Process for decarburization of a silicon nelt The present invention relates
to a novel process for decarburizing a silicon nelt, and to the use thereof
5 for prosocbiionsssB silicon, preferably solar silicon oPCITaEPR@ONTISE OF
silicon. The production of silicon in a light arc furnace by reduction of
silicon dioxide with carbon has been known 10 for sone tinme and is

descri bed in docunents including DE 3 013 319 (Dow Corning). The silicon
obt ai ned, howeverPretets fontdeaarbhbouzatdod ppnaositacbonmehen tapped of f,
whi ch has to be | owered down to bel ow 3 ppm by suitable
aftertreatnent/purification processes to 15 produce solar silicon, in order
that the sol®re cerFbseproducedtherefrdmititavet @ hi ghveflf iviereys Fhere have

been descri pid ons,@f: yafd ods Priocesseseid, Whith the Garbene contentod s
| ower ed |n a plurality of 20 steps. One exanple is the Solsilc process

(www. ecn2n1)f £0 nPHPfeRt BOHeRAr BUriEali o 1S Tt 1 2 of ObR T | ﬁlalEPBrQFlty of
steps. This ddwvidaresudidgStsicoaldmg the tapped-off silicon under controlled
conditions, in the course of which SiC particles separate out of the nelt.
25 These are then renpoved fromthe silicon in ceramc filters.

Subsequent | yTh¢ hersiduconon sodeexXildi zed wht k dni @rgoarwatferrvapeubym xt ur e.
Final 1y, (he.areprdd | e f‘ééﬁ'éﬁﬁ%&é%ﬁtﬁeg BhELCRD S BestPRLLGH Lo a
directed SO|I i cation. mever e process 9" described s cost y and

i nconveﬂapentf@r neensi Eipar find ess séparatbPAg éot dorurncoutselvflieentrol | ed

cooling sticlgtp ¢he £fyci lﬁ@wV\@lolrnM?Fﬁovefhet he: ceram Cobkltietsqare
frequently bhlocked by SiC particles. After the filtering has ended,

cruci bl e amf@ﬁ???qme?tﬁa%eCF@tﬁéQEIéﬁﬁ@ﬂt ﬁopgbBPWodgfo%%?%??oﬁ?eq(n
exanpl e by amagb@ieamﬁngwwu¢m hysdrob| ver Lewaeed. dowhngot detlbe pPr eguct

properties qf hydr fl or| consti.t.utes _a consi derabl e
potenti al d§D f£ %? q?%ﬁékﬁ?ﬁif%% f?caT?%ﬂ?() &S %%?on%block has
I|kemnséSbeanﬂdE53¢|bedamn &kﬁxﬂdnﬂ nithe nrdspor th@BE8434s Al a S ldedilsm f ur

SolarzelIenﬂ$%ddégglgﬁgr%?ygﬂ ﬁé&?hﬁ%h@g'é%@%giéﬁé Novenber 1990. This

process can ‘provide a carbon content of below 2 ppn1|n the silicon.
However, a di sadvantage of this process is that the directed solidification

to rgmove Cgﬂﬁ%ﬁb ihaawf@r Yo&dst b sard pltli BRsC 0RS URiaRG o ud fplfaaaa%@i%}a Iaslgs
two days an therefore requires an ene sunption.o go
silicon. I'n'Gdditi bie FAIPARS SFtcsts. Lonlo V8695 0r T b BFEFeontEl ik

obtalnedOaft$Uep§ua@hé(ﬁﬁ&mbs@l1@|ﬁh@a5®balmanpbecased fiew .eahanlgel | s. The

top, bottom and,sdge,of. the dl gk aye Lo, be remoyed owiing 15 g, very high

carbon contents | t%er native appr oaches, f'or exanpl e and
JP2856839 haverprlopased bl onkng- 51 02§ nttovicheesi | feoat netacl e 5|h@2 added

reacts wth ¢he,carbon di ssobyednbiBr controlled conditions, in the
course of which SiC particles separate out of the melt.

25 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

30 described is costly and inconvenient since SicC
particles separating out in the course of controlled
cooling stick to the crucible wall. Moreover, the
ceramic filters are frequently blocked by SicC
particles. After the filtering has ended, crucible and

35 filter have to be cleaned in laborious operations, for
example by acid cleaning with hydrofluoric acid. Owing

to the product properties of hydrofluoric acid, this

step constitutes a considerable potential danger.



20 the nelt to form CO, which escapes fromthe silicon nelt. A disadvantage
of this process is that the SiC dissolved in the silicon nelt does not
react compbevalogsasdth the 51 02. In addition, further rarCEEPOli0ArI7R@s t o be
introduced into the process in the formof the 5i02, 25 which increases the
raw material costs. Various nodifications_to this process have been
described in JP02267110, JP6345416, JP4231316, DE 3403131 and JP2009120460.
D sadvant ages of these 30 processes which have beconme known include caking
on and bl ockages of plant parts. There is therefore still an urgent need
folr an effFcﬂiéée,OELieréﬂt%&mdis@@&@%&&b‘é@@l’o@geéﬁf (o} %MS A bll!ﬂio?zﬂii @lasof a
silicon nelt t ai ne car hot her. reduct i

t her ef or e anljgb Bt ofb¥% 3§gﬁtlg1feﬁveﬁtnl 0 ettoajg]r ovi'de Ehﬁovéflepﬁr%cess f or
decar buri zatozﬂra)ﬁla—}s,l I$nbmmhtfumh$chahaelﬂhe desadvant dges Soflatrhe pri or
art Procgssas Oy !9:drkeduced dagatndd Auoll! - thica mapeel fla.obl ect.

