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SOLIDS PROCESSING VALVE
CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to and all the advantages of U.S.
Provisional Patent Application No. 61/497,785 filed on June 16, 2011, which is

incorporated by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0002] The invention generally relates to a dome valve. More specifically, the

invention relates to a dome valve used to selectively dispense a silicon product.

2. Description of the Related Art

[0003] The use of valves to dispense a silicon product is known in the art.
Typically, a conventional valve, such as a butterfly valve, a ball valve, or a slide gate
valve, is coupled to a vessel, which contains the silicon product. The conventional
valve is operated between open and closed positions. When the conventional valve is
in the open position, the silicon product is dispensed and when the conventional valve
is in the closed positions, the silicon product is retained within the vessel. The
conventional valve is prone to jamming when particles of the silicon product come
into contact with a sealing surface of the conventional valve. More specifically, the
silicon particle can become jammed within the conventional valve thereby preventing
the conventional valve from operating between the open and closed positions.

[0004] Generally, it is desirable to produce the silicon product with a high
purity such that contamination of the silicon product by impurities is limited. As
such, producing the silicon product with high purity involves careful control of

environmental conditions to which the silicon product is subjected. Generally, the

the invention relates to a done valve used to selectively



[ 0003] The use of valves to dispense a silicon product is known in the art.
Typically, a conventional valve, such as a butterfly valve, a ball valve,
or a slideogatei7yaBve, is coupled to a vessel, which comCaiusgomiog24381i con
product. The conventional valve is operated between open and cl osed

posi tions. \Wen the conventional valve is in the open position, the silicon
product is dispensed and when the conventional valve is in the cl osed
positions, the silicon product is retained within the vessel. The
Conve”t'OnakmﬁéhMﬁml%MR%OHﬁyHHmkﬁayﬁﬂﬂm%Q§QoQﬁi%ﬂ&&ﬁ?n%ﬁdiﬂ%mﬁbhh&on
product conme into contact wwth a sealing surface of the conventional valve.
Mor e speci f gl YroafdiSothdd ORARBHAE! CeAMBRCQIELATTEE Whiflidhd he -
conventional valve thereby preventing {he conventional val ve rom operating
bet ween t he os| ti - [ - .yt S

dosi rabl o ¢ SRR B AR ol S3fnOSlch R 5intess sl HUMERIRAL K abhlivt P
contam nati f.th ilic r.od Vo ifdes is.limt such,
produci ng t%@d gllnil%gcgpr?ﬂﬁlro }6 Egltleo\c/\?ntvﬁlﬁhglnglhvaa%i&‘{eyglfllcr?\%loér\gl%usc l (E:%{lr gc? gtﬂeAt@%nt rol of
envi ronment g n %r?t'i]o%ia | ?nes %]?chmfgi ﬁ:tp irE Hl% s%i e{rit?o(r)ln fFHlé)gllét%} o} ﬁwscl()lrl?.e%gt eag
General Iy, fRECEIVehtonal VaTvad" may PREFSdlcE Mpuri tF 68" 8" Y He silicon
product because the silifog pﬁoduct contﬁéts tqe conventiogﬂg val ve. More
speci fical | YAVt hd R8T A i Bh A CUa PR s Ontia e Pl it Smipaiated s s
stainless steel. . The silicon roduc% iﬁﬁabra ive aqg dyring 0 era%ion of
the convent CORSPIQPA} VAEVC & OBAMRAEHP SHGR Progum R geHE CBHIEAL i onal

val ve, which results in the separation of the nmetal of the conventional

val ve. Expodi§rsdicgR Prodects £p5 stiion Brashers tvith Jighparifye popianpipafionilevelsds pat ed from
t he conventional valve can contam nate the silicon product thereby reducing
a purity of at hBakpqribdbon #eruuuerba) egrinidyenpihn uipity afibe siligpm progHcgh purity,
contam nation levels as low as 1 part per billion atomc %ﬁpba) can

i nfl uence the ut [00PRhFosexanple, sihep gsiopyeatenad valve is coypbglgs p ioglized pethpl e, when
the conventional valve is coupled to a fluidized bed reactor, the silicon
product prodkaeed thy sitipan producy ipraddcddedy the dletdbred deaencioncomefi ingrdirgshysi cal or
at nospheri ¢ communi cation with the conventional val ves, which can

contri but e iPhystmal ©F @gnaespharigecopinhyngestiopradude qohemgbyal ceheaniiah icag t he
silicon product. While nmethods, such as chem cal etching, can be used to
surface cl eamttihge gnpuritiontophodlicn frelucetrovey sutdzoding Mpsilidon@sdutthese

nmet hods add significant processing costs. Thus, contam nation of the

si licon prodvidl métbelsdsieb aavberdea. etching, ch006}edde suefatd demdthabbdiven t he
conventional valves may become jammed thereby preventing the valve from
nmovi ng bet weeiudthe rapen sadficte chpeetts,phst hiednds adhegnifidaat pocsend c@nal val ve
is coupled to the fluidized bed reactor and becones jamed, the fluidized
bed react or TaukS todve@miagioni of @i, silivbh pfodudich@ddesavoradf act uring time to produce
the silicon product. Mreover, to service the conventional valve, the
fluidized bed remobdeIrAdushtidied sboke, danthnviliogll vadeulhs bdeotbBgimmbd cycl i ng
of conponents within a reaction chanber of the fluidized bed reactor.

Ther nal CyCItﬂef@)ygfrex%ﬁﬁﬂgoih@%ﬁ/evﬁdnﬁ]in{bvlﬂgebehe@‘ﬁtth@ﬂp&lhﬂmbﬁéseﬂ hatitiakse made
from graphite and quartz, such as a housing of the reaction chanber,

heating el engRhsShe abflcRlicel (ANER, coupa Ak 6iQizBd BERTMES: REEBkAFRs of these
conponents. Additionally, when the conventional fluidized bed reactor is

servic _ed , 1 lj'ﬁnrﬁéd, itﬁéofﬁ'l_li@lrz&fjbl&lt r_eﬁ&'&t r_nﬁ's@%e Q@I@f&ecﬁ’,r\ﬂqé}? ﬁféreﬁ@g Iﬁﬁﬁﬂ@?ﬁ_ﬂng
contam nated through interaction wth an operator clearing the janmed

convent | Onaltim\éQ{g gl‘r%‘)dlééctﬁé’&ﬂ'&dh rbsf?uc{. hﬁ%&o&e@%is@r’sv%c%'?heo&ﬂ%ﬁﬁige}ltv)ﬁv&,Och@r ovide an

i nproved val ve I spensin 1 con product froma vess

fluidized bed reactor must be shut down, which results in thermal cycling of
components within a reaction chamber of the fluidized bed reactor. Thermal cycling
of components within the reaction chamber that are made from graphite and quartz,

such as a housing of the reaction chamber, heating elements, and electrodes, can lead



SUMMARY OF THE | NVENTI ON AND ADVANTACGES [0007] A done val ve

sel ectively dispenses a silicon product froma chanber of a vessel. The
done val weocomp7ixes a val ve body defining a pass-throughTaisanah243s
comuni cation with the chanber of the vessel to allow the silicon product
to exit the vessel. The done val ve al so conprising a valve seat defining an
openi ng through which the silicon product enters the pass-through channel.
The done valve further conprises a domed body having a sem -hemn spherica

configurati @nprefird BRELLLAUINLDB oRpSRAS NEIBHSTAE Swheh e qgﬁ%?ltl&ﬁ@y i's
rotatabl e between a closed position and an open position. 08] In

the closed ?1§ﬁ£MQQd1%£ﬁn%§%bwﬂ9dSMEﬂﬂg%n o&ﬁ@ﬂﬂpﬂﬁﬁbéﬂdﬁo 9?%&§tthe

val ve seat ornlng a primary seal e pass-through c anne

pr event t he %dél\{agmgzitécp %§ﬁ%rlllgm?efra 1%1’? \§1ltﬂ aﬁ (ﬂ)gﬁ#()qdé’f%&]gé tﬂg]égIHI%f)é ! U| dl Zed

bed react OI’ en posit e openi ng I ne valve seat is

at least parf ,{v%lméﬁa evgltbét i éo%‘mQ\éfi TS ?@ﬁ%hs”%ns SohAGS: o d>utcofbv%£ogi?d body

for allomnng he se I've |spe ng o & ' 0N p romt he
fluidized bed reagc Accor the done val ve can

n
sel ectively %W““@ Vﬂ%eﬁﬁxh%m?$%§$%ukngéh t‘ﬁﬁg?é?$ mnimzing a risk of jamm ng

of the done valve Addi tional ly, there is less interaction between the

silicon product and§ﬂymé§$@9ﬁq&%§ne véh% ﬁbp VRN%X&% noves t hrough

t he pass-through channe y redUC|ng a r|sk of
contam nati ng thﬁoahh&%on produ UVQRJEF DESCRI.PTI ON . OF .THE QBA e

ome 'valve 38 ispenses a silicon product from a

of a vessel. The dome valve comprises a valve body defining a pass-through channel
in communication with the chamber of the vessel to allow the silicon product to exit
the vessel. The dome valve also comprising a valve seat defining an opening through
which the silicon product enters the pass-through channel. The dome valve further
comprises a domed body having a semi-hemispherical configuration. The domed
body has a sealing surface. The domed body is rotatable between a closed position
and an open position.

[0008] In the closed position, the sealing surface of the domed body engages
the valve seat for forming a primary seal of the pass-through channel to prevent the
selective dispensing of the silicon product from the fluidized bed reactor. In the open
position, the opening defined by the valve seat is at least partially unobstructed by the
sealing surface of the domed body for allowing the selective dispensing of the silicon
product from the fluidized bed reactor.

[0009] Accordingly, the dome valve can selectively dispense the silicon
product while minimizing a risk of jamming of the dome valve. Additionally, there is

less interaction between the silicon product and the dome valve as the silicon product



[ 0010] O her advantages of the present invention will be readily
appreci ated, as the sane becones better understood by reference to the
f ol | ow ngwoeveii7ext8descri pti on, when consi dered i n conn@Criusnoiziosis3s he
acconpanyi ng drawi ngs wherein: [0011] Figure 1 is a schematic view of a

fluidized bed reactor; [0012] Figure 2 is a perspective
cross-sectional view of a done valve for use with the fluidized bed reactor
showi ng the done val ve having a doned body; [0013] Figure 3 is a

per spect i ve hhASHrR8e tHe PARL th}uENCiIRhind1 € (Hd AR Y BIY EheVibl Redulifie dOREEr DOdY i n
the cl osed position and retaining a silicon product; 60014] Figure 4

is a perspeg{)ﬂtyﬁng&@%ﬁégg&tﬂi ohake view of the done valve with the doned body
in a partially open-positi or? and di spensing the silicon product;

[0015] Figure 5is a perﬁﬁ%ﬁ?\ﬂ;ﬁﬁ?R‘fﬁ?ﬂlf{)F%ﬂﬁ%Iﬁ?sve for use with the

fluidized bed reactor w't one val ve having a doned body in a cl osed

PO oo oABHHTE B | o8 AECASERAE M Bt U, ol vo
as the same becomes better understood by reference to the following detailed
description, when considered in connection with the accompanying drawings wherein:

[0011] Figure 1 is a schematic view of a fluidized bed reactor;

[0012] Figure 2 is a perspective cross-sectional view of a dome valve for use
with the fluidized bed reactor showing the dome valve having a domed body;

[0013] Figure 3 is a perspective cross-sectional view of the dome valve with
the domed body in the closed position and retaining a silicon product;

[0014] Figure 4 is a perspective cross-sectional view of the dome valve with
the domed body in a partially open position and dispensing the silicon product;

[0015] Figure 5 is a perspective view of the dome valve for use with the
fluidized bed reactor with the dome valve having a domed body in a closed position;

[0016] Figure 6 is a perspective view of the dome valve with the domed body
in a partially open position;

[0017] Figure 7 is a perspective view of the dome valve with a seal retaining
plate coupled to the dome valve;

[0018] Figure 8 is a cross-sectional view of a portion of the domed body and
the retaining plate showing the inflatable seal engaging the domed body;

[0019] Figure 9 is a cross-sectional view of a portion of the domed body and
the retaining plate showing the inflatable seal spaced from the domed body; and

[0020] Figure 10 is a cross-sectional view of the dome valve coupled to a

storage hopper containing the silicon product.



[0017] Figure 7 is a perspective view of the done valve wwth a sea

retaining plate coupled to the done val ve; [0018] Figure 8 is a
cross- secwpDanel17¥i28w of a portion of the doned body andPChaSsc@bainssng pl ate
showi ng the inflatable seal engagi ng the doned body; [0019] Figure 9

is a cross-sectional view of a portion of the donmed body and the retaining
pl ate showi ng the inflatable seal spaced fromthe doned body; and
[0020] Figure 10 is a cross-sectional view of the donme valve coupled to a

storage hopper CQET@ILFED‘EES@ﬁlﬁlbWTHEWPLAI@EEME@B{W‘ PTION OF THE
EXEMPLARY EMBODI ME 21] Referring to the Figures, wherein |ike

nuner al s i ndi cat F}OQQLIE&&HH%‘QMHQ F%ﬁfe% %ﬁé?&f?ﬂ?@&ﬂﬁer&l@%d?c%ﬁéecroﬁés YhEye. a dome

val ve is general own a he dome valve 20 Is al so wn as a solids

processing é S tﬁroﬁ u't fhe%@@%\a@k/&eas edJn?ef \%‘i\rqu gén%fa‘?lg gm%{%ﬂ%' %: %95"3 val ve

or a spheri t one done O 1s coupled to a

vessel cont a!nv% Q%aatls%' by o s BLd l%ﬁocﬁéufg% VA lchy §hy bg%e?eg—?ﬁ% ng, t he

silicon pro&uc rom t Né° Vesse e apprecrate “That” the vesse

may contain slgﬁ%hgal tdgr%g Ve?lQee ordeP sp encal gisc VaQVe At least one dome valve 20 is coupled

to a vessel containing a silicon product 22 for selectively dispensing the silicon
product 22 from the vessel. It is to be appreciated that the vessel may contain more
than one dome valve 20.

[0022] With reference to Figure 1, the vessel may be a fluidized bed reactor
24. As described in detail below, the fluidized bed reactor 24 typically produces the
silicon product 22 by growing silicon on seed particles. However, it is to be
appreciated that the silicon product 22 can be manufactured by any suitable method.
The dome valve 20 is coupled to the fluidized bed reactor 24 for selectively
dispensing the silicon product 22 from the fluidized bed reactor 24. It is to be
appreciated that the dome valve 20 may be coupled to any vessel, such as a storage
hopper or any type of reactor in addition to the fluidized bed reactor described below.
In such cases, the dome valve 20 selectively dispenses the silicon product 22 from a
chamber of the vessel.

