PROCESSES AND SYSTEMS FOR PRODUCI NG SI LI CON TETRAFLUORI DE FROM

FLUORGCSI LI CATES IN A FLUI DI ZED BED REACTOR BACKGROUND [ 0001] The field of
t he i nvernwDaniwielssbes generally to preparation of siliceaTiusteoaibsiosi de
and, nore particularly, to the thermal deconposition of an alkali or

al kaline earth-nmetal fluorosilicate to silicon tetrafluoride and an al kal i
or alkaline earthnetal fluoride in a fluidized bed reactor. [0002] Silicon
tetrafluoride is a versatile gas that may be used as a precursor in the

production of sipgane ES§ES@Q¢D'S§(S”TE’1@I‘S@@1@’I§@WM sieiconeducti on of

pol ycrystal line si I Rﬁ)EJ 6 QTLWJB Lﬁ@%@ﬁ%‘d“m ors and sol ar
cells. Silicon tetra uon exanpl e, ion
i npl antation, plasna dep05| t| on uorl na FI ca and as a netal

suicide etch. [0003] Silicon tet rafl uori de has conventl onal Iy been prepared
by thermally deconposing an al kali or alkaline earth-netal fluorosilicate
such as, BA@K@ReUM®, sodiumfluorosilicate. Fluorosilicates nay be
prepared by reacting fluorosilicic acid with an alkali or alkaline

eart h-nmetal hydr OXI de, carbagnate or. s . Fluorosilicic acid
may be prepared as[000h)- dhedalkkofithe mﬁ@t}?@rfﬁ]lag‘étgﬁ?@a]&toﬂﬁéﬁ%%ﬁné’ ffertilizers

or by t hﬁhE&?‘FeE%%bﬁde &f;lg' &?fe‘ ;ﬁart‘?&flﬂ \}Wtc} fhe Wﬂn&fﬂ%@@?&ﬂ&’ﬂ BF4d dikat 8'1|v i apatite

or fluorspar e convéntion to prepare silicon

t et r af | velkalie gaih- mﬁubﬂlumesmdnaee tohstli cvml tettkefhonido snd awalkeli of dlkalimesiattheat es by
heating the fl uorosil n a kiln to produce silicon tetrafluoride gas

and an afcH flugpdgn ‘?la h?d(??aﬁt@f al fluoride as described in U S. Patent
No. 5,242,670. Such processes typically provide poor heat transfer to the

fluorosilicate mat gyojoai Bﬁ%h&étfbﬂubﬂd@i&caes?e%daﬁl% EReMAYny3R RBHaPf ten require
the addition of silicon dioxide or alumnumtrioxide to prevent the

f | uori deprcewisaia the predagipineisiand rdlahatse wlebld Geditekikfonprodegioane as

polycrystalline silicon which is used to produce semiconductors and solar cells. Silicon
tetrafluoride may also be used for, for example, ion implantation, plasma deposition of

fluorinated silica and as a metal silicide etch.

[0003] Silicon tetrafluoride has conventionally been prepared by
thermally decomposing an alkali or alkaline earth-metal fluorosilicate such as, for
example, sodium fluorosilicate. Fluorosilicates may be prepared by reacting
fluorosilicic acid with an alkali or alkaline earth-metal hydroxide, carbonate or salt
(e.g., NaCl). Fluorosilicic acid may be prepared as a by-product in the manufacture of
phosphate fertilizers or by the reaction of sulfuric acid with barium hexafluorosilicate,

apatite or fluorspar.

[0004] One of the conventional methods to prepare silicon
tetrafluoride gas involves the thermal decomposition of fluorosilicates by heating the
fluorosilicate in a kiln to produce silicon tetrafluoride gas and an alkali or alkaline
carth-metal fluoride as described in U.S. Patent No. 5,242,670. Such processes
typically provide poor heat transfer to the fluorosilicate material resulting in excessive
energy use and often require the addition of silicon dioxide or aluminum trioxide to
prevent the fluoride residue from agglomerating into a solid block of residue as
described in JP 10-231114. The use of silicon or aluminum oxides renders the residue

commercially unfit for recycle because the residue becomes a mixture of unreacted



described in JP 10-231 114. The use of silicon or alum num oxi des renders
the residue commercially unfit for recycle because the residue becones a

m xt ur e oVounroagessedsi | i con oxi de or al um num oxi de andPChaskéowosside salt.
The inmpurities in the residue m xture2cause nmuch | ower yields of recycled
products. Accordingly, such residue mxtures are typically di sposed of by
| andfill application rather than by recycle. A need exists for processes

and systens for producing silicon tetrafluoride fromfluorosilicates that

ef fi ci entili¥ord 6:888bLAluMERIm bLAdE BEd i YRbAaE bdiCafiR iRlaliben BOsidaat produce
by-products that may suitably be recycled. SUMWARY [ 0005] One aspect of the

present imxteretdaose inscldiomet yietistod recypled pegbicfsorAgeprsiyagly,mgclsidsiduon
tetrafluoride by the thernmal ,deco i,tion of an, alkali or alkalin

car t e o P S8 e e O 67 FRREIbaRsBan Pl b RaeEa beo
reactor bﬂ@t!s dslafocessBaal B?d@erﬁ@ﬂﬁﬁpﬁfducﬂ%léﬂfc@ﬁ|tétf&l@_bﬁd@ﬁﬁnﬂhfdréﬂiﬁ’ca%d| a are
introduced into the reaction chanber. The fluorosilicate is suspended

wi t hi n t Het effigicatlyradnser ipat toethe aetopidinate nzatdyeal andrihet prodpes tarpioduds at | east

a portio f Lan anber is maintai ned above about 4000C to
therna||§m§%%%2%8§%@§§ﬁ¥%%§' a portion or all of the fluorosilicate and

produce silicon tetrafluoride. The silicon tetrafluoride is then discharged
fromthe reaction chanber. [0006] Another aspect of the present invention
is directed to a process for preparing silicon tetrafluoride by the therma
deconposgbh§ﬂ€@${an al kali or alkaline earth-netal fluorosilicate in a
reaction . Fluorosilicate is introduced into the reaction chanber
and the tenperature of at least a portion or all of the reaction chanber is

ai nt ai ned above appas) 40A0GsicR: SNAE FRkLY iHRHATPASArRIH hipfiteQl fofl | of L he
fluorosilicate and produce silicon tetrafluoride. Silicon tetrafluoride is

di schar geepariegnitiens teeaftudrigh bytibmthermal dgcemprsitiangr asfalkahieor dllebnar ged
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urt her aspect O e present | nventron 1 s IrTected to a syst emtor

pr epar i ngr&ictib omnitet r Blubtilicde dpy atfhed hiealamed ind@docgadsiotthoreadfioran al kal i

or al kaline . , . : . .
chamber. The fluorosilicate is suspended within the fluid media in the reaction
chamber. The temperature of at least a portion of the reaction chamber is maintained
above about 400°C to thermally decompose at least a portion or all of the fluorosilicate
and produce silicon tetrafluoride. The silicon tetrafluoride is then discharged from the

reaction chamber.

[0006] Another aspect of the present invention is directed to a process
for preparing silicon tetrafluoride by the thermal decomposition of an alkali or alkaline
carth-metal fluorosilicate in a reaction chamber. Fluorosilicate is introduced into the
reaction chamber and the temperature of at least a portion or all of the reaction chamber
is maintained above about 400°C to thermally decompose a portion or all of the
fluorosilicate and produce silicon tetrafluoride. Silicon tetrafluoride is discharged from
the reaction chamber and a portion of the discharged silicon tetrafluoride is introduced

into the reaction chamber.

[0007] A further aspect of the present invention is directed to a system
for preparing silicon tetrafluoride by the thermal decomposition of an alkali or alkaline
carth-metal fluorosilicate. The system includes a fluidized bed reactor having a

reaction chamber for thermal decomposition of fluorosilicate into silicon tetrafluoride



earth-nmetal fluorosilicate. The systemincludes a fluidized bed reactor

havi ng a reaction chanber for thermal deconposition of fluorosilicate into
silicon twonafdaressndegas and an al kali or al kal i ne eart RCEaiSad09/0b8103 | de. A
heater apparatus is in thermal conmunBcation with the reaction chanber. An
exhaust gas treatnent systemtreats gases di scharged fromthe fluidized bed
reactor. The exhaust gas treatnent systemincludes a particul ate separator
in fluid communi cation with the fluidized bed reactor for renoving al kal i

or al kal %&bean%@ﬂhtaﬁkaﬁ'ieér%'lkaﬁ'hé'@éﬂt}ﬂﬁlefa'l amtife Aasas: Hpahrrigatntmnem the
fluidized bed reactor. [0008] Various refinenents exist of the features

not ed i nceremanicaimont with e rabwive-chembéro fedexdepsi s troftmehiesysieastieeats i nvent i on.

Further featyres may.al so he incorporated.n the above-nentioned aspects of
Che. pres e HhomrRTERo AT Aol A6 RREBRbF Rhhempls FREHERE SRR cabtr es
may exi Sincludds ¥ behtiablaye s@parbfor anfluid @EMInAida®Bn wWidlthé FsidaRd ®ed Yakiodus
features discussed belowin relation to any of the illustrated enbodi nents
of the pfasenevipggkkaliiosalkahye erathrmetsl Perradedtpm theazasedigshargsd fpbthedescri bed

aspects . & i nvention, alone or in any conbi nation. BRI EF
DESCRI PT %qg%gb%lg&%w NGS [0009] Figure 1 is schematic of a fluidized bed
reactor including the flows entering and exiting the reactor; [0010] Figure

2 is a flow di agr aff068] a Vayisterefithemecps oxistcafithe faturesamtédeinralbtiooto tde by t he
t hermal deconposition of aF al kali or al kalglé}%ee rth-metal fluorosilicate

accor di ngPYGTACTIONE] ARED AT SRRt KN oPe SuRtCr IRYEE INGH; 21%MF 001 1]
Fi gur & SidcBridrdib O A6 GlioReATLENF e REQHLISLBici WM TRl af | uori de

by the thermal deconposition of an alkali or alkaline earth-neta
f 1 uor osi tdfmamentaeudrddingnal deatursemendxishinddidmety oofn aryecoprbeseion. Fowent i on.

DETAI LED. DESCRI PTI 001 Proyi si ons of .t he present..invention include
processel™ 8?6’5?%%§r\ﬁe%6re§i ﬁcgﬁﬁé{b%w&fll@?j‘i‘?lﬁtgagvoiﬁbe 4%‘?&?% deconposi ti on
of an al kabédiffen@lofd pie@at infeifindhay bURCOPoltERin® dry oF thd obzed bed
reactor. A portion of silicon tetrafluoride that is generated in the

deconposfescehed aspetts ohthamycspet ipeanjionedonarriiheny eebioptithd used

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is schematic of a fluidized bed reactor including the

flows entering and exiting the reactor;

[0010] Figure 2 is a flow diagram of a system for producing silicon
tetrafluoride by the thermal decomposition of an alkali or alkaline earth-metal

fluorosilicate according to a first embodiment of the present invention; and

[0011] Figure 3 is a flow diagram of a system for producing silicon
tetrafluoride by the thermal decomposition of an alkali or alkaline earth-metal

fluorosilicate according to a second embodiment of the present invention.

