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opti cal gl asses, by m%y of exanpl e, sodi um and, ) )
10 technical fields. Examples of application areas include

optical fibers, quartz crucibles for pulling silicon

single <crystals, optoelectronics (e.g. lenses and

mirrors), fillers 1in ©passive components used 1in

electronics, and polishing suspensions for wafers

15 (chemical mechanical polishing). A high powder purity is

required for the abovementioned applications.

In optical fibers made from Sio, for optical
communications, the radiation intensity of the light as
20 information carrier should not be reduced by absorption
caused by impurities, such as OH, iron and copper, or by
scattering caused by bubbles, crystallization nuclei and
inhomogeneities. Crystallization nuclei are formed by

impurities such as calcium and magnesium.

25
In quartz glass crucibles, corrosion to the inner surface
of the crucible occurs during the process of pulling
silicon single crystals as a function of the number and
type of impurities. Corrosion reduces the potential
30 pulling time. Moreover, each additional impurity

increases the number of nuclei at which oxygen
precipitations may form during cooling of the single

crystal.

35 In optical glasses, by way of example, sodium and

transition metals are responsible for transmission losses
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hydrol ysis of silicon-containing precursors. This nay, for exanple, be
carried outS4P-SiC, being hydrolyzed in water in the presence of an

or ganiig sol vent (Degussa

High-purity $i0O, can also be used as a filler in epoxy
resins for protecting IC chips if the concentration of
the elements iron, sodium and potassium does not exceed
0.2 ppm and the concentration of the elements aluminum
15 and titanium does not exceed 1 ppm. These elements change
the coefficient of thermal expansion, the electrical
conductivity and the corrosion resistance of the passive

components. This can deactivate the <chip protection

function.

20
Polishing suspensions are used for direct polishing of
semiconductor surfaces. The Si0Q, used for this purpose
must not, for example, in the case of aluminum, exceed a
concentration of 4 ppm.

25

A known process for producing high-purity silica powders
is the hydrolysis of silicon-containing precursors. This
may, for example, be carried out by SiCl, being hydrolyzed
in water in the presence of an organic solvent (Degussa
30 DE 3937394), by ammonium fluorosilicate being mixed
firstly with ammonia water and then with hydrofluoric
acid (Nissan, JP 04175218), or by silica being
precipitated by the addition of a dilute mineral acid to
an alkali metal silicate (Nippon, EP 9409167, University
35 of Wuhan, CN 1188075). The silica formed is also known as

precipitated silica and is used primarily as a catalyst



30 DE. 3937394), by ammonium fluorosilicate being m xed firstl ysS¢stEnMERROINA
wat er and then with hydrofluoric acid (N ssan, JP 04175218), or by silica
béing precipitated by the addition of a dilute mneral acid to an alkal
nmetal silicate (N ppon, EP 9409167, Uniyersity 35 of Whan, CN 1188075). The
silica forned is al so known as precfbf}éied silica and is used primarily as

a catalyst 14 SEPTEMBER 2006 3 support_ a s_ap _epoxy,resin filler for
protecting EgPpoﬁﬁdaVESPSd%%nﬁqoﬁﬁﬂﬁéﬁﬁf ﬁﬁkf%ﬁov%ﬁeﬁf¥gﬁ% lB?o%éises

produce porend, VIufibl @ conttai denjceapeThectalsphsuercai ongdir broktessest h poor
flow properties. A further ve igni fi_cant drawback i.s that these
b ocenses aPESRHBR et S pur PLBREREEE todf b i T aptP  EF 680 Lauch as
OH, C, F, phandcakkalwitnket gdeyr sidbwaspNapanti&s. arke tfaraherer varg ext ent

i ntroduced by the.process. These.dr C | ead to considerable |jght
scat ter Png AREPARLEPRE: BRAURASFoFot HAFollEER RECHERFER: “aRdRROPHE:
stability otot bariagpllii@dtison simediciertBief efimperit s, ps@ckessasi oH,
fundanmental |y unsujtab use in_the optical fiber, _crucible and gl ass

e for
sectors. 15°Natur & r?ik?élap§5aﬁﬁve§ FSrNehandhdve a&pptPcati ons on

account of thetshhi 6ktentiivtré@aeed efpite plHowRwer., ThBeeedhagphers no | ack
of attenpts. tq achieve accegtable Burlty | evel s by the additional process

step of furtRef pArFPREAfrbAPLE LhghEf PERERBFYPE02PHr 8BP§BEPEEONARRSr ding to

DE 3128624 (S eepsiuclat WedlharfiU 1t Zah8 GHM(A1edstabQ15 RN J bers by
melting, and then these fibers are subjected to a plurality of |eaching

process st epBPh3FALARI dsPEPdUBhses Tarefdtunt dhithe PAPGRSSurfhge area
and.snall tblgkagsa el 1t henfshe=pH1d Mer use in the optical fiber,

crucible and glass sectors.

15 Natural quartz is also ruled out for the above
applications on account of the strict purity
requirements. However, there has been no lack of attempts
to achieve acceptable purity levels by the additional
process step of further purification of insufficiently

20 pure quartz. According to DE 3123024 (Siemens), natural
quartz is converted into thin fibers by melting, and then
these fibers are subjected to a plurality of leaching
process steps using acids and bases. On account of the
high surface area and small thickness of the fibers, the

25 level of transition metal ions can be reduced to less
than 1 ppm. This process is inexpensive, since the fibers
are used directly for applications in the optical fibre
sector. If, for further applications and shaped body
geometries, in accordance with DE 3741393 (Siemens), the

30 purified fibers are milled, converted into a slip with
the aid of water, dispersants and other auxiliaries, and
then a slip casting process and finally a sintering
process are carried out, the ultimate result is a complex
process with numerous contamination sources.

35
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subsequently: Na < 10 ppb, K > 80 ppb, Li = 700 ppb,
Ca > 120 ppb, Al = 16 000 ppb, Fe > 30 ppb).

According to US 4818510 (Quartz Technology), quartz can
be purified further using HF. However, HF only reacts
selectively with certain elements, such as iron, with

which it forms readily soluble complexes.

