1 Energy-efficient system for generating carbon black, preferably in energetic cooperation with
systems for generating silicon dioxide and/or silicon The invention provides a more energy-efficient
plant for utilizing waste heat and 5residual gases from the industrial production of carbon compounds,
such as carbon black, graphite, or from sugar pyrolysis, by means of a combined heat and power
system or of a thermal power plant for production of glectrical energy, especially for the operation of
melting furnaces, and/or for utilization of the waste heat in endothermic processes, and the
corresponding use of the waste heat. 10 The inventive plant can achieve a considerable process
intensificagina g yisreoshicEoBehs fepacnbigtileads o SroigRilRapreedElRNIH eHmaligatly harmful
carbon d|0X|de and/or carbon monOX|de and to aS|gn|f|cantIy reduced demand or electrical energy.
DRIC GLIECA ] BRI AR f i R AL £ - : "' ' =’ '- éﬁ%)ﬂde to silicon in
a light arc oven can S|gn|f|cantly enhance the mass balance of the S|I|con used in the overall process.
To date, the waste heat, i.e. the thermal energy, ohtained in the production of carbon black has not

been made GilP4BIEGR RTREARRA @H&%%Bﬁw@ NG STLE S R AR EHEGINS0WERIE f168LEEEs. The waste

heat ef theegadbenduaek pureassendstisd piydypica L Lshzed @oRfpbeatRg Nidhe seaniasts, such
as air for;ﬁ?g&%ustlon and oil, in the same QE{ ess, Accordln%g the waste heat of the production of

silicon, e ISP R hTTGPhSHRRS SOhTeaNR 15 YSRRLIEH 1l PREHNEH with air
and passegdteaugh dtad mﬁdmrpsdwéemgme@hm@om@mﬁeﬁ seibipnsebigines jeaiiess
processe |s conve ted tilization of onS| rable unts of tr})} ermal energy from
carbon bI 8P§f ﬁ? 'g‘ﬁ’:@/ g%@%ﬁ&‘é?ﬁr??ﬁf‘f@ ﬁ%@ ﬁd@%‘? &8h Bossible to date.
Especiallyeinddieeask eipredsstionraf the btgk’eppﬂhdwtnmwiad@ wasfsitiean which is suitable for
production of solar silicon or else for production of semiconductor silicon, the conversion of the excess

therﬁ?al

The inventive plant can achieve a considerable process intensification in the
production of silicon, which leads to a significant reduction in climatically harmful
carbon dioxide and/or carbon monoxide, and to a significantly reduced demand for
electrical energy. Furthermore, recyciing of silicon oxide which is formed in the

15 reduction of silicon dioxide to silicon in a light arc oven can significantly enhance the

mass balance of the silicon used in the overall process.

To date, the waste heat, i.e. the thermal energy, obtained in the production of carbon
black has not been made utilizable in a technical and economically viable manner for

20  other processes. The waste heat of the carbon black processes is currently fypically
utilized for preheating of the reactants, such as air for combustion and oil, in the
same process. Accordingly, the waste heat of the production of silicon, especially in
the form of hot process gases, has also to date merely been guenched with air and
passed through hot gas filters to remove silicon dioxide. The tail gas obtained in

25  these processes is converted to power. Utilization of the considerable amounts of
thermal energy from carbon black or silicon production to save energy in other
processes has not been possible {o date. Especially in the case of production of the
high-purity carbon blacks or of silicon which is suitabie for production of solar silicon
or else for production of semiconductor silicon, the conversion of the excess thermal

30 energy was inconceivable owing to the need for spatial separation of particular

operations for production of high-purity products. The exceptionally high demands on



30energy was inconceivable owing to the need for spatial separation of particular operations for
production of high-purity products. The exceptionally high demands on 2 the particular purity of the
products and.the possibility of cross-contamination categorically ruled out this possibility. A known
process for producing carbon blacks is the gas black process (DRP 29261, 5 DEC 2931907, DEC
671739, Carbon Black, Prof. Donnet, 1993 by MARGEL DEKKER, INC, New York, page 57 ff.), in
which a hydrogen-containing carrier gas laden with oil vapors is combusted in an excess of air at
numerous exit orifices. The flames impact against water-cooled rollers, which stops the combustion

reaction. Semeaaidhrspatitorofedaititiaibe tayers preeipitaiedrardbe-colgssanstis-scraped 100ff

them. The spot rem inin? in the g{f as stream is removed in filters. Additionally known is the channel
black proCESEIe4BtN BISACH B %93 by MARCEL DEKKER, INC, New York, page 57 ff.),
in which a multitude of natural gas-fed small flames burn against water-cooled iron channels. The soot

d ited on the i h Is i d llected in a f l. 15 The processes mentioned
aive rise 85 RTSIUE BIAGENR 7L E pEBAIG Tt TR AEH Mo SRR AL AR

temperatUbECeE3teor 20K BrhrEogCatsinaBladr, thecfuDaapdilartayesermtalias is formed as
the resid 0 Todate, the waste he s been partly removed from the gases, for example by
Ripdogias = (= o B A st e et N e e
heat remazedrhastioaiatepumtlieenmilizsd e iensivetpsO wingrtattharfieecuartsitlatefistyciure of the
carbon blaicks contamination of otr{er 25‘5%&1{{:%@?”5 Wi&f@?)% on black cannot be ruled out. For this

reason, p %ééf'ml%at %gﬁ‘ép\fét NEBEER EFat cHSh &g ﬁji*%%%f‘é‘ms which have
likewise bBemutibizte foogirfsinetio mithhighefititieanpeuipidsited on the rollers and is scraped

10 off them. The soot remaining in the offgas stream is removed in filters. Additionally
known is the channei black process (Carbon Black, Prof. Donnet, 1993 by MARCEL
DEKKER, INC, New York, page 57 ff.), in which a multitude of natural gas-fed small
flames burn against water-cooled iron channels. The soot deposited on the iron
channels is scraped off and collected in a funnel.

15
The processes mentioned give rise to a large amount of waste heat, especially in the
form of hot residual gases with temperatures less than 200°C, including hot steam. In

the furnace black process, tail gas is formed as the residual gas.

20 To date, the waste heat has been partly removed from the gases, for example by
means of condensers, and the gases are then cleaned and blown into the

environment. The waste heat removed has to date not been utilized extensively.

Owing to the fine particulate structure of the carbon blacks, contamination of other
26  plant parts with carbon black cannot be ruled out. For this reason, plants of this type
have not been combined at one production site with other plants which have likewise

been utilized for production of high-purity compounds.

On the other hand, for example, the drying step in the production of silicon oxide,
30  especially of silicon dioxide, such as precipitated silica or silica which has been

purified by means of ion exchangers, requires supply of a particularly large amount of



On the other hand, for example, the drying step in the production of silicon oxide, 30especially of
silicon dioxide, such as precipitated silica or silica which has been purified by means of ion
exchangers, requires supply of a particularly large amount of 3 energy in order to dry the moist silicon
oxides. It was an object of the present invention to develop an energy-efficient plant, and to provide an
efficient use of the thermal energy in the production 9f carbon black, and 5 especially of silicon
dioxide. It was a further object to develop an overall plant which enables the thermal energy to be
utilized with a high efficiency for an overall process and the overall use in the production of silicon. The

objects argraehieedray the ityentvesitiniiliespesiadiysas an overall plant or else a plant component,
and the inventive use corresponding to the features of the independent claims; the subclaims and the
description disclose preferred embodiments. The invention provides an overall plant 2 with a reactor

4.1 for thermakcan\ubigioncditisd sarbent aaniatnd caasisnds: sridrigestitieainganaedies to a
combined heat and power system 5.1, by means of which a portion of the waste heat 5.3 from the
thermal cBRKAA LS RRTAHAE o AFEF ADRHGH e BRI HEHES Qo IR0 BeEiital eneray
5.2, the wiscksawilywasid beaidhedibeinpwiiize cLimhidediiecess fuveloguningveitisioplaxidehiespecially in
a process step in the productjon of silicon 20dioxide, jn the appatatus 7.1. Particular preference is
qven o RGBS B IR P By P ReB L Enpblat s RS AL Crthe
precipitatiandveiss ehioralb sationref prediptateasiitasror silica gels and/or for drying silicon oxide,
especially silicon dioxide, such as precipitated silica or silica gels, which has been purified by means of
ion exchangers, in the apparatus 7.1; the waste heat 5.3 is 25especially conducted by means of heat
exchanget$8 qieletably inchiseednsathieyolertiva ptaferweshaliermativesdiceet dityirgnobbi2awith
superheated,steam 5.3 can be ecgfgcted as,shown in fiﬁure 2b or 2{:. éhis%s/j)o sible t%glse
low-{8mparRiaFd SBRPESS o e RERANP Y Er SIS RN DA CHUres of the

independent claims; the subclaims and the description disclose preferred

embodiments.

The invention provides an overall plant 2 with a reactor 4.1 for thermal conversion of

15 carbon-containing compounds, said reactor being connected to a combined heat and
power system 5.1, by means of which a portion of the waste heat 5.3 from the
thermal conversion is withdrawn and another portion of the waste heat is converted
to electrical energy 5.2, the withdrawn waste heat 5.3 being utilized in the process for
producing silicon oxide, especially in a process step in the production of silicon

20 dioxide, in the apparatus 7.1. Particular preference is given to utilizing the waste heat
indirectly or directly for heating or temperature reguiation of the preacipitation vessel
for formation of precipitated silicas or silica gels and/or for drying silicon oxide,
especially silicon dioxide, such as precipitated silica or silica gels, which has been
purified by means of ion exchangers, in the apparatus 7.1; the waste heat 5.3 is

25  especially conducted by means of heat exchangers 8, preferably in a secondary
cycle. In a preferred alternative, direct drying of SiO; with superheated steam 5.3 can
be effected, as shown in figure 2b or 2¢. It is possible to use low-temperature steam

5.3 to operate contact dryers, as described below.

