WO 2011/ 088952PCT/ EP2010/ 070753 1 Process for coarse decarburization of a
silicon nelt The present invention relates to a novel process for coarse
decar bur iwetznomssdsza silicon nelt, and to the use thereetCTiBrRopOOEEEt i ONn Of
silicon, preferably solar silicon or sem conductor silicon. There are
various known processes in which the carbon content of a silicon nelt is

|l owered in a plurality of steps. One eXﬁﬁpIe is the Solsilc process

(www. ecn.nl), in which a decarburizationmis carried out in a plurality of
steps. This involves first cooling the tapped-off silicon under controlled
conditions, in the course of which SiC particles separate out of the nelt.

These are then geymued &0 LigeShbEaBul 1l 661 81 6 d | didiTonSulpseauent 1y,
eoxXil |

the silicon is an argon-wat er vapour m Xt Uur e. nal ly, the
prepurified, coarsely decarburlzed silicon is supplied to a directed
solidifica % qi s%'de%cribed if costl¥ afd i nconveni ent
since SiC % ?t%?%%n%ejp%‘f at lngP G175t hE CollP$8-oF 80Nt ¥ ot Ted”€0019 ng
stick to thecerverbter vl lof MrLavielon e tgceranm eof thé elise afefdemuent |y

bl ocked by SiC particles. After the filtering_ has ended, crucible and
filter addPFP%H%F%?“H%@es%%%qﬂ?4cﬁéﬁﬁ€&apﬁyléBé?Foﬁélb%%?a?¥ons for exanpl e

by acid cl geapipgrntuhydiofdyporic acid. In alternative approaches, for
exanpl e, DE 3883518 and JP2856839 have proposed blowing 5102 into a silicon

melt. The 5i02 reacts with the carbon dissolved in the silicon nelt to form

CO. This i AnL LN, Jﬁécé‘i’%?oﬁ q{ﬂot&ﬁeﬁ) tolcle%%@ nﬁkt whlﬁhAEgé S@Qf’k%"r{ acg)%t%fntt hi's

process is that the Si'C present e silicon ne oes not react
conpl et el yow &hsthec@i 02 1t%ard dusremedi fincat pdnsatotyho§ pracesOrrave
t herefore been g velog$df§qp. re descriqu in JPOZ%@?llO JPq§45416
JP4231316 1s e Oolsl1lC process WWW.eCchn

decarburization is carried out in a plurality of steps. This
involves first cooling the tapped-off silicon under
controlled conditions, in the course of which SiC particles
separate out of the melt. These are then removed from the
silicon in ceramic filters. Subsequently, the silicon is
deoxidized with an argon-water vapour mixture. Finally, the
prepurified, coarsely decarburized silicon is supplied to a
directed solidification. However, the process described is
costly and inconvenient since SiC particles separating out in
the course of controlled cooling stick to the crucible wall.
Moreover, the ceramic filters are frequently blocked by SiC
particles. After the filtering has ended, crucible and filter
additionally have to be cleaned in laborious operations, for

example by acid cleaning with hydrofluoric acid.

In alternative approaches, for example, DE 3883518 and
JP2856839 have proposed blowing Si0; into a silicon melt. The
Si0, reacts with the carbon dissolved in the silicon melt to

form CO. This in turn escapes from the silicon melt.



DE 3403131 and JP2009120460. Di sadvant ages of these processes which have
becone known i nclude caking on and bl ockages of plant parts. There is

t her ef or ewet2niilosses2ur gent need for an effective, sinplepramdreoeopEesi ve
process for decarburization of a silicon nelt, obtained by carbothermc
reduction of Si02. It was therefore an object of the present invention to
provi de a novel process for decarburizatjon of a silicon nelt, which has

t he di sadvantages of the prior art procé%ses only to a reduced degree, if
at all. In a specific object, the process according to the invention shal
be enpl oyabl e for production of solar silicon and/or sem conductor silicon.
It was a furgt ific ject t rQvi.de r Ss. whj | e .t he

t ot al carb%ngggé?zﬁfg% éfﬁgq%ﬁf% gﬁc%ggtlgotﬁggrgg%c%h&gg?%§€W?ﬁ%1ﬁ%ﬁhction
furnace isstapped meolisuddeamextrentctt hatnpllhereyi sisbbstanti@l.l yamapusf any,
Si C depositign_in the course .of cooling,of the material which has been
Capped. of { "PGL ber B TH00C FUrt R G5 SRty ot oL BeaT | BE exETTEI TS ar e

evi dent fremit hee oyesativbedntrextrool d7he odesersptihon, exanmpl ®s6,and cl ai s
whi ch follow. _The objects _are achi eved b theggrocess described in detai
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in the desB?iBﬁP%%3%mﬁ%% oA 4 ot O 4 e ExXafplrestanast ik Craf RO SHRe
inventors havenfeund tdaine SUARI Silddh¥e hkhagPEsShRkenid-Bagd e,
i nexpensi ve and effective manner to achi eve coarse decarburization of a
silicon mePtahep2dns oxygen carrier is introduced into the silicon nelt,
but the addition is interrupted once or nore than once by a hold tine. This
process i s advant ageous especially because the problens of the prior art
processes, Thereexanpherdfockage. 10f anherbiehtensedr foonph exf Pewt fueat i on of
filters, can bf di spensed wi t.h and the I%vel of cgst.and.incqpvenience can
be reduced® TR GdHT Ti bH “RHE appar-ai s Scéipl 8xF ey I Fedticed™ A sili con
mel t whi chsorigbnatest f resnai ddghtty areboedeethi onrégtaacen hes siaar bon
content of about 1000 ppm At a tapping tenperature of 1800C, the majority
of this carbon is dissolved in the nelt. If, however, the nelt is cool ed,

for exanpl ert Qad600G cthe raswld ds tratna baegenportion: ofn tihe carbon
preci pitates out of the oversaturated nelt as SiC. The carbon solubility in

silicon asPacYifet® orCOF L teifsssdt g idscagSeriibadioncedrdi gl 1 & Yanaba et
?/loi i gg' ublLity @of s Garbon ik 1d:quld-Sidieans sMaher hat s T ansacidans.JI M
only to a reduced degree, 1f at all. In a specific object,
the process according to the invention shall be employable
for production of solar silicon and/or semiconductor silicon.
It was a further specific object to provide a process which
enables the total carbon content of the silicon melt to be
reduced before the reduction furnace is tapped to such an
extent that there is substantially no, if any, SiC deposition
in the course of cooling of the material which has been
tapped off to below 1500°C. Further objects not specified

explicitly are evident from the overall context of the

description, examples and claims which follow.

The objects are achieved by the process described in detail
in the description which follows, the examples and the

claims.



No. 11(1997), pages 990 to 994, by log C = 3.63 - 9660/ T where the carbon
content Cis reported in per cent by nass, and the tenperature T in degrees
Kel vi n. Twbl2e11loskskow shows the rel ationship for a nelt pertEr2d00®7ppm WO
2011/ 088952PCT/ EP2010/ 070753 4 Table 1: T[C] C dissol ved[ ppni

The inventors have found that, surprisingly, it is possible
in a simple, inexpensive and effective manner to achieve
coarse decarburization of a silicon melt when an oxygen
carrier is introduced into the silicon melt, but the addition

is interrupted once or more than once by a hold time.

