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The reagf Hnﬂ&lals"%étﬁtg il the BoneiRtidN oF thel sBdium aluminum fluoride coproduct, a valuable material
for use in the Hall aluminum process. The sodium aluminum fluoride during storage reacts with moisture to
produce a hazardous condition. Worse perhaps, during the operation of the process the sodium aluminum

50 hydride decomposes to form metallic aluminum which often creates maintenance problems by plating upon
and fouling process equipment. Agitator blades and pumps as a result, e.g., have been damaged. Moreover,
the silane product, due to its high solubility in the solvents, has been lost to waste; and flashing off the
solvent provides only a partial solution to this loss, as well as resulting in the production of additional
metallic aluminum by decomposition of the sodium aluminum hydride.

55 U. S.-A 4,847,081 (Bossier et al.) discloses a process for the continuous production of silane, and a
halogenated coproduct, by the reaction of a silicon halide, notably silicon tetrafiuoride, with a metal hydride,
notably an alkali metal hydride or alkali metal aluminum hydride. The reaction, which is exothermic, is
conducted by transfer of the reactants, in a slurry, between two separate reaction zones, a first generally
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conduct ed by transfer of. the reactants, in a slurry, between two separate
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Figure 1 is a schematic .represent ation of. an enbodi nent of this invention.
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di f f er engeiink Hst'ﬂfﬂmﬂtﬁhtw’oﬁtauhs)fldoﬁ@bdo&‘alﬁinﬁ beprbdust\(NafAlsH: « +2AIES, 3on NaAlB:) and Brmict | on
zone, e.rgactiont Taditm. oMalsdf contaihs sae Unedatteld NaAIH, lsiecesibe prodess deapuriosely zandected: 9
achi exe thdt tise kham e buinolan ambint of SiBLIb Ftradwteckint yesselJ2CPreferably.rfiom 0&atot#%rPYof
t he t ot aleightwdihetNaAblf isgedcted inthdisbssele and net al hydr | de reacted in bot h
reacti on zMoegrefesabivd from 85 trse9%cof ther NadiHa ds teprtedgn the pemary Feaction |vessel; In geaerab I oy r |
react antls idesiralie] (8} dairenes mast of the Motk r"efhﬁitvpﬁﬁ' !’@h%‘e g’E?)"S'P rtab ) wacuek Mellife s ( a)
a first rpasted]in sher eegondenyivessel 1o giveta t9pperalro JnGreasy I ri’P?et H'?;‘c'l YVilh or 'd? é‘a@t i on
mi xt upse diffprantial temperetyre high enoughstogenarate a sufficiently pen

i qui d o Yiheeoygl Prepisiana °fd%rrt?1(° 'e‘ae iRare: “P' ion.

v:a line 16

above sa Yegso

el e ﬁget @oﬂ;.d? |b|
gas eous Lﬂ 8? an'%e gﬂjﬁiﬁﬁ E:I;%i%gfie }{ro h%ﬁgﬁmiﬁﬁ%ﬁ%&

i nt roducedc?'ltlf“tﬂ‘gtﬁ% reder ? 'QE[{H rya el eﬁssﬂ 8 TSQFTE;H

'e el S 4 nsrdeﬁea Sl o
bet ween QH h aQ?ﬁ.@é?Hﬁ‘staﬂ the Geactioh Jn't ﬂgﬁbd SbmewhHE olt AP stél@RARry, bl Of
the Iiquy ttmth's%—mt YtbrbtoRs auauttth@rea&&mwp LRIBAbrhél of ASHE stbihidhidtry istachievatis Ol
the Kigeid daedbove! e HfiaBAtIaRBmMperatie bétwooniilelliqild teipertiaamide ves3el 20 ard &6 liquid

m nut es telﬁ RAt@6 %péytrﬁanﬁ)iheﬁoitﬂ alfint R4 YisRIS . lind MB)hd @<l o penefaterd sighaCtohegliatessifss , .
the net adow THeISigh&l chrb opdh oAtided Ivhivedant (nby Sidwicin firel 22016 incredse ONUdéidaseNbd-hmaliot and
Li H or ad s, liidoduceteinilvessbilai Thareripeebturatanskio|aed dudsidef theorwadtar ie], jn vasrdl 20taad in
silicon Inahé e besleerminsl by B sultdbe mmangsisteascf resisianse formperattiie dptectérdRTD). | s
consi eer edFae egssl 20, watbriat Govishibrofgly lire 26cintot senarafionirprsh28+dy thet zeeppilgyec and
Al so, i voescted SiFc @ius lothbii ghseous \waterialish(ifzpreserthare Sﬁmtﬁaﬂ%?@ﬂ@'tﬁr@a noRreqyet
(NasAlsF1s + 2AIFs, or NaAlF.). The solid product is removed via line 30 for further processing. The
gaseous material is transported via line 18 into vessel 12 thereby closing the Toop.
- Reference is now made to Figure 4 which embodies generally the process scheme described by
66 reference to Figure 2, but further includes features which better control the mass transfer of the silicon
halide, notably SiF, from the vapor, or bubble phase to the liquid bulk phase of the secondary reactor. The
secondary reactor in accordance with this preferred process thus includes means for splitting the flow of
SiF, into the secondary reactor, and variable speed mixing sufficient to produce substantially complete
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are al so consi dered equi-val ents of ‘t he [err] reactants. Such equival ents

are ilbustrated by [err] SiFC2Br, SiF2/ClBr, and the like. 15 The

process of this invention is cERAITAIB 5 reaction | oop like that

di scl osed in Bossier et aI . Referring to Figure 2, sodium al um num hydri de

|nasolut|on|staen ourha *}E{&’ (op% Sa!il: by by i b i ced

cli e t -] rde tal hy i li

via | : ET%ETP 8 'P an a ﬂuori% Lalt oml:ﬁ f\ la Bf Ejmvmfe #9Re & me t%Egt
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e%ﬁ th‘4€s§5ir€‘a ichidmbttid bRl ity SFSihirddlcdE af 8 Qs MdTBEtJor 43 vik ArveeeXi t

neans whtie a%¥Sechs sﬁrawpe%adcf is TBIAVS b tHYDEROY 82 via WRSSE R shidy icontaMimyounteatBed Wi t h
fluid gRlufyalufRRRchydiie i§ WM ik the Bottoat ¢f reabor @2 MidiRbWs inddrauiBepintoasdcon zone
28) i Sg0), el s36HAGA readibreot Stiel BASYS Féafiites MAISH @itinglish the nematia) ofcthelsebondany deastini x ed
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r enot @l skqapnaf tSife direglly: intathe yapss anace, pfihg repglor AR m%?"secfé!?'ﬂ "Sé
f1 uori thersindmseaPrEsH Hyﬂdpvrbafd@m %'? ﬁgsealﬁd“'r“f" ﬁ.ﬂﬂd u“@
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at r eaconsigiantiwith heragount ef Sidetroduneg gifectly '!“Fl “[eé'ﬂ\" “‘ %ssel
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in li n@reia@ab&arbnb'e ntktites (o110 @hubbg. 18Ry genbrbllycpibleratie anepesiteCon the I sidesofsharace

t enper adngéscro @ptinfial MM cerkyTio)compibtion the rbaction hetwsee the BIF, andsaliumadlurhihumnBydride, ough
line 2Ghientt thoSepatind indimizirgree sibPresding theheworalam eaaction betwesndineoSiEiand dhotsedu er 1 |

pl ussoOGlminug Astidais mat erial (s) (if present) are separated fromthe solid
reacti on Ipthedperatioh of the unifidescribes! bycrelerenceute Fighre 4y theraf) aas fpmathe fepgdor B0 isttgjen

f ur t hefiromp thecgas shase) above the djauicbleves 63rendenasad by liner 56 diraqyy infothe ¢aparation ﬁ%'“"I'Bﬁ nt o
vessel Lingid from thethpitern eispactpr B is fechyina s%é?@r"é%ﬁ%‘"?éherﬁﬁwr??ﬁ'(‘j %°"{"6' % gf’? whi ch
enbodi eepasienines |te gorvele thgrqse =ad i é'f'Péesdé%sB?‘i“YPé’d t‘b °5§9pa’? ' i gure
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t he i |S?B.R€q[§20'}-ﬁg umw |ane g | S an sol

i qui dP ?A}YFPEQ E [
accor d SPpaeEt yia '?ee?fe e 9}[ dby ncfeﬁ% %Br%sﬁ] or ag Tolh%? i ng
the flow of SiF4 into the secondary reactor and vari abl e speed m xi ng
sufficient to produce substantially €onplete




EP 0 377 900 Bl reaction- between the silicon halide, or SiF4, and the netal
hydride or netal al um num hydride in the |liquid phase to produce sil ane and
a fluorided salt, notably netal 'EPOR7 90 Bluori de, while at the same tine
m ni m zi ng secondary reacti ons whi ch pr oduce si i ceous i mpur i ti es, Si Q2.

Liquid | ev 'o 2l 'r s al so rovr n | stent L gyl
d and €eh i ?
e Foldeg ce% &ar SR it

{elnf
react or o ﬁré Jaaa.!bo
anount mr.rﬁ?fyer.a ntfofilch® ﬁfé %@a&ei Mo o2 RS i Sl 5 i1 e

a QaSeous  Alskiftid PraefitieRbd Ml rb&gr.msmns iR b8 isddR8 o thétsrelhdiasl deBibét thedd

Sl urry cqaed fdt Bb Bdwh Bh&ahdyarb wlimeand! un num hydride is w thdrawn fromthe
bott om of OReEH Y festutes/bfdnhid invbRtionGs Hitthe s08ilm AMMGM injdride BrRAEYeA in thdembdaient
secondarnsing &fesdribéd fided NBEDE Piliré. A6 canFiRAiised @B thetmitite Grodiided By i rédetiighduntii@l aid on
of the ssdiondatr sbdiumalijdide) Wih hgdloga @hddr peessype il inOthe @@Santé lof ah Alyminarh allkginc e
t o Fi gurcata@staand:a fykyocdrhen Gbdivin isadhr sstioloerd. TsONsAlG, startvgt mater@D can be imades in

i NSt anc egevéral ab¢ordandeith ioge artiiel cther mbthods \nbAsbby; HD18,0455648, LS #,081:62¢.1 Otheg misthddsvi a
l'i ne [ erarq kndim: darekamplonV.§. 4.928,176, end 4b2BA0se, and a second which is fed via
line 522 i H!eofqlwgveqyd-m-t@@@a@mﬁs gre dliusteativelOtypicat )of Aonsiderablp | aperslingeekperioneer , or
agi t atsorgaied whils| deyalepingghis tinvention Referaes i fisst magetor Bample: Thenigadtion vessqls had 62
whi ch i PPt dhei diraersiprs given ebayp (170 and J&itars). They pvera eauipped rreoerm'raec paetvith ien g
const antemopgimeny ilugitated by;Figyre 2. (Theysqdiumglygpinumirydridgfaqd; strgam jsi42ecsopiym duminpm o

st ream dvot t?“}itﬁldf]‘ﬁ?,d[tf’91%’ﬁ?8°'ldﬂ‘§'"% BEECORace of the reactor 60 nore

