200800351 AL Production of solar-grade silicon from silicon dioxide The invention relates to an overall
process for preparing pure silicon which is suitable as solar silicon, comprising the reduction of a
purified silicon oxide with one or more pure 5carbon sources, wherein the purified silicon oxide which
has been purified as silicon oxide essentially dissolved in the aqueous phase and, based on the silicon
oxide, has a content of other polyvalent metals, or else metal oxides, of less than or equal to 300 ppm,
preferably tessoth@n1180 ppm, more preferably less than 50 ppm, according to the invention less than
10 ppm, of the other metals, is advantageously obtained by gel 10formation under alkaline conditions.
The invention further relates to a formulatlon comprlsmg an actlvator and to the use of purified silicon
oxide tog@tretd watioancdcivingiace efiérion orsiffbempdipaiten of photovoltaic cells in global
power production has been rising 15 contlnuously for some years In order to be able to extend the
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comprising an activator, and fo the use of purified silicon oxide together with an

activator for preparing silicon.

The proportion of photovoltaic cells in global power production has been rising
15 continuously for some years. In order to be able to extend the market share further, it is
vital that the production costs of photovoliaic cells are lowered and the efficiency thereof

is enhanced.

A significant cost factor in the production of photovoltaic cells is the cost of the high-

20  purity silicon (solar silicon). This is prepared on the industrial scale typically by the
Siemens process which was developed more than 50 years ago. In this process, silicon
is first reacted with gaseous hydrogen chioride at 300--350°C in a fluidized bed reactor
to give trichlorosilane (silicochloroform). After complicated distiilation steps, the
trichlorosilane is thermally decomposed again at 1000-1200°C over heated ultrapure

25 silicon rods in the presence of hydrogen in a reverse of the above reaction. The
elemental silicon grows onto the rods and the hydrogen chloride released is recycled
into the circuit. The by-product obtained is silicon tetrachloride, which is either converted
to trichlorosilane and recycled into the process or is combusted in an oxygen flame to
give fumed silica.

30 A chiorine-free alternative to the above process is that of the decomposition of

monosilane, which can likewise be obtained from the elements and decomposes again



200800351 AL by a purification step over heated surfaces or as it is passed through fluidized bed
reactors. Examples thereof can be found in WO 2005/118474 Al.  Another known way of preparing
silicon is to reduce silicon dioxide in the presence of 5carbon according to the following reaction
equation (Ullmann's Encyclopedia of Industrial Chemistry, Vol. A 23, pages 721-748, 5th edition, 1993
VCH Weinheim). Si02 + 2 CSi + 2 CO 10In order that this reaction can proceed, very high
temperatypeg gz Eqdujred, preferably above 1700C, which are attained, for example, in light arc
furnaces. In spite of the high temperatures, this reaction begins very slowly and even thereafter
proceeds at a slow rate. Owing to the associated long reaction times, the process is energy-intensive

and costly, 15,Vhen s SlisoR je i berbged iR sala apnications e silisn AIRRALRA mYSt satisfy

particularly high demands on its purity. In the field of use specified, even contaminations of the starting
compour@8§#iise WGP PpHeERFIapRRITEPE B PP raRge)! 48d tisiubtive. 20 Owing to their
electronic properties, elements of groups Ill and V of the Periodic Table are particularly disruptive, and
so the limits of a contamination in the silicon are particularly low for these elements. For pentavalent

phosphoftRCARRY daenie Way Stdfierite dbpmig dfeHedirdailvepaisxighainias psesencs e n-type
25semicenAbGEOESRERRAIHANE fObRIRGt BRI HkeyisadradaitRipre Tied, drpipgigiihe silicon

prepared, such that a p-type semiconductor is obtained. For example, there is solar grade silicon
(Sisg), wiEHHE3ILhamsinody obdve & bages 98 bdddudth adjtiane!SfisonGitairinfsimoducing
semiconductors (electronic grade silicon, Sieg) requires an even higher purity. For these reasons,
even the metallurgical silicon from the reaction of 30silicon oxide with carbon should satisfy high purity
demands in order to minimize subsequesti€arfiplek parifEatidi&leps by virtue of entrained
halogenated compounds, such as boron trichloride, in the halosilanes for preparing silicon (Sisg or

Sieg). Particular 200800351 AL
10 In order that this reaction can proceed, very high temperatures are required, preferably

above 1700°C, which are attained, for example, in light arc furnaces. In spite of the high
temperatures, this reaction begins very slowly and even thereafter proceeds at a slow

rate. Owing to the associated long reaction times, the process is energy-intensive and

costly.

15
When the silicon is to be used for solar applications, the silicon prepared must satisfy
particularly high demands on its purity. in the field of use specified, even contaminations
of the starting compounds in the mg/kg (ppm range), ugrkg (ppb to ppt range), are
disruptive.

20

Owing to their electronic properties, elements of groups Hi and V of the Periodic Table
are particularly disruptive, and so the limits of a contamination in the silicon are
particularly low for these elements. For pentavalent phosphorus and arsenic, for
example, the doping of the silicon prepared that they cause, as an n-type

25 semiconductor, is problematic. Trivalent boron likewise leads to undesired doping of the
silicon prepared, such that a p-type semiconductor is obtained. For example, there is
solar grade silicon (Sigg), which has a purity of 99.999% (5 9s) or 99.9999% (6 9s). The
silicon suitable for producing semiconductors (electronic grade siiicon, Sig) requires an
even higher purity. For these reasons, even the metallurgical silicon from the reaction of

30  silicon oxide with carbon should satisfy high purity demands in order to minimize
subsequent complex purification steps by virtue of entrained halogenated compounds,

such as boron trichloride, in the halosilanes for preparing silicon (Sisg or Sigg). 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 Al ). 5Generally known from the prior art are
processes for preparing silicon from silicon oxide. For instance, DE 29 45 141 C2 describes the
reduction of porous glass bodies composed of Si02 in a light arc. The carbon particles required for
reductiompganpe ditecalated 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 10 semiconductor
components. DE 33 10 828 Al takes the route via the decomposition of halogenated silanes over solid
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the silicon obtained is increased and the energ{y demand of the process is considerable owing to the
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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

bindgr, saharHAKHBHWR Y 209 HHOSEQA! gisclesessarbr oresaiPgIRBaARELANISHROH dyiHeh
sodium silicate is passed in the aqueous phase over ion exchangers to remove boron, in order to
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only boran and phosphorus impurities are eliminated from the waterglass. This is because, in order to
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impuritieglidisdbis iBUORSBIVED 288 rcHIESHR M dTrRReSBRHSINGHItherdRfHexaange columns in the
process. However, this leads to a very Cé))rﬁflicated and expensive process with low space-time yield.
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a high demand for less expensive and more effective processes for preparing solar silicon. 10There is
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aluminumedxidag agent was used in the form of tablets with a high-purity binder, such as starch.
20
WO 2007/106860 A1 discloses a process for preparing silicon, in which sodium silicate
is passed in the aqueous phase over ion exchangers to remove boron, in order to obtain
boron-free purified sodium silicate in the agueous phase. Subsequently, silicon dioxide
is precipitated out of the purified aqueous phase. This process has the disadvantage
25  that primarily only boron and phosphorus impurities are eliminated from the waterglass.
This is because, in order to obtain solar silicon in sufficient purity, it is more particularly
necessary also to remove metallic impurities. For this purpose, WO 2007/106860 A1
proposes using further ion exchange columns in the process. However, this leads to a
very complicated and expensive process with low space-time yield.
30
in order to provide silicon for production in a quality suitable for solar cells, it is generally

necessary o use silicon dioxide with purity of at least 99.99% by weight. The



and alkaline earth metal salts have to be added additionally to the silicon dioxide as glass
components. A serious disadvantage is the subsequent need to remove the metals with the exception
of the silicon dioxide. 20There is also a known process in which a silicon dioxide gel is obtained by
reacting an alkali metal silicate (which is generally referred to as waterglass or soluble silicate) with an
acid (cf., for example, J.G. Vail, "Soluble Silicates" (ACS monograph series), Reinhold, New York,
1952, Vobghdhhad) . Ajhis silica gel generally leads to 5i02 with a purity of about 99.5% by weight; in
each case, the content of impurities, such as boron, 25phosphorus, iron and/or aluminum, is much too
high for use of this silicon dioxide to prepare solar silicon. It was an object of the invention to provide

an overall pracess il RARNARAAESlleaR B’S‘#SH,Eﬁ&ﬁﬁﬂgﬂ@%@%@%{‘&@e‘& {epighscale and

can be performed 30 advantageously using custom prepurified silicates or silicoh'dioxides as
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process for preparing pure silicon which is suitab ar silicon or is suita or preparing solar
silicon ca?@b%@f@h@eéb%%&ﬁ@ﬁi@%ﬁ@@@ﬂmﬁmﬂ&d@\ﬁiimﬁfﬁ@' slegiee pursddidinon sources, the
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defined below. 10 The object is achieved by the overall process for preparing pure silicon defined in
the descﬁﬁ‘!ﬁfrﬁ\'/l}ﬁ% follows, the examples, drawings and claims, and by the process component
steps described in detail therein. 15The invention therefore provides a process for preparing pure
silicon, comprisin\?@the reduction of purified silicon oxide which has been purified as silicon oxide
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preferably of less than 10 ppm, with one or more pure carbon 20sources. A further embodiment

compriséd@erghctech e alicaprieside sRBrAT feldagapgrrd the mixture is melted. A fibrous

silicate glass is drawn from the melt and leached with an acid to form pulverulent porous
stlicon dioxide (SiO2) (DE 31 23 009). To prepare high-purity silicon dioxide by leaching,

15 the glass material is restricted to one which can be leached readily, and aluminum oxide
and alkaline earth metal salts have {0 be added additionally to the silicon dioxide as
glass components. A serious disadvantage is the subsequent need to remove the

metals with the exception of the silicon dioxide.

20  There is also a known process in which a silicon dioxide gel is obtained by reacting an
alkali metal silicate (which is generally referred to as waterglass or soluble silicate) with
an acid (cf., for example, J.G. Vail, "Soluble Silicates” (ACS monograph series),
Reinhold, New York, 1952, Vol. 2, p. 549). This silica gel generally leads to SiQO; with a
purity of about 899.5% by weight; in each case, the content of impurities, such as boron,

26 phosphorus, iron and/or aluminum, is much too high for use of this silicon dioxide to

prepare solar silicon.

It was an object of the invention to provide an overall process for preparing solar silicon
which is economically viable on the industrial scale and can be performed

30  advantageously using customary, unprepurified silicates or silicon dioxides as starting
materials; and to prepare purified silicon dioxide. Further objects are evident from the

overall context of the description.



purification of the silicon oxide comprises at least one process step in which the aqueous silicon oxide
solution is contacted with an ion exchanger. In a preferred 25embodiment, the aqueous silicon oxide
solution is contacted at least by means of an anion and/or cation exchanger. The present invention
further provides a process wherein the purified silicon oxide is obtained from the silicon oxide solution,
which has been purified as silicon dioxide 30 essentially dissolved in the aqueous phase and, based
on the siepmoniske, Aas a content of other polyvalent metals preferably of less than 100 ppm, more
preferably of less than 50 ppm and most preferably of less than 10 ppm, by means of gel formation or
200800351 AL spray drying or by concentrating the silicon oxide solution to a concentration greater
than or equal to 10% by weight of Si02 with subsequent contacting with an acidifying agent. In a
variant of this embodiment, the purified silicon oxide is prepared or obtainable by gel formation, more
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over a 15 strongly acidic cation exchanger and being obtained with a pH of fror? 0 to 4, and the
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preferenggdsativenda woskitgrurepeaminar gasaooaphekdiibargeicip. minimize additional
contamination. Preference is given to performing the process or component steps thereof under an

argb[h atmosphere. When the gel is formed by 20 adding ammonia, preference is given to a
downstrepie edligitaarcaieped g presevdiay entioaservfdes shemignasssidnfidetiadhg the
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to the enpachivesats siefirodeabapedimvdaith tiresreiduction of the purified silicon oxide, especially of the
purified silicon dioxide, is carried out with one or more pure carbon sources and with addition of silicon
carbide which as an activator and/or carbon source.

15 The invention therefore provides a process for preparing pure silicon, comprising the
reduction of purified silicon oxide which has been purified as silicon oxide essentially
dissolved in the agueous phase and, based on the silicon oxide, has a content of other
polyvalent metals of preferably of less than 100 ppm, more preferably of less than
50 ppm and most preferably of less than 10 ppm, with one or more pure carbon

20 sgurces.

A further embodiment comprises the above-described process wherein the aqueous
purification of the silicon oxide comprises at least one process step in which the
aqueous silicon oxide solution is contacted with an ion exchanger. In a preferred
25 embodiment, the aqueous silicon oxide solution is contacted at least by means of an

anion and/or cation exchanger.

The present invention further provides a process wherein the purified silicon oxide is
obtained from the silicon oxide solution, which has been purified as silicon dioxide
30  essentially dissolved in the aqueous phase and, based on the silicon oxide, has a
content of other polyvaient metals preferably of less than 100 ppm, more preferably of

less than 50 ppm and most preferably of less than 10 ppm, by means of gel formation or



The present invention additionally provides formulations comprising silicon carbide as an activator,
preferably a binder, and purified silicon oxide and/or at least one pure 200800351 AL carbon source,
and also a process for preparing pure silicon wherein the formulation is added separately in the
reduction step. The invention also provides a process which comprises at least one step in whicha 5
carbohydrate is pyrolysed in the presence of silicon oxide, preferably high-purity silicon dioxide, as a
defoamepaghisfuisaway at least some of the carbon required as a carbon source is obtained.
Preference is given here to purifying the carbohydrate, more preferably an aqueous solution of a
carbohydrate, before the pyrolysis by contacting with at least one ion exchanger. Likewise preferably,

the carbofiydiaigmgferably a6hddhaameaumeoliiiashobadarasxdate, ahddhessilicar R ifgater
preferab(lg)éthe h|g¥1-pur|ty silicon oxide, is sut;éicted to a shaping process before the pyrolysis, such
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preferably in the range from 0.01 ppm to 0.0001 ppt, even greater preference being given to from 1
ppb to 0.0001 ppt, 25b. boron from less than 10 ppm to 0.0001 ppt, especially in the range from 5 ppm

to 0.0001rRet.prefeiak!Yike Wiss aneeifies 3 PrIBISOIPQI AR R dNErR SiREP I BnBRIARI g oM
10 ppb to 0.0001 ppt, even more preferably in the range from 1 p1p to 0.0001 ppt, c. calcium less than
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from 1 ppb to 0.0001 ppt, . .

10 metals, especially in the form of polyvalent metal oxides, of less than 300 ppm,
preferably less than 100 ppm, more preferably of less than 50 ppm, most preferably of
less than 10 ppm, in relation to the metal, with one or more pure carbon sources, the
silicon oxide dissolved in the aqueous phase, especially silicate such as alkaili metal
silicate with a content of from 2 to 6% by weight of silicon dioxide, being passed over a

15 strongly acidic cation exchanger and being obtained with a pH of from 0 o 4, and the
purified silicon oxide being obtained by gel formation and/or spray-drying. For all
process steps, preference is given to working under an inert gas atmosphere in order to
minimize additional contamination. Preference is given to performing the process or
component steps thereof under an argon atmosphere. When the gel is formed by

20  adding ammonia, preference is given to a downstream calcination step.

The present invention provides the processes defined in the above-described
embodiments, which are performed in such a way that solar silicon or silicon suitabie for

production of solar silicon is obtained,

25
The present invention further provides a process according to the embodiments defined
above, in which the reduction of the purified silicon oxide, especially of the purified
silicon dioxide, is carried out with one or more pure carbon sources and with addition of
silicon carbide which as an activator and/or carbon source.

30

The present invention additionally provides formulations comprising silicon carbide as

an activator, preferably a binder, and purified silicon oxide and/or at least one pure



200800351 AL d. iron less than or equal to 20 ppm, preferably in the range from 10 ppm to 0.0001 ppt,
especially in the range from 0.6 ppm to 0.0001 ppt, preferably in the range from 0.05 ppm to 0.0001
ppt, more preferably in the range from 0.01 ppm to 0.0001 ppt, and most preferably from 1 ppb to
0.0001 ppt; 5e. nickel less than or equal to 10 ppm, preferably in the range from 5 ppm to 0.0001 ppt,
especially in the range from 0.5 ppm to 0.0001 ppt, preferably in the range from 0.1 ppm to 0.0001 ppt,
more prefersny 3% thairange from 0.01 ppm to 0.0001 ppt, and most preferably in the range from 1 ppb
to 0.0001 ppt f. phosphorus from less than 10 ppm to 0.0001 ppt, preferably in the range from 105
ppm to 0.0001 ppt, especially from less than 3 ppm to 0.0001 ppt, preferably in the range from 10 ppb

to 0.000kpmicnsonest, ieteadlydnovie sanderfigepbmid tae QKb RRkHa Haniedessthasrosequal
to 2 ppm, greferably from less than or equal to 1 ppm to 0.0001 ppt, especially in the range from 0.6

ppm to OF SR AR AR TSR GESom 0.1 ppm to 0.0001 ppt, more preferably in the range
from 0.01 ppm to 0.0001 ppt, and most preferably in the range from 1 ppb to 0.0001 ppt; h. zinc less

than or egual to 3 ppm, preferably from less than or equal to 1 ppm to 0.0001 ppt, especially in the
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direct pr%?eea?grgtr)?yd%% %fqtt?eeoﬁ]se lts'o!ution of a carbohydrate, before the pyrolysis by contacting
with at least one ion exchanger. Likewise preferably, the carbohydrate, preferably an
10 aqueous solution of a carbohydrate, and the silicon oxide, preferably the high-purity
silicon oxide, is subjected to a shaping process before the pyrolysis, such that the

corresponding moldings, for example briquettes, are pyrolyzed.

Definitions
15
Pure or purified or high-purity silicon is understood to mean silicon having a

contamination profile as follows:

a. aluminum less than or equal to 5 ppm or in the range from 5 ppm to 0.0001 ppt,

20 especially in the range from 3 ppm to 0.0001 ppt, preferably in the range from
0.8 ppm to 0.0001 ppt, more preferably in the range from 0.6 ppm to 0.0001 ppt,
even better in the range from 0.1 ppm to 0.0001 ppt, most preferably in the
range from 0.01 ppm to 0.0001 ppt, even greater preference being given to from
1 ppb to 0.0001 ppt,

25 b. boron from less than 10 ppm fo 0.0001 ppt, 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 10 ppb to 0.0001 ppt, even more preferably in the
range from 1 ppb to 0.0001 ppt,

¢. calcium less than or equal fo 2 ppm, preferably in the range from 2 ppm to

30 0.0001 ppt, especially in the range from 0.3 ppm to 0.0001 ppt, preferably in the
range from 0.01 ppm to 0.0001 ppt, more preferably in the range from 1 ppb to
0.0001 ppt,



The resulting pure silicon is more preferably suitable as solar silicon. Appropriately, the reduction may
be followed by a controlled solidification of the resulting silicon, especially 30in order to obtain pure
silicon. 200800351 AL Purified or high-purity silicon oxide, especially silicon dioxide, is characterized
in that its content of: a. aluminum is less than or equal to 5 ppm or in the range from 5 ppm to 0.0001
ppt, 5especially in the range from 3 ppm to 0.0001 ppt, preferably in the range from 0.8 ppm to 0.0001
ppt, morepoeferably Al the range from 0.6 ppm to 0.0001 ppt, even better in the range from 0.1 ppm to
0.0001 ppt, most preferably in the range from 0.01 ppm to 0.0001 ppt, even greater preference being
given to from 1 ppb to 0.0001 ppt, 10b. boron is from less than 10 ppm to 0.0001 ppt, especially in the
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and most preferabl #}6 m lbp b to 0.0001 ppt; e. nickel is I%ssw:ha 0 | t0,10 E‘;m referably in
tho rane from S U0 DREbOGE R BelTb BTN T o bt DRSS B ey
the range from Or egpatiton® 0.00dppp tonicdé ptefptablgria pheferably frothd@hgpinota 2SDIAHEH ppt,
and most preferat%I)Q f. hor. thap 10 ppm to

0.0001 ppt, prefera ;9 (I:}Y'IB ‘t?hr%%?agﬁegféﬁor%tp Eb%érgg é?%ll)@gtﬁ% ,ggéég%@aﬁ)%#%gglrgﬁ ;rri) R ppm to
0.0001 ppt, grefevhblpimothes feorgd demnhbo difopond Q00.00RT apd, mest prbfeiakityenadhga &mge from 1
ppl%o 0.0001 PPk ppm io 0.0001 ppt, especially from less than 3 ppm to 0.0001 ppt, preferably
in the range from 10 ppb to 0.0001 ppt and most preferably in the range from
1 ppb to 0.0001 ppt;
g. titanium less than or equal to 2 ppm, preferably from less than or equal to
1 ppm to 0.0001 ppt, especially in the range from 0.6 ppm to 0.0001 ppt,
15 preferably in the range from 0.1 ppm to 0.0001 ppt, more preferably in the range
from 0.01 ppm to 0.0001 ppt, and most preferably in the range from 1 ppb fo
0.0001 ppt;
h. zinc less than or equal to 3 ppm, preferably from less than or equal to 1 ppm to
0.0001 ppt, especially in the range from 0.3 ppm to 0.0001 ppt, preferably in the
20 range from 0.1 ppm to 0.0001 ppt, more preferably in the range from 0.01 ppm.
to 0.0001 ppt, and most preferably in the range from 1 ppb to 0.0001 ppt,

the aim being a purity in the region of limit of detection for each element. The total
contamination with the aforementioned elements should be less than 100 ppm by
25  weight, preferably less than 10 ppm by weight, more preferably less than 5 ppm by

weight in total in the silicon as the direct process product of the meilt.

The resulting pure silicon is more preferably suitable as solar silicon. Appropriately, the
reduction may be followed by a controlled solidification of the resulting silicon, especially

30  in order to obtain pure silicon.



30g. titanium is less than or equal to 2 ppm, preferably from less than or equal to 1 ppm to 0.0001 ppt,
especially in the range from 0.6 ppm to 0.0001 ppt, preferably in the 200800351 AL range from 0.1
ppm to 0.0001 ppt, more preferably in the range from 0.01 ppm to 0.0001 ppt, and most preferably in
the range from 1 ppb to 0.0001 ppt; h. zinc is less than or equal to 3 ppm, preferably from less than or
equal to 1 ppm to 0.0001 ppt, especially in the range from 0.3 ppm to 0.0001 ppt, preferably in the
5range fr?@a)gp%gg AP 0.0001 ppt, more preferably in the range from 0.01 ppm to 0.0001 ppt, and
most preferably in the range from 1 ppb to 0.0001 ppt, and in that the sum of the abovementioned
impurities plus sodium and potassium is less than 5 ppm, preferably less than 4 ppm, more preferably

N R A e A e e

element, ittt dincomdigrdet purity in the range of the detection limit. According to the invention, the
active silica present in the aqueous phase is essentially protonated, i.e. it is essentially free of metallic
compounds such as other metal cations. 15 The silicon oxide, especially silicon dioxide, dissolved in

the aquedusatareus) |a Kesoitrmes edieitie hyenien,iathegugssiiivabeppoiutid, BXpepiily an
alkali metal sjli j ii tion, | urchased
coml'r%nercialI?,E&%%gﬁrggﬂ?ﬁr%igl icgosnﬁcﬁgfi%?%iﬂd@ﬁi%mrﬁqc§%b?%§%¥%ﬁi§rﬂ%g§%rﬁ%ﬁred via
hydrothermal §roeerdeddMeetip rromeikcpretiaxide iarb s oange hipdrdkidepmotoatepal gievated

temperature. Y15 BYAUACIIALPICSRS TGN Do RIS B Y B BAFRAEPESR HFSAY g bean foad

to cleaner precipitated silico vantage
from 0.01 ppm to 0.0001 ppt, even greater preference being given fo from 1 ppb to

0.0001 ppt,

10 b. boron is from less than 10 ppm to 0.0001 ppt, especially in the range from 5 ppm fo
0.0001 ppt, preferably in the range from 3 ppm to 0.0001 ppt or more preferably in
the range from 10 ppb to 0.0001 ppt, even more preferably in the range from 1 ppb
to 0.0001 ppt,

c. calcium is less than or equal to 2 ppm, preferably in the range from 2 ppm to

15 0.0001 ppt, especially in the range from 0.3 ppm to 0.0001 ppt, preferably in the
range from 0.01 ppm to 0.0001 ppt, more preferably in the range from 1 ppb to
0.0001 ppt,

d. iron is less than or equal to 20 ppm, preferably in the range from 10 ppm to
0.0001 ppt, especially in the range from 0.6 ppm to 0.0001 ppt, preferably in the

20 range from 0.05 ppm to 0.0001 ppt, more preferably in the range from 0.01 ppm to
0.0001 ppt, and most preferably from 1 ppb to 0.0001 ppt;

e. nickel is less than or equal to 10 ppm, preferably in the range from 5 ppm to
0.0001 ppt, especially in the range from 0.5 ppm to 0.0001 ppt, preferably in the
range from 0.1 ppm to 0.0001 ppt, more preferably in the range from 0.01 ppm to

25 0.0001 ppt, and most preferably in the range from 1 ppb to 0.0001 ppt

f. phosphorus is from less than 10 ppm to 0.0001 ppt, preferably in the range from
5 ppm to 0.0001 ppt, especially from less than 3 ppm to 0.0001 ppt, preferably in the
range from 10 ppb to 0.0001 ppt and most preferably in the range from 1 ppb to
0.0001 ppt;

30 g. titanium is less than or equal to 2 ppm, preferably from less than or equal to 1 ppm

to 0.0001 ppt, especially in the range from 0.6 ppm to 0.0001 ppt, preferably in the



250f the hydrothermal process is the limited range of obtainable moduli; for example, the modulus of
SiO2 to N20 is up to 2, preferred moduli being from 3 to 4; in addition, the waterglasses, after the
hydrothermal process, generally have to be concentrated before a precipitation. Generally, a person
skilled in the art is aware of the preparation of waterglass as such. 30 In one alternative, an alkali
metal waterglass, especially sodium waterglass, is optionally filtered and, thereafter, concentrated or
diluted i £§§§§ﬁ5{ The filtration of the 200800351 AL waterglass or of the aqueous solution of
dissolve 1) ove solid, undissolved constituents can be effected by processes known to
those skilled in the art and with apparatus known to those skilled in the art. 5It is obvious that any

t disd lized; it has b t td | ti t talli
compouncs. BURRAIAENG LARALIED W AR BH ECe AR FER ECTRETIAD BB boror

compounds, @Hm@atppglmmafet@b@f@%@ mlm@r@m@&mmwz@tdromc&b‘wb{l to 30% by weight,
preferably from 1.to 200/ preferably fro t0 10% b Wel ht and most preferably from
D b 9% £ 10 ETR LR el B PRI TG 5 B et b DR oo o
more pure carioon $m%w@mlwmmamgwfmmmcammm@@hm@m Irpﬁiﬁﬂéa!ab@gﬂmiae

carb hydrate |te( ciivated. c e coal ca lack, thermal blac

SR ki VR e A G N ST T X 8 b Yokt ek o

purified, for éxatipleply mmtwﬁfemnlhydn@@ﬂang@@dmmtmm 16nCa0idfiioppgn activator can be
added to th according, to the inventiqn. activgtor fulfill the e of a reaction

o intor A AR BPR S e s A RER B oo e as I S e
carbide, ﬁdmﬁ-pﬂﬂmf;hratecébmcms:mame mprelseerpureliably tegbitteawithppeareosramdier silicon

oxide matrix, for carbide ontamm carbpn fibers. According to,the |nvent|on the pure
ref rab‘? E eﬁ'fy ) rg?agnﬁ?g aiafg%gtsgﬁg:a y prePera'&y ﬁ“om (’f pmto 3 ppm, m

carbon sgurc
10 particulariy is less than 10 ppm combined with sodium and potassium.

For each element, the aim may be a purity in the range of the detection limit.

According to the invention, the active silica present in the aqueous phase is essentially

protonated, i.e. it is essentially free of metallic compounds such as other metal cations.
15

The silicon oxide, especially silicon dioxide, dissolved in the aqueous phase is, in

accordance with the invention, an aqueous silicate solution, especially an alkali metal

silicate solution.

20  The aqueous silicate solution is a waterglass and can be purchased commercially,
prepared from silicon dioxide and sodium carbonate or, for example, prepared via
hydrothermal processes directly from silicon dioxide and sodium hydroxide and water at
elevated temperature. The hydrothermal process may be preferred over the soda
process because it can lead to cleaner precipitated silicon dioxides. One disadvantage

25  of the hydrothermal process is the limited range of obtainable moduli; for example, the
modulus of SiOz to N2O is up to 2, preferred moduli being from 3 to 4; in addition, the
waterglasses, after the hydrothermal process, generally have to be concentrated before
a precipitation. Generally, a person skilled in the art is aware of the preparation of
waterglass as such.

30
In one alternative, an alkali metal waterglass, especially sodium waterglass, is optionaily

filtered and, thereafter, concentrated or diluted if necessary. The filtration of the

10



carbohydrate, or a mixture of carbon sources, has the following contamination profile: boron below 2
[pg/g], phosphorus below 0.5 [pg/g] and aluminum below 2 [pg/g], 25 preferably less than or equal to
1 [pa/g], especially iron below 60 [pg/g], the content of iron preferably being below 10 [pg/gb more
preferably below 5 [pg/g]. Overall, the aim in accordance with the invention is to use a pure carbon
source in which the content of impurities, such as boron, phosphorus, aluminum and/or arsenic, is
below the ?{S%l @2#: % ssible detection limit in each case. 30The pure or further carbon source
optionally2 g I {_) least one carbohydrate, or the mixture of carbon sources, preferably has the
following contamination profile of boron, phosphorus and aluminum and possibly of iron, sodium,

potassium, nickel and/or,200800351 AL chromiym; the contamination with boron (B) is especially in
e rang SRR HBB00ER B e o S350 BO0ONCHLFG, ThErE BhAGoRs, WanRaasee
0.00001 poigstitaeontdingridhthefavendion anmdrlowidin. 0080Ise/gkilibe rotiaminaiienmith

phosphorus (P) is especially in the range from 5 to 0.000001 pg/g, 5 preferably from 3 to 0.00001
pa/g, mo%oﬁ)(?g%b%%}pﬁﬁgm %%ngo%ﬁeﬁld%%%"ding to the invention from below 0.5 to 0.00001
pg/g. The contamination with iron (Fe) is in the range from 100 to 0.000001 pg/g, especially in the

range from.55 1o 0.0000 /g, preferably from 2.to 0.00001 ng/g, mare preferably from helow 1 to
000501 o R e R R 5 IO B 6 20 0 O AT CERARAIES SRR 10
sodium (Najds espatially mdalii@ogenfioonad. B4&idie0tflhgpalttipotéeralily onmbbdbize0001 pg/g,
more preferab% frocgn Jﬂz %) 0.00(1(%)1 gﬁ/)%lraccorginr% to the invention from elg%w 10 to .O% Oé%?/g.
The cont T B ELRIa 0 RO ELE R e e o SR S VDB SETRL Bk bl
from 25 ta 8ikER9 Hipgide ronéepiesé fedity dtoyotbelovd2tth 0806, potfetdpiftory totthedhyegtion
from below 16 to 150.00001 The contamination with aluminum (Al) is especially, in the range from
410 0,000 RY oRC S TIPS BoL LRSS Shb PR ARG D2 R B palc,
accoddingveighé invention from below 1.5 to 0.00001 pg/g. The contamination with nickel (Ni) is
especially in the range from 4 to 0.000001 pg/g, 20 preferably from 3 to 0.00001 pg/g, more preferably
from below 2 to 0.00001 pg/g, according to the invention from below 1.5 to 0.00001 pg/g. The
contaminbtibrewithadsomiaord@y ts dspaviaihtiontlibegnge foarbé nost 06000t axt)ig gneferaldydrom 3

: / b " ' ' ion f bel
100 00 R B bras SR b o A R S SR R e

more preﬁ_ﬁ@ﬁ?ﬁb‘miw, Wanhiter(belbateparbitratieelgotiegpube taibok, dbearceat tifeikis of the
ol IS AR S I U 98 e D B R 0 S
30monoxigdiegfdeins seedom thisfindcksssmppire by digaionemnt tishshicbhy Jieekicticagmidan thus be
used in the RIRGESH IRARNISARALHHBR SEURRLY AR BB LLLEHRR ARG icen oxide.
invention. The activator may fulfill the purpose of a reaction initiator, reaction accelerant,
or else the purpose of the carbon source. An activator is pure silicon carbide, silicon-
20 infiltrated sificon carbide, or else a pure silicon carbide with a carbon and/or silicon
oxide matrix, for example silicon carbide containing carbon fibers.
According to the invention, the pure carbon source, optionally containing at least one
carbohydrate, or a mixture of carbon sources, has the following contamination profile:
boron below 2 [ug/g], phosphorus beiow 0.5 [ug/g] and aluminum below 2 [ug/g],
25  preferably less than or equal to 1 [ug/g}, especially iron below 60 [ug/g], the content of
iron preferably being below 10 [ug/g], more preferably below 5 [ug/g]. Overall, the aim in
accordance with the invention is to use a pure carbon source in which the content of
impurities, such as boron, phosphorus, aluminum andfor arsenic, is below the
technically possible detection limit in each case.
30 The pure or further carbon source optionally comprising at least one carbohydrate, or
the mixture of carbon sources, preferably has the following contamination profile of

boron, phosphorus and aluminum and possibly of iron, sodium, potassium, nickel and/or

11



200800351 AL According to further alternatives, the activator can be used in a weight ratio of from
1000:1 to 1:1000 relative to the pure carbon source, such as graphite, carbon black, carbohydrate,
carbon. Preference is given to using the carbon source in a weight ratio 5of from 1:100 to 100:1, more
preferably from 1:100 to 1:9. Pure or high-purity silicon carbide is interpreted as a silicon carbide
which, as well as silicon carbide, may also comprise carbon and silicon oxide such as SiyOz where y =
from 1.0 $o,@&ad 7 xfrom 0.1 to 2.0, especially as a carbon matrix and/or SiO2 matrix 10 or SiyOz
matrix where y = from 1.0 to 20 and z = from 0.1 to 2.0, and possibly small amounts of silicon.
High-purity silicon carbide is preferably interpreted as a corresponding silicon carbide with a

passivation-Rl-somrtisiagsilicanliexidanEgually. fighpudbysiishp Garide s qgasieredsiabe a
high-purity composition which contains silicon carbide, carbon, silicon”oxide and gossmly small

amountsQa@@@i@Eh,quc@f@‘%@bweré@ﬁrhn% the HigPORG Ity slcormeimide Setre Mighigrity to

compositionoeeResily Carmiiana rONRBINAYRRARAIIGSfPosILANdPhRSPhAE®! helgw 40RPPM
of boron, especially in the range from 10 ppm to 0.001 ppt, and below 200 ppm of&hosphorus,
o

especiallfIRtHBINAHGE Moth POGRNAE'.00) ipprstgmedynoiie roeerEamubalty UlReOah Boiall

contaminglien. pEgfiteph korom 260H9 gruﬁo%ﬁﬂ%@ww,1irmm9mp5%?%%'&%m§lfsh

chromium of below 100 ppm b welgéh preferably of below 10 ppm by weight, more preferably below
i

5 ppm by ReiRNPFPRelEaThaeIaYE O ﬁbpgﬁQQﬂx%f&(@oﬁﬂ%%Bﬁ@W@é@%g‘ﬁ%dﬁ@ﬂ ifiariscirfide.
25The cogfrpinasian fiofile of Bropue,g/giesapbohioh-prriResHisRCretideyith hommePhagriorus,

arsenic, aluminum, iron, sodium, potassium, nicEeI, chromium is, for each element,é)referabﬁ/ from

below 5 PHEIGRIO TR (By RetyRBOAAMHEnigINISRIEERIGHY AR elpuCihIPr HEIIWL'S ppm
to 0.1 pphcERRIFEan GREDIRR SRtRINasY %W@§Stécmm1t?%@ invRNtIhaithativithpig
ollo

carbon and/or Si@, matrices, more 30preferably has a content as ws: boron below 100 E&m,
A

pret@rabfodivRe A dsresRariailindhe 68195 aRa reloter8r3BRPRAHE D HEfs @R 1550 ot

below 0.5 ppovt (29 kAP ebasr AN0FRARSIAL DTt Delwo?8R § ReHY efckakiy fbe range
from 20 ppm to 0.001 Rpt: more preferably from 5 ppm to 0.001 ppt or from below 0.5 ppm to 0.001 ppt

and/or sGERY HR HsHre ity SRARMEIRSOR MR PRERATH 48 HesReEaleddrdBR from

S ppm torQHHL ERioBlras Helovod PREYdo Brefkk Rl Frskerts akmiononheleyy 1atbpeprdareetaspbly in
the range from 10 ppm_to 0.001 @ﬁt r?ore preferably from 5 ppm to 0.001 ppt or from below 1 ppm to

0.001 ppt ARt/ &I belovioL 08 o pHSKEraBig GRS ariBe 16 RHSINR 1o 6001 e ¥hote 1O

prefgrably. foomo b . to 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or
The contamination with aluminum (Al} is especially in the range from 4 to
0.000001 ug/g, preferably from 3 to 0.00001 pg/g, more preferably from below 2 to
0.00001 pg/g, according to the invention from below 1.5 to 0.00001 pg/g. The
contamination with nickel (Ni) is especially in the range from 4 to 0.000001 ug/g,
20 preferably from 3 to 0.00001 pg/g, more preferably from below 2 fo 0.00001 ug/g,
according to the invention from below 1.5 to 0.00001 ug/fg. The contamination with
chromium (Cr} is especially in the range from 4 {o 0.000001 ug/g, preferably from 3 {o
0.00001 ug/g, more preferably from below 2 to 0.00001 pg/g, according to the invention
from below 1 {0 0.00001 pg/g. Preference is given to a minimal contamination with the

25  particular elements, more preferably below 10 ppb or below 1 ppb.

Alternatively, the pure carbon source consists of the activator, i.e. the sole carbon
source used in the process according to the invention is the activator. This measure
allows the charge composition to be denser, because one molar equivalent of carbon

30  monoxide gas is saved in this process step, the reduction to the silicon. The activator
can thus be used in the process in catalytic amounts up to equimolar amounts in

relation fo the silicon oxide.
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chromium below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more 10preferably from 5
ppm to 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or nickel below 100 ppm, preferably in the
range from 10 ppm to 0.001 ppt, more preferably from 5 ppm to 0.001 ppt or from below 0.5 ppm to
0.001 ppt and/or potassium below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm to 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or '15sulfur below 100
ppm, prefeyaty sxthairange from 10 ppm to 0.001 ppt, more preferably from 5 ppm to 0.001 ppt or
from below 2 ppm to 0.001 ppt and/or barium below 100 ppm, preferably in the range from 10 ppm to
0.001 ppt, more preferably from 5 ppm to 0.001 ppt or from below 3 ppm to 0.001 ppt and/or zinc
below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more preferably 20 from 5 ppm to
0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or zirconium below 100 ppm preferably in the range

from 10 PISTPIS BDEL THEhGHEeatiramiy TRt &/BlRh 48D R0 5t B FAVABRIGHI6 5" o0 0.001 ppt

and/or titeppaTy helevy QP repsmvereferrbhie hetanap e, %Qn@rp@stgr@m@ep@érmq)m@{erably
from 5 ppm to 0.001 ppt or from below 0.5 ppm to 0.001 ppt ‘and/or 25calcium below 100 p

preferabf§AP Y F5lge F5RPT0 pﬁﬁ?f@@@dﬁ %’BFMBrH%?@fé’P&b‘F@W&’?] OB 16 8. Wé‘igﬁf){ %ﬁ"from

below 0.5 19 Q00 loPrt@nd Lepegisdic rapgNesiim abioelew: 300 ppm, preferably in the range from
10 ppm to 0.001 ppt, more preferably in the range from 11 ppm to 0.001 ppt and/or copper below 100

ppm, preferably in the range from 10 ppm to 0.001 ppt, more preferably in the 30range from 2 ppm to
0.001 ppBLﬂr@l&rm@mhm&\@a%ﬁmrsmw@aﬂyémtbmwag%fwmmwm&i RRUNBIDESS

Fange MOV AP0 RO ETERAS FOBSOGEALR SAYEN Gh D oI5 600K ppt
and/or rrwmﬁmes&) @@@Mde&ﬁm espesialy, I@db@drarrggaérgmawcppmémﬁ 80d/ppSiefaeahly in the
0.00% ot BROTABI P HEAG ISR ToLp e RG L EE Thors Brerdr bl HErR A W Hlom 55 pprm
to 0.001 gpiounts of silicon. High -purity silicon carblde is preferably interpreted as a
corresponding silicon carbide with a passivation layer comprising silicon dioxide.
Equally, high-purity silicon carbide is considered to be a high-purity compaosition which
contains silicon carbide, carbon, silicon oxide and possibly smail amounts of silicon, or
15 consists thereof, and the high-purity silicon carbide or the high-purity composition
especially comprises a contamination profile of boron and phosphorus of below
100 ppm of boron, especially in the range from 10 ppm to 0.001 ppt, and below
200 ppm of phosphorus, especially in the range from 20 ppm fo 0.001 ppt of
phosphorus; more particularly, it has an overall contamination profile of boron,
20  phosphorus, arsenic, aluminum, iron, sodium, potassium, nickel, chromium of below
100 ppm by weight, preferably of below 10 ppm by weight, more preferably below
5 ppm by weight, in relation to the high-purity overall composition or the high-purity

silicon carbide.

25  The contamination profile of the pure, preferably high-purity silicon carbide with boron,
phosphorus, arsenic, aluminum, iron, sodium, potassium, nickel, chromium is, for each
element, preferably from below 5 ppm tc 0.01 ppt (by weight), and for high-purity silicon
carbide especially from below 2.5 ppm to 0.1 ppt. The silicon carbide obtained by the
process according to the invention, with or without carbon and/or Si,0, matrices, more

30  preferably has a content as follows:
boron below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm o 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or

13



A particularly preferred pure to high-purity silicon carbide or a high-purity composition contains or
consists of silicon carbide, carbon, silicon oxide and possibly small amounts of silicon, the high-purity
silicon carbide or the high-purity composition having especially 10a contamination profile of boron,
phosphorus, arsenic, aluminum, iron, sodium, potassium, nickel, chromium, sulfur, barium, zirconium,
zinc, titanium, calcium, magnesium, copper, chromium, cobalt, zinc, vanadium, manganese and/or
lead of belyed@apm for pure silicon carbide, preferably from below 20 ppm to 0.001 ppt for
high-purity silicon carbide, more preferably in the range from 10 ppm to 0.001 ppt in 15relation to the
high-purity overall composition or the high-purity silicon carbide. Description of the overall process

A?Cordinﬂ_H@stﬁﬁdﬂ)éeBHRf‘w CIRUS G &éﬁ%ﬁiﬂgtﬁ%@aﬁ@_@%&%@ﬂém%@@[‘?ﬁpﬂ%}@f purified
silicon oxide, preferably silicon dioxide, which has been purified, especially to free it of other metals, as

silicon oXERS" RN AR &SRR hORd BRLRLlIeHIRAIEA S PRIBdDR-HE it @NEi8de, has a content
of other RelyYAEREMRIASObIRES Share AIAAKALHE AAYBRRARIRIgs BRI DIAPORBRIN, more

preferably less than 50 pﬁm, most preferably less than 10 ppm in relation to the metal, with one or

more pufd SEERYIHED rB8E AR RAMPRS HrreReien thertirifmcBdH drhendibn oxide
essenialy iSRG e TR PORSEINAIPADSERB SRS DRI A DOGIAN Ao . &) and

e): a) providing silicates dissolved in the aq[ueous phase, especially an aqueous alkali 30metal silicate

and/or alREgfeEARAY IR PO SRCBRIBRIGT A RIR RFOW & EpMehR GRifyPH 888&8us phase having a

content gfdfropz b AHYp BinwsiehratRiaianly feeliiom2008008%3 AbEDYrbIWRIDREcrRSBIY
preferably from 2 to 10% bgﬂwei ht and most preferably from 2 to 6% by weight of Si02; optionally
t

adding sBRBe AR & QF AP EIaMs RichPRIB R SRS et calcium, magnesium and/or
transitionzAretal Gl e OPRIBDRMRS, PRERRBBITOhe RARSH MRIMS TPRINAUBAS001 ppt, more

10  preferably from 5 ppm o 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or
nickel below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm to 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or
potassium below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm to 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or

15 sulfur below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm to 0.001 ppt or from below 2 ppm to 0.001 ppt and/or
barium below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm to 0.001 ppt or from below 3 ppm to 0.001 ppt and/or
zinc below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more preferably

20 from 5 ppm to 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or
zirconium below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm to 0.001 ppt or from below 0.5 ppm to 0.001 ppt and/or
titanium below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm to 0.001 ppt or from below 0.5 ppm fo 0.001 ppt and/or

25  calcium below 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, more
preferably from 5 ppm to 6.001 ppt or from below 0.5 ppm to 0.001 ppt and
especially magnesium at below 100 ppm, preferably in the range from 10 ppm to
0.001 ppt, more preferably in the range from 11 ppm o 0.001 ppt and/or copper below
100 ppm, preferably in the range from 10 ppm fo 0.001 ppt, more preferably in the

30 range from 2 ppm to 0.001 ppt, and/or cobalt below 100 ppm, especially in the range
from 10 ppm to 0.001 ppt, more preferably in the range from 2 ppm to 0.001 ppt, and/or
vanadium below 100 ppm, especially in the range from 10 ppm o 0.001 ppt, preferably
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and then optionally filtering the aqueous phase to remove sparingly soluble alkaline earth metal and/or
transition metal salts or other sparingly soluble impurities; this may optionally be followed by contacting
of the aqueous phase with an immobilized compound which complexes boron or boron compounds.
Compounds which complex 10boron or boron compounds include electron donors, for example
amines, which can be used immobilized on a resin in a column, preference being given to
N-methylgluiganiaes wimobilized on a resin, for example Amberlite(r) IRA-743-A, and then  b)
optionally adjusting the aqueous phase to a content of from 2 to 6% by weight of 15Si02, which
additionally comprises other polyvalent metals, especially metal oxides, than silicon dioxide, and c)
contactingnwfi msyemgim@iﬂmmwidrﬂébﬁcpﬂn%d%ﬁmasgeaieﬂg bbtbe Hydrpgen, pesdiaiycolumn,
according to the inv, ntlon with A%?QBE%Q ll: P &? ount 20which | Suffl |e t r the ion
exchange' Bt E8R{ Cif“ A SR o %q%) 5 PhRaSESRE T oS he Blieous
phase bemgjlortﬁmrﬁbgbﬂo‘rﬁﬂ)ﬁpm Gé@emaf@rr&bthmm@eafmgmmm&@@o&jmtmnmg the
agueous 5{ ase %1% tive SI|IC with an S|02F rtgﬁutra |on of from. 2 t % tg\? nd a pH of
from 0 to A AE® Tl @U%W SBe) HgB BY'siEa 8x‘r°é%rae pediaty ‘bay a{HQ’of a.2)
Conesentrﬁt;mnmwf&mpptls phase from step d) to a concentration greater than or equal to 10% by
weight of Si02 by contacting with an acidifying agent. 30Alternatively, the contacting in step e) can be
effected by the addition of an acidifying agent to the silicate solution or else the addition of the
concentr@tqmsiilmamlysqnlmferrm aoiEctdityigio-pgetyt siR0ABeasatic\briad)igregariacoe pbsitget
formation, ot é‘ ty followed by aiermal alerisaiment,andior. spia n%rgnvgg e&.ﬁ%']‘%‘ﬁqé‘ nts

preferably ng ammonla Or spray- rylng or, Erdeeit INg to an altern concentrating the
aqueous cpﬁmhedmmineth;g!d)marmycmhwmtcanbnd@mam thiah-pustuabtoptditdiy vesight e sici2ibhy

confgeting %é"étﬁ?t %{?6 5’?&9 ] fS%E%'RI% CRRBHCARNRERTREIE SBYgHition of an

amine, more pr |on 0
potass;um ntcket Chrom:um, suffur, barium, zirconium, zing, fitanium, calcium,

magnesium, copper, chromium, cobalt, zinc, vanadium, manganese and/or lead of
below 100 ppm for pure silicon carbide, preferably from below 20 ppm to 0.001 ppt for
high-purity silicon carbide, more preferably in the range from 10 ppm to 0.001 ppt in

15 relation to the high-purity overall composition or the high-purity silicon carbide.

