| 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,
conprising the gas-solid catalytic reaction of silicon tetrachloride,
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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 18 between that of metallurgical-grade silicon and that of
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of 99.99-99.9999 %is generally accepted. Electronic-grade (EG
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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; + Hp (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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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
introduced to allow the deposition of 5 the newy forned polycrystalline
silicon on the silicon powder, to form particulate high-purity
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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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hi gh-purity siljicon. The final step of this nethod uses the thernolysis of
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the y5  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 step. Since this process increases reduction

t enper at Wt ol pIIQaRRalBidedicdhe energy consunption is increased.
CN1403372A di scl oSes a process for the preparation of polycrystalline
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sl ower than t hg& of trichlorosilane to polycrystalline silicon. Generally,
under t hé¥3#8% eacti on condit i ons, the yield of polycrystalline silicon
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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
introducing gasified silicon tetrachloride, hydrogen and hydrogen chl ori de
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 tetrachloride nol ar

rati o of ebouticAlckokidand: 28y thedrRdtdAnabieinng db@ﬁi%aga(ﬁl/gbmﬁrlﬁiwr%iﬁfzon
about 400-600 C and under, a pressure of about 1.0-3. Pa.” Anot her aspect
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silicen telrachhdiydiegenl diloraid w efli@houttrdcilortdd nadlar rhdorelebount bel ng
kept at a benperature of about 400-600 C and under ressure of about

1.0-3.0 Lid0mhe reacipehsingdantmira Wl@@eﬂ'awtcrfealp@@gégﬂ—@%é’ﬁa apdainder a

fromste Sl mul g i distillation colum, and distilling the
purifi ed%ﬁg%sdﬁgtdﬁg?&&%o%gﬁ%ﬁgfae it into a primarily silicon o
tetrachl ori desgarie AipLLSSF 9RE HRAent iRVEABDh! ¥ 14 1FVAOH HRBEeGORSAIRENY
stream wherein the primarily silicon 20 tetrachloride-contalning stream

i s recyclpedpiation of poépcnr)staltine sif icody ciomgpsiaing;:t ri chl or osi | ane- cont ai ni ng
stream and hr%gro en into ﬁ reduction furnace, where pol ycrysta{j[ééle. .
siliddn is p 2 Bifda yIHeAlSHiCoRy 1BKYAJEBaH: IRGOdHE GRS HAR] FHdgen
step c), i rinar i i:ni . 1Dy .
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hydr ogentg RIiIdEH 6@ GABhRIrid & STk 8aMOLEEL kbbat It R0 M aPkydRIddry chloride
unreacted trichlorosilane-containing streamin the condensate is recycled

back to &2 epiegn tatrdchheige melariwptio bf abouttled riac hi2l, the-reantai hemg kepeam
mvent [ot aatcaetdu’e 51°e et S6UPUPara i il s st pERBay 1.0-3.0
hydr pchl MPQ;ati on during the preparation of
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);
c¢) 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 ¢), 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)

preheat i el @88Rgdaendce RIIRIBE LI @I (3R §PBadow th a heater; and
e) introducing the gases fromsteps'b), c) and d) into the reactor, wherein
a hydrogen t ®@)sghsidpmg endabbhiong dslivohatetrathiloride abtlutani external Sicaterabe a
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pressure of 0.3 not her, or ef.e ' . Wit QR4 A
process for tcﬂgﬂ %ﬂlgég?l&t%lg%wcﬁ% n ;&)@1(@@%&% gl I%i %éeféiﬁ%fotﬁ%@ g?gv:§%)d()ad,@ \%ﬂiﬂcl:h
conpr p sesheicxt@nalémfaterg metal lurgical silicon to a tenperature of 300-500

Cin a powder drying furnace followed by putting it into a reactor; b)
gasi f yi ng andi)rm‘@ﬁeﬁgngi hydmganegasénlaotarapendture ab 3)4-600aiChetihet beater;
formsilicon tetrachloride gas of a tenperature of 160-600 C, c) preheating
hydrogena‘El | oride gas to a tenperature of 150-300 Cwth 20 the external

heater; d) pr Eale® Q& : 3 :
noator. &) Chiraq R IheBR AT OREsRISTIR M IS (e IEoory i bsRin
react or, awhgdeogen aohydragenetrackldridenmoéir agtibors deoowl r Ir &d i% 1sandhomt
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di stillaghent ¢ah3m Mad distilling the purified product streamto divide
it into aprimarily silicon tetrachloride-containing streamand a
In another preferred technical solution, a process for the preparation of

polycrystalline silicon is provided, which comprises:
15 a) heating metallurgical silicon to a temperature of 300-500 °C i 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;
¢) 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 e);

