 30 el o
Good res - ' i ' ] f the
quart 7 gl RESnEUE BAR Fifch SREE L Ae R et ha i P bl RAE RIS R
devitlififait! 2dialle ddeney frofmsthe Giahs bithgaetd.r esul ts regardi ng pourability and
ease of handling of the granulate were achi eved at an apparent density
(rangi ng fr obedirdicgtiemd thoquar glgss oB takeplaceriuefte contaminants,deading tot he process
‘the Si02 primary particles, have an average partjcle size ranging fromOQ

Sumto 5 PritleRsstandreduced resistance fodsmppratughehenge Rempantsof theadditive s o) - gel

process b r LS. of . j felad C I i ve and
ol 1y preet Gl iR eRain P ghe Rdrs BRROHAT tesbiby DR gt b ¢

parti cl e gi7@kOplatediftingRaRifiCatnvit HigPYsredaoingla td ipitsedF Smalrai ned by
flame hydrolysis or oxidation of inorganic Silicon conpounds. Wth a view
to | ow deonesr Howewdr largetpencienntyibdieritthgtovapbcityf, lead to alessendensity wfithe parti cl es
are preferably anorphous, ~ MAY 200 9 In both process variants the
primary pepadrefeastzglass andrednenthe meehapicabstreagidof thequary glgrkodya anul ates i n

the sense of e present..i.nventi.on are f | oer ation.of .a
plurality of %ﬁégp%ﬁpwyn%glpailsblfrg)gvnotﬁgngg%%}g%égggoﬁ1scg{8pﬁsgthe5qlp]di ng
forces. latd necl : ul ation or
extrusi onK&lgwa h@&;}sé sgé r?tH %ﬁ{)ﬁ%ﬁ?ﬁ@éﬁ?ﬁfr?&ﬁﬁgg}ri&?@ F‘@ﬁ éﬁ%"‘lc\rﬁ%fegigér]t icles
produced gedpalinalrhixirgaoataitien by tqatidgeagitatorsg athe potai@nb velositydanditsty conpact ed

when present in the granul ate since they are overwhel mngly and al so
pr ef er abl yixipgphdse i betWeen 1iSrand 39 mv/s.cnd 30 /s etimeredn lpysecdnd neisingabasesur f ace of

devel op buRaRsb barlet s Fipanns 1 Ablegtga vt P REE DL PR oL RP S Ao,
B t i : ' ' f th
coause { Bnpll ALK BRG] 1k SHRNE AlInQUAITIAS (Rriinflch 3 h0aR B (e

resul ting©pore 1 onN-1S correspon e average primary
particle ﬁiiﬁﬁ%bﬁasé.eﬂ"ﬁé plan@ldr Agsstid further SonbolRIAtedYY adaitidf ofaBOfpRbRY t 0 ASTM C
1070. It has been shown that in a granulate particularly suitable for use

i n the prsitieissustand tht granutlar rhdse is nedheet] irsizd inen seomtidunivtingy ph8scldy gr anul es have
an non-hopogenous, density distribution and the inner region of |esser

densi ty i Biepsiveaeiginggad beatingy Waten esresgesdipm the sutfece of dhy ganwlar masgaad

density. It .i . i bl e. | in the | i
i ah © helt ittt SLEET BGkARisReerg i BubPRECUHE BT 07 o
thus cont 'Th@}dﬁcﬁ;vﬁ ﬁ’ro@é‘s‘é%&i?c;%r@&»ggfabl% i?%gﬁﬁ@la&%‘fﬁ oV adrsRy SHfiance) of

the quartz glass." In a pre I np ntation of the process use is nade

of granul ggregplidativhy Bifillchih dontisity sregicatalystsppsies a hol | ow space. The hol | ow
space is enclosed at |east partially by the outer region of higher density.
The object of the invention is to provide a process for the manufacture of pure opaque

quartz glass with homogenous pore distribution and also with high density, high



The outer region of porous granulates is advantageously pre-corrpac_t_%w 3
thermal treatnent conprising sintering at a tenperature ranging fro 0&00 '
to 1,350C. The thernmal treatnent gives the outer region a density that is

hi gher than that of the porous or hollow inner region so that pores and
pore channels in the outer region preferably shrink and close. In order to
achieve this the thermal treatnent is stopped or interrupted before the
equalization of the initially established tenperature gradi ent between the
outer and inner region. This can be realized in a sinple way by for exanple
cont i nuous|

moving X ~Ar z— Q. th l.ate throygh a heat i .
At her el “epe ST eispocb i G S PCaR U RSB ST RURBI ARG chi or i ne

has been : : .l @ chlorine-containing atnosphere
removes c%?? m%%%ﬁltﬁgiﬁwy%%fﬁg%%%&éorrpounds vol atile at treatnent

t enper at ur s corBths Ghd FOCERS) WRshjecT 1 sshietdd Ry edirghe titinbdntioabnliebaeRaque
quartz gl ass, increases viscosity and further reduces devitrification

t endency. of Theeproédse citaddnitislly & thitrthe ernployeh®iOs geammtats is foroteddrdnmet laastl/ or a

chl orine conmpound. In a quartz glass pure in the sense of the present

i nvent i onPartiAlymerons agglamsratesof SHPp mimary pamigles,has gigpecitic BEE surface o | wh, T

and Zr is_less.th 29 6) i ght . Dopant. n onskder ed

cont ani naAPERE FoPnT s FERBAD e A el B R R AR el 1 1 eat men
conpri ses headfid@oR b 4 RErtiAebBYP fAASH ROBY A 1&St Rttidly pRiRR hpklehRrdt&di ng from
1,000C to 1,300C in a nitrogen-containing atnosphére and under presence of

car bon. BSiQ, iprimargepdrtices with &speaificcBET safdoe rangargrfedm nistm?/giod0 m2gnanul es are
obt ai ned whose entire free surface;is enriched by nitrogen. N trogen
(fixat i on ansapparent densityeef abieastil8 plews.ameduces opagnopire quartz glass exhibiting