DETAILED DESCRIPTION

[0012] Provisions of the present invention include processes for

preparing silicon tetrafluoride by the thermal decomposition of an alkali or alkaline



to suspend the fluorosilicate material. Al kali or al kaline earth-netal
fluoride residue generated in the deconposition reaction may be di scharged
fromthe woeaetoan77ssnd reacted with fluorosilicic acid toPpraseae/oes1onl kal

or alkaline earth-nmetal fluorosilicaté that may be introduced to the
reactor for further generation of silicon tetrafluoride. [0013] Al kali and
al kaline earth-netal fluorosilicates thermally deconpose to produce silicon
tetrafluoride and an alkali or alkaline earth-nmetal fluoride as follows,
MKSi F6  Stdrth-thetsMagdrosilivheieh AuMiled RA rélcha! 1A 96rtf'€ah‘%ﬁ|sﬂi_@§n RaLhlo®t al and x
is 2 when Mis an alkali and x is 1 when Mis an al kaline earth-netal.
Enbodi metiasisgengrisd és degleodmporetiqy rsaasion mapwlentecydied tocheitraciontnddiedi ng an

al kali apd/ or al kalii ne .earth-netal ,fl uorosil.i cat often referred to herein
s 11 uorourreRbEhia FRi B an Rk Selin Pl bot] RGN |

fl ui di zederReded RABE QEcomifoRitioh Yeucash hia%a)teengaﬁ&ga@ Sofmuspendedawd t hin the
fluid nedia in the reaction chanber. The tenperature of at |east a portion

of the reuetet ovithcliupipelicip seifde nrodneroan alkdver alkdincsppemeatalfbiogasilighicch t he
fl uorosi b ¢ f?ltag bg?rﬁf)o%ﬁ&{at?)’thé yeB&tSf{”olrﬁr?ipe?:égneq‘aﬁo MRRERG rt&raq{uoﬁ?g.m 4000C, to
npose the ate ard p

thermal |y ‘dec |'uorosiiic roduce silicon tetrafluoride
gas and al kali and/or alkaline earth-netal fluoride. Silicon tetrafl uoride
i s di scharged fronf@aoia] r adictli ov atkedinb eartanataidiyotosilwatep éetmadllt o f urt her

pr ocessi steps, i ncluding, for exanple, r cli of si]Jico et.rafl uori de
by intr o3%@?}?@'3%0&89@#08&3%@é?traﬂapﬂgﬁg%nddwﬁ%% %feagg%hnﬁéﬁﬂl"&i?&?q °Hikal i ne
eart h- mefafypldoride to the reaction chanber. The recycled silicon
tetrafluoride acts as the fluid nmedia in which the fluorosilicate is
suspended. Qther processing steps may be perforned in accordance with
embodi ments of the present MabdntiomiFi ndl ddvligy, for exanple, drying of the
fluorosilicate feed and the renoval of particul ate and/ or water vapor from

e o LSOV PR 0 ERRTRER LA PIURIN LGB ABRE epd, L0010
f1 uor osi hemiveis abuilktatint eardh-kitdl. Bmballiadnts s peedckies BEtiRI prédetivinositionc at es
| ncl ude, iIIc?Jde introducing an alkali and/or alkaline earth-metal fluorosilicate (often referred to
herein as “fluorosilicate”) and fluid media into the reaction chamber of a fluidized bed
reactor. The fluorosilicate becomes suspended within the fluid media in the reaction
chamber. The temperature of at least a portion of the reaction chamber is maintained
above the temperature at which the fluorosilicate decomposes, typically above a
temperature of about 400°C, to thermally decompose the fluorosilicate and produce
silicon tetrafluoride gas and alkali and/or alkaline earth-metal fluoride. Silicon
tetrafluoride is discharged from the reaction chamber and may be subjected to further
processing steps including, for example, recycling of silicon tetrafluoride by
introducing a portion or all of the discharged alkali and/or alkaline earth-metal fluoride
to the reaction chamber. The recycled silicon tetrafluoride acts as the fluid media in
which the fluorosilicate is suspended. Other processing steps may be performed in
accordance with embodiments of the present invention, including, for example, drying

of the fluorosilicate feed and the removal of particulate and/or water vapor from the

silicon tetrafluoride decomposition product.



exanple, lithiumfluorosilicate, sodiumfluorosilicate, potassium
fluorosilicate, magnesium fluorosilicate, bariumfluorosilicate, calcium
fl uor osi Iwoavw/@amonm xtures thereof. In view of the w decawseéoiosdinsy of
sodi um f eedst ocks such as caustic sodad and potash that may be econonmically
reacted with fluorosilicic acid, a by-product produced in the manufacture
of phosphate fertilizers, to produce sodiumfluorosilicate, sodium
fluorosilicate is an especially preferred feedstock. [0015] The

f1 uor osi Fifeb&liéReFetpck may contain any anount of inpurities in accordance
w th enbodiments of the present invention as the inpurities typically stay
in the solid phase and do not enter the product gas. In sonme enbodi nments,

t he quor05|I|cateUﬁééhsPﬁﬁﬁﬂbb@hﬂﬂéﬁowésgeﬁﬁéns@b@hﬂlgwﬁkﬁ§@ﬁmﬁhes by
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COITpOUI’ldS O an-a or a |ne eart uor OSI Ca?es and

moi st ur ezxdagpreMhiund fluRogBEdid, cadiam mbﬁhme]@oa@sdu@mmsﬂm‘aw nmpurities may
be used without departing from the scope of .the present invention. In
anot her BYERRHUTR ApoTosthigate] biiugs flperesitieate.calsitrs Ekotostticaigasd nisrashan about
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inmpurities 1n uorosilicates may be renoved exa contacting
the fl uop@tssli ﬂlaerhey haécmnbmhca\khytrbacmal \allﬂsﬂudﬂesnﬂlcichatd sébrqmducepmda&rslor bs the

inpuritie ne enbodi. ment s, e av nal dianeter of the
f1 uor osi I téa gﬁ Oﬁgh%tf‘ege ﬂf%%a%fa ees9g! “ﬁlﬁﬁawamlpﬁeﬁpﬁ@m

enbodi rrenhémsﬁlea%aap&be&almk&ma%Ea%toéf@0 mm and even from about 80 mmto
about 250 nm Conmercially "sold fluorosilicate typically contains

fluorosilicate particles in these particle size ranges and particle size
reduction is not t{4siléhl Eiaeﬂsql@sﬂ@dte feqshakogle mayiconfaseaiytasekst of t h | ar ger

particle.sizes ar he 1l uor o ilicate may be
Petuced B a8 clRERes with sRBO LR 3 R Rleal B sh st B R ih IS "o
mlling t aﬂwgwﬁtHels@a&@has{eQadM]noFéruartﬁspiddqatgassm scﬁlxse fed to the
fluidized bed reactor. may contain | ess than about 3% by melght noi st ur e,
| ess t haﬁmh%men@w&lsﬂu@msgwerfﬁ@twkéncllr@?é dess Heh ahpeid”o 19 BYtisRdY g ht

moi sture,a 813( &9 a%?s Qagﬁ] ﬁé‘fessoth To08 98! %h Q@h?%d{%&un}{!‘bﬂh r than

fl uorosil’i es c alhlng nnls ure-concen ns nmay be used
alkah or alkaline earth-metal ﬂuorosﬂlcates and moisture; however, fluorosilicates
containing any amount of impurities may be used without departing from the scope of
the present invention. In another embodiment, the fluorosilicate feedstock includes less
than about 1% impurities by weight on a dry basis. If desired, the amount of impurities
in fluorosilicates may be removed by, for example, contacting the fluorosilicate

material with an absorbent that selectively absorbs the impurities.

[0016] In some embodiments, the average nominal diameter of the
fluorosilicate particles is less than about 500 pm and, in other embodiments, from about
25 um to about 500 um and even from about 80 pum to about 250 um. Commercially
sold fluorosilicate typically contains fluorosilicate particles in these particle size ranges
and particle size reduction is not typically required. However, if feedstocks with larger
particle sizes are used, the particle size of the fluorosilicate may be reduced by

conventional methods such as, for example, by grinding or milling the fluorosilicate.

[0017] Fluorosilicate solids fed to the fluidized bed reactor may
contain less than about 3% by weight moisture, less than about 2% by weight moisture,

less than about 1% by weight moisture and even less than about 0.1% by weight



wi t hout departing fromthe scope of the present invention, fluorosilicates
that contain higher amunts of noisture may aggl onerate into clunps that
are diffiwol2o10000783@at and deconpose and that are diffi celCr/useomsmssiend i n
the reactor. Silicon tetrafluoride préeduct nmay further react with the

noi sture to produce undesirabl e hydrogen fluoride and fl uorodisil oxanes
whi ch can cause enhanced corrosion of the reaction chanber (which nay be
made of, for exanple, heat resistant austenitic stainless steel). [0018]

Accor di ng o8 0L i RRAGITEIS cBhtallifs RPbBSERbistyRY St RtiolPIY VE 8sdRY be
removed fromthe fluorosilicate feed by introducing the fluorosilicate
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for exampt@®mpasd hnd Hhzee diFaeulefoyRkpend iRectresityer Sdicon tiagLemdelr yer. The
drying apparatus and the fluidi zedp bed reactor may be conbined into one
uni t (i . Brodughmyayniyrthacrepsiayithaihe ardgnisde itadvae vedosiably hydregerafeorids! ume of

t he devi ; (&1 r ' f ilicate
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f1 ui di zegdwiel nfag deheadetod, forpramee, hieaoesistasedustehiti¢istaynleweset). si | i con
tetrafluoride and to reduce the amount of by products in the silicon

tetrafluoride product gas. [00 19] It should be noted that in enbodi nents
wherein the dryi ngl U %ﬁﬁ didosmas eripdinsl q{@%ﬁ_ PIES BIVeRY: conbi ned
i nto onepdiinire thay@erebYNMPoRNRe HHGHIRLatd 8CATHARISdRheARE HlolobilibAe Sane
vol une of the device), the tenperature and/ or "anmbi ent gases may be vari ed

t hr oughomateriabingmi trysngeéppatedais rirtoe to ermodnetianrietoghe flodizdibicd ntactpais Ther one or

i.on f th tus. f drvi the fl ili te: wh , th
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impractical, the tenperature and/or anbient gas in the fluidized bed
react or fEyr oea sagupebiert dhg dodng Appasefes fnd thhiflerlizadsd sedctaranayebe eed i s

dri-ed i gt bbb EPulE (4 AEMa hETRATRHASosARS ATR! RTthe 9%, condi ti ons.

volume of the device); however, it is preferred that any drying of fluorosilicate material
occur before introduction of the fluorosilicate material into the fluidized bed reactor to
improve process selectivity toward silicon tetrafluoride and to reduce the amount of by-

products in the silicon tetrafluoride product gas.

[0019] It should be noted that in embodiments wherein the drying
apparatus and the fluidized bed reactor are combined into one unit (i.e., drying and
thermal decomposition occur in the same volume of the device), the temperature and/or
ambient gases may be varied throughout the unit such that the temperature and/or
ambient gas in one or more regions of the apparatus favor drying the fluorosilicate;
whereas, the temperature and/or ambient gases in other region(s) favor the
decomposition of the fluorosilicate. If such multi-region designs are commercially
impractical, the temperature and/or ambient gas in the fluidized bed reactor may be
switched to a batch mode in which fluorosilicate feed is dried in a first step at different

temperature and ambient gas conditions.

