- 1 - Production of silicon by reacting silicon oxide and silicon carbide, optionally in the presence of a
“second carbon source The invention relates to a process for preparing silicon by converting silicon
oxide at elevated temperature, by adding silicon carbide and optionally a second carbon source to the
-reaction mixture. The invention further discloses a composition which can be used in the process
according to the invention. The core of the invention is the use of silicon carbide as a reaction starter
and/or reaction accelerant in a catalytic amount in the preparation of silicon or, in an alterative, in
approximately equimolar amounts for preparation ofssilicon. A known method for preparation of silicon
is to reduce silicon dioxide in the presence of carbon according to the following reaction equation
(Ullmann's Encyclopedia of Industrial Chemistry, Vol. A 23, pages 721-748, 5th edition, 1993 VCH
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suitable for producing semiconductors’(electronic grade silicon, Siég) requires an CVEN gher purity.
For these reasons, even the metallurgic silicon from the reaction of silicon oxide with carbon should
satisfy high purity demands in o & tQ Q?Eimizgjs_y?sq&uent complex purification steps by virtue of
entrained halogenated compoun $5sué 4s boton fric oride, in the halosilanes for preparing silicon
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because b [ ili elt and in the solid f}gs as a partition coefficient of 0.8 and is
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1700°C, are required, which are achieved, for example, in a light arc furnace. In spite of

the high temperatures, this reaction begins very slowly and also proceeds subsequently
at a low rate. Owing to the associated long reaction times, the process is energy-

intensive and costly.

If the silicon is to be used for solar applications or in microelectronics, for example for
preparation of high-purity silicon by means of epitaxy, or silicon nitride (SiN), silicon
oxide (SiO), silicon oxynitride (SION), silicon oxycarbide (SiOC) or silicon carbide (SiC),
the silicon produced has to meet particularly high demands on its purity. This is
especially true in the case of production of thin layers of these materials. In the field of
use mentioned, even impurities in the starting compounds in the {(ug/kg) ppb to ppt
range are troublesome. In general, the silicon is converted beforehand fo halosilanes,
which are then converted to high-purity semiconductor silicon or solar silicon, for

example in a CVD (chemical vapcur deposition) process at about 1100°C. Common to



Generally known from the prior art are processes for preparing silicon. For instance, DE 29 45 141 C2
“describes the reduction of porous glass bodies composed of SiO2 in a light arc. The carbon particles
required for reduction may be intercalated into the porous glass bodies. The silicon obtained by means
of the process disclosed is suitable, at a boron content of less than 1 ppm, for producing
semiconductor components. DE 30 13 319 discloses a process for preparing silicon of a specific
purity, proceeding from silicon dioxide and a carbon-containing reducing agent, such as carbon black,
with specification of the maximum boron and phosphorus content. The carbon-containing reducing
agent was used in the form of tablets with a high-purity binder, such as starch. - 3 - process for
preparing silicon, by discovering for this process a reaction starter and reaction accelerant which does
not havesthendisstdwantagies tinestorcthcAtthersampuiityed dheareaction stantgn eingies neastion
accelerant should,be as pure and inexpensive as passible. Particylarly preferred reaction starters
and/or reﬁfé&}/gfﬁggcgp&gﬁ s{asrﬁi(':mg?ﬂe%gvﬁ{f sfﬂg@%ﬁ@&mgs H}ﬁ?&y&@?&ﬁ FBUNTELKDr preferably
only imp(piires imyely amiath dnecsmtsconidub sitichrsimel fiorthegieassns fmentiprgdasishe outset. The
object isra%hieeved by the process according to the invention and the inventive composition according
to the fea'?urges)"of Claims 1 and 9, and by the inventive use according to Claims 14 and 15. Preferred
embodiments can be found in the dependent claims and in the description. The process according to
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silicon oxide with carbon should satisfy high purity demands in order o minimize

subsequent complex purification steps by virtue of entrained halogenated compounds,

such as boron trichloride, in the halosilanes for preparing silicon (Sisg oF Sigq). Particular

difficulties are caused by contamination with boron-containing compounds, because

boron in the silicon melt and in the solid phase has a partition coefficient of 0.8 and is

therefore virtually impossible to remove from silicon by zone melting (DE 2 546 957 A1).

Generally known from the prior art are processes for preparing silicon. For instance,

DE 29 45 141 C2 describes the reduction of porous glass bodies composed of Si0, in a
light arc. The carbon particles required for reduction may be intercalated into the porous
glass bodies. The silicon obtained by means of the process disclosed is suitable, at a

boron content of less than 1 ppm, for producing semiconductor components.

DE 30 13 319 discloses a process for preparing silicon of a specific purity, proceeding
from silicon dioxide and a carbon-containing reducing agent, such as carbon black, with
specification of the maximum boron and phosphorus content. The carbon-containing

reducing agent was used in the form of tablets with a high-purity binder, such as starch.