[0023] Generally, the fluidized bed reactor 24 produces the silicon product 22
while limiting an amount of impurities imparted to the silicon product 22. An
impurity or impurities, as the terms are generally used herein, are defined as an
element or a compound the presence of which is undesirable in the silicon product 22.
For example, the impurities of concern typically include aluminum, arsenic, boron,
phosphorus, iron, nickel, copper, chromium, and combinations thereof. Generally,

limiting impurities present in the silicon product 22 deposited results in a high purity



[0022] Wth reference to Figure 1, the vessel may be a fluidized bed
reactor 24. As described in detail below, the fluidized bed reactor 24

typi cal | ywprotuioe=st he silicon product 22 by grow ng si PCTars2@n/osxaesl
particles. However, it is to be appreciated that the silicon product 22 can
be manufactured by any suitable nethod. The dome valve 20 is coupled to the
fluidized bed reactor 24 for selectively dispensing the silicon product 22
fromthe fluidized bed reactor 24. It is to be appreciated that the done

val ve 20 mayr e &%H'&&hukpzﬁ”hlgﬁﬁéﬁy » asSHE RerRSis Ais&d AEBYemBRRAR tﬁé any type
of reactor in addition to the fTuidi zed bed reactor described below. In

such cases n{s)ltl@(ﬁh Pr%Hﬁct‘Q%'h‘é? ﬁQmﬁ&Jl&%ft\éﬁt' o lgésstﬂeﬁﬁéxeﬁlﬁf‘é 156)(50‘ p‘éf oduct 22

froma cha vesse Cener al t he fI |zed bed

reactor 24 RiRduaesid NAoRLILGPR B Alll.Rd c%d%ed f b T d}gpré‘dhc%g"cﬂé“ of

inmpurities inparted to the silicon p n I mpurit'y or Frpurities,
as the ter | e I fin or a
conmpound tﬂgm%@%%%%%gE%ﬂhé'%§ gﬁgmﬁnJQ%Fﬁg%ngvﬁmfﬁg%@} ?g%'rgE%EUct 22.
For exanpl e ica I%Otgﬁlude al um num arseni c,

wthe. t.ies of con
bor on, phosa%o?ﬁ%nﬁg?gebwwdq?%muaﬁﬁéﬂ°W¥Rﬁwu%W 4tid conbi nati ons

t hereof . Ceneral esent .in the silicon, product 22
ceposi t ed Tesu b ‘é(“'ﬂ? %%B%Vre 5ol R BRI it e erod5T 2B b oy,
as the ter usg\‘1 her e means t hat the silicon product %2 Qas an

i npurity co f“é’i‘& gh B‘érétytﬂ‘i% eérane‘éﬁfﬁli lipng 1 Heso! Y% CPEFLETE ISFSRR at omi .
However , is to be appreciated that in the area of producing the silicon
pr oduct 22 P?E%‘B‘ftezzef% g/ 8¢ chagaearizey &y high pymn &V ihephraniialbn ST EPpyridn

pr oduct s, whi ch can be nade based on se entially lower inpurity contents.
[0024] Whi | €onieTE thdhe thresheld s @rth&bowgﬁnd@f%cwaf.th@sw@ RPYE 34 Cpt oduct 22
as having a high purity provides an upper limt for the inpurity content,
the siliconbpfeodudmPentycepitest jof |legsetham 4 Lapal {07 edPHS PATGPILONr $PRYCwI t h
substantlall | ower inpurity content than the threshold set forth above. In
parti cul ar, atidreatiyplyilessrihgsr eokarel 2500 arth astetridion; agruie iang yelomexpdll b¢ | ess

t han or equal to 3 parts per billion atomc, alternatively |less than or
equal to 500onsaleted hpgbrpurityi diliGoppradueri?c and yet may still be considered high
purity silicon product 22. [ 0025] The fluidized bed reactor 24 may be
any suitabl e typE033] THedluildizdded echcioed¢ oy de amynswerblmpype obflualizdibedbl e
fluidized bed reactor for the present invention is described in U S. Patent
No. 7,927, 98Actowhi At exasnplacior potable ¢bhidizedrbefl ecaetc éor thhprefdnuingemed ibed
reactor 24 conprises a housing 26. The housing 26 has at | east one wall 28
defini ng a deadbddoim Clsarrbent RO. 927,968, fhithdis Zecrjpesied baatforendd. Thhe wal | 28
of the housing 26 also defines at |east one particle inlet 31 for all ow ng
t he seed palfluidideeded @aoit Bircotipaisds@aaohidinn2 & Nerensidd26 Ihat Bewdngaill i cl es can
be injected into the reactor chanber 30 at a variety of |ocation. For

exanpl e, theggednpardtine@baiidt 30ef thejfRedifd tagadac@dr gasTEl walr 2derttBE or a
processing gas inlet 34 or above a freeboard section of the fluidized bed

react or 24. hdlengwl diso2fiaés 4 Masthpb phifigleZRectmRYiof eldwify thBedArRARES MY gas
inlet 34 for introducing at |east one processing gas into the reaction

chanber 30 t@ef Itdidicaen theneead. Paktdsd paiicisata B fnfefcanhbtne tdgwgas inl et
34 allows the process gas to

chamber 30 at a variety of location. For example, the seed particles can be injected

near a gas distributor or a processing gas inlet 34 or above a freeboard section of the

fluidized bed reactor 24. The wall 28 of the housing 26 may define the processing

gas inlet 34 for introducing at least one processing gas into the reaction chamber 30 to

fluidize the seed particles. Said differently, the gas inlet 34 allows the process gas to



enter the reaction chanber 30. The wall 28 of the housing al so defines a
gas inlet 36 for adding hydrogen to strip the reaction gas and to cool the
particl esw®2012/174228 [ 0026] General ly, the seed parti cl epCarisS2@ka¢rds i nt o
the reaction chanber 30 and subsequently fluidized. The seed particles
typically conprise silicon. Sources of seed particles are known in the art.
For exanple, the seed particles may be obtained by nechanical attrition of
granul ar polycrystalline silicon or by crushing polycrystalline silicon

produced i”eﬁgﬁ%@%ﬁ&&mﬂ%@&k&ﬁm.ThewmuE@Q@ﬁk1IMB%§§$$M@h&b§gBﬁ9&?§é gas
i ncludes at |east one fluidizing process gas and at | east oOne reactant

process gas ;forEB@m% h&rﬂr%eﬁ%@&ﬁﬁ'&t&%“r@&ﬁoﬁ@é ah (8] @Y BehiLies ?i. ui di ze the seed

particles within e reaction chanber 30 and acts as diluents for the

reactant pr OCessgﬁé‘@iG&'Sé&tug?@Qts@é&t P& ERS pﬂ?%lt ing t%@?%ag?{ ctla®hndf Qyv st 1 icon

on seed particle I e appreciatedt t he I ZI ng process gas

and the rea r . in t . FE X t he

react ant pr%%ﬁ@%ﬁ%g%ﬁﬁﬂﬁn%%§gﬁ%%g%%&ﬂﬂﬁk?f%%%ﬁ§§&ﬂﬁg%§§% 'p%gg%%Pgs and to
grow sili col.. 4" alt”uQFes 2 d oe/%ri;[l ih%l P 'FoI%Qeim(lza}fl: ltP{é setecrfearftilc ug rcliliaz E)ngtgrng&ess gas
conpri ses hydr GGaIss ARSIV IHRMEAE T PFEYLH, PoOiecE PUSHE RAY PORPENET eof .
General ly, the reactant pr.oces as. . conprises sili.con. Mdre specifically,
the react ant” pPEERRL AL g P ABY G PREETENE 2 ERY @n PRoRGTEPE | Any
silicon based rec?rsoﬁ t hat cqgﬁf%{n1solid hase silicon could be used as
t he monomer Ppecrystallipg jiiganprosuceding Sipqng HAcloi o or osi | ane, tri bromosi | ane,
silicon tetraiod&ﬁs and conbination of thereof). In the preferred

enmbodi ment, the 1lc RIGABHREPOREY Sheins B 8 M HYHERNY PGPS 885 si | ane
and trichlorosil ane. 0028] The housing 26 of the fluidized bed
reactor 24 @i 2alcay WefPIrEnEPrIcessas-ondelttiring PaResssi #isef eBPIed Al | owi ng
an etching gas to be introduced into the reaction chanber 30.

Al t er nat i velljidizere wed prfgleywihindle wactionchyakie 86 apdeds hdilyertader B chamber
30 through the gas inlet 34 with the process gas. The etching gas typically
conpri ses t &ReBBHeeessS Rasanke rveant PIoResh gagisenipagyed i Romatilisonfairsepér i ncl ude
a diluent gas, such as nitrogen or argon, or any other gas that does not
affect the growkeh df issiol b appresmptechihas gedflpdizing giressss Yist ingluthe ipaskinhg t o be
bound by theory, it is thought that the etching gas drives the reaction
near the walpioc@8 gof niahde foheirdihz egndetor &awpbr the4edcmnaproetse lgasmelebe at her
than a deposition node. The | ocal etch node prevents and/or renoves silicon
deposi ts onemplywhald fl2i8izofthd keedfjaicdiszand tbeglow edcboron2lie seed partil@®029] The
fluidized bed reactor 24 may be integrated with a Sienens reactor such that
t he et chi ng Tgpisalandediidifieg prooce §5s gagpreeydiydygen,iangcnhieclinaaaitiogen, ohanber 30
of the fluidized bed reactor 24 are derived froma vent gas fromthe

Si emens r eaatcofmbinS@drdthelichil eG@ptdlly, tht hkacahchbags gascoaipdéarsiliche M@deess gas
may conprise all or a portion of the vent gas streamfromthe Sienens
reactor. It spegificollpenappeesi pbeds ghatohhsey @drogasarslt 4 sidbdd heAvhAe Sienens
reactor may be supplenented with the either the reactant process gas by

addi ng addi tn9nRalcos ibhROHranebOthat EdnClokiRrsERd Fl@d@@.suie@idbédl@eahke)a, asthe vent gas
stream fromthe Sienens reactor nmay be supplenented with the fluidizing

process gasmoh6@e N@.ot NeridhRALiBAS SiidnaNifHiQNRitAE FisOROSI1ah€agh®bn di rectly
into the fluidized bed reactor 24 nmay offer the advantage of energy savings

by having t @uRisaMedsnd &asbil®dh of thdrdd®). f Iiindi ze8rednbRARLR! the4ilicon
monomer may be selected from the group of silane and trichlorosilane.

[0028] The housing 26 of the fluidized bed reactor 24 may also define at least

one etching gas inlet 32 for allowing an etching gas to be introduced into the reaction

chamber 30. Alternatively, the etching gas may be introduced into the reaction

chamber 30 through the gas inlet 34 with the process gas. The etching gas typically



[ 0030] Cenerally, a heating device is used to heat the reaction chanber 30
to a tenperature sufficient to deconpose the silicon containing process
gas. The weavizuwg4128 t he reacti on chanber 30 results in &Chasting4Bst he
seed particles within the reaction chanber 30. The seed particles are
heated to a deposition tenperature. The heating of the reaction chanber 30
can be acconplished by any suitable nethod. For exanple, the fluidized bed
reactor 24 nmay use resistance heating, mcrowave energy, radio frequency

i nductive heahpids whcHiftbiiBhE dTEAdifRd £9 nia o?@@&all& heH-LRELLOR aapber  30.
Typically, the deposition tenperature 1s o rom about 900 to about 1410,

mor e typica ébsy s@h 4 AR ARUtar@RO0 ol £hyARRYL ol FY. doé’snﬁ’otea‘ﬁ%fl tgg%fovk%[%fcm ly of

from about 950 to about® 1250 degree entl gr ade e reaction

chanber 30 g o@érgtg Pe%dB%ﬁ%ﬁyr%ﬁ&t%ﬁﬂgﬁ%@%&t& Sﬂheo uq Hfoﬁ%lﬁ'&ﬁ[‘t ly, the

reaction chal ave a pressure I's great e standard

at nospheric  pr re. he [ 0 r
t ypi c?l ly a]tll%l g%; ,SdIV(;St f@e%?t?al eiﬂﬁ% ilrltgrgn%g af?ul(g e{bbeg%%géﬁ)r ?Q(;and te\éen
nore typica m,abgu 0..abou I’ED Me s in e

art would r ec)cé)tgcﬁlnﬁoec{etrﬁ YRR de%osmsln mgc{e e 5)%% m?de preven% ng/t3 linmting

based on the chem howev ractical,for the pressure in
Che react i oftEHANHLSEPEE" 8&@8&&1%§”§?‘1ﬁ3@b4ﬁ%5@§&ea6t0f24 [0032] Once the

d t t the d t f th t ant
process gas. i1+ BRIoMe RliAR e subims 0t PO oF b Ra 8 SR "B bhess gas.