This process is advantageous especially because the problems
of the prior art processes, for example blockage of the

filters or complex purification of filters, can be dispensed
with and the level of cost and inconvenience can be reduced.

In addition, the apparatus complexity is reduced.

A silicon melt which originates from a light arc reduction
furnace has a carbon content of about 1000 ppm. At a tapping
temperature of 1800°C, the majority of this carbon is
dissolved in the melt. If, however, the melt is cooled, for
example to 1600°C, the result is that a large portion of the
carbon precipitates out of the oversaturated melt as SiC. The
carbon solubility in silicon as a function of temperature is
described, according to Yanaba et al., Solubility of Carbon
in liquid Silicon, Materials Transactions.JIM, Vol. 38,

No. 11(¢(1997), pages 990 to 994, by
log C = 3.63 - 9660/T
where the carbon content C is reported in per cent by mass,

and the temperature T in degrees Kelvin. Table 1 below shows

the relationship for a melt with 1000 ppm:



Cin formof SiCppni 1800 933 67 1700 542 458 1600 297

WO 2011/088952 PCT/EP2010/070753
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Table 1:
T [°C] C dissolved [ppm] |[C in form of SiC [ppm]
1800 933 67
1700 542 458
1600 297 703
1500 152 848

SiC is much more difficult to remove from the silicon melt
than dissolved carbon. The process according to the invention
is therefore based on the idea of first lowering the carbon
content of the silicon melt by coarse decarburization to such
an extent that substantially no SiC, if any, 1s precipitated

out of the melt after cooling to less than 1500°C.

This is achieved in accordance with the invention by
performing the coarse decarburization of the silicon melt,
preferably still within the reduction furnace, more
preferably within a light arc reduction furnace, by adding an
oxygen carrier to the silicon melt, the addition being
interrupted once or more than once for a particular period

(hold time).

Without being bound to a particular theory, the inventors are
of the view that, in the addition times of the oxygen
carrier, the carbon dissolved in the silicon melt is removed
from the melt to obtain a carbon-undersaturated melt. In the
interruption times (hold times), SiC can dissolve again in
the silicon melt. This again forms dissolved carbon from SicC,

the former subsequently being removable readily from the melt



703 1500 152 848 SiCis nuch nore difficult to renove fromthe silicon
nmelt than dissol ved carbon. The process according to the invention is

t her ef or ewbasadhsess2t he i dea of first | owering the carborcrmpre@oio7erss t he
silicon nelt by coarse decarburization to such an extent that substantially
no SiC if any, is precipitated out of the nelt after cooling to less than
1500C. This is achieved in accordance with the invention by performng the
coarse decarburization of the silicon néﬁt preferably still within the
reduction furnace, nore preferably within a Iight arc reduction furnace, by
addi ng an oxygen carrier to the silicon nelt, the addition being

|nterruptegxogﬁge&%djgﬁéa fg (gmgglf %np%r%kﬁgkngH r{é&%éfgﬂéké%e Vi ew

W t hout bel ound to a i cular e |nven ors are
that, in tmenaddmdons tllfesstoa‘attdaﬂe gamya@enadam pece dbeicaiboniglissad.ved in
ved from bta| car bon-under sat ur at ed
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the silico t is.re

rel £ In thE TREErS LBt T HEe (o) d rheSy 708" cbea 9% again i n the

silicon nektlidbhsmapal nfofdmmisselfved cacbenpbing) St&n tdel dvarmer

subsequent}y belng, L amyap! ey el LT Y08 "B 100 ppm. This
makes it possible, without filtration and hence with
avoidance of the problems known from the prior art, to obtain
an SiC-free or substantially SiC-free melt, which can
subsequently be subjected to a fine decarburization by known
processes. Compared to prior art processes, such as the
Solsilc process, the process according to the invention
constitutes a significantly simpler, more effective and more
favourable process with an improved space-time yield.
Compared to the abovementioned processes known from the prior
art, in which Si0O, is added to the silicon melt, the process
according to the invention has the advantage of a
significantly better SiC removal from the melt. This can be
explained by the fact that no hold times are envisaged in the

prior art processes, and hence substantially only the

dissolved C is removed from the melt therein.

The present invention thus provides a process for coarse

decarburization of a silicon melt, characterized in that an
oxygen carrier is added to a silicon melt, the addition of
the oxygen carrier being interrupted once or more than once

and then being continued once again.

In the context of the present invention, “coarse
decarburization” means a reduction in the total carbon

content of the silicon melt to less than 250 ppm, preferably



5 by renewed addition of an oxygen carrier. The relationship nentioned is
illustrated graphically once again in Figure 1. In this sinple manner, the
total carwororinsgesat of the silicon nelt, preferably befPora&pedie/ov@ppi ng,
can be lowered to I ess than 150 ppm preferably less than 100 ppm This
makes it possible, without filtration and hence with avoi dance of the
probl ems known fromthe prior art, to obtain an SiCfree or substantially
SiC-free nelt, which can subsequently be subj ected to a fine
decar buri zati on by known processes. Conpared to prior art processes, such
as the Solsilc process, the process according to the invention constitutes

a SianifToROLLy, SLIPLES IR 81T Selive and oL favouiabl s pragess with an

i mproved space "‘Conpar to't ovenenti oned ocesses known

fromthe pespecaallylpmaWHmabry(ﬂb|r@ added Ot ppthe silicon nmelt, the process
according to the invention has the advantage of a significantly better SiC
renmoval fromthe nelt. This can be explained by the fact that no hold tines

are envi sagedthe tbeteit aif afe Pregessesnvandibencersubstantially only the
di ssol ved C is renpved fromthe nelt therein. The present invention thus
provi des a 6?66%%%1?%?l%%aﬂ%%”ﬁbéhﬁﬁ@@@fappoﬁntha E?F?%dﬁa%ﬁﬁ

characterizedcbR:tHAtL AN OXY iGN GRNMH @6 1esaddednt 9 ﬁpﬁ"éf%%bf&ﬂﬂ the
addition of the oxygen carrier being interrupted once or nore than once and

t hen bei nglééﬁt Fnered® onee dtain Praterhe looRrext tofnt hePpheseht i nventi on,

"coarse deg riz TN J edugtion g total carbon content of
t he SI|ICOn§%EFt tgEE %ss tﬁanﬂlgb ppm pre eragpy' WO
2011/088952PCT/EP2010/070753 6 | ess than 200 ppm nore preferably |ess than
150 ppm and_e pref o 100 In_the cont ext of the
present i nvan §Q§ h%rﬁéca?gurlzgi lﬁgansggg}eﬁuc??o%hln'ﬁhe tota
car bon CoanGpoﬁtléﬂi’leoﬁlvliéﬁﬁit ree tthieO sllesant has boppn cpriederaddyedtess than
3 pp”1 nore _preferably |l ess than 2 ppm and espeC|aIIy preferably to 0. 0001
to 1 ppm of the silicdon melt is less than 20% by weight, preferdbl

less than 10% by weight, more preferably less than 5% by

weight, most preferably less than 1% by weight.

The oxygen carrier may be an oxidizing agent or a gas, liquid
or solid comprising an oxygen supplier. The oxygen carrier

may in principle be added in any state of matter.