The further purification was also carried out on SiOQ,
granules. According to US 6180077 and EP 1088789
(Heraeus), Si0, granules are produced and are purified at
high temperatures by means of HCl. One advantage is that
the granules have a high surface area and can therefore
be acted on more easily and more quickly by HCl. If the
starting point is granules with a purity of Na < 50 ppb,
Fe = 250 ppb, Al < 1 ppm, the further purification makes
it ©possible to achieve very high ©purity levels
(Na = 5 ppb, Fe = 10 ppb, Al = 15 ppb). One disadvantage
is that it is firstly necessary to produce highly porous
silica granules (pore volume 0.5 cm®, pore diameter 50 nm,
BET 100 m?/g, density 0.7 g/cm®, granule size 180 -
500 um), which is a time-consuming process, and these
granules do not yet represent the finished products, but
rather, still have to be sintered. Furthermore, the high

porosity conceals the latent risk of gases remaining

ns
ri ed out
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According to EP 1006087 (Heraeus), the further
15 purification can be carried out in such a manner that
impure powder 1is heated in a gas stream, with the
impurities softening and forming molten agglomerates, and
the powder then being guided on to an impact surface, to
which only the impure molten agglomerates adhere. This
20 method only makes sense for very impure starting material
powders. However, further purification with regard to
high-melting oxides, such as MgO and Al,0; is not possible
in this way. The high quantities of gases required for
this purpose represent a further drawback.
25
High purities (metal impurity levels < 1 ppm, C < 5 ppm,
B < 50 ppm, P < 10 ppb) are achieved using the sol-gel
process, in which first of all a sol and then a gel are
formed from an organic silane and water. This is followed
30 by process steps of drying, calcining using inert gas and
sintering (Mitsubishi, EP 0831060, EP 0801026,
EP 0474158). The process 1is very time-consuming and 1is
also expensive, since high-purity organosilanes act as
starting materials. In general, an organic-based
35 rheological auxiliary, a dispersant and a solvent are

used for the production process, with the result that the
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deterioratiop in the stability of the crucible.

In principle, high-purity silica is also produced by

15 precipitation of silica from high-purity organosilanes or
SiCl, in the presence of an oxy-fuel flame using the CVD
or OVD process (Corning, US 5043002, ©US 5152819,
EP 0471139, WO 01/17919, WO 97/30933, WO 97/22553,
EP 0978486, EP 0978487, WO 00/17115). However, this

20 process does not produce powders, but rather glass bodies
having a defined, simple geometry. The simple geometries
include optical glasses and lenses. Optical fibers can be
obtained from the glass body produced in high-purity form
by drawing. To produce glass bodies of any desired

25 geometry from the simple glass bodies, the glass body
produced must first of all be milled to form a powder,
then dispersed, shaped and sintered. However, this can
entail widespread contamination in particular during the
milling step.

30
A further drawback of this process is that expensive,
high-purity organosilanes, such as, for example,
octamethylcyclotetrasiloxane (OMCTS), are used to achieve
particularly high purities.

35
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Coat i ngopr ogessaplentaditle ia@h vep S PN S ot s . i@t poni by siliea powders
are not in a flame. Two different approaches are known in this
respect. According to JP 5-193908 (Toyota/ShinEtsu),
high-purity silicon metal powder can be oxidized to form
high-purity silica powder by means of a CiH,,,/0, flame,
15 the C;H,,,, being required only for ignition. However, the
inventors themselves acknowledge the problem that the
reaction produces a large number of unburnt particles.
Full oxidation 1is difficult to realize wunless the
starting particles are very fine (0.2 um). However, it is
20 in turn almost impossible to produce such fine Si

particles in a highly pure form.

Alternatively, fumed silica can be produced from SiCl, in
an oxyhydrogen flame in a first step by flame hydrolysis
25 and this fumed silica can be converted into fused silica

by sintering in a second step.

The term fumed silica is to be understood as meaning
ultrafine-particle, nanoscale powders which are produced
30 by reacting silanes in a high-temperature flame and are
often greatly aggregated and agglomerated. One typical
example of fumed silica is Aerosil® OX 50 produced by
Degussa, with a BET surface area of 50 m?/g. The term
fused silica 1is to be understood as meaning coarser-

35 grained, spherical glass powders. One typical example of
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According to US 5,063,179 (Cabot), the second substep™5 the production of
fused silica) is inplenmented by fumed silica being dispersed in water,

filtered, dit@frding to JP 59152215 and JP 5330817 (Nippon Aerosil),
in the second substep (= the production of fused silica),

the fumed silica powder is transferred in dispersed form,

15 for example directly by means of a screw conveyer, into

an oxyhydrogen flame and sintered to form fused silica

powder.

According to JP 5301708 and JP 62-270415 (Tokuyama), to
20 produce the fused silica, high purity fumed silica is
treated with H,0 vapor, cooled, fluidized and fed by means
of a screw conveyer to an oxyhydrogen flame for the

purpose of sintering.

25 The fused silica product obtained using the
abovementioned processes contains > 1000 ppb of
impurities, as a cumulative sum of the elements Cu, Fe,
Ti, Al, Ca, Mg, Na, K, Ni, Cr, Li. The dispersion and
conveying of the fumed silica particles in accordance

30 with the abovementioned processes is carried out, for
example, with the aid of a screw conveyer. The screw is
a moving part which becomes worn through contact with
silica, in particular in the region of the edges. As a
result, the screw contaminates the silica powder. Other

35 components of the installation are also exposed to the

abrasive silica particles and therefore to heavy wear.
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i nst al I ati om ;an'cece&tscarei(mmims Her abeasnaepeh!smce peoduct sn anfl
therefpre to hea wear. 14 SEPTENB 2006 ﬁ. Mention should be nade in
particty ar B?et%% BOF ndFCOhGLP e Ci hGntBReFh&Vel ocities of the silica

powders are particularly high.
The first object is achieved by a silica powder in which

the sum of impurities is less than 500 ppb.

15 It is preferable for the total amount of impurities in
the silica powder according to the invention to be less
than 150 ppb. Particularly preferably, the sum of
impurities is 1less than 150 ppb and the individual
impurity levels are Cu < 1 ppb, Fe < 25 ppb, Ni < 2 ppb,

20 Cr < 2 ppb, Ti < 3 ppb, Al < 31 ppb, Ca < 65 ppb,
Mg < 12 ppb, Na < 12 ppb, K < 6 ppb, and Li < 1 ppb and

the powder is carbon-free.

The impurity levels are determined using the ICP analysis
25 method (inductively coupled plasma, appliance type ICP-MS
HP4500), and the detection limit of the method is less
than 1 ppb. The silica powders may be either fumed silica

or fused silica.

30 The fumed silica particles preferably have a BET surface
area of between 50 and 300 m?/g, particularly preferably
between 150 and 250 m?/g. The primary particle size is
between 1 nm and 1000 nm, preferably between 5 nm and
100 nm, very particularly preferably between 10 nm and

35 30 nm.