[0020] Preferably, an ambient comprising an inert gas is circulated

through the drying apparatus to remove evaporated water vapor and help drive removal



[ 0020] Preferably, an anbient conprising an inert gas is circul ated through
the drying apparatus to renpbve evaporated water vapor and help drive
renoval ofwoehsrarssof rom t he fluorosilicate feedstock. Secraist@oiosans gases
i nclude, for exanple, nitrogen, heliufm and argon. In sone enbodi nents, an
anbient conprising air depleted in noisture is circulated through the

dryi ng apparatus. Water vapor may be renoved fromair by, for exanple,
utilizing a chiller apparatus. The anbi ent and water vapor may be driven or
pul I ed t hougRiOEoll e MdoRRIRERHUKISRYK ASHRMIE Mk 3hiQMndadt, A RhAWRY -
Preferably, water vapor and the anbient (collectively "effluent gas")

di schar gedrogemmetime add pigeg. dppematmbodimsnisnar adbiceidconmmriving apadaplated at e

separator_ for renovin ticul,ates., nanely f rosilicate dust, entrained
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may be recycl ed back to the dr%eihng apparatus or, nore preferably, to the
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venturi gerdipibgappdrateh behinteedueed Wage paitisultcstpaatr fdrremomagenbodi ments, the
parti cul at e separ at or ﬁnd t.he vgpor separ at qQr e one uni.t (i.e.
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atom zed to pro wat er partic I npa . The
parti cul strebbernddngosiditatngustaharbepacydlal sk tathelieyine mpparatus or,maycl oni ¢

separator. .The partigcul.ate and water vapor may be renoved fromthe effluent
gas in aﬂﬂ?f?glﬁﬁetﬂéée ﬁP@%EPe@?B&W'i ng fromthe scope of the present

i nvention. Effluent gas, preferably depleted in water vapor and depleted in

particul ate, may bﬁ)ozﬂ:ycrh@efﬂ&nt@@ iHyybdigtraMRBE aitd 8 vafbribepdra@e sBewl React or
[0022] Fluorosilicate Teed and fluid nedia are introduced 1nto a fluidized

bed reacewfonagplypenstdticninitoorosliquid seredblan tonemeyavatcreaios @ne t hermal |y
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some embodiments, the particulate separator and the vapor separator are one unit (i.c.,

particulate and water vapor are removed from the effluent gas in the apparatus). In

some embodiments, water vapor in the effluent gas is first atomized to produce water

particles that impact the particulate. The particulate-incorporating water particles may

be removed in a cyclonic separator. The particulate and water vapor may be removed

from the effluent gas in any sequence without departing from the scope of the present

invention. Effluent gas, preferably depleted in water vapor and depleted in particulate,

may be recycled to the drying apparatus.

Fluidized Bed Reactor

[0022] Fluorosilicate feed and fluid media are introduced into a
fluidized bed reactor to suspend the fluorosilicate in the fluid media and thermally
decompose the fluorosilicate to produce silicon tetrafluoride and a fluoride residue.
Referring now to Fig. 1, a fluidized bed reactor suitable for use in accordance with
embodiments of the present invention is generally designated as 1. The reactor 1

includes a reaction chamber 10 and a gas distribution unit 2. The reaction chamber 10



Referring nowto Fig. 1, a fluidized bed reactor suitable for use in
accordance with enbodi nents of the present invention is generally

desi gnat esoae10107788he reactor 1 includes a reaction champer/usooanes1a3 gas
distribution unit 2. The reaction chabkber 10is typically a fluidized bed in
which fluorosilicate particles are suspended by an upward flow of fluid
media, typically a fluidizing gas, in the reactor. Fluidized bed reactors
provi de high mass transfer and heat transfer rates between deconposing

fluorosi is't§ﬁ%ﬁlyp@ﬂhid?ﬂe§%e@ﬂﬁwhféﬁ f&%?osﬁﬂ@&%a%lé‘s%r@ﬁlﬁ@@%ﬁ Hy@ Peerposi tion
rate of the fluorosilicate particles The fluidized bed reactor 1lmay

be char aflperdf fkatl pdia, typichldy a duidtong g@dlmﬁlﬁmmtm{cEépdlatﬂ kedirgadtpugi di zed bed
oper ati ons ed reactg{ is.a ubb i ng

e o PRaidshig s TREr TRThSH rhilelrath RhRen AR i B vorgufaft 2

circul at paigicieeand thewai g}hhsbwmgﬁces eld dgompeksition RacsRlc fluokidighdi cat e
feed are carried out of the reactor with the silicon tetrafluoride gas. In

yet ot hePatigisddi ments, the fluidized bed reactor is a transport reactor.
Regar dl ess of the node of operation, the fluidized bed reactor may

generally be a cyl db%] C%e}‘lﬁgcﬁie‘aaded‘f@a%% lrn@%(ﬂ)eé ?fc&é?{ze{iiﬁgla%ﬂﬁlb@y i ncl ude

particul ate separa Ion unit such as e cyc C separators,
i mredi at ef (;Onﬁfghﬁlltlohd’]ﬁscbpidble'fdﬂﬁuﬂmeﬂlbedlbp.dfra'dd)rmeﬂﬁ isamns cobodihentsethet or wi | | be

primri l epend nt upon em design factors that vary fromsystemto
system TR P aaghe |1Sr%§1¥t§3§z‘§g]?ﬁﬁ? BiRe gt tory Japther Sipardiorb e enci ex and
system f hyjqehd¥Ra M 1§/‘A &1?&1%1@%%& Gid bv'ﬂ&hﬁfy%?b&% sSIFRRAd Yhrdab@q Pr esent
invention. [0024] The fluidizing gas 5 is irntroduced into the distribution

unit 2 t duerpeiticyte d@esitam bartied ot fithaicditet wgh@mssmcrmaettra‘fhlonrudb ges. ofin yiche
reacti on chanber trlbtlo uni venl |st butethe
Tar oG R id s I AR R kiR it hrfnBE By Blafs e, h'e of
deconposirodebf Gperhtidi tRAAJidicd BedREAHH @by gk dIRIHY é}lllindhéa’:ltvleﬂféa]a| so hel ps
to prevent aggl onmeration and fusing of the fluorosilicate feed to the

by- pr odutesselesilbipactor dopats nRiyubelyds partaulatevapasetion ugt(neyclbes. foit r oduced into
the r eact 91%318 Qagf%g{c s%gargt%?su %ﬁfe&%{ ll§y afteq)fheul?e% Olfheapap[?c%Pa? 'alr’ﬁl&l%longto?r y

ai rlock or
the reactor will be primarily dependent upon system design factors that may vary from

system to system such as the desired system output, heat transfer efficiencies and

system fluid dynamics, without departing from the scope of the present invention.

[0024] The fluidizing gas 5 is introduced into the distribution unit 2 to
evenly distribute the fluidizing gas into the inlet of the reaction chamber 10. The
distribution unit 2 helps evenly distribute the fluidizing gases throughout the reaction
chamber 10 to maximize the rate of decomposition of fluorosilicate material. Uniform
fluidization also helps to prevent agglomeration and fusing of the fluorosilicate feed to

the by-product residue.

[0025] Fluorosilicate material 8 may be introduced into the reaction
chamber 10 pneumatically, by use of a hopper and rotary airlock or by use of a
vibratory feeder. Preferably, the fluorosilicate material is added continuously to the
reaction chamber 10 to keep the bed well mixed to prevent the alkali or alkaline earth-
metal fluoride by-product from agglomerating. A well-mixed bed also prevents the
formation of hot spots within the reaction chamber 10. Hot spots above a temperature

of the cutectic point may result in eutectic formation of a fused liquid paste of



vi bratory feeder. Preferably, the fluorosilicate material is added
continuously to the reaction chanber 10 to keep the bed well mxed to
prevent twe 2alodkarssoor al kaline earthnetal fluoride by-pPoaIS2o®0GSIN3

aggl onerating. A well-m xed bed al so prevents the formation of hot spots
wi thin the reaction chanber 10. Hot spots above a tenperature of the
eutectic point may result in eutectic formation of a fused |liquid paste
of fluorosilicate and the fluoride by-product. The formation of this

eutect | Cﬂﬁbﬁékﬂﬁﬁﬁe HRY tHedHRBidk 'Bﬁ b RLcr 1 PR foPRatidh &f (RRALREHE HextBFadMET
di scharge to plug requiring e reactor to be taken offline and cl eaned.

The eut ecduise tl}milmlbmqp umtr fyldmrttlhe priodud climsbaize m)lviugfrecrm‘a@hhalr@cm ta he
determ ned b ose ski.l.led.in the art.
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the fluoride by-product to nelt causing adcﬁtl onal unnecessary reactor

down- t i rrét. Gﬁnm ﬁn%@ﬁﬁeﬂilm@w@m@e@@&ﬂm@%ﬁ@ﬁpmwt@e@cww, ths whi ch
f1 uorosi E%n%% 200 er m ﬂ?ﬂ s@eﬂlgﬁ%%%p%‘?té cPatQE nfd g{?sre%{lé ﬂﬁ‘&ﬁd

chanber (S ng ‘on st gn con erations,
f1 uorosi by-paddacnmatredli @dusﬁgmﬂ&ltlbﬁalaﬁde&siaﬁy tdaetot d@wnhmtd dmogter i dd e port i on
of the reagtlon chapber ring eratjon gf the fl uidized bed

reactor §MPPHBICHISuR BFEH w@t%@wéwé% ] WfHPlbﬁ@WOMlaéatP eedimyrizddhe s
i nt al nﬁﬁro@ﬁ Q¥Eintol e B oﬁy{:@a{:ﬂléﬁ aﬁﬂ)tef@f' 0’1‘?& littht1Qf ﬁe@@ncﬂﬁ osilicate

particles e gas supe Icla OC|tyt rou the'reactio anber 10
near t heddhigt canbidetatinngmhd fldrosligenmawkihls nmylbbaddmttoahe @pybadttmm oy of from

about one ht tinme ni mum f | ui di zati on vel ocity necessary
fo T uf ot A oF HE B R CRIHORHA. {1 i di zed bed. 1 some enbud! nents.
the gas velocity is fromabout two to about five times, and in at |east one

errbodl ment is abOU[O(D@rrUuhﬂg%péﬂaﬁorﬂbﬂﬂhmﬂlﬁkﬁiddﬂB&i&é’édt&rl vl fgditihgnecessary
to fluidize the particles within the fluidized bed. The m ni num

fluidiz ag@SOWIQﬁetlydhliovgh therrpassion @p@mkﬂumﬁgntemed neovsrtbparnimaen geidizgtionas and
oar L egMEL R B8 DML hOLA0NL Ot LCBLAY PR LT 1o o
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about one to about eight times the minimum fluidization velocity necessary to fluidize

the particles within the fluidized bed. In some embodiments, the gas velocity is from

about two to about five times, and in at least one embodiment is about four times the

minimum fluidization velocity necessary to fluidize the particles within the fluidized

bed. The minimum fluidization velocity varies depending on the properties of the gas

and particles involved. The minimum fluidization velocity may be determined by

conventional means (see, for example, p. 17-4 of Perry's Chemical Engineers'

Handbook, 7th. Ed., incorporated herein by reference).

