| mproved -Process and Apparatus for the Preparation of Trichlorosilane and
Pol ycrystalline Silicon Technical Field 5The present invention relates to
an i nproved process and apparatus for the preparation of trichlorosilane
and pol ycrystalline silicon. Specifically, the present invention relates to
a process for the preparation of trichlorosilane by hydrochlorination
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pol ycrystal | T ne I'con 1ypi caIIy corrprl ses nore than 90-95 % up to nore
t han Polycrystalline silicon is a main material for the manufacture of a

‘substrate for an integrate circuit, a solar cell or the like. It is useful for the

15 preparation of monocrystalline silicon whose deeply processed products are
widely used in semiconductor industry as elementary materials for artificial
intelligence units, automatic controllers, information processors, photoelectric
converters etc. In the meantime, due to energy crisis and requirements of
environmental protection, the whole world are actively developing and using

20 renewable energy resources. Solar energy is the most remarkable one of the
renewable energy resources, because it is clean, safe and abundant. One
method of using solar energy is to convert solar energy to electricity via
photovoltaic effect. Silicon solar cell is the most popularly-used, photovoltaic
effect-based device. The demand for high-purity polycrystalline silicon is

25 contantly increasing thanks to the development of semiconductor industry and
solar cell. '

Polycrystalline silicon may be classified into metallurgical-grade
polycrystalline silicon, solar-grade polycrystalline silicon and electronic-grade
polycrystalline silicon, in regard to its purity. Metallurgical-grade (MG)

30 polycrystalline silicon typically comprises more than 90-95 %, up to more than
99.8 % at the most, of Si. The purity of solar-grade (SG) polycrystalline
silicon 1s between that of metallurgical-grade silicon and that of
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99.8 % at the nost, of Si. The purity of solar-grade (SG polycrystalline
silicon is between that of netallurgical-grade silicon and that of

el ectroni c-grade silicon, which has not been clearly defined yet. An Si
content of 99.99-99.9999 %is generally accepted. Electronic-grade (EGQ
polycrystalline silicon typically conprises nore than 99.9999 %of Si, with
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In industrial application, there are three techniques for obtaining
high-purity ~ solar-grade or electronic-grade polycrystalline silicon:
trichlorosilane reduction, silane thermolysis and silicon tetrachloride reduction.

20 The first two are the most important. The trichlorosilane reduction was
invented by Siemens Germany in 1954, hence also called the Siemens method,
which is a widely used technique for the preparation of high-purity
polycrystalline silicon. The chemical reaction equation is as follows:

Si+ 3HCl— SiHCl; + H, (1

25 This reaction produces not only trichlorosilane for the preparation of
high-purity polycrystalline silicon but also some by-products, such as silicon
tetrachloride and dichlorodihydro silicon (SiH,Cl,). A mixture of the products
of above-mentioned reaction is treated by crude distillation and rectification
processes to obtain a trichlorosilane-containing stream with a significantly

30 decreased impurity content. Subsequently, said trichlorosilane-containing
stream 1s subjected to a reduction reaction with high-purity hydrogen gas on a
heated high-purity polycrystalline silicon chip and a newly formed high-purity
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processes to obtain a trichlorosilane-containing streamwth a
significantly 30 decreased inpurity content. Subsequently, said

trichl orosilane-containing streamis subjected to a reduction reaction with
hi gh-purity hydrogen gas on a heated high-purity polycrystalline silicon
chip and a newly forned high-purity polycrystalline silicon is deposited
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to be trash%'.,Thus, t he npst effective netfhod, of, conprehensively using

si | 15cortetrachloride 1s easily hydrolyzed to produce hydrochloric acid buf hardly
transported and disposed. Hydrogen chloride will cause acid pollution.
Therefore, disposal of the by-products is currently a choke point of the
production of polycrystalline silicon.

Currently, the improvements of the Siemens method mainly relate to the

20 comprehensive uses of silicon tetrachloride. |

One comprehensive use is the production of gas-phase white carbon
black. This production forms a large quantity of waste acid and is thus not an
environmentally friendly disposal method. In addition, the amount of silicon
tetrachloride as disposed is limited by the demand for gas-phase white carbon

25 black. As long as the demand for gas-phase white carbon black decreases, the
silicon tetrachloride that has not been disposed has to be trashed.