The oxygen carrier 1is preferably a chemical substance which
does not introduce any additional impurities into the silicon
melt. Particular preference is given, however, to using SiOx
where x = 0.5 to 2.5 and especially preferably silicon
dioxide as a powder, more preferably with a mean particle
size of less than 500 um, and most preferably with a mean
particle size of 1 to 200 um, pellets, preferably with a mean
particle size of 500 um to 5 cm, even more preferably with a
mean particle size of 500 pym to 1 cm and especially
preferably with a mean particle size of 1 mm to 3 mm, or

pieces. This silicon dioxide may originate from any source.



"Substantially no SiCin the silicon nelt" neans that the proportion by

wei ght of the SiCin the total carbon content of the silicon nelt is |ess

t han 20%Wg 20si/03k4s2 preferably | ess than 10% by wei ght, poome2@oefEsabl y

| ess than 5% by wei ght, nost preferably less than 1% by wei ght. The oxygen
carrier may be an oxidizing agent or a gas, liquid or solid conprising an
oxygen supplier. The oxygen carrier may jn principle be added in any state
of matter. The oxygen carrier is preferé%ly a chem cal substance which does
not introduce any additional inmpurities into the silicon nelt. Particular
preference is given, however, to using SiOx where x = 0.5 to 2.5 and
especi al |y pref . silj,con _di oxi . pr ef | ith a
mean parti (I: egs?é%p% l(?eésr!éb? an Iﬁ:éo%gr#%gﬁdar%ﬁg?a%rﬂ?{g%b § %%&l%&ryean
particle sfzemofhd tea20bmpmf peld etidicpnefenabliyewftdhmad nearme parti cl e si ze
of 500 pmto 5 cm.even nore preferably wth.a nmean particle size of 500 pm
Lo 1 cm ant-BSEE] A | b prar Srabi § ATHFA Hedh BareF che S1SE S O o 3
mm or piegeSrcdhis widd comiiailde mayrereginaie &ioshany SOUIEeing In a
specific enbodinment, silicon dioxide which is obtained fromthe reaction of
the silicoh foRoXi e R RMHET £&81% BYPFEdGEPVERSERR 5P PEton prod@EHFéRwi t h
air or anothep;pXygen $OUr ce i weed i 1Rathi qehar pEefepeneerdis) Piswendo
collecting the Si O by-product and, after conversion to Si02, introducing it
directly baekJineori¥re 514 colransl cirswst-preferably so as to give rise to
a closed circuit. In a preferred enbodi nent of the present invention, the
solid silicon dioxide, preferably the silicon dioxide powder, is blown into
t he silicofnnel préye meahsefod ngas Sifr ¢am ppeetetabhyentian notiie srliichert

gas, nore preferably of.a nabl .. hydrogen, nitrogen or a nia stream
Tor e pref ePbiy AR AT GHI ot M ha StFeanT 6P a e 7 Bat CRpOYed Dbf 4

m xt ur e of bl benafotenend | oneidtgases.t Themexygenrcar ghersecasdae added to the
melt at different ﬁoints. Faor_ i nstance, the oxygen carrier can be added to

the silicoRTAEFTIPHY the & SHRYS S réactor*Bef BPESi PTREST HeEh Yapbed of f.

However, itohsecahs9, Possidla t aittap R otrhemgbhigob: 288t hen-d 0 add the
oxygen carrier to the silicon nelt, for exanple in a nelting crucible or a
mel ting tahkefCHIDINatl oHIUT Ahesd (o6Eess real aft s2 af B ¢4k evdrgeosed

concei vabl g¢ Papiiclar, preferance ics given Lo supplying the oxygen carrier

to the silicon nelt st|?$ w thin the reguctl n reactor. The oxygen carrier
can be supplied to the silicon nelt in various ways. For instance, the
oxygen carpier ¢an be. blow onfo,or Jqt the slllepp (' &; dfLough a hollow
points. For instance, the oxygen carrier can be added to the
silicon melt in the reduction reactor before it has been
tapped off. However, it is also possible to tap off the
silicon and then to add the oxygen carrier to the silicon
melt, for example in a melting crucible or a melting tank.
Combinations of these process variants are likewise
conceivable. Particular preference is given to supplying the

oxygen carrier to the silicon melt still within the reduction

reactor.

The oxygen carrier can be supplied to the silicon melt in
various ways. For instance, the oxygen carrier can be blown

onto or into the silicon melt through a hollow electrode.



8 However, it is also possible to nodify the reduction reactor in such a
way that it conprises supply tubes (probes) through which the oxygen
carrier o%O020m/I88®an into or onto the silicon nelt. TheseT@mpppiop7dizabes have
to be configured froma material which does not nelt at the tenperatures
whi ch act on the tube. In the production of solar silicon, it is
additionally necessary to prevent the silicon nelt fronlbelng cont am nat ed
by contact with the tube. The tube is t KBus preferably produced from

hi gh-purity graphite, quartz, silicon carbide or silicon nitride. The
tenperature of the nelt on addition of the oxygen carrier should be between
1500C and pref erab 0 0 r en 1700C
and 18000.%§8%g%51nsét%§t My}gxgg?gp%ré% &§d1g§a§%8 ; g%on%%?é%?%ﬁ%t e
silicon nelit wvacly asws%oMmﬂlmiTaﬁh@rlsebnsubplprocbes aecdrek INg- o ude

i nvention, ﬁhe a d|t|on of the oxygen é Ler is Lpterru t ed .once or nore
than once HA4CEheh cOWIHUESE Hgain CoPr &HEB 18 8|95n %° pett ormi ng one
to 5 intercupttonsmerech Mese Mubdly Tubesphaker abl ye ledh Nidgwred 5 dbm nor e
preferably 5 to 60 mnutes. Particular preference is given to interrupting
the additiBACBRER! O EhelqDmstemSidnad 6§?|Bﬁmp%%?Euf%ﬁtWQiHQUaiﬁé¥brence

i's given tenfirsbe adgh nghd he-Qxygen Casr isehatosthecshlicon grelt and, after
an addition time of 0.1 min to 1 hour, preferably 0.1 min to 30 mn, nore

pr ef er abl ya@d5tiphe t by 15> ¢A 55 aatid téwé@ﬁfemty theepetapPy meh§ nfien Jmelrﬁ@h
t t t
or o oraby o LR RSO0 e it e ROL B O B0 ST

preferably nore preferabl m nut es

enabl e thepdéﬁeo&hl?ommmﬂudddaﬁadﬁ.ma@ﬁPQMest&ngthphneet qudtter, t he end of
t he hol d t| 5 t he addition ofjﬁhe oxygen .carrier is restarted and
continued GRtiToFhe™deeiT edf 10w t6Far¢arbon content, preferably |ess than
150 ppm nore preferably | ess than 100 ppm has been attai ned. Over the
entire process duration, the tenperature of th is preferably held

wi thin t heTABobeHent? 'IHed Farde Tsilds QPaBP@ltllﬁnt HE pRrOCeERIHE G t o

the inventipBuid 10 Betidms 14 st Qinghiboertel CoampuniL 0f 1hey aXygen

carrier, preferably 2 to 3 tines the stoichionetric amount, is added.
1900°C, more preferably between 1700°C and 1800°C. According
to the temperature, the C and SiC contents in the silicon

melt vary as shown in Table 1.

