WO 03/078321 PCT/ EP03/02316 High-purity silica powder, prbcess and
apparatus for producing it 5 The invention relates to a high-purity silica
powder and to a process and apparatus for producing it in a hot zone.
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optical fibers, quartz crucibles for pulling silicon
single crystals, optoelectronics (e.qg. lenses and
mirrors), fillers in passive components used in
electronics, and polishing suspensions for wafers
15 (chemical mechanical polishing). A high powder purity is

required for the abovementicned applications.

In optical fibers made from 510, for optical
communications, the radiation intensity of the light as

20 information carrier should not be reduced by abscrption
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 tc 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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hi gh-purity silica powders 1s the hydrolysis of silicon-containin
precursors.sTaps may, for exanple, be carried out by SiC 4 being
hydrol¥5ed

High-purity S$5i0, 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 Si0, 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
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crucible and glass sectors.

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
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
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
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.
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sel ectivelycai th cerpai ppel enRbt S= sueh asoirppb, W ke = 410 ppb;
subsequently: Na < 10 ppb, K > 80 ppb, Li = 700 ppb,
Ca > 120 ppb, Al = 16 000 ppb, Fe > 30 ppb).

15 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.

20 The further purification was also carried out on 8§iQ,
granules. According to US 6180077 and EP 1088789
(Heraeus), $i0, 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

25 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, A1 < 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

30 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

35 rather, still have to be sintered. Furthermore, the high

porosity conceals the latent risk of gases remaining
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PP pgodium level, for example from 1 ppm to 50 ppb.

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 is very time-consuming and is
also expensive, since high-purity organosilanes act as
starting materials. In general, an organic-based
35 rheclogical auxiliary, a dispersant and a solvent are

used for the production process, with the result that the
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long-term stability of the crucibkle.

In principle, high~-purity silica is also produced by

15 precipitation of silica from high-purity organosilanes or
$iCl, in the presence of an oxy-fuel flame using the CVD
or OVD process (Corning, US 5043002, US 5152819,
EP 0471139, WO 01/17919, WC 97/30833, 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 gecmetries
include optical glasses and lenses. Optical fibers can be
cbtained 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
entall widespread contamination in particular during the
milling step.

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

35
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tion of
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 C;H,..,/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 unless 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 1s 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 1is Aerosil® OX 50 produced by
Degussa, with a BET surface area of 50 m‘/g. The term
fused silica is to be understood as meaning coarser-

35 grained, spherical glass powders. One typical example of
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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
cf 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 coempeonents of the installation are also exposed to the

abrasive silica particles and therefore to heavy wear.




WO 03/078321 - 8 PCT/EP03/02316 fused silica is Excelica(r) SE- 15 produced
by Tokuyama with a nean particle size of 15 pm According to US 5,063,179
(Cabot), the second substep (= 5 the production of fused silica) is
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flame for purpose of sinteting: e tfused silica product obtained
usi ng the abovenentioned processes contains > 1000 ppb of inpurities, as

a cunul ativ, A t he. t Ti . , , . N, Cr,
Li. The di s}ger SI okgéran egéoiﬁ\%ianqgeoj%r{%en% ulrpeV st?llcf cawalp\)%rti%reééji#
accordance 8pmiddsd aedaboparanuisofied phecessgsensicarpretuouion faf

exanpl with the aid of a screw conveyer. The screwis a noving part
whi oh Becordt® T hrECERr SO At WRTh I EPFTEET | n particular in the
region of the edges. As a

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 amcunt c¢f impurities in
the silica powder according to the invention to be less
than 150 ppb. Particularly preferably, the sum of
impurities 1is less than 150 ppk 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 1s 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.



result, the screw contam nates the silica powder. O her 35 conponents of

the installation are also exposed to the abrasive silica particles
therefore to heavy wear. WD 03/078321 - 9 PCT/EP03/02316 Mention shoul d be
made in particular_of the burner nozzl§, in which the vebgciti s of the