51t was an object of the present invention to provide a si Ii Rng()%
very high purity. A further object of the present invention vvas 0 pI’OVI

a process and apparatus for the inexpensive production of 10 the powder
according to the invention. The first gBj ect is achieved by a silica powder
i'n which the sum of irrpurities is les tﬁan 500 ppb. 15 It is preferable
for thetotgil unt, of. ur|t| s in Egli a _powder_accor gtothe

i nvention t 6 Be T58SE Stjhlafh 3 SOCPHPBT 55? ?Ea Yl ?/‘aﬁre%ép%%rllyl?af &°E6m of

i mpurities B$zéeSSft hﬁet&é@nppboandlm h%ndwdizxoioduaﬂm, mppartycheaelly are Cu <
1 ppb, Fe < < 2 b, 20 Cr_< 2 b p ppb, Ca <
65 ppb, MP ef% Bﬂiy l@fté’%‘ phb K 0% %@@ uﬁ‘r‘id ‘f_‘?r3’< gaﬁbbcﬁﬁariyhe powder
i's carbon- fpeefefhblynpatwwnl evigh Sarid & deiner Muethelt®io’re the pekdanal ysis

25 rrethgd (rnd ct|v$ly coupl ed pl asmm, a Ilance type |CP-M5 HP4500), and
the det8ct i BRFPRPPLYF PRRenBRROAY EaFEé etﬁéﬁeldﬁgBrl?HElth\’fétBovmlers

may be eithprobyunmed- sibiea o fused gh) i cpardQclhediyredpsitéeapparticles
preferably have a BET surface area of between 50 and 300  n2/g, partl cularly

preferably Ph&PhesnPi50 shd 258 ne-¢ - 'I"Hétl’br‘i‘ rf’é?i‘/n pRREFEFEesP2eei 8F petween

1 nm and 108Q@spom =pnef exablpy 5l;euva_erhn5 i gnd %le@@ﬁkﬂ” arly
preferably between 10 nmand 35 30 nm_ 14 SEPTEI\/B 2006 10 The fused

silica powdBFSHRERBLNDIBL Has aSmbam a3T)ci® 38i E& of MetyRath 48HNEm and 200
pm pafpi cubaghy 7@g§f erably between 1 pmand 200 pm very particularly
preferably between 5 pmand 40 p.tm Furthernore the powder

The narrow particle size distribution of the product
according to the invention means that additional process
steps, such as screening, are not required and the powder
15 is directly suitable for further processing. Fig. 6
shows, by way of example, the very uniform particle size
distribution of a fused silica powder which has been

produced in accordance with Example 4.

20 The fused silica particles of the powder according to the
invention preferably have a spherical morphology and are
completely vitrified. Unlike powders produced using the
sol-gel process, they do not include any bubbles or
carbon impurities originating from the use of organic

25 solvents, dispersants and rheological agents.

The high-purity fumed silica and fused silica powders
according to the invention <can be wused for all
applications which are known from the prior art. They are

30 preferably suitable for the production of shaped bodies
as described, for example, in DE 19943103 (Wacker Chemie
GmbH) .

A powder according to the invention can preferably be
35 produced by means of a process in which a high-purity

fumed silica powder is obtained by hydrolysis of a high-



5 preferably has a narrow particle size distribution, with
50 pm particularly preferably D(95) - D(5) < 35 pm e.g. V\Atil)‘?‘J’EPTEp‘&)R2006
particle size of D(50) = 15 pm D5) =1 pm D(95) 50 }im particularly
preferably D(5) = 3 pm D(95) = 35 pm geasured using 10 G LAS 715). The
narrow particle size distribution of 't product according to the invention

means that addi.tional. . process . ste ch, as, scr in e _not reqU|red
Tnd the powder by BECART cEfReLd FR TR TS E ek ok g Eegh

shows, by waneoff greait €l i ddhepyedyrutsl eamrpiadt iclte Hhzen dp@h&abu@non of a
fused silic qowder mhlc s been . prodyced. i n _accordance wth Exanple 4.

20 The fuse glpﬁcé B&F?lcl FuFﬁécﬁomggﬁ QEQSPgVﬁdst8 tlrrg|e 9&9 ntion
preferably bavety sphetj cals magfiqlewyoaﬂd afie a caRings el yrhe t Filkined. Unli ke
powder s produced .using the sol- g rogess, they do not |nclude any bubbl es

or carBon CRPRELCESEs Ut i GRHEERAGONFBATERE B o ngr andds 551€6F¢ent s,

di sper sant s faeh HHROlRE FAl c UL Sing hef hh giir peE b yn f HABd ayb&@geand fused
silica powders according to the invention can be used for all “applications

which are kR&RESERERY HROTRT biesr p1TTRGy HFEIF apef@ra%qiﬁf SELESBRE for the

production gfcghaped bg%%%.) %%n@%%rmeedoff OpeeXanml e, prBpPEe19843103
(Wacker Chemie GrbH). "A powder according to the i nventron can preferably be

35 producedhﬁﬁrﬁﬁéﬁs(ﬁa%$¥ﬁ%kﬁ%%Y|Hrﬁﬁ?éﬁbéYMQ$mHﬁHﬁQ%/0*!&%@ 3nHi ca
powder 1ipS Ol?ity@'r%%@nby m@reyx% y8hisa gye@}ﬂafbﬁﬁpﬁh@g%a%% ml;m purity

Si C141 mhereln t hydr ol ysi' s o the to form the funed silica powder
is carried @M(Ojrfkgmqﬂnﬁﬁﬁgnnatlvely, the hydrolysis is carried out

in a plasma, for example in an HF plasma.

It is preferable for the deposition of the fumed silica
15 powder also to be carried out in an apparatus with a

metal-~free surface.

Other suitable starting materials include silanes,
organosilicon compounds and halosilanes with an impurity
20 level of < 100 ppb. SiCl, with an impurity level of
< 100 ppb is preferably suitable and SiCl, with a purity

as given in Table 1 is particularly preferably suitable.

A likewise high-purity fused silica powder in accordance
25 with the invention can be produced from the fumed silica

powder in accordance with the invention by sintering.

The sintering of the high-purity fumed silica powder is
preferably carried out in an apparatus as used to produce
30 the fumed silica powder according to the invention, in an
H,/0, flame or by means of an HF plasma. A controlled
guantity of water can also be added to the fumed silica

to control the particle sizes of the fused silica powder.



having a netal -free surface. The hydrolysis of the high- puritxuﬁkgkﬁﬁ 2006
carried out in a flane. The flanme 5 conprises an oxygen-contai ni'ng gas ang a
gas selected fromthe group consisting of hydrocarbon and hydrogen,
preferably conprises air or oxygen and,a gas selected fromthe group

consi sting of nethane, propane and ﬁyh?o@en, particularly preferably

conpri ses Qfégen and 10 q¥dro en. The h drol¥sis Qrgfe abl% t akes place in
an  H2/ 02 f13n2Yorft EPRERTVRR VA OP het RYEIMeRE2Ar P TEB°00E, FRUCR pl asm,
for exanpl easnNap KF pyasseca) tit siprefefabiiel éototherdeposéti obesf t he
fumed silica_ 15 powder also to be carried.out in_an apparatus with a
nmetal -free E%?Taﬁg?dtfﬁ8Pssﬁ??gﬁfeugsﬁFtPnbaWﬁP@ngpg'include si | anes,
organosi |l i con conpounds and hal osilanes with an inpurity 20 level of < 100
ppb. SiC4 wth an inpurity level of < 100 P g is preferably suitable and

Si Cl4 wth RPuPTP§eSasi§i ¥enthihs Teafe 9375 % reFeurReey %]r‘le/?%rié%?%}
suitable. Achbkevbss breh- BUBEEYsT 49ed 09igl itea 1povstesrrd rhAGE Orglamge 25 with
the invention can be produced fromthe funed silica powder in accordance
with the i nvent?Bn BIrEiReLaThy. PreherabhyetPRE:-of the high-purity funed
silica powder is preferably carried out in an apparatus as used to produce
30 the funmed silica powder according to the invention, in an HZ/ Q2 flame or
by means ofRA@anaPFaprgsratisecsnat calered ropiarmandi tdfongat srhe apr @Fe9s be added
to thejdumedsgihd Cahri s VUL At EherRaklirel 8rShaeRe8h bNE1BUSEH Shdica
powder. 14 SEPTEMBER 2006 12 To avoid contam nation from environnent al

el ements, stchl3abaKa, Pkefpyabrd yChetivesns br@karhbre and wordd ineR¥, cl ean

room condi t}ops; ands Pf  UBHEEe Aol P BB HLOW 1.020 bar and 1.200 bar.