Thus, the most effective method of comprehensively using silicon
tetrachloride is recycling silicon tetrachloride back into the preparation of
polycrystalline silicon. One method brought forward therefor is the

30 thermohydrogenation of silicon tetrachloride, comprising hydrogenating
gas-phase silicon tetrachloride in a hydrogenation furnace of about 1250 °C to
form trichlorosilane and hydrogen chloride. The converted trichlorosilane is
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tetrachloride is recycling silicon tetrachloride back into the preparation
of polycrystalline silicon. One nethod brought forward therefor is the 30
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: CN1436725A discloses a process for the production of trichlorosilane by

15 hydrogenation of silicon tetrachloride, wherein the gas-solid catalytic reaction
of silicon tetrachloride, hydrogen and metallurgical silicon takes place in a
fluidized bed reactor having a liner inductive heater. It solves the disposal
problem of the silicon tetrachloride by-product in the Siemens method, and
allows for large scale production of polycrystalline silicon. However, this

20 process fails to consider the disposal of other by-products and the wear
problem of the liner inductive heater.

US2004/0047797 discloses an improved process for the production of
high-purity silicon, comprising reacting metallurgical silicon with silicon
tetrachloride, hydrogen and hydrogen chloride, to obtain a gas stream

25 comprising trichlorosilane, removing impurities from the gas stream,
disproportionating the trichlorosilane to produce silicon tetrachloride and
tetrahydrosilicon, and thermal decomposing the tetrahydrosilicon to produce |
high-purity silicon. The final step of this method uses the thermolysis of
tetrahydrosilicon to produce high-purity silicon. However, the method can

30 hardly be industrialized because of the difficulty in tetrahydrosilicon
preparation. In the meantime, the preparation of tetrahydrosilicon makes the

energy consumption of the method overly high, hence affecting production
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tetrachl ori de, hydrogen and hydrogen chloride, to obtain a gas stream 25
conprising trichlorosilane, renoving inpurities fromthe gas stream

di sproportionating the trichlorosilane to produce silicon tetrachloride and
tetrahydrosilicon, and thermal deconposing the tetrahydrosilicon to produce
hi gh-purity silicon. The final step of this nethod uses the thernolysis of
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consunption is increased. CN1403372A di scl oses a process for
pr epar at isgeasedol ycrystal line silicon using a nixture of trichl orosilane
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and silicon tetrachloride are reduced to polycrystalline
trichlorosilane and silicon tetrachloride reach the predetermined purities, and
feeding trichlorosilane and silicon tetrachloride with the predetermined
purities to the reducing step together with high-purity hydrogen. In this
process, trichlorosilane and silicon tetrachloride are reduced to polycrystalline
15 silicon. However, the reduction of silicon tetrachloride to polycrystalline
silicon is slower than that of trichlorosilane to polycrystalline silicon.
Generally, under the same reaction conditions, the yield of polycrystalline
silicon converted from trichlorosilane is about 5 folds of that converted from
silicon tetrachloride. Thus, the higher the silicon tetrachloride concentration is
20 in the mixture, the slower the speed of formation of polycrystalline.
Consequently, the presence of silicon tetrachloride decreases the efficiency of
the whole process.
It is thus required to improve the polycrystalline silicon preparation
processes, to increase the efficiency of the processes by recycling of va,ribus
25 by-products in the processes, and to decrease the energy consumption of the

processes by recycling of the heat energy.

Contents of the Invention
Thus, having thoroughly investigated the hydrochlorination method used
30 for polycrystalline silicon preparation, the inventors arrive at this invention,
which meets the above-mentioned requirements.

One aspect of the present invention is to provide a process for preparation
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15 silicon. However, the reduction of silicon tetrachloride to
polycrystalline silicon is slower than that of trichlorosilane to

pol ycrystalline silicon. Generally, under the same reaction conditions, the
yi el d of polycrystalline silicon converted fromtrichlorosilane is about 5
folds of that converted fromsilicon tetrachloride. Thus, the higher the
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siliccon tet gpphtidng dﬂeﬂmbllu@%idaatsiiﬁc@ﬁ iatwutredcfor dnttodlcidghgasifrat siliceal ng
kept at a tenperature of about 400-600 C and under a pressure of about
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hydr ogest ahtcaipatatire of laboad 460-680hPCr adé umderr armessuef ofilabotut 11.0-3.0
1: 20, the reactor being kept at a tenperature of about 400-600 C and under
a plrSessMPe'cl;of about 1.0-3.0 15 MPa; b) renoving inpurities fromthe

