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A nmethod and a reactor for production of high-purity
silicon The present invention relates to a nethod and
weogwsprept for the production of solar grade (PEER02008/000097
purity) silicon netal fromreduction of silicon
tetrachloride (SiCU) by zinc netal in liquid state.
Hi gh purity silicon nmetal has nmany applications, of
whi ch sem conductor material for the electronic
i ndustry and photovoltaic cells for generation of
electricity fromlight are the nost inportant.
Presently, high purity silicon is commercially
produced by thermal deconposition of high purity
gaseous silicon conpounds. The nbst conmon processes
use either SiHCI 3 or SiH4. These gases are thermally
deconposed on hot high purity Si substrates to silicon
net al and gaseous by-products. The presently known
processes, in particular the thermal deconposition
steps, are very energy intensive and industria
production plants are | arge and expensive. Any new
process addressing these issues and at the sanme tine
being able to supply Si netal of sufficient purity is
therefore highly desirable. It has | ong been known
that reduction of high purlty Sicd4 with high purity
n t. d.. purity Si
A mefhod: S afd E. D. Lewi s,
The &Jels.enﬁ’[f m%‘r‘ﬁi&ﬂ relﬂéb'tb@ﬁ%tl@éd ahtil u@pméntJfor the productlon of solar
El ectrochem Soc. (1949, 96, p.359) describin
grade thigla parrityd silisonHpetal fom eediatiop i silicom tzﬁaﬁh@ﬂéﬁdﬁ@h) by zinc
ed gaseous Zn with gaseous SiCl4 at 9500C,
nuﬂahﬂﬁ%gkf%ﬁ fad high purity Si. Later, researchers at the
Batel | e Col unbus Laboratories conducted simlar tests,

High pHIERIIcaRets! HaF iy elogbans G FY SBrnAgetor Msterial for

the e%:cg'&mcﬁgdl‘i%ff&i@g/np (\)/éﬁﬁl% elg I'f%rgbe‘her%’(grf Sf% %I(e@f?l&t{)’lfrom light are
the rrmsmﬁpdndrﬁ) Preaemu;t high pmltyssmm |sm0mrmem1alznplt®ai$lcaﬂw thermal
descr n various..paten

decowgggl‘tlpg htgg P‘H8¥§§S?8\‘s ﬁl"gaﬁ EPVWUB t-ﬁh% h}q#ﬁgngpon |
procesisks €28 eMREALIHEY; HASHAY SThalseCdtyed! ik MBePRA dscontposd on hot

into a chanmber containing a l1quid Zn contai ni ng
high purity\8i sWhstrates 4o sdicsn reetat and gpseousiby-products.

The presently known processes, in particular the thermal decomposition steps, are
very energy intensive and industrial production plants are large and expensive. Any

new process addressing these issues and at the same time being able to supply Si

~ metal of sufficient purity is therefore highly desirable.

It has long been known that reduction of high purity SiCls with high purity Zn metal
has the potential to yield high purity Si metal. In 1949, D.W. Lyon, C.M. Olson and
E.D. Lewis, all of DuPont, published an article in J. Electrochem.Soc. (1949, 96,
p.359) describing the preparation of Hyper-Pure Silicon from Zn and SiCls. They
reacted gaseous Zn with gaseous SiCl, at 950°C, and obtained high purity Si. Later,

researchers at the Batelle Columbus Laboratories conducted similar tests, but at a
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on the surface of the alloy and deposits there as a
thin Si-film JP1 997-246853, "Manufacture of

whb@BApuevi ty silicon in closed cycle", descri bpsr/®02008/000097
process for product| on of high purity silicon. Liquid
or gaseous SiCl is reduced with_nolten Zn t '

muchgarges spaleaGaseeusiSigh@ngdrigseousia wagfed to eg'Hgii%fﬁedeeeé reactor,
wnerd SPRGI SVl i Gha 5 b ASoIeA e PR oROAE
Symp‘ob&mn Saviesi O1982), 7B(214), |pn1a4slé|53trlaedu¢tmmfzﬁ|9lm|rhelten Zn has

also keSaARRSTIERAgR VAHPLS REEHS (1 €2b 367 Arscebes attosss Br
prodlﬁtloﬁb?tﬁlﬁ ifin§ SF ¥ML&H rrieﬂalt A&y deRE8 Bi- co-ﬁlféinfhpts?ié&%é iSiled into a

