; e3exx$46, TU] +06346 USA TI TLE OF THE | NVENTI ON: Process for the Production
and Purification of Bis(tertiary-butylam no)silane BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention relates generally to a process and
purification nmethod for making an am nosilane. Mre particularly, the
present invention relates to a process and 5 purification nethod for nmaking
the am nosil ane, bis(tertiarybutylam no)silane. [0002] Silicon-nitrogen
based conpounds are used as precursors for depositing, via cherf634p or
deposition or simlar nmeans, silicon nitride, silicon carbonitride, and
silicon oxynitride filnms that can be used in sem conductor device
fabrication. For exanple, silidbdEPETHRINENTEN applications in device
fabrication because of its 10 superior barrier_properties and_ oxidation
resi stance. Typreegss {or thgBrodugtien ongl Pprification peBistedialysRilyp@ingdsigset silicon
nitride via chem cal vapor deposition at tenperatures approaching 800C. The
vol atil e ammoni um chloride ("NH, Cl1 ") and other chlorine byproducts 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 and punp
15 damage. [0003] The am nosilane, bis(tertiary-butylamno)silane, is a

| i quid chem cal precursor f%‘P\CKﬁ@W%THEdH%;EJ\H Wsition (CVD) of
uniformsilicon nitride, silicon oxynitride and silicon dioxide filns. U.

S. Pat. N§RU01E gne peezeniinyesticoreladesigengralyHo arvocessiagddurifieationenetbed ffee of
the present invention, describe CVD nethods for preparing silicon and oxide
20 cont ai Aakioran ampingsiang. Mare pagiculerlyi the praseny inaemntivy)relatesie a BPE®S)and

Bi s(tertiarybutylam ncg%si | ane has the followi ng chem cal fornula:

(t - CqHBNHpESigation meshatiposiakiag the aminoslianes bistiediandutylaming)sBaBAS as t he
precursor are free of amoni um chloride and chlorine contam nation at

rel ati vel Y0003he Silispaaésgendaped avmpeyndsiare used g9 presudDETor Bepasiting, viahe
BTBAS precursor does not contain direct Si-C bonds, and the resulting filns
ar e subst ghemigkl yappr geposiionc sinailan meang, siliaen| rétvide ssilicoh cashdndnde, Byndcont r ast
anal ogous 5 am nosil anes which contain |ligands such as n-butyl am nes and

t et r aki s( 8itigast pxynEndentimsithatreande uset inlepobnduciendayiderfalridations Fat t he | ower
process tenperature ranges and the filmuniformties are relatively poorer.
[ 0004J Thexampler sigon ritgids ihke manyiaphlicatigns th dayice fpbrimdiss becausetod itpr oduct i on
of the am nosilane conpound bis(tertiary-butyl am no)sil ane. However,

curret@ pperirier bamied propetties dedfiosidation resstdrmee Typivpiu s angdTlsiHE mixtares| ve
one or nore solvents. Prior to use, the solvent needs to be purified and
dried to preeusedtto dapositgilicodunittitie nachemmalivapdr eepositierhat temgematwdact and
dried to the prevent the newl y-forned conpound from hydrol yzing to sil oxane
and its reappesthing8eifiCnelheNuatide amoioasim shiofide (hthEiTpand ethemthlgrideHiygh Yi el d
Room Tenperature Synthesis and Spectral Studies of Tri(am no)silanes:

( R2N) 3Si Herodu&s Rih YeplreactarscarSabd to particld f@imationand Waky fil66 dntid@d)alsgpp.

297-300 ("Radhamani 1") and K. N. Radhamani et al., "A Convenient Hi gh

Yi el d Roofiepisitist thet axhauSyoi tressiaston fubiel Xdesd defasiisivan calisewafebyand pump :
Transam nati on of Tris(cycl ohexyl am no)silane and Their Characterization”,
Phosptior odamagul fur, and Silicon, Vol. 79 {1993), pp. 65-68 (" Radhamani
I1"), describe simlar reactions for the synthesis of triam nosilahes and
20 mi xed H®DADsThaeminosiasy eEterianybutitacieoeittine| isdelipid desnical aeédungora
secondary anmine (R2NH) with trichlorosilane to form (R2N)3Si H and 3RZNH. HCI
sal t. Si nior #rd ghenfRea hap@rdepbsitiond 63¥¢D) dfamifomasiicargnittidey silicdneowyhiidengndn t h
trichlorosilane to formtris(dicycl ohexyl am no)silane and

di cycl ohesiljm diexidddiimsalu..S. Bat.Nose 8@7H 388 ants, 816)90UG vhithadre assignietoather e
near roomtenperature under a nitrogen atnosphere using a 25

benzenei nassy@eof thexpraseritiryestidry, elgscritEeVDenataods @ drepaliey silcorsad/ends wer e
purified via distillation and dried via sodiumw re prior to use within the
r eact20on. caéhtaining films using the bis{tertiary-butylamino)silane (BTBAS). Bis(tertiary-

butylamino)silane has the following chemical formula: (t-CsHgNH):SiH.. The deposited
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[ 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
industrial and cost-effective process to make and purify the am nosilane
compound bis(tertiary-butylam no)silane at a high yield, less cycle tine, 5

| ower proqmobﬁmﬁrﬁ 'Sfsad 85t aieaﬁasba %as érewamnﬁ %ﬁlo‘?dé%ﬂ&“ on
vessel It us Ssurpri si ng an unexpec ce the am nosi | ane
conpound Rihefihers Bh@wrmffowa%&g)em %ﬁ ?rsgﬁggqmgg reg%' at o‘b%%oBchh yi el ds,

| ower process tenperatures e ne vent 006] All

by Z?ﬁeﬁ%‘*‘éﬁ‘?@@%‘“&ﬁ%&éﬁ%ﬁﬁg AR R oifh eéf?ff'éﬁ"%n 9“'*"6@"5" Bon i s

di rect ed, néé@s@?ét% tia Iffr@e rg?tcgﬁgrr{ Vv Oc{l.gle%lgdéf Fb%r?t aé}dccﬁWaEtf aﬁﬁgg&ﬂs of the

am nosil a |ary bu I"ane pecr f e aspect of

%&:ﬁiiig%@i@‘gﬁééﬁﬁ'ﬁ f%ﬁ'l@?f‘ﬁ%g\y %nﬁa%ﬂiﬁ%ﬁ i {)ng[(raig;lregge%rs]ngg at
havi ng thé& ﬁuﬁ% t&iaé'ﬁ S{I ﬁ{icgrﬁ?tq{ glégar gV fgﬁa?h tftﬁ?iﬂ.w

