-1 Method for producing high-purity silicon carbide from hydrocarbons and silicon oxide through
calcination The invention relates to a process for preparing silicon carbide and/or silicon carbide- 5
_graphite particles by reaction of silicon oxide and a carbon source comprising a carbohydrate, in
particular carbohydrates, at elevated temperature, in particular an industrial process for preparing
silicon carbide or for preparing compositions-containing silicon carbide and also the isolation of the
reaction products. The invention further relates to a high-purity silicon carbide, compositions containing
this, the use as catalyst 10and in the production of electrodes and other articles. Silicon carbide has
the trivial name carborundum. Silicon carbide is a chemlcal compound of silicon and carbon which
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propose as raw mat ese raw 30materials are expensive and difficult to handle.
10  and in the production of electrodes and other articles.

Silicon carbide has the trivial name carborundum. Silicon carbide is a chemical
compound of silicon and carbon which belongs to the group of carbides and has the
chemical formula SiC. Owing to its hardness and high melting point, silicon carbide is
15 employed as abrasive (carborundum) and component of refractories. Large amounts of
relatively impure SiC are used as metallurgical SiC for alioying of cast iron with silicon
and carbon. it is also employed as insulator of fuel elements in high-temperature
nuclear reactors or in heat-protection tiles in space flight. It likewise serves, in admixture
with other materials, as aggregate for hard concrete in order to make industrial floors
20 abrasion resistant. Rings of high-quality fishing rods are likewise made of SiC. In
engineering ceramics, SiC is one of the most frequently used materiais because of its

widely useful properties, in particular because of its hardness.

. Processes for preparing pure silicon carbide are generaily known. Pure silicon carbide

25 has hitherto been prepared industrially by the modified Lely method (J.A. Lely;
Darstellung von Einkristallen von silicon carbide und Beherrschung von Art and Menge

der eingebauten Verunreinigungen; Berichte der Deutschen Keramischen Gesellschatt

e.V.: Aug. 1955; pp. 229-231) or as described in US 2004/0231583 A1. Here, the HP
gases monosilane (SiH.) and propane (C3Hg) are proposed as raw materials. These raw

30 materials are expensive and difficult to handle.



2 In a further process, silicon carbide powder is obtained as beta-silicon carbide powder by gas-phase
deposition from methylsilane using argon as carrier gas at from 1000 to be 1800C. The content of
“metallurgical impurities, apart from further impurities, is said to be less than 1000 ppm (Verfahren zur
Herstellung von Siliciumcarbidpulvern aus der 5Gasphase, W. Booker et al., Ber. Dt. Keram. Ges., 55
(1978), No. 4, 233-237). DE 25 18 950 teaches the preparation of silicon carbide by vapour-phase
reaction of a mixture of silicon halide, a boron halide and a hydrocarbon such as toluene in a plasma
jet reaction zone. The p-silicon carbide obtained has a boron content of from 0.2 to 1% 10by weight.
Disadvantages of the processes of the prior art are4he high raw materials costs and/or the
complicated handling of the hydrolysis-sensitive and/or spontaneously flammable raw materials for the
preparation of pure silicon carbide. 15 Many of the present-day industrial applications of silicqn carbide
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graphiterpatiiy endiednnesirrgd/omnexterianiefacel of tyerocarbon such as toluene in a plasma
jet reaction zone. The B-silicon carbide obtained has a boron content of from 0.2 to 1%

10 by weight.

Disadvantages of the processes of the prior art are the high raw materials costs and/or
the complicated handling of the hydrolysis-sensitive and/or spontaneously flammable

raw materials for the preparation of pure silicon carbide.

15
Many of the present-day industrial applications of silicon carbide generally share very
high purity requirements. For this reason, the impurity content of the silanes or
halosilanes to be reacted must not exceed a few mg/kg (ppm range) and for later
applications in the semiconductor industry must not exceed a few ug/kg (ppb range).

20

It was an object of the present invention to prepare high-purity silicon carbide from

significantly cheaper raw materials and to overcome the abovementioned process

disadvantages.

25 It has surprisingly been found that a high-purity silicon carbide in a carbon matrix and/or
silicon carbide in a silicon dioxide matrix andfor a silicon carbide comprising carbon
dioxide and/or silicon dioxide in a composition can be prepared inexpensively as a
function of the mixing ratio by reaction of mixtures of silicon dioxide and sugar with
subsequent pyrolysis and high-temperature calcination. The silicon carbide is preferably

30 prepared in a carbon matrix. In particular, a silicon carbide particle having an exterior

carbon matrix, preferably a graphite matrix on the inner and/or extericr surface of the



-3 particles, can be obtained. It can then be obtained in pure form in a simple manner by passive
oxidation by means of air, in particular by the carbon being removed by oxidation. As an alternative,
_the silicon carbide can be further purified and/or deposited by sublimation at high temperatures and
optionally in a high vacuum. Silicon carbide 5can be sublimated at temperatures of about 2800C. The
object is achieved the process of the invention according to Claim 1 and by the composition according
to Claim 11 and 12 and by the silicon carbide according to Claim 13. Preferred embodiments are
described in the dependent claims and in the 10description. According to the invention, the object is
achieved by the process for preparing silicon carbice by reaction of silicon oxide, in particular silicon
dioxide and/or silicon oxide, and a carbon source comprising a carbohydrate at elevated temperature,
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for preparing Silicon carbide. The reaction can be carried out at temperatures from 150C upwards,
preferalpigssomm oxidation by means of air, in particular by the carbon being removed by
oxidation. As an alternative, the silicon carbide can be further purified and/or deposited
by sublimation at high temperatures and optionally in a high vacuum. Silicon carhide

5  can be sublimated at temperatures of about 2800°C.

The object is achieved the process of the invention according to Claim 1 and by the
composition according to Claim 11 and 12 and by the silicon carbide according to Claim

1_3. Preferred embodiments are described in the dependent claims and in the

10 ¢ description.

According to the invention, the object is achieved by the process for preparing silicon
carbide by reaction of silicon oxide, in particuiar silicon dioxide and/or silicon oxide, and

a carbon source comprising a carbohydrate at elevated temperature, in particular by

15  pyrolysis and calcination.

The invention provides a technical and industrial process for preparing silicon carbide.
The reaction can be carried out at temperatures from 150°C upwards, preferably from
400 to 3000°C, with it being possible to carry out a reaction at relatively low
20 temperatures, in particular from 400 to 1400°C, in a first pyrolysis step (low-temperature
mode) and a subsequent calcination at higher temperatures (high-temperature mode),
in particular from 1400 to 3000°C, preferably from 1400 fo 1800°C. The pyrolysis and
calcination can be carried out directly in succession in one process or in iwo separate
steps. For example, the process product of the pyrolysis can be packed as composition

25  and later used by a further user to prepare silicon carbide or silicon.

As an alternative, the reaction of silicon oxide and the carbon source comprising a
carbohydrate can commence in a fow temperature range, for example from 150°C
upward, preferably at 400°C, and the temperature can be increased continuously or
30 stepwise to, for example, 1800°C or higher, in particular about 1900°C. This procedure

can be advantageous for removal of the process gases formed.



400 to 3000C, with it being possible to carry out a reaction at relatively low 20 temperatures, in
particular from 400 to 1400C, in a first pyrolysis step (low-temperature mode) and a subsequent
_calcination at higher temperatures (high-temperature mode), in particular from 1400 to 3000C,
preferably from 1400 to 1800C. The pyrolysis and calcination can be carried out directly in succession
in one process or in two separate steps. For example, the process product of the pyrolysis can be
packed as composition 25and later used by a further user to prepare silicon carbide or silicon. As an
alternative, the reaction of silicon oxide and the carbon source comprising a carbohydrate can
commence in a low temperature range, for exampld from 150C upward, preferably at 400C, and the
temperature can be increased continuously or 30,stepwise to, for example, 1800C or higher, in
particular about 1900C. This procedure can be advantageous for removal of the process gases
formed. 4 In a further alternative method of carrying out the process, the reaction can be commenced
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decompositio the silicon carbide o the reaction is preferably carried out in an atmosphere
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igh-purity silicon carbide as per the following definition. ) i ,
reaction is preferably carried out in an atmosphere which is low in oxygen at
temperatures below the decomposition temperature, in particular below 1800°C,
preferably below 1600°C. The process product which is isolated according to the
invention is high-purity silicon carbide as per the following definition.
10 -
Silicon carbide can be obtained in pure form by after-treatment of the silicon carbide in a
carbon matrix by passive oxidation by means of oxygen, air and/or NO,eHO, for
example at temperatures of about 800°C. In this oxidation process, Carbon_or the
carbon-containing matrix can be oxidized and removed from the system as process gas,
15 for example as carbon monoxide. The purified silicon carbide may then still comprise

one or more silicon oxide matrices or possibly small amounts of silicon.

The silicon carbide is relatively oxidation-resistant towards oxygen even at temperatures
above 800°C. In direct contact with oxygen, it forms a passivating layer of silicon dioxide
20  (SiO,, “passive oxidation”). At temperatures above about 1600°C and at the same time
with a deficiency of oxygen (partial pressure below about 50 mbar), gaseous SiO is
formed instead of the vitreous SiO,; a protective effect is then no longer obtained and
the SiC is quickly burnt (“active oxidation”). This active oxidation occurs when the free
oxygen in the system has been consumed.
25
A C-based reaction product obtained according to the invention or a reaction product
having a carbon matrix, in particular a pyrolysis product, contains carbon, in particular in
the form of pyrolysis carbon and/or carbon black, and silica and aiso optionally
proportions of other forms of carbon, e.g. graphite, and is particularly low in impurities,
30 for example the elements boron, phosphorus, arsenic, iron and aluminium and also

compounds thereof.



10 Silicon carbide can be obtained in pure form by after-treatment of the silicon carbide in a carbon
matrix by passive oxidation by means of oxygen, air and/or NOx01-H20, for example at temperatures
‘of about 800C. In this oxidation process, carbon or the carbon-containing matrix can be oxidized and
removed from the system as process gas, 15 for example as carbon monoxide. The purified silicon
carbide may then still comprise one or more silicon oxide matrices or possibly small amounts of silicon.
The silicon carbide is relatively oxidation-resistant towards oxygen even at temperatures above 800C.
In direct contact with oxygen, it forms a passivating layer of silicon dioxide 20 (SiO2, "passive
oxidation"). At temperatures above about 1600C arid at the same time with a deficiency of oxygen
(partial pressure below about 50 mbar), gaseous SiO is formed instead of the vitreous Si02; a

protectiy efierbisSiaes A joRgRI RGNS haNeae SiGiis duiekly YEHIGACNR auidatierdoTtis active

oxidation occurs when the free oxygen in the system has been consumed. 25 A C-based reaction
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and silica and also optionally proportions of other forms of carbon, e.g. graphite, and is particularly low
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advantageously be used as reducing agent in the preparation of silicon carbide from s&gr E(j:}kggtrercoal
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production of electrodes, for example in an electric arc react i[],‘or as catalyst and raw material for the
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likewise be used as energy source and/or as additive for the production of high-purity steels. 10The
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reaction of silicon oxide, in particular silicon dioxide, and a carbon source comprising at
least one carbohydrate at elevated temperature and, in particular, with the isolation of
the silicon carbide. The invention also provides a silicon carbide or a composition
containing silicon carbide which can be obtained by this process and also the pyrolysis
15  and/or calcination product which can be obtained by the process of the invention, and
also, in particular, the isolation thereof. The process of the invention is an industrial,
preferably large-scale, process for the industrial reaction or industrial pyrolysis and/or
calcination of a carbohydrate or carbohydrate mixture at elevated temperature with
addition of silicon oxide and the associated materials conversion. In a particularly
20 preferred process variant, the industrial process for preparing high-purity silicon carbide
comprises the reaction of carbohydrates, if appropriate carbohydrate mixtures, with
siticon oxide, in particular siicon dioxide, and silicon oxide formed in situ, at elevated
temperature, in particular in the range from 400 to 3000°C, preferably from 1400 to
1800°C, particularly preferably from about 1450 to < about 1600°C.
25
According to the invention, a silicon carbide optionally together with a carbon matrix
and/or silicon oxide matrix or a matrix comprising carbon and/or silicon oxide is isolated,
in particular as product, optionaily together with a content of silicon. The isolated silicon
carbide can have any crystalline phase, for example a- or B-silicon carbide phase or
30 mixtures of these or further silicon ecarbidé phiases. A total of more than 150 polytype

phases are generally known for silicon carbide. The silicon carbide obtained by the



‘reaction of silicon oxide, in particular silicon dioxide, and a carbon source comprising at least one
carbohydrate at elevated temperature and, in particular, with the isolation of the silicon carbide. The
“invention also provides a silicon carbide or a composition containing silicon carbide which can be
obtained by this process and also the pyrolysis 15 and/or calcination product which can be obtained by
the process of the invention, and also, in particular, the isolation thereof The process of the invention is
an industrial, preferably large-scale, process for the industrial reaction or industrial pyrolysis and/or
calcination of a carbohydrate or carbohydrate mixture at elevated temperature with addition of silicon
oxide and the associated materials conversion. In @&particularly 20 preferred process variant, the
industrial process for preparing high-purity silicon carbide comprises the reaction of carbohydrates, if
appropriate cagbohileate, BHyBH e slicomaxide dnpariaianisas, dioxide snslipiigopraide
formed In situ, at elevated temperature, in particular in the ranB%%{rom 400 to 3000C, preferably from
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matrix comprising carbon and/or silicon oxide is isolated, in particular as product, optionally together
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150 polytype phases are generally known for silicon carbide. The silicon carbide obtained by the 6
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there isggigyally no formation of silicon in the calcination or high-temperature reaction because no
agi lomeration of the particles and generally no formation of a melt occurs. Silicon would only be
formed with formation of a melt. The further content of silicon can be controlled by infiltration with
silicon. £8rRpEtherpuEresesbthecpersanténitidrighighnyryiciicoaridbide dssiisticamitddeide
which, in addition to silicon carpide, m Iso contain carhon, in particular ag.C matrix, and/or silicon
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passivation layer comprising silicon dioxide. Likewise, high-purity silicon carbide is
considered to be a high-purity composition containing or consisting of silicon carbide,
carbon, silicon oxide and possibly small amounts of silicon, with the high-purity silicon
20  carbide or the high-purity composition having, in particular, an impurity profile of boron
and phosphorus of less than 100 ppm of boron, in particuiar from 10 ppm to 0.001 ppt,
and less than 200 ppm of phosphorus, in particular from 20 ppm to 0.001 ppt of
phosphorus; in particular, it has a total impurity profile of boron, phosphorus, arsenic,
aluminium, iron, sodium, potassium, nickel and chromium of less than 100 ppm by
25  weight, preferably less than 10 ppm by weight, particularly preferably less than 5 ppm
by weight, based on the high-purity total composition or the high-purity silicon carbide.

