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for produci ng opaque quartz glass, Si02 granulate suitable for the process,
and an article of opaque quartz glass. Cains. 1. Process for producing
opaque quartz glass by shaping a blank fromsynthetic Si02 gr
heating said format a vitrification tenperature to create' ammm"mm‘“mmm
article, characterized in that the Si02 granules used are a SI02 granul ate
(21, 31) conprising agglonerates of at |east partially porous Si0Z prinmary
particles, with a specific BET fage .area ranging from1.5 to 40 n2/g
and an apparent density of at |Z’§§ﬁ“?3p§‘§9tb%3. 2. Process ac I u “”m
claim1, characterized i i I 21, 31) hagmmugﬁ wm
surface area ranging fro%{&%ﬁ{]%bggl%#g?ﬂg %r(%%g(s(g according to (;j:‘ '5’0 1 or
2, characterized in that the apparent density is ranging from0.9 g/cnB to
1.4 g/cnB. 4. Process according to one of the preceding clains,

char act er iPre¢kss fortprodudiieoBigd2 quartiziglasy, $Q5 granubde hiitablafor sheprogessparticl e
size ranging from0.5 ,ainto 5 ,a m 5 Process according to one of the
clains 1 to 3, charact eri2uhan articigef apaguepuprtpelagary  particl es have an
average particle size of less than 0.2 ,a m 1 6. Process according to one
of the preceding clains, characterized in that the SIQ2 primary particles.
are anor phous. 7. Process accordi ng;gngne of the preceding clains,
characterized in that a granulate ( f; 31) is used which granulate is
conposed of Si Q2 granul es havi ng non-honogenous density distribution and
an inner region (22; 32) of lesser density at |least partially encl osed by
an out en. r epiootss (R ProdRidingobaduicgiuenz glessdiytshaping 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 glem’,

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

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/em’ to 1.4 g/em’.

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

primary particles have an average particle size ranging from 0.5 4mto 5 & m.

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 0.2 (. m.



8. Process according to claim7, characterized in that the outer region
(23; 33) is conpacted by thermal treatnment conprising sintering at a

. tenperature between 800C and 1,450C. 9. Process according to claim S8,
characterized in that the thermal treatnent conprises heating in an
at nosphere containing chlorine. 10. Process according to claim8 or 9,
characterized in that the the thermal treatnment conprises heating taking
pl ace at a tenperature ranging from1,000C to 1,300C in an atnosphere
containing pjtrogen and.in th r ol cal o 14l according to
one of tRe PreeR cﬁﬁl%&ga{? oM Otghgwggﬁedgn czkgei 5 %aﬁg{a%{m%d]]git@%;?gﬁul ate is
enpl oyed,,..S3i : ! made of granules wth an average granul e
si ze raﬁgﬁﬁ}dﬁq%&m&%%aﬁa&ﬁ?% 2,000 Um wth granules under 100 ,u m
bei ng avoi ded. 12. Process according to one of the preceding clains
characterized in that a blank (1) is fornmed having an i nner surface (9)
ext endi ng. alFeogssaccoiditg tooat oftke pre¢Slingelaimshettaractesizés] innkat a@tanulate @éat ed i n
such a way that a vitrification front .élo) advances fromthe inner surface
(9) to Bheisysedsvhich granylgte ipeasprosed of X0 aiangfes havangnanr homogepHs ARt zed i n
that the blank (1) .is, rotat.ed gbout .the rotatipnal i | S heated
zone by S5H “f‘8‘(’ 5&4/‘1“{ PEGTESIPR B%’ ?@r%i‘?’sgﬁrSF%S]tgﬁg%gﬁf?g%B%e&g%/segﬁg3 ectric
arc (7) f i : :9). 14. Si2 granulate to inplenent the
process é)({:'%g%eglibﬁlg(h@o%gﬁgtﬁg}é}?ﬁg&@ ains 1 to 13, formed fromat | east
partially porous agglonerates of SiQ2 primary particles, characterized in
that the said granulate has a specific BET surface area ranging from1.5
n2/ g to 40 rRbcess adrding taphdm dnchadetesized/indhat she dutersegion @3¢3pri8. 15.
G anul ate according to claim 14, characterized in that it has a specific
BET sur f sempactedhy ihgrmal sigatmyntgumprising Sptering gt a Emperaiush betacen SoddGa ng to
claim 14 104'521(3} characterized in that its apparent density ranges fromO0.9

1 C

g/cnB to nB.

9.  Process according to claim 8, characterized in that the thermal treatment comprises

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 £¢m to 2,000 & m, with granules under 100 & 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.



. 17. Ganul ate according to one of the clains 14 to 16, characterized in
that the SIQ2 primary particles have an average particle size ranging from
0.5, uinto 5 am 18. G anulate according to one of the clains 14 to 16,
characterized in that the SiQ2 primary particles have an average particle
size of less than 0.2/um 19. Ganul ate according to one of the clains 14
to 18, characterized in that the agglonerates have a non- honbgeneous
density distribution so that an inner region (22; 32) of |esser density is

3 20 AR B acfAnRTS a1 2 dpErinei P R ot Bl s ha{l U mEPTS! 1Y-
region ( ?’&At(ﬁﬁ[mﬁéz@?ﬁn fnbatd %e%g‘%ﬁﬁe toalvitrifica i téhperadtflddi a9 opcone of
1 (0] ; Cc}]ar acteri ze

the clains In that the specific surface and the

appar ent pgansiettticafc hgoMith&ingérxath@i(9).are set by thermal treat nent
conprising sintering at a tenperature ranging from800C to 1, 350C. 22.

Granul ate according to one of the clains 14 to 21, characterized in that
the primary particles have a surface layer containing nitrogen. 23.
Gr anul at d4ac SiPziranplate toimplement the pspcgpyascaningdo ope oftheelaimsek 043¢ in that it

o 20 ppARiEiFd Kngk ifest A bR RO AEoBE e M T AP AVSES ARty zed i
0 20 ppi B . . UraPHISS
nano- soaltHALESTS RPARRC of o sBARIRNT bce Rt Bnghig Rl S TS, ) e 14

to 24, chadach a}e;,ege,jsﬂyg,p@qeagmsg;cgﬁul ate (21; 22) is conposed of rounded
Si 2 grains. . Granulate according to one of the clains 14 to 24,

characterized in that the granulate is an extrudate. 27. Article nmade of
gquartz gl ass, characterized in that it has_an opaque quartz _gl ass region

of synt hdfi c Cepmylatgpegording © qlaim: 143gharagkarized By thatdl has @ specdficBEpserface . BET

surface rangi from 0.5t 40 n2/g, an apparent density of at |least 0.8
g/ cnB andaqgg?g lg&'ﬁéé n (%%%th /8

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

ranges from 0.9 g/cm® to 1.4 g/em’,

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

primary particles have an average particle size ranging from0.54mto 5 tm.