The superatmospheric pressure prevents impurities from

entering the installation.
15
If the powder according to the invention is produced in
an H,/0, flame, the apparatus according to the invention
is a nozzle comprising an inner tube located in an outer
tube, with a starting material selected from the group
20 consisting of SiCl, a mixture of SiCl, with O, fumed
silica and a mixture of fumed silica with O, being passed
through the inner tube, wherein the inner tube consists
of a silicon-containing material with silicon as the main
constituent, such as for example quartz glass, fused

25 quartz, SiC, Si;N,, enamel or silicon metal.

It is preferable for the inner tube to consist of a
silicon-containing material with silicon as the main
constituent, such as for example quartz glass, fused
30 quartz, SiC, Si;N,, enamel or silicon metal, with the
surface of the material having been purified using a
chlorine-containing gas, such as, for example, SOC1l,, HC1l

or Cl,.

35 The apparatus 1is particularly preferably a nozzle in

which the inner tube consists of quartz glass or a



5 The process is in this case carried out under clean room congdkEpPtENBER SU¥s
classes 100 000 to 1, preferably 10 000 to 100, particularly preferably
1000. As an alternative to clean roomconditions, the process 10 can be
carried out at a pressure of between 0.913 bar and 1.513 bar, preferably
between 1.013 bar and 1.413 bar, partréﬁ?érly preferably between 1.020 bar
and 1.200 bar. The superatnospheric pressure prevents inpurities from
entering thematstrldlatiehthl5al f quesertpowoglasgcosdicigeeo t héhiclvenhasn is

produced in apaLys ing, d he | ntion is a
nozzl e conpr ?ﬁg%%%%F%H§?E¥e%QP?BPgt #npg%ggu%erqm%ﬁgi,amf$¥g Iy ?artlng
mat eri al sel ectrechifrriony tdmes growuph 28s cofist séxagpbé , SBCGLA;, aHOl xvurelof Sid 4
with 02, funed silica and a m xture of funmed silica with 02 being passed

t hrough the inner tube, wherein the inner tube consists of a

si | i con- cont dgitni i pate&bauawﬂyhpﬂdﬁexubhﬁ;f@@ ﬁhénemﬂmfﬁiﬁ¢ﬁﬁﬁe seich as
for exanple uartz g%ﬁi fused_ 25 quartz, enanel or_silicon

ot 1T s O a s Bt G AR b GO S TRt Tof iaztz 51388

si | i con-cont guRifRGaBtEid Fursithh tir ifeon s dalkedgiti 11cgnstherent, tseich as
for exanple quartz glass, fused 30 quartz, SIC_ Si3N' enamel or silicon

metal, with GW&TrtRr Fa@8of OFhethat P28k Y ek hSur FRREE ZusPHES R

chl or i ne- CoNisRiAF NG Gasy Bk @@nf%de&@ e, f&@Cézamﬁ@é @bcl2. Héii The
apparatus is partlcularly preferably a noz ein the inner tube

consists of ¥atlz-glass or a 14 SEPTENBER 2006 -13 material with a quartz
gl ass surface, which has

If only the inner tube for the supply of fumed silica or
SiCl, consists of quartz glass, while the remainder of the
nozzle consists, for example, of steel, the purity of the
powder produced is slightly worse than with a nozzle made
from guartz glass, but is still higher than in the case

of the known silica powders.

Therefore, the invention also relates to a nozzle
comprising an inner tube located in an outer tube,
wherein the inner tube consists of a silicon-containing
material with silicon as the main constituent. This
material is preferably selected from the group consisting
of quartz glass, fused quartz, SiC, Si3N,, enamel or

silicon metal.

It is preferable for the nozzle to consist of a material
selected from the group consisting of quartz glass, fused
guartz, SiC, Si3N,;, enamel or silicon metal, particularly

preferably of quartz glass.

The nozzle is preferably a nozzle without premixing of
the fuel gases. In a nozzle of this type, the fuel gases
H, and 0, are fed to the combustion chamber separately. In
one embodiment of the nozzle according to the invention

1, SiCl, and/or fumed silica are premixed with one of the



particularly preferably been purified using a chlorine- contai RS HABESMHHE
as, for exanple, SOC12, HCl1 or Cl2. It is particularly preferable for the
entire nozzle to consist of quartz glass or a nmaterial with a quartz gl ass
surface. The purity can be increased still further if the quartz glass or
the material with the quartz glass surface has been purified using, for
exanpl e, SOC12 HCL or Cl12. If only the inner tube for the supply of funed
silica or fusilo@asesnsPres egpbdyamis igPassinvhi Pelohechaaerdér ®Rdt he

nozzl e copgkstsixdife examphen el thd heoRBlLLLY o8f IO WIEKe produced
is slightly worse than with a nozzle made from quartz glass, but is still

hi gher thBAZREA S heCcER¥dSesf fRe iR diubea SpoheaEr SSUFR&Y&REr ethe he
i nventi Onmi‘kﬁgr%eb%t%? SRa2shRZad! &1 L4 2NY aRal QfleEuT:H?etLBEaéed in an

outer tube, wherein the inner tube consists of a silicon- cont ai ni ng

mat eri al Wothssipplydmaadist HEigai B GoMstituent. This material is preferably
sel ected fromthe group consisting of quartz glass, fused quartz, SiC,

Si 3N4, enanel or silicon nmetal. It is preferable for the nozzle to consi st
of a nat efnalansehect ethdfaddmerie gfoumeconsizsﬂbngaqﬁommgztgal aslse fused

quartz, Si,C.__Si.3N4, ena |I|co net al artlcu rIy ably of
quartz gl ésgen'ﬁ% no§2I mil %?%f erapi 1051 nB%% e Wit h{)ﬁ?l gﬁﬁg t he
fuel gaseand/mra ﬂwmdesmilthbs(atqepeied heo f tak ga;srmStHbrandhé}ﬁbafe fed to

t he conbustion ﬁrrber separ atle y. In . one enbod e JgL the nozzl e
accor di ng SFB2ERE S ivemtioR 42 %l?ﬂ“lp%%rc?%ﬂ%ﬂ E?“F? Y aP BT PreRT xed with
one of theubésSERTENBER 2606:he 1dupply of fumed silica (8iCl,), O,

and H;. One possible arrangement comprises an inner tube
for the supply of fumed silica (SiCl,), a middle tube for
the supply of 0, and an outer tube for the supply of H,
(Fig. 1).