The impurity profile of the high-purity silicon carbides in respect of boron, phosphorus,
arsenic, aluminium, iron, sodium, potassium, nicke! and chromium is preferably from
30  <5ppm to 0.01 ppt (by weight), in particular from < 2.5 ppm to 0.1 ppt, for each

element. The silicon carbide, optionally together wiily carbon and/or Si,O, matrices,



20 carbide or the high-purity composition having, in particular, an impurity profile of boron and
phosphorus of less than 100 ppm of boron, in particular from 10 ppm to 0.001 ppt, and less than 200
_ppm of phosphorus, in particular from 20 ppm to 0.001 ppt of phosphorus; in particular, it has a total
impurity profile of boron, phosphorus, arsenic, aluminium, iron, sodium, potassium, nickel and
chromium of less than 100 ppm by 25weight, preferably less than 10 ppm by weight, particularly
preferably less than 5 ppm by weight, based on the high-purity total composition or the high-purity
silicon carbide. The impurity profile of the high-purity silicon carbides in respect of boron, phosphorus,
arsenic, aluminium, iron, sodium, potassium, nickel7and chromium is preferably from 30<5 ppm to 0.01
ppt (by weight), in particular from < 2.5 ppm to 0.1 ppt, for each element. The silicon carbide, optionally
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preferatﬂy as the following impurity content: boron less than 100 ppm, preferably in the range from 10
ppm to Ovgltipptopdetitularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt,
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preferably from 5 ppm to om < 0.5 ppm t0 0.001 pé)ft, and/or sodium less than 100 ppm,
preferalgiiefenaely fram frammdpPitd proor BpmFakiewany sreeRbRPEAFRBYpm to 0.001 ppt or
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particularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or
sodium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt,
particularly preferably from 5 ppm to 0.001 ppt or from < 1 ppm to 0.001 ppt, and/or
aluminium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt,

10  particularly preferably from 5 ppm to 0.001 ppt or from < 1 ppm to 0.001 pp‘t, and/or
iron less than 100 ppm, preferably in the range from 10 ppm fo 0.001 ppt, particularly
preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or
chromium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt,
particularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or
15  nickel less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, particularty
oreferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or
potassium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt,
particularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or
sulphur less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt,
20  particularly preferably from 5 ppm to 0.001 ppt or from < 2 ppm to 0.001 ppt, and/or
barium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, particularty
preferably from 5 ppm to 0.001 ppt or from < 3 ppm to 0.001 ppt, and/or
zinc less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, particularly
preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or
25  zirconium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt,
particularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or
titanium less than 100 ppm, preferably in the range from 10 ppm fo 0.001 ppt,
particularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm {o 0.001 ppt, and/or
calcium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt,
30 particularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, a'nd



~iron less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, particularly preferably from 5
ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or chromium less than 100 ppm, preferably in
_the range from 10 ppm to 0.001 ppt, particularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm
to 0.001 ppt, and/or 15nickel less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt,
particularly preferably from 5 ppm to 0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or potassium less
than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, particularly preferably from 5 ppm to
0.001 ppt or from < 0.5 ppm to 0.001 ppt, and/or sulphur less than 100 ppm, preferably in the range
from 10 ppm to 0.001 ppt, 20particularly preferablyfrom 5 ppm to 0.001 ppt or from < 2 ppm to 0.001
ppt, and/or barium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, particularly
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and/or titanium less than 100 ppm, preferably in the range from 10 ppm to 0.001 ppt, particularly
preferaBffrsaRly ppriie G008 Berorkrerm<esdii tBR?zO@‘i%%‘i,%ﬁ?ﬁéH%ﬁ%mﬁﬂe@tﬁwmﬁ ppm,

preferablyn.ihs rangsemgtO rem ORRA Rt 3oRapisuiEvipeierabheftoably nAMHe P00 ppt or
from <0.5 ppm to 0.001 ppt, and 8 in particular magnesium at less than 100 ppm, preferably in the
range fiEPAN19 PR 19 @:581 Bpt; BarieIARAs B k55 RaRe 2N e Mol @irffﬁp 0'6.3ﬁr6§geand/or

copper {gss thanpHR R, uefemblyisrhanignaetiennakypiote 0.Qkops, patsulssty prefenably in
the range from 2 ppm to 0.001 %ot, and/or cobalt less than 100|€> m, in
manganese less than 100 ppm, In particular in the ra ge from 10 ppm to 0.001 ppt,
preferably in the range from 2 ppm to 0.001 ppt, and/or lead less than 100 ppm, in
10  particular in the range from 20 ppm to 0.001 ppt, preferably in the range from 10 ppmto «

0.001 ppt, particularly preferably in the range from 5 ppm to 0.001 ppt.

A particularly preferred high-purity silicon carbide or high-purity composition contains or
consists of silicon carbide, carbon, silicon oxide and possibly small amounts of silicon,
15  with the high-purity silicon carbide or the high-purity composition having, in particular,
an impurity profile in respect of boron, phosphorus, arsenic, aluminium, iron, sodium,
potassium, nickel, chromium, sulphur, barium, zirconium, zinc, titanium, calcium,
magnesium, copper, chromium, cobalt, zinc, vanadium, manganese and/or lead of less
than 100 ppm, preferably from < 20 ppm to 0.001 ppt, particularly preferably in the
20 range from 10 ppm to 0.001 ppt, based on the high-purity total composition or the high-

purity silicon carbide.

These high-purity silicon carbides or high-purity compositions can be obtained by using
the reaction participants, viz. the carbohydrate-containing carbon source and the silicon
25  oxide used, and also the reactors, reactor components, pipes, storage vessels for the
reactants, the reactor lining, cladding and any added reaction gases or inert gases

having the necessary purity in the process of the invention.

The high-purity silicon carbide or the high-purity composition according to the above
30 definition, in particular comprising a content of carbon; for example in the form of

pyrolysis carbon, carbon black, gz’éphite; and/or silicon oxide, in particular in the form of



-5 particular in the range from 10 ppm to 0.001 ppt, particularly preferably in the range from 2 ppm to
0.001 ppt, and/or vanadium less than 100 ppm, in particular in the range from 10 ppm to 0.001 ppt,
_preferably in the range from 2 ppm to 0.001 ppt, and/or manganese less than 100 ppm, in particular in
the range from 10 ppm to 0.001 ppt, preferably in the range from 2 ppm to 0.001 ppt, and/or lead less
than 100 ppm, in 10particular in the range from 20 ppm to 0.001 ppt, preferably in the range from 10
ppm to 0.001 ppt, particularly preferably in the range from 5 ppm to 0.001 ppt. A particularly preferred
high-purity silicon carbide or high-purity compaosition contains or consists of silicon carbide, carbon,
silicon oxide and possibly small amounts of silicon,45 with the high-purity silicon carbide or the
high-purity composition having, in particular, an impurity profile in respect of boron, phosphorus,

arsenic,glymiRiim iy, SORIY My BRIESH B Hickeh 1 CHEPHNUBh AP BHGHMBIL EFcepipb e,

titanium, calcium, magnesiumi, copper, chromium, cobalt, zinc, vanadium, manganese and/or lead of

less thafoTG8ippe berereRISNOF ARCEZITPREHINBIEN08 P FRIE FRIHIERS | Brefta Ry T IRPSOISHEE from
10 ppm;to,Q.004.ppt shased on e g bt teirkseraResHiFdhenghe St S TioORARDide.

These high-purity™silicon carbides or high-purity compositions can be obtained by using the reaction

particip@agioulartietbargRIFEE EhRIAE CaPEdrPSbUREPIRFBIERifcdh 2P 858 BE N RiPalso
thegeaciys, FeAGIOHECRIPRERIEL PRSI SIPERGR YRSSES (iR reashnisdieedimgaioniiaingngiadding

and any added reaction gases or inert gases having the necessary purity in the process of the

inventioffomtheriykepliRBE sRRdkWar dE Ferre MightBa e esn By RitoRRERdEr diRg t O tHESSh (Ve
30definition,,in RRTLCYAIEOPARHSINELCOMENt Qi andar syampiedrbie fermeofayitysistarbon,
carbon black, graphite; and/or silicon oxide, in particular in the form of _
analytical detection fimit. 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,
10  particularly preferably in the range from 10 ppm to 1 ppt or less. The phosphorus
content is preferably in the region of the analytical detection limit. The proportions ppm,

ppb and/or ppt are always by weight, in particular in mg/kg, #g/kg, ng/kg or in
mg/g, #g9/g or ng/g, etc.

16 The actual pyrolysis (low-temperature step) generally takes place at temperatures
below about 800°C. The pyrolysis can be carried out at atmospheric pressure, under
reduced pressure or under superatmospheric pressure, depending on the desired
product. If it is carried out under reduced pressure or low pressure, the process gases
can readily be taken off and highly porous, particulate structures are usually obtained

20 after the pyrolysis. Under conditions in the region of atmospheric pressure, the porous,
particulate structures are usually agglomerated to a greater extent. If the pyrolysis is
carried out under superatmospheric pressures, the volatile reaction products can
condense on the silicon oxide particles and may react with themselves or with reactive
groups of the silicon dioxide. Thus, for example, decomposition products of the

25  carbohydrates, e.g. ketones, aldehydes or alcohols, can react with free hydroxy groups
of the silicon dioxide particles. This significantly reduces poliution of the environment
with process gases. The porous pyrolysis products obtained are in this case
agglomerated to a somewhat greater extent. Apart from pressure and temperature,
which can be selected freely within wide limits as a function of the desired pyrolysis

30 product and their precise matching to one another is known per se to those skilled in the

art, the pyrolysis of the carbon source containing at least one carbohydrate can be



~9 Si02, has an impurity profile in respect of boron and/or phosphorus or compounds containing boron
- and/or phosphorus which is preferably less than 100 ppm, in particular in the range from 10 ppm to
0.001 ppt, for the element boron and less than 200 ppm, in particular in the range from 20 ppm to
0.001 ppt, for phosphorus. The boron content of a 5 silicon carbide is preferably in the range from 7
ppm to 1 ppt, preferably in the range from 6 ppm to 1 ppt, particularly 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 in1Be range from 15 ppm to 1 ppt, 10 particularly
preferably in the range from 10 ppm to 1 ppt or less. The phosphorus content is preferably in the
region QL& AnalytERl AETBRUGIDTL The RIBROTHRNSARI PR ARG PRIAIRA AR DI I
particular in mg/kg, pg/kg, hg/kg or in mg/g, pg/g or ng/g, etc. 15The actual pyrolysis (low-temperature
step) genetaliiamkes pitceuetiaiienadl ias Bilewiatbafeonof TREFRERGEIY &l EatarricPout at
atmospheric pr r r sure ok; p IC: RLES S ing on
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readily ls&itlekiein dffeand highfapiaus] papiedarestalcngistiseehasuaiybapiaiied feagiéechinal
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are usuall?/ agglomerated to a greater extent. It the pyrolysis Is carried out under superatmospheric
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greater extent. Apart from pressure and temperature, which can be selected freely within wide limits as
a ffihctioneseiieod ésirdippiAesysi 80priuBY EYSIReir precise matching to one another is known per
se to those skilled in the art, the pyrolysis of the carbon source containing at least one carbohydrate
can be 10 carried out in the presence of moisture, in particular residual moisture of the starting

materialEher alsimatsducaaPof(elia@nsmbiIBrnsePtosEaRsalvafensiistsVaelipys the
hydrate-GapIAnING GOMeSRSBISn 8- SIRREIAR of aitstepsipen viavishaRasp ik atbin he ar

are familiar. The presence of moisture has, in particular, the effect that 5 the carbohydrate is more
readily pyFelysisd Risdlushiecialsli@ited Pretiiing et ©RARY PhilsiRYeHS BAGR AISElRth. The
prpgesssfanpraparing Sifigon saTbideRY TeactanpsA0R QddaIRNdAraibent SaureshsoMpUSiay at

least one carbohydrate at elevated temperature, in particular at the beginning of the pyrolysis, is

particul 2P Qresepssiorakividbul HPdhidhée b hRiRWIRY S ShrspHat OH G drE Remddres

below 800°C, the calcination step can also extend to a temperature range from 800°C
to about 1800°C. To achieve improved heat transfer, high-purity silicon oxide spheres,
in particular fumed silica spheres and/or silicon carbide spheres, or fumed silica and/or
20  silicon carbide particles in general can be used in the process. These heat transfer
agents are preferably used in rotary tube furnaces or in microwave furnaces. In
microwave furnaces, the microwaves are injected into the fumed sitica particles and/or
silicon carbide particles so that the particles heat up. The spheres and/or particles are

preferably well distributed in the reaction system so as to make uniform heat transfer

25 possible.