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 0.2 44 m.

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.



“least partially porous agglonerates of SiQ2 primary particles. 4 Patent
Application Process for producing opagque quartz glass, Si02 granul ate
suitable for the process, and an article of opaque quartz gl ass.
Description The invention relates to a process for the manufacture of
opaque quartz glass by formng an initial body fromsynthetic Si Q2 granul es
and heating said body at a vitrification tenperature to obtain a preform
of opaque quartz gl ass. FurthernDre the invention relates to a synthetic

Poast 32‘2@ Sy obermebln dp e B GBI B G fedith BREE s o

quartz gl L3S \bﬁ a%l marily utilized in heat-technol ogy applications where
good th&rmal ' iTRstl ation and hi gh tenperature stability are of inportance.

I ncreasingly hlgher dermands are nade in these fields regarding the purity
of such quartz gl ass bodies. The follow ng exanples of applications in the
sem conda@tt orGrandlutetacgordiny tdenaditlid daimd 14 to E@;@:hm'aaﬁrlzﬁdmﬂ that e spastifms heat
shields, bells or flanges. Primarily, opacity in the IR spectrumis

requi r ed sinfaceland theapparen slensityf the ik granwlatgree sehby Hicemal gisalaent | ow

transm ttance |.ess t han one ercent bot b W-Sible (approximtely
f or m 3500?'8P%%é SAYFTIAS A 4 {HRPEY “““s‘ﬁ@%‘{‘ %]8‘2%? ﬂaﬁifi from 750 to 4,800
nm. In quartz glass of low purity the desired opacity occurs by itself
due to the contam nants contained therein. On the other hand, when pure

source mpber iGhfulak ﬁcdémd%totdr@@%ﬂ@rcﬁ%s WY 312 Rl &rized nﬂh&tﬂhé‘ﬁ‘ﬂ’n&g_ that the
opacity nust be created by artificially i ntroduced pores. The subject of

t he pr es@aiticles havd 4 sunfacslayéreonfainimpudtrogen. of opaque quartz gl ass from pure
source materials. A process of this kind for the production of opaque
quartz glass frompure source materials is described in EP Al 816,297. It

is proposgd there to cr ac S maki ng and
nel ting égpomgﬁaln“m%&cﬁ‘?r 1ng§o g&hqtjﬁé‘%/?l?:‘mst@?%?g(f{l}ﬁ@ﬂte %2“’ ht %l es
composed of SiO; granules doped with aluminum to a level ranging from 5 to 20 ppm by

weight.

24.  Granulate according to claim 23, characterized in that the aluminum dopant is

present in form of finely distributed nano-scale Al,O; particles.

25. Granulate according to one of the claims 14 to 24, characterized in that the 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.  Atrticle 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 0.5 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.



_ having an average particle size of 300 U mand an additive material in form
of powdered silicon nitride. 5 Gaseous conponents such as nitrogen are
rel eased during the nelting of the powder due to the thernal deconposition
of the Si 3Nd powder. The gaseous conponents cause bubbles to be fornmed in
the softened quartz glass thus creating the desired opacity of the body. A
graphite nold lined with graphite felt is filled with the powder m xture
and heated in an electric furnace in a vacuumat a tenperature of 1, 800C
During the nelting the frontal I&& ion ?j the softening and nmelting quartz
gl ass advances as a "nelt front" [ H§m@RRmard fromthe walls of the
nol d. Devitrification of the quartz glass can take place due to
contam nants, leading to brittleness and reduced resistance to tenperature
change. RepgaRs forProliiGng 8gadu ' GuatB ghissBi0, GRthuldee Suitdbit Ririhe pRstegyal i ty of
the quartz glass in this respect. Pore growmh can also take place during
vitrification, wth |argeapdafarglovi sgqat quhazglgense of snall er ones.
However, |arge pores contribute little to opacity, lead to a | esser density
of the opaque quartz glass and reduce the nechanical strength of the
quartz glass body. A SiQ2 granulate_of this kind is known from DE Al44 24
044. It is proposed therein that Hdil€Bus suspension of silicic powder

otating agne NP ERERT f pRCERTR pepnlthgieRt shiP sl RS HAAE",

between 4 il 638y Fofh syAMEHSSIOTharfles B Reakifly 2 BXRM o RhuitiaioRhase.  The

solids content of the suspension is at alg% 75 %’by wei ght during the

first m Xxémgeratéreds abtdinad prefonia of vpdghe quarenglasage granul e di aneter of |ess
than 4 nmresults fromthe first mxing phase. The granular mass is
furt her cofughérdwre thedgventioi télaes tofa symtbetpsrgrannlate suitable fotibe progess, sakde

granul ar mass is.reduced jn size in a second mxin h by intensive
M Xi ng aW““B@a@qlqﬁre%?%o@ﬁé‘ze@%§W‘F‘E¥TP?’HBS %nh‘%geg‘?taﬁﬁép’d‘?‘érﬂul ar mass
and is agégk gd by addition of nmore silicic dust in order to prevent

| unpi ng € granul ate. The known process provides a pourable SiQ2

granul at e @pafhQfuaPe\pees is Peifkilyutilized indRheteéitioldRRpplicatibBhersgddd | er
thermal insulation and high temperature stability are of importance. Increasingly higher
demands are made in these fields regarding the purity of such quartz glass bodies. The
following examples of applications in the semiconductor industry may be mentioned:
reactors, diffusion tubes, heat shields, bells or flanges. Primarily, opacity in the IR
spectrum is required in these applications. Opacity means in this context low transmittance
(less than one percent) both in the visible (approximately form 350 to 800 nm) and the IR
spectra (approximately from 750 to 4,800 nm). In quartz glass of low purity the desired
opacity occurs by itself due to the contaminants contained therein. On the other hand, when
pure source materials are used, transparent quartz glass is obtained so that the opacity must
be created by artificially introduced pores. The subject of the present invention is the
production of opaque quartz glass from pure source materials.

A process of this kind for the production of opaque quartz glass from pure source
materials is described in EP Al 816,297. 1t is proposed there to create opacity in the quartz
glass by making and melting a powder mixture of synthetically produced SiO; particles
having an average particle size of 300 & m and an additive material in form of powdered

silicon nitride.