RS O, e rfﬁﬁw“‘? fe B, Hﬁ*afff'fsﬁé"?swe i ?*?ﬁﬁefﬁrtvhg? tahie. i g i a
A A .
oo an o %%"8%&%@%@39?(?%@%%U&W'Ps Sa?neo"@%%\f&& %rwfp@%ébonhgv. ng 1
sy ook P B e b i e s T =
Ly R Ol ot R of ol
F:ggygttﬁﬂ}fu%nh a EI %@E? dfgp?rlmzﬁ%ﬁfiﬁ?%%ﬁ%y qéj}r/rwa&é{riochI )@c{:ﬂ%l:he
cae, ana Wiredy o | fsahipeliviasl Wi e o
et of FPRi” TRRRRrHuRY S ahers And heriel cuidiet. it tkaminoliaees ¢Fivebii ng "
EIeZ(() h%héf%@%é%mgﬁ bad S@cfr; s, %”39 tﬁﬂ%ﬁ?ﬁ# ﬁ%zn'/a‘?@v%a?%ﬂ% B Blﬁ. | ane
bis(terti éﬁgﬁuseﬁ%@%“°$<?ry§§fea'r§i@§”\{'e*a o TePPSHIS ARSI MBI or | de

sal t |sl rod a t.he |i 0 filter rovide a
tert-butyl 5 EE’NI 6"?‘”%@'%5&]0(‘ cggjﬁ' ‘H h%tg’rﬁm'ﬁ%lﬁ%‘% ?%T"ge’r rinsing the
tert- butybﬁm ne h er-egl oride salt cake with tertbuball am ne wherei n at

| east a p ?Faﬁ??”G g, ’B%SPPOTS’HFW‘HMH%"W’W%O@ Vel (241793 PR 6P¥8st a portion
of the ter, %I amne in the reacting step; and purifying the filtered
liquid tol BF‘E bhanitie dB$<ioe Siial FARIPDS Qﬁ*%%‘i‘fl'%‘ﬁedﬁ%aﬁ%"a”%3[16010] In a
further aspect of theﬁgresent i nvention, there is provided a process for
maki n%;o a EW t"’é’P'f’?%i'P? t’%%‘ﬁ-' sBP‘é‘?ﬁ“%‘éHﬁ%‘t"béﬁfﬁﬁcﬂgﬁl ﬁ@eﬁ Aging
stoichionetric excess of tert- é&am ne with dichlorosil| ane under

anhydr ous %ﬁﬁl"‘f@dﬂ@'@@?'ﬁ”@ﬂ%mr% N):BHAaNS SRNfAHE eafpPindlanly, Rahamani

bi s(tertlﬁlrybutyl am no)si | ane product is produced. [0011] These and ot her

aspects o Fﬁ%‘qeﬁv%ﬂﬁ'%ﬁ'%'mﬂe’b’?é@ﬁ%“ﬁbé%@(?sﬁnéﬁ? 9@ 20 fol | owi ng
detailed descri Ptl on. -
tris(dicyc hexy!ammo)srlane 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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BRI EF DESCRI PTI ON OF SEVERAL VI EWs OF THE DRAW NGS (0012j FIG 1 provides
an illustration of the systemused in one enbodi nent of the nmethod 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(terti - hut y| ani. i | ar BTBAS) . | i ke.pri t f Ki
ot nosi | o) AR o 305 a bEECH the o ik Blacntor are BloglBisheor
t he solvent for. th Gti.on. ther, certain

th ts, t . ne, ) ) F
10° a5 pagt Bhgiiot e P of 1o e Masl ena bk S HietY- puy BT ST, JRe e s