Description of the overall process

According to the invention, a process for preparing pure silicon, comprising the

20  reduction of purified silicon oxide, preferably silicon dioxide, which has been purified,
especially to free it of other metals, as silicon oxide essentially dissolved in the aqueous
phase and, based on the silicon oxide, has a content of other poiyvalent metals of less
than or equal to 300 ppm, preferably less than 100 ppm, more preferably less than 50
ppm, most preferably less than 10 ppm in relation to the metal, with one or more pure

25  carbon sources.

According to the invention, the purification of the silicon oxide essentially dissolved in
the aqueous phase preferably comprises the following steps a), b), c), d) and e):
a) providing silicates dissolved in the aqueous phase, especially an aqueous aikali

30  metal silicate and/or alkaline earth metal silicate solution or a mixture thereof, especially

an aqueous phase having a content of from 1 to 30% by weight, preferabiy from 1 to

15



10 c.2) spray drying the aqueous phase or According to the invention, after performance of the above
steps, especially after thermal treatment for drying or calcination, a purified silicon oxide is obtained.
The 15purification of the silicon oxide, especially of the silicate solution, preferably consists of the
aforementioned steps. If the purity is still insufficient, a further treatment may immediately follow step
d) according to step d.2). The further treatment according to step d.2) is preferably 20effected as
follows: 2@paogrritieatment by, in a first step 1), adding a strong aqueous acid to the aqueous phase
composed of active silica from step d), such that the pH is from 0 to 2.0, and keeping the aqueous
phase thus obtained at from OC to 100C for from 0.5 to 120 25hours; by, in a second step 2),

contactinwﬂewwm Agdesusdibassiittra StondYasidicetgtivarekaiange dksubyf thanhgdeogen

type, esp y as.ap.ion £ange column, preferably AmberliteO IR 120, in an amount which is
sufﬁuent&g?%’}'ewgrlfg&(@rﬁaﬁg of essentially all other metal ions in the aqueous phase, the

temperatumi@ﬁalﬂ? aque@@qmaeeabemléremrmeifa@mv&t@eﬁwsd@rﬁe@bbeﬁ@re@&w then,
30 in the thjrd step 3), contactin us p stron sic anion exchange resin of the
hydroxyl ?% %%@3%?&& um@'%ip &%{}ﬁﬁ@ﬂ{g@ﬁﬁﬁé{%ﬁ% Pﬁ%@éﬁ%ﬁ?%@ﬂ "ERfficient for the
ion @(Ch@mggmﬁ@sme@a{boalha@lons in the aqueous phase, 200800351 AL the temperature of the
agueous e being, fro GOC espema in e ra e from 5 to 50C and lcularly in the
terior o HLEB AL SENY 1 BTl SRR RE RC R, PRAsE L e S itfg active
silica, whicintlts re@e%aﬂ}oﬁeem:ﬂmemmdmad eubﬁhene@em@h;/tbelabwww@ﬁdﬁ:‘@may

f,Si02 f 2 10 6% d a pH of f 2105, | d.2 1
the srorg i toere b TRl R R R R IR ST GPRlR: acc thie.

addition meﬁmtenﬁtwiahﬁmmmmﬂuenmwmarmf |bmnarommwubsd§ hestipogradsdabiakddedniolidhe active
SI|IC% corg)talnln%l a8ueous solut F bta|ne aft r ste (% before hea eous
5 hc u@n 5 F

decomposes Accordlng BT HVERLSH tdh @%ﬁe da}m 8813115 §%ﬁ8p |P f
obtainedu3é&e amnooinilinédtoong msdumgurdﬂdrby tba:efaeematIblemgl-gmemmréismeﬂgytma«smmeehe

range fro%?qt% lZggrefe?r bl s{rlxt c?rreax e Ar%t?etr?tlcg'li;g&%@ﬁ? is then aged at from 0 to 120C for
a period of from

and then
b) optionally adjusting the aqueous phase to a content of from 2 to 6% by weight of
15 Si02, which additionally comprises other polyvalent metals, especially metal oxides,

than silicon dioxide, and

c) contacting with a strongly acidic cation exchange resin, especially of the hydrogen
type, in a column, according to the invention with Amberlite® IR-120, in an amount

20  which is sufficient for the ion exchange of essentially all other metal ions in the agueous
phase, the temperature of the agueous phase being in the range from 0°C to 60°C,
preferably in the range from 5 to 50°C,
d) obtaining the agueous phase of an active silica with an SiO2 concentration of from 2
to 6% by weight and a pH of from 0 to 4 and, more particularly,

25  e) obtaining purified silicon oxide, especially by means of

a.2) Concentration of the aqueous phase from step d) to a concenfration greater than or

equal to 10% by weight of SiO2 by contacting with an acidifying agent.

30 Alternatively, the contacting in step e} can be effected by the addition of an acidifying
agent to the silicate solution or else the addition of the concentrated silicate solution to

an acidifying agent.
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15 The particular space velocities in the course of passage or contacting with an ion exchanger are
guided entirely by the columns used; in each case, the velocity is adjusted such that essentially all ions
have been correspondingly exchanged when the phase leaves the column again. 20 If the active silica
obtained in step 4) has the desired purity, it is possible to process it further by steps a.3), b.3) or c.3);
more particularly, the aqueous phase obtained in the fourth step 4) in process step d.2) is alternatively
treated frgoadorenespf the following steps a.3), b.3) or ¢.3): 25 a.3) concentrating the aqueous phase
from the fourth step 4) of process step d.2) to a concentration of Si02 greater than or equal to 10% by
weight and adding to an acidifying agent or adding an acidifying agent, or concentrating to completion
by adding an acidifying agent or adding to an acidifying agent. The acidifying agents are preferably

30strong 00800351 AL b. erf rmln g rmation, qptionall me ed by a thermal
attorreaen BTGP R P 1) T GUET ML HFRSALY B SRR 5 SERRE mmonia or
else an mm@ramgmﬂ@@@ertremment preferably comprises a calcination at about 1400C, or 5 c.3)

spray-drying the aqueous phase. When the active silica obtained from process step 4) does not have
the desired purity, it is treated further as follows: 10 d.3) further treatment in a fifth step 5), by adding

an aglueqs ﬁmﬂiwmfnycﬂn@t&a‘etagcﬂipraﬂdtagsammmwmdembg%ye@emia&wﬂmiﬁgcmﬂaantration of
from 2 to % t}fg/ht of K?‘g% H in the a ous hase wk}ﬁ the t e KOH or
NaOH u grearer i @ b%ﬂx‘/b%%iﬁ §8r BIY 5560 b‘?‘? Wét HF ‘Eﬂ N EBE"
15phasetbéthem@nuaiSmd@%/hgrwéi@wmﬂ&mm;ob&rﬁ%m@mtﬂ@n 86iin200, ahMTibe gel
indepen odium or ates from th droxide added, apd t i02 originates
from thqu(ﬁ' oES ﬁ%ﬁ's@ gﬁﬁaj)ﬁ&’c%ee%?ﬁgge%arka %ded%%?p% gf)( ROy r%rs%ﬁrepeé g@o phase is
also keptalditom Oftarff@iad a stabilized agqueous phase

10

¢.2) spray drying the agueous phase or

According to the invention, after performance of the above steps, especially after
thermail treatment for drying or calcination, a purified silicon oxide is obtained. The
15 purification of the silicon oxide, especially of the silicate solution, preferably consists of

the aforementioned steps.

If the purity is still insufficient, a further freatment may immediately follow step dj
according to step d.2). The further freatment according {o step d.2) is preferably

20 effected as follows:

d.2) further treatment by, in a first step 1), adding a strong agueous acid to the
aqueous phase composed of active silica from step d), such that the pH is from 0 t0 2.0,
and keeping the aqueous phase thus obtained at from 0°C to 100°C for from 0.5 to 120
25  hours; by, in a second step 2), contacting the resulting aqueous phase with a strongly
acidic cation exchange resin of the hydrogen type, especially as an ion exchange
column, preferably Amberlite® IR 120, in an amount which is sufficient for the ion
exchange of essentially ail other metal ions in the aqueous phase, the temperature of
the aqueous phase being in the range from 0 to 60°C, preferably from 5 to 50°C, then,
30  inthe third step 3}, contacting the aqueous phase with a strongly basic anion exchange
resin of the hydroxyl type (Amberlite® 440 OH, or Amberlite(R) IRA 440) in an amount

which is sufficient for the ion exchange of essentially all anions in the aqueous phase,

17



of an active silica with an Si02 concentration of from 2 to 6% by weight and a pH of 20from 7 to 9 is
maintained, in a sixth step 6) the stabilized aqueous phase of the active silica is partly or fully added to
a vessel as a stock solution and the stock solution is kept at from 70 to 100C, the vessel can be kept
under standard pressure or under reduced pressure, more particularly the water removed is metered
in by supplying further stabilized aqueous phase of the active silica from the preceding component
step d.3)Zsep3nesgentially to the degree in which water is removed, to form a stable aqueous silica
sol with an Si02 concentration of from 30 to 50% by weight and a particle size of the colloidal silicon
dioxide of from 10 to 30 nm; in a seventh step 7), the stable agueous silica sol is contacted with a
strongly geidisrapteatercbnage 4666005thRduE Ry e especady éﬁp@@i&iﬁwmﬁq&r@r{?@idic cation
exchanger with sulfonic acid 30 groups), at from 0 to 60C in such an amount that essentially all metal

ions predETiR #9e"Sb(LRNE FERER GaHItHIRFYSTERE KieHeLS PRe ROl S dshelt i edRtEticdiShith a
strongly hasibaninnErehantesas hrddspmblypeutimbsstite(Rindd Whiar Arabseiegly 4860351

AL IRA 440) at from 0 to 6QC in such an amount that an aqueous acidic silica sol which is essentially

free of ofEICHIFFANRERERILEUSR AR hR B BE RICan 2R d RSP 5aae 58 bRtan& Rt ighth

steps8) afigrherfrraindq gelderaation phlldemaasehéos step 6) is made of an acid-resistant and
alkali-resistant material and does not itself contribute to the contamination of the aqueous phases

present therein. The vessel is preferably suitable for operation under reduced pressure. In step 6), the

stabiIri]zecurpbalﬁ%ﬁgstm@@f@m?@@g{ﬂy, Qﬂ}éﬁ'ﬁr‘dﬂ@hﬁ:&&@@@ﬁ veham ri]acﬁgﬁiﬂ? ?gﬁiﬁ]%@&;]aa@ is :]raﬂsferred

into the yessel, this. may. preferably be from one guarter.to one thirtieth o the phase which is

obtained BT IBHGAE b AT B S (BB Lo FIBC SR AR case o

partial usguehiherphagkifoentstepdindee TRmatnity RRIHAS atitheistothesatitiensiaa ke suppiied

continuously or bat%v}ﬂse. Prefsgnce is given to remo in%}%ater from the stock solution, especially by
b gE

distmatioﬂggﬁa% E %Lﬁ’ﬁwg mﬁz%f 5&5%% : ﬁ%@@ﬁ%ﬂ%@ﬂ%ﬁé&%@%%ﬁﬁh water is
removedAtoor thegliosirsianvehtieie thperatitienthe thistdfationHé thedvatercanst éhetditias of further
stabilized agueo hase from step 5) are preferabl justed.such that this step can be ended after
fom & (R L B S 85 B B VMO e PGy B 500 Biking
aqueouspitzaseifr ontrstapidys20oAl Cati@) prefeanierithedangeaisoiie Aon &XThangersegy be
customary ion exc ers and used in.each component of the process, though different
ion exchgﬁ%%@gé{?gﬁ%ﬂyegg LTé?ééﬁr? A& [?aerjﬂgglg? E%’H?p‘g}ggﬁ% i@g@?\‘—w& all steps in which gel
forrmation is intended, especially in steps b.2) or b.3) or after 25step d.3) step 8), the gel formation is

preferably,initiated gr accelerated hy. adding ammonia or another compound whigh is free of alkali
YR %ccila % i ré?ﬁ_cr:hnﬁtﬁvg}

metal cations? T crlesrﬁ)t?)? BIEET ARG 1 TAMlIAT 10 those SRS in the Bhé&Nable

compournssizae geganc gurdnd ewtiiely dne thel dolienmnd esepidasaphassaA therditgcitytise invention,
the gel forgauian i RSRHEC AL RIRIRIRRANE B0SP IPrR IR AL BLEIRIRBNTME: the

phase leaves the column again.

20
if the active silica obtained in step 4) has the desired purity, it is possible to process it
further by steps a.3), b.3) or ¢.3); more particularly, the aqueous phase obtained in the
fourth step 4) in process step d.2) is alternatively treated further by one of the following
steps a.3), b.3) or ¢.3):

25

a.3) concentrating the aqueous phase from the fourth step 4) of process step d.2)to a

concentration of SiO2 greater than or equal to 10% by weight and adding to an

acidifying agent or adding an acidifying agent, or concentrating to completion by adding

an acidifying agent or adding fo an acidifying agent. The acidifying agents are preferably
30  sfrong acids.
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30range from 0 to 100C, and especially at a pH in the range from 0 to 7, preferably in the range from
pH 3 to 7. 200800351 AL The sol formation is effected preferably at a pH of from 7 to 10.5, more
preferably from 7.5 to 10. In this way, a stable sol can be formed. The formation of a stable sol may be
followed by spray-drying with optional subsequent calcination; alternatively, the stable sol can be
calcined directly, but the sol is preferably mixed with a pure carbon, 5especially containing a
carbohy t%(?d}% her purified Si02 is optionally added in solid form, more particularly formulated
together, and pyro yze and/or calcined. More preferably, the purified silicon oxide, especially the
purified silicon dioxide, can be obtained in step €) by, before drying the aqueous Si02-containing

phase, a Ryre 10carbo drat d0it, e I onta arbohy d/or
preferabl%dgpi ggt,\,%f{g,’"ngucﬁ as 2ff c%riloé]ar 55 e Lﬁs}lﬁtﬁe}e\{ys%re f %‘ﬁetﬁé I’ie(sjf[ {ftg onrtr?tﬁ?]atrogr{m
optionallyavisly-dddiigntioé @@imdenﬁmmremamptefe&ﬂl@yédeﬂﬂeﬁrlh}netedmgca«ysnanadzresbdm to be

shaped aét%’é?lrﬂ]% Oé‘?ﬁﬁ%ﬁ %@Q/@é%&%@gﬁeﬂe?%‘? natloﬁ? [ably, tha gelformation J5 ! ‘f&

followed ermal aftertreatment, especially a ca at temperatures |n e range fr m 900 to
2000C, imwvhich case the calcination may optionally be preceded by spray-drying. 20The purified

silicqn oxide, preferably silicon dioxide, can be supplied completely to the reduction step, i.e.
converted with at least one carbon source to silicon. Alternatively, however, it is also possible to use
portions ofdhespuzfieth\diigdheoziglecpusaphpsaent processes which are likewise inventive as a
defoamer in the production of the high-purity carbon. The carbon thus obtained can be used in the
reduction step. Details of 25 this optional component process are explained below. It is likewise
possible WhepdhivastbfatsdiparifidaisiiddrpoxigioceeusEpin jodresarerarodbesiesivait ity likewise
inventive, % é‘?é@fﬁﬁ?\'éroéﬂtﬁ arbide. This silicon carbide can in turn be reacted in the reduction
step with purrty silicon oxide, or 30added as an activator in the reduction step. Details of this
optithal component process are explained later in the description.

d.3) further treatment in a fifth step 5), by adding an agueous sodium hydroxide and/or
potassium hydroxide phase, especially with a concentration of from 2 {o 20% by weight
of KOH or NaOH in the aqueous phase, where the purity of the KOH or NaOH used
should be greater than 95% by weight, preferably 99.9% by weight, to the aqueous

15 phase of the active silica, where the molar ratio of SiO2/M20 is from 60 to 200, and M is
independently sodium or potassium and originates from the hydroxide added, and the
Si0O2 originates from the agueous phase of the active silica, and the temperature of the
resulting aqueous phase is also kept at from 0 to 60°C and a stabilized aqueous phase
of an active silica with an SiO2 concentration of from 2 to 6% by weight and a pH of

20 from 7 to 9 is maintained, in a sixth step 6) the stabilized aqueous phase of the active
silica is partly or fully added to a vessel as a stock solution and the stock solution is kept
at from 70 to 100°C, the vessel can be kept under standard pressure or under reduced
pressure, more particularly the water removed is metered in by supplying further
stabilized aqueous phase of the active silica from the preceding component step d.3)

25 step 5) essentially to the degree in which water is removed, to form a stable aqueous
silica sol with an Si02 concentration of from 30 to 50% by weight and a particle size of
the colloidal silicon dioxide of from 10 to 30 nm; in a seventh step 7), the stable
aqueous silica sol is contacted with a strongly acidic cation exchange resin of the
hydrogen type, especially Amberlite® IR 120 (acidic cation exchanger with sulfonic acid

30  groups), at from 0 to 60°C in such an amount that essentially all metal ions present in
the sol are exchanged, the resuiting aqueous phase is subsequently contacted with a

strongly basic anion exchanger of the hydroxyl type (Amberlite® 440 OH or Amberlite®
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200800351 AL Preferably, in overall processes for preparing pure silicon, the purified silicon oxide is
formulated and converted together with at least one pure carbon source, for example in the reduction
step or in one of the optional component processes. 5For example, the still-moist silicon oxide can be
formulated, extruded, pelletized, granulated or briqueted together with a pure carbohydrate. This
formulation can be dried and sent to a reduction step to prepare pure silicon, or first be used in a
preceding process component step with the aid of a pyrolysis to prepare high-purity carbon or, in an
alternativ%‘%%% Q@é%%ponent, be sent to a pyrolysis and/or calcination to prepare 10pure silicon
carbide. Silicon carbide, especially high-purity silicon carbide, optionally comprising or containing a
carbon matrix or else_a silicon gxide matrix, and/or optionally infiltrated with silicon, are added to the

process actordingabREIMERBR DR RYSEIF RS AP HRERb A ALLeH S R REICARPEWIRR AR ously

as a pure-eaEiaIBPHESS o SIRbr i Pl ERTBRIISS @gissciBilicateearbide-ea it s necaddgddns
accordance with the ig\éeanti to theéirocess fgr preparing pure silicon by reducing purified silicon

oxide as QRIALRALBH Flbe 26F REFRFEYIhRyASIIREN&HIeBn carbide: the silicon carbide

may equally also be 20 added as a pure carbon source. In one alternative variant, the process step of
reduction_to prepare pure silicon consjsts of the reaction of the purified silicon oxide, especially of the
oo O SRRA A S BN TRAR PO PSR A AR AR A U381 4 fiher
alternativeotarseiftcthriiyoress isie pohtediiightofirepatr pule shegaspnsisistahtieireation of the
purified silicon oxide, especially. of the silicon dioxide, with one or more pure carbon sources with
Deition SERRRL SrFHR LI M IGE A OHRE] S50V DS LAE Sadlie being
added ingteidiliabyl phprefesaiphniferredOpaventivefityriolkhigone Jdu; ugesof agdetbsilisomeanhide has the
advantage that the reduction proceeds more rapidly, since silicon carbide acts as a regction .initjator,
By - N A R A A e e
significarttie s sviietgiasdbadirg!indhtineclustian steehissdetivatie s Prefetablysachaveigit ratio
of 1000:1 to 1:100Q.relative to the pure carbon source, the carbon sourc ing calculated without SiC
therein, RIS VAR T AE CAS b ATHA (HBSL AR RO £Eohrb 118 "6 RALOARy e
inventionofriibesjarcicestutarrpozpalia g pppéesilicomtmooushis ingtbe nedsetibrefd rpudiieid sileontoxide
with one gr more pure carbon sources, the purified silicon oxide,is, ysed together with at t one pure
carhon oLTR T AN T cLcSicon s R Bl LRGaR, ARGI AL LRbON Beibice
may comptasdiaechampreous phase from step 5) to the degree to which water is removed from the
15  system. The temperature, the distillation of the water and the addition of further
stabilized aqueous phase from step 5) are preferably adjusted such that this step can
be ended after from 5 to 200 hours. Preference is given fo continuously removing water

and continuously adding aqueous phase from step 5).

20  All cation exchangers used and also the anion exchangers may be customary ion
exchangers and may be used in each component step of the process, though different

ion exchangers can equally be used in the particular component steps.

F-or all steps in which gel formation is intended, especially in steps b.2) or b.3) or after

25 step d.3) step 8), the gel formation is preferably initiated or accelerated by adding
ammonia or another compound which is free of alkali metal cations, is sufficiently clean
and is familiar to those skilled in the art. Further conceivable compounds are organic
amines which are soluble in the aqueous phase. According to the invention, the gel
formation is effected at a temperature in the range from 0 to 120°C, preferably in the

30 range from 0 to 100°C, and especially at a pH in the range from 0 to 7, preferably in the
range frompH 3o 7.
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10matrix and/or a silicon oxide matrix, and may be infiltrated with silicon, especially in a formulation,
where the formulation alternatively comprises a) the purified silicon oxide and at least one pure
carbon source and optionally silicon carbide and optionally silicon and/or b) the purified silicon oxide
and optionally silicon carbide and optionally silicon and/or 15c) at least one pure carbon source and
optionally silicon carbide and optionally silicon, the particular formulation optionally containing binder
and wherg t ure carbon source may also comprise an activated carbon. Purified silicon oxide,
espemall?% Feadiiichn dioxide, such as silica, pure carbon, 20especially activated carbon, and/or
~ silicon carbide may be added to the process a) in pulverulent, particulate and/or piece form and/or b)
lass, in an extrudate and/or

in a formylation, for example in a porous glass, especially quartz
prossing, KU AGIBEIRIN BUEEISH AR R RPHI! HRTer KIdRvb e SE HARMRIErS
and/or as7essecond ancifuiher £atbbrr slsen Aetivateddcarherfdsmiamiensteadstainess) aggrben

25source, wijth graphite fractions or a graphite. The graphite fraction.in the carbon source is preferably
in the rarl LTI 58 9505 BYTRHT TP HASTLALIBS B cr LB AHEE: ALSGRRUNRY rasiSi o

preferablydreadPete A8 cbydiveight, bueredrierabiefepabRO-HE8% ity avpightcdRiyacesses suitable
for shaping the fqormulation, especially brigueting, sych as extrusion, pressing, tableting, pelletization,
granﬁlati@%%%%qc[&tﬁgp B%&%%%éaﬂﬁgféﬁes@?ni@%mﬁé%ﬂ%%‘5@0’\?/9‘?&'%@9% §3i‘ﬂ89 IR the art.
2008003531Lidrutabaddiivies ey foensiliecsdaideth or, aapeopnd lyagparepuresaieisrecially cleaned
rice husks, for example after washing and/or boiling with HCI, or mixtures of further pure carbon

sources, such as sugar, graphite, carbon fibers, and/or the binders and the second and further carbon
and/or silidoresosfeestiyayhzemaiiisal siticyntbetie resipscially the purified silicon dioxide, can be

obtained in step e) by, before drying the aqueous SiO2-containing phase, adding a pure
10 carbohydrate to it, especially containing a carbohydrate and/or more preferably an

activator, such as silicon carbide. This measure allows the resulting formulation,

optionally with addition of a binder, for example of the siloxanes, silanols, alkoxysilanes

below, to be shaped and dried or pyrolyzed and/or calcined.

15 More preferably, the gel formation is likewise followed by a thermal aftertreatment,
especially a calcination at temperatures in the range from 900 to 2000°C, in which case

the calcination may optionally be preceded by spray-drying.

20 The purified silicon oxide, preferably silicon dioxide, can be supplied completely to the
reduction step, i.e. converted with at least one carbon source to silicon. Alternatively,
however, it is also possible to use portions of the purified silicon oxide in component
processes which are likewise inventive as a defoamer in the production of the high-
purity carbon. The carbon thus obtained can be used in the reduction step. Details of

25  this optional component process are explained below.

It is likewise possible that portions of the purified silicon oxide are used in component
processes which are likewise inventive for preparation of silicon carbide. This silicon
carbide can in turn be reacted in the reduction step with high-purity silicon oxide, or

30 added as an activator in the reduction step. Details of this optional component process

are explained later in the description.
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5such as phenol resin, functional silanes or siloxanes, industrial alkylcelluloses, such as
methylcellulose, polyethylene glycols, polyacrylates and polymethacrylates, or mixtures of at least two
of the aforementioned compounds. Functional silanes and siloxanes include, for example - but not
exclusively: tetraalkoxysilanes, trialkoxysilanes, alkyl silicates, alkylalkoxysilanes,
methacryloxyalkylalkoxysilanes, glycidyloxyalkylalkoxy- 10silanes, polyetheralkylalkoxysilanes and
correspondln%%ro ézates or condensates, or cocondensates of at least two of the aforementioned
compou oxy represents especially methoxy, ethoxy, propoxy or butoxy and "alkyl"
represents a mono- or bivalent alkyl group having from 1 to 18 carbon atoms, such as methyl, ethyl,

n-propyl, butyl, isobutyl, pen tyl, hexyl, heptyl n4i-octyl, etc.; examples thus include
15tetraeth %%j/%’ﬁé)r'n\é '8ilgHeic t@fﬂ‘éﬁ’%@&% @ﬁrﬂ*@cﬂ%&?@ul@‘r‘f@ AGADIRRHEkRe gigon oxide is

dlmethywéﬁmgmlﬁaﬁdtB@ﬂﬁ/@W&HQ@Qéﬂﬁéﬁ%kﬁﬂﬁY@é@@@Eﬁ@w@aﬁrﬁﬁﬁt%@w|%’dﬁt@%ﬁﬁﬂ@ﬂﬁ
n-propyltrietho Xﬁs lane, n-/i-octyltrimethoxysilane, propylsnanol octylsilanols and corresponding

oligomer Ra-step PR ERR S 69%9%‘@?%@%@{?%}&%{%%8@5
2-methacryloyloxyethyltrimethoxysilane, 3-methacryloyloxypropyl- 20trimethoxysilane,

3-methacryloyloxyisobutyltrimethoxysilane, 3-methacryloyloxy- propylmeth Idlalkoxysnane
3-méthadiyfoIAY B %pﬁ}?&lﬁ%ﬁé@f&yﬁp%%mﬁdf%ﬂ ergy %Sﬁdéﬁgé‘fi%d pelietized,

3-glycidyimsyrepydidnbuiesipie sHaly s exynreryaisnpbaie coreTaandiaacHisamets or

condensates or hﬁd olézates cocondensates or else block cocondensates or cocondensates based

on at lea DaUs U ORI R RE R REFR SHiFoBeSfTIEthBRydigfidn @ preceding

3- metha%w@ﬂ%wmpﬂﬂmeﬁr@gwﬂmae%@m@mer@@xlﬁrwﬂ@ﬁmyﬁ@insmpl carbon or, in
3- polyetherprﬁgyltrlethox S|Iane Said addltl maf/ simultaneousl| #Iflll the functions of a silicon or

carbon stipf Bﬁ?éés%?rﬁ'a%%‘tﬁ %MW&*&% PG praldnelok O RIPPaF%e to
those 30gkittediircdrecarbidad/or the function of a binder, especially of a binder which is substantially
thermally resistant in the range from RT to 300C. To prepare granules, preference is given to spraying
powder with the binder in aqueous or alcoholic solution 200800351 AL and then to supplying it to a

shaping 1810'Ceasd&mb&;fem&aﬁhygw@m;bxerieyfente@ksmdﬂtaaecpﬁm@llgeamaﬁywnmerdwh*tgiﬁmgalso

be eff d after the sh. In order that th f ff h h th
formulatr 1106 LUOVER B P BB S Ea, At oh o G B8 GRS IGH bty

tablets, paitetsdded to the process according to the invention preferabiy as an actavator or as an

15 activator and simultaneously as a pure carbon source or only as a pure carbon source.

Silicon carbide can thus be added in accordance with the invention to the process for
preparing pure silicon by reducing purified silicon oxide as an activator as defined
above, or as pure or high-purity silicon carbide; the silicon carbide may equally also be

20 added as a pure carbon source.

In one alternative variant, the process step of reduction to prepare pure silicon consists
of the reaction of the purified silicon oxide, especially of the silicon dioxide, with a pure
or high-purity silicon carbide, as defined above or below.
25
In a further alternative variant, the process step of reduction to prepare pure silicon
consists of the reaction of the purified silicon oxide, especially of the silicon dioxide, with
one or more pure carbon sources with addition of pure or high-purity silicon carbide, as
defined above or below, the silicon carbide being added individually or preferably in an
30 inventive formulation. The use of added silicon carbide has the advantage that the
reduction proceeds more rapidly, since silicon carbide acts as a reaction initiator,

reaction accelerant, and, especially when it is added in relatively large amounts,

22



5or briquets from the formulations. Preferred binders give rise to essentially dimensionally stable
formulations in the temperature range from 150 to 300C; particularly preferred binders give rise to
dimensionally stable formulations in the temperature range from 200 to 300C. In 10particular cases, it
may also be preferred to prepare formulations which enable essentially dimensionally stable
formulations in the temperature range from above 300C up to 800C or higher, more preferably up to
1400C. These formulations can preferably be used in the reduction to pure silicon. The
high-temaggﬁgpegﬁ%ééfs are based essentially on predominant Si-O-substrate crosslinking, the
substrate meaning 15generally all components condensable with silanol groups or functional groups of
the formulation. A Preferred formulation comprises silicon carbide and/or activated carbon, i.e., for

example SFAPIRE Y TRikcRESHRGRBIAUNSHIHING HACEb §IPRol e Ao ElaniBIRro BRI AN black,
and the thegight ridiblebinders rentionedesnesirlhBighne Baestuseinslaffe canerinadsolid

reactants, such as silicon dioxide, the g}ure carbon source and optionallé silicon carbide may be used

in the prot9 SRHRHIRIRS WEBEHE A thEhsEiprposRiBFRiR RO MIdH BRER THE §rdaestt possible

surface gsestépathefreactioro®proaeed. According to the invention, a formulation is added in the form
of a briquet. The purified silicon oxide can be reduced with one or more pure carbon sources and/or
the attivator in an industrial furnace, such as a light arc furnace, in a thermal reactor, in 30an induction

furnace, g&&@@tdu@tﬁltnm@\@nmﬂ,i”mameipw@w@yg M@@gﬁa?@e%gm@ﬂiwm @d‘ﬂﬂiﬂiél.ﬁibbfﬁd and/orf
rotary tube., 200800351 AL Generally, the reaction can be effected in customary melting furnaces for
oreparing SIS ARG OO RAEG ARG ACES: o7 GHe

inductiongfticaacesidthie desi)togetuahwitalting-bynases aepesibly: pialetabiy ¢leaifinaliyriapes,
e U e Sha Sptignally Sheof SRerecng St eatbite may comprise a carbon
10 matrix and/or a silicon oxide matrix, and may be infiliraied with silicon, especially in a
formulation, where the formulation alternatively comprises
a) the purified silicon oxide and at least one pure carbon source and optionally silicon
carbide and optionally silicon and/or
b) the purified silicon oxide and optionally silicon carbide and optionally silicon and/or
15 ¢} at least one pure carbon source and optionally silicon carbide and optionally silicon,
the particular formulation optionally containing binder and where the pure carbon source

may also comprise an activated carbon.

Purified silicon oxide, especially purified silicon dioxide, such as silica, pure carbon,

20  especially activated carbon, and/or silicon carbide may be added to the process a) in
pulverulent, particulate and/or piece form and/or b) in a formuiation, for example in a
porous glass, especially quartz glass, in an exirudate and/or pressing, such as pellet or
briquet, optionally together with further additives, especially as binders and/or as a
second and further carbon source. Activated carbon is understood to mean a carbon

25  source with graphite fractions or a graphite. The graphite fraction in the carbon source is
preferably in the range from 30 to 99% by weight in relation to the carbon source; the
graphite fraction is preferably from 40 to 99% by weight, more preferably from 50 to
99% by weight.

30  Processes suitable for shaping the formulation, especially briqueting, such as extrusion,
pressing, fableting, pelletization, granulation and further processes known per se, are

sufficiently well known to those skilled in the art.
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5known to those skilled in the art. In direct current furnaces, they have a melting electrode and a base
electrode or, as alternating current furnaces, typically three melting electrodes. The light arc length is
regulated by means of an electrode regulator. The light arc furnaces are based generally on a reaction
chamber made of refractory material, in the lower region of which liquid silicon can be tapped or
drained off. The raw 10materials are added in the upper region, in which the graphite electrodes to
generate the light arc are also disposed. These furnaces are usually operated at temperatures in the
region aré(fd CAlrhe person skilled in the art is additionally aware that the furnace structures
themselves must not contribute to contamination of the silicon prepared. 15 According to the invention,
the purified silicon oxide is reduced with one or more pure carbon sources in a reaction chamber lined

with highFtiERpraRsiues mar hasranoprisesIgT A RRFeRE FaHANANEF S RSREBPHIGABANRY
material, s RREES DEIR oI SIRER I SHRLI AR AL TNGG S0k High-RIINLALABEIS AthaFDure

consumed during the 20reaction, and so they generally have to be repositioned continuously. The
fused or RASRER SAEEFFEHRUABFMEASEr BAABE (RS HARVEIRISN HYF(RE feribtbudprisBtdiited in the

form Of_ %E%h@_%ﬁcﬁfﬂﬁﬂﬁrrﬂgfﬁd?ﬁ%@* liiiHdh sHitpkie ﬁw SHIERR! @r%@é@iﬂa@fﬁ&afiﬁg _
solar silicon; optionally, it is purified further by zone 25melting or by controlled solidification, which is

knovin p&ust RstRbSakiRsIiREIRAARBARSS RIS IR RS0 NS R aliodredalrBrSsSitFnEs
ComminUﬁ@@tﬁﬂ@&l@ﬁ%ﬁ?%M&i&?lBﬁ@@?&éi_@fH&%{Q'ﬁf?@t@sf@ o heisyioyatibe sommineted

fragments. Mare particula%‘the raction enriched with impurities by means of zone melting or

controlle@3RsEIRFHiEARNT B3 APSBRILIMEHLATRPH BRe SAIRTRIHIRIRS AR S IRERRES of
Magneticasgsi R B HFIEWHig ISexeiiipebly. tharatidony snageslierRikestisaiinasotadeon from

the reactign of purified silicon gxide and one or more pure carbon sources, 200800351 AL the entire

disclosurs iR D18 1339% I aiRarRsdealie i sikesn ey ianalread i application,
with ghe msinshideatiibmiciRecsitorsxgunplied intheomagnetigiagnijaiinn-anadeies fiveniaetsagtion of

purified silicon oxide and at least one pure carbon source. The invention provides a corresponding

magneticCOSPARRIG LTI BhiIasSiG P biRp Al MEREBREhELMRPAURLSINYERIBNBrShilicon purified
further byasre engltisgpelcibfypwietisdigortieyparipday Brasesxpiens wWikol aspreptanakfor the
O P & Eallont M Grou Raving fromt 116 T8 Yarbon atoms. Such e methyh efhgh e
n-propyl, butyl, iscbutyl, pentyl, hexyl, heptyl, n-fi-octyl, etc.; examples thus include
15 tetraethoxysilane, silanol, ethy! silicate, trimethoxysilane, methylirimethoxysilane,
dimethyldiethoxysilane, trimethylpropoxysilane, ethyltrimethoxysilane, methylethyl-
diethoxysilane, n-propyliriethoxysilane, n-fi-octyltrimethoxysilane, propylsilanal,
octylsilanols and corresponding oligomers or condensates, 1-methacryloyloxymethyi-
trimethoxysilane, 2-methacryloyloxyethyltrimethoxysilane, 3-methacryloyloxypropyl-
20 trimethoxysilane, 3-methacryloyloxyisobutylirimethoxysilane, 3-methacryloyloxy-
propylmethyldialkoxysilane, 3-methacryloyloxypropylsilanol and corresponding
oligomers or condensates, 3-glycidyloxypropyltrimethoxysilane, 3-glycidyloxypropyl-
silanol and corresponding oligomers or condensates or hydrolyzates, cocondensates or
else block cocondensates or cocondensates based on at least two from the group of n-
25  propyltriethoxysilane, n-/i-octyltriethoxysilane, 3-methacryloyloxypropyltrimethoxysilane,

3—gl'ycidyioxypropy!trimethoxysilane and 3-polyetherpropyliriethoxysilane.

Said additives may simultaneously fulfill the functions of a silicon or carbon supplier and
of a processing assistant, especially in the shaping processes known per se to those

30  skilled in the art, and/or the function of a binder, especially of a binder which is
substantially thermaily resistant in the range from RT to 300°C. To prepare granules,

preference is given to spraying powder with the binder in agueous or aicoholic solution
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hereinafter, each of which makes a crucial synergistic contribution to the economic viability of the
overall process. Detailed description of component steps of the preparation of the purified Si02 15In
step a.2) of the process described in general terms above, an aqueous phase with a content of from 2
to 35% by weight of Si02 is preferably added to an acidifying agent for the precipitation, in order to
form an acidic precipitation suspension. In a first preferred variant, the precipitation suspension into
which the silicon oxide 20dissolved in the aqueous phase is added dropwise always has to be acidic.
In this vafidPBOs¥addeus phase with a content of from 2 to 35% by weight, preferably from 15 to 35%
by weight and more preferably from 20 to 30% by weight of Si02 is used. In a second preferred
variant, the aqueous active silica must, immediately after contact 25with the cation exchanger, be

added drapiisetoasderlitngitidPchahsring tiocesfalit vahdy oty freasariig effeshient of from 2 to
6% by W%i%a%é@iwytoa&é%é%wmﬁé%@%W& EaNShh Hcidiects yagersivod ie meanRdrbidpelow

6.5, especially below 5.0, preferably’below 3.5, more preferably below 2.5, and according to the

invention i I6aiAr 2SS BAsER P OIS drerdipvsedesierdly it ele the ewesiaionaly de 88166 much,
30in 0rdfo%aatﬁi@r{%rmgt#@dw,es}@@mé%gfmémsﬁggsmn ﬁi%ﬁ@r@éi@ﬁ%i@&?@ﬁé‘t’@r local

pH should therefore exhibit only a variation of plus/minus 0.5, preferably of plus/minus 0.2.

200800381 Xiauisohi@myths tasmiyaHaBs; the pH during the precipitation in the precipitation

suspension at the addition site, preferably in the middle of the precipitation suspension, is less than 2,

preferably less than 1.5, more preferably less than 1, most preferabl){ less 5 than 0.5. The pH of the

precipita%dﬁf%%HmSﬁr@aﬁﬂ\tﬁeﬂ@pﬁ%@ﬁ§ﬁaﬁ@b&ﬁé§@qﬂwa%§tap adairpaEosdming agent,

moving t'f@w@gﬁ@?ﬁ@ﬁ?é'%‘r}?%%%'@% HADOSCSUHAGeABAY BIBRIFBBASHIRS SRR NEaNS is that of
uid,

continuously irrigating a continuously descending film of an acidifying agent on an inclined

surface VAT ENS 12686 SRS BIURE AN Bh BRI SO EM IR HRRAIRVERBIGHRSS 0P Y Frelins of
injegding AQihe AsIUeRHSsDRaRe ik BasidiIRaREaie Hand i figaIdathaserskilgdiin the art that
the dilute or undiluted acidifying agents or ) )
essentially dimensionally stable formulations in the temperature range from above
300°C up to 800°C or higher, more preferably up to 1400°C. These formulations can
preferably be used in the reduction to pure silicon. The high-temperature binders are
based essentially on predominant Si-O-substrate crosslinking, the substrate meaning
15 generally all components condensable with silanol groups or functional groups of the

formulation.

A preferred formulation comprises silicon carbide and/or activated carbon, i.e., for
example, graphite, or mixtures thereof and a further pure carbon source, for example
20 thermal black, and the thermally stable binders mentioned, especially high-temperature

binders.

Generaily, all solid reactants, such as silicon dioxide, the pure carbon source and
optionally silicon carbide may be used in the process or may be present in the
25 composition in a form which offers the greatest possible surface area for the reaction to

proceed. According to the invention, a formulation is added in the form of a briquet.

The purified silicon oxide can be reduced with one or more pure carbon sources and/or
the activator in an industrial furnace, such as a light arc furnace, in a thermal reactor, in
3¢ an induction furnace, rotary tube furnace and/or in a microwave furnace, for example

with a fluidized bed and/or rotary tube.
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mixtures of acidifying agents used must not entrain any impurities into the process which do not
remain dissolved in the aqueous phase of the precipitation suspension. In 15each case, the acidifying
agents must not have any impurities that would precipitate with the silicon oxide in the course of acidic
precipitation, unless they can be kept in the precipitation suspension by means of added complexing
agents or washed out with the later washing media. 20The inventive acidic precipitation of active
silicas in the aqueous phase in an acidifying agent to form a precipitation suspension, i.e. a
precipitatk0BO8BHCMIC precipitation suspension, is followed by the removal of the purified silicon
oxide, especially of the purified silicon dioxide, optionally followed by washing of the silicon oxide with
an aqueous, especially acidic medium, and optional washing to neutrality of the isolated, 25purified
silicon oxiElen#valshitigetocaetival ity cae loff eftectad svithoniginypuidliice foinerediz éor wadera e removal
can be effected %CHStomar {ineasuries sufficient%\‘é[vﬁll lzn :jvn to It[Fos? skilled in the art SlIlCh as
filtration, %lieiggﬁting?ceaﬁ I Lﬁé |%;E%i%%d?m%cﬁ?at%n? ith TH %8\)@% fit nggﬁeg@h%@@g fiot worsen
the degresdfatmmtdonivedis dhacidgiecyfitued muliffepfaiicarexipagaily B:20080Q36diHdal
Preferre @rﬂgi%g‘%‘?ﬁ%ts are str rtlcq mirlular?i acids s ﬁ«‘? as hydrochlaric .acidﬁhosahori Iacid, nitric
acid and/Sy QEifiric Ldia ASEGTIP R IRG T A n i SR G MGFCBL Ry Y A0 Uil
5Washingmmedidorthy gredeitiol yrbth aque dosigelctionsoftdiganmewaiessbhldesatidisinguch as formic

acid, ace'%j:ea ric()jd furrrlia ié: gibgé 8 ea”[?o%{.:eid I_or gtgger}%rgﬁpiccacirds v¥hirch are known Eo#pose skilled in
the art and do ROt themaenes CoRtHbU e?o’t & Tontamination Smhg &ﬁ%@ﬁvo%%g%’r it they cannot

be removesditompletitpadth Mighgintitgradsegteenergllistpreferencers tieefolectivén toqllataganic,
water-soluple ) agids, spediall sonsisting afANe lements, (e, Hhand .baihdrom agidiying agents
and in the washing medium, because eygé% Aot themaelvas conthbute to Contamination of the
subsequéngietkiciio thstdpwhveEgioe wiashinl nedicsdiecaqueobs sefytashsrof thie ad idify Ngeagents,

prefeyred AGidn A 609 IEANIF AU, BUFDARIR ISR RUGLAFRAICACH, s washing fedium
may, if required, also comprise a mixture of Water an organic Glvents. ppropriate SOIVEMS are
high-puritiraligiiotsc sarehedgoniéthaset]. thaselfapassiviee srrifibatpardtes atdedigegsttnes in
subsequent, reducti i tahil ' I al.co met lexing
acent s e e N R s e S R A o s
washing faethee Sotcbloesdaarkeiyeaswst el catiwiteridexirdd misatlaonfaivrsitioon For
example,ptgéggéqgaroxide can be added to the precipitation suspension or to the washing medium in

order to indicate titanium impurities present by means of color. Marking is
15

According to the invention, the purified silicon oxide is reduced with one or more pure
carbon sources in a reaction chamber lined with high-purity refractory materials and
optionally using electrodes which consist of high-purity material, as explained below.
Customary electrodes are made of high-purity graphite and are consumed during the

20  reaction, and so they generally have to be repositioned continuously.