In dentistry or as catal yst support. The object of the invention is to
provi de a process for the manufacture of pure opaque quartz glass with
honogenous pore distribution and al so with high density, high viscosity
and | ow tendency to devitrify. The object of the invention is also to
provide a SiQ2 granul ate suitable to carrying out the process. 6 As
concerns the process, the object is achieved according to the invention on
the basis of the process cited initially in that the enployed Si Q2

I is f d f l, | gl . | Si 02
o ary. e PRRponeR S atFrgen s e g e R SRR ESyb % o 0
ne/ d ' . Rt t | ol j
Ctart | ng RanGREBREe AN QPSR po 08, Ty R TRmaherl UENRERSY S o2

primary pafdrifel &5 iheisbflerRd A6 Jlass (¥ Ereatihd ﬂi@ﬂeﬁﬁﬂ%gﬁtﬂyfdfﬂmbbdﬁ AR/ g to 40
rn~/g to an apparent density of at |east 0.8 g/cnB, produces opaque pure

quartz glgesphitembidlidedvgth draphitgdelpis $illpd with dhespowden mixdureand héntgindensi ty,

hi gh viscosity and | ow tendency to devitrify. An article produced fromthe
opaque qekctric fyinagsiniasvagium atrafeinpératireyyf hBaring thegualting e frantél | ong
service |life at high tenperatures. The Si 02 granuyl ate.is, present in, form of
at | east Tegien plthe 50 li‘é‘g&& Ing; fupriz §SS(§dV§1°gSZaS%F‘?ﬁE|‘aEFC§P? p’%f]{aﬁ%P%@'.ardSuch
primary partj.cles_are obtai ned by for exanple flane hydrolysis or
oxidatioﬁhﬁﬁh§WV$§8E@%H%% nds, by hydrolysis of organic silica compounds in

a so-cal | etheviftficdiBh oPRRRT2 %lﬁssl%_){n faxel praky dissto @bnthARaHRe&disd foi ca conpounds
in aliquid. Even though ~such primary particles stand out due to their

hi gh pur ibristlénbg)and kluded fesistande td enip@ratiire chinget Bemhdrgs of theadditimecsateribdnsi ty.
Therefore conpacting by granul ati on processes is conventionally used.
Aggl oner aeeslseiintinigh thetqualityiof thetquerz glass ip hinieapegh Paragiotidh Farabiortake oget her

Channe s e AN CA<a o SUIORGR REFES SRR AL o) SREE SBFBRORhe | nai vi dual
o B M M S B O R O (1
the granyfuaheghss Mdsédudd e shRbaival sréngtdtitheqBbZ ghiss badye ranging from 1.5
A SiO; granulate of this kind is known from DE A1 44 24 044. 1t is proposed therein
that an aqueous suspension of silicic powder manufactured in a pyrogenic process be
treated in a mixing container by rotating agitators. The rotational velocity in a first mixing
phase is between 15 and 30 m/s, and 30 m/s or more in a second mixing phase. The solids
content of the suspension is at least 75 % by weight during the first mixing. A granular
mass with an average granule diameter of less than 4 mm results from the first mixing
phase. The granular mass is further consolidated by addition of amorphous silicic dust and
the granular mass is reduced in size in a second mixing phase by intensive mixing and
beating, Water emerges from the surface of the granular mass and is absorbed by addition
of more silicic dust in order to prevent lumping of the granulate. The known process
provides a pourable SiO; granulate of high powder density, suitable for applications as filler
in dentistry or as catalyst support.
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 viscosity

and low tendency to devitrify. The object of the invention is also to provide a SiO,

granulate suitable to carrying out the process.



M2/g to 40 nR/g. This surface therefore does not appear as outer surface
but predom nantly as inner surface in formof pore channels. During
_vitrification of the starting body the |arger part of the pore volune
cl oses due to sintering and col |l apsing. However, a |large nunber of fine
cl osed pores remains fromthe pore channels that were previously open.
Incident fight is diff-used by the closed pores, resulting in opacity or
low transmttance. ne large surface is favorable for the formation of

gaseous siljcon oxide (SiOdurjng. vitrificatjon ich counters the

col | apse ofASs"r?ﬁF‘?mbgF@ C&¥n ﬁobﬁ&%a hieyf %‘H’OT‘i’P%tP\é\g% V%P@Q"%&ea SHOE| onger
escape. Therefor Q.. addi t.i | M0 i . LEkRLEI l.on i s needed
o achi eVl S feB Ry in i HCBRb I s8R bR Ptk By S Rt

initiall {85 W St dific B hd use of
such ad di)bta{ﬂ\%gg ?)8121)? géeéké@g}?d ggf Sﬁ?g ?gﬁnctfyn%ﬁtl cg&f ﬁ%rh%r? 5 e n(t: [ ggfguiﬁi\ ecnrmtlé]@g

synt het i diainh ¥.Smafgfordot ru?/g endirDippateardensitycoflas dst i0s8 g/dindt i ngui shed by a
specific surface ranging from1l.5 to 40 M/ g and at the sane tine by high
appar ent déVitrifioptiondfen stiarting bgdydbrmed fram st lest partjallyhporgusagglomerates afssur es

that the starting body can be forned fromthe granul ate, I Lbe the opacit
of ]'Ehe QP Eﬂ'gﬁré(ﬁﬂicgﬂswﬁg% spseifig Su{f%@ TRRSING gm%‘fnl'% tzz‘éﬁ%f‘ E‘Zéﬁ%é“i‘f iI([:) g
surface, as_ explai.ne ove., Thess . fic surface b ranul ate is
det er ni né“@p%ft‘féo‘{”a?l&go(}tagg?%@'%np|p gogégesf OPf‘BIcI‘Ru%BT?‘% ,giagsﬁ%f‘%fbﬁn ppar ent
density | ; s v 1ds ' ate the
starti ng%@g@g@#@ﬂ%&%ﬁ%ﬁ%ﬁ% gfh:alefligng’r141 26{3%%?%%‘8@%?@%& hani cal | y

pr e- conpajevigdfyb odyartidlé ﬁi‘mlacdalefﬁnn tHeopaquchpbrtaglpsris distingnishyd by pdablicat Si 02
granul ate for use in the process according to the invention has a specific
BET sur f dosilationghnd tpngsenvicediferdt/hight tomperatyggsg.  Good results are achi eved
regardi ng qQpaci.ty or low transmttance of the quartz gl.ass, e lally in
Lhe | R spectiEc? arpHaRpresrah Bitpym Sl Aok PHal PPrcns agg b aR tos ARSIy
Especi al | y. esul r ' L | of the
gr anul at ea‘ “\/\%?ggmglgﬁge%%g pggﬁgﬂb%g%lggr)%%tg %ié‘ﬁ&é?"( ?/d? %éﬁ’gﬁlﬁgg {nre @2?‘%"”5%3’/{ CMB to
1.4 g/ cMxidation of silica compounds, by hydrolysis of organic silica compounds in a so-called

sol-gel process or by hydrolysis of inorganic silica compounds in a liquid. Even though
such primary particles stand out due to their high purity they are difficult to handle due to
their low powder density. Therefore compacting by granulation processes is conventionally
used. Agglomerates with greater diameters are formed due to the lumping together of fine
primary particles. These agglomerates have a number of open pore channels, forming a
correspondingly large volume of pores. The individual granules of the SiO; granulate used
in the process according to the invention are formed from such agglomerates. Due to the
large pore volume the granulate is distinguished by a specific BET surface ranging from 1.5
m?/g to 40 m*/g. This surface therefore does not appear as outer surface but predominantly
as inner surface in form of pore channels. During vitrification of the starting body 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.
Incident light is diffused by the closed pores, resulting in opacity or low transmittance. The
large surface is favorable for the formation of gaseous silicon oxide (SiO)during
vitrification which counters the collapse of small pores since gases trapped in closed pores

can no longer escape.