the process accor ding to the i nVention shall be enp pro ducti on
of sol ar si PV AT oraBedi copduetbrosi Peéon. 2 pplﬂuﬁﬂhéheo@jléét@nnot

speci fied expliy&iddy ar ed?é’ééﬂ@e%t%ﬁ T rgm thesoysralds conkextn of the

description, exanples and clains ich foll ow The obj ects are _achieved
by the pr océ%]sr%ts%ﬁl?b%hl‘iihﬁd%ft‘%%?nlFlotﬁ%mﬂi%cF%FPBnlﬁhlV@ﬁYf SOS5MY, t he

exanpl es 15 aml tMeed:@MTBmﬂ@e prnremhars hana d ounk 4 hato SHEPriasiangly, it
IS posshﬁee |n 2 gor nex ensive _and effectiv manner tq gii(%%a/r buri ze a

silicon ien St | c%ﬁu bnoxi‘de 207570 Consﬁllmgvﬁqnnt% it Focess is
advant ageousofespetiabhy Becaush ttime ,byin prtbdactominteaimedodfonBhe of

preparation of, si ld;gon fy rEﬁ%Eikon g}g¥§£1‘q%dvm t&g% in adjé ghty;aLe.Lyrnace is

about 25 0.6 g of Si O per ram o I con Ocan, in a
preferred enfioldidehtcoildheCpPe tuﬁﬁ@erﬁqfonsob@rc&ellé@t edThepttiognal | y

freed of CanIzonanQn@!S%@ agadym fix desakbunizatd onpof rthevasl Towfﬁ@us bot h
the waste costs are lowered. In 30 addition, the

the raw material costs
Si O haslgﬂvetr Sl“p]d-’rki t%ﬁr%%kFcﬁrhtaeEmi%e process can be used for

production of hi gh purity 5| licon. As already nentioned, a silicon nelt
which origingtes, 32, frema | 'p%%a%k%sr,e%crt'é’QaIR;%’Ié‘aCBEh%sg%s‘f%r bop content
JP2856839 have proposed blowing Si0O; into the silicon
melt. The Si0, added reacts with the carbon dissolved in
20 the melt to form CO, which escapes from the silicon
melt. A disadvantage of this process is that the SicC
dissolved in the silicon melt does not react completely
with the Si0,. In addition, further raw material has to
be introduced into the process in the form of the SiO,,

25 which increases the raw material costs.

Various modifications to this process have Dbeen
described in JP02267110, JP6345416, JP4231316,
DE 3403131 and JP2009120460. Disadvantages of these
30 processes which have become known include caking on and

blockages of plant parts.

There 1is therefore still an urgent need for an
effective, simple and inexpensive process for
35 decarburization of a silicon melt, obtained by

carbothermic reduction of S$i0,.



of about 1000 ppm At a tapping tenperature of 1800C, the mgjority of this
carbon is dissolved in the nelt. If, however, the nelt is cooled, for
exanpl e twoR60@G83953WO 2011/ 088953PCT/ EP2010/ 070756 - 4 PCcrP01080d7561 s t hat
a large portion of the carbon precipitates out of the oversaturated nelt as
SiC. The carbon solubility in silicon_as a function of tenperature is
descri bed, according to Yanaba et al., Solubility of Carbon in liquid
Silicon, Materials Transactions.JIM Vol. 38, No. 11(1997), pages 990 to
994, by | og & =35 68NergBHET L0 WFhEE tHe a? bBRSEdNt eAl VERTFORepdrted in
per cent by gmssidandst heotenpepabveesT Fprdegeeasbkel¥bfion of Table 1

bel ow shows the relationship.for. a L.t with 151000 m Tgle 1., T[C] C
i s90l vedl peti i Fof it of L&r Gl pR] 600 P G T 545 358 PES6 297 703
art processes only to a reduced degree, if at all. In a
5 specific object, the process according to the invention
shall be employable for production of solar silicon

and/or semiconductor silicon.

Further objects not specified explicitly are evident
10 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

15 and the claims.

The inventors have found that, surprisingly, it 1is
possible in a simple, inexpensive and effective manner
to decarburize a silicon melt when silicon monoxide

20 (S10) 1is blown into 1it.

The process 1is advantageous egpecially because the by-
product obtained from the preparation of silicon by
reaction of Si0; with C in a light arc furnace is about
25 0.6 kg of Si0O per kilogram of silicon. This Si0O can, in
a preferred embodiment of the present invention, be
collected, optionally freed of carbon, and used again
for decarburization of the melt. Thus, both the raw
material costs and the waste costs are lowered. In
30 addition, the Si0O has a very high purity, such that the
process can Dbe wused for production of high-purity

silicon.

As already mentioned, a silicon melt which originates
35 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,



1500 152 848 20 Table 1 shows the inportance of a process in which the SiC
is also renoved effectively. Wthout being bound to a particul ar theory,

t he i nverwons11z8esef the view that, as a result of the PETawdimioantsef Si O

t he di ssolved carbon is renoved fromthe silicon nelt and, as a result,

redi ssolution of the SiC takes place. _If SiOis supplied to the silicon
nmelt over a sufficient period or the process according to the invention is
performed observing one or nore hold 30 tine(s) in which the SiC can go
back into sdtifti diESUle priocédstaceor HRRget Pehel Phveht i ditcar2déhifeve very
effective degcasdipizatd dHnout NoFhicseCoteddatultatdesl angiad thgukbac . adwant age of
the present invention over .the 5 - prior art processes that SO
significantﬁvﬂﬁﬁ?% r§8g9ﬁ6élFﬁan:§?02§lﬂﬁcpﬁe d$%fefént %%%Bﬁ?%enfgs

t her eof , thecomorestsiaccosdidegdro el | awventdong t hos Yeasdeheetadwant,age t hat
not onl ygt hesocﬂ&g”i%&“&% Ve?aﬂg'og’ tTES 5&&%898 melit s byt al $0.the dissol ved
Si C can be renmoved effectively. e present invention thus provides a
process in VWhiarailidoh WohoxVde-i Stddid-t 61418PV) copamsist 930 r éduce 10
the carbon coqt enty, of the nelt. The silicon nonoxide can in principle be
added in any state of matter. Preference is given, however, to using solid
silicon nonoxide, nore preferably powder or 15 granules. The nean particle
size is prefesaht y=1®ss3 t-hagvar/'equal to 1 mm nore preferably | ess than
500 pm and nost preferably 1 to 100 pm This silicon nonoxide nmay originate

fromany source. In a specific enbodi ment, the silicon nonoxide used is
obt ai ned as where the carbon content C 1is reported in per cent by

mass, and the temperature T in degrees Kelvin.

Table 1 below shows the relationship for a melt with
15 1000 ppm:

Table 1:

T [°C] C dissolved [ppm] [C in form of SiC [ppm]
1800 933 67

1700 542 458

1600 297 703

1500 152 348

20 Table 1 shows the importance of a process in which the

SiC is also removed effectively.