It was an object of the present invention to enhance the economic viability of the



- 4 - and/or reaction accelerant and less as a reactant. It is preferably also possible in the process to
react about 1 mol of silicon dioxide with about 1 mol of silicon carbide and about 1 mol of a second
carbon source. According to the invention, the silicon carbide is added to the silicon oxide in the
- process for preparing silicon by conversion of silicon oxide at elevated temperature or optionally added
in a composition comprising silicon oxide; more particularly, the energy source used is an electrical
light arc. The core of the invention is to add a silicon carbide as a reaction starter and/or reaction
accelerant and/or as a reactant, and/or to add it to_the process in a composition. The silicon carbide is
thus supplied separately to the process. Silicon carbide is preferably added to the process or to the
composition as a reaction starter and/or reaction accelerant. Since silicon carbide self-decomposes
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silicon carbide. The occurrence of luminescence phenomenon was observed, and the entire
subsequent reaction surprisingly continued with intense bright luminescence, more particularly up to

the end of the reaction. The second carban source is defined as cqmpounds or materials which do not
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and/or shuspherus|roiedesesinéenl/or phosphorus-containing compounds, should be less than 10
ppm for boron, especially between 10 ppm and 0.001 ppt, and less than 20 ppm for phosphorus,
especially between 20 ppm and 0.001 ppt, in parts by weight. The ppm, ppb and/or ppt data should be
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for boron- and/or phosphorus-containing compounds, should be less than 10 ppm for boron, especially

between AfRM:A0d Q00 Rhigpdessdhagian wgméefmﬁégéfwa%%we%e“ 20 ppm and

0.001 ppt. Preferably, the boron ¢ ween 7 ppman
correspondingly less CO is released per unit Si formed. The gas velocity, which crucially
limits the process, is thus lowered advantageously. Thus, process intensification is

advantageously possible by an SiC addition.

According to a further particularly preferred variant, a silicon oxide, especially silicon
dioxide, is converted at elevated temperature, by adding silicon carbide and a second
carbon source to the silicon oxide, or converting silicon carbide and a second carbon
source in a composition camprising silicon oxide. In this variant, the concentration of

silicon carbide can be lowered to such an extent that it acts more as a reaction starter



preferably between 6 ppm and 1ppt, more preferably between 5 ppm and 1 ppt or lower, or, for
“example, between 0.001 ppm and 0.001 ppt, preferably in the region of the analytical detection limit.
The phosphorus content of the silicon oxides should preferably be between 18 ppm and 1 ppt,
-preferably between 15 ppm and 1 ppt, more preferably between 10 ppm and 1 ppt or lower. The
phosphorus content is preferably in the region of the analytical detectiOn limit. - 6 - Particularly
suitable silicon oxides are quartz, quartzite and/or silicon oxides prepared in a customary manner.
These may be the silicon dioxides which occur in crystalline polymorphs, such as moganite
(chalcedone), a-quartz (low quartz), 13-quartz (high quartz), tridymite, cristobalite, coesite, stishovite
or else amorphous Si02. In addition, it is possible with preference to use silicas, especially precipitated
silicas orasilicargelsctiumeadcsiezadiumedsiica onsiigatitnthe pyosess ang/arstheamnesition, Typical
fumed silicas aretamorgpro S éﬁlj)z gPiwgers of average diameter 5 to 50 nm _and with a specific surface
area of 50 16600 27§ %éo VER5PEREGRMEPBER SHE P td FPERERINAA RshidesBRSKilled in
the art wibappreoiateothat it ds @iscapbssiblaitaaise other silicon oxide sources suitable for the process
in the process and/or the composition. The silicon oxide, especially Si02, can be initially charged
and/or used in pulverulent form, in particulate form, in porous form, in foamed form, as an extrudate,
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occurrence of luminescence phenomenon was observed, and the entire subsequent

reaction surprisingly continued with intense bright luminescence, more particularly up to

the end of the reaction.

The second carbon source is defined as compounds or materials which do not consist
of silicon carbide, do not have any silicon carbide or do not contain any silicon carbide.
The second carbon source thus does not consist of silicon carbide, has no silicon
carbide or does not contain any silicon carbide. The function of the second carbon
source is more that of a pure reactant, whereas the silicon carbide is also a reaction
starter and/or reaction accelerant. Useful second carbon sources include especially
sugar, graphite, coal, charcoal, carbon black, coke, hard coal, brown coal, activated
carbon, petcoke, wood as woodchips or pellets, rice husks or statks, carbon fibres,
fullerenes and/or hydrocarbons, especially gaseous or liquid hydrocarbons, and also
mixtures of at least two othe compounds mentioned, provided that they have suitable

purity and do not contaminate the process with undesired compounds or elements. The



For 1 mol of silicon dioxide, it is possible to add about 2 mol of a second carbon source and silicon
“carbide in small amounts as a reaction starter or reaction accelerant. Typical amounts of silicon
carbide as a reaction starter and/or reaction accelerant are about 0.0001% by weight to 25% by
-weight, preferably 0.0001 to 20% by weight, more preferably 0.0001 to 15% by weight, especially 1 to
10% by weight, based on the total weight of the reaction mixture, especially comprising silicon oxide,
silicon carbide and a second carbon source and if appropriate further additives. According to a
preferred alternative, for 1 mol of silicon dioxide, abgut 2 mol of silicon carbide can be used as a
reactant in the process, and a second carbon source may optionally be present in small amounts.
Typical amounts of the second carbon source are about 0.0001% by weight to 29% by weight,
preferable0mol darR68sby weighty eferaby efelatibddohteh2086 hpwveightramass mseferably 0.1 to 15%

by weig % based an thy t tal weight of the reaction mixture, especially
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second €&¢bon source should preferably be used in the process or be present in the_ process together
in an approximate ratio of 2 mol to 1 mol of silicon dioxide. The 2 mol of silicon carbide and if

appropriate of the second carbon source may thus be composed of 2 mol of SiC to 0 mol of s_econd
carbon $t@iesatytdieiBo0on pwitehEiChetw®999Ppml afddcppy perlzoaisp brervé@) Thpmtio of

silicon CQFHCI@ tlpﬁcﬁg fSIllclR%)Bect%gﬁg cggrdmg%\ﬁé%fé’w%g Foergtxéchlgggtnc about 2 mol for

reaction with a out 1 m dioxide ac
0.001 ppm and 0.001 ppt, preferably in the region of the analytical detection limit. The

phosphorus conient should preferably be between 18 ppm and 1 ppt, preferably
between 15 ppm and 1 ppt, more preferably between 10 ppm and 1 ppt or lower. The
phosphorus content is preferably in the region of the analytical detection limit.
Generally, these limits are pursued for all reactants or additives of the process, in order

to be suitable for preparing solar and/or semiconductor silicon.

