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A nmethod and a reactor for production of high-purity
silicon The present invention relates to a nethod and
weowspewps for the production of high purity sPCT/NOR008/000106
nmetal fromreduction of silicon tetrachloride (SiCl4)
by zinc nmetal in the liquid state. High purity silicon
nmetal has many applications, of which sem conduct or
material for the electronic industry and photovoltaic
cells for generation of electricity fromlight are the
nost inportant. Presently, high purity silicon is
comercially produced by thermal deconposition of high
purity gaseous silicon conpounds. The nbst conmmon
processes use either SiHCI3 or SiH4. These gases are
thermal |y deconposed on hot high purity Si substrates
to silicon netal and gaseous by-products. The present
processes, in particular the thernal deconposition
steps, are very energy intensive and industria
production plants are | arge and expensive. Any new
process addressing these issues and at the sane tine
being able to supply Si netal of sufficient purity is
therefore highly desirable.lt has | ong been known that
reduction of high purity SiCl4 with high purity Zn
nmetal has the potential to yield high purity Si netal.
In 1949, D.W Lyon, CM dson 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 fromZn and SiCl4. They reacted
gaseous Zn with gaseous SiCl4 at 9500C, and obtai ned
high purity Si. Later researchers at the Batelle
Col unbus Laboratorles conducted simlar tests, but at
? ' ,sqﬁﬁﬁpus Zn was
0 granul es were
The pfresa'ﬁdn(/smimrereg]atel tA a Bmth@d andr&qu\pmeB’r torthagrodudiicm of high

s QG HE F BB A Dk z et

liq uiddesier i bed in various patents. US 4,225,367 describes a
process for

High purity silicon metal has many applications, of which semiconductor material for
the electronic industry and photovoltaic cells for generation of electricity from light are
the most important. Presently, high purity silicon is commercially produced by thermal
decomposition of high purity gaseous silicon compounds. The most common
processes use either SiHCI; or SiH4. These gases are thermally decomposed on hot

high purity Si substrates to silicon metal and gaseous by-products.

The present 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.
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production of thin filnms of silicon netal. A gaseous
Si-containing species is led into a chanber contai ni ng
wW@2008020985 Zn contai ning all oy. The gaseous Si -BEEND28/000106

is reduced on the surface of the alloy and deposits
there as a thin Si-film JP 1997-246853, "Manufacture
of high-purity silicon in closed cycle", describes a
process for production of high purity silicon. Liquid
or gaseous SiCl4 is reduced with nolten Zn to give

It hasﬂohg@eysstlaiontbaSrechmdommthlgh mwdym with blebamttsean metal

the Si di st I I t
nas tas Pptanet & visidhel erotPEmplad0ciso. T ByeneElegdsrand
E.D. E is' sﬂIBFbu%nppr@nQIéd BA aanaémauaE%ctr@aﬁémrSoanm 96,
e chlorine is treated with Hto give HCl, which is

p. 359I)$I©§ctllwnzHh@premrletlmobﬂvmrgPum Stiean&ogi ZngichSig. ey
t
reactg g85Sold o P Sl B30 chin g Mo 1. Later

resea¥EiBrsat ts Bagsiie Coludbserlidbetiatorie¥\CoRA0EEd Girhildritests, but ata
di fference between this and JP 1997-246853 is.tha

muchrfgrgarsgals: Gaseogs Siekand grpeousén was feditr-aiflyidiss bed Feactor,
wher$§?h]452"l\ﬂlé§1\gé%n el @ (98 o R s, UMt ﬁl‘PyBrIbWrIuI%‘%@IghE

n an &”'same contal ner as was
Sympogiurh [8erigs ( ¥ 82¢,d18(R116)) p. P04 d)S)ecRenucllenm Siels ém imweéten Zn has

in JP 1997-246853 is no f the
also bagsudesaber baanaut RIS ATS A ARae! BRSGHbe & RiRsS 9T
prodq%tlbh%?%lmﬁlrﬁ?%'f‘%ﬂlbé?ﬁ ndtalSIA é’sé@n.fs@@brﬁilﬁmé@e%néssls led into a
aving the reactor as a gas. Ihe vapour pressure of
chamBer gentaining adiqsi Zin gnnfaumagtallay Th@gawla Shgoemes is reduced