pr ot ot R RBHBETTHPOT AR LR SRl S OphEh b Rl u™
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stream to divide it into a primarily silicon tetrachloride-containing stream and
a primarily trichlorosilane-containing stream, wherein the primarily silicon
20 tetrachloride-containing stream is recycled back to step a);
¢) introducing said trichlorosilane-containing stream and hydrogen into a
reduction furnace, where polycrystalline silicon is produced; and
d) condensing and separating the tail gas from step c), wherein the
primarily hydrogen-containing stream in the uncondensed portion is recycled
25  back to step c), and the primarily hydrogen chloride-containing stream back to
step a), the primarily unreacted trichlorosilane-containing stream in the |
condensate 1s recycled back to step c), and the primarily silicon
tetrachloride-containing stream back to step a).
In a preferred technical solution of the present invention, a process for the
30 preparation of trichlorosilane by hydrochlorination during the preparation of
polycrystalline silicon is provided, which comprises:

a) heating metallurgical silicon to a temperature of 300-500 °C in a
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20 tetrachl oride-containing streamis recycled back to step a); c)

I ntroducing said trichlorosilane-containing stream and hydrogen into a
reducti on furnace, where polycrystalline silicon is produced; and d)
condensi ng and separating the tail gas fromstep c), wherein the primarily
hydr ogen-contai ning streamin the uncondensed portion is recycled 25 back

step o, DORGED Arkle R Follo B B b RO Ph i n st ream i m ¢ he
condensat e i B) @Gk ﬁg ARE kehnt SPicoh trabH1Beder Witd 'ahYe)'Et!érhﬁloﬁeate to
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silicon tet r@ybt@tmastﬁl%/myar@%e@gherwad tétﬁﬁéﬁttut@ of FOD-600 WORvitRtd Redteps | de
gas of a tenperature O c) preheating hydrogen chI oride

gas to aamérrperature of 150-300 Cwth 5 the ext er nal heater
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pressure of a out 1.0-3.0 Mra. In another preferred technical solution,

a proceseeactor ihkept apar tamperasarg of yahoust 4004609 SO avdrnderm presiade ofi ch
compri >3bout 1.0-3.0 MPa.
In another preferred technical solution, a process for the preparation of
polycrystalline silicon 1s provided, which comprises:
15 a) heating metallurgical silicon to a temperature of 300-500 °C in a
powder drying furnace followed by putting it into a reactor;
b) gasifying and heating silicon tetrachloride with an external heater to
form silicon tetrachloride gas of a temperature of 160-600 °C;
¢) preheating hydrogen chloride gas to a temperature of 150-300 °C with
20 the external heater; |
d) preheating hydrogen gas to a temperature of 300-600 °C with a heater;
e) introducing the gases from steps b), ¢) and d) into the reactor, wherein
a hydrogen to silicon tetrachloride molar ratio is about 1: 1 to 5: 1 and a
hydrogen chloride to silicon tetrachloride molar ratio about 1: I to 1: 20, the
25 reactor is kept at a temperature of about 400-600 °C and under a pressure of
about 1.0-3.0 MPa.
f) remove impurities from the product steam obtained from step e) using
a multistage distillation column, and distilling the purified product stream to
divide it info a primarily silicon tetrachloride-containing stream and a
30 primarily trichlorosilane-containing stream, wherein the primarily silicon
tetrachloride-containing stream is recycled back to step e);

g) introducing said primarily trichlorosilane-containing stream and
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15a) heating netallurgical silicon to a tenperature of 300-500 Cin a

powder drying furnace followed by putting it into a reactor; b)
gasifying and heating silicon tetrachloride with an external heater to form
silicon tetrachloride gas of a tenperature of 160-600 C, c)
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st epite) , abeeg-ohemgonéd ppocessti |y unreacted trichlorosil ane-containing
streamin the condensate back to step g), and the primarily silicon :

tetrachl oride-containing stream back to step e). A further aspect
of present |ﬁ\é@@ﬁlﬁi\oﬁ%Iﬁh%sn}gwalﬂgappgr atus for the 10 above-nenti oned

process.
The present invention can be more clearly comprehended in reference to

the drawing.
15 Fig. 1 is a general view of the process of the present invention for the

preparation of trichlorosilane by hydrochldrination.

Specific Embodiments
The process of the present invention for the preparation of trichlorosilane
20 by hydrochlorination is described below in reference to Fig. 1.

An apparatus for the preparation of trichlorosilane comprises a powder
drying furnace 2, a fluidized bed reactor 4, a cyclone separator 6, a heat
recovery unit 8, a washing column 10 and a condensation recovery unit 12.