reaction by-product, the am ne hydraqochlorjde salt fromthe ,
i nos | aeo T At 12 S GURS IR B0 SR ISR BUBPIHUTENF 2 RUEY 881 ¢ 1 n
subsequent _process steps js mnimzed. This allows for hi gher purity
ovel of ERINGEIATS 6P BRI R TR ARt 8BS b EREE
additign, the present invention nmay al so provide a npre cost-effective
proces? f OMWE[PracessieRBYRIURR "??@ﬁi?i/fﬁ‘ﬂ'(!r "E"'I"Fft!i‘u?gﬁ“@ﬁée?‘é@?(‘,’?%s,e% 5&)&'&’%, and
reuse of the am ne reagent in subsequent reactions. (001,48' Al t hough not
i nt endi ng SHRPTERIFRGTERReAPRiorRrodyge the agingsigre cempeundRisitetiant i nventi on
i nvol ves the reaction between at | east one am ne reagent and at | east one
chl or osi | 2HY!aREEISIRNeGATRAUEES af relaivelydiah Walds: IQwar Rosesh teMperAlueReanthi ne.
The ami ne 20 source can be a secondary amine R 2NH or a tertiary am ne
RONH2 wheMéihautdhe aRed f&F asglveBk a |inear, cyclic or branched al kyl group
having 1 to 20 or preferably 1 to 10 carbon atons. The am ne used is
pref er abl YOO8 ldeterancas siehheretarg ingorpasaiedinsrein Bxyripwnge dsthaik @niedssur es
and produces an am ne hydrochloride salt that is insoluble in the liquid
react 1®n product. Exenplary secondary am nes include dial kyl, diaryl, and
25 aryl alkyl am nes. Exenplary tertiary am nes include trinmethylam ne,
et hyl di et hyl am ne, N me[rgﬁl PYMMARNEOF TREINYENTION yI ami ne,
tripropylamne, tributylamne, 5 tripentylamne, trihexylam ne,
N- et hyl - B pJihe Rreseny inyenties is diectap.do gt tRa method hon the Braducten ard A
preferred al kyl am ne source is the tertiary amne tertiary butyl am ne
(TBA) . Theudfiflagen sf thamaninesigastbis(tattiarng-batytrsnpelsitenss aﬁnqw'ca%e irf oRerasRect
(R3)Sid 4_ wherein R3 can be a hydrogen atom an am ne group, or a linear,
cyclic or obingrieesent Hivantign, there isdPravdechg pIogess Juy poepasingfagratbingsianeo 10
carbon atons and n is a nunber ranging from1l to 3. A preferred
chl or $3i | gpEPPEheNTPrsingeaeling D sliolcaipanetiosycess obatdasgt wne @ming pelected
enbodi ments, it nmay be preferable that at | east one of R, R2, and/or R3
subst i t uefeR the group combistingeidiesendary emings havingrtba dermulenB1iNis dedigar i cal | y
hi ndered. The term "sterically hindered" as used herein relates to radical
groups t hamineghavingdbe famuE B2NEnor eoachinaiengithereainvthatdeast bee ghlerasifang r t ue
of its size. Sonme non-limting exanples of sterically hindered al kyl groups
i ncl ude | hayjeg thei farpyla RE),Sigldeyundgr enpirgutorgiions sulficiept sush thatealitnisy | ;
secondary (2) al kyl groups such as isopropyl, isobutyl, or isopentyl; or
tertiary ¢Ippeasingtheqmoinpsiiagephodust ard an boning hydrechinride|salt isoprodecad pent vyl
("t-pentyl™). [0016] The amine is present in the reaction mxture in an
anoun?0 i nwbgredsB1 ahd &R21Gnstashamdependently benalimear anydlimenbraothegsalkybgrouphe
reagent and the solvent Wthin the reaction. The dual use of the am ne as
bot h t he balinghto 20 darbeagés; RIedrdesa impdrpgen atim, Eyesnios groyp; doa lirear,
met hods i nvolving a solvent. First, dual use of the am ne ensures that the
reacti on fwlidor benched aloylgraun oavindrhics2@oabds atdmes; ot ens aalunfoer ranging
unreacted chlorosilane reagent to remain within the solvent after the
reacti on frgm20tochnpl et ed. Second, the amine that is renoved fromthe liquid
reacti on product or subsequent process steps can be reused as a reagent in
t he react [0808Ft byyet pOOLEL afieet pfrtbd padseaf invérgionetiete isprinddetez prockss fam ne and
the chlorosilane is a crude liquid that contains, inter alia, the
am nd& | amekiog mpns(teftiaryieylamimgsilaan ¢preduchoompridinyg resdtihg tertdbutgiahtine Witle
reaction occurs rapidly, is exothermc, and is selective in the

dichlorosilane under anhydrous conditions sufficient such that a liquid comprising said
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25 formation of the am nosil ane conpound. In a preferred enbodi nent of the
present invention, the reagents TBA and DCS are reacted to forma liquid
cont ai ning BTBAS. -6 This liquid which is referred to herein as "BTBAS
crude” contains, inter alia, BTBAS, TBA, and tert-butylam ne hydrochl oride
(TBA.HCl) salt. The anticipated yield of BTBAS within the BTBAS crude

ranges fr ; . Ox he

t heoreti cgﬁ(% rglﬁutgﬁgﬁﬁéﬁ_%&g@”ﬁﬁdégf ?’g@%?% g?@%@'%ﬁﬁrgﬁ"g@d et?éoatt%'grt her
rocessin h ; L L Gati If; : cursor

For - chor dare SastpAFIRHEL a8 hEaR R aRE hPriate o L oY BEhy o aIE T ¢

that ‘the aipiake Shd &MidloaliguRt B3¢ BLithb Mdkitchby Rillid td #EvBCTE 1 5 15 ppm of

| ess to avol e I ntroduction o nants 1n a CVD deposited

film [OO%(*%@%‘H@%@Z&H Qgﬁrcggug‘f_ess chem stry for one particular

enbodi nent 0o ent invention is presented in the foll ow ng

el or r Png DO 3 G0y Rencr e srene IR bient Fordidb g Rl iol™
mtff %ﬁ@%ﬁkﬁﬁﬁﬁﬁﬁﬁ%¢ﬁ%ﬁnfﬁn_§| Qg 'f%”a%é%ﬁ%*%%%ﬁ@ﬁﬁﬁﬁgi 3%&52
Faura coa USSP A Tlns PR Uy PO BB Vit
As menti o%@h%@ggF%’ﬁ@i’o&?’%éﬁ{gaérﬁ?ﬁgésq 'ﬂ%ﬁ%‘*@%ﬁ%%ﬁ@?i 03 med by the regcti o]n

bet ween aly ol i0RGa ANNShE ARSI AR Al LaASI IR FObgLosI Lne reagent

wherei n at eas € readgent 1S presen e Teactlon mxture in an

fﬁﬁiiﬂ{'?;ﬂ,p‘?%ﬁi%?é:a%’%sséﬁﬁaﬁis?%ﬁ“is?ﬁﬁé**@%ﬁﬁﬁ*‘o%d&%%ﬂ% %ﬂ’%&iﬁdﬁ%ﬁog' beyel od
f rhgmsglr + °eak 846 %%F%ﬁﬁf)r%@a@@ei nb detﬁ%ﬁep%-ﬁatv%m‘h%ﬁg%?aﬂﬁqiehé‘ﬁ%%ﬁﬂ@t%p{ﬁ1125e
iquid. | rtain,pr r i nen r nt s rti r
chior osi | BYSFNRE Rrreih 8 38 SP0men AERe Ten bl g ihiss Boa soebleet 4, °

reater, to. 7 mnimze the gnount.of inpurities that can resylt in the
gm’ nosi | at?gﬁ'?&:ﬂf él?enﬁeﬁ'gbu@ﬁ%@@? ' ﬂmerﬁﬁ‘étmgn%ﬁ?rrpsa”\%?é'f‘ i %ﬁi"‘%’ﬁﬂd‘%‘gﬂi’ane
reagent i t he reagent contain the i ritie

rmng-chl Io%E)Os\'i' B bé%%@%%‘@ﬂ?@%ﬁ?’%@mﬁégent ilnrrgﬁ Iarrlnu?\t of 1 weight
erce or, s,each. 5 [0020].The reaction mxture ma e agitated to
Phands a0l > %37 ns? aSeert ot e e s i fork et i neTied & A ekiesace.