on the SUTS6S ph e aliing G8F0ss thhte e AShR i il Jf' BY7,28853,

“Mant¥acturé e High- ﬁuﬂ?tsﬂrcgﬁnh Rl Gt @é%dribe%@pfdc@bé fat
f enper at ures above the boiling point Of ZnCl2, the

produstibn gdsigh purity isdicoadliguidoer gaseous S6luds fedusedswith molten Zn to

f I

aive QNGRS HRELAG RS THe AR, ® SBpten o thE'Si o ifilation
and f&dito b it Jnmru@utwm Zrmahd€ly arcprodutber EieZa iy used for the

a ZnCl 2 condensat e cont ai ni n(r31 both Zn and
reduction of SiCls in a separate reactor, while the chlorine Is treated with H to give
HCI, which is used to chlorinate metallurgical grade Si. Both Zn and Cl are thus
recycled in the process. The obtained Si had a quality suitable for use in solar cells.
A similar process is described in WO 2006/100114. A difference between this and JP
1997-246853 is that the melting of the Si resulting from the reduction of SiCls with Zn
is to be melted, and thereby purified from Zn and ZnCly, in the same container as
was used for the SiCl, reduction. A closed cycle as described in JP 1997-246853 is

not required.

In all of the above-described methods for production of high purity 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

SiCly +2Zn =Si+2ZnCl;
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Si nmetal. This conplicates the recycling of the ZnCl 2

by el ectrolysis. Furthernore, handling of both Iiquid
warwssiddl Zn and ZnCl 2 is required. In view oPCT/NO2008/000106

solutions known fromthe prior art, the present

I nvention represents a novel and vast inprovenent of a

nmet hod and equi pnent for the production of solar grade

is not(é?in%]eﬁl&g igt)edstb k& ﬂ?hf’ﬁttéhﬁéé{més‘fﬁ’b@é #r t%mﬁg% bbm@af ZnCl,,

trac y2|nc metal in
the oﬁ@aslfmm @mjmdtmhlonwﬁalmcaﬁalsiﬁ@me §t§é|veDUBn@ @ﬁ@lmg @ﬁ the off-

gas, S e With A8 RRESI A GG . 10 el gpis ERuTBum

condﬂhBH@IH ih%”re'aétcﬁfﬂﬁ@r‘é\‘drtéﬁylélﬂ% e, egHdensate doﬁteﬁhh@bbtl&[zdl and
chea ui and operate. The nethod accordin

Si mataleTgmmmpuﬁate% thenegcyeling @fztéa Zncly Ry elecdiolysis Egﬂher more,

. et e e L

characterized by the features as defi ned |n the
attached i ndependent claim1l. Cains 2 - and

In viengofbeiseiutiansamongeisom tamsar aenthe Eﬂes?ﬂte'"vﬁ%?ﬂ recmesents a
noveldé}mscrfsb t&)@nﬁ'&nt REmBE ol d é lewgrﬁ%ﬁhéldro@@ctlon of solar

exan‘p es an ere: Fig. shows
gradd {mghppurity) pmbon Mahﬁomgedﬂctwrr efsiicom @Itnachhnidy:s(&iCh) by zinc

metal TJigHid YAt R ROGCHoE8GuL 7 SRARMGARP VB & Roriglgely shifted
to thesnl(;@'y:tfa nk fHe R&hdIR &WEF\@I qQé n‘ilhﬁhlsed The method according

/electrolysér shown in Fig. 1, shown in a cross
to thesieuentioTais eftgstive and the gquipraentis sinple@andehgas to build and
a(iorrponents of the reactor/electrolyser shown in Fig.
OPer3f€. shown in one cross sectional side view Fig. 4 shows

The rhﬁmoardc%'erlﬁb t6 HEOPRERticn RfcHdigctefized by tieé Esdtumsysedefined in
shown in Fi
the attached mdeper?dent claim 1.

Further, the equipment according to the invention is characterized by the features as

defined in the attached independent claim 11.
Claims 2 — 10 and 12 — 19 define advantageous embodiments of the invention.

In the following, the present invention shall be described by examples and figures

where:
Fig. 1 shows the principal components of a reactor/electrolyser with three

compartments according to the present invention shown in a cross sectional

end view.

Fig. 2 shows the principal components of the reactor/electrolyser shown in Fig.