It is preferable for a burner 10 for producing the powder
according to the invention by means of H,/0, flame to
comprise a plurality of the nozzles according to the
invention 1. The burner delivers a powder with a narrow
particle size distribution in the case of one nozzle
(Fig. 1), a particularly narrow particle size distri-
bution with a plurality of nozzles in which the starting
materials are supplied through three concentric tubes
(Fig. 2), and a very particularly narrow particle size
distribution with a plurality of nozzles and an 0,/fumed
silica premixing chamber with the starting materials
being supplied through two concentric tubes 5, 6 (Fig. 3
& 4). This arrangement allows a particularly homogeneous
distribution of the SiCl; (or of the fumed silica powder

when producing fused silica powder) in the flame.

Therefore, the invention also relates to a burner 10
which includes 1 to 30, preferably 6 to 13, particularly
preferably 7 nozzles according to the invention. That

surface of the burner which faces the combustion chamber



fuel gases, preferably with 02, in a pilot chanber 7, and the |¥breEBER 2006
then fed to the conbustion chanber. The, nozzle conprises an inner tube 5
for supplying the mxture of 02 and fuhed silica (Si Cl4) and an outer tube
6 for supplying H2 (Fig. 3 & 4). In another enbodi nent of the nozzle

accor di ng t;bfé%‘feréﬂi’fniEﬁewlseatbﬁnﬁti‘gtfse%‘iti R I PLLSs (H2n BhrndkClA

and/ or fune Ica) are fed to e conmbusti on chanber separatelé. The
nozzl e conpri®e¥i&&ncénttiz@atsy arrahgédrist ub¥Be2, BCCATEHRIt H stPply of
fumed silicaig&kdAdn, 02 iand H2l1(GRermesdi bl ei@rrangeyent. conprgses an

[ tub th I f funmed sili Si, Cl4) , iddl e tuybe.f th
Supply of 0F P ATELier HIbBPOr ens BoppI yi6F RS X( PG eR) O e |

preferabl e foypa. hBigereld fdagpandacioglliedppwdes aaptandivigwt eft he

i nvention by nean f.H2,02 flane t onpri lLural.ity of the-.nozzles
accor di ng tzp%ﬂeeéiﬁﬁ%ﬁa?o%oigﬁ?ﬁelﬁuWﬁéERdgﬁﬁvgr%térgén eMAe ﬁ%%sharrow
particle sizas digigdhikbedn dbotdhe case glidee nerplagatEeriyg. ibto athe

particularly L DA L)L S size distri- bution with a plurality of nozzles
in which thecéi%‘é%g rratllg%aal s are supplied through three concentric tubes

(Fig. 2), and a very particularly narrow particle size distribution with a
plurality ofrywzziepandan 0 fuped fididd CaiRred XhAg ehant@rani t hsthe  «
starting materials belngisagglled t hrough two concentric tubes 5, .6 (Fig. 3
& 4). This arTRFGERRNSEIonwd WAthEFt i ¥l &Sy KBFdgehedds St FPBGLFon of
the SiCl4 (ddcedrdiwgfusedhe limenpdwerin wWieicprogdushdgfimeadssillicaa

powder) in the flanme. Theref.ore, .the invention_alsq relates to a. burner 10
whi ch i ncl udd®” e¥0a§8,pﬁF ﬁﬁ%ﬂﬂ?ﬁ€?§%>?%}n%aFFFcﬁfér?€e Omﬁ@?&%?? 7

nozzl es accorlthmigeto the invention. That

If the powder according to the invention is produced in a
plasma, the apparatus according to the invention is a
plasma torch 11 comprising a powder nozzle 12, an
inggrmediate tube 13 and an outer tube 14 (Fig. 4), with
theypowder nozzle, the intermediate tube and the outer
tube having a surface made from a silicon-containing
material with silicon as the main constituent. It is b
preferable for the surface to consist of a material
selected from the group consisting of quartz gl%éé, fused
quartz, SiC, Si3N;, enamel or silicon metal. It is
preferable for the surface to be purified using a gas,
such as S0Cl,, Cl, or HCl. 8iCl, or the fumed silica
powder is metered in via the powder nozzle, the plasma
gas 0O, is metered in via the intermediate tube 13 and the
shrouding gas mixture 0O, and H; 1is introduced via the

outer tube.

- It is particularly preferable to use a plasma torch in
which the powder nozzle, the intermediate tube and the

outer tube have a surface made from gquartz glass.

It is especially preferable for the plasma torch to have

a surface made from quartz glass.

The plasma torch 11 furthermore has an induction coil 15
with water cooling 16 as well as a water cooling jacket 17.



surface of the burner which faces the conbustion chanber 14 SI:Ii’JS‘ 3 ngEOé) 06
-15 preferably |likew se consists of quartz glass. A burner 10 W th
nozzles 1 of this type, according to the invention, is illustrated in Fig.
4. Fig. 3 diagrammatically depicts a plan view of a burner of this type.
Figure 2 diagrammatically depicts a pl view of a burner with 7 nozzles:in
which all 3 starting materials as descri bed aboye, a gui ded separately
Mo the oSS CharBRae T G R Shor G GR { et ParbH SRR ST ¢ he
flame is i rgppomedt wdd | alddicidigmg ntbhethar i oidefidhe Mivel €umwgearding to
the invention i.n which 02 and funed silica. powder a prem xed before being
fod to the SR OTL RS | FEERe Boiler- RCRoPat-hY FGOLAE SEnvieht i on i 5

produced i n @oiRleaBMFundie apppanabUSs 8TCOL dbogdé s thE dstvesiid On Higa  pl asma
torch 11 conprising a, powder _nozzle 12, an internediate tube 13 and an

outer tube BPYFIES aiTaldenl) ¢ n¥R1p V& J¥t ePCERe 2FRLENFEDIN S ube and
the outer tddigrdividihia Stbéacsespdeahr @ prdducan-conhgi Al bz eri al
with silicon as the main constituent. It s preferable for the surface to
consi st of RGRAEIH T3t HAVERBHPR heTHPoBBT ¢bMsFaNI R INTGFASE gl ass,
fused quarte;i1S GurIndW b eramlusticH it N BtAle mddd Srdi fuernal e for
the surface to be purified using a gas, such as SOCl2, Cl12 or HCl. Si Cl4 or
the funed sidliass ‘ﬁ@%\ﬂér Cil§arlﬁat3’é?% Fﬁn@ﬂﬁlpﬁé-pmh%ﬁlf%r, tlﬁe_l;ﬂ asma
gas 02qis Mef&fRtdJeL 1M 1ntefded #HeddRE 13an06 48 18 QUdidlg gas
m xture 02 and H2 1's introduced via the outer tube.

producing the fumed or fused silica powder according to

the invention which come into contact with a starting
material in powder form, or the product according to the
invention, are designed to be free from contamination.
15 Therefore, an apparatus for producing a silica powder
according to the invention is preferably distinguished by
the fact that all the surfaces that come into contact
with the silica powder are metal-free. An installation
for producing a silica powder is known to comprise a) a
20 metering apparatus, b) a burner, c) a combustion chamber,
d) a cyclone and e) a silo. In the case of fumed silica
production, a fluidized bed is generally also connected

between the cyclone and the silo.