30  The electrical energy obtained from the combined heat and power system 5.2 can be

utilized for energy supply of a reactor 6.1 for reduction of metallic compounds, for



production of silicon dioxide, more preferably in the production of precipitated silica, fumed silica or
silica gels, and/or utilized with preference for drying and/or for temperature regulation during the
precipitation, in apparatus 7.1. Equally possible is the utilization of the electrical energy for the
operation of an apparatus in the 5 production of pyrogenic oxides, for example fumed silica. In one
possible variant, the electrical energy can be utilizegsin the desorption to recover HCI in these
processes. The overall plant allows silicon oxide and carbon black production to be provided at one
site and, if appropriate, the reactor 6.1 for reduction of metallic compounds to be provided at another
site via a poveerctiotwsikiiitd frdidkiee ombis gddfeat sindrpthwasisyiieiontobpesiilitetéd siapparatus

5.1 lapts 5.1 which fficientl Il k to. killed in the art. Th bined heat and
ower oy SRR S B Lt 7 e RO LS AR UL G S LB IR bl power plants
The overabefficrenay otgammtired ey grdskpipitatisysiamp iz paskchlarlF quefsreskcadessmay be

to 90%, According t [ [ th ined heat and t ted not just
with powd & B AR HEOU GO TGN (BWEPOT Ao &b AER BT Dwer systorm -
works gemecallyctidth biop ptegenisvbicbiedrives staamitufbmes, dijjcmeansnef pdusiv e adsver fsghen
ted, T ithd | of .and I heat 2 h ferably t f
Brotuctiof SFUEA B SRERToP XE I R 8 T R TEB ST By S B R, n an
apparatusl hd pigegeiheltaty slifsetesiiigqustrerinedd theckastdnbiaekstageudhidhdorive pliveigianitthe

withdrawal can. ropriately also be effected downstream pf the last turbine stage. Typically, for
o S B R e e T RSy SR SBoRR ke

precipitatedcsiltzdaxtaasiiteeg sliésviiiecbbyvarasats/ofheat exchangers, i.e. by means of a secondary
cycle, Equally possible is direct utilization of the waste heat for drying, as described above. The
combined heat and power system can draw the waste heat from carbon black production, such as
preferably-dobirestresnind thiecqit emchzniner @ystasr, libsrpastiblpads)deragxamgiles\datheat exchangers

g;r‘f/‘;ei‘r‘f %ﬂgﬁg&%ﬁ?%ﬂfzé ok Sifgien rfﬁe?{‘;%’é%'b\‘fﬁo{é‘ %Hgscoﬁ'ime%}‘f’n“t Lig @ %%fmsbgw‘”é‘c?h may
_ produce’steam. Preférerice Ts given to operating the combined edt and power
system witkateadh phhetaly giseshesnapsigeifaanihg matier efficiency than pure power

generation of thermal power plants. The overall efficiency of combined heat and

15 power systems in particularly preferred cases may be up to 90%. According to the
invention, the combined heat and power system may be operated not just with power
and heat, but also exclusively with power or heat. A combined heat and power
system works generally with hot steam, which drives steam turbines, by means of
which the power is then generated. The withdrawal of steam and supply to a heat

20  exchanger, preferably to a process for production of silicon dioxide, for example for
temperature regulation or for drying of silicon oxide, in an apparatus 7.1, is generally
effected upstream of the last turbine stage. in the inventive plant, the withdrawal can
appropriately also be effected downstream of the last turbine stage. Typically, for
example, the temperature of a precipitation vessel is regulated or the silicon oxide,

256  such as precipitated silica or a silica gel, is dried by means of heat exchangers, i.e.
by means of a secondary cycle. Equally possible is direct utilization of the waste heat
for drying, as described above. The combined heat and power system can draw the
waste heat from carbon black production, such as preferably downstream of the
guench zone or other hot reactor parts, for example via heat exchangers or direct

30  utilization of the process vapors and/or from the combustion of the tail gases, which

may serve in turn to produce steam. Preference is given fo operating the combined



substances, steam, hydrogen, nitrogen, Cx, carbon monoxide, argon, hydrogen sulfide, methane,
ethane, ethene, ethyne, amides, nitrogen-containing compounds, metal oxides such as aluminum
oxides and/or carbon dioxide. The combined heat 5 and power system preferably works in
back-pressure operation, as a result of which no thermal losses occur in the steam cycle processes.
As a result, there is generally no demand for fresh cgoling water. According to the invention, a carrier
gas downstream of the preheating zone of the 10combustion air and/or the waste heat from the
combustion of the tail gases in 5.1 can be utilized as the waste heat 5.3. More preferably, superheated
steam 5.3eamehd powi Sykkan alish dieatiizEddisticiysissocorapeiss fempsaguatien of silicon dioxide,

h in fi 2b and 2 ially for di dryi fsili dioxide, ili I
et ARG S L R RS SO TBABE 18T bR o to
operate aszﬂﬁtm;trdgtbaﬁapm}nam?, ?atiml)erﬁelr eﬂa;mpl@pima@!ryfﬁroyammf@;n@éwragr@tﬁfwmtﬁd@,ryer- The
stream obtained from 5.1 can prefer also pbe used to operate primary dryers, ecially spra
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ar
solar silicow idetine nefaictofrésh, o ulmmpastant for this overall process. This 25combination had been
inconceivable to date, since contamination of carbon black with silicon dioxide or silicon dioxide with
carbon black was to be avoided. In the underlying processes here, those for producing silicon from
silicon oxidlecespagiatyrslicoeliaxide, canderayheni blackt erato v pirelpreldecaimy hydeisistide silicon

oxide.is reduced ip the reactor 6.1 to silicopn, such that the cross-contamination of high-purity 30carbon
black® higRo O S oh LT B, PR s BRI P CSTBIR A e e Bl PR LBme 7 this
specific applictlimed & likewisetpriedatahly, here astécheblyfreoptradntiddiabplahCfasts @ tlse from
the combustign,of tail gas from.carbon black production is. utilized by. means of heat exchangers 8 via
a secondé’r'? (c%:y?:lg?Pnac?? e?efo%ﬁg\?gﬁ?!(r:%%(t‘gr'r%naa%%cﬁ ﬁ?fé) E@ﬁg ueton of Siicolt dioxide, 2

shown in figures 2b and 2c¢, especially for direct drying of silicon dioxide, such as

silica gel or precipitated silica. Additionally or alternatively, it is possible to use low-

16 temperature steam to operate a contact dryer (apparatus 7.1), for example plate
dryer or preferably a rotary tube dryer. The stream obtained from 5.1 can preferably
also be used 1o operate primary dryers, especially spray tower dryers or spin flash

dryers, for drying silicon dioxide.

20 According to the invention, it is possible to provide the carbon black production and
the production of silicon oxide, especially of the precipitated silica or of the silica gel,
at one production site or else in a combined plant, because possible cross-
contamination of carbon black and silicon oxide for production of silicon, especially of
solar silicon in the reactor 8.1, is unimportant for this overall process. This

25  combination had been inconceivable to date, since contamination of carbon black
with silicon dioxide or silicon dioxide with carbon black was to be avoided. In the
underlying processes here, those for producing silicon from silicon oxide, especially
silicon dioxide, and carbon black and/or pyrolyzed carbohydrates, the silicon oxide is
reduced in the reactor 6.1 to silicon, such that the cross-contamination of high-purity

30 carbon black, high-purity pyrolyzed carbohydrates or high-purity silicon dioxide is not

troublesome for this specific application.



Spurity carbon blacks, carbon-containing compounds or of the high-purity silicon oxide, especially
silicon dioxide, with other impurities, such as other metals. The invention further provides an overall
plant, such as Oa or Ob, in which a reactor 4.1 for thermal conversion of carbon-containing
compounds is connected to a 10combined heat and power system 5.1, by means of which a portion of
the waste heat 5.3 from the thermal conversion in 4.1 can be withdrawn and another portion of the
waste heat can be converted to electrical energy S.fi the withdrawn waste heat 5.3 being utilized in an
apparatus 7.1, especially in processes for production of silicon dioxide. The apparatus 7.1 may be part
of a plant for production of silicon dioxide. 15The waste heat 5.3 or the waste heat stream 5.3 can
preferably be utilized in the apparatus 7.1 for temperature regulation of a precipitation vessel and/or for
drying of dilicewisigesfespalyiatheof sdtednedipiisie, thechdisigiedipitaiedsilicar sﬁl@fgﬁthréiligadwhicr
has been purified by means of ign exchangers. The waste heat withdrawn is especi IR/%% ilized directly
(see figure8 %B;g‘é?@r/rb??r%aé? ass(?f fﬁ@a?%ég%ﬁrﬁ?ge%o ’ugg ?ﬁﬁ% é{gﬁ%\l\{&}ﬁg’fﬁ%ﬁnﬁ électrical
energy 5.2fchangsgy Bupply etacedatpic§clcfonrecimtionwbmetatisntomipatiodsodtiie mgﬁehsses for
roduction of.silic ioxjde, especially for the apparatus 7.1, and, ic{ia ropriate, the waste heat 6.2
?romt e r%géﬂrcé)@%%g%%ﬁibﬁ%ﬁ yOB)éCSﬁﬁ%g'dnéFP@HB%HQF%%P%%& ﬁ\%%éﬁ'ﬁ&&%? W%np%&ess for
productioresibaitiatn slioxide] ifoidxanifh o foe temperidts esfe gglatiosr enéesidrying of silicon oxide, in
the apparatus 7.1. In alternatives, the combined heat and power system may also be purely power- or

heat-operated. For further optimization of the energy balance, it is preferred when the waste heat 6.2
of the readtoe foresdiootitmtbé netalidesoanpovedd inidine apparatu8a/dr BhutitizeldicBamesscparticularly,

the waste figat b lsans(Rue by means ehheatexehienders 8 from the seactor 6 into the
apparatus 7.1. This can be done by virtle of thé waste

10 combined heat and power system 5.1, by means of which a portion of the waste heat
5.3 from the thermal conversion in 4.1 can be withdrawn and another portion of the
waste heat can be converted to electrical energy 5.2, the withdrawn waste heat 5.3
being utilized in an apparatus 7.1, especially in processes for production of silicon
dioxide. The apparatus 7.1 may be part of a plant for production of silicon dioxide.

