TI TLE OF THE | NVENTI ON: Process for the Production and Purification of

Bi s(tertiary-butylam no)silane BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention relates generally to a process and purification method
for making an am nosilane. Mrre particularly, the present invention
relates to a process and 5 purification nmethod for meking the am nosil ane,
bi s(tertiarybutyl am no)silane. (0002] Silicon-nitrogen based conpounds are
used as precursors for depositing, via chem cal vapor deposition or
simlar neans, silicon nitride, silicon carbonitride, and silicon

oxynitride fi I ms that can be useﬂ-ri_@chef\ gq,qggﬁt-r% devi ce fabrication. For
exanple, silicon nitride has many applicafions in ’éevi ce fabrication

because of 115 Hcsufionl i MAIEH ARAPRRRENEH o BLBHIRLLORAESLIRNCE:

Typically, NH3 an ures are use nnitride
via chenmical vapor dep05|t|on at tenperatures approachl ng 800C. The

vol atil e amoni um chl oride ("NH4Cl ") and other chlorine by- products of
this reaction can lead to particle formation and hazy filnms and can al so }
deposit at the exhaust of the reactor tube. These deposits can cause wafer

ging( Fg?}t)i arlg gﬁ[?lg:m ng)gﬂ aﬁﬂ%@@@ﬁpﬁﬁﬁ&tw%po& ecursor for the
che ca! T 0 8 Rl bbagl) B e iR o
Gt RO SN
o PAETE R PR SRR AR oAl o5 v, o
deposited obta ne si,ng BTBAS as th recursor are free of
ammoni um ¢ r!?%"r%tld Mol PHEHED; HasEd COmPaIRIS-ATP &i7od 5 PEIASAVR 9] SPBRRING Yicess
temperatur eﬁémvcaFvépor deposnio%og'%imiiar means, silicon nitride, silicon carbonitride, and
silicon oxynitride films that can be used in semiconductor device fabrication. For
. example, silicon nitride has many applications in device fabrication because of its
10 superior barrier properties and oxida.tion resistance. Typically, NH; and Cl,SiH, mixtures
are used to deposit silicon nitride via chemical vapor deposition at temperatures
approaching 800°C. The volatile ammonium chloride (“NH,CI") and other chlorine by-
| products of this reaction can lead to particle formation and hazy films and can also
deposit at the exhaust of the reactor tube. These deposits can cause wafer and pump
15  damage.
[0003] The aminosilane, bis(tertiary-butylamino)silane, is a liquid chemical precursor
for the chemical vapor deposition (CVD) of uniform silicon nitride, silicon oxynitride and
silicon dioxide films. U. S. Pat. Nos. 5,874,368 and 5,976,991, which are assigned to the
assignee of the present invention, describe CVD methods for preparing silicon and oxide
| 20  containing films using the bis(tertiary-butylamino)silane (BTBAS). Bis(tertiary-

butylamino)silane has the following chemical formula: (-C4HsNH),SiH,. The deposited
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Further, the BTBAS precursor does not contain direct Si-C bonds, and the
resulting films are substantially free, or contain very |ow |l evels, of
carbon. By contrast, anal ogous 5 am nosilanes which contain |igands such as
n- butyl am nes and tetrakis(dinmethylam no)silane do not deposit carbon free
films at the | ower process tenperature ranges and the filmuniformties
are rel ati viiims qtaified usind BOBAS Hacthe pie@Ursdrf brel fieesdf apmhoMuichigtarghd 0 a
process for the production of the am nosilane conpound

bi s(terti arghitririeydontarminition anelativddRwer protess fipepdtodeciié. 0500 tHBo0°CEt hods
for am nosil ane conmpounds typically involve one or nore solvents. Prior to

use, the soFurtel, the BIBASQrecurbor ddesedt adilaifiidireét SiCC BomIss Bhd tHeresOting fined 1 on
of inmpurities in the end-product and dried to the prevent the new y-fornmed

conpound f rasbigstantialy freg, olddngih 0@y &VEIs| bicaresh &dfﬁra%fﬂaﬁabgbrb@ _
articles, K N Radhamani et al., "H gh Yield Room Tenperature Synthesis

and Speat r admibbsihes waich bohaigaels sLenesn-bulydMigss sha 15 Phosphorous,
Sul fur, and Silicon, Vol. 66 (1992), pp. 297-300 ("Radhamani 1") and K. N.

Radhanani ebtraftis(dimebhyiarnineilene dbineidefiosh BaiBen ek e acthe iGwenpibhagi s of

M xed Tri(am no)silanes by Transam nation of Tris(cyclohexylam no)silane
and Their t6MperREire rargekiapl the mnfmmu;s areXeldtivély pabferSi 1 1 con, Vol . 79

(1993), pp. 65-68 t ("Radhamani 11"), describe siimlar reactions for the

synthesi s qbod4]i aHeRRr hANESIeAdite Fogird Rk BRYCBESTor ?@%ﬁc&%ﬁ%ﬂﬂ&e' Yy

Radhamani | describes reacting a secondary am ne

trichl orosigninssilafe EShpdridl @rlidtydnt)aabldiale. 8 éver,%l{ﬂén@b}oﬂu?@#ha”ﬂni

|1 describes reacting dicyclohexylam'™ne wth trichlorosilane to form
n

£ 1°5( 6y ClogRiod BARMLSIdR rRingh G5ELARIYITLR oF lr BhireryEObfiof £2C1 i 01

are conducted at a tenperature near tenperature under a nitrogen

o osEne" Sl s heee B Do i AR BRiERLey 3 PELERARD
prior to ugf dMd-HoButd’oFiddté e prevent the newly-formed compound from hydrolyzing

to siloxane and its respective amine. The articles, K. N. Radhamani et al., “High Yield

Room Temperature Synthesis and Spectral Studies of Tri(amino)silanes: (RN)3SiH”",

15 Phosphorous, Sulfur, and Silicon, Vol. 66 (1992), pp. 297-300 (“Radhamani I") and K. N.
Radhamani et al., “A Convenient High Yield Room Temperature Synthesis of Mixed
Triamino)silanes by Transamination of Tris(cyclohexylamino)silane and Their

-~ Characterization”, Phosphorous, Sulfur, and Silicon, Vol. 79 (1993), pp. 65-68
(“Radhamani II*), describe similar reactions for the synthesis of triaminosilanes and
20 mixed aminosilanes, respectively. Radhamani | describes reacting a secondary amine
(R2NH) with trichlorosilane to form (RaN)sSiH and 3R,NH.HCI salt. Similarly, Radhamani
Il describes reacting dicyclohexylamine with trichlorosilane to form
tris(dicyciohexylamino)silane and dicyclohexyamine.HCI salt. Both reactions are
conducted at a temperature near room temperature under a nitrogen atmosphere using a

25  benzene/n-hexane mix as the solvent. The benzene and n-hexane solvents were

purified via distillation and dried via sodium wire prior to use within the reaction.
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- -2 [0005] Accordingly, there is a need in the art to provide a process for

