ZI EGLER- NATTA CATALYST W TH I N SI TU- GENERATED DONOR

FI ELD OF THE | NVENTI ON [ 0001] The present invention
W0 edoatiess4g o et hods for produci ng pol ymeri zat i BOT/US2007/005744

catal ysts, particularly Ziegler-Natta catal ysts, as

wel | as nethods for using these catalysts in

pol yneri zati on reacti ons. BACKGROUND OF THE | NVENTI ON

[0002] Ziegler-Natta catal ysts are well known for

their use in producing stereoregulated |inear polyners

from 1-al kene nononers. Sone exanpl es of

stereoregul ated linear polyners produced with the aid

of Ziegler-Natta catal ysts include |inear unbranched

pol yet hyl ene and i sotactic and syndiotactic forns of

pol ypropyl ene. [0003] Typically, such catalysts

i nclude a trial kyl alun1nun1(e g trlethyl alun1nun)

i IZIEGIHERANATE AW AT AL XST WY N SKTTAGENERY

nmetal conmpound- on a support. The support is- typlcally

" a porous particul ate support (e.g., silica or alumna)
and a magnesi um halide (e.g., l\/gCI ) . Generally, the
Ziegler-Natta catalysts are snmall, solid particles,

“but sol ubl e forns mpErsORPELE edVERTADNSt S have al so

been used. [0004] The nobst conmmonly used transition
nmetal s include titani umand vanadi um nost commonly as
[00611]e’|['he fie@int invEntitin relatsl to metheds\iot prg@mmg;;@lymem@n@f catalysts,

parl Y Gl R 6D PO HbRS BEERF e PR DIOT SRANE A

polyxﬂeﬁ]zatﬁbﬁrre&ﬁw@n solution. The ti tan| um al um num

catalysts are nost suited for producing isotactic
pol ymers while the vanadi umal um num catal ysts are

‘ rmst sui ted f oBASKGROUNDSYRTHE: RMENTIONN yner s. [ 0005]

is known that the activi ty and/ or st er eospeC| ficity

TOO@%I% o cep@sE By oL kio ¥R fordfeif Bin buBing PHFYSHaced
hnelépggl i ﬁ:&hqtﬂl@éne%cﬁﬁﬁﬁ&@ SRR AmMpG 6P Etefdose ghilated linear

Natta pol ymerization catal ysts nowadays
polympisqabduced mithubkeaid 0 ZtsglerelNatta qatabystrinclufie hneas nmbraneled

. ounds;, See, U S, Patent, No. 4,107,414
POIYQ?E%"%‘?]?‘HW“@E“%?PS ggﬁg&?gg Forms oE PAIYPTOBHIeR nor 5 -
i nclude, for -

[0003] Typically, such catalysts include a tnalkyl alummum (e.g., triethyl alummum) in

. corhbination with a catalytxcally active transition metal compound on a support. The
support is typically a porous particulate support (e.g., silica or alumina) and a magnesium
.halide (e.g., MgCly). Generally; the Ziegler-Natta catalysts are small, solid particles, but

soluble forms and supported catalysts have also been used.

[0004] The most commonly used transition metals include titanium and vanadium, most
commonly as their TiCly, TiCls, VCh, and VCl; complexes. One of the most preferred
Ziegler-Natta catalysts has been titanium tetrachloride combined with triethylaluminum
in a hydrocarbon solution. The titanium-aluminum catalysts are most suited for producing
isotactic polymers while the vanadium-aluminum catalysts are most suited for producing

syndietactic polymers.



exanpl e, the classes of di-n-al kyl phthal ates and
di al kl yl di al koxysi |l anes. [0006] The addition of an
WO naoenomahs el ectron donor typically requires theCT/US2007/005744
subsequent addition of an external electron donor
conpound. The external electron donor compound is
added during the course of the polynerization
reaction. [0007] The current need for adding
appreci abl e quantities of electron donor conpounds to

. the Ziegler-Natta catal yst presents,a signifi t
[0065] b kaave s taresitivaby ZREE StReRDeRkIItY b ALegleraN B cpglysts oan
doner ., canpou ; © ~ atdcO :
be ok SRR GG Rl Lo Hate I8 owm s
inteP{aPEIRSPorSd v Es. CACtRRdIAE AL RElepNatepelymgritition rtalystd dovasiays

addi tional conplication in process design. [0908]
typisaltyondliide e onrheredntesnal elestsen daor OHPOYRNE: $es, for example, U.S.