“In'a preferred variant, of the process the Si02 primary particles have an

average particle size ranging fromO0.5 1-L mto 5 g m Such primary

_ particles are obtained in a so-called 11sol-gel" process by hydrol ysis of
organi c silicon conpounds. In an alternative and equally preferred variant

the Si02 primary particles have an average particle size of less than 0.2

9 m Such pyrogenic particles are obtained by flane hydrolysis or oxidation

of inorganic silicon conmpounds. Wth a view to |low devitrification

it 1 WA R S e
di st i ”QUh?ehc%Sg B Ao $oér$§§&g§r'fﬁaeggﬁga11 .%aﬂéklﬁg @tdﬁlnérﬂfwtﬁlsﬂﬁg Thgﬁd the

present Inventlion are fror ration o urall such

primary RopdddGhigsthe U JfQudwmities cafbeGheiegal binding forces. Known
granul ating processes are used, especially wet granul ation or extrusion of

a mass co ntA&bmidh% 16 bt ipventiou, Yhe syatheiicallg snanBfacruesd/SiPagtanclhesisgd sduced
especially according to the sol-gel process are denseIK conpact ed when
present idistinguishyd by @lspecificssunizee tanging dom b & 4thaf/giand pyihasemediBebyr ef er abl v
spherical, The free surface is rgduced t he ,conﬁfct surface of. adjoi ning

primary pighappprent densityyeihe density of gtieast ﬂgé/"é‘bdi?’é',‘ar Bwgs [t e sdifEevel op

bet ween the individual. pri,nar riaGles duri L trdfi i use the
or i mary Ry Pt oGt th R o W or U S b Pl s B,
pore di st é#awlf&ﬂheﬁrsgeeﬁémmbagwx 4if8 abbl& average primary particle
size is determned as the so-called 0 val ue according to ASTM C1070. It
has been sihespdcifit sutfaceso fghaSil, gtanulasr it deteinzinéd/acsondingisb ¢hefBET peessn t he
process according to the invention the individual Si02 granules have an
non- homo BN 66131 rasidthe apparsnt depsity asaording 1o PANTIAREB7,Bagi Hn of | esser density

is at least_ partiaglly enclosed b n.outer .region.of higher density. It is

t her ef or e ﬂ:é‘g@iﬂfﬂ goﬂéra@ﬁéﬁcdé%Sti‘rﬁxg ﬁ%dbi lﬁ&@'mefi@@&(?ﬁe Blgg’é%s i f’rg}?ﬂyf)ﬁenydo not

escape or oc% 1ca?lg:p%-%+%ac?e§l%%ﬁf during vitrification and thus contribute to
p y

devel oprrenﬁet of “pores and opaci (low transmttance) of the quartz gl ass.
I'n a prefenRE be&PiBIRThR b ipaRicelhrly BEtable®BiOs Sraislateifsr wBaethebragessnul ates in

which the inner r egi on encl oses a hol | ow space. The holzl oW _space is

encl osed aatortling $d thp anvientidn has layspedific BET ewrface ranging from 10 m%/g to 30 m*/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/em’® to 1.4 glem’,

In a preferred variant of the process the SiO; primary particles have an average particle

size ranging from 0.5 tmto 5 #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 0.2
Am. 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.



_ region of higher density. The outer region of porous granulates is

advant ageousl y pre-conpacted by thermal treatnent conprising sintering at
a tenperature ranging from8000C to ‘1, 3500C. The thernal treatnent gives
the outer region a density that is higher than that of the porous or
hol | ow i nner region so that pores and pore channels in the outer region
preferably shrink and close. In order to achieve this the thernal
treatment is stopped or interrupted before the equalization of the
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tendency paffisissc Htlmﬂi}’rmﬂaf-‘chfitm ?%CS@%W%@@D@GQ theisakgd prasessrge dagelyr a
chl ori ne conpound, |.ass, pure in the sense of
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1,000'Cto 1,300'Cin a nitrogen-contai ning atnosphere and under presence
of car borpartBiesidiisg waifivadon. Becruseahd Erimérg pabicles hevemml avenage sizelofigss" gr anul es
are obtai ned whose entire free surface is enriched by nitrogen. Nitrogen

fi xati on than § 4on, the eesaltingpore H@trphu@@reﬁ@errsqpoe@nglarﬁnebﬁbe pYsEageprimagy

! nor ease PRI 145 hirPERa BI wrrlodPal ves aserdsd wASTUGEEL 2chi aved
wth a gr aripil%tb%erf; ﬁﬂ ith %ghgl%eq{aﬁ{wiaﬂ &%ﬁdfo}’\ﬁgehn ﬁ{egﬁ%&kﬁ“ at a level

rangi ng from pm by oping is a nt ageously

ef fected ac&%dih?'ﬁ@{h)é 1meaﬁdsﬂ ﬂhBﬁrﬂﬁbnﬂ@aﬂlSﬁfgibrﬁxleghaaﬁﬂﬂﬁdri-lfdrﬁtﬁgen@&?ddhswyg a
honogenous di stribution of the

distribution and the inner region of lesser density is at least partially enclosed by an outer

ghovvn to

region of higher density. It is therefore possible to enclose in the inner region gases which
then do not escape or only partially escape during vitrification and thus contribute to
development of pores and opacity (low transmittance) of the quartz glass.

In a preferred implementation of the process use is made of granulates in which the inner
region encloses a hollow space. The hollow space is enclosed at least partially by the outer
region of higher density.

