| mproved Process and Apparatus for the Preparation of Trichlorosilane and
Pol ycrystalline Silicon Technical Field 5 The present invention relates to
an i nproved process and apparatus for the preparation of trichlorosilane
and polycrystalline silicon. Specifically, the present invention relates
to a process for the preparation of trichlorosilane by hydrochlorination,
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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 is between that of metallurgical-grade silicon and that of
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of 99.99-99.9999 %is generally accepted. Electronic-grade (EG
polycrystalline silicon typically conprises nore than 99.9999 % of Si, with
an wultrahigh purity of up to 99.9999999-99. 999999999 % The 5
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only if a rectification method is employed.

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; + Hy )

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,;Cly). 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 is 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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pol ycrystalline silicon is deposited on the silicon chip by chem cal vapor
deposition. In another enbodinent, a high-purity polycrystalline silicon
powder is put in a heated fluidized bed, and said

trichl orosilane-containing streamand high-purity hydrogen gas are

I ntroduced to allow the deposition of 5 the newy forned polycrystalline
silicon on the silicon powder, to form particulate high-purity
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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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3 useful for the production of polycrystalline silicon, thereby enhancing
utilization of the materials for polycrystalline silicon production while
reduci ng production cost. However, this nethod has a | ow primary conversion
rate of about 15 % Thus, the effect on the reduction of production cost is
5 limted. Another nethod is hydrochlorination of silicon tetrachloride,
wherein the gas-solid catalytic reaction of silicon tetrachloride, .
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t et r ahy dWB8er 9e¥KIQIEREduce high-purity silicon. However, the method can

o0, . Deplsgasal esdobecpneests s koo P an by co
theis 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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energy consunption of the nethod overly high, hence affecting production 4
cost of polycrystalline silicon. WO03/040036 di scl oses a process for the
preparation of silicon, in which formation of the silicon tetrachloride
by- product is reduced by controlling tenperature of the reducing step and
optionally controlling the nolar ratio of 5 trichlorosilane to hydrogen
feeding to the reducing ste Since this process increases reduction
tenperanosbofmmﬁy@mﬁhﬁlmeuhﬁdpnthe energy consunption is increased.
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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 various
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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One aspect of the present invention is to provide a process for preparation
5 of trichlorosilane by hydrochlorination during polycrystalline silicon
preparation, conprising putting nmetallurgical silicon into a reactor, and

i ntroducing gasified silicon tetrachloride, hydrogen and hydrogen chl oride
into the reactor with a hydrogen to silicon tetrachloride nolar ratio of
about 1:1 to 5 5:1 and a _hydrogen chloride to_silicon tetrachl oride nolar
rati o ofofabtrichlorasilane 1:tp0, hyksoehlrimatioei rduniegt pelycrysiapinat wiblicon
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b) removing impurities from the product steam obtained from step a)
using a multistage distillation column, and distilling the purified product
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 is 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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pol ycrystalline silicon is provided, which conprises: a) heating

nmetal lurgical silicon to a tenperature of 300-500 Cin a 6 powder drying
furnace followed by putting it into a reactor; b) gasifying and heating
silicon tetrachloride with an external heater to formsilicon

tetrachl oride gas of a tenperature of 160-600 C, c) preheating hydrogen
chloride gas to a tenperature of 150-300 Cwith 5 the external heater; d)
pr eheat pogvdeydhygen fgmace doHowedpay puthieg of 11600 880tCC with a heater; and

I nt roduci t he . f t b), d. ' th t wh [
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pressure of c? prebiating 13:diolBa. cHlorideoghe to pr kimpemdute ofiisaB08d1CwWHh, a
process for the preparation of polycrystalline silicon is provided, which
conpf i s#lsc exterapl heatarhg netal lurgical silicon to a temperature of 300-500