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)
introducing 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
portion haedrolgensirgd a sedhctisndirfacer Wiaire! yoRxgy 9a¢hine Nidcobderscoridididng
stream back to step e), recycling the primarily unreacted
trichlordﬁKiane-containing streamin the condensate back to step g), and
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of the pree¥ghingnileetpumarsly tHuepekshristahdaresilang-eantrinsng asigcamo ipy the
hydr ochl qr.i i { scrj bed, bel owi i n_r.ef erence.-to Fig. .. _An appar.at

for the SPERRPSERREGE DT HERT Eofd dhe R R SOSTid Gy fidpe Brar (- BREFALLE

2, a fluggkéggbg@gtbqgggqg_4, a cyclone separator 6, a heat recovery unit
8, a washing colum 10 and a condensation recovery unit 12. The fl ui di zed
bed reactor ZAofurther mspsentofi prestntonnyemigoanl tglatensosas appaBus hfae the
sections, i.e. a gas separation section at the upper section, a reaction
sect i6n PROVR e dsRRAGESS- and a feeding section at the | ower section,
wherein the gas separation section has a greater diameter than the reaction
section, and has an outl et disposed in the top, and gas inlets for hydrogen
chloride, silpDeitiptiorehtRe Dieawigghydrogen and an inlet for silicon

powder are 30 disposed in the feeding section, wherein said gas inlets are
| ocat ed underTle gassent 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 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 gas
enters the flMeataldedsibal silgast entdrst throopghydercdnduptfulfacgasiid ecc@andhit 1,
heated siljcon tetrachloride gas enters the fluidized bed reactor 4 .
t hr ough @¥brugried2m the peweeicdayingswagceatl he peatrst sreinHoagicahpehnapnris
and press in.order-to,- fagilitate the,reaction of the aboeve-nentjone
mater a Sded RuSTRE A SRt 1o ATBREL ¢ Lafin bt FURNETE M0 The
princi palfyididé&d Pedrcdididr & tﬁ%ﬁ%ﬁ a"'ﬁeétlbxcl%z%&' 18 Hﬁeafcdshg@ﬂ@’%\%h dloiide
The metallurgical silicon used I the present Tnvention Is powder ,

pr ef es ablgashantieng tian flandrzgebpdreacioe 4ilreuph akoutdu2009pesidnsd and leeated

B M R e e e
f . : f enhadi kg 't | 1 j L1 1S
e (0 ORI AL ST YR A B Ry o

furnace Zatilitwhd ¢he til@ctidhabl uhei £labyeshbhE8AcH smitégdlsand thheflgadigedsbed s
activated with hot hydrogen. Then, the treated mxture is added into the
fl ui di zedeheldrreadchoreaction pugbedure sopdocipadly: 20 Preferred catal ysts are

ni ckel cat al yst or .p adi catal ysts. Hy gen is preheated to about
300- 660 C wi t '?I%Z_T&iﬁf Séﬁ(d’n‘éﬁ'@ 2 18. Said hyaéjggen may conprise the
hydrogen recayered. Hro_r)ng-@pcpq_ﬁ{:yst al line p_r(?!gar ation process. Silicon

i

tetrachl ori de |s4ga5|2fie and héated to formsiTi'con tetrachloride 25 gas

of a tenperatie 10btElboticd6@iBOOn Cuséd Shabbdpbescansitwshtihatissial ipednder,

tetrachloride js added into the fluidized bed reactor 4 in the formof a
gas. O heehgirakly hpyuigiasiavierage partighhbige deabpit 208unécionsgdrerpulighobf