volatilizes. It has been,shown that the yiscqgsity of, the artz gl ass

i ncr eas esNURRESPAISTORG GfehuidAnd é%ﬁnawshgi%w aowtenieRey @i oved wit h
a granul age. 1 I 0 i i I
anging. (ISERPAREHCR proRla MR BlalaRBle Malls BHTLAUIN Bl sBod B4,

ef fect ed Ryulhtidhaind 16tgSdetvituiife dt Mgh emffepdt@e\1203 particles, assuring a

honogenous di stribution of the dopant. Particularly well suited therefor
are pyr oger Tla$iOy gpmolitede presc® O8fopa of atdeast paybaluseowsfagglosiarates afiSiOpeci fi c
surface. Wien enpl oying .a Si02 granul ate of grapules with an average
granul e sPHBALY PABICHY. PRAHBIIBAY pATticlss gmg’ta;wﬁdi ytgf SXARPIe HFBARUGESE 1 0 avol d
fine partjcl . Aanu i a €81 76 w . For that

pur pose, %rrogﬁcaalugé Og\nglﬁﬁa %)%O%%$gy lslgﬁzrgf}g{g!og\% g%%%wr%gg?égge Ved fromthe
gr anul at el fe Solf Sl Prakds3Br b By dBlysis of RdtdAdlicSHRABRPEEhd!iA §HAYiden the
granulate is produced. In a coarsér granulate a tenperature gradient is

f or med whEved theughi sach prigatyqaytidles stant buf duedo dreindiginpwaity ey eed difficlttterent i s
used for Ere-conpacti ng the 2 MAY 2009 granul ate, said tenperature

gr adi ent hansllg duedg their lew pewden dengjtya diheraforgicompacting dy granwlation prepesseni gher

dor i ng vi PR seb gl IoEE AR SUer BRI 5 FHEOCRS @ S sl | oi ze

of fine g,ﬁ@ﬁl, f a;jpé i é%é?cﬁn Jol i nor e

di fficul tro e@@ﬁ&g‘fg@e@f?ﬂﬁ , d(i)%%lhsgt tﬁee | ne&%tgs?@glag%ﬂc}%glﬁ%{sﬁegont ribute
to the depetehimels, mhnﬁ@ra%neﬁﬂmaiﬂﬁ@rlargé Relubiersf ppres! ThHE BRlividddl uence t he
shrinking of the quartz glass at the collapse of the pore channels and
render it grapules of thé Sy gratudate bsedrin thetpnecepy adendingto tisdinvedmursnionned because
of their whirl-uptendency. Preferably, a starting hody is.forned having an
i nner sur fiaRsueh pggiomergted Brgtothe birsg pase ¥olumeithe 8r§@ilereﬂsfﬂlﬁmwsbe£9y bei ng

heated in toa vidriti i f ront [ i.nner
surface t 8%%%@%’%#@%[‘5%23@5‘%@%%% F ‘P?’?«Z\é {Iaorhlq rflzr?% npﬂ? glﬁg‘\%g ﬁ‘r? gqf(g{é:dhgfnqt rontier
regi on bebyean, dikd: AR GulBreliomihafi &' ihalr sulfibelif forfBdfipoRd\cHIRA&S.I @l open
pores and channel s are present, whereas the nolten material has cl osed

por es whi Dridg @itfificdtion 9€the crrireciods thd lafpei pett Sithe€pors wofudteclostRdustoar t i ng
body is being heated fromthe inner surface, so that the vitrification
front st asintring andealapsiogn Howeertadarge aumberofdine sloged pareoiggainstiionydiel of t he
starting body, Supljmable inpurities_are thereby transferred jnto the gas
Shase and PareChBISIR BTG PIAOLHE 0By, ot HEMt o Nuae rBe cioped Rieiat f on

front in direction of still porous areas of the starting body, where they
ei ther escape or may be sucked off. Thereby, it proved advantageous to
rotate the starting body about the rotational axis and to heat it zone by
‘zone to a vitrification tenperature above 1900C by an electric arc fromthe
i nner surface. The rotation guarantees an even heating of the starting
body, thus avoi ding tenperature peaks and differences in density. Wen
being heated in an electric arc, the starting body is exposed to specially

e I A NN PN PN ~ M T e




2 MAY ~~~~ 12 As far as the synthetic Si02 granulate for carring-gqh“Iﬂﬁa,
process is concerned, the above described problemis solved according to
the invention that it contains Si02 granules having a specific BET surface
area of at least 1,5 n2/g and an apparent density of at |east 0,8 g/cnB.
The Si02 granulate is present in formgf at |east partially porous
aggl onerates of SIQZ primary particles. Such primary particles are obtained
for exanple by flame hydrol ysis or oxidation of silicon conpounds, by
hydrol ysis of organic silicon conpounds in a so-called sol-gel process or

by hydr ol of | i i -?lgﬁ' COFRLD EN e (01 ven though such
primary ppaégl%lﬁ%g {élsépgﬁﬁ(%qéﬁtﬁﬂ%&el ocejt' hel ?&ﬁ?%ﬁkaﬁ%giﬂﬁo%klggv%ﬁ e difficult to
handl e dyﬁnh&iéd&‘gﬁséoﬁ%iﬂmﬁd@@ﬁ@)dhﬁng Utifidafib® whithRBaktersGRE B fabied by
granul ati on processes is conventionally used. Agglonmerates wth greater

di anet er sofsheallfporsssthed gases araped ih clopedygrésage hbdongef escapee primary particl es.
These aggl onerates have a nunber of open pore channels, formng a

cor r espondi Agesgfdrengaddifvemalstialotatide at wifeificativnis okeded tpraghigveepasity ahe Si 02
granul ate, accordjn o the invention are formed from such aggl.onmerates. The
Synt het | cistRS/cast Brifie ko Brocess ArsFiastingially s AS aieRieo BRI RERER 8 o

char acterh&%qnﬁé}]w&%iﬁﬁ% éf&% &8 fcaf"i‘BeIa\foqéetd.l’ 5 n2/g and a sinultaneous

hi gh apparent surface does not appear as outer surface but

pr edoni nant A¥cqinf B'@E iSehii@e $hd syniefitallyimRRFRnEEPSIOS lgfandlék se@ €S, When
used for produci ng opaque quartz glass, an opacity (low transmttance) both