The fused or molten silicon obtained in accordance with the invention by the reduction is
obtained in the form of molten pure silicon; more particularly, it is suitable as solar
silicon or suitable for preparing solar silicon; optionally, it is purified further by zone

25 melting or by controlled solidification, which is known per se to those skilled in the art.

Alternatively or additionally, the silicon can be solidified, comminuted and classified
further by means of the different magnetic behavior of the comminuted fragments. More
particularly, the fraction enriched with impurities by means of zone melting or controlled
30 solidification can subsequently be used to prepare organosilanes. The process of
magnetic classification is known to those skilled in the art. For magnetic classification of

silicon from the reaction of purified silicon oxide and one or more pure carbon sources,
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25generally also possible with other organic complexing agents which do not in turn have a disruptive
effect in the subsequent reduction process. These are generally all complexing agents based on the
elements C, H and 0. The purified silicon oxide obtained by acidic precipitation can, if necessary, be
30 concentrated further and/or else be subjected to a thermal aftertreatment. Equally, the still-moist or
aqueous, purified silicon oxide, possibly still as a sol, can be mixed with a pure carbon source.
200800351 AL The step of concentration of the aqueous phase which is effected in step a.2) can be
effected RYa&oipEHthalaqueous phase from step d) to an acidifying agent or by adding an acidifying
agent. According to the invention, the acidic aqueous phase which comes 5from the cation exchanger
in step d) must be transferred directly into the acidifying agent or be contacted with the acidifying
agent, especlljravidzolthengooketnif S8l DfoteamdsAncesseritelpirioass faatiwetistiteeearfitrol of
the pH of, ‘t?i:e silicon, dioxjde and Of.gﬁ 10 re%(f.tor met%a 'rh\ﬁvhic. the siligg.ngioxﬁe IS resint during
the differ&Ht PrSEESS %P@A’S. RE-MOEhtR BrsUfsEtRSh BR pUMiSY S SHRRIGE ot IRasH e
dissolvedseptre tisjuedginphes &oes pieeisdiyctiboont pxidiedisstiteedduills indadtieshetibiregruesidifying
agent. Accor[?dingﬁto the ir} ention, %he acid%ng a%ent is an achueous solution Withta RH‘Q}EIOW Zéafter
addition SPIRESiRRERiokite B BRSO US PRARE! 18T A TS RRRRLA A i PUT
precipitatidicsugpepsiad it aceenddnudtidittnih sunfenstisneve ofsibtidrehuciiachfoilancbsozoretal
cations aﬁ?erjﬁﬁe”(‘)?ﬂﬁé/ tr&? sililﬁgosnurface. When these metal ions are then washed out, provided that
the pH is very 8w, t eypcaﬁ BE prevented from accumulating on the surface of the 20 inventive silicon
dioxide. When the silica surface assumes a positive charge, this additionally prevents silica particles
from accypylaing,on, one. analhsi, J1us farming caviies inuihich impiriies, could b niercalated.
Accordingly, the prempfaﬁon IS more prel‘era%ly eRied out as early as h s(t:ep a.%,gggspegially in
step a.3)pprefeiatiiy mamuedaalfaftdy yhelféisethiry epiebitiediceacaiie be ab thimirgddauspizadetall an

actiyéa SiIiﬁgrg]nséﬁgr(%érctﬁeo?r\%i#%%%@&aey&?mgfig?ntgﬁg@”g\%nrﬁr%ﬁ%h to the economic

viability of the overall process.

Detailed description of component steps of the preparation of the purified Si0O,

15 In step a.2) of the process described in general terms above, an aqueous phase with a
content of from 2 to 35% by weight of SiO2 is preferably added to an acidifying agent for

the precipitation, in order to form an acidic precipitation suspension.

fn a first preferred variant, the precipitation suspension into which the silicon oxide
20 dissolved in the aqueous phase is added dropwise always has to be acidic. In this
variant, an aqueous phase with a content of from 2 to 35% by weight, preferably from

15 to 35% by weight and more preferably from 20 to 30% by weight of SiO2 is used.

In a second preferred variant, the agueous active silica must, immediately after contact
25  with the cation exchanger, be added dropwise to an acidic initial charge. In this variant,
an aqueous phase with a content of from 2 to 6% by weight or from 7 to 17% by weight
of Si02 is used. “Acidic” is understood to mean a pH below 6.5, especially below 5.0,
preferably below 3.5, more preferably below 2.5, and according fo the invention from
below 2.0 to below 0.5. The aim is generally that the pH does not vary locally too much,
3¢ in order to obtain reproducible precipitation suspensions. Both the mean pH and the
particular local pH should therefore exhibit only a variation of plus/minus 0.5, preferably

of plus/minus 0.2.
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l. preparing an initial charge composed of an acidifying agent having a pH of less 30than 2, preferably
less than 1.5, more preferably less than 1, most preferably less than 0.5, Il. providing the aqueous
phase from step d) 200800351 AL lll, adding the aqueous phase from step d) comprising the aqueous
silica to the initial charge from step Il, in such a way that the pH of the resulting precipitation
suspension always remains at a value of less than 2, preferably less than 1.5, more preferably less
than 1 and most preferably less than 0.5 5IV. removing and washing the resulting silicon dioxide, the
washing a@aiooBBavidg a pH of less than 2, preferably less than 1.5, more preferably less than 1 and
most preferably less than 0.5 V. drying the resulting silicon dioxide. The invention also provides
purified silica obtainable by this process. 10 In step I., an initial charge composed of an acidifying
agent or an acidifying agent and water is prepared in the precipitation vessel. The water is preferably

distilled o d water,.15The acidi ent ma ethe a ing agent which is also used
in step I\/&‘?(S’?Ng1 % ﬁéﬂyﬁ@oﬂ’l gcm ?FH%? %ﬁﬂd%ﬁhﬁ%&q tﬁHSQphorlc acid, nitric
acid, suIfgus;mné;cchblrﬁwﬁdnimmlshtﬁuﬁwwmibyndam pﬁt&h&)ﬂtt&@l@rmmmntmtsdmswhmte
form, or mixtures of the af ntjoned, acid articular |t| ssible to,use h dro cid,
preferabl)? ? a-'%) 4”%5?&5%?&18@”@ 5%)%(5’{3%( g\f@‘? aﬂréf&b F?FS EEB/ ?
espea:uallmpwefe&ﬁry\érpm aftth@ bramdlmrgrespepai@medarabb/ife:pﬂc&rtm@mﬂ gitbspbit acid,
preferabl fom re erabl fro 2t0.50 N, even.m prefera from 3 tp 40 N,
PepecriyAnaR o et 8 SEE e et e AR S P e e
preferablgtimong ldntzﬂldﬂqemmeaﬂefemlﬁbﬁ&mem i20Hs{ evenmiotepedfarabbtifigra fiuiaf 15 N,

25espeC|aIIXtPrefer blg from 2 to 1 ulfurlc glfldh greferatb (%from 110 37 N,.more Rhe{ﬁrably from 1

to 30 N, even Tore pr Fera%?y e prefera%?yI r%]mefto%RF Wery partlcular

preferenwmgyermiﬂawp@themmmdmIturmiamdnmea prateng e v aviaby of dae pafdipitation
Proggss JECUFINLIR PRADNGAHL S RIIRIAG agent.

It will be clear to those skilled in the art that the dilute or undiluted acidifying agents or
mixtures of acidifying agents used must not entrain any impurities into the process
which do not remain dissolved in the aqueous phase of the precipitation suspension. In
15 each case, the acidifying agents must not have any impurities that would precipitate
with the silicon oxide in the course of acidic precipitation, unless they can be kept in the
precipitation suspension by means of added complexing agents or washed out with the

later washing media.

20 The inventive acidic precipitation of active silicas in the agueous phase in an acidifying
agent to form a precipitation suspension, i.e. a precipitation in an acidic precipitation
suspension, is followed by the removal of the purified silicon oxide, especially of the
purified silicon dioxide, optionally followed by washing of the silicon oxide with an
aqueous, especially acidic medium, and optional washing to neutrality of the isolated,

25  purified silicon oxide. Washing to neutrality can be effected with high-purity
demineralized water. The removal can be effected by customary measures sufficiently
well known to those skilled in the art, such as filiration, decanting, centrifugation,
sedimentation, with the proviso that these measures do not worsen the degree of
contamination of acid-precipitated, purified silicon oxide again.

30
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30is added to the initial charge in step I. as well as the acidifying agent, which causes a yellow/brown
color with titanium(1V) ions under acidic conditions. The peroxide is more preferably hydrogen peroxide
or potassium peroxodisulfate. The yellow/brown color of 200800351 AL the reaction solution allows
the degree of purification during the wash step d to be appreciated very clearly. This is because it has
been found that specifically titanium is a very persistent impurity 5which accumulates readily on the
silicon dioxide even at pH values above 2. The inventors have found that, when the yellow color
disappeapd (0861 ¥, the desired purity of the purified silicon oxide, especially of the silicon dioxide,
has generally been attained, and the silicon dioxide, from this time, can be washed with distilled or
demineralized water until a neutral pH of the silicon dioxide has been attained. In order 10to achieve

this indic@mférmatieridifthegpegexiteaitistalsg possibie doiddd tob perpyitiedibiitsiel )., but in step 1.
to the active silica,.or in step lll. as a third stream, In pringiple, it.is alsg possible.to add the peraxide
oy aiteP RO G DRI 55 FU2 B0 i RSP A SR R e
forms thenegi-preisubjgdisarbtheqaresent inventions. Preference is given, however, to the variants in
which the peroxide is added in step I. or I1., since it can fulfill a further function in this case as well as
the indicator function. Without being bound to a particular theory, the inventors are of the view that
some - e¥pestdty caditan oaptpheifzgabimbartiesaresoxitizech by feagtiaic withdhe 2 0bier axide, and
removed f[j%rfq thefreaction. olution. Other irgrfurities,f?re cl?verted b'y (% idation to a better olable
form which Caif thus BE {4 g&%ﬁlﬁaﬁj\ 'B‘H ﬂgi?a%' ’p%% %sag&:o(fdl%é% EaRERHER HUS Ras the
advantagarthetowrcaicinatierskitminedddearcane doottdibougihibisdsrdfibatede fassible as an
option. 25In é%%r%llt%f th?t%reci itationP '

CO n S SiNcon O ﬂocesﬁcﬁgacl? f a0 (;[gntrqgti Verrégjx%\’/t%e agﬂuqogma hﬁﬁe of the
active silica from s?ep dj)IS added direct yetg%he initial’chrarge and REENRER U e th Y
precipitateighipsitdyld die e rideneddaihat phef ereidifgingthgaiois givagdpaberdaniexoetsr-Ebaublicate
solytion i refare i that the QH of the regaction sojution is always less.than 2,
oot AR foera g A R e A
especiallinpgrefevaislyifigomaidinottebalfstetessdry nhirthemsabiégnpayintedo berdauidaiidrecf

temperatyre gﬂﬁg%ﬁgm%duction step.

Inventive washing media are aqueous solutions of the acidifying agents, preferred acids
15 being organic acids such as formic acid and/or acetic acid. The washing medium may, if

required, also comprise a mixture of water and organic solvents. Appropriate solvents

are high-purity alcohols, such as methanol, ethanol; a possible esterification does not

disrupt the subsequent reduction fo silicon.

20 To stabilize acid-soluble metal complexes, a metal complexing agent, such as EDTA or
else a peroxide, can be added to the precipitation suspension or else to a washing
medium for colored marking, as an “indicator” of undesired metal contamination. For
exampie, hydroperoxide can be added o the precipitation suspension or to the washing
medium in order to indicate titanium impurities present by means of color. Marking is

25  generally also possible with other organic complexing agents which do nof in turn have
a disruptive effect in the subsequent reduction process. These are generally all

complexing agents based on the elements C, H and O.

The purified silicon oxide obtained by acidic precipitation can, if necessary, be
30 concentrated further and/or else be subjected to a thermal aftertreatment. Equally, the
still-moist or aqueous, purified silicon oxide, possibly still as a sol, can be mixed with a

pure carbon source.
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200800351 AL solution is kept at from 20 to 95C, preferably from 30 to 90C, more preferably from 40
to 80C, by heating or cooling the precipitation vessel during the addition of the active. The inventors
have found that particularly readily filterable precipitates are obtained 5when the aqueous active silica
enters the initial charge and/or precipitation suspension in droplet form. In a preferred embodiment of
the invention, it is therefore ensured that the active silica enters the initial charge and/or precipitation
suspension in droplet form. This can be achieved, for example, by introducing the silica into the initial
charge by @8paa# akldition. The equipment may be metering equipment which is mounted 10outside
the initial charge/precipitation suspension and/or is immersed in the initial charge/precipitation
suspension. Alternatively, the solution can be agitated very slowly, e.g. stirred or circulated by pump,
in order that the pH at the dropwise addition site does not rise above pH 2, preferably 15not above 1.5,

more preﬁ%gbly otfabovelo mostf%eferab not bove %5 Pref els ven tc?gwow the

vessel or thé mé erlnaoﬁr% BUEe o mﬁlgqc%aorﬁse/%rgg%l ﬂg‘?’ug 8ﬁ n|n 5Haér % 539t to

maintain ¢ffegiddibydeddiiapthatzoyecand simaskaineousiytalllistrivuseidiéyingageng actbwessitibagonly to

a minor degre ite ters the initial charge/precipitation.suspension. ThIS re ults in ra id gelation at
20the oudﬁar?s e&% & cném'gr?coe{m %?s?ﬁ(c%ag beYé}éE%prtr €S '8’ e mcor ora%ed i élfg?%r of

the ﬁartlo%esn@mlnmimlemm@r@mm ﬁmprdhmnisthbemmisfea'&;iamrectmtmﬂomrwapm&mg or
e S e L G SIe R Y s s e b BN Fesling procueld

improve Ination of op timized move oi/verS € wWith' a'very’'s ropf @shaped
introductmf@fetharattlve silica allows this effect to be enhanced once more, such that one
embodiment of the process according to the invention in which the active silica is introduced in droplet
form into an initial charge/precipitation suspension at a flow rate, measured in an area of the surface of
the reactidn ssheivialiproceSsiedklowiSaie coattivroblinfaqd; offfibw 60O tditRide samictdé iy

fromoo'oqgégtgrmﬁ%&ﬁo{r‘? which the silicon dioxide is present during the different process steps.
The inventive precipitation of purified silicon oxide from silicon oxide dissolved in the
aqueous phase, especially silicon oxide dissolved fully, is carried out in an acidifying
agent. According to the invention, the acidifying agent is an aqueous solution with a pH
below 2; after addition of the silicon dioxide dissolved in the agueous phase, it is also

15 referred to as the precipitation suspension.

At a very low pH, the surface is even positively charged, and so metal cations are
repelled by the silica surface. When these metal ions are then washed out, provided
that the pH is very low, they can be prevented from accumulating on the surface of the
20 inventive silicon dioxide. When the silica surface assumes a positive charge, this
additionally prevents silica particles from accumulating on one another, thus forming

cavities in which impurities could be intercalated.

Accordingly, the precipitation is more preferably carried out as early as in step a.2),
25  especially in step a.3), preferably immediately after the discharge, i.e. the recovery of
the aqueous phase of an active silica in step d). The precipitation may comprise the

following steps:

t.  preparing an initial charge composed of an acidifying agent having a pH of less
30 than 2, preferably less than 1.5, more preferably less than 1, most preferably less
than 0.5,

ll. providing the aqueous phase from step d)
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preferably from 0.01 to 5 m/s, very particularly from 0.01 to 4 m/s, especially preferably from 0.01 to 2
m/s and very especially from 0.01 to 1 m/s. The metering unitis 200800351 AL preferably moved
relative to the fixed vessel or the vessel relative to the metering unit at from 0.0001 to 10 m/s.
Preference is given to moving the metering unit, because only this ensures constant movement with
time. 5Without being bound to a particular theory, the inventors are of the view that the acidic
conditions in the initial charge/reaction solution together with the dropwise addition of the aqueous
active siliz8088d36 theldroplet of silica starting to gelate/precipitate at its surface immediately on
contact with the acid. 10The inventive purified silicon oxides, especially silicon dioxides, are
characterized in that their impurity profile corresponds to that defined further above under "Definitions"”,
where the sliin atithegntipedtieeplustotdisfrandsabsiomisikdag thanebupoosiiterabiihtess than 4

ppm, more preferably less than 3 ppm, even mare preferably from 0. 3 ppm.and especiall
preferably from T%Srync 5 %g8p?'{%”h%?‘?‘%é?s%ﬂc%%%ﬁd‘@%’réﬁ%ﬁ irﬁ%@%?oﬁ%ﬁ%g%mgt%e&%%%ﬁ can be
pressed by procassesnsimwaliaiizosersiitie dim thel @at b lgeanihles Dr praderisiy\dwnttam paticles are
ground, i.e. they are present in conventional particulate form,,t m referably have a mean
particle size ds50'f frdm 116 qéﬁeﬁ%ﬁ;ﬁ Spf Sﬁe%fé’ﬁé’&m%? ré‘%&%ﬁ%éﬁ? most preferably from 5
to 15%5pm. The. pemtielesgrarpt efesiihg dreserguttiagradiar patiiclel szt <l S ohingme dium I nimg, anore
preferably from 0,3 to 9 mm and maost preferably from 8 mm. he high-purity siljcon dioxide thus
obtained can be" (%I%i%%'%%%%ﬁoncesgér%lﬁﬁﬂﬁr.el%e{ dr%):/'l gr%%eﬁ)er%}[ﬁg%%%gsrﬁhé s{ (ﬁng?rap(?gesses
known to those piéffechirlthesarthfor @Xtample belt driers, tray driers, drum driers, etc., as mentioned at
the outset. If,n resulti ilicon oxide.can. be subjected to a thermal aftertreatment,
especially o 2 e oD o W G B e “TBhove
preferably bi@nat@490hjdpardesso remove nitrogen-, sulfur-containing impurities.
10
In step 1., an initial charge composed of an acidifying agent or an acidifying agent and
water is prepared in the precipitation vessel. The water is preferably distilled or

demineralized water.

15 The acidifying agent may be the acidifying agent which is also used in step V. to wash
the filtercake. The acidifying agent may be hydrochloric acid, phosphoric acid, nitric
acid, sulfuric acid, chlorosulfonic acid, sulfuryl chioride or perchloric acid, in
concentrated or dilute form, or mixtures of the aforementioned acids. In particular, it is
possible to use hydrochioric acid, preferably from 2 to 14 N, more preferably from 2 to

20 12 N, even more preferably from 2 to 10 N, especially preferably from 2 to 7 N and very
especially preferably from 3 to 6 N, phosphoric acid, preferably from 2 to 59 N, more
preferably from 2 to 50 N, even more preferably from 3 to 40 N, especially preferably
from 3 to 30 N and very especially preferably from 4 to 20 N, nitric acid, preferably from
1to 24 N, more preferably from 1 to 20 N, even more preferably from 1 o 15 N,

25  especially preferably from 2 to 10 N, sulfuric acid, preferably from 1 to 37 N, more
preferably from 1 fo 30 N, even more preferably from 2 to 20 N, especially preferably

from 2 to 10 N. Very particular preference is given to using concentrated sulfuric acid.

in a preferred variant of the precipitation process according to the invention, a peroxide
30 is added to the initial charge in step |. as well as the acidifying agent, which causes a
yellow/brown color with titanium({lV) ions under acidic conditions. The peroxide is more

preferably hydrogen peroxide or potassium peroxodisulifate. The yellow/brown color of
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200800351 AL The purified silicon oxide, especially the purified silicon dioxide, obtainable in
accordance with the invention by gel formation or precipitation after step a.2) or a.3), preferably after
a.2), and especially subsequent calcination at temperatures up to 1400C, has a content of the
elements aluminum, boron, calcium, iron, nickel, 5phosphorus, titanium and/or zinc, in each case
individually or in combination, as has been and is defined above. As described above, the silicon oxide
essentially dissolved in the aqueous phase can be prepared in different ways. At this point, another
specific VabBG@3sHeAdverall process is 10disclosed, in which silicon oxide essentially dissolved in the
agueous phase is contaminated, i.e. in which contaminated silicon oxide is first dissolved and then
purified in accordance with the invention to thus obtain high-purity silicon oxide. The invention thus
provides tive trés gfioness itirraatiows the usy datfqastifoaisiticonii§dkelevashtaiag bmparities for

preparin%ﬁi;giig:é)cnéqg[aescpegli,%lIé/E gélg}able as solar silicon or suitable for preparing solar silicon, preferably
pure silicoh'as defined a ove, i a process comprising the following steps: a) converting the
silicon oxide containing impurities to a silicate dissolved in the 20aqueous phase, b) purifying the

silicate dissql in.th e ting.with a.strongly acidic cation. exchange resin,
cspecall AP B A SR e T S R e ®
advantagebigslyabelcardetsugadily oo)thbtsiiing dipredipésien cft miifiedl st alrovgide Bmel 25d)
converti il] ' i i)] i f. re,car rces and
ontonall B i o e e N R e
remarks fegiydiidhtaepufifidatibroofarides st Hissdive ¢ iliticodioxide, depegtiisralte dring to at
least one.30q{ 40 s1RPHEGRIGINGI TSR 1 MF/aR Y LUMSRIPGRTFGR i detailed

demineralized water until a neutral pH of the silicon dioxide has been attained. In order

10 to achieve this indicator function of the peroxide, it is alsc possible to add the peroxide
not in step 1., but in step 1. to the active silica, or in step ill. as a third stream. In
principle, it is also possible to add the peroxide only after step Ill. and before step V. or

during step V.

15 All aforementioned variants and mixed forms thereof are subjects of the present
inventions. Preference is given, however, to the variants in which the peroxide is added
in step 1. or 1., since it can fulfill a further function in this case as well as the indicator
function. Without being bound to a particular theory, the inventors are of the view that
some — especially carbon-containing — impurities are oxidized by reaction with the

20 peroxide and removed from the reaction solution. Other impurities are converted by
oxidation to a better soluble form which can thus be washed out. The precipitation
process according to the invention thus has the advantage that no calcination step need

be carried out, although this is of course possible as an option.

25 Instep 1. of the precipitation process according fo the invention, the aquecus phase of
the active silica from step d) is added directly to the initial charge and the silicon dioxide
is thus precipitated. It should be ensured that the acidifying agent is always present in
excess. The silicate solution is therefore added in such a way that the pH of the reaction
solution is always less than 2, preferably less than 1.5, more preferably less than 1,

30 even more preferably less than 0.5 and especially preferably from 0.01 to 0.5. If

necessary, further acidifying agent can be added. The temperature of the reaction
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above. 200800351 AL A silicon oxide containing impurities is considered to be a silicon oxide with a
boron, phosphorus, aluminum, iron, titanium, sodium and/or potassium content of greater than 1000
ppm by weight, especially greater than 100 ppm by weight; a silicon oxide is preferably still considered
to be contaminated silicon oxide when the total content of the 5above impurities is above 10 ppm by
weight. A silicon oxide containing impurities is also considered to be a silicon dioxide having a content
of the following elements, in each case individually or in any combinations of parts or else all of: 10 a.
aluminuneotgedkan &ippm, especially more than 5.5 ppm, preferably also more than 3.5 ppm, more
preferably also more than 0.85 ppm, and/or b. boron more than 10 ppm, preferably also more than 5.5
ppm, more preferably more than 3.5 ppb, even more preferably more than 15 ppb, and/or 15 c.

calcium rgefetihais kepnut éapaciallibasoneiefdab . 82RP80 HOE Orafesad brateradiyarotQdd ppm,

and/or d. iron.more than 23 ppm, especially more than 15 ppm, preferably more than 0.65 ppm, and/or
e. nickel IRHR FraRABSIRT S5 55EHNG 1R61EFRR S UOBHYRSSSR LI B R HAR6b DBETM. andior

f. phosphorus more than 15 ppm, especially more than 5.5 ppm, more preferably more than 0.1 ppm,
or else e than 15 ppb, and/or g. titanium more than 2.5 ppm, especially more than 1.5 ppm, and/or
e MBS D IR S LRI RAB G Y S5 MBI RISHR G ALISBIS8 pprm. and
the sum oftibe ghovgmentioaetviepiligiesplus sedidiehod potassid/oripesnsicaibnraeatentien 10
ppm, especiall %s more than , preferably more than 4 ppm, more preferably more than 3 ppm,
most pref@rgaﬁ? f dp%%aﬁ 7 BB%%E%%%@W%W oﬁhe mvelﬁ)t?on, itis %erefore ensured that

the active silica enters the initial charge and/or precipitation suspension in droplet form.

This can be achieved, for example, by introducing the silica into the initial charge by

dropwise addition. The equipment may be metering equipment which is mounted

10  outside the initial charge/precipitation suspension and/or is immersed in the initial

charge/precipitation suspension.

Alternatively, the solution can be agitated very slowly, e.g. stirred or circulated by pump,
in order that the pH at the dropwise addition site does not rise above pH 2, preferably
16 not above 1.5, more preferably not above 1.0, most preferably not above 0.5.
Preference is given to moving the vessel or the metering unit above the initial
charge/precipitation suspension in order to be able to maintain the pH as described
above and simultaneously to distribute the incoming active silica only to a minor degree
as it enters the initial charge/precipitation suspension. This results in rapid gelation at
20  the outer shell of the incoming active silica before impurities can be incorporated in the
interior of the particles. Optimal selection of the flow rate of the initial
charge/precipitation suspension or movement of the vessel or of the metering unit thus

allows the purity of the resulting product to be improved.

25  Combination of optimized movement or flow rate with a very substantiaily droplet-
shaped introduction of the active silica allows this effect to be enhanced once more,
such that one embodiment of the process according to the invention in which the active
silica is introduced in droplet form into an initial charge/precipitation suspension at a
flow rate, measured in an area of the surface of the reaction solution up to 10 cm below

30 the reaction surface, of from 0.001 to 10 m/s, preferably from 0.005 to 8 m/s, more
preferably from 0.01 to 5 m/s, very particularly from 0.01 to 4 m/s, especially preferably

from 0.01 to 2 m/s and very especially from 0.01 to 1 m/s. The metering unit is
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30 0.5 ppm. 200800351 AL Even in the case of a boron content of less than 0.5 ppm, especially also
less than 0.1 ppm, and/or a phosphorus content of more than 1 ppm or else more than 0.5 ppm, a
silicon oxide is considered to be a silicon oxide containing impurities when only the content of at least
one element selected from the group of aluminum, calcium, iron, 5nickel, titanium, zinc exceeds the
limit specified above. The purified silicon oxides, especially high-purity silicon dioxides, are, in
accordance with the invention, processed further to give pure to high-purity silicon for the solar
industry. 2suendipgitathe invention, the purified silicon oxides, especially high-purity 10silicon
dioxides, are reacted with a pure carbon source, such as a high-purity carbon, silicon carbide and/or
pure sugars. More particularly, the silicon oxide purified by all the processes described in detail above,

preferablyyidre hiply-musis sitislameiaxides GrBdedisrd astastarisg reaiaialtn thetheeavengllpreeess
according to the invention, In this case, it can be used for further conversion to_high-purity silicon, i.e.
tho recudiom S Lt KA ol B o RO R T S Ty B LF e
preparatigisoé higheRUtity; SaonoTbisgioegisstvagant is described below. Finally, the silicon oxide
purified by all the processes described in detail above can also be used for preparation of silicon

carbide, 20which is described below. Preparation of the carbon source by sugar pyrolysis using silicon
oxidg as wirtnamemndbhaandition pattiewihensaryohsatveasonenioptthiniaiy desctidianidic

ferably the. natural carhon. listed therein, jt is al ib tai bon fi
Cat oy A P BRI EARSbRO s RBER B B HSHISH EREIBEALs) of the
overall ptbecsgasaasdintvio shiminkeniitntfer grepiatiog silica slintngacaediar 4aucipisheudigreferably

gfl gzgtdéﬁzr?emaél{lﬁ ﬁg@gﬁ;{?@g Source, i ‘%hécahct,ﬂ? 30carbon is obtained by industrial pyrolysis of

10 The inventive purified silicon oxides, especially silicon dioxides, are characterized in that
their impurity profile corresponds to that defined further above under “Definitions”,
where the sum of the impurities plus sodium and potassium is less than 5 ppm,
preferably less than 4 ppm, more preferably less than 3 ppm, even more preferably from
0.5 to 3 ppm and especially preferably from 1 ppm fo 3 ppm.

16
The silicon oxide prepared in accordance with the invention can be pressed by
processes known to those skilled in the art to granules or briquets. When the particles
are ground, i.e. they are present in conventional particulate form, they may preferably
have a mean particle size dsg of from 1 fo 100 um, more preferably from 3 fo 30 ym and

20  most preferably from 5 to 15 uym. The particles are preferably present in a mean particle
size dsp of from 0.1 to 10 mm, more preferably from 0.3 to 9 mm and most preferably

from 2 to 8 mm.

The high-purity silicon dioxide thus obtained can be dried and processed further. The
25  drying can be effected by means of all processes known fo those skilled in the art, for

example belt driers, tray driers, drum driers, etc., as mentioned at the ouiset.

If necessary, the resulting silicon oxide can be subjected to a thermal aftertreatment,
especially to a calcination, preferably at temperatures in the range from 900 to 2000°C,
30  more preferably around 1400°C, in order to remove nitrogen-, sulfur-containing

impurities.
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carbohydrate mixture, especially of a crystalline sugar, at elevated temperature with addition of silicon
oxide. 200800351 AL It has been found that, surprisingly, addition of silicon oxide, preferably Si02,
especially precipitated silica and/or fumed silica, allows the foam formation effect to be suppressed. 5
It is also possible to operate this industrial process for pyrolysis of carbohydrates in a simple and
economically viable manner without disruptive foam formation. Furthermore, in the performance of the
process, no caramel formation is observed either. Furthermore, it was advantageously possible in a
preferred28DP00BHE M _since it is toparticularly energy-saving (low-temperature method), to lower the
pyrolysis temperature from, for example, 1600C to about 700C. The process is advantageously
operated above a temperature of 400C, preferably in the range from 800 to 1600C, more preferably in

the rangeThiem@FR:tbslEN ) Edpe eyt frothe OO ed14006h didvadtagbtaislytie dbtain a
graphite-containin rolysis product. 15 When a graphite-containi yralysis prodyct is preferred,
the desir 8 by RS Y VS o P T SO B Peb o P B 0 RAAtagBbac
performeprafetebpraféetigc?josrandspersdiiced essang (edcinatin otexprpitipagyéssure of from
1 mbar to r(ambient pressure). especially, from 1 to 10 mbar. The feedstocks.20need not be dried,
capociall) 100G B8 B TEILE e ST eh A A e RO B P e rmoistre
Appprigtedstherpyrolisituap padiuszirse dnssdcbdcheéorediviistdly of pyralysisranidis pargesl to
virtually f[)%e it ohaﬁ%%e?i%d)gh%?g with an inert gas, such as nitrogen or Ar or He. Preference is

: QHE,

given to Wo%n% with argon or dm. The pyrolysis time is generally in the range from 1 minute to 48

hours, preferably in the 25range from 1/4 hour and 18 hours, especially in the range from. hour to 12
hours at gaj rolysi ergture;.the heating time until the desired pyrolysis temperature is attained
oy s T T S B S S B T Al o 6
hours. 30Thpaetoss agentredlyg éxfdmsgebiatcimdes e éaifim vikeaviseflibefieetedl pomtEsmissly.
10 disclosed, in which silicon oxide essentially dissolved in the aqueous phase is
contaminated, i.e. in which contaminated silicon oxide is first dissolved and then purified

in accordance with the invention to thus obtain high-purity silicon oxide.

The invention thus provides, in this process variant, for the use of at least one silicon
15 oxide containing impurities for preparing silicon, especially suitable as solar silicon or
suitable for preparing solar silicon, preferably pure silicon as defined above, in a

process comprising the following steps:

a) converting the silicon oxide containing impurities to a silicate dissolved in the
20 aqueous phase,

b) purifying the silicate dissolved in the aqueous phase by contacting with a strongly
acidic cation exchange resin, especially of the hydrogen type; further steps
according to at least one of Claims 2 to 8 can advantageously be carried oult,

c) obtaining a precipitate of purified silicon oxide and

25 d) converting the silicon oxide thus obtained fo silicon in the presence of one or

more carbon sources and optionally by addition of an activator.

More particularly, step b) is effected according to the above remarks regarding the
purification of an essentially dissolved silicon oxide, especially according to at least one
30 of the steps according to claims 2 to 8, preferably by the processes |. to V. detailed

above.
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200800351 AL A resulting carbon-based pyrolysis product contains carbon, especially with graphite
fractions and silica and optionally fractions of other carbon forms, such as coke, and is particularly low
in impurities, for example boron, phosphorus, arsenic and aluminum compounds. For instance, the
pyrolysis product can advantageously be used as a 5reducing agent in the overall process according
to the invention. In particular, the graphite-containing pyrolysis product, owing to its conductivity
properties, can be used in a light arc reactor. The present invention therefore provides a process for
technicalzDesmeGrial, pyrolysis 100f a carbohydrate or carbohydrate mixture at elevated temperature
with addition of silicon oxide, especially purified silicon oxide. The carbohydrate components used in
the pyrolysis are preferably monosaccharides, i.e. aldoses or ketoses, such as trioses, tetroses,
pentosesihliase sxigptagesirlibgantipuliiibs diucossidad: i yotbse bilicatsoxiigoviéine: polysaccharides

based on said monom rs such as Iac se ma|t08§ sucroqs‘{eyragnose ton mi L]Jst rthe
derivative: %Sé)r'é%"rusua HUHHTHd i‘ﬁ’&‘n %’i‘i‘#@?& o [ RS SR e CRT Ry %e% sa§ﬁrc §%hs, the
glycosan$ Gl gpmtbgansigho, m&at]wgraa&w ihalysERC mand és: Weiybtex, sitatsoalquesrsrble to use
all carboh ate rs described.in detalil elowf r reparation of tated
thore. OnSLaRP s L S aR A B oA B R D R Wik S e B B S g
an idh exabangénponvisisiscasevind @@M}dm@gbtdlssolved ina surtable solvent, advantageously

water, conducted through a column filled with an ion 25exchange resin, preferably an ionic or cationic
resin, the resulting solution is concentrated, for example by removing solvent fractions by heating -

especialh wildenr edite dqiessing irgndithes éadiehysnasédibnes! porifecd Eii'mxbvaﬂritagéemwagtained in
ol Bésatrf‘s”'g‘? fR{ d%t R rﬁ')%v% el qaling-fe; e lution.and InaR & aﬁ"'“ %%PQ}S SHaglons, by
g filtration or centri uglng owever, is7alS0 30 Posaible 1o USE a mixture of
at least twartff ﬂieaéa‘erdhténtloned carbohydrates as the carbohydrate or carbohydrate component in
the Hyrolysis.
a. aluminum more than 6 ppm, especially more than 5.5 ppm, preferably also more than
3.5 ppm, more preferably also more than 0.85 ppm, and/or
b. boron more than 10 ppm, preferably also more than 5.5 ppm, more preferably more
than 3.5 ppb, even more preferably more than 15 ppb, and/or
15  ¢. calcium more than 2 ppm, especially also more than 0.35 ppm, more preferably more
than 0.015 ppm, and/or
d. iron more than 23 ppm, especially more than 15 ppm, preferably more than
0.65 ppm, and/or
e. nickel more than 15 ppm, especially more than 5.5 ppm, especially more than
20 0.0.55 ppm, and/or
f. phosphorus more than 15 ppm, especially more than 5.5 ppm, more preferably more
than 0.1 ppm, or else more than 15 ppb, and/or
g. titanium more than 2.5 ppm, especially more than 1.5 ppm, and/or
h. zinc more than 3.5 ppm, especially more than 1.5 ppm, more preferably more than

25 0.35 ppm,

and the sum of the abovementioned impurities plus sodium and potassium is especially
greater than 10 ppm, especially alsc more than 5 ppm, preferably more than 4 ppm,
more preferably more than 3 ppm, most preferably more than 1 ppm or else more than

30 0.5 ppm.
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200800351 AL Particular preference is given to using a crystalline sugar available in economically
viable amounts, a sugar, as can be obtained in a manner known per se, for example, by crystallization
of a solution or a juice from sugarcane or beets, i.e. conventional crystalline sugar, for example refined
sugar, preferably crystalline sugar with the 5substance-specific melting point/softening range and a
mean particle size of from 1 pm to 10 cm, more preferably from 10 pm to 1 cm, especially from 100 pm
to 0.5 cm. The particle size can be determined, for example - but not exclusively - by means of screen
analysis, JEMOSEM ailight microscopy. It is also possible to use a carbohydrate in dissolved form, for
example - but not exclusively - in aqueous solution, in which case 10the solvent admittedly evaporates
more or less rapidly before attainment of the actual pyrolysis temperature. The silicon oxide
componeBteisdd ihdfwwmﬂ)esmi@preiﬂmb/oﬁ@sswham&ﬁm €:=pdaidl g, £#9,/&82haiticon oxide

(hydrate) queous or ater ontaining Si0 the form 150f fumed o recipitated silica, moist, dry or
et Qo) o AR 8 oPoP Bt SoBe0l SO L AP Bbl b5 MoNe T HF AL canrs
sand, quarhzcglass;ﬁbesa;dasebmmbte light: giliderfibeise QO&I@@@W@&@W%MW&E}/ ¢fiat least two
of the aforerr]r,gen |o]p glcorr% s Pr fer ncegs;f8 Eh)o us W?ﬁ SIS silica with an internal
surface afea SPr nf0. 9% 888 378891 éu Oeaé é'é?ali flom 100 to
200 5n2/gjim,lmmmnﬁpﬂmﬂem%i@eﬂaedmaaﬁmﬁetbahmmﬂ for example, by the BET method (DIN

ISO 9277). Preference is given to using silica with a mean particle size of from 10 nmto 5 1 mm,
especially from 1 to 500 pm. Here too, the particle size can be determined, inter alia, by means of TEM
(transmisbienmldtiedrsiitoroszamg, Sﬁiwqmﬂﬂmgmlse@rshimimrdismmm arkgl eucroserpe Very
particular Zﬁzlo{eferenc IS glven to us ﬁﬂﬁ sm%on oxide ob aine ove- (%Iesgnrlbed process

component. Acgo'r%\{r?a 8 th&'Avention purc? dy %ificoR gx?d% s%réglgl o féh pur?y SI]|ICOH oxide,

as defineigdlxive Lécusnfdlrrgtttetbgeryelstld’ﬂnd}mpamfmﬂsmm pyidlysieSpadedintaigiopsiyhhas a high

(993 o WiANRERL00 R 30 e serienof Ipyres, ol as boron osRhgILS.

arsenic and AUmIAUM cbmpoun , shoul van ageou eppm by elgun espeuallyppm by
weight, pséterabiparbide and/or pure sugars.

More particularly, the silicon oxide purified by all the processes described in detail
above, preferably the high-purity silicon dioxide, can be used as a starting material in
15 the overall process according to the invention. In this case, it can be used for further
conversion to high-purity silicon, i.e. the reduction step, but it can also be used in one
process variant as a high-purity defoamer in the preparation of high-purity carbon. This
process variant is described below. Finally, the silicon oxide purified by all the
processes described in detail above can also be used for preparation of silicon carbide,

20 which is described below.

Preparation of the carbon source by sugar pyrolysis using silicon oxide as a

defoamer

25  In addition to the other carbon sources mentioned in this description, preferably the
natural carbon sources listed therein, it is also possible to obtain carbon from
carbohydrates. To prepare the high-purity carbon, in this preferred variant (component
process) of the overall process according to the invention for preparing pure silicon, a
carbon source should preferably be used, especially a pure carbon source, in which the

30 carbon is obtained by industrial pyrolysis of at least one carbohydrate or of a
carbohydrate mixture, especially of a crystalline sugar, at elevated temperature with

addition of silicon oxide.
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200800351 AL from ).5 ppm by weight to 0.0001 ppb by weight. According to the invention, the purified
silicon oxide, i.e. especially the silicon dioxide obtained by gel formation or precipitation in a.2) or a.3)
and especially a thermal aftertreatment, for example a calcination, is used. The determination of 5
Thus, in the pyrolysis, carbohydrates to defoamer, i.e. silicon oxide component, calculated as SiO2,
can be used in a weight ratio of from 1000:0.1 to 0.1:1000. The weight ratio of carbohydrate
component to silicon oxide component can preferably be adjusted to from 100:1 to 1:100, more
preferablg@0#ap850ALt0 1:50, most preferably to 10from 20:1 to 1:20, especially to from 2:1 to 1:1.
The apparatus used for the performance of the pyrolysis may, for example, be an induction-heated
vacuum reactor, in which case the reactor can be designed in stainless steel, and covered or lined with
a suitable inert substance with regard to the 15reaction, for example with high-purity SiC, Si3N3,

high-puri t ili , high- it hite. H ,itis,al ible t
other sulLbBS BESTL VERIER, i BSTHIL RO A v B AR o B R
accomma@uatipiatapiliptaadeadtionezosititcibldlonbdtie foagaderalatiemmifebisis kseperformed as

follows: tgs reF\ctor Gpterior and the reaction vessel are suitably dried and purged with an inert gas
which may BR ﬁgg?ed, for example, to a temperature in the range from room 25temperature to 300C.
Subgequently, the carbohydrate or carbohydrate mixture to be pyrolyzed, in addition to the silicon
oxide as H% %ﬁefgamer. ?FhBonent IS Lﬂtmd ced. t.o the reaction chlamber or the re§ct on vessel of

RIPhe FRA SRS B IR RIS T X DRt 2l e A SLR b Bl &r

the pyrolysis apspaﬁég us. smay be
reduced pressarananedoansierady s kb erpraparedt heat idisunplérepfotes tfoengaiso T Hisirkactooraay

already be gty Agpieheatsd, Subseauenty dhe Iensialfe can e up dgte desired pyrolysis
temperature continuously or stepwise and the pressure can be Teduced in order to be able to very

rapidly refuotrethegasit s debaniamstos prodssitsievinichprstapedremtibeiment, since it is

10 particularly energy-saving (low-temperature method), to lower the pyrolysis temperature
from, for example, 1600°C to about 700°C. The process is advantageously operated
above a temperature of 400°C, preferably in the range from 800 to 1600°C, more
preferably in the range from 900 to 1500°C, especially at from 1000 to 1400°C,
advantageously to obtain a graphite-containing pyrolysis product.

15
When a graphite-containing pyrolysis product is preferred, the desired pyrolysis
temperatures are from 1300 to 1500°C. The pyrolysis is advantageously performed
under protective gas and/or reduced pressure (vacuum). For example at a pressure of
from 1 mbar to 1 bar (ambient pressure), especially from 1 to 10 mbar. The feedstocks

20  need not be dried, especially in the case of pyrolysis with a microwave. The reactants
may have residual moisture. Appropriately, the pyrolysis apparatus used is dried before
the start of pyrolysis and is purged to virtually free it of oxygen by purging with an inert
gas, such as nitrogen or Ar or He. Preference is given to working with argon or helium.
The pyrolysis time is generally in the range from 1 minute to 48 hours, preferably in the

25  range from 1/4 hour and 18 hours, especially in the range from. hour to 12 hours at said
pyrolysis temperature; the heating time until the desired pyrolysis temperature is
attained may simultaneously be within the same order of magnitude, especially in the

range from 1/4 hour to 8 hours.

30 The process is generally performed bafchwise; but it can likewise be effected

continuously.
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200800351 AL reaction mixture. Especially through the addition of silicon oxide, it is advantageous to
very substantially prevent foam formation in the reaction mixture. After the pyrolysis reaction has
ended, the pyrolysis product can be thermally 5aftertreated for a certain time, advantageously at a
temperature in the range from 1000 to 1500C. In general, a pyrolysis product or a composition which
comprises pure to high-purity carbon is thus obtained. According to the invention, the pyrolysis product
is preferably used as a reducing agent for the preparation of solar silicon in the overall process. 10 To
this end, Bi®pYOIFdiAproduct can be converted to a defined form with addition of further components,
especially convert to a defined form with addition of Si02 purified in accordance with the invention,
activators such as SiC, binders such as organosilanes, organosiloxanes, carbohydrates, silica gel,

natura_l ovf&sw_ihmmgreaibﬁnalmats@@@w?@ié@pmkuleﬁfogtamjatgmwslﬁﬁpasialﬁ?ﬁmgtabtefmg or
extrusion.assistants, such as graphite, for example nulation etizing, tableting, extrysion - to
name jus?%cfstéwgféﬁ & aﬁ??lge"%?é?jﬁﬁ fﬁ\‘fgﬁ? n%h%@%ﬁs%{%%?ﬁ%% b%%%bo%ﬂi(é?iggr mgﬁ§rolysis
product ge=?iolitaigddvaiteirtipe: piieslykis ekbenpiesentimventisphiberefarsdikieviae pioritdesra pyrolysis
product with a conéen f carbon rel%ive to §ilicon oxide (calcz%%ted as silico&]gioxide of from 400:0.1
to 0.4:1008 " RBES S RONAT0G 4HS PHO SISOV SR A I MIECYS M S Let & fbly from
400:4 to 4&dncMgregmarticutadygtheiipeotpysofy=isndiod ot tiscniotadiédar. its églicptaitytbad usability

for the preparation of %cial jcr sta}lcljlpe.sﬂmogugfc,poevglally of,solar §I|IC n for Phot%/oltalc systems,, but

a
also for rﬁe%ﬁ)céea"f);g icatio .pgucﬁsésc%'}%posmonia%tgl%tr?o%r? g UIEX/PO@QS Br Sﬁ% %igsﬁ%duct for

short) mag,ariigibtardareetnith the invention, be used feedstock in the preparation of solar silicon by

reduction of Si02, especially by reduction of the purified silicon oxide, at high temperature, especially
in a light arc furnace. 200800351 AL According to the invention, the direct process product is used to
react purifieel sifhsambixidentith thpremoaphoridearagndhepioctshaacardiagita tisériay @ytolysis

A”‘%ﬁ)er %'F%[%%?%SH?éga't‘é%ﬂb%FBB%?&E?&‘?%&REP?dt%%LB\?a%@E’%in%’%ga%ﬁa%‘%’ﬁ%cg%?{f&?'Sfma””er as

a carbon-containing feducing agent In a process o ocumen
silicon oxide, especially purified silicon oxide.