Agi tation be achieved, far exanple | t.rasoni c._enerqy .or chani cal
fol tat i on AP pEGR N EUvanabe Rl RS et batoaS Feing ATty ShgfBar ed. the
reactor stirrer  may, be equipped wth. a turbine or a gas,entrainment

el |er - SHPRRS b R oo Bttt DTaRs SRS ERaR T bns ¢ o
R e B e
conduct ed 1Y ToRFErAa] Bine pssegisy ¥ Gife DR W DEBee APERERRERY 1% om 0 1 o
35C. g nce the r C‘tei on is exothermc, the tenperature nay be maintai ned by
15 co ¢i ngc’"f)wg‘gr Flegidegeiniena react or jacket or sinmilar means. [0022] In a
preferred enbodi nent of the present invention, the chlorosilane reagent may
be introduced to the reaction mxture as a liquid or a vapor. In enbodi nent
where the chlorosilane reagent is added as a vapor, a non-reactive gas such
as nitrogen or an inert gas may be enployed as a carrier gas to deliver the

vapor to the reaction mxture. 20 The chlorosilane reagent is fed to the
reaction m xture until the desired conversion of the



amne to the liquid containing the am nosilane product, or crude |iquid,

has been achieved. 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 enbodi nents, the reaction may be run in a
conti nuous manner by replenishing the 25 chlorosilane and/or am ne reagents

and removing the ARGt bRBCHIPT BESSEIERRLMIBNBFAHCbRRRNiNGRSd the crude
g 10023) |

liquid fromthe reactor. g _ n one aspect of the present

i nvention, r : i - 'ﬁ‘?ﬁ\%d' wier to
substanti a[IDIbJ{/ﬂr eﬁoé\c}gq{rﬂg@ﬁ/ﬁmﬁﬁtﬁggf ?n% f cs){r%m? Eééwglp 3%13 i qw'rﬁ.éﬁscﬁiﬂt'%bl e
filtrati Or}né'iﬁgéi%fﬁ%%réﬁﬁﬁ’%@ﬁlﬁdﬁ_ a material that will not react with the
crude or any of the conponents contained therein such as a ceramc, gl ass
frit, or certain netals. 5 A finer-sized nesh filter may be preferred, for
exanple a 0.2 to 0.5 mcron nesh filter, to mnimze the possibility of the

by- proguct salt renaini 'ﬂﬁfAﬁ‘LélB%é%éF&l@ﬁ‘ﬁgNldr-q’f'Hg'lN@EﬁﬁéNt rati on steps) can
e

be conducted under vacuumto assist in extracting t salt fromthe crude

L, PRI L e B R AP
the erude ot bfiiuodlBe 33hbod @, RaKE.EA) BRM0A AR BHITASR 8 erBASTT Lhite o2n

be Eli nsed W he am ne suc ecov her “dm nosi | ane
product, sk il PRRARGSRTbAARE AR L e T B R hige 1=
Of A ne gL BROLPHEdERL IR O Sy IS EFdRnp T it 1 bl on 1S

| ow enough al Fow™for purification processes invo er cess 15

I bt O el Bt A O o

i . T 1 t e { Cl. L,aui d,

s o B Bt G o L LB S T
e Rl KA B el B SR RS TG 1

. T ' it hi he.col | i I b d h '
R 0 DRI R L A
f th i_ne..f th ude 1iquid. Th t of th ' i ni [
Che. or ude e P prEe Lk a e eisr B eH Mok pestlafivg rirees ey a0 |
f bly 10 wei ght t bel ow., Th de [|iqui b bj ected t

Tt 367 onmo s PomBSiriiisy Bl it ngione oot Frwedik HRF Pt fEoeFite. | n
one particular enbodinment, g the TBA is evaporated fromthe BTBAS crude
li qui d pr g9 SR FAPIF on To renove the TBA HCl byproduct salt. [0025] The

crude |i qui o] ining . the amnosi|ane is purified b e.or nore
processes f‘?"g”i u@@‘ﬁ‘&‘r‘ﬂﬂ 'g‘?ﬁ"g/‘e%‘iw g%'?e Lﬂléndatm hEem; ﬁllﬁeb%'reg%‘gﬂ'lat @l‘frﬁrﬁ?%d
therein. The 5 reaction conditions of tenperature and pressure for the

bur 1 £1 cat TRRNG RAvES HacedcioD aBtRa At IEAa, o eliee (Bade i ke ireh bt cos
used. Exanﬁl es.of suit rtﬂ.e purjfication processes include, bug are not

i ted t SOMSUERG FAEPEhPISRSUSRSUP & FBS oM RIS RSN 3F RTINS oWt 4BIFon, and
conbi pations thereof. In one particular enbodi nent, the BTBAS crude |s
puri 198d SPUCHPER bp ELaecaRAaN, aBikie ALY Aea EHIRt: A0un: BRNbe WRERE i S0RE hese
enbodi nents, . 10 .t he r?,ssu e can, v rly considerablg from at nospheric to full
vacuum anf®t H%at“é'ﬁ?feglé& G1°& ra@&ﬁé%@y FBYR haura b itg 2P PpRigderebly 1683 0or

pr ef er abl grom 70 to 90C, In gone enbodi ment of the present invention, the
distillat \F/%' of &tiafh glfg RIngused it RelsirRlY AR i gehaiBmadiguidat 1eRFties r |
preferably 40 to 60 torr and a tenperature ranging from 70 to 90C 15
(0026] FI ém@r%fPEﬁ?i HEPraeures and pretiens ¥t aming waedhingog sak thad isspsrivlie ze