whi ch contains silicon, results in the growth of silicon on the seed
particles V\F‘qui‘|”ﬁattﬂi‘?eet‘fhé%?c$’ﬁ*s Hd/%%?ﬁﬁ@@%@ai ﬁnlﬂPﬁ&dEéhetrﬁ%?“Q’i‘ FraedKr pf oduct 22.
More specificall t he decorrp05| tion of either the sil ane and/ or

trichl or osi PAHE Muiiterihed reqcier P4 B reBEidE R 8 poYi LeHOBNGSSIFIEEd the seed
particles thereby producing the silicon product 22. [ 0033] Cenerally,
the siliconS ﬁlﬁl&@ifife@ntlzzthi%tcgwg@é%wdf’%r% PrpgRsE 83kl gy, conppeise pll PeppetHPBduct 22
is in bead formwith a sphericity above 0.5. The silicon product 22 has an
Saut er mean obliharventegas gifeapy @@ﬁléhﬁ)%/}@mglsaeft@fa%&ﬁo b appercentadyipitdd Yapt of from
about 0.6 to about 1.6 mllineters. However, it is to be appreciated that
the sili congprsodentfropptheriipniges jeactér ke snaplémgltfsb\hiéh the iettjer fwtrowséant of from
about 0.1 to about 0.5, rather than the beads descri bed above. Wen the
silicon progducess22s byaddiee fddaloss,silaipeantl/oa kiedlcapsdaney phdhlidnpllpfthef yewm about
100 to about 1,000, nore typically of from about 300 to about 700, and even
nor e typi calghsysteim ffroontha Seutend6ctoroanabeupPOfemecwonde fidhitand @oemd, t he
silicon product 22 is renoved fromthe reaction chanber 30 of the fluidized
bed react or g&l.FeAding uchient dae sti@usirog tR6Siemensheaddrulirdetyadiohbeflnidaed or 24
defines a discharge outlet for allowing the silicon product 22 to exit the
reacti on chaabehc3024 manerfal thy adeantage st efirpesasagndnthadbe expronds Ids om t he
housi ng 26 of the fluidized bed reactor 24. The first pipe segnent 38 has a
hol | ow i nt ehiko tho flgEAMYRECRAI@TDan t h t he di scharge outlet for allow ng the
silicon product 22 to be renoved fromthe reaction chanber 30 of the

fluidized bed rems®Ir Gafdrally, a heatifORIAL iAKed MHAAHE RUcRARMBNb RO (fpme val ve
20 is coupled to the housing 26 for selectively dispensing the silicon

product 22 {dygitdalte sifibiel @ cdgfdss 8RGHRON %talMﬁg SroePRGi{.I ¢Rd hdaing he dome

valve 20 is coupled to the first pipe segnent 38. Generally, the done val ve

20 has an opefeRaSiidd &@mﬁ&céoafes%lté)ﬁl%eg&% éf'tH@seeHVBdrﬁ&]eM ihin BR (GRAGL T bed in
detail below. The done valve 20 retain he silicon product 22 when in the

closed posi i fheR80 ¢hSRLAPESichlGreHehtb& A'a BERGHEH tetpetatird NenPREANPOST L1 ON.

of the reaction chamber 30 can be accomplished by any suitable method. For
example, the fluidized bed reactor 24 may use resistance heating, microwave energy,
radio frequency inductive heating, or infrared radiation to heat the reaction chamber

30. Typically, the deposition temperature is of from about 900 to about 1410, more



[0035] Wth reference to Figure 2, the donme valve 20 conprises a val ve body
40, which defines a pass-through channel 42. The pass-through channel 42 is
i n conmurwoabiant42e8t h t he reacti on chanber 30 to al |l ow Ph@/tskéizoe3I3pr oduct
22 to exit the fluidized bed reactor 24. \When the first pipe segnent 38 is
present, the pass-through channel 42 is in communication with the holl ow
interior of the first pipe segnent 38. The pass-through channel 42 has a

di aneter D1, which is typically of fromabout 50 to about 200, nore

typi cal |y ofy e ahakbaR o50:ABEH!1356.0nd [@g%hég&@g,pﬁeanw ¥&hGabdiys@f from

about 75 to ‘about 100 m I lineters. ] The done valve 20 al so

conprises a.Yalu€iS6atod4 cakplged to the valve body 40 within the
pass-througﬁ cﬁanne? 5§f:fhe&€alve seat 44 is coupled to the val ve body 40

and extends into SS: L n . [ i (g 45 may
be couple to t he[d\?gﬁv%%b%%}%%ﬂ%?&?@cﬁﬁ %ggtbﬁ:brgsgﬁfga gltélg%lé] ng%%dnf he val ve
PO 0 oy RS0 LRI e SO0 YT a8 B8 o5y
40. Cenerall the seat retaining.,ting 45 i.s.bolted to the val .body 40

w i the varbatlSRGHele b BB D b8 B Bed R I ¥ T 18 ad e

| body 40. |t i t b eci at that t | t 44 b
Vo ver oY o Baht gl Jeab Qo R PEDERLHC fah Wout B EB0NT 15700 ity B 0 44

defines an opening_.through ich the silicon product 22 epters th
pass-t hr ough TCHHAEITRS SB1o P thst SvAPUShogs e Sk AGRGST 1ok by ¢ he
val ve seat 44 has a pass-through dianmeter D2 that is smal]er than the

di anet er D16PSYfe N34 vRRChHgHt By MTer*emplaryrgpy @gt fijpitingnbased 08 theyr ough

di aneter D2 defined by the valve seat 44 is of fromabout 25 to about 150,
nor e typi calfPyRigey: APuiNcalonty Boinrsacapy et thopressyrrdn direrachipn shamhst &l |y of
fromabout 50 to about 75 mllineters. [ 0038] The val ve seat 44,
because t he {paseed RragugRhetameter D2 is less than the dianeter DL of the
pass-through channel 42, the valve seat 44 is exposed to prol onged contact
with the siliconl083¥ddrce trodepgpilion tempernbre & ipechedighe desRmppsitignsofdbsi r abl e
for the valve seat 44 to be nade froma hard material such that the valve
seat 44 canreactahisprageds gasriilicon ogpurh  The degdohipesmonpelodiel ctacapt mpedss gdsni mal  wear
to the valve seat 44. Limting the wear of the valve seat 44 prevents the
si licon prodbeh cRRains eiftedye ravgltscio ticagrp wéitod dilioyn en vmasexdipattict withe thal ve seat
44, The material of the valve seat 44 typically has a hardness on the
Rockwel | A saali@ alpawer 88. 6, prodwce thy pileah | prodict £22.0nMabosiiecBigally, ttbe about
94.2, even nore typically of fromabout 84.0 to about 91.0, and still nore
typi cal |y ofledonposiatiowf eBberOtht csilaixouind/@OtrichlorosilajeO3@8}s bhelicanseival ve 20
further conprises a donmed body 46 having a sem - hem spheri cal

confi gur at i deposiiddn o Rifeteanitie: el far@ikseberdygicindingtifessildbonrpebdoady. 46 i s
rotatably disposed within the pass-through channel 42 between a cl osed
position and an @083 G@sially Othe slit@ndgo@dad: Rody ifhehd Sorgh. Sadbichigy, su¢ f ace 48
and an interior surface 50 spaced fromthe sealing surface 48. In the

cl osed posi kiliesh prbiet SBaRlih BehdSul IR a4phericity above 0.5. The silicon product 22
has an Sauter mean diameter of from about 0.5 to about 4, more typically of from
about 0.6 to about 1.6 millimeters. However, it is to be appreciated that the silicon
product 22 may be in flakes having sphericity between of from about 0.1 to about 0.5,
rather than the beads described above. When the silicon product 22 is the flakes, the
flakes are typically of from about 100 to about 1,000, more typically of from about
300 to about 700, and even more typically of from about 300 to about 500 microns.

Once formed, the silicon product 22 is removed from the reaction chamber 30 of the



of the doned body 46 engages the valve seat 44 for formng a primary sea

of the pass-through channel 42. Additionally, in the closed position, the
donmed bodyo46i1xiompBet el y bl ocks t he pass-through di amet ecThd2@b/081388 openi ng
defined by the valve seat 44. As shown in Figure 3, the primary sea

created when the doned body 46 is in the closed position prevents the

sel ective dispensing of the silicon product 22 fromthe fluidized bed
reactor 24. Alternatively, as shown in Figure 4, when the donmed body 46 is
in the open REpleliief redcif 2P QK IRE IHAGGnPY6 LeheV AliNEed B refidtol 54 Al | €ast
partially unobstructed by the donmed body for allow ng the selective

di spensi ng ~ TR o} 2. f s L djrzed. bed.r 1 or 24,

Sai d i 1o oy T B oy b e ey 14 docs ol

conpl etely e r di L fined by the
val ve seat gﬁﬁﬁ%?%?s(?gaggkgﬁgggg?%%%gg@ﬁﬁt ng%ﬁﬁﬁghggﬁgg&ggﬂgw.g isin

t he open pogj tian,, t.h enj, ng-def.i ne £ I 44.

partially o%@%%%gﬁgﬁ %ﬁ&&éagti e£¥$J§P%é%?%%téﬁl%%o%%%pgﬁdgg%éﬁgfo pass

t hrough the openi.ng. Additionall when. t do body 46 is ih the open
bosi t von. & fengunties N} IsQhThirte UGt BRI B My BalBonD L S
unobstructed b e donme body, 46. r.exanpl e, the doned body 46 nmay have a
plurality ofm$¥@égpm‘%%Wwﬁﬁgf??gﬁgggfﬁﬁegg@ﬁﬁ%PagﬁgmH set open positions
resulting in a djfferent size of th eni fined t he val ve seat 44.
Sad di 1 Per ont 1 y MR R EEn By pof ARTRLARRCE HoPkE e Ve et s 24 can be
changed by changi ng whi ch of the.pluralitg of preset open positions the
doned body A8 ﬁegc‘i“ﬁ’.ly Eoransias (thengli¢Repradush 2y froph e dhidirsPeddradE 4y t he

val ve seat 44 controls a rate of the selective dispensing of the silicon
product 22 MUmspeélieilyi e dinpeyve elcisofouplgd to the firgopipf sepataldt y, the
donmed body 46 is sphere |ike except that a segnent of the sphere has been
removed. Sa@neriy dieetpmeyvalverd 1o pe @PHORA LB 2pd 8 loptROSHIOBOVRIFD WiIlbf a

hol | ow sphere. More specifically, the sealing surface 48 of the domed body
46 is conveXedescabeddngalgil hglowhdhe dpie velsa 0 s4ainsihe sidiger) pragucs g2 aee 48 of
the doned body 46 slides along the val ve seat 44 as the donmed body 46
rot at es bet wedn clobpd popieinn anddlispensse thesdispn prodect 2T neth¢ ppeapogitiosur f ace 50 of

t he doned body 46 is concaved for preventing the interior surface 50 from
obstructing the [P893%-Wih ofefanechahirgmte 2 2headvanet Wdve®aloimpgses anfabedodB of t he
doned body 46 is convexed. However, it is to be appreciated that the

i nterior sudfavkich@efimss: pobt-tneed ¢thanied 4ConTHcepab-thra@hcdved] 40 iavoi d
obstructing the pass-through channel 42. For exanple, an outer periphery of
t he i nt eri ocomnmofiagnSUthmhy réeti@ocaabed3Wot dilos the riliesn potlbdt A2 tetxit he
interior surface 50 flat or, alternatively, the interior surface 50 can be
conpl et el y tHeatluidilAay bdiigrebhier DUt Brhepealid e pipe GEgrhdne 38Nt erasait, hephace 50
concaved al so helps with clearing any of the silicon products 22 that may
becone st uckhrydghhéhanddna? 1ass cbhimanighliodhaitthele KblloWRyin@tibi bNhet fkoOpigh t he
stuck silicon particles 22 as the doned body 46 slides along the val ve seat

44. [ Qe A8.t TRY gixs tkiBu dhagandnuo waha ahanrreID14dhich i§ khjpghtly Wf
obstructed by the valve seat 44, which extending fromthe val ve body 40

into the paggnfHoQUANoGRBRTBD, Aee t%m@d;}\}z@flf%m idee siomedohody, 4 Lees not
obstruct the pass-through channel 42 en the doned body 46 is conpletely

in the open pasibi-AN ofYRIEarRERH hlab&: 1Mo miiReAl ve seat 44 may screen the
donmed body 46 ffom obstructing the pass-through channel 42. The

pase: (hrough, <haufeh 2 e BRbS UCLAHLRL L5 10ReS: DO pubsbguce Lhe
The. Barall ebushane, g cLhe) pep sk, 8,005, QopRd PRS0 2l ovs
(ne, dore, v, 20 UL B SO0l 5 8 SUCLEG8, 30 B uihe Coned

i e oogolIg OGRS DY YA SF e e S RLR G Bl 5 ©

silicon pr ngzlilt%}n t%g paeisss—tintrou!gt? clqelln%gleyfegbr example, the seat retaining ring 45 may
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[0042] The done valve 20 may include a shaft 52 coupled at one end to the
doned body 46 with the other end of the shaft 52 extendi ng though the val ve
body 40. ei2didi7hf2erent|ly, the val ve body 40 defines a Irolrasbar/oadsBoW ng
the shaft 52 to pass through the val ve body 42. The doned body 46 typically
has a pair of |legs 53 extending fromthe interior surface 50. At |east one
of the pair of legs 53 is coupled to the valve body 40. The ot her one of
the pair of legs 53 is coupled the shaft 52. Alternatively, both of the

pair of |eggoRfe@l® saRMRIaHe {8vd NG Shdkihe e vaiRBERKD YeedehBlySRatda 52 1S
turned to rotate the doned body 46 between the open and cl oSed positions.

It is to be reci.gted.t t : by, a: itable
nmeans. For é%%?g%n%aﬁﬁo%d r%(?)?h 6?2%&% Pg(%, H(?%Vé{ﬁgtgﬁe%ﬁlgle\s\g/g 4g‘oal%oysaiyncl ude an
actuator 54 e al r tjng.t as shown
in Figures getglg%h%l?%?a?r%@&?l %%%%Hgtﬁgé glgﬁgtvggog)ﬁg(? ict)t1 grbgggﬁﬂrar%%&%%bat or
systens for ,val e uch I ng-return actuators. A first
sol enoi d valtti?ga}é'g%%aaquggyPﬁ%g%rrr@r@ont:ﬁgg Ige?}a?%h?ﬁla&eﬁltg. actuator 54 for
controlling the i .on, of tuator 54. However. . the actuator 54 may
be operated by aﬁ@%ﬁf‘}@g@g s%tég%g%?nes an Opef@éﬁfu%‘%hlgiot%Sl\‘l?l%?nvpem%g)rmy al so
i ncl ude a byshing 58 di sposed withjn the hole defined by.the valve body 42.
The bushi ng JS8MEBARe TR eh HENSHAPTO B S0 v Enc T gPYHEE S buct | on of
t he outside gases while still allow.ng the shaft 52 to rotate. The bushing
58 my. al soaabr ottt 8ot prwgRond UL Bk bmge upani Rt 0F he
bushi ng 58. The 0-rings typicall c,on'ﬁ)ri se a fluoropol ¥mer el ast onmer such
as Viton(r) °f tspass-thrpgh gismaclvial VePisgilndle Ressirquse dipanstead? 4rdinetby on beacon
60 to indicate the position of the dome body 46 within the Bass-through
channel 42, Mgsalvsepd4 iTPIETgLRROSt B BriRoE. 1 5Sanere dipiqelly ehtrry 20eHe0ithdi cat i on
beacon 60 indicates whether the doned body 46 is in the open or the closed
posi tions. about 104, gudiepen e ypicathr §f fswnabopothiedbey 70 milligkisagenment of the
sealing surface 48 of the doned body 46 with the valve seat 44 is typically
not adequate to [088chr vghsesatiddp heqaussstho gassiirrougindipmetcBies lgsd fhan 20, For
exanpl e, the process gas nay escape the reaction chanber 30 through the
done val ve 28.diaddet Ddndl thy passthronghe chpmselstexhevalad stad 4thie ekpeseditzed bed
reactor 24, such as oxygen in the atnosphere surrounding the fluidized bed
reactor 24 peyjonged epntedievitte et silocencireddse 22 3@hichripablasivhe Adosmehyvialive 20. The
out si de gases nmay introduce containnents into the reaction chanber 30

t her eby af f deditiablg forhize el seyt 4dfto bhmadd firdre @ hagdmadercd si2R tpe td weled seat
Additionally, the outside gases, in the case of oxygen, can negatively
react wth dheapwohessl @agactwitthiha siliken pedadt 20 withhainhedl vaQr tohke ellye damagi ng
the fluidized bed reactor 24. [ 0045] Therefore, as shown in Figures 7
and 8, the dawg4valvien@hensaar bliht Relve c@pP4 pfere@ theRflicat phldecteaton62 f or
engagi ng the sealing surface 48 of the doned body 46 to seal of the

pass-t hr ougheiafasighindidd by s heddiaDdf thdrealviadewed4s ERle fleriall Bf dAQhE et t 0

seal i ng the pass-through channel 42, the inflatable seal 62 prevents gases,

such as the4prigh@ss hgas hiddhdtk BntREeRb@HEIT DBcalhABBRY 833) nire Qipicaiigler gases
outside of the reaction chanber 30 from passi ng through the dome val ve 20.