T

silica pomd@?soéfg7gagﬂticuIarIy hi gh. 1

t was an Sb/TéEF

i nvention to prqovide a, silica powder of very high purity. A further object
of the presEHg %H@@Hﬂ%ﬁ%%%% R %v?ﬁ%feﬁaBigcbg§ éhdmﬁ%baP%fﬁéc Br the
i nexpensi vespsedusti obeOfieed 0 1d® pavwdemaaccondi pg,t o thert D¥eDaEDH. The
first object is achieved by a silica powder in which the sumof inpurities

is | ess thaRTsderabby Pstiieans by ePerall e29Gr Mime Yeotal PaRbtREl 8FLly

i mpuriti

than 150 pp

< 2 ppb, 20p@E55 2 ppbp (T <3 pgh.

es

and

¥ OfRé %pr esent
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. Particularly preferably, the sumof  inpurities is |ess than
150 ppbSandrrhéerablyi daal a papuevipareiels atecistyippbiore widh ppb, N

< 3LaRRRcutari 65 PPPFerMly

12 ppb,

Na < 12 ppb, K< 6 ppb, and Li <1 pﬁ%nhnd the powder is carbon-free. The
inpurity | eDéPE) areDdél ekniBhedinusiend -t W UICR awedly part Dslereshod of

(i nducti vel pLed:pl.asmy, appl i;ance t | CP- 4 . an
det ection I?ﬁ??yof ?Rehﬁé?ﬁgéq's ﬁeggﬁ gﬁ%ﬁ)l p§g§1$ﬁé5§$%F%gpg%§ggrs may
be either fpmeflesablgaD{dn fus@dumi | iIK@.5)30C- The farednesA umed pasingl es

pref er
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size is
15
20
25
30
35

Iy
ar |

a-BET surface area of between 50 and 300 n2/g,
g?%gﬁféfgbry bet wee

n 150 and 250 nR2/g. The primary particle

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
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.

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

solvents, dispersants and rheological agents.

The high-purity fumed silica and fused silica powders
according to the invention can be used for all
applications which are known from the prior art. They are
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
produced by means of a process in which a high-purity

fumed silica powder is obtained by hydrolysis of a high-



between 1 nm and 1000 nm preferably between 5 nm and 100 nm very
particularly preferably between 10 nmand 35 30 nm WO 03/078321 - 10
PCT/ EP03/ 02316 The fused silica powder preferably has a nean particle size

of between 100 nm.and_200 urn, particularl referah) t m and
200 j.im vgpyoaépgﬁgaﬂarly prgfergﬁr§?bé¥megn 5 pﬁgaﬁﬁgﬁﬁwﬁﬁﬁ;% o an
Furthernore the po 5 pref bl J ticl. [

distri butioﬁ?rwtshgg%é%)“%}eﬁe%i ey afﬂr%’%%ﬁ \éyifgf:ﬁ‘%/c ece]fsdﬁgbwrmu 95) -

D(5) < 35 ufhee.faimed t1 1o dEAPoRdEt | Checairzeedl o 5 an 1oppArab(s) = 1

m 95) = 50 . pm particularl r ef er abl 5 = 3.pm 5. =35 pim
?nea?ﬁreé ugﬁﬁdgglép@?Eﬁi'fEG?yS?EgaﬁﬁrrSﬁ%pg§9%8ﬂ35§228f5£BF2PBE Foglof

the product puaeeqr dsnglf o jlshechpyeBll oputeans thatriagdi ti gnal plLamesS
steps, such as screening, are not required and the powder 15 is directly
sui t abl € f oFORGriEeE FbcRI¥PRAP-CRNE21BINghEGAS 3YIndy HFS eRX8hPFESSt he very

uni f or m par g€ t$le? § r S lddiiild13h Plo 2 ﬁ*&&%éﬂé&%ﬂ@wdggzd%beh, has been
produced in accordance with Exanple 4. 20 The fused silica particles of the
powder accoPdphgreblheonnniend ol pr eFereidehaseda aspirs i alefbrghol ogy
and are  cogpLal ehkievl hibhpedeoblBibke RONder snBERGHEED YebBankheango! - gel
process, they do not include any bub ['ds or Ccarbon I npuritres originating
from t he usbydfrogeganirar 25 sld nant prefe salel g asompanid eshevt gt ahngdgent s.