[0027] The minimum fluidization velocity is preferably calculated for
conditions as they exist near the distribution unit 2. Using these conditions, which
include temperatures that are normally cooler than the rest of the reactor, it is possible
to ensure the minimum fluidization velocity calculated be sufficient to fluidize the
entire bed. At elevated temperatures above the distribution unit, the viscosity and
density variables are heat sensitive and may result in a minimum fluidization velocity
that is not sufficient to fluidize the bed at the cooler temperatures of the lower portions

of the bed. Therefore, by calculating a minimum fluidization velocity based on the



[0027] The m nimum fluidization velocity is preferably cal cul ated for
conditions as they exist near the distribution unit 2. Using these

condi ti ors0 2edvaomssoncl ude tenperatures that are normal | yCrash@o/osdiah t he
rest of the reactor, it is possible ti® ensure the mnimumfluidization
velocity cal cul ated be sufficient to fluidize the entire bed. At el evated
t enperatures above the distribution unit, the viscosity and density

vari abl es are heat sensitive and may result in a mninmmfluidization

vel oci t YC6dlé}tcoh§1t1'89§ isihbishiens eﬂsﬁrefthé‘ bﬂblﬂ@tl&h@f thethvalst fIitaia06M er
tenperatures of the ‘I ower portions of bed. Therefore, by calculating a

m ni num Fe¢lacigi that wohflwidize thet qptlbfab@td fblﬂilqugbdmlbre%ncmwdmuqmmot limit¢ds pOSS| bl e
to ensure t he..cal.cul ati . of, ome q,lz(ﬁ el 9¢c éﬁt‘lr

f1uidize® %PSClglﬁP?lP‘émH%é‘m A%%IHBJSPC{‘I% IB’PEE%% 4 %}?P]VS °|‘ éesﬁl? nmteol to
speci fi cth¥paésabnl éitiodirddic ffin WBhAGL It érBSec 18 dbHLID drhMbdldZath Bnvel oci ti es
useful in the present invention range fromabout 0.1 cm sec to about 20

cnl sec ofbawy 8 G/Ben talsbot 0cB/sedrl sec to about 5 cmfsec. [0028] Gas
velocities higher than the mninumfluidization flowrate are often desired

to achi eve hi gher g)' E aﬁs“v&l'o@%es @ghéﬂﬁa@@é ﬁrﬁﬁhtf%bdb?a‘ﬁoﬁ%‘%@r apeyond the

m ni mum f | ui di zati ocit cess gas orm; bu I'ncreasing the
bed voi dagetfteihiesitreldo aalne‘imahlghcﬁ\mﬁhucnvmemsAs theqfas ba]bbﬂtﬁmceerasles ]ZEM(BI on'

cont ai ni as in _contact th fluorosilicate ticles uality of the
enul si onqx%sf%&ﬁwr@ -ﬁ%%%n s Cfﬁéhecﬁi‘éZF%St%?Sg? ﬁ)@%@@a la%reﬁswtﬁfﬁﬁﬁu
f 1 ui di zaghiaRe Lo deld @an bd bf%vJeH‘%@Eoﬁé%‘t gasgbid atnﬁeerﬁ{ﬁ‘é oat Sdhtdifin ggg% to the

m ni rum fl uidi zati on bed voi dage. Hence, bubbles are generate y the gas
i nt r oduceehtiat vathcfbgwoslficaphperti¢lss. rﬂmmuabdy ofdhaciibios it thmmnlmlm the

fluidizati h i o of actual oci di vi de he m ni num

veloot & gyt abls o0 of B it R aPS Ror fiah e Be BfePybe®, 0l oci 1T es
hi gher t badlstdags Blokd fUtRE fdikining Bhideatibh 0¥ v@tige. HRRcPBUBUIE] #8 are rapidly
heated to the tenperature of the deconposition reaction and silicon

t et r af | ugeticersedybls theszap istodngedria wscess of whih it FRjuired it 4cbieve mibEimumhe
i o 11 cARCPG Bl R e o SFACE gl PRPRE - BpY MR R bRy 27 ot e o
gas. [ OOQQ}eaﬂ'e}Spﬂl@aiubM,e fexaiiatian entussi ieatUnder gmld@n@amger ttha thenper at ure of
minimum fluidization flow rate, the particles are rapidly heated to the temperature of
the decomposition reaction and silicon tetrafluoride gas is rapidly removed from the
reaction chamber. The concentration of silicon tetrafluoride gas in the vicinity of the

particles significantly impacts the rate of formation of the silicon tetrafluoride gas.

[0029] Typically, extrancous heat is used to cause the temperature of
the fluorosilicate particles to increase to the point at which they decompose. Methods
for heating include, for example, capacitive heating, induction coils (RF) and electrical
resistance elements. In some embodiments, the fluidizing gas is heated prior to
introduction into the reaction chamber 10. Upon introduction into the reaction chamber
10, the fluidizing gas transfers heat to the particles causing them to thermally
decompose. In some embodiments, both extraneous addition of heat and pre-heating of

the fluidizing gas are employed.

[0030] The temperature in the reaction chamber 10 is preferably
maintained above the temperature at which the fluorosilicate material decomposes to

produce silicon tetrafluoride and an alkali or alkaline earth-metal fluoride. The



the fluorosilicate particles to increase to the point at which they
deconpose. Methods for heating include, for exanple, capacitive heating,
i nduct i orwoapnio7¢$8F) and el ectrical resistance el ement sPCILUSS@H68103
enbodi ments, the fluidizing gas is hedted prior to introduction into the
reacti on chanber 10. Upon introduction into the reaction chanber 10, the
fluidizing gas transfers heat to the particles causing themto thermally
deconpose. I n sone enbodi nents, both extraneous addition of heat and

pr e- heat jdagheRiturk g tid b Fohl AIMPESI AhLy BERLAYSRed 11393bout RB0YEMPEr ature in
the reaction chanmber 10 is preferably naintained above the tenperature at

whi ch t heypidallpfiost dbhasia#@0°Red @bdut| 808G dropo st 006 todbeet SOTE eaheven

tetraflugride a al kal i kal ine earth-nmetal fluori.de,

Thet emperarLietbio S s Sl HrsREbR” 15 FhgerBirian te SFLET sbisvier abou
4000C, t ypiscahihpifcd®¥losbdidtierAfRttard & viighithe 8RBLYsilichfcaimd ZhoLte AQRRE t o about
75Q0C and even from about 5000C to about 6950C. Preferably, the tenperature

in the r&uBtd gneisanipbire fadtengbei GP0A nad bskavothemitingiepwertwe o Hie whi ch t he
fl uor osi LI%S@Bfalﬁﬁﬂﬁféa%ﬂ%agl ﬂl%ao%{'dgue forma eutectic mxture (often about
el ow the nelting {

6950C) an enperature of the alkali or alkaline
earth-netal fluoride. [003 1] Because the deconposition reaction is a
reversi bl e reactioftdnfl Breaude dreakecahpdditsmmbctbade aposirdibloncacsodependent ,

in part, ugion thg ressure in.the reactor, the pressure (absolute) in the
reactor (PRSICHEEOLHIEEMAHETRMPHAI LR ACBIMIGEL {THRATH PP TEPTRAYER" Bihaust gas 16
exits tNR. ERRGh Br%ss%?@{é?ﬁdelﬁtemthw@a%ﬁ{r?J%'rﬂea@ﬁr,eﬁ%b&&@ﬂh@?&c%'aP%HeabOUt 1 bar.

I n anot her enbodi nent, pressure is maintained from about 0.001 bar to
about 1 beint atiwhich bdrausirdasdb weint the redebompclemsher emivg preddratlaiba ethiftriond about
0.001 bay ,to about, 0.9 bar, frqgm.about,0.001 bar t.o ab 0.5 bar, from
about 0. Bt v ulP Lot Jninghe GEPAGRAE R RA R SuBe G DA o About 0. 01
bar. [0082b1 Bheroabka 1 bLr Iabthet éMBoRREAR HEpRkssiré WahstaidcddFHen aRGer i al
deconposes to produce silicon tetrafluoride gas and al kali or al kaline

ear t h- ne0 401 pitierabelet @ birafrem abmat 9.88] bardo boutylt baal frgmabpeniied! basd nay be
wi t hr 2w, 0 e, £ SRS SRATHEH: bi @49Bue 8T fi 1Y drop (not shown) " at

the base © reaction

[0032] The alkali or alkaline earth-metal fluorosilicate material
decomposes to produce silicon tetrafluoride gas and alkali or alkaline earth-metal
fluoride residue. The residue is typically a powder and may be withdrawn from the
reaction chamber through a gravity drop (not shown) at the base of the reaction
chamber, through a by-product withdrawal tube 12 and to fluoride residue storage 15.
In another embodiment, the residue exits the reaction chamber 10 with the silicon
tetrafluoride exhaust gas 16 and is separated from the gas by a particulate separator
such as, for example, a cyclonic separator. Preferably the residue is removed
continuously from the reaction chamber 10; however, the residue may be removed
intermittently (i.c., by batch-wise methods) without departing from the scope of the
present invention. Preferably, the average period of time between introduction of a
fluorosilicate particle into the reaction chamber 10 and discharge of the corresponding
fluoride residue produced as a by-product of the thermal decomposition of the
fluorosilicate particle is from about 5 minutes to about 50 minutes or from about 10

minutes to about 30 minutes.



chanber, through a by-product w thdrawal tube 12 and to fluoride residue
storage 15. I n another enbodinent, the residue exits the reaction chanber
10 with twe2eida7essn tetrafl uori de exhaust gas 16 and i sPsEfse@vAasihs om t he
gas by a particul ate separator such ag, for exanple, a cyclonic separator.
Preferably the residue is renoved continuously fromthe reaction chanber

10; however, the residue may be renoved intermttently (i.e., by batch-w se
met hods) wi thout departing fromthe scope of the present invention.

Preferably, the aVE)_’O%QF PRhbA HRinotddTRatRBY WeR MBS dLRIGELat9heQfut the
fluorosilicate particle into the reaction chanber 10 and di scharge of the

cor r espoaldiveglesdribod ipthecsses imdy de psatiwikelt dspatiny fromatie scopefof theepressat mal
deconpos%tiqp of .t e f uorosilhp@§ﬁgﬁaﬁtiglﬁijs %FO %bout 5 mnutes to
about 50 PRI e USP FHEHT ABEIPCE P ®y idKet PeR5* P Rut es. [ 0033] 1t
shoul d beuidredrd, Bt prasis beme passchanadition MaycRfd YuhtheQetctibher abiaye

described processes may be used wi thout departing fromthe scope of the
present flaldéredbe reasior ior pag dneerrorate ongensox flyidired bed reetorsconfigiigized bed

reaCtOrsinﬁﬁkéﬁﬁﬂ&ﬁhﬁaahgﬁ process of the present invention may carry out
t he reac%lon in a si gTe | ui di zed bed reactor or may incorporate one or

nore fluidized bed reactors configured in series and/or in parallel.
Exhaust Gas Treatnent [0034] The fluidizing gas and the silicon
tetrafluoride gas produced as a deconposition product (collectively

"exhaust gEs"g é6 EXiE t he reactor chanber 10 and may be introduced into
further L 18. The exhaust gas may be driven or pulled though
the fluidized bed reactor by a recirculation fan or blower. The exhaust gas

nmay be introduced [(mts@] an@ﬂhi&ﬁh%ag@s SRANBE Aliedn ©REAGRMRWal grodukad ds or
al kaline earthmetal fluoride or fluorosilicate dust entrained in the

exhaust gdsconmesitighlpeodyar tooentaely “saprusheasr 516 ardt thaecactaschenberplle, ceranic
and met ahﬁ({ &agHé Enufo'dgée%&iﬁtoafﬂﬂh%yp(‘r{)é)e%iﬁ% it 1 ?ﬁesexélﬁhéf %ﬁ%&gy LeqRVGH from
t he exhaust 'gas may beé di sposed 'of or recycled as described’ nore fully
bel ow. | or puilvd tesdpbdhéBoidEecd pad tdactok 8y @ ré@rmlagidn farosm Hibecre Xih@uwshagas i s
recycl ed back to the fluidized bed reactor_ 1. ] ] ]

gas may be introduced 1nto a particulate separator for removing alkali or alkaline earth-

metal fluoride or fluorosilicate dust entrained in the exhaust gas. Suitable particulate

separators include, for example, ceramic and metallic dust filters and cyclonic

separators. Fluoride removed from the exhaust gas may be disposed of or recycled as

described more fully below. In some embodiments, particulate removed from the

exhaust gas is recycled back to the fluidized bed reactor 1.