25 The materials which have been mentioned for the nozzle
according to the invention, preferably also form the
surface of the metering, the combustion chamber, the
cyclone, the fluidized bed and the silo. In another
embodiment, the metering apparatus and the silo may also

30 have a pure plastic surface. The plastics may, for
example be PFA (perfluoroalkoxy copolymer), PTFE
(polytetrafluorocethylene), Halar® E-CTFE, GFP (glass
fiber-reinforced polyester resin) and PP (polypropylene).
In the metering region, it is preferable for the silica

35 powders to be conveyed without moving parts, for example

to use pneumatic conveying by means of compressed air.



It is particularly preferable to use a plasma torch in which ?kzm%
nozzle, the internmedi ate tube and the outer tube have a surface made from
guartz glass. It is especially preferable for the plasma torch to have a
surface made fromquartz glass. The plasma torch 11 furthernore has an
i'nduction coil 15 wth water cooling as well as a water cooling jacket
17. 14 SEPTENBEE 2806 .16 H gh-purity powders can be produced directly
using the appalfatds@8¥8r38tording to the invention. The further purification
process step which is usually required is avoided. Funmed and fused silica
powder s of gxtre _Ig high S purities (Tahle 1%, m?ich Qave not beﬁn achi'eved
using conveh?t onal SPPBET SR LUTIGT K4 Ged dsFRESLWERST eC4EE8r ding to
the invention. The puthbyt Ccasrdriknegeasedo,stuithf widigr by comhagtion in a
nozzl e made fronlquariz gl ass under clean roomconditions. Furthernore, it
is 10 advantageous P+ aff’the surfaces of the installation for producing
the funmed or fused silica powder according to the invention which cone into

contact with a starting material in powder form or the product_ according
to the inveh¥iof: aPeVdesitfhe®Urdede PHELSEr oFPBRRE RMPPatl g Za5Ther ef or e,
an apparatus for predugbig ap§é$i§§n?0Wﬂ?rozaQ9PﬁﬂlQHIHQ the i Awgagion is
preferably distinguished by the fact that all the surfaces that conme into
contact wth the sfiit@@powder are netal-free. An installation for
producimg a silica powder is known to conprise a) a 20 netering apparatus,
b) a burner, c) a conbustion chanber, d) a cyclone and e) a silo. In the
case of funB#dsi3i cahopsothethwmern cutliedi coarésing demeral ¢y with

connected between fhe,eyehgngragd Jii% M1, or fumed silica,

Fig. 4: shows the burner comprising 7 quartz glass
15 nozzles with premixing of O, with SiCl, or fumed

silica,

Fig. 5: shows the plasma torch,

20 Fig. 6: shows fused silica powder from Example 4.

The following examples serve to further explain the

invention.

25 Example 1: Production of a fumed silica powder from SiCl,
by means of oxyhydrogen flame without clean room

conditions

To produce a fumed silica powder from SiCl,, the reaction
30 partners SiCl,, O, and H, are passed into the combustion
chamber by means of a quartz glass nozzle without
premixing. The reaction is carried out using 16.6 g/min
of SiCl, + 6.3 1l/min of 0O, + 8.9 1l/min of H,. The
combustion chamber is operated at a pressure of 20 mbar
35 above atmospheric pressure. Table 1 shows the analytical

results.



25 The material s which have been nentioned for the nozzle acaeSEPTEMBER 246
i nvention, preferably also formthe surface of the netering, the conbustion
chanber, the cyclone, the fluidized bed and the silo. In another

enbodi nent, the netering apparatus %gf the silo may al so 30 have a pure
plastic surface. The plastics may, for  exanple be PFA (perfl uoroal koxy
copolymer), PTFE (polytetrafluoroethylene), Halar(r) E-CTFE, G-P (gl ass

fi ber - r eifeOPd€d 2polPyesiuet ipasioh) aahdmPR Epoigar ppydenefrom| fi€he netering
region, iy ki Pleter abl ey hobgkhe rILikCas3ngPOVES! SrdOn PESRYEYED W t hout
noving parts, tfor exanple to0 use pneunatlg conveyl ng by neans of conpressed
air. 14 SEPTEMBER 2006 - 17 1In the drawing: Fig. 1. shows the burner

put]et asdhptddie DUk aaahe, Woloaut cReRTLXER A2 dld Ml Cle of
fured 5 silFica, Fig. 2: shows tRe burner outl et ¢ npri sing nozzl es
wi t hout mreettindnyy $fCIQ2 Wit AnSi B.4ave Pasedd shnkticcdhel @dRikgist3iorshows t he

burner outl ONpLj Si ngzzles with _premxing of 0 i.th Si.Cl4 or funed
silica, %lthga.%{bf& g%a)mhfg%géburgﬁeraco%?¥%? nﬁ%sua%fozzzg]legs\gl Wozzl es with
prem xi ngpramiGAng .t s Glaotidénmmed csrried, oktgusingshews tdyenipl asma t orch

20 Fig. 6 %?O fu eg ili.ca er fraqm.Exanpl The follow ng exanpl es
serve toFu %eéxlﬁ éx§|° iﬁ/ltr%él C&ﬁy/%nﬁ n'.% ﬁn@%&% 3{21: oduttioh of a funed
silica pawdaralflraamdsi Gl in a clean room belonging to clean room

class 10 000. Table 1 shows the analytical results.

Example 3: Production of a fused silica powder from a
fumed silica powder by means of oxyhydrogen flame without

clean room conditions

To produce fused silica powder from fumed silica powder,
the reaction partners fumed silica, O, and H, are passed
into the combustion chamber by means of a quartz glass
nozzle without premixing. The reaction is carried out
using 180 1/min of H, + 90 1/min of 0O, + 60.3 g/min of
fumed silica powder. The combustion chamber is operated
at a pressure of 40 mbar above atmospheric pressure.

Table 1 shows the analytical results.