The hi gh- put f d-sili e PR 0 [ r di t he
inventggn céxh%ggﬁggd or g ?9gg¥%¥$cg?%gkggﬁﬁgkﬁg§$%skg%%%efF%ﬂ]%ﬁe pri or
art. They aHe/O, flame. Alternatively, 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. 85iCl, 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 contrelled
guantity of water can also be added to the fumed silica

to control the particle sizes of the fused silica powder.



30 preferably suitable for the production of shaped bodi es as descri bed,
for exanple, in DE 19943103 (Wacker Cheme GmH). A powder according to
the invention can preferably be 35 produced by neans of a process in which

a hlgh-pur|%§lB%g§$ﬁ§|I|ca powder is obtained by hydr%%%?ls of a high WD

03/ 078321 - B3/ 02316 purity $PCI41 wherei FAHERRAAYIA s of the
SiCl4 to form the funed silica powler is carried out in an apparatus
havi ng a ne&&lgVPég SOPFaR&N2FABhY EPBI GRVLTBRMERE2R GHEMBOIFSLyS8ER14 s
carried out asnNa,f kaneg dkeckl ane SscprprEesgblantexyger- GAALaI BiBgngas and
a gas selected fromthe group consisting of hydrocarbon and hydrogen,
preferably EBHBrF@BQléFPngraBﬁ%@énu&ﬁﬁraag&§mééﬁeéﬂéﬁ- fromthe group

consi sting of nethane, propane and hydrogen, particularly preferably
conpri ses oxygen and 10 hydrogen. The hydrolysis preferably takes place in
an Hz/@x fFéﬁePrAFﬁéﬁnéﬁivél higheapgdfFeryspd Pgtcan¢¢édcga@n FAcA pl asma,

for exanpl echpgapiBRsPlrasiBciblses R0R Qfogab'teo for ghesdepos! ti@”o@ﬁ the
fumed silica 15 powder also to be carried out I'n an apparatus wth a
met al -free §arifle. parhécudairisbpeesearbilyglf@ferial s i nclude sil anes,
organosi |l i con conpounds and hal osilanes with an inpurity 20 | evel of < 100
ppb. SiCl4 with an inpurity level of < 100 ppb is preferably suitable and
S1Cl 4 with Aspani gy} teasagiiven tion Cllasre roars gandittidras ) ytipe epevabby

it EOLg. Ak SE LA B! 1y el 5% paeLL a5STdzngg, 20wt
with the i nteblBobalhy simdferdarjy between 1.013 bar and 1.413 bar,
particularly preferably between 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 0, fumed
silica and a mixture of fumed silica with 0O, 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
siliceon-containing material with silicon as the main
constituent, such as for example quartz glass, fused
30 guartz, 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, SOCl,, HCl

or Cl,.

35 The apparatus is particularly preferably a nozzle in

which the inner tube consists of quartz glass or a



The sintering of the high-purity fumed silica powder is preferably carried

out in an apparatus as used to produce 30 the funed silica powder according

to the invention, in an H2/02 flanme or by neans of an HF plasma. A

control |l ed uantity of water can al so_be added to the fu i_lica
Japerents 85 4paa

to
control the"gaPeiBrB38ilzes of the fused3sTlica powd8FI/ BB $21 - 12

PCT/ EPO3/ 02316 To avoid contanmi nation fr nlenviranentaldﬁhﬁggntﬁ, such as
Na, K, My oF2EEC1ft i ¥15Pef & abTeTv? woPk28Rderr \déaT  r nd*€f ons

