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Process for the production of Si by reduction of SicCU
with [iquid Zn The invention relates to the

woreevafieatur e of solar grade silicon (Si) as a PEPEB1006/#02937

material for the manufacture of crystalline silicon
solar cells. The Si netal is obtained by direct
reductiron of SiCU, a precursot that is commonly
available in high purity orades S|I|con SU|tabIe for
appl i caPioeess for theproduetion|of S{ iy veduetion|of Sl yyith liguid £
the thermal deconposition of SlHCIS accordlng to t he
Si enmens process or its variants. The process delivers

Ve 1yvdﬁtid$1ﬁe&'teh keothemaiifictirt of splas rody, sillh:iog Miyaserﬁ‘eq:c@gpck material for

onsu requires | ar i\ . .
’%F P@P?Té“ttﬁg‘\e? & ¥y sﬂﬁlg %IS&}W&F Sl %‘g 0 rsﬁa on (%’Purélﬁ by direct reduction
sidi@r, agRédussot Wattih@nivadilycviaitebledh high Ghritpigrddeset al s such
as Zn. This process has the potential for significant
cost reduction because of |ower investnent costs and

%?ﬁcs‘ﬁgab@@fag %h@eﬁ’i@ﬁ 9etak Blis 1ST<J&ﬁmﬂinfyqﬁeﬁmfa€l@watbly@Kb tBdrmal

I'n the vapour phase is described I

ecTB0sHinD,of BIEIC BoRrag o e SORSTS PORCAT P i Vg, ﬂwfmfﬁ% delivers

%’&}?E‘;@@ﬂl&?}p Bt ik SowWSiBEhly ShetlyRBAuMingS hld rE@iePlatdiidlestindnts.
din a fluidised bed type of reactor, enabling

easier Si separation. However, an i ndustri al process

based on this principl t ech
Do kS P ST AL BB S it i

@ﬁférsh@xeeg Z‘nnThlE prlaées@l%g 1R PorAkh I sikhif@dnt 1872 Eedudlonibeeause of

ornmed as a fine powder and separated fromthe |iquid
JrvebipvestoenaFesisrigd FaduegererEhengagdisths znd 2 by- product .
This process is however not practical because the
sel ection of operating conditions |leading to the

Qlﬁ{] é)i(@éef‘ﬂé&ﬁ&oﬁ bt fﬁCHBil Qﬁ 1rptﬁé {'ap@flr PhBR iSlleswited id U8 2ga5PHITS

h
§é9ﬁ§"§%%§@ B, 411 h%r I{SP }784151545 pWI? sfqptB%eq ﬁ%g ﬁ,% Psir glhcon product

R 9Rl AR HGidAS] MRl pedS rdhéi6r, BRBEL dAgied®) depaRtibi. Hpweter e
fine Si powder. The Znd 2 has noregyer t% be vapori zed

indngeal presaibatyd o this BIBSIPIegs Gpelogisaly Xef fi ci ency
of the process. It is an object of the pr esent
invention to provide a solution for the problens in

tre diﬁ){ck &ﬁu@lﬁh of Si @14tmmh31q%ﬂdﬁn @@asmbéa ROPt10-09Ri 3 and JP 11-011925. Si
i nvention, high purjty Si

prloeeadss p fine porire %%@ar%?@rg? e g8 2t 311“3“88%1;5 PR g gpaseous
A1, DY RKuSf This process is however not practical because the selection of operating

conditions leading to the entrainment of a major part of the Si with the gaseous flux appears to

be critical. Also, the subsequent separation of the fine Si powder from the ZnCl, is problematic
as well as the handling and melting of the fine Si powder. The ZnCl, has moreover to be

vaporized twice, leading to a poor global energetic efficiency of the process.

It is an object of the present invention to provide a solution for the problems in the prior art.