In the process according to the invention, the addition of
the oxygen carrier is interrupted once or more than once and
then continued again. Preference is given to performing one
to 5 interruptions each of 1 min to 5 h, preferably 1 min to
2.5 h, more preferably 5 to 60 minutes. Particular preference
is given to interrupting the addition once for the
aforementioned period. Very particular preference is given to
first adding the oxygen carrier to the silicon melt and,
after an addition time of 0.1 min to 1 hour, preferably

0.1 min to 30 min, more preferably 0.5 min to 15 min and
especially preferably 1 min to 10 min, interrupting the
addition for a duration (hold time) of 1 min to 5 h,

preferably 1 min to 2.5 h, more preferably 5 to 60 minutes,



I n batchw se processes, the oxygen carrier is added preferably at the end
of the reaction of Si02 and C, but nore preferably before the tapping of

t he reducwDaniifassesace. | n conti nuous processes, the addirCr@r2@oefEsabl y
foll ows each tapping, i.e. the silicon nelt is tapped off and collected in
a suitable apparatus, for exanple a nelting crucible or a nelting tank, and
then subjected to a coarse decarburization by the process according to the
invention. In a specifically preferred é%bodlnent pul verul ent silicon

di oxi de as an oxygen carrier is blown into the melt with a pr obe,
preferably made of graphite. The probe is preferably fed in through a
ot | ow el 2ehr 808 LD 2e10 Culen; S cRtonenead. <ok LotLpdused  nto the
furnace at he S|de nmeans o ceram c enment n ano her
especialIytpeemeltedAﬁmhmdﬂnenﬁmikﬁbt&elho@d dumxtdéhesa&dIWWDmﬂﬁﬁ)WﬂE
silicon nelt dlrectl . throu qp thetho Iog etro dg E ﬁas stream

pref er abl y°HiéhFe %%5 £t edim - Srore Prefd aSP? ARUSF goRt b § ?eﬁﬁﬁlﬁ%1 bot h
cases, thelswl teoal dioxthsle delds tgneegacts 1y LBstkhehsh | i 8@kl tnoden t he
course of which the dissol ved carbon is oxidized to CO and is therefore
degraded aBEBFEFHYlY ol TS Gop 1L W lopri sihes PRENcaFbainednt @ 19 s

according totthe ﬁ@@%@%skﬂﬁ%Mtld% Sine @%hbb%h%ﬁr@hbﬁhtH@V@éﬁ@Pﬁiated out in
the melt are not oxidized at first. These are dissolved in the silicon

mel t, whi cRrEcunlley se i atidd 4f ttére eheveiestiaddit Fendef silicon di oxi de,
i.e. the first oxidative treatnent, within a hold time of 5 to 60 m nutes.
After this hold tinme, the nelt is once again treated oxidatively as

descri bed abeverabhle, =i ltilcorpdiaedsdeciceradddedtoThiee canbomt cont enttof5 t he
nmelt can tPus be Iomered t.o abhout 100 %nl an the nelt is free or

subst ant i al [V r 83 of S CHHPUrits 58° Fire prgcgsgxg%% rdihg T the

i nvention paéfaﬂﬁ%lyomaﬁdy3bﬁuﬂﬁﬂ&jﬁDB&o&ﬁh&@ﬁbV61byaﬁ@ﬁﬁtnglﬁwﬁﬂﬂhLe
former through the/into the nelt or adding it to the nelt. The bubble
former used may be a gas or a gas-rel easi ng substance. The bubbl e forner

"U|t|p"eSIEhEaﬂéﬂﬁﬁéqu_&Eé%éégﬂﬂﬂﬁ% angqeapravescthes dshydag of the CO x
gases out of the nelt assed through the nelt nm for exanple, be

a nobl e gaBrefehyetvgeh %ﬁerﬁ@id@%ﬁhepﬁéﬁéﬁaﬁpyoﬁrébﬁzGﬁl ﬂbré@éanTﬁe
as-rel ea I b t he
gas- S?PQféPQﬁi@QﬁQE g%ﬁi | a %f'Qhe'§e§£8E§5ﬁ fderQ? 1P

oxygen carrier, nore pre er roportion by weight of 1%to 10%
based on thenhixtowne wfocesses, the addition preferably follows each

tapping, i.e. the silicon melt is tapped off and collected in
a suitable apparatus, for example a melting crucible or a
melting tank, and then subjected to a coarse decarburization

by the process according to the invention.

In a specifically preferred embodiment, pulverulent silicon
dioxide as an oxygen carrier 1s blown into the melt with a
probe, preferably made of graphite. The probe is preferably
fed in through a hollow electrode with zero current flow
beforehand, or introduced into the furnace at the side by
means of a ceramic guide element. In another especially
preferred embodiment, the silicon dioxide is blown onto the
silicon melt directly through the hollow electrode with a gas

stream, preferably noble gas stream, more preferably an argon



11 oxygen carrier and gas former. A suitable agent for this purpose is
anmoni um car bonat e powder because it deconposes to gases w thout residue
when bl owwoi2ntissdse nmel t, and does not contam nate the melrtEP20iba7@&ss i con
whi ch has been coarsely decarburized by the process according to the

i nvention can subsequently be subjected to a fine decarburization by
processes known to those skilled in the art. This is particularly sinple
because only or substantially only diss%?ved carbon is present in the
coarsely decarburized nelt, and no or substantially no SiC Suitable
processes for fine decarburization are known to those skilled in the art

and i ncl ud e | rect sql.i-di ficatign, o0x] i tre nts of
the nelt, ggﬁégﬁél??ﬁg?g*ﬁ%h%ﬁﬁcggf %&&gfahnga?%ggﬁe%%g@%ﬁ%ﬁ%ﬁkﬁgﬁﬂ%e used
t o producewirehathergi tatorsindlogn,irbuthealcsarte prfoduceh sohardisddadlo or

sem conductor. silicon.. rerequjsite for production of solar silj.con or
sent conducearoeri Eom S FEHE mafertar BeRgea cdplt s It el s ahn
and the apparatus/reactors used and the parts thereof which cone into
contact with the silicon/the silicon nelt have appropriate purities.
Preferably, in the process for producing solar silicon and/or sem conduct or

silicon, the,pytpfiedo pusgcor highly pure materials and raw materials
used, such as silicon dioxide and carbon, feature a content of: 12

The carbon content falls according to the amount blown in.
SiC particles which have separated out in the melt are not
oxidized at first. These are dissolved in the silicon melt,
which is undersaturated after the first addition of silicon
dioxide, i.e. the first oxidative treatment, within a hold
time of 5 to 60 minutes. After this hold time, the melt is
once again treated oxidatively as described above, i.e.
silicon dioxide is added. The carbon content of the melt can
thus be lowered to about 100 ppm, and the melt is free or

substantially free of SiC impurities.

The process according to the invention can additionally be
made more effective by passing a bubble former through
the/into the melt or adding it to the melt. The bubble former
used may be a gas or a gas-releasing substance. The bubble
former multiplies the number of gas bubbles and improves the
driving of the COyx gases out of the melt. The gas passed
through the melt may, for example, be a noble gas or hydrogen

or nitrogen, preferably argon or nitrogen.