- the production and for the purification of the am nosil ane
bis(tertiary-butylam no)silane. There is also a need in the art for a safe
i ndustrial and cost-effective process to make and purify the am nosilane
conpound bis(tertiary-butylam no)silane at a high yield, less cycle tine, 5

vess P;?E???@ﬁﬁ%amw slrri?SéS%m?ﬁV"f | é‘%zB&E%rm%%v@é‘aﬁ@é%&%?narﬁ%@%ne
yiohas. 1 owsreraet B Kot &y oS iRl SinBimidie; Therelh Bina
their ent i et 50 PIBE AT S i Aebhn do3t AR bRErO5h Pl BB "
LEYFPE cat on AR corh il el T A 80 B n B Y e 8 e "
proces 1o y&“@%&?@%ﬁ%ﬁf@%ﬁ%& 'F%ve&it@ﬁfi%h%ﬁﬁﬂé'%ﬁ%wéﬁﬁéi@ s o
St oi chi omet 1 isGrRXRG 3fd BhexblecteB S brodliGe H8'dAfin béiflnddraBis2fiady.oUP

consi sting of ?ecoﬁgary a nes:ﬁﬁgw ng ?‘E]ed?'?orrruﬁ% _ , prinar am nes
ol or asi | ane® RaOISTE cPopSfs ARy Aot e, ShorrBbecs Tiberdifes, and
sufficient sw%dtwn&dfbgywve,gprrpri sing the am nosilane product and an

am ne hydrochloride salt is produced 20 wherein Rl and R2 can each-
i ndependent | jog06] 2All dlér@hcesited herefl aklimdrptstate néidin BY %ené@iﬁitﬁ@réntﬁ&y.zo

car bpn atons; R3 can be a hydrogen atom an am ne group, or a linear,
cyclic ofg branched al kyl group having 1 to 20 carbon atons; and n is a
nunber ranging from1l to 3. [0008] ~ In yet another aspect of the present

I nvention, there is provi dedpRigF SOMMARYOF THE INVENTION '
[0007] - The present invention is directed, in part, to a method for the production and
purification of the aminosilane, bis(tertiary-butylamino)silane. Specifically, in one aspect
of the present invention, there is provided a process for preparing an aminosilane
~:'15  compound comprising reacting a stoich.iometric excess of at least 6ne amine selected
from the group consisting of secondary amines having the formula R1:NH, primary
amines having the formula R2NH; or combinations theréoi with at least one chlorosilane
' having the formula R3,SiCl... under anhydrous conditions sufficient such that a liquid
' Q o cdmbﬁsing the aminosilane product and an amine hydrochloride salt is produoed .
| 20 wherein R1 and R2 can each independently be a linear, cyclic or branched alkyl group
having 1 to 20 carbon atoms; R3 can be a hydrogen atom, an amine group, or a linear,
cyclic or branched alkyl group having 1 to 20 carbon atoms; and n is a number ranging
from 1 to 3. |
[0008] - In yet another gspect of the present invention, there is provided a process for
25 making a bis(tertiarybutylamino)silane product comprising: reacting ten-butylamine with
dichlorosilane under anhyg:lrous conditions sufficient such that a liquid comprising said
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25 making a bis(tertiarybutylam no)sllane product conprising: reacting
tert-butylamne wth dichlorosilane under anhydrous conditions sufficient
such that a liquid conprising said -3. bis(tertiarybutylam no)silane
product and a tert-butylam ne.-hydrochloride salt is produced; passing the
liquid through a filter to provide a tert-butylam ne.-hydrochloride salt
cake and a fbis(tertizgbutylaming)sitaweiprodudt layd agert-batyfanitergdrdchigrte st ipr ovi de
the bis(tertiarybutylam no)silane product. 5 [0009] (In still a further
aspect of t hprogucedppessing e liquiththrdugh aditter to ppvide &l esh-butplamires hydrochlonideki ng a
bl s(tertiarybutyl am no)sil ane product having a chloride |evel of 15 ppm or
bel ow, the praticeksandbafiltersd liquid;and puiilying tiss filtdbed duidorpeovidd thedi chl or osi | ane
under anhydrous conditions sufficient such that a |iquid conprising the
bi s(terti ar is{teyisaybiutyigmsino)siteneiproduct.t and a tert-butyl ami ne _hydrochl oride
salt is } 10 produced; passing the liquid through a filter to provide a
t ert - but §l arf0eR8] il stilchiudtherespestadf theqarksent inventidni, theee- is grdviided alprocesssfong t he
tert-butylam ne _hydrochloride salt cake tert- butyl am ne wherein at | east
a portion ofmaking a bisftertiaryiutyiamine)siiane prodectieritg aschiaride davet of-15 gpm oF on of
the tert-butylamne in the reacting step; and purifying the filtered Iiquid
to provi de below, theqreeass camptising:|rearting Jest-butylamineowitidichlarssilape Lbtier na
further aspect of the present Invention, there is provided a process for
maki ng a bi §pbwsireyscgopgitions suficiant suchithat pliquidicomprisingthei ng reacting a
stoichionetric excess of tart-butylam ne with dichlorosilane under
anhydr ous c8i§tiptiroRutylaming)gilape presluchand s tert-utylamine _hydrashlositde gsath s .
bi's()t‘ert | arybut yl am no) sil ane product is produced. 0 [0011] These and ot her
aspect s19f Produted; passingthailiquid reughea Hins 10 pravide eol§tylylamipe t'EMerﬁR\'Cﬁge
detailed description. -4 BRIEF DESCRI PTI ON OF SEVERAL VI EW5 OF THE DRAW NGS
salt cake and a filtered liquid; rinsing the tert-butylamine _hydrochloride salt cake  tert-

butylamine wherein at least a pbrtion of the tert-butylamine rinse is used as at least a
portion of the tert-butylamine in the reacting step; and purifying the filtered liquid to
provide the bis(tertiarybutylamino)silane product.

15 [0010] In afurther aspect of the prasent invention, there is provided a process for
making a bis(tertiarybutylamino)silane product comprising reacting a stoichiometric
excess of tert-butylamine with dichlorosilane under anhydrous conditions sufficient such

‘ that a liquid comprising the bis(tertiarybutylamino)silane product is produced.
O | [0011] These and other aspects of the invention will become apparent from the
20 following detailed description.



[0012] FIG 1 provides an Illustration of the systemused in one enbodi nent
of the nethod of the present invention. 5 DETAILED DESCRI PTI ON' OF THE

| NVENTI ON [ 0013] The present invention is directed to a nmethod for the
production and purification of an am nosilane conmpound, particularly
bis(tertiary-butylam n%si | ane (BTBAS). Unli ke ri or met hods of making

am nosi | ane conpoundBRIRE PESGRIETION OF SEVERAL ¥ ORTHE DRAWINGSes one of
the reagents,_the anmine, as the solvent for the reaction. Further, certain

10 aspects of [0 J7l@stprovidas aniliustration pf tha systemaised inenerembpdimentiof thee

reaction by- prgﬂqggt the am ne hydrochloride salt fromthe
am nosi | ane- 8 ﬁﬁihgpasaefénwena?n-d such that sublimation of the salt in

subsequent process steps Is mnimzed. This allows for a higher purity
| evel of the am nosil ane conpound than was attainable heretofore. In

S?SLELS:% gﬁhhznpiﬁszﬂﬁ nLQYWEgﬁ%ﬁ?ﬁ?n%ﬁéh%%W - IEE%SZ& Kd

] L . i ' 0014] Al
htending 1 o B0 THEBRSS St BfEEEEla 4 BBediRcine PRAUHosAPUIRIRRL | on
I | h [ ] . y ,
CEY& ot 1 e o EREMIRRIENE OEBR.RY. phi&iba iFudR Sl ERR R (iAo R e e
¢ : N . ! .
e wher . RAHEG A A REARRE L AegE NG oot R B RS
having | t0 2Qeddndtrdie ms,lqe%%ﬂ@g,éésfmeawam&ﬁh? PG Fflﬁmuﬁ‘%gﬁélﬁ

preferably one that renmainhs a reacti on enperatures an

pr‘essureqoandsﬁrcw ' o : &rl*iﬁﬁ ' .#Ip@p :gmlﬁ LA
the)l iquid reacti onqﬁ%rgﬁbc"t%mv%x%e‘%p %agggoﬂﬁﬁ‘;adm nesrdiaﬁg u eb I a kuﬁ

diaryl, and asinediydfochlotide s Tronethe-antiriciiBneREohtdining Bhide #GUIA 86cH thed ude
-tertiary butylamne -5 ‘
sublimation of the salt in subsequent process steps is minimized. This allows for a
higher purity level of the éminosilane compound than was attainable heretofore. In
addition, the present invention may also provide a more cost-effective process for an
16  aminosilane compound through the recycle, recovery, and reuse of the amine reagentin -
subsequent reactions. '
[0014] Although not intending to be bound by theoary, it is believed that the present
invention involves the reaction between at least one amine reagent and at least one