oLl 0G0 54 s R e R LS SR Y RERL SHeAEP
by- prpdughob00 °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 1s 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.
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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. In tHydpogtar catbitidehpasaimspl bei ansrednbd tchep@resent(AnvaDy,i Gt
an external heater is preferably used for preheatin hydr ogen chl ori d%
gas. Hydiygderably drsgenteshiopbast dit-S00; nn’ti(é‘ttrlal@%fﬂtﬂh]ﬁealgaﬂeﬁ@r@o C.
pr eheat eda f:i4 he dded into_ the,fluidized bed reactor 4, .to _avojd
absorpti %glgf ﬁ{}hcg‘%%ght qwﬁ%gghgqsl dPﬁ}/zé’& %$¥ﬁ9 et 4pwqq?{¥€ed“’dflgr i?hf:s,
0 ki ch d1pRration B BbA¢RARKCOSH Q! I 9Re Hefbheq! tachiidadsorfidRasior
4 and thus facilitates thé increase in reaction yield. It is preferred in
presefit thavpneseon tvemsmignaexeetarahl Heateénds npreferalily psedefdr treheating

material § t above- nenti oned hi gher tenperatures, because the external
heati ng j?é’r?ﬁ@lgeneﬂvfﬁﬁ\‘i@%-i ng by a safe and reliable, explosion-proof

Ceact or navi nevarfEay TR HRE, PR SRR aiFidenelSER e

mat er i al prohedted Thactaid ded ddtiticuhlo ehe fMigheasied tresct@%php%grav@wof
an

i nductive unit. Reaction equation (1) is an exotherm c reaction, )
react i on abgatption ¢B)theilkeatnfiondotirefhiidizehdiddomeadioer £floy eheseematesatks), |

£ h 20 ch| ori de added into the.f] uidized bed tor 4 will
arredy ¢ me DB LB rca Fomeor ik of the HRETEd B it and
heater f g . ! _ Sy o .
enper at pu¥] BREALIGE UG infcfedse, 1h, SRAEROROTIPRIPIENS, RiefAt oy (ERgkRe"

added, sueheittiab conigolamfedteenalr daeltimn wandet | anspichehbeteeaphriak! ko be
easi er. 25 For hydrogen, hydrogen chloride and silicon tetrachloride
ent er i ngaba¥e-mentignzdd higlerr sewpsratureshdeganse thet estarnahyhrasgeg menner

and the ROPSR PafibEdy RyufSgti Fekrbfe dxtiobion-Pednt FtBemrtactd hou
111 19 aBosidslitOprawiehss abli¥e@ Bt fhaillized bed reactor having a liner inductive
heater, 1.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.

10



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 wll be nore stable. In one

enbodi ment of Thbefluidsenlt boveshiwr, 4t He ghzgedusitedf wigntad remersal Heater,
fluidized bed reactor, 4 is further treated. For exanple, the gaseous

ef f | uent PIBAEIEDAY th dulylar opre eseplas bacdyiceh ¢alier.c huehnyhpk the seagliensprugsdure
cycl one seﬂﬁhator . oE lﬂgmﬂ ti stage cycl one separator) through the conduit
5, and the ROt 8a' % et al | urgical silicon brought out by the gaseous

effluent is rgmpyedemihdditietYst ORE p?%@@ﬁ@tiﬂ{fﬁﬁtiogagﬁé’%@%ﬁpﬁg@ﬂ%ﬁlﬁeﬁbﬁq

by the cyclone separator enters, to through the cohduit

recovery thaiflu@izedibed reaygtded ds HaathcexcbaedeFor esmenpld)aht gaseoushefluent
hi gh-t enper at ure gaseous effl uent é}g]ﬂ,recovered. The . recovered heat may be
used in SEtErshidin Cyslomengnaranop (Fahighemast hala perglerstage coicdenc spprainBat
hydr ogen,_.h LGhl Qr i ap Lkieon. tetrachl or| - e ipt.o e ..
(14 ar zed obdndiRegs Q%]%E]S 8%%%‘&%@‘%&?%03‘&1& iy I‘Fénﬁgﬂf%gfg%it@ﬁ #h&cted
been r eC@V@ﬂa@H}rFﬁfﬁleﬁﬁc‘éﬁs brogg KO bWITH Y Ghiehp o4 d BeIGendyl trefaovdte ByRShEd
gaseous effluent enters the condensati'on recovery unit 12 (which may "be a
t wo- st ageystomulsepsatage (cdndeesat cbftucet tneatgd dmi the cliychungh separatonaumitérs] 1.