The fluidized bed reactor 4 of the present invention generally consists of

25 three sections, i.e. a gas separation section at the upper section, a reaction
section in the middle section and a feeding section at the lower section,
wherein the gas separation section has a greater diameter than the reaction
section, and has an outlet disposed in the top, and gas inlets for hydrogen
chloride, silicon tetrachloride and hydrogen and an inlet for silicon powder are

30 disposed in the feeding section, wherein said gas inlets are located under a gas
distribution plate of the reactor, while the inlet for silicon powder is located
above the gas distribution plate.



Description of the Draw ng The present invention can be nore clearly
conprehended in reference to the drawing. 15Fig. 1 is a general view of the
process of the present invention for the preparation of trichlorosilane by
hydrochl ori nati on. Specific Enbodi ments The process of the present

i nvention for the preparation of trichlorosilane 20 by hydrochlorination is

described b ' to . Ei . th .
or opar at 1 on eI RekfaF TG chubtdme powder Ay BRE I 2t Sonduit 1,
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washi ng colum 10 and a_ condensdti on recovery unit 12. The fluidize
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powder are 30 disposed in the feeding section, wherein said gas inlets are
| ocat ed thedeeactoyds kepit at hupredetprumeed temperatiret and prwssere e ondeettof or

i s | d t di.stribution plate, . e

o 0 B! e B PR AS3ebh H E  To nitr ec,
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hydrogen ent 8i ¢ 3HEIH> 8i#ICRd-BPd reactor 4 thrpugh a heat exchanger 18;
heat ed hydrogen chloride 5 gas enters the fluidized bed reactor 4 through a

condui t 19; YHslt Eb—amdiheht €dHEN i con tetrakBPoride gas enters the

fluidized b t 4 th h it ,20; th tor.is .kept at
pr gl:le!t é(ram' ne h%:ﬁ%éggmﬁlgagorﬁgﬁwgsﬁg&gu#% tﬁpdgyest%gg 1? ﬁ’g’iq%&‘cdé’csés '? ﬁepgwggﬁi on

bactt o SSRGS sl RBERASSIA o fhaee bRttt plife,
+Si HC13 abd¥@108 Jo. In one preferred embodiment, metallurgical silicon is heated to
15 400-600 °C, preferably 300-500 °C, in a powder drying furnace. In another
preferred embodiment, the metallurgical silicon is mixed with a catalyst, and
the mixture is added into a powder drying furnace 2 in which the metallurgical
silicon is dried and the catalyst is activated with hot hydrogen. Then, the
treated mixture is added into the fluidized bed reactor 4 through the conduit 3.
20 Preferred catalysts are nickel catalysts and/or palladium catalysts.
Hydrogen is preheated to about 300-600 °C with the heat exchanger 18.
Said hydrogen may comprise the hydrogen recovered from the polycrystalline
preparation process.
Silicon tetrachloride is gasified and heated to form silicon tetrachloride
25 gas of a temperature of about 160-600 °C. It should be ensured that silicon
tetrachloride is added into the fluidized bed reactor 4 in the form of a gas.
Otherwise, liquid silicon tetrachloride will cause conglomeration of
metallurgical silicon powder in the reactor, resulting in local overheat and
damage to the apparatus. Said silicon tetrachloride may be a by-product of
30 polycrystalline silicon preparation. In the preferred technical solutions of the
present invention, an external heater is preferably used for gasifying and

heating silicon tetrachloride.



The netallurgical silicon used in the present invention is a powder,
preferably having an average particle size of about 200 m crons and a
purity of above 98 % In one preferred enbodinment, netallurgical siliconis
heated to 15 400-600 C, preferably 300-500 C, in a powder drying furnace.

I n another preferred enbodi ment, the netallurgical siliconis mxed with a

catal yst, an LXt Uk e i ed intp_ a_po | n 24N | ch
the netall urgli@% il icgltl)ﬁnfig gglgegn%ﬁdBthPca_ a ygg:ﬁ}ﬂs‘éqgﬁi{evi?& \gi)t h%\ﬁtt
hydr ogenﬁrérﬁembly Peetaaeed e dbou (0159 0aede thdsitprefribll Wibhaers e eact or
4 through the conduit 3. 20Preferred catal ysts are nickel catalysts and/or
pal | adi ubaitdt hydsegen chlokydér gasn mayphbeheatleytprodabbuprcdh®edoah@ing t the he