and/ or undepapthaniBaif; pwer2ribe ypreeespus fied Nisicpse €RL6Ledeout under
clean room conditions fromclasses 100 000 to 1, 8r?ferably 10 000 to
100, parti cGPRERYNHRET BREDI FUED0BS ASCANCEPTRLRaAL PYE e o BFaRT robm

conditions, 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,
parti cubar| ¥t piéef @i WardeePae e BpH theogngdire mewzle to

super at "oSphgLLELPr £8S | MUK eSS sfr 9 nelt ghkPgzt e
instalIatioﬁsﬁﬁgsﬁfg?ﬁgﬁﬁgﬁée E%%%é?ﬂ?hgmgg tﬁé inventign iszp?o%ﬁ%ed in

an H2/ 02 flanefache Bhpapariky sovohd dgareased istvdat fonthes afnbkel e
comprising an.ipper iube lqcaied i, a0, ouier,; dybey i thaastagiLog
materi al se e%%gg fF6mt he gr oup Z@acoﬁm st iwnlg of §l|eCI % a m%ure of Sid4
with 02, fusedfasel hea badnapnrified ofifignedosi kxkeapwet h SOZlbei HGl passed
througﬂothe in er tube, wherein the inner tube consists of a
. . r. - « . . . . . .

si i con-confai ihg material with silicon as the main constituent, such as
for exanple quartz glass, fused 25 quartz, SIiC, Si3N4, enanel or silicon
metal . 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

15 powder produced is slightly worse than with a nozzle made
from quartz glass, but is still higher than in the case

of the known silica powders.

Therefore, the invention also relates to a nozzle
20 comprising an inner tube 1located 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 gquartz glass, fused gquartz, SiC, Si;N,, enamel or

25 silicon metal.

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

30 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 O, are fed to the combustion chamber separately. In
35 one embodiment of the nozzle according to the invention,

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



Lt is preferable for the inner tube to consist of a silicon-containing
material with silicon as the main constituent, such as for exanple quartz
gl ass, fused 30 quartz, SiC, Si3N4, enanel or silicon netal, with the

surface of e havi ng been pu fled US|ng | nt ai ni ng
gas, such a@g ?g?b ggile SOC12, HC1 {& . TECTgE%QEépggﬁg

ticularl [
bart o o1 asbu8t GERY, P%%E%%%Wﬂltﬂ"cpﬁgpég @'235}2-%%%’%% o o104 quart 2
gl ass surfatke mhixthrkads pdardn cigdrty phefemﬁhqumaa1qnﬂmﬁemm Tseng a
chlorine- cont ai ?e?g%ﬁﬁl?%gu%ﬁeféﬁ?fO{ugéa %Pp hggkg§eq£l§%2 51t is

partlcularl9 ﬁF I'ré nozz quarfz gl ass
or a materiaf W,t anal quamdad gliddsa syusiacg. ahe ur | dytean timde nfoeased
still grther i f the tz gl.ass or the material with the quartz gl ass
sur f ace” has® PR Ybﬁ?l??e ﬁb for exanple, SOC12, HCL 10 or Cl2. |f
only the inner tube for the supply of funed silica or SiCl4 consists of
gquartz glass, while the remainder of the nozzle consists, for anple of

steel, the ParPOPtoeET HemaedssRer o ot e@O7E 1S | JREP %\B‘Jséoth Bwith a

nozzl e madejn{EQM GHANA Z1 HBS seditlidrs pildtide Y aiigl d))amiion  tded case  of
the known silica pomders Therefore, the invention also relates to a nozzle

20 conpri si hgnas | AL CAUbe ALScat®F i ntan Shfer QAMPMS LAY ei FRAPRET nner

tube cepsisgg 9£a@e§yl | 6R0- £ODS b ”é&ﬂpri@é@ré@rﬁcé%ﬁﬁééil%%ﬁnéé@ mai n
constituent. % naterial 1s preferably selected fromt rou
consi sting tubes for the supply of fumed silica (SiCl,), O, and 2

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,
15 (Fig. 1).