in the vi distnguishpdby aapeciferfudiacemdging fipar 1.5 ta4Gm*/gland af the sdme timebgr ed
spectr al r_egi on. The apparent density of at Least 0,8 g/cnB mainly
tgyar ant eebishppparent density; Aje danglfy etat lesat O-be/pmg primaryiasairesy that the datingt e.  The

ifi f f t Si 02 I i.s det. 1.ned b f the BET
o ooedur oo s Lermieddinm (Pl S R SRR RSB | s 787 part
L 2adB¥%ndiR3ne A3ulPSt @b idte! §RBHUISIGING SPAIRALBEIS I 05 and ef fects of

the Si 02 granul ate according to the invention th respect to the opacity

of the quar The §featfie sutiase dfeieRIOp pradiulards dteritfndiictdidingtathie BREprocas be
taken fromthe above given explanations relati ng to the nethod according to
t he i nven(lPidh66132p and therapparent dehsity ascerdingite DINABOf78dePartitor di ng t o BET)

20 . {1 ORI0NTR8 200 MELE TR R, Q1SR Ba b eI L T
results r ﬁ%ﬁﬁﬂé&ﬂyb&gcom%{ea%o@. the quartz glass at a high
It has been shown that a particularly suitable SiO, granulate for use in the process
according to the invention has a specific BET surface ranging from 10 m2/g to 30 mz/g.
Good results are achieved regarding opacity or low transmittance of the quartz glass,

) especially in the IR spectrum, with high density and low devitlification tendency.
Especially good results regarding pourability and ease of handling of the granulate were
achieved at an apparent density ranging from 0.9 g/cm3 to 1.4 g/em’.

In a preferred variant of the process the SiO; primary particles have an average
particle size ranging from 0.5 um to S/u m. Such primary particles are obtained in a
so-called "sol-gel" process by hydrolysis of organic silicon compounds. In an alternative
and equally preferred variant the SiO, primary particles have an average particle size of
less than 0.2um. Such pyrogenic particles are obtained by flame hydrolysis or
oxidation of inorganic silicon compounds. With a view to low devitrification tendency

during vitrification the primary particles are preferably amorphous.



density together with a sinultaneous |ow devitrification tendency_,?:rbz% 2009
obtai ned. As regards z~_ the apparent density, a range fromo0,9 ¢/ % (1,4
g/ cnB has been particularly suitable. Preferably, the Si02 primary
particles have an average particle size ranging from0,5 ~mto 5 Vim Such
primary particles are obtained fromorganic silica conpounds in the

socal | ed sol -gel process. As an alternative, and equally preferable, the
Si02 primary particles have an average particle size of less than 0,2 pm
Such pyrogenic primary particles are obtained by flanme hydrol ysis or

oxi dation of inorganic sjlicon conpounds. Thgse prj nar articles are
characteri zéﬁ%\?‘ﬂ%‘é‘?ﬁ%ﬁ‘“&nﬁi%e,prf’? p'é“iﬁﬁ"%éé{f %ME‘SW I ration of a
plurality, i Ar i . i ] i nkage
For co. t et (idndiedR e S SLEPRSME h Bnforld Bl O bRl of, "
granul at '@ﬁ!ura‘liﬂﬁof‘%ﬁél%{\ﬁixﬁﬁﬁgﬁhﬁlés@ﬂeWﬂﬁ@ﬁﬁl&ﬁ cBéRicAPRhAIRE forbdd. Ralowncul ar the
bui | di ng-up granul ation and the press granul ation (as, Tor exanple,

ext r usi ongrandlatinggirddessel are ustd eppeciualy wep grahulati@soradxtrasioe df Hynagshe sol - gel
process are found in high packing in the granulate, as they predom nantly

and al so §oniAinipg teyprimayeparticlph diimay panriglss pigduesd espegially acaordingtgthepowder
density. The 1free surface is redtu eglgbig th%.c nt act gerea (%é adj acent
primary piorErldraess gg denssly compapted when prosent inthe eranglate sincs they at8 - 1 het ween
t he indivji 'gqsaéﬂﬁ i - ' - it i fication.,
The fact dt“{\\i:gt‘t{el iletl{‘}(qaﬂ pri rraa?%r%gﬁalsg Sgg gggﬂg\ﬁégégrrfg‘ggy%g}lﬁdgpéﬁ e'!s(:'Jznga% gf | ess
than 5  shrfadelofZdfbining primary paeticlés; RoweveR o8 @kplaimpd astvedclbded Hofesicn

di stribution. The average particle size is determ ned according to ASTM C
fIP70 as tdeyelp-between theDbdividublymimary phdisles Huwng VitrificatiopalBedauselthe | y sui t abl e
“enmbodi ment of the granulate according to the invention is one where the

i ndi vi duaPrimsaypagickhs hpesanargeags sive af lesrthae son edeswltingypoge distribptien on so

that an inner reg. I r i IS, S artial lv enclosed by an
outer r egﬁgﬂrr% N gﬂggifn&eﬁg‘? % ‘f/érgg% %?gﬁ%%h%te@;e Sizg?se%%‘?onenr’&e[d%sgﬁecﬁoéc Lle(gas es in
the innerpkggilaDaccBRBESIVAS PN ¢gp. during the vitrification do not escape

at all or only partly and which thus contribute to devel opi ng pores and the

opacity of Ithes bgeashawgtash.a gritweulate paticulexly suitable fohesedy drequedess pr ef er abl y
conprises a hollow space. The hol| ow space is at |east partly closed

t owar ds t #rsoubiagdpiths inyension thedndiyidual SiQgygwanulas haye an pprhemogkneys densityhe
specific surface a t he appare density.of .the Si 02 granul.ate are

cbpec al 1 5ioairRHh St et BRGR SBlestef BSish it kegmgrriatn STUPTRIST g Vit

t enper at ure;: [ 4 RPN e ; al] density in
ther out er st Hddr Al MR ol Sk BRI Shab MR rBuiGh BEE S re

gradi ent otichnigent dvendt Bssap@br dnl e partiEini escape dueihg virtification ahdthak vemribuadi ent ,

the pores and pore channels preferably shrink in the volune of the
i ndi vi duato davelepinest afiporse andopdetty flowfteamemnitianee) of thetquertoglass: r egi on. Thus,