heat exchanger .18. Sai d hydragen conprise the hydrogen,recovered from
the: poly BrIsTaronn el sl patsacs Dime, PRlGas, Tiths G eREALGRNBIsalcsolstigns: of ad
and hgat - Sl L t i : e r out
150- 600 B¢ HiespiTI NG AT, B ERETHAT e 19l IREA ot Brdlethte
the flui ﬁyaﬁgg@gdhr(ﬁa@é ghs.4 inthe formof a gas. O herwise, liquid silicon
tetrachloride wi Il cause congloneration of netallurgical silicon powder in

t he react or, Hdnoigenng hydrogenl chlerideatandhd silicawe tetvachloridmpagases. afai d
silicon tetrachlopi de y..be a by-product of, 30. pgl ycrystalline silicon

pr epar at P%ﬁheal%ﬂdtﬁ‘é&pﬁgae hedy ilﬁgﬁ I bﬂl&é%o%e@hée‘?ﬁt% et t1PndEad on,
an exter I gl I Y i £\l n I L
tetrachl g?él%@. of egpgégr?% E#ié e lgée%@%éégﬁoio%ﬁ 3}&85‘?&?‘3@@55
O, bt whatkrisdpy tombentedréatidro ¢ondDPoid0f Che fbsidiped bedafiact@baind
150- 300 C. Sai d, hydrogen chloride ,gas may be a by-fr.oduct produced during
t he prepthus ifesilgnigsoither jnergape nin sraactiom. yiald.hdt pisepaefarded eighrpresent

For " pr onath B, B5EnatnebRiaal Aeiidl BEpRdoln Brpaebobe cRrbrias ha
I e R e A R T

bed reacaldows lsatineby arsafy and seliablayhexgilobrimpproof ehéottiei eategadrdthus
conditions of the fluidized bedbreaﬁtpr_ 4 and thus facilitates the increase
in rBact #eeidsitaeproblems ¢rused by ilndizeddnd reactar hening addeemmduatisianal

heat i ng r- 1o . terials Y nt.joned higher, .

t enper at gﬁ bé‘cﬁt&@r}t%ﬁénteegﬁ%]ﬁaﬁ% ﬁg&ﬁﬂhgefﬁ@ﬁn@ {F@;q ﬁ'% Oﬁ%épﬁnﬁfgﬁ“gwssaf e
and rel iﬂ@éﬁooﬁﬁ%'tﬁéié?dﬁ%w- fdSEIdductiRrRa48it, and thus 15 avoids the

probl ens caused by a fluidi zeg_ bed reactor having a |iner inductive heater,
i.e. strict Regotioaregpuasicon(ihis amexotledrmiof reabtiongantareactiod etjddtionu(3) es
i n choosi ng the expl osi on-gr oof bﬂ}(ﬁl@tjc&iﬁve unit. eaction eguati on (1)
is an exiSt ABr RREOEIBIIC FeaGiiRn 1 IEET S ovel oh Ym9lli amouninaéd: hedragen

tho 4 ui SHIOESIeS ldkd GHET thelTReiajPRRBbalLodbilE PACIARC difedt KEE, fiin ™ ©

o DT & e bt vy, X raaL IR ot AR R

anount dfeaktionogaseschammdee aasdydeantrelichactiaon temperaturef int ke rreactaroio

conditi Oz%t(i:hn thgeaﬁl%%% of \ﬁyldroggnegﬁfoeride as added, such that control of the
reaction conditions in the reactor will be easier.

25 For hydrogen, hydrogen chloride and silicon tetrachloride entering the
fluidized bed reactor 4, the molar ratio of hydrogen to silicon tetrachloride is
about 1:1 to 5:1, preferably about 2:1 to 4:1, and the molar ratio of hydrogen
chloride to silicon tetrachloride is about 1:1 fo about 1:20, preferably about 1:1
to about 1:10, most preferably about 1:3 to 1:6.

30 The fluidized bed reactor 4 is kept at a temperature of 400-600 °C and
under a pressure of about 1.0-3.0 MPa, preferably at a temperature of 500-600

°C and under a pressure of about 1.5-2.5 MPa.
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25For hydrogen, hydrogen chloride and silicon tetrachloride entering the
fluidized bed reactor 4, the nolar ratio of hydrogen to silicon
tetrachloride is about 1:1 to 5:1, preferably about 2:1 to 4:1, and the
nmol ar ratio of hydrogen chloride to silicon tetrachloride is about 1:1 to
about 1:20, preferably about 1:1 to about 1:10, nost preferably about 1:3

to 1: 6. 30Th i cli ! t t f 400- 600 C

aﬁd under a g;l{eéssl{:ljlgilél% %%1 Q:g%%[t%%ﬁgﬁglg Ik/ligﬁ%grhee%%?%b‘%ﬁgn: %ﬁﬂ%ﬁaﬁﬁ?@r{)f