The impurities in the respective starting materials and process products are determined
by means of sample decomposition methods known to those skilled in the art, for
example by detection by |{CP-MS (analysis for the determination of trace impurities).

30



10present or is introduced during the pyrolysis. The calcination step (high-temperature step) generally
immediately follows the pyrolysis, but it can also be carried out at a later point in time, for example
‘when the pyrolysis product is sold on. The temperature ranges of the pyrolysis and calcination 15
steps may overlap somewhat. The calcination is usually carried out at from 1400 to 2000C, preferably
from 1400 to 1800C. If the pyrolysis is carried out at temperatures below 800C, the calcination step
can also extend to a temperature range from 800C to about 1800C. To achieve improved heat
transfer, high-purity silicon oxide spheres, in particular fumed silica spheres and/or silicon carbide
spheres, or fumed silica and/or 20 silicon carbide pitticles in general can be used in the process.
These heat transfer agents are preferably used in rotary tube furnaces or in microwave furnaces. In

microwaye Junaces. themiSIAWAYRS aiadaiactaiBipibe ured sisapartislesandiensiieomearbide

particles so that the particles heat up. The spheres and/or particies are preferably well distributed in

the readtivarsimteraseaibab i e Mo AATSEANHRRsRr PHPEERhIE! PREAYGIRIESIPIheYE Y Ective
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known to those skilled in the art, for example by detection by ICP-MS (analysis for the determination of

trace infiRltiiely. OCCUERABRMSBYHAtes MR at Bd56SRe tMBdHIAlc20deas Rt ording
to the inuepfien.of carbobyiaiRRiREaCahAfide e EHEas Ainarhely iRt nsidriiederivatives

of carbohydratés in the process of the invention. It is possible to use naturally occurring carbohlydrates,

anomer€X%THdge binveleangapariarass §jiaRetcas cHiBHIRRIrAR s "eeibohlardeLRmiaiavEe been
obtainegéqifataQWOIQQi??éJaérEm;@X%@@lﬁ&y MRS aflergentatiapnseactikeniss, baivsechdige,
i

carbohydrate or derivative is préferably selected from among a monosaccharide, disaccharide,

oligosaciesidsairiige et drrlMERCERE TR GRS BIEss Bl o iRt M QIAiES FAERNBHEES The
followinghgathpldraias RIBRAH SN YE@eeb NrusesHiaihelproedesadl) msmbiadebaridessse.

aldoses or ketoses such as trioses, tetroses, pentoses, hexoses, heptoses, in P@rticul r glucose or

frd&osé?ﬁﬁﬂ%ﬁ%"b‘t‘ﬁ?@@péﬁdiﬁ@%ﬁﬁ%éﬁc‘é‘?‘f&ﬁ&é&sﬂﬁ BOIAAREPralTHES BRsBA DR SR HidHSHers, e.g.
|act08€ﬁ@3§ﬂ&%%, sHcresectadiingsectenameLitise, fewd and dlerivasiyesnaiibectiariehycthaties
e

mentioned can likewise be used as lpng as they meet the abovemelntigned purit‘)f requirem'erétés,
throughP%! toPCAYRAGSE AR 0 S BT AT 321G a FER PIERISin g Pny 1658 Rd ARRIBRRCtiR- The>C:
glycogengiithrglyeosansarmiyustgsansane néeneativgsa devimolysanshedicess Hoereiced isalso

possible to use a mixture at least two of the ahpvementioned.carbphydrates as carbqhydrate qr
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all
carpohydraiepu dedyativrg eicadesirtiaies starch, including amylose and amylopectin, the

glycogens, the glycosans and fructosans, to name only a few polysaccharides.
However, it is also possible to use a mixiure at least two of the abovementioned
carbohydrates as carbohydrate or carbohydrate component in the process of the
invention. It is generally possible to use all carbohydrates, derivatives of carbohydrates
20 and carbohydrate mixtures in the process of the invention, preferably ones having a
sufficient purity, in particular in respect of the elements boron, phosphorus and/or
aluminium. The total amount of the elements mentioned present as impurities in the
carbohydrate or the mixture should be less than 100 ug/g, in particular from < 100 ug/g
to 0.0001 ugly, preferably from <10 pg/g to 0.001 wg/g, particularly preferably from
25 <5uglg to 0.01 uglg. The carbohydrates to be used according to the invention

comprise the elements carbon, hydrogen, oxygen and may have the impurity profile

mentioned.

Carbohydrates comprising the elements carbon, hydrogen, oxygen and nitrogen,
30 possibly having the impurity profile mentioned, can also advantageously be used in the

process if a doped silicon carbide or a silicon carbide containing proportions of silicon



20 and carbohydrate mixtures in the process of the invention, preferably ones having a sufficient
purity, in particular in respect of the elements boron, phosphorus and/or aluminium. The total amount
~of the elements mentioned present as impurities in the carbohydrate or the mixture should be less than
100 pg/g, in particular from < 100 pg/g to 0.0001 dug/9, preferably from < 10 pg/g to 0.001 pg/g,
particularly preferably from 25 < 5 ,ug/g to 0.01 pg/g. The carbohydrates to be used according to the
invention comprise the elements carbon, hydrogen, oxygen and may have the impurity profile
mentioned. Carbohydrates comprising the elements carbon, hydrogen, oxygen and nitrogen,
30possibly having the impurity profile mentioned, céh also advantageously be used in the process if a
doped silicon carbide or a silicon carbide containing proportions of silicon 12 nitride is to be prepared.

To prepase sili i Q@ﬂiﬂi ' 0f sil| nitride,.jQ: whi FASS: iligogpitride
does noﬁ{%‘?(')%énﬁ gg ign?[é)%r t?/ecig itln'cg% ?dvgnfgg%%cﬁgé y gﬁ%’%é gggé%ﬁ{tﬂg%'rocegﬁiEjr.?th%}rwgﬁd
carbohyuiteiths whichitiah beasbtainedsiiican indiisitiatiseslenire RRGSe2 By HFBRYOpyRiEth@@RIlulose

(HPMC)aéggrﬂﬁﬁé%ru%%?tﬁg@%tﬁg%ﬂiPgtﬂgjfrwgé%t%.may’ if appropriate, be used for formulation of the

silicon oxide with customary crystalline sugars. 10Particular preference is given to using a crystalline
sugar which is available in economic amounts, viz, a sugar as can be obtained, for example, in a

magnerdie Pl BR RITIYELAIIRIEAN Ol 2 BUNLBIRIER IR oA gases SHRAnBeRI L.
commercial crystalline sugar, in particular food-grade crystalline sugar, in the process of the invention.

The sudadspxvereayotsitudesibdase (Pl aghierkeisGiftaniatoiahieindAide Jehichipalty
goerfrfrﬂyogbﬁgﬁrﬁsﬁ i liguidy fasmras st indheneoldisties lig e Alsghamaiohons, Kr-jammrrsess. A
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r drying step is then carried out beforehand if appropriate. The sugar can also have
been prég@dified in the liquid phase, if appropriate in 20 demineralized water or another suitable
solvent or solvent mixture, by means of ion exchangers in order to remove any specific impurities
which-can less readily be separated off by crystallization. Possible jon exchan%i;s are strongly acidic,

wéfkly Badievlanprorisacsastairer hasisisthacerialiors syharibied i ave e & isrosdi%nger is
known per SR tRese-skillgd iz dhearhasshiHMEIDNef Bxaineilies hiener known per se by

crystallization of a solution or a juice from sugar cane or sugar beet, i.e. commercial
crystalline sugar, in particular food-grade crystalline sugar, in the process of the
invention. The sugar or the carbohydrate can, if the impurfty profile is suitable for the
15  process, naturally generally also be used in liquid form as syrup, in the solid state, L.e.
also amorphous, in the process. A formulation and/or drying step is then carried out

beforehand if appropriate.

The sugar can also have been prepurified in the liquid phase, if appropriate in

20 demineralized water or another suitable solvent or solvent mixture, by means of ion
exchangers in order to remove any specific impurities which can less readily be
separated off by crystallization. Possible ion exchangers are strongly acidic, weakly
aéidic, amphoteric, neutral or basié ion exchangers. The choice of the correct ion
exchanger is known per se to those skilled in the art as a function of the impurities to be

25 separated off. The sugar can subsequently be crystallized, centrifuged and/or dried or
mixed with silicon oxide and dried. The crystallization can be effected by cooling or
addition of an antisolvent or other methods with which those skilled in the art are
familiar. The crystalline material can be separated off by means of filtration and/or
centrifugation.

30



25 separated off. The sugar can subsequently be crystallized, centrifuged and/or dried or mixed with
silicon oxide and dried. The crystallization can be effected by cooling or addition of an antisolvent or
other methods with which those skilled in the art are familiar. The crystalline material can be separated
off by means of filtration and/or centrifugation. 13 According to the invention, the carbon source
containing at least one carbohydrate or the carbohydrate mixture has the following impurity profile:
boron less than 2 [pg/g], phosphorus less than 0.5 [pg/g] and aluminium less than 2 [pg/g], preferably
less than or equal to 1 [pg/g], in particular iron less than 60 [pg/g]; the content of iron is 5 preferably
less than 10 Lug/g], particularly preferably less than® [pg/g]. Overall, efforts are made according to the
invention to use carbohydrates in which the contents of impurities such as boron, phosphorus,

aluminiytp andinn FSHICiREnfos bRoWIRSdsirialivaossibiy datRatiandiait ixeaityaase. 40 The
carbohydrate sotirce comprising at least one carbohydrate, according to the invention the

carbohyiBigatessb ey GisoRytdte maguiee frirping, IRRURE B PRIRRY |BESTIR AN resheidbf
boron, K apdalminiisyage plsqy ILARRIGRKAIB QT than. S0l BRIASEIHR. [Bickeh gnd/or

chromium. The contamination with boron (B) is, in particular, in the range from 5 to 0.000001 pg/g,

preferalsly RareB t8 oldootd piigPadipdidcdrany isesetadry #8mlpaisb.dbeogonipgt &icdigindto the
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range from 5 to 0.000001 pg/g, preferably from 3'to 0.00001 pg/g, particularly preferably from < 1 to
o.0000135@/538&&@@%@61%%%&%{@@%% 0. 3168 0C60P1YRRAE ST IR REHERRRLRRIVGISIGh (Fe)

is in the;ranasEee A0 42 GERAVOS R Sh IR BRWAMDI & FRNGE SeBhaD & MK PID
preferably from 2 to 0.00001 pg/g, particularly preferably from 1 to 0.00001 pg/g, according to the
inventio’rﬁ"#b?’ﬁ‘%’W.BQ@W@@%&B@ linE EbREGRIREEBN with sodium (Na) is, in particular, in the range
from 20 to 0.000001 pg/g, preferably from 15 to 0.00001 jug/g, particularly preferably from < 12 to

0.00001 //gig, according.to the invention from < 10 to 0.00001 pg/g. The contamination with potassium
(k0%s, i B8 AR B PAFEe ORISR, BbUBBS ()8, FrERRUHEm S5 55081 DG/,

A o ket s et 1
e contamination with aluminium (Al) is, in particular, in.the range from.4 to 0. preferably
from 3 BW0SLIESY PRSPPI e%{H?FfF&HJ%{@@gﬁB Mg a%}cs&’d n@%rﬂﬁ%%w%e Eon

from < 1rrtodd080 Ipbigissidre wiertaminatiorBmibmickel(Nonsrinmiticulat ibdherrgByésfrom 4
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5 to 0.000001 wg/g, preferably from 3 to 0.00001 ug/g, particularly preferably from < 1 to
0.00001 ug/g, according to the invention from < 0.5 to 0.00001 ug/g. The contamination
with iron (Fe) is in the range from 100 to 0.000001 pg/g, in particular in the range from
20 55 to 0.00001 ug/g, preferably from 2 to 0.00001 ug/g, particularly preferably from 1 to
0.00001 ug/g, according to the invention from < 0.5 to 0 00001 pg/g. The contamination
with sodium (Na) is, in particular, in the range from 20 to 0.000001 ug/g, preferably from
15 to 0.00001 ug/g, particularly preferably from < 12 to 0.00001 xg/g, according to the
invention from <10 to 0.00001 ug/g. The contamination with potassium (K} is, in
25  particular, in the range from 30 to 0.000001 ug/g, preferably from 25 to 0.00001 pg/g,
particularty preferably from < 20 to 0.00001 ug/g, according to the invention from < 16 to
0.00001 ug/g. The contamination with aluminium (Al) is, in particular, in the range from
4 to 0.000001 ug/g, preferably from 3 fo 0.00001 wpg/g, particularly preferably from <2 to
0.00001 wg/y, according to the invention from < 1.5 to 0.00001 pg/g. The contamination
30  with nickel (Ni) is, in particular, in the range from 4 to 0.000001 ug/g, preferably from 3
to 0.00001 uglg, particalarly preferably from <2 to 0.00001 pg/g, according to the