It is preferable for a burner for producing the powder
according to the invention by means of H,/0, flame to
comprise a plurality of the nozzles according to the
20 invention. 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
25 (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 (Fig. 3).
This arrangement allows a particularly homogeneous
30 distribution of the SiCl, {(or of the fumed silica powder

when producing fused silica powder) in the flame.

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

surface of the burner which faces the combustion chamber



af quartz glass, fused quartz, SiC, Si3N4, enanel or 25 silicon netal.
Is preferable for the nozzle to consist of a nateri al

group consi
silicon net
preferably
this type,

separately.
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Blng to the EO nventi on. %ﬁg bur ner 5 “a Po

according to the invention in which 0, and fumed silica
powder are premixed before being fed to the combustion

chamber.

If the powder according to the invention is produced in
a plasma, the apparatus according to the invention is a
plasma torch comprising a powder nozzle, an intermediate
tube and an outer tube (Fig. 4), with the powder 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 preferable for the surface to
consist cf a material selected from the group consisting
of quartz glass, fused quartz, SiC, Si;N,, enamel or
silicon metal. It is preferable for the surface to be
purified using a gas, such as S0Cl,, Cl, or HCl. SiCl, or
the fumed silica powder is metered in wvia the powder
nozzle, the plasma gas 0O, is metered in wvia the
intermediate tube and the shrouding gas mixture O, and H,

is 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 quartz glass.

It is especially preferable for the plasma torch to have

a surface made from quartz glass.

refgion Idr nehef ofupgddsdiligat hénpovitker £lageortsng to

he

el1vers a powder with a



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 naterials are supplied through three
concentric tubes 25 (Fig. 2), and a very particularly narrow particle size
di stributi oWOWOBH 0 8g12dral ity of nozzl 86 and an 02/ fR#REPEIAQZH r eni xi ng
chanber with the starting materials being supplied through two concentric
t ubes (Fi g. H3gh-prwig varmrerdgarencan) b@m@r@dpmetci dlil zgd sl howsgededhs 30

di stributio isC1 th | wd ety wh uci ng
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a burner whipelrifiigeltudes draaes30, sperf ghabhy 16 tusukB,lpareqdeutead! vs35
preferably Ies g entl T r
Bur ner “why chUPAce™: RaTea BNar ToRet nEbar W BTt 22 Pt i aboss 02316
preferably pukdwises c@ntilst sl)of qnachzhghasmotAkhunneachmevhd7u3¢ngles of
this type, accordlngpeﬁ the invention n Fig g. 3
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dlagrannatlggpﬁﬁn PLRRSEFi WD 8 BﬁPﬁ %fQ§ﬁQ9t§p8°Zﬁ}§ure 25
di agrammat i aakbyddepi atos thepliatvad teMprof '.auebugsmlertw t&n 7ben@azireased which
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t he conmbust f&Aldhd erTRY GPYREFSIGR of FhBOFE dMEAE; EHOMIPRETE ane i s
10 i nprovedgstislsl Jfrnddhecikant iomaréandi ®iohde mozzhe raeger,ding te the
i nvention in which 02 and funed silica_ powler are prem xed before being
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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
cycleone, 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 (perfluorcalkoxy copolymer}, PTFE
(polytetrafluorcethylene), 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.