Sai d di ffer et dbout §35 lontfbb@toall evegfbre _?y%id&![l?%?%& dbb& g1epeladiilc og@s from
exiting the fluidized bed reactor 24. The inflatable seal 62 al so prevents

out si de gasggq @it RERHpidally biBorh §F&GH BOD (S LRIPKS , such as oxygen, from
entering the reaction chanber 30. Wen the silicon product 22 is within the

vessel, the infl ﬁ’ggﬁlﬁe%ﬁefﬁ%‘f%wgﬁ ?@@gfww%gﬁﬁg%%%%ﬁm ering

t he chamber of t vessel . ein 62 for 't val ve 20

provi des at hlalﬁf@?ﬁeri ?lgglﬁgrewo S %ll%ref%?engeegoiP’?%?es%aelﬁg,sihle Elﬁlqec? 96(% 4%%2 6 (R1982)

standard for valve e classification, ass-through channel 42

when the do 46 .1 S41 d I L t I nf | e seal 62
engages t he@%ﬁ@?%épgsgg f“g%lénntﬂg gg g%lﬁgg%d%%%l 6‘%% “%gr.ga Cﬂged IQ)SJU%B %RA
an open position. The domed body 46 has a sealing surface 48 and an interior surface

50 spaced from the sealing surface 48. In the closed position, the sealing surface 48

11



[0046] Wth reference to Figures 7 and 10, the done valve 20 may further
conprise a seal retaining plate 64 coupled to the valve body 40. The seal

r et ai ni ngwpl2at2176228houses the i nfl atabl e seal 62 and thecirnfSc@alias seal 62
i s expandable fromthe seal retaining plate 64. In this enbodi nent, the
opening size in the seal retaining plate 64 defines the inlet dianeter D2
of the done valve 20. The seal retaining plate 64 may be a discrete
conponent relative to the valve body 40. Said differently, the seal

retaining phatR HhedBYdPes 2nsLPAMRNANCQEROACRE &P & Pﬁm&@' ¥& Hady 40 such
that the seal retaining plate 64 is mechanically coupled to the val ve body

40. For exagplGnobfiecifal Hot AP A BtsdiPoshnCALRbAG bost e val ve
body 40 by bolts. wever, It Is to be appreciated that the sedl retaining
| ate 64 ca (o} f- d. It i
gl so to be g%‘g&%%%ﬁ Jé%gtt eaqag{]ﬁéa{lgié\gﬁn?ge? Qzﬁ?qﬁgy%%g%ﬁé%gﬂﬁ%gdf[gg%l%egr al o

ith th I Q. . t ) i.ni I [ ' t
component r &1t iva? Ve Sl B35t B R A B b S R kI pose
bet ween t he se?l etainin .and the val.ve. bod iding a

| 6 d . 0
posi t1 ve pr dEeped EefiNspe Ry BSe Bt ADGptR T S G B a2 5Bl V9D,

reference tq Fi es 8 and 9, the inflatable seal 62 is inflatable for

ext endi ng f?lB’r‘?fzgﬁi’eiéeﬁftO? %{ a‘f\mrﬂadwﬁﬂa?ses W“ﬂ%ﬁ‘éﬁ{ja‘gév hfﬂgles%gief@ﬁd%ur face 48
of the doned body 46. Said differently, e inflatabl e seal 62 expands from
The Seal r t&iIs Brae R it cBngaeinb PE s rhg Shrf ok g e e doned
body 46. The eng%gerrent of the inflatable seal 62 with the sealing surface
48 of the dyReRIHAe Py dhesdaped Bedy fe fyadlloving Biggtelechunispensing ofHae seat
retaining ring 45 nmay be notched for supporting inflatable seal 62. Said

di f f er ent | y SUiEPePiodRqt LB theelpidiged Red repeorg?d pdaid dliffeiprthy; it PRt ch of
the seat retaining ring 45 and rest against the seat retaining ring 45.

[ 0048] Tubi RSB, fgyloped bediptdedret BotcRBpkESoMacksHE ersitroyeh diamge Idhd t he
seal retaining plate 64 to allow inflation and deflation of the inflatable
seal 62. Thel iheforaniap(delineddty B9 valypises |4ty 1t éntorhiesappregisted| thajt whearthe

material, preferably fluoropol yner el astoners. An exanple of a suitable

f 1 uor opol ymdpmed bastychras in the Vpanareditipn.rthbbrening Aefiraddlyl the valhesesedd mpet ai ni ng

pl ate 64 defines at | east one pathway 66, which is in comrunication with

t he i nfl at abt pasielly olgRuctAl phids still Flowiinghiha silihen proflicatAlod pass dabugh2hé s
adjusted to operate the inflatable seal 62 between engagenent with the

seal i ng sur bpaingd 8AdfitidraBy,damedhddaye U@lyattdis mo rheapgagesioamt thaidpbnibde seal i ng
surface 48. Said differently, the pressure within the inflatable seal 62 is
i ncreased f defiedpanbkd ngvd teat 4hinhababbdeplsenl undBstiunted bgnigadgenemidywict h t he
sealing surface 48 of the donmed body 46. Alternatively, the pressure within
t he infl at albbeezagple, 2 domed®odeas ady have & pluradiot oMgedehepenriokiaibadligh seal 62
from engagi ng the sealing surface 48 of the donmed body 46. [ 0049] The
pressure W kidhof iferéstif dpah phit@ns eahitifZ in SdiftyiRhiGadeloy tHeRpeBAS&AinbY by
introducing of an inflating gas through the pathway 66 of the seal

retaining phatane4eand. iSauifidiendyns bidd alhe op@@le RBnedTREnhPRASS Wag4i t hin the
infl atable seal 62 is decreased by renoving the inflating gas fromthe

pat hway 66 agfnd dhusectiing chmgh@twm G pisrali§MRYRIefhomdshent it iahab! e seal

62. It is to be appreciated that an inflating fluid nay be used as an

al ternativepb® 4hg i (BhidlGnIBR- siAY B &@'dp}éming dRPRRIASHY Bel BBKI @LOK4 devi ce
may be used to control the pressure of the inflating ‘'gas wthin the pathway

66 and the icmt}ogsf?ﬁteeofﬁf?@éele@gve 1 MfS of #1?8189({):5&6&“0?2%1%&% eﬁﬁ@iz At hway 66

and the inflatable seal 62 may contro any suitable metﬁod. As
shown in Figuye. 7. .441e done valve 20 may include another second sol enoi d
val ve 68 in communication with the

[0040] Generally, the domed body 46 is sphere like except that a segment of
the sphere has been removed. Said differently, the domed body 46 resembles a

portion of a hollow sphere. More specifically, the sealing surface 48 of the domed
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pat hway 66 and the inflatable seal 62. The second sol enoid valve 68 is

oper abl e between an open position and a closed position for respectively

i ncr easi yoant/dex8easi ng the pressure within the pat hwegTaB2@na414b%

i nfl atabl e seal 62. The tubing 57 may al so couple the second sol enoid val ve
68 to the pathway 66 of the seal retaining plate 64 for transferring the
inflating gas fromthe second solenoid valve 68 to the pathway 66.

[ 0050] When enployed, the inflating fluid is used in a simlar manner as

t he ' nflati 'Bgd}gfl’@is cBM%xE@lf(gryengﬁ T ih@fvlaﬁfléis@@ 4ga_sl“h\é’is%ehin shﬂgceg@tm 6_6 and
the inflatablé seal 62 is an rnert gas. Said differently, the inflating gas

does not co i el Al i i t he
AL iﬁ c{?{}lﬁ bl ﬁ%%gh@@ﬁve SHEM Asmal med’\@écﬁm6%¥lte§fb% aEn

operation of t ? I zed reactor 24 in the event the in tabl e sea
62 i t d Anflati ; ' I t.

gas used i nneefandifie sl | Bl AESuEe o o oy e T g e
[ I d .chem ' ' [

IS selecte &Pcaé’efhﬁéfgbﬁ—ﬁvéﬂ@;@@ ég;e]?&’! ﬁC Facd ?@ﬁ?'m"&?s{ "‘&Eng t‘thaaPsft&%% gas In

the event the in e's ail's and e Irntlating gas 1s xed with
t he process gas .n the reaction ¢ r 30, Typicall the inflating gas is
sl ect od1r SRR gD S - TR ey IVRLER “netell Bt N, &

typically, the inflatin as Is.non-reactiye and preferable the inflating
gas 5 niirBglnbe appecialfn Rt ndninty sptinaCapns R gerd  beienplgy pe
appreciated that the fluidized bed reacto 4 utilize additional done
valves 20° ER SRR RRECGOR R BrIG GBLE e SO agh BUCh 1 i ot
done val ve 20A and a second done val ve 20B spaced fromthe first done val ve
20A. The pl ey olofthe, Rfepigr susfige S0 mry; e «pgRied Wihohf@ue PostRet Ee di st ance.
General ly, the distance between the plurality of valves 20A, 20B is

det er mi ned HAid sekcs 50 Srierealsmaingly dhe indaier priaa st cavbeonipletdlyflah ned by
each of the done val ves 20A, 20B. In such an enbodi nent enploying the first
and second &2 ae wesr Pomphepopf tha gntgriar syurfaesnel wanspsedolao il ottt ed to t he
first pipe segment 38. A second pipe segnent 72 is coupled to the first
dome val ve 2BANirgRRySf the silisan priodudts B that maydeeime Seckawichin He rgescbisdgilone val ve
20B is coupled to the second pipe segnent 72. Said differently, the first
and second dameelvil esut@@AhrQEBR the stu¢knsifem; pastickgst 32 ssaibh domhd bodyPHvi di ng
the first and second done val ves 20A, 20B in series with the second done
val ve 20B halidenglonptheivalvk sgatid.e seal 62 reduces the burden of maintaining
the process gas wthin the reaction chanber 30 while renoving product from
t he reacti on chafgét] Sthough the pds@@b@]ghGdaenchldyis sliplalypalssutthd dbyghe channel
42 of each of the first and second done val ves 20A, 20B are in

conmuni cat i eavisdah44adtichodxiraring Aronothd ivalge bhdymdikinto the pasoviirdesh dhyniteche second
pi pe segnent 72 between the first and second done val ves 20A, 20B to al |l ow
addi ti onal apalpieglypthe idb@es bbdycidriops fxlwdiirudPtht aRahidtgtosHasncll@2 afhed he
reacti on chanmber 30 prior to the second done val ve 20B sel ectively

di spensi ng tealosiclibean 49 isoehngletdy id HRrmpthpodiaindi MgreGhevilally, @asalvell et 36
can be used for adding hydrogen to the silicon particles 22 to strip the

reaction gasesaddnfadQtredmBe 8brhéCRNy ABHohLHREuAg the pass-thk @R hanhal 43.
differently, the silicon product %2 can be retained within a holl ow

interior of 1HHe.ga6RNh PhRGeSEYIEMobddcRAt MERR dARdfBdastscapdasgcand donme
val ves 20A, 20B for allowing the silicon product 22 to cool outside the

presence of ;e REPLESE of@S domb bbdy it PaliBe1 APRE REIIRL Selrdcbat. Thep£aRY I ng of
the silicon product 22 within the 'second pipe segnent 72 is in addition to

the cool i ng f e%Pﬁe%ﬂtéﬁo‘}%}fﬁE A UE ke %%ﬁ%(?ﬁt?dguﬂIﬁﬁ§w?!h@9§m¥\?}ﬂ&ﬁy'ﬁ6tt@ﬁ% first

pi pe segnent 38 due to the hydrogen i ntroduce rough t gas

inlet 36. {J i t di & I
cooring wi 1R ThacdaRsRy WEDRSUROUE a5l BGEE MRS RLe e e
first d 20, . I.ne| I i ni th
i Pat bl o SRS B SR Ak Oy 1 BOIRERDN 4% BE BRhRR Do a6

the interior surface 50 out of alignment with the opening defined by the valve seat 44.
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the silicon product 22 and gases may pass through the first dome val ve 20A.
Additionally, the second done valve 20B typically includes the sea

r et ai ni ngwpl2at2176228and i nfl at abl e seal 62 for retaini ngPSOIUSAGI2AME38
preventing gases, such as the process gas or the gases in the atnosphere
outside the reaction chanber 30, fromentering the reaction chanber 30.
However, it is to be appreciated that both or neither the first and second
donme val ve 20B may include the seal retaining plate 64 and the inflatable

seal 62. |t h§eRkShd Rl aRRALESH B BH dohRl bBMY 4OHEREH: SlusdRiBYRLYe 20s may
be used sinply by increasing the nunber of pi‘pes used and i nterconnecting

the dome valy, H%Q%ﬂhﬁg 045 04D gRGsanot her . [ 0055] As descri bed
ne

above, it is be I Cl to prevent 1 npurities fromcontanm nating the

il d j I d
o111 con broduct ige PLNRIGRI0 T SAVLLARL g, SOTRAY 8,20, iybe, e
contacts th%&%{)‘&dﬁ%}(&uﬁg &E%r{}%gbpt%e Qﬁa%trbzpe%[e'gl&%g hh?%glﬁhg 'Vﬁl‘cvgﬁc?d(}tioy , the

done val ve es’not contri e lnpurities to I'con product 22 as

the siliconproduct 22 .contact t@g one val ve 20 because tgf done val ve 20
o made 17 oftd ARShHENTNATRy YRR ulG G RS O R v

hannol 42 DU B EHE i Bont A Kebidt Dercal fis {hbviingrng

contami nation of the sjilicon produ 2 0056] . TypLgal ly,. the

mon cont ant Ruiei it s Hicps BBt &1 ks e nEbg PRt B SE Ricetited Carent ed
carbide, and conbjnations thereof. Mryre typicall .the naon-caontam nating
mat eri al is“é@?é@b@dm?¥6ﬁ1gﬁ%oﬁFbﬂﬁ3@thPWF8ﬁﬁgb§%éﬁaﬁﬁF@ﬁP%ﬂ¥@5%%ch as

pol ycrystalline silicon, silicon carbide, silicon nitride, and non-silicon
based mat er AAEEatiely fodcof dhsrpHt elolegs yat spures i tieshalind. Cmpiiathons
thereof. It is to be appreciated that the silicon based material may be
made from aSHifigh iptnadyio rofefp teaioarsd bpdhHrheygeeal thg epenjapd elpsediesifisd from t he
Czochral ski or Float Zone processes. An additionally benefit of using
silicon as fthe by aprserizied Hat thagharad2mag|be gptate dy\aap veitablegmeaps. iFert hat t he
silicon neets the requirenents for the hardness of the valve seat 44.