The carbohydrate components used in the pyrolysis are preferably monosaccharides,
i.e. aldoses or ketoses, such as frioses, tetroses, pentoses, hexoses, heptoses,

15 particularly glucose and fructose, but also oligo- and polysaccharides based on said
monomers, such as lactose, maltose, sucrose, raffinose — {o name just a few or the
derivatives thereof — up to and including starch, including amylose and amylopectin, the
glycogens, the glycosans and fructosans ~ to mention just a few polysaccharides.
However, it is also possible to use all carbohydrates/sugars described in detail below for

20 the preparation of SiC in the purities stated there.

Optionally, the aforementioned carbohydrates can be purified additionally by a
treatment using an ion exchanger, in which case the carbohydrate is dissolved in a
suitable solvent, advantageously water, conducted through a column filled with an ion
25  exchange resin, preferably an ionic or cationic resin, the resuliing solution is
concentrated, for example by removing solvent fractions by heating — especially under
reduced pressure — and the carbohydrate thus purified is advantageously obtained in
crystalline form, for example by cooling the solution and then removing the crystalline
fractions, by means of methods including filtration or centrifuging. However, it is also
30 possible to use a mixture of at least two of the aforementioned carbohydrates as the

carbohydrate or carbohydrate component in the pyrolysis.
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5disclosed, for example, by US 4,247,528, US 4,460,556, US 4,294,811 and WO 2007/106860. The
present invention also provides for the use of a composition (pyrolysis product) as a feedstock in the
preparation of solar silicon by reduction of Si02, especially by reduction 100f the purified silicon oxide,
at high temperature, especially in a light arc furnace. Preparation of high-purity SIC from Si02 and use
thereof in the process according to the invention 15A further inventive aspect of the overall process
for preparing pure silicon comprises the use of silicon carbide as an activator and/or as a pure carbon
source, i2@ggoneaserlhe silicon carbide must be a pure silicon carbide. The preparation of silicon
carbide, especially for use in the process according to the 20invention for preparing pure silicon, will
first be explained hereinafter, and then a process in which the silicon carbide is used as an activator,
reaction iRdialasiaepeticnaaceelergintarielaeiag a prysiskirkopupitraedidble prepasatoticafigilicon.
Generallgl, th? silicon c%rbide can be purcgas q@and/gor mag%jbe silicon carbide to ?e 25?{%%@@ or
waste protiiet FrORYEE R EMe &R 1RY BarY BUrREHALI IR TRNE R¥SFule'sA &rbldfe can
likewise keysbidineiibbyceacingtisiicaneoxide &nastaEienise wickea)pusivgratdetshane
carbohydrate, at .elevated temperature and be used in the.process according to the ipvention, e.g. as
A5 K R feiekl R

the mateSH 15 BISANIRY LS rGHeR'3 ! B F LSRNy refriet, P iatalAR rioRiiNgth Peactor,
espegiallguiistentiestayeifiohdeitheyrpacittsoitbampennyeidhe eacton Jhitckepa vililoenekpiained in
detail elsewhere. The carbon source used which comprises at least one carbohydrate, especially pure
cathon SO 8 PR AL o G 60 b B R Tk Tl SYRE ToLfior Reprocess
is displow@ﬁ@immnag pard@terﬁg'hq_:ayrit;r giﬁamp@rblﬂﬁ aod@@ﬂﬁmlywbwmgmﬁémmies by
reaction ot S0 R, SERPEPINAUTISE LSS RICEBRLASRIER SO SR SRORYEILE,
dissolved form, for example — but not exclusively — in agueous solution, in which case
10 the solvent admittedly evaporates more or less rapidly before attainment of the actual

pyrolysis temperature.

The silicon oxide component used in the pyrolysis is preferably SiOx where x = from 0.5
to 1.5, Si0O, Si0Oz2, silicon oxide (hydrate), agueous or water-containing SiOz, in the form

15 of fumed or precipitated silica, moist, dry or calcined, for example Aerosil® or Sipernat®,
or a silica sol or gel, porous or dense silica glass, quartz sand, quartz glass fibers, for
example light guide fibers, quartz glass beads, or mixtures of at least two of the
aforementioned components. Preference is given o using, in the pyrolysis, silica with an
internal surface area of from 0.1 to 600 m?/g, more preferably from 10 to 500 m?/g,

20  especially from 100 to 200 m*/g. The inner or specific surface area can be determined,
for example, by the BET method (DIN ISO 9277). Preference is given fo using silica with
a mean particle size of from 10 nm to 5 1 mm, especially from 1 to 500 ym. Here too,
the particle size can be determined, inter alia, by means of TEM (fransmission electron
microscopy), SEM (scanning electron microscepy) or light microscopy. Very particular

25  preference is given to using a silicon oxide obtained by the above-described process

component.

According to the invention, the purified silicon oxide, especially high-purity silicon oxide,
as defined above is used in the pyrolysis. The silica used in the pyrolysis

30 advantageously has a high (99%j) to ultrahigh (99.9999%) purity, and the content of
impurities, such as boron, phosphorus, arsenic and aluminum compounds, should in

total advantageously be <10 ppm by weight, especially <1 ppm by weight, preferably
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5especially carbohydrates, at elevated temperature, more particularly an industrial process for
preparing silicon carbide or for preparing compositions comprising silicon carbide, and the isolation of
the reaction products. This aspect of the invention further relates to a pure to high-purity silicon
carbide, to compositions comprising it, to use as a catalyst and to use in the production of electrodes
or as a material of electrodes and mother articles. According to the aspect of the invention, one task
was to prepare pure to high-purity silicon carbide from significantly less expensive raw materials, and
to overcoppg s psecess disadvantages to date in the known processes, which deposit hydrolysis-
15sensitive and self-igniting gases to give silicon carbide. It has been found that, surprisingly, by
reacting mixtures of silicon dioxide, especially of silicon oxide purified in accordance with the invention,

and sugag yinIB3sGHa) RIS NS0 N ynsigi A calfALan. srRoSin AN e mixing

ratio, it is 20possible to inexpensively prepare high-purity silicon carbide in a carbon matrix and/or
silicon capHidfieth dlismedilexice preragiahuibesiirentiarsacbmasshyaaldssrmaisad and/or

silicon digxisla R-AGQMPOSIIBR P PEAIERAR RN 1P OrPRATABHE-HIEI, 8RS8 HpRGRbON matrix.

In particular, it is possible to obtain silicon carbide particles with an outer carbon matrix, preferably with
a graphit6HeARn RefackrDadaisrpineidurhce of the particles. Thereafter, the silicon carbide
can e obtained in a simple manner by passive oxidation with air in pure form, especially by oxidatively
removinggthe carbon. Alternatively, the silicon carbide can be purified further and/or deposited by

sublimatibR 4 g8 RSt GRS AR IERIEHR g &IRABISigHEY SHLRAR OXifSoFPEAPSIREan be
sublimedcafidarmraraisisareund2808K iR Q0RERMR A Siligemcprbisle aap beiohtaipetrp pure form

by aftertreating the silicon carbide in a carbon matrix by passive oxidation with oxygen, air and/or

NO,H20, W5 XAk RMRBY HAECaMRRR BTG S BslitfafieMpRIGE SR AIGFFER thebe

carbon-cagianEg i RGH D berexidined aofd eraguribijom tResetantas PI0sesSt grefdesayanple
as 5carbon manoxide. The purified silicon carbide may then comprise one or more silicon oxide

mattces 6P BoeibiPsindt sRBaRRIGifYR. 211 to 1:1.

The apparatus used for the performance of the pyrolysis may, for example, be an

induction-heated vacuum reactor, in which case the reactor can be designed in

stainless steel, and covered or lined with a suitable inert substance with regard to the
15 reaction, for example with high-purity SiC, SisNs, high-purity quartz or silica glass, high-

purity carbon or graphite.

However, it is also possible to use other suitable reaction vessels, for example an
induction furnace with a vacuum chamber to accommodate an appropriate reaction

20 crucible or bath.

in general, the pyrolysis is performed as follows:
the reactor interior and the reaction vessel are suitably dried and purged with an inert
gas which may be heated, for example, to a temperature in the range from room

25 temperature to 300°C. Subsequently, the carbohydrate or carbohydrate mixiure to be
pyrolyzed, in addition io the silicon oxide as the defoamer component, is infroduced into
the reaction chamber or the reaction vessel of the pyrolysis apparatus. The feedstocks
may be intimately mixed beforehand, degassed under reduced pressure and transferred
into the prepared reactor under protective gas. This reactor may already be slightly

30 preheated. Subsequently, the temperature can be run up to the desired pyrolysis
temperature continuously or stepwise and the pressure can be reduced in order to be

able to very rapidly remove the gasecus decomposition products which escape from the
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The silicon carbide itself is relatively oxidation-resistant to oxygen at temperatures above 800C. In
direct contact with oxygen, it forms a passivating layer of silicon dioxide 10 (Si02, "passive oxidation").
At temperatures above about 1600C with a simultaneous deficiency of oxygen (partial pressure below
approx. 50 mbar), the glasslike Si02 does not form, but rather the gaseous SiO; there is then no longer
any protective effect, and the SIC is combusted rapidly ("active oxidation™). This active oxidation
proceeds when the free oxygen in the system has been used up. 15 A carbon-based reaction product
obtainedjp@sgesdange with the invention or a reaction product with a carbon matrix, especially a
pyrolysis product, contains carbon, especially in the form of coke and/or carbon black, and silica, and
also optional fractions of other carbon forms, such as graphite, and is particularly low in impurities, for

example the-20alements RBLRRCRIPSPRNS, HISRIGIHEANARMBHHURIND, R fompagyisdheseof. The

pyrolysis and/or calcination product can preferably be used as a reducing agent in the preparation of
silicon cafdivewesiaatighy sorvatdaameduMagRIdmPEr saaelian FAfERar, the inventive carbon- or
graphite-containing pyrolysis and/or calcination 25product is used for the production of electrode
material owing to its conductivity properties, for example in a light arc reactor, or as a catalyst, and

according¥& tHBarRERIGTISIE AGHIN MaseprRi &sh the MEBNSIBIRT %@%E%Ii‘é@rﬁ?@@ﬁ@gklly for solar
silicgn preparpbated i silicomaRiMte a@t@ﬁ%@&wﬁ&%%mE@MMr&ﬂ predusiRNfRithegelactory

high-purity materials for the lining of the reactors, of a reaction chamber, or for 30the lining of other

installatidfis! H9RE5 ol buBResalBIREBHEIS ATOHE R, IR FOMPRRItBR YANSRISAARTREVRE B Used as
an energyiAUGAINHAIGHSI S IrRAIME FRIDIREssIamGIghtREnRy saRIA, TRedyesRALIPKSMtoNSs

therefore provides a process for preparing pure to high-purity 5silicon carbide by reacting silicon oxide,
especially SUFRED SRR XRIEAUTA RS ABBVERARIER LSBT UL SR Hhoxide,
and a camgeégyrce comprising at least one carbohydrate, especially a pure carbon source, at
elevated temperature, and more particularly the isolation of the silicon carbide. The invention also
proVftles a silicon carbide or a composition comprising silicon carbide obtainable by this process,

10and alge Hrgspyralysis ppeig/sealsioatiendaedictoblainablehy desimsadens anooiagtitn of
further components, especially convert to a defined form with addition of SiO2 purified in
accordance with the invention, activators such as SiC, binders such as organosilanes,
organosiloxanes, carbohydrates, silica gel, natural or synthetic resins, and high-purity
15 processing assistants, such as pressing, tableting or extrusion assistants, such as
graphite, for example by granulation, pelletizing, tableting, extrusion — to name just a

few examples.

The present invention thus also provides a composition or the pyrolysis product as

20 obtained after the pyrolysis.

The present invention therefore likewise provides a pyrolysis product with a content of
carbon relative to silicon oxide (calculated as silicon dioxide) of from 400:0.1 {o
0.4:1000, especially from 400:0.4 to 4:10, preferably from 400:2 to 4:1.3, more

25  preferably from 400:4 to 40:7.

More particularly, the direct pyrolysis product is notable for its high purity and usability
for the preparation of polycrystalline silicon, especially of solar silicon for photovoltaic
systems, but also for medical applications. Such a composition {also known as

30  pyrolyzate or pyrolysis product for short) may, in accordance with the invention, be used
feedstock in the preparation of solar silicon by reduction of SiOz, especially by reduction

of the purified silicon oxide, at high temperature, especially in a light arc furnace.
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the invention, and more particularly the isolation thereof. According to the invention, the process is an
industrial process, preferably an industrial scale process, for industrial reaction or industrial pyrolysis
and/or calcination of a pure 15carbohydrate or carbohydrate mixture at elevated temperature with
addition of silicon oxide, especially purified silicon dioxide, and the material conversion thereof. In a
particularly preferred process variant, the industrial process for preparing high-purity silicon carbide
consists of the reaction of pure carbohydrates, optionally of carbohydrate mixtures, with silicon oxide,
especiallppogifiedssiligon dioxide, and silicon oxide formed 20 in situ, at elevated temperature,
especially in the range from 400 to 3000C, preferably at from 1400 to 1800C, more preferably in the
range from about 1450 to below about 1600C. According to the invention, a pure to high-purity silicon
carbide inepupialytisalatas, witivA> dreasermadibs NEreHEHCRN @¥E e MaHe B d B EiNcepMprising
carbon and/or silicon oxide; more particularly, it is isolated as the product, possibly with a content of

silicon. TREFR MWLM RIS G R E SR PSR RAEPARCEIGARR MAYRRC An A0S silicon

carbide phisse Qe xtisesefitregrastivritessiiven rarhidehhpre sirideneidihiedipialigsore than
150 polytgg%egghases of silicon carbide are known. The E,ure to high- 30purity silicon carbjde obtained

by the pr SSrBff R AU HRNAL Ul SRR ZAB0NY iPR5P CBPSiRE AP RS HMRARE R A icon

only $0 a gRMRRDRE Sepesiallyinitesanges?em 5004 40,668% bysweight qaretasably in the range
from 0.0er\t{o Sé)fy@%)%év ight, 200800351 AL more preferably in the range from 0.1 to 20% by weight,
in relatio t 8 iﬁ ﬁ bide comprising the matrices mentioned and optionally silicon. According to
the invention, generally no silicon forms in the calcination or high-temperature reaction, because there

is no agglgmeration of the particles and generally no formation of a melt. Silicon would 5form only with
formation) DEPURSREFHY TS 250 PR BET Oh B8 6 B0 AR R ACE SIRIPCHAGH] BRA or
high-purifeedisiosicarhidedeiptesistast ssidetiedabipestactiohtbissiescapiieniandsy efioiinns”.
10 B PG DR L g S DI R gD P Ui, COmPOSTIRNS, SRRE Sained by

Preparation of high-purity $iC from 8i0, and use thereof in the process according

to the invention

15 Afurther inventive aspect of the overall process for preparing pure silicon comprises the
use of silicon carbide as an activator and/or as a pure carbon source, in which case the

sificon carbide must be a pure silicon carbide.

The preparation of silicon carbide, especially for use in the process according to the
20  invention for preparing pure silicon, will first be explained hereinafter, and then a
process in which the silicon carbide is used as an activator, reaction initiator, reaction

accelerant or else as a pure carbon source in the preparation of silicon.

Generally, the silicon carbide can be purchased and/or may be silicon carbide to be

25 recycled or waste product, provided that it meets the purity demands for this process.
The pure silicon carbide can likewise be obtained by reacting silicon oxide and a carbon
source comprising at least one carbohydrate at elevated temperature and be used in
the process according to the invention, e.g. as the material for producing electrodes or
the high-purity refractory materials for lining the reactor, especially of the first layer of

30  the reaction chamber or of the reactor. This aspect will be explained in detail elsewhere.
The carbon source used which comprises at least one carbohydrate, especially pure

carbon source, is preferably crystalline sugar.
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using the reaction participants, the carbohydrate-containing carbon source and the silicon oxide used,
and also the reactors, reactor components, feedlines, storage containers of the reactants, the reactor
lining, jacket, and any reaction gases or inert 15 gases added, with a purity needed for this purpose in
the process according to the invention. The pure to high-purity silicon carbide or the high-purity
composition as defined above, especially comprising a content of carbon, for example in the form of
coke, carbon 20black, graphite; and/or silicon oxide, especially in the form of Si02, or preferably in the
form of reguimopredugts of the purified silicon oxide, has a contamination profile with boron and/or
phosphorus or with boron- and/or phosphorus-containing compounds which is preferably below 100
ppm for the element boron, especially in the range from 10 ppm to 0.001 ppt, and below 200 ppm for
phosphorus, especially in the range from 2520 ppm to 0.001 ppt. The content of boron in a silicon

carbide is preferably in the range from 7 ppm to 1 ppt, preferably in the range from 6 ppm to 1 ppt,
more prefBrilRARRRE! RINGE FOIFNS Ypn? ke 2555ER IBIREPSHS G SKERFIBGR S IQAGHRIY.001

ppm to 0Rdopntapsrierahlydn shrspdiarmdhe-apridisatuateciondaitiohhss earismiosidosphorus in

a silicon carbide should preferably be in the range from 18 ppm to 1 ppt, 30 preferably in the range

from 15 giRa6iaRUAIGE HicRIBHAR Rl AR A PR PIBRNSHBRIGHER B Entent of

phosphoishisapaierabh Hy Hhetsegiancoéae-analyiiataie CHatrd mirtigavyitsntipaL AR and/or ppt
should be understood throughout as 200800351 AL proportions of the weights, especially in mg/kg,
pglkg, ngkGisH RIgRSEREIE'SSHIGRY, SR PifR YalPoRreBars R R S19eRR SR SHEORY drate

used in theRigecsmaaRedEdRicR bRy eistib repReGIRIY. 3 BIY & SeER0 BISPU ta/cRu mNf@eRerdance
with the invention, carbohydrates or saccharides, or mixtures of carbohydrates or suyitable derivatives

of the cafBEHFErHe3 PitTE HEGHRR S YR FRMARIPAHG SRR MR BAIBCh FaMARE AR Smigr SRR,

invert sugiig)pitelpg synibeiic earpebideies ot ideaurlbspassibiermustcarkabytlintes sviich have
been obtained géﬂ%tﬁelzchnology 10means, for example by fermentation. The carbohydrate or

deri%tivé)'f??fr

According to the aspect of the invention, one task was to prepare pure to high-purity
silicon carbide from significantly less expensive raw materials, and to overcome the
process disadvantages to date in the known processes, which deposit hydrolysis-

15 sensitive and self-igniting gases to give silicon carbide.

It has been found that, surprisingly, by reacting mixtures of silicon dioxide, especially of
silicon oxide purified in accordance with the invention, and sugar with subsequent
pyrolysis and/or high-temperature caicination, depending on the mixing ratio, it is

20  possible to inexpensively prepare high-purity silicon carbide in a carbon matrix and/or
silicon carbide in a silicon dioxide matrix and/or a silicon carbide comprising carbon
dioxide and/or silicon dioxide in a composition. Preference is given to preparing the
silicon carbide in a carbon matrix. In particular, it is possible to obtain silicon carbide
particles with an outer carbon matrix, preferably with a graphite matrix on the inner

25  and/or outer surface of the particles.

Thereafter, the silicon carbide can be obtained in a simple manner by passive oxidation
with air in pure form, especially by oxidatively removing the carbon. Aliernatively, the
silicon carbide can be purified further and/or deposited by sublimation at high

3¢ temperatures and optionally under high vacuum. Silicon carbide can be sublimed at

temperatures around 2800°C.
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selected from a monosaccharide, disaccharide, oligosaccharide or polysaccharide, or a mixture of at
least two of the saccharides mentioned. The following carbohydrates are more preferably used in the
process: monosaccharides, i.e. aldoses or ketoses, such as trioses, tetroses, pentoses, hexoses,
heptoses, particularly glucose and fructose, but 15also corresponding oligo- and polysaccharides
based on said monomers, such as lactose, maltose, sucrose, raffinose, to name just a few; it is equally
possible to use derivatives of the carbohydrates mentioned provided that they have the purity
requiremeptsapegfies) - up to and including cellulose, cellulose derivatives, starch, include amylose
and amylopectin, glycogen, the glycosans and fructosans - to name 20 just a few polysaccharides.
However, it is also possible to use a mixture of at least two of the aforementioned carbohydrates as

the carbahiygiaie affasoehy datseamreneplie mﬁr@ﬁa%ﬁﬁ&@mﬂ@ﬂw@ dhednventinge Gegerally, it is
possible to use all carbohydrates, derivatives of the carbohydrates and 25carbohydrate mixtures in the

process &8¢€BRIMYAH hBY MASTHGH WidR oy iRy 8RN QitlGe M Putity QL dpesmRitrtegard to
the elemesis oLk 9sRiT U aRd/Qh B RHEY§rRbdEe elamshisrmentgnsshsboytidrpresent

as an impurity in the carbohydrate or the mixture in a total of below 100 pg/g, especially from below
100 pg/gRRtIBEERGE Priciepshanftsamved fTopdhe ©/etenn asyrionase JrefdpasiaropitriSow 305

PY/950 O QkRHIEAS AL AMEIFIRBJEIHRD N ARERIEFASH Mh siYRIFIGRLCEP SRl afdedgiements

carbon, hydrogen, oxygen, and may have the contamination profile specified. 200800351 AL
Appropri&ERE iNaERSSRIseRse Y B HhABAYBFaESSHGMIsting of the elements carbon, hydrogen,
oxygen and nitrogen, possibly with the aforementioned contamination profile, in the process, if a doped
silicon carbide or a silicon carbide with 5proportions of silicon nitride is to be prepared. To prepare

silicon calBRISHRAT FBRIARIRSHT ISifBH MR R RLISEBRIBIRNIdeX JREIREFEHERSan impurity

in this cagoCBIBNGaD ARRIPEEEEEIAEARA BROER thedRrAsespakYiBah§atRRR ISR AklBIGaRIe On
the industrial scale are lactose, 10hydroxypropylmethylcellulose (HPMC) and further customary

tabl&ting &SlataRRSHN SR BdnANEHIPGIRFE trRpNH R BRe thd CiRtdn Willug RitHEaseRASy

CryS;ta”in@eﬁi@é@y’%@@m@@‘@'@@wéﬂﬁF@s@[@éQﬁé@ﬁ%ﬁ%@&.tgﬁhﬁ%vﬁﬁﬂérgias@%@i@ gdgar

avallablenot form, but rather the gaseous SiO; there is then no longer any protective effect, and
the SiC is combusted rapidly ("active oxidation™). This active oxidation proceeds when
the free oxygen in the system has been used up.

15

A carbon-based reaction product obtained in accordance with the invention or a reaction
product with a carbon matrix, especially a pyrolysis product, contains carbon, especially
in the form of coke and/or carbon black, and silica, and also optional fractions of other
carbon forms, such as graphite, and is particularly low in impurities, for example the

20  elements boron, phosphorus, arsenic, iron and aluminum, and compounds thereof.

The pyrolysis and/or calcination product can preferably be used as a reducing agent in
the preparation of silicon carbide from sugar coke and silica at high temperature. In
particular, the inventive carbon- or graphite-containing pyrolysis and/or calcination

25  product is used for the production of electrode material owing to its conductivity
properties, for example in a light arc reactor, or as a catalyst, and according to the
invention as a raw material for the preparation of pure silicon, especially for solar silicon
preparation. The silicon carbide obtainable can also be used for the production of the
refractory high-purity materials for the lining of the reaciors, of a reaction chamber or for

30 the lining of other installations, inlets or outlets.
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15in economic amounts is, a sugar as can be obtained, for example, by crystallization of a solution or
from a juice from sugarcane or beets in a manner known per se, i.e. commercial crystalline sugar,
especially crystalline sugar in food quality. The sugar or the carbohydrate can, if the contamination
profile is suitable for the process, of course generally also be used in the process in liquid form, as a
syrup, in solid phase, i.e. 20including amorphous form. There is optionally then a preceding
formulation and/or drying step. The sugar may also have been prepurified by means of ion exchangers
in the liquidgrase; pptionally in demineralized water or another suitable solvent or solvent mixture,
25in order to remove any specific impurities which are less efficiently removable by means of
crystallization. Useful ion exchangers include strongly acidic, weakly acidic, amphoteric, neutral or

basic ion-gxg %gg%g@@ﬁ%ﬁs@étmm@%@%@%@&tﬁg@%ﬁ ailgrdedhesalpddnyihe art

as such dependin impurities to be removed. Subsequently, the suigar can be crystallized,
centrifug@@F Hurotd REa e E kB il By SHiesI$ oxide and dried. The crystallization can be effected by
cooling or adding an antisolvent, or other methods familiar to those skilled in the art. The crystalline
fractions can be removed by means of filtration and/or centrifugation. 200800351 AL According to the

invention! tHeRATERRVEKEREER LerielooRIaNiiRF A RIRSESREUPHIPIHNAEUSR thchighbamiiirate

mixtyre, QReFIABGIMLIIR FARAUMSUNESH hagdbedoliewing RIASIRANUNRILHE RUQTISS T RS 2
[pg/g], phosphorus less than 0.5 [pg/g] 5 and aluminum less than 2 [pg/g], preferably lessthan 1

les P 5 and a um SS
[pg/g], eSS HEHIees 8RRAEGA BT atksdisnrafiexiden Freraraph PR iFRUKS IRBIPADINEEY], more
preferablisiegsotharboiad- S0 eealbdBaIf B PLASCRIURICENITING NCaHON it ERs G ey drates

in which the content of impurities, such as boron, phosphorus, aluminum and/or arsenic etc., is below

the limit ﬂﬁ@é@ﬂ?‘f@fﬁh?@&I'F%]é‘éQBI@fiFhéa%iﬁc%ﬁarf@dﬁﬂg RariByRpERISUREE¢eRTfising at least
one carbgfiydraterdrsoishirgdenpe dniantiompies ko agrsidb e sarhaBwlmieHRI B s gy eferably

has the following contamination profile of boron, phosphorus and aluminum, and possibly of iron,

sodifim, FEGERMNAIBKEY MR GNAHRo CRIFNAHRE RSREUAIIRRISINARE BYriie BPRESSRRGANTNE 15 the

range fromcbiteéh8eA0a matdorsgiarabbidrenma tedlRM0h glgs more preferably from 2 to 0.00001
pa/g, according to the invention from below 2 to 0.00001 pg/g. The contamination with phosphorus (P)

is especially in the range from 5 to 0.00001 pg/g, preferably from 3 to 0.00001 pg/g, more preferably
from 1 toALEORNAPE/ahacaoEingrottirepeinr sambalay=0 SrirSs80pRkdaisly Hiricantanination

b0/, et PGS (70 080 BRI BriIEH PR P U GROBE P e Ebhing to
the ipventardioyarzeion: 0rtod,ae8elmglgre hedlentastinatiarevytirsogditiutNaios espmedty in the
range fom 20 19.0.0000% pel prelerably om 15.10,0,0000% g, more Breferay rqm 1210
particularly preferred process variant, the industrial process for preparing high-purity
silicon carbide consists of the reaction of pure carbohydrates, optionally of carbohydrate
mixtures, with silicon oxide, especially purified silicon dioxide, and silicon oxide formed
20 in situ, at elevated temperature, especially in the range from 400 to 3000°C, preferably
at from 1400 to 1800°C, more preferably in the range from about 1450 to below about

1600°C.

According to the invention, a pure to high-purity silicon carbide is optionally isolated with

25  a carbon matrix and/or silicon oxide matrix or a matrix comprising carbon and/or silicon
oxide; more particularly, if is isolated as the product, possibly with a content of silicon.
The isolated silicon carbide may have any crystalline phase, for example an o- or B-
silicon carbide phase, or mixtures of these or further silicon carbide phases. Generally,
a total or more than 150 polytype phases of silicon carbide are known. The pure to high-

30  purity silicon carbide obtained by the process preferably comprises only a small amount,
if any, of silicon or is infiltrated with silicon only to a minor degree, especially in the

range from 0.001 to 60% by weight, preferably in the range from 0.01 to 50% by weight,
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25 below 10 to 0.00001 pg/g. The contamination with potassium (K) is especially in the range from 30
to 0.00001 pg/g, preferably from 25 to 0.00001 pg/g, more preferably from below 20 to 0.00001 pg/g,
according to the invention from below 16 to 0.00001 pg/g. The contamination with aluminum (Al) is
especially in the range from 4 to 0.00001 pg/g, preferably from 3 to 0.00001 pg/g, more preferably
from 2 to 30 0.00001 pg/g, according to the invention from below 1.5 to 0.00001 pg/g. The
contamination with nickel (Ni) is especially in the range from 4 to 0.000001 pg/g, preferably from 3 to
0.0001 pgfsnhgnersspraferably from below 2 to 0.00001 pg/g, 200800351 AL according to the invention
from below 1.5 to 0.00001 pg/g. The contamination with chromium (Cr) is especially in the range from
4 to 0.00001 pg/g, preferably from 3 to 0.00001 pg/g, more preferably from below 2 to 0.00001 pg/g,

accordinggr-esrEreeatigniriie Relow AdmO0RD2(PR/ 8y wata dinesiaribR BveRiGncsrcEgskline

sugar, for example refined sugar is used, or a crystalline sugar is mixed with water-containing silicon

dioxide of NG IhgridataireusRNiPHRI Rodipnstitislicrs roroKditaeniaitaynyRPIRSIred

Cafbohydéé?ﬁ_aq’%ﬁ?%?é‘ﬁ’tc%ﬂﬂ%rr@ﬁ%’%ttﬁﬁgﬁlahﬁﬁﬂwwﬁmﬁﬁéﬂ%@é@&% ﬁ‘e@&ﬁi&ﬂtgé‘é‘é’u@@iﬂi@éﬂ _
10aqueous silicon oxide, silicon dioxide, silica having a water content or a silica sol or the silicon oxide

componeft8&FESIRERTBHAN, VtienaRTlisis # 4 ARt Yvepoaivimglan Pl PRl sS USROG of

partigles sprefermh Wi RR-RafidF &5 # reidrorelrirmée donmem: dodiNpiabunSHeR0WIBIR MeRN particle
size of from 1 nmto 10 cm, especially from 10 pm to 1 cm, preferably from 100 pm to 0.5 cm, is used.

AlternativVefitratienydEaliePlse sugar with a mean particle size in the micrometer range down to the
millimeter range, preference being given to the range from 1 micrometer to 1 mm, more preferably
from 10 micrometers to 100 micrometers. The particle size can be determined by methods 20including

screen aR&RQ MeRrahsRIlSaBTRIBRIS IRl P SENINea-AiiMg SRE A AT GERTHNS D light

microscogydHrisrseifiesshle to use a dissolved carbohydrate in the form of a liquid, syrup, paste, in
which case the high-purity solvent evaporates before the pyrolysis. Alternatively, there may be a
pre&@ding drying step to recover the solvent. 25 Preferred raw materials as the carbon source,

especiallyigs fipedt g phanisosirdratadisRalbpraghie campeHsisskrmcihtbesshedmed Bythe art
which comprise at least one car,b_ohydrat? and which satisfy the purity demands, for examtfle solutions

of carbottiPsRE FRREGD HAHFRE SIS AR TR Gs %@ﬁ%ﬁ@%é%ﬁ%@@@g fution or a
solution eatainmgdetiariboxailare (Ryneaytard| rd&@e)@nsponents, feedlines, storage

containers of the reactants, the reactor lining, jacket, and any reaction gases or inert
15 gases added, with a purity needed for this purpose in the process according to the

invention.

The pure to high-purity silicon carbide or the high-purity composition as defined above,
especially comprising a content of carbon, for example in the form of coke, carbon

20  black, graphite; and/or silicon oxide, especially in the form of SiO,, or preferably in the
form of reaction products of the purified silicon oxide, has a contamination profile with
boron and/or phosphorus or with boron- and/or phosphorus-containing compounds
which is preferably below 100 ppm for the element boron, especially in the range from
10 ppm to 0.001 ppt, and below 200 ppm for phasphorus, especially in the range from

25 20 ppm to 0.001 ppt. The content of boron in a silicon carbide is preferably in the range
from 7 ppm to 1 ppt, preferably in the range from 6 ppm to 1 ppt, more preferably in the
range from 5 ppm to 1 ppt or lower, or, for example, in the range from 0.001 ppm to
0.001 ppt, preferably in the region of the analytical detection limit. The content of
phosphorus in a silicon carbide should preferably be in the range from 18 ppm to 1 ppt,

30  preferably in the range from 15 ppm to 1 ppi, more preferably in the range from 10 ppm
to 1 ppt or lower. The content of phosphorus is preferably in the region of the analytical

detection limit. The units ppm, ppb and/or ppt should be understood throughout as
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tetraalkoxysilane, the solution being evaporated and/or pyrolyzed before the actual pyrolysis.
200800351 AL The silicon oxide or silicon oxide component used is preferably an SiO, more preferably
an SiO, where x = from 0.5 to 1.5, SiO, SiO2, silicon oxide (hydrate), aqueous or water-containing
Si02, a silicon oxide in the form of fumed or precipitated silica, moist, dry or 5calcined, for example
AerosilC) or SipernatO, or a silica sol or gel, porous or dense silica glass, quartz sand, quartz glass
fibers, for example light guide fibers, quartz glass beads, or mixtures of at least two of the
aforemenfigngghaikgon oxide forms. In the manner known to those skilled in the art, the particle sizes
of the individual components are matched to one another. 10 In the context of the present invention, a
soils understood to mean a colloidal solution in which the solid or liquid substance is dispersed in

ulrafine dizgglnionBaeidefil LsasenySTIRIIN (RRAIRBIRPBIR HRATIGHEHkaRlgThe

particle size of the carbon sourCe comprising ‘a carbohydrate andalso the pa size o?ihe
silicon oxflé-are more particularly matched to one another in order to enable good homogenization of
the components and suppress separation before or during the process. Preference is given to using a
porous silica, especially with an internal surface area of 20 from 0.1 to 800 m2/g, preferably from 10 to
500 m2/g GEHEHP RO YRR PRI HFA S Shiassh P astsa hedwaisieieredite tbe PrREeSR greater, or

else of frop-bPdiHy 18 HLMVeREPRCUYRIR With RIOR(PR9 W IRLItERBIgH RAALHE Ritity,where

the content of impurities, such as boron, phosphorus, arsenic and aluminum compounds, is in total

advantagB¥B8N0RssarReYE Bl BY SRsiEMiesIR0M b ResSoveranoRivshiatesiassLitaBIBurity is
determingd ot s3NeIE aRAkHFdRa) fodhoseaiilled ikimamtalor axpaRie-amletection in

ICP-MS (analysis for the determination of trace contamination). Particularly sensitive detection is

possible 6O TR GSnHREEEHBRIEAEHRE PSR R S AR PicSrabtadtrterathifie, by the
BET methed 4N dS5082 (0 ub8%rihddpaeiaripd SReR BB EEIS S8iRb &S SHisRsAxide g In the

range from 10 nm to 1 mm, especially in the range from 1 to 500 pm. The particle size can’be
detnginQ?FWS: for example by fermentation. The carbohydrate or derivative is preferably

selected from a monosaccharide, disaccharide, oligosaccharide or polysaccharide, or a
mixture of at least two of the saccharides mentioned. The following carbohydrates are
more preferably used in the process: monosaccharides, i.e. aldoses or ketoses, such as
trioses, tetroses, pentoses, hexoses, heptoses, particularly glucose and fructose, but
15 also corresponding oligo- and polysaccharides based on said monomers, such as
lactose, maltose, sucrose, raffinose, to name just a few; it is equally possible to use
derivatives of the carbohydrates mentioned provided that they have the purity
requirements specified — up to and including cellulose, cellulose derivatives, starch,
include amylose and amylopectin, glycogen, the glycosans and fructosans — to name
20  just a few polysaccharides. However, it is also possible to use a mixture of at least two
of the aforementioned carbohydrates as the carbohydrate or carbohydrate component

in the process according to the invention.

Generally, it is possible to use all carbohydrates, derivatives of the carbohydrates and
25  carbohydrate mixtures in the process according to the invention, which preferably have

a sufficient purity, especially with regard to the elements boron, phosphorus and/or
aluminum. Overall, the elements mentioned should be present as an impurity in the
carbohydrate or the mixture in a total of below 100 pg/g, especially from below 100 ug/g
to 0.001 pg/g, preferably from below 10 pg/g to 0.001 pg/g, more preferably from below

- 30 5 ug/gto 0.01 pg/g. The carbohydrates for use in accordance with the invention consist
of the elements carbon, hydrogen, oxygen, and may have the contamination profile

specified.
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200800351 AL methods including TEM (transmission electron microscopy), SEM (scanning electron
microscopy) or light microscopy. Suitable silicon oxides generally include all compounds and/or
minerals which contain a 5silicon oxide, provided that they have a suitable purity for the process and
hence for the process product and do not introduce any disruptive elements and/or compounds into
the process or do not burn without residue. As detailed above, pure or high-purity silicon
oxide-containing compounds or materials are used in the process. According to the invention, a
purified sglggnoedde agcording to the above definition and/or prepared by 10the process component
described above is used in the process for preparing silicon carbide. In the case of use of the different
silicon oxides, especially of the different silicas, etc., depending on the pH of the particle surface, the
agglomeration may be different during 15the pyrolysis. Generally, in the case of relatively acidic silicon
oxides, enhanced agglomeration of the particles is observed as a result of the pyrolysis. Therefore, for

the prepdtRRSARSIARIY d4is|Glaerarss iBiedR ser SRRy algs Asisbeldhe piensdisreferable to
use silicogepigiespitio HeN A8 IR sif PHHRERSINDHE HIGORRR. 06 BXG@RISINBRA values between 7

and 14. 20 According to the invention, silicon oxide comprises a silicon dioxide, especially a fumed or
precipitated 4R eferaBiiea RRNEIRP ERaRi Tt areaRAC A U PRGFAOR IR QR HERRy CHBRIME O the
inventionaiisiied sHromerdeinidE abighhausiyiardaderstorchinanancon SHRNBOWRR, especially a

silicon dioxide, in which the contamination of the silicon 25 oxide with boron and/or phosphorus or for
boron- artiRRBHBERISRIUCCENEIFHR) ButriicriuSiLitR RO O BEB GO sHe forD b ANBYABEIAIlY in the

range frOmiéQ:mpdﬁi%%n%p%&@@&%a?&nm%&?ﬁpmgwée%mda'|y in the range from 20
ppm to 0.001 ppt. The boron content is preferably in the range from 7 ppm to 1 ppt, preferably in the

range from 6 ppm to 1 ppt, more preferably in the range from 5 ppm to 1 ppt or 30lower, or, for

example FAprther aagsofiomAL03mam-si o S9 lhephdistesakly-iR the: neatiesof the analytical detection
limit. The phosphorus content of the sili oxides should preferably be in the range from 18 ppm to 1
ppt,éarefé}%gwgm%oyiw&ﬁ# Iltnose EﬁBMé? and urtherf) custom%ry tableting agsistants wrﬁé’h

can optionally be utilized to formulate the silicon oxide with customary crystalline

sugars.

More preferably, in the process according to the invention, a crystalline sugar available
15 In economic amounts is , a sugar as can be obtained, for example, by crystallization of a
solution or from a juice from sugarcane or beefs in a manner known per se, i.e.
commercial crystalline sugar, especially crystalline sugar in food quality. The sugar or
the carbohydrate can, if the contamination profile is suitable for the process, of course
generally also be used in the process in liquid form, as a syrup, in solid phase, i.e.
20  including amorphous form. There is optionally then a preceding formulation and/or

drying step.

The sugar may also have been prepurified by means of ion exchangers in the liquid
phase, optionally in demineralized water or another suitable solvent or solvent mixture,

25  In order to remove any specific impurities which are less efficiently removable by means
of crystallization. Useful ion exchangers include strongly acidic, weakly acidic,
amphoteric, neutral or basic ion exchangers. The selection of the correct ion exchanger
is familiar to those skilled in the art as such depending on the impurities to be removed.
Subsequently, the sugar can be crystallized, centrifuged and/or dried, or mixed with

30  silicon oxide and dried. The crystallization can be effected by cooling or adding an
antisolvent, or other methods familiar to those skilled in the art. The crystalline fractions

can be removed by means of filtration and/or cenfrifugation.
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200800351 AL 15 ppm to 1 ppt, more preferably in the range from 10 ppm to 1 ppt or lower. The
phosphorus content is preferably in the region of the analytical detection limit. Also appropriate are
silicon oxides, such as quartz, quartzite and/or silicon dioxides 5prepared in a customary manner.
These may be the silicon dioxides present in the crystalline polymorphs, such as moganite
(chalcedone), a-quartz (low quartz), 3-quartz (high quartz), tridymite, cristabolite, coesite, stishovite or
else amorphous Si02, especially when they meet the purity demands specified. In addition, it is
possible withgereferenge to use silicas, especially precipitated silicas or silica gels, fumed Si02, fumed
10silica or silica in the process and/or the composition. Customary fumed silicas are amorphous 5102
powders with an average diameter of from 5 to 50 nm and with a specific surface area of from 50 to
600 m2/g. The above enumeration should not be considered to be conclusive; it is clear to the person
skilled in the art that he or she can also use other silicon oxide sources suitable for the process in the

process WRERTHBA B3 iR MBI Botited D HregrRp aRY FRiSPOEIREGi Bh 256 8AD urified. The
silicon oxiden6RpeRiadycpifi’ EamBRYRHALGRATESBIPEPAINEE il P hIEEbUPSE Flaiggorous or

foamed form, or as an extrudate, as a pressing and/or as a porous glass body optionalléto ether with

further adBIlR¥E%EEPRIARINITIGBREP HAHPPODARSS S BAN SUHY Thpipnlp Biddass R BiHg@Ehte,
and gptiogadyafukinden @@@E%ﬁh@ﬁ?l@ﬁﬁ@ﬂ&a‘%lﬁﬁ%@ﬁ%ﬁ YINRDAP USSR IRKIMSRUISR tREFPUS
e

silicon dioxide in the form of a shaped body, especially as an extrudate or pressing, more preferably

together RRARHBIELARSROPERBUAE Y RBREHERPY E5ipEHTaRkRaR AR Biglghanots prekmblyisssxample
in a pellefRirbaquetgGenesaly tRl sidrenciamancdciidsthliGAVHAs KR /NdsentianallyHiaearbon

source comprisiaﬁ at least one carbohydrate in a mold are used in the process or are present in a

compositBAHSRAGERS e g oL B R WG IR SiHER O ¥R R eRRNRBG eRY B RNET @AKBRh 2TReiRition,

an increasgd, posiwitshdagiakie detdamieh reaiaviehny %@,{B}@q@g@ﬁ@g@,ﬁxccording to the
invention, it is therefore possible to use a particulate mixture of silicon dioxide particles with a coating

of c?i%ohydrate. In a particularly 200800351 AL preferred embodiment, this particulate mixture is
present iMkRe RPcdiya eaBRasiien eiophsrkingSaEdsdyt Paskagefbohydrate, according to the

invention the carbohydrate or the carbohydrate mixture, preferably has the following
contamination profile of boron, phosphorus and aluminum, and possibly of iron, sodium,
potassium, nickel and/or chromium. The contamination with boron (B) is especially in
15  the range from 5 to 0.00001 ug/g, preferably from 3 to 0.00001 pg/g, more preferably
from 2 fo 0.00001 pg/g, according to the invention from below 2 to 0.00001 ug/g. The
contamination with phosphorus (P) is especially in the range from 5 to 0.00001 ug/g,
preferably from 3 to 0.00001 ug/g, more preferably from 1 to 0.00001 ug/g, according to
the invention from below 0.5 to 0.00001 ug/g. The contamination with iron (Fe) is in the
20 range from 100 to 0.00001 ug/g, especially in the range from 55 to 0.00001 ug/g,
preferably from 2 to 0.00001 pg/g, more preferably from below 1 to 0.00001 ug/g,
according to the invention from below 0.5 to 0.00001 yg/g. The contamination with
sodium (Na) is especially in the range from 20 {o 0.00001 ug/g, preferably from 15 to
0.00001 pg/g, more preferably from 12 to 0.00001 ug/g, according to the invention from
25 below 10 to 0.00001 ug/g. The contamination with potassium (K) is especially in the
range from 30 to 0.00001 pg/g, preferably from 25 to 0.00001 pg/g, more preferably
from below 20 fo 0.00001 pg/g, according io the invention from below 16 to
0.00001 ug/g. The contamination with aluminum (Al} is especially in the range from 4 to
0.00001 pg/g, preferably from 3 to 0.00001 pg/g, more preferably from 2 o
30 0.00001 pg/g, according fo the invention from below 1.5 to 0.00001 ug/g. The
contamination with nickel (Ni} is especially in the range from 4 to 0.000001 ug/g,
preferably from 3 to 0.0001 ug/g, more preferably from below 2 to 0.00001 ug/g,
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The amounts of feedstocks used and also the particular ratios of silicon oxide, 5especially silicon
dioxide, and the carbon source comprising at least one carbohydrate are guided by the circumstances
known to those skilled in the art and/or requirements, for example, in a subsequent process for silicon
preparation, sintering processes, processes for producing electrode material or electrodes. 10In the
process according to the invention, the carbohydrate can be used in a weight ratio of carbohydrate to
silicon oxide, especially of the silicon dioxide, in a weight ratio of from 1000:0.1 to 1:1000 in relation to
the total wemoREeference is given to using the carbohydrate or the carbohydrate mixture in a weight
ratio relative to the silicon oxide, especially the silicon dioxide, of from 100:1 to 1:100, more preferably
from 50:1 to 1:5, 15 most preferably from 20:1 to 1:2, preferred ranges being from 2:1to 1:1. In a

preferredj@iiRaingato oy idiishaarPehdraigiswised in tRE0VOSeSRIG EXTRSTHhESHATHHIEH thgkilicon
to be converted in the silicon oxide. When the silicon oxide is used in excess in an a_E ropriate

embodim@HOTREHB G DdSeREDRIANY iR heaABrI B it hAPOR siatBrPE eRioR XA dL is
not suppresseE R0d/kawise é@@mﬁﬁwﬁéiﬁw INeotiornhe e e Sorlipat el the preiameource

comprising a carbohydrate relative to the silicon content of the silicon oxide, especially of the silicon
dioxide, i§ HROREY tHRPHIEH #865:0.1 to 0.1:1000 in relation to the overall composition. In the
casesof use of customary crystalline sugars, the preferred 25range of moles of carbon introduced via
the carbon source comgris_ing a carbohydrate to moles of silicon introduced via the silicon oxide

compourf9S3HHAE fRrige HYRMIBE ACTYE RGN SUARIL PG RO (S 415 HIOALEHRRS; Ricte

preferablynfatanmhssagapiesancd witptio-ptfreon M npsire8nayeniawrs arefrrakiy fia8idto 1:20,
accordin%gethe invention in the range from 3:1 to 2:1 or.to 1:1. Preference is given to 30molar ratios

in which ¥RECAMBILISREESE VLHECHAIS ALY SN RIiARRPSHEMSIERP AMERIR or else in
excezlas rel@pi@@;ﬁ;smgﬁm?\}@rtf@gwc@ﬁ Side; o%ﬁoﬁ@ﬂﬁﬁécﬁwiﬁhg arocersaicsopenamigypically has
a multistage configuration. In a first process step, the carbon source comprising at Jeast one

car iy R RSB R EB OGRS i G RGBS FEL B e
cargon-glenrfch?iwmg@b«sig;m@dm@é@m@mmwd p@ptinalqogait;tagamqnnglﬁ@mfrw?@bwarand/or
carbon black, form on 5gnd/or in the silicon oxide component, such as SiOx where x = from 0.5 to 1.5,
S0, G103 GBI (AR T gty SIS TORBLIEA v B L R S TR byhBis anclor
calcinatiofQaairbe effected successively in one reactor or separately from one another in different
reactors. For example, the pyrolysis is effected in a first reactor and the subsequent calcination, for

example, in a microwave with a fluidized bed. It is 10familiar to those skilled in the art that the reactor
interpals, Tugsselly, islejaranidios outletsparticle size of from 1 nm to 10 cm, especially from 10 pm

to 1 cm, preferably from 100 pym to 0.5 cm, is used. Alternatively, it is possible to use
sugar with a mean particle size in the micrometer range down to the millimeter range,
preference being given to the range from 1 micrometer to 1 mm, more preferably from
10 micrometers to 100 micrometers. The particle size can be determined by methods

20 including screen analysis, TEM (fransmission electron microscopy), SEM (scanning
electron microscopy) of light microscopy. It is also possible to use a dissolved
carbohydrate in the form of a liquid, syrup, paste, in which case the high-purity solvent
evaporates before the pyrolysis. Alternatively, there may be a preceding drying step to
recover the solvent.