15 The waste heat 5.3 or the waste heat stream 5.3 can preferably be utilized in the
apparatus 7.1 for temperature regulation of a precipitation vessel and/or for drying of
silicon oxide, especially of silicon dioxide, such as precipitated silica, silica gel or
silica which has been purified by means of ion exchangers. The waste heat
withdrawn is especially utilized directly (see figure 2b/2¢) or by means of heat

20 exchangers 8, as in figures 4a and 4b, and the electrical energy 5.2 for energy supply
of a reactor 6.1 for reduction of metallic compounds or in processes for production of
silicon dioxide, especially for the apparatus 7.1, and, if appropriate, the waste heat
6.2 from the reactor 6.1 can additionally be utilized for reduction of metaliic
compounds in a process for production of silicon dioxide, for example for temperature

256  regulation or for drying of silicon oxide, in the apparatus 7.1. In alternatives, the

combined heat and power system may also be purely power- or heat-operated.

For further optimization of the energy balance, it is preferred when the waste heat 6.2
of the reactor for reduction of metallic compounds in the apparatus 7.1 is utilized;
30 more particularly, the waste heat 6.2 is transferred by means of heat exchangers 8

from the reactor 6.1 into the apparatus 7.1. This can be done by virtue of the waste



heat, especially a waste heat stream 6.2, of the reactor 6.1 being connected to the apparatus 7.1.
Preferably, in addition, the hot process gases from the reactor 6.1 for reduction of 5metallic
compounds are introduced via a hot gas line 6.3 into the reactor 4.1 for thermal conversion of carbon.
A hot gas line 6.3 preferably connects the reactor 6.1 for reduction of metallic compounds and the
reactor 4.1 for thermal conversion of carbon, especially for transfer of the hot process gases from the
reactor 6.1 into the reactor 4.1. 10 Additionally or alt-érnatively, the hot process gases from the reactor
6.1 for reduction of metallic compounds can be passed via a hot gas line 6.3 into the combined heat

and powe t [ ther erplant 5.1. A line,6,3.pref Vi ects the
reactor 6. %? r%%%#oaﬁglo Rr%é%?fﬁc? %é?n%é%%sév%thgfh%%%%%%@?}@ Egia a%%%gégésté?Q% 5.1ora
thermal pepearstust 5.1, especially for transfer of the hot process gases from the reactor 6.1 into 5.1
for steam raising. This design of the plant is shown by way of example in the plant Oc in figure 4c for
all conceivable overall plants or plant components. 20According to the invention, the hot gas line 6.3 of

p]gnts OqP@ﬁ&ﬁBMy,iérdaétﬁtiad, $bemmam%$y g.absmﬁmy@mmpﬁmsmnWHr@ gaseous
silicog OXI%%%CUEB%QIQ'&HREEI?%%&?%?Q Dy r awgegﬁ%c%%n it %Cq?PeaTéiSr@ﬁ REpeess gases
rbon monoxide, s / e.

typically comprise ca ilicon oxide and/or carbon dioxi he condensation of the
silicon oxidehagbograersitsidel ablbeiskdhobgamiion SThe efepiyusinadsiththefigagioowded on its

inner surf i ﬁ}%‘é’émﬁ%ﬁﬂ 11 @891@/%#@%5%@{5&%%@@1‘%F?&%%?SB@@QP&&H‘&P‘* Inner

surface of t ot gas line. Alternative eting, the hot gas line may be equipped with trace
heating andfdchagspacs iy isy fsadsfier tehibe faol i segatagenasiothdsurzadoespbbidtiiier reactive
temperatq@aagrre@qe, preferably in the wall region. The recycling of the 30hot process gases from the
reduction step to molten silicon in 6.1 into the reactor 4.1 can enhance the yield of silicon by up to 20
moN/M because the gaseous silicon oxide 8

Additionally or alternatively, the hot process gases from the reactor 6.1 for reduction
of metallic compounds can be passed via a hot gas line 6.3 into the combined heat
and power system 5.1 or into the thermal power plant 5.1. A hot gas line 6.3
preferably connects the reactor 6.1 for reduction of metallic compounds with the

15 combined heat and power system 5.1 or a thermal power plant 5.1, especially for
transfer of the hot process gases from the reactor 6.1 into 5.1 for steam raising. This
design of the plant is shown by way of example in the plant Oc in figure 4c for all

conceivable overall plants or plant components.

20  According to the invention, the hot gas line 6.3 of plants Oa, Ob or 1¢ is designed
such that it very substantially prevents condensation of the gaseous silicon oxide of
the hot process gases which form in the production of silicon. The hot process gases
typically comprise carbon monoxide, silicon oxide and/or carbon dioxide. The
condensation of the silicon oxide harbors a considerable risk of detonation. The hot

25 gas line is therefore provided on its inner surface with “blanketing”, which reduces,
preferably prevents, this condensation on the inner surface of the hot gas line.
Alternatively to the blanketing, the hot gas iine may be eguipped with trace heating
and/or have an air gas feed for temperature regulation over the surface, especially
for reactive temperature increase, preferably in the wall region. The recycling of the

30  hot process gases from the reduction step to molien silicon in 6.1 into the reactor 4.1

can enhance the yield of silicon by up to 20 mol% because the gaseous silicon oxide



formed remains in the process. By virtue of the inventive plant, the overall process can thus even lead
to an increase in yield of silicon in relation to the silicon oxide used. Owing to the exothermicity
introduced in the hot gases, the amount of natural gas in carbon black production is simultaneously
also reduced. 5 The blanketing can be accomplished, for example, via the generation of vortices. One
further component of the hot process gases transferred into the reactor 4.1 is carbon monoxide. In the
underlying process, the introduction of silicon oxide fito the reactor for production of carbon black or
for pyrolysis of carbohydrates is not 10disruptive when the reaction products are utilized for production

of silicon. In addijtion, the introduction of ¢ rpon monpxide in the hot process gases, via the hot gas line
o the e SULBFS. RN 4 TS S i HEIE e ARG B e Ve G iR Eombuston
or thermateleavagevitheahtbamblasksaw imgtelithls eiliobthe catbtbiydatisecsilit@niogig@mpounds.
The process regime enabled in the inventive 15plant is. agco nied by a significant reduction in the
el of caBE GG Bopiec R P LA SRS 6 BB rEce s G PO RN P Slicon
Stream 7.gaepresahisi iblschematictenmns, shedtemouslyicisdiredtlgeat indirectly, transfers a product
from the apparatus 7.1, for example a precipitation vessel or 20reactor for drying of silicon dioxide, into

reactor 6.1. The direct product from 7.1 can also be sent to a further processing step, such as drying,
grinding, JraaulEideitadletindecaovensiis osd)| énding mjile caib thebimtic redihoby dratesor
carbohydrate- containing compo ng] or other processing Qr process steps, before the indirect product
o fod 1o rtiol LA DB AR i Ot RS B Bro RIS G IRV RRe Cbfar Bompoent -
la with a readion4rictontioernhatice nvelsibningf pesbesscntaiming cofioposinsisctineaadetartbeney
connected to a cambined heat a wer system 5.1, by means of which rtion of the waste heat
3 from (S B L A R A PR R RN et Tt i comverted
to méchanicalptietcstnienltbaespctod, proshidiscactartiZzet dovgpeodoetited tosditoer hakgoitienplant
5.1, by the introduction of carbon monoxide in the hot process gases via the hot gas line into
the reactor 4.1 enables a favorable shift there in the equilibrium of the hot gas in the
combustion or thermal cleavage of the carbon black raw materials or of the
carbohydrate-containing compounds. The process regime enabled in the inventive

15 plant is accompanied by a significant reduction in the level of carbon oxides,

especially of carbon dioxide, in the overall process for production of silicon.

Stream 7.2 represents, in schematic terms, the stream which, directly or indirectly,
transfers a product from the apparatus 7.1, for example a precipitation vessel or

20  reactor for drying of silicon dioxide, into reactor 6.1. The direct product from 7.1 can
also be sent to a further processing step, such as drying, grinding, granulation,
tableting, conversion or blending with carbon black, carbohydrates or carbohydrate-
containing compounds, or other processing or process steps, before the indirect
product is fed to reactor 6.1.

25
tn one alternative, the invention provides an inventive plant - plant component - 1a
with a reactor 4.1 for thermal conversion of carbon-containing compounds, the
reactor being connected to a combined heat and power system 5.1, by means of
which a portion of the waste heat 5.3 from the thermal conversion is withdrawn

30  and/or another portion of the waste heat is converted to mechanical or electrical

energy 5.2, or said reactor 4.1 being connected to a thermal power plant 5.1, by



9 means of which the waste heat is converted to mechanical or electrical energy 5.2. The electrical
energy generated can be fed into the public grid system, or be used internally for power supply or, in
accordance with the invention, to operate the light arc furnaces in silicon production or for production
of silicon oxide, preferably of Sprecipitated silica or fumed silica or silica gels, and in the case of
precipitated silicas and silica gels more preferably for drying or heating of the precipitation vessel. In
one possible variant, the electrical energy can be utitized in the process for producing fumed silica, for
example in the desorption for HCI recovery in these 10processes. The withdrawn waste heat can be

fed into a heatj |d pref r being giv utilizing the Was or furthe se in the
productlohg.i Iéco(?h \I/lt]agthgéa%’ exc %ngeﬁsfs’lﬁ %eg%rt%ge%s%erc ’Hﬁ@ |8h%?§ ﬂ:c %n(%fﬁf’e ch as for
temperatuféeegjalztionl erarmyrgegesdisahoexides mmmﬂymﬁammgmeem%heémms for

thermal c r5| f carbon-cont |n|ng compounds incl all. reactors rodu arbon
black, gra%h? a)t%'hp&.rmé%rnse%ﬁy ot'a'Coti 8u%%188n%%|jh ge atné’ﬁ%%b m?gtlg (ﬁf %’tlncludlng
silicon car@rdéwnatmalmgedmbnrpspdudtmiemﬁﬁmhemdmt&sponﬂm@oamﬂmmdﬁéﬁe’nﬂtayt@fthose skilled
in the art. nvention, the reactor 4.1 f r ther onverS|on of car ontaining
compoumﬁ IS i:Lé][a%c(%or OFF I?rrr?ace orsmr%%ﬁét%{hc}%f% ?bgn(g] 8&%? r&&%?t g%ﬁfdﬁﬁ?rolyss of
carbohydratteta&mmgainptetee)mfmbytsie fufr shrgarg aptierstilygothesppeseint@ b silieesedioxide, for
production of carbon-containing matrices, for example in the presence of high-purity silicon oxide.