1, shown in a cross sectional top view,

Fig. 3 shows the principal components of the reactor/electrolyser shown in Fig.

1, shown in one cross sectional side view.
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1, shown in another cross sectional side view Fig. 5
shows a sinplified drawing of the material flowin the

w0 e@stzvdel ectrol yser It shoul d be under st ood RPEENORING/000106
invention is not limted totthe design shown in

Fi 1-4. The fi | q o
ef é;r:ﬂeg'??)’v% fhe P&ﬁﬁ?ﬁﬁ%ﬁggﬁ%&%&%ﬁ@eq{:ﬁ\'odyt@?eétsihgwn in Fig.
Wit ghGﬁF\‘?ﬁ %gSFhetr%rd:ést?c’fith? ifeivfe.n a cross sectional

vi éw shown reactor/el ectrolyser with an electrolysis
chanber 2 , one adjacent chanber 1, and a third

c r, 13 for reduction of  SiCl4 b he .Z r oduced
oy riestadiis pranp il draiing of Pemaal BRIAInEL of *the
SRBBctbparthblygbect rol yser in the level of the cathodes
with the sane nunerical references. Figure 3 shows a

cross section along walls 7 and 8, while Figure 4

sh a ' | . . ' .
s 5B PR S gt 1 e B U
Figurest1ba dpise fi%@r%@%ﬁé invérely. pregehfed terdxediptifythesinoentiomby oee

figures, the anodes 3 are inserted through the t'OR .
possibla eenfigwratian. Mith refeeansedeifug. biharers ih 3 Gpssysectional view

0 . 2 i
shonfCF 1 geRlolbs F h PleHad Sharser ) ond icechlEnamber 1.
and ?thmﬂdl @LdnytzMﬁxrlre@Udti@nﬁif@iCU by thepfn lp;jmhk;madctiydhe dlectrolysis.
. e side (neither_ not .t J d d

Figuretraghqwi adpp yiaw ef @erﬁasf@%)?%teﬁe'éﬁg@fa%ﬁ S RE! oy e
can s RIS LTSI ElrRBL)E R Y3881 ross sectonalong
wallsGoand Guwhile Gigureidt shdves a endsssedation alorg waldés In the Figures,

referdiRs BMOBIAS APNALAETS L AR Cangbbd cePEatiy Jr She

embddiREADSnEWRM tHesidirkS - thBidildes FhrGhs&dsd through the top being
configurations are also possible. In that case, onl

connettedrtomespesttise etentrie dupply conaeeliostial the tapdaot f@rubgr sxown),
el ke B AEofeh ropP i A et o
electfi€ 8upply kohhaetotiros thetsidel tneither not shown). It should be understood
that the opposite configuration is equally possible, as are configurations with only top
inserted electrodes, only side-inserted electrodes, or configurations with bottom-
inserted electrodes. For bottom or side inserted electrodes, proper cooling of the
electrode head is important to avoid electrolyte leakage from the cell. Bipolar
electrode configurations are also possible. In that case, only the mono polar
cathode(s) and anode(s) need to be inserted into the cell. Bipolar electrodes also
allow for inclination of the electrodes and inclination to nearly horizontal electrode
configuration is possible. When using inclined electrodes, chlorine is produced on the

electrode surface facing downwards, and Zn on the surface facing upwards.

As Zn is produced, it will, due to its higher density, initially as indicated by numeral 5
be collected on the bottom of the cell in chambers 1 and 2 and then flow through
holes 14 in a partition wall 15 down to the bottom of chamber 13. At the upper part of
chamber 2 an outlet 6 is provided to collect and evacuate the chlorine being

produced under the electrolysis of ZnCl,. Openings 9 at the top of the reactor/cell can
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configuration is possible. Wen using inclined

el ectrodes, chlorine is produced on the el ectrode
waoBaz®If aci ng downwards, and Zn on the surf aR€I/NAeI08H00106

upwards. As Zn is produced,5it will, due to its higher

e oo ok el S e L o e, s
mspe% G g H?eeael[ ﬁ%"\%%t f %QBFJ?QY{Sﬁ%%ﬂ tbg o@ﬂﬁ@Fédetn@ﬂ chahlber 13 is

down to At the upper part
mainlgfuseddobesmavaof pood eed6Sii 1, pubsaniadsa ke vsed é@tacﬁh@pn of Zn if