”) ~ chiorosilane reagent dispersed in a reaction mixture containing the amine. The amine
. primary amine R2NH; wherein R1 and R2

i,

20 source can be a secondary amine R1;NH or a
can be a linear, cyclic or branched alkyl group having 1 to 20 or preferably 1 tb 10
carbon atoms. The amine usad Is preferably one that remains a liquid at reaction
1erﬁperatures and pressures and produces an amine hydrochldride salt that Is insoluble
in the liquid reaction product. Exemplary secondary amines Inciude dialkyl, diaryl, and

26 aryl alkyl amines.  Exemplary primary amines include.
fertiary butylamine



A preferred al kyl am ne source is the primary amne tertiary butylam ne
(TBA). The chlorosil ane reagent can be a conpound having the fornul a:
(R3)SiCl4.f wherein 83 can be a hydrogen atom an anine group, or a linear,
cyclic or branched 5 al kyl group having I to 20 or preferably 1 to 10
carbon atons and n Is a nunber ranging from1l to 3. A preferred

chl orosil ane reagent is dichlorosilane (DCS). [0015] In certain .
enbodi ments, it naybe preferable that at |east one of RlL, R2, and/or R3
substituents in the gplefsredlyDamiialsourelid e r eageifianbémine 3értiahyButylarhihy
hi ndered. The term"sterically hindered" as used herein relates to radi cal
groups t hqTBARMTHeghis#esiland Fagbmesanbeacddnspbunt haviag Heltermul@ (R3)\BielRy Vvirtue
of its size. Senme non-limting exanples of sterically hindered al kyl
groups i natherkin Rarcge b aihydraget dons ldhdmios groRp, Sruclineas cfélk%@' Brifiched’
nonadecyl ; secondary (2) alkyl groups such as isopropyl, isobutyl, or

i sopensy| alkgrgroehaviray ¥ to ) ordréftablyr DIOPED Gasdh Aemis@ht nbéia iumbat rabging! ") or
tert-pentyl ("t-pentyl). [0016] The amine is present in the reaction

m xture | from & ukpreferresbohitsasilafie reagéit is dichlohistian (O0S)anount and may act
as both the reagent and the solvent within the reaction. The dual use of
t he ami nel[@®d5bolnvertein entbodiménts,iicmaybe preferable thal atleastone o1 ARE Aayriforov er
prior art methods involving a solvent. First, dual use of the am ne

ensur es t R@substituentsiottheramine andiov ohiotosiian@mphagdrit ba lessistesicallydhintiered. The
the-potential for any unreacted chlorosilane reagent to remain within the
sol vent alermastetically bindetedhas gserithereinpslates th raSisabgrdyps thet caniimpeddat i s
renoved fromthe liquid reaction product or subsequent process steps can
be r elfs edgiven pagiongmtit another moleculechyl \inuesefdts. siZe0 Bomje inelirpitinglexamplés ohe
reaction between the am ne and the chlorosilane Is a-crude liquid that
cont ai ns, stenigally hintiered alkiybgraupsioclute lasgecprimary (tP) atkilegroupsrsaich as dctadecyti ne
hydrochl ori de salt. The reaction occurs rapidly, is exothermc, and Is

sel ect i veorinonadreyl Setondany (23 alkyl gtdups auchassisbpnopylcisotpuylat.isdpentyl; @r ef er r ed
enbodi nent of the present Invention, the reagents TBA and DCS are reacted
to form detiryBY alyhgraups suphmERaGbutyl (t-butyl”) or tert-pentyl (“-pentyl”).
' [0016] The amine is present in the reaction mixture in an amount in excess of a
15  stoichiometric amount and may act as both the réagent and the solvent within the
reaction. The dual use of the amine as both the soivent and reagent provides many
advantages over prior art methods involving a solvent. First, dual use of the amine
ensures that the reaction s driven to completion. This avoids the potential for any
O " unreacted chlorosilane reagent to remain within the solvent after the reactionis
20 completed. Second, the amine that is removed from the liquid reaction product or
subsequent process steps can be reused as a reagent in the reaction step.
[0017] The product. of the reaction between the amine and the chiorosilane is a crude
liquid that contains, inter alia, the aminosilane compound, the amine. and an amine
hydrochloride salt. The reaction occurs rapidly, is exothermic, and is selective in the.
25 formation of the aminosilane compound. In a preferred embodiment of the present

invention, the reagents TBA and DCS are reacted to form a liquid containing BTBAS.
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-6 This liquid which is referred to herein as "BTBAS crude" contains, inter
alia, BTBAS, TBA, and tert-butylam ne hydrochloride (TBA. HCl) salt. The
anticipated yield of BTBAS within the BTBAS crude ranges from 80% or
greater, nore preferably 90% or greater of the theoretical yield. The
BTBAS crude is preferably subjected to further processing 5 such as

purificati oThigliquid whithus eefeh@t 16 kerin & “BIBAS SiuEEUCoRtainsOnidHE) BFBAS,apOr
deposition. Wen used as a precursor, it is desirable that the anmount of

chl ori de pres&nnd téﬂ&)bgllhrhihé hipgochioAde BTEANECHSakd TR Enb¢ipated YidPofBTBASt he
I ntroduction of chloride contamnants in a CVD deposited film [0018] An

exanpl e of Wikn HeBEBAS e ragges frohh 80%CorRRAIEE Wt pRdTBRBIYI oP?reb{‘tf? of 10
present invention is presented in the followi ng equation: "TBA 4(CH3)3CNH2

+ Si H2CI 2 -the tHordtzhBadi] Fhe I8 BiA LErHS) HiibubjBREE td fuRtief SrobbRirpove

equation, a BTBAS crude liquid is fornmed by the réaction of 15 tertiary

but yl amsne 4iBRAL pangk=A0f BHoF @isb 0P kb, a8 iecdTRich foreheriAy fégbrconsumed

for each nole of DCS reacted. An anpunt o BA i n excess of the

st oi chi OMelgepBsitiATOWREn LSedBSE pRScUrE:, R dedihble Thia 18I Bneust of SRiokibié Br&bent
contains two noles of tert- butylam ne hydrochloride salt (TBA HCI) which

wer e for medifh thePunfiePBTBAS is #5 pPnQUrfiis'18 Bboit HeSintro8aGioR bt cﬁloﬁ%@o [0019]

As mentioned previously, an am nosilane conpound is fornmed by the reaction

bet ween at chR@plinLInPEYD dpagfdy fignd at | east one chlorosilane reagent
wherein at |east one amne reagent Is present in the reaction mxture in

an anount i[mmjc%%ﬁFqﬂ@sf the pRddels EH&%%&? %@%ﬁ[ﬁaﬂiéu{%%@ﬁ:@ﬁﬁi&ﬁ%f fHe the

present invention, at l'east a portion o ne e reactor is

recycl gg { pRSGGRS i0éntoR3 bleRBied ithedBHomil] AR, © the 25 anine rinse used

to rinse the salt cake om prior reactl t he am ne separated

TBA
4(CHg)sCNH; + SiH:Cl — 3 [(CH3)sCNHLSIH, + 2(CHg)sCNHa.HCI

Referring to the above equation, a BTBAS crude liquid is formed by the reaction of
15  ftertiary butylamine (TBA) and dichiorosilane (DCS). Four moles of TBA are consumed
for each mole of DCS reacted. An amount of TBA in excesé of the stoichiometric
amount is used as the solvent. The BTBAS crude liquid contains two moles of tert-
butylamine hydrochloride salt (TBA.HCI) which were formed for each mole of
dichlorosilane (DCS) reacted.
£ \3 20 [0019] As mentioned previously, an aminosilane ‘compound is formed by the reaction
between at least one amine reagent and at least one chlorosilane reagent wherein at
least one amine reagent is present in the reaction mixture in an amount in excess of the
stoichiometric amount. In one aspect of the present invention, at least a portion of the
amine added to the reactor is recycled from prior reactions such as, for example, the
25 amine rinse used to rinse the salt cake from prior reactions and the amine separated