a quality suitable for ‘use in solar ce
chambentortaining adigsid Zn cestamm@allmn Mepgaszos0Si-gpecies is reduced

o S PR M S SRR b
“Man@ﬂa@hﬁe\@fhni’gl‘zgu:g? s‘ilfé:oh@n Eﬁisbﬂd‘,yc%ﬂ ddéduribeBa pwcefss &ﬂ‘

fromZn a in the sane contalner as was
productjontoﬁblgg @arity ﬁé'@gﬁt kigHid ox gaseora JiGhlis rg@UQ%ismth mqiten Znto

ove il el TR, b AR gl e Sy e

and f@dlfc{ any eﬁédtﬂo%ﬁi& aatt wmfa@n and Ci, ﬁle(bhrédmcedh Tve Zhés Eiséd for the
1S eavlnhg the reactor as e.va our res
reductipn 2h Sikek 1 aiSeParals reneiAr MR he ghiarine [SJEsates gt H o give
I e f I
S e e gl e o
recycleid im tB&p@dcesss Thetobtaingd &i bag asqudlity duitable fier msegimtscziar cells.

A simygt bigsest i dpsarbendoEoRaho 0B 721 A sifknfEe hebumalt tis and
JP19§7 §|4685§)\r§ tHé@ tr@ﬁ{éltnﬂg @ffthé@ r@édlﬁﬁ@ frof fﬂe“re‘ﬂhbﬂorﬁ BASICI, with

yle din reval
Znis trqbe Innetited,: ﬂnddhdﬁelbiymlfled fm Zn@mt ganh@t@e@ra@cy rentainer as

was e o RIS R RS P S il et

not regUft€ANt i nvention represents a novel and vast
i mprovenent of a method and equi pnent for the
production of high purity silicon nmetal fromreduction

In all Bf t(%%: AP SR bBEKnBWnIRediddS'r? pRitetiB ofRigh pdrty silicon by
reduction of SiCls with Zn the ZnCl; is leaving the reactor as a gas. The vapour
pressure of Zn metal is also significant at the operating temperatures, and some Zn

will therefore follow the ZnCl,. Furthermore, since the reaction
SiCl; +2Zn = Si+ 2ZnCl,

is not completely shifted to the right at temperatures above the boiling point of ZnCls,
the off-gas from the reduction will also contain some SiCls. During cooling of the off-
gas, SiCl, will react with Zn yielding Si and ZnCl,. The prevailing equilibrium
conditions in the reactor therefore yield a ZnCl, condensate containing both Zn and

Si metal.
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state, as the reduction reaction as shown above is
conpletely shifted to the right. The nethod according

wo gooshmobnvention is effective and the equi pmertT/N®2008/000097
sinmple and cheap to build and operate. The nethod
according to the inventjon is characterized

h
In vieweafithe SOl iong &NPWETOT theriat ?Ecﬂ‘@oprﬁﬁ%tﬁé)ﬁ%a{ﬁg EREPSRNts a
noveli]asnd:%zisttri}ﬁpro ! %ﬁ@;l gﬁs d%égu gﬁheh@ drhﬁe'pﬁw ’lﬁlo‘hrbf high

chdaracrteri ze at ur |ned

purltyaéllimfmétail frdep esttietion of silicon tetradhdonide QBlCI4lbyazltrmb aetal in liquid
19 defi ne advant ageous enbodi nents of .t

state, 95 oA BPICRIGRSLON M8 SHIORGLAROES Gontin el aliEf o B right. The
methgft%gé eMhé?ﬂv%ﬁo?ﬁ@gﬁ%@n@gnd‘tﬂé‘eétﬂf)ﬁféﬁ'ﬂ ?@snhﬁalé Bﬂd cheap

ows a principal sketch
to buitccand opeeateor di ng to the present invention in cross
sectional side view Wth reference to Fig. 1 there is
shown a reactor 5 for reduction of SiCU by Zn