To this end, according to this invention, high purity Simetal is obtained by a process for

converting SiCl, into Si metal, comprising the steps of:

- contacting gaseous SiCl, with a liquid metal phase containing Zn, thereby obtaining a Si-

bearing metal phase and Zn-chloride;
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- contacting gaseous SiCd4wth a liquid netal phase

containing Zn, thereby obtaining a Sibearing netal
wWebasaoeml Zn-chl ori de; - separating the Zn-chlRCT/ER2006/002937

fromthe Si-bearing netal phase; and - purifying the

Si - bearing netal phase at a tegnperature above the

boi ling point of Zn, thereby Vaporising Zn and

gﬂhtm ieS ﬁl-c Id@'fr mtng&GD%QIIl ét£1 nddnihe separating

&re per In a sin actor. This is

iy Iﬁﬂl‘ﬂﬁﬁgi‘lﬂie Spﬁﬁhbé ﬁetblyphﬁé’éext i %ﬁipeﬂaﬁh&l abavd i Bdilifegdint OFEH, €hereby
t han .50% of the fornmed Si is retained in
YaRarijiy dr‘i’ggl pﬁ)ﬂ?eﬂ It is useful to combine the
contacting and the separating steps, by operating the
contacting step at a tenperature above the boiling

Pl dohitaciing 4nd thb lsepatadlfy sty atlpefuiaparini dbgle ®A&or. This is rendered

Zn-.ch ' b it t
L A R A
thb #iged astabpitagd. ned i n the contacting step, can

advant ageously contain, besides Si as solute, also at
| east sorre Si in the solid state, e.g. as suspended

ti Si
Rivbeg! BRem i PRee i e Bibe it Seney ) e airegi SFistng seo
%attmm}@de mler\]fSthg bS'ﬂhlng fJo1ﬁlt dAtza- cﬁouﬁéﬁ ﬂzhﬁ:lh&@aﬂ@gxtteﬁ bn&lemad; loride can
co. the Si ase as obtained in
et Bteiae s S a B e TR R R SRR O s e of
bet ween 420 and 600 OC The solid state Si can

preferably be separated fromthe bul k of the nolten
"ﬁﬂiedﬁé)earhggnetaébhzfse assebtdineld ﬁlrgthe it i stmatai adpirigpeously contain,

PR Eit oo BHFR RS plibt poif Rt fie 08 Sb B patcts.

Ecdmmrtrag eatisulirdBi pey froledd deber doﬂng tae tantgtisgd e, szdelbﬂhem ngtal
b Z fl

gt o ol ok R 80 Broiog P cftidion e Al phase
:fsm;ameain the) cabtectih gt pdl prefetablyl tessent;iaamréla%e(mn g0 9nd 600 °C. The
¢ hi
{5 S et BoLGrRlon Pom o ftypiaphir g e fhefbuing
T@s Righeraliphpe is livkveodr stilaidiprepnattd@éh Botndlae tebecoltler processed in the
luir'i“ Eted 49 2 kg/min per n2, are however conpatible
Wt Y& Boovement i oned 1 ow Si | osses, if the gaseous

Sid is dispersed in the bath. Adequate di spersion can

be obtai ned
It is advantageous to perform the contacting step by blowing SiCl, into a bath comprising

molten Zn at a flow rate adapted to limit the loss of Si by entrainment with evaporating Zn-
chloride, to less than 15% (weight). To this end, a flow rate of SiCl, below 0.8 kg/min per m*
of bath surface is suitable. Much higher rates, up to 10 kg/min per m* of bath surface but
preferably limited to 2 kg/min per m?, are however compatible with the abovementioned low
Si losses, if the gaseous SiCl; is dispersed in the bath. Adequate dispersion can be obtained
using e.g. multiple submerged nozzles, a submerged nozzle equipped with a porous plug, a
rotating dispersion device, or any combination of these means. The SiCl, can be injected along

with a carrier gas such as N,.

It is useful to operate the purification step at a temperature above the melting point of Si, and,
in particular, at reduced pressure or under vacuum. The purification can advantageously be

performed in again the same reactor as the first two process steps.
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using e.g. nultiple subnerged nozzles, a subnerged
nozzl e equi pped with a porous plug, a rotating

waele®padEioON devi ce, or any conbi nati on of thesRCTER2986/002937

The Sid 4 can be injected along with a carrier gas
such as N2. It is useful to ogerate the purification
step at a tenperature above the nelting point of Si,
and, in particular, at reduced pressure or under
vacuum The purification can advant ageously be

1R 8"l 9B b fbud Qﬁle&cfetb%e S8 e bEME biPferelBstlellfs WhibS 1ém: LYo
process steéeps.It iI's al so advantageous to recycl e one
%mmﬁﬁﬂbﬂdﬂd?ﬁéu@$fferent streanms which are not

i.d duct hi d.
S SuaRey B S ferabe w ol el P b B bReshigte zn
wicloearbie fggyed towld 31614 calnctioa stepoyid blﬁdnﬁe@whi’c)ﬁ cdi Heldecycled to a Si

ti t hl whi ch b | ed t
S S R RLRU B oh can be recyeled te

: Zthﬁattlb@aﬁsoﬂs%d \ﬂ?hﬁ@fnﬁr?f?cgndn@t %) Rgh RohddnERlah@ Rec 51610 G IOF
condensed and recyc he Si CU converting process;