effectiv ||¥ Iyl ntains sufficient SiF4 therein to suppress the build up of
flammblé‘igﬁggous m xtures, and the direct injection of a controlled anmount
of\«[err] the liquid supplies sufficient SiF4 for rapid reaction

bet ween Q&Eerr] and the sodi um al um num hydride to produce sliane and

sodi um al mmu@m@eecomylsaceanma.éwuﬁdsmsr LR £65 jepapecondary

react js0ons %hémnsl% SydldmEaluidubn %&%sblﬁl&h‘hédd'a@%mﬁﬁ t6Hals] previously
di scussed, ' si4bd doiud Rlumiimthpdtid [err] is |ntroduced Vi a line 52 to be

st oi chi onet ro.g53 N3AKCHIRH, (am-me anount of sodi um al um num hydri de

i ntroduced w.60% N&3&IH4O i nto the reactor 42, but better control of the nass
transfer of CR0Palunmibun wétel | i qui d phase for reaction with the sodi um

al um ssum KB8) 68.5% ef NaAlHa rveacisdreptinayy rbazedibalgncp irsdecanddry reactent of the [err] into
the |iqui ¢ phaMe-1treactsdmeecondery ieattae sodi um al uni num hydri de, this being
det er m nedb) bynolsedt Biffc wadtewithemolesad OMitle of [err] input into the liquid phase
and the aff)Sie Peotluct gontainsilSrngly b\Heded the liquid. Generally, this balance is
25 provi d&ePopp mf"e@tﬁ"i'vng'PGﬁﬁ'SZO percent to 40 percent, preferably from 23
per ce¥it taoef@ @rQ?Eh(’“ °(ﬂas'f)he errL‘Evr a line err]s' directly into the Iiquid

phase, oglect gy, t'?‘i‘é'“ﬂ%ﬂ"?‘]‘e‘\)'l"tﬁ Hine 522 into the vapor

phase of 3 QOYS RS h°"’@?§k9"?’?§ﬁﬂf8ﬁ’ Bercent to 80 percent, preferably from

70 percen ) ﬁ’g' 'Z:t%nt of the [err] Expressed in terns of nolar ratios,

thls generaIIy from0.20 to 0.40, preferably fromO0.23 to 0. 30,
unt of [err] introduced into the second reaction zone is

[ ntroduce gnto the 30 Iliquid reaction mxture; the bal ance being

|ntroduce rsr,.@%gfy Into the vapor space above the liquid reaction mxture.

The varla e speed agitator 61 is adjusted to run at a rate of speed
suf fi gi qnyicalkc@atioR Lhy8ridedrebble X hatAt possi bl e, consistent with the anmount of
[err] introduced ditectry fnto the liquid, the rate of reaction between the
[ err] andLétlxe= by ppun@sipsd hous SiFi ruattadith NaaidyM f | uori de, and increase to the

ext ent posstiyb+ e, paatspe heunSiFywrdadt vithomMarrount of [err] introduced directly
into the liquid, the reaction between the [err] and the 35 sodi um al um num
hydrisde to formsilane. In general, it has been found that the liquid of
the reactor 60 should be stirred at a rate ranging fromO0,23 to 10,69 [err]
(0.0012 to 0.0550 H PJgal. horsepower/gallon)), preferably fromO0,64 [err]
(0.0033 H.P./gal.) to 1,32 [err] (0.0068 H P./gal.), for optimzing at
these input levels of SiF4 into the liquid phase the rate of reaction
betwe®n the [err] and the sodi um al umi num hydride, and minimzing the rate
of reaction between the [err] and the sodium al um num fluoride. The

adj usted 40 speed of the agitator 61 in concert with the neasured anount
of [err] injected directly into the |iquid phase of the secondary reactor
thus regulates and controls the reaction of the [err] and the sodium

al um num hydride to produce silane antl sodi um al um num fl uoride, while at
the sane time mnimzing secondary reactions which produce siliceous
materials other than silane. The liquid |level within the secondary reactor
60 |s rrar ntar ned at a constant Ievel consrstent vvrth the 45 rate of [err]

oy ..



preferably:from5 mnutes to 10 minutes: It is generally preferable to
operate on the Tow side of these ranges to optinize and carry to conpletion
the reaction between the [err] aﬁ?cpg%cﬁ‘ﬂrﬁhl um num hydride, while at the
sanme time mnimzing or suppressing the secondary reacti on between the
[err] and the sodium 50 alum numfluoride. In the operation of the unit
descri bed by reference to Pfgl¥® 4, the off gas fromthe reactor 60 is
taken fromthe gas ase aboye the liquid |evel 63;?&& assed by line 56
directly into theN§83§nafioﬁ°€olunﬁ'58. Liqui d Qr é?SbIton1of reactor
60 & fed via a separate line 62 into the separation colum 58, the use of
separate lines to convey th 923318 | i qui d phases, respectively, to the
- separation colum 58 being 25__p1egg}ably to the use of a single line
because pluggage ppplhens are gpgatly nmipig zeghy Wthin the separation
colum 58 the gases, liquids and solids phases are separated, the gas which
is pfdncipally SiF4 being conveyed via line 48 to the primary reactor 42.
The liquids and s¥aRdH,ar e=r efoBEgi2%r omt he Beparation calurm 58 via line
64. Like the operat+oem—descri bet—y—ref erence~to Figure 2, the overal
process 6 EP 039PMH60 Bl is Rnld%4ychi one®+8% bal ance or at all tines
near st oi chionetric balance and the process controlled by the differenti al
15 .
tenperature, or tenperature difference between the tenperature of the
reaction mxture wthin %egﬁégr 60 and the tenperature of the products from
reactor 42 introdtfced i ifo ctor 60, which is used to regul ate and
control the amount, of [err] introduced via line 52 into the reactor 60, or
t he gnmount of sodfum 5 al um num hydride introduced via line 40 into
reactor 42, or both. A skilled practitioner will recognize that punp neans
ar& used to nove the streans as described; these need not be shown since
they are within tke+agt= @oe of the features of this invention is that the
sodi um al um num hydri de enpl oyed in the enbodi nent bei ng descri bed need not
be pare. It can be used=i A0t heundstSik, e tvatdr by reacting al uminumand to
sodi um (or sodi um hydri deF=FrEryoroger—raer—pressurar and in the presence
of an alum num al kyl catal yst 3he8 ak&yrR®RIWON nedi um such as tol uene.
Thus, [err] starting naterial can be nmade in general accordance with one or
t he ot her net hods of Aghby' U S._4,045,545, U S. 4,081,524. O her nethods
are ®nown: for exé%pﬂ@,gw.t.y4?5§%,l76, and 4,529,580. The foll ow ng
non-limting exanﬁgeiaggﬁ LIZHstratively typi cal of considerable operating
experience 15 gai ned ife developing this invention. Reference is first

made to Exanple 1, Ihg. j \; 0 I ATENSi ONS gi ven
aboye (170 and 38YI i tg 2 = e qjléuﬁ;a)%égé)ltg gﬁeér?g‘rdgi:ngccor dance with

t he "enbodi nent il kust ra{ ed-by. 62 0xirées 258 %;ﬂgil;g% Hau® g hydri de feed
streamis 14% sodi um al um num hydr i TE, to 11 % for
conducting the reaction. 20 Exanpl e31.4I1RgBuses: (1) Feed rate of SiF4 to
secondary reaction vessel is 70 pounds per hour (31.8 kg per hour). 25

(&) «Anal ysi s of sodi um al um num hydride sol ution used as starting
material s: 14% sodi um al um num hydride 0.85% [err] 0.60%[err] 0.20%

al um num netal 30 (3) 98.5% of NaAlH4. reacts in primary reactor; bal ance
in secondary reactor. (4) Al OVW1 reacts in secondary reactor. (5) 1 nole
of [err] reacts with 2 noles of OWM- 1. (6) [err] Product contains 1.5 nole
%[e&r] 13,000 ppm[err] (nole basis),

v/

50
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35 10, Q00 ppm [efrr] (#nole basis). (7) Neglect any DVE deconposition and
DMVE | eaving enfrained with [err] &? 70 pounds per hour (31.8 kg/hr) [err]
feed rate. (9) molecul ar weightsE 3731‘998@2 40 [err] 104 [err] 54 [err]
[err] 60 45 (11) Calculation of hydrldes react ed per hour Let x = pounds
per hourmé r h Q% hour [err] react with
[err] 50"BE Wiy = "67.1069 y 20 x
+y =70 25 : [err] or 30 67.1069y + y = 70
68.1069y = 70 y = 1. ORaRDN d§ofﬁti¢ﬁnn=(n10D54B2Bg/KG@&SSH X =70.0 - 1.02 =
68..98 gpounds per hour or 31.4 kg/hour 40 45 60 55 8 EP 0 377900 Bl (111)
Calcul ation of anpbunt of solution to be atTtiTZzedper hour at 11%dil ution
NaAl H4 solution - (0.5192) (68.98) 5 0.11

10

= 325.6 lbs per hour, or

0 148 kg per hour

20
NaAlH, = (0.5192) (68.98)
% = 35.8 lbs per hour, or
e — ———
30 16.3 kg per hour
35
NaAlH, feed solution = (0.5192) (68.98)
NI
0.14
45

= 255,.8 pounds §er hour or 116.3 kg/hour

e ———— — ]
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0.11 10 =,325.6 | bs-per hour, or 15 148 kg
per hour 20 [efr] = (0.5192) (68.98) 25 = 35.8 |bs per hour, or 30

16.3 kg per hour 35 NaAl H4 f eedFR8BHH = (0.5192) (68.98) 40 0.14 45 =
255. 8 pounds per hour or 116.3 kg/hour 50 55 9 EP 0 377 900 B1 (1V)

caIcuI@gh%E fna:m&pt tmgﬁl ent rqmired per hour Dilutin sol ution
reauir -=—g%grggg—ﬂg§£§—=—554§5fbg—ber hour = 31.7 kg per hour 10 (V) Sum
of Materials Added pounds/ hour kg/ hour 15

Si F4

. . : g S ion
255. 8 116%"&%’#&3&&%’%&& B UL o g
179.8 20 25 30 35 4045454 3%l0ar HERL 377 900 Bl (V1) Solvent in [err]
feed 255.8 x [1.00- (0. B523 dbg der, bz S/ 0.002)] 5

= 31.7 kg per hour

10

(V) Sum of Materials Added | pounds/hour | kg/hour

15 SiFy 70 31.8

NaAlH; solution 255.8 1163

Diluting Solution 69.8 31.7

395.6 179.8
20

N

25
30
85
0
45

50

55
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= 215.8 I hs/hr .or 98.1 kg/hr 10 (VFI) Gaseous Products Anount of SiH4

prbduced = (0.5192) (68.98) x 32 15
54 = 21.2 | bs per hour or 20 EP 0 377 800 B1 9.6 kg per hour 25

C2H5Si H3 produced = [err] = 0.54 I bs/hr or 0.24 kg/hr 30 (The factor

(1/0.962 kes. | account the nolar purity of [err] relative to [err]
[err] angl)ts g in AR %9 35 40 [err] produced = [err] = 0.21 | bs/hr
or 0.08 kg/hr 45 [err] produced = [err] 60 = 0.02 | bs/ hr or
0.01 kg/hr 55 28B.8 %771200-86.34m+0.0as880us oRQ@GE 0 Juemiured

| bs/ hgur kg/ hour sil ane 21.2 9.6 hydrogen

0.Q2 0.01 5 = 215.8 lbs/hr or 98.1 kdy]