Cina po r _drying furpace followed b tiNge hhnl o ot )
gasi fyi g afd miEaErpae A dtoan: Ghs B AR e a0 s oG WiBERdfearer
form siLigon tetrachloride gas of a tenperature of 160-600 C c) preheating
hydrogen chloride gas to a tenperature of 150-300 C with 20 the external
‘heater; d) pjéhtratusingyle ggses desmt steps o radudpinto GEOr&@OOT whetein
heat er; | nt roducing the gases from si eps b i nt
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di still aboat 1dd3ufhPand distilling the purified product streamto divide
't into a prIlierz%{oit or Spirleifgr?gdtt%%:flglcc%osrciilgﬁb%?ne{ %ir(r)]icer:]sgs %{t)rr e parggalgation of
polycrystalline silicon is 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;
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: 1 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 €) using
a multistage distillation column, and distilling the purified product stream to
divide it into 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 ¢);
g) introducing said primarily trichlorosilane-containing stream and
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30 primarily trichlorosilane-containing stream wherein the primarily
silicon tetrachloride-containing streamis recycled back to step e); Q)

i ntroducing said primarily trichlorosilane-containing streamand 7
hydrogen into a reduction furnace, where polycrystalline silicon is
produced; and h) condensing and separating the tail gas fromstep g), and
recycling the primarily hydrogen-containing streamin the uncondensed
port i onhiydekgen iste@m r@i/lg:)uorari%ma@, pwvhete pojyenysiadae silicon teprodeesdii ng
strean1%g§r to step e), recycling the primarily unreacted

trichlo i | ane-containing streamin the condensate back to step g), and
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hydr ochlegnideakaebhsk QSSé?cE:jCJ (4Rl oM igtimatRy it ohOtetidbhldridArc AitRRtiARUS
for the preparation of tricthf'orosilané conprises a powder drying furnace
2, a fl gtrdapebabkdorsteptedr 4, a cyclone separator 6, a heat recovery unit
8, a washing cg um 10 and af condensation.recoyery unit 12. The flfui di zed
bed react or 4 B¢l aspeseml DRGSR HHVYUHER JlHES oI & ARParatly ([ e

sectjons; I.e S ration section at the upper section, a reaction
sect onalbﬁvfaﬁ%leﬁiugﬁ%g @g)%teg%)n and a feeding section at the | ower 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, siDesariptioor af bthed)xiewimg hydrogen and an inlet for silicon

owder are di sposed in the feeding section, wherein said.gas.inlets are
POC ated und heapéggent invention can %e fhore clearly Compre ended i3 fbitngt o

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

preparation of trichlorosilane by hydrochlorination.

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.



distribution plate of the reactor, while the inlet for silicon powder is

| ocated above the gas distribution plate. s Metallurgical silicon enters

t he powder drying furnace 2 via a conduit 1, and is dried in the powder
drying furnace. The treated netallurgical siliconis added into the
fluidized bed reactor 4 through a conduit 3; hydrogen enters the fluidized
bed reactor 4 through a heat exchanger 18;. heated hydrogen chloride 5 ?as
enters the fVgtalluegicalesiliconceniera thamanden deying farmese J3dara eanduld T,

heated silicqn tetrachlorifde gas enters t fluidized [ tos. 4 .

t hr ough aéldcbgngﬂre{i 1 ﬁle PﬂgddPéa‘giy&Fg %W%‘b@'hﬁpe Jr?ﬂ(}Sé gpgf’aﬁfwgﬁ@%e%g% e
and pre r.g i ; HlA i i+ Bh isofpd
R i o e L R A

pri nﬂ p&lﬁiﬂi?é@blsdﬁ%dﬁﬂor-ﬁtEi'di(‘%iStHi’ez(thlﬁi@bﬂ 1_J8;I-]Iﬁ§at6di Heirogeni@hloB)XeThe
metal lurgical silicgn used.in the present ipvention is a po r,

pr ef 6r algiag Mvrm@leaﬂua@@ﬁdd@cbé@aqtgré roughra aoRAvitidy sARheagindhheated
purity of.. abqve % ;1 n_one.pr r . i i.C [:k iyeon
s hea: diliean 18 Tagloplss BaS 3Rt (64HEERTG AT to T sBloi ¥ chingilit 266

f ur nace. I s Rpbde] mtﬂ%‘? et fih | i

m xed Wt?ﬁ”rae% gfat%ﬂ;ﬁ/sktd?ﬁgéﬁé ?%e m Xt{ﬁ&;ﬁ}tg add%ﬂcgﬁﬁﬁ%%djggg%rgf _dr_(giqgr ®

f ur nace facilitathitht rehetiont af Ithe giloewe-nsentioned imathriald anthe Hlnidazed i@d i s
activated with hot hydropgen. Then, the, treated mxture is added into the
f1ui di zéaagied 4-cHe s7aciiqmp Yk SqYNeAPALY- 20 Preferred catal ysts are