- pr.oduci h~.a pol. rkzat L.on : a L. he
 vadiRlr foBP 4P R e AR ER btet PGl iort P AL T
exaﬁagfe HeRPasds AdlinDAky1BRhalaRS bhidfialkoylGialkioxysildnes.nat ed.

SUMVARY OF THE | NVENTI ON [ 0009] These and other
objectives, as will be apparent to those_ of ordj nargl
[008i THe additiohef ah interal elepranrdoneniypicaty Fauies thedupgpagent

thod f duci j zat | ~
s Sl SR Ao R RBURL, T BT LA onrcompouna
is a&&émqﬁﬂﬂg%&%ﬂﬁsfe%ﬁﬁe botysietishtidHrédboRr oduction of the

catal ys The nmet hod” conprises: (a) providing a
catal yst support material conprising a n%%nesi um

[0067 e mnmentreed fomaddinganpesciable @raatifies of elesioaglonor compounds

coppone t he magnesi um.cagponent bei.n j
to tREEREGT DS RIRSRIS SHEREPA pepavhiie phdr Gafplc, e
! ' bpRindd epfebm ki ineste HBATRARILEDS in 2
addﬁgﬁnﬁg“gﬁggﬁﬁpgﬁg)ﬁtc? rovi ded that when the rragnesl?ellj)m
conpaepiahpiotess SThdse addigionali ruodeyy stensropusecgreatetprocessipg time as.well
magnesi um hal i de, conponent, i s excluded fromthe
-asaégglgp@lﬁn@&ﬁﬁmmﬁg&s? F5188nd when the nmagnesium
conmponent is the al cohol -adducted magnesi um hal i de
[006@”)29&6‘?&15%1g,%9reqs IRGEE %r%%a@lod:w?faaaem]g%a&m aﬁlﬂymerization ‘
organomagnesi um conponent are excluded fromthe
- catalgdt &hysein the enefits ol e eleatron ¢dyjor isquovided buthehergigibesteme!

conponent wWith one. or re silane halide
adding the electronV\glonor C1)s e unmag%. .

SUMMARY OF THE INVENTION

[0009] These and other objectives, as will be apparent to those of ordinary skill in the art,
have been achieved by providing a method for producing a polymerization catalyst
containing one or more internal electron donor compounds generated in situ during

production of the catalyst. The method comprises:

(a)  providing a catalyst support material compﬁsing a magnesium component

bound or complexed to a metal oxide component, the magnesium component being either

2



conpounds to provide a nodified catal yst support
material by either: (i) reacting the magnesi un(Y)
waeoeoopansat Wi th one or nore silane halide conpPOTUS2007/005744
capabl e of converting the magnesi un{Y) conponent to a
magnesi um hal i de conponent and capabl e of being
converted to either one or nore al koxysilane el ectron
donor conpounds when Y is an al koxi de group or to one
or nore am dosil ane el ectron donor conpounds when Y is
an am do _group,. or (ii) _reacting the al cohol-adducted
2 MAERHEERU cemnoaentadiendn &his anidlkexixegrovp avamidsigrenpe or an
| e of re th. the .adducted

ds
BEA e e
conistMeht i§ EHEDRHRER] cShpPortcRAetHER ‘ih§/ catalfle SothiRfeht is

mat erial conprises the one or nore al'koxysilane

- . exchidsd fioanthe satdlyst sipportmanterial, andeviensthemagoesium component is the

alod FARIA Bttt Bl SOmpeBiRb Reshcmeaneshen (Y @R and
any‘b@?&%@ﬂﬁ esu.(di)cgglﬁ?%n@ fﬂlﬁem&{ fh@@at%ys?%l%w?&rts J.%Paﬁ;t

of st one or nore C
active transition netal conmpounds to provide a
cat(@) ystrepetingithe magnesiwin ¢athporenbivithrogeton enarasizing siblide