Typi cal |y, wkeanple, haughwet wawited4the glomprvialye S0 sidyiigdnde anhastuatol V& sielat 44 has
a hardness of from about 900 to about 1050, nore typically of from about
950 to abouts 4080 avivgke b4 for Wietmgttheshagl N eas sleatn id4igoespgr indds It ieo benent ed
carbides, the valve seat 44 has a hardness on the Rockwell A scale

typi cal | y ofpgrecdardiboubth88 cdninon abwatbr Sybtedys fopvelvesy piag diel used fsuflr am about
86.0 to about 90.0. Generally, the valve seat 44 is made from cenented
car bi des bespimgectuheacement adirsapkhddyaae 86 nyapibeah bymmonighien vithahe si | i con.
[ 0057] The non-contam nating material may be coupled to the other nmaterials
for coving patitboofisfopéoridoBing aeopéakive olBe bbradiomi4. |Hoavtade adtueossd i con
product 22. For exanple, the nmaterial of the valve seat 44 may be press-fit
i nt o anot heimag®t epdrakd bpadyaumilbgears] ve seat 44. Said differently, the

val ve seat 44 nmay conprise nore than one nmaterial with the

non- cont am nat i n@IRL Biel @eRAaRS 20 kdy dlddtifcldeSLKRmd BRURPpbRY withfh tBEICh an
enbodi ment, the second nmaterial may be of any type of netal suitable to

retain the hpksderil®E By iRl valfeUbddyes2OTEs bldheePY tdaPRRufd weh@afioeroval ve 20
that contacts the silicon product 22 may conprise a spray coating for

preventing_bﬂﬁmﬁﬁgﬁh@ﬁh%&x%QanQQQ&E@&ﬁﬁk&@%h@gmhﬁﬁkﬁhh'%9%h8f9§%9t 22. The
spray coating is beneficial for treating areas of the done valve 20, which

are not fabri.cat i | 1 ' terhals. that are
t oo difficu??&?oqg%g?ﬁﬂ?ﬁgIﬁ%ﬁgggﬁga m%%??ﬁ@@%%ﬁ%ﬁ?%%@%gﬂgf%%%ﬁ# % spr ay
coating may udth / I f i i,ng to the
mon- cont am Ao pu AT, SALERARRN Bl BPTUAGA IR R BRE AR D LT e
via plasm @ i vel oci f S .techni que The spray
coating is S@%F%g?ﬁ%gsgﬁéé@%%f?@%ﬁ?fﬁ%$§P83§h%#’%%ﬁ%ﬁ%@? @%@%% %g? al um na,
and si 11 con car bl e ooMR6S of YR G Yooy EwARRANe 3BT Snhh1eBt g0 carbi de

with a cobalt
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[ 0058] Cenerally, the doned body 46 and the valve seat 44 are produced
within required tol erance ranges to ensure the sealing surface 48

adequat elwoenpagexst he val ve seat 44. However, it may becCaiuskiicok1438 o
produce the doned body 46 and the val ve seat 44 fromthe non-contam nating
material while maintaining the required tol erance ranges to ensure the
sealing surface 48 of the doned body 46 adequately engages the val ve seat
44. As such, the valve seat 44 may be adjustable relative to the doned body

46 to aCCOU@ﬁoxxfrP[n ¢ AR0SI QRdls. Vakibiadifeen®f, dhendlanEd bRy etbindRd.et he val ve
seat 44 produced fromthe non- contanlnatlng material that are outside the

required tolgrd fle EANGAR ggkﬂ E%ﬁéﬁnhéMo“ﬁgﬁ&%&glllty to adjust the

val ve seat 44 relative to y 46 expands the required tol erance

ranges for produ 4 t hat the
valge seat 24 angmmﬂéh%jﬁ%%ﬁ%gﬁiﬁ%%aﬁé a%qm%§§Hg$r0n1tﬁgﬂﬁ%ﬁn%§%?%n1nat|ng
mat eri al . r 45 and
t he val ve sea@'gh%? (%péﬁuslﬂﬁg % e“%%%mg? ?yﬂ%%?&haggg%% Sflgg
surface 48 of the.d d Add naII e shi be i nserted
ot oot hevm bR IRS R Wastis v A0 LARShY gl BE Pm&esssgtas fﬂ%y%%% Ye seat 44
away fromt e val ve Addj t aII ret.ainin | ate 65
Ts present, UEHSALR @/@gﬂa@) Bléouakéh%ggae %&ﬁ@ 0 MEGSERy PEE B Diate o
and the valve body 40 ustin infl atable seal 62 relative to the
val ve body 4ggemalt th %b‘gé‘]d%f’J 6?38EQF 84 RITTNEL aEn‘??Blﬂer‘”e%@%%n% o the
silicon product , .a shimgasket may be used t revent the

silicon pr o&lﬁ’c@u@?eq‘ P?Elrﬁeéﬁﬂrt %‘bfi}aﬁgenfeﬁéhesﬁﬁ?ﬂ%chaml%% %)thFﬁu?g thgzdomge

t hi ckness, which is generally equal to a desired agﬁustnpnt anount of the
val ve seat Aav¢ &)-atheuitsids gaprs mﬁauwdﬁefdspnw@me%m@ qrgactippehapgiey &) seat 44

is adjustable by at |east 0.125 inches. However, is to be appreciated
that the shilerer3 dsplingethg DBttt ¢f thakdican prafes| %?eam%ﬁedstwwonéﬂy tthe val ve
seat 44 relative to the doned body 46. [ 0060] The done val ve 20 may

further inchudide gafgnindic cose of|pea. earfegavelygeacmitbdlhg prgcesheastwidwm of t he
silicon product 22 fromthe done val ve 20. Like the done valve 20 itself,

t he funnel ihe reacpprecelampengitiberthyodanzaging theclbndiasd redtréaatpr Abt eri al . For sol ar
applications, polynmeric materials having no pignent can be used provided

t he tenper at ur es[0045]t Hreredirk, aschovar i@ Higirow aided, efdoawivalye £e npe father es of t he
respective polyners. For exanple, the non-contam nating material of the
funnel is typhpddelay inflaabde wblgh? fioptreeging thewealglatsupadeyiStdf yeedvened Addy t i onal |y,
the first and second pipe segnents 38, 72 that interconnect the first and
second dome 4¢ & swabof20ApasR dBoughychhmet 42 insicadof the viiveveantd4.t eadtlitioatto and
second pi pe segnents 38, 72 fromcontam nating the silicon product 22.
Sui t abl e natealinglie pharthidngh thanedl 42nek udRabiegbal @2rprdvwne pyst,altti aahsi | i con
and silicon carbide-coated graphite. [ 0061] As alluded to above, the
done val ve ZfbcoRyab&vit@upt @chclich EAMbYESS 6 outSUE Pasds odsi8é of agecdrapper 74 or
any type of reaction chanber besides the fluidized bed reactor 24 descri bed

above. In sygdmiRpBOdLAENLSHg thifgl aRIoRl Viee20. GRRN @ifesndy) 4R isfladi@r nanner
as descri bed above. Wth reference to Figure 10, the dome valve 20 is

coupl ed to the 3t RERAR HORRLINT fas THE iRoAle MRRRAMbed4eAgS MeS TR Chanber
76 for storing the silicon product 22. For exanple, the silicon product 22

nmay be p'acﬁﬁmwmkﬂﬁﬂébaﬁo%kQEﬁQQmBHQgﬁésJdmﬁﬁk@&m@&k&&ﬂ&m&hé~&thQ'Zed bed
reactor 24 described above. be appreC|ated that the donme val ve 20

may Dbe COUpIo?%eg'fEd?ﬁ%ﬁté( goché ?ct%%ﬁﬁ*@er@@%%nﬁé sil ﬁﬁfoﬁé’&bi’%‘ 1thér5 he dome

val ve 20 may e couple irst pipe segnent I's coupled to and

ext ends fromtbe%seﬁtﬁlre atdRRREN gf’pr doli thonalda¥ o kSt @5 Mlite tE
t HA &l

f1uidi zed bed reactor escri bed ove, nore n one done valve 20 may

be coupl ed tcﬁ)antibr%?ofs &19 (a98. Iilﬁé) Rﬂ:"latagle séa? 62 tl?esdo\ﬁ{e V@llvg B pﬁ)r\]/f)cfeg f1lcast a
Class VI seal, as defined by ANSI/FCI 70-2 1976 (R1982) standard for valve leakage

classification, of the pass-through channel 42 when the domed body 46 is in the
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Exanpl es [0062] A first test dome valve, a second test done val ve,
and a third test done val ve are produced according to the description
above. Fowothe/f7u28t test done val ve, the val ve seat, tReTdsEd/obdy, the
shaft, and the bushings are made from cenented tungsten carbide. The val ve
body of the first test done valve is 316L stainless steel with the
pass-through channel receiving the spray coating conprising tungsten
carbide with the cobalt binder. [ 0063] For the second test done

val ve, the %%Eéﬁep&r%ﬁ and (€ intfafiblel s@&l@@h#&eplh@ts@ahné berAdougdr Redyme@r € made
froman intrinsic Czochral ski silicon shaft and the bushings of the
second test valve are made from cenented tungsten carbide. The valve
body of the second test donme valve is 316L stainless steel with the

pass-t hough chan@hﬂr%ﬁlrgﬂe@gce '% %lg:?%%y aglg%l AR %gmw ﬁ’tan car bi de

with the cobalt or the’ t t est e’ va t he

valve seat g, 5'1% eﬁl%%afnjﬁrlg e@&t%'él'c%séfé ot%eﬁtglléflzlgﬁ(g/ Fﬁ. X}% & uhﬁ cover ed

by a st ai nl 6S8°'st sea al ni ng and the
donmed body of t thlrd 1 ar.e t |nI ss st ee
The val ve. ool S rnatedERAERET Y Al BRePSenet RR-PateleBolufE® 2l ve i

316 st | t eel t.h h | the d bod f the third
Coot dom 53?%3@@5@&.@% 6P 4 5 @%@?Ptﬁﬂﬂn&?ﬁw@g gD thngat BHINRE bi de wi t h

t he cobalt bj The third. test o Ive LS mer ci al | vallable
ore var ve PHBCLASTITSES Mg aand fo v Bl e ﬂde%&ﬁé Wi st ant
pol yners. Exanples of. the third test done valve are avail able fromthe Roto
Di sc Conpan{* faYNI| & GrgeterRpgponent relatiyqge8y vgue Rodr 44 meid fiisfentydfond, and
third test done valves includes the funnel for directing the silicon
product . Théed frvRINgG platerfdday fegnicptrate SOMPRIsninIre &g valve ReiyHt susb (et hyl ene
having no pigment fillers. [ 0066] The silicon product has a known
initial surflfc®apigipioge jastertd shaedpprdyncgplduiet thp asbesbadpir Bughot he fir st
and second test done valves. A first sanple of the silicon product is
passed t hr oggginnihehd paakietairnisg platenet pay be coyrledelodhel valsgrpedy Hr by heltssi | i con
product is passed through the second test done valve. A third sanple of the
sili con prodiiegrvirsit sae dedpprheitiad Hat the sedhirgtelning ptatedoheanhg|opepleditortbsul t i ng
surface purity is obtained for the first, second, and third sanpl es passed
t hrough a r eslpedbbiwd0 dyeangfsuithide fiethexl, Ik ecalvd, o dndippierindd tlestthaosme val ves.
The resulting surface purity is obtained using a vapor phase di gestion

t echni que usdétaiginpipipe Gimay e intcralfl Witho thie vabve ibddwitd).h Véhebh skqseehtetatdiegrent a
anal ysis being perforned on a high resolution inductively coupled plasnma
mass spect r phet @r is aSlichtd eaglnagselaive twdlel vakiedaty U, d Fae gadkef @F msyr f ace
purity analysis on high purity polycrystalline silicon nmaterials. The
initial surbadgp@ud bétyeandte tdaeretasitg pliared4siud irroalvewoly Y0 afr ptdvalidd 4 St ,
second, and third sanples are reported in Table 1 bel ow.

positive pressure seal of the pass-through channel 42.

[0047] With reference to Figures 8 and 9, the inflatable seal 62 is inflatable for
extending from the seal retaining plate 64 to engage the sealing surface 48 of the
domed body 46. Said differently, the inflatable seal 62 expands from the seal
retaining plate 64 to engage the sealing surface 48 of the domed body 46. 'The
engagement of the inflatable seal 62 with the sealing surface 48 of the domed body 46

seals of the pass-through channel 42. The seat retaining ring 45 may be notched for

supporting inflatable seal 62. Said differently, the inflatable seal 62 may be disposed
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[0067] Table 1 Elenent Initial Surface Purity of the First, Second, and
Third Sanpl es (ppba)
WO 2012/174228 PCT/US2012/042438

within the notch of the seat retaining ring 45 and rest against the seat retaining ring
45.