said outer region ohtains a dens; which is higher than the density of the
pgrous or hiﬂ‘igﬁ'iﬁfr)‘i"‘ﬁﬁé?‘p E’QP@H?“?#}’%&’W@FWSG{S%%%?ES{&“H te@ﬁ‘é"‘@lcg Granul es
i'S ended ' r e . [ ;

begi nni ng ik g EheBbas s 1BlIG phces THERDR? ol irRlth et horftiy BN
for exanphR.ouffediéh SRpHeY dasshyeved by | eading the granulate through a

heat ed zone. Such a tenperature gradient can be set nore easily in case of
coar se gr anihesuteiu@gionidf pofousn granglats is advantageously preseongpapted ibyelermal nor e
detail below In view of a high thermal resistance of a quartz glass to be
produced fredmentromrising sittering3t @ terppesaturegenging fam 8087 fa b EE. tﬁwa hi gh

viscosity tﬂe?mglrt%;t%rlern give;r e duter reag?or111I aea/e%(sjitybt)ﬁatals higher than that of the porous or

hollow inner region so that pores and pore channels in the outer region preferably shrink
and close. In order to achieve this the thermal treatment is stopped or interrupted before
the equalization of the initially established temperature gradient between the outer and

inner region. This can be realized in a simple way by for example continuously moving



REPLACEMENT St-~T 15 - '13 MAR z~ granulate in which the primry pgr%j,;l es
have a nitrogen containing surface layer. Therewith it becones possi Bi'e2¥3
on the one hand, introduce nitrogen in chemcally bound forminto the
quartz glass to be produced fromthe granul.ate, which results in a higher
vi scosity. On the other hand, nitrogenrgin |oosely bound formis rel eased
during the heating process and thus contributes to the devel opnent of
pores. A high viscosity is also achieved by a granul ate which consists of
Si 02 granul es doped with alumnumto a level ranging from5 to 20 ppm by
wei ght . i d al.umnum dogan.t is (i~ ) preferably obtained by neans of

finely di'%s g5 apppehropghdReating 2006 503" particles. By so doing, a honogeneous

distributio S 2 iGakl: A1203
particles V\IAQ %kﬁkgalgfesgg%gg{)?lkﬁs@%%ag%ﬁﬁ%ﬁ%‘éé@?@tﬁ%%}léxﬁglﬁggﬁgabI e for
thi s pur pseeshdvwh @ beivseful. Prredtaientid achligide womthinitieatmogheteremoves conposed of
rounded Si 02 granules. Such a granulate is distinguished by good

pour abi | i copfantinagits whioh fem chdierinesi coppanatis| volatidhat itrektanpat Wwoyperagures, and f i cat i on
and is obtained by far exanple the, wet granulation progess. In a second
equal |y pPEcempewidspbliaimpneyesthe pyity of theiopaque quarta glags, #iereasesyisaqsigr anul at e

can be manufact ured i nexpepsively by extrusion. It s distinguished by

o) ongat e iR EN RGO ehadiyd o6 RloPHe ol e REEL cpaces. The
granul at Tl gtof 115NN InBRdubS. IR qhhEAEIEs! [ e
producti gcr?{ill %?&acﬁldgglgaﬁ%/%gﬁgl?ez{ gl ass ugftlﬁglqe suclﬁgsaltisflr ezmrgéﬁ%ngﬁétﬁe*g, a
reacti on mesehtinvedtioanhk wtaiodithrainatorchy bi) Nay Ki MgeCa,Fed Caf Crydvin,STiadd i n t hat

it has an_opaque quartz glass region forned froma synthetic Si02 granul ate
W th a sp%tlsiqs&ﬂnggﬁ@upngéfe}gah eRpntsraspnat consigored eantapainamts in thisd, appar ent
‘density of at least 0.8 g/cnB and fornmed fromat |east partially porous
primary pafticles. The opaque region is obtained by vitrifying the

appropri at e r.eqi i i | St j i pacity in the
| R spectr u%n aggh;f%-fe}scg es ugsﬂﬁéath%%ll Fﬁé@fmf%?ﬂrﬁ?ﬁ%g l?eﬁgg% g%tlhgh%}l gm a Si 02
granul at eagfiorR@hted &ld tYmpPQaRHSraAgial AR BOGPCAS 1300 #d iiRbgenPdntdihgs. and
havi ng a specific BET surface ranging from1.5 n2/g to 40 n2/g.
Vi tri fi castmosphefe and under presence of carbon. By this method, hereinafter "carbo-thermal
nitriding," granules are obtained whose entire free surface is enriched by nitrogen.
Nitrogen fixation is facilitated by the presence of carbon, but the latter volatilizes. It has
been shown that the viscosity of the quartz glass increases due to nitrogen content. High
viscosity can also be achieved with a granulate composed of SiO, granules doped with
aluminum at a level ranging from 5 to 20 ppm by weight. Aluminum doping is
) advantageously effected by finely distributed nano-scale Al,O; particles, assuring a

homogenous distribution of the dopant. Particularly well suited therefor are

pyrogenically produced Al,O; particles because of their high specific surface.

When employing a SiO ; granulate of granules with an average granule size ranging from
150 um to 2000 um it proved advantageous to avoid fine particles of granules with a
granule size below 100 um. For that purpose, granules with a granule size below 100 pm
are removed from the granulate or the formation thereof is being suppressed already when
the granulate is produced. In a coarser granulate a temperature gradient is formed when

the starting body is vitrified or when a thermal treatment is used for pre-compacting the