5 According to the invention, a crystalline sugar, for example refined sugar, is used or a crystalline
sugar is mixed with a water-containing silicon dioxide or a silica sol, dried and used in particulate form
in the process. As an alternative, any desired carbohydrate, in particular sugar, invert sugar or syrup,
can be mixed with a dry, water-containing or 10 aqueous silicon oxide, silicon dioxide, a silica acid
having a water content or a silica sol or the silicon oxide components mentioned below, if appropriate
dried and used as patrticles, preferably particles having a particle size of from 1 nm to 10 mm, in the
process. 15It is usual to use sugar having an average particle size of from 1 nm to 10 cm, in particular
from 10 ,um to 1 cm, preferably from 100 ,um to 0.54cm. As an alternative, sugar having an average
particle size in the micron to millimetre range can be used, with preference being given to the range

from 1 miceom e L/, Rarticularty reter ki fromd QaHeiaNadaco dmicenTinmparislessize can

be determined, inter alia, by 20 means of sieve analysis, TEM (transmission electron microscopy),

SEM (s@amifhipelderas maeadspy) of dpitd1oRRedseearsy. RefeRBhJEiBIe tPueddHdsswed
carbohystaie AR GFsier With echighrpiy i alveRbevRaREaiva hRfara alYeie AS an

alternative, a drying step can be carried out beforehand to recover the solvent. 25 Further preferred
raw mafeH&Odsu&Hebon source are all organic compounds known to those skilled in the art which
comprise at least one carbohydrate and satisfy the purity requirements, for example solutions of
carbohydrates. As carbohydrate solution, it is also possible to use an agueous-alcoholic solution or a

solution il B d tethgethesaiaDsAaFH (B Ngs HOR TIEOSYIPR fetRlILIRTXSHaRe SWPthe sBlution
evaporaipg AR & it Rivakey Qi s andLRiRgmEPiResh dis:idesdicarinailen siisoarmxide
component, preference is given to using an SiO, particularly preferably an SiOx where x = 0.5.t0 1.5,
SiO, SibEesi BoRsRfaBasy thETEIN the process. As an alterhative, any desired carbohydrate, in
particular sugar, invert sugar or syrup, can be mixed with a dry, water-containing or
10 aqueous silicon oxide, silicon diexide, a silica acid having a water content or a silica sol
or the silicon oxide components mentioned below, if appropriate dried and used as
particles, preferably particles having a particle size of from 1 nm to 10 mm, in the

process.

15 It is usual to use sugar having an average particle size of from 1 nm to 10 cm, in
particular from 10 gm to 1 cm, preferably from 100 ym to 0.5 cm. As an alternative,
sugar having an average particle size in the micron to millimetre range can be used,
with preference being given to the range from 1 micron to 1 mm, particularly preferably
from 10 microns to 100 microns. The particle size can be determined, inter alia, by

20  means of sieve analysis, TEM (fransmission electron microscopy), SEM (scanning
electron microscopy) or optical microscopy. It is aEsb possible to use a dissolved
carbohydrate as liquid, syrup or paste, with the high-purity solvent evaporating before
pyrolysis. As an alternative, a drying step can be carried out beforehand to recover the
solvent.

25
Further preferred raw materials as carbon source are all organic compounds known to

those skilled in the art which comprise at least one carbohydrate and satisfy the purity
requirements, for example solutions of carbohydrates. As carbohydrate solution, it is
also possible to use an aqueous-alcoholic solution or a solution containing tetraethoxy-
30 silane (Dynasylan® TEOS) or a tetraalkoxysilane, with the solution evaporating before

the actual pyrolysis and/or being pyrolysed.



agueous or water-containing Si02, a silicon oxide in the form of pyrogenic or 5 precipitated silica,
moist, dry or calcined, for example AerosilO or SipernatO, or a silica sol or gel, porous or dense fused
silica, silica sand, fused silica fibres, for example optical fibres, fused silica beads or mixtures of at
least two of the abovementioned forms of silicon oxide. The particle sizes of the individual components
are matched to one another in a manner known to those skilled in the art. 10 For the purposes of the
present invention, a sol is a colloidal solution in which the solid or liquid material is very finely
dispersed in a solid, liquid or gaseous medium (see also Rampp Chemie Lexikon). 15The particle size
of the carbon source comprising a carbohydrate antbalso the particle size of the silicon oxide are, in
particular, matched to one another so as to make good homogenization of the components possible
and prevent demixing before or during the process. 20Preference is given to using a porous silica, in
particular a porous silica having an internal surface area of from 0.1 to 800 m2/g, preferably from 10 to
500 m2Aysorsilisan108its 200 MNP apYide pereRRACHAVIPIE BT alfe PHRILIEOsiPRIN 18RmTPgreater
or else amAAN) iRy Brpafksulprsiion bayings hishdR, B tosymaytishdasaaaete) puriy
with the total content of impurities such as B, P, As and Al impurities 25 advantageously being less
than 10 PeOYSWEIgHYASaE6a ¥R HiBZoRICompositieA? TRSBEI) idHetdPRihedf bPERPRNC OT
decompgsifioniknoyayichessstkiigfdn tasaitdoPaEpIBIBdRRIioRLYHERMS (Bpalysir for

determining trace impurities). A parficularly sensitive detection can be achieved by electron spin

spectrofRITgr Teb iREIRE SUrfdeash dyeeth Firexaititie sBadcteprinalits tease fomeae(DIN

ISO 9274,#29%0rd8 Asslerpd Avsiads paricianize of the pilicoroxids i e iangerions40 nm
to 1 mm, in particular from 1 to 500 pm. The particle size can be determined, inter alio, by means of

TEM (tréprénsnseiohl e eoirm tBechRC'S Erg s intiR e dHbA! -GRRRROSESHS) HE oA Rficidscopy.

S one another in a manner known to those skilled in the art.
0 -
For the purposes of the present invention, a sol is a colloidal solution in which the solid
or liquid material is very finely dispersed in a solid, liquid or gaseous medium (see also

Rémpp Chemie Lexikon).

15  The particle size of the carbon source comprising a carbohydrate and also the particle
size of the silicon oxide are, in particular, matched to one another so as to make good

homogenization of the components possible and prevent demixing before or during the

process.

20  Preference is given to using a porous silica, in particular a porous silica having an
internal surface area of from 0.1 to 800 m#g, preferably from 10 to 500 m?/g or from 100
to 200 m%g, and in particular having an average particle size of 1 nm or greater or else
from 10 nm fo 10 mm, in particular silica having a high (99.9%) to very high (99.9899%)
purity, with the total content of impurities such as B, P, As and Al impurities

25 advantageously being less than 10 ppm by weight, based on the total composition. The
purity is determined by sample decomposition known to those skilled in the art, for
example by detection by [ICP-MS (analysis for determining trace -impurities). A
particularly sensitive detection can be achieved by electron spin spectrometry. The

internal surface area can, for example, be determined by the BET method

30 (DINISO 9277, 1995).



Suitable silicon oxides are generally all silicon oxide-containing compounds and/or minerals which
have a purity suitable for the process and thus for the process product and do not introduce any
_elements and/or compounds into the process which interfere or do not burn out without leaving a
residue into the process. As indicated above, pure 10or highly pure silicon oxide-containing
compounds or materials are used in the process. When the various silicon oxides, in particular the
various silicas, silicic acids, etc., are used, agglomeration can occur differently during the pyrolysis
depending on the pH of the particle surface. In general, increased agglomeration of the particles due
to pyrolysis 15 is observed in the case of more acidie silicon oxides. It can therefore be preferred to
use silicon oxides having neutral to basic surfaces, for example having pH values in the range from 7

to 14, whep,pialysis,e04{gk cairination Rroguets haying iglsRodomerion/ie ke RIeRAtes

20According to the invention, silicon oxide encompasses a silicon dioxide, in particular a pyrogenic or
precipitdtearailibabréseabioay sy BRRt T p retiRATEE & ifEE NS BN G8ry HIgh 3&ityY For the
purposes oftae ipvention. asilicAnuide RavbA VRILRISERNALY Srasilicen e, ibiparisular a
silicon dioxide, in which the contamination of the silicon oxide with boron and/or phosphorus or
compouRHEREHREMNIRG BRIEA! SIS 28hosphorus should be less than 10 ppm, in particular in the
range from 10 ppm to 0.001 ppt, for boron and less 20 ppm, in particular in the range from 20 ppm to
0.001 ppt, for phosphorus. The boron content is preferably in_the range from 7 ppm to 1 ppt, preferably
in the raPigeaREmippi BXIEPbrapRrGENars) préfbrifiPh MEdSIHRETRINTE SRS GEEdw, or,
for examppiesddheriRRAsE™ GO RERLINDBP Hrephrabpseferabiniisthe reaipnaidse pradvical

detection limit. The phosphorus content of the silicon oxides should Eéeferably be in the. ran’%g from 18

ppm to TEhEDRAEIABRAHS &Y 7SISMRMD AN SRMIBAUBES FaRILRATPSFRSR MBIG I R e from
10 ppmdp dopRbopiiei it Ththehpsrhendscentenidsmrete@mbloitthe regiogicdithe analyjoaldetection

Im?g' or highly pure silicon oxide-containing compounﬁls or materials are used in the process.
When the various silicon oxides, in particular the various silicas, silicic acias, etc., are
used, agglomeration can occur differently during the pyrolysis depending on the pH of
the particle surface. In general, increased agglomeration of the particles due to pyrolysis

15  is observed in the case of more acidic silicon oxides. It can therefore be preferred to use
silicon oxides having neutral to basic surfaces, for example having pH values in the
range from 7 to 14, when pyrolysis and/or calcination products having little

agglomeration are to be prepared.

20  According to the invention, silicon oxide encompasses a silicon dioxide, in particular a
pyrogenic or precipitated silica, preferably a pyrogenic or precipitated silica having a
high or very high purity. For the purposes of the invention, a silicon oxide having a very
high purity is a silicon oxide, in particular a silicon dioxide, in which the contamination of
the silicon oxide with boron and/or phosphorus or compounds containing boron and/or

25  phosphorus should be less than 10 ppm, in particular in the range from 10 ppm to 0.001
ppt, for boron and less 20 ppm, in particular in the range from 20 pprm to 0.001 ppt, for
phosphorus. The boron content is preferably in the range from 7 ppm to 1 ppt,
preferably in the range from 6 ppm to 1 ppt, particutarly preferably in the range from
5 ppm to 1 ppt or below, or, for example, in the range from 0.061 ppm to 0.001 ppt,

30 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



5Silicon oxides such as quartz, quartzite and/or silicon dioxides prepared in a conventional manner are
also advantageous. These can be the silicon dioxides occurring in crystalline modifications, e.g.
“moganite (chalcedony), a-quartz (low quartz), 6-quartz (high quartz), tridymite, cristobalite, coesite,
stishovite, or amorphous Si02, particularly when they satisfy the abovementioned purity requirements.
Furthermore, 10 preference can be given to using silicas, in particular precipitated silicas or silica gels
pyrogenic Si02, pyrogenic silica in the process and/or the composition. Conventional pyrogenic silicas
are amorphous Si02 powders having an average diameter of from 5 to 50 nm and a specific surface
area of from 50 to 600 m2/g. The above listing is ndt to be considered conclusive, and it will be clear to
a person skilled in the art that it is also 15possible to use other suitable silicon oxide sources in the

process iihe FHEPN ©Wide $OUGHhasaA-aRpreRHate By, fRPRIRRHate mftes pprieatioppTbe silicon
oxide, in particular Si02, can be provided and/or used in pulverulent, granular,aglg#mor foamed form,

as extrRRIRY oS RBrRHABPERMIST G RRbUS VIFEREDR0IBIRS e opHLIE B e YRR

additivegyip particular together with the carbon source comprising at least one carbohydrate and, if
appropriate, a binder and/or shaping aid. Preference is given to using a pulverulent, porous silicon
dioxide as shaped body, in 25 particular as extrudate or compact, particularly preferably together with

thescarBancepUreRigempEisitg asahaidraieipanexinate ellicomparixiosexpraplersta ipeliet or
briquette. In general, all solid reactants such as silicon dioxjde and if a%ro%‘i?ate, he car on%)urce
0

compriiR RIEQ58b B RAREEN G R atd ShoBftY BRIBEEAYR the 1515t In or BEPreSEN TR

compositienwhirthaifoEsdina o raatrst prssiyle guransaarea(toritsbe nepatiouanagdiian atrglevated -
porosity is desirable for rapid remaoval of the, &rgézess gases. Itis st rgj%e %?sgmloem%%%%rdér?g to the
) 2’

inventidirdddie @%tm),ltéidymlte, cri alite,” coesite, s

particularly when they satisfy the abovementioned purity requirements. Furthermore,
10  preference can be given to using silicas, in particular precipitated silicas or silica gels;
pyrogenic SiO,, pyrogenic silica in the process and/or the composition. Conventional
pyrogenic silicas are amorphous SiO; powders having an average diameter of from 5 to
50 nm and a specific surface area of from 50 to 600 m?/g. The above listing is not to be
considered conclusive, and it will be clear to a person skilled in the art that it is also
15 possible to use other suitable silicon oxide sources in the process if the silicon oxide

source has an appropriate purity, if appropriate after purification.