from the crude liquid. In certain preferred embodiments, the reagents, particularly the

chlorosilane reagent, may be of higher purity, preferably 98% pure or greater, to
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fromthe crude liquid. In certain preferred enbodi nents, the reagents,
particularly the chlorosilane reagent, nmay be of higher purity, preferably
98% pure or greater, to -7 mnimze the amount of inpurities that can
result in the am nosil ane-containing crude. In enbodiments wherein the

chl orosil ane reagent is DCS, the DCS reagent may contain the inpurities

nono- chl or agininaige trdbdint of hslrities tHah eaP FeRaR i therantiRogligRestbntaining geidghin
percent or |ess each. 5 [0020] The reaction mxture may be agitated to

enhance thﬁenﬁtﬁmrﬁéﬁtsmbY&ﬁméélﬁbroﬁlﬁnéee@%&\t IBCS hihe'IGS ledigent wageohtain
Agitation may be achieved, for exanple, by wultrasonic energy or nechani cal

agi tation. th@irgshmies AbThIdIeEiIRNS ahd &i-Bhisiodilghd Sreséfanan afuhyofaoweighed,
the reactor stirrer may be equi pped with a turbine or a gas entrainnent

i npel | er. Ipetdbnt BPRdd eddte reaction is conducted under anhydrous conditions
to avoid hydrolysis of the <chlorosilane reagent and the am nosil ane

products | o43u]s THaHBE&IonQRixturd haly PR EgRAteNS BRRANdeIhE BoRALIHNesh ted Vi a
heat, vacuum or other nmeans priof to conducting the reaction. The

reaction i anGREse irRErosiaht TRRjeAtsl itaBWRY bel RiMevel, tbPexaiiiple el er abl y
fromO to 35C. Since the reaction is exotherimc, the tenperature my be

mai nt ai ned | vasbRic @Rty nﬁé&%aﬁi%&icé(?%ti&ﬁi IR@nthddRAEHS WhieRi fe Mixture 8 | ar
means. [0022] In a préferred enbodi nent of the present invention, the

chlorosi | aaeechsaear}tagng&w,gﬁrhaétafﬁgﬁgmaggbi . ippRRGktrCwbink WF 8 gag @ |iquid

or a vapor. In enbodi'nment ere ane reagent 1s added as a

vapor, a n@ﬁfréiﬁi%‘éﬁfiﬁ'@e?&? such as nitrogen or an inert gas nmay be enpl oyed
as a carrier gas to deliver the vapor to the reaction mxture. 20 The

Comoer ™ b TR ReLeichoh Kok RutiR AR Rt oot e

or crude | pRiiddiadtA®al&fhnd the aminosilane product. In this connection, the reactor system
is thoroughly dried via heat, vacuum, or other means prior to conducting the reaction.
The reaction is conducted at a temperature ranging from -10 to 50°C, preferably from 0
to 35°C. Since the reaction is exothermic, the temperature may be maintained by

15  cooling the reactor using a reactor jacket or similar means.
f0022] ina preferréd embodiment of the present invention, the chlorosilane reagent
may be introduced to the reaction mixture as a liquid or a vapor. In embodiment where
the chlorosilane reagent is added as a vapor, a non-reactive gas such as nitrogen or an
inert gas may be employed as a carrier gas to deliver the vapor to the reaction mixture.

20  The chlorosilane reagent is fed to the reaction mixture until the desired conversion of the
amine 1o the liquid containing the aminosilane product, or crude liquid, has been
achieved. In certain embodiments, the conversion is limited by the ability to adequately
suspend the byproduct amine hydrochloride salt within the crude liquid. In altemative
embodiments, the reaction may be run in a continuous manner by replenishing the

25 chlorosilane and/or amine reagents and removing the reaction products such as the

byproduct sait and the crude liquid from the reactor.
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achi eved. In certain enbodinents, the conversion is limted by the ability
to adequately suspend the byproduct am ne hydrochloride salt within the
crude liquid. In alternative enbodinents, the reaction nay be run in a
conti nuous manner by replenishing the 25 chlorosilane and/or am ne reagents
and renoving the reaction products such as the byproduct salt and the
crude | i qui d[6028]0 Inhshe @petiQf the Frebdil ivbntion|, theQBactaseitént®brd pidséd BFaigh

i nvention, the reactor contents are passed through at |east one filter to
subst anti al | gt leastane filtdrao Buttartially reptdve the Byprbdiit Saltfiem ithelcrude liguili t abl e
filtration nedia are conposed of a material that wll not react with the

crude or an$uitable fizationmedie atesconypisad obaslmateriabihat willGiot Amcbwitetheonide @l ass
frit, or certairn netals_ 5 A finer-sized nesh filter may be preferred, for
exanpl e a 0. anyaf te Companeats coatdindd thérein, such as @i ceraric eglhdeeinf) @3 seddin Meyalaf
the by-product salt remaining in the filtered liquid. The filtration
step(s) d¢an Adinercsizkganesh filted may baguefeméd) ferexaniple @ 0240105 miangn inesh Bigdrftof r om
the crude liquid. It is preferable the filtration process be conducted at
a a tenper at minimize thegiasgibilitycfitee byp@®aatisealt pareairing in the fitated IigoidmThebl i mi ng
within the crude liquid. The salt 10 cake formed on the surface of the
filter can Uiltrationstap(s)icah belsondudtetbundes yanuunstodssistin exBacting the salt/komfthe t her
am nosi | ane product such as the BTBAS contained within the crude. This

am ne ri nse ange liguid, Jtig praferabledthé Gitratiorbprogessitie canductad ata altempenature

enbodi nents, the anount of am ne hydrochloride salt remaining within the
crude after rangingfrem Ddm303C fodrevenbingisalt froml sublimingrwithin theicrudei ligrido rihesattes

i nvol vi ng hi gher process 15 tenperatures, i.e., ranging from100 to 180C.

[ 0024] Ag ke taraed pn dhe sutacy of thediltercandoe ringad avithdhe aming reagerdsuchaser t ai n
amount of the am ne. The am ne may be renoved or SSRarat ed fromthe crude
liquid, for ISdrpever fythesamipesiiane proskictrush as traRTBAS coplained vilbinthent , t he
crude liquid is heated to a tenperature at or above the vaporization

t enper at ur e SBide; BISARIAR fingemay ke vised asfpedfor subsequent reactions. In some

embodiments, the amount of amine hydrochloride salt remaining within the crude after
filtration is low encugh to allow for purification processes involving higher process
15  temperatures, l.e., ranging from 100 to 180°C. |
[0024] As mentioned previously, the crude fiquid may also contain a certain amount of
the amine. The amine may be removed or separated from the crude liquid, for example,
by evaporation or other means. In one embodiment, the crude liquid is heated to a
‘C) | témperature at or above the vaporization temperature of the amine. The amine reagent-
20 - is vaporized and oondehsad into a collection vessel. The amine within the collection
vessel may be used as the amine reagent In'the reaction step. A vacuum may be
applied to assist the removal of the amine from the crude liquid. The amount of the
amine remaining in thé crude liquid after evaporation and/or other removal processes is

preferably 10 weight percent or below. The crude liquid may be subjected to fittration

25  prior to and/or after removal of the amine from the crude. In one particular embodiment,