Without being bound to a particular theory, the
inventors are of the view that, as a result of the
25 addition of Si10, the dissolved carbon is removed from
the silicon melt and, as a result, redissolution of the
SiC takes place. If Si0O is supplied to the silicon melt
over a sufficient period or the process according to
the invention is performed observing one or more hold
30 time(s) in which the SiC can go back into solution, the
process according to the invention can achieve very
effective decarburization. In this context, 1t is a

particular advantage of the present invention over the



20 by-product in silicon production and optionally freed of carbon
fractions (referred to hereinafter as "Si O by-product”). Particul ar

pr ef er encwoi2811giss®a t 0 col |l ecting the Si O by-product an@cCirmreadoci7’ng it
directly back into the silicon nelt, so as to give rise 25 to a cl osed
circuit in a particularly preferred nanger. In a preferred enbodi nent of
the present invention, the silicon nonoxide, especially as a powder, is

bl own into the S|I|con melt by means of a gas stream preferably a 30 noble
gas or|ruﬂtpiﬁ8¥sﬁ%%anprﬁﬁﬁésﬁﬁeféhéﬁlysh aﬁboﬁlQﬂkﬁiﬁﬁﬂF L%hi f°&§en or

anmoni a stre@éacﬂmsé pteher alliy,an arngon:ksére@mf@ér@netr%@mo@qmém%d of a
m xt ure of tqh en%%tioned %ases 35 The %n be added at different
§

poi nts. For PO Ran” Saaﬁgﬁrgénﬁhet%l on" MEFE -1 t iéWPeduct i on
react or befch&s|thesad@@@@ﬂg@fthatbmeVeonlytths absboposisisbbévea tiap of f

the siligon gnd %Q%cto% arﬂQlEh%Lﬁ 218" %g - Lhe sidjheon 5‘? t,cpr pexanpl e

ina nelting crucible or a nelting fank. nbi nat1 ons of ese process
vari ants aréﬂ@@&ﬂdSéﬁEmmﬁﬁwhbJe 5 On addition of the S|Iicon nmonoxi de
the tenperature of the nmelt should be between 1412C and 2000C, preferably
1412C and 1800C nore preferably between 1450C and 1750C. Accordln to the
t enper at ure, IF%epE%%?%EtéHB?nE?aﬁdt§P€|H¥QWﬁ?%§I?CBﬁOﬁ%?% var ya&§Pshown
10i n Tabl e kll&&ﬁhtﬁﬁnﬁﬁibénlenddﬁédﬁié BS ginasent mdl i ssolreehckeor m
exclusiégly rat Ieastc5%1Q§%§ i to an extent of nmore than 95%
by wei ght of'the Q carbon 1 con eﬁ% the addition of the silicon
nonoxide in a first preferred process varlant is performnmed mnthout

interrupti onfﬁt éh?céh'f Fn'foﬁlo%b'ey dw car BQQPEQEE%“tbeb%&‘%é PRM

attained. 20 a significant proportion o e carbon, 1.e. nDr t han 5%
by melght<ﬁSQ4ﬁ?tQﬁamaE%?EonPé% EBARCE| §SpPé¥ent PRWENETH oftm oS 1GI9C

inpurities, dd1i$ p@ﬁﬁi@ér@ I oo se€oNd ﬂ%@éerf)QGfEEQ@@§S yakiant te
|nterru the addj ti on the Si O once or more than on:f qg%thﬁp to 25
O ofY S

conti nu SN t ﬁ t B2 Rd i3] o 15 med 28 heSaddi &%°enoves
t he dissolvedunanhone¢mah1t@elnBMI mwhéchrgifeesbiiyséeta ahaundQMS@hurated

mel ¢ WEhi . dheninterrupLlon ) mes (Al ¢l i ™ok o L $RBaTliaRgk B0 N T

the silicon again glve
may orlglnate from any source. In a specific

embodiment, the silicon monoxide used is obtained as a
20  by-product in silicon production and optionally freed
of carbon fractions (referred to hereinafter as “SiO
by-product”) . Particular preference is given to
collecting the Si0 Dby-product and introducing it
directly back into the silicon melt, so as to give rise

25 to a closed circuit in a particularly preferred manner.

In a preferred embodiment of the present invention, the
silicon monoxide, especially as a powder, is blown into
the gilicon melt by means of a gas stream, preferably a
30 noble gas or 1inert gas stream, more preferably an
argon, hydrogen, nitrogen or ammonia stream, most
preferably an argon stream or a stream composed of a

mixture of the aforementioned gases.

35 The Si0O can be added at different points. For instance,
Si0 can be added to the silicon melt in the reduction
reactor before it is tapped off. However, it is also
possible to tap off the silicon and then to add the Si0O



30 rise to dissolved carbon, which can subsequently be renoved fromthe
melt by renewed addition of SiO Preference is given to performng one to 5
inter- rupoi2onwsedsh of 1 min to 5 h, preferably 1 m n toTZP2010/070756 €
preferably 5 to 60 mnutes. Particular 35 preference is given to
undertaking one interruption for the afgrenmentioned period. Very particular
preference is given to first adding SiOto the silicon nelt and, after an
addition time of 0.1 mn to 1 _hour, preferably. WO , ,

2011/ 088953PCT/ BP2036/ 67075817, GOF SHaTRE 307 ninMeABEEIperEialiey 0. 5
mn to 15 mdyr and espeeiad| yrpneferabhyidaftivnko 3@ Mthesient erodpisisng t he
addition for a duration (hold tine) of 1 mnto 5 h, preferably 1 mn to
2.5 h, nore FHefEtably s o8 60 'Cf{hqeejs‘farglne'order to enable the

di ssolution of the SiC particles in the nmelt. After the end of the hold

time, th adéj;"btéc‘?cﬁ‘m?{oﬁ hee SLAL | i%?é&ﬁr 51890%98&0%%“%%91 lér}%itlurteh%fdeSi red
| ow total carbon content, pre?era y l'ess than or equal £6 ppm_has been
10 attai ned.tiGver "ERéE entivelprobess kRiregson, 1AE Cenprrdt urd 06f Crhe mel t

is preferably-del.dwifhinibhe abovemenhronedsangsrctd-hasybeenteund to be
particul arly advant ageous_ whgn 15 the tenperature of the nelt is raised

before the dddition28f the’&iti coFCREAGRPdet hadlendet Pt eferabl y2Ff to 30
m n before, scmepreferf abl ynd $0C1lOnnthnebetoieoni fiellt karkower shefer ehand,
to gr ea%ﬁr t.ha?rpa%rJl eqlual to 1600C, preferably 1650 to 1800C, nore
preferably 170 %0 1750C. This allows the equi li brium between carbon
dissolved in the silicon and SiC to be shifted toward di ssol ved carbon. The

process accaydling. o t&%ﬂ%‘g}’e@ i o ca e%@dﬂhé 0%%'e's>é 25 pe gig&%ofﬂ%%
effective by passing a bu e former through the nelnt or adding it to the
nelt. The bulbbi® foreersS sl ey Be 4°gas 6HPatgASIPELEasing-skstdnce. The

bubbl e formesxiadi i pki esrthemnunbess obygasibubbles and tpproOves he driving
of the X gases out of thg 30.nmelt. _Th gas.ﬁassed through the nelt may,
for exa%)l e, “HE- A robIt&or 2PHeFt °GasC T prefer Sbiy S ndBPROFYASS Mdr Ggen,
nitrogen or @i @rgde,r reor ep poed es ablayiargonier gt fogedd ofviahmiuxt ur e of

the af O.re”enit'toé‘ﬁg gases- 39, [he gag g4l gasin .Sgg%t ancs, preferably a
solid, is pre eralfy acf%jleél1 to'the silicon nonoxi de, more preferably in a
proportion bByelwi ghterf U9nato-adi0%based