The silicon oxide, in particular SiO;, can be provided and/or used in pulverulent,
granular, porous or foamed form, as extrudate, as compact and/or as porous vitreous
20  body, if appropriate together with further additives, in particular together with the carbon

source comprising at least one carbohydrate and, if appropriate, a binder and/or

shaping aid.

Preference is given to using a pulverulent, porous silicon diexide as shaped body, in
25 particular as extrudate or compact, particularly preferabiy together with the carbon
source comprising a carbohydrate in an extrudate or compact, for example in a pellet or
briquette. In general, all solid reactants such as silicon dioxide and if appropriate the
carbon source comprising at least one carbohydrate should be used in the process in a
form or be present in a composition which offers the greatest possible surface area for
30 the reaction. In addition, an elevated porosity is desirable for rapid removal of the

process gases. It is therefore possible, according to the invention, to use a particulate



mixture of silicon dioxide particles having a coating/surface layer of carbohydrate. This particulate
mixture is, in a particularly preferred embodiment, present as a composition or as a kit, in particular
prepackaged. 5The amounts of starting materials and also the respective ratios of silicon oxide, in
particular silicon dioxide, to the carbon source comprising at least one carbohydrate depend on the
circumstances or requirements known to those skilled in the art, for example in a subsequent process
for silicon production, sintering processes, processes for producing electrode material or electrodes.
10 In the process of the invention, the carbohydrate can be used in a weight ratio of carbohydrate to
silicon oxide, in particular silicon dioxide, of from 1080:0.1 to 1:1000, based on the total weight. The
carbohydrate or carbohydrate mixture is preferably used in a weight ratio to silicon oxide, in particular

silicon %ﬁgﬂ% offamPidiad dafidesnasiniasiepasfesabin oML & davodRpuRAsicHialy

preferably from 20:1 to 1:2, with a preferred range from 2:1'to 1:1. In a preferred variant, carbon is
used vi@BTHCEARBR IHBELLE il§.af expasdcolail tHE SiREGH iATHROSIReR oRIGS 8 hasrdacteannsiten

process, lfthe, %Hcgp%@rﬁjg}gﬂ geous embodiment, used in excess, it should be ensured
ide

that the formation of silicon car is not suppressed when 20choosing the ratio. Likewise according
to the invention, the molar ratio of the content of carbon from the carbon source comprising a

carpohygjrate;n JNRtsilicoaisrmgnERitRllisan Qxids vk pekisstar alican diexidgidsremd)0p:0.1 to
0.1:1000 based on the total composition. 25 When conventional crystalline sugars are used, the

preferreRPréifgRbRIieRS dfiexiten inttbaueatPOR B/ GH FEHTYYIRES BhiBASING S caRFM R0 mole
of silicogdpiadusadiia thesiisemezide corpariadafomdia molhbsrokigddipl th@0droltte:Si in

the starting materials), and the C:Si ratio is particularly preferably from 50:1 to 1:50, very particularly

preferalSaraREZ0; B ©BH PRSI URHIPERGG TS TRE SRS BFPHHH Parf i AHRb R e I88 1 PSP EoRFR To 1:1.
Preferepgeds-aiyeRdereelrsdatingtatnisi ibereaibon 19

10
In the process of the invention, the carbohydrate can be used in a weight ratio of

carbohydrate {o silicon oxide, in particular silicon dioxide, of from 1000:0.1 to 1:1000,
based on the total weight. The carbohydrate or carbohydrate mixiure is preferably used
in a weight ratio to silicon oxide, in particular silicon dioxide, of from 100:1 to 1:100,
15 particularly preferably from 50:1 to 1:5, very particularly preferably from 20:1 to 1:2, with
a preferred range from 2:1 to 1:1. In a preferred variant, carbon is used via the
carbohydrate in an excess over the silicon in the silicon oxide to be reacted in the
process. If the silicon oxide is, in an advantageous embodiment, used in excess, it
should be ensured that the formation of silicon carbide is not suppressed when

20  choosing the ratio.

Likewise according to the invention, the molar ratio of the content of carbon from the
carbon source comprising a carbohydrate to the silicon content of the silicon oxide, in
particular silicon dioxide, is from 1000:0.1 to 0.1:1000 based on the total composition.
25  When conventional crystalline sugars are used, the preferred range of mole of carbon
introduced via the carbon source comprising a carbohydrate to mole of silicon
introduced via the silicon oxide compound is from 100 moi:1 mol to 1 mol:100 mol (C:Si
in the starting materials), and the C:Si ratio is particularly preferably from 50:1 to 1:50,
very particularly preferably from 20:1 to 1:20, according to the invention in the range

30 from 3:1 to 2:1 or down to 1:1. Preference is given to molar ratios at which the carbon



from the carbon source is introduced in an approximately equimolar amount or in excess relative to the
silicon in the silicon oxide. The process usually comprises a plurality of stages. In a first process step,
the carbon 5 source comprising at least one carbohydrate is pyrolysed in the presence of silicon oxide
with graphitization; in particular, carbon-containing pyrolysis products, for example coatings containing
proportions of graphite and/or carbon black, are formed on or in the silicon oxide component such as
SiOx where x = 0.5 to 1.5, SiO, Si02, silicon oxide (hydrate). The pyrolysis is followed by the
calcination. The pyrolysis and/or calcination 10 can be carried out one after the other in a reactor or
separately in different reactors. For example, the pi#olysis is carried out in a first reactor and the
subsequent calcination is carried out, for example, in a microwave furnace having a fluidized bed. A

person gifliedn the apwildiew hattRsdRasionstctioYRnsesly feediandior ginshargedings,

furnace structures must themselves not contribute to contamination of the process 15product. The
processEXCGERERIET iR dbeotioath i iRk B 8Nnd the carbon source comprising at least one
carbohydrate being intimately mixed, dispersed homogenized or present in a formulation being fed to a
first reactor for the pyrolysis. This can be effected 20 continuously or batchwise. If apﬁrﬁppriate, the

starting FhaterateaveigHallbetare s Frod i e SE8985rdaciorabiRETRs WaleP ol tREFERRILal

moisturgapdreipBRbigaainikihe Y 8ok heraneralprrapssadsidivite g rataadi ssplagein which
the pyrolysis occurs and a further phase in which the calcination takes place. 25The pyrolysis is

generafiaath e Riialiany APERIGH Ria SEERRTFRS HEANRS, RN TRI¥S SRR ANSE allF RSB G about
700C, ysiallygs é@%t@!ﬂg@f&%@@%é@ﬂ@%@%ﬁ@mr&m@wm@&jratbacsamga fare/30060
1500C, in particular at from 400 to 1400C, with ?égaphite;containingffpy og:‘g @I‘Odl.ﬁ‘:t ‘%%Lefer bly
being oBHFRBAOAR IFREIRANEIM SRS GtiHE MRk FafticipintsTs 'ée §r UG RUT be the
30pyrolysie taraperaliisyrbigiByro bsisvasadbietiscpcaferaiiywbiaines st ierspanaliaresa0tifiatiombout
1300 to 1500C. . ) o
10 can be carried out one after the other in a reactor or separately in different reactors. For
example, the pyrolysis is carried out in a first reactor and the subsequent calcination is
carried out, for example, in a microwave furnace having a fluidized bed. A person skilled
in the art will know that the reactor structures, vessels, feed and/or discharge lines,
furnace structures must themselves not contribute to contamination of the process

15  product.

The process is generally carried out with the silicon oxide and the carbon source
comprising at least one carbohydrate being intimately mixed, dispersed homogenized or
present in a formulation being fed to a first reactor for the pyrolysis. This can be effected
20 continuously or batchwise. If appropriate, the starting materials are dried before being
fed into the actual reactor; adhering water or the residual moisture can preferably
remain in the system. The overall process is divided into a first phase in which the

pyrolysis occurs and a further phase in which the calcination takes place.

25  The pyrolysis is generally carried out, particularly at the at least one first reactor, in the
low-temperature mode at about 700°C, usually in the range from 200°C to 1600°C,
particularly preferably in the range from 300°C to 1500°C, in particular at from 400 to
1400°C, with a graphite-containing pyrolysis product preferably being obtained. The
internal temperature of the reaction participants is preferably considered to be the

30 pyrolysis temperature. The pyrolysis product is preferably obtained at temperaturés of
from about 1300 to 1500°C.



20 The process is generally operated in the low-pressure range and/or under an inert gas atmosphere.
As inert gas, preference is given to argon or helium. Nitrogen can likewise be advantageous, or when,
if appropriate, silicon nitride is to be formed in addition to 5 silicon carbide or n-doped silicon carbide is
to be formed in the calcination step, which can be desirable depending on the process variant. To
produce n-doped silicon carbide in the calcination step, nitrogen can be introduced into the process in
the pyrolysis and/or calcination step, if appropriate via the carbohydrates such as chitin. It can likewise
be advantageous to prepare specifically p-doped silicon carbide, and in this 10 specific exception the
aluminium content, for example, can be higher. Dofing can be effected by means of
aluminium-containing substances, for example via trimethylaluminium gas. Depending on the pressure
in the reactor, pyrolysis products or compositions having 15 different degrees of agglomeration and
different porosities can be produced in this process step. In general, less agglomerated pyrolysis

products MIFRFaRSiereasemPYeRATAFE ShikmdATRERT YU ERPEr854IPE P LAGe StE%Pheric
pPressurg: o SUPRIAMASRASHS RECPTHIBreH R ENR ?welyﬁ'bsai@@@ﬁmimﬁhmmfm fminste to

usually 48 hours, in particular in the range from I5 minutes to 18 hours, preferably from 30 minutes to

about 1PehaadMaNEREIROHB o PEMEIRTorE ARV GRS A NI eTite! A IR BIRSH LRAEHRE PHrolysis
temperaiyke 9eaesiy Rastadaddrebherar#adhe wressweniandn Besiadiniosn SmpantadsO bar,

in particular from 1 mbar to 10 bar, preferably from 1 mbar to 5 bar. Dependin%é)n_ he desire

pyrolysiSBroguEaRatis ARRRTISNtheNdNE RGBT UA G Iy P JEesP s%@??ﬁ‘ecﬁwé) Sis step

of the proGess caBiAlRLPefariesipvidh areswIatranoedtomd the0bascpeetarably fromipsto 50
bar, particularly preferably from 5 to 50 bar. A person skilled in th agt will know 30 %hg}t thﬁ pressure to
mg%ﬁ I can

be sele% LRGNNSR ERPEIRGE of §alladifd (6 End48dudtioR 0f the
carbon-pRRAHRINGEPERRRERAFSESs to prepare specifically p-doped silicon carbide, and in this

10 specific exception the aluminium content, for example, can be higher. Doping can be

effected by means of aluminium-containing substances, for example via trimethyl-

aluminium gas.

Depending on the pressure in the reactor, pyrolysis products or compositions having
15 different degrees of agglomeration and different porosities can be produced in this
process step. In general, less agglomerated pyrolysis products having an increased
porosity are obtained under reduced pressure than under atmospheric pressure or

superatmospheric pressure.

20  The pyrolysis time can be in the range from 1 minute to usually 48 hours, in particular in
the range from 15 minutes to 18 hours, preferably from 30 minutes to about 12 hours, at
the abovementioned pyrolysis temperatures. The heating phase up to the pyrolysis

temperature generally has o be added here.

25  The pressure range is usually from 1 mbar to 50 bar, in particular from 1 mbar to 10 bar,
preferably from 1 mbar to 5 bar. Depending on the desired pyrolysis product and to
minimize the formation of carbon-containing process gases, the pyrolysis step of the
process can aiso be carried out in a pressure range from 1 to 50 bar, preferably from 2
to 50 bar, particularly preferably from 5 to 50 bar. A person skilled in the art will know

30 that the pressure to be selected is a compromise between removal of gas,

agglomeration and reduction of the carbon-containing process gases.