20 is vaporized and condensed Into a collection vessel. The amne within
the collection vessel nay be used as the am ne reagent in the reaction
step. A vacuum may be applied to assist the renoval of the amine fromthe
crude liquid. The anpbunt of the amne remaining in the crude liquid after
evaporation and/ or other renoval processes is preferably 10 wei ght percent
or below. Tihe T‘HAJiQ%vb;bc%He@ iFORY tHeeB TS efidedighie é:fri’oHd firatioh 18 2ePbl®thet O
and/or after renoval of the amne fromthe cru I'n one particul ar

embodi nent , TBA $i0) BgpréBietisairevaporated from the BTBAS crude liquid prior to
filtration to renove the TBA HC byproduct salt. [0025] The crude liquid

cont ai ni ng qobﬁs]an‘rm%h@n@usa %ornarnirfg 18 aﬁﬁnd%“]&né’fs pilfi€d b bAE 8F fidPe t O

substantially extract the am nosilane product contained therein. The 5

reaction C%Qééés@é‘fo él]‘bs%a‘?ﬁf&lﬁfé&#é&?th@%:ﬁés@lﬁﬁé‘bF‘ocﬁxE{ cdﬂ?ﬁné&fﬁef'énﬁafrhé’“ of the

crude vary dependi ng upon t'he purification process used. Exanples of
sui tabl g pyghdy gﬂé's for tHepuMfibatidn Bi R i
distillation, g&?g@?ﬁ??ﬁ%ﬁgﬁgmﬁ parsg'?éljorrl ext r%ct I on, gnde vary

conbi nat i ong, Eﬂﬁﬁgﬂfaon H& ﬁceﬁﬁ:h Iﬁr&éﬂs%russgbﬁﬁévﬁﬁl%of éﬂf‘ab%T&ﬁﬁcﬁﬁéme s

purified via d| st atlo to extract the BTBAS contalned therein. In these

erbodi 1ot froddstRBEETANEF AANTniRio ATAARE Lhior ﬁ&i‘{“ngérﬁﬁ}ﬁﬁggécb&aﬁ&,f. ul |

vacuum and enperatures can vary consi derab rom

preferably gcerEﬂo?uoa P @anaﬁdﬁs tﬂ&%ome'm%b Rculdh H%dm EPJ?A érh@é‘ls

dlstlllatlon I's cbn pressure n I 'ng

pref erably ﬂﬁﬂéd)wgg slﬁétfbnqggrf?ac%r%?gﬁ'gkgrc%nfam'tHQr %qmﬂ% t&nb&ﬁrﬁ n’éS

[002¢6] FIG rovides an ron of a used to synt esi ze

of the Gt B Jéﬁﬁﬁﬁ% it %ﬁﬂf@“&?%@‘ﬁé@% PR Vocsel 20

of the nethod I nv n

a ecel ver ygsagh, e ANy 8oL 83Dy 6555l S0 33 BbEHrordd0 GUHE0 T e 11

fluid communi ca I oNn WI
one embodiment of the present invention, the distillation is conducted at a pressure

ranging from 40 to 100 torr, preferably 40 to 60 torr and a temperature ranging from 70 to
90°C.

15 [0026] FIG. 1 provides an illustration of a system 10 used to synthesize BTBAS using
TBA and DCS as the reagents in accordance with one embodiment of the method of the
present invention. System 10 has a reactor vessel 20, a receiver vessel 30, and a flash

— vessel 40, Vessels 10, 20, and 30 are in fluid communication with each other and are
each equipped with a mechanical agitator 22, 32, and 42,lrespectiveiy, and a

20 heating/cooling jacket 24, 34, and 44, respectively. Vessels 20 and 40 are in fluid
communication with a nitrogen gas source to allow for the dip tube 26 and vessel 40 to
be nitrogen purged. Reactor vessel 20 is charged with a stoichiometric excess amount
of liquid TBA from supply tank 60 shown. At least a portion of the TBA reagent can also
be supplied from vessels 30 and 40. The reagent DCS 50 is housed in a pair of gas

25 cylinders and is supplied as a vapor to reactor vessel 20 through dip tube 26. At the

onset of introducing the DCS reagent, dip tube 26 is preferably purged with nitrogen or

-10 -



each equi pped with a nechanical agitator 22, 32, and 42, respectively, and
a 20 heating/cooling jacket 24, 34, and 44, respectively. Vessels 20 and 40
are in fluid conmunication with a nitrogen gas source to allow for the dip
tube 26 and vessel 40 to be nitrogen purged. Reactor vessel 20 is charged
wWith a stoichionetric excess anmount of liquid TBA from supply tank 60

shown. At | SasiherhoRGEadNE gk td PRvERAeAQRARH the RAgEMS WithREthe WigRihegnd r om
vessels 30 and 40. The reagent DCS 50 is housed In a pair of gas 25

cylinders iaeS MR trRGeastion i¥ 8Buctdy, IrRAGLES Ji e6htated Withpira@Bcdt p t ube
26. At the(f%lg%gsa;]te of intrgduizi r:g theu DCS reagent'(,)iﬁ%i p ?ube 26 is preferably

purged wit *"vé%éél@ﬂ@ﬁ?%etd ﬁgﬁbggﬁ‘ﬁﬁ%rhﬁf whtB thE RBAINE o8t BER KEEHIIeE8a Ghi ON

of the reagents wt iptube and pluggage. After the reaction is

conduct ed, L el 'ﬁﬁ@ i | t-Bi i R likSigprassed
t hrough fi lt{r%?u@%&é\j\‘cﬁéﬂ%ﬁ%& ﬁgo TB, ﬁélﬂﬁg?k@p(ﬁﬂggﬂg{ g‘r? t?(?smﬁ;é?gguﬁedholn t he

sur face 50 Ligifind BEBASUH T BardBl bolelel ik ARbn PALLBNI0 208 P pirhplopIsl

crude |iqui ont al ni ng can be collected In f vessel

40. Vacuum a9 i{Elate e :léagcggF & Aﬁ%@%r&& i‘h}aetﬁaﬁidffﬁiiﬁgn% fik bbdieafigA er ed

crude |iqui romt Iiter | rinse supp d fromtank 60 may be
e delt %%”L’Fg@g{sg%b"éﬁﬁﬁﬁfgh%ﬁﬁ%}?ﬁ% 5?%}%’3‘}3@???2? ?ﬁ%ﬁﬁ‘?ﬁ?ﬁm?ﬁ )

o ol ght |yt 680000 TRAYRe A eE B0l h Fee a0 ThR el QTREiigticn
Fetey ver 1 ARToRgO Y IR i TRl cdoig IEREL A B FlboruRDm Sty "
TEA 1 o 1 AboT MESepd A SR AP R o 351Gl VAR e o' RrafRET 22°,
30 A Lor 19" Vo SR Bec R Rioofidted Brerbib ik sl s e iR RP R, 50"
fhe Emne. bBanakBalon lacl B drBRdEGiH TEATVachibufp OO ki Ffinb feffbbui®c!

t he BTBAS
of the vaporized TBA from the filtered crude. The TBA in receiver tank 30 may be used

as a supply source for reactor vessel 20. The filtered crude remaining in vessel 40 after

15 the vaporized TBA is removed can be passed through filter 80 and collected. This
filtered BTBAS crude may then be purified to extract the BTBAS product by any of the
methods described herein.

o [0027] The invention will be illustrated in more detail with reference to the following

)
o examples, but it should be understood that the present invention is not deemed to be
20 limited thereto. The gas chromatograph (“GC”) analyses were carried out on a 30 meter
XT-5 column manufactured by J&AW Scientific with a mass selective detector interface.
EXAMPLES
Comparative Example: Synthesis of Bis(tertiary-butylamino)silane Using THF as a
25 Soivent

-19 -



detail with reference to the followng exanples, but it should be
understood that the present invention is not deenmed to be 20 limted
thereto. The gas chronmat ograph ("GC') anal yses were carried out on a 30
meter XT-5 colum manufactured by J&W Scientific with a nass sel ective
detector interface. EXAMPLES Conparative Exanple: Synthesis of