After condensati.on and recoyery, |liquid-phase materials are discharged into
a maf er H&f0 mﬁ,fsaflawt?gn%el%ﬁ%l‘g%ave&ﬁamBizwhl& M s die d NGUSEECDD
(primari wd ~ent he_ . t iv

recycli nlg"f‘yh %ﬁc&l%g gn%fjgl?dﬁge:éﬁ gfe?dﬂé f@%@t‘“‘é&&gﬁ% ngg %?%\9@?{;&5 llje:bot‘fhegég‘r e];%%t

i nvent i ope¢®y el leedt hhe lgaasedisn RaRbens ekBhaMeér UBUr sAdsakridlgaddTenin

with the washing colum™10. Said gaseous producCts enter the washing col um
10 vi a gasdentetpreheat hydvegennhydnogai dldbridesandgibiobunteteghlpride added

i a s ol IG 8T RhRSgH s b e SE1NereT et abe Tk ob v B s

washiNg HewRret8vet, eMRPIWHNIRL WdlAhn $8Chrdash AR SOLHLIt The 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

Il



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 colum 10. The | | washed gaseous effluent |eaves the washing

col um 1Gvhsieed thecgas cfiltibet ledved tie: haphang @ihens Dhﬁ(ﬁﬂﬁﬂ@r@ﬂi bandet at
recovery unit 12 through the conduit 11. In "addition, the wet dust renoval

t r eat nentthgvepandweateraribictamdassating wesvery emol al thppaglatthg Qﬂs\lﬁhléti 111>yln
treat nent, and t hus bri n

forei on taiftoh, B RS Pl SRR O hanaRy Giotef olibi @g,ldteft?%t it
wet dust 1%%5’0’33'dﬁﬁﬁ%ﬁﬁ@@éu%fb@ﬁﬁﬁﬁm ¢hé Qr W?Lllstfi‘y,lﬁ Wi]kﬂf‘éﬂﬂ ﬁ[‘sé[:ﬂﬁg tR0S

recovering steps. ‘Streamin t terial acc at or rimar

conpr sseswili rachlloringi imnengndosdigncampmettieshl B¢ deashing ham@yt@ﬁpelatme
introduced into a _io multistage distillation colum through the conduit
17. The prdeedie gHipelesemt thenvest i dustgremavali oasasas are faverably to the

trichlor a nof silicon tetrachloride.

Duri ng tﬁé 18%%&‘?\&}‘%%&6&6‘%’@%‘?%%)’{@3}‘}% §|‘ licon, inpurities are renoved
fromthe strepmedmonyt heyCopbtial 7 a%&ﬁxdlﬁﬁn”“ﬂah‘ks'f pge gﬁlﬁfalil#’r:tdd?ﬁpuses
colum, 15 and the purified streamis then divided into a pri

silicon tnt;hlaamlsdtandeandntsalummgtc—ﬁtacéﬂmzalnd whpeh marayl ybe rinctd drazsi |IH?IE a

contalnln tream rein e primari]y. silicon t hl ori de contai ni ng
stredini§ wﬁ@;%%%ail%ﬁﬂtlpa @@J@m%xtbé%& theaendyigl gafﬁmr@geam BERSERY

si licon ﬁﬁ%ﬁggﬁogl}] Ry SRGRALEN e yRALT T KARLRLRRARS SONTRAIIRNY the

stream and rog uce ur nace, ere

pol ycrysr@mangn%ﬂmm@m tRicddugigd. The reaction procedure is
principally: 2SiHC13 + H2 -> Si+ 2HC1+ SiCd 4 + H2 (4) The reduction furnace

has common cdéhdiingdhes iﬁtﬂpathO& efrpnsycmystadtine Slﬂwotnerrmmtmﬁé are reheoved
Fr om t he IEHUER, SHORT HEUE CpPRany arudiy B rif iintage <fipaHe Dagco tinn,
hydrpgengnandel Berit¥ed SRR SsSiHlenCatyfuehr ARB! %I‘i'ﬁla%n? EMP&&P?&r&Eﬁﬁrid’@
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 1s principally:
2SiHCl; + Hy — Si+ 2HCI+ SiCly + 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