ni ckel cat aly:s | Ola: | ad{um cat al yst s. ogen is preheated to about
3005§00 Cw lhit%rgeﬁggt&fe)@:lﬁg_ngér 18. Said h;%/l?jogen may conprise the

hydrogen r eci(y, edH,LomRiHEL,pPRII¥CI yst al | i ne  pReparati on process. Silicon
tetrachloride is gasified and heated to formsilicon tetrachloride 25 gas

of a tenper ahe emetaliimgicall Gilieon wsed tinsiibal prasentnigvicadiarhds ai poweler,
‘tetrachlori.de,js.added into the fluidized b re r 4 in the, form,of
Lo, Cnrefembly havets andrarags nasticl iz s abomt 208 atsols iR ol of

oLl o8, 4 e sto R SRUBIA, p SRR LRk muactow
by- Rsodugl0-600 °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.



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. 9 Hydrogen chlori de gas
may be at roomtenperature (25 C), but preferably preheated to about
100-500 C, nost preferably about 150-300 C. Said hydrogen chloride gas may
be a by-product produced during the preparation of polycrystalline
silicon. |n Hydrogasr eechlogideecgas caaysdieutatorroost Emperaties e i rivantgn,

an external heater s preferabl Q- preheati 00en ~ah o

s by aatAb T, preheaRa dar b u HAEN] P, BROSE BRRsLDY ARSHET B0

pr eheat ed,; fi t egdqd N f L uihgi d I d
absor pt Fsglrllao %@gﬁéagﬁﬁ%ﬁ?t %éf uP{jiqgeed]dblggLégdgicl?%r ﬁzsggéﬁeggr% Zt}il%al S,
t o whi clprbphsido ofgpoityairpstatiane issthconndit thenprefiertdte té¢hnidak adlukons exdct or
4 and thus facilitates the increase jn reaction yi |d. It is preferred in
pr esént the esenbrinvention, an s&ternal heateri iy Drafirably gi1ssdefien prchgating

materials to abeve-mentioned hi gher tenperatures, because the external
heat i nglhryéiﬁﬂg?n CE’IY?IE}\EE 8at i ng by a safe and reliable, explosion-proof

el ectric heqqﬂiroﬁlﬂ tﬁytﬁ‘dg%navé’lﬁﬁﬁidé‘eaﬁﬁoﬁiﬁ%nc%ﬁ%h@driﬁef | sk ftebed

reactor having a ner T nddctive heater, i.e. strict requirenents on the

mat er i alpsehéatelde firsacna thendaddéd i mtot tles fluidized obed graator ! tsiaweidr oof

i nductive unit. Reactiaqn equation (1).i.s an exothermc, reacti on, and.

reactio@géqmﬁl‘i’%rﬂ @e%e@ta Oéfhég‘@hépﬁ@@e%egé i BrRctamh & by, tlesce Magtcrialse) |

anmoynt . -chl:or | . i« t eI W | |

arrdf SHCKChERSde BRiBRRGAE B hdiBichs P ule, ThENERS, BEd rbapEk ad

heater fRis PrRNEBItESItHd Einch@AR 11BN reacEsn Cyieldor B ¢§3pfafem@1t rigl pres@iti on
r

tenperature in the reactor to match the andbunt of hydrogen chloride as
added, soeentibat teomse dn ofxtetwal heatimigonmaondi ttoopscheat: ther smtenalssitol be

cnt er | nDONE TETHOBHOH Y FOBBEEHC RECRES ANF P T GTRRI RyaPBgeRaor
B e R T T e o L
1: 1150 akeids theProbledhecalibyd dyoatilvidized bed reactor having a liner inductive
heater, i.e. strict requirements on the materials of the reactors and difficulties
in choosing the explosion-proof inductive unit.
Reaction equation (1) is an exothermic reaction, and reaction equation (3)
is an endothermic reaction. Therefore, even a small amount of hydrogen