21 The pyrolysis of the reaction participants, e.g. silicon oxide and the carbohydrate, is followed by the
calcination step. In this, the pyrolysis products are converted further into silicon carbide and
evaporation of water of crystallization and sintering of the process 5 products may take place. The
calcination or the high-temperature part of the process is usually carried out in the pressure range from
1 mbar to 50 bar, in particular from 1 mbar to 1 bar (ambient pressure), in particular from 1 to 250
mbar, preferably from 1 to 10 mbar. As inert gas atmosphere, it is possible to use that mentioned
above. The calcination time depends on the temperature and the reactants used. In general, it is in 10
the range from 1 minute to usually 48 hours, in paiitular in the range from 15 minutes to 18 hours,
preferably in the range from 30 minutes to about 12 hours, at the calcination temperatures mentioned.
The heating phase to the calcination temperature generally has to be added here. 15The conversion
into silicon carbide at elevated temperature, in particular the calcination step, is preferably carried out

at a terripr aarel vsifrorh 400 BBHOOC ACRAGISatRH iSHIeRBr B e ARt AR MR RniBerature
range f&%ﬁb%@%&gt%%%iﬁé%ﬁaﬁa/pﬁﬂm%p% 16,4809, radissttadhnsefarahbyin thedengs from

1450 or 1500 to 1700C. The temperature ranges are not restricted to those disclosed since the 20

temper&ilees &R AP aRERIN bATtME TeR Sor YRl Za RN D G R BB GiI0EPCERS based
onsneasyiemenisasinkstandarditeh-lemnaiaiume REBRIAIER SERROFS, farexBimplpreapsulated

PtRhPt elements or alternatively via the colour temperature using optical comparison with

n
incandeSERb/cERIDBE R UhdhiBoBERSSHIRe 'BRER TN ehtiBhas Ea1cH i (ﬁidﬁifg%@r%ﬁf@ range)
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high-purity silicon carbide, optionally containing a carbon matrix and/or a silicon oxide matrix and/or
mixture®otHBEE 25% B aE FRRs A BaRRRe 5d§e691§5l'5’??%1 18 {r6 ke aé%téoﬁ'ﬁ\éeqeg%\’ee aﬁl@eto leave
thle rea@@%ﬂ@%} rﬁ?@|Meﬁt?iﬁj@a@rbﬁ*téﬂ@%ﬁér@ﬁ@é?}?ﬁﬁtﬁ@é&%@@&ﬁﬁ QQtﬁiMWQEdtZ@dﬁesd 0;
silicon oxide and/or the carbon source oy preferably shaped.bodies comprising silicop_dioxide and the
¢afbon %F@E%JFBHH%%?%EOM{YZ%?H%’p'r%ﬁﬁgf@léjlaé “p"rf?&%gg'bgaeg IO iﬂsggggﬁ’fleesfor, in
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temperatures, in particular jn the high-temperature range, predominantly carbon monoxide is formed.
P Calc?natEorP temperalures mgntzoneg. tﬁwe %eat; g ghaser?o %e Xeﬁcmatson ?empera ure

generally has to be added here.

15  The conversion into silicon carbide at elevated temperature, in particular the calcination
step, is preferably carried out at a temperature of from 400 to 3000°C; the calcination is
preferably carried out in the high-temperature range from 1400 to 3000°C, preferably
from 1400°C to 1800°C, particularly preferably in the range from 1450 or 1500 to
1700°C. The temperature ranges are not restricted to those disclosed since the

20 temperatures reached depend directly on the reactors used. The temperature figures
given are based on measurements using standard high-temperature temperature
sensors, for example encapsulated PtRhPt elements or alternatively via the colour

temperature using optical comparison with an incandescent coil.

25  For the purposes of the present invention, a calcination (high-temperature range) is
therefore a section of the process in which the reaction participants react essentially to
form high-purity silicon carbide, optionally containing a carbon matrix and/or a silicon

oxide matrix and/or mixtures of these.

30  The reaction of silicon oxide and the carbon source containing a carbohydrate can also

be carried out directly in the high-temperature range, n which case the reaction



Possible reactors for use in the process of the invention are all reactors known to those 10 skilled in
the art for pyrolysis and/or calcination. The pyrolysis and subsequent calcination to form SiC and, if
appropriate, for graphitization can therefore be carried out using all laboratory reactors, pilot plant
reactors or preferably industrial reactors known to those skilled in the art, for example a rotary tube
reactor or a microwave reactor as is known for the sintering of ceramics. 15 The microwave reactors
can be operated in the high-frequency (HF) range; for the purposes of the present invention, the
high-frequency range is from 100 MHz to 100 GHz, in particular from 100 MHz to 50 GHz or from 100
MHz to 40 GHz. Preferred frequency ranges are fréth about 1 MHz to 100 GHz, with from 10 MHz to
50 GHz being 20particularly preferred. The reactors can be operated in parallel. Particular preference

is givendgnisipgMAgRsiRaRah2AMBESab e B 95688sE BN HEMP RS alkra pRACH QB £/ @ig0 be

carried out in conventional melting furnaces for the production of steel or silicon, e.g. metallurgical

silicon, BRastHer ZaRmeaadNing S 8 R6eaN o e A FdFNEECRBA RirAdeed . CRNAHIRGSIREBR%F such
melting figenacess Srtipusheriatarticaiastiniubnrce shichRHas RBHRIBEH B IR 8T BRRIGYISGUICE,

is adequately known to those skilled in the art and is not part of the present patent application. In the

case of PICIurAiREde REdeRR R EPRIE RPIY Sfetdrs iR Y Do fshIBREQHSIE ATHAE REORHASRS
usually hayetiyepmalting glastades The Iangineiiae Ralestiesscis ceawaiotdyoxieansad an

electrode regulator. The electric arc furnaces are g_enerally based on a reaction chamber made of

refractoRPYHATERAMT REPFFD 3arbse iRIZISA pAHiBIHEr IRBGFEKSRS JArReyaRE dh BiRd)8lb2, are
introduggehinutRe e RERGRI ISR IPMRIhegRpPhIR AIBEHSe Sengoducing the electric arc are also .

located. These furnaces are usually operated at temperatures in the region of 1800C. In addition, a
person skilled in the art will know that the furnace structures themselves
Possible reactors for use in the process of the invention are all reactors known to those

10  skiled in the art for pyrolysis and/or calcination. The pyrolysis and subsequent
calcination to form SiC and, if appropriate, for graphitizaticn can therefore be carried out
using all laboratory reactors, pilot plant reactors or preferably industrial reactors known
to those skilled in the art, for example a rotary tube reactor or a microwave reactor as is
known for the sintering of ceramics. |

15
The microwave reactors can be operated in the high-frequency (HF) range; for the
purposes of the present invention, the high-frequency range is from 100 MHz to
100 GHz, in particular from 100 MHz to 50 GHz or from 100 MHz to 40 GHz. Preferred
frequency ranges are from about 1 MHz to 100 GHz, with from 10 MHz to 50 GHz being

20 particularly preferred. The reactors can be operated in parallel. Particular preference is

given fo using magnetrons at 2.4 MHz for the process.

The high-temperature reaction can also be carried out in conventional melting furnaces
for the production of steel or silicon, e.g. metallurgical silicon, or other suitable melting
25  furnaces, for example induction furnaces. The construction of such melting furnaces,
particularly preferably electric furnaces which use an electric arc as energy source, is
adequately known to those skilled in the art and is not part of the present patent
application. In the case of DC furnaces, these have a melting electrode and a bottom
electrode, while AC furnaces usually have three melting electrodes. The length of the
30 electric arc is regulated by means of an electrode regulator. The electric arc furnaces

are generally based on a reaction chamber made of refractory material. The raw



5must not contribute to contamination of the silicon carbide prepared. The invention also provides a
composition comprising silicon carbide optionally together with a carbon matrix and/or silicon oxide
matrix or a matrix comprising silicon carbide, carbon and/or silicon oxide and also possibly silicon,
which can be obtained by the 10 process of the invention, in ‘particular by the calcination step, and is,
in particular, isolated. Isolation means that, after carrying out the process, the composition and/or the
high-purity silicon carbide is obtained and isolated, in particular as product. Here, the silicon carbide
can be provided with a passivation layer, for example a layer containing Si02. 15 This product can
then serve as reaction participant, catalyst, materigdt3or producing articles, for example filters, shaped
or green bodies, and can also be utilized in further applications with which a person skilled in the art

wil De Taliata s et dmnanan: sRigalendakenaliiie cRrnRsaLEoBIR RGN Farfile as
reaction starter 20and/or reaction participant and/or in the production of electrode material or in the
preparatiR&st §iHen dartidéchioiesagpltieealase sifieh Praduavientisn alteliirodided télsfrolysis

and, if qeegqaﬂ,afﬁn@Cm%ig&era%%%wgt%@fe@ CRrmRRSIAYYBICHoRR hebtalitedsby the

process of the invention and, in 25 particular, pyrolysis and/or calcination product which is isolated

from thdrprstdiferand Ragsarcekhibed dn dhmar twibifeew dkiakihe fartearsdiebrasidkagseiesm
40G50.1 49 Q¢4 4008ntribulbeconducHiHMMiBh BB REPSRES PERRFHRIS pRcdRaftigylar the high-density

pressed 30pulverulent process products, measured between two pointed electrodes is preferably in
the range Ic [m/(2.m2] =1 10-1to 1 10-6. A low conductivity, which correlates directly

The invention also provides a composition comprising silicon carbide optionaily together
with a carbon matrix and/or silicon oxide matrix or a matrix comprising silicon carbide,
carbon and/or silicon oxide and also possibly silicon, which can be obfained by the

10 process”of the invention, in =-pé’rﬁcular by the calcination step, and is, in particular,
isolated. Isolation means that, after carrying out the process, the composition and/or the
high-purity silicon carbide is obtained and isolated, in particular as product. Here, the
silicon carbide can be provided with a passivation layer, for example a layer containing
SiOs.

15
This product can then serve as reaction participant, catalyst, material for producing
articles, for example filters, shaped or green bodies, and can also be utilized in further
applications with which a person skilled in the art will be familiar. A further important
application is use of the composition comprising silicon carbide as reaction starter

20 and/or reaction participant and/or in the production of electrode material or in the

preparation of silicon carbide from sugar charcoal and silica.

The invention also provides the pyrolysis and, if appropriate, calcination product, in
particular a composition which can be obtained by the process of the invention and, in
25 particular, the pyrolysis and/or calcination product which is isolated from the process

and has a content of carbon to silicon oxide, in particular silicon dioxide, of from 400:0.1

to 0.4:1000.

The conductivity of the process products, in particular the high-density pressed

30 pulverulent process products, measured between two pointed electrodes is preferably in

the range ¥ [m/Q.m? =1« 107" to 1 « 10°. A low conductivity, which correlates directly



24 with the purity of the process product, is sought for the respective silicon carbide process product.
The composition or the pyrolysis and/or calcination product preferably has a graphite content of from 0
to 50% by weight, preferably from 25 to 50% by weight, based on the 5 total 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, in particular from 30 to 50% by weight, based on the total
composition. The invention also provides a silicon carbide having a carbon matrix comprising 10
pyrolysis carbon and/or carbon black and/or graphite or mixtures of these and/or having a silicon oxide
matrix comprising silicon dioxide, silica and/or mixtifles of these or having a mixture of the
abovementioned components, which can be obtained by the process of the invention, in particular as

set forth,jnpnk Of flainsd el dr iR PestipuiRfudheiSiGdadnelatrdiradrasgddiihariidsriessthed
below. 15 The total content of the elements boron, phosphorus, arsenic and/or aluminium is preferably
below 107BERFHPRENSFH: in silicon carbide corresponding to the definition of the invention. 20The

invention also provides a silicon carbide optionally having proportions of carbon and/or proportions of
silicon oRide @spxkIRY OMBEsHgsilisenearbideararadoranibersiticonforidsy inasaricutatsticon
dioxide, having a total content of the elements boron, phos s, alsenic and/or aluminium of less
than 106%??{‘95%56?81‘1 iﬁ%ﬁé&h%%%’.ﬁrﬁéqmﬁmg/‘h%?i?e%goﬂﬁmgaﬁﬁﬂ?@éiI%%%ega?ﬂi(ﬁ%em
respectptiiorefhsspno NS giatpenichaliminition irte, sodipasifiotassiding pickeysehramiom is
preferably from < 5 to 0.01 ppt (by weight), in particular from_<2.5 t. The silicon
Corbice ST TR B0 RHETEY oo ARESe TG UCAD B (o Qe e
inventiopzpasicatdrynpciemblyyhay arlgnubibspdodifeths tistihedmpositiimrespect of the elements B,
P, Na, S, Ba, Zr, Zn, Al, Fe, Ti, Ca, K, Mg, Cu, Cr, Co, Zn, Ni, 30 V, Mn and/or Pb and also mixtures of

these elements.
The invention also provides a silicon carbide having a carbon matrix comprising
- _

10 pyrolysis carbon and/or carbon black and/or graphite or mixtures of these and/or having
a silicon oxide matrix comprising silicon dioxide, silica and/or mixtures of these or
having a mixture of the abovementioned components, which can be obtained by the
process of the invention, in particular as set forth in any of Claims 1 to 10. In particular,
the SiC is isolated and used further, as described below.

15
The total content of the elements boron, phosphorus, arsenic and/or aluminium is

preferably below 10 ppm by weight in silicon carbide corresponding fo the definition of

the invention.