Typical reactors for production of carbon back are operated at process temperatures of 1200 to more
25 than 220004rpthesitdembarstion taaibelridEie bertknewbeditesses ftreppodestiofvof carbon black

are the layp blagk pigeess. ne;fuace Rk pracess. the 6as Hlagkcbrocess and the lam black,

acetylene'dl erma processe Accord ing e reattor 4. 158 pre \Pd&signed for
perfdﬁmaw@msheq)fﬁbe%ebdmmmeﬁmahean\mmm iptand, qhmfmtenmtmsgggmh to using a

reacter k?ﬁ%%%%{?n dgg?gg)é] eﬂ‘rt fca&'%%j@ﬁﬁ% &gﬁ) Ple?k rﬁ'{ f0|lrj tstée{mﬁ%l conv(frs on of carbon-

containin reactors are ient y welr nown hose Skilahn
silicon, via heat exchangers, in the process for production of silicon dioxide, such as

for temperature regulation or for drying silicon oxide, especially of silicon dioxide.

15 The reactors for thermal conversion of carbon-containing compounds include all
reactors for production of carbon black, graphite, carbon or generally of a compound
containing a carbon matrix, for example including silicon carbide-containing carbons,
and aiso further corresponding compounds familiar to those skilled in the art.
According to the invention, the reactor 4.1 for thermal conversion of carbon-

20 containing compounds is a reactor or furnace for production of carbon black or for
combustion and/or pyrolysis of carbohydrates, for example the pyrolysis of sugar,
optionally in the presence of silicon dioxide, for production of carbon-containing
matrices, for example in the presence of high-purity silicon oxide. Typical reactors for
production of carbon back are operated at process temperatures of 1200 to more

25 than 2200°C in the combustion chamber. The best known processes for production
of carbon black are the lamp black process, the furnace black process, the gas black
process and the lamp black, acetylene black or thermal black processes.
Accordingly, the reactor 4.1 is preferably designed for performance of the processes
mentioned. For the inventive plant, preference is given to using a reactor known from

30 the prior art for production of carbon black or for thermal conversion of carbon-

containing compounds. Such reactors are sufficiently well known to those skilled in



the art. Typical reactor types generally comprise all furnaces suitable for carbon black production.
These may in turn be equipped with various burner technologies. One 5example thereof is the HOIs
light arc furnace (light furnace). For the selection of the burner, it is crucial whether a high temperature
in the flame or a rich flame is to be obtained. The reactors may comprise the following burner units:
gas burners with an integrated combustion air blower, gas burners for swirled air streams, combination
gas burners with gas injection via peripheral lances,!Righ-velocity burners, Schoppe 10impulse
burners, parallel diffusion burners, combined oil-gas burners, pusher furnace burners, oil evaporation
burners, burners with air or vapor atomization, flat flame burners, gas-fired jacketed jet pipes, and all
burners aﬁ r85ctors which are suitable for production of carbon black or for pyrolysis of
carbohydrates, for example of sugar, optionally in the presence of silicon dioxide. The reactor 4.1 is
interpreted.as. bﬁi%{% ﬁ)Jﬁth entire reactor or else, artﬁ gf the reactor; for example, the reactor

a

comprises R AR EL b GEIOR SRl LRSS oialiedrlicR e At or quench
zone. Accprdihgtothd nsentiqsy F&Quﬂﬁﬁ?@@@@?lwm %thﬁjgb%%m@rageﬁnfﬂbg%@.l l@i%it
recuperators with a ring of steel tuhes, 20A further alternative embodiment envisages a combination in
hichitne ETRIoC R DI T o S AR Bt eI UL T B FATRS HldMal
conversiobwihearlios-cartainvigetosrohiisisaiskraastonh ehrgiepnnestableralarmenbines heat and
power syscté%m 5.1 means, of which aﬂ%’tongt e waste heat 5.3 from the thermal canversion can

be withdraWiFiieflo BT BEHIBRYGE 5§ 40 'REQVEH HE B IR PRPRUERSR B P8lectrical

energy 5. hiegsaidd eacttudtivheitptonseeied umiterfonbpones plestrBanbydpensaiowhich the
waste heat is converted ﬁg&mechani al or electrical erﬁr%/ 5.2 and th trical energy 5.2 is utilized
pfb &aift

, elec
for energyP&0pply 6 & FEALE? B MFSH PLLYIEHBR Y P “ﬁéo&{ I light SPRimace
6,1, electricgiutselting fiemaper et wiusiaoto indtscttumBiifien aley aealingaRacios o faIRases
preferablybfgrn%r%d%c‘tié)naof siI&con or else for ener%éfpugply of an apparatus.7.1 g gt roduction of
silicon dioxde, 15r e&arﬁp?eofg ’OIR%FHS&%W&%B% 0 5%?38?5%& \)E@EQPT P %ﬁb%f silicon
oxide, sudiuassBi)2yaar-iied facibéopetativasyfzan aiisuaiessatierpaetessvidicredacingdbmed silica.
for production of carbon black or for pyrolysis of carbohydrates, for example of sugar,
optionally in the presence of silicon dioxide. The reactor 4.1 is interpreted as being
15 the entire reactor or else parts of the reactor; for example, the reactor comprises the
reaction chamber, a combustion zone, a mixing zone, reaction zone and/or quench
zone. According to the invention, recuperators are utilized in the guench zone, for

example jet recuperators with a ring of steel tubes.

20  Afurther alternative embodiment envisages a combination in which the inventive
plant 1b or 1b.1 - as a plant component - comprises a reactor 4.1 for thermal
conversion of carbon-containing compounds, said reactor being connectable to a
combined heat and power system 5.1, by means of which a portion of the waste heat
5.3 from the thermal conversion can be withdrawn and/or another portion of the

25  waste heat can be converted fo mechanical or electrical energy 5.2, or said reactor
4.1 being connected to a thermal power plant 5.1, by means of which the waste heat
is converted to mechanical or electrical energy 5.2 and the electrical energy 5.2 is
utilized for energy supply of a reactor 6.1 for reduction of metallic compounds,
especially a light arc furnace 6.1, electrical melting furnace, thermal reactor, induction

3¢ furnace, meiting reactor or furnace, preferabiy for production of silicon, or else for

energy supply of an apparatus 7.1 in the production of silicon dioxide, for exampie for



The person skilled in the art is aware that 5.1 can also be operated in such a way 5that exclusively the
waste heat 5.3 or electrical energy 5.2 or any mixed forms are utilized. In this case, the withdrawn
waste heat 5.3 is conducted to the apparatus 7.1, and the waste heat 5.3 is especially transferred by
means of a heat exchanger 8 or utilized directly as superheated steam (figures 2b and 2c); the
apparatus 7.1 is preferably part of a plant for producing silicon oxide. 10 In all variants of the inventive
plants, the carbon black produced, the pyrolyzed ca?ﬁohydrate, can be fed via 4.2 indirectly or directly
to the light arc furnace 6.1. "Indirectly" means that the compounds produced in the reactor 4.1 can still

b d furt before t fed. tor 6.1..B f le, but not 1 lusively, th
carbon DB BRI S AT E A RN Sar o TNSeet ST B e Ry
preferred tr atwofdance vptrihennveat appdraiutheplanphases dded dinel Gangf iheddsiiiczess gases

from the reactor 6.1 for reduction of metallic 20compounds via a hot gas line 6.3 into the reactor 4.1 for
thermal conversion of carbon, as shown by way of example for plants 1c and Ob. In a preferred

configuratifig mmamke_maw me 1evaanal o kduatt 04, edinmﬂne@tﬂﬁmﬁm'ddhﬂ_sg@hasma}eat 6.2 of
e AN TR B e soreaata i reenasey v Rodiiong tlopn dogge, o
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grid furnacsijiftaildieddig o alane tabladd siacen ¢figulatripilartizZac) e apparatus, 7.1 is
preferably part of a plant for producing silicon oxide.
10
in all variants of the inventive plants, the carbon black produced, the pyrolyzed
carbohydrate, can be fed via 4.2 indirectly or directly to the light arc furace 6.1.
“‘Indirectly” means that the compounds produced in the reactor 4.1 can still be
processed further before they are fed to reactor 6.1. By way of example, but not
15 exclusively, the carbon black or the carbon-containing compound can be pelletized or

briguetied.

It is particularly preferred in accordance with the invention when the plant has a feed
line 6.3 of the hot process gases from the reactor 6.1 for reduction of metallic

26 compounds via a hot gas line 6.3 into the reactor 4.1 for thermal conversion of
carbon, as shown by way of example for plants 1c and Ob. In a preferred
configuration, the plant, especially the overall plant Oa, allows the utilization of the
waste heat 6.2 of the reactor 6.1 for reduction of metallic compounds in processes for
producing silicon dioxide, for example for thermal control of precipitation vessels or in

25  the drying of silicon dioxide in the apparatus 7.1; the waste heat 6.2 is more
particularly transferred via heat exchangers 8 from the reactor 6.1 into the apparatus
7.1.