Suitable silicon oxides generally include all compounds and/or minerals containing a
silicon oxide, provided that they have a purity suitable for the process and hence for the
process product and do not introduce any disruptive elements and/or compounds into
the process or burn with a residue. As detailed above, compounds or materials
comprising pure or high-purity silicon oxide are used in the process. The contamination
of the silicon oxide with boron and/or phosphorus, or for boron- and/or phosphorus-
containing compounds, should be less than 10 ppm for boron, especially between

10 ppm and 0.001 ppt, and less than 20 ppm for phosphorus, especially between

20 ppm and 0.001 ppt. Preferably, the boron content is between 7 ppm and 1 .ppt,
preferably between 6 ppm and 1ppt, more preferably between 5 ppm and 1 ppt or lower,
or, for example, between 0.001 ppm and 0.001 ppt, preferably in the region of the
analytical detection limit. The phosphorus content of the silicon oxides should preferably
be between 18 ppm and 1 ppt, preferably between 15 ppm and 1 ppt, more preferably
between 10 ppm and 1 ppt or lower. The phosphorus content is preferably in the region

of the analytical dete«tion limit.



Reaction: Silicon dioxide in mol Silicon carbide (Sic) in mol Second carbon source (C) in mol No. 112
"ONo0.2No..01
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Particularly suitable silicon oxides are quartz, quartzite and/or silicon oxides prepared in
a customary manner. These may be the silicon dioxides which occur in crystalline
polymorphs, such as moganite (chalcedone), a-quartz (low quartz), B-quariz (high
quartz), tridymite, cristobailite, coesite, stishovite or else amorphous SiO,. In addition, it
is possible with preference to use silicas, especially precipitated silicas or silica gels,
fumed SiO, fumed silica or silica in the process and/or the composition. Typical fumed
siticas are amorphous SiO, powders of average diameter 5 to 50 nm and with a specific
surface area of 50 to 600 m?/g. The above list should not be considered to be exclusive;
the person skilled in the art will appreciate that it is also possibie to use other silicon

oxide sources suitable for the process in the process and/or the composition.

The silicon oxide, especially SiO», can be initially charged and/or used in pulverulent
form, in particulate form, in porous form, in foamed form, as an extrudate, as a pressing
and/or as a porous glass body, optionally together with further additives, especially
together with the second carbon source and/or silicon carbide, and optionally a binder
and/or shaping assistant. Preference is given to using a pulverulent porous silicon
dioxide as a shaped body, especially in an extrudate or pressing, more preferably
together with the second carbon source in an extrudate or pressing, for example in a
pellet or briquette. In general, all solid reactants, such as silicon dioxide, silicon carbide
and if appropriate the second carbon source, should be used in the process or be in the

composition in a form which offers the greatest possible surface area for the progress of

the reaction.

Preference is given to using silicon oxide, especially silicon dioxide, and silicon carbide
and if appropriate a second carbon source in the process in the molar ratios and/or
percentages by weight specified below, where the figures may be based on the
reactants and especially on the reaction mixture in the process:

For 1 mol of a silicon oxide, for example silicon monoxide, such as Patinal®, it is
possibie to add about 1 mol of a second carbon source and silicon carbide in small
amounts as reaction starters or reaction accelerants. Customary amounts of silica
carbide as a reaction starter and/or reaction accelerant are, for instance 0.0001% by
weight to 25% by weight, preferably 0.0001 to 20% by weight, more preferably 0.0001
to 15% by weight, especially 1 to 10% by weight, based on the total weight of the



1 1.99999 to 0.00001 0.00001 to 1.9999 where SIC + C together always adds up to about 2 mol. For
example, the 2 mol of SiC and optionally C are composed of 2 to 0.00001 mol of SiC and 0 to 1.99999
mol of C, especially of 0.0001 to 0.5 mol of SiC and 1.9999 to 1.5 mol of C, preferably 0.001 to 1 mol
-of SIC and 1.999 to 1 mot of C, more preferably 0.01 to 1.5 mol of SiC and 1.99 to 0.5 mol of C, and it
is especially preferred to use 0.1 to 1.9 mol of SiC and 1.9 to 0.1 mol of C for about 1 mol of silicon

dioxide in the process according to the invention.
-7 -

reaction mixture, especially comprising silicon oxide, silicon carbide and a second

carbon source, and if appropriate further additives.

It may likewise be particularly preferred to add to the process, for 1 moi of a silicon
oxide, especially silicon dioxide, about 1 mol of silicon carbide and about 1 mol of a
second carbon source. When a silicon carbide comprising carben fibres or similar
additional carbon-containing compounds is used, the amount of second carbon source

in mole can be lowered correspondingly.

For 1 mol of silicon dioxide, it is possible to add about 2 mol of a second carbon source
and silicon carbide in small amounts as a reaction starter or reaction accelerant. Typical
amounts of silicon carbide as a reaction starter and/or reaction accelerant are apout
0.0061% by weight to 25% by weight, preferably 0.0001 to 20% by weight, more
preferably 0.0001 to 15% by weight, especiaily 1 to 10% by weight, based on the total
weight of the reaction mixture, especially comprising silicon oxide, silicon carbide and a

second carbon source and if appropriate further additives.