[0035] Exhaust gas may be introduced into a vapor separator, such as,
for example, a condenser trap that cools the exhaust gas and condenses and removes
any water vapor and any hydrogen fluoride present in the gas. The particulate and
water vapor may be removed in any sequence without departing from the scope of the
present invention. Exhaust gas, preferably depleted in water vapor and depleted in
particulate, may be withdrawn from the system as a product gas. The product gas may
be stored as a solid at liquid nitrogen temperatures or as a pressurized gas. A portion of

the exhaust gas may be recycled to the fluidized bed reactor as the fluidizing gas.

[0036] Preferably the fluidizing gas used in the fluidized bed reactor is
a portion of the silicon tetrafluoride gas discharged from the reactor. However, other

fluidizing gases may be used such as inert gases including, for example, nitrogen,



[ 0035] Exhaust gas may be introduced into a vapor separator, such as, for
exanpl e, a condenser trap that cools the exhaust gas and condenses and
renoves awg 20egrssoapor and any hydrogen fl uori de preseRCTiUs200006818%3. The
particul ate and water vapor nmay be reldoved in any sequence w t hout
departing fromthe scope of the present invention. Exhaust gas, preferably
depleted in water vapor and depleted in particulate, nmay be withdrawn from
the system as a product gas. The product gas nmay be stored as a solid at
l'iquid nhEnRYeRY L8R T RHE 8ShaPlingBord tRY &DpLbF HEPra8St infenfiBh! ion of the
exhaust ga;s_may be recycled to the fluidized bed reactor as the fluidizing
gas. [ 008s8idiznggasraihdryhantselidanieidifhionige gassed sedicireactipe chdnibedi stkebnbed r eact or

is a portiop of the silicon tetrafl uoride di schar.ged fromthe reactor.
Houever . aNuRigd e S dat B ey B el A FEORRERe 88k el it no.
for exanplouctieédvegersdpetativinanfliqasdiadludi tbhewumpie pasdrptitsh, ifedibrite scope of
the present invention. If a flui gi zing gas other than silicon tetrafl uoride

i s used papatdyienepddistibpfiacthanber, silicon tetrafluoride in the exhaust gas
is preferably separated fromthe fluidizing gas for product recovery.

Separ at i I i | f sorption, nenbrane separation
and di st gl?m%‘ Gl AloRtie e - qt al Fluoride Treatnent [0037]

The al kali or alkaline earth-nmetal fluoride residue withdrawn fromthe
reactor may be col [37¢dTas abkapoodikebincsarthrmetel fhumideraddve, withdrater

rocessed and recycled.to t.h eacti gn chanber .. Th | uori de residue na
DT eacr i RS pRs e ol ded EPa s Bodivg paCiap Rafyrinst DiekSed me. ¢ ™

ear t h- meh@ reblUQS Rtht tGetiéh @mnftRl 1 OWEhe MM cdidiiRh T Bc Maicibvith 2HF,
wherein Mis an alkali or alkaline earth-metal and xis 2 when Mis an

al kal i afldomesiligiccigherproducs amalkaliloapiknbnecarthhmetat Auorogilikes¢ is otloabkal i ne
earth-netal fluoride may be added directly to liquid fluorosilicic acid to

produce a supernat ant li%ﬂ/lﬁ co+ntalhr§-kn hydrogen Ehgori de and unreacted
& fluof |loﬁg_én X$P

al kali or alkaline earth-netdl fiorGsiticic acid and
precipitated fluorosilicate. The precipitated fluorosilicate may be
separ at edhtreanMt ikan alkphonatkahite ¢arthoinctabad X i3t whitrcleds amtikati lhed kéatt i on
chanber %vger(l) ]{\/I }sha?l afllla iin(e:I iea%r?lg-metal. Alkali or alkaline earth-metal fluoride may be
added directly to liquid fluorosilicic acid to produce a supernatant liquid containing
hydrogen fluoride and unreacted alkali or alkaline earth-metal fluoride and fluorosilicic
acid and precipitated fluorosilicate. The precipitated fluorosilicate may be separated
from the supernatant liquid and introduced into the reaction chamber 10 of the fluidized
bed reactor 1. Preferably the fluorosilicate is purified and dried prior to introduction
into the fluidized bed reactor 1. The fluorosilicate material may be introduced into the
drying apparatus used to dry fluorosilicate feed material as shown in Figure 3. The
hydrogen fluoride supernatant may be purified and collected as a product or utilized to

produce additional silicon tetrafluoride. The hydrogen fluoride may be reacted with

silicon oxide to produce additional silicon tetrafluoride as follows,

4HF + Si0, — SiF; + 2H,0.

Svystem for Preparing Silicon Tetrafluoride

[0038] The processes of the present invention may be carried out in a

system for producing silicon tetrafluoride such as, for example, the system shown in



bed reactor 1. Preferably the fluorosilicate is purified and dried prior to
introduction into the fluidized bed reactor 1. The fluorosilicate materi al
may be i rwoadwaedsont o the dryi ng apparatus used to dryPCrascagiobsiont e feed
material as shown in Figure 3. The hydrogen fluoride supernatant may be
purified and collected as a product or utilized to produce additional
silicon tetrafluoride. The hydrogen fluoride may be reacted with silicon
oxi de to produce additional silicon tetrafluoride as follows, 4HF + Si Q2
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processes of the present invention may carried out in a systemfor

pr oduci ngetil fed otoragst (Hadrasiticde fedotorags”).f Biie Buanylieate fded isgmiveyadshown
inFigurebZ aor _the %%§teg}§hogn.in F%%ﬁre 3. The sxg}gn1incl§9es al kali or
al kal i nePE&FPRYFIE PRS0 8 ARYas prRarid} BETTTRAPe I PEIYC &8t Hge ) . The
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apparatus for renoving noisture fromthe fluorosilicate %eed. An effl uent
gas fronfameed fg@ﬁh@leég'@mseltca@ feeshis antrgdugeduiar aar cf{lngiv gay Eeatneet syptem t he
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i ncludes a particutate separator and vapor separ e particul ate
separ at oscpaefiar fhioessilidaunduss frbmcat «ffl aeis Lad reontidmee tHrbugiout aslryiegi r cul at ed
t hroughout the dryi ng apparatus. A vapor separatqr renpves water vapor
generateﬂmWﬁmF%eAd?VFﬁﬁWgﬂﬁéﬁ§WU§$“?H%VB%FﬁFEﬂﬁﬁﬁélgﬁ TWAE &PPaFaBdr may be

removed fRORABRRLbLNEAL S il BOXREEYERGENMLITIRHE o lSRARY LdGhdcom the

scope of t present inventton. e-up gas conprisrng an inert gas such
as, for exthowldepaming fiogethe sbalel afithaprdseat gorantiar. A ptakonalday compstiog edepl et ed
air may be.fed to the Ffflue t gas treatnent,K system A c?nve.in appar at us
conveys 1 SFERS PYQaAs o SEHMPIFJHiTPHRY: %%ndaﬁéa%ﬂf@@tl%a Y YUt zed bed

reactor HH@&@&BEBH@Q%jﬁd&ﬁ@@%ﬂﬁﬁn@?ﬁﬁ?ﬁﬁn&@%y&&ﬁfKﬁbnd&ﬁﬁ dthon of
u

fluorosilicate into silicon tetrafluoride gas and an al’kali or alkaline
eart h- neteivefs teerosibcatT hesddiom the drniok aresratas heafleidized had atagwor that t her mal

i | ith.th i h . [.0039] ~The . . d d i
The 11 ui BbEHs Bt rngsir P SmonS” ahn iRl eyte Pt rant
syst em t adhaflistedUug and ap alkhli o4 hikhenSEPALBELAY flidtide. The system includes a

heater apparatus in thermal communication with the reaction chamber.

[0039] The exhaust gas produced in the fluidized bed reactor is
introduced into an exhaust gas treatment system that includes a particulate separator in
fluid communication with the fluidized bed reactor for removing alkali or alkaline
carth-metal fluoride and/or fluorosilicate dust from the gases discharged from the
fluidized bed reactor. The exhaust gas treatment system may also include a vapor
separator for condensing and removing water vapor from the gases discharged from the
fluidized bed reactor. The particulate and water vapor may be removed from the
effluent gas in any sequence without departing from the scope of the present invention.
The system may include a silicon tetrafluoride product storage system. A conveying
apparatus transfers a portion of the silicon tetrafluoride gas discharged from the

fluidized bed reactor back to the fluidized bed reactor as a fluidizing gas.

[0040] The system may include a fluoride treatment system
comprising a fluoride reactor. A conveying apparatus conveys alkali or alkaline earth-
metal fluoride discharged from the particulate separator (or alternatively or in addition

discharged from the fluidized bed reactor) to the fluoride reactor. Fluorosilicic acid is



fluid conmunication with the fluidized bed reactor for renoving al kali or

al kaline earth-netal fluoride and/or fluorosilicate dust fromthe gases

di schar gestof2omm7rsse f | ui di zed bed reactor. The exhaust @ag/use@atssnt system
may al so include a vapor separator fo¥s condensing and renovi ng water vapor
fromthe gases discharged fromthe fluidized bed reactor. The particul ate
and water vapor nay be renoved fromthe effluent gas in any sequence

wi t hout departing fromthe scope of the present invention. The system nay

i ncl ude fasicl WG@Mn BI85 M ind @ad-AUE _tﬂ|u§1ti@é Afe ﬁﬁ%i@é@eaﬁoﬁ@rﬁf%ﬂceg

apparatus transfers a portion of the silicon tetrafluoride gas discharged
f r om t healkhliptalkelihchrethrrectel fhrorpralidate. o lnoresilicate diatathl Hsdhargetiron ths a

fluidizi . [.0040], Th i ncl ud fl jde t t t t

compr 1 o1 R ienbiy e Pesinayed R SRbeh Mg it ko U Mot ERGs 25t o™
al kal i neTeafu6W@Elidhte Maial @Ry e patiacd et SER)tdne/oparitd il adytgsepar at or (or
alternatively or in addition discharged fromthe fluidized bed reactor) to

the fl uorprg&tiedcheown IFFigwro3 priptiodntedugtips nde tedtiidizedbaegireagtial Theor

al kal i ne - I i i . I i eact . DL O, e al kali or
al kal i nedﬁi\% ﬂ)-p%:ﬂgﬁ m{)% Eeg{hggfgrfllé (@Q{ugg.eal{ﬂathglﬁgol%%ﬁ Focgﬁ'efﬂ{r?ﬁ Sgl%(%g 1%g(lﬁ':schar ged