0.54 0.24 [err] = 7] 0.09 22.0 10 kg 10
15 20 25 30 35 40 45 50 55 12 EP 0 377 900 B1L (MI11) Amount of Slurry
Produced (by difference) materials in - gases out = slurry produced 395.6 -

22 - B/ 3VH GasavoslBroghets hour or

Amount of SiH, produced = (0.5192) (68.98) x 32

15 54

= 21.2 lbs per hour or
e ———

20 9.6 kg per hour
-/
21.2 13,000 1
25
C,HgSiH, produced = 60 x 32 'x 10° x 0.962
= 0.54 lbs/hr or 0.24 kg/hr
30 ===l
{The factor (1/0.962) takes into account the
molar purity of SiH, relative to H,,
C,Hg, and ethyl silane.]
35
21.2 10,000 1
Y C2H6 produced = 30 x 32 p 4 10* X 0.962
= 0.21 lbs/hr or 0.08 kg/hr
5

21.2 15,000 1

Hy produced = 2 % 32 x lo0° x 0.962

50 = 0,02 1bs/hr or 0.01 kg/hr

&5

1"



—— T

169.8 kg/hr 10, (1 X)- [err] Reactants Amount of [err] reacting in primry

reactor 15 35.°8 x 0.985 = 35.3 | bs/hr or 16.0 kg/hr 20 Anmount
of [err] reacting in secondaryEPORFRA0® g - 35 3 = 0.5 I bs/hr or 0.22
kg/ hr 25 Amount of SiF4 reacting in secondary reactor OvH 1 (see |l above)
1.0 I bs/hr 0.45 kag/hr NaAlH4 = 68 98 0 015 1.0 |bs/hr

0. 45. kg/ hr 2.0 | bs/|hBum of GeSedds Rgdusts pBidudeX)| tasbount| &OhBr 4 to prinmary
reactor 69.3 - 2.04 =068 TDGJE Or 30. 9 KO/ Ty A0 [(Xgl Afount of [err]
produced from[err] 45 0.02 13613%. 8 x 54 = 83.5
| bs/.hr or 38.0 kg/hr 50 (Xlki é%rvents | eqvi pa4pr|i marpy feactor 55 13 EP
0;§f7 900 Bl 215.8| + 69.8 H285.6 Ibs/r @211799. 809kg/ hr 5 The above

cal cul ations, which are summari zed in Flg reﬁﬁr |Ilﬁﬁar te the process of
this invention applbed—teo—ar—enpodtrent—of—the—vrtett—T nvention, i.e., the
reaction sunmmari zed by equation (7) above. In 10 this exanple, the sodium
al ugg num hydri de enpl oyed was not pure; rather, it was contained in a

m xture whi ch conprised toluene, alumnum OVH1 and [err] This m xture was
formed by reacting sodium alum num and hydrogen under high pressure and
in the presence of toluene as a reaction nediumand triethyl alumnumas a
catalyst. The slurry al so contai ned di net hoxyet hane which is used to
solubilize the reactants NaAlH4 and Si F4. The process of the exanple can
enconpass use of reactants that contain 15 extraneous materials. For
exanpl e, the SiF4 need not be pure but can contain about 1% HCI. O course,
purer reactants than those used in the exanple may be enployed if desired.
Ukewi se the process need not contain [err] in toluene. Thus, for exanple,

t he®NaAl H4 can be admixed with one or nore of the other hydrocarbons

dikstl osed in the Ashby patents, supra. As appreciated by a skilled
practitioner it is good practice to keep the [err] under an inert liquid
such as a hydrocarbon since the hydride is reactive to air 20 and noi sture.
For ,fhe process of the exanple, the 14% mi xture of [err] used as a stock
solution was diluted prior to entry into the reaction zone by mxing with
addi tional DME/toluene m xture in order to bring

30

35

50

&5
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the reactjon mixture to. concentration of 11 % It was found that in the
equi pnent used to conduct the process of the invention, that operation at
an NaAl|-14 concentration of 8 tEP937H80&Bht hel ped al |l evi ate sone pl uggage
problens in the lines. Cbviously, 25 the concentration of the reactants is
an irrporé\;@ t y hTrOt g it'(gal. factor of the invention. For exanple, it is
possi bl - ration of 4 to 6% The primry and
secondary reactors had a capacity of about 170 to 37,85 [err] (45 and 10
gal l ons), respectivehmitedidls Ligl-algases sowte=i slumty preduesd . Both reactors
are stirred; vigorous stirri ng hel ps di m ni_sh %ﬁ% i ng probl ens. 30 The
reagtion was conduct ed38%-§ trag2 98339 HPIUNISNR Fe@tted in the first
reactor. It is not necessary to usl%ggﬁi,gg/fhliactional amount; nore or |ess
[err] can be reacted as desired, so long as the heat of reaction in the
secondary reactor is high enough to produce a differential tenperature
suffigient to generate a signal that can accurately govern the flow of
[err] UngteMaAlHi@nd SifdRéaclants i n t he exanpl e about 92,31 kJ (87,500) BTU were
generated per hour. O this heat, about 2,32 kJ (2200 BTU) were generated

in the secondary 35 reactor. This was sufficient to allow use of the RTDs

enpl oyed to det er nAReURt OF NpdkHay ZeaHRG, 3B BEAPAFY TR PEact or and upst ream
theref and to gengrate neans 4 § Yabds N8sfs OWshr[6¥r] to the secondary
reactor. The application of the use of the=gi=tkesential tenperature to
adjust SiF4 flowis within the skill of t#ke0dg/hrThe reaction of [err] with
OVH1 is slower than with NaAlH4, and for this exanple it appears that

practically all of the C]\/Ig cts_in.t S g,'qﬁg £&ReLer. Under the
condi®i ons” enpl oyed™ e 2 ééé&mf ac%fn‘i]gg Lprrlg%a._c..t_s—i—n the primary
reactor, the OVH 1 is exposgg.d G- 3si ¢lato.selysgirear deal of [err] in the
secondary reactor. It appears that these—o'geml-i'ng condi tions cause all or

about all of the OWH1 to react to yiel ®-BPok¥s other than [err]
Evi degce indicates that if the relative [err] concentration is reduced,

say by reacting ngiantert lsie) HReifgofidekondisl deactsie anount of [err]
produced from —the—arpuit—ef—terrt—mpresent in the

reaction mxture is | ow enough that the gaseous products‘prgduced 45
t heref rom can be GMgivdr ¢gee (T abeve)r ocesk % dPEMRIuct el 4% X84 F he exanpl e.

The pwocess of th ove | e b LE by gsifikgpfi® Or nore of
the foll ow ng as,'galﬁ‘gﬁﬂl éciﬁg?xf%'fﬁ'ﬁer %{?%&ﬁ}% ur rgfgﬁgg‘ et produced by
the invention can be dried to renove scﬁ‘ﬁﬂ'_fh%ﬁl uent plus DVE). After
removal of the solvent by any suitable technique known in the art, the
product can be ground or conpacted 50 to a desired size. The product

cont a¥ n$Amopnt of F+ tagrimay pepctaind t he amount of sol vent conpl exed with the
product (and therefore not readily renmoved by heating the wet product) is

| ow. Consequently the proRR43 is 3404 * 5% the(lbl exfor use in Hall
electrolytic cells. The process of this Frvemntron can be used to prepare
silane suitable for use as a source of e3@c? ¥ B¥grade silicon. For this
pro‘ge, the silane produced by the nmethod of this invention can be
subjected to 55 further purification. Silane can be purified by many known
techni qu@asamduil of INGAID! podbded @3 Nakingli Stillation, pressure distillation,

sel ective %sor‘pﬁ-o-n,—lmﬁd-e—gas chromat ography and sim| ar

t echnjsques; confer U S. 3,019, 08%,, 3,041, 141; 3, 491,517; 4,554,141 and
4,537,759. 14 EP 0 377 900 B aid contacting the reactants, the [err]
is preferably sparged i Ris0 gal, agigsat ed. sggﬁ i& g_irt [err] using vigorous
stirring to aid disposal of [err] into the liquid. Preferably,
the liquid contains sufficient ether sugg ap £ 0 assist the

sol ubsel i zation of the [err] to the extent necessary for the reaction to
take pl ace under the conditions enployed. 5 In the above exanple, the
relative anount of di nethoxyethane and toluene in the m xture enpl oyed was
3.6 to P Pelvants leaving primancreetty to use that relative concentration. For
exanpl e, toluene can be wholly absent. Wen it is enployed, the relative
conceMitration is not critical but for physical limtations is kept
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bel ow about 30% The tolwwene arises fromits use in the preparation of the
[eérr] and need not be separated fromthe reaction m xture thereby produced.
. The amount of DME used is enou&ﬁocg"éﬁﬂpdprii ately io dissolve the NaAl H4.
The et her reaction nmedium can be selected fromthose nanmed and described in
E. M Mrlett, supra. Thus the liquid nedia include the polyethers such as
t he di nethyl ether of t er lycgl, (di , the dinmethyl ether of

et hyl ene gl ycol (m)nog Il% % Eg g ?ﬁ\?l 3 ﬁ% 9% i et hyl ene gl ycol
(triglyne), the di rrethyl ether of tetng téy | ycol (tetraglyne),

1, 4di oxane, and 1, 3-di oxol anes, and tletrahy ofuran 15 (THF). Preferred

| igui d reaction nedia are the poI yet hers. These include 1, 4-di oxane,

1, 3-di oxol ane, the diethyl ether of ethylene glycol, the dinethyl ether of
et hyl eneThd yioé caltuniord] Whithhyide seinmatizedfin Piyarpyil, dingraiy the Procasa bf tthie indentiat hy|

et her apbliedite trhyprhisudiznegl of trel Marldtt mesntionp I.ee,f ity reaxtiorc Sumrsarized byiequatioh (7patove. tm nedi a
ar e1d hibis @kanipteythe sbdignh aleminam hydyide ainkipyed mas gotypumt mthelT it e cohtained il aimixtutehe

di et hywhicht doenprisedl taivehe; laluminugl QMU and INas AlllerrEhis yiixtues wesr fowfed by apagtingreedigiy c ol

and t halumiiure @b, hydeaghre underf high pressyie eand ingthe ergencesef tlpengyss @ rpwewem?@un ate t he
di - | ovidethyl piymingm Héla§a'e'f13te'ffﬁ;ﬁluéhé's P%F@@P%d'mm@g@hﬂnﬂcﬂhﬁhlés yspbtogiolypiizayie et her
of et hippciants NaAlHs And iy F'PPeP’E‘Feﬁ‘iaPh p exAMpler Caffencompats e é}’lée Slat