conpr GC%SI‘ SOI‘%WId%g onﬁ? ca %F%%%%%a l’f}}/gelaCt ive main

poI ynerization catal yst [0010] The invention further
i ncl udexiyrehdigdihé Rlaghts it Y) Qsﬁ@oﬁa{t%&ﬁ&& dr'inore silane halide
pol ymeri zation reactrons. 1n particular, the invention
| ncompeynds ¢apeblo@f ﬂmveﬁmgyhemag,ncﬁgumﬁﬁé) anpnnemdb afmagnesium
Si abov t| on cat al yst contacti ng
¢ et SpRORAF e sahebs oE Beine FaErBiLe Fifeer ghe g more
pO'a‘ﬂEHi 5 ' | [
e A e e
polmore aimidasilene glectumsdonby corepmrids gvheh & israheantidd group, or

el ectron donor addition step. In addition, the
el ectrop . donor

Lo 11 ot e Achhet 4300 ShE Bachtop dahas S BRRERLYiSh one
t NQr hid¥E SldrR hallly co'ﬂxé/d%ﬂﬁ & gﬁﬁ%ﬁgﬁlﬁﬂg%r g&duc dr:d alcohol to

catal ytic activity by providing a nor
st rfom omezort moxeradkorygitersietactrom doner cmgeantds, . DETAI LED
DESCRI PTI ON OF PREFERRED EMBODI MENTS ¢

wherein the modified catalyst support material comprises the one or more alkoxysilane

electron donor compounds or the one or more amidosilane electron donor compounds and

a magnesium halide component bound or complexed to the metal oxide component;

()  combining the modified catalyst support material of step (b) with one or

more catalytically active transition metal compounds to provide a catalyst precursor; and

(d)  combining the catalyst precursor with one or more catalytically active

main group metal compounds, thereby producing the polymerization catalyst.

[0010] The inventi‘on further includes methods for using these catalysts in polymerization

reactions. In particular, the invention includes a method for polymerizing one or more
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[0012] Ih one aspect, the invention relates to a
nmet hod for producing a polynerization catalyst. The
WO pavenbvddas first requires a catal yst support nRCEUSZN7/005744
whi ch includes, mnimally, a magnesi um conponent bound
or conplexed to a netal oxide conponent. Typically,
when t he magnesi um conponent is "bound" to the netal
oxi de conponent, a magnesi um atomin the magnesi um
conponent is engaged in a coval ent bond with an oxygen

olefih Rl b 2Beriemtbletp CPIBRNG ou AR )RR RER e or

moieftﬁeﬁmﬁﬁ%tpﬁlyﬁ@ﬁmm%bn&ﬁoﬁt%hed to the metal oxide
conponent by ot her than coval ent neans, e.g.,-by van

der Waal s forces, hydrogen bonding, or other
[00H<Bles presant invention advestzggousty simpli pebe catelytic p@lb@enzatlon

Dro G g GIHeCBRDoh T L aSher HHBCR LIt AEOABHBR Ervention

ma}} ﬁlﬁ)vﬁ BlePdxYSthal SWHRREH HoRdH A tRn sEopttb B SSinAiYedBidie v EdN
hal i de conponent fromthe catal yst support materi al

Furtheimore; therimentiommay aiowdgntheicuhdnidpmentngioatijticwctivitaby
| ane hal j.de,coppound 14] In the ne
pro@giigdERte diprS R NBHEaEp PiRAeRR U GIGE SRy an

am do group. The catal yst support rmteri al can be
succinctly represented as My(Y)-MO where MO represents

a " metPETAKIES DESCRIMEDR OIMIRFFERREIPERSODBMENTS

rri ni mum structural criterion of the magnesi umY)
onent which is bound or conplexed to the netal

-[007931 rﬁ@né esssh @mmvmﬁon@ﬁlmp Ite:2 mrethpdvior predycing e@elmeyization

cats e herfion B Rylireh p s O E B B Sptlaes ' e
mmﬁiihl@ﬁ a r{ﬁl §1ﬁhﬁtc'o Ment BYHAY br camdck RIOASAEEL oXidd &mponent,
al i a, MI(Y) (al kyl') when I\/g(Y) not engaged -