The gas-releasing substance, preferably a solid, is
preferably added to the oxygen carrier, more preferably in a

proportion by weight of 1% to 10% based on the mixture of



a. alumniumless than or equal to 5 ppm preferably between 5 ppm and

0. 0001 ppt, especially between 3 ppm and 0.0001 ppt, preferably between 0.8
ppm and OwO0Q0ti/qspdsz nore preferably between 0.6 ppm andPQTEPOd0pPI753 even
better between 0.1 ppm and 0.0001 ppt, even nore preferably between 0.01
ppm and 0. 0001 ppt, even nore preference being given to 1 ppb to 0.0001
ppt, b. boron less than 10 ppmto 0.000% ppt, especially in the range from
5 ppmto 0.0001 ppt, preferably in the ﬁnge from3 ppmto 0.0001 ppt or
nore preferably in the range from 10 ppb to 0.0001 ppt, even nore
preferably in the range from1l ppb to 0.0001 ppt, c. calciumless than or

equal to 2 p I e pm,and . 1 ially between
0.3 ppn1anaggg%ﬁoég%%%spﬁ¥g$é%§%ﬁ§méggﬁgghgg}8igg%n?§%%tOﬁﬁgg%L%%t, nor e

pr ef er abl ypbepweenid gpiorand: G000happt poddeirr backess thafeormeopead ttco 20
ppm preferably between 10 ppm and 0.Q0001 p ecially between 0.6 ppm
Bhd 07 00017pRES B efer abi 5 Botheair 0708 B aRd Bo000L" bRt e BFEt er abl y
bet ween 0. 04dnppniante 0:1090d ppt and nost preferably 1 ppb to 0.0001 ppt; e.
ni ckel less than or equal to 10 ppm preferably between 5 ppm and 0. 0001
ppt, especially between 0.5 ppm and 0. 0001 ppt, preferably between 0.1 ppm

and 0. 00017ppt 51 MDESH PRief &f ally Retween Q.01 prpyand- 0, 0901, ppie and nost
preferably between 1 ppb and 0.0001 ppt, f. phosphorus I ess than 10 ppmto

0. 0001 ppt Prpeeseradtyr betdwen Bppgmvand 10n0001 pppscesprelalds | ess than 3
ppmto 0. Oggﬂ;'QBEedpE@f r@it}ldé’ Jet ‘6}%%’}1%%1;9% 80d, 0,000l ppt, and st
{ an 6t ppt g: f

preferably between 1 pp 0.0 , itanium |l ess than or equa
to 2 ppm pheterabiyledss tthran cort.eqhdls tie bappirtodadl P0OImpl ,bespes al |y

bet ween 0.6 m and 0. 0001 ppt r.ef erably between 0.1 ppm and 0.0QQl ppt,
ror & o ot eP BTy Bt HR R s P S B0 e S Eha rbe PP o et b
1 ppb and 0080641 ppiiecarburized melt, and no or substantially no SicC.

Suitable processes for fine decarburization are known to
those skilled in the art and include, for example, directed
solidification, oxidative treatments of the melt, zone

melting.

The process according to the invention can be used to produce
metallurgical silicon, but also to produce solar silicon or
semiconductor silicon. A prerequisite for production of solar
silicon or semiconductor silicon is that the materials used,
especially Si0, and C, and the apparatus/reactors used and
the parts thereof which come into contact with the

silicon/the silicon melt have appropriate purities.

Preferably, in the process for producing solar silicon and/or
semiconductor silicon, the purified, pure or highly pure
materials and raw materials used, such as silicon dioxide and

carbon, feature a content of:



h. zinc less than or equal to 3 ppm preferably | ess than or equal to 1 ppm
to 0.0001 ppt, especially between 0.3 ppm and 0.0001 ppt, preferably

bet ween OwO 2ppmssesd 0. 0001 ppt, nore preferably betweenpr0TEP2@porEssl 0. 0001
ppt and nost preferably between 1 ppb and 0.0001 ppt, and which nore
preferably have a sum of the abovenentioned inpurities of |ess than 10 ppm
preferably less than 5 ppm nore preferaply | ess than 4 ppm even nore
preferably less than 3 ppm especially eferably 0.5 to 3 ppm and very
especially preferably 1 ppmto 3 ppm For each elenent, a purity within the
range of the detection |imt may be the aim Solar silicon features a

m ni mum si Li co 9% by hg ng on a
nininun1si%|co% %@gﬁgﬂ% %gs %ﬁ? gﬁ) W%l th?agﬁ pQ%%gss a corgh%ﬁﬁ%o t he
i nvention can beppmo@mpd]aﬂéd.@@ta @e@pomemﬂyprCQSSnlmtmmmnyuhetalIurglca
process for prod on of silicon, exanp eq the pr cor ing to US
B 247 528 or "1 Pe by i i 35 Saee BRSEERE! Ro®t BoBon bt n) AL Fel ar
Silicon via theoBew £ofdiard Preeessh, oFicngbmRepart, 047 &pdechnircal Report

of a NASA Sponsored project; 14 NASA-CR 157418 or 15706;
DOE/ JPL- 954559078 &~ BeigiEer0865- P9 267 PhQOBFoEEES ﬂ@#%ﬂﬁﬁ%ﬂ by Si enens,

according to Aubieh: ot alnaciicSal ar.oar ade shhi 00D0BL epar e uh GANAOL her i ¢

reduction of silica"; Proceedi ngs of the Flat- Plate Sol ar Array Project
Wor kshop on LOMFQ%@¥8¢¥ﬂ)hﬁHHQNﬂiwam’t@eﬁré@brFQIOP%%@bV@WEalc Sol ar - Cel

Appllcatlogs Qgé&g8§3%§1ﬁgj 270 %ge%ON%606§§7§ﬁe pr4ﬁec£é¥ _ﬁp referred

is the incorporation o proc step into ocesses —accor |ng to DE
102008042502 orambie 102008042506.0 PedDOdebhodspreferably in the range

from 3 ppm to 0.0001 ppt or more preferably in the range
from 10 ppb to 0.0001 ppt, even more preferably in the
range from 1 ppb to 0.0001 ppt,

c. calcium less than or equal to 2 ppm, preferably between
2 ppm and 0.0001 ppt, especially between 0.3 ppm and
0.0001 ppt, preferably between 0.01 ppm and 0.0001 ppt,
more preferably between 1 ppb and 0.0001 ppt,

d. dron less than or equal to 20 ppm, preferably between
10 ppm and 0.0001 ppt, especially between 0.6 ppm and
0.0001 ppt, preferably between 0.05 ppm and 0.0001 ppt,
more preferably between 0.01 ppm and 0.0001 ppt and most
preferably 1 ppb to 0.0001 ppt;

e. nickel less than or equal to 10 ppm, preferably between
5 ppm and 0.0001 ppt, especially between 0.5 ppm and
0.0001 ppt, preferably between 0.1 ppm and 0.0001 ppt,
more preferably between 0.01 ppm and 0.0001 ppt and most
preferably between 1 ppb and 0.0001 ppt,

f. phosphorus less than 10 ppm to 0.0001 ppt, preferably
between 5 ppm and 0.0001 ppt, especially less than 3 ppm
to 0.0001 ppt, preferably between 10 ppb and 0.0001 ppt
and most preferably between 1 ppb and 0.0001 ppt,