requn%\éggg?t é:}h g aﬁog%?gmgel Igcﬂ‘ dﬁléé)rdr%% rl# ngrem{l ﬁs%%ctl?ﬂ Reference

numeﬁ?l@"it Qﬁc{i %eérle |ﬁé§6§ﬁ1gi?§ﬁltlf>ﬁ ‘Watllﬁe(lnaé?@s& iseBticral V|ew) separatmg

ectrol yte conponents, renoval of electr olfy
the elentrpkysts chanober ronethie. middieghrambgr Lowhile (g g@ncemqwal 15

th duct h
snow g DRy SERPA e R b PR SR PR Rber. e
purpdiﬁ‘e dfithe imitaRUEHRAberas i@l dnsate Qriq:drldrﬁumtloheif@mvdyte in the
ot her materials and inspection. Reference nungra

electrofysischambendi the ph@rlparbvbble@rfemsreé qn thecgnpde Wierdate an

oo Y SBE A Ent i, ShGSIS Ehtots haBRERG 1
betwsdrothe pdrtitivalalls Fparichsiatigws lier aidddinevart dlotaeof dlectnolytesn
Si Cl 4 reducti on chanber. The IHgose of the

chambes Bbthereby sraalingrsaife i3 igyept elertralyig PGy Wall 86 indicated
by th% ﬁf@w %ed(%\‘j%t)@gtsg ?g?ﬁ@%@é&y frin€ E@ﬁ@ﬁﬁaﬁce bhehe ZnCl,

on the node w | create an
electropysis. dn ichambet 18|, esdtuctiby of Sty takes plaee @ndu@blla@@l@héhrough

e 15 5 5 L W 5 5t S0l e

feedlﬁgaLrTHt? i Zn MdtaINigbys sttt Abhdved ebitdrind @arhbéi ®through the holes
ectrolyte around wall 7 as indicated b% the arrow.
e

14 in Swalithe 16 laowt is therebysontipunusly supnlied franbe elariolysis ehamber 1

o R SRS 35 510 5 R g T el oy e

any slh%Fb ensufth§ daxidund fedctitn d2twe &R SiCl; aad| 2 e bhagveral tubes,
evaporate durin feed| ng. Liquid Zn petal is, %i
4

spinningagasi dispeTasTs coft AN a%mérfem@%q'i'me@ﬁblq@‘%w%
solutpﬁgﬁ?;h%u%eec ed E dl&ﬂf)é]‘tﬁdrﬂn‘gfé?ﬁ%nlto' RE9iRIY ZR Yorit tRE bottom of

ol'ysi's cha
chamber 13. The Si resulting from the reaction between Zn and SiCl, is during the

process collected as a layer 21 between the electrolyte 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 products
from the reaction between SiCl; and Zn, ZnCl,, dissolves in the electrolyte and is
transported by circulation to chamber 1 through the holes 16. From chamber 1 the
ZnCl, will flow with the electrolyte to chamber 2 where electrolysis of the ZnCl; to Zn

and ClI, takes place.

Figure 3 shows a side view section through partition walls 7 and 8 with the same
numerical references as Figs. 1 and 2. By sufficient immersion of the partition wall 8,
separation of the atmosphere in chamber 2 is achieved. The electrolysis chamber

then contains mainly chlorine, while the adjacent chambers contains mainly air or a



10

15

20

25

30

to the reduction chanber 13. SiCl4 is added through

tube 12. The tube 12 may have any shape ensuring
WOoreoosienys eacti on between Si Cl4 and Zn. One orPGENOR@IB/000106

tubes, spinning gas dispersers, or nanlfold desi gns

sutalySReR 805, TS PRl Sl D ito st e YehBAR GO Sipngr he
electiof\e '?IBWlﬁHicﬁfeoCWﬂ%eérréﬁ in Fitg 15|THéQ£elIU)<§|iyft9‘ the @edtiyte can be

reaction between Zn and SiCl4 is during the process
controligd by adjiistrsent ¢fatperga@ betweendbe watle 7cand8r and/oethmaap

venubfiP e unl LR B P SHE YA e O 3 s

numeAlsMECARN H 8 ahdirateysuppaktpilgrsdor theg pr anﬂtleweabartmron walls.
conti nuously. The other products fromthe reaction

between Si Cl and Zn, ZnCl 2, di ssol ves in the

Figurg érjjoéﬁé %tc‘f%rou qﬁptth %E‘ifganbﬁ ﬁ?%rﬁ%ﬁé?ﬂ?ém and 13.