COREITBRS PrRgeeEs; Apddit H]e ﬁra‘afon sf SiGLtthad exits,thg @ntahfélg@&?muaéﬁcwé can

el r8fy o1l td BASICe L ob RIS S LEYE % Gflet @nddigatigh CU converting
process, e.g. after condensaiion. According to this

invention, SiCUis reduced with liquid Zn. The
technol ogy for this process is therefore nuch nore

AqcrringHp iy agngor RHrs s tucqdarth gl 4rofhe tienglegie fuidhis process is
6086 h QR RSO tfor%va% t'hQ%ﬁt' r&ﬂur@& ke lrhe%gﬁt)ﬁ’é ﬁ&d&gorpﬁ%&ss A

di ssol ved and so can t ai ned

Yithegrinerdeeerniniag leqﬁleihswe%ndaso%%mag{v%olrtala@ﬂ z«yh%%is ghlorinated

ZOAthad BHRG sﬂpﬁﬁte Qfuil Pﬁascs Qbﬂtﬁnﬁg moof ki shRX SBG idforfed as a
vapour. Zn can be retrieved fromits chloride,

YABPY AR SPAIDE Titieved fremyis phioridentie e acdign sl elesiroiysis, i feusel for

Sl@ﬂ lt'&fubtﬂﬁ‘l TH S -bohi @86y 8 b8 bﬁ@ed%@ﬂglb%ﬁ@b’tra’mﬁéseﬂ)oﬁé the boiling
%%% t enperatures, above thé boiling points of both Zn

ofholtnend f-chiggide, w hebeilng H%‘f@ opdi itself G335 %."C) The
dvisRhibd £23R e Wtieved BRI BYRP R @i@ﬁ‘e&[&ﬁ@@ r)m?%t}feﬂf(ﬁbtﬁé/ 86ment is

and reused for SiCU reduction, Any her “vol at
djogppitediin thig sieg- |t ryip@gssitle oisloge e @@p op 1 téertam?gmdmg the

RRSRLR B iRy RS Bitd thesy s @RARNMBNH i esh hRERLRY avoi ding the
i ntroduction of inpurities into the systemthrough

fresh additions. It should be noted that besides Zn,

anot her netal could al so be used that forns chlorides
éld be noted that besides Zn, another metal could also be used that forms chlorides more

stable than SiCly, that can be separated from Si easily and that can be recovered from its

chloride without difficulty.

In a preferred embodiment according to the invention, gaseous SiCly is contacted with liquid
Zn at atmospheric pressure, at a temperature above the boiling point of ZnCl, (732 °C) and
below the boiling point of Zn (907 °C). The preferred operating temperature is 750 to 880 °C,
a range ensuring sufficiently high reaction kinetics, while the evaporation of metallic Zn

remains limited.

In a typical embodiment, the molten Zn is placed in a reactor, preferably made of quartz or of
another high purity material such as graphite. The SiCls, which is liquid at room temperature,

is injected in the zinc via a submerged tube. The injection is performed at the bottom of the
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stable than SiCU, that can be separated fromSi easily

and that can be recovered fromits chloride w thout
walpdobiteathi4 y. In a preferred enbodi ment accor di PGI/ER20061602937

i nvention, gaseous SiCU is contacted with liquid Zn at

at nospheric pressure, at a tenperature above the

boi |'i ng poi nt 0znd 2 (732 OC‘} and bel ow the boiling

?necmsl almé %%Jveése g’g%%g}% 811@@6 I 1§ rtlgeetﬂdlbogzl%@%} y ifjected as a gas. The

&d fbf 1he irgeetibly tube §pravéiad witba dk;pcﬁﬁbn ojce windhlag a pb@us plug or fritted

SRR PR brelto et £l b BT o i 4 Eand fen o sotanign

redrtoroyield Jf éfiscis adilthe dasegligartd] rgiuetionzo BIClabuldoddnar Stdlgdould

PGS SR, BRoPLSEL o TRt S M Sy s

cxbsavai. Embiydisgfﬁdng it SiClZﬂhte be¢enjdembisanted ® Heardgerfidorai limiting
thpeetrgl%t telo‘cof 1n 1t 215 e eé% aﬁiga 8 el The SI U, whi ch
s HEATEE T AT hESPUB gﬁdngjflnjected as a gas.