2 MAY 16 such Si02 granulate results in an opaque quartz glass with aQAhh'ﬂm
honogenous particle distribution and high density. This allows a 3
particularly high thermal insulation effect to be attained when the article
is used as intended. During granulation the fine primary particles |unp
together form ng agglonerates with a harger dianmeter. These aggl onerates

have a plurality of open pore channels, formng a correspondingly | arge

pore vol une. The individual granules of the enployed Si 02 granul ate are
formed fron1such aggl onerates. During vitrification the |l arger part of the

pore vol une ose due to sinteri and c i v a | arge nunber
b Tine. CGuSoR Py et o densH Arareet VAR Gbaie 8PS el y
open and y in the
'R spoct r LR ?ﬁ’*esﬁ? iffhe oBieE g Helee 10Hing 3 U eldBheh ot porRREREY, " oy o
exanpl es wftidicatich, ayddicribed ooy a@@nmrﬁmbﬁtmtﬂecm{almslzéwme grantlebteéhder, the
process step of vitrification exenplified in the manufacture pf a hol |l ow
cyl i nder ,the forfiagon of suche dCﬁSitstgraéimmOImdifﬁ@itOlrhv&etﬂire@n@riarsu theat thedneor di ng

to the inventiop by way, of a_section through an indivj Si, Q2 granul e,
and in Fi @ﬁl@eSdé’@éE@ﬁHb‘éﬁﬁb@F Aeyplongent ﬁ&%ﬁ%%ﬁ?@/ﬁmﬂaﬁﬁn%eﬁ ng to the

el vi auaPreER SRR St w0t e ab e Krf o ChE e hiTshsblteenf e
producti ogRigi ﬂiQﬁl‘ﬂHﬁot% ElgeeltrW%éysﬁ}‘é efits bEGub W& Pélf%lrl formof an

opaque body obt al ned tlono an initial por o hol | ow
cylinder ttnddnty.st, a nore detailed explanation of the producti on of the
hol l ow cylinder 1 follows below. Si02 granulate with a specific surface of
fof n2/ g and an appar ent denS|ty of 1.1 g/cnB is fllled into a tubular netal

nol d 2 tates.a t udi hal ) direction of rotation
i s indi ﬂrgﬁzaﬁ érSFaSngl q 1#0@me§ﬂ i ualilé‘n?rr?é‘)‘sﬂé‘?q‘ H’fglaé%‘}&;r‘iof"’&’@ﬁ?l forcia

d with |1
vt i nder P SRAGHEMYORF bohe Aol BT s %ﬁ%ﬂ?aﬁ‘%zﬁﬂﬁ%ﬁ“ﬁ‘n bR o o' 2
The hol | ofye gilet Sidfkce fo tBE olifside. Sh?&vﬁ*lﬁd%h@ﬂfﬂﬁﬁﬁsﬁxflnﬂib@iﬁét ﬂ&@ieﬁf@gﬂﬁd an i nner
bore 5 in formof a through bore 6 with MAY z~; an inner dianeter of

about 73 betweéhhmoltén dndimseleas mayermb dp thetneelt d:rymamnaqupbm gailes it chanbad$ aee t he
subsequent process steps. In the next step the nechanically pre-conpacted
hol | ow cyPtessswherqas theanelisy %%Ief#ﬁi &ﬁ%d@f’redé’ﬁfeé Mdigh gre ng jonger %ﬁ%ctﬁyw ne from

| nt r oauc ol Shes Syrse ot sSEHSFHL bARE hooteg M MM TN BAE) ) rovea
al ong t heyjnaaf H‘ﬁ“ﬁ s?aﬁfs o@e Fo BPRASWAES ﬁl@%u%fdettﬂ%ugﬁ{ﬂewm(wth@der 1 at

a rate of 55 owcyllnder 1 i1s vitritied by the heat of the

electric aanmg boePy Isahlmniubteﬁmpmﬁreahterthexelby oasferied 160 ¢hd gas phieawddreat t he
inner wall of the hollow cylinder 1. Wthin the hol|low cylinder 1, a
vitrificapished faverds thooptside frefiet @f tl@aﬂ@ﬁpamfr%va@i&cﬁgn phstilbporoust si de i n

the direction th |d,2 apd formn 0 y ranging from an
ogen zone?" fis%foﬁ%e %{?ﬁaﬁg‘iﬁaﬁ%&r@%ﬁﬁwwm Illﬁfé’ g"gﬁ(&flz Di recti onal
arrows 14 in Fig. 1 schematically depict the di rection of novenent 13 of
the vitrification front

Thereby, it proved advantageous to rotate the starting body about the rotational axis and to
heat it zone by zone to a vitrification temperature above 1900°C by an electric arc from the
inner surface. The rotation guarantees an even heating of the starting body, thus avoiding
temperature peaks and differences in density. When being heated in an electric arc, the
starting body is exposed to specially high temperatures above 1900°C. Due to the high
temperatures, diffusion and other material transfer processes are accelerated. Impurities, in
particular gaseous impurities, can therewith be removed efficiently, in that they expand and

escape to the outside in front of the vitrification front.



10 - overlaid by the velocity of the electrode pair 8 - substantially
directed radially outward fromthe inner wall 9 of the inner bore 6. The
gases trapped in the Si02 granul ate cause pores to be created '@ WAe 29paque
zone 12, thus creating the desired opacity of the article. The density of
the hollow cylinder 1 is 2.10 g/cn8, the inner dianmeter is 140 mm and the
wall thickness is 22 nmm In this process, the region of the inner wall 9 of
the inner bore 6 is conpacted to a high degree due to the high tenperature
of arc 7. The nelted body 12 is thus provided with an inner surface |ayer
15 conposed of high-density transparent quartz glass. The tubul ar opaque
quartz gl ass body 12 manufactured in this manner is worked into a high

tenperatu gﬁsﬁjg *N| i Q2. gr od | i bed
process ié§fea£<p al %}gﬁﬁ%fg:%fv)\; grﬁm ﬁrlringtrggéjcfgﬁg%&ggle&gy e(k)kfxgg?%&n%ﬁgtg gﬁ%‘{ei cally
showi ng  adesdtitied probléiflisvdotiea lac@iding tothe tfvehtith th@unelRehity Si0Y| amdilesof por ous
quartz glass, a low density central region_ 22 is enclosed by an outer

regi on 23havingrd spheific BEASutfyce aFercofct teasttlys mf/gtahé an apyerent depsity of st laisdut  40%
of the density,of transparent quartz glass, and the outer region it is
about 60 886fcithe |atter. The boundary 2 MAY ~r area ranging fromthe
central region 22 and the outer layer 23 is fluid. The granule dianeter is
420m the thickness of the outer layer 23 is about 100m The granulate is
produced By SRR SnBlarcts BREUAM [AAYs ot bt PEAANY BlbRIadtfiGHRs bPSEY 3 M xer.