di et"’ny?’“’%‘leﬂ@rm%?"a'ét P’é‘ﬁ@'e 1" @tﬁ “P%d 'Qﬁb%tﬂ‘tf%tﬁt‘t %6?5‘?' Ett; f'FPbecause
t he nd?“t’PéI’ t"a'b % T_gtﬂ @5“ g
produc®" A scl h xa ? é?e e cﬁ gtyﬁﬁ r| i o:c;
pref er'?g tu? El era mert I| uu suc ydn ‘? thyl
et hgor sﬁp&ﬁ | “r"f ;Gdi ast he
' ”Ve”talﬁtgd | tot ?ﬁ B 9641% ﬁr@%ﬁﬂ |t fiben e in Wfing
r eect E'cbﬂ% ﬁg;popp, tet ydr i e or potassium alum num
tetr ahy it' t'hSt ih tHa d&'ﬁgrhéht aidd % cdridadt trﬁtd?&éé di e M%ntléﬁ Qﬂat opdritRh at'sef ul

nedi a mm.,wéﬁ'oeﬁ@at.td GaVto 38 bbEst Reisel affsviale! soMb B fﬂ%ra% Bi@blerhd il e Bbidusly - 30
et By | thé ¥dnkstrbtdh BEtha Adctiits s 4h GfipoRtnt, VUE bt lositdal ol thé] iAvéhticne Bét tokamble R a

out Si dgséihietopiiredt @ N&HCdoRcohtralion d@ltyekhers are al so general |y sonmewhat

wat er - NTReC privhay ardy shicoriany edetrsCited & Capeictg tbf abaut 1h®NB7185 etd (48] and @10 tgakys)M | |
provi despectively.OThisDGRtAL sizeyis Mbidaiticdl. Botl mactorsi atecsitred; avigyroad stining Halps tdimbinign | S
used. ghigghgpeblero$. et hers that are nentioned, ethers that have the requisite
sol went pavesactiomerstchrducted & B8 98.6% f the &eAIH{ vactdsGn theflicst teadtass If ishes negegsary’

pr ef ertpasp thi¥ firactionab arhrupta mare ohlpeh NaAlkiscan ipe Feagted fsedepitedgodong @s the hesat of rpaction

subst dinthesecondaly reacier iphighenaudhdel priasiuch a differential tamparatuse suffisient tp generatesagignal, | t
IS bet‘t‘%!rca't pecprgtaly goypst the (‘JPW/@h?'F‘tbé’"‘F%WebET'q'tl° '“§'@P PERPle about S 1del (BLA) | v

separ a’?%‘”‘?’? 6ﬂ'1°f‘#€ Rep heur-; Y higyheat abeut eeeretaﬁm e 6??§“an case
étff'c'emsto F"F?Hl e pite 2l iy aw B SRS i

shovvn 'P‘Ef“h& |§ ?a" N 'i’thef H°f ilf? 936105 208 | y | ow

boi | i P 8ﬂ‘° °f g W%; Al ot m% H4Vfa': ls exam '3% 1 av%l | abl e

at an g Ef?theo . fob ShcBnddhy éerfth &ﬁ&to %f Wever ,

' tS40“S tﬂe -1 i tlb ﬁt rtt?e Of
;L rsltt htatt ésQ étﬁﬁg Bafions mse smﬁsabaﬂ L S /ORS hé-fadf BU_SOMTE

Of heyl QVI@en |Eé?estiﬁ'at H%ﬁ elativ® GiFE ¥6HaHrRtion isSrofidcod 38) tYVE

m xt Url@&:ﬂﬁ@ﬁo@mfdﬁl thé sécb.ﬁ:a.tyeraaeet MetknRduistk 8iHl PRAIed o MH-1 by MEEE6S

NaAl FATHaramdint 8f N&AIRE bBenPin Akt vedctorCittule¥\Bw ehdigh thACIASTRMEdUE ipRBuc prédBader at ur e
of  4i theréitoii dah Be ighbr6ds @ #R@Iprocds isddrduaid adliviherdkarhgly. €s cont ai ning 30 to 70%

si |l ane amm potegs fot GaTEdecexamhple iche b hdieas by sitghor ormi@atof @@ follo@ing ek ra

copr ockeglécemsnt ¢od IStFi :TH4 8iF) W SIFE rHSIFe,(H, SICH HsSIBrOM«SIGl,, BiCR F4) SICIH: tantl SiBefsent with its
pr esenc e Thenshjrey rprdductiproduned by thBdnyention san bie lddedatd dimove soiveht (olaenel plus PMER adters s Of

[ err] removaha thoesolventi by gnyrsaitable tachiiquekinatmdn the pit, thei prioduttsary begyeund peeompagtedt he
sepé&xr dpiaglesied size-dlite pesdugticerdginsdittie [oe ney BipAlil and theormoynt o solventicopplexpdEARS | ane
m xt urRseductipndesrefere notireadity rameve by heptingsthe wet product)Tip) lewcConpaauentfvi theipeadugt is

i mpor tiAforasyiable for usetin Hall-glagiraldtic 6elis hi s i nvention. As stated above NaAI H4
is virtulhagr °ﬁ°?@)?f§@f isvention cag & é.'?%!tt% PPP%W'I@%?W'%HH“%@% Eré‘h?fl “t"éc

cont erﬂ'adPtfg'F j 1"’8095 th?rﬁ' g‘g y %E H%ylon
| U ! 1) lon
golnce E%TJ: %} RX &Hﬁ% "ﬂ% R b%%grgﬁ%ep %a” 'f"h“c?fjtmt'fﬁ'

con tr §n1brd 1dé the nventlon t he NaAl H4 woul d have to be
very preC|ser added to the reactlon vessel and this would require nore
costly as neans of addition, storage, and much nore anal ytical support
personnel time. Thus, this |nvent|dH



elimnates significant investnent and operating expense. Mbreover, as
apprecr at ed by a skilled practitioner, tinme consum ng sanpling and

anal ytical procedures would be r qﬁ??%ﬂ“l? this invention were not used. As
a result, analysis would be conpleted after a substantial time had el apsed.

Si nce the foeamomact Helodihis Vo 47, o ratf) bl PS ot hoReRRSolRS) of the!BA, £ 1 T,
they woy ,ﬁ& g&o f’.s a'o%.ﬁ Jfﬁatbo tﬁet hfdia: pﬁf O iy Bt ocess
of this g Bl’hQ’rBuE\L Sto Bt ubﬂfagtf R NEARCH n&e,&&mi&?saﬁy Npgoul d
ot her Wi $&QciRf 1! id ikier thd conBifidhs e appr eci at e by a s
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alisp pr s g8 a. B iscridk AécesAYT 6 s thatSreltive toRiaRtalionC FErQEXEm®S, t6IRAS caObd Whdip
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the | Ker heohiamSacisid Riiows DME th Do 836a FEF bxBniple, R¥AMY,VERE Dhﬁaﬁmmaycéaee isdeavRsl 1 f
desi r ediehiperauieCdétsabd Migh ardSrurlerior RadlFiIdp dlibr shillal SrofUciean IbW8H the W6dompaifibn OF by
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t han seeord#e\harzaebiotietsnt wiGisipeaonab & NaATH) enixiuresC Secondy, this ladditicobthp lafge@acess | ses

t he reaoftSifarin the sédordaryregrivd piSiide$ Sifa ipthe daporespsdd iathe sepachtian foheiadi etiminated the

copr odueaporasplosianrtiazagl Witht DME/siteremibdiarbau ihesel are infilodanbfeetoss resul ts are

i || uge r at dHerpprefidgjtianal, igporfant significedt feasurasief dhisiventiani Assstated above; NeAlbrio viduatly of
Exanpl eimpossiblenty seppsate; fiore NeAlFe andoeqrseguentiy ds gentant thawin shpuld be minireizesigrvegie i s

DVE, anérelersbly, subtantially ofireingtedy Thig invention peqvigps mepang for kepging thedNaAlHp cengentrptiondn
exanpl ethe eaprec{yptalgqlqyngmagqqatpble levels. Without the control mechanism provided by the invention, the

NaAlHs would have to be very precisely added to the reaction vessel and this would require more costly
s5 means of addition, storage, and much more analytical support personnel time. Thus, this invention
eliminates significant investment and operating expense. Moreover, as appreciated by a skilled practitioner,
time consuming sampling and analytical procedures would be required if this invention were not used. As a
result, analysis would be completed after a substantial time had elapsed. Since the resuits would not be
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further illustrate ithe process are as follows: (1) Bases 46 SiF4 feed rate
and purity same as in Exanpl e [err] 100% pure and introduced as a 14%
solution reacted at 11% concenF?&tWB 084 5060f [err] reacts in primary
reactor r emai nder reacts in secondary react or . Negl ect dr nmet hoxyet hane

Sy sideeliaa -
h
eet::le ﬁé): sa%" Pﬁ . ;c:?tneratrv " Br%&rdé&%rthlé)ﬁvelﬂon@lskWobrﬂesl
|o

Ee of S53Rol Than cbuid bd affbled By Er@ A Eilglé Bak-d reactdp o6 -
_ %no . f'eas|b|e s per hour or 0 2 kg/ hr 25
U A anSéhkioH brﬁ\ﬂies nQaﬂslkor making sh&ha -3m| IRAIHa &h af'&h!é her6toB. ubkrogh. Mt alb. 6 As

11% SOAerdeQ Bommédiciahi}: acceptable 8iBl¢ and dop@AURES! hilhaliey; uridebeoBditiops biradddliate safety.
Sol venis paieséN bbove) ifl 2%0 pvidés MmBand Iar. producdb.sBans on & Btbichiohiétdc pesublsertialyor 94. 1
kg/ hr ddichiombitiy bAsDmistthepdby [Donsemer matarlals] éliminates gestly eapafation techniques, and signifi32. 7 -
18210 eantyOreBuchdH seqpiesd dhernical @nalydB, Grakpgivérr anB Snvestiodnt. Andhis ingentién, heorferarative
pr oducmetedsitself is E$ed@s 37 FhaBlal 134 torronienh the input]apd pdage-of[Sifs iepd NaAli1 . 5 | bs per hour
Furthermore, this invention allows the NaAlH. starting material to be used in the reaction mixture in
which it is produced. Thus, the NaAlH. can be produced in toluene and then mixed with a DMEftoluene
mixture rich in DME before feeding to the reactor in which silane is produced. In short, this invention not
15 only overcomes a set of very difficult technical hurdles, but it does so in a manner that provides many
highly desirable advantages.
The reaction of NaAlH,; and SiF., and similar reactions, carried out as illustrated by Example 1 can be
conducted over a broad range of temperatures. A suitable range extends up to where cleavage of the liquid
reaction medium, or other extraneous, undesirable side reaction occurs. Temperatures up to 160°C may be
20 used. For reaction mixtures comprising ethers, a preferred range is 0 to 80°C. A more preferred range for
ether solvents is 10 to 65°C, and a highly preferred range is 20 to 45°C. Operation should not be
conducted above 65°C when using DME to avoid decomposition problems. Operation below 10°C may
cause gelling problems.
The process may be conducted at, above, or below atmospheric pressure. An operable pressure range
25 is from one-half o 100 atmospheres (25 to 10,000 kPa). Atmospheric pressure is a convenient reaction
pressure to use. Not much benefit is gained by using other reaction pressures since for oxample, the
reaction of SiFs with alkali metal aluminum hydrides is not very pressure dependent.
The process is preferably carried out with agitation. Vigorous agitation improves contacting the
reactants, favors the intended reaction, and diminishes side reactions which can complicate the process.
so Some side reactions might cause deleterious effects such as plugging, coproduct purity problems, and the
like.
Since the process is exothermic, evolved heat may be removed if desired by circulating the mixture
through an external heat exchanger or by using an internal cooling coil or condensing a boiling solvent.
Such expedients are more preferably used in conjunction with the primary, rather than secondary reactor.
35
Example 2

The process of this Example comprises the reaction of LiAlHs and SiF, to produce silane and a fluoride
salt coproduct containing lithium and aluminum. The process results are illustrated by Figure 3. It is
\_M0 conducted similarly to the process of Example 1 using the same size reactors as mentioned above. The
solvent is DME, and the reaction temperature is similar to that used in the first example. Calculations that
further illustrate the process are as follows:

{l) Bases

SiF; feed rate and purity same as in Example 1.
LiAlH. 100% pure and introduced as a 14% solution reacted at 11% concentration.
98.5% of LiAlH. reacts in primary reactor, remainder reacts in secondary reactor.
Neglect dimethoxyethane (DME) decomposition and DME leaving with SiHs.