20 chloride added into the fluidized bed reactor 4 will affect the reaction
conditions in the reactor. The use of an external heater for preheating the
reaction gases can more easily control reaction temperature in the reactor to
match the amount of hydrogen chloride 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 to 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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to about 1:10, nost preferably about 1:3 to 1:6. 30 The fluidized bed
reactor 4 is kept at a tenperature of 400-600 C and wunder a pressure of
about 1.0-3.0 MPa, preferably at a tenperature of 500-600 C and under a
pressure of about 1.5-2.5 MPa. 10 The fluidized bed reactor 4 is al so
heated with an external heater, preferably a tubular external electric
heat er, such that the reaction procedure w |l be nore stable. In one

enbodi nent  dfhe hdujhsednbednveantvont ihealgashesieder¥ithenn extarmab henser,
ef 11 uenpreinbhL & hPuie el bebls Hedfen R ThbE et OB e e

cycl one (SgPRE #h8Fe S%Ibl@ mul ti stage cycl one separator) through the conduit
5, and the unreacte met al l urgi cal silicon brought out by the gaseous
ef fl uent i s Ineonyegmbydiment afctheneresper atventon, Gheegascamis el@oent femmed

by the cycl one separator enters, 1o through the condyit 7, the hea
recoﬁerﬁ\{@rflmdgzqcﬁhcéﬁeaﬁg@r&bl%ﬁh@h@r tseatethgey example, thegaseqis effluent

used i nCBa eoeY R BRamserat B wileh TRV S simele s R e o BRh oo
hydrogeRy HyfinRg&Asehtwibae sphraidr) a@Rotighr dehtonidR sdded thetrédded

fluidized bed rgacgqr. 4. The gaseou efflUent, the heat” of which has 1s
been r ecostalledgicatt sitisonabtoughtcotitihy the tgaseogh ¢ffluamnduiemoyedhiey ilished

Po- ot agECHNBPPREHEDS. CmsanBae D THIBBHER, DYre CYFOBRgTE R GIIGR, 11
A . . ST et ) . o

o ' Hbo oPRURITEN B TR Hatn rebOYLLY RS (PRIE i B nERCERAIARED 5
(pri mar igyerdy ticag eftbne el hishachfiraturkd ghbeoughefflitamndiy treédvefed. The

recycling back to fluidized bed reactor 4. It is grefefred in the present
i nvent i secoversddieattmaydayasedus sprdbheat exchangan 1 ¥ ostsatd sntetnal heatarant

10 vi & Gader dp ditehget PRgTageRohydfoesnioBURATA siicon setrachlorids duged

|99 B TR B, O FRLETIL SRBUTY o R 1R o, ke

vas s ng beentlecderéd énteds Washinglodluamh 16ubitowghitheccauduit i9mThe washed
gaseous effluent enters the condensation recovery unit 12 (which may be a
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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primarily conprises trichlorosilane and silicon tetrachloride, such that
fine silicon powder and netal chlorides (particularly alum num chloride,
whi ch 30 may be conprised in the gaseous effluent that has gone through
heat recovery), which cannot be renpved by the cycl one separator 6, are
conpletely separated and renoved via the outlet at the bottom of the
washi ng colunm 10. The _u washed gaseous effluent |eaves the washing col um

10 f r omwasheghgasgnuseeffiyent; lpavespherwashing solyanchh depatheogas endlasrat

Tont mothC 108 dnd Gfiere g chudpnsttion JE60eS ptr 2 Mo Btotnd EORIRE 41 dp
dust 'naklﬂ?tigﬁ%’ltﬂés\rv et terhhoat TRHtmcNdatbids Jer! hndOeabrbNIhénd y

foreign I npuri e washi ng and tenperature reducing effects int
wet dustremeyval Aipparaaisneniseal byfchygjrmbﬂlm oy duust rémldvabitneptomente laﬂdn@mand
recoveri ngl; steps. .Streamin %@_ .material, accum at or tank 15 primarily
compbi sl 1Relc réRsin a#aY aFRICign | EBRUTKISSac hher ivdeshing @Rdrdpmperature