500- 600 prefegablidartububircesterfaPelaifi¢t hdater 2siciMbRat the reactT&ii‘ rbEiteﬂl%FeEd
atu

bed reactor 4 is also heated with an external heater, preferab ul ar
ext er nal valldee marerstable., such that the reaction procedure will be nore

stable. In one enbodi,nent of t resent i.nvention, the gaseo ef fl uent
Trom e the 1 G e bulmENcphihE DESEn; tRkshipeqthe Pastpueatipent oG

Inorss o e QEdizc SN ed fedcier S SAMSTRBRITGR ctthile, THY oASeBus efilpeny
t he condghterb thend/cdlbge sepeacoed (WhitH wiz) bala Single@tass @WIUné)Eél?é}kitéﬂ”'e

gaseous effluent is renoved by the cyclone separator 6. GaSeous effluent .
treated By a Heultistagmeyekong separasaretkrough the megduin S, candithe uhreabeedheat

i, 8 .(which be.a. h h wh h f h
i g ¢ enputaltar el sEle AT GrpRgBh Ot bY b, BRERAUST AL Hets fb AEmaYEd Diecbe
0 ! - i t
nydr ogent T HORCoRpARARIRE IETas e ARCH: HCREL Yy NRFLEEIIM, SEpHad CrRfaRtoe
f 1 ui i zethrbeghrthecondudt 7Ttie bestrscovel§lumng (whiehhaay b a et bxbRgnddr)

been recovered, enters washing columm 10 through the conduit 9. The washed
gaseous wiereeheate frams the, dll@g\ntcénparatum rgasenbsy effluent: 2s (vacovieredy The a

LSt 20t 13 S, BRSENSR SRl S BHEEn B 1B OB le SR, 1
a mat er i gideoRy Réaqumara?ew hwcﬁogggoglg%meéégﬂ%Hcaﬁg%ﬁg%?g&qggfamdzo

(primarily hydrogen) e t he “hea a condui
recycl i ngtoattie floidizeddbed debetdrrdather gdseouts efflysmef ¢he dekatroft héhioh dagnt
I nvention to subject, the gasequs products to wet dust renoval treatnent

wi t hi% hebGRls Kooy @sdumnterd washiagerlssar 1) tyoveh the: eonduis Iabhe mpsheidurm

10,3 SRt R Lo A a0 s ke Y

two-stage or multistage condensation recovery unit) through the conduit 11.

After condensation and recovery, liquid-phase materials are discharged into a
material accumulator tank 15 via a conduit 14, and uncondensed gases

20 (primarily hydrogen) enters the heater 18 through a conduit 13, for recycling
back to fluidized bed reactor 4.

It is preferred in the present invention to subject the gaseous products to
wet dust removal treatment with the washing column 10. Said gaseous
products enter the washing column 10 via gas inlets at the bottom. In said

25 washing column 10, part of liquid-phase materials in the material accumulator
tank 15 is introduced via a conduit 16 and through a washing solution inlet at
the top of the washing tower 10, as a washing solution. Such washing solution
primarily comprises trichlorosilane and silicon tetrachloride, such that fine
silicon powder and metal chlorides (particularly aluminum chloride, which

30 may be comprised in the gaseous effluent that has gone through heat recovery),
which cannot be removed by the cyclone separator 6, are completely separated

and removed via the outlet at the bottom of the washing column 10. The
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tank 15 is introduced via a conduit 16 and through a washing solution inlet
at the top of the washing tower 10, as a washing solution. Such washi ng
solution primarily conprises trichlorosilane and silicon tetrachl ori de,
such that fine silicon powder and netal chlorides (particularly alum num
chl oride, which 30 may be conprised in the gaseous effluent that has gone

ar e comp apayq BESHEHY LITHAC ARSI, JRsREIRCEGHRE, IOREHR RS RRTEEIR, ©

are conpl etely“separate

washi ng theltoprarkDeniBre theashddngaieowscetétyenit 122 tuenghhtevesiduig 190HH™
10 fromthe _gaségutlet at the top and enters the condensati on recovery unit
12 t hr odgld1ting, dbgdwiet dust remawal trepimanieavierdsdwsarr ambviabr tof shenhist

iy dust RsncaoRanR enSe Y s AR At BSmagel Froalnand; angrihus®
omoal hbah g tap P 80P KRTREA “INBRAIRRLIIRG Sodhng, k. MEiEhabl

steps. reduSingasfiectst e thet evétaldune crombahbriréstmkenitS apé | flRfdrable agprhses
trichlor Ofi | ane and_sil.icon tetrachloride, which may be introduced into a