[0048] Tubing 57 may be coupled to the second solenoid valve 68 and the seal
retaining plate 64 to allow inflation and deflation of the inflatable seal 62. 'The
inflatable seal 62 typically comprises an elastomeric material, preferably
fluoropolymer elastomers. An example of a suitable fluoropolymer elastomer is
Viton® rubber. Generally, the seal retaining plate 64 defines at least one pathway 66,
which is in communication with the inflatable seal 62. A pressure within the
inflatable seal 62 is adjusted to operate the inflatable seal 62 between engagement
with the sealing surface 48 of the domed body 46 and non-engagement with the
sealing surface 48. Said differently, the pressure within the inflatable seal 62 is
increased for expanding the inflatable seal 62 into engagement with the sealing
surface 48 of the domed body 46. Alternatively, the pressure within the inflatable seal
62 is decreased for retracting the inflatable seal 62 from engaging the sealing surface
48 of the domed body 46.

[0049] The pressure within the inflatable seal 62 is typically increased by
introducing of an inflating gas through the pathway 66 of the seal retaining plate 64
and into the inflatable seal 62. The pressure within the inflatable seal 62 is decreased
by removing the inflating gas from the pathway 66 and thus the inflating gas is
removed from the inflatable seal 62. It is to be appreciated that an inflating fluid may
be used as an alternative to the inflating gas. Typically, a pressure regulator device
may be used to control the pressure of the inflating gas within the pathway 66 and the
inflatable seal 62. However, the pressure within the pathway 66 and the inflatable
seal 62 may be controlled by any suitable method. As shown in Figure 7, the dome

valve 20 may include another second solenoid valve 68 in communication with the
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Resulting Surface Purity of the First Sanple (ppba) Resulting Surface
Purity of the Second
WO 2012/174228 PCT/US2012/042438

pathway 66 and the inflatable seal 62. The second solenoid valve 68 is operable
between an open position and a closed position for respectively increasing and
decreasing the pressure within the pathway 66 and the inflatable seal 62. The tubing
57 may also couple the second solenoid valve 68 to the pathway 66 of the seal
retaining plate 64 for transferring the inflating gas from the second solenoid valve 68
to the pathway 66.

[0050] When employed, the inflating fluid is used in a similar manner as the
inflating gas. Typically, the inflating gas within the pathway 66 and the inflatable
seal 62 is an inert gas. Said differently, the inflating gas does not comprise an
oxidizing gas, such as air, which may affect the operation of the fluidized bed reactor
24 in the event the inflatable seal 62 is ruptured. As such, the inflating gas is selected
based on the process gas used in the reaction chamber 30. More specifically, the
inflating gas is selected to prevent adverse chemical reactions with the process gas in
the event the inflatable seal 62 fails and the inflating gas is mixed with the process gas
in the reaction chamber 30. Typically, the inflating gas is selected from the group of
argon, helium, hydrogen, and nitrogen. More typically, the inflating gas is non-
reactive and preferable the inflating gas is nitrogen.

[0051] With reference to Figure 1, it is to be appreciated that the fluidized bed
reactor 24 may utilize additional dome valves 20. For example, the dome valve 20
described above may be a first dome valve 20A and a second dome valve 20B spaced
from the first dome valve 20A. The plurality of valves 20A, 20B is spaced from each
other a distance. Generally, the distance between the plurality of valves 20A, 20B is
determined based on a volume of the silicon product 22 to be retained by each of the
dome valves 20A, 20B. In such an embodiment employing the first and second dome

valves 20A, 20B, the first dome valve 20A is coupled to the first pipe segment 38. A
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Sanmpl e (ppba) Resulting Surface Purity of the Third Sanpl e (ppba)

1.51

WO 2012/174228

second pipe segment 72 is coupled to the first dome valve 20A opposite the first pipe
segment 38 and the second dome valve 20B is coupled to the second pipe segment 72.
Said differently, the first and second dome valves 20A, 20B are in series with each
other. Providing the first and second dome valves 20A, 20B in series with the second
dome valve 20B having the inflatable seal 62 reduces the burden of maintaining the
process gas within the reaction chamber 30 while removing product from the reaction
chamber 30.

[0052] Generally, the pass-through channel 42 of each of the first and second
dome valves 20A, 20B are in communication with each other. A holding chamber is
provided by the second pipe segment 72 between the first and second dome valves
20A, 20B to allow additional cooling of the silicon product 22 to occur outside of the
reaction chamber 30 prior to the second dome valve 20B selectively dispensing the
silicon product 22 from the holding chamber. Gas inlet 36 can be used for adding
hydrogen to the silicon particles 22 to strip the reaction gas and cool the silicon
particles 22.

[0053] Said differently, the silicon product 22 can be retained within a hollow
interior of the second pipe segment 72 between the first and second dome valves 20A,
20B for allowing the silicon product 22 to cool outside the presence of the process
gas. Itis to be appreciated that the cooling of the silicon product 22 within the second
pipe segment 72 is in addition to the cooling of the silicon product 22 that takes place
within the first pipe segment 38 due to the hydrogen that is introduced through the gas
inlet 36. As such, the silicon product 22 may not need the additional cooling within
the second pipe segment 72.

[0054] Typically, the first dome valve 20A does not include the seal retaining

plate 64 or the inflatable seal 62 such that the first dome only retains solids, such as
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8.86 4.78 72 Nickel (Ni) 0.26 0.88 0.81

WO 2012/174228 PCT/US2012/042438

the silicon product 22 and gases may pass through the first dome valve 20A.
Additionally, the second dome valve 20B typically includes the seal retaining plate 64
and inflatable seal 62 for retaining solids and preventing gases, such as the process
gas or the gases in the atmosphere outside the reaction chamber 30, from entering the
reaction chamber 30. However, it is to be appreciated that both or neither the first and
second dome valve 20B may include the seal retaining plate 64 and the inflatable seal
62. It is also to be appreciated that any number of dome valve 20s may be used
simply by increasing the number of pipes used and interconnecting the dome valve
20s in series with one another.

[0055] As described above, it is beneficial to prevent impurities from
contaminating the silicon product 22. Although not required, the dome valve 20 may
be made from a non-contaminating material such that the silicon product 22 that
contacts the dome valve 20 maintains high purity. Said differently, the dome valve 20
does not contribute impurities to the silicon product 22 as the silicon product 22
contacts the dome valve 20 because the dome valve 20 is made from a non-
contaminating material. Generally, each of the valve seat 44, the domed body 46, and
the valve body 40 defining the pass-through channel 42 comprise the non-
contaminating material for preventing contamination of the silicon product 22.

[0056] Typically, the non-contaminating material is selected from the group of
silicon, cemented carbide, and combinations thereof. More typically, the non-
contaminating material is selected from the group of silicon-based materials, such as
polycrystalline silicon, silicon carbide, silicon nitride, and non-silicon based
materials, such as cemented tungsten carbide, and combinations thereof. It is to be
appreciated that the silicon based material may be made from a high purity, non-

doped, monocrystalline ingot obtained from the Czochralski or Float Zone processes.
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48.9 Chromum (Cr) 0.17 0.37 0.45 72 Copper (Cu)
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An additionally benefit of using silicon as the non-contaminating material of the valve
seat 44 is that the silicon meets the requirements for the hardness of the valve seat 44.
Typically, when the valve seat 44 comprises silicon, the valve seat 44 has a hardness
of from about 900 to about 1050, more typically of from about 950 to about 1000
Vickers. When the valve seat 44 comprises the cemented carbides, the valve seat 44
has a hardness on the Rockwell A scale typically of from about 83.5 to about 94.2,
more typically of from about 86.0 to about 90.0. Generally, the valve seat 44 is made
from cemented carbides because the cemented carbides are typically tougher than
silicon.

[0057] The non-contaminating material may be coupled to the other materials
for coving portions of the dome valve 20 that will contact the silicon product 22. For
example, the material of the valve seat 44 may be press-fit into another material to
form the valve seat 44. Said differently, the valve seat 44 may comprise more than
one material with the non-contaminating material press-fit into a second material. In
such an embodiment, the second material may be of any type of metal suitable to
retain the first material. Furthermore, the portions of the dome valve 20 that contacts
the silicon product 22 may comprise a spray coating for preventing the dome valve 20
from contaminating the silicon product 22. The spray coating is beneficial for treating
areas of the dome valve 20, which are not fabricated from silicon based non-
contaminating materials, that are too difficult to apply the non-contaminating material
to size. 'The spray coating may be a flame spray coating for adhering the spray
coating to the non-contaminating material. For example, the spray coating may be
applied via plasma or HVOF (high velocity oxygen fuel) spray techniques. The spray

coating is typically selected from the group of cemented carbides, alumina, and
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silicon carbide. More typically, the spray coating is tungsten carbide with a cobalt
binder.

[0058] Generally, the domed body 46 and the valve seat 44 are produced
within required tolerance ranges to ensure the sealing surface 48 adequately engages
the valve seat 44. However, it may be difficult to produce the domed body 46 and the
valve seat 44 from the non-contaminating material while maintaining the required
tolerance ranges to ensure the sealing surface 48 of the domed body 46 adequately
engages the valve seat 44. As such, the valve seat 44 may be adjustable relative to the
domed body 46 to account for dimensional variation of the domed body 46 and the
valve seat 44 produced from the non-contaminating material that are outside the
required tolerance ranges. Said differently, that ability to adjust the valve seat 44
relative to the domed body 46 expands the required tolerance ranges for producing the
valve seat 44 and the domed body 46 such that the valve seat 44 and the domed body
46 can be made from the non-contaminating material. A shim 73 can be inserted
between the seat retaining ring 45 and the valve seat 44 for adjusting the valve seat 44
toward the sealing surface 48 of the domed body 46. Additionally, the shim 73 may
be inserted between the valve seat 44 and the valve body 40 to adjust the valve seat 44
away from the valve body 40. Additionally, when the seal retaining plate 65 is
present, the shim 73 may be disposed between the seal retaining plate 65 and the
valve body 40 for adjusting the inflatable seal 62 relative to the valve body 40.

[0059] Typically, the shim 73 is not exposed to the silicon product 22.
However, a shim gasket may be used to prevent the silicon product 22 from
contacting the shim 73. The shim 73 has a thickness, which is generally equal to a
desired adjustment amount of the valve seat 44 relative to the valve body 40.

Typically, the valve seat 44 is adjustable by at least 0.125 inches. However, it is to be
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appreciated that the shim 73 can be used to make any desired adjustment of the valve
seat 44 relative to the domed body 46.

[0060] The dome valve 20 may further include a funnel or sloped surface for
directing the flow of the silicon product 22 from the dome valve 20. Like the dome
valve 20 itself, the funnel is typically made from a non-contaminating material. For
solar applications, polymeric materials having no pigment can be used provided the
temperatures of the silicon are below the softening temperatures of the respective
polymers. For example, the non-contaminating material of the funnel is typically
ultra high molecular weight polyethylene. Additionally, the first and second pipe
segments 38, 72 that interconnect the first and second dome valves 20A, 20B may
have a liner to prevent the first and second pipe segments 38, 72 from contaminating
the silicon product 22. Suitable materials for the liner include high purity crystalline
silicon and silicon carbide-coated graphite.

[0061] As alluded to above, the dome valve 20 may be coupled to any vessel,
such as a storage hopper 74 or any type of reaction chamber besides the fluidized bed
reactor 24 described above. In such embodiments, the dome valve 20 operates in a
similar manner as described above. With reference to Figure 10, the dome valve 20 is
coupled to the storage hopper 74. The storage hopper 74 defines a chamber 76 for
storing the silicon product 22. For example, the silicon product 22 may be placed
within the storage hopper 74 after exiting the fluidized bed reactor 24 described
above. It is to be appreciated that the dome valve 20 may be coupled directly to the
storage hopper 74. Alternatively, the dome valve 20 may be coupled to a first pipe
segment, which is coupled to and extends from the storage hopper 74. Additionally,
just as with the fluidized bed reactor 24 described above, more than one dome valve

20 may be coupled to the storage hopper 74 is series with one another.
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[0068] As shown in Table 1, both the first sanple, which passed through the
first test done val ve having the val ve seat and the doned body nade from
cenent ed wongetem28ar bi de, and the second sanpl e, whi chrpadased2ol4etigh t he
second test dome valve having the valve seat and doned body made fromthe
intrinsic Czochral ski silicon, show a significant inprovenment in the
resulting surface purity of the silicon product as conpared to the
resulting purity of the silicon product passed through the third test done
valve. It is believed that the inpr@xgﬂ@@§ of the resulting surface purity
is directly related to the use of céenented tungsten carbide and the

intrinsic CZOChrR@&ﬁHA Qﬂm%ﬁkﬁk'?&%omimmd?&Qgﬁ%lammht d%@@déﬁyent'gg

has been describ erence to an exenp ary enbodi nent

under stood Ryt Q%Z)?%dalgéd ic‘égrd g Hl% c@%ctrl LR Ebo ;Ggr FQH? ﬁﬁ?%g?éon%e% ype made and

equi val ents may stituted for elements thereo arting from

the scope of, ve'sQe‘l’te%ggﬁed Lé‘drya%%'shéf% O'l%ﬁﬁﬁ{}?%'aré ﬁ%&é ROR E@ﬁm&? made to

adapt a partlcu ar si on or” mater i al eachi ngs of nventlon

W t hout dep%lr tg%t%lg car{n%e tI“E'e va neo ?oc%/ o?'lthe o rgp tgstt orer{eev(gl ve is ?fcuﬁtalnI%Ss eel

i nt ended t hat"*t'he“4"Aveént i"on he par ArCend dlnent

di scl osed he best nod t enp t ed t . this t
but t hat e B RO e e H\p%e‘f‘aﬁa B et E S e the

scope of th%arggl %Vrl]t etclie c%lbalt ‘Enrslder CLAI M5

[0063] For the second test dome valve, the valve seat, the seat retaining plate,
the domed body, are made from an intrinsic Czochralski silicon. The shaft and the
bushings of the second test dome valve are made from cemented tungsten carbide.
The valve body of the second test dome valve is 316L stainless steel with the pass-
though channel receiving the spray coating comprising tungsten carbide with the
cobalt binder.