BTBAS usin . . . .
mgrhe liquid reaction product. Exemplary secondary amines include dialkyl, diaryl, and

25  aryl alkyl amines. Exemplary tertiary amines include trimethylamine, ethy!

dimethylamine, N-methylpyrrolidine, tertiary butylamine, tripropylamine, tributylamine,
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TBA and DCS as the reagents in accordance with one enbodi nent 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
comuni cation with each other and are each equi pped with a nmechanica
agitator 22, 32, and 42, respectively, and a 20 heating/cooling jacket 24,

34, and 44pdRgRRe, i’fﬁlle)(ylarl\'{ﬁ%?ﬁll-lﬁe ghﬂlb@oéﬂm%gy%@irgéhgh&' m&m&g-g@g&gﬁel with

a nitrogen gas source to allow for e di vesse

ni trogen MNUbORHmIRSARIHREMES AR Ia%ﬁinle%o%%@ri%ﬁ%t%iﬁﬂf @g%%ﬁﬁa' IainfneX CESS

anount of |iquid TBA ron1suppPy tan shown. At ast a portion of the
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is housed in a pair of g cylinders a I's supplied as a vapor to
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gent. | . . n "ol an g
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by~ o oduct oo {9 P AP ler SPERT LGP Sl lafR P81 orimi ng = sl

cake, (Nt (BRI n R0k AELISREh BV e pldiaubdl BT Bh08: BT A TES
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o . | . L . ’ A
TBA ri noe SLnr LanE it a8 aptick ShBEb<TE i Rag Mty SR e L P
BTBAS. L1 oRbT8,Rbly fiRGeaThl Seclfih bISETH BAcA o LS hioeh oLk yesse

40. The fiTtered Cru urd Tn vesse via
heating/c ' Lack r [ t. Lightly. 10 aboy h
vapor 19at GNP EaBRSTh oulel suCIPRERRYE Br Bt SerBertiind et
therein. The vaparize BAis collected in receiver tank 30 and may b
cool ed vi AP IEES alilbrplas BeluSh '47ae pRaRda-) Sk sibups IR AR SRS 100
aids in the renpval of the yaporized TBA fromthe filtered crude, The TBA
T ccei ver PEAECRh By Ry (LU D GRS R S SRR PSR TSP SB1 20,
The filtered crude remaining in vessel 40 after 15 the vaporjzed TBA is
Femoved cHTiad (3 SUEOTRHPR G 33 PR O8 G BHET L6 eEceat] (YRESVIY |t erod BTBAS
crude may QQ%T 3@ purified to extract Ihe_BTBAgwrroduct_b any of the
met hods dEXER] hdHEREHRS I5.PrEeRiY 1) theHeaGtqD &RtiuEHINAN 3MeRntin excesF at&d in nore
detail_wth reference to the foll ow ng exanples, but it should be
under §2 0o §AHRMEHE 2FOEBERRD MAY 8fkashPth Hersaoeid @nddhe selyrnt »ithin thet ed
t her et o. The,gas chronatographr%"GC') anal yses were carried out on a 30
met er XT- 5°ACHPRmhNGEWRIfUSE O FiecPrBipe Fe\RPELTNEFOIVENLand ferdentPERddasINaRY i ve
det ect or iBterface. EXAMPLES Conparative Exanpl e; Synthesis of
Bi s(terti 2FYAYRESH AR REY'I BRbods ivghvindm siventoBirsloPal wie pi the amaipesy A
reaction m xture containing 150 m of the solvent tetrahydrafuran (THF) and
50 M of $RVrGRat K rgaeiands grivemsigromplation; dihissavoidsdbe peteatialder aiynuf act ur ed
by Parr Instrunment Co. of Mdline, ILlequLpPed with a magnetic stirrer. The
react or wHBre@siRA&RIosepiane ragent 1l regainwithin thesaliemt piterdhe (rACHPRE with two
300 cc stainless steel 5 ballasts, pressure gauge, a soda-linme trap, and a
vacuuff pufPmPietRs. reesendrthaainuingbls ramerechirern dior Houic paction B@due Aind
mai ntai ned at a tenperature of 24C throughout the reaction. A continuous
amount of SHRSERUBINresesE Steps capdegeoysay ang sragent igike (BSHN §l8B- fed as a vapor
through a subsurface dip tube into the reaction m xture. The total anount
of DCS colf¥d#kd Theprasyct ofdhe exaction hetuesn tie amigieaans therblorasianeois afiddseal ed
and 10 allowed to warmto roomtenperature with stirring. After the
reacti on Ufdd ehporaeiag, inter alia, dag edinogiiane compayingdnibe sming @ndiantamipe  ( 0029]
The reactor contents were poured through a 0.45 Nmglass frit filter
manuf act up¥dfogijortiessaty Jée reactiograsperstrapidlYBia eMahesaict afd igreeteistive in the
BTBAS-containing Iiquid. The solvent was renoved from the BTBAS-containi ng
| i quigb vi terpatien §f the asingsiana ¢wnRpaundp i rindefesed pmbpdigwnt ehithe fresenpr oduct .
The concentrated product was

invention, the reagents TBA and DCS are reacted to form a liquid containing BTBAS.
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anal yzed by GC analysis and found to contain the follow ng: 0.40% TBAA,

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

bi s{[(tert-butyl)am no]silanethyl}(tert-butyl)amne, 1.8% other inpurities,
and the remai nder was assuned to be THF. 20 Exanple 1: Synthesis of

sy T RN e SRR RS SR gy
char ged | e, andB Bl S bR 68 AR R SEIMK AL, DT BT
react or aspHAESHEN (ubb HRBSHR b% o rdaly AINE LGB by SRRty The

react or was connecte 0 a stalnl'ess ste ped with

two 300 CncohBbRhESTih °She BAENESae RSB, Sfied B 1OARG dibdRecaD. and

a vacuum punp. ctor was cooled ry-ircel ne bath. A

i ough s eiber P Aok el orniia e o Pitaiabr K 3reftaliary (2071 on
o ams. - Trderedfi PR et 8 Sbr el R R it Aol SRl BB