50
Molecular weight:

LiAlH, = 38
LiAIF: = 110
85 SiFs 104
SiH,
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or 9.8 kg/hr 10 , . 110
Amount -of* Li Al'F4 = 104 x 70 = 74.0 | bs per hour or 33.7 kg/hr Fromprinmary
reactor, 74 x 0.985 20 = 72.9 | RPQ&779OB1 or 33.1 kg/hr 25 (V) Anount of
Si F4 from Secondary reactor 70.0 x 0.985 = 69.0 | bs per hour or 31.3 kg/hr
35 The process  of tai S anple is al so conducted (as the process of
Exanpl e (8 aluigtians gbfMpgun dihe tenperature inside the secondary
reactor and upstreamthere-from The noted differential tenperature is used
to generate a signal to govern th& flow of [err] to the secondary reactor.
For tshis purpose a netal (piatiTom filmRIDis preferred over nore sinple
consttuctions such as the "Birdt@bgeX ef@nefit 88mfonly used in the

| aboratory. As well known by skilled practitioners, the filmRTD has

i ncreased resistance per 40° gi ven Qi YRS BRY BPHEeOFhe device is relatively
small, it can respond nore quic Y gkc anges 1 n tenperature. For better
t enpegat ure neasurenent, the RTDs™ % with a Wheat stone bridge, or

preferably a 4-wi re ohm neasurenent systemto increase the accuracy of the
tenperature nea i pear an t hernocoupl es, but still
requi re sone cu%%ﬁﬁ%@%ﬁ%??%d’?b@' %égki |l ed practitioner. The
Cal | endar - Van Dusen equatiaqn camde, uged BoG¢e I,_.i tting. Alternatively
the 28t h order polynom al can beéigg;ﬁ&i 8¢ a nore accurate curve
fit, as known in the art. Exarrplﬂ_:gﬁ(?ﬂhi_.es of runs were nmade each over
discrete period of tine to illustrate The advantages in using split 50
feed of silicon halide to the secondary reactor of a series of two
reactors. A firdn medomianf dductor; 5. datize. seedoygs fed directly into
t he 13¥qui d phase of said secondary reactor to control, with liquid

agit ation by a variabl e speed stdJs4 elbs ther esurtoanef 2r kgjhract eri stics of
the reaction, while a second porFer=ef—tfFe=s+rrcon halide was fed in runs
3to 7 to a separation colum, and in runs 8 to 9 directly into the vapor
space,above the liquid to suppress any accunul ation of conmbustible gases
within the vapor space above the 14%pfid. In 55 runs 8 and 9a liquid |evel
control constituted of a _punp, and—tTtquid |l evel regulator for controlling
the operation ofSid4¥.gadutdon, of.ddd f & sek83 Y e Peyuhauresi dence
tinme to aid in controlling reaction kinetics.=The resorts or operations of
this gype, depicted by reference to Figure 4 UnPBIekKIME as Runs 3 to 9
Table 1, are conpared to an operation conducted as described by reference
to Figure 2, these latter EP O %776 900 Bl being described as Runs 1 to 2
in the Table. These runs were eac@duct ed over a period of several days

vvithaterrperatgée!g% lEﬁg.igth fiar st rea f ry with the
diffewential tenpera sSllkic en ?’Hé" WoJrea 3.7 lﬂg o 17 to [err]
(Centigrade degrees). In conducting these ru [ T ed into the
secondary reactor, the total anount of 6 Si %fleﬁ'ldn %ﬁe I';‘econdary react or
during Run 1 having been 408, 24 kg/ h (900 pounds/ hour) and, during Runs 2
t hrough 9, 453,6 kg/h (1000 pounds/hour). Sodi um al um num hydri de was

i et ofluced i nt osbheehitr prresentt dh afi$t Bolwriices 238 fh {e3g]lgi n amount |ess
than required to conpletely react with the sodi um al um num hydri de, during

the several runs, the an@0ft lofibshpelry tioude oaf 19ay. MikgHvn Wi th DVE and
toluene in Run 1 .

45
() Amount of Diluent solution required
50 232.7 - 182.9 = 49.8 lbs per hour or
L — - — " ]
22.6 kg/hr

55
(IV) Amounts of products produced
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having been 0.07 percent, and in all of Runs 2 to 9, respectively, 0.08
percent, based on wei ght. In the io secondary reactor during Runs 1 and 2,
0.05 and 0.07 percent of sodi ulfPAIHMNARIhydride, respectively, based on
the amount of sodi um al um num hydride in the feed to the initial reactor of
the series, was converted; and in each of Runs 3 to 9, 0.08 percent of the
sodi um al um num hydri de was convertesl Essentially conpl ete conversion of

t he sodi um al um num hydri de t ook pl_a,gg in each run W|th| n the two reactors
of the series, wt moyn f ot onv so and a
copry oducto;sodl um aﬁén%mr@flgéi ‘Fuor?'?:lg h2§|§1 bgé\'nbo I?%y %ﬁ%e first
rwtor of the series. The pressure in the seco

(pounds per square inch gauge (psig)), during each of ghggshyer al runs was
as follows to wit: In Run 1 2,94 bar (28 psig); In Runs 2 0 4 2,46 bar (21
psig); In Runs 5 to 7 2,11 bar (16 psig); and in Runs 8 to 9 1,42 bar (6
psig . SiF4 was introduced into the secondaryoreactor in total anmount in
excess of that required to react with the umeacted sodi um al um num hydri de
passed fromthe first remewntef thiA Bgondl04axt®0 of the 20 series. Table
1 lists in separate columms for each of the runs (a) the ratio of the
anmount of [err] introduced via a dipleg dFrz€i9ylbatperhbohirqord rel ative
to tthe total amount of SiF4 introduced intdtire secormoary~react or (Colum
3), this being referred to in the Table as 3®rF1kgéprit"; (b) the residence
time (in mnutes) of the liquid within the secondary reactor (Colum 4);
and (c) the anount of a tatlonl rr HP/ gal | on) applied to the liquid
of the secondary reacto aﬁ@; ’é%;c‘ﬁ‘gﬁv %ﬂ)l’ﬁnﬂ 29 g The first col um
of Thble 1 gives the 26 Run Nurrber and Col u 2 t e anal ytical results

for the total [err] found in the sodi um al ufl n % i BeT pR8BECPTf or each
of the several runs. Table 1 30 Run No. e* odir um [err]
Split Resi dence Tinme, M nutes Agitation Hﬁgga ]F%/rl?f Al um num Fl uori de

1 5 2.74 1.00 14. 95 0. 0549
(10,67) 2 1.99 1.00 7.58

0. 0549 ARoUat' 3t SAR from Secondery reactor 1.03 0.20 7.58
0. 0549 (T0,B7) & 1. 61 0 30 7.58

0. 0549 (10,67) 5 5.46

0. 0868 El, 32))6 70.0 x 0.#%6— 69.0 lbs p%regour or 5 46

0. 0046 (0,89) 7 0. 43 . 5.46

0.0040 (0. 78) 40 8 31.3) kg/hr 0.30 7.58
0.0033 (0,64) 9 0.34 0. 27 7.58

0.0033 (0Q,64) These data clearly |Ilustrate |nt er alia, the advant ages of
r edi 2 ( The @b e S:ra"siepaa'fwnmeé&s li"?ﬂa n' vm'" Rsto speeiiyey
second® Y mpgratuie jpside Yo peqagdary ‘8%1 thare-t P "1p 'attl
conten ('ﬁg } ’t ﬂ%ﬁ 'ﬁr Ve e 8‘?’ iFs

Tﬁeém
ﬁrez‘;oifg]};;,ﬂ afaaanig gg}‘& s ‘%3@ déﬁ; %i%:aa a‘“ﬁ?%g%‘”f

an addgypy ,qug ﬁ.é%@%&i a/ac&ﬁ@cs o &0/ fabe ifbar
s, but SHiIF ¥dq

Conducmameme& sdnfd EarrTRtirty, ds ra@g%.za@rwr@ liRd JrRN&Y THE 2
[err] edhbhdar-Vih Dlserbq@dtith Sanlialuddd for &%%E@&\h&ﬁd&@@y #hé B8h BiderTpofyRonihi b B .
Whi lg &s!a@toadmwatans&eéobaatadnmnaaum.mwarI ed over a range of values. The
first colum of Table 2 lists the amount of agitation in [err] (HP/gallon)

app! i esxatpletshe | i qui d, and the second colum thereof the anount of [err]
found Dy anal ysis in the sodium al um num fl uoride product produced at the
di f f er entA sedpseF sin®wera giati@bdch aver diécrete péried Of Bive/toAMEraB1thel advhrdagds iAgisingasplibn
HP/ gtal bghof[siﬁpqn]halide% lpe pqc])ndan réxstdi ofra series of two reactors. A first portion of the silicon halide

feed was fed directly into the liquid phase of said secondary reactor to control, with liquid agitation by a

variable speed stirrer, the mass transfer characteristics of the reaction, while a second portion of the silicon

halide was fed in runs 3 to 7 to a separation column, and in runs 8 to 9 directly into the vapor space above

the liquid to suppress any accumulation of combustible gases within the vapor space above the liquid. In

s5 runs 8 and 9a liquid level control constituted of a pump, and liquid level regulator for controlling the

operation of the pump was provided for setting the liquid residence time to aid in controlling reaction

kinetics. The results of operations of this type, depicted by reference to Figure 4 and described as Runs 3

to 9 Table 1, are compared to an operation conducted as described by reference to Figure 2, these latter
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al uni num f | uorj de 0. 0763 (14, 83) 1.50 0.0763 (14, 83)