Typiaally, wb@xaﬂhe magbmun componéns i Ground’ @ct)le m;:tad bmdne:pmponent a

ma G P YR L Tl AT SRR OGRS SaHedts T eIt bpad withgn

oxygend&%%f%@ﬁl@ﬂl BEitiEBENpSHiens. @ﬁ&gﬁkh@eﬁﬁn%ﬁgﬁneﬁ%
koxi de group or am do group ( he magnes

complu:pecﬁ etotthe mataboxide ngmpondniithe nmghexxuml eompanemt isr attanhadcto the

et TRAPRGH: EEOGE ShaH SASPICGH e g VR 2615 forces,
hydfoRaf bbMing U o3l sholiBvERERsySt 15 int ended.

[0013] In one embodiment, the magnesium component is 2 magnesium(Y) component.
When the magnesiun} component is a magnesium(Y) component, the catalyst support
material excludes any magnesium halide component from the catalyst support material

prior to reacting the magnesium(Y) component with a silane halide compound.

[0014] In the magnesium(Y) component, Y is preferably an alkoxide group or an ;ctmido ]
gfoup. The catalyst support material can be succinctly represented as Mg(Y)-MO where
MO represents a “metal 6xide” and where “Mg(Y)-" represents a minimum structural
criterion of the magnesium(Y) component which is bound or'complexed to the metal

oxide component. For example, “Mg(Y)” may literally represent a formula of the
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[0016] In this application, a "hydrocarbon group”

refers to any chem cal group conposed of carbon and
wohyavagesss at ons. Preferably, the hydrocarbon grPOLIPS2007/005744

contai ns a maxi mum of approximately fifty carbon

atons. More preferably, the hydrocarbon group contains

a maxi mumof forty, nore preferably thirty, nore

preferably twenty, nore preferably ten, nore

preferably eight and even nore preferably six carbon

atons. The droc AR bo WIS LUl
mag R FPRPERER! SR it e afitEls AgheBl up ALbVAbR b0t v

cyclic,

ox1c% Jélﬁ@ﬁﬁﬁ!ﬂ/ “Mg(‘fYy’Sﬁﬁ réfResknd, inrer dizs Mg oooralY)(alkd) when
ydrocar bon group is saturated, The sah {?aﬁle etalomde
“MgYolt st bagagert inuacavatenteonsk ¢ & Wn%e Lip thp meta
stral ght - chai ned al kyl group. Sone exanpl es of

tapl %y @%@H‘Eﬂ%ﬁ{)&xﬁe&a RS gré\. MG anitddgtoup”

, octyl, decyl,

| &3 i1p. Ehechlkeside groyp or amido
refe%%%b [ Oome sogisur a?iert}j, adﬁxgﬁ%ga]?%ﬁ i.go 9}‘ or amido
growy (Prindtte mmsﬂum(lb’a agmp@x@gsnt panebe any spitabig ﬂﬂ(&x e@c')up j
grou Sone exanpl es I ude
o B 3BT AT o BB bl ot e
pol)g'ﬁ&l 2604 ¥éact16’rr fE?W&IP&chHﬂalysﬁs irterddetipent yl

Nyl pent 1- nethyl pentyl, 4,4- dlnethYIpentyI
3, 4- dlnethylpentyl 3,3-dinmeth Ihexyl

[oo1 &3t Iﬁlalmlapyliqaenn,yd “kgrdmg:pgaon [gggxpg ]refq:ﬁéo ﬁ% ?%%F%lcﬁ’ib‘ﬁ’r cowosed

can al t rnativel a0 £
pmg%gﬂkﬁs éjg,?%?g%cﬁg%:cyc g? z&s gupa;umum 0
a r%%ld% fi &é}BBIQQ%hs ot plREsradly, the hydrocarbon group contains a
pprC op ntgf cycl ohexyl, cycl oheptyl, cycl ooc

maXkiBtuy bﬂfb@ﬂypmbmbferﬂzlﬁ fhiityymnory preferRRly WY, mg}/%preferably ten,

mogal ;E&‘M ycl o IO ro IO 9;|e pr%{]eékﬁ%,ﬁéa?ﬁ&f lltorqso'gtde k)l)(drocarbon
gro§p4' dhéT %K}X4e&y&{s Ly lstra ﬂﬁiamé’dcb‘x@h@{bﬂg(wmc polycyelic, or