The rﬁé’ﬂﬁbﬁ'd@cagjlﬁ@?&pﬂ% iAvéntidiPRl chhradtefied bpthofaatiirdshes defined in
react or, iquid layer of Si above the liquid Zn pool

the athached mdgeendﬁnta:laym durthes athe exnupmespaesording tgjthe jipvention

t he, r.ea L
s chiieier Ead blktee SERIHEFLA affined 5 e bCfiod itfspehiient claim 11
Clain® 2 LW shdZn2 potd ddfirtd atientagédusrembotiimeente at thoe |rfyent|on
SlCI4rraybefedasagasoraI|qU|dthatvv|II '

evaporate during feeding. Zn netal is added to the

In the f%ﬁ?‘;"ﬁ‘r& ?Aé E@seﬁ? ghhgﬁ‘ sHalPbe Aesllibel bY"g}aﬁlntbfitég(gWIE and with

exi stirng tenperatu
referereectbdhe aftachedibig. 4, miycfhalwrmsaa;prmm@é sketch raf mgregotat
reactltgn bet ween Si CI4 One, ar, several tubes,
accorgingtoi thg RjgsentilRyRIftion g cr%§s ?Feﬁ%'PPB‘ HI9¥EWns represent
possi bl e exanpl es of solutions to ensure effective
distribution of SiCl4 to the liquid Zn 1 at the bottom
With oifeteneerte &ig. dirthere ‘hehain ageattor Ador restuctiae of SiekibyrZn

conaf 5810 e oL oL 1B BSBE°3 160K 89548 Sabove

the nJmelz%dd{ andnflaPer bRy %u|t§me%aﬁt$o@tomomhét$ir m m‘e Bactor,
n, which can be renoved either gﬁpunp

reduqt@amr&@bltalye%glagemmuhj)llag Siehiag tube.daneg of tﬂe like 4 through

o 2 BAP L3 T3 LS SRRV BREH S8 o i

that will evaporate during feeding. Zn metal is added to the reactor either as a liquid
or a solid, which in turn will melt due to the existing temperature in the reactor. The
tube 4 may have any shape ensuring good reaction between SiCls and Zn. One or
several tubes, spinning gas dispersers, or manifold designs represent possible
examples of solutions to ensure effective distribution of SiCls to the liquid Zn 1 at the
bottom of the reactor 5. The Si resulting from the reaction between Zn and SiCl, is
during the process collected as a layer 2 between the molten salt 3 and the Zn.
Typically, the Si layer consists of a mixture of Si and Zn, which can be removed
either by pumping or mechanically by grabbing at regular intervals or continuously.
The other product from the reaction between SiCls and Zn, ZnCly, dissolves in the
molten salt 3 and thereby enriches the molten salt during operation (the reduction
process). The molten salt thus enriched with ZnCl; can be removed by pumping,

grabbing or by flow through suitable channels or tubes. To replace the removed salt,
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nolten salt 3 and thereby enriches the nolten salt

during operation (the reduction process). The nolten
woaos/12ddus enriched with ZnCl 2 can be renpved Byr/N0O2008/000097

punpi ng, grabbing or by flaw through suitable channels

or tubes. To replace _the renpved, salt,nolten s

t .
moltepgait:santaigingdess oF nadnelomayde addeditpthe; r@apm%yéwwg.
ugh suitabl e
pourifly P HTEREkn- AR LHRE ohdnddi€ ¥ iR DT DTt e
i nvention represent a vast inprovenent of the
previ ousl ngno met hods i n thaE t he, reducti on

As St?’@&cﬁhodﬁ PEeRRNt R ENfIoBHPRIESENt B V?ﬁE'”FW&H?“‘&Pt phipe
prew&f‘s%kh dﬁﬁbés n ﬁ%‘ﬂthe @dutt@@'ﬂ@@uon@'c‘brﬁ;ﬂetely shifted to the
acconpl | she erformng the reduction in contact

right off th reactirt §1Cba1 2Zabk i t@ZNGis dihie is acconeplished hy@erforming

the refBHEN (T EONBALMER GmPLYR PRb AL EUCL Lo e REERLZ ik The

moltehh\%tq’fé%r £ I @derfdity tRén tHe mhbgeh iZivHerthe TBEuEtivd Raction is

rel eased during the reduction will float or_boil to

taking nllaceqmdomlltthe;e;ﬁ@nedloaknert@p iof the liquidiZss dheeZnGl2 fejgased during
T e B

moltelnssaﬁtbﬁ\tﬁeltém éﬂithﬂe’tﬁf theiZmClj ks beldw thé serraal imettimggsoint it will
I n elther case, the ZnCl 2 wil | ﬁsolvelnt