10 rrultifQ Iszg‘én&@ndqwmgﬁnécﬂe@ﬁﬁemgoﬂgps.t he conduit 17. The process of
present ITELLON Sheohl LRRETRR ORI KBt Bl 15 bR s, on
o oY HSBLAIE ICSIcd M kpige: HER: ol O bl BicetTio op
- straam isuktistagdidistibiationtalanm ithroigly the ldonduit 7r SHe proctascenpaiseintg
stream and a.prinari trichlorosilane contai ning stream wherein the
primari F‘}'V%ﬁlqlgﬁoﬁr?@h%a&ﬁr_@?ﬁ% tF] n@% stﬁ@ﬂﬁi’ﬁ’%ﬂ&%y@l@dllﬂabktst ¢hehe
Cr Lo et SRR A2t 0 o1l son Letracnon de
oo g B8 pegashian Sty sAE LU MEPSHHSS AS0cd
from the stream from the conduit 17 with the multistage distillation column,
15 and the purified stream is then divided into a primarily silicon tetrachloride
containing stre_am and a primarily trichlorosilane containing stream, wherein
the primarily silicon tetrachloride containing stream is recycled back to the
external heater for gasifying and heating silicon tetrachloride. Subsequently,
said trichlorosilane containing stream and hydrogen are introduced into a
20 reduction furnace, where polycrystalline silicon is produced. The reaction
procedure is principally:
28iHCl; + H,; — Si+ 2HCI+ SiCl, + H, (4)
The reduction furnace has common conditions for the Siemens method.
The temperature of the reduction furnace is typically 1080-1150 °C. The tail
25  gas discharged from the reduction furnace comprises unreacted trichlorosilane
and hydrogen, and the by-products silicon tetrachloride and hydrogen chloride.
Said tail gas is condensed in a tail gas condensation recovery unit. Primarily
hydrogen containing stream in the uncondensed portion and primarily
unreacted trichlorosilane containing stream in the condensate are recycled
30 back to the reduction furnace after purification, the primarily hydrogen
chloride containing stream in the uncondensed portion is recycled back to the

external heater for heating hydrogen chloride, and the primarily silicon

12



2SI HC13 + H2 Si + 2HCl+ SiCl4 + H2( 4 ) The reduction furnace has common
conditions for the Sienens nethod. The tenperature of the reduction furnace
is typically 1080-1150 C. The tail 25 gas discharged fromthe reduction
furnace conprises unreacted trichlorosilane and hydrogen, and the

by- products silicon tetrachloride and hydrogen chloride. Said tail gas is

condensegstracldotide cORTaiadNs efpEdho rﬁfe‘)\é%hﬁeﬁghtte if rf&?ﬁlé{% tg%'eg{ Eﬁefhe

cont ai ni ng stream i n the unctondense pOI’tI on and primaril

tri chl or oxtdraakbheater fonigagifyingamdi eatirg srbwdmwmtaﬂﬂmdeecycl ed 30 back to
the reducti o fur ace after purification, the primarily hydrogen chloride
cont ai ni ng st YnDEQRIGH asn desrdedpandiviald Qfltﬁchh]redllbac Imtthelprecess

ext er nal o h en _chl or and ri rrar si)]jcon
tetrachlgfl e cont g‘%‘}rﬁ%ﬁg‘ir@?’ﬁeiﬁéﬁﬁr’t ﬁg% ﬁl&ajn&ﬁ’ts& P ]t‘:éeksﬂﬁmqe
ext erqal ftﬁmcgfoﬂ 4k i st S OF

by- products are recyl?lﬂzﬂgéﬁa%gdﬁ}gv 1d of etIﬁ ??Ic Ibg?gisbﬂt z%%%ﬁﬁat r?é)qg‘“éycs&lél
present silicent i prepagedi dherthisuchvemtdon cantesf thel ypurisy alrbiuRefidrits OB
production is reduc d and m roaéﬂaent al pollution | essened. "Pol ycrystalline
silicon PEEH: é’lnéﬂ'grﬁ Ehiod SNANET n?é?et%emr@qslmtoy tedpstrenent sokbm  cell

el ectroni Igp @ﬁi&nor solar-grade in sem conductor industry or solar cell

appl i cati'on.