20 When a significant proportion of the carbon, i.e. more
than 5% by weight of the total carbon content, 1is
present in the form of SiC impurities, it is possible
in a second preferred process variant to interrupt the
addition of the Si0O once or more than once and then to

25 continue 1t again. Within the addition times, the
addition of Si0O removes the dissolved carbon from the
melt, which gives rise to an undersaturated melt.
Within the interruption times (hold times), SiC can
dissolve again in the silicon melt. This again gives

30 rise to dissolved carbon, which can subsequently be
removed from the melt by renewed addition of SiO.
Preference 1s given to performing one to 5 inter-
ruptions each of 1 min to 5 h, preferably 1 min to
2.5 h, more preferably 5 to 60 minutes. Particular

35 preference is given to undertaking one interruption for
the aforementioned period. Very particular preference
is given to first adding SiO to the silicon melt and,

after an addition time of 0.1 min to 1 hour, preferably



8 - on the m xture of silicon nonoxide and gas fornmer. A suitable agent for
this purpose is anmoni um car bonat e powder because it deconposes to gases
wi t hout rwei2duessgsen bl own into the nmelt, and does not ecomERxATESE he
5nmelt. Additionally preferably, a flow auxiliary can be added to the
silicon nonoxide, preferably a high-purity anorphous silicon dioxide, for
exanpl e a high-purity 10 funed silica or precipitated silica or a

hi gh-purity silica gel. The proportion of the flow auxiliary i s preferably
up to 5% by Swel ghtn fBr e briefler aBry CupP Tt 2 5% by Onei §he, ever ndre
preferably umd o=2% byawey gbte andalespeci al hytpr ebemabl y 10t rropti5% by

wei ght, based 15 .the ampunt of .silicon d@l de. added The %1 ent

i nvention al eeﬁ@@ﬁ%égges Pr oesTes FHPMh |m§‘ﬁ’ he" HHfdh t i°dn ‘o the
silicon nelt5ils, preeédedbfiyr st noyn coars2e5défcarﬂourezamecfmra$ﬂq/h fhato t he 20

total cachor,paptianiedn Lhe siiioon, MELLyLs hraualirslerabl ysbelaw 500

ppm nore pre er el ow ppm and especi pre era | ow 150 ppm
before SiO |%lcédﬁédtlsﬂji9§aﬂlne Procrssés fpeﬁrt@c,foatl@% d@@larcdijrtlzét her dar e

known to thosgpskKi |1£1$@| i Batiheignt . offor t@?@”péﬂ) 251§00kb@9a‘i:l36d”9|ahdt 0
precipitate the 'Si C and filtering the nel dative pretreatnent of the

melt with sFRabiE ki dRzihg Ferf eS¢ éﬁ?élnﬁi%tadw ARZPHY &§EHERCent ai ni ng
gases or addiitdOrad1pi 0Bss30 thhn pchceSeSqL@Qcortdj NG toent,he harvemicdedn can be
used to Brod ce rret Iluigl cal tsnel i con, . b but arso to pr dga(i:e ésr?l ar %I | icon or
seni conduct ot si1icon BFer dqifi si TatHOT prodictiTon OF ot & si IF'€on or
sem conduct d;remdmmme sot hathet hm;elrman;samref@sf@@lm Jee ldbi @2th01ar¢¢he35 Si O,

have appropré@é@eM% 1d.854 - highly pure raw materials used, such as
silicon nonoxi de i con OXIde and carbon, feature a content of: 5 a.

al um nium | ess than or equal to 5 ppm pref erably between 5 ppm and 0. 0001
ppt, especi atd ynhet ween 3Ioppan and Kk 0991t pphi apr ¢f Qaﬁahiagébﬂ@e%h%& ppm

and 0.0001 p m)re referabl bet ween 0.6 ppm and 00 even better
et veen 0. 1 Hifn ARFEET S 0 000 pt oeval bor & Spr dFEEaH! y JEdCHEen 16501 ppm
and 0.0001 FHIIleEJVC&ﬂ odr ehpr efidrience nbeing dp vlealstenaieﬁpbptr@f@x&my ppt, b.

b I h 1 01 I h 5
070001 ppi. prot of BTy | R 18"t M T anGE-Fr oFL 3 phm Po 0. G001 e oy more

preferably i¥fthe itanéewxf%rfomemr]@@@ntdo C.O0Dde Pty even abr @qpaéf égoably in

the range fromde cppbpf@f@r% PPt g Eo ?@b@"’@m hess F%'ﬁeﬁ}r b%ﬂ}ualhotoo 2 ppm
preferably 20 betwg; nd 0.00 ppt,. espeC| a bet weén 3 ppm and

0. 0001 ppt, otetérlbfy ﬁ&%e@#bom Bﬁ] S J@U@]}mbp]?et‘ﬁ%?% ﬁlaéfoépabl y
between 1 ppbi ansh 0004 pp, hiidon desssthanorpbequnh r£ed2@ opprmd

preferably dissolved carbon.

The process according to the invention can additionally

25 Dbe made more effective by passing a bubble former
through 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 COx gases out of the

30 melt. The gas passed through the melt may, for example,
be a noble or inert gas, preferably a noble gas,
hydrogen, nitrogen or ammonia gas, more preferably
argon or nitrogen or a mixture of the aforementioned
gases.