f r om t henfatesiat ashonvade FigurétBy be conveyed by a conveying apparatus to the
fluidized bed reactor. The fluorosilicate material may be purified (not

shown) and/or dried jin a_drying apparatus as shown in Figure rior to

i ntroduction into P shigueford b aheafs FEHFONHFFIORY! %ﬁa&%@s@&%y be
the same;fhyLAY SARRAE oMy e 8dpa@nd i the HOROS! Jria@ls8ndIGRd foRL SRR 2 @S Shown
in Figure 3. [0041] Sui tazl € conveyi ng apparatus are conventional and wel |

known i nrachreulation fagioir badylee and svitaplongpnagypag appasatiiofor thaesfer glvofidy of gases

i ncl ude, . for, exanpl e,, a, recircu ion fan ar bl ower and suitabl e conveying
appar at uglcfugf’ ﬁéf g%ﬁ?@? d(S?g’%Iielebg]lE ?11&({1Pf&?élfllaﬁ8|901é‘§?§ﬂrﬁl e, drag, screw, beit
and pneumati c conveyors. [0042] Preferably, all equipnment utilized in the
system for produci [(@43] | Pegerabet dlatduphbtiaitilised RShs syAm fe? pe@ducai on i n an
envi ronment that includes exposure to acidic conpounds and, nore

parti cul 8ifiFgn tepbeyigeds tagistant o GOF@S OB AP ANYiEPreEesip Bahis udae eX@pHg to f or

exanpl e, a&hilcics&%oﬁr?&sra%[i,l rld8fei ﬂjcl?t’icu?elrlg)?lejipo%{lreath iﬂ%&iﬂ@-c&ﬁﬁiﬁﬁfg%hﬂ)'ouﬁ&suori de,
including, for example, silicon tetrafluoride, alkali or alkaline earth-metal fluoride,
silicon tetrafluoride and hydrogen fluoride. Suitable materials of construction are
conventional and well-known in the field of the invention and include, for example,
austenitic stainless steel, MONEL alloys, INCONEL alloys, HASTELLOY alloys and

nickel.

[0043] When introducing elements of the present invention or the
preferred embodiments(s) thereof, the articles "a", "an", "the" and "said" are intended to
mean that there are one or more of the elements. The terms "comprising”, "including”
and "having" are intended to be inclusive and mean that there may be additional

elements other than the listed elements.

[0044] As various changes could be made in the above apparatus and
methods without departing from the scope of the invention, it is intended that all matter
contained in the above description and shown in the accompanying figures shall be

interpreted as illustrative and not in a limiting sense.



silicon tetrafluoride and hydrogen fluoride. Suitable materials of
construction are conventional and well-known in the field of the invention
and i ncl mate,20foar77s8eanpl e, austenitic stainless steel, MeENEWWSadoboysn3 | NCONEL
al I oys, HASTELLOY al |l oys and ni ckel. 160043] Wen introduci ng el enments of
the present invention or the preferred enbodi nents(s) thereof, the articles
"a", "an", "the" and "said" are intended to nean that there are one or nore
of the elenents. The terns "conprising”, "including" and "having" are

i nt endedyw@aPgsiciAmsEygsand nmean that there may be additional elenents
other than the listed el enents. [0044] As various changes could be nade in
the above apparatus and methods wi thout departing fromthe scope of the
invention, it is ihténteerss hatpreparingailicen tﬁtt@ﬂuaﬁlgﬁsw ihg tharmabbove

descri pti;on_and. .sha the co yi rpret ed as
illust ra%%@%%‘%c#gn aﬁéa o alﬁcllnhe%gtgnnég[w a&ﬁ_l,&lal\/téﬂg %dg & A process
for prepajattag thd ﬂuﬁm&dlbed Eltlod 0smPesify a tdietibh eliaiier,dRE prResi ti on of an

al kali or alkaline earth-netal fluorosilicate in a fluidized bed reactor,
the fl ui EMRREIBEd reactor conprising a reaction chanber, the process
conprising: introducing fluorosilicate and a fluid nmedia into the reaction
chamber ; - suspendi neoieihh HALRSHHhEIRE o HulPhrBaifto e doBitlniof. ¢ he
reaction chanber; maintaining t tenperature of1 the reaction chanber above
about 4000C to thermal | y decorrpose the fluorosilicate and produce silicon
tetrafl uori de andswpswheg gicrigosisilicaprwitlen tiaf fludmiade mrtbeneabigo eact i on
chanber. h process as set forth in claiml wherein the fluid nedia
conpri sef aél?]? Gcon tetrafluoride gas. 3. A process as set forth in claimil
or claim2 wherein a portion of the discharged silicon tetrafluoride is

introduced into thmatiRdsinehe €hpaR@ire bOtHRUSREIBH chamber above about 400°C

to thermally decompose the fluorosilicate and produce silicon tetrafluoride; and
discharging silicon tetrafluoride from the reaction chamber.

2. A process as set forth in claim 1 wherein the fluid media comprises

silicon tetrafluoride gas.

3. A process as set forth in claim 1 or claim 2 wherein a portion of the
discharged silicon tetrafluoride is introduced into the reaction chamber to suspend

fluorosilicate in the reaction chamber.

4. A process as set forth in any one of claims 1 to 3 wherein the

fluorosilicate decomposes to produce an alkali or alkaline earth-metal fluoride.

5. A process as set forth in claim 4 wherein the reaction chamber is

maintained below the melting temperature of the alkali or alkaline earth-metal fluoride.

6. A process as set forth in claim 4 or claim 5 wherein the reaction
chamber is maintained below a temperature at which the alkali or alkaline earth-metal

fluoride and the fluorosilicate form a eutectic mixture.

7. A process as set forth in any one of claims 1 to 6 wherein the

fluorosilicate is selected from the group consisting of lithium fluorosilicate, sodium



fluorosilicate in the reaction chanber. 4. A process as set forth in any
one of clains 1 to 3 wherein the fluorosilicate deconposes to produce an

al kal i orwel2kad7mssoeart h-netal fluoride. 5. A process a®CTats2600/068103 n cl ai m
4 wherein the reaction chanber is nmainfitai ned bel ow the nelting tenperature
of the alkali or alkaline earth-netal fluoride. 6. A process as set forth
inclaim4 or claim5 wherein the reaction chanber is maintai ned bel ow a
tenperature at which the alkali or alkaline earth-netal fluoride and the

fluorosi hh&%&lﬁcﬁ@rﬁﬁt@ssﬁﬁi ﬁﬁ(;rbﬁhéﬂté‘trh‘ig%esﬁm hoPELIERES baSurf $luof Rllfchiel N any
one of claims 1 to 6 wherein the fluorosilicate is Selected fromthe group

consi st i pajciom fluarpgilientd bndomodurkes thatedf. sodi unf | uorosilicate, potassium
fluorosilicate, nagnesiun1f|uorosi|icate barium fluorosilicate, calcium

fluorosilicate and nlé%gm? Qﬁ@gﬁ{ﬁugwc REOGERS] 85 § g%emi Eh in any one

of claims 1 to uor osi te' r's sodlun1 uorosilicate. 9. A
process ﬂamﬁemc&@ﬁiﬁMhﬁnﬂnMDQMEm@f claims 1 to 8 wherein the reaction
chanber is maintained at a tenperature from about 4000C to about 8000C. 10.
A process as set forth in any one of clainms 1 to 8 wherein the reaction
chanber is maint aj ﬂeé%rpceéswﬁééqr&wra@ymeﬁf%@mlwo%wée&eaﬂaséwﬂ%ooc 11.

A DT 0CeSEh ATt Kbl oo a Ap@Grlor Lpbisioded @ fophgipen the react i on

chanmber 1's mal ntal ne a tenperature om about 5000C to about 6950C. 12.
A process as set forth |n any one of clainms 1 to 8 wherein the reaction
chanber conprises &0.sAdwoedss asset foxtheineiny onbef ¢lempel tatuwherein thhie reacti on

R T R T Rt e e A T

wherein heat is applied to the sidewal | by a resistance heater. 14. A

process as set forth Arpredess i sk2 fomeihen ohbef Fleiats | ® BRptieRcdhéo t he
sidewal | by contacting the sidewall with a conbusted gas.

reaction chamber is maintained at a temperature from about 500°C t% about 695°C.
12. A process as set forth in any one of claims 1 to 8 wherein the

reaction chamber comprises a sidewall and wherein the temperature of the reaction

chamber is maintained from about 400°C to about 800°C by applying heat to the

reaction chamber sidewall.

13. A process as set forth in claim 12 wherein heat is applied to the

sidewall by a resistance heater.

14. A process as set forth in claim 12 wherein the heat is applied to the

sidewall by contacting the sidewall with a combusted gas.

15. A process as set forth in claim 12 wherein the heat is applied to the

sidewall by inductively heating the sidewall with an induction coil.

16. A process as set forth in any one of claims 1 to 8 wherein the
temperature of the reaction chamber is maintained from about 400°C to about 800°C by
heating a portion of the discharged silicon tetrafluoride and introducing the heated

silicon tetrafluoride to the reaction chamber.

17. A process as set forth in any one of claims 1 to 8 wherein the

reaction chamber comprises a sidewall and wherein the temperature of the reaction



15. A process as set forth in claim12 wherein the heat is applied to the
sidewal | by inductively heating the sidewall with an induction coil. 16. A
process a802eto/d70880h in any one of clainms 1 to 8 wherei RCThES20090p80RE ur e of
the reaction chanber is maintai ned fr8m about 4000C to about 8000C by
heating a portion of the discharged silicon tetrafluoride and introducing
the heated silicon tetrafluoride to the reaction chanber. 17. A process as
set forth in any one of clains 1 to 8 wherein the reaction chanber

conpri seghAnik @kel’ﬁ@ih{air?éacfrdéﬂ%&ltQob@tota%ﬂﬁﬁgo‘@b@'b? (Pf appignd B&E1d @Rchanber is
mai nt ai ned from about 4000C to about 8000C by (1) appldyl ng heat to the

react i onrazhéerbdramdicrisiden4ll amtl2) hyatingat fongoreofgbe tisomrgdd sieondi schar ged
the r eaciToReeitioh RGBTt BUE MRen Er AR o IneifMoh Shisfbe sl 1 o

17 wherein the fluorosilicate is a powder conprising powder particles. 19.
A process as set fo8th process ad s Idithvengionc bhéeapar I iocl7eshdtaveh@n aver age
nom nal dianeter of from about. 25 mMm to about 500 mMm 20. A process as set
forth i nfleprepikicatg it PEYEET ¢PIPTIFRE PEVACK IMENEeS 0r 0si | i cat e powder particles
deconpose to produce silicon tetrafluoride gas and a solid residue of

al kali or al kaline;geantsi®t &l oof kb i Lrima stwheiRiRE ashsgtyforth in
cl ai m 20 wherein tI'11e' %ﬂa(o)ri de Sree5| ule ?aslmdll sc]%arlge@ ﬁaﬁg?n tﬁe ragacti on
chanber . a&2ageAopriodesanetsr afdtorh abdut 25 minc toeboul5A wher ei n t he aver age peri od

of time between introduction of a fluorosilicate powder particle into the
reaction chanber a i schar ge he correspondi fluoride residue is
fro_m about 5 m nut 2@ g(prg%e&%s ﬁfgiv?#hnl&tcg r.n_ é%c ! rﬁ%c‘%]_%%elgég%et_ forth in
claim 2 fiy¥asilieitd pbRacyetli AGeddRempest t8fprddud® siiebeeaflidtideogidahd @n of a
fluorosilicate powder particle into the reaction chanber and di scharge of

t he cor r edpossidwyof 4lkadr prdkalimgicaienosal flugrdabout 10 minutes to about 30
m nut es.