cyc ohex 4-" et Icyclohexyl
ﬁmgd6-dinﬁthylcyclohexyl and 2,4,6-trinetiiylcyclohexyl
groups. [0020] In another enbodi nent, the hydrocarbon

group i s unsaturate nsat ura ou
[0(55}1 Inpqagq qg@pdgﬁ@lto gxypré)cargag EIoup 1 %q“g%’ d A 'sR@batel Oup

oonds

hy%ogatrﬁ %h#ﬁ Cc%ﬂ@@ i QUBraipat chned ﬂkyl@rmpol&;;me

kenyl s inelided etxa h 1 ro yl, butyl,
e*%h%%@é%;@*‘g'sgfgggg@f g gl A
pentyl, hexyl, octyl, decyl, dodecyl exadecyl, eicosyl, docosyl, and hexacosyl groups.
[0018] The saturated hydrocarbon group can alternatively be branched, i.e., a b;anched
alkyl group. Some examples of branched alkyl groups include iso-propyl, iso-butyl, sec-
butyl, t-butyl, iso-pentyl, neo-pentyl, 4-methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-
methylpentyl, 4 4-dimethylpentyl, 3,4-dimethylpentyl, 3,3-dimethylhexyl, and 2,2,4,4-

tetramethylpentyl groups.

[0019] The hydrocarbon group can alternatively be saturated and cyclic, i.e., a cycloalkyl
group. Some examples of cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl,
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CH2), 1-prorenyl (-CH=CH CH 3) 1-butenyl, 2-butenyl,

3-butenyl, 1,3-dibutenyl, 2- pentenyl, 2,4-dipentenyl,
woa20veseisys , 3, 5-di hexenyl, and 1, 3, 5-tri hexenyPCTyUS20F 005744

Sonme exanpl es of straight-chai ned al kynyl groups

i ncl ude propargyl (-CH -C=CH), 2-butynyl, and

3-butynyl groups. [0021] The hydrocarbon group can

alternatively be unsaturated and branched, i.e., a

branched al kenyl group. Some exanpl es of branched

' GYCIPLGE’S’SYC&QIPE%?M nCl glayinethnﬁtx@%ﬂ’;??%a%r open Q; feyclopropyl, 2,3- '
aim SO iBEoBY 3 25 ARty A ey |

d1m3th§}c9d:l MB-4 dinitthyldéyeivpentyl, 2-mnthylcyclohexyl 3-methylcyclohexyl,

- met 3,5-trih I
A RSN T8 A A P A
cycllc |.e., a cycloalkenyl group Sone exanples of
- l
[Oﬂg(y glp 286 e X y El{n %@%}%? tqg Ei;&@ﬁﬁﬁed 2An unsaturated

hydi-’ocﬁrb@h @ﬁddj)YdanIanh‘mH &&ﬁﬁltmmy ldoulflle ﬁyd‘/bntrsplehqnds The unsaturated
hydBy3hon gEpy i e e FEEer SRR P ENEH Alkenyhgrovp. Some
exaglp%étoﬁgﬁlraqgﬁ%&%vgﬁ%h( éroéi'oﬁ%%agﬁ kﬁ{‘@ﬁ-—*CHz) 2-propenyl (-CH-

CHQEH'ZP heprasting Ny CH=®Hic2~I3§ 15b1ﬁeﬁ}et2-‘amtehyly]5-bﬁtenyl 13 dibutenyl, 2-
-cy ¢l ohexadi en group 0023] Th ung}aﬁ uratl S
penoeym Rcd-dipentonsds bpxegwb éé dgpxeny aa@ groups. Some

N T Bhgpomt

d";ﬂbﬁtpﬁy Wﬂfl ed hydrocarbon groups above, tne "yl
endi hg inplies i-yi wherein the 1-yl position is the

posi tion assumed to be occupied by a bond from .
[00RYjdFleclapdponartpncgipun @anaaitema@ﬁ? ly s u@satiated And hrqne L?‘gf oft