An aqueous suspension 1S produced from ahorph ano-scal e, pyrogenous
Si 02 par tprxh@$ paiticles Bwwh @einfarcpdsfidesaie bbained foreRample By fRnrediydedysiyorf | ame
hydrolysis of SiCl4. Under constant mxing, npisture is renpved from said
uspensi oexidation|of siliceregrampouads, by bydrolygisaf greanigisticomesmspounds by a sirgalled t he
~specific BET surface of the grapul ate sg obtained is 50 n2/g and the
rounded giokel ppeesher by byidely iz olangraanig @FCQWHEI}@’I&W@:&QYGW Qygh  ooum

In a cont| . ' s . I . I

pr e- corrpaéc‘{&ggﬂfnﬁwag a%ﬁ‘ﬁig)sr Slttgr@-og I(t)g%aﬁ%rﬁ&n@l’lg@ Er%llé%h%‘ftfggﬁ lfgcﬁlg?r%@g[eyudrug t%f about
1,200C.  Tihii 1GY ?QW@&rdeﬁéi@.SFéx’ftﬁis%ﬁﬁHé,%xﬁpa&i*ﬂ? bR \gkdnlfidh pfiteddés §hl orine is
particularly effective since the surface of the Si02 particles is

accessi bl eortventidnellyusedf X gglgmegmses iwithvgayaterfdidretens arefooheathdie] te tlenldmpapeous
contam nants are easily remved. The processing rate is 10 kg/h. A

t enper at utogetherpfifing primarypasti¢ley Theseragglomeratesi hatiag ngmberafopen Ba¥@I ting in the

differi d | td f th i 2 he. 3. Th
S 02" gr aneieapasJpFRng 8 goareaRtad S ke et ofiocdy T i el panfiffhe a1
surface 0§i6§”$r£e{§ﬂe@e§d% e @g;g@i&ﬁa&io %fwowe@ﬁorﬁ-s&cmggi@nermg aver age

granul e dia 'S about um and care Is taken t0 renove fine particles
of less than 100n before use in the manufacture of opaque quartz glass; in
this instance, however, such particles are not present due to the nethod of

product i ohhe Smthetically producgd il grammate of the inventiesyis therefpre chrracterjzedday a Fe, Cu,
C, M, Ti a Zr.is ] ess n, 200 b wei ght. Granu) at.e . amr phous
ngno- sca tpelilis satfaterqtal ast ) e b & Bovyiiactine it apbs et Rty Dhisfighcs
producti o f i . i Because
Phe T i v oo AR RS biopibe BaC B RRRY dlSthed hurtf¥ iforfidtpate BSOAUSD
pluralityclhnMeayd &e@bd, wheh WS foPRoludhEspaqie G349, opatiyy (lewae and

honogenous pore distribution is made possi ble, as described in nore detail
above. Antramsthittardapbotls pr thy vigitdmspeetrd tegion amhiapatticulal hlyo ihethe atfeded N Fi g. 3. -

It is typical of a spray granulate suitable fog |mfl enentation of fhe
exenpl ar y SpscBaldegion e g dnpagnbasasiey ofyat leagtd), &g/gmomapmly,guarantegsdhat  staIg spr ay

granule 31 is a I r at.e Si 0 rimary particles. It has a holl ow
space 32 58#%%%&%%9{“@&%{)2?% ©33. An intake funnel is fornmed in the
outer layer 33, opening through a narrow passage 34 into the holl ow space

32. The outer dianeter of the spray granule 31 is about 300m and the outer
| ayer has Tae sptcificn@sfhacendt thdSIdh, gidhiiite is determined by means of the BET procedure

(DIN 66132) and the apparent density by means of DIN/ISO 787 part 11.



The production of this spray granulate is described in nore detail bel ow.

H ghly pure, pyrogenous, nano-scale Si02 primary particles with anéaﬁflflc
BET surface of 70 n2/g are dispersed in de-ionized water. Al um nu Y Q63n
of pyrogenqus A1203 is added in the anount of 12 ppm by weight. The
suspension is adjusted to a :_ liter/wygight proportion of 1,380 g/1. Slick
viscosity is 450 nPAS. Using a comercially avail able spray drier (Dorst
Model D400) the suspension is sprayed, at a hot air tenperature of 3 80C
and a slick pressure of 10. 5 bar. The resulting spray granul ate has an

aver age Ie d| amet er. of  330~um, a 3% 5| dual ture content.
The sgec?‘:")?tﬁl ding fhgcharagterjticsand e ?F&S ‘t’f?fges ?E)‘P?Pr‘f‘ég@ the g/ cnB. The
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After theghmaat A be taken fBMGhS dHovs gfvEﬁé)Q)larﬁitl&Qs reﬁﬁﬁg tolthemehol ﬁéco‘f‘dih@ ht is
0.8 g/cnB and t'he apparent density is 0.92 g/cn8. As a result of

processi ng teimbadionf me particles of |ess than 100 t,tm have been separat ed
by a cycl one during spray granul ation. The total volunme of contam nation by
Li, My, Ca, Fe Cu, C, My, Ti and Zr is less than 200 ppb by

‘S’fbgﬂtcedTﬂg’g Bt g s B eBR R e AL 5BnE a0 bR a M0 by ey
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aggl oner at i a plura very smalt primary particle

corres ponﬂwmion Th@@w&ﬂ@o&pmmge&dmgm ¢Pasity dfhé et zlgsasaa@he}u@BSSl bl e
during vitrification. -z MaY zoo3 20 This is additionally facilitated in

(that the debitotegetherceitize sm@anwssnwé@dintﬁcetm temdgacy gre obtaged. fnegawds une

“whi ch renains at | east art| |y intagt ing; vitrification bec sethe
encl osed "@agpn%wt émﬁyp?gﬁapsa Oeié}a tag %ﬁgvl‘%srti"?? BartieAy shitables

result contributes to the creatlon of pores and therefore to the opaC|ty of
the quartz gl ass.
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ay c obtained by flame hydrolysis or oxidation of inorganic silicon compounds.