The apparatus 7.1 may, in all plants, be a precipitation vessel for precipitation or gel
30  formation of SiO,, or eise a dryer, a tunnel furnace, rotary tube furnace, rotary grid

furnace, fluidized bed, rotary table furnace, circulating fluidized bed apparatus,



12 continuous furnace and/or a furnace for pyrolysis. For instance, it is possible with preference to
directly use superheated steam 5.3, which is obtained indirectly or directly in 4.1, for example by
guenching with water, from the waste heat of 4.1 or via the combustion of the tail gases from 4.1, for
drying of silicon dioxide (figures 2b and 52c¢). With low-temperature steam 5.3, one option is the
operation of contact dryers 7.1, for example of plate dryers or more preferably of rotary tube dryers.
The stream 5.2 obtained via 5.1 can be used direct@/zto operate primary dryers. These are preferably
10spray tower dryers or spin flash dryers. It is clear to those skilled in the art that the above list should
be unders nly b fe e.and it is also possibl se.other custo dryers. For the
reactors 4%%%&1@%% uof]a%ceg ﬁzﬁ(gfgﬁea{%& i%%sfgrrispeys%iyeg;!g; %#%@‘S%S%ﬁ%d%é’é%% , %ﬁﬁexam ple
from the rpesfvarzents, dredid) resctupeshsastd areaes dthgfroch qguehtimeiviridinaatigran 4.1 or else
the waste heat.of th ion, pro S, such ases or_other streams, shall be idered i
acoorcan e e e T R e R BT s
gas) in paittie ambusimbugttv; tnbighecwasienbat formadng ofiliziscbin dmxidedfitivegsiatint.a2@ The
plant refirG bly works continuously, 24 hours, 7 days per week, such that the waste heat is also
utilized, directly or via the heat exchangers 8, in a continuous circulation process, especially via
primary and/or secondary cycles. The energy saving thus achievable, per kilogram of dried silicon

dioxide, 2 1 kwWh. |
s clear o DL U s SR S B R g S R R A e
directly oredsmplsididliateistyse ontenranpdateatryeriagpparatub atiliyeds ahdeatdefintie process
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kWhiGer Ritpogydowstrcisson bregikificiaeldeliorsofteachekifdgrémssf shided didkilatothadltea silicon,
above list should be understood only by way of example and it is also possible 1o use

other customary dryers.

For the reactors 4.1 or 6.1, all of the waste heat which arises there, or eise portions
15 thereof, for example from the reaction zone, the hot reactor parts, steam resulting
from quenching with water in 4.1 or else the waste heat of the reaction products,
such as gases or other streams, shall be considered in accordance with the invention
as utilized waste heat. According to the invention, the residual gas (tail gas) in
particular is combusted, and the waste heat formed is utilized in the inventive plant.
20
The plant preferably works continuously, 24 hours, 7 days per week, such that the
waste heat is also utilized, directly or via the heat exchangers 8, in a continuous
circulation process, especially via primary and/or secondary cycles. The energy
saving thus achievable, per kilogram of dried silicon dioxide, may be between 0.01
25 and 10 kWh, preferably 2 to 6 kWh, more preferably around 2 kWh. It is clear to
those skilled in the art that the energy balance achieved in the particular case
depends directly on the residual moisture content and the dryer apparatus utilized,
and also further process parameters, such that the values mentioned should only be
understood as guide vaiues. In the case of utilization of the electrical energy
30 obtained, of about 0.01 to 10 kWh, preferably between 0.1 and 5 kWh, per kilogram

of carbon black for reduction of each kilogram of silicon dioxide to molten silicon,



13 there is a savings potential of 1 to 10 kWh, especially of 4 to 9 kWh, including the process for
production of silicon dioxide. For production of about one kilogram of molten silicon, the energy saving
may increase to 5 kWh to 20 kWh; more particularly, considering the overall process comprising the
production of silicon 5dioxide and carbon black and the conversion thereof to silicon, it may be in the
region of 17 kWh. In a further preferred embodiment, the waste heat 6.2 can be utilized together with
the waste heat 5.3 in a process for production of sili¢8n dioxide for the apparatus 7.1, 10preferably for
heat treatment or for drying of silicon dioxide, especially of precipitated silica or silica gel, or

recipitated silica or silica gel which been purified by means of ion exchangers. Preference is
givenpto uetll fﬁd%%ﬁgﬁ%&@é{%ﬁagﬁ /Eﬁ%ﬂﬁ%y ﬁ?é%ylég ﬁéooﬁé‘m%% hangers 8.
The apparstusegsl imayotuadtiptantssibieoa damprnerdrqiradlambioopeabistionafitiieam dpxide. 15
Heat exchangers 8 are preferably used jn order to prevent ¢ t@\inaté;)n %{é{ge silicon dioxide,
especiallyrg?%%hg’ﬂl?ﬁ@/’ ﬁf&(ﬁ?ﬁ@(i&@y [HSiBEY 5?%%?%%%% MY A &RE b AC%E condary cycle, the
waste heatdrtiouthadyreamierdedng thiizadiaippuoesssdonpradagtine prediestvhiokigdresuich as for

drying of sjlican dioxide or 20temperatyre control of a precipitatjon yessel, Typically, in the heat
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customarytddlikig/Auid or other media sufficiently well known to those skilled in the art. An appropriate
plant 3 also envisages the sole utilization of the waste heat 6.2 from 25the reactor 6.1 for reduction of
metallic compounds 5.3 in processes for production of silicon dioxide in the apparatus 7.1, more
particularlinfarftethpe patsfiee reohénoloafcirpeediphationste $gedf7sl2ocahyes iftilifed dogethsiiaoth dioxide;
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10 preferably for heat treatment or for drying of silicon dioxide, especially of precipitated
silica or silica gel, or precipitated silica or silica geil which has been purified by means
of ion exchangers. Preference is given to utilizing the waste heat 6.2 and/or 5.3 for
drying the silica via one or more heat exchangers 8. The apparatus 7.1 may, in all
plants, be a component of a piant for production of silicon dioxide.

15
Heat exchangers 8 are preferably used in order to prevent contamination of the
silicon dioxide, especially of high-purity silicon dioxide. In these heat exchangers, by
means of a secondary cycle, the waste heat from the reactor 6.1 is utilized in a
process for production of silicon dioxide, such as for drying of silicon dioxide or

20  temperature control of a precipitation vessel. Typically, in the heat exchangers and/or
in the inlets and outlets of the waste heat, the medium utilized is water, a customary

cooling fluid or other media sufficiently well known to those skilied in the art.

An appropriate plant 3 also envisages the sole utilization of the waste heat 6.2 from
25  the reactor 6.1 for reduction of metallic compounds 5.3 in processes for production of
silicon dioxide in the apparatus 7.1, more particularly for temperature contro! of a
precipitation vessel 7.1 or dryer 7.1 for drying silicon dioxide; the plant 3 is more
particularly connectable to the plant 1a; the waste heat 8.2 is preferably passed out
of the reactor 6.1 into the apparatus 7.1 by means of heat exchangers 8.
30

It is obvious that the apparatus 7.1, which may especially be a reactor, precipitation



14 vessel and/or dryer, is only one part of a plant component or overall plant for production of silicon
oxide and is connected or connectable upstream and/or downstream to further plants or apparatus, in
order to produce, for example, high-purity silicon dioxide from contaminated silicates. 5 More
particularly, the feed line 7.2 in all plants is also considered to be a direct or indirect feed line into the
reactor or as a stream into the reactor 6.1. For instance, the silicon dioxide dried in 7.1 can also be
subjected to further processing steps before it is suﬂﬂlied to the reactor 6.1. These are especially
grinding, formulating, briquetting. 10In these steps too, it is possible to use the electrical energy flow

according 2. According to the invention, the waste heat of the reactor 4.1 is used for thermal
conversior\1}80%%gl n&férdrg?rqir{% %8&85‘ n%%'%(])oi)?oa %?&ﬁ%?%%@r&)\/%@ Biaa (Hy means of a

carbon-cont
combinedgreduatidrpoiiicystenderafhithesmad gleder plamicdiaslie Lbberahis alsg/eéonsidered to be
the waste heat of the tail gases, and the waste heat which, arises through combustion of the tail gas. It
is particulé]r?)"ﬁ ér%fé?r%% %}vﬂ"e’ﬂ}%g v%éé?eoﬁeaﬁ% r&ﬁ“ﬁeﬁ" é’ﬁﬂ%l?/oo? rﬁéﬁf@%’e@ﬁ&ﬁﬁr@p@‘ﬁg& Ior
indirectly, inphp sdssesdmmqie dumtioroot sicartatioidatssich as for temperature control or for drying.
Preferably, superheated steam from 4.1 and/or 5.1 can be utilized in 7.1 for drying or 20temperature
control (figures 2b/2c). This combined use of the waste heat in accordance with the invention has to
date beefViorn pecivatie!yotine fperstnesKilkeoh inlthéaats isesiauseoinsdenssildeeresseantamination
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According to the invention, the waste heat of the reactor 4.1 is used for thermal

conversion of carbon-containing compounds to produce electrical energy, especially

by means of a combined heat and power system or of a thermal power plant. Waste

15 heatis also considered to be the waste heat of the tail gases, and the waste heat

which arises through combustion of the tail gas. It is particularly preferred when the

waste heat is utilized entirely or partly, especially directly or indirectly, in processes

for production of silicon dioxide, such as for temperature control or for drying.

Preferably, superheated steam from 4.1 and/or 5.1 can be utilized in 7.1 for drying or

20  temperature control {figures 2b/2¢).

This combined use of the waste heat in accordance with the invention has to date
been inconceivable to the person skilled in the art, because the possible cross-
contamination would have led to considerable problems in the process regime. Only
25 the combined use of silicon dioxides purified in or from aqueous systems, and carbon
black or pyrolyzed carbohydrates, for production of high-purity silicon makes this

combined synergistic utilization of the waste heat or of the thermal energy possible.

The electrical energy obtained can preferably be used fo operate a reactor 6.1 for
30 reduction of metallic compounds or to operate apparatus 7.1, in processes for

production of silicon dioxide, preferably for operation of dryers, such as primary



temperature control of precipitation vessels or for the operation of other process steps which work with
electrical power. As stated at the outset, the energy balance of the overall process comprising carbon
black production, the production of silicon 5o0xide and/or the reduction of the silicon dioxide is improved
considerably over known plants and the known use from the prior art. For instance, the energy balance
of the silicon dioxide process can preferably be improved considerably in the particularly
energy-intensive steps, for example the 10heating ofthe precipitation vessel or in drying steps of the
silicon dioxide, and also further process steps to which energy has to be supplled The combined

process re me the syste atlcu Ilzailon fwast at, combustible re ase and/or the
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compoundgsaremarigitigestinmndicd deoanthegobion astich as carbon black or pyrolyzed sugar.
According to the invention, the hot process gases from the reactor 6.1 are 25 additionally used for
reduction of metallic compounds in the reactor 4.1 to thermally convert carbon in the reactor 4.1,

especiallyHayr virsiznabtHe s dreingyi buGohoze dfizeashinbyad divie & 3 dorad e neaetar &hlyibto the reactor
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therral powetiptpot thé measl;seaietaweaedmrtm gepiepsteps of the silicon dioxide, and also

further process steps to which energy has to be supplied. The combined process
regime, the systematic utilization of waste heat, combustible residual gases, and/or
the recycling of the hot gas from 6.1 ailow ali circuits in the plant to be operated with
an improved energy balance over known prior art processes. For instance, the

15 recycling of the hot gases, which include carbon monoxide and silicon oxide,
especially gaseous SIO, into the reactor 4.1 leads to process intensification; more
particularly, the formation of carbon oxides COx during the process for production of
carbon black can be reduced in the overall balance. The overall process in the
inventive overali plant or else in the component plants leads to a considerable

20 reduction in the carbon dioxide and/or carbon monoxide formed over the overall
process in the production of silicon, especially from compounds comprising silicon

dioxide and carbon, such as carbon black or pyrolyzed sugar.