. f h i h ] dth h
51 01 VAR SRR RS o RIS AR TS chBR 0. 20
d i.th N2.. [0 Th duct of th ti
and 2o S oL STRPIBAILC, 35 (RS TroLon Yo e
The |1 aui hiiay aaluzed: DO aual val &0t QU i oS (g o no
20 ol T R el 01

bis([(tertbutyl)am no]silamet (tert-butyl)am ne, and 0. 064% ot her

DU eSS By oL, Oy 15 QU GammLe ermagligies ¢ fat
S o B A RS A LIRS B
Fonct 1on (et SRS o sALanl G 3Sobfal (Bl BRlemoBraASER ABEOTOME]  or ude
O, e SR PRI T e e BT
s L e LA
TBA 1Ol s EPYREYAR YoRBEh e el TRE-HG EabRens T Guechy AaeeB T ate and
deposit i varisggie &%éé)is of the distillation system-13 t hereby creating

oper at i ngg'ﬁp'ﬁ‘fﬂ 'sastefir acti ons of the distillate were found to
contain high ﬁrrgunts of chlorides or >1,500 ppm Thus, the distillation
proc 134y &P Jarjionerh BESVioYSlyyan ARINGS ReungfisforBed Prthesiaetiofhd t he
resul ti ng, BTBAS oduct had an undesirable |evel of chloride inmpurities

r emai ni ngt?e@eEQé pel ae gneeireaaant aRd st 'eF?tIQ”@r%’&P'Bﬁ“BRS'@Q?&EWF@GBM?* Cr ude
BTBAS was prepared in accordance with the nethod described in Exanple 1.
The crude'®8 aige pRagsalistRip SR i hegeadtionMigiuER S anrarpoynt i excegRLUINgCt ur ed
by Ace A ass to renove the TBA HCl salt fromthe liquid. A TBA rinse 10 was
used to r&RIEPEOMEC aEgHRu AN ove gERedt Phe PRRSeTBIRVRton: Al least akgetion gfiiBe TBA

ri nse was
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, particulary the

chiorosilane reagent, may be of higher purity, preferably 98% pure or greater, to



captured for use in subsequent reactions. [0035] After filtration, the
crude BTBAS was distilled in the sane manner as described in Exanple 2. A
negli gi bl e amount 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 0.45wmfilter. However, this nuch salt did not pose

oper at | onalinkRRIHS sk BEigRibd {rBTcHH RAURI 18 D Gdb A6 -cORalBIEEubE) AW 15

ppm Conpared to exanple 2, 'exanple denonstrates that an effective

filtrati o odinfiénts WHERiM P’ EIRYSIE PP‘?eé@n IBYS She U 1 E%@ehﬁha? 8bhtain

contained within the crude BTBAS all ows the cr ude BTBAS t'0o be nhore

ff
br cosur o |50k MR EonR RIS pfid i biobletle ABedth T ARORR U Bhiofroas |

crude pre ance with the nethod descrl bed in Exanple 1 and
passed th @Fc%ﬂt bﬂ8§§ %r%pf ritted glas filter. The distillation was conducted

| n thes Sagyd StinelBALRR KB EadD BITP Efiflarkcedél contabfiefhediptrgh! | Shi ng
E@O ?he |§{él qu? ﬁ q

unlformc i ons by opera |ng ion - colum Tn tota

ref w2l U Bl Bl Sl SRl TREl be Dsiclha bl bl ! um ves

oper at ed a tort pressure ature was Incre from 30C

to 86C untjlcLie (@ggqﬁ B ey %'erﬁq@ REAI Wbl ABRkgIdIed >99. 3%

wei ght BT m ned anal'ysi's econposi |on was

noted. 5 h%%ﬁZAlcﬁraar@%wth%% 5% £33 A oMl i 4 RRY otk | at i on at

| ower process te ures an er vacuum t1ons a e crude

BTBAS t o i hout affecting final product purity and m nim zi ng
t her mal dgﬁgﬁr}i@gﬁtﬂ%ﬁwﬁ t he BTBAS product 10 Exanpl e 5: Recycle of TBA

M R R e R
L do%éﬁ%ét BIVHPRAE it
5 Ga
o ilé' ?feac%‘HSEUﬁﬁ‘g&z e RO bl S S e B o Rkl e gg?‘% W‘Sﬁrze
Lifbﬁg | RABerTRHEN #ct%gwtaﬁyaéﬁ?ew%rafw%?aé‘w%ﬁrﬁsﬁ fmﬁ%w‘ ﬁare\“ar?wa'{ dbe d
T
Voo ant 40 R € B b B e
afla @{ vess t he. ex Pe was vacuum stri pped. The 20

pr odu wg pglttg%Fe@&tqu%lg@{eact?rJ{?lcl'éc?tc?ﬁ 55'6' %/B}e(?ﬂ% ene bag filter followed
by a 0.45 o] ol ypro fi cartr fi BTBAS assay on a
S butyi antdlz? Bt §eﬁé@5@§@ &ihe PreHER% fzsm“eﬁﬁ 5B (o8 s
product was read rification distil e the
Prvent | onRYGeated e ¢ PRunbetionutdie 88aJ00iHar Pl d H@@Qre d@%@&ﬂﬁrﬁ o5
exanpl es it owill arent to one skilled in rt that
vartbus cRBRERosiane shheert BadBHESEanst ke ehiNesas tuch S sl onshar A
fromthe spirit and scope thereof. -15

inert gas may be emB loyed 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 to the liquid containing the aminesilane preduct, or crude liquid, has been

achieved. In certain embodiments, the conversion is limited by the ability to adequately

suspend the byproduct amine hydrochioride salt within the crude liquid. In alternative