The process of present invention makes efficient use of heat. The

10 fluidized bed reactor 4 is at a high temperature and under a high pressure, and
the reaction effluent is still at a high temperature. In this invention, the heat

from the high-temperature gaseous effluent is recovered and used for
preheating hydrogen, hydrogen chloride and silicon tetrachloride added into

the fluidized bed reactor 4. This alone leads to saving of about 250 kwh of

15 electricity for every ton of trichlorosilane as produced and a decreased amount
of cooling water as used, hence reducing the running cost of the whole

process.
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The process of present invention nmakes efficient use of heat. The 10
fluidized bed reactor 4 is at a high tenperature and under a high pressure,
and the reaction effluent is still at a high tenperature. In this

i nvention, the heat fromthe high-tenperature gaseous effluent is recovered
and used for preheating hydrogen, hydrogen chloride and silicon

tetrachl oride added into the fluidi Zedd reactor 4. This alone |leads to
savi ng of about 250 kwh of 15 electricity for every ton of trichlorosilane
as produced and a decreased anount of cooling water as used, hence reducing

the running IQOAtgﬂfcekﬁ'%"oWbﬁgfgﬁﬁﬁén ofjtﬁhﬁﬁ)rosilaﬁg By HfaQtﬁﬁéﬁlJrﬁiatiél‘? .

preparation of t¥ri ' e preparation

I chlorosila hydr ochl ori nation durin

of pol yduystgthé preprrhtionrof polyeriystatiyné sjli¢matdorgprsimg | urgi cal silicon to
a tenperat u{ﬂS f 300-500C.in a powder drying furnace followed bag‘gutti ng it
intoSa reactddr! eatmgb;neg}aﬂurgﬁcsig Sh¢ORe 40 Agtemperadure «f aK)-60 Wmtdh an

ext er nal er 1.0 f | L1€0QN rachl-ori-de .gas_of .a tenperature of

160- 600@5)%&& érflﬁg)fﬁﬁ%(ﬁéeg(#lﬁﬁgem ﬁ&@ﬁﬁéﬁfjmtgc?ef%%%o a tenperature of
150- 300C wi i r i ' ' a
t enper at ur etﬂgfé%éyglgg%ﬁgm ttmf\dté glg:? %?1;1 tgtr{g el)lldﬁtgé; Gblairt\? I%é)d E%:{L ?é\lgﬁ? h'hgi S%s Es(gs
from st dpemisilicoh tatrachjoride gas lod a teanperaturdef ¢60-6003dy ogen to silicon

tetrachl oride nolar .ratio, of abo 1.1 to 5:1 15 and a hydrogen chl ori de to
si licon tet CAdNeBertingRydrogen rhlaidegasitoa tqm@@rquurgaefdlﬁ@%ﬁ?ﬁ withbei ng

kept, . at of about 400-600 C and under a pressure of about
1. Otlg Otﬁgg{aﬁwggéﬁ%‘é process according to claim1l, wherein step a)

co remH ses rend;yn ptmghgaﬁﬁgrm@dgm'gs@ko ¥ terfperathidof J0U-809C withtd feyrng
: and
e) introducing the gasses from steps b), ¢) and d) into the reactor,
wherein a hydrogen to silicon tetrachloride molar ratio of about 1:1 to 5:1
15 and a hydrogen chloride to silicon tetrachloride molar ratio of about 1: 1 to 1;
20, the reactor being kept at a temperature of about 400-600 °C and under a
pressure of about 1.0-3.0 MPa. |
2. The proéess according to claim I, wherein step a) comprises mixing
said metallurgical silicon with a catalyst, introducing the mixture into a
20 powder drying furnace where said metallurgical silicon is dried and said
catalyst is activated with hot hydrogen, then adding the treated mixture into
the reactor.
3. The process according to claim 2, wherein said catalyst is a nickel
catalyst and/or a palladium catalyst.
25 4. The process according to claim 1, wherein said reactor is a fluidized
bed reactor comprising an external heater.
5. A process for the preparation of polycrystalline silicon, which
comprises:
a) preparing trichlorosilane according to the process set forth in any one

30 ofclaims 1 to 4;
b) removing impurities from the product steam obtained from step a)
using a multistage distillation column, and distilling the purified product
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20 powder drying furnace where said netallurgical siliconis dried and said
catalyst is activated with hot hydrogen, then adding the treated m xture

into the reactor. 3. The process according to claim2, wherein said
catalyst is a nickel catalyst and/ or a pal | adi um cat al yst. 254. The process
according to claim1, wherein, sai. ctor is i di zed bed reactor
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