Example 4: Production of fused silica powder from fumed
silica powder by means of oxyhydrogen flame under clean

room conditions

To produce fused silica powder from fumed silica powder,
the premixed reaction partners fumed silica powder O, and
H, are passed into the combustion chamber by means of a
quartz glass nozzle. The reaction is carried out using
180 1/min of H, + 90 1/min of 0O; + 60.3 g/min of fumed
silica powder. The entire installation is in a clean room
belonging to clean room class 10 000. Table 1 shows the

analytical results.



by means of oxyhydrogen flanme w thout clean room conditions T dpPEMBER2006
funmed silica powder from Si Cl4, the reaction 30 partners SiCl4, 02 and H2
are passed into the conmbustion chanber by neans of a quartz glass nozzle

Wi thout prem xing. The reaction is carrjed out using 16.6 g/mn of SiCl4 +
6.3 1/mn of 02 + 8.9 1/mn of H2. The ““conbusti on chanber is operated at a
pressure of 20 nbar 35 above atnospheric pressure. Table 1 shows the
analytical results. 14 SEPTEMBER 2006 -18 Exanple 2: Production of a funmed
silica powdéxampdm Si:ClRrodyctieemsobf fosgdydidbgea pbamerudirog dussd r oom
conditions _[Q.pro0 f ilicacp e | eaction
partners Si é}glgﬁzdéﬁgd% g&ﬁdrﬁga%é%d%rfnﬁ%?th%géggbu%srﬁe%n é%ﬁ%ﬁbg(réo y neans
of a quartz agrassimozzl e wit hout prem xing. The reaction is carried out

usi ng 16. 6 g/mn of SiCl4 + 6.3 1/mn of 02 + 8.9 1/mn of H2. The entire
installation is in a clean room belonging to clean room class 10 000. Table
1 shows t he Tangnpiducal fruessd ts3.] i dax apide 13 :f o duwetedos idfi ca fovseldrsi | i ca
powder from fumed .silica _powder. by nmeans of oxyhydrogen_fl anme w t hout

ol ean room GORIIERGHE SToPRPoaEae FUTEA STLLCA BOUHEr” f 7o Fired &7F ca
powder, theasael iatopahktnessbiistednsthamiter 021 &ind tdd o eoppssedng nto the
conbusti on chanber lié nmeans ,of a qua;ltz gl ass npzzle wthout prem xing. The
reaction i s T %1666 CYSLRGeISe PR FERFT1R” L3FT MG SU0#SENE0. 3 g/ i n
of funed sids cp/mOWIEE. OIhasCCtﬂ‘iéUSéérDﬂ’Ir£haFD§éth geRer ad@d1 /At na offr essur e
of 40 nbar above at nospheric pressure. Table 1 shows the _anal ytical

resul ts. 0, and 25 1/min of H, as the shrouding gas and 15 kg/h of
fumed silica powder, metered in via the powder nozzle.

The pressure in the combustion chamber is 300 torr, and

the total power of the HF plasma is 90 kW. In the present

15 case, the plasma is an HF plasma in accordance with the
principle of solid state technology, with which the

person skilled in the art will be familiar. The entire

installation is in a clean room belonging to clean room

class 10 000. Table 1 shows the analytical results.

20
Example 6: Production of fused silica powder from fumed
silica powder by means of oxyhydrogen flame under clean
room conditions using standard nozzle, not made from
quartz glass

25

To produce fused silica powder from fumed silica powder,
the reaction partners fumed silica powder, O, and H, are
passed into the combustion chamber by means of a
stainless steel nozzle with premixing. The reaction 1is
30 carried out using 180 1/min of H, + 90 1/min of O, +
60.3 g/min of fumed silica powder. The entire
installation is in a clean room belonging to clean room

class 10 000. Table 1 shows the analytical results.



Exanpl e 4: Production of fused silica powder from fumed sili Cfy SPVERBERR006
means of oxyhydrogen flane under clean roomconditions To produce fused
si'lica powder fromfuned silica powder, the prem xed reaction partners
fumed silica powder 02 and H2 are pasg d into the conbustion chanber by
means of a quartz glass nozzle. The réaction is carried out using 180
mn of qu %)EQQEJE(%xé%% 69 3P96@h%t9%nf%ﬂ?d¥u§é 'gﬁlgggd%&b rhe
entire instalTaioni's in aclean r6om bel ongi ng ean room class 10
000. Tabl e fuskohwsitlhea dyamgansalofr esyhysir openSEREEWBER 20@0®rdant® Exanpl e
5: Producti f [ r fromfuned silica powder by nmeans of
HF plasma un é&léfggﬁgr§§ﬂ§€;n1l lons 5 To produce fused silica powder from
fumed silica pomder the reaction partners funmed silica powder, air and H2
are passed e_con ustlon hanber vi a rch co quartz gl ass
cyllndeﬁs ?Ie rea%tl%n |s chpfgd gqf‘ﬁ§| ﬁ%94551/n1n d? Egt s ¥he
central pl aswyqgas,stHeald ndim of sé&emndoﬂﬁeyéﬂlandftH%napthedshnﬁudlng gas
and 15 kg/ h of uned silica p er, nmetered in vi wder | e. The
pressur e int?ﬁ% %8588§tf8ﬂ“%haﬁ#qr burngp t?ﬁ@pr%ﬁﬁf he &%?31 68éé} of the
HF plasme | .90 kWhi ot ha, presieny ihtessiecedheiptasnené s ambdstplasma in
accordance wiith the principle of solid state technol qgy, ch the

per son SklHQQ?WQ?Qfﬁ}%N{h%M*Wn%@ 73 PREFT ?ngént kéq mqiﬂa%ﬁ1is in a
cl ean ngom AelN@oM i sCl3e@8N P PNy £ b, assnd 01 0P 0kg ekl 2 funstDws tikey

anal ytical results. 20 ,
powder. Table 1 shows the analytical results.



Exanpl e 6: Production of fused silica powder fromfumed silica 99PwESIBERY006
means of oxyhydrogen flane under clean room conditions using standard
nozzl e, not made from quartz glass 25 To produce fused silica powder from
fumed silica powder, the reaction parthpers funed silica powder, 02 and H2
are passed into the conbustion chanber by neans of a stainless steel
nozzle with prem xing. The reaction is 30 carried out using 180 1/mn of H2
+ 90 1/min of 02 + 60.3 g/mn of funed silica powler. The entire
install ati ohabPdei @ a cl ean room bel onging to clean room class 10 000. Table
1 shows thexﬁ\aamzc%vw%u&ﬁsthéf%%@v%@!%&% in ?Qe CRUpacAtiye exanple
7: Production of fiused silica fro funmed 'sili1ca by nmeans of oxyhydrogen
flanme in acesrnphes andt kipihentifR,5936d215n5pPhe Heghrpanedyusangd silica
powder Es p@g@ggstnto an oxygen streamvia a screw conveyer and then passed
into the burner tube. The burner conprises 3 tubes, with 7.6 n8/h of H2
being introduced into the conbustion chanber via the inner and outer tubes,
whi | e t he mdeherto—ube—peontgras—3—8—mprh—gt—o2rard—i—8—kogrh—of fuged
silica pquwdx.. &ul ¢ Be shis |t Ad n@a yt iMaal| Nasyl .| N SERFEMBER 2006 21
Table 1 Inpurgty[Teveélrs Th Lhg progu rodgced fn _thEe

and of thd SiCl4 égedlf%n b, gét=r N dgusiﬁg 59 QpJ
Ca My NaKHNp Oy [ 10 [<1 (10 11 2 [ 4 1 |c%<

e Ti Al

egpect fve. éxanpl es
ég QI
<1

1 <1

3 <1 25 2 31 64 11 11 5 2 2 <1

4 <1 10 <1 9 13 3 5 1 <1 <1 <1
5 <1 12 <1 15 14 3 6 1 <1 <1 <1
6 <1 |} 250 4 63 15 7 7 43 27 <1
7 4 730 ] <1 62 66 | 134 19 167 ]| 235 <1