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 salt and the crude liquid from the reactor.
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CLAIMS W claim 1. A process for making an am nosil ane, the process
conprising reacting a stoichionetric excess of at |east one am ne sel ected
fromthe group 5 consisting of a secondary am ne having the fornula Rl zNH,
a tertiary am ne having the formula RZNH2 or conbi nati ons thereof with at
| east one chl orosil ane having the fornula R3~Si Cl4. ~ under anhydrous

condi ti ongogaHf Hﬁioﬁﬁfagnghg R Hddirederlt iirﬂ)éhﬁ’orﬁﬁ{}é&%%%ﬁt@ﬁts% Qggééoatnﬁo hoduct

and an am ne hydroc e salt Is produce erein Rl and R2 can each

10 i”deperl\‘{i?éé%%né)ﬂte?té é%n&i?%@nﬁ&e%e Bgﬁﬁﬁ@&‘},aﬁkm thgrcgﬁrrﬁ?eath;ﬁﬁd.ng 11to 20

carbon atons; can be a hy en atom am ne group, I near,

cyclic or danehfkBhiddERIRARLLO & rifledd BRI ARE ik

nunmber ranging from1 to rocess nmprisi ng:

15 Dol ek A A o 0 B AT Ml

salt cake a ere puri f I gui d

Compr | i nat VERSTRE Mol it ARV erdenaoRREe Mg £ GeMitunthigtierss 4

conprising rins roc
ey R R R T e
R e P e e e
g(r)gtéiaggt : gﬂgjleg[]alﬁfdle g{ il's gﬁz%e%f@ﬂﬂg e do %?oc%fss Bcla %Br%t?ctc\e'\é] & ‘i':\ rt'el%geera M I Tying
ranging from 0 to 30°Cto prevent the salt from subliming within the crude liquid. The salt
10 cake formed on the surface of the filter can be rinsed with the amine reagent such as
TBA to recover further aminosilane product such as the BTBAS contained within the
crude. This amine rinse may be used as feed for subsequent reactions. In some
embodiments, the amount of amine hydrochioride salt remaining within the crude after
filtration is low enough to allow for purification processes involving higher process
15  temperatures, i.e., ranging from 100 to 180°C
[0024] As mentioned previously, the crude liguid may also contain a certain amount of
the amine. The amine may be removed or separated from the crude liguid, for example,
by evaporation or other means. In one embodiment, the crude liquid is heated to a
temperature at or above the vaporization temperature of the amine. The amine reagent
20 is vaporized and condensed into a coliection vessel. The amine within the coliection
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 the crude liquid after evaporation and/or other removal processes is

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

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



7. The process of claim6 wherein the distillation is conducted at a
pressure ranging from40 to 100 torr. 8. The process of claim7 wherein the
distillation is conducted at a tenperature ranging from70 to 90C. 9. The
process of claim1 wherein the amne is a secondary am ne. 10. The process
of claim1l wherein the amne is a tertiary amne. 11. The process of claim

10 wher ei ) i - ' L2 A ; ' a
bis(terti g’r‘%ﬁf‘y a\%%r?(r)?g? ﬁ%ﬁeﬁ%%ﬁg %?ﬁi&ﬂ? c@;@q@iﬁn%bﬁés {ér@&} 1 er eacting

tert-butyl ' | orosi | ane under anhydrous conditions sufficient
such t hat Tﬁﬁ%hw Q%%p%?il ng the bis(tertiarybutylam no)silane product and

B L N e LN K
L Lo, it Bkl 00 i S Oy B O e
R 2 e o S L e R
o M A R
2ol o, DRAMSEEL ISR ol o e AR B0, P R Sl
o DU AL QOGS by SRR HbRobE A TS RrBRs HekEl 2
of the t erpbfi |euc|t \Xrll %g}ilr!]a%iogw r’Eo %x ?acrt (tahaecéjl'ggsscgﬁt%ine%qgere%?-m these embodiments,
10  the pressure can vary considerably from atmospheric to full vacuum and the |
temperatures can vary considerably from 0 to 180°C or preferably from 70 to 80°C. In
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, respectively, 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
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purifying the filtered liquid to provide the bis(tertiarybutylam no)silane
product. 14. The process of claim 13 wherein the purifying step is at | east
one process selected fromthe group consisting of distillation,

evaporati on, nenbrane 5 separation, extraction, and conbi nations thereof.
15. The process of claim 14 wherein the purifying process is distillation.
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18. The p clarm wherein reactin further

cOMPr | $eS &Ll 284 KLaB e, 4950 IHAEHRSTER 1Y BLIBGR e %sabgg&sg&oprocess

tert-butyl'dmne is renove omthe Tiquid Dy eva

0 %. gﬁ.k ondhdsabdind e off?‘%ﬁf IP e %Wg g ke gRe" ' no @
alnsy ; r% 4hy! gt SUC (=) tl np PQOmay
B s h e

o ube iR R e b B ARE lsYEd ok ol et e 1BTREd ATBAY .y cau
R %}f%‘%@i% Penk B Eihad idd teiﬁ'@}ﬁf@aef a0y sl PTBASM e ] ca o

Sakaon - o) pab e THiS T TS FEbH M b aRsiaLS Seaat 40, Top fltere AR o Ba) cau
Jca]ca Cagl]a e]I 38]m aéa(%a &lg]h%gtvrlg/cclo(fméqacﬂ& ﬂ toal Lﬂera%ljre At OrULé:ha{bca] ca] ca

] ca] caU] c
o on S0 Eve EARER A cehber At BLUPA 4T 45 G0 Yaps ek the T B tohaa L St o8l ¢
3&3&”\/@@@/@?&1@{ TP R ocTRf ool SRR P01 PABTAI Rt ) oo cal ca

Joal cal ogl i SthingseRet SAb il g B a2Blhe e Farhiaghedl sembeg! cal ca

] ca]l cal] c

cal cal ba] €4 N&%E%fﬁéﬁe%ﬁe%sﬁ &a%zzﬁw epeite) A SRy o cal ca
] cay] ca] ca])i cal W2x GXUxXxXx

S5 e Tig b
}Up}}~s-~2 F\/&}“)?EMS(EP“%@]fE a']eéﬁ 6&‘]’%??} % %‘% LAred PRSP IS TREY NG d’ﬁf%%]‘*@éf‘@é] calc
aljcalcalc cal. ca cal ca] ca] ca ajcal xsni d_ZU] ca
Jca] ca} caﬂ?a‘{%pé’f %%ff%ﬁf‘é%]‘%%‘i‘)ég]céa]b&ﬂaééﬁi %‘!ﬂrﬁﬁtﬁéﬁ? Eh Géée@éﬁ%ﬁ@%l] ca] ca] ca
] ca] ca] ca]’car] cal cal cal
iltered BAS crude may then be purified to extract the BTBAS product by any of the

methods described herein.