35
The gas-releasing substance, preferably a solid, 1is
preferably added to the silicon monoxide, more

preferably in a proportion by weight of 1% to 10% based



25 Dbetween 10 ppm and 0. 0001 ppt, especially between 0.6 ppm and 0.0001
ppt, preferably between 0.05 ppm and 0.0001 ppt, nore preferably between
0. 01 ppmwoado/@e3: ppt and nost preferably 1 ppb to 0. @Q0EPR@D/7&56 ni cke
| ess than or equal to 10 ppm preferably 30 between 5 ppm and 0. 0001 ppt,
especially between 0.5 ppm and O.OOOl_pgtL preferably between 0.1 ppm and
0. 0001 ppt, nore preferably between 0.01 ppm and 0. 0001 ppt and nbst
preferably between 1 ppb and 0.0001 ppt, 35f. phosphorusl essthanl0

ppnt 00. 0001 Ppt LRpr dFertablsy %%tﬁééﬁcgnp&HQﬁﬁP%%OGOQ PPt Eepeeral Py |ess
thgn 3 ppm t%ﬂ;egl@&lb@@éntprf@fzer%kbigdpgkggg? s 1§)mmoﬂ-_@u@p!@a&l@fbr1@-tgogl ppt
and nost prefer y. between .1 ppb an : ppt . titanjumless than or
cqual to b GEHTTh SPRrAnrG Iids TR U equal TPt £ 5auPOERoEe 5
especi al | y bétaweenl@uib pphoante0nr@iql pptd @oed enabl yobetmeentd. Thppm and
0.0001 ppt, hore preferably between 0.01 ppm and 0.0001 ppt and nost
preferably between 1 ppb and 0.0001 ppt, h. zinc less than or equal to 3
ppm preferably less 10 than or equal to 1 ppmto 0.0001 ppt, especially

bet ween 0. 3 npm @nch 0. 0001, Ppk r a1 €f eraldiy petyeen O-1 ppm 8ad 640601 ppt,
nore preferably between 0.01 5ﬁn1and . 0001 ppt and nost preferahly between

. 0 p
1 ppb and 0.'6001 Hpt, S1E Gl WHPRHXHBFe pPEFEFABPYYhafe &19GMPOf e

abovenent i onathigiiud t ises iebnl e§sokhan, LEppnexphefer abl nikeseutrthay 5 ppm
nore pref.erabl ess.than 4 ppm. even nore preferably | ess than 3 ppm
copectally et abiy 005 1o SiBEPang weryE bEres: AT y* prorer ety 36 1 ppm
to 3 ppm Forilkeavh ekénenthe a pumdnciwit hph ttie r ddge ofuxheiaey edtsi on
limt may be t I Sql argsi bjcan. f urgs.a mdmsiJ i gongont ent
of 99.999% gp é\/\%%t ,y aH sem con%gct orlﬁﬁ’i con a Eﬂrﬁ mim 2§)si ‘%i.con cont ent
of 99. 9999%%by° WP YHIS 1T e procesBORRcBEAfAGAPOYt KB AvEnt Pan "Ead e

i ncor por at edasACONPONEAL Py opesskntipaRy onet ald ur gicaby pl;eegss, f @nseroduct i on
of silig n, for 30 exaqﬁle:%he,process accqgguggé%g US 4, 247,528 or the Dow
Cor ni ngLpr USSR BTy Fo Dokt GOt M 0| 4935 1 i con’ vi &' the Dow
Corni ng Process", Final Report, 1978; Technical Report of a NASA Sponsored

proj ect; NASACR 157418 ot 15700; DOFY JPL-954550: 76/ 5: | S, 35, 0395- 7050
or the processldébéﬁoped y Sienens, agcordfng 0 Au yéh e ﬁ., .
" Sol ar - gr adevtsidli comepr eplaliad dy ©dr b6t her hdc tletluctiilorrof gidlitca™;s JPL

Proceedi ngs eééﬁ%&qufgﬁaﬁf SOL AL ARERY r PO 85t i oMD such that the
2011/ 088953PCT/ EP2010/ 070756™ - 11 - .
20 total carbon content in the silicon melt 1s brought

preferably below 500 ppm, more preferably below 250 ppm
and especially preferably below 150 ppm before Si0O 1is
added. Suitable processes for coarse decarburization
are known to those sgkilled in the art, for example
25 cooling the melt to precipitate the SiC and filtering
the melt. Oxidative pretreatment of the melt with
suitable oxidizing agents, for example oxidizing agent-

containing gases or addition of SiO;.

30 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 1is that the reactants used, i.e. 510, C and

35 Si0, have appropriate purities.

Preferably, in the process for producing solar silicon

and/or semiconductor silicon, the purified, pure or



Wor kshop on Low Cost Polysilicon for Terrestrial Photovoltaic Solar-Cell
Applications, 02/1986, p 267- 275 (see N36-26679 17-44). Likew se preferred
is the i rworpowmsdsen of the process step into the procepsEEPIEOONTE6 NG t O
DE 102008042502 or DE 102008042506. Test nethods The determ nation of the
abovenentioned inpurities is carried out by neans of |CP-Ms/ CES

(i nductively coupled 10 spectronetry - nass spectronetry/optical electron

spectronetry) and AAS (atom c absorptiaon spectroscopy). The carbon content
in the silicorry t RRUSEI i EBH nBRCSERCdrS coblG%hg i 3Uelet eP i néd 1By¥OReans of

an LECO (CS kb dior £S5 6608) elexeatabnanakysern, Fhesuirs dorenBynwei ghi ng
approx. 100 to 150 ng of silica into a ceramc crucible, providing it with
conbustion additives and heating under an oxygen The sanple material is 20
Lecocel Il (powder of a streamin an induction oven. covered with approx. 1

of tungsten-t] 1099 a (o] 7 of = i fili )
%ubseqﬂe%t I 5;9 téhlgmg:lr]rglc{?%l gglgé) c?g%éd%\%’ t ngaJ“ g.o V%:a%&?he gg;}%%r?bégnt ent is

in the | ow ppmastitRen t He Rsas wiehertt (ddducady | ssitssriedded by tiveeheasi ng
the starting wej ghin ofnsibieom tootp b@egéréggyﬂgetwggn$ba@tF@&.%%bght of
the additives remai ns unchanged. The operating instructions for the

el enent al anal y5etY EndPRve iH3ET uckToOhST#r oW t RBEHERUF alt Gr BPTof 2Pécocel ||
shoul d be noted). 80 Thetrean padt i cletsicze ofbdthegul ver.ul eptn si laingion

nmonoxi d Oi S detde(r]dqd'&ed bé/ means o;‘n Iraserred'fégég ti n, WTheenu eoqf | aser

di ffraction for determnati on of Parti crest2e of st75bltions "of phl'Verul ent
solids is basecmoh § helpheppnenenehhab rpariaiessratbernor g3sedi ftfor act t he

light froma m)ln%g td Gd@sel,beamw th differing intensity patterns in
all directions accorgtlfgrig to (?lhggigpr 'size. The smaller the diameter of WO