25
Preferred raw materials as the carbon source, especially as the pure carbon source, are
also all organic compounds known to those skilled in the art which comprise at least one
carbohydrate and which satisfy the purity demands, for example solutions of
carbohydrates. The carbohydrate solution used may also be an agueous-alcoholic

30  solution or a solufion containing tetraethoxysilane (Dynasylan® TEQOS) or a
tetraalkoxysilane, the solution being evaporated and/or pyrolyzed before the actual

pyrolysis.
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furnace internals themselves must not contribute to contamination of the process products. The
process component is generally conducted in such a way that the silicon oxide and 15 the carbon
source comprising at least one carbohydrate are fed to a first reactor for the pyrolysis in intimately
mixed, dispersed or homogenized form or in a formulation. This can be effected continuously or
batchwise. Optionally, the feedstocks are dried before being supplied to the actual reactor; adhering
water or residual moisture may preferably remain in the system. The overall process is divided into a
first phasedpaupish the 20pyrolysis is effected, and into a further phase in which the calcination takes
place. The reaction can be effected at temperatures from 150C, preferably from 400 to 3000C, in
which, in a first pyrolysis step (low-temperature method), a reaction can be effected at relatively low
temperatures, especially at from 400 to 1400C, and a 25subsequent calcination at higher
temperatures (high-temperature method), especially at from 1400 to 3000C, preferably at from 1400 to
1800C. ThE§HistpsiSuRe calsilieid xsls serafeort weardetueieriva ndhe ProceREei AP0

separate glefio FohexamRIGJRPPEORP TSR 0 NG RFPINRIS SR BrRaLkadachas acpaiapsition

and be used later by a further processor to prepare silicon carbide or silicon. 30 Alternatively, the

reaction GPSIIRIBHEXE2edFeisam iftidy Eigdenroabibirand eiecashiatasriicaompitdirdaor
carbghydegigRPeSItY AR RUAS FUREDPLFEen IIRY #LSARIIL Ay CRIMEGHR WHREh W silica

temperature range, for example from 150C, preferably at 400C, and be’increased continuously or

stepwise SlapexaHasig 6818 FRE0E Blasy e rfexsHminrladahd 29oediberts A Si@sferation may
be favorahle der mayvalekibe ATRERIIWE R IHEr BB mRdAR EHST AR RN RRRESS fRgIme, the

reaction can be effected directly at high temperatures, especially at temperatures of from above 1400C
to 3000CTHeRGRIPIM R Fapkfe Fhdlad iobe Wl%é?ﬁ%@%%@%?ﬁﬂﬁﬁm&'%ﬁ%éqmﬁ?ﬂ%@ to
below abgii AoQ8ReOEIeE IhBI¥eNt decomposition of the silicon carbide formed, the 10reaction is
preferably performed in a low-oxygen atmosphere at temperatures below the decomposition
temperature, especially below 1800C, preferably below 1600C. The process product isolated in

accordaneetmati dhesirventiendeBisht-prdivriicensenibide s sietineg hedaw.sledinaagtiahpyelysis
(low-temperature step) takes place generally at temperatures _ o o
in which the solid or liquid Substance is dispersed in ultrafine distribution in a solid, liquid
or gaseous medium (see also Rémpp Chemie Lexikon).
The particle size of the carbon source comprising a carbohydrate and also the particle
15 size of the silicon oxide are more particularly matched to one another in order to enable
good homogenization of the components and suppress separation before or during the

process.

Preference is given to using a porous silica, especially with an internal surface area of

20 from 0.1 to 800 m?g, preferably from 10 to 500 m?/g or from 100 to 200 m*/g, and
especially with a mean particle size of 1 nm and greater, or else of from 10 nm to
10 mm, especially silica with high (99.9%) fo ultrahigh (99.9999%) purity, where the
content of impurities, such as boron, phosphorus, arsenic and aluminum compounds, is
in total advantageously iess than 10 ppm by weight in relation to the overall

25  composition. The purity is determined by the sample analysis known to those skilled in
the art, for example by detection in ICP-MS (analysis for the determination of trace
contamination). Particularly sensifive detection is possible by electron spin
spectrometry. The internal surface area can be effected, for example, by the BET
method (DIN 1SO 9277, 1995).

30
A preferred mean patrticle size of the silicon oxide is in the range from 10 nm to 1 mm,

especially in the range from 1 to 500 pm. The particle size can be determined by
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below about 800C. The pyrolysis can be carried out, depending on the desired product, at atmospheric
pressure, under reduced pressure or else under elevated pressure. When vacuum or low pressure is
employed, the process gases can be removed efficiently, and highly porous, particulate structures are
typically obtained after the 20pyrolysis. Under conditions in the region of standard pressure, the
porous, particulate structures are typically relatively highly agglomerated. When pyrolysis is effected
under elevated pressures, the volatile reaction products may then condense on the silicon oxide
particles apdgaesslyeact with themselves or with reactive groups of the silicon dioxide. For
example, decomposition products formed from the carbohydrates, such as 25ketones, aldehydes or
alcohols, may react with free hydroxyl groups of the silicon dioxide particles. This significantly reduces

the pollutigarb Hei SEVIERTENERI I REASEER ARS8 trERRFUS D PRISER PO HnBreliigsfre

somewhat more highly aF] lomerated in this case. 30In addition to pressure and temperature which,
accordingYSPREARKEH @?Bmmt, are freely selectable within wide limits and the exact

matching to one another is known per se to those skilled in the art, the pyrolysis of the carbon source

containing at 200800351 AL least one carbohydrate can additionally be effected in the presence of
moisture SCEFRARIGP Re2KifRF W@@d?%%%é&&ﬁ@?@#‘@@%%ﬁ%&ﬁ]@?fﬁ%ﬁ’@ﬁﬂ&%tﬂ% form of

condgnsedivsieixnalgiryeRrRIOAY dhale reArainingANepaRsNs: Ve RS ANI%EDBethe

hydrates familiar to those skilled in the art. The presence of 5Smoisture has, more particularly, the effect

that the dBBTRRIPIRABGHADSELINH N EEIFS A IS BEN T RN IR SARPHIARAMS can be

dispenseghwitho ddiss RriogessasynaieRiriarabbiqiasiod autinde epaia:siices sanmteduiteantiamof
silicon oxide especial%purified silicon oxide, and a carbon soubce corFrlgprising at least one

carbohydPSIEe S QRIS CORE S PE BIR IR AP AR HRRFt PG RIARE SSs paly B8 1BHRE start of
pyrolysisiringhedpresengtiof mgisturexineistde: oy ®IIndaireseniiitng dna/pyofypisred isynetered
in. The pyrolysis is effected gen rc?llg/ ebs gcigllzinthe at Iea% one first reactor, at around

10 ¥ha rocess component descri g above is used In the process?or prepartng silicon

carbide.

In the case of use of the different silicon oxides, especially of the different silicas, etc.,
depending on the pH of the particle surface, the agglomeration may be different during

15 the pyrolysis. Generally, in the case of relatively acidic silicon oxides, enhanced
agglomeration of the particles is observed as a result of the pyrolysis. Therefore, for the
preparation of less agglomerated pyrolyzates and/or calcination products, it may be
preferable to use silicon oxides with neutral to basic surfaces in the process, for
example with pH values between 7 and 14.

20
According to the invention, silicon oxide comprises a silicon dioxide, especially a fumed
or precipitated silica, preferably a fumed or precipitated silica of high or ultrahigh purity,
according to the invention a purified silicon oxide. Ultrahigh purity is understood to mean
a silicon oxide, especially a silicon dioxide, in which the contamination of the silicon

25  oxide with boron and/or phosphorus or for boron- and/or phosphorus-containing
compounds should be below 10 ppm for boron, especially in the range from 10 ppm o
0.001 ppt, and below 20 ppm for phosphorus, especially in the range from 20 ppm fo
0.001 ppt. The boron content is preferably in the range from 7 ppm to 1 ppt, preferably
in the range from 6 ppm to 1 ppt, more preferably in the range from 5 ppm to 1 ppt or

30 lower, or, for example, in the range from 0.001 ppm to 0.001 ppt, preferably in the
region of the analytical detection limit. The phosphorus content of the silicon oxides

should preferably be in the range from 18 ppm to 1 ppt, preferably in the range from
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700C in the low-temperature method, typically in the range from 200C to 1600C, 15more preferably in
the range from 300C to 1500C, especially at from 400 to 1400C, preference being given to obtaining a
graphite-containing pyrolysis product. The pyrolysis temperature is preferably considered to be the
internal temperature of the reaction participants. The pyrolysis product is preferably obtained at
temperatures from around 1300 to 1500C. 20 The process is generally operated in the low-pressure
range and/or under an inert gas atmosphere. Preferred inert gases are argon or helium. Nitrogen may
likewise 8@86%%1%&. l.e. when, in the calcination step, the intention is that silicon nitride forms as
well as silicon carbide 6r n-doped silicon carbide, which may be desired according to 25the process
regime. In order to prepare n-doped silicon carbide in the calcination step, nitrogen can be added to

the process in th rolysis and/or calcination step, aptionally also via the carbohydrates, such as
chiti, TheHHRB SN et SRS BHEAT B oa Bl oRa Blde Sy Mo B ABENSErALE: i thi

specific exuegion; theatianhisnpredatably fortbrampien wibihbe hadyigraTtetelcipngiodah be effected by
means of 30aluminum-containing substances, for example by means of trimethylaluminum gas.
200800351 AL Depending on the pressure in the reactor, more or less agglomerated and more or less

porous pyelysispuriais ardsdoropasitites sanmaqamadjnafhﬁtpméss siéposh)dhimidegluced
o <RI '%fg{o'; Vaerlgo agglomeyated e O'E{é'ﬁ%rgﬁJUBtﬁ &Y&E?aé‘é‘sef')‘?é’éé%‘? Pofos'ty are
obtained than under standard pressure or'elevateé ressure.” The pyrolysis ttime may be in the range
from 1 minysdcitingmicayiyndgoheussiobspe callyaini th éafzmgedoora) 1 8-nrikute $itov i@ hou)s Senetatably in
the rang ' : S e pyrlysis. te t ified ~The heating
phase ugﬁggﬂg%%/% LS{E%’ té?erg&gisé%?gﬂs%bg%éﬁ%éggﬁﬁ %@%%%%g i%ﬁ%%ggéﬂe%@ure range is
typically #epediaiparhentisarespidbialpufiynddmatraisteidchimd prefardbilgrronislpodsablo Sitbar.
Accordin r ' t i in. o.pinimj e format 0 ining
process Ca R B e S O A S e o
to 50 barsiieeferaphcatin the process and/or the composition. Customary fumed silicas are

amorphous Si0O, powders with an average diameter of from 5 to 50 nm and with a

specific surface area of from 50 to 600 m?*g. The above enumeration should not be

considered to be conclusive; it is clear to the person skilled in the art that he or she can

also use other silicon oxide sources suitable for the process in the process when the

15 silicon oxide source has an appropriate purity or after it has been purified.

The silicon oxide, especially SiO;, can be initially charged and/or used in pulverulent,

particulate, porous or foamed form, or as an extrudate, as a pressing and/or as a

porous glass body, optionally together with further additives, especially together with the
20  carbon source comprising at least one carbohydrate, and optionally a binder and/or

shaping assistant.

Preference is given o using a puiverulent, porous silicon dioxide in the form of a shaped
body, especiaily as an extrudate or pressing, more preferably together with the carbon

25  source comprising a carbohydrate in an extrudate or pressing, for example in a pellet or
briguet. Generally, all solid reactants, such as silicon dioxide, and optionally the carbon
source comprising at least one carbohydrate in a mold are used in the process or are
present in a composition which offers a greatest possible surface area for the progress
of the reaction. In addition, an increased porosity is desirable for rapid removal of the

3¢ process gases. According to the invention, it is therefore possible to use a particulate

mixture of silicon dioxide particles with a coating of carbohydrate. In a particularly
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from 2 to 50 bar, more preferably at from 5 to 50 bar. The person skilled in the art is aware that the
pressure to be selected is a compromise between gas removal, agglomeration and reduction of the
carbon-containing process gases. 20The pyrolysis of the reaction participants, such as silicon oxide
and the carbohydrate, is followed by the calcination step. A calcination (high-temperature range) is
understood to mean a process section in which the reaction participants react essentially to give
high-purity silicon carbide, optionally containing a carbon matrix and/or a silicon oxide matrix and/or
mixtures tgrgodntiag step, the pyrolysis products are converted further to 25silicon carbide and
water of crystallization is optionally evaporated and the process products are sintered. The calcination
step (high-temperature step) generally follows the pyrolysis directly, but it can also be carried out at a

later timepAofeeranmuneoviieneiiie Pisysioradueiisselt anesbet ienipe fatwicofanaempbitopyselysis
and calcination step may overlap somewhat. The calcination is typically performed at from 1400 to 30
2000C, p?gﬁﬁ%lﬁﬁ%?ﬁgi’é{r{baec%ﬁ%oo to 1800C. When the pyrolysis is effected at temperatures
below 800C, the calcination step may also extend to a temperature range of from 800C to about

1800C. For improved heat transfer, high-purity silican oxide, 200800351 AL spheres, especially quartz
olass <prIESIRIBISIT G CAIBRRS Lo 2050, 1Rro 6K ERASS B SN EEH Eovbie paricies
can be usggdrnidiy Rincessiidhigse heatikanafemissalgdy elemahiyingest ivastaydukefurjakes or else
in microwave furpaces. [n microwaye furnaces, the microwaves can be absorbed into the quartz glass
particles SEnH & Co 8 HIGH BIIORES SIPHEhR (RS nIES Mol R S SR Barticles
are prefefabbxuelhiaisinbuiet 4a doenepetiopssysiesiitoargesjaratioh|esmergepeatis beat trr1ansfer.
The calcination, i.e. the high-temperature area of the process, is effected typically within 10the
pressure%%cgeésﬂ%# f R{B%sl—lugdfgg%gﬁ *’é’éj&e@?&@riﬁ’tﬂ%‘%&ﬁé@ ﬁ%?n 1 mbarytl?) 1 b)z:\r (ambient pressure),
especially at from 1 to 250 mbar, preferably at from 1 to 10 mbar. A useful inert gas atmosphere is that

specified,abpve. The calcinatian time depends.on the temperatyre, and the reactants used., In general,
e i T RS RTINS RIS DU bl RcER VL) T S be MHHS minates
to 18 houedjd bprefidrabiyimtthéoraitigerirorid2) esipetésiyociiibatslizboutisxéddéhecalesigtionatio of

e S R B SRt e e
effected dagntiyvidrite bigihteraperhiudetamgetinewhiehiesigbithatigastaiiereatitiosilicon oxide,
especially the silicon dioxide, of from 100:1 to 1:100, more preferably from 50:1 to 1.5,
15 most preferably from 20:1 to 1:2, preferred ranges being from 2:1 to 1:1. In a preferred
variant, carbon via the carbohydrate is used in the process in excess in relation to the
silicon to be converted in the silicon oxide. When the silicon oxide is used in excess in
an appropriate embodiment, it should be ensured in the selection of the ratio that the
formation of silicon carbide is not suppressed.
20
Likewise in accordance with the invention, the carbon content of the carbon source
comprising a carbohydrate relative to the silicon content of the silicon oxide, especially
of the silicon dioxide, is in a molar ratio of from 1000:0.1 to 0.1:1000 in relation to the
overall composition. In the case of use of customary crystalline sugars, the preferred
25  range of moles of carbon introduced via the carbon source comprising a carbohydrate
to moles of silicon introduced via the silicon oxide compound is in the range from
100 mol:1 mol to 1 mol:100 mol (C to Si in the reactants); more preferably, C and Si are
present in a ratio of from 50:1 to 1:50, even more preferably from 20:1 to 1:20,
according to the invention in the range from 3:1 to 2:1 or to 1:1. Preference is given o
30  molar ratios in which the carbon is added via the carbon source in approximately

equimolar amounts or else in excess relative to the silicon in the silicon oxide.
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participants formed and process gases must be able to outgas efficiently out of the reaction zone. This
can be ensured by means of a loose bed or a bed comprising shaped bodies of silicon oxide and/or of
the carbon source or preferably comprising shaped bodies comprising silicon dioxide and the carbon
source (carbohydrate). The 25 gaseous reaction products and process gases may especially be water
vapor, carbon monoxide and conversion products. At high temperatures, especially in the
high-temperature range, predominantly carbon monoxide forms. The conversion to silicon carbide at
elevated tempenaieslespecially of the calcination 30 step, is effected preferably at a temperature of
from 400 to 3000C, preference being given to effecting the calcination in the high-temperature range
from 1400 to 3000C, preferably at from 1400C to 1800C, more preferably from 1450 to 1500 and

1700C. 20Q8pRkAborhsdeamperplEnyanges shiiddkor! Senmairisios imtbaredisslasadsaipce the
temperatures attained also depend directly on the reactors used. The temperature data are based on

measurefEREWRA SPARESEATHRIEENARIIRERE FRSHOTOY Sreihif @ WiRapd R TP RIRSSRc@ RN Pt

e|ement)smbaﬁ%ﬂﬁ!é/@ﬂw'g’#ébﬁiﬁ.@hﬂdﬁmﬁéféty&t@a@W?Péé%ﬂp@émw@w%?@@ﬁm%,
element. Useful reactors for use in the process according to the invention include all reactors known to

those skiffldSH AP 5 PRATAGT SRARINAE/BIRAEIRT N A RPN BB BiRfiizl0T81 e
pyrolysis anglsupserUstcaleinationiaferariic asertmRWIRg@RhitizalieD sidabsraimy reactors

known to those skilled in the art, pilot plant reactors or referabl)éindustrial_scale reactors, for example

rotary tubi TEaGBFOBRISE AMARIRAVE RREIGH SIS 1S IR PIHESIRRLFRG Rt et amiY OtRiS

microwahtFactisieande anemiadrisctbe biglvdamusncy dik) iander thesdparatdly fiemyerey range”
being understood in ttf]fe context of theF_present inyention to mean from 100 M 100 GHz, especially
0

Hz to
in the rarfJPHSH G RISD 1S 81, TP RETET 106 RM2YS F05ElZe ﬁ@r?ehrﬁ%ﬁ?&ﬁ%wﬁ ges
are, for ingaBaesiythentangafeamnl MHaxen9e GHa rfieraiavdatko b Gtz Beiag. pardicularly
preferred, The reactors can he operated | rallel. Particular preference s given to using magnetrons
iy Y R o R b TR R
melting flunases iofcpratiuthiegsidebemsiliconeSushtasuretalitsaieahsilicon, sirththpratdtable melting
furnaces I;%rd%?gnple induction furnaces. The design of such melting furnaces,

p

The process component is generally conducted in such a way that the silicon oxide and
15 the carbon source comprising at least one carbohydrate are fed to a first reactor for the
pyrolysis in intimately mixed, dispersed or homogenized form or in a formulation. This
can be effected continuously or batchwise. Optionally, the feedstocks are dried before
being supplied to the actual reactor; adhering water or residual moisture may preferably
remain in the system. The overall process is divided into a first phase in which the

20  pyrolysis is effected, and info a further phase in which the calcination takes place.

The reaction can be effected at temperatures from 150°C, preferably from 400 to
3000°C, in which, in a first pyrolysis step (low-temperature method), a reaction can be
effected at relatively low temperatures, especially at from 400 to 1400°C, and a

25  subsequent calcination at higher temperatures (high-temperature method), especially at
from 1400 to 3000°C, preferably at from 1400 to 1800°C. The pyrolysis and calcination
can be effected in direct succession in one process or in two separate steps. For
example, the process product of the pyrolysis can be packaged as a composition and
be used later by a further processor to prepare silicon carbide or silicon.

30
Alternatively, the reaction of silicon oxide, especially purified silicon oxide, and the

carbon source comprising a carbohydrate, especially the pure carbon source, may
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25especially preferably electrical furnaces, which use an electric light arc as the energy source is
sufficiently well known to those skilled in the art and does not form part of this application. In direct
current furnaces, they have one melt electrode and one base electrode, or, in the form of alternating
current furnaces, typically three melting electrodes. The light arc length is regulated by means of an
electrode regulator. The 30light arc furnaces are generally based on a reaction chamber made of
refractory material. The raw materials, especially the pyrolyzed carbohydrate on silica/Si02, are added
in the uppepkrgignimwhich the graphite electrodes to generate the light arc are 200800351 AL also
disposed. These furnaces are usually operated at temperatures in the region of 1800C. It is
additionally known to those skilled in the art that the furnace internals themselves must not contribute

to contarpifnateBErRER R ICRI RIS MIERAFES S THoR MPRERNAISS PEOvitesrarePaRRPSIIOND C,
comprising silicon carbide, optionally with a carbon matrix and/or silicon oxide matrix or a matrix

comprisifRy SiGoiNeiEReS capbBHaHRIOPsRIaWISRIERAYBPRI HMQITEY FIRERiBNSStdRIable by the
process eompRearsGRartT te theniavaBtR L ESpSEalY Pyh e saliinnion seReansiis ssprsially

isolated. "Isolation” means that, after performance of the process, the 10composition and/or the
high-puriff SARSHEBHBHHLI88Btained and isolated, especially as the product. The silicon carbide may
be pgovided with a passivation layer, for example comprising Si02. This product can then be utilized as
a reaction participant, catalyst, material for 15producing articles, for example filters, shaped bodies or

green boliied ARAIRBE RIS RSSRAIRHE BurififieeciRs SaRibeFfarie A TRt RERBhortant

applicatiqarifthieuiiizatepaling eorepasdianceswrpiig siieos eatnde as S0mRLtiop-aTtiateor and/or
reaction gartlcipant and/or in the production of electrode material or in the production of silicon carbide

with sugaPedREGHE WP P iHSBRton BRIE BElRIEE I )RolaeHEUTCtH 4l B4y
calcinatigfhpradisroespesiaityer ROPIBQSIHOARBIRAIRSHIRL R PIKIRESE asasItdiTetadae iiyention and
especially the pyrolysis and/or calcination, product isolated from the process componen%5
10 feaction Is'preferably performed in a low-oxygen atmosphere at temperatures below the
decomposition temperature, especially below 1800°C, preferably below 1600°C. The
process product isolated in accordance with the invention is high-purity silicon carbide

as defined below.

15 The actual pyrolysis (low-temperature step) takes place generally at temperatures
below about 800°C. The pyrolysis can be carried out, depending on the desired product,
at atmospheric pressure, under reduced pressure or eise under elevated pressure.
When vacuum or low pressure is employed, the process gases can be removed
efficiently, and highly porous, particulate structures are typically obtained after the

20 pyrolysis. Under conditions in the region of standard pressure, the porous, particulate
structures are typically relatively highly agglomerated. When pyrolysis is effected under
elevated pressures, the volatile reaction products may then condense on the silicon
oxide particles and possibly react with themselves or with reactive groups of the silicon
dioxide. For example, decomposition products formed from the carbohydrates, such as

25 ketones, aldehydes or alcohols, may react with free hydroxyl groups of the silicon
dioxide particles. This significantly reduces the pollution of the environment with process
gases. The resulting porous pyrolysis products are somewhat more highly

agglomerated in this case.

30 In addition to pressure and temperature which, according to the desired pyrolysis
product, are freely selectable within wide limits and the exact matching to one another is

known per se to those skilled in the art, the pyrolysis of the carbon source containing at
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with a content of carbon relative to silicon oxide, especially silicon dioxide, of from 25400:0.1 to
0.4:1000. The conductivity of the process products, especially of the high-density compressed
pulverulent process products, measured between pointed electrodes, is preferably in the range from ic
[m/f2.m2] =1 10-1to 1 10-6. A low conductivity is desired for the 30particular silicon carbide process
product, which correlates directly with the purity of the process product. 200800351 AL The
composition or the pyrolysis and/or calcination product preferably has a graphite content of from O to
50% by weighhpisferably from 25 to 50% by weight, in relation to the overall composition. According
to the invention, the composition or the pyrolysis and/or calcination product has a proportion of silicon
carbide of from 25 to 100% by weight, especially from 30 to 50% by weight, in relation to the overall

compositigBsT BRANGBEPY SR RIGYIE8iAcHANY HEARKISIMTR BHEAHPOBMALrBf FasMisiNg coke and/or

carbon black and/or graphite or mixtures thereot and/or with a silicon oxide matrix comprising silicon

dioxide, HRRLaIRHIOPHIBGITHEa! teisBire Phille A9ABRINS oP frRisEoRYRERIERRGHcadsivb e fbs
obtainablg,ky Bie-BIASRSBCHAE MY AROARKR IRy G ERECIBHAGRET e S8 AHONG 8k dlaims 1 to 10.

More particularly, the SiC is isolated and used furthér as detailed below. The content of the elements

boron, ph%@ﬂf&ﬁ@a@éﬁﬁ%ﬁ&/@??éﬁﬁﬁﬁmﬂiﬁ%tm thappretiadiny thelaw. ThppEEFNEEGHt in the
silica caghifle gerREing idhe ARTIHRN E?feléﬁlé‘é{r{}_ﬂ%f‘ﬂ%‘c}%ﬁ%@ﬁéﬂ@’ﬁ?ﬁﬁﬁx%@%’&%%&ﬁ o
carbide, optionally with carbon components and/or silicon oxide components, or mixtures comprising
silicon cafid éhahrbepraplifeiosliRms ok Ok Hr crasiamesradibridisnatsedcvittent it tioedsmints

boron, pmw@g@e@ﬁf@ajﬁweﬁﬁr@'m&%@ gliless ANdOB\PRA MW eiedlfi otk the silicon
carbide. The contamination profile of the high-purity silicon carbide with boron, phosphorus, arsenic,
aluminunf SSRGS BBORUTIBBIBSRIMHRR AN AATIANSHHIRG AT REMNGERIPBHHNG0 0.01 ppt (by
weight), QeReIArHRINIaW Ay PRI b AR NPES HIEKERE dhe SR rRIIdB Qhtaed by the
process according to the invention, 25optionally with carbon and/or Siy0, matrices, has a
contiminiifoilBrbRfePyEodetimed the presence of moisture; moisture may also be present during

the pyrolysis or is metered in.

The pyrolysis is effected generally, especially in the at least one first reactor, at around
700°C in the low-temperature method, typically in the range from 200°C to 1600°C,

15 more preferably in the range from 300°C to 1500°C, especially at from 400 to 1400°C,
preference being given to obtaining a graphite-containing pyrolysis product. The
pyrolysis temperature is preferably considered to be the internal temperature of the
reaction participants. The pyrolysis product is preferably obtained at temperatures from
around 1300 to 1500°C.

20
The process is generally operated in the low-pressure range and/or under an inert gas
atmosphere. Preferred inert gases are argon or helium. Nitrogen may likewise be
appropriate, i.e. when, in the calcination step, the intention is that silicon nitride forms as
well as silicon carbide or n-doped silicon carbide, which may be desired according to

25  the process regime. In order to prepare n-doped silicon carbide in the calcination step,
nitrogen can be added to the process in the pyrolysis and/or calcination step, optionally
also via the carbohydrates, such as chitin. The preparation of specifically p-doped
silicon carbide may likewise be appropriate; in this specific exception, the aluminum
content, for example, may be higher. The doping can be effected by means of

30  aluminum-containing substances, for example by means of trimethylaluminum gas.
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above comprising the elements B, P, Na, S, Ba, Zr, Zn, Al, Fe, Ti, Ca, K, Mg, Cu, Cr, Co, Zn, Ni, V, Mn
and/or Pb, and mixtures of these elements. In particular, the silicon carbide obtainable, in total, has a
content of carbon relative to 30silicon oxide, especially silicon dioxide, of from 400:0.1 to 0.4:1000; it,
especially the composition, preferably has a graphite content of from 0 to 50% by weight, more
preferably from 25 to 50% by weight. The proportion of silicon carbide is especially in 200800351 AL
the range from 25 to 100% by weight, preferably from 30 to 50% by weight, in the silicon carbide
(overall) aooefioadahove. In one variant, the invention provides for the use of silicon carbide or of a
composition or 50f a pyrolysis and/or calcination product of the process in the preparation of pure
silicon, especially in the preparation of solar silicon. The invention provides, more particularly, the use
in the preparasiafiref snlaﬁéiﬂmmer'edmaim@f@ﬂim@'@eréeS @@gﬁ@iﬁléya:éﬁlgﬁiﬁmaﬂmn ldigxide, at
high temperatures, or in.the ratiop of silicon carbide % reactlon ke especially of sugar
coke, and QTGS BLEUTn ABR AP BHers ety 25 RIARRTEH [ dbIp ARk S ELe8: sica

purified bymdeanscifded prasangetmmesifla %W@ﬁéemﬂé@@@‘ﬁm@%m@‘m redades, as a
refractor)(glrr\?terlal su? F'.’as thermal t|Ie or |n Hgéxodu tlo g(:;f}(grtlgles or in the oductcgn of
electrode¥ N SIRRISH BRSO &ﬁ&%& PINEUEE Y 86& 48 BrEeY SR SHENRSH
15pysolysissandfer. calcination product obtainable by the process according to the invention as a

catalyst, especially in the preparation of silicon, preferably in the preparation of purified silicon,
especially in the preparation of solar silicon, especially in the preparation of solar silicon by reduction
of silicon'ﬂm(iqecayﬁi%gﬁn&mpegam%ilwdam@@hawy ﬁnﬁhwbeﬂp&szxiioalqu@ibomsaﬁs’ﬁed@ly in
semlcon?HctPar anp c%tqgo% o r{o{esste 333 Sﬁ@ys} d erza%fq pqﬁraHon f uIt ra ﬁurlt ?eb
carbide, for'exa pIe y sublimation, or as a rea an g prep%rgt (%3 fdliicon lﬂ pa tion

of S|I|con tatindes espiwgiyrflgeiscekeppreferablyfenificsii ghne bleat mgdpdibsenugi dxithe pyecﬁ@alsly with

Si|IC Pé te ragl';,l for rqatgrlgl o{ articles or as an electrode material, especially
BPIG Sl Rehaete The G
fore ectro SICHiraces. The Use as & matenal of articles, especially 25electrodes, includes

the use of the materlal as a material for the articles or else the use of further-processed material for

the prodion el aniies, o1 SRR ah SISk ARl oC haREAR s 1 T/ Ryer R Lt

provides o e use o asto rate, especially
preferably from 1 mbar to 5 bar. Accordmg fo the pyroEyS|s product desired and, in order

to minimize the formation of carbon-containing process gases, the pyrolysis step in the

15 process can also be effected within a pressure range from 1 to 50 bar, preferably at
from 2 to 50 bar, more preferably at from 5 to 50 bar. The person skilled in the art is
aware that the pressure to be selected is a compromise between gas removal,

agglomeration and reduction of the carbon-containing process gases.

20  The pyrolysis of the reaction participanis, such as silicon oxide and the carbohydrate, is
followed by the calcination step. A calcination (high-temperature range) is understood to
mean a process section in which the reaction participants react essentially to give high-
purity silicon carbide, optionally containing a carbon matrix and/or a silicon oxide matrix
and/or mixtures thereof. In this step, the pyrolysis products are converted further fo

25  silicon carbide and water of crystallization is optionally evaporated and the process
products are sintered. The calcination step (high-temperature step) generally follows the
pyrolysis directly, but it can also be carried out at a later time, for example when the
pyrolysis product is sold on. The temperature ranges of the pyrolysis and calcination
step may overlap somewhat. The calcination is typically performed at from 1400 to

30  2000°C, preferably in the range from 1400 to 1800°C. When the pyrolysis is effected at
temperatures below 800°C, the calcination step may also extend to a temperature range

of from 800°C to about 1800°C. For improved heat transfer, high-purity silicon oxide
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30silicon carbide especially isolable as a product in the preparation of pure to ultrapure silicon carbide,
or of a composition containing silicon carbide or a pyrolysis and/or 200800351 AL calcination product
containing silicon carbide, especially in the presence of silicon oxide, preferably in the presence of
silicon oxide and/or silicon dioxide. Preference is given to using a selection from at least one
carbohydrate and a silicon 5oxide, especially a purified silicon dioxide, especially without further
components, to prepare silicon carbide, the silicon carbide, a composition containing silicon carbide or
a pyrolys'?oﬁ (a/t%g?l ilgation product, being isolated as the reaction product. The invention also
provides Torthe use 6f a composition, especially a formulation, or a 10kit comprising at least one
carbohydrate and silicon oxide, especially purified silicon oxide, in the process according to the

invention, The invention thﬁerefore aIsP ravides a kit ;.)ntaipin separate formulations, especially in
separate ANTATTe S KR Do Lo QA5 A SR ey Phrd ST BRI N FormOb e S Bclate
and/or paywaetzajsitie andiid sjliespeciatiidef pantifiess stmo e xided prefiesaitly afgsuiifedsiieah dioxide,
optionall)&%?}t %péara \rgéithr%/éoelayégis g)sreo Lijr?ti% fc?{rj%oeh%%aggg on rSigZ a[nd/or the carhon source
comprising At 18Rt one ¢Ar oFly ate, espemagw orus accora‘ing BRE RS Pz k’@ﬁcr%%y be
preferrediwheartivessitidomadids, ik presenctivasesargaiberahgbebkid ditedthewjtla ttregtash gragaiese
comprisi r rate..especially a pur r source, for example.js impregnated yith it or the
carb%hy(%r%ltae/ EIBE gl?ﬁ gg’oﬁréadﬁj 6@1%8?(5“}5& a\égtc.y?n &ﬁéﬁgﬁr% %?E[%g%?si?%%?g g'rg’rb LﬁeS eﬁ%éﬁ%ﬁjyérriquet,
especiallpaidicgehee groiyabty avell alisivitaily durtibe casmbdoydssisteandiorsibcdo exmiEas a powder in

a second %gﬂé 'Q%O'U%ehi%gﬂ}g%f ther provides for the use of an article, especially a green body,
shaped 2% ody, sintered body, an €lectrode, a heat-resistant component, comprising an inventive

silicon carbide or an inventive composition containing silicon carbide, and optionally further customary
e TR b Rl e eeR e AN
invgﬁtivetbmwgmmd@,r@@cfm thenleaf ingE)O bar, especially in the range from 1pmbar to 1 barg
{ambient pressure), especially at from 1 to 250 mbar, preferably at from 1 to 10 mbar. A
useful inert gas atmosphere is that specified above. The calcination time depends on
the temperature and the reactants used. In general, it is in the range from 1 minute and
may typically be 48 hours, especially in the range from 15 minutes to 18 hours,
15 preferably in the range from 30 minutes to about 12 hours, at the calcination
temperatures specified. The heating phase up to the calcination temperature should

generally be included.

The reaction of silicon oxide and the carbon source containing a carbohydrate can also
20 be effected directly in the high-temperature range, in which case the gaseous reaction
participants formed and process gases must be able to outgas efficiently out of the
reaction zone. This can be ensured by means of a loose bed or a bed comprising
shaped bodies of silicon oxide and/or of the carbon source or preferably comprising
shaped bodies comprising silicon dioxide and the carbon source (carbohydrate). The
25  gaseous reaction products and process gases may especially be water vapor, carbon
monoxide and conversion products. At high temperatures, especially in the high-

temperature range, predominantly carbon monoxide forms.

The conversion to silicon carbide at elevated temperature, especially of the calcination
30 step, is effected preferably at a temperature of from 400 to 3000°C, preference being

given to effecting the calcination in the high-temperature range from 1400 to 3000°C,

preferably at from 1400°C to 1800°C, more preferably from 1450 to 1500 and 1700°C.
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30the overall process according to the invention. 200800351 AL Use of SIC as activator in the
reduction of the silicon oxide with the carbon source  As explained at the outset, silicon carbide can
also be added in the process according 5to the invention for preparing pure silicon. According to the
invention, the economic viability of the process for preparing pure silicon can be enhanced
considerably by the addition of an activator which fulfills the function of a reaction initiator, reaction
accelerant and/or as a carbon source. At the 10same time, the activator, i.e. reaction initiator and/or
reaction agerieran Sould be very substantially pure and inexpensive. Particularly preferred reaction
initiators and/or reaction accelerants should themselves not introduce any disruptive impurities into the
silicon melt or preferably only introduce impurities in very small amounts for the reasons stated above.

15 The pragessraseRiding teries RYRNIGMSERDR 6aTHRY auibsifleranb yedysiikta prrticularly
preferred variant, a silicon oxide, especially silicon dioxide, preferably a silicon dioxide purified b

( | y
acidic préElpR&fBI RS EREREPRLRRRREY HIRpRY RN 6y SaEiNG Hfeoh tarisRBs B8R bon
source oips BasaetivAtAidadhREEERE MitidetAaaePHlRctEdberivea iande i apusiiassiicon oxide,

or silicon carbide (SiC) is added to theOProcess in a composition containing silicon oxide; it is

particulaf RO RENRBASAE SMESHThERMESb QAR BUNEN bligL Ut BBRAESH ¢ Mbide are

addeg in g pRENIRRRIEH Sieis RiaMRisisdedies heziabestitl mol of Si02 to 2 mol of SiC to prepare
silicon; more particularly, the reaction mixture for preparing silicon consists of silicon 25oxide and

silicon carbide. A further advantage of this process regime is that the addition of SiC results in

correspoiiealyriessi6ro foeinger elansest desd HRbrd e thd ht@asoeating avhicregatsially limits
the procegss, is thus Iower%ﬂlagva%ageo sl .AddiEion of Si adv?nlt}%leouigly n£|<_|akes.,f ossible process
intensific A8 B8 N3SRKBEF R EIfrR [efePEq VaISARN0E SRIGHAScbriso AR TELp 8ASHP Siicon
dioxide, igaaiiertesrahelpyaigdicamneribse fycrddiaginntseastiognsBeomaarbisioand
10 graphitization, all laboratory reactors known to those skilled in the art, pilot plant
reactors or preferably industrial scale reactors, for example rotary tube reactors or else

a microwave reactor, as is known for the sintering of ceramics.

The microwave reactors can be operated in the high-frequency (HF) range, the “high-
15 frequency range” being understood in the context of the present invention to mean from
100 MHz to 100 GHz, especially in the range from 100 MHz to 50 GHz or else from
100 MHz to 40 GHz. Preferred frequency ranges are, for instance, in the range from
1 MHz to 100 GHz, from 10 MHz to 50 GHz being particularly preferred. The reactors
can be operated in parallel. Particular preference is given to using magnetrons at
20 2.4 MHz for the process.

The high-temperature reaction can also be effected in customary melting furnaces for
producing steel or silicon, such as metallurgical silicon, or other suitable melting
furnaces, for example induction furnaces. The design of such melting furnaces,

25  especially preferably electrical furnaces, which use an electric light arc as the energy
source is sufficiently well known to those skilled in the art and does not form part of this
application. In direct current furnaces, they have one melt electrode and one base
electrode, or, in the form of alternating current furnaces, typically three melting
electrodes. The light arc length is regulated by means of an electrode regulator. The

30  light arc furnaces are generally based on a reaction chamber made of refractory
material. The raw materials, especially the pyrolyzed carbohydrate on silica/SiO.,, are

added in the upper region, in which the graphite electrodes to generate the light arc are
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200800351 AL a further pure carbon source to the silicon oxide or silicon carbide and a pure carbon
source, especially a second pure carbon source, in a composition containing silicon oxide. In this
variant, the concentration of silicon carbide can be lowered to such an extent that it acts more as a
reaction initiator and/or reaction accelerant and less as a 5reactant. 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, to the process for preparing silicon by converting
purified sjigognorde Al elevated temperature, the silicon carbide is added to the silicon oxide or
10optionally to a composition containing the purified silicon oxide; in particular, the energy source used
is an electrical light arc. The purpose is to add a silicon carbide as an activator, i.e. as a reaction

initiator agEKPHIERSESN. ﬁ"‘ﬁ@é@@ﬂhé@@@é@&%ﬁéﬂ?%é@ﬂé@,aiteteﬁ*ﬁ)éréﬁt@?é@ﬂh tadhedqercess and/or
to add it to_the process in a composition. 15 The silicon carbide is thus sup{plied separately to the
K

process. PrefbrenldSSRIERMBINITRY BifeShasksklas RdNsGebiabiing tHENasH Jusiisas a
reaction in8ptesRed/ Ausasdopcrtas| R conesrilishcaf Bidesiralhdesempgsepaniy at

temperatures of from about 2700 to 3070C, it was surprising that it can be added to the process for
20preparing silicon as a reaction initiator and/or reaction accelerant or as a reactant or else as a heat

trangferemrthasdheion ehsepredieamexiapnsis thadnerrisely SUIEssbaliRIPEnRIAN ofitna
electrical light arc, the reaction between silicon dioxide and carbon, especially graphite, which starts up

and procEBRAVSHALIBLAPHRE SBRIDABFEMAN B A B PSRRI SR B BIAE R f 2P Dery
significaniiggseafrdntbrids seactiononinsaisoartitineh Bhevesriabenes cidusrireseence phenomena
was observed and, surprisingly, the entire subsequent, reaction continued within intensive, bright light,
more pariRIRAPEIY &)Cﬁ%‘gﬁgtﬂ ’[ﬁ@ FRVRRERAD ARG 3@#@&8@&’{56?@%&@% AYige, especially in

addition tesihectiligdsdiatbitleis3RitonTrasads Bramaitsaisanbien-tesof deagriedsilies carbide, do
orodbss (6 BREUIRTS LTTUGh 1 B5EE S LN SSEioBe HRE T aEN P CIFSTFER S
2008003 HeAlrdag:h T biticsicoarbiste ide coatiains modidieangarkigeisbhefioncligre ofithe:gsaaqind carbon
source is more that qf .a pure reactant, whereas the silicon carbide is also a reaction initiator and/or
reaction SCEHERIAE BE&ful second carbon sources include in particular sugar, graphite, coal, charcoal,
carbon black, coke, bituminous coal, brown coal, 5activated carbon, petroleum coke, wood as
WOOdChipﬁw?sr S%E?J%t gg% uésrl1< %gru%itﬁz”é% as a reaction participant, catalyst, material for
15 producing articles, for example filters, shaped bodies or green bodies, and also in
further applications familiar to those skilled in the art. A further important application is
the utilization of the composition comprising silicon carbide as a reaction initiator and/or
reaction participant and/or in the production of electrode material or in the production of
silicon carbide with sugar coke and silica.
20
The invention also provides the pyrolysis product and optionally calcination product,
especially a composition obtainable by the process according to the invention and
especially the pyrolysis and/or calcination product isolated from the process component,
with a content of carbon relative to silicon oxide, especially silicon dioxide, of from

25  400:0.1 to 0.4:1000.