The outer region of porous granulates is advantageously pre-compacted by thermal
treatment comprising sintering at a temperature ranging from 800°C to 1,350°C. The
thermal treatment gives the outer region a density that is higher than that of the porous or
hollow inner region so that pores and pore channels in the outer region preferably shrink
and close. Inorder 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 the

granulate through a heating zone.



dopant. Particularly well suited thherefor are pyrogenically produced
Al203particles because of their high specific surface. Wien enploying a
SiO 2 granulate of granules with an ‘average granul e size ranging from 150
[tmto 2000 [tmit proved advantageous to avoid fine particles of granules
with a granule size below 100 ttm For that purpose, granules with a
granul e size below 100 jAm are renoved fromthe granulate or the formation
t hereof is being suppressed already when the granulate is produced. In a

TSV ri 1 G AN TE R PP REIE A rsui B PR b e B Be, "
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t he develpREESIm SfloRN &mpdhdd\latié itftichinteht {e@iperadires] @8COHREhpRLMAKE . _
Contrary thereto, the small size of fine granules renders 10 the formation

of such ZFhidempidves the pdiignif troopaquli quaite glass, icreavesivissostyend Suriher reslpcashat  t he
fine particles do not contribute to the devel opnent of pores. Moreover,
the fi nedpeitrificatiesstendeney. uBhrahlaring-containing Hggoshererrenigingchiorige aadior  t he
col | apse of the pore . channels and render it re difficult to serve the
pr edet er flRERE Fﬁéglé‘{?r“@'nlﬂﬁtqéla%%lﬁffé’é’“olf‘ tﬁ‘hﬁff’?‘? ?/d{‘i[‘)er er:sl?B{ m%z%rﬁl&g rIi}éeyt.O{%Er ef erabl y,
a starting_body..i d,-hawi Ne ‘ ' a

25 bRl PRI O A e RRCR e s ghg @
vitrificaldgn Dopihs #EYANGRSAEEPEdiRinartSBARisSeHstace to the outside. Said
vitrification front Is an indistinct frontier region between nvolten and
mel t on nmailes ipdferrddimdthad tive tiermal treatnsmni edmprjsesnhqatingef thagorohsinnel s are
present, whereas the nolten materjal has cl osengpres, whi ch are no | onger
connect edgglpmiratdsat a temperatusg rgnging fropm &,089%: 0i1m3P0 e i 2 RO ¢ARIANEBE ed fr om
the inner surface, ,so . that the vitrifjcatio ont start 0 ve from
there t OMP%F?LFHQ“%H?@F pEssnge S 'heé)(/\ﬁislm‘%li’oi ﬁ%’eg‘f‘@?‘t F?‘féo{t) e&é}rgl
Subl i mabl g lapurd e @O HeE SirBe istnfichdabydasodihanfrogesl are
pushed tﬁmﬂ?@g’ t%g&edu%tﬁ@%mn rgkftiﬁo?et her vietsri ficcat iygrﬁl cf)érz:ont iog

di r ect i ofixafiorbisifAdilitRied By shedpr&aficedt chiben,Bubtht ilavgr vdlailizes. vin hassbeeh shovai t her

escape or nmay be sucked off.
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 Os particles, assuring a homogenous distribution of the

dopant. Particularly well suited therefor are pyrogenically produced Al,Oj3 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 pm. For that purpose, granules with a granule size below 100 um
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
granulate, said temperature gradient resulting in a density gradient within the granule and a
higher density in the outer region and hence favoring the development of pores during

vitrification, as described above. Contrary thereto, the small size of fine granules renders
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. 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 inner surface. The rotation

guar antees an even heating of the starting body, thus avoiding tenperature
peaks and differences in density. Wien being heated in an electric are, the
starting body is exposed to specially high tenperatures above 1900C. Due to
the high tenperatures, diffusion and other material transfer processes are
accel erated. Inpurities,.in articul ag. 'Ifgg;é't-' erewith
be r ermvg"(#%‘fnf"}q@f‘@tﬂcg,a dieﬂmt[yéqcﬁ?q%@l& regé’gg‘%ﬁ%gﬁzed esclg{p?e#’ tgithta ﬁgggh?si de in

front of P‘Iar{ggl(%%{i& fn%]tg:iogt?ibi(.lzt%@o {He Q@Y cloghfert BF pites. MiteclnuEhicpaBidi or anul at e

for carr rocess 1s corcerned, the above described problemis
sol ved aggpemicife iRinki@ of bt glaisidthel collgabihe porSichRnngisand r@sledit. havi ng
a specific BET surface area of at least 1,5 n2/g and an apparent density of
at | east mode 8iffipultn® obsEhe tht PRdgeratinddanensizsments beeauss of theif whiskupst | east
partially porous agglonerates of SiQ2 primary particles. Such primary
parti cl etendencyobt ai ned for exanple by flame hydrolysis or oxidation of
silicon conpounds, by hydrolysis of organic silicon conpounds in a
so-called sol-gel process or by hydrolysis of inorganic silicon conpounds
inaliqygd, FEve Bl i Aotlg atibgalt hei r

hi gh pur illyf‘%?raﬁﬁb stgﬁ'@gg{?ﬂi?géjp}eﬁthgﬁﬁéﬁraF@Elzﬁjlgﬂa?%e)&%rﬁg% rol ovedrgomder density.
For thi s ,pir ARsiRitiaFRSEAR ngHeated inkuah W wa itien a pliefesies Sohtadvamey éntitbaal | y
used. Agglonerates with greater diameters are fornmed due to the | unping

t oget her imfer fiirfiee pr therantyidpaSaid vitrificatidthisen inaindistincs freatigs scgiombeiWetier of

open pore channels, form ng a correspondjngly |arge ace of pores. The
i ndi vi duatolignand melf opf matggal. lg;thpmglt 9 maé&r@P%Ee&PEﬁs %gd ?‘g’m[‘%@ “i"'rfg“@ﬁ'ﬁr on are
formed frqm such aggl onerates. .Th i P | at e of
the i nverfiieERs i ¢ ff'érlln%?réatl Eﬁéﬂ%@?@?*%@%f@d %B%r(gl %%65383‘1%29%?&& | east

L5 2/9 aitheaThl Sih@BERHS bBhG HeARPRGA M HRASLIT0e, SH1ha thevifrifiationloes not
appear as outer surtacte but predomnantly as inner surface in formof pore

channel s frpdstaheRtRSve HeheteeRatds thepuatieahrygiopeoed of tizer tarting bady, an
opacity (Il ow
Sublimable impurities are thereby transferred into the gas phase and are pushed towards the

outside in front of the vitrification front in direction of still porous areas of the starting

body, where they either 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 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.