Bi s(tertiary-butylam no)silane Using THE as .a 25 Solvent -11 [0028] A
reacti on m ooy Sdtidh N vk n@fidhecgolye e drof uran (THF)
and 50 m o;{bTBﬂ e %Aﬁﬁl%t o%g@@gy]en'fﬁswﬂ ﬁf eﬂgés éscPee react or

was charge ‘
manuf act ur ede¥RNvByran rﬁ't"i%tﬁﬂﬁ]ﬁo @b of dPANMAY pharged inte) ai 390l staibless staghet i ¢

stirrer. Theei@@chafutiiare8 By RtrbRed écf.%fnfdﬁﬁé, rEte%ﬁllpggé‘Wi'tHrB hiaBfetic
equi pped with tV\QH_l5? 300 cc Stainless steel ballasts, pressure gauge, a
soda- i me t PHRE" al{t§ rgaciarcvemeonnagted torp stainlesstsiee! waeuusu lingoenuiprad with togen

and cool @d 130020@taiMdsatstdeNBAlladts &e&ﬁj@@&éﬁé&%%od@iim@%grm X G8QUm plkap..
99. 89 di chl orosi | ane

reaction. A_continuous ano?lwt_of_ hi gh purity ge.g., 99.

(DCS) was f 483N MasHUg ‘H%H'ffag%hs%rsﬁ% RN maiptainedal & lemperatiet i on
mi xture.ThThef ©2atGthrangraot trFfrgaa&gcoxlalsémgmﬂyrénﬁtﬁmt BE highasiriO (6.4 99.89%)1 .
grans. er or. Wa ed and allowed, to warmto room tenperature wt
stirring. Jd_%ﬁ&hsg?ne[ ﬁ%égﬁgéﬁufgﬂ Ra’ V@B%#@?ﬁat syréace; ¢ip Hae iNfented and
8“2 ged Wi It hré@tid@ﬁﬁ?t]lre[ OU@l]otanamoUﬁaaf; DgSQ%‘ﬁémﬁétﬁdeethQCméa@ntﬁéQ%{%z ﬁo

: pm gl a i r..manuf act ur ce dass to renpve fhe TBA
salt from tﬁ%"ﬁgﬁg—ré%ﬁﬁa‘?ﬁ ¥ e%ﬁ"‘ﬁlﬂﬁa"."eaﬁ?e“’%%é?ﬂm W $YERE  he
BTBAS- cgnt aAfierthe reéagtioriwas eompletad ythe restfor swaa yentatiiang pumeimatininie a fi nal
concentrat ed product. The concentrated product was

met hods descri bed herein. [0027] The invention will be illustrated in nore

[0029] The reactor contents were poured through a 0.45 um glass frit filter
manufactured by Ace Glass to remove the TBA.HCI salt from the BTBAS-oontaining
liquid. The solvent was removed from the BTBAS-containing liquid via rotary |
15 evaporation to provide a final concentrated product. The concentrated product was
analyzed by GC analysis and found to contain the following: 0.40% TBA, 88.768%
BTBAS, 0.45% 3-aza-2,2,8,8-tetramethyl-5-oxa-4,6-disilanane, 0.50% tris(tert- -
o butylamino)silane, 0.94% bis{[(tert-butyl)amino]silamethyl}{tert-butyi)amine, 1.8% other
fﬂj impurities, and the remainder was assumed to be THF.
20 |
Example 1: Synthesis of Bis(tertiary-butylamino)silane (BTBAS) Using the TBA Reagent
as a Solvent ,
[0030] A 250 fnL amount of anhydrous liquid tert-butylamine (TBA) was charged into a
300 mL stainless steel reactor manufactured by Parr Instrument Co. of Moline, IL

25  equipped with & magnetic stirer. The reactor was purged with nitrogen prior to

introducing the TBA reagent. The reactor was connected to a stainless steel vacuum

-12-



anal yzed by GC analysis and found to contain the follow ng: 0.40% TBA,

88. 78% BTBAS, 0.45% 3-aza-2, 2, 8, 8-tetranet hyl -5-oxa-4, 6-di sil anane, 0.50%
tris(tert- butylam no)silane, 0.94%

bis([(tert-butyl)am no]silanethyl}(tert-buty)am ne, 1.8% other t

i mpurities, and the remai nder was assunmed to be THF. 20 Exanple 1:

Synt hesi s |5k tdifR )i ' i ; nt
aaa S0l ver LU B o S0 KRB LoBNmSE kol gifigd Hsot B nte e

(TBA) was chay9eskdunt ?urﬁ}%l Fh9 réglctl_&t\@srﬂo%@ tétag‘@ ?EﬁQchef%@%é%ﬂi esl by

Parr Instrunment Co. o I ne, 25 equi pped w a magnetic stirrer. The

react or vascdaiihgash bl B hERIBMYRICS e £000l8%)WALIGHA o VioT Bfodgragent . The

react or was connect to a I nl"ess uum -12 e equipped with

two 300 cc ﬁfb@ﬁ%&sﬁpﬁb%qhto\t}gés raal uﬁﬁ??%a%ﬂgn j afdarHe Bl hidBnt a”g\

a vacuum punp. e reactor cool’e W y 1 celacetone bath.

cont | nugus @%E?ﬁuﬂaﬂnﬁg ihd ééapﬁ ‘&lgs %ﬁr?ﬁ\ss qﬂ\evl‘@écti%ﬁqnigtgréawﬁéleﬂrred

t hrough "a rface be 1'n fquidto provi a reaction

m xture, Tr}ﬁroh@{‘n@l.!lt tﬁéTFH'ét'a{ior? fle Qgﬁo? %g gg?l%d gHElithE ftnlt;lﬁ tﬁ(??b%&:{i&{'e)\’@ﬁ%rﬁm 2

grams. The reaCtion m Xturé was rre roughou e reaction. The

t f ' h
he.r onct or"Saeoved ifalifhe At ider T8 YR RERI R boriB U R YEbR ©10

vent ed and r ' ] The product of the reaction was a
BTBAS—cont%‘%g%%%l}}g%%{vggﬁw ng a 10 TBA HCl salt contained therein.

S1ap S RO AR R £ b o
bt y1) 3B noEerTEREH: rehted it e IR Vel RRARAGATES: et s Bl ©
present 10 JU.AM the following: 91.90 % TBA, 7.34% BTBAS, 0.13% 3-aza-2,2,8,8-tetramethyl-5-
oxa-4,6-disilanane, 0.012% tris(tert-butylamino)silane, 0.028% bis{[(tert-
butyl)amino]silamethyi}(tert-butyl)amine, and 0.064% other impurities present in minor
amounts.
15 [0032) Example 1 demonstrates that BTBAS can be synthesized using an excess
amount of TBA as the solvent. No additional outside solvent is needed which eliminates
process steps relating to the purification and drying of the soilvent. Further, the potential

) for any unreacted DCS to remain within the solvent after the reaction is avoided.

20 Example 2: Distillation of BTBAS Crude
[0033] Crude BTBAS was prepared in accordance with the method described in
Example 1. The crude BTBAS was distilled in a 1 inch x 7 inch distillation column
packed with stainless steel, 0.16"PROPACK™ having approximately 7 stages at a
temperature of <100°C and a pressure of <100 torr to obtain pure BTBAS from the crude
25 liquid. At distillation temperatures and pressures, the TBA.HC! salt contained within the

crude was found to disassociate and deposit in various parts of the distillation system

-13-



anounts. 15 [0032] Exanple 1 denonstrates that BTBAS can be synthesi zed
usi ng an excess anount of TBA as the solvent. No additional outside
solvent is needed which elimnates process steps relating to the
purification and drying of the solvent. Further, the potential for any
unreacted DCS to remain within the solvent after the reaction is avoided.