float, nmelr@aﬁ i f1is aboye thebeiing et iyl riseras HiLoRles (hell); 'nqurh&f
case Sth?tfrglavgle diss 5198 |ﬂf%3fﬁ?)§éﬁ saft. Te ZREWNKEFBH Rﬁnzﬂﬁé & the

renal ns even at tenperatures above
I|qU|dlsﬁsterrathmlthmwam}atmams kridven froht the pridriarblZnCls ramaigs liquid

even 3hrRaIatygS 2DRUS dRaREMS Aoiitg poftelhe FaliEnoRalss Sarves to
creatd Iaeod'fﬁ{alt S@W\%@ntthb%r%@é&f Qpéﬁt’d fHel Qirrélenrdmd§ fosphere, thereby

typically consisting of |1 chiorides, alkali earth
preventing raxcttasnpno?rha o lferusadt rsrpeef@oablyrh@nd@ohaﬁado tymiegllymensisting

o aBEFLBIEBS, ARSF SRS SkaCh Wkt ELEEL 6 s v e

perfoffh&d 8babhbiovd and Bblethe! Mgnize b@ﬁﬂngﬁéh{peﬂﬂuﬁél of ZﬁClzl ngever
poi nt of Zn. The nolten salt ma% e the sape as th
8

the tamperatuse shouidepreiepblydiedetweepd ngfmahmeltingrand gq)lhng point of
Zn. Tﬁé:ﬁﬁﬁlﬂﬁ o%élfmtag?)e; t{fw@csta%? H§¥haﬂ%sreﬁr$}’. hté?aﬁrﬁlectrolg% of

regu intervals en s

ZnCIL£ thé@lrprﬁcuéételnuhedaaﬁdr Arayl b ramoverd eithenvahtiauibbsly or at
continuous|y or at regular interv necessar

regulgigintensalgc Ehe rolias satt-caaining tthe produceA EnC 2 can be remdved
either continuously or at regular intervals. It is necessary to replace the molten salt

that is removed from the reactor. This can be done either continuously or at regular

intervals

As to the design and construction of the reactor 5, several material choices can be
made. Since the purpose of the invention is to produce high purity silicon, materials
that do not generate too high contamination of the Si must be used. The reactor can
be lined with suitable brickwork, e.g. alumina based, silica based, carbon materials,
silicon nitride based, silicon carbide based, aluminium nitride based, or combinations

of these. It is preferred that the materials in direct contact with the molten salt or the
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that is renmoved fromthe reactor. This can be done

ei ther continuously or at regular intervals As to the
waolemsgmoand construction of the reactor 5, sevECBN02008/000097

materi al choices can be made. Since the purpose of the

invention is to pr.oduce, hi li ,
metakwgtsﬂtrmhﬁse@eh@fﬂhéj tsa@Ohgfuﬁﬂgglﬁ S'ﬁaﬁh' nqsfcqﬁé %4'0"5 of
nté%ﬁé* actor can be lined with suitabl
thes% vvor , ets%.ngfgue% na based, silica based, glar gone
gaterials, silicon nitride based silicon carblde
sed, a mnlu ride ti f
Evendhageh npt SHRwL TG 1 ot Tyl B 0 SR SR pneray) t
the r%ééfﬁ@?huw ﬁéhthpebd%é 8Bc&AplisHd tS)hSFéEFn@' thalr@aétok irf 8% uitable

i ca [icon nitride, silicon carbide,
furnace. lodutliomheating offthemeslten Znivalsorpppsiie asos resistance heating

by passeg Berhcay pusR s o i (e Cactor: Thus,

heati ng can be acconplished by placing the reactor in
a suitable furnace. |nduction heatlgg of the nplten

The reactigns §iGlo @i HrZe (1) s24rCldst Silghisesiighblly exgthaimiatd 3%‘ /mol at