The conductivity of the process products, especially of the high-density compressed

pulverutent process products, measured between pointed electrodes, is preferably in
the range from 1€ [m/Q.m? = 1 10" to 1 « 10°. A low conductivity is desired for the

30  particular silicon carbide process product, which correlates directly with the purity of the

process product.
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carbon fibers, fullerenes and/or hydrocarbons, especially gaseous or liquid hydrocarbons, and
mixtures of at least two of the compounds mentioned, provided that they have a sufficient purity and
do not contaminate the process with undesired compounds or elements. The second carbon source is
preferably selected from the 10 compounds mentioned. The contamination of the further or second
pure carbon source with boron and/or phosphorus and for boron- and/or phosphorus-containing
compounds should be less than 10 ppm for boron, especially in the range from 10 ppm to 0.001 ppt,
and less Haipda ppimior phosphorus, especially in the range from 20 ppm to 0.001 ppt, in parts by
weight. The ppm, ppb and/or ppt units should be understood throughout as 15proportions of the weight
in mg/kg, pg/kg, etc. The content of boron is preferably in the range from 7 ppm to 1 ppt, preferably in

the rangerigarg ifed cﬂ%@‘%@@%ﬁpé@@i%@% TEPBHBPRREIO AP Hak8SSrdOhiExample in

the range from 0.001 ppm to 0.0 , preferably in the region of the 20analytical detéction limit. The

phosphoRR¢eRteheHB dd D RAE MV saaht s etaigbly BRM &% Byivpiehribieiative fange
from 15 pam dQckRPEIRPSRISHEREEL RIS EAIRE FURHh PR R hpRERbIoWEhd RBRRsphorus

content is preferably in the region of the analytical detection limit. Generally, these limits are the aim

for all rea®paHes 6RIGMAtICEISHCRGEARPTRRRHEN G bYlGnRBR M HREEHRG 3R RRAIRY
25senicopeidiolcsiliee iV RRopIISONO X0, Uspidiopre iRRIMBR abave sirfiaadauiagienhigh-purity

silicon oxide, especially a purified or high-purity silicon dioxide. In addition to the silicon oxide purified
in accordance with the invention, it is possible to use further correspondingly 30pure silicon oxides in

the procepgdqrRERRBH PoblifNa SACBRRIRRIAL- WitMaY RlRSHReRRsORHRIS  IeRgld dueher

suitable silicon oxides in addition to the purified silicon oxide; these are quartz, quartzite and/or silicon

dioxides BREBSFSRIRY RISHHAIY A HTReN s Ay asctimten] ariae W hR AR &ystalline
polymorphiataN &b A MIsqRIR(FhalerreNe)icatkald A RivasthefeBrartaiion siiatize. dfigyanite,

Scristabolite, coesite, stishovite or else amorphous Si02. In addition, it is possible with preference to

use 'Silica HEME 8T8 S GRIDA L RA HrdRiRL PR S B IBESROSRERPEHR EHHIB L N MRIHCR fumed
silicas aregseerainPHEDIREROIRTS Wilh ancpipfadedismalrireifwnrG4mpATBADdERIASsPecific

surface area, of from 50 to 600 mzi{%?}?h? above list should not be considered to be conclusive; it is

clear to tAOSEUSEEY THH A1 gkt &'8"she can also use other silicon oxide sources suitable for
the procepadncthigdnDeLEsasIe(aEHS BeropOBliesy yeferensensaiviendioaiising i itied siligpn oxide,

iall ifi ili djoxide, and silijcon.carbide .and optjonall d b ] ,
ieiopit L N R U TS SO B i e i
15 the invention.

The invention also provides a silicon carbide, optionally with carbon components and/or
silicon oxide components, or mixtures comprising silicon carbide, carbon and/or silicon
oxide, especially silicon dioxide, with a content of the elements boron, phosphorus,

20  arsenic and/or aluminum of less than 100 ppm by weight in total in the silicon carbide.
The contamination profile of the high-purity silicon carbide with boron, phosphorus,
arsenic, aluminum, iron, sodium, potassium, nickel, chromium is preferably from below
5 ppm to 0.01 ppt (by weight}, especially from below 2.5 ppm to 0.1 ppt. More
preferably, the silicon carbide obtained by the process according to the invention,

25 optionally with carbon and/or Si,O, matrices, has a contamination profile as defined
above comprising the elements B, P, Na, S, Ba, Zr, Zn, Al, Fe, Ti, Ca, K, Mg, Cu, Cr,

Co, Zn, Ni, V, Mn and/or Pb, and mixtures of these elements.

In particular, the silicon carbide obtainable, in total, has a content of carbon relative to
30  silicon oxide, especially silicon dioxide, of from 400:0.1 to 0.4:1000; it, especially the
composition, preferably has a graphite content of from 0 to 50% by weight, more

preferably from 25 to 50% by weight. The proportion of silicon carbide is especially in

63



15source, in the process, in the following molar ratios and/or percentages by weight specified, where
the figures may be based on the reactants and more particularly on the reaction mixture in the
process: for 1 mol of a silicon oxide, for example silicon monoxide, such as Patinal(r), it is possible to
add about 1 mol of a second pure carbon source and silicon carbide in small amounts 20as a reaction
initiator or reaction accelerant. Customary amounts of silicon carbide as a reaction initiator and/or
reaction accelerant are from about 0.0001% by weight to 25% by weight, preferably from 0.0001 to
20% by weighhimgrepreferably from 0.0001 to 15% by weight, especially from 1 to 10% by weight,
based on the total weight of the reaction mixture, especially comprising silicon oxide, silicon carbide
and a second 25carbon source, and optionally further additives. It may likewise be particularly

preferredifq;adede fhﬁw?%ﬁé‘f%Ofé%ltiy%&r{;ﬁtpafgi%%%Hﬁ%ﬁxﬂﬂﬁtcﬁ%%‘w)@iwﬂiﬁ'%%dﬁ!ié@ﬁm 1
mol of pure silicon carbide and about 1 mol of a second carbon source, especially of a pure source.
When a SiféBidiedmyaeatbasisiaiingg 8k@6h fibers or other similar 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 200800351 AL

carbide in"sAM @fiBTh{sI AR RRIHRES ToF thacimlEilinansabisaahahp AaBRneiRRiIREoN

carbigle agfa ieadigsidnivler AadpIARACHRPRRERIERB IR M AU bRBARI 6Py MeIhEiRéRY0 by
weight, prefera_bIY from 0.0001 to 20% by weight, more preferably from 0.0001 to 15% by weight,

especiallFFREAIGO 106 (R SPEIIOBICA SRS P HfE foth NGy IPth e RAEEB nRRGURE! i pathally

comprisingesilicenaxigereisritiearbide ik icas oYt cankan sersitcandieRinapbither additives.
In a preferred alternative, for 1 mol of silicon dioxide, about 2 mol of silicon carhide can be used as a

reactant PR SHEoR dineidesRidial SBREEAUES rRsy bt RERRBRIRS SHesliRpThcarRifeMbunts.

Customary RMeH S @fké ecspeensl i gIPONBR WS LA HAM @R U RRO EYpBYMIR ¢iitifaid % by
weight, preferably from 0,001 to 25% by weight, more_preferably from 0.01 to 20% by weight, even
mor%) pre@?&(ﬁfﬁ‘ BRI g%)[ﬁ;:;pltate Silica or silica purified by means of jon exchangers,

or SiO», at high temperatures, as an abrasive, insulator, as a refractory material, such

as thermal tiles, or in the production of articles or in the production of electrodes.

The invention also provides for the use of silicon carbide or of a composition or a

15 pyrolysis and/or calcination product obtainable by the process according to the invention
as a catalyst, especially in the preparation of silicon, preferably in the preparation of
purified silicon, especially in the preparation of solar silicon, especially in the preparation
of solar silicon by reduction of silicon dioxide at high temperatures, and optionally in the
preparation of silicon carbide for semiconductor applications or for use as a catalyst in

20  the preparation of ultrahigh-purity silicon carbide, for example by sublimation, or as a
reactant in the preparation of silicon or in the preparation of silicon carbide, especially
from coke, preferably from sugar coke, and silicon dioxide, preferably with silica, at high
temperatures, or for use as a material of articles or as an electrode material, especially
for electrodes of light arc furnaces. The use as a material of articles, especially

25 electrodes, includes the use of the material as a material for the articles or else the use
of further-processed material for the production of the articles, for example of sintered

material or of abrasives.
The invention further provides for the use of at least one carbohydrate, especially a pure

. 30 silicon carbide especially isolable as a product in the preparation of pure to ultrapure

silicon carbide, or of a composition containing silicon carbide or a pyrolysis and/or
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weight, especially from 1 to 10% by weight, based on the total weight of the reaction mixture,
especially comprising silicon dioxide, silicon carbide and a second carbon 15source, and optionally
further additives. In stoichiometric terms, silicon dioxide can especially be reacted according to the
following reaction equations with silicon carbide and/or a second carbon source: Si02 + 2 C -> Si + 2
CO 20Si02+2SiIC->3Si+2C0Oo0rSi02+SIC+C->2Si+2COorSi02+05SiC+15C->15Si
+2 COor SiO2 + 1.5 SiC + 0.5 C -*2.5 Si + 2 CO etc. 25 Because the purified silicon dioxide can react
in a molapaietdmgl with 2 mol of silicon carbide and/or the second carbon source, there is the
possibility of controlling the process via the molar ratio of silicon carbide and of the further or second
pure carbon source. Silicon carbide and the second carbon source should preferably be used in the

30 process RfrfiBrES RSB BSRARGRSSSINESH G4 de) BRREXIMAR IREQ A<M tg élﬂi@h%@k’i‘@on

dioxide. Thus, the 2 mol of silicon carbide and op tionally of the second carbon source may be
composeﬂrﬁfef%ﬁb‘l Wi @l@ﬁfﬁé%ﬁ?&fs%%ﬁﬁ%%ﬁ ar&ligeRFionBEn0351 AL 0.00001 mol of SIC
to 1.99999 mol of second carbon source (C). The ratio of silicon carbide to the second carbon source
preferablévarles within the stoichiometric about 2 mol for reaction with about 1 mol of silicon dioxide

according 6 PERIED 1SS vNeia URBSE Pl HonBkrldgATheNS FesRLiate @ie asHifssecond
carbgn sewrge, (Edpecially a purified silicon dioxide, especially without further components, to

prepare silicon carbide, the silicon carbide, a composition containing silicon carbide or a

pyrolysis and/or calcination product, being isolated as the reaction product.

The invention also provides for the use of a composition, especially a formulation, or a

16 kit comprising at least one carbohydrate and silicon oxide, especially purified silicon
oxide, in the process according {o the invention. The invention therefore aiso provides a
Kit containing 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 of purified silicon oxide, preferably of purified silicon dioxide, optionally

15 together with pyrolysis products of carbohydrates on Si0O, and/or the carbon source
comprising at least one carbohydrate, especially for use according to the above
remarks. It may be preferred when the silicon oxide is present in a container in the kit
directly with the carbon source comprising a carbohydrate, especially a pure carbon
source, for example is impregnated with it or the carbohydrate is supported on SiOs,

20 etc., in the form of tablets, as a granule, extrudate, briquet, especially as a pellet or
briquet, and optionally further carbohydrate and/or silicon oxide as a powder in a

second container.

The invention further provides for the use of an article, especially a green body, shaped
25  body, sintered body, an elecirode, a heat-resistant component, comprising an inventive
silicon carbide or an inventive composition containing silicon carbide, and optionally
further customary additives, assistants, pigments or binders in the overall process
according to the invention. The invention thus provides an article containing an inventive
silicon carbide which is prepared using the inventive silicon carbide, and use thereof in

30 the overall process according to the invention.
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inmol No. 1120 No.2No. 111.99999 To 0.00001 0.00001 to 1.9999 where SIC + C always adds
up to about 2 mol. For example, the 2 mol of SiC and optionally C are composed of from 2 to 0.00001
mol of SiC and from 0 to 1.99999 mol of C, especially of from 0.0001 to 0.5 mol of SiC and from
1.9999 to 1.5 C for 2 mol, preferably from 0.001 to 1 mol of SIC and from 1.999 to iol C for 2 mol,
more preferably from 0.01 to 1.5 mol of SIC and from 1.99 to 0.5 C for 2 mol; it is especially preferred
to use from 0.1 to 1.9 mol of SiC and from 1.9t0 0.1 C

10

15

20

25

30

200800351 AL

Use of SiC as activator in the reduction of the silicon oxide with the carbon

source

As explained at the outset, silicon carbide can also be added in the process according

to the invention for preparing pure silicon.

According to the invention, the economic viability of the process for preparing pure
silicon can be enhanced considerably by the addition of an activator which fulfills the
function of a reaction initiator, reaction accelerant and/or as a carbon source. At the
same time, the activator, i.e. reaction initiator and/or reaction accelerant, should be very
substantially pure and inexpensive. Particularly preferred reaction initiators and/or
reaction accelerants should themselves not introduce any disruptive impurities into the
silicon melt or preferably only introduce impurities in very small amounts for the reasons

stated above.

The process according to the invention can be carried out in different ways; in a
particularly preferred variant, a silicon oxide, especially sificon dioxide, preferably a
silicon dioxide purified by acidic precipitation, is converted at elevated temperature by
adding silicon carbide as a pure carbon source or as an activator to the silicon oxide,
according to the invention to the purified silicon oxide, or silicon carbide (SiC) is added
to the process in a composition containing silicon oxide; it is particularly preferred when
the silicon oxide, especially the silicon dioxide, and the silicon carbide are added in an
approximately stoichiometric ratio, i.e. about 1 mol of SiO; to 2 mol of SiC to prepare
silicon; more particularly, the reaction mixture for preparing silicon consists of silicon
oxide and silicon carbide.

A further advantage of this process regime is that the addition of SiC results in
correspondingly less CO being released per unit of Si formed. The gas loading, which
crucially limits the process, is thus lowered advantageously. Addition of SiC

advantageously makes possible process intensification.

In a further particularly preferred variant, the purified silicon oxide, especially silicon

dioxide, is converted at elevated temperature by adding and reacting silicon carbide and
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for 2 mol 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 15composition include
preferably pure to ultrahigh-purity silicon carbides according to the above definition, and generally all
polytype phases; the silicon carbide may optionally be coated with a passivating layer of Si02. Some
polytype phases with different stability can be used with preference in the process because they are
allow, for example, the reaction profile or the commencement of reaction in the process to be
controllechddigihn 29puity silicon carbide is colorless and is used in the process with preference. In
addition, the silicon carbide used in the process or in the composition may be technical SiC
(carborundum), metallurgical SiC, SIC bonding matrices, open-pore or dense silicon carbide ceramics,

such as siligaiicaty,hRndad SHIeen < hidhd SAlysilied 8IS RSN QarBRRBING S ke 8aALGH-PoNded,

silicon-infiltrated silicon carbide (SiSiC), sintered silicon carbide, hot (isostatically) pressed silicon
carbide (SPYiee I9FESIEIFENA/BPHRNTHANE SRR RAYEMCIR BHBIIRQEIBYSRONEHH FEHSH&Ireinforced

silicon caghigle opReSHe AManalSdAAGIrSRERTHE JIRBK CAPRRSHERRNYNE XY ea & hese

compounds, with the 5proviso that the contamination is so low that the silicon prepared is suitable for

preparing®$8tat §iridhafia/oreseAicarigastinrsiiiGHor AR R EPREHRBRSFSIRCBRt AEiRSS @8rPalso be
addegl to {8 REACERIASRIEIRTY A S HoLiieNdnsinaibasreupissyavigril thekibedosalcantamination

of the pure silicon corresponds to that according to the invention. It is therefore also possible to supply
silicon caf#ffericteinHB BRI JORtL 1 BHiPRLGRRRGIMARE BROLESS REL SRR THE GAVRMISRYEFEvided
that the total contamination of the pure silicon prepared is attained. The person skilled in the art is
aware of how the total contamination of the resulting pure silicon can be controlled by addition of

different BXECAEUNEhEP VAR IRYEHIRAnIMEIRRTRRATESOT BIeRACHAHARLBY 6PRYERiNEdHERSde

suitable fgjlitim RIReRSat WIEVBEANANHHHRIESENO Bifcoh WtHRGs08-RIYT § HesRARIMIS wRBEKNg
compounds js preferably less than 10 ppm for boron, especially in the range from 10 ppm to 0.001 ppt,

and'fess BRHPPBIYIM 3G PRBeBIioRSOBLBISN M RHETEH Y FSRCAAEp N RATIEBEHARCTHREBYon

content inaustisQRsaBide siGraiesrnbhindie TaRISUFEORd BRO4ad Pellicsafesablydmatihe range
from 6 ppm to 1 ppt, more preferably in the ran&e from 5 ppm to 1 ppt or less, or, for example, in the

range froRTB'G8 plotn 35 6.60ACHRD [HERIRLIAP HaAh RO BFERCHRIGRAPI AR QB RRT. The

phosphoris eontert ekasiieernedrhidesheoltpsaiambibedt ther angefoeasddoam to 1 ppt,
preferabl\éin the range from 15 ppm to 1 ppt, more preferably in the range from 10 ppm to 1 ppt or
lower. THERHERPHB s content is

15
The silicon carbide is thus supplied separately o the process. Preference is given to
adding silicon carbide to the process or to the composition as a reaction initiator and/or
reaction accelerant. Since silicon carbide itself decomposes only at temperatures of
from about 2700 to 3070°C, it was surprising that it can be added to the process for

20  preparing silicon as a reaction initiator and/or reaction accelerant or as a reactant or
else as a heat transferer. It has been observed in an experiment that, entirely
surprisingly, after ignition of an electrical light arc, the reaction between silicon dioxide
and carbon, especially graphite, which starts up and proceeds very slowly, the addition
of small amounts of pulverulent silicon carbide led to a very significant increase in the

25  reaction within a short time. The occurrence of luminescence phenomena was observed
and, surprisingly, the entire subsequent reaction continued within intensive, bright light,

more particularly up to the end of the reaction.

As a further or second pure carbon source, especially in addition o the silicon carbide,
30 compounds or materials which do not consist of silicon carbide, do not have any silicon
carbide or do not contain any silicon carbide are defined in connection with the process

for preparing silicon. The second carbon source thus does not consist of silicon carbide,
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25preferably 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 disk materials or heat
shields and further products, the process according to the invention and the composition or formulation
offers a 30means of recycling these products after use or the waste or rejects obtained in the
production thereof in an elegant manner. The sole prerequisite for the silicon carbides to 200800351
AL be recycled is a purity sufficient for the process; preference is given to recycling silicon carbides
which satgfydhe-aoxe specifications for boron and/or phosphorus. The silicon carbide may be added
to the process a) in pulverulent, particulate and/or in piece form and/or b) in a porous glass, especially
guartz glass, in an extrudate and/or 5pressing, such as pellet or briquet, especially in an

above-desedibackfmsawialionoptionaliu Rortelviin durthes adiinasc AIhreRaloR RAsHiIRaRsey € the

purified silicon oxide, silicon carbide and any further pure carbon sources may each be added to the

process SEREFSLEYTRIEOA RS FRLER ToRRIRMIKBaFEESHIR SHIBAS 6RIBIASURMGHRE aTBELibN carbide
is preferahlyAddgf dnsyel AMRUNSANG N he SoVERe OhtheRrRress Rede RENRNEIA PaHISHIRFY

economically viable grocess regime. It may therefore be advantageous when the silicon carbide is

added coMiRRIoGERPAHE teFviceaIRAsHI ERtBAR ARSI adkEhritiiingsteraakiBhayed@action. 15The
reacton ¢anhaRTestsdin sesinman Bedingunaces fidMsRYING AlicoRasHRRe beg akthe

outset. As detailed above, the silicon carbide, according to the contamination profile of the other

reactantSHREDERRS I BIE TG REA I ERFBIRS N SRPRFIAINIIRAFRSIBRNIAYrbide or else in the
form of ulraighniisity SiePMBAIRIdCoPEBISSAS AorBkdHEechRIRAn b erilicRmsarbidsaalg praferably

formulated beforehand in mixtures, especially briqueted, It is generally the case that the more highly

contaminthte¥ TR¥ S A BT IEASRHRUE bRN 4 HaITLiORRGRRIRITIR RFOFRSPridBsydndesired

compounds or elements. The second carbon source is preferably selected from the
10 compounds mentioned. The contamination of the further or second pure carbon source
with boron and/or phosphorus and for boron- and/or phosphorus-containing compounds
should be less than 10 ppm for boron, especially in the range from 10 ppm to 0.001 ppt,
and less than 20 ppm for phosphorus, especially in the range from 20 ppm fo 0.001 ppt,
in parts by weight. The ppm, ppb and/or ppt units should be understood throughout as
15 proportions of the weight in mg/kg, pg/kg, etc.

The content of boron is preferably in the range from 7 ppm to 1 ppt, preferably in the
range from 6 ppm to 1 ppt, more preferably in the range from 5 ppm to 1 ppt or less, for
example in the range from 0.001 ppm to 0.001 ppt, preferably in the region of the

20  analytical detection limit. The phosphorus content should preferably be in the range
from 18 ppm to 1 ppt, preferably in the range from 15 ppm to 1 ppt, more preferably in
the range from 10 ppm to 1 ppt or lower. The phosphorus content is preferably in the
region of the analytical detection limit. Generally, these limits are the aim for all
reactants or additives to the process in order to be suitable for preparing solar and/or

25  semiconductor silicon.

The silicon oxide used is preferably an above-defined purified or high-purity silicon
oxide, especially a purified or high-purity silicon dioxide. In addition to the sificon oxide
purified in accordance with the invention, it is possible to use further correspondingly

30  pure silicon oxides in the process for preparing pure silicon.
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25 The process can be carried out in such a way that a) the silicon carbide and purified silicon oxide,
especially silicon dioxide, and optionally a further pure carbon source are each supplied separately to
the process, especially to the reaction chamber, and are optionally then mixed, and/or b) the
silicon carbide, together with purified silicon oxide, especially silicon dioxide, and 30optionally a further
pure carbon source in a formulation and/or 200800351 AL c) the purified silicon oxide, especially
silicon dioxide, together with a pure carbon source in a formulation, especially in the form of an
extrudateppppassigapreferably as a pellet or briquet, and/or d) the silicon carbide in a composition
with the further pure carbon source is supplied or 5added to the process. This formulation may be a
physical mixture, an extrudate or pressing or else a carbon fiber-reinforced silicon carbide. As already

detailed fRrhe silieopeappifspibtsilicatoritie anMipisLinenPudaant eripMaH A HRas A

further pure carbon source can be suEpIied to the process as 10material to be recycled. The sole

prerequisHECSR PEdSHRRMBES SRIIERAAIRE P ERBHHIRHRIBPRIGTHI) P IRISM8Torm,

in the progsmesiliTaadeomayhichsarian dlisanandiocramiaandusiatsilicens pHeduGesl sEqually,
it is possible in the process according to the invention, in additiogﬁ%uriﬁed 15silicon oxide, also to
\Eﬂi@rl]c

use silicdRosRIdE SROREhSTEERHIR d Igharsiar sy sBrRdiarie OH%658 ity Guartz glasses,
for examplesRipkRe OlRRSITED $akAdvARBa Yk dnasR Ry RESIORr asihdeidn HEEABhSRRkTAGI A. The

purity of these quartz glasses can be determined, for example, via the absorptions at different

wavelendtfE SERRACHSET AT 1TSS mi G E5RRE R E4rBbAUeR IBLRR BETRSE ARURANSIe, be
virtually spanbaoriestpasisavhishdupihesBrecnvRIisadigsaTies fravesm, dahexaapiedgdowder form.

diameter of from 5 to 50 nm and with a specific surface area of from 50 to 600 m?g. The
above list should not be considered fo be conclusive; it is clear to those skilled in the art
10 that he or she can also use other silicon oxide sources suitable for the process in the

process and/or the composition.

Preterence is given to using purified silicon oxide, especially purified silicon dioxide, and
silicon carbide and optionally a second carbon source, especially a second pure carbon
15 source, in the process, in the following molar ratios and/or percentages by weight
specified, where the figures may be based on the reactants and more particularly on the
reaction mixture in the process:
for 1 mol of a silicon oxide, for example silicon monoxide, such as Patinal®, it is possible
to add about 1 mol of a second pure carbon source and silicon carbide in small amounts
20  as a reaction initiator or reaction accelerant. Customary amounts of silicon carbide as a
reaction initiator and/or reaction accelerant are from about 0.0001% by weight to 25%
by weight, preferably from 0.0001 to 20% by weight, more preferably from 0.0001 to
15% by weight, especially from 1 to 10% by weight, based on the total weight of the
reaction mixture, especially comprising silicon oxide, silicon carbide and a second

25  carbon source, and optionally further additives.

It may likewise be particularly preferred o add to the process, for 1 mol of a purified

silicon oxide, especially silicon dioxide, about 1 mol of pure silicon carbide and about

1 mol of a second carbon source, especially of a pure source. When a silicon carbide
30 containing carbon fibers or other similar 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
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The pure silicon prepared or obtained by the process according to the invention is, according to the
invention, optionally after zone melting/controlled solidification, suitable as solar silicon. It is preferably
suitable a) for further processing in the process for 25preparing solar silicon or semiconductor silicon.
The contamination of the silicon prepared with boron- and/or phosphorus-containing compounds
should correspond to the spectrum defined at the start of this description, but may also be in the range
from less than 10 ppm to 0.0001 ppt for boron, especially 30in the range from 5 ppm to 0,0001 ppt,
preferably ip 8 5an9g from 3 ppm to 0.0001 ppt or more preferably in the range from 10 ppb to
0.0001 ppt, after more preferably in the range from 1 ppb to 0.0001 ppt and for phosphorus in the
range from less than 10 ppm 200800351 AL to 0.0001 ppt, especially in the range from 5 ppm to

0.0001 Pt RS AN A the 5ARES L83 RRMHORIINH LPPE SEFBATs RSaRRvINdRsTaRge from 10
ppb to 0.0001 ppt, more prefer%l_)&/qln the range from 1 ppb to 0.0001 ppt, reported in parts by weight.
f

There is GEMANG AoSHGRT fRRIASIRS ARRCEPMPliiesaaaiRIHE ARIPT FesRiatPRHaterfiied solely
by the cugieade 669, Iyt ahapabliss eSS ASCHIING I BI8A0YaBUISH S RIggsilicon

has the contamination profile of boron, aluminum, calcium, iron, nickel, phosphorus, titanium and/or

zinc spedifetefreierebi¥dronn AbpRSpritadp ereyisieht spripRckally Heosu Bjée e oly twaigiient with
rare gartih fRigls inEdsiO /e Y BIORE R IR IUFOIRIH RSN S5 RARYIQHIPSIEBHIYIggresent

from the molten silicon. The invention also provides a composition which is especially suitable for use
in the 1580508 5&I48 ASIHARRERIFIREBRAABWIFR SR GLARHPRAYMFaHISY adtbiNRSas solar silicon or
for production of solar silicon and/or semiconductor silicon, said composition comprising silicon oxide
and silicon carbide and optionally a second carbon source, especially a pure second carbon source.

Useful pURiR@'SiRERG IR NetNEcRIyIsTebRIFHGaR dias cabeidelan@ qittiiety) aasbidhaaiarbon
source, ingudasiespadialiviiatidQseasifiedabayr aed ASRIERPHOAISe SRUSHES BB IVHENY be

requirements listed there. The silicon carbide may also be present in the formulation, according to the

abolR reRTERRTEY IS PalEMIRM D ArHSIPRARATP IR FdNP SR BRINVISAUITE BEHAHRD
about 0.0001% by weight to 29% by weight, preferably from 0.001 to 25% by weight,

more preferably from 0.01 to 20% by weight, even more preferably from 0.1 to 15% by
weight, especially from 1 to 10% by weight, based on the total weight of the reaction
mixture, especially comprising silicon dioxide, silicon carbide and a second carbon

15 source, and optionally further additives.

In stoichiometric terms, silicon dioxide can especially be reacted according to the
following reaction equations with silicon carbide and/or a second carbon source:
Si0;+2C —>S8i+2CO
26 Si0p+2S8iIC—>3S8i+2C0O
or
Si0,+8SIC+C —-28i+2C0Oor
Si0,+05S8SIC+15C—-158i+2C0Oor
Si0,+158IC+05C—-258i+2C0Oetc.
25
Because the purified silicon dioxide can react in a molar ratio of 1 mol with 2 mol of
silicon carbide and/or the second carbon source, there is the possibility of controlling the
process via the molar ratio of silicon carbide and of the further or second pure carbon
source. Silicon carbide and the second carbon source should preferably be used in the
30  process or be present in the process together in an approximate ratio of 2 mol to 1 mol
of silicon dioxide. Thus, the 2 mol of silicon carbide and optionally of the second carbon

source may be composed of 2 mol of SiC to 0 mol of second carbon source up to
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glass, especially quartz glass, in an extrudate and/or pellet, optionally together with 25further
additives. In further embodiments, the formulation may comprise silicon- infiltrated silicon carbide
and/or silicon carbide containing carbon fibers. These formulations 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
30invention, it is possible in this way to send silicon carbides, silicon carbide ceramics, such as
hotplatesy Biyitr) disk gyaterial, back to recycling. In general, these products, as a result of the
production, already have a sufficient purity. The invention may therefore 200800351 AL also provide
the recycling of silicon carbides in a process for preparing silicon. The binders used may be the

above- detﬁ'@?}@J@‘inﬁﬁﬂsoueéR??@Hyd@%@?ﬁ@%w@ébﬂ@@a%&g%b%srm"X‘iﬁ%ﬁié{ﬁ%h&‘ﬁ’&fﬁ for

producing the formulation. 5The invention likewise provides for the use of the silicon prepared by the

process &€68idmipttheanoBAtFHRRNSPHEE AR AT \Gigs cuilbiarbR Fsdehiconeliic GO
especially a5 RIAFIAGIBAGHA| {BCREEPRINGASIREAIgR ReactRRIdtRPIRfgBUSe in the overall
process according to the invention 10 The invention also provides a reactor, an apparatus and
electrodes, especially suitable for preparation of solar silicon or semiconductor silicon. In order to be
able 40 prepgye ilicon of high purity, it is necessary to use reduction 15furnaces by which
contaminafion with impurities can be very substantially avoided, more preferably prevented. Suijtable
reactord BapaiPATatus oFHHRKIFIOSIdRr exaMiRONRARIBREBE} A furtieANEHRRIBOTO prevent
contamination in the redugtigi,;it is proposed gherg in accordance with t@&iﬁ\ée(@ n to line the reactors
with the|pure to high-purity graphites, siliconicarbides, or else to manufacture the electrodes
therefrom. 20 The boron|, phosphorus, arsenic, aluminum, iron, sodium,”ﬂ)@ﬂ@ésium, nickel, chromium
content i§gforeach element in puresilicon capide; preferably from tegshan 5 ppm to 0:01 ppt;(by
weight),.and, in high-purty silicon carbide, especially from less than

No. 2 1 1.99999 0.00001
To fo
No. = 1 0.00001 1.9899

where SiC + C always

adds up o about 2 mol.

For example, the 2 mol of SiC and optionally C are composed of from 2 to 0.00001 mol

of SiC and from 0 to 1.99999 mol of C, especially of from 0.0001 to 0.5 mol of SiC and

from 1.9999 to 1.5 C for 2 mol, preferably from 0.001 to 1 mol of SiC and from 1.999 to
10 1 C for 2 mol, more preferably from 0.01 to 1.5 mol of SiC and from 1.99 to 0.5 C for

2 mol; it is especially preferred to use from 0.1 to 1.9 mol of SiC and from 1.9t0 0.1 C

for 2 mol 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
15 composition include preferably pure to ultrahigh-purity silicon carbides according to the
above definition, and generally all polytype phases; the silicon carbide may optionally be
coated with a passivating layer of Si0O,. Some polytype phases with different stability
can be used with preference in the process because they are allow, for example, the
reaction profile or the commencement of reaction in the process to be controited. High-
20  purity silicon carbide is colorless and is used in the process with preference. In addition,
the silicon carbide used in the process or in the composition may be technical SiC
{(carborundum}, metaliurgical SiC, SiC bonding matrices, open-pore or dense silicon

carbide ceramics, such as silicatically bonded silicon carbide, recrystallized SiC (RSiC),
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2.5 ppm to 0.1 ppt. The silicon carbide obtained from the reaction of a silicon oxide and 25 a pure
carbohydrate source, especially purified sugar, optionally with carbon and/or Siy0, matrices, more
preferably has an impurity profile as defined at the start of the description for SiC. A particularly
preferred pure to high-purity silicon carbide or a high-purity composition 30contains or consists of
silicon carbide, carbon, silicon oxide and optionally small amounts of silicon, the high-purity silicon
carbide or the high-purity composition having especially a contamination profile of boron, phosphorus,
arsenic, aglgpinony {rep, 200800351 AL sodium, potassium, nickel, chromium, sulfur, barium,
zirconium, zinc, titanium, calcium, magnesium, copper, chromium, cobalt, zinc, vanadium, manganese
and/or lead of less than 100 ppm for pure silicon carbide, preferably from less than 20 ppm to 0.001

pPt for igsaPh G 86 aTRR, MAIFERUBTEIRLN BRI ANRBEIAQ AL AR fitlaton to
|

the high-purity overall composition or the hiah-pung silicon carbide. The silicon carbide is more
|

preferabl¥staHealiro Rienasd sbirs sraakidarbt Sifeot Bxife) #itH @ p livkigapbasgdr e slirce,
especiallyinete sugRnaf dessitbed avenbuing-pdastipnihe silison sopsatsamhg gantrolled

via the reaction conditions or 10else by adding separate silicon. The silicon carbide is preferably
prepared(bMire FRERBIS BRYEIKEIRGSIS SO PHUBRMIGIYIRSOAT CRASBCCOH Pl ATHE HRsits for

aluminung, BN e GHETHIFRERNEHRINRE QRPRAF YR TRBIYMe SHBrapRbatP 8 Sigamefb graphite.
These are specifically: 15 horon less than 5.5 [pg/g|, especially in the range from 5 to 0.000001 pg/g,

preferabl) FERTI8950!808HEWY RN HRSr eSS P68 o' heorPisENE asRsdiRl ¥8Mthe invention

from lesschayiié4a-8108RLROAdeRNeSPROFUSJESS Hiad RiddPe/ dhelia RHEDO AANLPE RIS
preferably from 3 to 200.00001 pg/g, more preferably from |less than 1 to 0.00001 pg/g, according to
%”8?(5@@@1‘ %%%66

the inventiGYif6h fRakimipiRb VRS, BRRERIRANCPAFRRPRBAS Jordhe fipg/ty
preferablynEarySring?: 000D theeiehraarsddiRiesany N sRsIMab R ¢ tBifL0P 0 RalE, ARERFHINY to
the invention from 2 to 0.00001 pg/g, . . . .
10 {o recycling in the process according to the invention, provided that the total
contamination of the pure silicon prepared is attained. The person skilled in the art is
aware of how the total contamination of the resuiting pure silicon can be controlled by

addition of different batches and varying contamination profiles.

15 The contamination of the silicon carbide suitable for the process with boron and/or
phosphorus or with boron- and/or phosphorus-containing compounds is preferably less
than 10 ppm for boron, especially in the range from 10 ppm to 0.001 ppt, and less than
20 ppm for phosphorus, especially in the range from 20 ppm to 0.001 ppt. The boron
content in a silicon carbide is preferably in the range from 7 ppm to 1 ppt, preferably in

26 the range from 6 ppm to 1 ppt, more preferably in the range from 5 ppm to 1 ppt or less,
or, for example, in the range from 0.001 ppm to 0.001 ppt, preferably in the region of the
analytical detection limit. The phosphorus content of a silicon carbide should preferably
be in the range from 18 ppm to 1 ppt, preferably in the range from 15 ppm to 1 ppt,
more preferably in the range from 10 ppm to 1 ppt or lower. The phosphorus content is

25  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 disk materials or heat shields and further products,
the process according to the invention and the composition or formulation offers a

30 means of recycling these products after use or the waste or rejects obtained in the

production thereof in an elegant manner. The sole prerequisite for the silicon carbides to
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25- iron in the range from 100 to 0.000001 pg/g, preferably in the range from 60 to 0.00001 pg/g,
especially in the range from 10 to 0.000001 pg/g, preferably from 5 to 0.00001 pg/g, more preferably
from 2 to 0.00001 pg/g, even more preferably from below 1 to 0.00001 pg/g, according to the invention
from less than 0.5 to 0.00001 pg/g, 30- sodium (Na) in the range from 20 to 0.000001 pg/g, preferably
from 15 to 0.00001 pg/g, more preferably from less than 12 to 0.00001 pg/g, according to the invention
from less than 10 to 0.00001 pg/g, 200800351 AL potassium (K) in the range from 30 to 0.000001
pa/g, prefgiabiypisem b to 0.00001 pg/g, more preferably from less than 20 to 0.00001 pg/g,
according to the invention from less than 16 to 0.00001 pg/g, nickel (Ni) in the range from 4 to
0.000001 pg/g, preferably from 3 to 0.00001 pg/g, 5Smore preferably from less than 2 to 0.00001 pg/g,

accordin } wionfr } : ' )+l 4 to
000000 e B B Do e S e e

accordinG#KembitibaaHsHY [Bssahaye1sRroiioatansdry. HOP RN P RASRBAHS minimal
contamin@H@@MBﬁ*&Rﬂ&@CH@@@@&&@ fBQFPegﬁf@é@@%ﬁﬁ%&t}@&&%@%&\ﬂé&@@{a@mx less

than 10 ppb or less than 1 ppb. Test methods: 15Determination of the pH of the precipitation
suspensiBIfCEnEProRRAOH AN DROINESASD Feesiadnidaidzadiasmilican@piHepimafliebus

susp@nsisfe%ﬁi@?%aipégdgeﬁe@fef%ﬁ@9@,@%@%}@m thie R acasEmERotieupt gpeter (calimatic
atu

766 pH meter from Knick, with temperature sensor) and the pH electrode (N7680 combination
20electrdRfRIRBRINGEPRRY SR N BEESiRdaVESIng buffer solutions at 20C. The

All reaction participants, i.e. the purified silicon oxide, silicon carbide and any further
pure carbon sources may each be added to the process separately or continuously or

10 batchwise in compositions or formulations. The silicon carbide is preferably added in
such amounts and in the course of the process as to achieve a particularly economically
viable process regime. It may therefore be advantageous when the silicon carbide is
added continuously and stepwise, in order to mainiain a continuing acceleration of the
reaction.

15 The reaction can be effected in customary melting furnaces for preparing silicon, as

described at the outset.

As detailed above, the silicon carbide, according to the contamination profile of the
other reactants, can be used in the form of silicon carbide, in the form of pure silicon
20  carbide or eise in the form of ultrahigh-purity silicon carbide, or else as a mixture
thereof. The silicon carbides are preferably formulated beforehand in mixtures,
especially briqueted. It is generally the case that the more highly contaminated the

silicon carbide is, the smaller its amount will be in the process.

25  The process can be carried out in such a way that
a) the silicon carbide and purified silicon oxide, especially silicon dioxide, and optionally
a further pure carbon source are each supplied separately to the process, especially
to the reaction chamber, and are optionally then mixed, and/or
b) the silicon carbide, together with purified silicon oxide, especially silicon dioxide, and

30 optionally a further pure carbon source in a formulation and/or
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calibration function should be selected such that the two buffer solutions used encompass the
expected pH of the sample (buffer solutions with pH 4.00 and 7.00, pH 7.00 and pH 9.00 and, if
appropriate, pH 7.00 and 12.00). 25Determination of the content of impurities: Method description for
determination of trace elements in silica by means of high-resolution inductively coupled plasma mass
spectrometry (HR-ICPMS) (analogously to test report AOB0007580) 30 1-5 g of sample material are
weighed accurately to 1 mg into a PFA cup. 1 g of mannitol solution (approx. 1%) and 25-30 g of
hydrofluogisragid{epRrpx. 50%) are 200800351 AL added. After tilting briefly, the PFA cup is heated to
110C in a heating block, such that the silicon present in the sample as hexafluorosilicic acid and the
excess hydrofluoric acid evaporate off slowly. The residue is dissolved with 0.5 ml of nitric acid

(approx. p%: RS WiRtERDRIH Hegen R eXiBsSaluliRk (ARREMeBRIR Iop@RouAbARUr and

S5made up to 10 g with ultrapure water. To determine the trace elements, 0.05 ml or 0.1 m| is taken
from the digetisit d0IHBAEUIR kRieneeRES R AN B ORI & SO ERIRIRCs ARNEIRGn eI A& AR with
0.1 ml of in¢igra gelidiant (gl egdibas an internal standard and made up to 10 ml with dilute nitric
acid (approx. 3%@,. The preparation of these two sample solutions in different 10dilutions serves for

internal oftlality SESQAREELIIS 1R &ifgIRRSINENaME Liald Bise P E R TRARSRIERSURPHERIBH ©Imple
preperationaliyptineimie friscalse. nossHminImesk endy Wlagile SR aokgion Mutielsment stock

solutions (c = 10 mg/l) in which all elements to be analyzed apart from indium are present are used to
make up fol¥ SSRGS S8 RiGAPRNLIBSE 6181 e d SHRPHIH g8 with the addition of 0.1 ml of

indium solution (c = 0.1 mg/I) to end volume 10 ml. In addition, blank value solutions are prepared with
0.1 ml of indiur[%azq%%ution c=0.1 mg/il for end volume 10 ml. The element contents in the blank value,

calibratio‘ﬁsaﬁlﬁ Fﬂgt -Eﬁigl)\rstﬂﬁﬁ Bg@@ide, the silicon carbide and/or silicon oxide and

optionally at least one further pure carbon source can be supplied to the process as
10 material to be recycled. The sole prerequisite on the compounds to be recycled is that
they possess a sufficient purity in order to form, in the process, silicon from which solar

silicon and/or semiconductor silicon can be produced.

Equally, it is possible in the process according to the invention, in addition to purified

15 silicon oxide, also to use silicon oxides which are to be recycled and are of sufficient
purity. These include guartz glasses, for example broken glass. To take just a few,
these may be Suprasil, SQ 1, Herasil, Spektrosil A. The purity of these quartz glasses
can be determined, for example, via the absorptions at different wavelengths, such as at
157 nm or 193 nm. The second carbon source used may, for example, be virtually spent

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

The pure silicon prepared or obtained by the process according to the invention is,
according fo the invention, optionally after zone melting/controlled solidification, suitable
as solar silicon. It is preferably suitable a) for further processing in the process for

25  preparing solar silicon or semiconductor silicon.

The contamination of the silicon prepared with boron- and/or phosphorus-containing
compounds should correspond to the spectrum defined at the start of this description,
but may also be in the range from less than 10 ppm to 0.0001 ppt for boron, especially
30 inthe 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 10 ppb o 0.0001 ppt, after more preferably in the
range from 1 ppb to 0.0001 ppt and for phosphorus in the range from less than 10 ppm
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are quantified by means of high-resolution inductively coupled mass spectrometry 20 (HR-ICPMS) and
by means of external calibration. The measurement is effected with a mass resolution (m/Am) of at
least 4000, and 10 000 for the elements potassium, arsenic and selenium.  The examples which
follow are intended to illustrate the present invention in detail, but 25do not restrict it in any way. In a
general embodiment, the process for reduction of purified silicon dioxide can be carried out as follows
in a general process line. Proceeding from, for example, commercial waterglass, the waterglass can
be purifieghpggnsfiral step, diluting the 30waterglass, if necessary, with demineralized water to a
content of from 1 to 30% by weight, preferably from 1 to 20% by weight, more preferably from 2 to
10% by weight 200800351 AL and most preferably from 2 to 6% by weight. Solid constituents can be

removed {Ryocostemy B@%@e&m%%&%hg%&@ thase skiteddo thsarbrdfedegulingarharais then
a

passed through a strongly acidic cation exchanger, Sespecially accordlng to stegéc , and the active

silica in aiRFRPPRALWARN dRRERjEBRIERIETERM tRdNafiBRISEREN ]S B RIELIShRRe directly
to an aCi%i@tﬁlefé\%?’iﬁ%ﬁ@CriQH?é“ﬁ@Jﬁwoi-%pﬁ%gﬁbwﬁnﬁgﬂr}@éﬂ@&w pARerBativElyhin

accordance with the invention, gel formation may follow, especially by addition of ammonia. 10 The

resulting SITREhIBIBRRRI AR RWRslSHLIHBEJAeaM Ol IMREI 88saNR d R AERihg fREHER has a pH of
less thandbierefRiaddrsy Hhamd cWashingis sRMinvRd baththenapshiag Reesiey, after addition of a

few drops of H202, visually no longer has any yellow color; the purified silicon oxide can optionally be
dried. 15

According 1o the invention, the pure silicon has the contamination profile of boron,

aluminum, calcium, iron, nickel, phosphorus, titanium and/or zinc specified at the outset.

10 Appropriately, the molten silicon can be subjected fo a treatment with rare earth metals
in order to remove carbon, oxygen, nitrogen, boron or any other impurities present from

the molten silicon.

The invention also provides a composition which is especially suitable for use in the

15 above process for preparing silicon and whose guality is preferably suitable as solar
silicon or for production of solar silicon and/or semiconductor silicon, said composition
comprising silicon oxide and silicon carbide and optionally a second carbon source,
especially a pure second carbon source. Useful purified silicon oxide, especially silicon
dioxide, silicon carbide and optionally a second carbon source, includes especially that

20  specified above, and preferably also satisfies the purity requirements listed there.