The determ nation of the abovenentioned inpurities is carried out by means
of 1 CP-MS/ CES (inductively coupled spectronetry - mass spectronetry/optical
el ect ron wpeotwmssskry) and AAS (atom ¢ absorption spect PoI®PpyID/07078E car bon
content in the silicon or the silicon nelt after cooling is determ ned by
means of an LECO (CS 244 or CS 600) elenmental analyser. This is done by

wei ghi ng approx. 100 to 150 ng of silica_ into a ceram c crucible, providing
it with conbustion additives and heating under an oxygen streamin an

i nducti on oven. The sanple nmaterial is covered with approx. 1 g of Lecocel
Il (powder of a tungsten-tin (10% alloy) and about 0.7 g of iron filings.
Subsequent Ly, Ehe. eryel Bl i, 6l osedqphineg bi donMen. e, ear ban.content is
in the | ow ppmrange, the measurenment  accuracy PS ihcY ease y 1ncreasing
the starting wehghtoonfeqidl can 1t @pup tHbo 05000frgpp Howewescid hiey Sicartdeang

wei ghts of addjtjves renni hanged. The operati instructions for the
o emant al | anal sbrEah e IR SREr oRE P E SRR he RRTEF Al Ut G cocel I
shoul d be noted,00db dhe mear paldfechbelyl petetchhe. pul mef Went oxygen
carriers is determned by neans of laser diffraction, The use of |aser
diffraction fof 4t erfRnaATDAGE PartrcPelY PatUPSt r bRRY i of pul ver ul ent
solids is baseg @t hs,phenonenon that particles scatter or diffract the
light froma nonochromatic |aser beamwith differing intensity patterns in
al | directlonszieeorehdghan tdeiadusilzé0 PhersmaPrefe el di kamt érhagf drthe

irradi ated parti , er, arneaqt sc i r. di i gl es
of the nnnochr% &%?ct#ggé%%ﬁg%hp'@ﬁ?lngggﬂrgﬁégéhgg%<§ﬁ%é§%ﬁﬁ%ﬁpggﬁrows is
descri bed wi t hanefer@nce gt sidriederatilox bdéwsanpbes. ppm i@ case of
hydrophilic sili di oxi des, the sanple s, prepared. and analysed with

deni ner al i zed éva@g(?l 2L hé % éresfi%ﬁg%l?fqh’feage%ﬁd&wg% hp%rﬁraemltet hanol in the
case of silicon.doxises whi closar @refsubbil ¢l pathyenet tath eand t h wat er .
Before the start of the analysis, the LS 230 |aser diffractoneter (from
Beckman Coul t e ;: O%®hsthlenent range: 0.04 - 2000 pm) and the liquid nodule

(Smal | Vol upg Moduh endd &S rdR0- 401y he@ BeckpmprConbt ghdvimedd i oued to warm

up for 2 h, and the nodule is rinsed three times with dem neralized water.
To anal yselHpdFr ophobi et sidicoadi d¥ #es, Preferaslrgleper@tidr iBPper f or med

with pure gthangl fégarﬂfgﬁ 1dSE ryenty § ‘int,"‘@(zsn%o\%\g_epkéﬁe’r%’oi SHlss
diffractonmeter, t%e ol ['owm ng optical paraneters ich are relevant for an
eval uati onthecos dppgy, tospdrelMly tdredieyabile 8§t ored Bnpam.afd feie:
especially preferably 1 ppm to 3 ppm. For each element, a
purity within the range of the detection limit may be the

aim.

Solar silicon features a minimum silicon content of 99.999%
by weight, and semiconductor silicon a minimum silicon

content of 99.9999% by weight.

The process according to the invention can be incorporated as
a component process into any metallurgical process for
production of silicon, for example the process according to
Us 4,247,528 or the Dow Corning process according to Dow
Corning, “Solar Silicon via the Dow Corning Process”, Final

Report, 1978; Technical Report of a NASA Sponsored project;



16 Refractive index of the dispersing liquid R1. Realwater 1.332 (1.359

for ethanol) Refractive index of the solid (sanple material) Realsilica =
1.46 | magvoaoy/mss21 Form factor = 1 In addition, the f®ecrmrmogopasaneters
rel evant for the particle analysis should be set: Measurenment tine = 60 s

14

NASA-CR 157418 or 15706; DOE/JPL-954559-78/5; ISSN: 0565-7059
or the process developed by Siemens, according to Aulich et
al., “Solar-grade silicon prepared by carbothermic reduction
of silica”; JPL Proceedings of the Flat-Plate Solar Array
Project Workshop on Low-Cost Polysilicon for Terrestrial
Photovoltaic Solar-Cell Applications, 02/1986, p 267-275 (see
N86-26679 17-44). Likewise preferred is the incorporation of
the process step into the processes according to

DE 102008042502 or DE 102008042506.

Test methods

The determination of the abovementioned impurities is carried
out by means of ICP-MS/OES (inductively coupled spectrometry
- mass spectrometry/optical electron spectrometry) and AAS

(atomic absorption spectroscopy) .

The carbon content in the silicon or the silicon melt after
cooling is determined by means of an LECO (CS 244 or CS 600)
elemental analyser. This is done by weighing approx. 100 to
150 mg of silica into a ceramic crucible, providing it with
combustion additives and heating under an oxygen stream in an
induction oven. The sample material is covered with approx.

1 g of Lecocel II (powder of a tungsten-tin (10%) alloy) and
about 0.7 g of iron filings. Subsequently, the crucible is
closed with a lid. When the carbon content is in the low ppm
range, the measurement accuracy is increased by increasing
the starting weight of silicon to up to 500 mg. However, the
starting weights of additives remain unchanged. The operating
instructions for the elemental analyser and the instructions

from the manufacturer of Lecocel II should be noted.



Nunber of nmeasurenments = 1 Punp speed = 75% Dependi ng on the sanple
characteristics, the sanple can be added to the liquid nodule (Snmall Vol une
Modul e Plwe)onfosgdse i nstrunment directly as a pul verul entcsareaioxwdzis t he ai d
of a spatula or in suspended formby nmeans of a 2 ml disposable pipette.
When the sanple concentration required for the analysis has been attai ned
(optimum optical shadow ng), the instrunent software of the LS 230 | aser
diffractonmeter gives an "OK' nessage. und silicon dioxides are dispersed
by 60 s of ultrasonication by nmeans of a Vibra Cell VCX 130 ultrasound
processor from Sonics with a Cv 181 ultrasound converter and 6 mm

Ul ¢ rasoundytl Pr@hn 7030 8IDLL turle. Wi £ hosl il L Anepus, ourmed £l suliation i n the

| i qui d nodul e case o ungroun I con OXI |sper3|on is
effected MﬂéhGUhlUéﬁfhﬁOﬂ@@@$l@ﬁ byséﬂ &i fof r gatmiped dﬂﬁﬁuﬂ&ﬁldﬂ1ha$ethe

| d d t ffect t Th
o e e B aar oo el S M o bl d B A sry i

the aid of oEhgudpticatnpasaneder ss necosdesh beforehanthdndr (ihfaltJ e), to
calculate the volume distribution of the particle sizes and the d50 val ue
(medi an) . P3E-18329 S@%F??El%rsﬁk%f¢ﬁ%§ygﬁ% LIggh de b A 9P BIEFEPACE on

Met hods" deggribgsahhg: PRt hodrof 1 h@asercdiffractdan for idet.gnm nation of
particle size distributions in detail. The person skilled in the art finds

therein a Pisecbionheaopbiehld par ankt Br ss Wit chl e esTredl l@rarithef griaggter
eval uation, ?CERédiPE &9&1%&? M&Ltf‘ o1 Y {1 J{aéatteé’fqaatfeveth@(%%%%t%%rfr’rlggas and

di spersing liquids e case of granul ar” oxygen carriers
particl e spzedi§fdeteromnedgbys neanshefmeorderpragsiadue sanalbesins (Al pi ne) .