2011/ 088953FCT/EPZOL0} ©797582n 10 ppm to 0.0001 ppt, especially in
the range from 5 ppm to 0.0001 ppt, preferably in

15 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

20 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. iron less than or equal to 20 ppm, preferably

25 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 1less than or equal to 10 ppm, preferably

30 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,

35 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



- 12 - the irradiated particle, the greater are the scattering or
diffraction angles of the nonochromatic | aser beam The sanple is prepared
and anal yweaowaskesdem neral i zed 5 water as the di spersi rgTiEPquioa707B&f or e
the start of the analysis, the LS 230 | aser diffractometer (from Beckman
Coul ter; neasurement range: 0.04 - 200Q y_ and the |iquid nodule (Small
Vol unme Modul e Plus, 120 ml, from Beckman Coulter) is allowed to warmup for
2 h, and the 10 nodule is rinsed three times with demneralized water. In
the instrument SofRRfar énef ¢ helis pRY |adskr MaPff rict oietietY RS owi ng
opti cal paranmetersopvdch @reooel@want for an eval uation according to the
Me 15 theor% re stored.in a ,rfd file: Refractive index of the qispersi ng
ea

liquid RI. Wet'er L 19852 ReFPacti vEiidex 0f 1 HE Yol Pd SESampr'e
materi al) Real siesss 1t#46n20lomgi raguyl= 0cd Fdr ppfractoe =01 0I0M lagghtt,i on, the

foll ow ng para . rel.evan r..the parti an is shoul set: 25
I\/basurerrgnt ti %gg%oah?{lunbgrettg]fee&r}easu?éﬁe %Ig = %l%ﬁrrp ?ﬁgggq:%%g%
Dependi ng on t sl chareleteti st § es, PPhe safpl €-08A130rke addeéd to the

l'iquid nodul e (Snedd - Mol pmee Mpduh e oPbashoef dfe d nsds Ut dhregldy as a
pul verulent solid with the aid of a spatula or_ in suspended form by means
of a 2 m di spd¥abi®Pipetise:rsffen (9 Hipl e Ydhcéitati on required for
t he anal ysi sh hasirheenedd aiHaai ned (copidlmubvomt ipgal, spadowtag)y tlkes
instrurr%t sof

tware of the LE % l.aser djc(f)fr clpneter. gi ves an "OK' _
message. = WO 20%%%8@553%@1’? P 0/10%”?56 - 1@ - @cﬁpnd siT°Econ “moroxi de i's
di spersed by 60stwferul OrdsppincatidnObyOfdapstof mra&fdrab Cel beV@keh30

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,

15 and which more preferably have a sum of the
abovementioned impurities of less than 10 ppm,
preferably less than 5 ppm, more preferably less than
4 ppm, even more preferably less than 3 ppm, especially
preferably 0.5 to 3 ppm and very especially preferably

20 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

25 silicon content of 99.9999% by weight.

The process according to the invention can Dbe
incorporated as a component process into any
metallurgical process for production of silicon, for
30 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;
NASA-CR 157418 or 15706; DOE/JPL-954559-78/5; ISSN:
35 0565-7059 or the process developed Dby Siemens,
according to Aulich et al., “Solar-grade silicon
prepared by carbothermic reduction of silica”; JPL

Proceedings of the Flat-Plate Solar Array Project



10 The neasurenent is effected at roomtenperature. The instrunent software
uses the raw data, on the basis of the Me theory, with the aid of the

opti cal paparatmsss3st ored beforehand (.rfd file), to calPculrERb@obhgseol une
15 distribution of the particle sizes and the d50 value (nmedian). 1SO 13320
"Particle Size Analysis - Quide to Lasgr; Diffraction Methods" describes the
nmet hod of |aser 20 diffractionfordeterm nationofparticlesize distributions

in detail. In the case of granular silicon nonoxide, the nean particle
size is det &l hdtPlhy RBanstOf~Setleen Frégicdded c28anaf §5i s TEALSSHEL21Thi s
screen resi dueietErid inat ison airs can lai Rppet csct een) NN 1B s kased-on DI N

| SO 8130-1 b ns of ir j,et screening instrunent from Al pine.
To 30 deter '7ngem?ﬁged§\b§ T%T%ggogﬁér%ﬁes he Gt anuPes FeddFéens® hg:lfieng a
mesh size ofirc@Qfbypmiarre alfsochusegrboesthi stegur pose. the ordercetssetet er m ne
t he d50, cth : t ch. that ide a particle

5t NE S SNy MUS Dé’%ﬁdﬁﬁ% M %e ngbg 1ddft?d’8@szééd@ P

size distribution fromwhich can et erm ned. The graphi cal

representation and evaluation is effected anal ogously to | SO 2591-1,

Chapter 8. 2.7est Methdde d50 is understood to nmean the particle dianeter in

the cunul ative particle size distribution at which 50% of the particles

have a | owerlfar EPEFETARamePBr HhahRor 3Ny SEghd 1paed C+Iépﬂ¥h%$%r &8s t he

particles wddrdtiel Soparby cheads aset ecrefisybesd5@ndtke iexagplcesipMaioch

foll ow i !OI ustrate t he process according to therin)/oer%t.i on, wi t hout
of’ Po

restricting 1355 H Ay way. 10 Bx&ipl € 11Ky Y&i1i con e el t ed

in a sintereteS\itGometry) 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

15 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 1s covered with approx. 1 g of

20 Lecocel II (powder of a tungsten-tin (10%) alloy) and
about 0.7 g of iron filings. Subsequently, the crucible
is closed with a 1id. When the carbon content is in the
low ppm range, the measurement accuracy 1is increased by
increasing the starting weight of silicon to up to

25 500 mg. The starting weight of the additives remains
unchanged. The operating instructions for the elemental
analyser and the instructions from the manufacturer of
Lecocel ITI should be noted.