20 The invention also provides a silicon carbide optionally having proportions of carbon
and/or proportions of silicon oxide or mixtures comprising silicon carbide, carbon and/or
silicon oxide, in particular silicon dioxide, having a total content of the elements boron,
phosphorus, arsenic and/or aluminium of less than 100 ppm by weight in silicon carbide.
The impurity profile of the high-purity silicon carbide in respect of boron, phosphorus,

25 arsenic, aluminium, iron, sodium, potassium, nickel, chromium is preferably from
<5 ppm to 0.01 ppt (by weight), in particular from <2.5 ppm to 0.1 ppt. The silicon
carbide optionally having carbon and/or Si,0, matrices which is obtained by the process
of the invention particularly preferably has an impurity profile as defined above in
respect of the elements B, P, Na, S, Ba, Zr, Zn, Al, Fe, Ti, Ca, K, Mg, Cu, Cr, Co, Zn, N,

30 V, Mn and/or Pb and also mixtures of these aiaments.



25 In particular, the silicon carbide which can be obtained has an overall content of carbon to silicon
oxide, in particular silicon dioxide, of from 400:0.1 to 0.4:1000, and preferably has, in particular in the
‘case of the composition, a graphite content of from 0 to 50% by 5 weight, particularly preferably from
25 to 50% by weight. The proportion of silicon carbide is, in particular, in the range from 25 to 100% by
weight, preferably from 30 to 50% by weight in the silicon carbide (total) according to the above
definition. In one embodiment, the invention provides for the use of silicon carbide or a 10 composition
or a pyrolysis and/or calcination product of the process of the invention, in particular as set forth in any
of Claims 1 to 13, in the production of silicon, in pa#ficular in the production of solar silicon. The
invention provides, in particular, for use in the production of solar silicon by reduction of silicon dioxide
at high temperatures and/or in the preparation of silicon carbide by reaction of pyrolysis carbon, in

particular sugar 15 charcoal and silicon dioxide, artic Iar a ilica, prefera nic or
precllpultérﬁe@ll%ﬁﬁél%'r’ @Q?Wﬁ%h‘?ﬁ” %Vé‘ééb?@bt}g b i dﬁvg%ﬁw\éﬂagg?g?ﬁlﬁdﬁon

temperag kgt GRERS Ve JRRIAIEF ARcRiTaRionk Lol ﬂ@ﬁrhﬁ@t&fasist@m tilepO0jrathe preiduatign of

articles or in the productlon of electrodes. 20The inyention also OV|de fort use 0 on carbide
or a corBdsifioPrbieHRr8lEIE ﬁﬁa?o%g?&mcﬁfgﬁﬁc?\@ﬁ?&ﬁéﬁnc% g8t acf E'Byq 8 § beeS of the

Invsntlme@marﬂgw@wﬁ@ebf@mawnmhci@m@ Ew/&%yﬁmsﬁ f%m@ﬁbﬁlﬁdhﬁpﬁﬁﬂotﬂlon of
silicon, in particular in the productlon of SO|aI’Z§§I|ICOI‘l morﬁ gg)rtlcular Béthe tl?n of %@ %r silicon
by reduBENYE $idBrPaiariE® at R SRS Bt %ﬁ pH& Eﬁ)t%b fon of
silicon gasbide,far-sentiromdusiaiorPRdasitiensov faiatsediscadatystdbdbe @mdammn of very
high-purity silicon carbide, for example by sublimation, or as reactant in the production of silicon or in

the preparation of silicon carbide, in particular from pyrolysis carbon, preferably from sugar charcoal
and siligan shexidenpsefeiabty siisairatdritibriepperatyremrotifier use asimalerdal ofahidesar as
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particular as set forth in any of Claims 1 to 13, in the production of silicon, in particular in
the production of solar siticon. The invention provides, in particular, for use in the
production of solar silicon by reduction of silicon dioxide at high temperatures and/or in
the preparation of silicon carbide by reaction of pyrolysis carbon, in particular sugar
15 charcoal and silicon dioxide, in particular a silica, preferably a pyrogenic or precipitated
silica or SiO, which may have been purified by means of ion exchangers, at high
temperatures, as abrasive, insulator, as refractory, e.g. as heat-resistant tile, or in the

production of articles or in the production of electrodes.

20 The invention also provides for the use of silicon carbide or a composition or a pyrolysis
and/or calcination product which can be obtained by the process of the invention, in
particular as set forth in any of Claims 1 to 13, as catalyst, especially in the production
of silicon, in particular in the production of solar silicon, more particularly in the
production of solar silicon by reduction of silicon dioxide at high temperatures, and also,

25  if appropriate, in the preparation of silicon carbide for semiconductor applications or for
use as catalyst in the production of very high-purity silicon carbide, for example by
sublimation, or as reactant in the production of silicon or in the preparation of silicon
carbide, in particular from pyrolysis carbon, preferably from sugar charcoal and silicon
dioxide, preferably silica, at high temperatures, or for use as material of articles or as

30 electrode material, in particular for electrodes of electric arc furnaces. The use as

material of articles, in particular electrodes, encompasses the use of the material as



26 material for the articles or else the use of further-processed material for producing the article, for
example sintered material or abrasives. The invention further provides for the use of at least one
_carbohydrate in the preparation 5 of silicon carbide, in particular silicon carbide which can be isolated
as product, or a composition containing silicon carbide or a pyrolysis and/or calcination product
containing silicon carbide, especially in the presence of silicon oxide, preferably in the presence of
silicon oxide and/or silicon dioxide. 10According to the invention, a selection from at least one
carbohydrate and a silicon oxide, in particular a silicon dioxide, especially without further components,
is used for preparing silicon carbide, with the silico@&arbide, a composition containing silicon carbide,
or a pyrolysis and/or calcination product being isolated as reaction product. 15The invention also

provides,a compasitipa. inpasticylas fymmdation #rraddbeompiisisephiaastane careaytgtaand

silicon oxide, in particular for use in the process of the invention or for the use according to the
inventioAtiApalBCarAEBISc RISt ARPIRPARNASHEE0, or for use according to Claim 16. The
invention thus also provides a kit containing separate formulations, in particular in separate containers
such as vessels, 20 bags and/or cans, inagJarticuIar in the form of an extrudate and/or powder of silicon

oxide, if parie(aBHMfeRab Ry Gt bHapiHse RERIRRSHAOR SR PR drt N B G RRLACBN Sio2
andior the GAFRPNSAYIEE CRMMISHYA ieastora tadeohydeatealn pariicsilaeipidsprasceiding 4o the

descriptions given above. It can be preferred that the silicon oxide is present directly with the carbon

source SOMPASIHEA GHBEWMAS D for GURIRSIe Hn e dHARAPIRe RV o CTHECANBEh IR
supportedRRifiRg HiBorinchie tpsmeahtabians ingiasasrdlasn extoldaico i padisupasfasapgliah thone

container in the kit and, if appropriate, further carbohydrate and/or silicon oxide is present as powder in
a seconel 88RREA&H SHIPAR QBdn GG MeSHERRLIIR TS composition according to the invention
containing silicon carbide, in particular as set forth in any of Claims 1 to 13, and also, if appropriate,
further customary auxiliaries, additives, processgg alds6 T%%ments or bi dﬁ{/%r-arpe invention. thus

proVide& SFPEHRE MSIMEPR G oA EaIBRICRIEBIRY 15Re fRTeARbHPNYCrate and & sticon

oxide, in particular a silicon dioxide, especially without further components, is used for
preparing silicon carbide, with the silicon carbide, a composition containing silicon

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

15  The invention also provides a composition, in particular formulation, or a kit comprising
at least one carbohydrate and silicon oxide, in particular for use in the process of the
invention or for the use according to the invention, in particular as set forth in any of
Claims 1 to 10, or for use according to Claim 16. The invention thus also provides a kit
containing separate formulations, in particular in separate containers such as vessels,

20 bags and/or cans, in particular in the form of an extrudate and/or powder of silicon
oxide, in particular silicon dioxide, optionally together with pyrolysis products of
carbohydrates on SiO; and/or the carbon source comprising at least one carbohydrate,
in particular for use according to the descriptions given above. It can be preferred that
the silicon oxide is present directly with the carbon source comprising a carbohydrate,

25 for example impregnated therewith or the carbohydrate supported on SiO», efc., in the
form of tablets, as granules, extrudate, in particular as pellet, in one container in the kit
and, if appropriate, further carbohydrate and/or silicon oxide is present as powder in a

second container.

30 The invention further provides an article, in particular a green body, shaped body,

sintered ' body, electrode, heat-resistant component, comprising & silicon carbide



-5o0r an article produced using the silicon carbide according to the invention, in particular as set forth in
any of Claims 1 to 13. The following examples illustrate the process of the invention without the
invention being restricted to these examples. 10 Comparative Example 1: Commercial refined sugar
was melted in a fused silica test tube and subsequently heated to about 1600C. The reaction mixture
foams strongly on heating and partly 15escapes from the fused silica test tube. Caramel formation is
observed at the same time. The pyrolysis product formed adheres to the wall of the reaction vessel
(Figure Example | a: 20 Commercial refined sugar was mixed with Si02 (SipernatO 100) in a weight
ratio of 1.25:1, melted and heated to about 800C. €aramel formation is observed, but foaming does
not occur. A graphite-containing, particulate pyrolysis product which, in particular, does not adhere to

the wall - th@irRpEi gRe/fRaaiis @ BlaineshibigstR bk JCiEdia R ts B Irvisrograginelitheyiyais
product from Example la. The pyrolysis product has distribute% itself on and resu1mabFI)y also in the
pores of BiBidgehadtieylar h@pﬁ%&%ﬂﬁf\e’@trﬂ@iﬁr‘g iSlafimey o 13, and also, It approprate,

further customary auxiliaries, additives, processing aids, pigments or binders. The
invention thus provides an article 'containing a silicon carbide according to the invention
5 or an article produced using the silicon carbide according to the invention, in particular

as set forth in any of Claims 1 to 13.

The following examples illustrate the process of the invention without the invention
being restricted to these examples.

10
Comparative Example 1:

Commercial refined sugar was melted in a fused silica test tube and subsequently
heated to about 1600°C. The reaction mixture foams strongly on heating and partly
15  escapes from the fused silica test tube. Caramel formation is observed at the same

time. The pyrolysis product formed adheres to the wall of the reaction vessel (Figure

1a).

Example 1a:

20
Commercial refined sugar was mixed with SiO, (Sipermnai® 100) in a weight ratio of

1.25:1, melted and heated to about 800°C. Caramel formation is observed, but foaming
does not oceur. A graphite-containing, particulate pyrolysis product which, in particular,
does not adhere to the wall of the reaction vessel is obtained (Figure 1b). Figure 2 is a

25  micrograph of the pyrolysis product from Example 1a.
The pyrolysis product has distributed itself on and presumably also in the pores of the

Si0, particles. The particulate structure is retained.



- 28 Example Ib: Commercial refined sugar was mixed with Si02 (SipernatO 100) in a weight ratio of 5:1,
melted and firstly heated to about 800C and subsequently heated further to about 5 1800C. Caramel
formation is observed but foaming does not occur. A silicon carbide containing proportions of graphite
is obtained. Figures 3 and 4 are micrographs of two samples of the calcination product. The formation
of silicon carbide was able to be confirmed by means of XPS spectra and determination of the bond
energies. Furthermore, Si-0 structures could be detected. The formation of graphite was 10concluded
from the metallic sheen under an optical microscope. Example 2: A finely particulate formulation of
sugar applied to Si02 particles is reacted at elevated® 15 temperature in a rotary tube furnace
containing Si02 spheres for heat distribution. The formulation was prepared, for example, by
dissolutgg;gaqﬁﬁfég%:in an aqueous silicic acid solution with subsequent 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 depends on the water content of the finely 20

particulate, fqrapiationsfbg WIssy he fsracevasiesuispashvit a gogheatingiganedas eymg,of the
formulation, and the formulation subse%;g_'ntléfg@ssed through a pyrolysis and calcination zone having
e8I EEInGaRE A

temperdiipbabEmgniizgycheatedoe. heefithesd i efefP @rBHfsis and

calginatipggiep, was Ahavidiaours i Durse e enlirepranesdbe prRess gasesiternashpigewater

vapour and 25CO, could be removed in_a simple manner from the rotary tube furnace. The Si02 used

had a cGRIEAIRSFREIPETIEsSs hATBRNEEAT BPIHR.PNGIEYEFIesE AN B8 PHRSHTaRISIN ¥antent of

less thagakedOct RRE cAhensEBEQsHsMi@f theesygah bederefosmedatieanvrie deternaibed astiess than
0.5 ppm.

PP confirmed by means of XPS spectra and determination of the bond energies.
Furthermore, Si-O structures could be detected. The formation of graphite was

10 concluded from the metallic sheen under an optical microscope.

Example 2:

A finely particulate formulation of sugar applied to SiO; particles is reacted at elevated
15  temperature in a rotary tube furnace containing SiO2 spheres for heat distribution. The
formulation was prepared, for example, by dissolution of sugar in an aqueous silicic acid
solution with subsequent 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 depends on the water content of the finely
20  particulate formulation. The rotary tube furnace was equipped with a preheating zone
for drying of the formulation, and the formulation subsequently passed through a
pyrolysis and calcination zone having temperatures of from 400°C to 1800°C. The
residence time encompassing the drying step, pyrolysis and calcination step was about
17 hours. During the entire process, the process gases formed, e.g. water vapour and

25  CO, could be removed in a simple manner from the rotary tube furnace.

The Si0O, used had a content of boron of less than 0.1 ppm, of phosphorus of less than
0.1 ppm and an iron content of less than about 0.2 ppm. The iron content of the sugar
before formulation was determined as less than 0.5 ppm.