The silicon carbide may also be present in the formulation, according to the above
remarks, a) in pulverulent, particulate and/or piece form, and/or b) present in a porous
glass, especially quartz glass, in an extrudate and/or peilet, optionally together with

25  further additives. In further embodiments, the formulation may comprise silicon-
infiltrated silicon carbide and/or silicon carbide containing carbon fibers. These
formulations are preferable when corresponding silicon carbides are fo 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

30 invention, it is possibie in-this way to send silicon carbides, silicon carbide ceramics,
such as hotplates, brake disk material, back to recycling. In general, these products, .as

a result of the production, already have a sufficient purity. The invention may therefore
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However, it is preferably admixed at least partly with with in the moist state with crystalline sugar (pure
carbon source), and optionally with a thermal black and siloxanes as a binder. The resulting pasty
mixture is, for example, shaped in an extruder and sent to at least partial drying. According to the
invention, the moist silicon dioxide is 20mixed with silicon carbide and optionally sugar, shaped and
then dried or calcined, in order to be sent to the reduction step as a formulation, especially as a
briquet. In a preferred alternative, the aqueous phase of the active silica which emerges from the
cation exghapgesgiagiform a gel. The gel is formed under argon and can preferably 25 be accelerated
by adding purely organic amines or ammonia. The resulting briquets may then be pyrolyzed in order to
obtain a pure carbon source comprising active carbon. The pyrolyzed carbon (active carbon) is added

to the lateyigy QrESRIEOHRI PBBYEIth g tF AN FiYIRNEdD entRepRIRLBRGHN aSHiFR] SHREHCHHE . 30A

further portion of the briquets can be pyrolﬁzed and calcined in order to prepare silicon

carbide-CHREFRTIEEITIEY PPHESAORISHciFd iR n eSS & agaedd e RS ses
accordingyighibeHerientionaliataiebriass il the IRAUSH oROfdRauIRBPO0351 AL proportion of carbon

monoxide in the actual reduction step to the pure silicon. The further function of the silicon carbide is
that of an activator, of a reaction accelerant and for improving the conductivity. 5To reduce the purified
silicen digxidanpspiRsankeisgiveniaridiecting isigueinsemesisipe: e avbladsiiessedipxide,
thermal black and sugar, and also briquets, to the aforementioned pyrolysis and reducing briquets

which haB&IRL8ITS8 806 PBIFSI@ AT e AR $RIRS SRS ART QMR A RIEES R around
1800C. Téepaditifipnottbespiliny metsbidlesopiephaay bsiasemiderlirectly control the gas loading of
10the process with carbon monoxide. According to the invention, the reaction is effected in a light arc
furnace with a reactor in the sandwich design mentioned, in which the inner lining is composed of
high-purifgeitonscathigsid keraleridiscusedralbgrietesd i aasmpnicd gilichvitiligied silicon
carbide electrodes with a carbon fiber content. At the metal tap, molten silicon may be discharged,
Whi?:?l, if required, can be sent to 15controlled solidification. The resulting silicon had the required

purity forBoedainsdindon also provides a reactor, an apparatus and electrodes, especially suitable

for preparation of solar silicon or semiconductor silicon.

In order to be able to prepare silicon of high purity, it is necessary to use reduction

16 furnaces by which contamination with impurities can be very substantially avoided, more
preferably prevented. Suitable reaciors and apparatus of this kind is, for example, the
subject of a further invention. To prevent contamination in the reduction, it is proposed
there in accordance with the invention to line the reactors with the pure to high-purity
graphites, silicon carbides, or else to manufacture the electrodes therefrom.

20
The boron, phosphorus, arsenic, aluminum, iron, sodium, potassium, nickel, chromium
content is, for each element in pure silicon carbide, preferably from less than 5 ppm to
0.01 ppt (by weight), and, in high-purity silicon carbide, especially from less than
2.5 ppm to 0.1 ppt. The silicon carbide obtained from the reaction of a silicon oxide and

25  a pure carbohydrate source, especially purified sugar, optionally with carbon and/or
SiyO, matrices, more preferably has an impurity profile as defined at the start of the

description for SiC.

A particularly preferred pure to high-purity silicon carbide or a high-purity composition
30  contains or consists of silicon carbide, carbon, silicon oxide and optionally smail
amounts of silicon, the high-purity silicon carbide or the high-purity composition having

especially a contamination profile of boron, phosphorus, arsenic, aluminum, iron,
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Steps ¢), d), d.2), d.3) will be explained hereinafter in more detail for a process in which these process
steps are carried out successively in order to arrive at a purified silica sol 20suitable for gel formation.
The person skilled in the art is aware that, a the silica sol is used as a binder, the sol may receive a
higher binding strength when the particle size of the colloidal silicon dioxide in the sol is smaller. On
the other hand, the sol is less stable when the particle 25size of the colloidal silicon dioxide in the sol is
smaller. Therefore, to compensate for the latter disadvantage, the SiO2 concentration in the sol has to
be reducego®ds 1mgeneral, the sol is used as a binder, it is desired to have a sufficient binding
power, with the presence of a high SiO2 concentration. With regard to the patrticle size distribution of
the colloidal silicon dioxide in a sol, a broad size distribution would impart a higher 30binding power to

the sol thasdausiigantiaxide witha, Rirowisiae distibuipnim? GA3EARR: AMnthEtarasesTRsBreparing
a purified silicon oxide may proceed via the formation of a stable aqueous silica sol with an Si02

concentr AN SePBES0Sh IR WETyHICRRE HHIEN EOREIHE oiReNgaRR AR et dRadehiasally
metal oxigem HEm SHaIBrdioxdsiiesh GnauBt pferpRMreriasssand iyhishthecolgigytsticon

dioxide grains have a S5mean patrticle size of from 10 to 30 nm (nanometers). The alkali metal silicate

for use i EEFPY Y FilCRREREIMRa IS RIEIRM RN I b GiFaReS do HPRE R OSBRI Broduct,
but prefererer is Bives R \Watry-sokikik clkalidariah Siltatemah pumglalicsie @frsiliron to alkali

metals, as present herein, of from 10approx. 0.5 to 4.5 as Si02/M20 (in which M is an alkali metal,
especially sodium or potassium). Especially for the preparation of the purified silicon oxide as a cheap

industrialprediiteidn aarifdustiialseaigdiaahisashmeaergingsd sasabwith prafafrRrCcsIwdNCch is a
a20 of from approx. 2 to 4. 15 However, the

cheap industrial product, and has a molar ratio of Si02/
commerc U ELH AL LI IIE ALY SReRRGIa BLRaASRknED LSRR AOE, especiall
metal oxijesinganesitenishoxidesicitnnisiieninan snasitefddnapiy axabithtedidhppm,
oclh wr AR AR EH B RAANG cin ARGIPIEAR AFEILS BrhCH PRl s THETSEIAIGR: metal
oxides, forezesspissibihecahbvirufortppepairironstiipen ibansites.in a concentration of from 2 to 6% by
weight as the 3i02 content, which originates from the silicate.
Corresponding limits for aluminum, boron, calcium, iron, nickel, phosphorus, titanium,
zinc apply to a high-purity graphite. These are specifically:
15
-~ boron less than 5.5 [pg/g], especially in the range from 5 to 0.000001 ug/g, preferably
from 3 to 0.00001 ug/g, more preferably from 2 to 0.00001 pg/g, according to the
invention from less than 2 to 0.00001 pg/g,
- phosphorus less than 5.5 [pg/g], from 5 to 0.000001 ug/g, preferably from 3 to
20 0.00001 pg/g, more preferably from less than 1 to 0.00001 ug/g, according to the
invention from less than 0.5 to 0.00001 pg/g,
- aluminum in the range from 4 to 0.000001 ug/g, preferably from 3 to 0.00001 ug/g,
more preferably from less than 2.5 to 0.00001 pg/g, according to the invention from 2
to 0.00001 pg/g,
25 - iron in the range from 100 to 0.000001 ug/g, preferably in the range from 60 to
0.00001 pg/g, especially in the range from 10 to 0.000001 pg/g, preferably from 5 to
0.00001 pg/g, more preferably from 2 to 0.00001 pg/g, even more preferably from
below 1 to 0.00001 ug/g, according to the invention from less than 0.5 to
0.00001 pg/y,
30 - sodium (Na) in the range from 20 to 0.000001 ug/g, preferably from 15 to
0.00001 pg/g, more preferably from less than 12 to 0.00001 pg/g, according fo the
invention from less than 10 to 0.00001 ug/g,
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The strongly acidic cation exchange resin of the hydrogen type for use in step c) may be any which
has been used to date for removal of alkali metal ions from waterglasscontaining aqueous solutions,
and this is readily available as a commercial product for industrial use. One example of the resin is
Amberlite IR-120. In step c), the abovementioned alkali metal silicate-containing, aqueous solution is
contacted with the abovementioned strong cation exchange resin of the hydrogen type. 200800351
AL The contact is preferably effected by passing the aqueous solution through a column filled with the
ion exchangresinjegpecially Amberlite0 IR 120, at from 0 to 60C, preferably from 5 to 50C, and the
solution passed through the column is recovered as an active silica-containing, aqueous solution with
an Si02 concentration of from 2 to 6% 5by weight and a pH of from 2 to 4, in step d). The amount of

the strongly sl eHoR XN ERGRSIFLA! U BIGIRIRIDY B bR ASY hhibis guffcient for the

exchange of all alkali metal ions in the alkali metal silicate-containing aqueous solution for hydrogen

ions. The rateORARfAit/MereIaRIF R BRYSERTHIBEY M 2O nthUSR ruriBIPRERicRE S E to 10

per hour as i apagshveirsiisYMRan te weauliit® Phrps, d) already has a 10sufficient purity of
polyvalent metals, it may be sent to a gel formation, especially by addition of ammonia. If this is not the

case, a stroRiFERldNG iRghs Rgnasriamdadt QR eyarsrafsrrPitioRAd2 S P8RR IsusFic acid is
addeq in stepd}e hses- i \iEie asid ithpariadlardeddrthe most Asedatiet fPrdnereasihe flen

percentage of elimination of the aluminum and iron content. The strong acid is added to the active
silica-contail$i®R) HGebadpR-LR08Y BB(dined after step d), before the phase decomposes after being

obtained, arghisrarafaratlyindeeddnyBarintely fteoddo®@biaing dorkheranppwiiefie strong acid to be
added is such that the pH of the resultin%{solution is within a range from 0 to 2, 20preferably from 0.5

to 1.8. After QBN tPPR REETRIREN THR B e KA Fel® YtHe/908ecREFRB RS from

0.5 to 120 hipgystidiefesrangsacidincation extingg/kesin of the hydrogen type used in step d.2) step
2) may be the same as used in the preceding step ¢). The strongly basic anion exchange 25 resin of

the Hydrdx§f GEdB SVeRR PdNERE) 99NEREUeAIRN AHTRNRPAIR AN, FREBRISPNRich has been
used to deteréraEayTIevalthhANIQ0SBAM MAdsISieEaHiRE Sahand Gpeh anmasertabis 1easHy

obtainable as a commercial product. In step d.2) step 2), the aqueous solution obtained in step d.2)
step 1) is first contacted

Test methods:

15  Determination of the pH of the precipitation suspension

The process based on DIN EN I1SO 787-9 serves to determine the pH of an agueous
suspension of silicon dioxide.
Before the performance of the pH measurement, the pH meter (calimatic 766 pH meter
from Knick, with temperature sensor) and the pH electrode (N7680 combination

20  electrode from Schott) should be calibrated using buffer solutions at 20°C. The
calibration function should be selected such that the two buffer solutions used
encompass the expected pH of the sample {(buffer solutions with pH 4.00 and 7.00,
pH 7.00 and pH 9.00 and, if appropriate, pH 7.00 and 12.00).

25 Determination of the content of impurities:

Method description for determination of trace elements in silica by means of high-
resolution inductively coupled plasma mass spectrometry (HR-ICPMS)
(analogously to test report AOB0007580)

30
1-5 g of sample material are weighed accurately to + 1 mg into a PFA cup. 1 g of

mannitol solution (approx. 1%) and 25-30 g of hydrofluoric acid (approx. 50%) are
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30 with the above strongly acidic cation exchange resin of the hydrogen type. The contact is effected
preferably by passing the aqueous solution through a column filled with the abovementioned strongly
acidic cation exchange resin of the hydrogen type in an 200800351 AL amount sufficient for ion
exchange of all metal ions in the solution, at from 0 to 60C, preferably at from 5 to 50C, and at a space
velocity of from 2 to 20 per hour. Subsequently, the resulting aqueous phase, preferably immediately
after it has been obtained, is contacted in step d.2) step 3) with the abovementioned strongly basic
anion Sexghangssresig of the hydroxyl type at a temperature of from 0 to 60C, preferably from 5 to
50C. The contact can also be effected by passing the aqueous phase through a column filled with the
abovementioned strongly basic anion exchange resin of the hydroxyl type at a space velocity of from 1

to 10 per g ThBERBHIHRDABHEONR SotATRR sanhivamadiately afier ik inohtainghdre SaMapted with

the abovementioned 10strongly acidic cation exchange resin of the hydrogen type at from 0 to 60C,

preferabl{BcticPfh BeeentB HumarTeim Aty rieitics sridsng the sxcesadyiaibiai®ugh a
column filigghwila Sop-AbRYESNSRNONeMR FEaRAlY ACHIGGRIRNAYERAH9R WS AE ﬁ@dﬂ%@&%@ type in an

amount sufficient for the ion exchange of all metal ions in the solution, at a space velocity of from 1 to

10 per hir/a@stadentjrane ahhEBiRIpRaAoKirR spinad apriey $oYaily ahard theueanRing

solution igaachy g siirg-aaRtaining agupsies phase with an 5102 concentration of from 2 to 6% by
weight and a pH of from 2 to 5. This is then used in the next step d.3) step 5). The aqueous phase

composelOFSRITIRGJiRdiRRe GleprisuRaR BHid Lt dsiaveadipadhedisesich wiWaied by
dissolvinghsosivneAuel texi@ecpraRoiaesi Fb ey dsm efsaeprntereiaharaskdel fafHTdysiiduse, which

preferably has a purity of 95% or more, in decationized industrial water, preferably in a concentration

of from 2'R5BE9SBIHIRMIR. 79 tdpHi BRERP Beine sTanmiR i< arskmadspotadiun with dilute
hydroxiderigoaatiinG gskes0 B3/S0 e h i palded toohp asdive S iliemprntaiRinerRdHesHE eefution, as

250btained from step d.2) step 4), preferably immediately after it has been obtained, in a molar ratio of

) :
sio2v2 S BEHIIR 8BUSS0R IR MIEARARIHER R BnEF iV CHAE LIRS Ma%s Bes¥tected at a
temperatiigds theHanrgedsorOertpRAanibiprisiesably. sariesabal RuRENRREBIENS (RbA

possibly sh rter,}geriod. The addition allows a stabilized active silica-containing aqueous solution with
an 5i02 cORYHIFA AP SFBDAPHHOBos by weight and a pH of from 7 to 9 to be obtained. Even

though theiatisrpueRAcE Uk AIteRAIEE iScstalle fanshieRtneiogtdhis preferaklesedhpdhe next
step d'g)f?(t)%ﬁ) %)d‘;’&'ﬁrﬁ‘ igrgoppé)suergf azrgou8soeoc? 1%1r§ela'ke up four calibration solutions (¢ = 0.1; 0.5; 1.0;
15 5.0 pgfl), again with the addition of 0.1 ml of indium solution (¢ = 0.1 mg/l) to end
volume 10 ml. In addition, blank value solutions are prepared with 0.1 ml of indium
solution (¢ = 0.1 mg/t) for end volume 10 mi.
The element contents in the blank value, calibration and sample solutions thus prepared
are quantified by means of high-resolution inductively coupled mass spectrometry
20 (HR-ICPMS) and by means of external calibration. The measurement is effected with a
mass resolution {(m/Am) of at least 4000, and 10 000 for the elements potassium,

arsenic and selenium.

The examples which follow are intended to illustrate the present invention in detail, but

25  do nof restrict it in any way.

In a general embodiment, the process for reduction of purified silicon dioxide can be

carried out as follows in a general process line. Proceeding from, for example,

commercial waterglass, the waterglass can be purified by, in a first step, diiuting the
30 waterglass, if necessary, with demineralized water to a content of from 1 to 30% by

weight, preferably from 1 to 20% by weight, more preferably from 2 to 10% by weight
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The apparatus for performing step d.3) step 6) may be a customary acid-resistant, alkali-resistant and
pressure-resistant vessel which is equipped, for example, with a stirrer, a temperature control device,
a liquid level sensor, a pressure reducer, a liquid 5feed device or vapor cooling device. In step d.3)
step 6), all or a portion (1/5 to 1/20) of the stabilized active silica-containing aqueous solution which
has been obtained in step d.3) step 5) is first introduced into the vessel as a stock solution. In
industrial scale production plants, it is preferred that the entire aqueous phase from the present step is
used as thgmiooksolyiion, and a further stabilized active silica-containing aqueous 10phase is
prepared separately by the abovementioned continuous steps a) to d.3) step 5). The newly prepared
aqueous phase, in an amount of from 5 to 20 times the stock solution, is used as a feed solution within

30 hours gfigriBeSeRAND HrABAALRNETIRY Wefed SUuHUbNMIEBRNIRS BERIAGHSY Byportion of

from 1/5 to 1/20 of the solution as prepared in the preceding step d.2) step 5) is used as the stock
solution iF4HEPMESY Elissiag BrecRIRaMINY WGBSR ph kiR iBdh8 feed solution. The liquid
temperature in step d.3) step 6) in the interior of the vessel is set to from 70 20to 100C, preferably to
from 80 to 100C, while the internal pressure of the vessel is contralled such that water can evaporate

from the QA ERIIEPS ANRSHE EoFrRBRREHH RRYEET FlECRAY PHEIBRRECR SALHIESH and the
remoyal rgép&ditg Weter Gvianerated areaadiunted @hehdinah theamenns ehidddywilhreryessel

remains constant and that the feed of the feed solution can be ended within a period of from 50 to 200

hours. THI'SSSRA N SR BEENGSE Seared srnirsriife EDalorias Wig drint s out

constantly st ROEUOMSY D Rid RS Haim EoR IsStaifled). step 6), but they are preferably carried out
in such a way that the amount of the liquid within the vessel remains constant during the step. It is also

likewise PrafERRUVEYt IR RSO RRE DR R YBRARM AFhIGHERINREIRY 38'PHe SHRFIR M AMic
cation exghangaresghahthedydrogen type for use in step d.3) step 7) may be the same as that used

in th1% preceding steps c) and d.2) step 2). The

The resultihg silicon dioxide can be removed subsequently, in which case the washing
medium has a pH of less than 2, preferably less than 1. Washing is continued until the
washing medium, after addition of a few drops of HO,, visually no fonger has any
yellow color; the purified silicon oxide can optionally be dried.

15
However, it is preferably admixed at least partly with with in the moist state with
crystalline sugar (pure carbon source), and optionally with a thermal black and
siloxanes as a binder. The resulting pasty mixture is, for example, shaped in an extruder
and sent to at least partial drying. According to the invention, the moist silicon dioxide is

20  mixed with silicon carbide and optionally sugar, shaped and then dried or calcined, in

order to be sent to the reduction step as a formulation, especially as a briquet.

In a preferred alternative, the aqueous phase of the active silica which emerges from
the cation exchanger may form a gel. The gel is formed under argon and can preferably

25  be accelerated by adding purely organic amines or ammonia.

The resulting briquets may then be pyrolyzed in order to obtain a pure carbon source
comprising active carbon. The pyrolyzed carbon (active carbon) is added fo the later
process for preparing silicon to improve the thermal and/or electrical conductivity.

30 A further portion of the briquets can be pyrolyzed and calcined in order to prepare
silicon carbide-containing briquets. These silicon carbide-containing briquets are added

to the processes according to the invention at a later stage for the reduction of the
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200800351 AL strongly basic anionic exchange resin of the hydroxyl type for use therein may likewise
be a customary anion exchange resin, which is the same as used in step d.2) step 2). The stable
aqueous sol can be contacted with the ion exchange resin in step d.3) step 7) in the same way as in
step d.2) step 2). Particular preference is also given to 5contacting the aqueous phase obtained from
the contact with the anion exchange resin with the cation exchange resin. The amine or preferably
ammonia for use in the step for gel formation may be a commercial product for industrial use, but it is
preferably@highzpyrity product. It is 10desirable that it is used in the form of aqueous ammonia with
an ammonia concentration of from approx. 5 to 30% by weight. Instead of ammonia, it is also possible
to use quaternary ammonium hydroxides, guanidine hydroxides or water-soluble amines. However,

ammoniayie BERIRIRESF B=9508 o REEEH thatdtisacdndesheddprisnaeiitreasmism I the gel

formation, the abovementioned ammonia is added to the aqueous sol, in step b.2), b.3) or after step
d.3) step'BitipiefR@ignAhibai st acsrvimisitirbetive aivsondindradirheerea@nhand
temperatige; effforhe ind e8kabttigypreferably carried out at room temperature. The amount of
ammonia to be added is preferably such that 20the resulting silica sol may have a pH of from 8 to
10.5. Optionally, an acid or ammonia salt which is free of any kind of metal components may be added

'o the auyequsinbasse eperaliledhersict deriferb-oats amew ol a0 bAglRss. The mean
e

particle size of the colloidal particles in the silica sol is calculated via the 25 specific surface area which

is measureI RSN HERRESR IR GHeddc oiiaBRanRIReH 2 L¥REIRRBETONRERIRISTIR size of
the colloigid prstistesiRinbE Qpﬁﬂw@sﬂaﬁmga@ﬁ@)r@ncﬁq@w@bé pdisa sobpiiirinad in the gel
wnic

formation in steps b.2), b.3) or after step d.3) step 8), h has a mean patrticle size of 10 nm

(nanome B9 YRISAN B SHAE RN AR R GRIAGPEH R B hFHa HTPATR R SRUBCa P04 hite

30(nanomgtriishUf tadhalimsxisawpidesstielie sizeanfmpnied #OdwadinpbomeIEiaD gad padiHessilica
has a particle 200800351 AL size

sol, which has a mean particle size of 30 nm (nanometers .
disttfbutid %@ﬂ%ﬁﬁﬁﬂﬁﬂ@ﬁﬁrﬁ@@%‘i@or&mwa@n BTN Rt SRS RS TR IRBRTIRT Hrticle
size of appligkt 6:ritaasanieierssactor in the sandwich design mentioned, in which the inner
fining is composed of high-purity silicon carbide. The electrodes used are preferably
segmented, silicon-infiltrated silicon carbide electrodes with a carbon fiber content. At
the metal tap, molten silicon may be discharged, which, if required, can be sentto
15 controlled solidification.

The resulting silicon had the required purity for solar silicon.

Steps c), d), d.2), d.3) will be explained hereinafter in more detail for a process in which
these process steps are carried out successively in order to arrive at a purified silica sol

20  suitable for gel formation.

The person skilled in the art is aware that, a the silica sol is used as a binder, the sol
may receive a higher binding strength when the particle size of the colloidal silicon
dioxide in the sol is smaller. On the other hand, the sol is less stable when the particle

25  size of the colloidal silicon dioxide in the sol is smaller. Therefore, to compensate for the
latter disadvantage, the SiO; concentration in the sol has to be reduced. When, in
general, the sol is used as a binder, it is desired to have a sufficient binding power, with
the presence of a high SiO; concentration. With regard to the particle size distribution of
the colloidal silicon dioxide in a sol, a broad size distribution would impart a higher

30 binding power to the sol than a silicon dioxide with a narrow size distribution.
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In a preferred process, an aqueous phase of an alkali metal ion-free active silica is 5formed when the
alkali metal silicate-containing aqueous phase is contacted with the strongly acidic cation exchange
resin of the hydrogen type. The active silica in the aqueous solution is present in the form of silica or
oligomers thereof with a particle size of 3 nm or less, and the aqueous solution is unstable, such that it
gelates within approx. 100 hours, even in the presence of polyvalent metals such as aluminum. The
higher the 10 Si02 concentration in the solution or the higher the temperature of the solution, the
greater thesteraso which such instability is observed. When, accordingly, a large amount of silica sol
is to be prepared in an industrial plant, it is advisable that the concentration of the active silica in the
aqueous phase to be formed in step a) or ¢) does not exceed approx. 6% by weight, and that the

aqueous Phasgoubighibasrueitiad aredused Sideansestradippisdesnekatmiempedtyre.
When, more particularly, the alkali metals gr polyvalent metals which are present in the raw material
are oS ATECHE TEAG OIS &l o e DA S A OUa BBV fom e
particles wieracpieisssolbdio psihosieriherstaes bayedaiBlatively dvdsoneenirsitioon stiekidaanthe
polymerization of the gsilica in the solution barely proceeds. 20Moreqver, with regard to the avoidance
o1 oracudt DEPMATLACLPING G SwA 1 UL A e S IBHIE GRS i/ Eire
aquepus rpelaitigafdleesactive Riicafonmaed soylhherisestels early as possible after formation in the
next step. An Si02 concentration in the active aqueous silica solution of less than approx. 2% by

weight is inefficient, since the amount of water to be removed during the concentration step of the

25silica sphavhikblisiethedtivarditataswpuiddpedpofiiichrdosieprily the Sigdnosenbatainaiithe
alkali metal silicate-cont inin%a\ﬂugous olutj
SHEG

lution is adjusted to from 2 to 6% by weight before it is
TN e YS!
contacte& WitIF e CEHIR' &X PERA LR RET f#f@féiﬁisc%@éh PRV fﬁé)zli% 8lieLo1ution of
the activersitisicsficatedaittstemo)amegtibeofreiic@riadikiay weitiis, andsushrihastbim asfifiem
silica-containin oys.pbhase th formed be used djrectly in the next step,d.2) immediatel
e dobkepick ettt aie il e e Mok e
addition pbéassioma. E20@80055bhdrpsteriitmecd due qusifiba sditosupyptiedto aheheation exchange

resin-filled golgmn whg@cs,?refer%gt%s din thli sg?psg%i\é%\)% ou?l at a solution, flow rate of from

approx. 10T “&’aP Rour aksi r?ensisace Ve osccft%}?va rémo %eé' Si SI?/ErSe}é%ﬁ/%IV' grge 5amount of

metal iongréfamethe soluitbrisia addidpmdus tesied titht dnel $astiomteanpatatufeS £ istia Xab0C,

such tha}l%%eésypspa/ pgly(gnfrization, rise in the viscosity or gelation of the active silica solution occurs
during the passage )ﬁirough'the column. In steps c), d), d.2) step 2) and d.2) step 2) to d.2) step 4), no
partigular conditions are needed to stabilize the active silica-containing agueous phase. It is therefore

Important 4ote, R R S AR A ML A8 PR S5 P IR AN (D ISTRPSIF LR IR AReRR Steps:
polyvalent metals, especially metal oxides, than silicon dioxide as impurities in an
amount of from approx. 500 to 10 000 ppm, based on the SiO; content in the
waterglass.

20
In step c), an aqueous phase of an alkali metal silicate is used, which is obtained by
dissolving an alkali metal silicate which contains the polyvalent metal oxides, for
example of the aluminum type or iron type, in water in a concentration of from 2 to 6%
by weight as the SiO; content, which originates from the silicate.

25
The strongly acidic cation exchange resin of the hydrogen type for use in step ¢) may be
any which has been used to date for removal of alkali metal ions from waterglass-
containing aqueous solutions, and this is readily available as a commercial product for
industrial use. One example of the resin is Amberlite IR-120.

30
In step c), the abovementioned alkali metal silicate-containing, agueous solution is

contacted with the abovementioned strong cation exchange resin of the hydrogen type.
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The strong acid to be added in step d.2) step 1) has the function of converting the contaminating metal
components, such as alkali metals or polyvalent metals which are bound to the active silica or to the
interior of the polymer thereof and which are not 15present in the form of dissociated ions, to
dissociated ions in the solution. Since the active silica has a lower degree of polymerization, the
polyvalent metals can be extracted readily from the active silica. It is also desired that the addition of
the strong acid to the active silica-containing aqueous solution which is obtained in step c) is
completezDas@agtytaalpossible. 20 If, however, the amount of the strong acid to be added was
increased such that the pH of the resulting active silica-containing aqueous solution becomes less
than 0, the removal of the anions in the subsequent steps d.2) step 2) to d.1) step 4) becomes difficult,
even thotigle dunteot v alrefdhebimettibctad ionemssimytiieepseseotsiepldiR)rsteagh hwollchhe

improved. If, moyeaver, the strong acid is added in such an that the pH of.the resulting solution
becomegipﬁa‘grélv {La&‘a,iﬂpeeéﬁé thESTEnToRrAT %ﬂ&eﬁ\@gﬁﬁ%ﬁj{%n@s %?ei%%mé)sp ()é;)Br. t,113\’mong the
strong agidsiandhity dcpehhBiscaiiidicatadlyhkighlatibarpmsedidvalighritedatalompdaests \areld as
aluminurgr(]:ora%%n&i\ttésagr i,rﬁnig%mpongng% Th e%ctio\r,\vﬁg the étﬁngo%cid f%r iemO\f?l of t%i %%/alent
metal 30 coﬁlponen 9188 pengsao% fe tc’e?‘r?%%}gpure Brihe pl) 38 AR 12 RO MENT Hine. en,
for exampleywthig e ampt eapeoSfloom DttoH4 OC sthp tedtheatvne i sfribm ditoiogh2Bdidigrsatidren the
former is from 40 to 60C, latter, is preferably from 2 to 200800351 AL hours, and when th
former R TP RSt S0 s S G B R e e L e el A e
strong acid alelia@Ebiogedpéiod)ithk vistal stioaf ¢hecadaiems ahaseus adidiise forihydolgegelate.
5In step d. metal ions which have dissolved in.the splution and the anions
fom the S8 2 A ah AL S T RS S S St 5 8T 8 e o
exchangeppsin. THe 46lpeorhfronathe fipstaeatielo aikcHalgs rdw e dtime pheeetaipsithadniarsof the

id added.i ‘ , : L o lution.
e Do B e B, e B P R e, e et
may  addition of ammonia.

if this is not the case, a strong acid comprising inorganic acids such as hydrochioric
acid, nitric acid and sulfuric acid is added in step d.2) step 1). Nitric acid in particular is

15 the most preferred for increasing the percentage of elimination of the aluminum and iron
content. The strong acid is added {o the active silica-containing aqueous phase, as
obtained after step d), before the phase decomposes after being obtained, and is
preferably added immediately after it is obtained. The amount of the strong acid to be
added is such that the pH of the resulting solution is within a range from 0 to 2,

20 preferably from 0.5 to 1.8. After the addition, the phase is kept at a temperature of from
0°C to 100°C for a period of from 0.5 to 120 hours.

The strong acidic cation exchange resin of the hydrogen type used in step d.2) step 2)
may be the same as used in the preceding step ¢). The strongly basic anion exchange
25  resin of the hydroxyl type used in step d.2) step 2), especially Amberlite® IR 440, may
be any which has been used to date for removal of anions from a customary silica sol,

and such a material is readily obtainable as a commercial product.

In step d.2) step 2), the aqueous solution obtained in step d.2) step 1) is first contacted
30  with the above strongly acidic cation exchange resin of the hydrogen type. The contact
is effected preferably by passing the agueous solution through a column filled with the

abovementioned strongly acidic cation exchange resin of the hydrogen type in an
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be such that the solution has a pH of from 5 to 7. In this case, however, the solution would gelate
within approx. 1 hour. The two-stage treatment with the cation exchange resin which is carried out
after removal of the anions from the solution by treatment with the anion exchange resin can also
advantageously remove such undesired dissolved 15metal ions. Since the active silica-containing
aqueous phase from step d.2) step 4) is so unstable that it gelates within 6 hours, it is employed in the
next step d.3) step 5) as soon as possible, preferably immediately after formation of the solution.
When theaosagdsaf e 20amount of sodium hydroxide or potassium hydroxide to be added to the
unstable active silica-containing aqueous phase is less than 60, based on the molar ratio of Si02/M20,
the active silica is readily polymerized and, as a result, the growth of the particles in step d.3) step 6)

would bednasifficianfieldiersoldaraxenarpiddbba ursiabliend/itmdsvigush, e therothey e, the
amount is 8?8?%? I thaft the molar ratio is more than 25200, _it wgg_ld be impassible to increase the
r

particle sf2& ISURISHEON ¢oA0E PERIERAC L VEIRH MO HAMiAdDRAREIN MM ed in the same
way as irssiegedddisigpthd Reitimpughibesehtion phtadradlinisiadidipiema) is siadader quite a

long period at room ter&&gg&gt@u e, theé)ol merizzzgifon of the active silica_ therein would be accelerated at

a high tefiParaste'Sie 1 pERiClfrR et Vel thatane SRRARAIPOBARE A SR 508 Step 5)
is %@'ﬁ@ﬁmﬁa@:@@mgtﬁ@ﬂtﬁé $ieirOXxithhe 30 Q@#ﬂﬁpé?ﬁ@f@fﬂﬂ r?dﬂywl:&xf@-q m&gﬁmg hwhﬁoxlide
to be a in st .3) step 5) gives rise to a higher growth rate for colloidal silicon dioxide particles
(0.0 sire LG B0 L5 4GP O R0 BOCHRASY AL RASH 10y S aE RO PARPAO G mple
twice thateiumeriamy tihathwitibibessasne sneldsamayinteinthetibasesruticasamatania or amine.
Owing to,such a high growth rate, the feed rgte of the feed solution jn step d.3) step 6) 5can be
increasea}/gpmf( &%&ﬁ&%%a&%e"ﬁﬁ)?ﬁé gﬁ?krg@of g ?ﬁepgﬁd‘B%din@PJc%&pal%%?é)tfﬁé“iﬁvention is
thereforesinicitéasedipiamexdismpinhightde gisaina@dsiticoy thetdeagittotoé thedeseshsatigian which is
to be carried out at such a high rate in step d.3) step 6), is also advantageous, with regard to t
e At RS ST B S RE S PR ER 4P Do PAREFIGDY
broadenifrgrafihte pafikld sizediidistibutmis@btheffevticlds/thatimd tisiemdad)siemadcvilaiendh
evaporated from the sql f d simultaneously with the feeding of the feed solution. The evaporated
ater o BB B e et Sl SAC SR e SHHE PR Lol Rontrated
silicq solhbfdi'@gkiiquiplg:teWamme_mmqﬁfidiémsteptﬁﬁimmwﬂhagé o0Caltheatall@idal isiltben dioxide
particles g&r&ﬂg}]ggqvg] %%g'cc;:ée\r}él%gi]tgt/hcaef ?rr(])an%el %H%tB%F Wc?ur. Subsequently, the aqueous phase

15 is obtained in step d.2) step 4), and the resulting solution is an active silica-containing

aqueous phase with an SiO; concentration of from 2 to 6% by weight and a pH of from

2 to 5. This is then used in the next step d.3) step 5).

The aqueous phase composed of sodium hydroxide or potassium hydroxide used in

20  step d.3) step 5) can be obtained by dissolving sodium hydroxide or potassium
hydroxide of a commercial product for industrial use, which preferably has a purity of
95% or more, in decationized industrial water, preferably in a concentration of from 2 to
20% by weight. In step d.3) step 5), the sodium hydroxide- or potassium hydroxide-
containing aqueous solution is added to the active silica-containing aqueous solution, as

25  obtained from step d.2) step 4), preferably immediately after it has been obtained, in a
molar ratio of SiO./Mo0O of from 60 to 200, where M is defined as mentioned above. The
addition can be effected at a temperature in the range from 0°C o 60°C, but is
preferably carried out at room temperature for a possibly shorter period. The addition
allows a stabilized active silica-containing aqueous solution with an SiO; concentration

30 of from 2 to 6% by weight and a pH of from 7 {o 9 to be obtained. Even though the
aqueous phase thus prepared is stable for a long period, it is preferably used in the next

step d.3) step 6} within 30 hours.
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15resulting solution comprises colloidal silicon dioxide particles with a mean particle size of 10 nm or
less. If the silica sol containing such small silicon particles is concentrated, the viscosity of the liquid
increases or it gelates, such that it is no longer possible to obtain a stable sol with an SiO2
concentration of 30% by weight or more. The rate of growth would be higher if the temperature of the
liquid is higher than 70C. If, however, 20the temperature is higher than 100C, the growth rate
increases to such a high degree that the control of the mean particle size of the particles formed
becomesygyffistiz yhere the amount of the feed solution to be added is less than 5 times the amount
of the stock solution, the particles cannot be allowed to grow up to the mean patrticle size 250f more
than 10 nm. In this case, it is likewise impossible to obtain a concentrated stable sol or silica sol with a
concentration of 30% by weight or more. The mean patrticle size of the colloidal purified silicon dioxide
particles to be formed increases with an increasing amount of feed liquid to be fed in. If, however, the

amount 30 FRPRISIHFHIAURE TR RIAGSIEMere) HER 50 MAKLhAIHHBROCREBIBYRIEAE mean
particle siR-0f tBeiRarickes; torbssionnrd dicri\RIISISA N Eeéaom.%ﬁ&fe@@émﬁb%) Wil 1 such a

case, a sol with a high binding power cannot be obtained. 200800351 AL In spite of the above
situation SHEFeI8tISHYPREANEER ERATRE oM G FOITEELIGYEI PRNEth & RERSS P fieflspe BiididEolloidal

partigles focedavipadis/nfiuenssiiydberday thefesd raieeiias fspdsalbinnVyhere fonexample,

the feed solution js added to the 5stock solution in an amount of from 5 to 20 times that of the stock

solution \Rhﬁﬁ%PH&“r‘éfo@&Fi?;@ ﬁfﬁﬁ?s?esF@ﬂ&%ﬁ%@%ﬁ%ﬁﬂ%‘%ﬂ%@%ﬁtﬁ%ﬁ%ﬁﬁ%ﬁ% 5y Alegy
greater the®) K<ps ranmnet hedsimed THistiscorababindassther b fRllovinp seaspnsdaistep d.3)

step 6), a portion of the active silica in the feed solution added does not adhere to the surface of the

colloidal BRSCHRXRIE Pardtie L BIRTEM &rabIRR FRITEBMA BAHTRIREIH MR BGUNESS Pritse. vhen,
more partisgtagy, the derd kiR BbH) @ fRPS RAtHERR iaHNEB (heReRABAR O hipiARaYES the active

silica which is consumed for such new cores to that which is consumed for the growth of the silicon
diodfle pRPRSELSPIGRAICH RO NS SRRyt efiRNRe FortnsidiFaR DHADHEBRticles

with a megn particle size of 10 nm or more in this case.

The newly prepared aqueous phase, in an amount of from 5 to 20 times the stock

solution, is used as a feed solution within 30 hours after the separate preparation of the
15 feed solution. When, on the other hand, a portion of from 1/5 to 1/20 of the solution as

prepared in the preceding step d.2) step 5} is used as the stock solution in step d.3)

step 6), the remaining aqueous phase is used as feed solution.

The liquid temperature in step d.3) step 6) in the interior of the vessel is set to from 70

20 to 100°C, preferably to from 80 to 100°C, while the internal pressure of the vessel is
controlled such that water can evaporate from the liquid under controlled conditions. in
addition, the feed rate of the feed solution and the removal rate of the water evaporated
are adjusted such that the amount of liquid within the vessel remains constant and that
the feed of the feed solution can be ended within a period of from 50 to 200 hours. The

25 feed of the aqueous phase and the removal of the evaporated water are carried out
constantly and continuously or at intervals during step d.3) step 6), but they are
preferably carried out in such a way that the amount of the liquid within the vessel
remains constant during the step. It is also likewise preferred that the feed rate of the
feed solution remains constant.

30
The strongly acidic cation exchange resin of the hydrogen type for use in step d.3) step
7) may be the same as that used in the preceding steps c¢) and d.2) step 2). The
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15 The feeding of the feed solution at too high a rate should therefore be avoided. However, the
feeding of the feed solution in an amount of from 5 to 20 times the stock solution over a period of more
than 200 hours is inefficient for industrial production of silica sok For the production of sol or silica sol
with a constant quality in an industrial 20plant, the feeding of the feed solution is preferably carried out
continuously for a period of from 50 to 200 hours. If, in step d.3) step 6), the liquid level in the interior
of the vessel fluctuates along the wall of the vessel owing to the feeding of the feed solution and the
concentrtia860 8%l Il§Lid in the vessel, which is carried out continuously, the silica adheres to the wall
of the vessel along the fluctuating liquid level, and so a 25favorable sol product cannot be obtained.
Accordingly, in step d.3) step 6), the feed liquid of the feed solution and the removal rate of evaporated
water wilsprefighatizstvas thenlic et levegénrtwnveb e leydeingithep sameudbtiesBi0Rrmandraiiggion of
the silica,;sol which is formed. in step d.3) step 6) bﬁc mes up to more than 50% b ight, t

viscosity Egé)t & ?gg%?ﬁ%%/sa&;ﬂgeesx (E' an énlfjees"’ha*}.ty gﬁjés; ﬁ’% TAE & B8R e;&'%?g %d\%%r%t% ch a sol
with a highheostedigratioedusten d=8) stepdjtactstepith Ipstem @xdhea rspeiwsiaid poppgstumtépns
supplied SO rehand. are remaved again, by, the cation exchanger. For an improved removal
of the pot s@ﬁ%eog'rgfé%iwg ic‘rilrslsl,n psrteef ren es?gpz%ogﬁggﬂ?%@é?v%e{%c b%ﬁl?& At more stages
with ®ne catitacbngtihrgeyudhescaiiasef et siokotftainethen csiafadt Yidtapd hdues matexhjbitébsmsame
instabilitquﬁ -Vgaﬂgﬁ?‘é 8%<';1inin§ge%I ueous phase, but the stability is still insufficient. The treatment

with the ion exchanger is't erefore preferably not carried out at too high a temperature. The sol is in
5the step of gel formation as far as possible after completion of step d.3) step 8), preferably

immediat 515([9 Jor stabilization maqnia js _preferably added to the sol, as a
result of vﬁﬁ/iecaéﬁfgsés%%gb%me ﬁé@ﬁﬁa@%:ﬂ éﬁué% fr'gftnwg %efbf r ?n{?ﬁ)émétg)gn%gy&ﬁcﬁased as an
agqueous eam@icialgatdndnfbighdeuingl Agmartiotibisaphefatagly af thghapuribnpradect ist that it can be

evaporat ' f. ili . I rification of the aqueous silicon oxide

o on B A kS A S SR

electrodechviisrmisipiyceh & e SWHHIDY 0vsighbf iwateagl adsimithcmigidR isaisenpoéblgih e dropping

funnel w @{Qﬁg ith | of 108 furjc.acl r ed to 88C with a

heating rﬁ%ﬁtle. Fr n%l a pH%@p%?é)%@%gﬂ@%ﬁ?@égﬁ&ég%ggﬁgaﬁ%&ﬁaﬂfﬁ%U%qu}cﬁ%'Was used

for acidifidetévaovaimaaniHispapieresddregeneral, provided that it is not undesired for specific
reasons.

16
In the gel formation, the abovementioned ammonia is added to the aqueous sol, in step
b.2), b.3) or after step d.3) step 8), preferably immediately after formation of the sol. The
addition can be effected at a temperature of from 0 to 100°C, but is preferably carried
out at room temperature. The amount of ammonia to be added is preferably such that
20  the resulting silica sol may have a pH of from 8 to 10.5. Optionally, an acid or ammonia
salt which is free of any kind of metal components may be added to the aqueous phase,

especially to the sol, if desired, in an amount of 1000 ppm or less.

The mean particle size of the colloidal particles in the silica sol is calculated via the

25  specific surface area which is measured by means of the nitrogen gas absorption
method, the so-called BET method. The size of the colloidal particles can be observed
with an electron microscope. The silica sol obtained in the gel formation in steps b.2),
b.3) or after step d.3) step 8), which has a mean particle size of 10 nm (nanometers),
has a particle size distribution from the minimum particle size of approx. 4 nm

30 (nanometers) up to the maximum particle size of approx. 20 nm (hanometers), and a

further silica sol, which has a mean particle size of 30 nm (nanometers), has a particle
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20 A slightly turbid sol was obtained, which was first purified by means of Amberlite IR-120 cation
exchanger. After a first fraction of 150 ml, the main fraction of 610 g was taken. After the cation
exchanger, the solution had a pH of 1.0 and a conductivity of 43.8 ms/cm. The turbidity was about as
significant as before the cation exchanger. Thereafter, the sol was passed through an
AmberliteIRA-400 anion exchanger. A first fraction of 150 ml was discarded, and the main fraction of
435 g was collected. The sol then had a pH of 6.65 and a conductivity of 54 ps/cm. The turbidity had
decreasezbbgDoas st very slightly visible. Subsequently, 0.2 g of 40% potassium hydroxide solution
(5 drops) was used to adjust to a final pH of 8.45 and establish a conductivity of 99 ps/cm. 200800351
AL 403 g (395 ml) of the sol were concentrated in a 500 ml three-neck flask with stirrer and distillation

system. Epicthispitpase fi3H0 médﬁwmmvgeettﬂﬁi&%@f dppfbg. dicancéntistettsals)ilip soheof 8.7
and an Si02 content of 26.8% by eight w Obt%T ned. The dried product formed glassy flakes. The
concentr &g’ g&l"ﬁafﬁam ﬁ'r‘?d%ﬁlf? ?E% .ﬂf{h Q@Hh%t converted to high-purity silicon dioxide

by gelation. 10 Example 2: The standard Waterglass was diluted to an Si02 content of 4% by weight

and adjuzr}ed Wlt? suléirmc acid to a %H of 1. 09 298. 9 1&/}( s d|I ted with 1051.05 g of
15demindfafizéd WAk Rivd atft i 18 656y 0P 1856 §?u AR 8&@0 “Fr%'&ao’f%%
sodism hiyanoxitievisetution aviext mdltsx1eﬁw@bdmtaaphh@ézpméoirélpIm&euercwasdﬁédtwstambovernight

and, the n xtd H 2 to an acidic 20, er (Amberlite | Once,the first

faction GRS AR HALCR GRS 07 SPOMSR L o0 SAEETERN Sh 1 AEAGR WP LT ded and the

main frammumbk%ﬂﬁrgmkqmdﬂematetg@mmmbf aipth @frbﬂ@oamm ’mmduf:tmtty apbadtitiensioen was

collected, 231189185 A5'HIS WE R RS NRISALIR LS LA o deIingaliesd Water 805r8R-0 9
100 hours, even in the presence of polyvalent metals such as aluminum. The higher the

10 SiO; concentration in the solution or the higher the temperature of the solution, the
greater the extent to which such instability is observed. When, accordingly, a large
amount of silica sol is to be prepared in an industrial plant, it is advisable that the
cencentration of the active silica in the aqueous phase to be formed in step a) or ¢)
does not exceed approx. 6% by weight, and that the aqueous phase which has such a

15 reduced SiO; concentration is formed at room temperature. When, more particularly,
the alkali metals or polyvalent metals which are present in the raw material are
incorporated into the interior of the silica polymer particles, such metal is barely
removed from the particles. The aqueous solution should therefore have a relatively low
concentration, such that the polymerization of the silica in the solution barely proceeds.