129 0:0646 (1‘2 55) 1.07 0.0611 (11, 87) 0.86 10
0.0451 (8, 76) 0. 64 0.EF32377 900 8)H 0.56 0.0220 (4,27)
0.47 0. 0129 (2 51) 0.47 0. 0084 (1, 63) 0.77 15
8. 2878 Runs1t020m§\6 TObI0068 (1 32) 0.99 0.0060 (1,17)
0. 0046, rims ere each cond dalvz With a temperatyre_of 85 “blin 418 first
0 3 4 0 ies, with the d h the two reactors rafbindGrofh {3)0[6@2(@ 89)
' 1:§§ies) In condu the e toal%)secondary reactor, th8 to&Parddunt of
0.0 ea&oﬁ &Den 408,24 kg/h (900 Sourdemdlnp sm, a@ing!l t s,

m the secon

It ' S C' 2 th %Q?Gr{ /R ({060 E&&H&’sﬂi‘o@rg%oaumn GRAINGA ydriag was intreiocddame i firdoe
ampunt Sofii3, Wi |F4QEI afhéunt 188 thdnGteduifediid IcbriPetbl} Aoattanith tHe@ddiund Bluminum
Fol | ow dew%um £ 60vBi2l s, 1h8 AmBE YEthe KT 8% diiuion VithNaME aidHoloeneliiHRemh be
r eact ed hiVirlghbeSh 047 @ércdnrand in dl B ®und 2o 9, respectitty, 1008 poreeht, tiatdd dneweight. IVihgt ur es
such s sbiahtiadN@adic [didngRuns &lasd2, 005 s 0.07 Pdiesptofrsedian Rlomipurs Avdride respeeivaly. ed
USi Ng ambasdt barthe eaaint onsodiedi alumimenchydede idi the feed dal tha liaitiad reactprdofiihe sesiadtWapg
f r om 90 coroer@Yaralf intdach ofclunb 3nip k 008 pergertt fof ther sodien \aluminuen; Rydriden st goaverted.
r emai ndEssentially hampate omdersign Fhe sedimosluminume hysiride: ook plageis et twp avithi the W
t he r angeaciofs of the gerie® witt the IwIOr amennt of thesppyesion aksilgnecand laé"P@?"oY E‘Bﬁ'&l'ﬂl’f ’Bd at
at o s hdndride, hevingshepreobtajied in t[‘%fl' feanef Qis'@cfe%ﬁg Thejp l’ebll"t

fﬂg Bd"tHh 't 45 n u m

mai nt ai gwn?eﬂe(gwu ergcigaumgsmr = o7 1 ?P’F
al 1]
cheal thsrrg?%mE?é? %J@% ; '%gwpﬂgﬁﬁ‘gwam 1" A 0«5& ' i

si | ane ’St "’a
0 50 nsf of g)thJTBﬁo fltt%a opﬁfo* iPy i Jd &Eence

;Qe,g(ﬁr lol | ﬁg || ul re weg‘é)tﬁi ﬁ"eﬁlﬁo uBdd b $83bdoRdbrlebddie and

t P Lj |n fin. K fBkidibndd find iF mindies of B8
S gps O ﬂf Blﬁr]hn ﬁ)e%t)% Mﬁoﬁ atloR irdwi1 | (ARt dilor) Gﬁed ©n
Medi um Iae y Edn d%ﬁ g h& £ QoA 8). 26 ditst colminddr Tabel i gies thend
aI kal 5 rﬂ?ﬂl mi ruz-m:l'ﬁémn StaficalVedulls fof S tdidd 81D, Qouﬁ& P th éoaimtdluntinuipUimbriidet y  Of

sill c%d[}élfd,ggch%e gggvg.d| Irt..,rsom conpounds having the fornmula [err] wherein

50 X is fluorine, chlorine, or bromne; (B) reacting in a second

reaction zone, the netal hydride renaiabemg in the liquid reaction medium
above which a vapor space is provi ded with a quantity of [err] reactant in

excess O
separ at i 1d5“1"3¢° sgl ?( g,hi E°Ei'§,m E : F‘\gpﬁt s?g‘t'gen% f‘g@% Mﬂ%s m@i”“é’%@“’?fj a/Fl)t(a gind
unreactefl silic Na 2on} sol |r| rleacti-on—produet
di | uti ngjsolluti ¢n andZI&‘r oducel i h00saild react 148 0.0549 (10,67)
2 1.00 7.58 0.0549 (10,67)
35 3 1 03 0.20 7.58 0.0549 (10,67)
4 1.61 0.30 7.58 0.0549 (10,67)
5 0.66 0.35 5.48 0.0068 (1,32)
6 0.66 0.35 5.46 0.0046 (0,89)
7 0.43 1 0.30 546 0.0040 (0,78)
S 40 8 054 0.30 7.58 0.0033 (0,64)
9 0.34 0.27 7.58 0.0033 (0,64)
These data clearly illustrate, inter alia, the advantages of reducing the amount of SiFs fed directly into
pu the liquid phase of the secondary reactor, and the amount of agitation applied to the liquid contents of the

secondary reactor during the reaction to control mass transfer. It also clearly shows the advantages, at
these conditions, of reducing the residence time of the liquid within the secondary reactor during the
reaction to control the kinetics of the reaction.

50 Example 4

in an additional run the secondary reactor of the unit, as employed in conducting Runs 3-7 described in
Example 3, was controlled to provide an SiF, split of 0.35 and a total liquid residence time of 5.46 minutes,
while the amount of liquid agitation was varied over a range of values. The first column of Table 2 lists the
amount of agitation in W/t (HP/gallon) applied to the liquid, and the second column thereof the amount of

8 $i0, found by analysis in the sodium aluminum fluoride product produced at the different levels of agitation.
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zones; (D) 20" EP 0 377 900 B1

recovering sai-d sil ane;

| ‘Table 2 Agitation HP/gallon [err] @6Lerr] I n Sodi um al um num f | uori de
0.0763 (14, 83) . 1. 50 OEROST7 990 B83) 1.29 0.0646 (12,55)
1.07 0.0611 (11, 87) - 0.86 10 0. 0451
(8,76) 0.64 0.0322 (6,2%) 0.56 0.0220 (4, 27)

0.47 0.0129 (2,51) ©0.47 098884 (1,63) 0.77 15
0.0076 (1, 48) 0-86 0 0068 (1 _232) 0.99 0.0060 (1,17)
0.49 0.0060 (1,17) Agitation HP/@@B®nAW0O.0 g0 % 3i04 In)Sodium 0.41 20

0.0046 (0, 89) . 0.34 0.0046 (0,{89pminum fluoride 0.36 0.0046 (0, 89)
0. 51}5 0.0046 (0, 89) 0.0763 (14830 - 0046 (0, $8g 0.39 25

0.0046 (0, 89) 0. 5gng(ggﬁﬁ (0,189) 129 0.36 These results,
it is clear, show a defli nitgogud\@mbpge iln conybpl ling at low levels the
amount of agitation apgliedobs1{®7) i quijd durpeg the yeaction. Follow ng

t he ;procedure of the aljove epsagdmp, [er|r] Nablg4 KH or| Li H can be reacted

with [err] or [err] A
as NaH and [err] can al
an et her reaction nedid
90 to 99% of the netal

t he :isecondary reactor.

10 to [err] and the pr
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| g

so, f.e3e)empn be
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ratur88fs wit
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16 st
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hin the range of from

ed at at nospheric

i nl ess st eel

At ure i s nmi nt ai ned
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e, 1 foot extensid
protduct can be separat g
boiling point. Cains 45
coproduct conprising a
of

trunme
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n su
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t her
uous
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0.0046 (0,89)
0.0046 (0,89)
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26

These results, it is clear, show a definite advantage in controllmg at low levels the amount of agitation
applied to the liquid during the reaction.

Following the procedure of the above examples, KAIHs, NaH, KH or LiH can be reacted with SiFs or
SiCls. Also, LiAlH, and NaAlH: can be reacted with S|C|4 Mixtures such as NaH and NaAlH. can also be
used.

These reactions can be conducted using an ether reaction medium such as discussed above, and by
reacting from 90 to 89% of the metal hydride in the primary reactor and the remainder in the secondary
reactor.

The process temperature is within the range of from 10 to 65°C and the processes are preferably
conducted at atmospheric pressure. When SiCli is used as a liquid, the temperature is maintained below

- 59+C.

The RTDs used are exemplified by 100 ohm platinum RTOS, 60,96 cm (24 inches) long, 0,64 cm (1/4")
0.D. 316 stainless stesl sheath, 3 wire, 1 foot extension supplied by Child's Instruments. The silane product
can be separated from the other materials by its difference in boiling point.

30

35

" Claims
% 4 Continuous process for preparing silane and a coproduct comprising a metal and a halogen, wherein
are included the steps of
(A) reacting in a first reaction zone and in a liquid reaction medium, a metal hydride reactant
selocted from alkali metal hydrides and alkali metal aluminum hydrides, with less than a
stoichiometric quantity of a silicon halide selected from compounds having the formula SiXs, wherein
X is fluorine, chlorine, or bromine;
(B) reacting in a second reaction zone, the metal hydride remaining in the liquid reaction medium,
above which a vapor space is provided, with a quantity of SiXs reactant in excess of that required to
react with said remaining metal hydride;
(C) separating in a separation zone, a gaseous fraction comprising silane and unreacted silicon
halide from solid reaction product suspended in a diluting solution and produced in said reaction
zones;
(D) recovering said silane;

50
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(A) reacting ip a first reaction zone and in a liquid reaction nedium a
nmetal hydfi de teactant selected fromalkali netal hydri des and al kali net al
al uni num hydrides, with |ess tFRP}7R00BIhi onetric quantl t Im“nﬂl&“l““lml llll
hal i de sel ected from conmpounds havi ng the fornmul a [err] vvhi

is fluorine, chlorine, or brom ne; %zreactl ng in a second *re&ctton® zone,
the nmetal hydride remaining in the uid reaction nedium above which a
vapor space is provided—with a quantity of [Terrl reactant in excess of
that required to react vﬁgﬁmiosﬂP/dalloreMﬂ)nL SiPe fncgodiy d ide; (O separating in
a sgparation zone, a gpseous fraction c inymyfiyoride| ine and unr eact ed
silicon 55 hal i dp T Q768 h4.68) F eacf 1 on RBedAuct puspended in a diluting
sol ution and produced | n sgfed i on gones;j2§D) refovering said sil ane;
20 EP 0 377 900 Bl [E) iomeiegaiss)ng upreached silifon halide from said
second reaction zone ihto et (11,83t rejcti onssone tp react with an

addi;g i onal quantity of | net alosby@ré)de; () deodtmnmi ning the difference in
tenperature between thg teropsexnBaee of feactiosd |iqujd in said second
reacti on zone, and the|tenwpo2n@ed of reactal47liquip substantially
imediately prior to eptry 09120251 intp sai @48econd| zone; and (G
utilizing a signal der|ved 008163 d differe®dé in tpnperature to regul ate
the#|ow of a reactant|to #00&@#on zohe t o98€hi eve| substantially

stoi chionetric reactiop of 60988 @8al anpunts98® silifon halide and et al
hydride reacted in both redd¥%#1Dones, | sai d%3Pocess| conprising the step