The end of the injection tube is provided with a

di spersion device such as a porous plug or fritted
’giea&hlctidntprécsssi pmﬂhaetﬁi Zn@pok hasntbofling paieofey39 60,tnd Ggasots at the

ptr)gfgﬁn%le opfslfap 1%%]temperatu dIt Eefa}/] eS%-(l:eaisnécog%ng% VCFS%{lVé%l ﬁlg ??po:gﬁ)? vapours are
cSndHnQedcaodlbdleoted:mra,sepnrat&lﬁlzilbleoul d | eave the zinc
un-reacted. Wth an adequate SiC 4 - Zn contact, close

to 100% conversion is observed. Finely dispersing the

'@ %{)cgﬁs‘ils? ﬁgolau(% F‘&H?’e‘d rS?';I%g §} (ﬁssgl%fasamg%l n?olteg 9% tugtco iItSnSO}}]lblhty

en rarnment o perséd
lfohi Tgaglemh@ﬂﬁ)l' ovhe ZthigeremeUeith t@mpmtomezsé isgimottd cegbout 4% at

9%9%%}16&%% Ha%%mabol?l? Iloﬂlgdpopni of 732 0C, and is

gaseous rre erating tenperature. It

| eaves the Zn-containing vessel via the top. The

vapours are condensed and collected in a separate
Ig rdicit bdvantagdoes pnivdesst ef thonpmtioy desmmentet §d-1Snjecth & sgih that
t%]sgﬁ%}th ?ﬂn J Elf Fll]ﬁ ZH?J etxg dgd;ﬁyllﬁ)d %E&Lelgltlﬁe §1% ?%hlkéea XN}MI]{HWI{)/ remain
i mebpénsioh fimihe evlttanraandét%i@reﬁeﬂo 8Cp fmmedra&s nﬁsphsrlﬁscm aZn

I [ ]

rgérﬁ)l g&%ewﬁt? a@étaﬁ&w%ﬂ{}eg en endﬁﬁ RK}]&IJO£S§(§ n"f‘etq}{ gpéo%?e%%%on of
drefprably ewbrd has Ubh irhransiddublisigihenHan the splubility liphit, 8id funs i more
éri;%%}&l)ré grfrd:eféﬁrgmm§ g% ﬂugxﬁczﬁ)l%lrl tsﬂeﬁ. %@tpgrtiélﬂatje Zi f} '118&1%? gxbj e\éﬂlo %lses by
entrainment with the ZnCl, gaseous stream. This risk can be minimised by using a sufficiently
low SiCl, flow and/or means ensuring the dispersion of the SiCl, into the Zn melt. A Si loss by

entrainment of less than 15% of the total Si input to the process is considered as acceptable.

In a second advantageous embodiment according to the invention, the Si-bearing alloy is

allowed to cool down to a temperature somewhat above the melting point of the Zn, e.g.

600 °C. A major part of the initially dissolved Si crystallizes upon cooling, and accumulates
together with any solid Si that was already present in the bath, in an upper solid fraction. The
lower liquid fraction of the metal phase is Si-depleted, and can be separated by any suitable
means, e.g. by pouring. This metal can be directly re-used for further SiCly reduction. The
upper Si-rich fraction is then subjected to the purification as mentioned above, with the

advantage that the amount of Zn to be evaporated is considerably reduced.
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in suspension in the nolten Zn bath and/or aggregate
so as to formdross. This results in a Zn netal phase
wawaok/1e01tot al (di ssol ved, suspended and dr 0sseR)T/RR2N6/002937

Si concentration of preferably nore than 10% i.e.

consi derably higher than the solubility Iimt, and

thus in a nore efficient and ®conomic Si purification

step. Any particulate Si is however subject to | osses

by entrainment with the ZnCl 2 gaseous stream This

Bt bt t64boRE ikt MHaRb DB adMnthigtoitCentboditfehis GhPoH dodrsd B¥ombined.
Sid4 flow and/or neans ensuring the dispersion of the

S|C14 into the Zn nmelt. A Si |loss by entrai nment of

| ess than 15% of .t he total Si_input to the rocess IS

Vhsidtheiapeigation stgp deistiamped abevyg the @@@eﬂw@@@@m 5 grodgrssilicon can

lﬁm@cﬂﬁmﬁa sﬁgre Qlefl d6keh @Oltnhﬁe ﬂl&}{&:@ foF @9staltphBinSkudi @@ Ng
lloy is allowed to cool down to a tenpérature