The measurement procedure which follows is described with

reference to silicon dioxide samples.

In the case of hydrophilic silicon dioxides, the sample is
prepared and analysed with demineralized water as the
dispersing ligquid, and with pure ethanol in the case of
silicon dioxides which are insufficiently wettable with
water. Before the start of the analysis, the LS 230 laser
diffractometer (from Beckman Coulter; measurement range:
0.04 - 2000 pum) and the liquid module (Small Volume Module
Plus, 120 ml, from Beckman Coulter) is allowed to warm up
for 2 h, and the module is rinsed three times with
demineralized water. To analyse hydrophobic silicon
dioxides, the rinsing operation is performed with pure

ethanol.

In the instrument software of the LS 230 laser
diffractometer, the following optical parameters which are
relevant for an evaluation according to the Mie theory are

stored in a .rfd file:



This screen residue determnation is an air jet screening process based on
DIN | SO 8130-1 by neans of an S 200 air jet screening instrunent from

Al pi ne. T™woadetizssisae t he d50 of m crogranul es and granulPes/EPs@0®e07s3 havi ng
a nmesh size of > 300 pmare also used for this purpose. In order to
determ ne the d50, the screens nust be selected such that they provide a
particle size distribution from which thg d50 can be determ ned. The

gr aphi cal representati on and eval uation'Ps effected anal ogously to | SO
2591-1, Chapter 8.2. 18 The d50 is understood to nean the particle
dianeter in the cumul ative particle size distribution at which 50% of the

e the partoerele bt n e Re paf o Tt 1 or T HS, G50 THE exAhpl es whi ch
follom/i!ImsBBatelthé9pf@nessham@brdlng to the invention w thout
reStrICtlnge% acglanylxggx of the solid (sample material) Realsitica =
1.46
Imaginary = 0.1
Form factor =1
In addition, the following parameters relevant for the
particle analysis should be set:
Measurement time = 60 s
Number of measurements = 1

Pump speed = 75%

Depending on the sample characteristics, the sample can be
added to the liquid module (Small Volume Module Plus) of the
instrument directly as a pulverulent solid with the aid of a
spatula or in suspended form by means of a 2 ml disposable
pipette. When the sample concentration required for the
analysis has been attained (optimum optical shadowing), the
instrument software of the LS 230 laser diffractometer gives

an “OK” message.

Ground silicon dioxides are dispersed by 60 s of
ultrasonication by means of a Vibra Cell VCX 130 ultrasound
processor from Sonics with a CV 181 ultrasound converter and
6 mm ultrasound tip at 70% amplitude with simultaneous
pumped circulation in the liguid module. In the case of
unground silicon dioxides, the dispersion is effected
without ultrasonication by 60 s of pumped circulation in the

liquid module.



Conparative exanple 1: In a light arc furnace with an installed power of 1
MWN silicon was obtained fromhigh-purity raw materials. Every 4 hours,
approx. 246 2kp/s89ssili con were tapped of f periodically. po/RPe@anberss zat i on
was undertaken. A sanple was taken fromthe casting jet and quenched. The
carbon content was 1180 ppm A grinding sanple showed nunerous inclusions
of Si C under the scanning electron mcr scope (SEM . Conparative exanple 2:
The experinent was carried out accordi ng to conparative exanple 1, except
that Si02 pellets were blown into the nmelt 5 mnutes before the tapping by
means of a CFC probe which had been fed in through a hollow el ectrode. 1 n8
(STP) of argon laden with 750 g of Si02 (3 tinmes the stoichionetric anount)
was blown in per mnute. The oxidative treatnent lasted 5 m nutes. This was
i mredi at el yhéohtevedeibynt appi eftedired quenched tsanp e thae: am@r bon cont ent

of 125 pp e SE owed isol at ed i ncl 0 :

oxper i mont ABSTEAPPF ele DY S0 COre noTt o orfat | Vb oo ST OTerlent ¢ hat
3 kg of Sifd2epehtets, wribnh 1t nd e{fa’F%)f of hargan wer & JY ot cant aeldae arel t

t hrough the hollow electrode within 5 m nutes 45 m nutes before the planned
tappi ng. TRFECHER2FDI foted byl Wi t F L F oT1 35S TR 9L USifo Sty 195 02

powder was,@enegeagalni bl own; oot ot e el ds5d afa 2 dM MdEsin)Whi ch was fol | owed
i mredi ately by tapping. The quenched sanple showed a car bon content of 108

ppm Si C inclusions were not found. Exanple 1 shows very clearly the

ef fectiveness @ggzéhepgpyggigggﬁgfm Process, agfécocrodl Lo the invention,
even conpared to prior art processes (conparative exarrp Especial ly
t he signifbcantacedact Monhdds 'Si @ $ancl uss ortse inse trremhrddablaser

diffraction for determination of particle size distributions

in detail. The person skilled in the art finds therein a

list of the optical parameters which are relevant for an

evaluation according to the Mie theory for alternative

oxygen carriers and dispersing liquids.

In the case of granular oxygen carriers, the mean particle
size 1s determined by means of screen residue analysis

(Alpine) .

This screen residue determination is an air jet screening
process based on DIN ISO 8130-1 by means of an S 200 air Jjet

screening instrument from Alpine. To determine the dgp of

microgranules and granules, screens having a mesh size of
> 300 pym are also used for this purpose. In order to

determine the dgp, the screens must be selected such that
they provide a particle size distribution from which the dgg

can be determined. The graphical representation and
evaluation is effected analogously to ISO 2591-1, Chapter
8.2.



WO 2011/ 088952PCT/ EP2010/ 070753 20 Clainms 1. Process for coarse
decarburization of a silicon nelt, characterized in that an oxygen carrier
I s added wo 2a11giskdseon melt, the addition of the oxygen eamrEresiohei7sg
interrupted once or nore than once by a hold tine in each case, and the
addi tion then being continued once again. 2. Process according to Claima1l,
characterized in that 18

The dgg is understood to mean the particle diameter in the

cumulative particle size distribution at which 50% of the
particles have a lower particle diameter than or the same
particle diameter as the particles with the particle diameter

of the dsg.

The examples which follow i1illustrate the process according to

the invention without restricting it in any way.

Comparative example 1:

In a light arc furnace with an installed power of 1 MW,
silicon was obtained from high-purity raw materials. Every 4
hours, approx. 215 kg of silicon were tapped off
periodically. No decarburization was undertaken. A sample was
taken from the casting jet and quenched. The carbon content
was 1180 ppm. A grinding sample showed numerous inclusions of

SiC under the scanning electron microscope (SEM).

Comparative example 2:

The experiment was carried out according to comparative
example 1, except that 5i0; pellets were blown into the melt
5 minutes before the tapping by means of a CFC probe which
had been fed in through a hollow electrode. 1 m° (STP) of
argon laden with 750 g of $5i0, (3 times the stoichiometric
amount) was blown in per minute. The oxidative treatment
lasted 5 minutes. This was immediately followed by tapping.
The quenched sample had a carbon content of 125 ppm; the SEM

sample showed isolated SiC inclusions.