pl asma torch conprising a powder nozzle, an internedi ate “tube and an outer
tube (Fig. 4), with the powder nozzle, the internediate tube and the outer
tube having a surface 20 nmade froma silicon-containing naterial with

o1 leon oe ydng g seneti e, 1 g preferable Lot ubgspiatage o

fused quartf t%jbc, Si 3N4, enanel or silicon netal. It is preferable for
the surface'® o be %%a"bjurt’?fi ed using a gas, such as SOC12, Cl2 or HCl. Sid 4
or the funmed silica powder is netered in via the powder nozzle, the
plasma gas 2 is netered in via the internediate tube and the shrouding
Gas. m xtur 1% arid HOOWS & o GRRo@ LS & RE. DUt eF U BHRe T F (FOFELe
particularly preferabtiot® Ysendipiragmft 0och shith Wyich ,t her poswiesd nozzl e,
the internedi ate tube and the outer tube have a surface made from quartz
glass. B5 It is espettaf?y preferable for the plasma torch to have a
surface made fromquartz glass. WO 03/078321 - 16 PCT/EP03/ 02316

Hi gh-purity powders can be produced directly using the apparatuses

accordi ng tHldhe? i nseP s orkNeThBUEDEEheP UL bBE| FTUERT BRLPT 0CedPZR IS which is

usual ly required is,;@aygided, dinethand £ uged sidd ca pawdess ofyxd remely
high 5 purities (Table 1), which have not béen achi eved using conventional
processes, can be p$bHuead using a nozzle according to the invention. The
purity,gan be increased still further by conbustion in a nozzle nmade from
quartz gl ass under clean roomconditions. Furthernore, it is 10

advant ageouBigf Xl | shdwes surd dcesienf cutd eitnspabkasiog 7orozzles with

premixing of O, with S8iCl, or fumed silica,

Fig. 4: shows the burner comprising 7 gquartz glass
15 nozzles with premixing of 0, 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,, 0, and H, are passed intc the combustion
chamber by means of a quartz glass nozzle without
premixing. The reaction is carried out using 16.6 g/min
of SicCl, + 6.3 1l/min of O, + 8.9 1/min of H,. The
combustion chamber is operated at a pressure of 20 mbar
35 above atmospheric pressure. Table 1 shows the analytical

results.



produci ng the funed or fused silica powder according to

product according to the invention, are designed to be

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

shows the analytical results.



Fig. 2. shows the burner outlet conprising 7 nozzles w thout prem xing of
02 with Sic4 or funmed silica, 10 15 Fig. 3: shows the burner outl et
conprising 7 nozzles with premxing of 02 with SiC4 or funmed silica, Fig.

4: shows the burner rising 7 quartz glass nozzles mnth rem xi ng of Q2
Vith SiCl4 gF’b&&@JB%ggFlca Fig. 5 “shéwS the pl asieT/Grid? }) B H g. 6:

shows fused silica powder from Exanple 4. The foll ow ng exanples serve to
further explain the invention. 25 Exanple 1: Production of a funed silica

powder fronEsatipde By maaRiOfi XYy dfeged £ Biea hbhaet ekean rhaee
conditions Tq_produce a fuped silica powder fromS G4, the reaction 30

partners Si E+41°§2 &P BVe BRALRJOfntd tPh2 3BabHSCESN SHAber OB} means

of a quartzcghassigezzl e without prem xing. The reaction is carried out
using 16.6 g/mn of Sid4 + 6.3 1/mn of 02 + 8.9 1/mn of H2. The
conbustﬁon chanber is operated at a pressure of 20 nbar 35 above

at mospher i cpr prodiee Fablg %ﬁ&%\éﬁpbt}ae%nék%h' %inedr %%Fh&é P Q%’ 078321 -
18 - PCT/ EP03/ 02316 Exanple 2: Production of | ca po from

Sicd4 by rréaﬁsréﬁCéxyﬁyﬁmsg@ﬁrﬂ ﬁn@edsmgl@aemwd@om@monnd dhsaTe produce
a funed 5'|FQ§sgﬁmgﬁ£of RO rftddde 188 HeARd P10 PRELRAM Somptlding?2 and H2

are passed Into the conmbustion
quartz glass cylinders. The reaction is carried out using

10 45 1/min of O, as the central plasma gas, 90 1l/min of
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 30 kW. In the present