17, Tho peies GifedsS bt VPR AU kBl YRR, T g bl R e

trichl orgHLARS @mdﬂgmglaha ke velian bpg)n of silicon tetrachloride.
During the preparation of polycr sta ine silicon, inpurities are renoved

fromthe strSsearfir dm tthe cmatiedia 1acwmhlatbe tanki dtSagprignanily | eomprises
col um, and. t he urlfJed strea hen c\rﬂdedl toa rlrrarll

i1 1 con tEEblTORilapeBndoRt HH g idanavaic mayi by i ﬁuee@suﬁ:an@_
congy 'nmta&@geﬁas@gggspgcqlhgﬁl tdeifg] e YIGEAP 17 TIRE BhGEL AP AREGLIY N0

streamis rec eat er or gasi fyrng and I'ng

si li conjheénaenl eresity fuheageentley, yickdi oft tﬂl@l'ﬂ'@@b@ﬁ&h@nanéoﬁﬁhibitm&he
stream and hydrodgen are introduced |nto a 20 reduction furnace, where

pol ycr yfonnhtioa of silicon tetrashdarided. The react ion procedure is
principally. 2SiHC13 + H2 - . Si+.2 4) The. reduction furnace
s common’ LORENE iesPreparaienc L ARRE fie siliggh, iwp@frgf%ﬁ argrepgyed

educt R PGk ol %o%ﬁ@@ﬁ%ﬁ?ggc Titlgac 3o dia
hydnegeandatht plaeiftsd puRAnstis tfhlehl dbrideat m@m prigardpdsiticenoggrachibsidede.
containing stream 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+ SiCly + Hs (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
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Said tail gas is condensed in a tail gas condensation recovery unit.
Primarily hydrogen containing streamin the uncondensed portion and
primarily wunreacted trichlorosilane containing streamin the condensate
are recycled 30 back to the reduction furnace after purification, the
primarily hydrogen chloride containing streamin the uncondensed portion
is recycled back to the _external heater for_heating hydraogen_ ch]oride, and
the pri teirachlogide cemiaitingestrgam g g cepndgnnaty Bt reeysled baekcinddgsat e

ot rachiorsal el fol stk id, PEAEE SUBLoN RAIRRIA: "t chborosi | ane
in the proceggys, ,X-Pwé@@tts drevieR R, i ah 8 of #itlobddlarfORt 10 process

polycrystalline si'licon 5 produCtion is Teduced and environnental
pol | uti of pessmtednvEatignr yst highere midh cthiat pcestaradd palyctystallinengilicon

neets the purity requirenents, on .electronic-grade or solar-grade in..

seni SondieduelipAdsrequesd odaPnvionmeRial iRaliaen FerschrdcBobyGysiHbivgnt

i nventi QR: e icie of o T L O ui.gi : is
at a hi §Q1%§F§%¢e§ a{rﬂd umnI ermé}é%?itg h pﬁg%est%r gléarpgi @epﬁﬂ]a%%?%h&ref épuent
is stilkl@dtrénitigihdeenper sdlakrale Ghi sehiiventuetor tiguBast of r sulak heell

hi gh-t enperat ure gaseous effluent is recovered and used for preheating

hydr ogeapphigdtiogen chl oride and silicon tetrachl oride added into the

fluidized b reactor 4. .This alone | eads to,savi of ~about 250 kwh, of is
electricity RRASESS + BF BreSEnt cHNGHIG Jmakes B?ﬁﬁ’t‘?@éduﬁﬁdoﬁ g%%tre d

y | . : :
oD fRAERH bRg rEALE £y MR RChINRAROERAUF, BRTNIRIGT THIEE jeSSurd) oho°

tri chl otlesircagigohyefiihinedkl still nat a dnghwenmgetaberepriepehistindention, the heat
pol ycrystalline silicon, conprising putting s npetallurgical silicon into a
react or framd thet dughdiemperatung egassouisc @ffluest r a¢ hrenawesed hypado gasedantpr

hydrogen chlgride into the reactor wth,a hydrqogen .to siJicon .

Lot r ach Perhe g iaydingen ToidiagsR: cloriud a2 ST, wfafhlisfiE addedainto; o
iia:olt conh et ez ¥ FRAALr '/ TRICHhIGROYkads td dRitg SO abblif ZRAKWH diel N9
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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at a tenperature of about 400-600 C and under a pressure of about 1.0-3.0
lo MPa.
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2. The process according to claiml1l, wherein said hydrogen to
n tetrachloride nolar ratiois 2: 1to 4. 1, and said hydrogen
de to silicon tetrachloride nolar ratiois 1: 3 to 1. 6. 3. The

s according to claim1, which conprises: 15 a) heating netal |l urgical
nto a tenperature of 300-500 E in a powder drying furnace followed