According to a preferred alternative, for 1 mol of silicon dioxide, about 2 mol of silicon
carbide can be used as a reactant in the process, and a second carbon source may
optionally be present in small amounts. Typical amounts of the second carbon source
are about 0.0001% by weight to 29% by weight, preferably 0.001 to 25% by weight,
more preferably 0.01 to 20% by weight, most preferably 0.1 to 15% by weight,
especially 1 to 10% by weight, based on the total weight of the reaction mixture,
especially comprising silicon dioxide, silicon carbide and a second carbon source, and

optionally further additives.

In stoichiometric terms, silicon dioxide in particular can be reacted according to the
following reaction equations with silicon carbide and/or a second carbon source:
Si0;+2C — Si+2CO
Si0,+28iIC—>38i+2CO
or
S0 +SE+C > 28i+2C0or



-9 composition may be all polytype phases; the silicon carbide may optionally be coated with a
‘passivating layer of Si02. Individual polytype phases with different stability can be used with
preference in the process, because they make it possible, for example, to control the course of the
-reaction or the start of the reaction in the process. High-purity silicon carbide is colourless and is used
with preference in the process. In addition, the silicon carbide used in the process or in the
composition may be technical SiC (carborundum), metallurgic SiC, SiC binding matrices, open-porous
or dense silicon carbide ceramics, such as silicatically bound silicon carbide, recrystallized SiC (RSiC),
reaction-bound, silicon-infiltrated silicon carbide (SiSiC), sintered silicon carbide, hot (isostatically)
pressed silicon carbide, (HpSiC, HiPSIiC) and/or liquid phase-sintered silicon carbide (LPSSIC), carbon
fibre-reinforce&isilico cafiftle dopnpasite materials:(CMC, ceramic matrix composites) and/or mixtures
of these compgunds, with the proviso that the contamination is sufficiently low that the silicon prepared
is suitable for g?éjﬁa#iﬂgf’s%‘lgr*’sm&)g andlot Sbihrdrid@tor silicon. The contamination of the silicon
carbide with boron and/or phosphorus or with boron-and/or phosphorus-containing compounds is

preferably less than 10 ppm for boron, especially between 10 ppm and 0.001 ppt, and less than 20
ppm for é‘?{?%ﬁé’rﬁ%@ sdisendip e e o8 pnmaolao 1aist ot hesdraiit drinaihsiiecsilicon

carbide ispisiRyablybetmeench MPLANSH sPRRIafes ARl DBV BA RRMHRNG 4R (9te preferably

between 5 ppm and 1 ppt or lower, or, for example, between 0.001 ppm and 0.001 ppt, preferably in

the regidPORHE Mh Qi ISPHSRRIAR ARt Of RepHIIHbFaS R BT 6E aTicon it anb the
preferablysberhrbaessh b orw é\‘ﬁ@lﬂdlfﬁ?’ef@g:@iﬂ b RRIVREHA D RRIBAN HRPbravRre RIgkRrably
ep

between 10 ppm and 1 ppt or lower. The ogg orus content is preferably in the region of the
i

analyticAl SR EIPRINET S RRGKH IBRIRdeSR] iherehignbrenigilisen diodden hssRanahterial,
for examyfleifiepprogisingfrmiciitusinis: brake dissompiesidls-rshaakshiglds, angkalso further

products, the proc s? ccordi éo the invention and the inventive composition offer a means of
recyclin&%&gsﬁ‘f u@i‘mﬁ%{% dart MRhREFERNYSETRR IROWESE B9 Ghiamief Bithtocourse
of produttiggotieraef.of Resinle prereavisitader(tby sieontraeridmeda Barmeualsthis apurly sufficient
for the process, preference bej \giv,en to_recycling silicon carbides which satisfy the above
specificaﬁ%ﬁ%t O?gﬁgrarfgeff@ﬁjgﬁ args WHRIBIRR SLYRbIvR etile AW ARt Farcheruifsd to the
processa)aniplivelutésitiasmdioxidstisttaiel iegroanskes in piece form, and/or b) present in a porous
glass, especially quartz glass, in an extrudate and/or pressing, such as pellet or briquette, optionally
together with further additives. Further additives may, for example - but not exclusively - be silicon

oxides of dlwestcond carbon source, such as sugar, graphite, carbon fibres and processing aids, such
reaction-participants—-e-the-silicon-oxide —silicon-carbide and. if appropriate the second

as bingets: n'lécgwu.. .................. )
carbon E%%?Eé Ban ea

are A

Weorydioxdley esb'f‘é%é‘saégﬂﬁréﬁé@, or continuousRESPBEEALHRR in
compositions. The silicoim gasbide is prefexalplyiadded in such amounts ove rg@@g@q@ﬁ@%gg process
that a W micaly-viable-processregime.is.achieved. It may therefore be advantageous
when theSiliton carbide'is added contir L?ously and stepwise in order to mafAtain lasting acceleration
of the fadgtion. The reaction Is effectedjin gggtggary melting furnacesfor PrEBanng Siticon; such as
metallyrgical silicon, or other suitable melting furnaces, for example induction furnaces. The des|gn of
such melting furnaces,| especially prefe a{BIy electrical furnaces, which use| 4@ electrical light arc as the
energy siauree are sufficiently well knowmtgghgse skilled in the art and do|npytaggn part of this
application—Directcurrent furnaces have one melting electrode and one base electrode, and
alterndting current furnaces typically haV&Reféetelfitg leRRIAENVAKR light arc length is reguldted by
means of an electrode(regulator. The lighigfe furapsesare generally based on a reaction chamber
made ofrefractory.material,in-the lower region of which liquid silicon can be tapped off or discharged.
The raw materials are added in the upper region, in which the graphite electrodes for generating the

light arqayiecalsmarsanaed. mbesesnaces s Ay LRAGHREIE R IAtH'880D 18 JE

jon of
1800C. ltis additionallé known to those skilled in the art that the furnace internals themseﬁes must not

contribut&tF BB HAmMihaHSN DAL difioorsprGaie f PHEOBrb kR ST mpbef SeBarrtbd. #99Gdn 4.Fay that
mot of C, preferably 0.001 to 1 mol of SiC and 1.999 to 1 mol of C, more preferably 0.01

to 1.5 mol of SiC and 1.99 to 0.5 mol of C, and it is especially preferred to use 0.1 to 1.9
mol of SiC and 1.9 to 0.1 mol of C for about 1 mol of silicon dioxide in the process

according to the invention.