20 Exanpl e @erddytddtingloperatifg pRbRMs. @ms[fms @th’é‘@tSﬁ%ﬁe\’@ﬁnuﬁﬁ gpar ed

in accordance with the nmethod described in Exanple 1. The crude BTBAS was

distilled i&naidhi &Cd?ndﬁn?s bitibrides bi L @bo BBmC OtHiB the RASHATDVrbbesttvia| ess
steel, 0.16" PROPACKTM havi ng appr oxi nat el y 7 stages at a tenperature of

<100C and 3add%ti i Frf?oa@tfed;f:g ﬁ:r%énéé’oﬂﬁé FBA. MO autRhE AR Fés@ﬁhé‘@'ﬂﬁ@de 25

liquid. At ation atures and pressures, the TBA salt

cont ai ned virblijd? hbltSn HEBSIBHIABYSI O Elfhide MAREORIHiAngnd deposit in

various parts of t Ion system -13 thereby CTreating operating
probl eng. Various fractions of the distillate were found to contain high
anounts of chlorides or >1,500 ppm Thus, the distillation process was

adversely :Fugca @9 BYS"F'J’}@“W@%F&&'?%AF@PJ@A HCl salt and the resulting

BTBASI pro h?d an undesi eve chloride inpurities renalnlng 5
E?(:ggr :d3i &ﬁl éhﬁ%g&\%ﬂt%h %#r‘éh‘sﬂg g%scrd&%%d{h%é% ?&C?E% e crude
Gass tor %%%ﬁ@% Fio SR ETEAS RFR B8R thickln g iﬁeﬂ"ﬂé@*ﬁ%@féﬁtéeﬂaiyué‘éﬁ
Lo remove FnuEi Bl e itd bdanb0e kA BAN) bl b iEliuia TR ne,

was Y capture use“ 1 n su se uent reac ration, he

crude BBAG W3R8 5 tdmdvedinyted; Ql?al TR 10 B8 TER HIS RS BRY. The TBA rinse was
captured for use in subsequent reactions.
[0035] After filtration, the crude BTBAS was distilled in the same manner as described
in Example 2. A negligible amount of TBA.HCI salt was observed in the condenser of
the distillation column suggesting that a small amount of chioride precipitate may have
15 . “escaped the 0.45um fiiter. However, this much salt did not pose operational issues and
the resulting product had a chlorine level below 15 ppm. Compared to example 2,
example 3 demonstrates that an effective filtration of the crude to remove the majority of
('W the TBA.HCI salt contained within the crude BTBAS allows the crude BTBAS to be more
effectively purified.
20
Example 4: Distillation of BTBAS Crude at 50 Torr Pressure
[0036] A batch distillation was conducted using 250 ml of BTBAS crude prepared in
accordance with the method described in Example 1 and passed through a 0.45um
fritted glas filter. The distillation was conducted in the same distillation system as

25 examples 2 and 3. After establishing uniform conditions by operating the distillation
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in Exanple 2. A negligible anbunt of TBA HCl salt was observed in the
condenser of the distillation colum suggesting that a small anount of
chloride precipitate may have 15 escaped the 0.45mfilter. However, this
much salt did not pose operational issues and the resulting product had a
chlorine I evel below 15 ppm Conpared to exanple 2, exanple 3 denonstrates
that an ef f @l e fotd! réfRix| etk rathtFof.5 Aas leBtabREAREE THediSMhfdN Edlumh wdshe
TBA. HCl salt contained within the crude BTBAS all ows the crude BTBAS to be

nore ef f ecidergied aPs0 tdrf fdssidl, RePORIr@erperlaiib Waksdidreasceffrdid BOK fo gere at 50
Torr Pressure [0036] A batch distillation was conducted using 250 m of
BTBAS cr udeurfil leainadf distilldon0 Alilane Broduticutd SortBihb@ dod 8scwiiRatBTBAEMRPl e 1
and passed through a 0.45m fritted glas filter. The distillation was

conduct ed idetéhnGPREGH difalyslsaNPihefisil @B APodfortNagRbRE, 2 and 3. After

establishing uniform conditions by operating the distillation -14 columm

in totak rqbosny Bahle WeehdhbPatl tl'Q-:rt5u)’i'fﬁ:%ti6|§b?:aEsitiFf'éfﬂ?)ﬂ-at]ai'ﬁ‘erffyrédiéskI ation

colum was ~opérated at 50 torr pressure. Rebofler tenperature was

i ncreased fmpkailired 8ndBfderWabim LBRiRSIS Slowdithé HuRETEAS f e blifiear oduct
cuts contai ned >99. 3% wei ght BTBAS as determ ned by GC anal ysis. No

ther mal de%fﬁBQﬁéﬁécﬁni‘ﬂ? fiea _pPéﬁu%f’pT%BQ%rlin@ﬁngeﬁné &%Bﬁ?ééifi@ﬁ gﬁth@m‘BAS

purification by distiTlation at process tenperatures and under
vacuum congidd eps allows the crude BTBAS to be purified wthout affecting
final product purity and m nim zing thermal deconposition of the BTBAS
product 10 Exanple 5: Recycle of TBA from Prior Reactions [0038] A 100

gal I'on stainless steel tank reactor equipped with stirrer was charged with

600 "poyfds pQbmbr 8: PR ME BFTBR tohPPlor RER4RKL MRt el y hal f of the charge was

recycled t-
[0038] A 100 gallon stainless steel tank reactor equipped with stirrer was charged with

600 pounds of tert-butylamine (TBA). Approximately half of the charge was recycled t-
butylamine that was recovered from previous synthesis reactions and remainder was
fresh material. The reactor was cooled to 5-10°C. Gaseous dichlorosilane was fed to
15 reactor through a subsurface dip tube over a period of 5.25 hours. A total of 45 Ibs of
dichlorosilane was reacted. The product was fiitered using a Rosenmund filter/dryer.
The filter cake was rinsed using the t-butylamine charge for the next reaction. The filter

f“} cake was dried under vacuum and the resulting condensate collected. The product was

— .
i

collected in a flash vessel where the excess t-butylamine was vacuum stripped. The
20  product was filtered through a 1 micron polypropylene bag filter followed by a 0.45
micron polypropylene filter cartridge. The final BTBAS assay on a t-butylamine free
basis was 99.5% and the TBA conient was below 10%. This product was ready for final
purification distillation.
[0039] While the invention has been described in detail and with reference to specific
25 examples thereof, it will be apparent to one skilled in the art that various changes and
‘modifications can be made therein without departing from the spirit and scope thereof.

-15-



butyl am ne that was recovered from previ ous synthesis reactions and

remai nder was fresh material. The reactor was cooled to 5-10C. Gaseous

di chl orosil ane was fed to 15 reactor through a subsurface dip tube over a
period of 5.25 hours. Atotal of 45 | bs of dichlorosilane was reacted. The
product was filtered using a Rosenmund filter/dryer. The filter cake was
rinsed usingytdifagt - Putyl am ne charge for the next reaction. The filter

cake was dried under vacuum and the resulting condensate collected. The

pr oduct Was g 'ﬁ%ted in a flash vessel where the excess t-butylam ne was
vacuun1str|ppe e 20 product was filtered through a .1 mcron

pol ypropyl ene bag filter followed by a 0.45 mcron polypropylene filter
cartridge. The final BTBAS assay on a t-butylamne free basis was 99.5%
and the TBA content was bel ow 10% This product was ready for final
purification distil Aa:rbmss fpt)ﬂ%]ng\/m lamindsilane; vibe tprecesh awnipsisingdeactingbad i n

detail agd with ref Biifefdue GG %t%éaﬁx&ﬁ@'a%né hehi&idd fl'&m‘(']ﬂ’!% %.%ﬁl ons

apparent to one Skl vari ous changes and
can be made therei ncmsismngtofdewcomdagyfatmnethawngptheu formut;h §deild, aher eof .