HoIeiP@ano‘d fldw Oﬂ\?lslct]rblyteh betwemrt crdrgberst bandd8hand holdset4 enable
electrolysis of the ZnCl2 to Zn and O 2 takes place.
Zn toffjoy betwsenthasame chambesiv section t hrough partition
walls 7 and 8 with the same nunerical references as
Figs. 1 and 2 . By sufficient inmmersion of the
Figurpdr shawsschaxhaticlly sepracess sheeff oftthe method @neo@img]to the
s, achieved. The el Fctr

. h
invenBgf &5 e ARPYE LR Bieorly TYBNFoN [SRroSeLA agt eshgagnt of the

previG®N Rh&wn '?ﬁétﬂsz M fhé?ﬁhé‘ﬁéﬂdcﬂbh@eéétﬁﬂ |s%ﬁ1plé'ié$j shifted to the
partition wall 7 will assist the generation of

right ef theukactiam So@hﬁh’ézm 28 raddn(dz.fwheieby dhe haedling ot A& and
2tk b Bef] Tyt KRB bl pObal g BN of A5 ane

reductidhl &F SICRNA aSomiieiéar sittagigpud prowees i thee minb ehulmﬂent as is
the bottomof the cell. Wth reference to

illustratadeindhe & ig mSigl:geactswith Haid & mgtal “éh%%\‘ g' and Zacd is
prod%q%@mgnélzqg RS furStcLiR ‘r(]@c! ooﬁ‘{et%léiztﬁ g@lplaﬂ" %ﬁﬁs lér\%g er)‘}'nent and is

Cross sectio I‘OU

confo¢||‘medtter2rﬂmétul whiich isltnksm lrfe botb:brhe)fﬂlhemeldnénéICH@WlhmI'ySsmtably is
bet ween ch mbers. 1 an d hol es 14 enabl e on to, . ,
colleqtpg\ﬁng&qﬁg pyfied;: E‘h gﬁg gr instance In a process for producing Si

Cls (not shown in Fig. 5). In such a reactor/electrolyser, ZnCl; is electrolysed to Zn
and Cl,. The chlorine is leaving the reactor/electrolyser as a gas, while the molten Zn
metal sinks to the bottom. By a proper design of the reactor/electrolyser, SiCl4 can be
added directly to the Zn pool inside the reactor/electrolyser where it is reduced to Si
metal. The ZnCl, produced during the reduction will dissolve in the electrolyte and is
available for electrolysis. The Si produced in the reactor/electrolyser is removed
either continuously or at regular intervals. The chlorine leaving the
reactor/electrolyser can e.g. be used for production of SiCls by direct chlorination of
impure silicon metal, direct carbochlorination of silica, or for synthesis of HCI that can

also be used for chlorination of impure silicon metal.

In the combined reactor/electrolyser, 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 anode may preferably
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Figure 5 shows schematically a process sheet of the

nmet hod according to the invention. As stated above the
wW@e@sae9d nventi on represent a vast i nprovenmentCHNORINS/000106

previously known methods i that the reduction

SR A TP T
remstgﬁeg IahP gts%\gzga Xga\%l?dé &I?ﬂéﬁ “Tt%egathEHéfis bﬁso 2preferably a

i sh ucting e rolysis of
carbomerdatﬂrlad)rbmeoﬂ&rCélectromeallymdmduetive ma’temalarae@ lmgt pxeuded
in the sane equipnment, as is illustrated in the Fig.
5. SiCl4 reacts with liquid Zn netal whereby Si and

The réQ&b?/ele%trBryééH REEIF cAMBb nade front afectishelliné® withsitable
el ectrol ysi's part of the equipnent and is conforned to

bnck\mknetgmalumm@rbaaadk§lllt:@ baped earbemmatetials, silicon aiadebased,

h tabl
sicol oS pheb fub il TR AR o ORLANR e 300,
prefefré@thatitBamaterifisdn dirbct tontactoitiatiiecalettrolyts ectrrezinpm are
ZnCl 2 is electrolysed to Zn and 2. The chlorine.is

silicon baseed-a. sdicresibiedn NiNidR silivopcarbids. gr garabingtions of fese-

I

CorniIRH G0 B TPy e LRl  RopRplotler e tre
chambir ¢8).IThet sarhéenateripisohay alsiodee tded in a reactor without an

reactor/el ectrolyser where it is reduced to Si netal.
electrplysezncl 2 produced duri ng the reduction will dissolve

in the electrolyte and is available for electrolysis.