15 case, the plasma is an HF plasma in accordance with the
principle of solid state technology, with which the
perscn 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 1into the combustion chamber by means of a
stainless steel nozzle with premixing. The reaction is
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.



chanber by nmeans of a quartz gl ass nozzle without prem xing. The reaction
is carried out using 16.6 g/mn of SiCl4 + 6.3 1/mn of 2 + 8.9 1/mn of
H2. The entire installation is in a clean room belonging to clean room 10

class 10 000, Eg?bgééﬂihom the anal ytical results. EX?WET%EM?? Pr oducti on

of a fused 8P r froma funed?®irlica povvdelPCB' oL o
oxyhydrogen _fl ame_wi.t hout clean, rogm condition To, produce fused silica
powder 11 onfPEREESTFPCR 7 OREbEREE PO par RS T i sEFPEa, O,
and H2 are pagsadsiilita bhemeanbusti enyehanbgenbylamansnobcaocgdante gl ass
nozzl e wi thout prem xi n%. Thﬁ rﬁagti on is carried out 20 using 180 1/ mn of
H2 + 90 1/ ni'AtBf Pa5eRtedF3°gLreAldf funed silica powder. The conbustion
chanber is operated at a pressure of 40 nbar above at nobspheric pressure.
Table 1 shows the analytical results. 25 Exanple 4: Production of fused
silica powdéPef fodNtEd t%i fwped pé\v\éléﬁab_;P%gef%_ oF ERPIHFGY obfetC f PRe under
cl ean roo%ﬁﬁﬁght 5@R2 a0 vREOGUGR Hdisethisid J&a W@EeﬂrgﬁfbgHHEQnEb' Ica
powder, 30 thé reaction partners funmed silica powder, 02 and H2 are passed
into the coﬁb@sth%ﬁa%‘gﬁe-byTh@arﬁlr@’fe% gamprisegl ads tWoLA.e WiLth
prem xi ng. Fh rr@?@ti i$ cakrti.ed i : [ @n, o 1/ mn of
02 + 60.3 g?r'ngn 0 fggedﬁzsi ?%%gspo%g?aﬁ é;&en]ltg?croé :Elr?s%t a{:?}gtg}lgﬁggg in a 35
cl ean room bbhohginyigo téleedmnegomns ags e 0O%ks Tabhela thaomsddhe

anal yUigal pesyl Lsnc 0034088300, 19, RO SPGRA0718 ExaRkes i Byoductfon

powder. Table 1 shows the analytical results.
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Exanpl e>6: PrBA4MEtion of fused silica powder fromfumed silica powder by
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nozzle, not_made from quartz qglass 25 To produce fused silica powder from
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WO 03/078321 - 20 PCT/ EP03/02316 Conparative exanple 7: Production of
fused silica from funed silica by neans of oxyhydrogen flane in accordance
with patent JP 59152215 5 The high-purity funed silica powler is passed
into an ox%gen streamvia a screw conveyer and then E%ssed into the

Burner tube"OTH/BAPAét conprises 3 Tubds; with 7. 8CKEEROSY OB 16ei ng
i ntroduced into the conbustion chanber via the inner and outer tubes,

while the mddle 10 tube contains 3.8 nB/h of 02 and 1.8 kg/h of funed
silica powdgtentabBligimsshows the analytical results. WO 03/078321 - 21
PCT/ EPO3/ 02316 Table 1 Inpurity levels in the product produced in the
respective exanples and of the Si Cl4 used, in ppb, determned using 5

| CP/ M5, Ex. CuFeTh ALG ' I A< 5 522<1 10<11011241<]1<1<1
3<125231641%152&%%!%%8@%%?511]21l‘%@gﬁiﬁgéﬁ‘léﬁ1£<1%3<%1i11‘411§s £
6<1250456315¥F243RTan 749 3pr6266134199167235<1 Si A 4<110<138<132<1<1<1 WO
03/078321 - 22 - PCT/EP03/02316 Patent clains 1. A silica powder in which

the sumof inpurities is 5 |less than 500 ppb.
2. A silica powder in which the sum of impurities is

less than 150 ppb.