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

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&W Scientific with a mass selective detector interface.
EXAMPLES

Comparative Example: Synthesis of Bis(tertiary-butylamino)silane Using THF as a

25  Solvent
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O- Y JndAfrdR % I(A}:ﬁne!, il e&ﬂ%ﬁg’wﬁﬁ a rr?z%*nfatic stirrer. The reactor was

connected to a stainless steel vacuum line equipped with two 300 cc stainless steel
5 Dballasts, pressure gauge, a soda-lime trap, and a vacuum pump. The reactor was

purged with nitrogen and cooled to and maintained at a temperature of 24°C throughout
the reaction. A continuous amount of high purity (e.g., 92.8%) dichlorosilane (DCS) was
fed as a vapor through a subsurface dip tube into the reaction mixture. The total amount
of DCS consumed during the reaction was 10.1 grams. The reactor was sealed and

10  allowed to warm to room temperature with stirring. After the reaction was completed, the
reactor was vented and purged with Na.
[0029] The reactor contents were poured through a 0.45 pm glass frit filter
manufactured by Ace Glass to remove the TBA.HCI salt from the BTBAS-containing
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, 88.78%
BTBAS, 0.45% 3-aza-2,2,8,8-tetramethyl-5-oxa-4,6-disilanane, 0.50% tris(tert-
butylamino)silane, 0.94% bis{[(tert-butyl}amino]silamethyl}(tert-butyl)amine, 1.8% other
impurities, and the remainder was assumed to be THF.

20
Example 1: Synthesis of Bis(tertiary-butylamino)silane (ETBAS) Using the TBA Reagent
as a Solvent
[0030] A 250 mL 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 a magnetic stirrer. The reactor was purged with nitrogen prior to

introducing the TBA reagent. The reactor was connected to a stainless steel vacuum
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subsurface dip tube into the TBA liquid to provide a reaction mixture. The total amount
5 of DCS consumed during the reactionlwas 8.2 grams. The reaction mixture was stirred
throughout the reaction. The reactor was sealed and heat from the reaction exotherm
was removed through the reactor walls. After the reaction was completed, the reactor
was vented and purged with Na.
[0031] The product of the reaction was a BTBAS-containing crude liquid having a
10  TBA.HCI salt contained therein. The liquid was analyzed by GC analysis and found to
contain 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)aming]silamethyl}(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 solvent. 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.HCI salt contained within the

crude was found to disassociate and deposit in various parts of the distillation system
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adversely impacted by the presence of the TBA.HCI salt and the resulting BTBAS

product had an undesirable level of chloride impurities remaining.

Example 3: Distillation of Filtered BTBAS Crude
[0034] Crude BTBAS was prepared in accordance with the method described in
Example 1. The crude BTBAS was passed through a 0.45 um glass frit filter
manufactured by Ace Glass to remove the TBA.HCI salt from the liquid. A TBA rinse

10  was used to remove any residual crude from the TBA.HC! filter cake. 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 chloride precipitate may have

15  escaped the 0.45um filter. 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
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 mil 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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determined by GC analysis. No thermal decomposition was noted.

5 [0037] Example 4 demonstrates that purification by distillation at lower process
temperatures and under vacuum conditions allows the crude BTBAS to be purified
without affecting final product purity and minimizing thermal decomposition of the BTBAS

product

10  Example 5: Recycle of TBA from Prior Reactions
[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 filtered using a Rosenmund filter/dryer.
The filter cake was rinsed using the t-butylamine charge for the next reaction. The filter
cake was dried under vacuum and the resulting condensate collected. The product was
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 cariridge. The final BTBAS assay on a t-butylamine free
basis was 99.5% and the TBA content 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.
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stoichiometric excess of at least one amine selected from the group
5 consisting of a secondary amine having the formula R1,NH, a tertiary amine
having the formula R2NH; or combinations thereof with at least one
chlorosilane having the formula R3,SiCls., under anhydrous conditions
sufficient such that a liquid comprising the aminosilane product and an amine
hydrochloride salt is produced and wherein R1 and R2 can each
10 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.
2. The process of claim 1 further comprising:
15 passing the liquid through a filter to provide an amine hydrochloride salt
cake and a filtered liquid; and
purifying the filtered liquid to provide the aminosilane product.
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 purifying process is distiflation.
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8. The process of claim 7 wherein the distillation is conducted at a temperature
ranging from 70 to 90°C.
5 8. The process of claim 1 wherein the amine is a secondary amine.
10. The process of claim 1 wherein the amine is a tertiary amine.
11.  The process of claim 10 wherein the amine is tert-butylamine.
12. A process for making a bis(tertiarybutylamino)silane product, the process
comprising:

10 reacting tert-butylamine with dichlorosilane under anhydrous conditions
sufficient such that a liquid comprising the bis(tertiarybutylamino)silane product
and a tert-butylamine.hydrochloride salt is produced,;

passing the liguid through a filter to provide a tert-
butylamine.hydrochloride salt cake and a filtered liquid; and

15 purifying the filtered liquid to provide the bis{tertiarybutylamino)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 under anhydrous conditions
20 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;
rinsing the tert-butylamine.hydrochloride salt cake with tert-butylamine
25 wherein at least a portion of the tert-butylamine rinse is used as at least a portion

of the tert-butylamine in the reacting step; and
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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 distillation is conducted at a pressure
ranging from 40 to 100 torr.
17.  The process of claim 16 wherein the distillation is conducted at a temperature
10 ranging from 70 to 90°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 under

anhydrous conditions sufficient such that a liquid comprising the

bis(tertiarybutylamino)silane product is produced.
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