These primary particles are characterized by having a big, free surface each. By an
agglomeration of a plurality of such primary particles due to a physical or chemical linkage
force the granulates according to the invention are created. For the granulation, the known
granulation processes are applied, in particular the building-up granulation and the press
granulation (as, for example, extrusion). In particular the primary particles obtained by the
sol-gel process are found in high packing in the granulate, as they predominantly and also
preferably have a spherical shape which result in a high powder density. The free surface is
reduced by the contact area of adjacent primary particles; however, it is possible that
closed pores form between the individual primary particles - as described above —at

vitrification. The fact that the primary particles have an average particle size of less than 5
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distribution so that an inner region of lesser density is at least partially enclosed by an outer
region of higher density. This renders it easier to enclose gases in the inner region, gases
which then during the vitrification do not escape at all or only partly and which thus

) contribute to developing pores and the opacity of the quartz glass.

The inner region of the aggregate preferably comprises a hollow space. The hollow space

is at least partly closed towards the exterior from the outer region with a higher density.

The specific surface and the apparent density of the SiO, granulate are especially easy to
set by thermal treatment comprising sintering at a temperature ranging from 800°C to
1450°C. Therewith, also a higher density in the outer region can be achieved. For example
by setting a temperature gradient during the thermal treatment. By setting a temperature
gradient, the pores and pore channels preferably shrink in the volume of the individual
granules close to the surface, i.e. in the outer region. Thus, said outer region obtains a
density which is higher than the density of the porous or hollow inner region. The thermal
treatment of the SiO, granules is ended or interrupted before the temperature gradient, set
at the beginning, is balanced between the outer region and the inner region. This, for
example, can be easily achieved by leading the granulate through a heated zone. Such a
temperature gradient can be set more easily in case of coarse granules than with finer

granules, as will be explained in more detail below.

In view of a high thermal resistance of a quartz glass to be produced from the granulate,

Si0, granulate, that contributes to a high viscosity is preferred. This is achieved by a
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- form into the quartz glass to be produced from the granulate, which results in a higher

viscosity. On the other hand, nitrogen in loosely bound form is released during the heating

process and thus contributes to the development of pores.

A high viscosity is also achieved by a granulate which consists of SiO, granules doped
with aluminum to a level ranging from 5 to 20 ppm by weight. Said aluminum dopant is
preferably obtained by means of finely distributed, nanoscalic Al,Os particles. By so doing,
a homogeneous distribution of the dopant is guaranteed. Pyrogenically produced Al;0;
particles with a big specific surface are particularly well suitable for this purpose.

In a first preferred embodiment the granulate is composed of rounded SiO, granules.
Such a granulate is distinguished by good pourability, high apparent density and low
shrinkage during vitrification and is obtained by for example the wet granulation process.

In a second equally preferred embodiment the granulate is an extrudate. Such
granulate can be manufactured inexpensively by extrusion. It is distinguished by
elongated SiO, granules which may also contain elongated hollow spaces.

The granulate according to the invention is particularly suited for the production of an
opaque quartz glass article such as a heat shield, a reaction container and a muffle.

Such an article is distinguished in that it has an opaque quartz glass region formed
from a synthetic SiO, granulate with a specific BET surface ranging from 1.5 m %/g to 40

m’/g and, apparent density of at least 0.8 g/em® and formed from at least partially porous
primary particles.

The opaque region is obtained by vitrifying the appropriate region of the fill. It is
distinguished by high opacity in the IR spectrum, achieved substantially by forming the
region from a SiO; granulate of partially porous agglomerates of SiO, primary particles,
and having a specific BET surface ranging from 1.5 m%/g to 40 m%/g. Vitrification of
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distribution and high density. This allows a particularly high thermal insulation effect to
be attained when the article is used as intended. During granulation the fine primary
particles lump together forming agglomerates with a larger diameter. These
agglomerates have a plurality of open pore channels, forming a correspondingly large
pore volume. The individual granules of the employed SiO, granulate are formed from
such agglomerates. During vitrification the larger part of the pore volume closes due to
sintering and collapsing. However, a large number of fine closed pores remains from the

{ ) pore channels that were previously open and IR radiation is diffused by them, resulting in
opacity in the IR spectrum.

The invention will be explained below in more detail by way of examples and a
drawing. The drawing schematically depicts in

Fig. 1, the process step of vitrification exemplified in the manufacture of a hollow
cylinder, in

Fig. 2, the first embodiment of the SiO; granulate according to the invention by way
of a section through an individual SiO, granule, and in

Fig. 3, a second embodiment of the SiO; granulate according to the invention in form
of spray granulate by way of a sectional view of an individual spray granule.

) Fig. 1 schematically shows the process for the production of opaque quartz glass
according to the invention in form of an opaque body obtained by the vitrification of an
initially porous hollow cylinder 1. First, a more detailed explanation of the production of
the hollow cylinder 1 follows below.

SiO; granulate with a specific surface of 34 m?/g and an apparent density of 1.1 g/em’
is filled into a tubular metal mold 2 which rotates about its longitudinal axis. The
direction of rotation is indicated by arrow 4 in Fig. 1. Due to the effect of centrifugal
force, and with the assistance of a template a rotationally symmetrical hollow cylinder 1
is formed from the fill on the inner wall 5 of the metal mold 2. The hollow cylinder 1 as

fill has a thickness of about 100 mm and an inner bore 5 in form of a through bore 6 with
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an inner diameter of about 73 mm. The fill is easily compacted by centrifugal force
before the subsequent process steps.

In the next step the mechanically pre-compacted hollow cylinder 1 is melted by
means of an electric arc 7 zone by zone from the inner bore 6 of the hollow cylinder 1.
An electrode pair 8 is introduced into the one end of the inner bore 6 and is continuously
moved along the inner wall 9 toward the opposite end of the hollow cylinder 1 at a rate
of 55 mm/min. The hollow cylinder 1 is vitrified by the heat of the electric arc 7. A
maximum temperature of over 2,100°C is achieved at the inner wall of the hollow
cylinder 1.