20  Moreover, with regard to the avoidance of gradual polymerization of the silica, which is
unavoidable even at room temperature, the entire agueous solution of the active silica
formed should be used as early as possible after formation in the next step. An SiO»
concentration in the active aqueous silica solution of less than approx. 2% by weight is
inefficient, since the amount of water to be removed during the concentration step of the

25  silica sol which is to be formed later would be too much. In step ¢), the SiO;
concenfration of the alkali metal silicate-containing aqueous solution is adjusted to from
2 to 6% by weight before it is contacted with the cation exchange resin, such that the
SiO, concentration of the aqueous solution of the active silica formed in step ¢) may be
from 2 to 6% by weight, and such that the active silica-containing agueous phase thus

30 formed can be used directly in the next step d.2) immediately after it has been formed
or, when the purity is sufficient, is sent directly to gel formation, especially by addition of

ammonia.
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of dissolved NaOH. This formed a white precipitate which dissolved again within a few seconds after
the end of addition. The clear solution had a pH of 10.83 and a conductivity of 33.1 ms/cm. The
waterglass had the impurities specified in table 2. 30A portion of the waterglass thus purified was
concentrated by evaporation and then added to a sulfuric acid solution (96% by weight) such that the
pH of the precipitation suspension was kept below 2. After appropriate washing steps in which a pH of
below 2 200800351 AL was first maintained in the wash medium, filtration and drying, high-purity Si02
was obtagshd@ite 2jAnalysis results of the products from examples 1 and 2 5 Impurity Content in
Waterglass before ion exchanger Example 1 Example 2 Aluminum ppm 250 0.4 8 Boron

In step c), the aqueous phase is supplied to the cation exchange resin-filled column
which is preferably used in this step advantageously at a solution flow rate of from
approx. 1 to 10 per hour as the space velocity, with removal of a possibly relatively large
5 amount of metal ions from the solution. In addition, it is desired that the solution
temperature is from 0 to 60°C, such that barely any polymerization, rise in the viscosity
or gelation of the active silica solution occurs during the passage through the column. In
steps c), d), d.2) step 2) and d.2) step 2} to d.2) step 4), no particular conditions are
needed to stabilize the active silica-containing aqueous phase. It is therefore important

10 to maintain the abovementioned SiO; concentration and the temperature in these steps.

The strong acid to be added in step d.2) step 1) has the function of converting the
contaminating metal components, such as alkali metals or polyvalent metals which are
bound to the active silica or to the interior of the polymer thereof and which are not

15 present in the form of dissociated ions, to dissociated ions in the solution. Since the
active silica has a lower degree of polymerization, the polyvalent metals can be
extracted readily from the active silica. It is also desired that the addition of the strong
acid to the active silica-containing aqueous solution which is obtained in step ¢) is
completed as early as possible.

20
If, however, the amount of the strong acid to be added was increased such that the pH
of the resulting active silica-containing aqueous solution becomes less than 0, the
removal of the anions in the subsequent steps d.2) step 2) to d.1) step 4) becomes
difficult, even though the removal of the metal components in the present step d.2) step

25 1) would be improved. If, moreover, the strong acid is added in such an amount that the
pH of the resulting solution becomes more than 2, the effect of the removal of the metal
components becomes poor. Among the strong acids, nitric acid has a particularly high
action for removal of metal components, such as aluminum components or iron
components. The action of the strong acid for removal of the polyvalent metal

30 components also depends on the temperature of the phase and the treatment time.
When, for example, the temperature is from 0 to 40°C, the treatment time is from 10 to

120 hours; when the former is from 40 to 60°C, the latter is preferably from 2 to 10
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ppm <2 1.6 N.D. Calcium ppm 25 < 1 1 Iron ppm 48 0.2 7 Phosphorus ppm <10 <0.5 N.D.

10

15

20

25

30

200800351 AL

hours, and when the former is from 60 to 100°C, the latter is preferably from 0.5 to 2
hours. If the phase is freated with the strong acid over a prolonged period, the viscosity

of the aqueous phase would rise or it would gelate.

In step d.2) step 2) o d.2) step 4), the metal ions which have dissolved in the solution
and the anions from the acid as added in step d.2) step 1) are removed by means of
cation exchange resin and anion exchange resin. The solution from the first cation
exchange resin treatment contains the anions of the acid added in step d.2) step 1),
such that the dissolved metal ions quite simply remain in the solution. The amount of
the remaining metal ions in the solution after the anion exchange resin treatment may
be such that the solution has a pH of from 5 to 7. In this case, however, the solution
would gelate within approx. 1 hour. The two-stage treatment with the cation exchange
resin which is carried out after removal of the anions from the solution by freatment with
the anion exchange resin can also advantageously remove such undesired dissolved

metal ions.

Since the active silica-containing aqueous phase from step d.2) step 4) is so unstable
that it gelates within 6 hours, it is employed in the next step d.3) step 5) as soon as
possible, preferably immediately after formation of the solution. When the amount of the
amount of sodium hydroxide or potassium hydroxide to be added to the unstable active
silica-containing aqueous phase is less than 60, based on the molar ratio of Si0./M,0,
the active silica is readily polymerized and, as a result, the growth of the particles in
step d.3) step 6) would be insufficient or the sol formed would be unstable. When,
however, on the other hand, the amount is so small that the molar ratio is more than
200, it would be impossible {o increase the particle size of the colloidal silicon dioxide
particles, even if the resulting phase is treated in the same way as in step d.3) step 6).
Even though the solution obtained in step d.3) step 5) is stable for quite a long period at
room temperature, the polymerization of the active silica therein would be accelerated at
a high temperature. It is therefore particularly preferred that the solution obtained in step
d.3) step 5) is applied in the next step d.3) step 6) within 30 hours. The sodium
hydroxide or potassium hydroxide to be added in step d.3) step 5) gives rise to a higher

growth rate for coiloidal silicon dioxide particles o a size of from 10 o 30 nm in the next
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Titanium ppm 46 0.2 7 Zinc ppm 1 0.5 N.D. N.D. = not determined 10 Examples - pyrolysis _
Comparative example 1 Commercial refined sugar was melted ina qgartz tube under pr.oltectlve gas
and then heated to about 1600C. In the course of this, the reaction mlxture‘foamed significantly, and
some escaped - caramel formation was likewise observed, and the pyronS|s 15produc_:t adhe_red to the
wall of the reaction vessel; cf. Figure la). Example 3 Commercial refined sugar was mixed with _
Si02(SipernatO 100) in a weight ratio of 20:1, melted and heated to around 800C. In the course of this,

no caram@ioguEdHn Mmas

step d.3) step 6). This rate is, for example, twice that or more than that with the same

molar amount of other bases, such as ammonia or amine.

Owing to such a high growth rate, the feed rate of the feed solution in step d.3) step 6)
5  can be increased, and the production rate for the silica sol as the end product according

to the invention is therefore increased to an extremely high degree. In addition, the
feeding of the feed solution, which is fo be carried out at such a high rate in step d.3)
step 6), is also advantageous with regard to the preparation of colloidal inhomogeneous
silicon dioxide particles in the silica sol formed and for broadening of the particle size

10 distribution of the particles therein. In step d.3) step 6), water is evaporated from the sol
formed simultaneously with the feeding of the feed solution. The evaporated water is
removed from the reaction system to increase the preparation rate of the highly
concentrated silica sol. If the liquid temperature in step d.3) step 6) is lower than 70°C,
the colloidal silicon dioxide particles cannot grow sufficiently in the phase such that the

15 resuiting solution comprises colloidal silicon dioxide particles with a mean particle size
of 10 nm or iess. If the silica sol containing such small silicon particles is concentrated,
the viscosity of the liquid increases or it gelates, such that it is no longer possible to
obtain a stable sol with an SiO, concentration of 30% by weight or more. The rate of
growth would be higher if the temperature of the liquid is higher than 70°C. if, however,

20 the temperature is higher than 100°C, the growth rate increases to such a high degree

that the control of the mean particle size of the particles formed becomes difficult.

Where the amount of the feed solution to be added is less than 5 times the amount of
the stock solution, the particles cannot be allowed to grow up to the mean particle size
25  of more than 10 nm. In this case, it is likewise impossible to obtain a concentrated

stable sol or silica sol with a concentration of 30% by weight or more.

The mean particle size of the colloidal purified silicon dioxide particies to be formed

increases with an increasing amount of feed liquid to be fed in. If, however, the amount
30 of the feed liquid to be fed in is more than 20 times that of the stock solution, the mean

particle size of the particles to be formed disadvantageously becomes greater than

30 nm. In such a case, a sol with a high binding power cannot be obtainéd.
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20 observed, nor did any foam formation occur. A graphite-containing, particulate pyrolysis product
was obtained, which advantageously essentially had not adhered to the wall of the reaction vessel.
200800351 AL Pyrolysis and calcination examples Comparative example 2: Commercial refined sugar
was melted in a quartz tube and then heated to about 5 1600C. The reaction mixture foams
significantly in the course of heating and some escaped from the quartz tube. At the same time,
caramel formation is observed. The pyrolysis product formed adheres to the wall of the reaction vessel
(Figure lmyobxanyie Aa: 10Commercial refined sugar was mixed together with Si02 (Sipernat(r) 100)
in a weight ratio of 1.25:1, melted and heated to about 800C. Caramel formation is observed; there is
no foam formation. A graphite-containing, particulate pyrolysis product is obtained, which, more
particularly, has not adhered to the wall of the reaction vessel (Figure 1b). (Figure 2 is a microscopy
image of the pyrolysis product from Example 3a). 15The pyrolysis product has been distributed on and

presumabilyShie Withid 870 W RlLBHae SR ssiaizaeairmriysrititg e Trui et irastigEide Example

4b: CommeyeirlanfingtauanssvestniaslsRastbarwits 34 42 (Bipssrpknhi08hia wipiebt BPko of
5:1, melt%jﬁand first heated to about 800C and then heated further to about 1800C, Caramel formation

is observip4riate & Herrred falvliann AeifedAr &BRiGithe Rae SO btigmnishadded Bdhd. Figures

3 and 4 aiponeBtRRYit2R0SH 6hiveRoMRIsIPbinarsalc thatien Produstk sBRime it mng
determinationé)ft e binding energjes were used to demonstrate the formation_of silicon carbide. In

addition, RFPSsZrrlt RPHEWERIUBR GEEOT IR RRSHAT S Mibhife AR BRI BGeRiasy theRRiIIlic
shimmer thaget @ hight anicerseoRe i mple & probably based on the following reasons: in step

d.3) step 6), a portion of the active silica in the feed solution added does not adhere to
the surface of the colloidal silicon dioxide particles, but rather forms new core particles

10 in the aqueous phase. When, more particularly, the feed rate of the feed solution is
high, the proportion of the amount of the active silica which is consumed for such new
cores to that which is consumed for the growth of the silicon dioxide particles will rise. It
is therefore impossible to efficiently form colloidal silicon dioxide particies with a mean
particle size of 10 nm or more in this case.

15
The feeding of the feed solution at too high a rate should therefore be avoided.
However, the feeding of the feed solution in an amount of from 5 to 20 times the stock
solution over a period of mare than 200 hours is inefficient for industrial production of
silica sol. For the production of sol or silica sol with a constant quality in an industrial

20  plant, the feeding of the feed solution is preferably carried out continuously for a period
of from 50 to 200 hours. If, in step d.3) step 6), the liquid level in the interior of the
vessel fluctuates along the wall of the vessel owing to the feeding of the feed solution
and the concentration of the liquid in the vessel, which is carried out continuously, the
silica adheres to the wall of the vessel along the fluctuating liquid level, and so a

25  favorable sol product cannot be obtained. Accordingly, in step d.3) step 6), the feed
liquid of the feed solution and the removal rate of evaporated water will preferably that
the liquid level in the vessel remains the same. If the SiO; concentration of the silica sol
which is formed in step d.3) step 8) becomes up to more than 50% by weight, the
viscosity of the resulting sol rises to an undesired value. It is therefore undesired to form

30 such a sol with a high concentration in step d.3) step 8). in step d.3) step 6), the sodium
and potassium ions supplied to the sol beforehand are removed again by the cation

exchanger. For an improved removal of the potassium or sodium ions, preference is
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In a rotary tube furnace with Si02 spheres for heat distribution, a fine particulate 30formation of sugar
coated onto 5i02 particles is converted at elevated temperature. For example, prepared by dissolving
sugar in an aqueous silica solution with subsequent 200800351 AL drying and, if necessary,
homogenization. Residual moisture was still present in the system. About 1 kg of the formulation was
used. The residence time in the rotary tube furnace is guided by the water content of the fine
Sparticulate formulation. The rotary tube furnace was equipped with a preheating zone for drying of the
formulati B rmulation passed through a pyrolysis and calcination zone with temperatures of
from 400C to . The residence time comprising the drying step, pyrolysis and calcination step
DEheE i
was about 17 hours. Over the entire process, the process gases formed, such as water vapor and CO,

were remaqy Ofrom .the.rotar furnace in a.simple manner. The Si02.used had a boron,content
o oes O O e A B G R BB
about 0.2pfminethis istepodiFipsiepf Thelsagamoasidbiemaisad® betistithas achygpsilibafore the
formulati [ rolyvisis. an cination,,th tents.were . determined again ich.
determing%%@rﬁﬁgﬁglg%%ﬁs% oréjssgbgH%e%rhfés%#éﬂs@tﬁa%% ! Splf?f\n?{flg% Z’h?r%?gggee in Ite%oﬁ Ohtent
to 1 ppmeXthangesasddrefoom prefersdryondy bardrplaineat byt igbraedeotperatneinibieatdstiby the

e e 8 B B R B ) R BB oy sicon
carbide. Prifanatslydactedl @t el whtedstem ki tsiepiih IOt alphizatio fo eheabdistibptizferabtya fine

Particulale (9K LAY\ TURIA DA HOAY  ARIM YR BRARAIIHES HEIRPATSH JPHEHR B 5.

dissolving sugar in an aqueous silica solution with subsequent drying and, if necessary,
homogerfiFatisiliRresilbal puoitharedas stillgsresens iartmaatyisteniuikboin byl phiche. drpautitidarwere

advantage of the ammonia used is that it can be evaporated readily out of the silica sol.
16

Examples for purification of the aqueous silicon oxide solution

Example 1

15 A 1000 ml glass apparatus with dropping funnel, stirrer, thermometer and pH electrode
was initially charged with 700 ml of waterglass with a SiO, content of 25 g/l. The
dropping funnel was charged with 100 mi of 10% sulfuric acid, and the waterglass was
heated to 88°C with a heating mantle. From a pH of approx. 9.5, the pH electrode was
installed, and sulfuric acid was used for acidification down to a pH of approx. 8.5.

20
A slightly turbid sol was obtained, which was first purified by means of Amberlite IR-120
cation exchanger. After a first fraction of 150 ml, the main fraction of 610 g was taken.
After the cation exchanger, the solution had a pH of 1.0 and a conductivity of 43.8
ms/cm. The turbidity was about as significant as before the cation exchanger.

25
Thereafter, the sol was passed through an Amberlite IRA-400 anion exchanger. A first
fraction of 150 ml was discarded, and the main fraction of 435 g was collected. The sol
then had a pH of 6.65 and a conductivity of 54 us/cm. The turbidity had decreased but
was still very siightly visible.

30
Subsequently, 0.2 g of 40% potassium hydroxide solution (5 drops) was used to adjust
to a final pH of 8.45 and establish a conductivity of 99 us/cm.
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30used. The residence time in the rotary tube furnace is guided by the water content of the fine
particulate formulation. The rotary tube furnace was equipped with a preheating zone 200800351 AL
for drying of the formulation, then the formulation passed through a pyrolysis and calcination zone with
temperatures of from 400C to 1800C. The residence time comprising the drying step, pyrolysis and
calcination step was about 17 hours. Over the entire process, the process gases formed, such as
water vapor and CO, were removed 5from the rotary tube furnace in a simple manner. The SiO2 used
had a borgmeooteny @filess than 0.1 ppm, a phosphorus content of less than 0.1 ppm and an iron
content of less than about 0.2 ppm. The iron content of the sugar was determined to be less than 0.5
ppm before the formulation. 10 After the pyrolysis and calcination, the contents were determined
again, which determined boron and phosphorus contents of less than 0.1 ppm, and that the iron
content was still below O.SIpm. 15Example 7: In a light arc furnace, a fine particulate formulation of

pyrolyzed BddafHP SMp P ARR Y Wi Hakes mebPpbiatareRk foskuviiopisrs@el zed

sugar hagibgesiprepgseshbeterahang iy saeans @hnepvaieine ro@stilldkedyrnace at about 800C.
20About 1 kg of the fine particulate pyrolyzed formulation was used. During the reaction in the light arc

furnace, the process gas CO formed can escape easily via the intermediate spaces formed by the

partisulatgostyestuen e shasiP3dartielesp ANt berameurdsiondhasaastion ehamphelc Tt figgrodes

utilized were high-purity graphite electrodes, and the reactor base was likewise lined using high-purity
graphite. CRi8INGA: Afest H%QW%C%%HE?QQ@%WE%@%O 12 kW. After the reaction, high-purity

silicon carbide with fractions of graphite, i.e. in a carbon matrix, was obtained. The S102 used had a
boron content of less than 0.17 ppm, a phosphorus content of less 30than 0.15 ppm and an jron

content of BRIGANSEBIEEEY BphiePHEG SHRYMHER Harled Jalahia derimre Fao v ieddaian. 7 ppm
before thg fafnsiidiindioxide by gelation.

10

Exampie 2:

The standard waterglass was diluted to an SiO; content of 4% by weight and adjusted
with sulfuric acid to a pH of 1.09 (298.95 g of waterglass diluted with 1051.05 g of

16 demineralized water and added to 650 g of 10% sulfuric acid).
Subsequently, 177.5 g of 10% sodium hydroxide solution were used to establish a pH of
2.01.

The solution was left {o stand overnight and, the next day, added at pH 2 to an acidic

20 ion exchanger (Amberlite IR-120). Once the first fraction of 293 g had ended, a pH of
approx. 1 was measured. The first fraction was discarded and the main fraction of
1882.5 g of acidic waterglass with a pH of 1.45 and a conductivity of 49.1 ms/cm was
collected.

25 1700 g of the acidic waterglass were added to 991 g of demineralized water and 29.0 g
of dissolved NaOH. This formed a white precipitate which dissolved again within a few
seconds after the end of addition. The clear solution had a pH of 10.83 and a

conductivity of 33.1 ms/cm. The waterglass had the impurities specified in table 2.

30 A portion of the waterglass thus purified was concentrated by evaporation and then
added to a sulfuric acid solution (96% by weight) such that the pH of the precipitation

suspension was kept below 2. After appropriate washing steps in which a pH of below 2
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200800351 AL After the pyrolysis and calcination, the contents in the silicon carbide were determined
again, which determined the boron and phosphorus contents still to be below 0.17 ppm and below
0.15 ppm respectively, and the iron content still to be below 0.7 ppm. 5 Example 8: A corresponding
reaction of a pyrolyzed formulation according to Example 5 was effected in a microwave reactor. To
this end, 0.1 kg of a dry, fine particulate formulation of pyrolyzed sugar on Si02 particles was
converted at frequencies above 1 Gigawatt to 10silicon carbide in a carbide matrix. The reaction time
depends sliysmtiy 2 the power introduced and the reactants. When a reaction is effected proceeding
from carbohydrates and Si02 particles, the reaction times are correspondingly longer. 15 Example 9:
Si02 (AEROSIL OX 50) and C (graphite) were reacted in a weight ratio of approx 75:25 in the
presence,pisHfst 200 rRsRRINFOGRIWES RIBlacHcHIiahb AsHMNICh Se T vegRs R SnIeTgy squrce is
ignited in a manner known per se. A creeping commencement of reaction through emergence of
gaseous %Bfiﬁ‘&%inds between Si02 and C is observed. Subsequently, 1% by weight of pulverulent SiC
is added. After a very short time, a very significant increase in the reaction is observed by the
occurrence of luminescence. Subsequently, after the 25addition of SiC, the reaction proceeded even
within intdAbde Frdmasiz ceriih et as fiqdpdidiiolbesenigs dcobtained after the reaction had

endegd was identified as silicon on the basis of its typical dark brown color (M. J. Mulligan et al. Trans.

Soc. Can.[31.21111 [19271 263/4: Gmelin-15 part B p.1[19591) and by means_of scanning.electron
microscofYRGERT). 30 20086885LIAL Exanipricrglass | Example Example 2~
before ion
exchanger
Aluminum ppm 250 0.4 8
Boron ppm <2 1.6 N.D.
Calcium ppm 25 <1 1
Iron ppm 48 0.2 7
Phosphorus ppm <10 <0.5 N.D.
Titanium ppm 46 0.2 7
Zinc ppm 1 0.5 N.D.

N.D. = not determined

10  Examples ~ pyrolysis
Comparative example 1
Commercial refined sugar was melted in a quartz tube under protective gas and then
heated to about 1600°C. In the course of this, the reaction mixture foamed significantly,
and some escaped — caramel formation was likewise observed, and the pyrolysis

15 product adhered {o the wall of the reaction vessel; cf. Figure 1a).

Example 3

Commercial refined sugar was mixed with SiOz (Sipernat® 100) in a weight ratio of 20:1,
melted and heated to around 800°C. In the course of this, no caramel formation was

20 observed, nor did any foam formation occur. A graphite-containing, particulate pyrolysis
product was obtained, which advantageously essentially had not adhered to the wall of

the reaction vessel.
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Si02 (AEROSIL OX 50) and C were reacted in a weight ratio of approx. 65:35 in the presence of SIC.
5 Process procedure: an electrical light arc which serves as the energy source is ignited in a manner
known per se. The reaction between Si02 and C begins in a creeping manner. The occurrence of
gases to be observed. 1% by weight of pulverulent SiC is added, which, after a short time, leads to a
significant increase in the reaction, which is 10recognizable by the occurrence of luminescence. After
addition of SiC, the reaction proceeded further for a certain time within intense, flickering
luminescgneedhe splid obtained after the reaction had ended was identified as silicon by means of
SEM and EDX analysis (energy-dispersive X-ray spectroscopy). 15 Comparative example 3 Si02
(AEROSIL(r) OX 50) and C were reacted in a tube as a 65:35 mixture at high temperature (> 1700C).
The reaction barely started and proceeded without noticeable advance. Bright luminescence was not
observe 80035 flalms 1. A process for preparing pure silicon, comprising the reduction of
purified s |¥ Wlﬁ@rﬁ@:@ %B‘i?%ﬂff’e?éﬁm &7 dioxide, which has been purified as silicon oxide 5
essentlalmzﬂﬁpgmm@éh@mwgms phase and, based on the silicon oxide, has a content of other

polyvalent metals of e n or equal to 3 referapl ess han m, m referably less
than 50 oGRS TeRDE Th LB &R U B8 & ARHipure catpon
sourges. mwpmsemmfdmgtmecfamé si@alﬁﬁﬂti?ed théhﬁidl‘@aﬂwmgtgﬁwemof the
silicon oxide co |ses t least 0 ste hICh the agueous silicon oxide so
contacieF TG T RAGEE (1 Bfor bl A HEILE R AR SR BB PSSR aren 3. A
process ageolyiigpmdladtfdrorcd shhsacterized iwtiiasf the reaction vessel (Figure 1a).

Example 4a:

10 Commercial refined sugar was mixed together with SiO; (Sipernat® 100) in a weight
ratio of 1.25:1, melted and heated to about 800°C. Caramel formation is observed; there
is no foam formation. A graphite-containing, particulate pyrolysis product is obtained,
which, more particularly, has not adhered to the wall of the reaction vessel (Figure 1b).
(Figure 2 is a microscopy image of the pyrolysis product from Example 3a).

15 The pyrolysis product has been distributed on and presumably also within the pores of

the SiO, particles. The particulate structure is preserved.

Example 4b:

Commercial refined sugar was mixed together with SiO; (Sipernat® 100) in a weight
20 ratio of 5:1, melted and first heated to about 800°C and then heated further to about

1800°C. Caramel formation is observed; there is no foam formation. A silicon carbide

with fractions of graphite is obtained. Figures 3 and 4 are microscopy images of two

samples of the calcination product. XPS spectra and determination of the binding

energies were used to demonstrate the formation of silicon carbide. In addition, Si-O
25  structures were detected. The formation of graphite was concluded by the metallic

shimmer under a light microscope.

Example 5:
In & rotary tube furnace with SiO; spheres for heat distribution, a fine particulate
30 formation of sugar coated onto Si0O; particies is converted at elevated temperature. For

example, prepared by dissolving sugar in an agueous silica solution with subsequent
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the purified silicon oxide is obtained from the silicon oxide solution by means of gel formation or spray
drying or by concentrating the silicon oxide solution to a 20concentration greater than or equal to 10%
by weight of Si02 with subsequent contacting with an acidifying agent. 4. A process according to claim
3, characterized in that 25the gel formation is carried out with addition of ammonia and/or a calcination
of the gel is performed at temperatures up to 1500C, especially around 1400C. 5. A process according
to any one of claims 1 to 4, characterized in that 30the purification of the silicon oxide essentially
dissolvedvingBeagequs phase comprises the following steps a), b), ¢), d) and e): 200800351 AL a)
providing silicates dissolved in the aqueous phase, especially an agueous phase with a content of
from 1 to 30% by weight of Si02; optionally adding soluble alkaline earth metal and/or transition metal

salts andgpignaliy fiterine dag QHéﬁﬁﬁgﬁh‘?@ﬁlﬁ?} remaeNR aPATEIShreoliias alkalaspaiihhenetal

and/or transition metal salts and/or other insoluble constituents, optionally contacting the aqueous

phase wiftY Sl BB & FehEsuifmmREPE R boron or boron compounds and

The residence time in the rotary tube furnace is guided by the water content of the fine
5 particulate formulation. The rotary tube furnace was equipped with a preheating zone
for drying of the formulation, then the formulation passed through a pyrolysis and
calcination zone with temperatures of from 400°C to 1800°C. The residence time
comprising the drying step, pyrolysis and calcination step was about 17 hours. Over the
entire process, the process gases formed, such as water vapor and CO, were removed

10 from the rotary tube furnace in a simple manner.

The SiO; used had a boron content of less than 0.1 ppm, a phosphorus content of less
than 0.1 ppm and an iron content of less than about 0.2 ppm. The iron content of the

sugar was determined to be less than 0.5 ppm before the formulation.

15
After the pyrolysis and calcination, the contents were determined again, which
determined boron and phosphorus contents of less than 0.1 ppm, and an increase in
the iron content to 1 ppm. The increased iron content can only be explained by the
product coming into contact by the contact with parts of the furnace contaminated with
20 iron.

Example 6:

Example 5 was repeated, except that the laboratory rotary tube furnace had been

25  coated beforehand with high-purity silicon carbide. This was reacted at elevated
temperature with SiO, spheres for heat distribution and a fine particulate formulation
containing sugar, coated onto SiO; particles. Prepared, for example, by dissolving sugar
in an aqueocus silica solution with subsequent drying and, if necessary, homogenization.
Residual moisture was still present in the system. About 10 g of the formulation were

30 used.
The residence time in the rotary tube furnace is guided by the water content of the fine

particulate formulation. The rotary tube furnace was equipped with a preheating zone
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b) optionally adjusting the aqueous phase to a content of from 2 to 6% by weight of Si02, which
additionally comprises other polyvalent metal oxide than silicon 10dioxide, and c) contacting with a
strongly acidic cation exchange resin of the hydrogen type, in an amount which is sufficient for the ion
exchange of essentially all other metal ions in the aqueous phase, the temperature of the agueous
phase being in the range from OC to 60C, 15d) obtaining the aqueous phase of an active silica with an
Si02 concentration of from 2 to 6% by weight and a pH of from O to 4, e) obtaining purified silicon
oxide. 6. foprInessageording to claim 5, 20characterized in that the aqueous phase from step d),
before step e), is alternatively treated further by the following steps a.2), b.2), c.2) or d.2): a.2) adding
to an acidifying agent or adding an acidifying agent, the aqueous phase from step d) optionally having

been brogghihaigrehdidrieraansaniFiichaldrsilsere piesdbanPhegna &gr@%@x@wight, orb.2)
n

performing a gel formation, optionally followed by a thermal aftertreatment and/or spray-drying, or c.2)

spray-dnfiRtF iraligg i Wik deraperaturg ot lana APB2Enient 380 ik aTMiersrigencadigy a strong

agueous g ﬁh@ fRaEHARY S RPN FAVRO SRR %ﬂﬁﬁéﬁoﬁﬁ'@%ﬂ'%ss%m’ﬁpﬁﬁﬁ@t@%i@{'ﬁ@ from
0 to 2.0, and keeping the aqueous phase thus obtained at from 0C to 100C for from 0.5 to 120 hours;

by, in a sBEHIRINRGFSS, HARRIGRTF TheaRatIME adulidl: 2sonairiasPaland CO, were removed

5 from the rotary tube furnace in a simple manner.

The Si0; used had a boron content of less than 0.1 ppm, a phosphorus content of less
than 0.1 ppm and an iron content of less than about 0.2 ppm. The iron content of the
sugar was determined to be less than 0.5 ppm before the formulation.

10
After the pyrolysis and calcination, the contents were determined again, which
determined boron and phosphorus contents of less than 0.1 ppm, and that the iron

content was still below 0.5 ppm.
15  Example 7:

In a light arc furnace, a fine particulate formulation of pyrolyzed sugar on SiO; particles
is converted at elevated temperature. The formulation of pyrolyzed sugar had been
prepared beforehand by means of pyrolysis in a rotary tube furnace at about 8060°C.

20 About 1 kg of the fine particulate pyrolyzed formulation was used. During the reaction in
the light arc furnace, the process gas CO formed can escape easily via the intermediate
spaces formed by the particulate structure of the SiO; particies, and be removed from
the reaction chamber. The electrodes utilized were high-purity graphite electrodes, and
the reactor base was likewise lined using high-purity graphite. The light arc furnace was

25 operated at from 1 to 12 kKW.

After the reaction, high-purity silicon carbide with fractions of graphite, i.e. in a carbon

matrix, was obtained.
The Si0O, used had a boron content of less than 0.17 ppm, a phosphorus content of less

30 than 0.15 ppm and an iron content of below about 0.2 ppm. The iron content of the

sugar was determined to be less than 0.7 ppm before the formulation.
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phase with a strongly acidic cation exchange resin of the hydrogen type in an amount which is
sufficient for the ion exchange of essentially all other metal ions in the aqueous phase, the
temperature of the aqueous phase being in the range from 0 to 60C, then, in the third step 3),
contacting the aqueous phase 5 with a strongly basic anion exchange resin of the hydroxyl type in an
amount which is sufficient for the ion exchange of essentially all anions in the aqueous phase, the
temperature of the aqueous phase being from 0 to 60C, then, in the fourth step 4), obtaining the
aqueous pliaseoethesresulting active silica, which is essentially free of other dissolved substances
than the active silica, and has a 10concentration of Si02 of from 2 to 6% by weight and a pH of from 2
to 5. 7. A process according to claim 6, characterized in that the aqueous phase obtained in the

fourth sterre) ime gysiatierantivelicieaiss! fidhesnidnkyioneosilhe folamig ers dcdaridbe.3) or
d.3) a.3) concentrating the aqueous phase from the fourth ste%ﬁ#&oégﬁpto a concentration of Si02

greater tR&7 By YAUST BSIBTT B MEIGHR ARG A0SR ESRIPAK loPdiriy AAAiRANY agent

or R prRAeRNTNG e8! fespatinre pphedathe feliavwed ly Bsiiproae aftasifeatmepin 20 and/or
spray-drying, or c.3) spray-drying the aqueous phase or d.3) further treatment in a fifth step 5), by

adding an agueous sodium hydroxide and/or potassium hydroxide phase to the aqueous phase of the
active siliggawipgeeghe molar ratio of Si02/M20 is from 60 to 200, and M is independently 25 sodium
or potassium and originates from the hydroxide added, and the Si0O2 originates from the aqueous
phase of the active silica, and the temperature of the resulting aqueous phase is also kept at from 0 to

60C and g stahdigeshdiiieauspbasy afnagiive fikaaaiibraa&ibRireneeBxatianobigms 2 to 6% by
weight and.a pH of from. 7 to 9 is maintained, jn a sixth step 6) the stahilized 30 aqueous se of the
mctive SIEAALTEERt & PHSH MU PR oL S & S Shloh i 16 SAE AR A RERBT A from
70 to 10Q€ pihelvessescgar bm Kol unsieickiandascbpreestie ot iodeereihcatpreds@igamereto
particularly.the 200800351 AL water removed is metered.in by supplying further stabilized aqueous
e of B AL ME Y AP B Eang CEiRBHG LIES Ao aies o) EME A A8 e togree
which watdrasineseed, ttesfesactastable aqueous silica sol with an Si02 concentration of from 30 to
50% by weight and a particle size of the 5 colloidal silicon dioxide of from 10 to 30 nm; in a seventh
step 7), the stable aqueous silica sol is contacted with a strongly acidic cation exchange resin of the
hydrogeV¥yae at fearntiond S0t st chare ediog ittt @dsentcdibicsl andtSlidnp qtesent inethe sol are

exchanged, the reksultln%raﬁqfueous %kﬁ?ﬁ |Fyo?ubsequently contacted with a strongly basic anion

exchangé?%?ttlﬁg :%ergxy E))rtry'/epS 0'80C in such an amount that an aqueous acidic silica

sol v8hich is essentially free of other polyvalent metals, especially metal oxides, than silicon oxide is
obtained Et__:}(ghrg %Ql%th step 8) and performing a gel formation. 8. A process according to claim 6 or 7,
15charactérized in that

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

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

25  addition of SiC, the reaction proceeded even within 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 color (M. J. Mulligan et al. Trans. Soc. Can.
[31 21 11 [1627] 263/4; Gmelin 15, part B p. 1 [1958]), and by means of scanning
electron microscopy {SEM).

30
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the gel formation in step b.2), b.3) or after step d.3) step 8) is effected with addition of an amine and/or
ammonia. 9. A process according to claim 8, 20characterized in that the gel formation is effected at a
temperature in the range from 0 to 100C and, more particularly, the pH is kept at from 0 to 7 to form a
stable aqueous sof 10. A process according to any of claims 1 to 9, 25characterized in that silicon
carbide is added as an activator and/or carbon source in one process step, preferably in such a way
that purified silicon oxide is present together with at least one pure carbon source which may be silicon
carbide, anden@agilican carbide and/or silicon 30a) in a formulation comprising the purified silicon
oxide and at least one pure carbon source and optionally silicon carbide and optionally silicon and/or
200800351 AL 5 b) in a formulation comprising the purified silicon oxide carbide and optionally silicon
and/or c)mxarfsreulgtion comprising at least one pure carbon silicon carbide and optionally silicon, the
particular formulation optionally containing binder. and optionally silicon source and optionally 11. A
process according to any one of claims 1 to 10,

Si0; (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 to be observed. 1% by weight of pulverulent SiC is
added, which, after a short time, leads to a significant increase in the reaction, which is
10 recognizable by the occurrence of luminescence. After addition of SiC, the reaction
proceeded further for a certain time within 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).

15 Comparative example 3
SiO, (AEROSIL® OX 50) and C were reacted in a tube as a 65:35 mixture at high
temperature (> 1700°C). The reaction barely started and proceeded without noticeable

advance. Bright luminescence was not observed.
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characterized in that  the pure carbon source comprises an organic compound of natural origin, a
10carbohydrate, graphite, coke, coal, carbon black, thermal black, pyrolyzed carbohydrate, especially
pyrolyzed sugar. 12. A process according to any one of claims 1 to 11, characterized in that 15the
process comprises a step in which a carbohydrate is pyrolized in the presence of silicon oxide,
preferably high-purity silicon dioxide, as a defoamer, and in this way at least some of the carbon
required as a carbon source is obtained. 13. A process according to claim 12, 20characterized in that
the carbalygiatespprefgrably an agueous solution of a carbohydrate, is purified before the pyrolysis by
contacting with at least one ion exchanger. 14. A process according to either of claims 12 and 13,
25characterized in that the carbohydrate, preferably an agueous solution of a carbohydrate, and the
silicon oxiglgipeeferably the high-purity silicon dioxide, are subjected to a shaping process before the
pyrolysis. 3015. A process according to any one of claims 1 to 14, characterized in that 200800351 AL
the purified silicon oxide is reduced with one or more pure carbon sources in a light arc furnace, in a

thermal reaptoprdtass NekcEpELBRgcpuretalyidihe Bampsrmadiekinediisionaefurmrer silicon
oxide, preferably purified silicon dioxide, which has been purified as silicon oxide

5 essentially dissolved in the aqueous phase and, based on the silicon oxide, has a
content of other polyvalent metals of less than or equal to 300 ppm, preferably less

than 100 ppm, more preferably less than 50 ppm, most preferably iess than 10 ppm

in relation to the metal, with one or more pure carbon sources.

10 2. A process according to claim 1,
characterized in that
the aqueous purification of the silicon oxide comprises at least one process step in
which the aqueous silicon oxide solution is contacted with an ion exchanger,

preferably with at least one anion and/or cation exchanger.

15
3. A process according to claim 1 or 2,
characterized in that
the purified silicon oxide is obtained from the silicon oxide solution by means of gel
formation or spray drying or by concentrating the silicon oxide solution to a
20 concentration greater than or equal fo 10% by weight of SiO; with subsequent
contacting with an acidifying agent.
4. A process according to claim 3,
characterized in that
25 the gel formation is carried out with addition of ammonia and/or a calcination of the
gel is performed at temperatures up to 1500°C, especially around 1400°C.
5. A process according to any one of claims 1 to 4,
characterized in that
30 the purification of the silicon oxide essentially dissolved in the aqueous phase

comprises the following steps a), b), ¢), d) and e):
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516. A process according to any one of claims 1 to 15, characterized in that the purified silicon oxide is
reduced with one or more pure carbon sources in a reaction chamber lined with high-purity refractory
materials and any electrodes used consist of high-purity material. 10 17. A process according to any
one of claims 1 to 16, characterized in that molten pure silicon is obtained and is purified further by
zone melting or controlled solidification. 15 18. A process according to any one of claims 1 to 17,
characterized in that it comprises the following steps: a) converting a silicon oxide, preferably
silicon digxjdgpeantaiing impurities to 20silicon oxide dissolved in the aqueous phase, b) purifying the
silicate dissolved in the aqueous phase by contacting with a strongly acidic cation exchange resin,
especially of the hydrogen type, C) obtaining a precipitate of purified silicon oxide and d)

converting the fFfiae PBiHe-us QbtaRed i IHEAULRPFERRRCE. 85 OBBIR 2R A6 BASAQIICes
and optionally by addition of an activator.
with a content of from 1 to 30% by weight of SiO..
optionally adding soluble alkaline earth metal and/or transition metal salts and
optionally filtering the agueous phase to remove sparingly soluble alkaline earth
5 metal and/or transition metal salts and/or other insoluble constituents,
optionally contacting the aqueous phase with an immobilized compound which
complexes boron or boron compounds and
b) optionally adjusting the agueous phase o a content of from 2 to 6% by weight of
Si0,, which additionally comprises other polyvalent metai oxide than silicon
10 dioxide, and
c) contacting with a strongly acidic cation exchange resin of the hydrogen type, in an
amount which is sufficient for the ion exchange of essentially ali other metal ions in
the aqueous phase, the temperature of the aqueous phase being in the range from
0°C to 60°C,
15 d) obtaining the aqueous phase of an active silica with an SiO, concentration of from
2 10 6% by weight and a pH of from 0 to 4,

e) obtaining purified silicon oxide.

6. A process according to claim 5,

20 characterized in that

the aqueous phase from step d), before step e), is alternatively treated further by the

following steps a.2), b.2), ¢.2) or d.2):

a.2) adding to an acidifying agent or adding an acidifying agenti, the agueous phase

from step d) optionally having been brought beforehand to a concentration of

25 SiO, greater than or equal to 10% by weight, or

b.2) performing a gel formation, optionally followed by a thermal afterireatment

and/or spray-drying, or

c.2) spray-drying the aqueous phase or
d.2) further treatment by, in a first step 1), adding a strong aqueous acid to the
30 aqueous phase composed of active silica from step d), such that the pH is from

0 to 2.0, and keeping the aqueous phase thus obtained at from 0°C to 100°C for

from 0.5 to 120 hours; by, in a second step 2), contacting the resulting agueous
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phase with a strongly acidic cation exchange resin of the hydrogen type in an
amount which is sufficient for the ion exchange of essentially all other metal
ions in the agueous phase, the temperature of the aqueous phase being in the
range from O to 60°C, then, in the third step 3), contacting the agueous phase
with a strongly basic anion exchange resin of the hydroxyl type in an amount
which is sufficient for the ion exchange of essentially all anions in the agueous
phase, the temperature of the aqueous phase being from 0 to 60°C, then, in the
fourth step 4), obtaining the agueous phase of the resulting active silica, which
is essentially free of other dissolved substances than the active silica, and has a

concentration of SiO; of from 2 {o 6% by weight and a pH of from 2 to 5.

7. A process according to claim 6,

characterized in that

the aqueous phase obtained in the fourth step 4) in d.2) is alternatively treated further

by one of the following steps a.3), b.3), ¢.3) or d.3)

a.3)

b.3)

c.3)
d.3)

concentrating the aqueous phase from the fourth step 4) of d.2) to a
concentration of SiO; greater than or equal to 10% by weight and adding to an
acidifying agent or adding an acidifying agent or

performing a gel formation, optionally followed by a thermal aftertreatment
and/or spray-drying, or

spray-drying the aqueous phase or

further treatment in a fifth step 5), by adding an aqueous sodium hydroxide
and/or potassium hydroxide phase to the aqueous phase of the active silica,
where the molar ratio of SiOx/M0 is from 60 to 200, and M is independently
sodium or potassium and originates from the hydroxide added, and the SiO»
originates from the agueous phase of the active silica, and the temperature of
the resulting aqueous phase is also kept at from 0 to 60°C and a stabilized
aqueous phase of an active silica with an SiO; concentration of from 2 to 6% by
weight and a pH of from 7 fo 9 is maintained, in a sixth step 6) the stabilized
aqueous phase of the aclive silica is partly or fully added to a vessel as a stock
solution and the stock solution is kept at from 70 to 100°C, the vessel can be

kept under standard pressure or under reduced pressure, more particularly the
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water removed is metered in by supplying further stabilized aquecus phase of
the active silica from the preceding component step d.3) step 5) essentially to
the degree in which water is removed, to form a stable aqueous silica sol with
an Si0O; concentration of from 30 to 50% by weight and a particle size of the
colloidal silicon dioxide of from 10 to 30 nm; in a seventh step 7), the stable
aqueous silica sol is contacted with a strongly acidic cation exchange resin of
the hydrogen type at from 0 to 60°C in such an amount that essentially all metal
ions present in the sol are exchanged, the resulting aqueous phase is
subsequently contacted with a strongly basic anion exchanger of the hydroxyi
type at from 0 to 60°C in such an amount that an aqueous acidic silica sol which
is essentially free of other polyvalent metals, especially metal oxides, than

silicon oxide is obtained in the eighth step 8) and performing a gel formation.

8. A process according to claim 6 or 7,
characterized in that
the gel formation in step b.2), b.3) or after step d.3) step 8) is effecied with addition of

an amine and/or ammonia.

9. A process according to claim 8,

characterized in that
the gel formation is effected at a temperature in the range from 0 to 100°C and, more

particularly, the pH is kept at from 0 to 7 to form a stable agueous sol.

10. A process according to any of claims 1 to 9,
characterized in that
silicon carbide is added as an activator and/or carbon source in one process step,
preferably in such a way that purified silicon oxide is present together with at least
one pure carbon source which may be silicon carbide, and/or a silicon carbide
and/or silicon
a) in a formulation comprising the purified silicon oxide and at least one pure

carbon source and oplionally silicon carbide and optionally silicon and/or
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11.

12.

13.

14.

15.

b} in a formulation comprising the purified silicon oxide and optionally silicon
carbide and optionally silicon and/or

c) in a formulation comprising at least one pure carbon source and optionally
silicon carbide and opticnally silicon,

the particular formulation optionally containing binder.

A process according to any one of claims 1 to 10,

characterized in that

the pure carbon source comprises an organic compound of natural origin, a
carbohydrate, graphite, coke, coal, carbon black, thermal black, pyrolyzed

carbohydrate, especially pyrolyzed sugar.

A process according to any one of claims 1 to 11,

characterized in that

the process comprises a step in which a carbohydrate is pyrolized in the presence
of silicon oxide, preferably high-purity silicon dioxide, as a defoamer, and in this

way at least some of the carbon required as a carbon source is obtained.

A process according to claim 12,
characterized in that
the carbohydrate, preferably an aqueous solution of a carbohydrate, is purified

before the pyrolysis by contacting with at least one ion exchanger.

A process according to either of claims 12 and 13,

characterized in that

the carbohydrate, preferably an aqueous solution of a carbohydrate, and the
silicon oxide, preferably the high-purity silicon dioxide, are subjected to a shaping

process before the pyrolysis.

A process according to any one of claims 1 to 14,

characterized in that
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16.

17.

18.

the purified silicon oxide is reduced with one or more pure carbon sources in a
light arc furnace, in a thermal reactor, in an induction furnace, rotary tube furnace

and/or in a microwave furnace.

A process according to any one of claims 1 to 15,

characterized in that

the purified silicon oxide is reduced with one or more pure carbon sources in a
reaction chamber lined with high-purity refractory materials and any electrodes

used consist of high-purity material.

A process according to any one of claims 1 to 16,
characterized in that
molten pure silicon is obtained and is purified further by zone melting or controlied

solidification.

A process according to any one of claims 1 to 17,

characterized in that

it comprises the following steps:

a) converting a silicon oxide, preferably silicon dioxide, containing impurities to
silicon oxide dissolved in the aqueous phase,

b) purifying the silicate dissolved in the agueous phase by contacting with a
strongly acidic cation exchange resin, especially of the hydrogen type,

) obtaining a precipitate of purified silicon oxide and

d) converting the purified oxide thus obtained to silicon in the presence of one or

more carbon sources and optionally by addition of an activator.
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