The Si produced in the reactor/electrolyser is renoved
The md:tMytecmmstl aundainl ZAnGly. Tate ZrGhishouldpreferably. berfree from

chl Ol‘l t eactor/ el ctro [
moistfik PR PO RSP SR Ry ERPalgRERaT BP efpirdoin
addltlbﬁrﬁ' fsepr‘é'féﬂaﬁlé"td'iﬁeabne g iRfé offirePidnidys todntreasefelectrical
ica, or for synthesis of HCl that can al so be used

conddativity, hnedupa 4he wiscosity, Mygrascepicity.orndriieayapqui pregsure of ZnCl,.

Typlc%ﬁcgﬁ:ﬂgp cggscgﬁ?mﬂnég gﬁ&éﬂ %Iré( IS_ N§8Y Sﬁ&lK(ﬁaBﬁ%@b alkali earth

ose of

chloridg¥ €0th @8 C&CH, @nﬂrdtﬁelcﬁkblli Glhloﬁdés; t5in Hel ussah Thealnﬂljg aI S
that do not generate too hi lg cont am nat.i 009 }1
conceniatiopecans@age fram afswaveiaht pereest Upty 58 W hed sdﬁmperature of

the eI?@erng cianQaﬂgg'chfm 4Se Ry &ift Bt2n (£209C tb SsHiMRY point.

Operation of the reactor/electrolyser is rather straightforward. Before the first start-up,
it is necessary to add electrolyte and Zn metal to the cell to the desired levels. The
electrolysis is preferably run continuously. The SiCls reduction can be run batch-wise
or continuously. It is, however, important to ensure a sufficiently stable ZnCl;
concentration in the electrolyte and Zn metal level in the reactor/electrolyser, and this
limits the time between SiCl, additions if run in a batch mode. The silicon metal
produced is removed at regular intervals. The levels of the Si and electrolyte in the
reactor/electrolyser determine the maximum time between Si removals. There will be
some Zn and electrolyte removed with the Si. These should preferably be recovered
by e.g. distillation of the Si. Both Zn and electrolyte components are much more
volatile than Si. The recovered electrolyte and Zn can be returned to the

reactor/electrolyser. From time to time, it may be necessary to add or remove Zn and



resistance and its low reactivity towards chlorine.
The cathode is also preferably a carbon nmaterial, but
w@eleen2mbect roni cal |y conductive nmateri al s ar ePEDNO2008/000106
excl uded. The reactor/elect&olyser itself can be made
froma steel shell qed with suitable bric rk, %E%Wh
electrglyiefriom H@s@@ctoﬂq'% Yaerdn 2CcaumiJRr I9SsEs PLPUICLPQ
mateftais! AESII Eﬁéqgsho%lh' %g)s‘iﬁé@ ki é@@%@%at@'nbl@ ﬁ‘é\ié’fihe sufficient
nitride based, or conbinations of these.
puritypoedvaid edntahdbatidreofithedSiipgbduded. di r ect cont act W th
the electrolyte or the netal are silicon based, i.e.
silica, silicon nitride, silicon carbide, or
conmbi nations of these. Carbon may al so be used where
high electrical conductivity is not a problem(e.gqg.
the chanber 13). The sane materials may al so be used
in a reactor without an electrolyser. The electrol yte
nmust contain ZnCl 2. The ZnCl 2 shoul d preferably be
free fromnoisture, oxides and hydroxi des, but sone
contam nations can be accepted. In addition, it is
preferable to use one or nore other chlorides to
i ncrease electrical conductivity, reduce the
viscosity, hygroscopicity, and the vapour pressure
O zZnCl . Typical chlorides that may be added are LiCl
NaCl and KClI, but also alkali earth chlorides such as
CaCl 2 and other alkali chlorides can be used. The
ZnCl 2 concentration can range froma few wei ght
percent up to 80 w4 The tenperature of the
el ectrolysis can range fromthe nelting point of Zn
(420 0C) to its boiling point. Operation of the
reactor/electrolyser is rather straightforward. Before
the first start-up, it is necessary to add electrolyte
and Zn nmetal to the cell to the desired | evels. The
electrolysis is preferably run continuously. The SiCl 4
reduction can be run batch-w se or continuously. It
i's, however, inportant to ensure a sufficiently stable
ZnCl 2 concentration in the electrolyte and Zn netal
| evel in the reactor/electrolyser, and this
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limts the time between SiCl4 additions if runin a
batch node. The silicon netal produced is renoved at