Example 1:



the oxygen carrier is added in solid form preferably as a powder, and/or
it is silicon dioxide. 3. Process according to Caim2, characterized in

t hat t he weyegermssserier is blown into and/or onto the siPcir@meroo®rd7sby means
of a gas stream preferably by means of a noble gas stream nore preferably
by neans of an argon stream 4. Process according to any of Clains 1 to 3,
characterized in that the silicon nelt @5 addition of the oxygen carrier
has a tenperature of 1500C to 2000C, preferably 1600C to 1900C, nore
preferably between 1700C and 1800C. 5. Process according to any of Clains 1
to 4, characterized in that

The experiment was carried out according to comparative
example 1, except that 3 kg of Si0, pellets with 1 m’ (STP) of
argon were blown onto the melt through the hollow electrode
within 5 minutes 45 minutes before the planned tapping. This
was followed by waiting for 35 minutes. Subsequently, SiO;
powder was once again blown onto the melt for 5 minutes,
which was followed immediately by tapping. The quenched
sample showed a carbon content of 108 ppm; SiC inclusions

were not found.

Example 1 shows very clearly the effectiveness and the
advantages of the process according to the invention, even
compared to prior art processes (comparative example 2).
Especially the significant reduction in SiC inclusions 1is

remarkable.



21 the addition of the oxygen carrier is interrupted once or nore than
once, preferably once, for a hold tine of 1 mnto 5 h, preferably 1 mnto
2.5 h, nowe prigfsessably 5 to 60 minutes. 6. Process accordirmp2aio/0@783 m 5,
characterized in that the addition of the oxygen carrier is interrupted
after an addition tine of 0.1 mn to 1 hour, preferably 0.1 min to 30 mn,
nore preferably 0.5 mn to 15 mn, and gﬁgeci ally preferably 1 mn to 10
mn. 7. Process according to any of Ca 1 to 6, characterized in that
the addition of the oxygen carrier is continued until the

Claims

1. Process for coarse decarburization of a silicon melt,
characterized in that
an oxygen carrier is added to a silicon melt, the
addition of the oxygen carrier being interrupted once or
more than once by a hold time in each case, and the

addition then being continued once again.

2. Process according to Claim 1,
characterized in that
the oxygen carrier is added in solid form, preferably as

a powder, and/or it is silicon dioxide.

3. Process according to Claim 2,
characterized in that
the oxygen carrier is blown into and/or onto the silicon
melt by means of a gas stream, preferably by means of a
noble gas stream, more preferably by means of an argon

stream.

4. Process according to any of Claims 1 to 3,
characterized in that
the silicon melt on addition of the oxygen carrier has a
temperature of 1500°C to 2000°C, preferably 1600°C to
1900°C, more preferably between 1700°C and 1800°C.

5. Process according to any of Claims 1 to 4,

characterized in that



total carbon content of the silicon nelt is |less than 250 ppm preferably

| ess than 200 ppm nore preferably | ess than 150 ppm and especial ly

pr ef er ablwot2e111884se 100 ppm and/ or the proportion by wecghtr2aib/ordre3 Si C in
the total carbon content of the silicon nelt is |ess than 20% by wei ght,
preferably | ess than 10% by weight, nore preferably |ess than 5% by wei ght,
nost preferably |less than 1% by wei ght. ﬁ Process according to any of
Claims 1 to 7, characterized in that a bbbl e former is supplied to the
silicon nelt, preferably by introducing a gas, nore preferably a noble gas,
nost preferably argon, or by supplying a gas-form ng substance, preferably

pref e rgon, ! or
a gas-forming Splidygors, 22 gielerably auupni um,cay bonate Rowder, st

pref erably by addi ng anmoni um car bo p rtot con Xide in a
proportion by merghthaf %0 ck@baséd oncethefomss odld heinm xdfurle naf

sil1con di oxide and amwni um,carbonate, 9, Brpoegs, for, progucing il icon by

60 minutes.

6. Process according to Claim 5,
characterized in that
the addition of the oxygen carrier is interrupted after
an addition time of 0.1 min to 1 hour, preferably 0.1 min
to 30 min, more preferably 0.5 min to 15 min, and

especially preferably 1 min to 10 min.

7. Process according to any of Claims 1 to 6,
characterized in that
the addition of the oxygen carrier is continued until the
total carbon content of the silicon melt is less than
250 ppm, preferably less than 200 ppm, more preferably
less than 150 ppm and especially preferably to 10 to
100 ppm, and/or the proportion by weight of the SiC in
the total carbon content of the silicon melt is less than
20% by weight, preferably less than 10% by weight, more
preferably less than 5% by weight, most preferably less
than 1% by weight.

8. Process according to any of Claims 1 to 7,
characterized in that
a bubble former is supplied to the silicon melt,
preferably by introducing a gas, more preferably a noble
gas, most preferably argon, or by supplying a gas-forming

substance, preferably a gas-forming solid, more



characterized in that a coarse decarburization of the silicon nelt is
performed by a process according to any of Clains 1 to 8. 10. Process
accor di ngvoaoGlasese9, characterized in that the siliconPCc3/Eredian7&ss i con or
sem conductor silicon, and/or high-purity silicon dioxide and/or

hi gh-purity carbon is used. 11. Process according to either of Clains 9 and
10, characterized in that the coarse deggrburi zation is followed by a fine
decar buri zation such that the total carbon content of the silicon nelt is
|l owered to |l ess than 5 ppm preferably I ess than 3 ppm nore preferably

| ess than 2 ppm and especially preferably to 0.0001 to 1 ppm 12. Process

according to aﬁ¥ef@r§%f§rgﬁﬁggfﬁng%arbonate powder, most preferably by

adding ammonium carbonate powder to the silicon dioxide
in a proportion by weight of 1% to 10% based on the mass

of the mixture of silicon dioxide and ammonium carbonate.

9. Process for producing silicon by reduction of Si0O; with
carbon,
characterized in that
a coarse decarburization of the silicon melt is performed

by a process according to any of Claims 1 to 8.

10. Process according to Claim 9,
characterized in that
the silicon is solar silicon or semiconductor silicon,
and/or high-purity silicon dioxide and/or high-purity

carbon is used.

11. Process according to either of Claims 9 and 10,
characterized in that
the coarse decarburization is followed by a fine
decarburization such that the total carbon content of the
silicon melt is lowered to less than 5 ppm, preferably
less than 3 ppm, more preferably less than 2 ppm and
especially preferably to 0.0001 to 1 ppmn.

12. Process according to any of Claims 1 to 11,
characterized in that
it is a batch process and/or the oxygen carrier is added
in the reduction furnace before the silicon melt has been

tapped off.



characterized in that it is a batch process and/or the oxygen carrier is
added in the reduction furnace before the silicon nelt has been tapped off.
23 13. Prwoess/mswer ding to any of Clains 1 to 12, char acrare@med7é7s3 t hat it
is a continuous process wherein the oxygen carrier is added to the silicon
melt outside the reduction furnace after the silicon nelt has been tapped
of f.

23

13. Process according to any of Claims 1 to 12,
characterized in that
it is a continuous process wherein the oxygen carrier is
added to the silicon melt outside the reduction furnace

after the silicon melt has been tapped off.