Within the hollow cylinder 1, a vitrification front 10 is created, said front advancing to
the outside in the direction of the metal mold 2 and forming the boundary ranging from
an open zone 11 and an already partially melted opaque zone 12. Directional arrows 14
in Fig. 1 schematically depict the direction of movement 13 of the vitrification front
10 - overlaid by the velocity of the electrode pair 8 - substantially directed radially
outward from the inner wall 9 of the inner bore 6. The gases trapped in the SiO,
granulate cause pores to be created in the opaque zone 12, thus creating the desired
opacity of the article. The density of the hollow cylinder 1 is 2.10 g/em®, the inner
diameter is 140 mm and the wall thickness is 22 mm.

In this process, the region of the inner wall 9 of the inner bore 6 is compacted to a
high degree due to the high temperature of arc 7. The melted body 12 is thus provided
with an inner surface layer 15 composed of high-density transparent quartz glass. The
tubular opaque quartz glass body 12 manufactured in this manner is worked into a high
temperature resistant muffle.

The SiO;, granulate used in the described process is explained below in more detail by
way of Fig. 2 schematically showing a typical individual granule. In the rounded granule
21 of porous quartz glass, a low density central region 22 is enclosed by an outer region
23 of higher density. The density of the inner region is about 40% of the density of

transparent quartz glass, and the outer region it is about 60 % of the latter. The boundary
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The granulate is produced by means of a conventional wet granulatlng process using a
mixer. An aqueous suspension is produced from amorphous, nano-scale, pyrogenous
Si0, particles with a specific BET surface of 60 m%g, produced by flame hydrolysis of
SiCls. Under constant mixing, moisture is removed from said suspension until it
separates, forming a granular mass. After drying the specific BET surface of the
granulate so obtained is 50 m*/g and the rounded granulate particles have a diameter

) ranging from 160/4Am to 1,0094.4 m. In a continuous process the SiO, granulate is then
thermally pre-compacted in a chlorine-containing atmosphere at a temperature of about
1,200°C. This also purifies the granulate; the purification by chlorine is particularly
effective since the surface of the SiO; particles is accessible to the purifying gas by way
of the pore channels and gaseous contaminants are easily removed. The processing rate
is 10 kg/h. A temperature gradient is created in the individual granules resulting in the
differing densities of the central region 22 and the outer layer 23.

The SiO; granulate obtained after such pre-processing has a specific BET surface of
34 m*/g and an apparent density of 1.1 g/cm®. The average granule diameter is about 420

Mm and care is taken to remove fine particles of less than lOO/A'n before use in the
) manufacture of opaque quartz glass; in this instance, however, such particles are not
present due to the method of production. The total volume of contamination by Li, Na,
K, Mg, Ca, Fe, Cu, Cr, Mn, Ti and Zr is less than 200 ppb by weight.

Granulate of amorphous nano-scale SiO; particles produced in this way may be used
for the production of opaque quartz glass as described by way of Fig. 1. Because the
individual granules of the granulate are created by agglomeration of a plurality of very
small primary particles, a correspondingly fine and homogenous pore distribution is
made possible, as described in more detail above.

An individual spray granule 31 is schematically depicted in Fig. 3. It is typical of a

spray granulate suitable for implementation of the exemplary process described above by
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way of Fig. 1. The typical spray granule 31 is an agglomerate of SiO; primary particles.
It has a hollow space 32 surrounded by an outer layer 33. An intake funnel is formed in
the outer layer 33, opening through a narrow passage 34 into the hollow space 32. The
outer diameter of the spray granule 31 is about 3004m anci the outer layer has a
thickness of about 10044m.

The production of this spray granulate is described in more detail below.

Highly pure, pyrogenous, nano-scale SiO; primary particles with a specific BET
surface of 70 m*/g are dispersed in de-ioruzed water. Aluminum in form of pyrogenous
f—\) AlLO; is added in the amount of 12 ppm by weight. The suspension is adjusted to a

liter/weight proportion of 1,380 g/l. Slick viscosity is 450 mPAS. Using a commercially
available spray drier (Dorst Model D400) the suspension is sprayed, at a hot air
temperature of 380°C and a slick pressure of 10.5 bar. The resulting spray granulate has
an average granule diameter of 330um and a 0.3% residual moisture content. The
specific BET surface is 54 m%/g and the powder weight is 0.6 g/cm®. The granulate is
then purified and thermally compacted by passing at a rate of 6.1 kg/h and a temperature
of 1,200°C through a mixture of HCI/Cl; gases.

After the treatment the specific surface is 20 m%g, the powder weight is 0.8 g/cm3 and
the apparent density is 0.92 g/cm’. As aresult of the processing method, fine particles of

) less than 10Q.4m have been separated by a cyclone during spray granulation. The total
' volume of contamination by Li, Na, K, Mg, Ca, Fe, Cu, Cr, Mn, Ti and Zr is less than
200 ppb by weight.

The spray granulate of amorphous; nano-scale SiO; particles so produced may be
used to manufacture opaque quartz glass as described by way of Fig. 1. Because the
individual spray granules are created by the agglomeration of a plurality of very small
primary particles, a correspondingly fine and homogenous pore distribution is made

possible during vitrification.



&10988& ()-F a 10%&' ()-f10%& ()-10bbrstuzl ~P19"' 10%&' ()- 10 10

10! ., 109%& ()-, 109%& ()-!hSy9 %40% " & ()-!Yy9 0% ()-zl ~P19' 10%& ()™2 MAY 203
10! ., 109& ()-, 110!'$z 109%& ()-:S10% ()- Normal" "Heading 13]c" "Heading

23] c" ."Headi ng 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93]c"A idefault Paragraph Font

@/ 8AqJ2SZbj rs{t ;] qabcdefgnu Ma"+, M) 25;

AEpM S\ W] " ehnpssvz| hi j kl mopqgr st uvwxyz{|}~6Ti nes New RomanAri al Couri er
New'h Root EntryWrdDocument& !"#$%&' ()*+,-./0123456789: ;

= A S _

<=>7 QBCDERGH KRRl R NEd G e the RBIFSIELSHL b LARRR N SAHNHSY dcky
closed gas volume which remains at least partially intact during vitrification because the
enclosed gas can only partially escape during vitrification, and as a result contributes to

the creation of pores and therefore to the opacity of the quartz glass.