[0064] For the third test dome valve, the valve seat is made from 316
stainless steel filled PTFE, which is covered by a stainless steel seat retaining plate.
The shaft, the bushings, and the domed body of the third test dome valve are made
from 316 stainless steel. The valve body and the seat retaining plate of the third test
dome valve is 316 stainless steel. The pass-through channel the domed body of the
third test dome valve receives the spray coating comprising tungsten carbide with the
cobalt binder. The third test dome valve is a commercially available dome valve that
utilizes only wear-resistant coatings and wear-resistant polymers. Examples of the
third test dome valve are available from the Roto Disc Company of Milford Ohio.

[0065] Each of the first, second, and third test dome valves includes the funnel
for directing the silicon product. The funnel is made from ultra high molecular

weight polyethylene having no pigment fillers.
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What
pr oduct,

is clained is:

a housing defining a
a particle inlet defined by sai #Cmaisséing4546s

al l owi ng seed particles to enter said reaction chanber; a gas

1. A fluidized bed reactor for producing a silicon
said fluidized bed reactor conprising:
react i on wbanér1228

i nl et

defined by said housing for allowing a silicon containing process gas to

enter

said reacti on chanber

a heating device for

heating said

reaction chanmber to deconpose the silicon containing process gas to grow
silicon on the Sﬁﬁ%]pﬁfetsﬂfél)ﬁ Erohﬁ)ct Bﬁ@é’l&l&%ﬁ!ﬁﬁaﬁshﬁh&%ﬂw HRAHE the silicon

product passes through the first and second test dome valves. A first sample of the
silicon product is passed through the first test dome valve. A second sample of the
silicon product is passed through the second test dome valve. A third sample of the
silicon product is passed through the third test dome valve. A resulting surface purity
is obtained for the first, second, and third samples passed through a respective one of
the first, second, and third test dome valves. The resulting surface purity is obtained
using a vapor phase digestion technique using high purity hydrofluoric acid with
subsequent elemental analysis being performed on a high resolution inductively
coupled plasma mass spectrometer. Such teachings are well known in the art for
surface purity analysis on high purity polycrystalline silicon materials. The initial
surface purity and the resulting surface purity of the first, second, and third samples

are reported in Table 1 below.

[0067] Table 1

Initial Surface
Purity of the Resulting Resulting Resulting
First, Second, | Surface Purity | Surface Purity | Surface Purity
and Third of the First of the Second of the Third
Element Samples (ppba) | Sample (ppba) | Sample (ppba) | Sample (ppba)
Iron (Fe) 1.51 8.86 4.78 72
Nickel (Ni) 0.26 0.88 0.81 48.9
Chromium (Cr) 0.17 0.37 0.45 72
Copper (Cu) 0.02 0.2 0.05 0.31
Tungsten (W) 0.02 0.9 0.32 39.1
Cobalt (Co) 0.001 0.06 0.06 5.69

[0068] As shown in Table 1, both the first sample, which passed through the

first test dome valve having the valve seat and the domed body made from cemented

tungsten carbide, and the second sample, which passed through the second test dome
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a discharge outlet defined by said housing for allowing the silicon product
to exit said reaction chanber; and a done val ve coupled to said

housi ng fwo 288e128vel y di spensing the silicon product fPcomssamd4f488ii di zed
bed reactor, said done val ve conpri sing; a val ve body defining a
pass-through channel in comunication with said reaction chanber to all ow
the silicon product to exit said fluidized bed reactor; a val ve seat
coupled to said valve body within said pass-through channel with said val ve

seat defi ni RgvaR. AR 'El{e”&hteh&‘ay%h Mh&i‘béd}em%e' fr&ﬁrlh@'irﬂgﬁls?ct CoRhEHiski sai d
pass-t hrough channe a donmed body having a sem - hem spheri cal

configurati gﬁlc&Nh&\yPta%{gﬂH c){ntqin RRES t%ttﬂylgdﬁﬂ#dﬁ ﬁ’téier%lnﬁ Hﬂﬁ& Ghagpel w th

sai d doned body aV|ng a seal 1 ng surtace an sur ace spaced

from said S%@dh&gis ﬁ Fto the resplti ﬁ{t o'? tl% %oﬁi fg%lqctq)%g%d lifol LR abl e
hr o B

W thin said pass-t channe n a c osed position and an open

position w (E]H? g s@hd ot v%g Y Eeei% ecPIhatsf%' qmgl%”gge&? 2% %9@%%&1&%& d valve

seat in sai OSG pOSItIOI’] O mng a primary Sse a

pass thr OUgh Chalg] eI‘ Cty eﬁlt Elpeeo gelmee% el Vte %en caﬁas en%‘ld tfhe ll’rlhelnssl(lll I con
product fromddid % dic? reactor an V\?ﬁa sdi d “opening defined by

said val ve .at. | east artl al Iy unobstruct ed by said seal ing surface
of said don@%o%%%lflﬁfc?a@ﬂ EBsen position for allow ng the sel ectl ve
di spensi ng of thﬁmg;]l\'k]gﬁethgr oduct from said. fc! ui di zed bed react

invention has been described with reference to an exemp ary
embodiment, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings of the invention without
departing from the essential scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment disclosed as the best mode contemplated
for carrying out this invention, but that the invention will include all embodiments

falling within the scope of the appended claims.
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2. Afluidized bed reactor as set forth in claim1l wherein said doned body
has a plurality of preset open positions with each of said preset open
posi ti onswofzorai7ee2domed body resulting in a different sipz@/uskoizaumz®peni ng
t hereby controlling a rate of the selective dispensing of the silicon
product fromsaid fluidized bed reactor. 3. A fluidized bed reactor
as set forth in any precedi ng claimwherein said done val ve further
conprises an inflatable seal, which is expandabl e to engage said sealing
surface of said doned body to seal sgighgass-through channel to prevent the
silicon containing process gas fromexiting said fluidized bed reactor.

4. A fluidi : tor as set forth in claim3 wherein said done val ve
provi des a gﬁgég%%$£§€§] of said pass-through channel when said doned body

Is in said closed pos g%gaglﬂzea%gd%%wg%o@kk@aﬂ & SARBh pRABAIGS Aflid.gcal i Ng

surface of said done ui di ze reactor as set forth

inclaim3 h i1sing a seal retaining plate coupled to said val ve
body with s%%%&ﬁﬁéréﬁﬁgﬁggseal expandabl e from said seal retaining plate.

6. Afluidized beg rea%gpr as _set f rt@ in claim5 wherein said sea
P aq usin efining a reaction chamber . .
retaining plate detHes A"y 858t One pat hway, which receives a gas to

expand said inflatabl e seal .into engagenent Wi th said sealing surface of
sai d domed body, Particle mﬁ@/‘%ef&mpl oi® 3%8%“ r?lﬁgéﬂvd%?ee%&arg Sﬁocﬁ’%{eﬁsﬁl‘i claimé
wherein said gas i S En_inert gas selected fromthe group of argon, helium
hydrogen, afd i P8Ya:

a gas inlet defined by said housing for allowing a silicon containing process
gas to enter said reaction chamber;

a heating device for heating said reaction chamber to decompose the silicon
containing process gas to grow silicon on the seed particles to produce the silicon
product;

a discharge outlet defined by said housing for allowing the silicon product to
exit said reaction chamber; and

a dome valve coupled to said housing for selectively dispensing the silicon
product from said fluidized bed reactor, said dome valve comprising;

a valve body defining a pass-through channel in communication with
said reaction chamber to allow the silicon product to exit said fluidized bed
reactor;

a valve seat coupled to said valve body within said pass-through
channel with said valve seat defining an opening through which the silicon
product enters said pass-through channel;

a domed body having a semi-hemispherical configuration and rotatably
disposed within said pass-though channel with said domed body having a

sealing surface and an interior surface spaced from said sealing surface;
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8. A fluidized bed reactor as set forth in any preceding clai mwherein said
val ve seat conprises a material having a hardness on the Rockwell A scale
of from avoun1283488t o0 94. 2. 9. A fluidized bed reattuseoa®4s8s forth
in any preceding claimwherein said material of said valve seat is selected
fromthe group of silicon, cenented carbide, and conbi nations thereof.

10. A fluidized bed reactor as set forth in any precedi ng claimwherein
said donme val ve further conprises a seat retaining ring coupled to said

val ve body wi thin saighdpas s B6R4EES Reranedhidn filin $Ad Bas@%reﬁ%'h?éhaﬁfel sai d
val ve seat press-fit with said seat fetaining ring for coupling said valve

Foat 051 Vol e DO AT BB SR REQNEN, ShART ey ot oF 1. A
doned, body Combr LS 1 SALATLIRLUNO TP Sl SELERL L AT e 07 ovp
(11 0 zed bed e 0 80 o Sy bGP AR BRCLR% LRSS e 2

valve sear, engasgsy soLdySERL R THES 1552 ki R aren e oo

val ve body defi ni i d pass-through . channel conprises .a non-caontam nating
materi al sel ect et FEQRY (A GRS 0P 4 BHU eRR R B 4o te A

conbi nati ons t hereof. . %fb(ﬁ.fluhdized bed eaﬁtor as s?t,forth in
any preceding cl st %%wéq Home ody 1n said open position tor allowing the selective

A

dispensing of the silicon product from said fluidized bed reactor.

2. A fluidized bed reactor as set forth in claim 1 wherein said domed
body has a plurality of preset open positions with each of said preset open positions of
said domed body resulting in a different size of said opening thereby controlling a rate
of the selective dispensing of the silicon product from said fluidized bed reactor.

3. A fluidized bed reactor as set forth in any preceding claim wherein said
dome valve further comprises an inflatable seal, which is expandable to engage said
sealing surface of said domed body to seal said pass-through channel to prevent the
silicon containing process gas from exiting said fluidized bed reactor.

4. A fluidized bed reactor as set forth in claim 3 wherein said dome valve
provides a Class VI seal of said pass-through channel when said domed body is in
said closed position and said inflatable seal engages said sealing surface of said
domed body.

5. A fluidized bed reactor as set forth in claim 3 further comprising a seal
retaining plate coupled to said valve body with said inflatable seal expandable from
said seal retaining plate.

6. A fluidized bed reactor as set forth in claim 5 wherein said seal

retaining plate defines at least one pathway, which receives a gas to expand said

28



each of said valve seat, said doned body, and said val ve body defining said
pass-though channel conprise a silicon material for preventing

cont anm nawpan120f7412Be si | i con product. 15. A fl ui ¢#cTas2ed4z488ct or as
set forth in any preceding claimfurther conprising a second done val ve
spaced fromand in comunication with said done valve with a pi pe segnent

di sposed between said done val ves for providing a holding chanber to all ow
additional cooling of the silicon product to occur outside of said reaction

chanber pri ﬂ{ﬂaEa‘Bless@eh%@@ﬁé&@%n%%h‘éﬁh‘é@aﬁﬁgglg%kg Mﬁéa)ﬁ HhAePg.ng the silicon

product from said hol di ng” chanber. one val ve Tor coupling to

a fluidized bed ﬁ.eaCt/QrﬂuId@zP?ﬁ%leﬁ’%aic%? é/séi“éé%h: S&aifh & WhiLARI @dYChy from the

fluidized bed reactor, wth the fluidize react or conprising a housing

L T Ty = Ay
exit the reactl OQhC agﬁﬁ{cdhzeé AL A0, Y@l Yeh ﬁ%ﬁgh}e\?\ﬁi‘% claim thereé}n %/a% ve body

defining a pass-throu annéel 1 n cofmuni cat sal d react1on chanber

to allow the_silicon product to exit s i? fluidized bed reactar,. a
val ve seat  e8apruboRuRLEY W ebut L FShl * Bt ShBREARE A RRE R et w1
sai d val ve sgaigggﬁi jhg an openi ng through which the silicon product

enters said”pa: h channel ; and a doned body having a

pass though chanfel v HOEGT ACEG ‘otjo bRy P EOR G WFFAME and an

Interior su I;IIa?é%?ll osf%gj%evgﬂ\;]; gglmsssgfegec? fergrlnittrl]eggrgllljpr (];faéﬁiec;on, cemented carbide, and
combinations thereof.

10. A fluidized bed reactor as set forth in any preceding claim wherein said
dome valve further comprises a seat retaining ring coupled to said valve body within
said pass-through channel with said material of said valve seat press-fit with said seat
retaining ring for coupling said valve seat to said valve body within said pass-through
channel.

11. A fluidized bed reactor as set forth in any preceding claim wherein said
domed body comprises a non-contaminating material selected from the group of
silicon, cemented carbide, and combinations thereof.

12. A fluidized bed reactor as set forth in any preceding claim wherein said
valve seat is adjustable relative to said domed body for ensuring said valve seat
engages said sealing surface of said domed body.

13. A fluidized bed reactor as set forth in any preceding claim wherein said
valve body defining said pass-through channel comprises a non-contaminating
material selected from the group of silicon, cemented carbide, and combinations

thereof.