%%%ﬁaﬁne&%a@e@w&kﬁ@h@lﬁw@mp #idritobey groper. Zhe rigbog graggipmethod

iRGudefitSRdrRhs Radd asbeb&bgroWﬂlLJn'—s%bitﬁéte‘ik@%? gl dBectly ylelds RGS Si
crystalllzes upon coolng, and accunul ates together

Wﬁfﬁrany solid Si that was already present in the
bath, in an upper solid fraction. The lower |iquid
fraction of the netal phase is Si-depleted, and can be

Slepakiadie dheh)iolﬁbﬁ)éﬂi%bﬂ taa bk eralfBABS ,theegraﬁ}uleb)belﬁﬁfbﬂlt@ﬂmelﬁhg furnace,
net al. ¢can be |rectl%lre used for further SiC 4

FrelErably fiyH conttpgous BB geupqudipe polisasilison ¢aa be ﬁ%bﬁhﬁed in a single step,

chbRh @ehale hethbRST BYEthfud Ak &@ctﬁﬁammlﬁ&ﬂsﬂ aRHH8n gkt
t he advantage that the anpbunt of Zn to be evaporated

i's considerably reduced. Both of the above first and
second advant ageous enbodi nents can of cours
TeatitutlenapenTehen PRERDP FEhET RBpPesEd [ splar beélusffdéﬁeﬁt@oor after
VadI@g, 4cberdie td theebliadichionGhetiRid.usddie nol ten silicon can
be solidified in a single step, chosen fromthe

nmet hods of crystal pul l'ing such as the Czochral sk
solidificat d ribbo row h

od, dire tlon i Q

ﬂ’ﬁ? TOBHRTH % W‘B‘F HBRPHtiATSY %Ssﬂi ‘?@ar\?’frb Ah %9 epggigfh from the
Si-‘-’oeall’l 31@ kogy W@Mxﬁka@cﬂr St £ @lrigy éﬂ%b ,61\th theh o?tmﬁed: Ebithis

I el.ds Si_wafers ernatjvely, .t €
%’Fliafl% Hedgpepe gy isdﬁ‘iﬁ?aé‘iﬂe%’ovet tﬁ%{"ﬁ]ﬂ%ﬁlﬂl% Qfﬁn&ﬁz &e g Ryefgrably
mettha@erilug g@ﬁtﬁ{Mlﬂr"@ﬁ Bitdblby thdboRing@Bint dlsmsj lgsssvagz) It is useful to

reupon. the nolten silicon can be._ solidifi

“é‘?r B B PRy eSS 98 BTV o"&he%ﬁ‘é‘“ﬁi’éi Riide pugfisper %refeby climinated
fpdaih this By, [ébﬁﬁg:hquaﬁﬂl G} thd inbh-@E1htile Anpiitled fridafiin Gle Mdtrémain in

The soli Lal obtaiped can,then be furthe
tber §C€ ges SUé; I‘rﬁ?m‘ct}%‘i grg ! Ee %HdrCS.\C {.I“ fxei}r Pcegfration can jt’)e minimised,
either by pre-distilling the Zn, by repeatedly recycling the Zn to the SiCl, reduction step after
electrolysis of the formed ZnCl,, or by minimising the amount of Zn that needs to be vaporised
per kg of Si in the purification step. In such optimised conditions, a Si purity exceeding 6N

could be achieved.

A further advantage of the invention is that the Si can be recovered in the molten state at the
end of the purification process. Indeed, in the state-of the art Siemens process and its variants,
the Si is produced as a solid that has to be re-melted to be fashioned into wafers by any of the
commonly used technologies (crystal pulling or directional solidification). Directly obtaining
the Si in the molten state allows for a better integration of the feedstock production with the

steps towards wafer production, providing an additional reduction in the total energy
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waf ering, according to the solidification nmethod used.
The Zn, together with typical trace inpurities such as

wWakee@biznd Pb can be separated fromthe Si-beRCT/RBR006/002937

all oy by vaporisation. Si with a purity of 5Nto 6N is
then obtained. For this operation, the tenperature is
i ncreased above the b0|I|ng pglnt of Zn (907 0C), and

BRSERRLYnERRYEs LFCIIR bREPEI A v Sl Tl Tl can
indeekl baifedrdadaztb/etd aipmgst&alsmﬁ oo# ciystalipulier. Aloeessing thndi intagibbon growth
XOHQ&E%%HO SSlble|es are hereby elimnated fromthe

éPP 1°eavi g molten Si. Only the non-volatile

|npur|t|es present in the Zn remain in the Si.