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 hydrogen chloride, and
the pri ndetdaghioiideoconth2nivet raacddmr idefheorbaidenngtestis eavyicted hbaclondenkat e
is recycled ba(ﬁ to the external heater for, gasifyi ng and heating silicon
t et r achl &tanal iader K- prydvidisand doabinr sdconaiediaahépdes trichl or osi | ane
in the proce f. pre.: Jnvention. s _higher, such,that.cost. of i
pol yoryst al 1 neu i bPai AN i iandr et il Wit ki GRRdncte process
pol I'uti oyfl ggseanad infeh¥eny 5§ ahl ZR&: SkhER O AT QRAL edr | Qohﬂi $stdlVet lsPfcon
neets the purity requirenents on  efectronic-grade or Sol’ar-grade in

sem condpeoduciindust rgdoced dmat coplitonmapplalc poilanionT hessenede sBolofcrpstabléne
i nventi on.makes efficient usg of .heat. The 10 fluidized bed reactor 4 is

at a hi giliePmeEDREGNH uABl B YERODr dB&etse, thendPUTIRE HEaBilCSRCIIST | Qfent
i till . i . . . t hi i tl th .t
i o t emsirsfo iR ARIPGF S0t el d SRR ol ol o omoldf el

hydr ogenaphyidadgen chloride and silicon tetrachloride added into the
fluidized bed reactor 4. This alone |eads to saving of about 250 kwh of 15
electricity fldre epraroessonfopresdndt himyasiidanmals:spredficient ane afddmaéaskie

O BT O e e L R e
trichlorgsihangify dPRIAENoLinaly thigpr {é?ﬁp&%ﬂup(’é.eﬁfrtﬁfé ﬂ?YéHti(Pn, the heat
pol ycrystal[iné silicon, conprising patting met'al' [ urgical silicon into a

reactor, fiand ither ddghitegngasiitedgsidduoneffhgintadhl eetsieerddy dipdensaad for
hydrogen chloride into the reactor with a hydrogen to silicon )
t et r achl Brélgatmg drydrages, drydipgen chloride @nd silagen detpghboddecadded dato t o

ile:olt con pet riﬁlclalizoéd %%dnipclaaacrto{‘ 4 '?h?sf a?cl))r?éj tle%ﬂs ]tot gav]i:ngzgf atb%%trfgﬁtlgvrvhbgf nd
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.



at a tenperature of about 400-600 C and under a pressure of about 1.0-3.0
lo MPa. 2. The process according to claiml, wherein said hydrogen to
silicon tetrachloride nolar ratiois 2: 1 to 4. 1, and said hydrogen
chloride to silicon tetrachloride molar ratiois 1. 3 to 1: 6. 3. The
process according to claim1, which conprises: 15 a) heating netall urgical
silicon to a tenperature of 300-500 Cin a powder drying furnace followed
by putting it into a reactor; b) gasi fylaygnsnd heating silicon
tetrachloride with an external heater to formsilicon tetrachloride gas of
a tenperature of 160-600 C c) preheating hydrogen chloride gas to a

hyar ogen gas 1o antangs, bl sFepbRties & MntEohihaedy RysAo8hl dihation
| nt roducidiiifh e Basesr Ffa@m@hepéfb)épol'ﬁ:lﬁlgl]ﬁic' Wcdhe oAROing . piheng

process according to claim3, wheréin step a) conprises m xing
met al Burgnetailllw‘gmaioml\hmm alidat ahys‘eactmtrcmlmbl ngrotlecmigt ynsified o saicon

powder dr ur na ere sai tall ur silicon is dried and said
cat al yst t¥ag {Q%@ qg@nh%t@ %yﬁ@g@n clﬁﬁe eaz@&@ru ¢ rRaC ¥t drogen

o e LA AT ERARE BN o) ST A WGBTSk fkloride

catalyst Ts a nic yst and/ror -a paI ditm ¥

process a66oNgbngectrackliaide haol‘d@&'aﬁbrbﬁﬁbéuhydﬂqgﬁp 20Mlid mmh%@il@gkﬁpt
recovered during polycrystalline silicon preparation, sai d hydr ogen

chl ori de ay s termparaiprpradaboubMiboPer Y6t and vl hipresspre parahown | (hﬁd)
sai d bgﬁon tetrachloride is a by-product of polycrystalline silicon
prep Qat 7. The process according to claim1l, wherein said reactor is a

fluidized bed 1Tgg 1%6%9”%5(!0%@%%%'6 exhifl nal wig géﬁlr ait %ngﬁgeﬂfﬂf%ﬁ?con

according to claim Tur rconprisés su aseous
ef f | uent tétrachlohria easlboratio & Betl d:ustt Ir,eamy ahid r}@r@ltlrrgah c}ﬁoxﬂmtcprsdmn;

ao0ording & ol o tathello L I, §ORprT Ses subl ecting
3. The process according to claim 1, 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;
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
25 said metallurgical silicon with a catalyst, introducing the mixture into a
powder drying furnace where said metallurgical silicon i1s dried and said
catalyst 1s 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
30 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
i4