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 ppbk, 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 c¢laim 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 pm 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 pm, 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 preducing the silica powder as claimed

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



2. Asilica powder in which the sumof inpurities is |less than 150 ppb. 10
3. The silica powder as clained in claiml1l, wherein the sum of irrpurities
is less than 150 ppb and the individual inmpurity levels are Cu < 1 ppb, Fe

<25ppb N| < 2 ppb, Ti <_3 ppb, A b, and Ca < 65
ppb, ¥ ﬁ)&t{%%ﬁézé 12 ppb, K< 6 gpb” Li < 1 ppﬂ?Tf C{}{é)231156 powder is

car bon- free The silica powder as clained in claiml1l, 2 or 3, wherein

t he powder S;‘][&claurfécﬁ" Ijt BBﬁﬁéPeﬁna’yhﬁlaéneBéTYd%%}‘Y%ﬂs% aﬁeél@fh‘betmeen

50 and 300 @Qirg,tgpset@r,am;yer@ﬂq hetavearmkS0 yard 1 §err8kgth5 side, sid i ca
powder as clainmed jn claiml, 2 or 3, wherein t powder is a fused silica

powder and Ka<rdedeqHtpalti @% §P£’ér@1tul§et\)ﬂkéﬁhld@a%maanﬂleﬂ@d “ifreiem 25
preferably ketwaer 1 = and 200 pm very particularly preferably between 5
pin and 40 jam 6. The silica powder as clained in claim5, which has a
narrow Particle size distribution with D(95) - D(5) 30 < 50 pm preferably

D(95) - D(5p < 3 The,.s m
whi ch has g sphgr ??&Céﬁﬁrgﬁo %J‘gdf/&gﬁ’gg conp lglt&} wﬁ% T%Sagrfagggg
process for ipr cthici ey cheiwsl |5c$<po%dennayMIG@4 redhigh-pneivy dlusiens 1 to

4, in which g f.ume 0 CT/ E 0 ilica
powder is o taa:ined Eg&m?(%y is %?g%ggés of lﬂtg§ln§t : Rgﬁéﬂ gﬁgt |n t he
fl ame hydr olfysiesl @flltllq:@ So@!dﬁn.s wf(mrrafnredtlmutﬂmtamra@pafatbs \ﬂumeld has a
netal-&bee si%&%%cepoéher is carried out in an apparatus with a

metal-free surface.

10. The process as claimed in c¢laim 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 0.813 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



9. A process for producing the silica powder as clainmed in one of clains 5
to 7, in which a high-purity fused silica powder is obtained by sintering
a high-purity funmed silica powder, wherein the sintering of the funed 10
silica powder i%%parried out in an apparatus with a netal -free surface.

10. The prol&sdHL @ iled in claim8 ¢ g which i FCHRFGHPL DI under
clean roomconditions. ;15 11. The process as clainmed in claim210, which
uses clean ¥ E6RGi LPEAsCPRBATE| UssRsERDOS bErd Pawdsy ér &Kt 110 000
to 100, partrfireddl.arly preferably 1000. 20 12. The process as clainmed in
claim8 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 conprising an
i nner tube |located in an outer tube, wherein the inner tube consists of
silicon- containing material with silicon as the main constituent. 14. A
pl asma torch conprising a powder nozzle, an 30 internedi ate tube and an
outer tube, wherein the powder nozzle, the internediate tube and the outer
tube have a surface nade froma silicon-containing material with silicon
as the main constituent. 35 15. An apparatus for producing the silica
powder as clainmed in one of clains 1 to 7, wherein all the surfaces WO
03/078321 - 24 PCT/ EP03/ 02316 which cone into contact with the silica
powder are netal - free.