According to the invention, the hot process gases from the reactor 6.1 are
25  additionally used for reduction of metallic compounds in the reacior 4.1 to thermally
convert carbon in the reactor 4.1, especially by virtue of them being introduced via a

hot gas line 6.3 from the reactor 6.1 into the reactor 4.1.

Likewise in accordance with the invention, the hot process gases from the reactor 6.1
30  can be utilized for reduction of metallic compounds in the combined heat and power

system 5.1 or in the thermal power plant 5.1 {o raise steam and/or to generate



16 energy, more particularly by virtue of them being introduced into 5.1 via a hot gas line 6.3 from the
reactor 6.1. According to a further aspect of the invention, the waste heat of a reactor 6.1 can be
5used for reduction of metallic impurities in processes for production of silicon dioxide, especially in
the apparatus 7.1, such as heat treatment vessels or dryers. In addition, the reactors 4.1 and/or 6.1
and the apparatus 7.1 are generally in turn part of a plant for the particular process lines, i.e. 7.1 is, for
example, part of the silicon dioxide generation, 4.1 i%fbart of a plant for production of carbon black or
pyrolyzed 10carbohydrates, etc, and 6.1 may be part of a plant for production of solar silicon with

upstream and/or downstream further process es. It.is clear to those skilled in the art that the plants
entioned TRERAl B! B R Ak B L 2 P TR LR HERAE r s e AL I R
multitude 6f3¢aaiotaeliathisonaylespecially allow continuous and/or homogeneous and disruption-free
performance of the overall process. The reactors may be operated continuously or else batchwise.

Generally, the reactors 4.1 for thermal conversion of carbon, especially for production 200f carbon
black, incagypesadiakindefphinirmaeyrets kil yrve néaoidtsolas ogaitflesigacias Gesceabdskin the

patent cited. With regard to the disclpsure content, reference is made entirely to the disglosure of the
oot RS B e AU TR ES IR e bt Hies D Bren I BPE HIOE 1 e
819 B1, E&:peX19IB08 BleERE2IRAB 1 BSUER 8s1020 T2 42y dc286!509 y&rB. 0r286d3tidnAl, EP
250136 629 A2, US 4,904,454, he;iqures which flz\l{!low iIIustral'gF
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b, Ic, 2, 2&2he?oaBiciiaT pativesplints or gldht éconiirationgie, part of the silicon dioxide

generation, 4.1 is part of a plant for production of carbon black or pyrolyzed

10 carbohydrates, etc, and 6.1 may be part of a plant for production of solar silicon with

upstream and/or downstream further process stages.

It is clear to those skilled in the art that the plants mentioned, instead of in each case
one reactor in the particular process stage, may aiso have a multitude of reactors;

15  this may especially allow continuous and/or homogeneous and disruption-free
performance of the overall process. The reactors may be operated continuously or

else batchwise.

Generally, the reactors 4.1 for thermal conversion of carbon, especially for production
20  of carbon black, incorporated in the plant may preferably be reactors of analogous

design, as described in the patent cited. With regard to the disclosure content,

reference is made entirely to the disclosure of the reactors and the operating modes

thereof mentioned in US 5,651,945, US 6,391,274 B1, EP 0 184 819 B1, EP 0 200

908 B1, EP 0 232 461 B1, EP 0102 072 A2, EP 1 236 509 A1, EP 0 206 315 A1, EP
26 0 136 628 A2, US 4,970,059 and US 4,904 454

The figures which follow illustrate the inventive plant in detail, without restricting the

invention to this example.

30 Reference numbers:
Oa, Ob, Oc, 1a, 1b, 1¢, 2, 2a, 2b, 2¢, 3: Alternative plants or plant combinations,



17 overall plant; 4.1: reactor for thermal conversion of carbon-containing compounds, for example
reactors for production of carbon black or for pyrolysis of carbohydrate, such as the pyrolysis of sugar,
optionally in the presence of silicon dioxide; 55.1: combined heat and power system, thermal power
plant, 6.1:reactor, for example electrical melting furnace, induction furnace, light arc furnace;
7.1:apparatus for use for production of silicon dioxide, for example in a drying  stage, preferably a
dryer, for example fluidized bed reactor or other reattor for todrying of substrates, a reactor, an
apparatus in the process for production of fumed silica, or else a precipitation vessel; 8:heat
exchangers; thef referably have a secondary cycle and enable the  waste heat (thermal energy) to
be drawn 8Yfefr%r¥#ﬁ%esses, in 4.1 and/or 6.1, and the supply of the thermal energy to endothermic
processes} gsperaitydo fdb thifiortgingerkRirstreeanh tor-exatiplin feeshtipe(s)dahich enablsits) indirect

oroceseing, sUoH SIS HEY b TESEiEP s LS Rl SR AT i) ROUP JBY S he for
conduction of elesiribal pyreigyis2ifs2gtiespabeadyy tlewvpfesenampieslineiskiesirsgially with
g&gg@ed NeRt eXCOARACLS Belor SN0 A DI AR Q! JIRM Sty 71+ preferably as a secondary
8.1, reactor, for example electrical melting furnace, induction furnace, light arc
furnace;
7.1 apparatus for use for production of silicon dioxide, for example in a drying
stage, preferably a dryer, for example fluidized bed reactor or other reacior for

10 drying of substrates, a reactor, an apparatus in the process for production of
fumed silica, or else a precipitation vessel;

8: heat exchangers, they preferably have a secondary cycle and enable the
waste heat (thermal energy) to be drawn off from processes, in 4.1 and/or 6.1,
and the supply of the thermal energy to endothermic processes, especially to

15 7.1 for drying;

4.2: stream, for example feed line(s) which enable(s) indirect or direct feeding of
the product from 4.1, which may also be subjected beforehand to further
processing, such as briguetting, into the reactor 6.1;

5.2: electrical energy flow, for example line for conduction of electrical energy;

20 8.2: thermal energy flow, for example line(s), especially with attached heat
exchangers 8, for utilization of the waste heat from 6.1in 7.1, preferably as a
secondary cycle;

7.2.  stream, for example feed line(s) and optionally production stages, through
which the product from 7.1 can be transferred indirectly or directly to the

25 reactor 6.1, the direct product from 7.1 also being feedable to further
processing, such as drying, grinding, granuiation, tableting, reaction or
blending with carbon black, carbohydrates or carbohydrate-containing
compounds, or other processing or process steps, before the indirect product
is fed to the reactor 6.1;

30 53 thermal energy flow, or energy flow such as superheated steam or low-

temperature steam, which is utilized, for example, through tubes, optionally



7.2: stream, for example feed line(s) and optionally production stages, through which the product from
7.1 can be transferred indirectly or directly to the 25reactor 6.1, the direct product from 7.1 also being
feedable to further processing, such as drying, grinding, granulation, tableting, reaction or blending
with carbon black, carbohydrates or carbohydrate-containing compounds, or other processing or
process steps, before the indirect product is fed to the reactor 6.1; 305.3thermal energy flow, or energy
flow such as superheated steam or low- temperaturéSsteam, which is utilized, for example, through
tubes, optionally 18 with attached heat exchangers 8, for utilization of the waste heat from 4.1,

which is withdrawn via, 5.1, for drying or temperature cantrol in 7.1; 6.3:hot gas line. 5The figures
show: Figure Ia,‘fﬂ:dlﬁﬁa;(fg;e I{é?ﬁég{’/(@kﬁgﬁ%%%kﬁ %HB?%%’PEO Hb%&fﬁ%%ﬁﬁ?fﬁ&??sgo? reactors for
production of casbpieiblackitagether witbal casmbingshheacansepawes sysiestiwptionally together with
reactors f%: roduction of. solar silicon. Figures 2, 2a, 2b and 2c show inventive combinations of plants

in which a érmgf’ﬁgﬁﬁ fiftent step or drying step in the production of silicon dioxide by means of a

combined heat and power system (5.1, 5.3 or 5.2) utilizes the waste heat from carbon black production
(4.1) in the form of energy. According to figure 2c, steam from the quench zone can be introduced
throu@h 5. tgig’?'rf%§@%erheated steam. Figure 3 shows the utilization of the waste heat from a
melting furigeesfor prgduttion Ioisdieativa erprosiwttioatirsilmoroaipddentiguresnitiote ahd 4c

h sh ibl Il ts (Oa, Ob pr D¢), f ducti f silj ith producti t f
Cicon cioRC RFoACEHEH A G R0 PG EBER S0 0 r o2 IR AT B reactor 4.1

for thermalyenarersistivabtatogether with reactors for production of solar silicon.

Figures 2, 2a, 2b and 2c¢ show inventive combinations of plants in which a thermal

10 freatment step or drying step in the production of silicon dioxide by means of a
combined heat and power system (5.1, 5.3 or 5.2) utilizes the waste heat from
carbon black production (4.1) in the form of energy. According fo figure 2¢, steam
from the guench zone can be introduced through 5.1 into 7.1 as superheated steam.
Figure 3 shows the utilization of the waste heat from a melting furnace for production

15 of silicon in the production of silicon dioxide.
Figures 4a, 4b and 4¢ each show possible overall plants (0a, Ob or Oc) for production
of silicon with production stages from silicon dioxide production and carbon black

production.