14. A fluidized bed reactor as set forth in any preceding claim wherein
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wherein said doned body is rotatable within said pass-through channel

bet ween a cl osed position and an open position with said sealing surface of
sai d donmesiohlrotty17¢éargagi ng sai d val ve seat in said cl osedPpodistéionsf46s
formng a primary seal of said pass-through channel to prevent the

sel ective dispensing of the silicon product fromsaid fluidized bed reactor
and wherein said opening defined by said valve seat is at |east partially
unobstructed by said sealing surface of said doned body in said open

posi tion fO&wﬂéﬂ%ﬁd%h&$§m§%&&Q%h%@tﬂ&ﬁgﬁ@%hﬂgmﬁ%lkh?c@ﬁ&h§9£dB&QdUCt from
said fluidized bed reactor; and wherein at | east one of said val ve

seat, said %ﬂggclgﬂﬁié{ €O escl%ilféof{ ﬁiaﬁéﬁal%gg e%tl gf&d?lganﬁﬂétﬁl)n RAgS shiagnah

channel conpri Se a non-contam nating mat or preventing contam nation
of the SI|I§ froduct. 17. A done valve as set forth in claim16
havi ng a pl raPlty of preset open positions with each of said preset open

positions of saif do”&‘hu? AR EGSHhE NS %e.t f&t@hﬁfeyngfl%%d?%grz%ahe 1%1&’ openi ng

t her eby controlllng a rate of the selective disp I con

product fron1sa| flui vq% e _as set
PorehCt o eodbRRhdhe d e SRR DS Ry g in coptme iSO ¥ HfnEy Sea

which is ex ndab etoe sal sealin urfa sai body to
seal sai d_padee phb Gah SHATRGDEbS B?tw&ﬁa%t% e BhrEBkine ﬁ?nﬁ‘gn%rocess
gas fromexiti the fluidize d r e as set
forth in o ab%ﬁl%%étopﬁl&w el er0g DGR %@ﬁond}m% i o ob b hannel
when said doned bady is in sald cl osed posjtion and said inflatable seal
engages salHm9€51¢ﬁ5m§%W¥ﬁé%sﬂﬁS@&P@dﬁﬁﬁﬁﬂwﬁéﬂ?mydy‘h“mn%%gtﬂsﬁﬁﬂ% val ve as
set forth in any one of clainms 18 and 19 further conprising a seal
retai ni ng pPHIECtdBaptaEthalgngeiambal ve body with said inflatable sea

expandabl e from said seal retaining plate
16. A dome valve for coupling to ‘a fluidized bed reactor to selectively

dispense a silicon product from the fluidized bed reactor, with the fluidized bed
reactor comprising a housing with the housing defining a reaction chamber for
producing the silicon product and defining a discharge outlet for allowing the silicon
product to exit the reaction chamber, said dome valve comprising:

a valve body defining a pass-through channel in communication with said
reaction chamber to allow the silicon product to exit said fluidized bed reactor;

a valve seat coupled to said valve body within said pass-through channel with
said valve seat defining an opening through which the silicon product enters said
pass-through channel; and

a domed body having a semi-hemispherical configuration and rotatably
disposed within said pass-though channel with said domed body having a sealing
surface and an interior surface spaced from said sealing surface;

wherein said domed body is rotatable within said pass-through channel
between a closed position and an open position with said sealing surface of said

domed body engaging said valve seat in said closed position for forming a primary
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WO 2012/ 174228PCT/ US2012/ 042438 21. A done valve as set forth in
claim 20 wherein said retaining plate defines at | east one pathway, which
recei ves wogar/tra22éxpand sai d i nfl atabl e seal into engagemarstoniostr3sai d

seal i ng surface. 22. A done valve as set forth in claim2l wherein
said gas is an inert gas selected fromthe group of argon, helium
hydr ogen, and ni trogen. 23. A done valve as set forth in any one of

clainms 16-22 wherein said val ve seat conprises a naterial having a hardness

on the ROCk‘é\@all lof £4id %%SQhI%tlgﬁ El@ﬁh@b@g}e\%ﬁt e sOlelfte %sgensmg of2dhe sticgpne val ve

as set forth in any one of clains 16-23 wherein salid valve seat corrprlses

sai d non-co {) H&tnl%rh %d%ﬁ&ééd%ed%%h&ﬁiﬁﬂ \Plrlé?gfhtsgl% (g;eﬁ}lll’lg @fingl l%)/a

cenent ed car bi de, corrbl nati ons thereo ve as set

forth in a”¥a19@§ea9sa9fegéog§m}1§y I%ﬂstLH{e gsaﬁ?@%B%?*&ﬁac@R&%?& Jn?eh%b@;'z ng ring

coupled to said val in sal ass-t anne wth said

non- cont ar r}%alcp(%)r H?E&Sel{l a}or glflo ggg the s é/tlve s%{;ns Tig 8(‘1?316 s1lfco p o%aaaf}o seat

retaining ring upl'i ng sa| € sea y Wthin said
pass- throughalgﬁ lalzedbedre tor A done valve as set forth in any one of
clains 16-24 erernsalry af‘ve seat is adjustable relative to said doned

body For enUrT nghgahd, Kl 8P SHGAIES ARhchaPRlAha 3" ARE 13l 21 @
defining said pass-though channel comprise a non-contaminating material for
preventing contamination of the silicon product.

17. A dome valve as set forth in claim 16 having a plurality of preset open
positions with each of said preset open positions of said domed body resulting in a
different size of said opening thereby controlling a rate of the selective dispensing of
the silicon product from said fluidized bed reactor.

18. A dome valve as set forth in any one of claims 16 and 17 further
comprises an inflatable seal, which is expandable to engage said sealing surface of
said domed body to seal said pass-through channel to prevent the silicon containing
process gas from exiting the fluidized bed reactor.

19. A dome valve as set forth in claim 18 providing a Class VI seal of said

pass-through channel when said domed body is in said closed position and said

inflatable seal engages said sealing surface of said domed body.
20. A dome valve as set forth in any one of claims 18 and 19 further

comprising a seal retaining plate coupled to said valve body with said inflatable seal

expandable from said seal retaining plate.
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27. A done valve as set forth in any one of clains 16-24 wherein said doned
body conprises said non-contam nating material selected fromthe group of
silicon, wemertEe28ar bi de, and conbi nati ons thereof. PCT/UR2012M4148%2 val ve
as set forth in any one of clains 16-26 wherein said val ve body defining
sai d pass-through channel conprises said non-contam nating nmateri al

sel ected fromthe group of silicon, cenented carbide, and conbinati ons

t her eof . 29. A done valve as set forth in any one of clains 16-28

wherein each of §ﬁ'dAMQ%ME\%%%Qm:é@hgmﬂgmﬁgnpgﬂﬁmeéﬂﬂmﬁ@k&mﬂﬁé%ﬁn@Ody
defining said pass-though channel conprise a silicon material for

preventing 99?“6@31 gk 'OH@ReRflw&)h%/h&'hl rb&%sg QQH)CG; and said 1nﬂ%9ble fdofe val ve

for selective I spensi 1 con pro n1a cha of a vesse
sai d done V@hz1eﬁ8ﬂth%hHgaﬂ%gs%ﬂw@ val ve body defining a pass- through

channel in c nication wt e chanber of the vessel to allow the
silicon product JZ:? eXA tdo}ngI GalVé selt forth in claim 21 wherein said gas is an inert gas
selected from the group of argon, helium, hydrogen, and nitrogen.

23. A dome valve as set forth in any one of claims 16-22 wherein said
valve seat comprises a material having a hardness on the Rockwell A scale of from
about 83.5 to 94.2.

24. A dome valve as set forth in any one of claims 16-23 wherein said
valve seat comprises said non-contaminating material selected from the group of
silicon, cemented carbide, and combinations thereof.

25. A dome valve as set forth in any one of claims 16- 24 further
comprises a seat retaining ring coupled to said valve body within said pass-through
channel with said non-contaminating material of said valve seat press-fit with said
seat retaining ring for coupling said valve seat to said valve body within said pass-
through channel.

26. A dome valve as set forth in any one of claims 16-24 wherein said
valve seat is adjustable relative to said domed body for ensuring said valve seat
engages said sealing surface of said domed body.

27. A dome valve as set forth in any one of claims 16-24 wherein said
domed body comprises said non-contaminating material selected from the group of
silicon, cemented carbide, and combinations thereof.

28. A dome valve as set forth in any one of claims 16-26 wherein said

valve body defining said pass-through channel comprises said non-contaminating

material selected from the group of silicon, cemented carbide, and combinations
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a valve seat coupled to said valve body wthin said pass-through channe
with said val ve seat defining an opening through which the silicon product
enters sawo 2pmes4128r ough channel ; and a dormed bodyChaws2e1g/082438

sem - hem spherical configuration and rotatably di sposed within said
pass-though channel with said donmed body having a sealing surface and an
interior surface spaced fromsaid sealing surface and with said interior
surface bei ng concaved, wherein said doned body is rotatable within
sai d pass-tij.pisgh channel between a cl osed position and an open position
with said sealing surface of said doned body engagi ng said valve seat in

sai d closed posikgon A%mf; QLITE RO fRih! iTBRY 0 ctlﬁlfns $8h8 WRRRS é%ﬁ%iﬂgh

channel to prevent the selective dispensing o e silicon product fromthe

chamber of E{l? v\éfvﬁssgét ang dé@@%%%ﬁ&,%%ﬁ%iaﬂgva%fﬂ dde?ﬁémgaéaﬁi %L-}gﬁo%ﬁgl?at |s at

| east partially unobstruct y sai d sealing surface o6f sa d body in

sai d open pqsj.ti.0 | 1.ow n e sel ect]v i I f . silicon
oroduet T SR DAl SRARBBELER SShVGe bBRARIOP Bl Bethi' o
val ve seat, ﬁ%hc donmed body, and said val ve body defining said pass-though

channel conBrlse‘a non-contam nating material for preventing contam nation
of the silicon pgoduct. 1. do val ve as set forth {n claim30
wher oi n sai d_ domtl bokyoRss il BTE A riGert siighn pBEHts BRE bt b each
of said presgt oEe gos'tL S oflsaid domed body resulting in a different
size of sai GBHE Pﬁb‘?ﬁ3F@'@OQBH?V%FFWﬁﬁnﬁ'rate of the selective dispensing

of the silicon product fromsaid fluidized bed reactor. ,
a valve body defining a pass-through channel in communication with the

chamber of the vessel to allow the silicon product to exit the vessel;

a valve seat coupled to said valve body within said pass-through channel with
said valve seat defining an opening through which the silicon product enters said
pass-through channel; and

a domed body having a semi-hemispherical configuration and rotatably
disposed within said pass-though channel with said domed body having a sealing
surface and an interior surface spaced from said sealing surface and with said interior
surface being concaved;

wherein said domed body is rotatable within said pass-through channel
between a closed position and an open position with said sealing surface of said
domed body engaging said valve seat in said closed position for forming a primary
seal of said pass-through channel to prevent the selective dispensing of the silicon
product from the chamber of the vessel and wherein opening defined by said valve
seat is at least partially unobstructed by said sealing surface of said domed body in
said open position for allowing the selective dispensing of the silicon product from
the chamber of the vessel; and

wherein at least one of said valve seat, said domed body, and said valve body
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32. A done valve as set forth in any one of clainms 30 and 31 further
conprises an inflatable seal, which is expandabl e to engage said sealing
surface ovOo=aixi7¢zeed body to seal said pass-through chaomaiS2ei10/0g248% ent
gases fromentering the chanber of the vessel. 33. A done valve as
set forth in claim32 providing a Cass VI seal of said pass-through
channel when said doned body is in said closed position and said inflatable
seal engages said sealing surface of said donmed body. 34. A done

val ve as selefififd Raia p2REhREN CliRhi® 3#niRd §§mﬁ¥6&9£ﬁm&&$ﬂﬁﬁéﬂﬁgm@ sea
retaining plate coupled to said valve body with said inflatable seal

expandabl e gﬁQ&hﬁ@% t%ﬁﬁﬁﬁéf%f.éyﬂﬂ%n?kﬁh&: 35. A done valve as set

forth in claim 34 erein sald seal retaining plate defines at |east one

pat hway, which r ?f;el VE o e g@i@e Lg?e?}(&@ﬂq cﬁlﬂh %0 gxgifeieﬁ'f %gcl gorﬁa \;)él&/ 'ﬂgsoa

engagenent with said seallng surtace. nme v as set forth

In claim 35 Bir"lrl]@eﬁ{?%f 8%:%&%;%33)0%}1?1?1?32\6%%%'ééh I 3aid %lrf%gt;\gp%gf o%’i'E'i‘Oﬁﬁsth goup of

argon, heli en, ‘an ) val've as set forth

in any one qgf clai 30- 36 wher.ein said val ve.seat co ises a materi al
navi ng & hasones BB et R SRR A58 P RO R SO TR g8 « 2y B,
38. A done val ve ascﬁet fo&&ﬂm&1@%§¥mﬁne of cl n&zéﬂiﬁ7 wherein said

the selective dispensing uct from said Tlui reactor.

32. A dome valve as set forth in any one of claims 30 and 31 further
comprises an inflatable seal, which is expandable to engage said sealing surface of
said domed body to seal said pass-through channel to prevent gases from entering the
chamber of the vessel.

33. A dome valve as set forth in claim 32 providing a Class VI seal of said
pass-through channel when said domed body is in said closed position and said
inflatable seal engages said sealing surface of said domed body.

34. A dome valve as set forth in one of claims 32 and 33 further
comprising a seal retaining plate coupled to said valve body with said inflatable seal
expandable from said seal retaining plate.

35. A dome valve as set forth in claim 34 wherein said seal retaining plate
defines at least one pathway, which receives a gas to expand said inflatable seal into
engagement with said sealing surface.

36. A dome valve as set forth in claim 35 wherein said gas is an inert gas
selected from the group of argon, helium, hydrogen, and nitrogen.

37. A dome valve as set forth in any one of claims 30-36 wherein said
valve seat comprises a material having a hardness on the Rockwell A scale of from
about 83.5 to 94.2.

38. A dome valve as set forth in any one of claims 30-37 wherein said
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val ve seat conprises said non-contam nating material selected fromthe
group of silicon, cenented carbide, and conbi nati ons thereof. 39. A
donme val weoasi12@#228orth i n any one of clains 30-38 furtrer/useonpnisies a seat
retaining ring coupled to said valve body within said pass-through channel
wi th said non-contam nating material of said valve seat press-fit with said
seat retaining ring for coupling said valve seat to said val ve body within
sai d pass-through channel . 40. A done valve as set forth in any one

of cl ai ms 305138 sWh ed’oﬁlipﬂséaénaﬁil g&ﬁ&ﬁta@ﬁﬁiﬁmg ARG S &S1eSBd FrolP ’E}iegﬁgﬁ@m? nating
material selected fromthe group of silicon, cenented carbide, and

conbination§ﬂ%ﬂ§g&&%mdqmid&féémg@g%gﬁgﬁﬁg&ﬁe as set forth in any one of

cl ai ms 30-40 rein sald va I ning said pass-through channe

conprises sald ngn- Coﬂhggl 0abd &%e{@hﬁﬁﬂ é}lg o%@%ﬁgeléigrgf%fﬁ%ﬁﬁk? c%&%%s g‘zme

silicon, cenented carbi and conbi nations t

val ve as se [ in.. f .cl ai 0-. ; i ai val ve
seat, caia aorirunhp ARS8 g Bl Rty PRFRE DufR uloe PRl o
channel conpr.i,se a icon terhgl forh%reventi29\%8ptqp&ggtion of the

S aid non—consteilrlnnatlng material of said valve scat press saf retaining
silicon product.
ring for coupling said valve seat to said valve body within said pass-through channel.

40. A dome valve as set forth in any one of claims 30-38 wherein said
domed body comprises said non-contaminating material selected from the group of
silicon, cemented carbide, and combinations thereof.

41. A dome valve as set forth in any one of claims 30-40 wherein said
valve body defining said pass-through channel comprises said non-contaminating
material selected from the group of silicon, cemented carbide, and combinations
thereof.

42. A dome valve as set forth in any one of claims 30-41 wherein each of
said valve seat, said domed body, and said valve body defining said pass-though

channel comprise a silicon material for preventing contamination of the silicon

product.
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