Exanpl es of such inpurities are Fe and Cu. Their

Fongdaes nettwisinto pamtutreremiyrtb-wiafe chategialf bvgonlyyintermediate solid feedstock,

- i St I the .Z
{l) g&e%é §§{a@3&{6g%{?g?a %ﬂte tﬁ%%m 12’118? g{r %g% éébt{lgecﬁy %ylmupeg g efa?;'err%o handle
fndriordobe Zi@l thy Glmnksbgbtamedllm gi thg Siemensdlmdmro@éses'{rThiShapartlcularly
@ﬁgg;& ?rﬁ thg S% %%@9{3%)0%1 %O\Qt%rtec goliﬁ)%l%sﬁghé %roé.lﬂc%of Uf ree oavstfnlxgo Qranules
artleettit pgntiGddus cﬁa@ﬂmg ba GZ hireace dr a obon gtotwetix a@dma:nt age of
the invention is that the Si can be recovered in the
nolten state at the end of the purification process.
thdesd, in the state-of the art Sienens process and
TtsS variants, the Si is produced as a solid that has
Tig iRowigy eRhibRAIMs@atbEthE aﬁtﬁtﬁnemi phomyaiiers 1dcnéatamw BbeCina

t he connon&x used technol o (crystal. pulling -
FPRIAE f5agiAn The Brighiof the ath @ﬁgout by FEERY s Gppelrip ﬁ@mt ﬁMlgpuls

eistallie pifp ts@RedSth &t dilel SRS inltRY redetddQAd eﬁ{uaﬁf‘ﬁgg Rk ﬁrf?l"lel@écd
t he feedstock production with the steps towards waf

HERHTE of %ﬁmbw(f\?‘ie‘élwﬁb 2 pprowding maler alvméngcsilicats- The Sﬂ% 'which

K9t BbiliSHFSIANE SR SUNRbA-REs 1thhetnlﬂﬁleﬁéd)§é€t§§1 d’ﬁhevfﬁdel an@% didpersed as a
the cost of the wafer manufacturin liquid Si can

%9 dfeBe hwéd ?%dT hgiStdctlewiscs 15R g/hn@'@tﬂg%fa %féﬂ@m@le adgdetisy1835%g. The

ok {aaaroonegpeﬁ&% 8¢ k /B pok nf? B Bt dubRQNTEY 21 mﬁﬁ@mhh&l
i s, al so pgossib one does not wi sh to produce

Pusing Wtf%acw éYaPﬁ*&F'é Pddp condefisediiyeraphieioheeAnaecdde e deactor

draedstieadd in lats%@mx%g@ ady @H—tr&gt@@ U149 cAleaBY Inal et khibber
purified Si he ned granul es are easier to

tonRFfed e Zabl gesd 4 Kar iy, whtFeEn obitdhsaev et wagior

&ﬂﬁexﬁbﬁmﬁ&l SorRASRLadARES SR partits Bf 85 isRBlafe€ UlhakdtM 31 content of
ortant in the case of ribbon growth technol ogie

t-]pﬁ gmﬁlllrs $Up-ilols s ficient é@npqe%ﬂﬁzgxmgplgr?g Pid. added, at the same ‘flow-rate

of 150 g/h, to increase the amount of solid Si in the Zn-Si alloy. This Zn-Si alloy containing

solid Si is heated to 1500 °C to evaporate the Zn, which is condensed and recovered. The Si is

then allowed to cool down to room temperature; 229 g of Si are recovered.

The Si reaction yield is thus about 85%. The Si losses can be attributed to the entrainment of
particles of Si with the escaping ZnCl, vapours, and to the incomplete reduction of SiCl, into

Si metal. Of the remaining Si, about 40 g are found in the ZnCl, and 3 g in the scrubber.