Useful silicon-carbides for use in the process according to the invention or the inventive



a)the silicon carbide and silicon oxide, especially silicon dioxide, and optionally the second carbon
“source are each supplied separately to the process, especially to the reaction chamber, and are
optionally subsequently mixed, and/or b) the silicon carbide is added to the process together with
silicon oxide, especially silicon dioxide, and optionally the second carbon source in one composition
and/or c) the silicon oxide, especially silicon dioxide, is added to the process together with the second
carbon source in one composition, especially in the form of an extrudate or pressing, preferably as a
pellet or briquette, and/or d) the silicon carbide is adgled or supplied to the process in one composition
with the second carbon source. This composition may comprise a physical mixture, an extrudate or
pressing, or else a carbon fibre-reinforced silicon carbide. As already detailed for the silicon carbide,
the silicorneapbisiticanaiay t:iﬁcajhmn@dga&nmqis&eemrﬂmieit&:@lma%b@@mapb@mra@m@emﬁdz&eﬁupplied to

the proc I |t 8 TEEXC d. The uisite on aII u rec led is that
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example hr a ust a few, t ese m 1 Herasi ektrosi e
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wavelengﬁrmrsaelnbawasmmamfmsmmmmithﬁrsecesiedeca:r@mmm;ﬁwcets@ possibledn use, for

example, odes which have heen convert d to a desired,form, for example as a
powder ‘Elre srlggorﬁp(gée%%r cjhog]o amed %%% ﬁr%gce)gn accb%r%aYo éﬁﬁ(}’é%g preferably

suitable @efdhofurtienprovesisitiy dictBérote ssedifa preidadaggaiarsiicos or denmteosititstor silicon,
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and/or phosp orus-containing compounds’s be’in the range rom ‘0001 ppt
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phosphorus cont e Wlthrn t e range from less ppm to craIIy in the

range fréMoBpHBAT W@ﬂd@@%@ . materatipie-taenfarnpe sitléon carbide composite materials

{CMC, ceramic matrix composites) and/or mixtures of these compounds, with the
proviso that the contamination is sufficiently low that the silicon prepared is suitable for

preparing solar silicon and/or semiconductor silicon.

The contamination of the silicon carbide with boron and/for phosphorus or with boron-
and/or phosphorus-containing compounds is preferably less than 10 ppm for boron,
aspecially between 10 ppm and 0.001 ppt, and less than 20 ppm for phosphorus,
especially between 20 ppm and 0.001 ppt. The boron content in the silicon carbide is
preferably between 7 ppm and 1 ppt, preferably between 6 ppm and 1 ppt, more
preferably between 5 ppm and 1 ppt or lower, or, for example, between 0.001 ppm and
0.001 ppt, preferably in the region of the analytical detection limit. The phosphorus
content of a silicon carbide should preferably be between 18 ppm and 1 ppt, preferably
between 15 ppm and 1ppt, more preferably between 10 ppm and 1 ppt or lower. The

phosphorus content is preferably in the region of the analytical detection limit.

Since silicon carbides are increasingly being used as a composite material, for example
for producing semiconductors, brake disc materials or heat shields, and also further
products, the process according to the invention and the inventive composition offer a
means of recycling these products in an elegant manner after use, or the waste or
rejects obtained in the course of production thereof. The sole prerequisite for the silicon
carbides o be recycled is a purity sufficient for the process, preference being giver to

recycling silicon carbides which satisfy the above specification with regard to boron



from 3 ppm to 0.0001 ppt or more preferably in the range from 1 ppb to 0.0001 ppt, reported in parts
by weight. There is generally no lower limit for the range of contamination, which is instead determined
solely by the current detection limits of the analytical methods. For the detection of boron- and/or
-phosphorus-containing compounds, possible methods include ICP-MS or else spectral analysis or
resistance measurements. The invention also provides a composition which is especially suitable for
use in the present process for preparing silicon and whose quality is preferably suitable as solar silicon
or for preparing solar silicon and/or semiconductor sifjcon, said composition comprising silicon oxide
and silicon carbide and optionally a second carbon source. Useful silicon oxide, especially silicon
dioxide, silicon carbide and if appropriate second carbon sources include especially those mentioned
above; they fireferabiyralss.meet the purity requirements detailed above. The silicon carbide may also
be present in the composition, according to the above remarks, a) in pulverulent form, in particulate
form and/or in piece form, and/or b) present in a porous glass, especially quartz glass, in an extrudate
and/or pélhet siijstionediybidgethehsitittiether dditivessinduttheyliesrbedintents, theaempasition may
comprise_sjlicon-infiltrated silicon carbli)de d/or silicon carbide comprising carbon fibres. These
composﬁ?jrw]s ga?gl%lr’é'?epé%?g v%\? [8h b4 ggﬁ:’%’l%%egﬁi%ﬁ BQF%%Q?QFETB%%%H 1J48E7 AR Decause
they caninatbexisedkire amotive prensifar, example beiustibrigeitss aptspentypsdiats: Winen the purity