-15 CLAIMG Ve cl agﬁﬁ &ngﬁ[uﬂé ?E@Brfomhé'i@ Whét@ﬂg théJ%Sf Wi ae S

conprising reactin 0|c ric excess one
sel ected fromthe gleaﬁtponecni&uresdalg bdving stbe:donﬂmlay WmMEg anhedrbms mul a

w th ot 1 Gast one TERPRE e Syl pdofie e lB inb e phcidee

anhydrous conditi cand smfine bydroshiaridet Salt isaarbdtmedchm:lanhmem RY anueRZ can

3/21?2.5' 21 and e o oo RRBE e 4 dRRS BB ikt G BRI 9.

al kyl up havi ng 20 ¢arbon atoms; R3 can be a hydrogen atom, an amine group, or a linear,
cyclic or branched alkyl group having 1 to 20 carbon atoms; and n is a

number ranging from 1 to 3.

2. The process of claim 1 further comprising:
15 passing thelliquid-through a filter to provide an amine hydrochloride salt
cake and a filtered liquid; and
purifying the filtered liquid to provide the aminosilane product.
(j . 3. The process of claim 2 further comprising rinsing the amine hydrochloride salt
cake with an amine.
20 4, The process of claim 3 wherein at least a portion of the amine in the reacting
step is the amine rinse.

5. The process of claim 2 wherein the purifying step is at least one process
selected from the group consisting of distillation, evaporation, membrane
separation, extraction, and combinations thereof.

25 6.  The process of claim 5 wherein the purlfying process ié distillation.
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10 20 carbon atons; R3 can be a hydrogen atom an am ne group, or a |inear,
cyclic or branched al kyl group having 1 to 20 carbon atons; and n is a
nunber ranging froml to 3. 2. The process of claim 1l further conprising:
15 passing the liquid through; a filter to provide an am ne hydrochl oride
salt cake and a filtered liquid; and purifying the filtered liquid to
provi de the am posil ane product. 3, The _prqcess. of.clai further

conpri si ng?'ri nsiqﬁa Hrﬂ‘é@sﬁrﬂfn‘galﬁﬁlgr Bheiest P%e8’§§ﬁ‘lm°nc§k8°%ﬁf’f?da# AR 20 4.
The process of claim3 wherein at |east a portion of the amne in the
reacting step Fangingdromidddo 19Qtr. 5. The process of claim 2 wherein the
purifying step is at | east one process selected fromthe group consisting
of distill&tionThepapessaof claim fewbherainethe skgdlation os comductesicati @ temperature
conbi nations thereof. 25 6. The process of claim5 wherein the purifying

process is di stfdngﬁgimnmﬁéoot The process of claim®6 wherein the
distillation is conducted at a pressure ranging from40 to 100 ton. 8. The

pr ocess of o0l ai ghdpitfeRirRIgAY Whabi/thedhRi i # sGORdgRMnat 2 temerature

ranging from70 to e process clarm1l whérein the amine is a
secondary I New 10. The ocess, of. ¢l aim| .wherein_t L Re is a primry
o e 11RO eThe eroedd SR T i pERER { Re. am AEARLT IR L0, 51 B ne.
12. A process for making a bi s%terti,arybut,yl am nqQ) si | ape product, the
process cbhpri Shegpocess of claim 10 wherein the amine 1s tert-butylamine.

12. A process for making a bis(tertiarybutylamino)silane product, the process

)

comprising:
reacting tert-butylamine with dichlorosilane in the absence of an organic
solvent under anhydrous conditions sufficient such that a liquid comprising the
bis(tertiarybutylamino) silane product and a tert-butylamine _hydrochloride salt
is produced;
passing the liquid through a filter to provide a tert-butylamine _
hydrochloride salt cake and a filtered liquid; and
purifying the filtered liquid to provide the bis(tertiarybutylamino)
O silane product.
13. A process for making a bis(tertiarybutylamino)silane product having a
chloride level of 15 ppm or below, the process comprising:
reacting tert-butylamine with dichlorosilane in the absence of an organic
solvent under anhydrous conditions sufficient such that a liquid comprising the
bis(tertiarybutylamino)silane product and a tert-butylamine _ hydrochloride salt
is produced;
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reacting tert-butylamne with dichlorosilane in the absence of an organic
sol vent under anhydrous conditions sufficient such that a |iquid conprising
the bis(tertiarybutylam no) silane product and a tert-butylam ne
_hydrochloride salt is produced; passing the liquid through a filter to
provide a tert-butylam ne _ hydrochloride salt cake and a filtered |iquid;
and purifying the filtered Jiquid to provide the bis(tertiarybutyl am no)

si | ane product. 13. Ra?ﬁ"%&:éé"scl?%‘l‘d ﬁﬁlﬂ“ﬁﬁ 3 ﬁtgr( % (Rrp p?bﬁt‘?ﬂé’i‘#ﬂ%‘?g\el—ane
product having a chloride |evel of 15 ppm or bel ow, the process
conprising: readydreghlodde saiticolieandrefiligrechligién| or osi | ane in the absence of
an organic sol vent under anhydrous conditions sufficient such that a

| i qui d conpri si ng t heinsinigskd terttbutylydnittey hgdioohloside aalecgkeoxdtic tertandylamine
tert-butylam ne _ hydrochloride salt is produced; -17 passing the liquid

through a filt ekheRiPa@Védde adpdribh oPuhy k@t laminb ilise GBIl u3ed de #akist Gake
and a filtered liquid; rinsing the tert-butyllam ne _hydrochloride salt cake

with tert-butyl gm i 00, the tert-butyl am ne
rinse is used ag&i‘é{&‘ﬁlo&‘\g&%@b‘ﬂ%r ilngﬁﬁg}ea?%gﬁ%esﬁf %Ejdtyl amne in the reacting
step; and ~=| -17a purifying the filtered liquid to provide the

bi s(tertiarybutyl am no)silane product. 14. The process of claim 13 wherein
the purifying step is at | east one process

@
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selected fromthe group consisting of distillation, evaporation, nenbrane

5 separation, extraction, and conbinations thereof. 15. The process of
claim 14 wherein the purifying process is distillation. 16. The process of
claim 15 wherein the distillation is conducted at a pressure ranging from
40 to 100 torn. 17. The process of claim 16 wherein the distillation Is
conducted at a tenper pudfying th®fikerad liqgd to provide theobisQéiiadbutyleminp)siaess of
claim13 wherein the liquid in the reacting step further conprises
tert-butyl am ne. piRlucffhe process of claim 18 wherein the tert-butylamne is
renoved fromthe |liquid by evaporation. 15 20. A process for making a.

bi s(tertiarybuidy| arfheqretdssdt claine d8 wthefsin i miriigng 5@Pas aNgast dheQrodasset ri ¢
excess of tert-butylam ne with dichlorosilane in the absence of an organic

sol vent under anhy deketeddrom tie grotp e@ﬁsiéth@naistIMi@h, éapbraioh] fehibrane
conprising the bis(tertiarybutylam no) silane product is produced. -18
5 separation, extraction, and combinations thereof.
15.  The process of claim 14 wherein the purifying process is distillation.
~ 16.  The process of claim 15 wherein the distillétion is conducted at a pressure
ranging from 40 to 100 tormr.
17.  The process of claim 16 wherein the distiliation is conducted at a temperature

.\_/.‘

10 ranging from 70 to 80°C.
18.  The process of claim 13 wherein the liquid in the reacting step further

comprises tert-butylamine.
19.  The process of claim 18 wherein the tert-butylamine is removed from the

liquid by evaporation.
15 - 20. A process for making a bis(tertiarybutylamino)silane product comprising
reacting a stoichiometric excess of tert-butylamine with dichlorosilane
in the absence of an organic solvent under anhydrous conditions sufficient
Q’j ‘ such that a liquid comprising the bis(tertiarybutylamino) silane product

is produced.
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