As far as the synthetic SiO, granulate for carring out the process is concerned, the above

described problem is solved according to the invention that it contains SiO, granules
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“transnittance) both in the visible spectral region and in particular also
inthe infrared spectral region. The apparent density of at |east 0,8
g/cnB mainly guarantees that a starting body can be fornmed fromthe Si Q2
granul ate. The specific surface of the SiQ2 granulate is determ ned by
means of the BET procedure (DIN 66132) and the apparent density by neans
of DIN'ISO 787 part 11. Details regarding the characteristics and effects
of the Si2 granulate according to the invention with respect to the

opacity of the quart | ass when in raduced b i ul ate,
can be th?(‘é‘i’g?ﬂgﬁ'&‘h@ﬁ% e@ﬁe%ﬁgi??ﬁ%aﬁﬁlt%@ﬂga?ﬁ%ﬁ%ggqsty? Eaet%nag{]hod
accor di nﬂ to 4he invention. 12 SiQ2 granulate with a specific surface
(accordi 5%/%“59) ranging from 10 n2/g and 40 nR/g has proven to be
especially suitable for being used in the nmethod according to the
invention. Therewith, good results regarding the opacity of the quartz

gl ass at The Bi@pratilaé isypresemge forarofiat tehst pasiatiy poraneaggomaatesief8iOei f i cati on
tendency are obtained. As regards the apparent density, a range fromOo,9
g/ cnB topﬂimdr)gtmem§sclh€bnﬂrpamlp@ﬁmralob5‘rm§difQYaPéP@Pleﬂﬂyé%WdHFlgﬂlysﬂsr% Si Q2
primary particles _have an average rticle size.ranging f.rom to 5 m
Such pri H&d?“‘ﬁh‘?ftﬁﬂlfpé§°’EP@"@Btbé'ﬁWQg’?Xstdf%oﬁaaﬁr?ﬁ@og|C i ung?)}f]p%gdﬁaasumll n the
so-cal l ed , sol - gel ocess ' . egal: bl e, the
S o pr AR papeesel BE ROl 3 Al 30Gh tffipq RS ENAKA B BRRED ) |
Such pyr ggﬁ{ﬁrﬁnzﬂ'& gﬂﬁ’i@és Rand biitld8S toAhEir ﬁgh puAgthePireldiffioelt tylhnaleYiat & or

oxi dation of 1 norganic silicon conpounds. These primary particles are

char act enheheigwippwiievdensity For this furgse,wonmpacingdg@ranuByionprocassgd smer at i on of a
plurality of such primary particles due to a physical or chem cal |inkage
force theonveationallyaseds dgglotienajest with greaterdiametersareiormed dustta dhe lpgpinghe

| ati .. the_k | at.i lied, | ti |
Phe. bui | APEREAT BRCITTAY PERLEh o HeReP e B ey A Pae oG O e Ptet  exanpl o
: I . e . O ) P
ext rusi O%am}eguﬁgﬁmﬁﬁ%ﬁoﬂresﬂgggwgw 14 XQaQ@Bf” Es??h@mdﬁhmqjﬁm kderihsol - ge

process are 1 gh g inthe granulate, as they predom nantly

and al so sipy ghapklaklaYcdIdME aths Rivehtichadre fRaPe frof sabh agyiathératess a hi gh powder
density. The free surface is

The synthetically produced SiO; granulate of the invention is therefore characterized by a
specific surface of at least 1,5 m?/g and a simultaneous high apparent density. This surface
does not appear as outer surface but predominantly as inner surface in form of pore
channels and creates, when used for producing opaque quartz glass, an opacity (low
transmittance) both in the visible spectral region and in particular also in the infrared

spectral region. The apparent density of at least 0,8 g/cm3 mainly guarantees that a starting

body can be formed from the SiO; granulate.

The specific surface of the SiO; granulate is determined by means of the BET procedure

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

Details regarding the characteristics and effects of the SiO, granulate according to the
invention with respect to the opacity of the quartz glass when being produced by using the
granulate, can be taken from the above given explanations relating to the method according

to the invention.
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"reduced by the contact area of adjacent primary particles; however, it is
possi bl e that closed pores formbetween the individual primry particles -
as described above -at vitrificatior. The fact that the primary particles
have an average particle size of less than 5 mresults in a correspondi ng
fine pore distribution. The average particle size is determ ned according
to ASTM Cl1070 as the so-called D50 value. It has shown that a particularly
sui t abl e enbodi nent of the granulate according to the invention is one
where the individual Si Q2 granul es have a non- honbgeneous density
distribution so that an inner region of |esser density is at |east

parti al | §iGNehARRE wWith APedifit Qirfaks (dcedripp tOBET) pnging dens1Q m’/gBnd 40r ender s it
easier to enclose gases in the inner region, gases which then during the
vitrificaifphesgeovento bsesppeallytsuithble for bomizyiseskin theymethed edeprding tadke

contribute to devel oping pores and the opacity of the quartz . %ass. The

i nner regnentio. Tﬂahmwaggg@gacseﬂtpresﬁrélmﬁh’iﬂ%}‘mpf'géﬁu%{‘ 3ss L ]%‘g gnsityhe

hol | ow space is_  at | east rtly closed towards the.exteri m t he outer
regi on witgsther Nﬁl'tﬁﬁéﬂm'&é’l’?g?‘ga?wﬁ%‘é‘“g%@d‘?rf tlcﬁ‘ye%ﬁ)f ?rgc’gg&gﬁg. &Iéeg%g%gl%ent density
of the Si Q2 granul.at LAl B ; eat nent
conpri si HGPEETS et SREESPRRETRER Yo TATer S Heen PHGHIRLTRIET

Therewith, also a higher density in the outer regi on can be achi eved. For
exanpl e by setting a tenperature gradient during the thermal treatnent. By
setting aPreferphy ticl8i0, priragiyeatticlesheve oavesigapattigosize tangingdiom Bdametab| y
shrink in the volune of the individual granules close to k6 the surface, i.e.
in the oufem. Sushipimaryrparticlessare gblgined fromyaic HligaEompoyn ﬂél?etSV'%h?‘ﬁh is

hi gher than the density of the poro or. hol | gwd. Rner I t her nmal
t r eat mentsobgelippeeess & an ngﬁﬂfvésarﬁsquﬂ@ efSV’BIen&'S 5?%’%’&“[ rgg?‘gfralees PF}%
tenperature qgradie | ”RN) b eShi clReheRBhhidede outer
regi on arftf a}vﬁl@g? Rar‘}{egélbrs ‘%g?’%%gs W%’Q%?A d;gngilgyﬁ% eg],lc @%ﬁggﬁ@;@gl y a[hchi eved by

| eadi ng thiendheidrAyas 65q81g0n af Moakald siticoe corbpainda t enper at ure gradi ent
can be sét nore easily in case of coarse granules than with finer

granules, as will be explained in nore detail below In view of a high

thermal resistance of a quartz glass to be pr.oduced . from,t he dranul at e,
These primary particles%re charac?erizedS by hav%g aqalg, ee surface each. Iﬁy 2

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 um results in
a corresponding fine pore distribution. The average particle size is determined according to

ASTM C1070 as the so-called Dsg value.