is suffici r the process according.to the inveption, it is possihle in this way o send silicon carbides,
silicon c?ﬁ@?ﬁ%ﬁﬁ%& Eﬁ%ﬁ“ &5 %%‘?Slé?ess%\éf ﬁ?&amgf riaﬁ ,LEE)QSE( %‘ﬁé’&%&gﬁ %‘f’ égf‘fé)r’él these
productsyages estitafabenpt oduntioscalreadyubhvessiufiicie jrpphite, Taebnveéntieon may therefore also
provide ing.qf. sili carbides in a process for preparing silicon. Accordingly, the silicon
oxide, e p%eélge%%/&ggé?%ﬁ§§%ﬁ]s%st§)éﬂ§%§ént in the composition in pulverulent form, in particulate form,
in porous form, in foamed form, as an extrudate, as a pellet and/or as a porous glass body, optionall
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the secdifteafbearsourselrctheforraohddraddessiatbeciprefesalsy s aeligter Ebetinventiondurther
also proyides for the us i ide: rding to any of t recedjng claims as a reaction
starter and/or reactﬁ)n a%gégégﬁtgi'ﬁ% %ﬁﬁ%ﬁ%ﬁiﬁ%‘% gsilf%%er?%?q aLJ(}Seegf igillséjé:r? NS48
approxirggslihedquidiseoaieunarisecihdba rathiewiitpaaxidenaradigpeaidtypimaess rdaiee Veith an
above-specifiodd e, oh sERaMds g Rin AN G RiSPANNG lieon, spesially dorpreparing solar
silicon, preferably as a Crude product for prepdring solar silicon and/or semiconductor silicon. The
inventioRAKEWigBShYNdesi epwtise irserdierie siimioteprépsiiod bydble mttmess tiecozditipto the invention
as a base material for solar cells and/or semiconductors, or especially as a starting material for
preparing solar silicon. The invention also provides a kit comprising separate formulations, especially
in separbfie ceatdiners, eilieeied Vessslsmsvchelingdionaaes fesparialinmsatiedormuteasextrudate

analor pAvdRLAfel<anBrOs: saReaakSUGAL HiRxe, ticonGALbide andiar e sacond.carbon
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skilled in the art and do not form part of this application. Direct current furnaces have
one melting electrode and one base electrode, and alternating current furnaces typically
have three melting electrodes. The light arc length is regulated by means of an
electrode regulator. The light arc furnaces are generally based on a reaction chamber
made of refractory material, in the lower region of which liquid silicon can be tapped off
or discharged. The raw materials are added in the upper region, in which the graphite
electrodes for generating the light arc are also arranged. These furnaces are usualily
operated at temperatures in the region of 1800°C. It is additionally known to those
skilled in the art that the furnace internals themselves must not contribute to

contamination of the silicon prepared.

The proeess can be performed in such a way that

a) the silicon carbide and silicon oxide, especially silicon dioxide, and optionally the



Si02 (AEROSIL(r) OX 50) and C (graphite) were reacted in a weight ratio of approx. 75:25 in the
presence of SiC. Process procedure: an electrical light arc which serves as the energy source is
ignited in a manner known per se. A creeping commencement of the reaction is observed through the
- exit of gaseous compounds between Si02 and C. Subsequently, pulverulent 1% by weight of SiC in is
added. After a very short time, a very gre.atincrease in the reaction is observed by the occurrence of
luminescence phenomena. Subsequently, the - 14 - reaction, after the addition of SIC, proceeded
even further with intense, bright orange luminescenge (approx. 1000C). The solid obtained after the
reaction had ended was identified as silicon on the basis of its typical dark brown colour (M. J.
Mulligan et al. Trans. Soc. Can. [3] 21111 [1927] 26314; Gmelin 15, Part B p. 1 [1959]), and by means
of scanning elestrarnmichdseo pp(BEM)ctoarh e B0% 6hE RGBT OXE0)0ard £ vvgreciahcted in a

weight ratio of in the nce of SiC. Proc rocedure; a eIe rlcal light arc which
serves as the eﬁlpé%g%)égggrcg%?s ?{Er)'l?tgc? ﬁns aa F%ao rﬁaor a[Fwnger greactidt e%veen Si02 and C
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progress. No bé')?@ MW&%&%&W&SP&% \@das a pellet or briquette, and/or

d) the silicon carbide is added or supplied to the process in one composition with
the second carbon source. This composition may comprise a physical mixture, an

extrudate or pressing, or else a carbon fibre-reinforced silicon carbide.

As already detailed for the silicon carbide, the silicon carbide and/or silicon oxide and if
appropriate the second carbon source can be supplied to the process as a material to
be recycled. The sole prerequisite on all compounds to be recycled is that they possess
a sufficient purity to form silicon from which solar silicon and/or semiconductor silicon
can be prepared in the process. Possible silicon oxides for recycling include quartz
glasses, for example broken glass. To name just a few, these may be Suprasil, SQ 1,
Herasil, Spekirosil A. The purity of these quartz glasses can be determined, for
example, via the absorptions at particular wavelengths, such as at 157 nm or 193 nm.
As the second carbon source, it is possible to use, for example, virtually spent

electrodes which have been converted to a desired form, for example as a powder.

The silicon prepared or obtained by the process according to the invention is preferably
suitable a} for further processing in the processes for preparing solar silicon or

semiconductor silicon, or b) as solar silicon or semiconductor silicon.