30 The mean particle size of the pulverulent silicon
monoxide is determined by means of laser diffraction.
The wuse of laser diffraction for determination of
particle size distributions of pulverulent solids 1is
based on the phenomenon that particles scatter or
35 diffract the light from a monochromatic laser beam with
differing intensity patterns in all directions

according to their size. The smaller the diameter of



cruci ble and doped with 1.2 g of carbon (120 ppn). The tenperature was then
i ncreased to 1600C. After thermal 15 equilibration, silicon nonoxi de powder
havi ng a warpilaisedssi ze of < 0.045 mm (from Merck) was blPOmEPRODO7G7R€ nel t
by neans of an argon stream 4 g of powder per mnute were used. Sanples
were taken after 3, 6, 9 and 12 m nut_eilzof_ blow ng-in tine. Table 2 bel ow
shows the 20 carbon val ues determ ned: Table 2: Blowing-in time[mn] 0 3 6
9 12 Carbon content[PPM 118 31 11 5 nple 2. 25 The experinment for
Exanmpl e 1 wels Srotff ¥i etk b r%@%?h@l‘?het@%nﬁé?éFﬁFeaéﬁ fhe meRtt ted 1TBo0C
after 6 mnuwesdi ffakle obelyishays dhe eaidon-sad wies deier maed: Table 3:

Blowng-in timefmn] 0 3 6
The sample is prepared and analysed with demineralized
5 water as the dispersing liguid. Before the start of the
analysis, the LS 230 laser diffractometer (from Beckman
Coulter; measurement range: 0.04 - 2000 pm) and the
liquid module (Small Volume Module Plus, 120 ml, from
Beckman Coulter) is allowed to warm up for 2 h, and the

10 module 1s rinsed three times with demineralized water.

In the instrument software of the LS 230 laser
diffractometer, the following optical parameters which
are relevant for an evaluation according to the Mie
15 theory are stored in a .rfd file:
Refractive index of the dispersing ligquid R.I. Realyater
= 1.332
Refractive index of the solid (sample material) Realsio
= 1.46
20 Imaginary = 0.

1
Form factor =1

In addition, the following parameters relevant for the
particle analysis should be set:

25 Measurement time = 60 s
Number of measurements = 1

Pump speed = 75%

Depending on the sample characteristics, the sample can
30 be added to the 1liquid 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
35 attained (optimum optical shadowing), the instrument
software of the LS 230 laser diffractometer gives an

“YOK” message.



9 12 Tenperature[C] 1600 1600 1600 1700 1700 Carbon content[PPM 116 32 12
4 2 30 Exanple 3: Immediately after being tapped off froma light arc
furnace, wol2otionssasas sol idified. The silicon contained PCTEP2010H1®66 ppm of
carbon in dissolved formand in the formof SIC 10 kg of this materi al
were nelted and the tenperature was brought to 1700C. Then silicon nonoxide
powder was blown in by neans of argon as 5 described in Exanple 1. After 6
m nutes, the treatnent_was interrupted and the nelt was kept at a

t enper at ur e GFOUTDOCE+6+C30 nPARCBHBSeqdent 194 SRGIG%DNn BHnokPdé wa<E bl own
in once agaiultidsdhe-Loidse Wf wdoh sapl es weng-o aken 1af tverx 3,130, 9 and

12 mnutes. Table 4, below 10 shows the carhon val ueg, dgterm ned: (Igble 4:
ultrasound converter and 6 mm ultrasound tip at 70%
5 amplitude with simultaneous pumped circulation in the
liquid module. In the case of unground silicon
monoxide, the dispersion is effected without
ultrasonication by 60 s of pumped circulation in the
liguid module.
10
The measurement is effected at room temperature. The
instrument software uses the raw data, on the basis of
the Mie theory, with the aid of the optical parameters
stored beforehand (.rfd file), to calculate the wvolume
15 distribution of the particle sizes and the db0 wvalue

(median) .

ISO 13320 “Particle Size Analysis - Guide to Laser
Diffraction Methods” describes the method of laser
20 diffraction for determination of particle size

distributions in detail.

In the case of granular silicon monoxide, the mean
particle size is determined by means of screen residue

25 analysis (Alpine).

This screen residue determination 1s an air Jjet
screening process based on DIN ISO 8130-1 by means of
an S 200 air jet screening instrument from Alpine. To

30 determine the db0 of microgranules and granules,
screens having a mesh size of > 300 uym are also used
for this purpose. In order to determine the db0, the
screens must be selected such that they provide a
particle size distribution from which the db0 can be

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



Total tinme[mn] O 6 36 39 42 45 48 Blowing-in time[mn] 0 6 6 9 12 15 18
Hold time[mn] O O 30 30 30 30 30 Carbon content[ PPM
WO 2011/088953 PCT/EP2010/070756

_14_

The db50 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
5 particle diameter of the dbo0.

The examples which follow illustrate the ©process

according to the invention without restricting it in

any way.
10
Example 1:
10 kg of polysilicon were melted in a sintered S3iC
crucible and doped with 1.2 g of carbon (120 ppm). The
temperature was then increased to 1600°C. After thermal
15 equilibration, silicon monoxide powder having a

particle size of < 0.045 mm (from Merck) was blown into
the melt by means of an argon stream. 4 g of powder per
minute were used. Samples were taken after 3, 6, 9 and
12 minutes of blowing-in time. Table 2 below shows the

20 carbon values determined:

Table 2:

Blowing-in time [min] 0 3 6 9 12
Carbon content [PPM] 118 31 11 5 3
Example 2:

25 The experiment for Example 1 was modified by raising
the temperature of the melt to 1700°C after 6 minutes.

Table 3 below shows the carbon values determined:

Table 3:
Blowing-in time [min] 0 3 6 9 12
Temperature [°C] 1600 1600|1600 |1700| 1700
Carbon content [PPM] 116 32 12 4 2

30
Example 3:

Immediately after being tapped off from a 1light arc

furnace, silicon was solidified. The silicon contained



1120 580 576 117 36 13 5 Exanple 4: 15 This experinment was carried out
anal ogously to Experinent 3, except that 2% by wei ght of anmoni um carbonate
powder, baeediinssishe total nass of the m xture of Si O amrdThrbilom7d766 mer,
was added to the silicon nonoxi de powder. Table 5 bel ow shows the carbon 20
val ues determined: Table 5: Total tinme[jgn] O 6 36 39 42 45 48 Bl owi ng-in
time[mn] 06 6 9

1120 ppm of carbon in dissolved form and in the form of

SiC. 10 kg of this material were melted and the

temperature was brought to 1700°C. Then silicon

monoxide powder was blown in by means of argon as

5 described in Example 1. After 6 minutes, the treatment

was interrupted and the melt was kept at a temperature

of 1700°C for 30 min. Subsequently, silicon monoxide

was blown in once again, in the course of which samples

were taken after 3, 6, 9 and 12 minutes. Table 4 below

10 shows the carbon values determined:

Table 4:

Total time [min] 0 6 36 39 42 45 483
Blowing-in time [min] 0 6 6 9 12 15 18
Hold time [min] 0 0 30 30 30 30 30
Carbon content [PPM] 1120 [ 580 | 576 | 117 | 36 13 5
Example 4:

15 This experiment was carried out analogously to
Experiment 3, except that 2% by weight of ammonium
carbonate powder, based on the total mass of the
mixture of Si0 and bubble former, was added to the
silicon monoxide powder. Table 5 below shows the carbon

20 values determined:

Table 5:

Total time [min] 0 6 36 39 42 45 483
Blowing-in time [min] 0 6 6 9 12 15 18
Hold time [min] 0 0 30 30 30 30 30
Carbon content [PPM] 1118|560 | 562 | 89 21 6 3




12 15 18 Hold tinme[mn] O O 30 30 30 30 30 Carbon content[ PPM 1118 560 562
89 21 6 3 WD 2011/ 088953PCT/ EP2010/ 070756 - 16 - Cainms 1
Pr ocessf owdeonrdssysdzi ngasi | i connel t, characterized in tIra/EP2010/070756

_16_

Claims

1. Process for decarburizing a silicon melt,
characterized in that
5 silicon monoxide 1s added to a silicon melt to reduce

the carbon content of the melt.

2. Process according to Claim 1,
characterized in that
10 the silicon monoxide is added in solid form, preferably

as a powder.

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

15 the gilicon monoxide is blown into the 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,
20 characterized in that
the silicon melt on addition of the silicon monoxide
has a temperature of 1412°C to 2000°C, preferably
1412°C to 1800°C, more preferably between 1450°C and
1750°C.
25
5. Process according to any of Claims 1 to 4,
characterized in that
the temperature of the silicon melt before the addition
of S1i0 has ended is greater than or equal to 1600°C or
30 is raised to greater than or equal to 1600°C,
preferably 1650 to 1800°C, more preferably 1700 to
1750°C.

6. Process according to any of Claims 1 to 5,
35 characterized in that
the addition of the silicon monoxide is interrupted at

least once, preferably 1 to 5 times, for a period of



5 silicon nonoxide is added to a silicon nelt to reduce the carbon content
of the nelt. 2. Process according to Caim1l, characterized in that 10 the
silicon nwoariidssess added in solid form preferably as aCpmeden/070736
Process according to either of Clains 1 and 2, characterized in that 15 the
silicon nonoxide is blown into the nelt;-by nmeans of a gas stream
preferably by neans of a noble gas stream nore preferably by neans of an
argon stream | 4. Process according to any of Clains 1 to 3, 20
characterized T t h&P t he i | i E6RIFEPPLON atiditt ont6f the’ st i c8RLFonoxi de

has a tenpergtafer 081 14120 tay 2000Gepreferably 1412C to 1800C, nore
preferably between 1450C and 1750C. 25 5. Process according to any of
Clainms 1 to 4, characterized in that the tenperature of the silicon nelt
before the addititmrafsSid@dasienged iGlagimeaier than or equal to 1600C or

30 is rakse gqual to 1600C, preferably 1650 to 1800C,
nmore pre ergcbkfagr%%%}%e%%gga@. 6. Process according to any of C ains
1 to 5, 35 cHaraetlideized iaf thap tite addftrionpted tHéSsi | #romdbrieride is

interrupted @atnd east onaemipr eker abl ynduto Sotd ABSanfer @ peniod of - 17 -
1 mntob5 h(greferabl@y 1 mnto 2.5 h,nore preferably 5 to 60 mnutes. 7.
Process accot iTg 1 o EC°4iSm 6PT5TERaPAYt er Pzed™ R tha? "t He &dditi 6R%f Si O

is interrupteshafterl anpaddetbbbyt ilmmiof € 1100 mihe I dwous, dprefenabl y 0.1

mnto m re prefe | y. O. in_to 15 _m n _and. especial Ly preferably
1 nin tgglo PRLBSEN dUr & i%ﬁnlg?ﬂél %'tPﬁ%feébeiymlnm 8 5°hZ pr 5 er abl y 1
mn to 2.5 momprergprefariably % t@ 60Lmm e es.

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

15 the addition of silicon monoxide is continued until the
total carbon content of the silicon melt is less than

or equal to 3 ppm.

9. Process according to any of Claims 1 to 8,
20 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,
25 to the melt, more preferably ammonium carbonate powder,
most preferably by adding ammonium carbonate powder to
the gilicon monoxide in a proportion by weight of 1% to
10% based on the mass of the mixture of silicon
monoxide and ammonium carbonate.
30
10. Process for producing silicon by reduction of SiQO;
with carbon,
characterized in that
the decarburization of the silicon melt is performed by

35 a process according to any of Claims 1 to 9.

11. Process according to Claim 10,

characterized in that



8. Process according to any of Clains 1 to 7, characterized in that 15 the
addition of silicon nonoxide is continued until the total carbon content of
the silicwo 2088958 | ess than or equal to 3 ppm PcTRPOTIOM3078€ COTr di Ng
to any of Claims 1 to 8, 20 characterized in that a bubble former is
supplied to the silicon nmelt, preferably by introducing a gas, nore
preferably a noble gas, nost preferably argon, or by supplying a
gas-form ng substance, preferably a gas-formng solid, 25 to the nelt, nore
pref erabl y armfonf tht €aF boAatte® lgdwder. 1 GRist O hr eFBEBPGUBY Cadditnd Camoni um
carbonat e powderot ohtibe-puliegn smnoxdle dibxader opedtdon nhyhweiughteyof 1%t o

10% based on_the nasg%pf the m xture of. silicon nnngfide and ammoni um
carbonate. 30 AU BrocEsd ¥Bt Ptoduti Fig 79T B B Fedutti B of Si02 with
carbon, characterized in that t he decarburization of the silicon nelt

i s perfokrned py o i 1 y., of ' 4 11

Process gCCgll’%)] nﬁ%%%i%ﬁoﬁﬁ%?daﬁ%elr%% ?f; %qal?ﬁﬁ 011-8atr?dt 1e’ silicon is
sol ar sili comnarasem goduct orhal | i con, and/or high-purity silicon dioxide
and/ or hi gh-ju i pyocashorcapdiabshighs papi by sidigonpongxhdeibs wsed. 512.
Process according to either of Cajns 10 and 11, characterized in that the
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