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 |Is streamto divide it into a primarily
silicon tatloactd gasds &dmy-girnidngt stit pahyanydtalipe sarddry prepshitormsihdneaid
cont ai ni ng,.stream erein the primarily silicon  tetrachloride cantaining
ctream i Shigeh dEHachliide & oy PhpTug) of adl seaambsas fcon preparaiion
trichlorosil N J AN [ g Nt 11 e iagn f

wher e pplycrsgsgﬁﬁﬂﬁgk%?ggggﬁlﬁgﬁ%?ggﬂgég;?agvnagﬁﬁfﬁgéﬁ gggﬁngfghgﬁnﬁggd
separat i nged haactai bogasidingristeier®hl hanget ecycling the primarily hydrogen
containing streamin the uncondensed portion back to step c¢), the
primafily hydrobba mbicess ascovding i wdaion rlgawhieh tthethencomipnsed sybgetting
back to ep a), the.primarily.unreacted trichlorosilane conftainjng stream
"0t he o onagAskonS SaRehb A e RSt Wt st ey VRl GBALTEDachl or | de
25 containin N n :nack : (@) Y2 8RPAS AL

for the pr epg)r' ﬁ?gw?e%%:a%?%?% ﬁ?%galg@cldr\gmcgﬁ ?gl@)ﬁtla é%}lggéé’g ”set]ét;tgfri(f{h
in clai mthe gasoops iesflognt &drhuhdirzadidied 4 éeat eecod@ty trbetrpegpar ati on of
trichlorosilane by hydrochlorination; 30 a nmultistage distillation colum,
for renoving lithpdr intpeess r om tthe prepasitiont eanpobyaiysénllineomilicon, which

trichloraqgsi )yreparing step and for distilling the purified product
streééntgzga%@lqg%spit into a primarily silicon tetrachloride containing

stream and a aggg{éga&-mg EI‘E&HYHlBEHﬁhE%&@Hﬁ@tSitﬂ.@ r%?z‘rgc%@mse%%?tlf ﬁﬂ%&y Ofle

furnace, for ng said trichlorosilane-Tontai g stream wt drogen

to producé giagerdy®i®) | ine silicon; and a tail gas condensation recovery
o . Tor 8 MSLa00aL BRS.LBL bt LY Hhe, Y SigRen e aining, slpean @
trichlorogidgane o aasendifilNgaomacel@mpy, | 4841 H¥t8lihbCPRe 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
c), 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 ¢), 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 to the fluidized bed reactor consists
of a gas separation section at the upper section, a reaction section in
the mddle section and a feeding section at the |ower section, wherein the
gas separati gn redutiion hasagcgrieat racdiransted irivdutorahmmeeaohiznise ctifeam
there is an. outlet disposed on the tOP Ef thﬁ as sgparation section, gas
inlets de”hﬁHW RO BrGdee BRIy QaRtalBpeas Pgﬂiaé and hydrogen 1s and an

nlet for St RAD RSN iR (e8Ylng u%s?ftﬁo?ggv}g@gggﬂ 71 885 $h@2% prithgtity

for hydrogen ¢ Fcon tetrachl ori de "a

conmuni catydiogent do@adeis pdsisbamdut et Ak ﬁy@lrégeﬁ h1bfidchCo i @RETnQ strivhiin, e
the inlet for silicon powder is |ocated ‘above The gas distribution plate.
13. The dpphimaanly asteraieddrichleratitamcontienig sergnh fhdi alipradabiéd sil2con

reactor is heﬁ%fgdby an .external heater. 14. The apparatus according to

cl ai m 12 ICHASREITHAG SPHIAEIRE SHiRkart is a tubular external electric

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 is 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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