20  Figure 1a shows a plant 1a with a reactor 4.1 for thermal conversion of carbon-
containing compounds, said reactor being connected to a combined heat and power
system 5.1, by means of which a portion of the waste heat 5.3 of the thermal
conversion is withdrawn and another portion is converted to mechanical or electrical
energy 5.2. The line 5.3 is used to draw off the withdrawn heat. According to the

25  process regime, all of the waste heat or a portion of the waste heat can be utilized for
temperature control of the apparatus 7.1 or for energy generation. lt is possible to
use the waste heat to control the temperature of a precipitation vessel or else to
operate dryers 7.1. Via 5.2, the electrical energy generated can be passed on. The
electrical energy can be fed into the public grid system, or be utilized in the process

30 for production of silicon dioxide or directly in an overali process for production of

silicon in an electrical furnace, for example a light arc furnace 6.1. According to the



containing compounds, said reactor being connected to a combined heat and power system 5.1, by
means of which a portion of the waste heat 5.3 of the thermal conversion is withdrawn and another
portion is converted to mechanical or electrical energy 5.2. The line 5.3 is used to draw off the
withdrawn heat. According to the 25process regime, all of the waste heat or a portion of the waste heat
can be utilized for temperature control of the apparatus 7.1 or for energy generation. It is possible to
use the waste heat to control the temperature of a pT%cipitation vessel or else to operate dryers 7.1.
Via 5.2, the electrical energy generated can be passed on. The electrical energy can be fed into the

public grid system, or,be utilized.jn the process 3Qfor production of silican dioxide or directly in an
Cverall proSath 16 Braqthh B HEL A A AR L TP AR M Rimace 0.1
Accordingstoetine d&npdded bdLbilikeafdp@piiizgohextiusivelyiosnower geheratqurairt gvhich case the
stream can also be utilized for operation of 7.1 or other plant parts. Fi Ic. represents the
combinatbRPCr s BIAN ERAIEH B PBHe o et B (TN B BB AR Gt AntS0talt ot Rk Alkbonaly
has a hot gasleesd. Blbetwadredditanhbylhds EheglgatsidatdXatanstitutd iamdrgive combinations
which_allow, through a combined heat and power system (5.1), the utilization of the waste heat (5.3)

and of the electrical energy generated (5.2) in the process for production of silicon dioxide, which is
suitable eSpecby o mod @diooroftiilieoinyespecialyniiisatarrsilichichlAiterttativeshare shown by the

plants 2b and %c in which ng heat exchanger.i ut'zE]zed in 7,1 The process is o ted directly with
Cuperneaiai Ui e A SRSt Vo e el RS SRE A HERlS whicr
are especibbyepartrafzeosernalhplerated i ay atidneob siteas, fes peotllytiohsol aiigiootipkiia, which the
waste heat fr.onthe r?a&tors 4.1 and 6.1 is %tilizted in]@n .agparatus 7.11 fo¥ expmgle Brecipitation
grrhlc IS guitapie espec&arp)é. of praauction g siiicon gspecid go solar ||l|c o
vessel or dryer, in the production or silicon dioxide, for examplerom wet chemical processes, such as
the pieciphitonadiveil cadrenowateydgias o anédsBitze p @i catiehicl watesglassdigngeans of ion
exchange ¢olum s.gqe eat exchangers 8 are optional. In the plant Oc, the hot gas stream 6.3 is
macsed 20RIEE 1. T8 POk paneom aes Rtent MR A SRa e an e 0.
The plants - overall plants - Oa, Ob and Oc likewise show inventive plants which are
especially part of an overall plant for production of silicon, especially of solar silicon,
15 in which the waste heat from the reactors 4.1 and 6.1 is utilized in an apparatus 7.1,
for example precipitation vessel or dryer, in the production of silicon dioxide, for
example from wet chemical processes, such as the precipitation of silica from
waterglass or else the purification of waterglass by means of ion exchange columns.
The heat exchangers 8 are optional. In the plant Oc, the hot gas stream 6.3 is passed
20 back into 5.1, and in the plant Ob into 4.1. It is clear to those skilled in the art that 6.3

can also be fransferred into 5.1 and 4.1.

Alternative plants in accordance with the invention, as shown schematically in figure
Ob or Oc, and the energy and streams thereof, are explained in detail hereinafter.

25
tn these alternatives, the electrical energy 5.2 obtained in 5.1 is utilized for operation
of 7.1, while the reactor 6.1 is fed by additional power. Proceeding from 4.1, the
burner is fed with natural gas, in order to be able to achieve the required
temperatures of up to 2000°C. To produce about one kilogram of carbon black,

30 approximately 0.2 kilogram of natural gas has been required to date, which
contributes about 2 kWh. Through the choke, a further 1.5 kg of feedstock are fed in,



can also be transferred into 5.1 and 4.1. Alternative plants in accordance with the invention, as shown
schematically in figure Ob or Oc, and the energy and streams thereof, are explained in detail
hereinafter. 25 In these alternatives, the electrical energy 5.2 obtained in 5.1 is utilized for operation of
7.1, while the reactor 6.1 is fed by additional power. Proceeding from 4.1, the burner is fed with natural
gas, in order to be able to achieve the required temperatures of up to 2000C. To produce about one
kilogram of carbon black, 30approximately 0.2 kilogf&m of natural gas has been required to date,
which contributes about 2 kWh. Through the choke a further 1.5 kg of feedstock are fed in, 20 which

contribute Wh Inaf ocC , air is introduced into the carbon bhlack reactor;
espeually"i’ '8 ﬁ%ﬁf (%%rﬁ Eﬂlgm&whz" ef(?ﬁgcﬁﬁ? Fég&ﬁoﬁg \)\?ﬂ‘i’&“@fﬁﬁ%@d‘“@carbon
black prodteticsrisse @mimmhe@garaﬁpm@@e@%mmemmmmn@ gedch tail gas with

tent 5 t1to 10 kWh/k f ably of about 5 kWh/kg of
o bor D204s B ALORE L DAL CR b AT SR, CETHECRAt PTR SRS e Coarm ich

is transfervegtante arle:mror«ﬂegterheoﬂwmdﬁmﬁzmrdma@@f§t§2ga‘f; Wt efhexasnglecdiesnergy
domand of TRt B KUBHG A6 Bk HEChe B E R R BBR A A Ry aboct 4
kilograms erateblmveﬁ@ib@m@pdrhﬁeehthggs pankiograsa ahsiicgn chexideitsiech The gvaporated
through 18 1557 AEHelANER BULAAITH S RAged (e TR Aol U e dimTerds SIGg Generation
The ener@;@@ntgnmﬁlaﬁmﬂaftnpie. The energy content of this steam may be about 1 to 8 kWh,
preferably up to 4 kWh. In order to iliustrate the energy demand of 7.1, it must be
10 considered that between 2 and 5 kilograms of water, typically about 4 kilograms of
water, have to be evaporated there per kilogram of silicon dioxide dried. The
evaporated water from 7.1 can, as afterheat, be utilized for the operation of
greenhouses or else discharged through the roof. A preferred aliernative envisages
the utilization of the steam for energy generation. The energy content of about 4
15 kilograms of steam at about 102°C is in the region of about 4 kWh in addition to the
utilizable heat of condensation. For all kWh reported, a wide range of variation of at
least +/- 50% of the value reported in kWh has to be taken into account, since the
energy balances of the particular streams and energy flows influence one another. In
addition, the person skiiled in the art is aware that only approximate values can be

20 determined in such a complex network of processes.

For the operation, for example, of a light arc furnace 6.1, for production of about one
kilogram of silicon from about 1 kg of carbon black and 3 kg of silicon dioxide, about
14 kWh of power are required. This forms, in the charge composition under the

25 reaction conditions at up to 2000°C, gaseous silicon oxide which, together with
carbon monoxide likewise formed, as hot gases at 600 to 700°C, has to date been
quenched with air, oxidized and filtered. In the inventive plant, these hot gases can
alternatively or else simultaneously be introduced into 4.1, especially in the region of
the burner or choke. The hot gases have, for each kilogram of silicon produced,

30 about 0.4 kg of silicon oxide and approximately 2.3 kg of carbon monoxide, and the

energy content may be up to 9 kWh per kilogram of silicon. This measure allows



15kilograms of steam at about 102C is in the region of about 4 kWh in addition to the utilizable heat of
condensation. For all kWh reported, a wide range of variation of at least +/- 50% of the value reported
in KWh has to be taken into account, since the energy balances of the particular streams and energy
flows influence one another. In addition, the person skilled in the art is aware that only approximate
values can be 20determined in such a complex network of processes. For the operation, for example,
of a light arc furnace 6.1, for production of about oné kilogram of silicon from about 1 kg of carbon
black and 3 kg of silicon dioxide, about 14 kwWh of power are required. This forms, in the charge
composition under the 25reaction conditions at up to 0C, gaseous silicon oxide which, together
with carbo%br%tr@%dé’iiz%[&%é’ FGRTRR) é@aﬁs& a%@ée 53‘866/@78 eraRMdRdR RN K hed with
air, oxidizeg avash filigeedolpdhayiruentive plant, these hot gases can alternatively or else
simultaneously be introduced into 4.1, especially in the region of the burner or choke. The hot gases
have, for each kilogram of silicon produced, 30about 0.4 kg of silicon oxide and approximately 2.3 kg
of carbon meniite, and fisseinesgy conteat BRYURS Bk & KitvRasdilgsgraraf silesb his measure

llows 21 about.0,5 | of oillk bon black, or 1 to 6 kWh/kg, preferabl 5 kWh/kg, of carb
Piacko bi EREN. e 4EHEIon Ko A e COVEP RO 07 e A ROt scon

Sthrough thefecysiing. I ds20fybyeasign, ineseagedferiely of 13a@3%bywaigiahipiafririikyof 5 to
oroceeding Tai UH UL TR HOS-EARg AR SIS WESRHLANES o SRS ERE e s
stream 6.3 can also be introduced into 5.1, to for example in order to raise steam there, by means of
Which oW S kT P ARSI TSy 52 LSk s 2t Kiooram gLsfion pregsed; 1 up to
10 for example in order to raise steam there, by means of which power can in turn be
generated. Thus, in 5.1, for each kilogram of silicon produced, 1 up to 11 kWh,
especially 5 to 10 kWh, preferably up to 9 kWh, of heat can be utilized to produce
steam and/or power. At the same time, the silicon oxide entrained can be deposited
as silicon dioxide and be added fo the process in 5.1 or to the process for production
15 of silicon dioxide. The outlined use of the streams and/or energy flows and the
process regime in an inventive plant enables a considerable improvement in the
energy balance of the overall process for production of silicon, and simultaneously an

increase in the yield of silicon.