800° (?ééjé{rl @Lthéﬁ&?tﬁét[ogy'ﬂlé %}rﬁ?‘%tdﬁ%}% %eﬁ?ag vgll_;iﬁclar'sefore
incre&de. ghthkeyreaxtor icoperatdd Itﬂﬁhtkﬂ hmade, de Bﬂﬁﬂﬁ)aiurBUnCnegselmn be
reduction, the tenperat u |g£}\é%{1e molten s

contrelest BY BieamaURLaLBoNer Salhé Qihe amgigt 6 tpacted. The

I
31,5 e H3GgHETES S FG1AHRG o0 SOCHE e s
by a ﬁnldkmmo&amsatl orleysaddangémemsaltnkyeml boaolinghiby ecgm:ons (not

s 38 i P sHEEA BRAE D R TRIE IR ARy, pdyeors
oper£t€@lid AEoR¥nBos mode! mét%ﬂﬁpeﬁbﬁn\t‘@ chf bel rﬁamléméd'byyadlﬂn@
suitable cooling mediumis al so possible. If

sufficiesdlytoold moltepsalit evby addingansuffioient fraefipn of ﬂﬁ@zen salt.
tenperature can be maintai ned by adding sufficiently
cold nolten salt, or by adding a sufficient fraction

The rabltéri 83l fypicl coRtingehlosides abt:h b;mICIaINaCI(amitIQChbut also
chlorides such as LiCl, NaCl an dut al so al k

alkaligarthrchionidgs siah %@Qﬁ%ar@eﬂ@raﬂ@"cﬁfﬂfm es ¢aQ be lis6d. Fluoride
d
salts ggﬁ% dé.o l?% gﬁ?@dﬁpbg} AL eerE#lHQrdf e ?ddcﬁoﬁ %ﬁn%ﬁ nge r? the

of the reduction can r rom
meltitdpoint of Zn (420°C) to the normal boiling point of Zn (907°C).

The Zn metal can be regenerated by electrolysing (neither not shown) the ZnCl; in
the molten salt, preferably by direct electrolysis of the molten salt. The molten salt
from the reactor is then used as feed for the electrolysis cell(s). Electrolyte from the
electrolysis cell(s) may be used to replace the molten salt in the reactor. In this case,
a molten salt enriched with ZnCl; is fed to the electrolysis cell where ZnCl; is
electrolysed to Zn metal and chlorine gas, thereby lowering the concentration of
ZnCl, in the molten salt, which is returned to the reactor. The Zn may also be added
to the reactor, while the chlorine can be used for other purposes, e.g. for production
of SiCls. The equipment may be designed such that the molten salt may flow
between the reactor and the electrolysis cell in suitable tubes or channels (not

shown). If required, the molten salt can be cooled or heated during transport from the
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melting point of Zn (4200C) to the normal boiling

poi nt of Zn (9070C). The Zn netal can be regenerated
whwoeiimeea ol ysi ng (neither not shown) the ZnClECI/NO2008/000097

nolten salt, preferably by «irect electrolysis of the

nmolten salt. The nolten salt fromthe reactor js ?ien
reacterdedhe elaciotysisoeel, Wé\dé{"é%t’?ré?)ﬂ@?% It SHp "% \ébler“ {sdo be
reger&eﬁ%ggotfemat&? F%I? elettic e}gr e!)f(fr}Cl“Bt]}‘l Qér?[qn\t/&tf&ﬂhé’scﬁjrther

ten sa actor Rre case,
advargta és eompahsditothelprion@r2 Fuse Zelie vbh;e hggr@scopllcybasa h|gh

ce where ZnCl 2 is el ec ed net al, and
vapouTaTBRIHE APITIOR iSCEByY MoenTHEEH Rlate.die &ht Pie diang the salt
rgtessiire dritkv
contaﬁﬂ%%nbﬂz %_rh%t %Mﬂ@{?réf&&g% ‘gygd‘%&gg@\t/%;ﬁ‘(%%remr Ssd an iscosity in
the mVM'IEIh etatda eHandlng ofaheaara|tm@ntmemngmCImtmt«b\er@gqu@@@gr than
%\@r oduction of SiCl4. The equi prent nmay be
hand'Hle‘P‘éfﬁ #ch that the nolten salt may flow between

the reactor and the electrolysis cell in suitable

Operétmfeéf tAE reASBN R @tierdstraditiymvard. fBaforp ihedfitst stlaa-umntt ign
salt can be cool ed _or heated during transport fro

necessaey ttaddmalientand En aretabloythe seadpr to WieceRiied louplsaThen SiCls
is adc%gqe :ﬁg% Cﬂ?lledﬁ an %%&ﬂé&ﬂ@v&% &eccfrﬁﬁnﬁaﬁél?t RS Mportant to