Example 2
This example illustrates the granulation of the molten silicon, a process which is particularly

useful when the purification step is performed above the melting point of Si. One kg of molten



enabl es the continuous feeding of a CZ furnace or a

ri bbon growth apparatus. Exanple 1 The foll ow ng
we@x@apbiE14 | | ustrates the invention. 4192 g of PEI/EP100€002937

Zn is heated to 850 0OCin a graphite reactor. The

hei ght of the bath is about 15 cmand its dianmeter is

7cm AM nipuls(tn) peristaIFic punp is used to

roduc t he artz tub The
L oC B eyt o SR Rl @ B e oen g g nder
mleﬁ gtrrﬂﬁ;dﬁrﬂfAr)ﬁﬂ?hHﬁuﬂﬁ::@dﬂbW@ ak erucﬂSl“bG;o St fkbd, Whisehipdi@sheanolten

es in the i ed .
i B o §FesflicaNpipd ot Sl af BPwetindriiture oHE sieon ity orms
Eriafjiéschf ZRize Bdt@ecni2Gnd 10 kw i s ca. 150 g/ h, and the
total anmount added is 1625 g. The flow rate
corresponds to 0.65 kg/mn per nR2 of bath surface. The
ZnCl 2, which is fornmed during the reaction, evaporates
and is condensed in a graphite tube connected to the
reactor and is collected in a separate vessel. Any
un-reacted SiC 4 is collected in a wet scrubber
connected to the Znd 2 vessel. A Zn-Si all oy,
saturated in Si at the prevalent reactor tenperature
and containing additional solid particles of Si, is
obtai ned. The total Si content of the m xture is 9%
It is sufficient to increase the anmount of SiC added,
at the same flowrate of 150 g/h, to increase the
amount of solid Si in the Zn-Si alloy. This Zn-S
alloy containing solid Si is heated to 1500 0C to
evaporate the Zn, which is condensed and recover ed.
The Si is then allowed to cool down to room
tenperature; 229 g of Si are recovered. The S
reaction yield is thus about 85% The Si |osses can be
attributed to the entrai nnent of particles of Si with
t he escaping ZnC 2 vapours, and to the inconplete
reduction of SiC4 into Si netal. O the remaining Si,
about 40 g are found in the ZnC 2 and 3 g in the
scrubber. Exanple 2 This exanple illustrates the
granul ation of the nolten silicon, a process which is
particularly useful when the purification step is
perfornmed above the nelting point of Si. One kg of
noltensilicon is contained in a furnace at 1520 0OC
The cruci ble containing the nolten netal is under
i nert atnosphere (Ar). The furnace allows the crucible
to be tilted, so as to pour the nolten
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silicon into a vessel containing ultra-pure water at
roomtenperature. The silicon readily fornms granul es

WoORoos/160122 bet ween 2 and 10 nm C ai s 1. Pr oceRBGT/ER2006/002937

converting SiCUinto Si nmetal, conprising the steps

of : - contacting gaseous ScUwith a l'iquid netal
phase contai ning Zn, thereby Bbtalnlng a Si bearing
net al phase and Zn-chl ori de; separating the

Zn-chloride fromthe Si-beatidl net al phase; and -
purifying the Si-bearing netal phase at a tenperature
above the boiling point of Zn, thereby vaporising Zn
and obwedsnion gonSerting Bidll, into I$amant, esrsthgitite stdpabf:t he
contacting and the separation steps are perfornmed in
ORGP sazetr oY Cl with plligeid ustah plas? et iRGZis therghy pbtaining a Si

WhgHEhBal 8GRz ACKILAG; and the separating steps are
performed sinultaneously, by operating themat a
1 epgmgtther Zn-ctijoide fromahdofiibeanng npawdl phasesfan@nchl ori d e
whi ch eva orat es. 3. Process according to clains

Puriipeg BF A bRErSPeBRlpTe Ry W@lp%awmﬁég‘ée t%lﬁhqﬂn‘rl%?oém@&% dhgreby

%ﬁioxﬁﬂ@g&%ﬁ%ﬁinﬂ%§hﬁﬁl contains at |east part of the
Si in the solid state. 4. Process according to any of

chamictessed it hat3he whecwigund thesedaiatign sttmprayferfoinged in a single reactor.
Si -bearing netal phase, preferably to a tenperature of
bet ween 420 and 600 OC, is inserted before the

urify ' her v '
%)'he SiI)I%EJrSée gcg%lt%}nggo Calg.lg‘lgll, g@éreﬁﬁﬁ]et cﬁ){é{a 1 be& the%«g)%atlpg tgps%ge
riaseedisiranltapepuelips tyi operdtiigrtherh et adempagtienbowstiephoiling ppingof Zn-