ting it into a reactor; b) ga and heating silicon

hl oride with an external heater to formsilicon tetrachloride gas of

erature of 160-600 C, c) preheating hydrogen chloride gas to a

at ur e 10f 5 150Q5:3Q0 f%Mhtehpref?;%rhﬂ%nees‘f%ﬁaﬁloﬂaﬁﬂtaﬁe bﬁ)hﬂ@&ﬁ%ﬂlﬁﬁtlon
en gas to a tenperature” o heat et ;

uduring hehgasmephratiost efs pplyarystailing) sihicont he:mnpnsmg zputf[ng
s according.to, Qla|m3 wherein step]gé (oY0) ses mxmg ald
unggteBurgigal c saligpnh 18t atdal §EICLOLNt udpg‘}é &i x84 efint% 1gon

E O GRRBER ST hRg AR L kIS inBhrcc RSt WAUFA IARtoREhS

t k& sileash QétraéhloTﬂfb ﬁi(ﬂﬁ?ifﬁtléc@pﬁﬁ@@m tiorsl5al mnd a\MWrG Bn&ﬂtﬂdrlde

st is a nickel 0 catal yst and oraﬁalladlumcataly .. The
s taslocal mqra«:hlolraimnmlaV\MMquf amut hyH It@de R0; dhpriegetor b@mgd@p’c

339@2”@%5%@%%%3 aoet A00GB0Y Ty bl FRAE i PResiter e APakr nd-Sld

;Mjgﬁon tetrachloride is a by-product of polycrystalline silicon
a

7. The process according to claiml1l, wherein said reactor is

zed bedTheasiodess vaa:brain% tanclekine 1 nalhbesdhesaidShBdrdden po ogdéisen
ing to claim 1 whi ch er conprises subjecting  the gasequs

! ngtraghl B ademmlola\rl\%ﬁg 1£ 1" tjher Cg”p“ ses subjecting

3. The process according to claim 1, which comprises:

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;

c) preheating hydrogen chloride gas to a temperature of 150-300 °C with
the external heater;

d) preheating hydrogen gas to a temperature of 300-600 °C with a heater,
and

e) introducing the gases from steps b), ¢) and d) into the reactor.

4. The process according to claim 3, wherein step a) comprises mixing
said metallurgical silicon with a catalyst, introducing the mixture into a
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.

5. The process according to claim 4, wherein said catalyst is a nickel
catalyst and/or a palladium catalyst.

6. The process according to claim 1, wherein said hydrogen comprises
hydrogen recovered during polycrystalline silicon preparation, said hydrogen

14
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t he gaseous effluent fromthe reactor to a heat recovery treatnent. 10 A
process for the preparation of polycrystalline silicon, which io

conprises: a) preparing trichlorosilane according to the process set forth
in any one of clainms 1 to 9; b) renoving inpurities fromthe product steam
obtained fromstep a) wusing a multistage distillation colum, and
distilling the purified product 15 streamto divjde it into.a primarily
silicon Cthg@ﬂd@hg@i‘r jigle éﬁhpmdm‘ﬁgogtnc&aﬁmﬁahw%r&mﬁ@n|grqnafr%%oaf @a(| spid

cont 2 e SRR SEOREATELA Yot S B REbfy o i
trichlorosi lATEhE Prorbss l’é_@c&fdigﬁg”’t@'&‘ljai'ﬂddlr,oﬁﬁgréi@lt 9aid réRAYENS %flfdgﬂi’t%@l&

where polycrystalline silicon is produced; and 20 d) condensing an
separ at ibegl tdaetémcoOmypasing @m sxtepnal) heated recycling the primarily hydrogen

containing streamin the uncondensed, portion back to step c¢), the. .
e 1y gt CBRPTORFS: AGSORBAG RN AL s ST WHBes ROBRI L DS SHgon
back to | par . | ' r.osi . .an .ning stream
nthe. 45 #n8ns CBHuRh{ T shodfheRR Gy e Ut AR B IGHY, T, 511 G
25 cont ai ni 19y Fhé §aBCEss hbCoringeRsslanbaskvhehstiefthe) codprides sobRchlngs
for the preparati on of polycrystalline according to the process set forth

in cl ai the@aseonpefBnant front the deactordod healcranoverprireaimantepar ati on of