yS| S he presen _
ensur‘eﬁhéﬂﬂh@hdﬂg&oﬁwﬁtl‘&tronad\tmhacgtem sattngeescnbtt getttbe hpg‘h as this

may Ippeia aHeSSHE FGh SYABETAION I 3 BRIRD WonE peselidy thETts the
amou.:l'iﬁ‘ of gfd] Ldgéq ﬁef&r@ En i sAOMUSE Findved) Fihe élﬁcd?%e‘t’éi Yoduced

roscoprc, has a | ow vapour pressure and viscosity
is remcwethﬁ regliaeinteivalse Thedevéls of thef St aled sultencssit inithe reactor

is therefore e S|er than h n
deteriging thel BB G bERasn SLeRival ierd wikbe spiig 7n and
molteﬁesfaﬂrr@nfd%df\hlﬂ'ﬂhe%ﬁ'The§@ coh&htbént@%ﬁﬁb&afél@bﬁﬂﬂe recovered

ten and Zn netal to the reactor to the desired

by e.g. edxstil@tlorrlo)é thesBTIBoth Znaantbanolten sallicompanenits areomueh more
h- wi td
wlat g TS AT B A PHEE b BB 8 cdftor
Fromdpes t&ﬂheQﬂhéW@e hiegbssary té bild omembeadnt anderoitesisatt from the
ZnCl 2 evaporation. In_a batch node operagtion, this
reactpr 91 aosoLNbIoAIRRHES QSTOUBAD Slckich Hatesials. AsAlldimest ghould be
ensun{%&h?f SWeCfHTatJﬁhqs ﬁ%xké ?I?é‘sﬁ?ﬁ&i@'g Bﬁﬁ%‘ig%oio‘scérﬂ ﬁéhdﬂ of the

ar i1ntervals e levels and nD
Si pretiicedi n the reactor
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deternine the maximumti ne between Si renopvals. There
will be sone Zn and nolten salt renobved with the Si.

wd bmsamenst i t uents shoul d preferably be recovecesobys000097

e.g. distillation of the Siz Both Zn and nolten salt
conponents are nmuch nore volatile than Si. The
recovered nolten salt and éli] .can be returned to the
reactor. Fromtine to ting, ?'f“?my be necessary to add

b BB BB S R BB B sven &)

ahlethlifioih redustipubidilRonaerHERerid8 #8iGHdgdzinehedtab(Zn) in liquid
have the sufficient purity to avoid contam nation of

t ftatsin pl’f@@m@étﬁ)d ains 1. A nethod for batch w se or

cqnt of high purity silicon (Si)

n§?1a+P%é(;ﬁ? g uf?l @%f silicon tetrachloride (SiCl4)

bmeZZn(tedlt@dt@h del(i:I4ltakés plaicd irs thed redctora(5) eantaiming S, addition
uction of

SFQ)SHa'T‘%IZ@sa WOJi@@ S?H W@Q@agwlvﬁ)'”ﬁﬁ§ﬁ ning, in

addition to Si and Zn a nolten salt and ZnCl 2

di ssolved in the salt. 2. A nmethod according to claim

2.1Aanéthmdraccordingdoclaimsl e d in that SiCl4 is fed in a

conti nuous or sem ? ti nuous manner as a gas or as a

IF(ﬁ\,ﬁ‘Ba%eA'ﬁ@t%dB cording to claims 1 and 2 ¢ h a
I SRCIG id fed ih d contuBub Br sBAfi-cahfitlidss f'ﬂ%ﬂnbpai‘) laegés Gtagla liquid.

Zn through one or several |ances. 4. A nethod
accordlng toclaimtes 1 and 2 c har acteri sed

Aoy deoraihd e BEIhS T2, IS 7D Lo aiee T
Cbatimalcﬁ@mgecdhnahat acteri sedin that

SiCl, is fed to the liquid Zn through one or several lances.

. A method according to claims 1 and 2

characterised inthat
SiCl, is fed to the liquid Zn through a spinning gas disperser.

. A method according to claims 1 and 2

characterised inthat
SiCl, is fed to the liquid Zn through a manifold with several gas exit holes.

. A method according to claims 1-5

characterised inthat

the produced Si is removed by means of pumping.