\Iﬁ(lrdg v?’ﬁl%e"va@at oy ocess according to clainms 3 or 4,

eby t pfesent in the solid state is
separated, formng the Si-bearing netal phase that is
further processed in the purification step. 6. Process
AccorBioergs 2cgordingitngaims tl or B, wihtedr b Si-bdasngopteldnseribpt is obtained

i?lttl?eoco.htactﬂlg sf_rg rc,%ﬁtgmg& lp;ls% th%'Sg:H thglgo?g @tagat h

conprisin at” a Iowrateaatedtollmt
the loss of Si by entrainment with evaporating
Zn-chloride to less than 15% 7. Process according to
%1 ai nkrgcesynreiding tq dny of Plaimsridp 8, wierdh erepling stepolthe $ithepring

Dt ;}ﬁgs[e%r@ferably to a temperature of between 420 and 600 °C, is inserted before the
purification step, thereby converting at least part of the Si present as a solute in the Si-bearing

metal phase that is obtained in the contacting step, to the solid state.

5. Process according to claims 3 or 4, whereby the Si present in the solid state is

separated, forming the Si-bearing metal phase that is further processed in the purification step.

6. Process according to claims 1 to 5, wherein the contacting step is performed by
blowing SiCl, into a bath comprising molten Zn, at a flow rate adapted to limit the loss of Si

by entrainment with evaporating Zn-chloride to less than 15%.

7. Process according to claim 6, whereby the flow rate of SiCly is lower than 0.8 kg/min

per m” of bath surface.
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per nm2 of bath surface.8. Process according to any one
of clains 1 to 7, whereby the purification step is
w@eebooired at a tenperature above the mnelting POI/EP2006/002937
Si, thereby formng purified liquid Si. 9. Process
according to claim8, whereby_the purification step is
perfornmed at reduced pressure’ or under vacuum 10.
EP roc f?golc%sg %?c]%ngfu%qcé %ﬁs)y o%n?%f @nglagfto 9'v§ﬂe¥r% 4116 p?lll? CatIOI]l?J gtt 1s
Momdm | @mpt@tunecﬂbbmhs mlelttlngpcamtqf 6[ ﬁsr@y fctrhmgeiuylﬁed liquid Si.
recovering Zn. and chlorine; - recycling the Zn to the
Sid reduction step; and - recycling the chlorine to a
i C t.1.qn '

1. " ProielRbu 00 M AGESE uhlie SRR T it rauced
msswreonuitdiievaZyont.hat is vaporised in the purification
step, is condensed and recycled to the Si CU converting
process. 12. Process according to any one of clains 1

1 .
%:Og nt ;Pg{)%see[c%rﬁmg Ifbeangr é)§§ {Sfecga’nmg i tor%éC Ctep%‘intp %ﬁh% g'leé{g%j)f.
Cb¥aing nmemmmschldrﬁie OB Sl él@(&ﬁb[}@lisngertﬂg/ etk B and

9, conprising a single solidification step of the
%%?Wﬁled liquid Si, using a method chosen fromthe

ggke gt %%ﬁ@élCﬂ%c{ubﬁ& sta? fgctional solidification
r| on growth ess according to clains 8

-QecydlingCtheFHldrivie Bga Sﬁvhlo@hiﬂprach@ Horahe prb@uchod ¢ffSi€le
liquid Si. 15. Process according to claim 14,
conprising t he steps of: - feeding the granules to a

[ ur na l.yi si ngl . s
051§ diPsecsierais 2y one AR M Poibifie B rrvbui prised in the
Biridiopion kteg,liy &inddns@link rargeledioniectiCh nadvesiak pobicéss.cat i on,

and ribbon growth. 16. Process according to clains 13
or 15, whereby the solid naterial is wafered and

E’I rt hFrrocepsg Q%8s Tc’neg 0 gnoy e o? [aifts ll lto 11, wherein the fraction of SiCl, that exits

the contacting step un-reacted, is recycled to the SiCly converting process.

13. Process according to claims 8 or 9, comprising a single solidification step of the
purified liquid Si, using a method chosen from the group of crystal pulling, directional

solidification and ribbon growth.

14. Process according to claims 8 or 9, comprising the granulation of the purified liquid
Si.
15. Process according to claim 14, comprising the steps of:

- feeding the granules to a melting furnace; and

- applying a single solidification step, using a method chosen from the group of crystal pulling,

directional solidification, and ribbon growth.

16. Process according to claims 13 or 15, whereby the solid material is wafered and

further processed to solar cells.