30 |



29 After pyrolysis and calcination, the contents were redetermined, with the content of boron and
phosphorus being found to be less than 0.1 ppm and the content of iron having increased to 1 ppm.
‘The increased iron content can only be explained by the product having come into contact with parts of
the furnace which are contaminated with 5iron. Example 3: Example 2 was repeated with the
laboratory rotary tube furnace being coated 10 beforehand with high-purity silicon carbide. This was
reacted with Si02 spheres for heat distribution and with a finely particulate formulation containing
sugar applied to Si02 particles at elevated temperature. The formulation was, for example, prepared
by dissolution of sugar in an aqueous silicic acid s@@tion with subsequent drying and, if necessary,
homogenization. Residual moisture was still present in the system. About 1510 g of the formulation

were US&ﬁeF%f&?@@”&ﬁdﬁ@&&ﬂwmﬁ)mt%t%@ﬁt@ﬂ@%ﬂ@%@@é@ﬁ\ﬁh@d\{vwﬁh cpRiens ekitednely
particulate formulation. The rotary tube furnace was equigped with a preheating zone for drying of the

formulabi6roarNthe RS1SRORITSH LeipSeiRIEHly O 28 &6t & bRy e A AeMEB P I having
tempera{yiasOifiam ddPeota IBPACTRBaRIdssidenen ipatenRempassipaihedmineatey, myolysis

and calcination step was about 17 hours, During the entire process, the process ?ases formed, e.g.
water vapRUH EritPUI0D ESHINE e PerRBiRE HTH dRfsReantish BIBRT B!t ERRIAIRREY Wik Sio2
used hagha content of boron of less than 0.1 ppm, of phosphorus of less than 250.1 ppm and an iron
content of less than about 0.2 ppm. The iron content of the sugar before formulation was determined
as less than 0.5 ppm. After pyrolysis and calcination, the contents were redetermined, with the
contentforqe gnd phosphorus being found to be less than 0.1 ppm and the content of iron
30continuing to be below 0.5 ppm. '
Example 2 was repeated with the laboratory rotary tube furnace being coated
10  beforehand with high-purity silicon carbide. This was reacted with SiO; spheres for heat
distribution and with a finely particulate formulation containing sugar applied to SiO:
particles at elevated temperature. The formulation was, for example, prepared by
dissolution of sugar in an aqueous silicic acid solution with subsequent drying and, if
necessary, homogenization. Residual moisture was still present in the system. About
15 10 g of the formulation were used.
The residence time in the rotary tube furnace depends on the water content of the finely
particulate formulation. The rotary tube furnace was equipped with a preheating zone
for drying of the formulation, and the formulation subsequently passed through a
pyrolysis and calcination zone having temperatures of from 400°C to 1800°C. The
20 residence time encompassing the drying step, pyrolysis and caicination step was about
17 hours. During the entire process, the process gases formed, e.g. water vapour and

CO, could be removed in a simple manner from the rotary tube furnace.

The SiQ, used had a content of boron of less than 0.1 ppm, of phosphorus of less than
25 0.1 ppm and an iron content of less than about 0.2 ppm. The iron content of the sugar

before formulation was determined as less than 0.5 ppm.

After pyrolysis and calcination, the contents were redetermined, with the content of
boron and phosphorus being found to be less than 0.1 ppm and the content of iron

30  continuing to be below 0.5 ppm.



- 30 Example 4: In an electric arc furnace, a finely particulate formulation of pyrolysed sugar on Si02
particles is reacted at elevated temperature. The formulation of pyrolysed sugar was 5prepared
beforehand by pyrolysis in a rotary tube furnace at about 800C. About 1 kg of the finely particulate
pyrolysed formulation was used. During the reaction in the electric arc furnace, the process gas CO
formed can easily escape through the voids formed by the particulate structure of the Si02 particles
and be removed from the reaction space. As electrodes, use was made of high-purity 10 graphite
electrodes and high-purity graphite was likewise utilized for lining the bottom of the reactor. The
electric arc furnace was operated at from 1 to 12 k8. After the reaction, high-purity silicon carbide
containing proportions of graphite, i.e. in a carbon matrix, was obtained. 15 The Si02 used had a
contentpf harqn af less than 0.17 ppm, of phosphorus of less than 0.15 ppm and an iron content of
less than about 0.2 ppm. The iron content of the sugar before formulation was determined as less than
0.7 ppm. After pyrolysis and calcination, the contents in the silicon carbide were redetermined, 20

with they conieafiiaoran: anshaResrhaRiconfindinadobeRalne 37 ppoeed helgw GRS,

respective%?and the content of iron continuing to be below 0.7 ppm. Example 5: 25 A reaction of a

pyrolys@@TFliagIstisramah Gb R WASAHRIRPS RRE Salisy THAUMR WATRVESE U BT #RS
pu @OS%@P%@ Hekeroh ardryfingly pagicuiate fanmulasianeb syralyaasis8gar on Ai02 paKiples was

reacted at frequencies above 1 gigawatt to form silicon carbide in a carbon matrix. The reaction time

depend®@iftsly BRI GERBYiAYSREJeHHHATAR HER RS

During the reaction in the electric arc furnace, the process gas CO formed can easily
escape through the voids formed by the particulate structure of the SiO; particles and
be removed from the reaction space. As electrodes, use was made of high-purity
10 graphite electrodes and high-purity graphite was likewise utilized for lining the bottom of
the reactor. The electric arc furnace was operated at from 1 to 12 kW. After the reaction,
high-purity silicon carbide containing proportions of graphite, i.e. in a carbon matrix, was

obtained.

15  The Si0, used had a content of boron of less than 0.17 ppm, of phosphorus of less than
0.15 ppm and an iron content of less than about 0.2 ppm. The iron content of the sugar

before formulation was determined as less than 0.7 ppm.

After pyrolysis and calcination, the contents in the silicon carbide were redetermined,
20  with the content of boron and phosphorus continuing to be below 0.17 ppm and below

0.15 ppm, respectively, and the content of iron continuing to be below 0.7 ppm.

Example 5:

25 A reaction of a pyrolysed formulation analogous to Example 3 was carried out in a
microwave reactor, For this purpose, about 0.1 kg of a dry, finely particuiate formulation
of pyrolysed sugar on SiO, particles was reacted at frequencies above 1 gigawatt to
form silicon carbide in a carbon matrix. The reaction time depends directly on the power
introduced and the reactants.

30



~31 When a reaction starting from carbohydrates and Si0O2 particles is carried out, the reaction times
are correspondingly longer. 32 Claims 1. Process for preparing silicon carbide by reaction of silicon
~oxide and a carbon source comprising at least one carbohydrate at elevated temperature. 5 2. Process
according to Claim 1, characterized in that the silicon carbide is isolated together with a carbon matrix
and/or silicon oxide matrix or a matrix comprising carbon and/or silicon oxide. 103. Process according
to either Claim 1 or 2, characterized in that the silicon carbide has a high purity. 4. Process according
to any of Claims 1 to 3, characterized in that the carbon source comprises a carbohydrate or a
carbohydrate mixture. 15 5. Process according to aily of Claims 1 to 4, characterized in that the
carbon source comprises a crystalline sugar.

When a reaction starting from carbohydrates and SiO; particles is carried out, the

reaction times are correspondingly longer.



6. Process according to any of Claims 1 to 5, characterized in that the silicon oxide 20 comprises a
- silicon dioxide, in particular a pyrogenic or precipitated silica or a silica gel, preferably a pyrogenic or
_precipated silica or a silica gel of high or very high purity. 7. Process according to any of Claims 1 to 6,
characterized in that the molar ratio of 25 the carbon content of the carbon source to the silicon

content of the silicon oxide, in particular the silicon dioxide, is from 1000:0.1 to 0.1:1000 based on the
total composition. 8. Process according to any of Claims 1 to 7, characterized in that the reaction
is 30carried out in the temperature range from 150C to 3000C. 33 Process according to any of
Claims 1 to 8, characterized in that essentially a py#dlysis is carried out in a first phase and essentially
a calcin@tliaqp iSS carried out in a second phase. Process according to any of Claims 1 to 9,
charactérizedtm that the process is carried out in the range from 1 mbar to 50 bar, in particular the
pyrolysis is carried out at from 1 mbar to 50 bar and/or the calcination is carried out at from 1 mbar to 1
bar. Composiien.eamngsng.sliegp caibideeaplionally asthen vilhisaroanmatcandiarsiicon
oxide matrfix or a mafrix comprising silicon car |Ae, carbon and/or silicon oxide, which can be obtained
according to anyreEClaingsising B0 |edsh dneperticalaidtate cdrasostrshiesmgigiHtPthe silicon carbide
beigg isolated. Pyrolysis and optionally calcination product, in particular according to any of Claims 1
to 10, haying a content of c?l{_bon toq%ilipon oxide, in arti%ular ailitc%m dicixide,ccg [)r%rg ‘AéO%o ]teta
0.4:10004SiliESRAESHREGRHOTaIR 108 her GHH PFEPEERAL S1LB S ARdlof Brops b RO Elficon
oxide or mixtysgsLRMPASIng sHitwn cadtice scatkorsdindiorsitmmatite pinpandtiacsipoisidpxide,
having a total content ofzhe ellements boron, phosphorus, arsenic and/or aluminium of less than 10
ppm by weighei e EBH B8 of silicon carbide, a product or a composition according to
any of Claims 1 to 13, in the production of silicon, in particular in the production of solar silicon, or in
the preparatiqn of silicon carbide from pyralysis carbon and silicon dipxi t glevated te tures, in
th 0Brod ctioh 'GYF&ftIeRCHS ‘Q@ré%i\‘?@? s(?e rfar%tor?/,rg; Fr%ﬁ% oF Orin m%%pa?cog.‘ugcﬁ%ﬁr% %’# e%%‘tﬁr%%es.

has a high purity. '

£

4. Process according to any of Claims 1 to 3, characterized in that the carbon source
comprises a carbohydrate or a carbohydrate mixture.

15
5. Process according to any of Claims 1 to 4, characterized in that the carbon source

comprises a crystalline sugar.

6. Process according to any of Claims 1 to 5, characterized in that the silicon oxide
20 comprises a silicon dioxide, in particular a pyrogenic or precipitated silica or a
silica gel, preferably a pyrogenic or precipated silica or a silica gel of high or very

high purity.

7. Process according to any of Claims 1 to 6, characterized in that the molar ratio of
25 the carbon content of the carbon source to the silicon content of the silicon oxide,

in particular the silicon dioxide, is from 1000:0.1 to 0.1:1000 based on the total

composition.

8. Process according to any of Claims 1 to 7, characterized in that the reaction is

30 carried out in the temperature range from 150°C to 3000°C.



- 34 15. Use of silicon carbide, a product or a composition according to any of Claims 1 to 13 as catalyst
. or as reactant in the production of silicon or of silicon carbide, as material of articles or as electrode
material. 516. Use of at least one carbohydrate in the preparation of silicon carbide or a composition
containing silicon carbide. 17. Composition or kit comprising at least one carbohydrate and silicon
oxide for the process according to any of Claims 1 to 10 or for the use according to Claim 16. 10 18.
Articles, in particular green bodies, shaped bodies, sintered bodies, electrodes, heat-resistant
components, comprising a silicon carbide, pyrolysis and/or calcination product or a composition
according to any of Claims 1 to 13 and optionally f@&her auxiliaries, additives, processing aids,
pigments or binders.

9. Process according to any of Claims 1 to 8, characterized in that essentially a

pyrolysis is carried out in a first phase and essentially a calcination is carried out in

a second phase.

5 10. Process according to any of Claims 1 to 9, characterized in that the process is
carried out in the range from 1 mbar to 50 bar, in particular the pyrolysis is carried

out at from 1 mbar to 50 bar and/or the calcination is carried out at from 1 mbar {o

1 bar.

10 11. Composition comprising silicon carbide optionally together with a carbon matrix
and/or silicon oxide matrix or a matrix comprising silicon carbide, carbon and/or
silicon oxide, which can be obtained according to any of Claims 1 to 10, with, in

particular, the composition comprising the silicon carbide being isolated.

15 12. Pyrolysis and optionally calcination product, in particular according to any of

Claims 1 to 10, having a content of carbon to silicon oxide, in particufar silicon

dioxide, of from 400:0.1 o 0.4:1000.

13. Silicon carbide optionally together with proportions of carbon and/or proportions of
20 silicon oxide or mixtures comprising silicon carbide, carbon and/or silicon oxide, in
particular silicon dioxide, having a total content of the elements boron,

phosphorus, arsenic and/or aluminium of less than 10 ppm by weight in the silicon

carbide.

25 14. Use of silicon carbide, a product or a composition according to any of Claims 1 to
13, in the production of silicon, in particular in the production of solar silicon, or in
the preparation of silicon carbide from pyrolysis carbon and silicon dioxide at
elevated temperatures, in the production of articles, as abrasive, as refractory, as

insulator or in the production of electrodes.



10

15.

16.

17.

18.

34

Use of silicon carbide, a product or a composition according to any of Claims 1 to
13 as catalyst or as reactant in the production of silicon or of silicon carbide, as

material of articles or as electrode material.

Use of at least one carbohydrate in the preparation of silicon carbide or a

composition containing silicon carbide.

Composition or kit comprising at least one carbohydrate and silicon oxide for the
process according to any of Claims 1 to 10 or for the use according to Claim 16,

Articles, in particular green bodies, shaped bodies, sintered bodies, electrodes,
heat-resistant components, comprising a silicon carbide, pyrolysis and/or
calcination product or a composition according to any of Claims 1 to 13 and

optionally further auxiliaries, additives, processing aids, pigments or binders.