21. A process as set forth in claim 20 wherein the fluoride residue is

discharged from the reaction chamber.

22. A process as set forth in claim 21 wherein the average period of
time between introduction of a fluorosilicate powder particle into the reaction chamber
and discharge of the corresponding fluoride residue is from about 5 minutes to about 50

minutes.

23. A process as set forth in claim 21 wherein the average period of
time between introduction of a fluorosilicate powder particle into the reaction chamber
and discharge of the corresponding fluoride residue is from about 10 minutes to about

30 minutes.

24. A process as set forth in any one of claims 20 to 23 wherein the
fluoride residue is discharged from the reaction chamber with the silicon tetrafluoride
discharged from the reaction chamber and wherein the fluoride residue is separated

from the discharged silicon tetrafluoride in a particulate separator.

25. A process as set forth in any one of claims 1 to 24 wherein the

reaction chamber is maintained at an absolute pressure of less than about 1 bar.



24. A process as set forth in any one of clains 20 to 23 wherein the
fluoride residue is discharged fromthe reaction chanber with the silicon

t et raf | uowoadelodi7ssshar ged fromthe reacti on chanber and wa@rUSReV6R03 | uori de
residue is separated fromthe dischared silicon tetrafluoride in a
particul ate separator. 25. A process as set forth in any one of clains 1 to
24 wherein the reaction chanber is maintained at an absol ute pressure of

| ess than about 1 bar.26. A process as set forth in any one of clains 1 to
24 wherein the reaggi A 6haRelt FstiMaiaRl 3hO8Ac18imANAaSOhER tRE essur e of
from about 0.001 bar to about 1 bar. 27° A process as set forth in any one
of cl ai neeagtienoclrmbghsmedintatried at emehsoite piesswbee! fremphowitlad0Hdur & atant absol ut e
pressure,of from about 0.001 bar to about 0.1 bar. 28. A process as set
forth in 3Ry one of claims 1 to 24 wherein the reaction chanber is

mai nt ai ned at an absol ute pressure of from about 0.001 bar to about 0.01

bar. 29. A process2asAsgbcckoid det farthainyungoae of cleingdl N® 24 Wikerdi@ tiher ei n t he
fluorosilicate is dried prior to introduction into the reaction chanber.
30. A prBeeden ghambst isfragipigined apgyabsglitepresyusg ofsframpboutd).QfH dras fhakome

fl uorosi jijgat e deconposes to produce a solid residue of an alkali or

al kaline earth-netal fluoride and wherein the process further conprises:
di scharging fluoride residue fromthe reaction chanber; reacting the
fluoride residue W28 hAfjroasoas det torth iacing ohe opcladuscletoddd whdraihithor al kal i ne
eart h- net al

car t et GBS g @it R T drsfinéboldbo Rl (o

preparingogiphi con tetrafluoride by the thernmal deconposition of an al kal
or alkaline earth-metal fluorosilicate in a reaction chanber, the process
conpri si ng: , , ,

29. A process as set forth in any one of claims 1 to 28 wherein the

fluorosilicate is dried prior to introduction into the reaction chamber.

30. A process as set forth in any one of claims 1 to 29 wherein the
fluorosilicate decomposes to produce a solid residue of an alkali or alkaline earth-metal

fluoride and wherein the process further comprises:
discharging fluoride residue from the reaction chamber;

reacting the fluoride residue with fluorosilicic acid to produce an alkali

or alkaline earth-metal fluorosilicate; and

introducing the alkali or alkaline earth-metal fluorosilicate into the

reaction chamber.

31. A process for preparing silicon tetrafluoride by the thermal
decomposition of an alkali or alkaline earth-metal fluorosilicate in a reaction chamber,

the process comprising;:
introducing fluorosilicate into the reaction chamber;

maintaining the temperature of the reaction chamber above about 400°C

to thermally decompose the fluorosilicate and produce silicon tetrafluoride;

discharging silicon tetrafluoride from the reaction chamber; and



introducing fluorosilicate into the reaction chanber; maintaining the
tenperature of the reaction chanber above about 4000C to thermally
deconposewOhe1ofd7essposi | i cat e and produce silicon tetraf Pabaisde9/oas1sEhar gi ng
silicon tetrafluoride fromthe reacti?®n chanber; andi ntroducing a portion
of the discharged silicon tetrafluoride into the reaction chanber. 32. A
process as set forth in claim31 wherein the discharged silicon
tetrafluoride is introduced into the reaction chanber as a fluidizing gas

to suspend fluor Osiﬂtﬂo@laéiﬁghgohlb% Jf%l?ec&iis&ﬂr%éﬁ%ﬂﬁ%ﬁ_-tet?a%luoﬁd@fn@&@és as set
forth in claim31 or claim32 wherein the Tluorosilicate deconposes to

produce smactdrkellamber. al kal i ne earth-metal fluoride. 34. A process as set
forth in claim33 wherein the reacti on chanber is nmi ntained bel ow t he

melting tenperature,of, the alkali gr. alkaline earth-petal fluoride. 35. A
process as set for?%‘ ‘lArP r(o:?eg?%% %g%clﬁl lgﬁlﬁu?%js}fl\}ﬁ%%P élllen(rﬁ?%h%rgeéiasc&:i 5°6n chanber
i's mai nt aitraddori® i9Wteduesipidtoatht Feictdbn Whintbr bhe flalddhg caytoalispahd ne
earth-netal fluoride and fluorosilicate forma eutectic m xture. 36. A
process Hyomggiicatgin theirpaciny chanabess claims 3 1 to 35 wherein the
fluorosilicate is selected fromthe group consisting of lithium

fluorosilicate, soglg'uglﬂ‘fr{)éégg 9§§e:t -fcﬁﬁitiﬁ’clagg{ﬂ.so?ic%fﬁ%é? ihltheat e, magnesi um

fluorosilicate, bariumTfluorosilicate, ciumfluorosilicate and m xtures
t her eof . fl3dtosilicgre deasspaass watroduwwe tah alkalianylkahee edrtheaiahBu@ide. t o 35 wherein
the fluorosilicate is sodiumfluorosilicate. 38. A process as set forth in

any one of clains 1,.to 37 wherein the.reaction chanber i intained at a
Cenperature from abuf HROCH ' SEBUR BiBoe ~a8en AN ian hafBelh ™ ST n
any one ghifiaédBeldw thd McRifg WiBp@htird dTehé BREN bPAkARRMMAR-rh&alMRioddel ned at a
tenperature from about 4000% to about 7500C. 40. A process as set forth in

any one of clains 3.1 to 37 wherein the reaction chanber is maintained at a
tenperature from abduft BOGOETAT Bt At cbamGid or claim 34 wherein the reaction

chamber is maintained below a temperature at which the alkali or alkaline earth-metal

fluoride and fluorosilicate form a eutectic mixture.

36. A process as set forth in any one of claims 31 to 35 wherein the
fluorosilicate is selected from the group consisting of lithium fluorosilicate, sodium
fluorosilicate, potassium fluorosilicate, magnesium fluorosilicate, barium fluorosilicate,

calcium fluorosilicate and mixtures thereof.

37. A process as set forth in any one of claims 31 to 35 wherein the

fluorosilicate is sodium fluorosilicate.

38. A process as set forth in any one of claims 31 to 37 wherein the

reaction chamber is maintained at a temperature from about 400°C to about 800°C.

39. A process as set forth in any one of claims 31 to 37 wherein the

reaction chamber is maintained at a temperature from about 400°C to about 750°C.

40. A process as set forth in any one of claims 31 to 37 wherein the

reaction chamber is maintained at a temperature from about 500°C to about 695°C.

41. A process as set forth in any one of claims 31 to 37 wherein the

reaction chamber comprises a sidewall and wherein the temperature of the reaction



4 1. A process as set forth in any one of clainms 3 1 to 37 wherein the
reacti on chanber conprises a sidewall and wherein the tenperature of the
react i oncwarzhsyo77ssomai nt ai ned from about 4000C t o about PBEAGEMPeHPP! Yi Ng
heat to the reaction chanber sidewall21 42. A process as set forth in claim
4 1 wherein heat is applied to the sidewall by a resistance heater. 43. A
process as set forth in claim4 1 wherein the heat is applied to the
sidewal | by contacting the sidewall with a conbusted gas. 44. A process as

set fOftBhd'n'ibe?'isarhaﬁhéai&edvifftﬁﬁ@B(El}tﬁb@?dﬁf%aaﬁooht%o@@@'b!y%EplEyﬁl_gltHé@tll Ritdeval | by

i nductively heating the sidewall with an induction coi 5. A process as

set fort teaptoraghambeesidéwadl.ains 3 1 to 37 wherein the tenperature of the
reaction chanber is nmaintained from about 4000C to about 8000C by heating a

portion of the disghay ilic et raf.l ugr.i and_i.ntrqduci t he heated
silicon tetrafl uoriggeAﬁjgg?e%SeaSrsgggﬁholn Ci%%l evrvge?%g.h%%wp% gleeggoghgé set forth
i n any okidcwill by airdsistahcd he@ier37 wherein the reaction chanber conprises a
sidewal | and wherein the tenperature of the reaction chanber is maintained
from about 4000C to _about 8000C by (1) a,ppl%i ng he@[}3 to .the reaction

chanber sideval | ard: (2ProRedes 8Y farth ot ¢pgh brvhere G Setdr gaticdite ficon
tetrafl “Qﬁﬁgﬁ%g’fQorldft%étfn%%@éiagwélh@itﬂ%%Bﬁ@u&bcﬂlg&‘?n tetrafluoride to the

reaction c process as set forth in any one of clains 31 to 46
wherein the fluorosilicate is a powder conprising powder particles. 48. A
process as set for#h Amprodeas ay %7 fantheineiamtHevipaeinitod kst happliettodher age
nom nal di,a r.of fr about, 25 mm.t 0. about, 500 49. A process as set
forth inSIQ?‘gglETEWfld&}Fméq?gb?ﬁl%%g t%‘“é?%"i’#‘f’ﬁ ap P} ‘quﬁcat e powder particles
deconpose to produce silicon tetrafluoride gas and a solid residue of

al kal'i or al kal i ne4gaptprocmt & sct Foat ind@y 0b®of AaiisTIED S 7asheseih theOr th in
claim49 wherein the fluoride residue is discharged fromthe reaction

chamber . BmPeptyie9f digsregaiogchampertip mainteiped FPBRbRREAM R te #loua$RO°4dy peri od

of heating a portion of the discharged silicon tetrafluoride and introducing the heated

silicon tetrafluoride to the reaction chamber.

46. A process as set forth in any one of claims 31 to 37 wherein the
reaction chamber comprises a sidewall and wherein the temperature of the reaction
chamber is maintained from about 400°C to about 800°C by (1) applying heat to the
reaction chamber sidewall and (2) heating a portion of the discharged silicon

tetrafluoride and introducing the heated silicon tetrafluoride to the reaction chamber.

47. A process as set forth in any one of claims 31 to 46 wherein the

fluorosilicate is a powder comprising powder particles.

48. A process as set forth in claim 47 wherein the particles have an

average nominal diameter of from about 25 yum to about 500 pum.