trichlorosilane,by hydrochloyination; .30 a pultjstage,distillation colum,
for Crempvi nd U rGATPELSS Tiimibhe DEFOMALION cobapdlait StaLling  sihcon. Wi
tri qBI orcg)%lg)ﬁgg .preparing step and for distilling the purified product
streamto vide it-into a primarily silicon tetrachloride containing

stream and a)ppiepiridgy ttichrbeilase ladeerdinnt & theprotesaset forth ineshy tomen
furnace, for reacting said trichlorosilane-containing stream w th hydrogen
to prodedeclpongdrigs®al ine silicon; and a tail gas condensation recovery

or i 1y hy o OER Vifb oRRr LB R pradye SRR L RERET BORP St o
trichl ongéng apmemmutis@ige ngstsilatem aotumnpramdrdisyilingi toe purified product
15 stream to divide it into a primarily silicon tetrachloride containing stream and
a primarily trichlorosilane containing stream, wherein the primarily silicon
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
20 d) condensing and separating the tail gas from step c), and recycling the
primarily hydrogen containing stream in the uncondensed portion back to step
¢), the primarily hydrogen chloride containing stream in the uncondensed
portion back to step a), the primarily unreacted trichlorosilane containing
stream in the condensate back to step c), and the primarily silicon tetrachloride
25 containing stream in the condensate back to step a).
11. An apparatus for the preparation of polycrystalline according to the
process set forth in claim 10, comprising:
a fluidized bed reactor, for the preparation of trichlorosilane by

hydrochlorination;

30 a multistage distillation column, for removing impurities from the product
steam obtained from trichlorosilane preparing step and for distilling the
purified product stream to divide it into a primarily silicon tetrachloride

containing stream and a primarily trichlorosilane containing stream;
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tetrachl oride containing stream 12. An apparatus for the preparation of
trichlorosilane, conprising a powder drying furnace, a fluidized bed
reactor, a cyclone separator, a heat recovery unit, a washing colum and a
condensation recovery unit, wherein io the fluidized bed reactor consists
of a gas separation section at the upper section, a reaction section in
the m ddl e section_and a feedi ng section at the _|ower section, wherein the
gas separ at idoredeetionniuraace, oracacting asaitdetriehlarosianecontaingng s¥cearon,

there is oui | et disposed on.the ton.of the gas separation section, gas
inlets f%ﬁﬂW&Sé@ﬂ%ﬁﬁ‘&ﬁ“&&ﬁ@b’%ﬁ%ﬂﬂ%ﬁi ?’A’c"lﬂrgrq and hydrogen 15 and an
inlet for siyl4 LAY @‘%{Jénl?ne | ; [ ' o S
for hydr ogerzl1 ﬂgﬂ) g?él)gﬁﬁaé?ﬁ}é%ﬂn??éet rach or?t’l gé.eIl gir}’ddﬁ%?% ﬁ%éi{;ﬁeﬂo i%‘?rlﬂﬂélrﬂ&
comuni ¢aidrogenidontaingag siredm] bysrinmrillyah pdgemposkibride tbataiaaeg atreantyi | e
the inlet for _silicon &&)V\d‘er is located abqve the gas distribution_plate.
13. The aopiimarilysunreasted tgchiprosdene contaHupg; sireHnand ai prpwdLly-slicop

(Faetor skagfERURS: Bip Rl iR, 10 7, 14 The apparatue ocording (o
heater. 16 12 An apparatus for the preparation of trichlorosilane, comprising a
powder drying furnace, a fluidized bed reactor, a cyclone separator, a heat
recovery unit, a washing column and a condensation recovery unit, wherein
10 the fluidized bed reactor consists of 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, there is an outlet disposed on the top of the gas separation
section, gas inlets for hydrogen chloride, silicon tetrachloride and hydrogen
15 and an inlet for silicon powder in the feeding section, wherein said gas inlets
for hydrogen chloride, silicon tetrachloride and hydrogen are in
communication with a gas distribution plate disposed in the reactor, while the

inlet for silicon powder is located above the gas distribution plate.
13. The apparatus according to claim 12, wherein said fluidized bed

20 reactor 1S heated by an external heater.

14. The apparatus according to claim 12, wherein said external heart is a
tubular external electric heater.
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