WO e@aliz0993 nt erval s. The levels of the Si and PCTI/NO2008/000106
el ectrolyte in the reactor/%®l ectrol yser determ ne the
maxi mumti me between Si renovals. There will be sone
Zn and el ectrolyte renoved w.th the Si. These shoul d
preferably be recovered bycg'ﬂ!s distillation of the

St SRR SR SRR g BRI B or

iR chRIride(SIC L, Pby Ricrmatil (Zh)ehdiquidadtggsr . Fromtine to
time, it may be necessary to add or renove Zn
caaiepecte bl ed findhatt he reactor/el ectrol yser to

C -
R ERPRcRh SRSER PR rpduforply 2B SRR 8 2461 take
ph@edn aheommbh| combinedeattior tadalecteblysis catiusig preferably a
the Si produced Clainms 1. A nethod for production of
mMAltgA sAltras slestirelyion (Si) metal fromreduction of

silicon tetrachloride (SiCl4) by zinc netal (Zn) in
liquid state, c har acter i sedinthat the Zn

. Arredthodi ascoodin@it@ictaimntd t he producti on of Zn by

of .ZnCl2 take place in a comon, conbi ned

| ectro] ysi
C&%E?B&%Eﬁjg&%dwm sis cell using preferably a

Si®, ifedsd!the HiguRll 2¢ i PleYdotnBined fea@bhand atstdiollisigcélbin a
claabml char acteri sedinthat SiCl4 is fed

continuys| arqgnai-cantindous Marmeh R eigaeatas A ligwd.
el ectrolysis cell in a continuous or sem -continuous
manner as a gas or as a liquid. 3. A nmethod accordi ng

. AtefHod aBcotdingdo 2laimB faarida ¢ t e r i s e d in that

SiCl4 is fed to the Iiquid Zn through one or several
clhemeastqriaengtiRd@taccording to clains 1 and 2

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

. A method according to-claims 1 and 2

characterised inthat
SiCls 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 from the cell by means of pumping..



characterisedinthat SiCl4 is fed to the
liquid Zn through a spinning gas disperser. 5 A
woreaoRazhdgtcording to clains 1 and 2 ¢ h a r a BCI/NO2008i000106
sedi nthat SiCl4 is fedoto the liquid Zn through a
mani fold with several gas exit holes. 6 . A nethod
according toclains 1-5c har acter i sedin
that the produced Si is renoved fromthe cell by means
of punping..7 . A nethod according to clains 1-5 ¢ h a
7. Armethod aecardingtoelaimis 5t hat t he produced Si is
noved, nechani, cal !h)é fromthe cell by neans of a

re
cdran@ aheaésicd. '8k net hod according to clainms 1-7 ¢

the BrdduRed Si i€rémbved MedhhRichptrofheaNsf ing@ns of a grabbing
tenperature |ies between the nelting and boiling point

deficgn 9 . A nethod according to clains 1-8 c har ac
t eri sedi nthat ZnCl2 is dissolved in the
nolten salt conprising any of the alkali halides, any

8. A0MetHil addordling@aicldimeal-rdes, or a mixture thereof.
10. A net hod according to clains 1-9 c har act er

cih ara @t @ riseendtintiat chi ori ne produced by the
o5 SRR Hpla e S oy S e S b
high purity silicon (Si) nmetal fromreduction of
9. Asrlnleltrfo%naccording to claims 1-8
characterised in that
ZnCl, is dissolved in the molten salt comprising any of the alkali halides, any of

the alkali earth halides, or a mixture thereof.

10.A method according to claims 1-9
characterised inthat
the chlorine produced by the electrolysis of ZnCl; is purified to be reused for the

production of SiCls.