. A method according to claims 1-5

characterised inthat

the produced Si is removed mechanically by means of grabbing.
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SiCl4 is fed to the liquid Zn through a manifold wth
several gas exit holes. 6 . A nethod according to
web@sn®9d+5 c h ar act er i s e din that pdEN02008/000097
produced Si is renoved by neans of punping. 7. A
nmet hod according to claing -5 c har acteri s e
8.0 A methosk agaesdipgda #aAMSH-7i s renmoved nechanical |y by
rrgq,pgr%fc gé‘?l?gien@'iﬁ'thﬁt nmet hod according to clains 1-7
characteri sedinthat the operating
t tnpeperating tempeedtdrebisthate: betweaemibleteling rathdnaomil boiling
boi | i nﬂ Eoi nt of Zn 9. A nethod according to clains
1P8MtORZE r a ct er i sedin that the nolten salt
conprises any of the alkali halides, any of the al kali
earth halides, or a m xture thereof 10.A nethod
9.aécvethadppccordingitoelaimg ©8h ar act er i s edin

that the lten salt, containing the ZnCl 2 produced by
tﬁi‘?é@&?&&hsree‘ic'f‘iﬂaﬂt is used as feed to a nolten

S@id mpIteAtsar! comprises! dnyt 6F the aeasirailides heny/of thietzlkali earth
11. Equi prent for batch w se or continuous production
ohalides op@rmigureitheeast (Si) metal from reduction of
silicon tetrachloride (SiCl4) by zinc netal in a
reactor char acter i sedinthat the Zn

10.2dmethoanacdordingltd claikss!-pl ace in the reactor
containing in addition to Si and Zn a nolten salt and
zfA2r@icEerie® 9 indhat salt 12. Equi pment according to

Chidl Mokdn sGittdAtdinfgthe ZnCl, prodiuBed bythé féduction reaction is

used as feed to a molten salt electrolysis cell to regenerate the Zn metal.

11.Equipment for batch wise or continuous production of high purity silicon (Si)
metal from reduction of silicon tetrachloride (SiCls) by zinc metal in a reactor
characterised inthat
the Zn reduction of SiCl, takes place in the reactor containing in addition to Si

and Zn a molten salt and ZnCl, dissolved in the salt

12. Equipment according to claim 11,
characterised inthat
the material in the reactor's and/or electrolyser's lining contains more than
50% SiO, .

13.Equipment according to claim 11,
characterised inthat
the material in the reactor's and/or electrolyser's lining contains more than 5%

silicon nitride.

14 Equipment according to claims 11,
characterised inthat

the material in the reactor's and/or electrolyser's lining contains more than 5%
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the material in the reactor's and/or electrolyser's
lining contains nore than 50% Si @2 . 13. Equi pnent

wazegnthag to claiml1ll, c har act er i s EHNONG000097

that the material in the regactor's and/ or

el ectrolyser's lining contains nore than 5% silicon
nisilicp@earide. Equi prent according to claims 11, ¢ h ar
acteri sedinthat the material in the

react or's and/or electrolyser's |lining contains nore
1% IEjuiktent acuordingtdictm 1115 Equi pment according to
claim1l, Ch ar, a t 'sedinthatthe

r &aBtoh 2 § t&ndiof de'rb&a,t ol yser s lining contains nore

t *ﬂﬁé‘ réa{e{&f éQHa/Bk 8|e'6%%bﬁ£ Pnﬂﬂ@ colﬁ?éihﬁ”ﬂ%}% tASH @%i PR HitR

In that th
feleatengl devi ce for the SlCI4 S rrade of a graphltlc
material. 17. Equi pment according to claiml1l, ¢c har
acteri sedinthat the feeding device for the

1§iEqLﬁpménna&%r&tho%|athﬂ1 based material 18. Equi pnent
according to claiml1ll, char acteri sedin

t lech atrleec t ed¢disrgddidvthae for the SiCl4 is made of a

R S8 SRR EB e Py TR peic o 1

feeding device for the SiCl4 is nade of a silicon

car bi de based nateri al
17. Equipment according to claim 11,

characterised inthat
the feeding device for the SiCls is made of a silica based material

18. Equipment according to claim 11,
characterised inthat

the feeding device for the SiCl, is made of a silicon nitride based material

19. Equipment according to claim 11,
characterised inthat

the feeding device for the SiCl, is made of a silicon carbide based material