(H splitting the [err] red9%.1Dntrodlced t8863a| d pecond reaction zone
(B) into two streans, {a) 29064047 g S|>§ strepm whi ch is introduced
diréttly into the liquld reg Imi xt uf e t o Uagprove| mass transfer between

the/liquid and gaseous phasdéob (b) p secgidg [err] streamwhich is

i ntroduced into the separ atd'da e andf or di rgctly nto the vapor space
above said liquid reaction g L& to suppre%ssgt he fprmati on of conbustible
gasgpus m xtures. 15 P. ThRoms@egss of| O ai mal wherpin said netal hydride
is an al kali metal hyd |de d/d@@gf@lgg, t he Rl kal |oaaet aI s selected from
lithium sodium and p&tasstt +he—process—of—€aim 1 wherein sai d

net al hydrl de is an al kali netal aJ{Xum ny (ﬂ ere g fa nmet al

'S sel ecy @W%’%ﬁ?"ﬁ fia ﬂ?awovssgﬁmm massmegiq b6 ko i ol Gaim
1 Wr : b3 se F‘HQFR L| can erll}.% Wu

a 'H%“ “81a i B SE d

oact | Bt ey EZZ% Sk reac:f'é@' S o ol ;ﬂﬂhnt

of [er 1 'I'hggbrrggzhl&\ %ar{ K & gf&eq 'ﬁ%ﬁrpgt 5rq%§g such a@QEsse@ AbNE R bped i n
step ( ,ﬁl I? opthéI i ll& pri rQEc‘iUF%ﬁ@thQ frenfefiridbrth ﬁievya&fnﬁér{ﬂ t he
ratis® QLubfe err | ntroduced directly into the liquid reaction m xture
relative {9 pPoBS‘ssttaﬁ&LatmtmthEe [R§d bf ot IO BLERE dnbltid Sradeskes REOMIGIeraBACT | ON
ZONeS EaHaGesH dt lafiBshericiprbsdure. When Si€l % usddies P NS He téMpefatupd B ndaintdined @blow t he

l'i qui dsggrction m xture of said second reaction zone is stirred at

agi t at i orrhb AvPd Gsed b fokenpititid bly 106 ohint platihurs RTOS,dH0,96rerd $24tinchers foeg, 064 tmvdE47) t he

| NeyUff d oan d1eyasness steg iskaaths 3 wis, 1 Tdvbextansicresupplisfl b ChildinInstryshentseThe siidne prodepti d
react i oan bwissparate fom thaotibr yeedaicby ialifeieats i bailivg peintst i rred at 35

agitation levels ranging fromO0,64 [err] (0.0033 HP/gal) to 1,32 [err]

(0. 006%1am gal ) of energy input. 9. The process of Claim1l wherein the
resigence time of the liquid reaction mxture in said second reaction zone

r anges 1f r enfinyoss ppages far prepag@ silana and @ coproduct comprising a metal and a halogen, whersin
are included the steps of

(A) reacting in a first reaction zone and in a liquid reaction medium, a metal hydride reactant
selected from alkali metal hydrides and alkali metal aluminum hydrides, with less than a
stoichiometric quantity of a silicon halide selected from compounds having the formula SiXs, wherein
X is fluorine, chlorine, or bromine;

(B) reacting in a second reaction zone, the metal hydnde remaining in the liquid reaction medium,
above which a vapor space is provided, with a quantity of SiXs reactant in excess of that required to
react with said remaining metal hydride;

(C) separating in a separation zone, a gaseous fractuon comprising silane and unreacted silicon
halide from solid reaction product suspended in-a diluting solution and produced in said reaction
zones;

(D) recovering said silane;
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40 10. The process of C.aim9 wherein the residence time of the liqui

reacti on hixtute in said second reacti on zone ranges frﬂ“lﬂmmmt ‘H!HO

m nutes. PatentansprUche 45 1. KEMOBAUPAA BT ches Verfahr

von Silan und eines emm Metall und el n HaI ogen unf assendén f\lebenpro ukt s,

wel ches fol r1de Schrl tt nf af e drid

und Al kal i wﬁtﬁzarwmgvgm g?‘?ﬂ'%c? éj}'dé gt %Mﬁ’ 5@%%# rods %‘Z%{%"E% m t
1N

weni ger als Qﬁthgl{én;%?aﬁtpé WHM&Pndﬁldt in 4G

Formel Si X4, |o z Ha the rat|9 re aqmthﬁ lsubsRHRBEIMMALIESIY prior to entry
Sili c unhal q 0 s°ec6 eng{d er st en Reakti onszone und in einem
fl \§S' gen R ﬂﬁﬁtﬂllﬂ a%nv&%m%%ﬁfﬁﬁﬁoed@&m‘p&aﬂ@% fogSRRS the bW of a reactant to
Reakti onsne 10-HRAR! slbskéRtiaRy Etdicidreiic rd4iidn(3y tedotg mibentd 6t siiEanthalide

ver bl ei bendedad %&myhmédsaicda inBoth redctich zohds @R peR6ss SoMprisiag sawben, di e groBer
i st als di e FHfIplitdhgndimkishdidht Mirdducbadnd sekY dabani lbsaitide aonbHB)dto NoGitreaths, (a) a first
erforger| i chex\uegr which isintfsdiiced Wirbdie intd tha Higuid> readtiom eixtuibto improve i@s transfer
Abschei den eajetwebn fhb lliquid ardchastochphasasyand dib) 2t seeon&iSiXe siraamhetiichge intretiucadfinte thenden
gasf or mi gen depatibn eome\aodiordireatly éict the vaRenspaceoaboys siduiauid regetion imixtyse fpcsuppress

Ver d~nner | 6stenigmetionx netbestiblel gateousmixiuies.den  Reakt i onszonen hergest ellt
wurde, in einer Abscheidungszone; (D) Entnahne des Sil ans; EP 0 377
900 B (%) THRi prvaess: o iginel & whaweie paid mete)dudride iscn alisali metal hydride Bbeé?ﬂ tﬂg aligljmetpbs

zwei t en Rewéﬁsmdjﬁ@mrWHW@“@P@‘P’@'“%akt|onszone zur Unsetzung mt einer

N
Reakt i onsz 8fl 'sd@?"tef'é iy, po &a’ﬁe%? enfl | ssigkeit i mwesentlichen
uni t t ¥ bar I\é/e(s)prr%fggs oéc‘%ne}w rrre]mEéallQit filodet alg |§i§e?ecl%§ﬁ ?lFRQ@ngbonszone sowie (G

Ntttz ung enperat ur erenz efteten Signals zur

Requl | .
nggn'tie.rgéﬂ% A5afd HERER 1 Shil o toﬁmsgmtnao&egf&@wfaaﬁmmwmxmee im

QdLEtioh 26 fe e Qtal ourtt Bt udBB S S4B q8hction
urrgesT%tztern eag;cﬁgeggpgepv(gp,a'g sl fom egenid und Metalihydrid zu
bew r wobel das Verfahren oI gende Schrl tte unfaft: 10 (H

Auf t ei | B0 TREESTodebs 6 oRing Bnérein R 3itioioPIAE BDA) Mitrbddbodediregy limd fhe liquid reaction mixture

Si XK- Reakt atitoithe HWEEmGThT 618, iftducdtl ved sdid Sdced fBaokidn Zineo rangedefromdd.2tot i n
das fl Ussi ggo.Reakti onsgem sch eingeleitet wird, urn den Stoffl bergang

zwi schen der fllssigen und der gasfdrm gen Phase zu verbessern, und (b)

ei nen zwei TenpraiedstefStiaino m whamin the liglidoesdtliochisiudLah gaid esrend regitionizane i stirkd ati n
den Danpf r agitation ievelb alffisiedds fuithdrsentrglonasiisaniier ketwoage thp dquigsand igmgeqseqheseﬁ wird, um
di e Bil dung von brennbaren Gasgem schen zu 15 unt er dr Ucken.

Ver f ahr e becprootess ofr Glaim 71whetsl they ligvidoraactionembgiurer nf gvid gecand,reaqlipn, ponfdy ﬂ'F’P‘h?‘dri d
i st, #obei agiation jgvelarangieg fram 0.6471|(9.903 ﬁ'ﬁ{ga'NaﬂﬁF @ﬂa%n/qau%eaﬁ%@wﬁ\m t ist.
20 3. Verfahren nach Anspruch 1, bei ‘%d I\/F d

Al kal i e alfhesprasasiof Flalmy wherelo the lS'é’fced'g‘? ey quﬁ‘efeﬁ%f’" M""T.f"t #id7Reon

Nat ri urn uF?dctR%lF?"ﬂﬁ'i'g Q‘e%aa'ﬂ'f‘i‘ f° MigtSS\er f ahr en nach Anspruch 1, bei dem

das SI l I { cg ere er%%%lm%ua reL& I sa}@gefca'l&r en
naxch #ns r p ‘?%i \;\% gg‘E glreﬂd énm%ﬁ?ss

Reakt i onsge Fuon eT9g t onszone ei ngel ei tet em Si X4 bezogen auf
di e ges % h e ZW\ei bt Reakt I onszone eingeleiteten Si X4-Menge we in
Schritt eschrieben imBereich von 0,20 bis 0,40 liegt. 6. Verfahren

nach énspr W6ftincRerlicR&Y verteHianlRAS HREINAY Voh isflan\(Rd eifds' oiftlietdliiundl 8if HalbgenIimEEBsenden
Reakt i onsgaigbenfrbdukis, welchesbigeHab Sttiité @ifudtl ) 4 bezogen auf die gesante in die
zwei t e Reakt (ap0s£eidh oifbs e ARblIRtalydridl ukd AlBIRgEIIAIUThIRiNGUGden wesgevdin@d Nitalih-0, 30
li egt. ydridreaktanten mit weniger als der stSchiometrischen Menge eines aus Verbindungen mit der
Forme! SiXs, in der X Fluor, Chlor oder Brom ist, ausgew#hiten Siliciumhalogenids in einer ersten
§0 Reaktionszone und in einem fllissigen Reaktionsmedium;
(B) Umsetzen des in dem filssigen Reaktionsmedium, Uber dem ein Dampfraum zur Verfligung
gestellt wird, verbleibenden Metallhydrids mit einer Menge des SiXs-Reaktanten, die gr&Ber ist als
die fir die Reaktion mit dem verbleibenden Metallyhdrid erforderliche Menge, in einer zweiten
Reaktionszone;
65 (C) Abscheiden einer Silan und nicht umgesetztes Siliciumhalogenid umfassenden gasférmigen
Fraktion von dem festen Reaktionsprodukt, das in einer Verdlinneri&sung suspendiert ist und in den
Reaktionszonen hergestellt wurde, in einer Abscheidungszone;
(D) Entnahme des Silans; '
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7. Verfahren nach Anspruch 1, bei dem das fl Gssige Re m sch der
zwei t en Réak'tionszone auf ei nem Bewegungsni veau ger | hrﬂ"m iiﬁ'mm”uw
ausrei cht, urn den St offubergaﬁgons@H% der fl Ussige
gasform gen Phase zu steuern . Verfahr en nach Anspruch 7, bel dém das
flissige Reaktionsgem sc tion
BewegungsnfS) Ql?'t‘fnpn E 'ﬁg?fgﬁefb '@fﬁggg %fjie rﬁﬁ ktgbh&gﬁﬁgflewﬁe
(0, 0068 HPR “%J empeaa@u ks romies %gg{m chusdpeRueh 1.
bei dem di € ¥ n ﬁ Etgnﬂ@ tilchbnGiftittebUYS/of €N
Reaktionszg §,e nut en Tiegt. 10. Verfahren nach
Anspruch 9. {z dﬁﬂd.%fffeﬂﬁ‘zsabﬁélat‘éﬁh 8RR RARbGuISGRIGE Figdss i N der
Zwel ten 45gines R nI |9 3né @i@ﬂmér&oﬁ@ Il @9 inY WBsentiidhe® std&hidvettiséhe Rebiktiigder in
Revend| cat b&&bﬁ ﬂeamBﬁ&GrTéannﬁb@MUG&&nﬁeﬁdbﬁr@ﬁ | SHBiudhalsgertid lusd Metatinydricli
coprodui t geimer Redel dae Verdhion olgohdeLSthitBluigste, 50 dans | equel sont mnises
en Qgeuvre (Auibilapaes haisiwsheRdaktofgzonk (BldingelokebmHi: -Rbakiantan irezwei Srémeefak zone
de rdacti oginéi erdmBiX4FStrain) det Ldirekd die idiso fiissige [Reaktiordgemisch cingplsitet wind:tunoderel  du
type hydr usefitotgang kvischenc depif@issigem und: detegasiignigenrRhgsedzy vedeasern. and & isinen et des
hydr ur es dewelted 8dx-Stadng alei in StiecAbscheidlingaioné undadercdireld ireden Rempiraue ehefhglpidatir e a
une quant i fidssigeroBedhtiansgemischpueingdloiigy wirdl wy dieuBildungovosi brenpbarep Basgeraischehet e des
conposes rdpeddesen a |a formule Si X*, dans |aquelle X 55 reprdsente
le fluor, e chlore ou le bro aire r6agir dans une s nde zone
de r 6adt i\erehreninaeh Apseruch 1. sRP'Iqa djés &@é’!"dﬁt" %N?"F‘@g'wq'\dé"ﬁ B glﬁlﬁg'ﬁt I
l'i qui de, a&il“ﬂ&'%ﬂ%‘"%!ﬂﬂéﬁ*‘"“é’b’“ﬁ@&’é@@ un espace rerrpll de vapeur, avec une
quant [ t4 de cor ~act | nel, Si X eur A ou