49. A process as set forth in claim 47 or claim 48 wherein the
fluorosilicate powder particles decompose to produce silicon tetrafluoride gas and a

solid residue of alkali or alkaline earth-metal fluoride.

50. A process as set forth in claim 49 wherein the fluoride residue is

discharged from the reaction chamber.



time between introduction of a fluorosilicate powder particle into the
reacti on chanber and di scharge of the corresponding fluoride residue is
from abouwoO2o0rva1g8es t o about 50 mi nutes. 52. A processPag/tsed09fesivh i n
cl ai m 50 wherein the average period of2 tine between introduction of a
fluorosilicate powder particle into the reaction chanber and di scharge of
the corresponding fluoride residue is fromabout 10 m nutes to about 30
m nutes. 53. A process as set forth in any one of clains 49 to 52 wherein

t_he_ fluoride resi dS'P. qurgée%%@{egﬁgtﬁih@[ﬂiﬁl% \f/ﬁéil&hitﬁ’@a\%?a“gg%fioé[\/bf h t h_e
silicon tetrafl uoride |scharged fromthe reacti on chanber and wherein the

f 1 uori detimedetivesniiniragpnemocadiliorosritdie pewlérqunideintafhicuencitide chamber
ticulate,. tor. 54. A .set. forth i f i 31
Po 53 whatEiRaRRE b dhe et MO BRSPS o B fi B o o ot

| ess t hamimheut 1 bar. 55. A process as set forth in any one of clains 3 1
to 53 wherein the reaction chanber is naintained at an absol ute pressure of
from about 0.001 bar to about 1 bar. 56. A process as set forth _ in any one
of claims 3 1 to 532whdresess thet fatdpickimcRaiaeinithe srrageaeriedoht an

absol ut e,;pLesRING ilii}troéurcﬁgﬂ gigfﬂﬁorgsigg%—te pg\rvg%cba E}:?éjﬁltcp;[h% rOR%ion RffampbrPr OCESS

as set forth in any one o al s ereln e reaction chanber is
mai nt ai net dikchargeadfaind cirecsporelisgifieorafe rtsidim about atthud 00 nbauted © abbotut 0. 01
bar. 58. $ rocess as set forth in any one of clains 3 1 to 57 wherein the
f I uor osi P Eg?ﬁe$s dried prior to introduction into the reaction chamber.

59. A process as set forth in any one of clains 3 1 to 58 wherein the

fluorosilicate decegipasRScds@adPdcPeinans@ht f E18BhsHiLoSh vArahkd | or
al kaline earth-netal fluoride and wherein the process further

conpr i sefuetidecissidys ivgligchauged diony the irehgbion clmmbichavithghe silioon hathyaide
discharged from the reaction chamber and wherein the fluoride residue is separated

from the silicon tetrafluoride in a particulate separator.

54. A process as set forth in any one of claims 31 to 53 wherein the

reaction chamber is maintained at an absolute pressure of less than about 1 bar.

55. A process as set forth in any one of claims 31 to 53 wherein the
reaction chamber is maintained at an absolute pressure of from about 0.001 bar to about

1 bar.

56. A process as set forth in any one of claims 31 to 53 wherein the
reaction chamber is maintained at an absolute pressure of from about 0.001 bar to about

0.1 bar.

57. A process as set forth in any one of claims 31 to 53 wherein the

reaction chamber is maintained at an absolute pressure of from about 0.001 bar to about

0.01 bar.

58. A process as set forth in any one of claims 31 to 57 wherein the

fluorosilicate is dried prior to introduction into the reaction chamber.

59. A process as set forth in any one of claims 31 to 58 wherein the
fluorosilicate decomposes to produce a solid residue of an alkali or alkaline earth-metal

fluoride and wherein the process further comprises:



reacting the fluoride residue with fluorosilicic acid to produce an al kal
or alkaline earth-netal fluorosilicate; and introducing the alkali or

al kal i ne weanotv/aressal fl uorosilicate to the reacti on chamb@mus2@9/068103yst em
for preparing silicon tetrafluoride B the thermal deconposition of an

al kali or alkaline earth-netal fluorosilicate, the systemconprising: a
fluidized bed reactor conprising a reaction chanber for thermal
deconposition of fluorosilicate into silicon tetrafluoride gas and an

al kal i or al kal i neqgafd-fingelutidd tRILE 48m Bc RERESH cRRRREat us in thernal
comuni cation with the reaction chanber; and an exhaust gas treat nent

system for treating gases discharged fromthe fluidized bed reactor, the
exhaust gas treat nmeacting/he dhoddngesidar matheflysaesilicie peid éo pioguecaanorlkalh 1 ui d

comuni cat ispn. W th, the fd ui di.zed. reactor for renoving al kali or
aIkaIinegégggﬁpég %fn§#J§PW>§“§%a§§ he gases discharged fromthe fluidized
bed reactor. 6 1. A systemas set forth in claim®60 wherein the system
conpri ses a dryi nginmpdaciag te dloili sremiowing ganipngtal fleofosidicuia td kheor osi | i cat e
feed. 62. A systemas set forth in claim®60 wherein the system conprises an
ef f I uent 'gekon ¢hamdsent system for treating gases di scharged fromthe drying
apparatus, the effluent gas treatnent systemconprising: a particul ate

separator in f|Uid6GOKE§ﬁ£ﬁﬁ%iﬁ@pMﬁi iE&&h&Mﬁﬂdﬂﬁd@%?@ﬁ@ﬂ&ﬁnﬁor separating
fluorosilicate dust fromthe gases discharged fromfthe drying apparatus;

anda vapdecogwpaitian of at alkals onaléalsionggrthenenl thapovlidatothe dystegases di schar ged
fromthe dryi.ng apparatus. 63. A systemas set forth in any one of clains
60 to GZCWﬂ%?%%% t he exhaust gas treatnent system conprises a vapor
separator for condensing and renovi ng

a fluidized bed reactor comprising a reaction chamber for thermal

decomposition of fluorosilicate into silicon tetrafluoride gas and an alkali or alkaline

earth-metal fluoride;

a heater apparatus in thermal communication with the reaction chamber;

and

an exhaust gas treatment system for treating gases discharged from the
fluidized bed reactor, the exhaust gas treatment system comprising a particulate
separator in fluid communication with the fluidized bed reactor for removing alkali or

alkaline earth-metal fluoride from the gases discharged from the fluidized bed reactor.

61. A system as set forth in claim 60 wherein the system comprises a

drying apparatus for removing moisture from a fluorosilicate feed.

62. A system as set forth in claim 60 wherein the system comprises an
effluent gas treatment system for treating gases discharged from the drying apparatus,

the effluent gas treatment system comprising:

a particulate separator in fluid communication with the drying apparatus
for separating fluorosilicate dust from the gases discharged from the drying apparatus;

and



wat er vapor fromthe gases discharged fromthe fluidized bed reactor. 64. A
systemas set forth in any one of clains 60 to 63 wherein the system
further cwoppicesssa fl uorosilicate feed storage system PEF/US2MOpet1eIN as set
forth in claim®64 wherein the systemZXurther conprises a conveying
apparatus for conveying fluorosilicate feed fromthe fluorosilicate feed
storage systemto the drying apparatus. 66. A systemas set forth in any
one of clains 6 1 to 65 wherein the systemfurther conprises a conveying

apparatus for conveyhig sEhHa6PRrlcbrRhSink SREkrVApIR 418 ity ydsBdidRAsat us to
the fluidized bed reactor. 67. A systemas set forth in any one of clains

60 to 66fmmeheidryindeppayegesem further conprises a silicon tetrafluoride
product storage system 68. A systemas set forth in any one of clains 60

to 67 wherein the gyshemLurlhersGRIPLISER & Fil 8o koWl 'Rk de .
conveyi ng apparatus for PTrans erring a pofilon 0 he silTicon tetrafluoride
di schar gethafistqis tlagtnfchtiyyditcaecorhgtkck @ aap@rscpaton foricbnddasingdnd edndvdaet or as a
fluidizing gas. 69. A systemas set forth in any one of clains 60 to 68
wher ei n PRET ygiardipnt thetgdess dwshpieed dempthe flyistizeddedreastatent syst em conpri si ng
a fluoride reactor for reacting fluorosilicic acid with alkali or alkaline

earth-metal f1uori g i SGHArASE bHAM WRPold iz d0edy LBRRSOIhct O produce

an al kali or al kaline eart a | uorosilicate. 70. A systemas set forth
i n cl ai mBEmhether porhprescs y$luernsflicatcecd gomge sysésn.a conveyi ng appar at us for
conveying al kali or alkaline earth-nmetal fluoride discharged fromthe

particul ate separatpr ,to the fluoride reactor.7.1. A syst as set forth in
claim69 or claim 3_éﬁ%ﬁ%@ﬁ“ﬁﬁé%gbé?8%F?ﬁ?Fﬁ%?ﬂ%gﬁﬁyﬁggéﬁgh%bnvgying
appar at Ugorhfiisc§ @R¥RYyE dppHRbRSol et eindifsehaneed ftéomhhge f 1 uori de react or
to the fluidized bed reactor. 72. A systemas set forth in claim®69 or

cl ai m 70fluprepidicic fend stqragaesystent toike diyorgpanpe@susa dryi ng apparat us for
renoving noisture fromfluorosilicate discharged fromthe fluoride reactor

66. A system as set forth in any one of claims 61 to 65 wherein the
system further comprises a conveying apparatus for conveying fluorosilicate feed from

the drying apparatus to the fluidized bed reactor.

67. A system as set forth in any one of claims 60 to 66 wherein the

system further comprises a silicon tetrafluoride product storage system.

68. A system as set forth in any one of claims 60 to 67 wherein the
system further comprises a silicon tetrafluoride conveying apparatus for transferring a
portion of the silicon tetrafluoride discharged from the fluidized bed reactor to the

fluidized bed reactor as a fluidizing gas.

69. A system as set forth in any one of claims 60 to 68 wherein the
system further comprises a fluoride treatment system comprising a fluoride reactor for
reacting fluorosilicic acid with alkali or alkaline earth-metal fluoride discharged from

the fluidized bed reactor to produce an alkali or alkaline earth-metal fluorosilicate.

70. A system as set forth in claim 69 wherein the system further
comprises a conveying apparatus for conveying alkali or alkaline earth-metal fluoride

discharged from the particulate separator to the fluoride reactor.



73. A systemas set forth in claim72 wherein the drying apparatus is the
sane drying apparatus used to renove noisture fromthe fluorosilicate feed.
74. A syswormu®73880 forth in claim72 or claim73 wherelPaTiUS2009p68163N
further conprises a conveying apparat2¥s for conveying fluorosilicate

di scharged fromthe fluoride reactor to the drying apparatus.

71. A system as set forth in claim 69 or claim 70 wherein the system
further comprises a conveying apparatus for conveying fluorosilicate discharged from

the fluoride reactor to the fluidized bed reactor.

72. A system as set forth in claim 69 or claim 70 wherein the system
further comprises a drying apparatus for removing moisture from fluorosilicate

discharged from the fluoride reactor.

73. A system as set forth in claim 72 wherein the drying apparatus is the

same drying apparatus used to remove moisture from the fluorosilicate feed.

74. A system as set forth in claim 72 or claim 73 wherein the system
further comprises a conveying apparatus for conveying fluorosilicate discharged from

the fluoride reactor to the drying apparatus.