[NC2NN IVoTNE B \V]

sicl, | <1 10 <1 3 8 <1 3 <1 <1 <1




1 <1222245498522<1 2<110<110 112 4 1 <1 <1 <1 145ErTERBER 28d6
64 11 11 52 2 <1 4<110<1913351<1<1<1 5<112<11514361¢«<1
<l <1 6 <1 250463 157 7 2 43 27 <1 7 4 730 <1 62 66 134 19 9 167 235 <1
SiCl4 <1 10 <1 3 8 <13 2<1<1<114 §§P1’EI\/BER 2006 22 Patent clains 1. A
silica powder in which the sumof inpurities is 5 |less than 500 ppb. 2. A
silica powder in which the sumof inpurities is |ess than 150 ppb. 10 3.
The silica powder as clainmed in claim1l, wherein the sumof inpurities is

| ess than 1Batepb ahdimBe individual inpurity levels are Cu < 1 ppb, Fe <
25 ppb, N < 2 ppb, C < 2 ppb, Ti < 3 ppb, Al < 31 ppb, and Ca < 65 ppb,
My < 12 ppb, Na < 12 ppb, K< 6 ppb, Li < 1 ppb and the 15 powder is
carbon-freel.4. ZEheidiilcacapqaiaerimswiciahmetei munl aifim dmp@roti&s iwherein

t he powder ?Tg a chrrgd a'gl i ca powder and has a BET surface area of between
50 and 300 WBPg, "PRAfarabPEC 20 between 150 and 250 m2/g. 5. The silica
powder as clainmed in claiml, 2 or 3, wherein the powder is a fused silica

powder and gas a._ nmean particle sjze of be Eﬂen 100 11pm and 200 dun, 25
preferably betwenStHEm fr?d’%’f) P "UEF PtiSC &4y MY Et B EDI §Sbet ween 5
um and 40 dusss6thdhelsdl ppb.powder as clained in claim5, which has a
narrow particle size distribution with D(95) - D(5)
10 3. The silica powder as claimed in claim 1, wherein the

sum of impurities is less than 150 ppb and the individual

impurity levels are Cu < 1 ppb, Fe < 25 ppb, Ni < 2 ppb,

Cr < 2 ppb, Ti < 3 ppb, Al < 31 ppb, and Ca < 65 ppb,

Mg < 12 ppb, Na < 12 ppb, K < 6 ppb, Li < 1 ppb and the

15 powder is carbon-free.

4. The silica powder as claimed in claim 1, 2 or 3,

wherein the powder is a fumed silica powder and has a BET

surface area of between 50 and 300 m?/g, preferably
20 between 150 and 250 m?/g.

5. The silica powder as claimed in claim 1, 2 or 3,
wherein the powder is a fused silica powder and has a
mean particle size of between 100 nm and 200 um,

25 preferably between 1 um and 200 um, very particularly
preferably between 5 um and 40 um.

6. The silica powder as claimed in claim 5, which has
a narrow particle size distribution with D(95) - D(5)

30 < 50 um, preferably D(95) -~ D(5) < 35 um.

7. The silica powder as claimed in claim 5 or 6, which

has a spherical morphology and is completely vitrified.

35 8. A process for producing the silica powder. as claimed

in one of claims 1 to 4, in which a high-purity fumed



30 < 50 }im preferably D(95) - D(5) < 35 }1m 7. The silica pasPTEMBER 2006
claimed in claim5 or 6, which has a spherical norphology and is conpletely

vitrified. 35 8. A process for producing the silica powder as clainmed in
one of clains 1 to 4, in which a hi gh_—p}g{i_ty fumed 14 SEPTEMBER 2006 23
silica powder is obtained by flane hydrolysis of high- purity Sid4, wherein

the flame hydrol ¥sisoRlet NesSi@rdiinda G I £ EShOURyhR o3 s3RPAIISyhi ch has
a metal -free surface. 5 9. A process for producing the silica powder as
claimed inRHeef dCdinsvBereln the Hkant hydnghvpis iafy thesédClsiis ca
powder is ohtginad by, i ntari g adHHdI | Lk GHUMREsST AT GR RPWELe o Wher ei n
the sintering of the funed 10 silica powler is carried out I n an apparatus
with a neta&uffagesurface. 10. The process as clainmed in claim8 or 9,

whi ch i carried out under clean roomconditions. 15 11. The process as
claimed 1n claim210, which uses clean roomconditions fromclasses 100 000
to 1, prefer®bly A rad@Ess dor0progactingukhel 9ipietepabtigr 1890:1200kP. The

process as cl ai i i-m38 or_9, -whi.ch i,s. carri 0l ssure of
Betveen 0 o3 barath MM 5 3, er e Bl he bl Hh A AT U0s
bar, parti cillardy peeflerably bbttawderedl. R0 sbarteanichdl. 20Chibar-pRSth3. A
nozzl e corrprf'usi ng anli nner téube Igﬁat ed_i ter tubef ahe in the inner

an_.oQ r
t ube consi st ofc sTHTEon-PTONT Al ni Sr?’rﬁ?egpgl Svl\nnt% 4G Son 48 thE i n
consti tieent .sillikca Appldera 1or claredrpr i sithg ia pawdepprzaties afith a

metal-free surface.

10. The process as claimed in claim 8 or 9, which is
carried out under clean room conditions.

15
11. The process as claimed in claim 10, which uses clean
room conditions from classes 100 000 to 1, preferably
10 000 to 100, particularly preferably 1000.

20 12. The process as claimed in claim 8 or 9, which is
carried out at a pressure of between 0.913 bar and
1.513 bar, preferably between 1.013 bar and 1.413 bar,
particularly preferably between 1.020 bar and 1.200 bar.

25 13. A nozzle comprising an inner tube located in an
outer tube, wherein the inner tube consists of silicon-

containing material with silicon as the main constituent.

14. A plasma torch comprising a powder nozzle, an
30 intermediate tube and an outer tube, wherein the powder
nozzle, the intermediate tube and the outer tube have a
surface made from a silicon-containing material with

silicon as the main constituent.

35 15. An apparatus for producing the silica powder as

claimed in one of claims 1 to 7, wherein all the surfaces



30 internediate tube and an outer tube, wherein the powder nozZTEMIRR 2006
intermedi ate tube and the outer tube have a surface nmade from a
silicon-containing material with silicon as the nain constituent. 35 15. An
apparatus for producing the silica po\ as clainmed in one of clainms 1 to
7, wherein all the surfaces 14 SEPTEMBER 2006 24 which conme into contact

with the siljgapowder ;358 ®Bhaket’ h8€h the silica powder are metal-

free.