The contaminations of the silicon prepared with boron- and/or phosphorus-containing
compounds should be in the range from less than 10 ppm to 0.0001 ppt for boron,
especially in the range from 5 ppm to 0.0001 ppt, preferably in the range from 3 ppm to
0.0001 ppt or more preferably in the range from 1 ppb to 0.0001 ppt, reported in parts
by weight. The phosphorus content should be within the range from less tham:10 ppm to
0.0001 ppt, especially in the range from 5 ppm to 0.0001 ppt, preferably in the range



- 15 - Claims Process for preparing silicon by converting silicon oxide at elevated temperature,
“characterized in that silicon carbide is added to the silicon oxide or added in a composition comprising
silicon oxide. 2. Process according to Claim 1, characterized in that a second carbon source is
additionally added or is present in the composition. 3 Process according to either of Claims 1 and 2,
characterized in that the silicon oxide is silicon dioxide. 4 Process according to any of Claims 1 to 3,

_42 .

from 3 ppm to 0.0001 ppt or more preferably in the range from 1 ppb to G.0001 ppt,
reported in parts by weight. There is generally no lower limit for the range of
contamination, which is instead determined solely by the current detection limits of the
analytical methods. For the detection of boron- and/or phosphorus-containing
compounds, possible methods include ICP-MS or else spectral analysis or resistance

measurements.

The invention also provides a composition which is especially suitable for use in the
present process for preparing silicon and whose quality is preferably suitable as solar
silicon or for preparing solar silicon and/or semiconductor silicon, said composition
comprising silicon oxide and silicon carbide and optionally a second carbon source.
Useful silicon oxide, especially silicon dioxide, silicon carbide and if appropriate second
carbon sources include especially those mentioned above; they preferably also meet

the purity requirements detailed above.

The silicon carbide may also be present in the composition, according to the above
remarks, a) in pulverulent form, in particulate form and/or in piece form, and/or b)
present in a porous glass, especially quartz glass, in an extrudate and/or pellet,
optionally together with further additives. In further embodiments, the composition may
comprise silicon-infiltrated silicon carbide and/or silicon carbide comprising carbon
fibres. These compositions are preferable when corresponding silicon carbides are to
be sent to recycling because they cannot be used in another way, for example
production rejects or spent products. When the purity is sufficient for the process
according to the invention, it is possible in this way to send silicon carbides, silicon
carbide ceramics, such as hotplates, brake disc material, back to recycling. In general,
these products, as a result of the production, already have sufficient purity. The
invention may therefore also provide the recycling of silicon carbides in a process for

preparing silicon.

Accordingly, the silicon oxide, especially SiO,, may also be present in the composition
in pulverulent form, in particulate form, in porous form, in foamed form, as an extrudate,
as a peliet and/or as a porous glass body, optionally together with further additives,

especially together with the second carbon source and/or silicon carbide. Preference is



characterized in that the silicon carbide is added as a reaction starter and/or reaction accelerant and/or
as a reactant. 5. Process according to any of Claims 1 to 4, characterized in that silicon carbide is
added a) in pulverulent, granular and/or piece form and/or b) present in a porous glass, or in an
-extrudate and/or pressing, optionally together with further additives. 6. Process according to any of
Claims 1 to 5, characterized in that a) the silicon carbide and silicon oxide and optionally the second
carbon source are each supplied separately to the process and are optionally subsequently mixed,
and/or b) the silicon carbide is added to the process together with silicon oxide and

given to a composition in which the silicon oxide is present together with the second

carbon source in the form of extrudates, more preferably as pellets.

The invention further also provides for the use of silicon carbide according to any of the
preceding claims as a reaction starter and/or reaction accelerant in the preparation of
silicon or the use of silicon carbide in approximately equimolar amounts in relation to the
silicon oxide or especially in accordance with an above-specified ratio of silicon oxide to
SiC and C for preparing silicon, especially for preparing solar silicon, preferably as a
crude product for preparing solar silicon and/or semiconductor silicon. The invention
likewise provides for the use of the silicon prepared by the process according to the
invention as a base material for solar cells and/or semiconductors, or especially as a

starting material for preparing solar silicon.

The invention also provides a kit comprising separate formulations, especially in
separate containers, such as vessels, pouches and/or cans, especially in the form of an
extrudate and/or powder of silicon oxide, especially silicon dioxide, silicon carbide
and/or the second carbon source, especially for use according to the above remarks. It
may be prefeired when the silicon oxide is present in the kit directly with the second
carbon source as an extrudate, especially as pellets, in one container, and the silicon

carbide as powder in a second container.

The examples which follow illustrate the present invention in detail, without limiting the

invention to these examples.

Example 1

Si0, (AEROSIL® OX 50) and C {graphite) were reacted in a weight ratio of approx.
75:25 in the presence of SiC.

Process procedure: an electrical light arc which serves as the energy source is ignited
in @ manner known per se. A creeping commencement of the reaction is observed
through the exit of gaseous compounds between SiO; and C. Subsequently, pulverulent
1% by weight of SiC in is added. After a very short time, a very greziincrease in the

reaction is observed by the occurrence of luminescence phenomena. Subsequently, the



- 16 - optionally the second carbon source in one composition and/or c) the silicon oxide is added to
the process together with the second carbon source in one composition and/or d) the silicon carbide is
added to the process in one composition with the second carbon source. 7. Process according to any
-of Claims 1 to 6, characterized in that silicon carbide and/or silicon oxide and optionally the second
carbon source are supplied to the process as material to be recycled. 8. Process according to any of
Claims 1 to 7, characterized in that the silicon is suitable

-14 -

reaction, after the addition of SiC, proceeded even further with intense, bright orange
luminescence (approx. 1000°C). The solid obtained after the reaction had ended was
identified as silicon on the basis of its typical dark brown colour (M. J. Mulligan et al.
Trans. Soc. Can. [3] 21 11 {1927] 263/4; Gmelin 15, Part B p. 1 [1959]), and by means of

scanning electron microscopy (SEM).