It has shown that a particularly suitable embodiment of the granulate according to the
invention is one where the individual SiO, granules have a non-homogeneous density

distribution so that an inner region of lesser density is at least partially enclosed by an outer
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Si 2 granul ate, that contributes to a high viscosity is preferred. This is
achieved by a granulate in which the primary particles have a nitrogen
containing surface layer. Therewith it beconmes possible to, on the one
hand, introduce nitrogen in chemcally bound forminto the quartz glass to
be produced fromthe granulate, which results in a higher viscosity. On
the other hand, nitrogen in |l oosely bound formis rel eased during the
heati ng process and thus contributes to the devel opnent of pores. 14 A

hi gh vi sco$if Vel . i ; i iestof. @kesSi O2
granul es re&gopneéclf h\}ﬁcﬁha‘g}tg’%ﬁ#ﬁ%ﬁge?ﬁg@?\g?#&@%@g%ﬁﬁgeﬁgéfgd %p?; by

wei ght . Gaidh 1B diirgTheiagFRhtidSdo it @capedilajt op bhlgiparly dayd wiidnthuof finel y

di stributed, nanoscalic Al2Q3 Particles. By so doing, a honpbgeneous

di st ri butchmribet td¢ develdpingpords and theropatityed theRymasgglabsal | y produced A1203
particles with a big specific surface are particularly well suitable for
this purpose. In a first preferred enbodi nent the granulate i s conposed of

ded Si O2 l es. Such I .S di St ' .
o B SO R U St M BB o on
d i bt ai ned f ' : : d

o 3 B SP RERIN e Yiy  S90 Sk peRg ey Secor

equal |y 6 I'nment granul ate 1Is Such granul ate
can be manufactured i nexpensively by extrusion. It is distinguished by

el ongated Si2 granul es which may al so contain el ongated hol | ow spaces.
The gr anufiRispecificairtitaghdthe dgparanndensity ofthe SiGaaranutaté are legpesially esyftesett he

production of an opaque quartz glass article such ag a at, shield, a

r eact i on hydh¢rmiahteeatment camprising sinteang pt algMAeTAiUEG @NZIAZ %Pg’c éb??géit% Iﬂ@ ﬁq*n t hat

it has an_opaque quartz glass region fornmed from. a n i i Cp.

granul at el W‘t"‘ﬁthaalécpéglgﬁf:’c‘l%ﬁ‘ﬁ ?E&T%’é“é IO RS eﬁ%ﬁ%’%’?go'{w%? %‘Pfeob%g% B/ g

and, apparent. dgnsth¥ieH auith hﬁﬂﬁ(ferI @eaﬂtﬁ&ﬁ%?%ﬂﬁ t_@ﬁn‘ﬂe{aft@g%ﬁﬂieht?ﬁl%t
partially poPous primary particles. The opaque region is obtained by
vitrifyi %rés%d?@&r&ﬁﬁﬂe?st[ﬂeféﬁ@iy%riﬂﬁ it thevélumk of the individdalgrinutpscloke® by hi gh
opacity in the I'R spectrum achieved substantially by formng the region
from a SitBRswgfaeauleainshodutgrargivm| Thys,saidouter sgitnarhiding adensity which ihighesr v
particles, . ) .
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,
SiO; granulate, that contributes to a high viscosity is preferred. This is achieved by a
granulate in which the primary particles have a nitrogen containing surface layer. Therewith
it becomes possible to, on the one hand, introduce nitrogen in chemically bound 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.
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and having a specific BET surface ranging from1l.5 n2/g to 4
Vitrification of such SiQ2 granulate regul ts in an opgque qgap?/zgél ass
with a honogenous particle 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
|l unp together form ng agglonerates with a |arger dianmeter. These
aggl onerates have a plurality of open pore channels, formng a

correspondi.n I%éﬁ . T . .
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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 0.5 m¥/g to 40 m’/g
and, apparent density of at least 0.8 g/cm® and formed from at least partially porous primary
particles.

The opaque region is obtained by vitrifying the appropriate region of the fill. Tt 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 such
SiO, granulate results in an opaque quartz glass with a homogenous particle 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 2 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.
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the assistance of a tenplate a rotationally symetrical hollow cylinder 1
is formed fromthe fill on the inner wall 5 of the metal mold 2. The

hol I ow cylinder 1 as fill has a thickness of about 100 mm and an inner
bore 5 in formof a through bore 6 with an inner dianmeter of about 73 mm
The fill is easily conpacted by centrifugal force before the subsequent
process steps. In the next step the mechanically pre-conpacted hollow
cylinder 1 is nelted by neans of an electric arc 7 zone by zone fromthe

i nner bo 6 of fhe haollo | i . i b1Swe

S il G SR S S A
rwa | & RifRREM BY theferdiali ity !

55 nm m h.ev%ﬁe@\ﬁ@w%%v cyr??in erlg?fiﬁg viB}E trhi inhl’ redﬂgi;/g)?dh?ﬂﬁﬂe}g?&gﬁ‘mt ﬁe 2I regi (rai gf

arc 7. Asgpawhpum tenperature of over 2,100C is achieved at the inner wall
of the hollow cylinder 1. 16 Wthin the hollow cylinder 1, a vitrification

f ;O?L 10 iS‘lhelrﬁllai(ijt&ﬂLwitlajeatxplainnd belawamoiongdatail by way ofexsmales2id 2 he di rect i on
0 e metal no 2 and form ng the boundary ranging froman open zone 11
and an aldrm@T@aﬁtﬂVan$§Chﬁ@Ptl@gY8§%!€fé@ zone 12. Directional arrgws 14 in

Fig. 1 schematjcally depict. the di '
vitrificat iféh 1f‘|h8|l?f°°§§§ Slcglé\%é’}tﬁl c?a&oh rﬁge%é%lgﬁ\(}gﬁ i a@ﬁ%?ﬁ{%%aﬁogggfode pair 8