11.Equipment for production of high purity silicon (Si) metal from reduction of silicon’
tetrachloride (SiCls) by zinc metal
characterised inthat
the Zn reduction of SiCls and the production of Zn by electrolysis of ZnCl; take
place in a common, combined reactor and electrolysis cell using a molten salt as

electrolyte.

12. Equipment according to claim 11
characterised inthat
the reactor and electrolysis cell are provided in a common housing which is
divided into two or more communicating compartments (13, 1, 2) by first or more
partition walls (15, 8, 7), where the electrolysis of ZnCl; by means of electrodes

(3, 4) is taking place in at least one compartment (1, 2) and the Zn reduction of
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tetrachloride (SiCl4) by zinc netal c har acter

i sedi nthat the Zn reduction of SiCl4 and the
weeednzwddn of Zn by el ectrolysis of ZnCl 2 t akeCNa2@8/000106

in a conmon, conbined reactior and el ectrol ysis cell

Sl SAkseJaE T paASt NG ofhes cpmpaitijent (1], HicBete 7 meta
le\'R/@tbem@eﬁ BRECERAMB Wﬁﬁs Eji 9§B ey%ﬁélz eRdtralfsts B e Elpfinbér/s (13)

onmon_housi ng nto two or nore
of: Srfrm redmitlongamb ybeRre ﬂmnelsc(rmlste gircutatesybetwesn the ahamper/s of

Zhtin senfonaa e Tos cBamBerdat SheS oo BT g afppphere
irgghgl &?a?ﬁb%wﬁ@@éfeﬁ:ﬁsﬂ%ls(taﬂe plate eﬁ@dsetdé@atéﬂ ffra e i on

Cl4 takes place in"at | east one other conpartnent
afmesphetadn iepther chambers by Hiasfitsé tpastition walldhahber /s (
1,2) of the ZnCl2 electrolysis to the chanmber/s (13)
of SiCl4 reduction, and where the electrolyte

13.Equ ;ﬁﬁ@ﬂt@@ohﬁhwa|aﬁM§ 1qbgmber/s of ZnCl 2 electrolysis
to the chanber of SiCl4 reduction, and where the

cirapphle &1 B¢ @ He tedfanber /s where el ectrol ysis take

o Y53 BRE Fb SREo PRS ) ) 5B

Equi pment according to claims 11-12 c har act er
i sedinthat the el ect{oly3|s is perforned by neans

14. EGF'%F‘*W&@P@'%"%WB%I dr1%l ectrodes. 14. Equi pnent
C%ﬁg?%%pg,ﬁgecaq Bgatll-12 c har acter i sedin

el ectro ysis is carried out using at | east
the/\elentmkypxsl iacaaiextoutodsing ahiashivamomopelasieirdteades and one or

el e
more%lpociar electrodes.

15. Equipment according to claims 11-14,
characterised inthat

the monopolar electrodes are cooled by a cooling medium such as water.

16. Equipment according to claims 11-14,
characterised inthat

the electrodes are based upon a graphitic material.

17.Equipment according to claims 11-16,
characterised inthat
the material in the reactor's and/or electrolyser's lining is containing more than
50% SiO;

18. Equipment according to claims 11-16,
characterised inthat
the material in the reactor's and/or electrolyser's lining is contains more than 5%

silicon nitride



15. Equi pnent according to clainms 11-14, c h ar act

er i sedinthat the nonopol ar el ectrodes are
w@omBazhoky a cool i ng medi um such as water. 16.PCT/NO2008/000106

Equi pnent according to claines 11-14, c har act er

I s edinthat the electrodes are based upon a

19. Eguigsnent acopsdingita clainng 11edyi pnent according to cl ai ns
cHaldiofeligddandngy e r T s e din that the mteria
in"the réactor s and/or electrolyser's lining is
tise rizaérial iy theremctdrsnaridies SieColyger'Etining rie contadtomerethan 5%
toclaims 11-16, ¢c har act er i sedinthat the
sHigPBCAEMIden the reactor's and/ or el ectrolyser's lining
is contains nore than 5% silicon nitridel9. Equi pnent
according to clainms 11-16, c har acteri sed
in that the material in the reactor's and/or
el ectrolyser's lining is contains nore than 5% silicon
car bi de