Exampie 2

Si0O; (AEROSIL® OX 50) and C were reacted in a weight ratio of approx. 65:35 in the
presence of SiC.

Process procedure: an electrical light arc which serves as the energy source is ignited
in a manner known per se. The reaction between SiO; and C begins in a creeping
manner. The occurrence of gases is evident. 1% by weight of pulverulent SiC is added:
after a short time, this leads to a significant increase in the reaction, discernibie by the
occurrence of luminescence phenomena. After addition of SiC, the reaction proceeded
further for a while with intense, flickering luminescence. The solid obtained after the
reaction had ended was identified as silicon by means of SEM and EDX analysis

(energy-dispersive X-ray spectroscopy).

Comparative Example

SiO; (AEROSIL® OX 50) and C were reacted as a 65:35 mixture at high temperature
(> 1700°C) in a tube. The reaction barely started and proceeded without any noticeable

progress. No bright luminescence was observed.



a) for further processing in the processes for preparing solar silicon or semiconductor silicon or b) as
solar silicon or semiconductor silicon. 9. Composition suitable for use in a process according to any of
Claims 1 to 8 characterized in that the composition comprises silicon oxide and silicon carbide, and
-optionally a second carbon source. 10. Composition according to Claim 9, characterized in that the
silicon oxide is silicon dioxide. 11. Composition according to Claim 9 or 10, characterized in that,
silicon carbide is present a) in pulverulent, granular and/or piece form and/or b) in a porous glass, in
an extrudate and/or pressing, optionally together witl further additives.

Claims

1. Process for preparing silicon by converting silicon oxide at elevated temperature,
characterized in that
silicon carbide is added fo the silicon oxide or added in a composition comprising

silicon oxide.

N

Process according to Claim 1,
characterized in that
a second carbon source is additionally added or is present in the composition,

3. Process according to either of Claims 1 and 2,
characterized in that

the silicon oxide is silicon dioxide.

4. Process according 1o any of Claims 1 to 3,
characterized in that
the silicon carbide is added as a reaction starter and/or reaction accelerant and/or

as a reactant.

5. Process according to any of Claims 1 to 4,
characterized in that
silicon carbide is added
a) in pulverulent, granular and/or piece form and/or
b) presentin a porous glass, or in an extrudate and/or pressing, optionally

together with further additives.

6. Process according to any of Claims 1 to 5,
characterized in that
a) the silicon carbide and silicon oxide and optionally the second carbon source
are each supplied separately to the process and are optionally subsequently
mixed, and/or
b) the silicon carbide is added to the process together with silicon oxide and



-17- 12. Composition according to any of Claims 9 to 11, characterized in that the silicon oxide is
present in pulverulent form, in particulate form, in porous form, in foamed form, as an extrudate, as a
pressing and/or as a porous glass body, optionally together with further additives, especially together
-with the second carbon source and/or silicon carbide. 13. Composition according to any of Claims 9 to
12, characterized in that the composition comprises silicon-infiltrated silicon carbide and/or silicon
carbide comprising carbon fibres. 14. Use of silicon carbide according to any of the preceding claims
as a reaction starter and/or reaction accelerant in thegspreparation of silicon or in approximately
eguimolar amounts for preparation of silicon. 15. Use of the silicon prepared according to Claims 1 to 8
as a base material for solar cells and/or semiconductors.

10.

11.

optionally the second carbon source in one composition and/or

¢) the silicon oxide is added to the process together with the second carbon
source in one composition and/or

d) the silicon carbide is added to the process in one composition with the second

carbon source,

Process according to any of Claims 1 to 6,
characterized in that
siicon carbide and/or silicon oxide and optionally the second carbon source are

supplied to the process as material to be recycled.

Process according to any of Claims 110 7,

characterized in that

the silicon is suitable

a) forfurther processing in the processes for preparing solar silicon or
semiconductor silicon or

b} as solar silicon or semiconductor silicon.

Composition suitable for use in a process according to any of Claims 1 to 8
characterized in that
the composition comprises silicon oxide and sificon carbide, and optionally a

second carbon source.

Composition according to Claim 9,
characterized in that

the silicon oxide is silicon dioxide.

Composition according to Claim 9 or 10,

characterized in that,

silicon carbide is present

a) in pulverulent, granular and/or piece form and/or

b} in a porous glass, in an extrudate and/or pressing, optionally together with
further additives.



16. Kit comprising separate formulations, especially extrudates and/or powders of silicon oxide, silicon
carbide and/or the second carbon source, especially in the process or for the use according to any of

the preceding claims.

12.

13.

15.

16.

17 -

Composition according to any of Claims 9 to 11,

characterized in that

the silicon oxide is present in puiverulent form, in particulate form, in porous form,
in foamed form, as an exirudate, as a pressing and/or as a porous glass body,
optionally together with further additives, especially together with the second

carbon source and/or silicon carbide.

Composition according to any of Claims 9 to 12,
characterized in that
the composition comprises silicon-infiltrated silicon carbide and/or silicon carbide

comprising carbon fibres.

Use of silicon carbide according to any of the preceding claims as a reaction
starter and/or reaction accelerant in the preparation of silicon or in approximately

equimolar amounts for preparation of silicon.

Use of the silicon prepared according to Claims 1 to 8 as a base material for solar

cells and/or semiconductors.

Kit comprising separate formulations, especially extrudates and/or powders of
silicon oxide, silicon carbide and/or the second carbon source, especially in the

process or for the use according to any of the preceding claims.