especially 5 to 10 kWh, preferably up to 9 kWh, of heat can be utilized to produce steam and/or power.
At the same time, the silicon oxide entrained can be deposited as silicon dioxide and be added to the
process in 5.1 or to the process for production 150f silicon dioxide. The outlined use of the streams
and/or energy flows and the process regime in an inventive plant enables a considerable improvement
in the energy balance of the overall process for production of silicon, and simultaneously an increase
in the yield of silicon. 22 Claims 1Plant (1a), charactérized in that it comprises a reactor (4.1) for
thermal conversion of carbon-containing compounds, said reactor (4.1) being connected to a
combinedénfa%}nasnd power system (5.1), by means of which a portion of the waste heat (5.3) from the
thermal cofversion is withdrawn and another portion of the waste heat is converted to mechanical or
electrical energy (5.2), or said reactor (4.1) being 10connected to a thermal power plant (5.1), by
means of wpiclgpde V\( 55;3 heat is converted to mechanical or electrical energy (5.2). 2. Plant (2)
according to ‘Claim cRéracterized in that 15the withdrawn waste heat (5.3) is conducted to the
apparatus (7.1)chachthienmzadtatirat (5.3) is especially transferred by means of a heat exchanger (8),

prefer?ably by means of”% sse%oré%%%%/f& #'ntocijgge Xt pz%)ra;[IUS 70%1’ tI?eC a oar%[cl)ﬁtﬁ'r]ﬁ referably being
part of a plant for procﬁ’ucfﬁg 2ilizdR dioxi ,%e aﬂpa AHOE RGPS préfera y%emg 3 pr@cipitation vessel,
reactor and/or axdrypoL2@i8 Biantrdbriacddrdingsio@itbanet@laiins lcand iezhhemttendqibinghat
system (5.1), by means of which a portion of the waste heat (5.3) from the
thermal conversion is withdrawn and another portion of the waste heat is
converted to mechanical or electrical energy (5.2), or said reactor (4.1) being
10 connected to a thermal power plant (5.1), by means of which the waste heat is

converted to mechanical or electrical energy (5.2).

2. Plant (2) according to Claim 1,
characterized in that
15 the withdrawn waste heat (5.3} is conducted to the apparatus (7.1), and the
waste heat (5.3} is especially transferred by means of a heat exchanger (8),
preferably by means of a secondary cycle, into the apparatus 7.1, the apparatus
7.1 preferably being part of a plant for producing silicon dioxide, the apparatus
more preferably being a precipitation vessel, reactor and/or a dryer.
20
3. Plant (1b) according to either of Claims 1 and 2,
characterized in that
the electrical energy (5.2) is utilized for energy supply of a reactor (6.1) for
reduction of metallic compounds, especially a light arc furnace (6.1), melting

25 reactor or furnace, preferably for production of silicon, preferably solar silicon.

4. Plant (1c) according to any one of Claims 1 o 3,
characterized in that
hot process gases from the reactor (6.1) for reduction of metallic compounds
30 are introduced via a hot gas line (6.3) info the reactor (4.1) for thermal

conversion of carbon and/or into the combined heat and power system (5.1) or



the electrical energy (5.2) is utilized for energy supply of a reactor (6.1) for reduction of metallic
compounds, especially a light arc furnace (6.1), melting 25reactor or furnace, preferably for production
of silicon, preferably solar silicon. 4 Plant (Ic) according to any one of Claims 1 to 3, characterized in
that  hot process gases from the reactor (6.1) for reduction of metallic compounds 30are introduced
via a hot gas line (6.3) into the reactor (4.1) for thermal conversion of carbon and/or into the combined
heat and power system (5.1) or 23 into the thermal%%wer plant (5.1). 5 Plant (1c) according to any
one of Claims 1 to 4, characterized in that 5a hot gas line (6.3) connects the reactor (6.1) for reduction

of metallic comﬁ%qug %’E‘edrrt#ael reactor (i4lt) f,é)]r ﬁhermal conversion of carbon or the reactor (6.1) with

the combined heat Ahd power 598"[“3% Bratrﬁe( é mal power plant (5.1), especially for transfer of the hot
process gases from the reactor (6.1) into the reactor (4.1) or into (5.1). 10 6 Plant (Oa) according to

any one ofgilai %r]ﬁt 1% ghara Iteri gdain that ge.w%sie heat (6.2) of the reactor (6.1) for reduction
of metallic compounds | Gfifred" P % zgyp%?gtﬁ)é ?ﬂTa ot?h waste heat (6.2) is especially
transferred 15bytraesntisriddebmt #vathangers (8) from the reactor (6.1) into the apparatus (7.1).

5 a hot gas line (6.3) connects the reactor (6.1) for reduction of metallic
compounds and the reactor (4.1) for thermal conversion of carbon or the reactor
(6.1) with the combined heat and power system or the thermal power plant
(5.1), especially Tor transfer of the hot process gases from the reactor (6.1) into
the reactor (4.1) orinto (5.1).

10

6. Plant (Oa) according to any one of Claims 1 to 5,

characterized in that
the waste heat (6.2) of the reactor (6.1) for reduction of metallic compounds is
utilized in the apparatus (7.1), and the waste heat (6.2) is especially transferred

15 by means of heat exchangers (8) from the reactor (6.1) into the apparatus (7.1).

7. Plant (0a) according to any one of Claims 1 to 6,
characterized in that
the waste heat, especially a waste heat stream (6.2}, of the reactor (6.1) is

20 connected to the apparatus (7.1)

8. Plant (Ob) according to Claim 6 or 7,
characterized in that
the hot process gases from the reactor (6.1) for reduction of metaliic
25 compounds are introduced via a hot gas line (6.3) into the reactor (4.1) for
thermal conversion of carbon or into the combined heat and power system (5.1)

or the thermal power plant (5.1).

9. Plant (Ob) according to Claim 6 or 7,
30 characterized in that

a hot gas line (6.3} for introduction of hot process gases from the reactor (6.1)



7 Plant (Oa) according to any one of Claims 1 to 6, characterized in that the waste heat,
especially a waste heat stream (6.2), of the reactor (6.1) is 20connected to the apparatus (7.1) 8 Plant
(OLD) according to Claim 6 or 7, characterized in that the hot process gases from the reactor (6.1) for
reduction of metallic 25compounds are introduced via a hot gas line (6.3) into the reactor (4.1) for
thermal conversion of carbon or into the combined heat and power system (5.1) or the thermal power
plant (5.1). 9 Plant (Ob) according to Claim 6 or 7, 3¥tharacterized in that a hot gas line (6.3) for n
roduction of hot process gases from the reactor (6.1) 24 for reduction of metallic compounds connects
this reactor to t?e reacto (4.1) for th rmal conversion of carbon, or the hot gas line connects the

reactor (6.1) to ﬂ%rt%i HEQO E?ﬁta 68W8P§&/r§%rﬁ°(§‘f?§rfﬂﬁ‘é [REMRAIIRoNR M pREP (54 ).) £20 Plant
(3), characterizeskinibpt theaveisie brearfor) of the Ragias (hd) Jonnedustion efzpeialicigappounds

the combined heat and power systermn (5.1) or the thermal power plant (5.1).

5 10. Plant (3),
characterized in that
the waste heat (6.2) of the reactor (6.1) for reduction of metallic compounds
(5.3) is transferred to the apparatus (7.1), especially in combination with the
plant (1a), the waste heat (6.2) preferably being transferred from the reactor
10 (6.1) into the reactor (7.1) by means of heat exchangers (8), the waste heat
stream (6.2) of the reactor (6.1) preferably being connected o the apparatus
(7.1).

11. Use of the waste heat of a reactor (4.1) for thermal conversion of carbon-
15 containing compounds to produce electrical energy, especially by means of a

combined heat and power system or of a thermal power plant.

12. Use of the waste heat according to Claim 11 in the production of silicon oxide,
especially silicon dioxide.
20
13. Use of the electrical energy according to Claim 11 for operating a reactor (6.1)

for reduction of metallic compounds or for operating an apparatus (7.1).

14. Use, especially according to any one of Claims 11 to 13, of the hot process
25 gases (6.3) from the reactor (6.1) for reduction of metallic compounds in the
reactor (4.1) to thermally convert carbon in the reactor (4.1), especially by virtue
of them being introduced via a hot gas line (6.3) from the reactor (6.1) into the
reactor (4.1}, or use of the process gases (6.3) in the combined heat and power
system (b.1) or the thermal power plant (5.1) to raise steam.
30

15. Use of the waste heat of a reactor (6.1) for reduction of metailic compounds in



(5.3) is transferred to the apparatus (7.1), especially in combination with the plant (la), the waste heat
(6.2) preferably being transferred from the reactor 10 (6.1) into the reactor (7.1) by means of heat
exchangers (8), the waste heat stream (6.2) of the reactor (6.1) preferably being connected to the
apparatus (7.1). 11. Use of the waste heat of a reactor (4.1) for thermal conversion of carbon-
15containing compounds to produce electrical energy, especially by means of a combined heat and
power system or of a thermal power plant. 12. Use Pthe waste heat according to Claim 11 in the
production of silicon oxide, especially silicon dioxide. 20 13. Use of the electrical energy according to
Claim 11 for operating a reactor. (ﬁﬁ 1) for reduction of metallic compounds or for operating an
apparatus (7.1)&?4%%@?@%@8& )’}' ey 6°RAY rﬂ% '6f @%ﬁﬁ&ﬁ%%ﬁ&%@%@ﬂp? cess
25gases (6.3) fiindhealiericior (6.1) for reduction of metallic compounds in the reactor (4.1) to
thermally convert carbon in the reactor (4.1), especially by virtue of them being introduced via a hot
gas line (6.3) from the reactor (6.1) into the reactor (4.1), or use of the process gases (6.3) in the
combined heat and power system (5.1) or the thermal power plant (5.1) to raise steam. 30 25 the
produg;tion of silicon oxide, especially in the heat treatment or drying of silicon dioxide.