act| ﬁ@&ew ﬁ T kel g E@;a‘*ﬂqéﬁv«{;snem Rigiogifiilhidq 6. paReP ) |
s&parer limqialeus Hi 4 und Kplug Busgenait ittt i on gazeuse, conprenant un
st | ane, ety fada %816,&}1‘4@‘3::@1%& 3&{\ %s‘gﬂcf&mﬂ%iﬂ;{%ud Q&S&ﬁgﬁ? sici, dsgab Attt sol i de de
reactlon m's en suspensi 6n dans une soO I'on de ution et fornb dans
lesdj Rflfr' ﬁns%ﬁ&:l'l PMbei den das Verhatthdl voh dhAR 8ds flussifjel RedktorEgErmisdhtder a
i nt rOdU' I Zweiten b’rfeeelﬁbaeleﬁét&h @ik "be2ogdk M diB dgesdntlei G die DAwaNE Radktiondfdoné &
seconde Zggleifth Sﬁ@-ﬁﬁe’né&\vle Maehritl (APbebehribeR th Béreict7 @R ®,20 @isiDA4aGégt.ON pour sa
rdactlon avec une quantit6 suppldnmentaire d' hydrure mtallique; (F) &
det er mgneVyerthitendhdch Angptse 5] Dot GaMp dasVerhiinie vor @iréid it daspithissige. Reaktnsgemipah de
r dagh i onngigeldietemn $imdbédzegeh @uf die gesanste inodidl awelte Reaktihpsaoamaitgelitetant SiXiaMengaper at ur e
du | i qui dmsreichaci 0,28 l€0,3legt | quenent | rMddi at enent avant | a p~n~tration dans
| adite seconde zone ; et (G a utiliser un signal ddriv6e de |ladite
di f f er @ncVerfateent eaciy Ansprugh d, pei wem| das fidsgige Reaktionsghmisgh ISt zweitemR zone auf
r ~act i onreiremcBewegungrniveaygerUbrt wirds destguespichbaTy dep Stoffahergangszvisshen don ispigag und
pratﬁquerﬂ?noasfﬁtwwtﬁws{elﬂ%ue des quantltds t ot aI es d hal ogenure de

silici g{m@%ahq?rggﬂ(g{‘ %;epgg};%albq que a anltg? rnga dans : te : éones
de rdaéti d

cor ps r~aR£'1°f“oﬁ “'SP')"’A?"‘? iPr ht "‘15' Iwé\ @g%%ﬂ%dé Kmo SE q&gg (B)
en deux "igé) un prem er courant de Si X4 qui est I ntroduit

direte e }I'afgud =W HELIQP Jeﬁ\atggeMé?ﬂ AGue! &eg 'ﬂhggerpﬁégmoﬁ%lnlsms% ddrGwdifeR NSt ert

de massSe 3 un second courant de
Si X4 qui ro UI ans a zone epar ation et/ou directenment dans

| " espagg \%@fal%&n ach AnspriEtP§, e ddrh mldéwmd% 1ii3slgam BékKkioRSHMisEH e Her [zWstieh de
POUrg, S Uppﬁdaﬂﬁﬁs R ith BefdRh Va5 KI€10Mih@saRg. gazeux conbusti bl es.

Revendications

1. Procédé continu de préparation d'un silane et d'un coproduit comprenant un métal et un halogéne,
50 dans lequel sont mises en oeuvre les étapes consistant
(A) 2 faire réagir dans une premidre zone de réaction et dans un milieu réactionnel liquide un corps
réactionnel du type hydrure métallique choisi entre des hydrures de métaux alcalins et des hydrures
de métaux alcalins et d'aluminium avec une quantité inférieure & une quantité stoechiométrique d'un
halogénure de silicium choisi entre des composés répondant 2 la formule SiX;, dans laquelle X
85 représente le fluor, le chlore ou le brome ;
(B) 2 faire réagir dans une seconde zone de réaction I'hydrure métallique restant dans le milisu
réactionnel liquide, au-dessus duquel se trouve un espace rempli de vapeur, avec une quantité de
corps réactionnel SiXs supérieure 2 la quantité requise pour la réaction avec ledit hydrure métallique
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2. Procedd selon |la revendication 1, dans |equel |'hy re nbtallique est
un hydrure de metal al calin dans quuel | e nbtal al caj ,” re
le lithium le sodiumet le pot R PG BB, Procede iuﬂ”"'”ml
revendi cation 1, dans loquel |'hydrure mtallique est un hydfur® de ret al
alcalin et d aluni n| um dans loquel ledit nmetal alcalin est choisi entre le

i thium e T
Elus i s

dans | equel Ut ;ﬂ'{ 8 fis us0 5.
it ug%,pgr'" Tl

Procd6 suiv % F ‘fﬂee rapport u S| X4 | ntroduit
di rect enent el reacti1onne I qui de de | a seconde zone de
reggtion a l(@ gy &&1 I'h% ln% diesuﬁlu?ﬁln'hﬁhtr BUBER stevafant @6lild BocbAIREZHHE de
rl~act i on, ﬁH ﬁn 88 RattioNpeliP 8a dacti® kves QAP Guaktité! Suppiémentaire
|"interval I ed. ,UQ, . 35 6. Proc~d6 suivant |a revendication 5, dans
| equel le ra(PW&éterﬁlMe Eﬁfférbribb (46 Eripbratiel saBd 1R NEPSratita s ligeideTBbaiomel dabsladileonnel
li qui fe a | aseBnas zbriede Bhalibe ol tarhpérdtudé WO liquidecréakaiomel pratizeermnt] ennxdiatement
rdacti on estavar éhétratibn dand ladite sezbndalzbre ;e 0, 23 & 0, 30. | 40 7. Procdd6
sui vant | a r@y&ndiseain sngnalldénﬁedasladmeqiﬂétendeedertamm@ae pada iégyiatied dy pépitidie de

| a seconde zaorps rébetionokh ddris one 2pé degfactidn pour parvenin & aings éaction pratinyeroant steashiomd-

suf fi sant es tiquardeajquantités tothiss ithalegdnure|de siliciumset dihydrere méallique ayaptréag] daps lagases

| i qui de et gdemezopes degéactignploditiBocsdd campronant I'¢tape sensistast i on 7, dans | oquel |e
m-I ange r dactH) driviser Ip icerps thectigene| §iXis iskroskiit dang ddlte greonds zone de ¢4 % o dpuXa i t 6
a des i nt ensgopraats, da)alglFt'?i‘!'?’dﬁ“’é’ﬁﬁ@?ﬁodl‘lb%hl""%’“bﬂ"%}? 'l‘ttda'lf '8 ,a tonsels 4
W1 (0, 0033 liqrideaguy amélipres ip tansfert do masse °Pi|3/ phesesdiq sﬂ"%{“

di cat| U e il f
.f.e;ﬁ.“a';za'nwsa@ 8%3@ e Gaaa o pswnmea"’zn;ﬂ% t-oé%e‘iv fle o

0N a 30 mi niff Proc6d4 suivant |a revendication 9, dans |lequel le

Lenps. de, SBLQ&:% SSM q';ﬁ dnb ?I 'y 95:% iRiqHAGLE ul mdmamémeaﬁ d%
on ey ueﬁ;B%&Iﬁ @Qsic oigh rglevl mlg%tgs%mf‘h m nut es.
25
3. Procédé suivant la revendication 1, dans lequel I'hydrure métallique est un hydrure de métal alcalin et
d'aluminium dans lequel! ledit métal alcalin est choisi entre le lithium, le sodium et le potassium.

4. Procédé suivant la revendication 1, dans lequel I'halogénure de silicium est choisi entre SiFs et SiCls.
30
5. Procédé suivant la revendication 1, dans lequel le rapport du SiXs introduit directement dans le
mélange réactionne! liquide de la seconde zone de réaction & la quantité totale de SiXs introduite dans
ladite zone de réaction, de la manitre décrite dans I'étape H, est compris dans l'intervalle de 0,20 &
0,40.
36
6. Procédé suivant la revendication 5, dans lequel le rapport du SiXs: introduit directement dans le
mélange réactionnel liquide & la quantité totale de SiX, introduite dans la seconde zone de réaction est
compris dans l'intervalle de 0,23 & 0,30.

\_/ 40 7. Procédé suivant la revendication 1, dans lequel le mélange réactionnel liquide de la seconde zone de
réaction est agité 2 des intensités d'agitation suffisantes pour ajuster de nouveau le transfert de masse
entre les phases liquide et gazeuse.

8. Procédé suivant la revendication 7, dans lequel le mélange réactionnel liquide de la seconde zone de
45 réaction est agité 2 des intensités d'agitation correspondant & un apport d'énergie de 0,64 W/ (0,0033
HP/gal) a4 1,32 W/ (0,0068 HP/gal).

9. Procédé suivant la revendication 1, dans lequel le temps de séjour du mélange réactionnel liquide dans
la seconde zone de réaction est compris dans l'intervalle de 0,5 2 30 minutes.

80
10. Procédé suivant la revendication 9, dans lequel le temps de séjour du mélange réactionnel liquide dans
la seconde zone de réaction est compris dans l'intervalle de 5 minutes & 10 minutes.
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