- substanti'.a |y directed radially outward fromthe inner wall 9 of the
i nner borcéuéd.er’ﬁe gases trapped in the Si02 granul ate cause pores to be

created in ghe MR embOMiteAlof thiSID, graaligcoiingde terimentpaby wyy ofa t he
article. Thg density ‘ o]‘ the hollow cylinder 1 is 2.10 g/ cﬁB, ?ﬁe i nner
di anet er secioh4frongh amiddividealBiO, gtanilekands8 is 22 nm In this process, the

region of the inner wall 9 of the jnner bore 6 is coppacted t i
degr eg due Hig 3 neecand pmbedipentaf theedt g‘é’l“‘ilatﬁacﬁq{gmﬁg? {E’EH’VSBW ﬁfgﬁngbtgﬂus
provided with an. inner surface |ayer TR iigh-densit

t r anspar SRfaY g ale By wayo aﬁfgt]?r@h‘ﬂl grOf%gf)naque Z%g?f%ragiﬂg'ss bggly >1/2

i 11 0. e I B o o o Sebe | & Cexpl ai ned bel ow
in nore dpbaddingt® 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
£ill 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 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.
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. way of Fig. 2 schematically showing a typical individual granule. In
rounded granule 21 of porous quartz glass, a |low densitygcentral regit gﬁ 22
i s 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 area rahgi ng
fromthe central region 22 and the outer layer 23 is fluid. The granule
'(Ij'lhgmga:; :s 420 ani ’d thg t hi ckness of the outer layer 23 is about 100 9m
ul gt.e. i rpduc X | i ttd N
process us %@"}ﬁ’e ﬁpﬁ%‘?’ cﬁm@ Pé]ql?égt:ij@ cgsﬁt?sn gieoﬁllg%%%ésa%g?%aé%\ggrggg ?%Hrﬁr%rtr% r g hous,
NaNo- scali o RifedA QRN bl AR M Bimiing e Golhadar fHaiging fibaca of 60
/'g, produced by fTlame hydrolysis of SiC4. Under constant mxin
DI St Ur €opéh Z0RETY 8RM i Areasppattisiysielnsiiapaquerroin¢ 12.t Disegsianaltagrows 1 %’h’gng a
granular mass. After drying the specific BET surface of the granulate so
obt ai ned 1isshenttio@lyepivtithe sérectivnrnd apvgment I3 of éheﬁ’étlr‘%f"@?oé‘sﬁ%g% ; gvecﬁté}iﬁet er

ranging from160 /-t in to 1,000 U in.. t i '
oot b s chbe e R RS 1 S

4 erature ) | I s kd
19[1 anlu?} i‘z:“:f W?ﬁ]?hgﬁf |1{étll<’;lr0$8ﬁ %ym%%g%éﬁsltr%g&fagn gﬁgrsﬁﬁﬁ%é:ag‘?ft% Cg‘ﬁe (%gﬁssdew;i ;22
of the. poratedn i beRl iz L e e B R e o coved. The
processi RgHealofowTylifiek /1. 10g/ciénhematiutiangeris 14hmnm andshewek thickpesshe

I ndi vidual granuleS resulting in the differin I ti
. g densities of the central
regi on 23s2hmn.he outer |ayer 23. The Si Q2 granul ate obtai ned after such

pre-processing has a specific BET surface of. 34, m 2./
density o Taths poews he atonil dredes S Aol S SSuBAe R0 T g

eis en to.r ve fi r el | f i i '
fhe. manuaee gruRe B e T o R by e A o e auch
parti cl eg, Al &R0l 1ef 36 Bimpdib@of Ifgh-ensiptranpaeht qrandghiss. Ghhe tihdart ot al
vol une of contamndtion by Li, Na, K Mj, Ca, Fe, Cu, C, M, Ti and Zr is
| ess_t han,rage quahz Rasviidyte. musuire ip this mamur iwoked o2 Sightemesrore
particles producefg in this way may be used for

resistant muitfle.

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 area ranging
from the central region 22 and the outer layer 23 is fluid. The granule diameter is 420 & m,
the thickness of the outer layer 23 is about 100 & m.

The granulate is produced by means of a conventional wet granulating process using a
mixer. An aqueous suspension is produced from amorphous, nano-scale, pyrogenous SiO;
particles with a specific BET surface of 60 m*/g, produced by flame hydrolysis of SiCl.
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

L4m 1o 1,000 &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.
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~the production of opaque quartz gl.ass as described by way of Fig. 1.
Because the individual granules of the granulate are created by

aggl oneration of a plurality of very small prinmary particles, a
correspondi ngly fine and honogenous pore distribution is made possible, as
described in nore detail above. An individual spray granule 31 is ’
schematically depicted in Fig. 3. It is typical of a spray granulate
suitable for inplenmentation of the exenplary process described above by

way of Fig. 1. The typica Ls '
or mary Tdisarngfied 8 aiul R pAiRRSL By okl BpaRRAATEIRReSheS OF )

. An i | ' : t RV ]
nar row po e S e o B e of “the
spray gr apsinRls3ad E&cam&ta%ﬁﬁhn&l-aré gasilp seridved oUheprobesyiag rdtais 18 keffi. ckness of
about 100 /-tm The production of this spray granulate is described in nore
det ai | beémpmrathie@ﬁni@iemﬁare¢atg§/ind>lg:e’ndiuid,ua}rg!mﬂ®da‘iuéif$ii@ﬁ’lepﬂiﬁf?fﬁ\gﬁeﬂﬁ'ﬁﬁsi cles
with a specific BET surface of 70 m2/g are dispersed in de-ioruzed water
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: . d
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spray gr apdlcatess fikén BReBVES MEDaBIRR W &ss a1 erm béfoB3de1n thein and a 0. 3%
resi dual noisture content. The specific BET surface is 54 m2 Ig and the

Eg\prgg (r: t V\gh%’mtfach&e of @agﬁmnzgims;fg'm thiruinstarce; koweyen syslirnarticled 2ERPt PHEFTHaI | y
ed by passing at a rate of 6.1 kg/h d a.t , *
t hr ?ugh _aduﬁt%thQﬂ?ethQﬁOflﬂqu@l%‘- grhsdatal ‘ﬁ?lfi‘?‘ﬁ? 0 %@tﬁ%ﬁﬁ&ﬁ#ﬁ% @é@%l(%og ¢
surface i , L. he, bowder —wei ' 8,0/ CM3 and th t
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spray granulation. tal volume of contam nation by Li, Na, K M, Ca,
Fe, Cu, Ghe pMductin doPaqle quartz glas ab HeseriB@iby 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
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 300 £¢m and the outer layer has a thickness of
about 100 Lm.

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 Al,Os is
added in the amount of 12 ppm by weight. The suspension is adjusted to a liter/weight
proportion of 1,380 g/1. 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
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. ppb by weight. The spray granul ate of anorphous, nano-scale Si02 particles
so produced may be used to manufacture opaque quartz gl ass as described by
way of Fig. 1. Because the individual spray granules are created by the
aggl oneration of a plurality of very snmall primary particles, a
correspondi ngly fine and honbgenous pore distribution is nmade possible
during vitrification. This is additionally facilitated in that the hollow
space 32 creates an additional nearly closed gas volune which renains at

et EoublALiO reciodaes Mgk aPuatIaLe e prBaTeS 0o
the cr ealidngteraff 330 tas aad d 0t3%6 resfdoalandistutetentenn CTHewpedific BETGudideds §4 ass. 19
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/cm® and
the apparent density is 0.92 g/cm®. As a result of the processing method, fine particles of
less than 100 4 m 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.
This is additionally facilitated in that the hollow space 32 creates an additional nearly
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.
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