Th nb 1.
el ST R i
proé ré)l 192)3 «1-proBenylf 2 %IE(H)JF-Q -pepétyl,of Z-Hime:thyng-pmpamyl 3-

e or meterial "of interest. Accordingly,

meﬂxyb%bh&pyhQénylimqhyiubbmeﬁﬂez-@ﬁh)dfﬁ %rdamécwl Gpotimepl-1, 3-
gr oup or the group's 1-yl |inked

d1b5@gy1t§r5ﬂ2 %ﬁ'é’ C%F%*eyqe&ﬁ?%y from the doubl e bond,
and in the latter, the group's 1-yl linked position is

[0029P THRARRR cABSH BroayBin Altepintively tiqinshtararaahd cyclic, ie., a
cycloalkenyl group. Some examples of cycloalkenyl groups include 1-cyclopentenyl, 2-

cyclopentenyl, 2-methyl-2-cyclopentenyl, 2,3-dimethyl-2-cyclopentenyl, 1-cyclohexenyl,
2-cyclohexenyl, 2-methyl-2-cyclohexenyl, 2,3-dimethyl-2-cyclohexenyl, 3-cyclohexenyl,
1,3-cyclohexadienyl, 2,5-cyclohexadienyl, 4-methy1-2,5-0ycl_ohexadienyl, 2-methyl-2,5-
cyclohexadienyl, and 2,3,5,6-tetramethyl-2,5-cyclohexadienyl groups.

[0023] The unsaturated cyclic hydrocarbon group can, in addition, be aromatic, i.e., an

aryl group. Some preferred aryl groups include phenyl, tolyl, and xylyl groups.
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[ 0025] The hydrocarbon groups described thus far are

conposed solely of carbon and hydrogen, and thus, can
wbeogae4t 0 be non-derivatized with heteroat onBCT/TRB®07/005744

i nvention includes, however, that the hydrocarbon

groups can be derivatized with one or nore

het er oat ons, unl ess ot herw se specified. A hydrocarbon

group can be derivatized with one or nore heteroatons

by having one or nore heteroatons, where possible,

[ooz;]éijg*léﬁgéaéib%gﬁmﬁe@ h%&EBEﬁb&?%%tﬁPs ovey fie Ogeenaing iiphes Lk

group. Alter vely, or in addition, a
whebetel ties Bybpositipnols fheqresitive adsmhedsioi beatgongiiedhbyp bowst framithe

" heteroatons by having oneé or nor eter ns .

hydrasedon geeun RED G IR0 CHEE] qg&}ﬁ?f&@?f@%ﬂ“‘ﬁ?%“&"f

: e, prefer ef ' . , i 1-vl
subsg{Rey R {5 RERBAR o N L b Rlub Rl FBPMe 1y
posﬂ‘ﬂi%h?zf. & afreberpsihi dflboadinglté wh agngupsleaué orahigriakof interest.

hydr ocar bon groups_include net hoxynet hyl P—IZ O'Cﬁlxg)dnthe
Accerdipgly ox J-eysigpentenyigropp defters from ﬁéﬂ{@;&pg{t% group in tha
2- et hoxyet,hyl , ;.2-(2- € t
torsyaphg BV f o RGOS pR I b bR ey from e ‘i;“bli;”"d’
; dup’ 21 §ligked pdsitionrie twé carBerbatoms pmapfiom the
and%{l?%lﬁ%%?ﬁ%@(l{p Cl—-lgCHZ Nl—pg)s, and di ?ret hyl ar ni nonet hyl

double®dndN( CHa) ) groups.. Sone exanpl es of heteroaryl
groups suitable as hydrocarbon groups include

oo i e b0 B o RAS i e

hydSbgeHPsnd th@Q 274 bé kni@eilbd henderbvayized with deteyuitansa Thenvention
rings descri bed above can be fused to, one or, nore :
inclatless howeverstheicthe bydrosarbers groups pap s derivatized with one oryaerg

- hydrocarhon group. Songe I C i o
e BtV poRrigH TR Pl PGl i win
onetr Ytk ReRrantGh o6 Rihg ok dothbre(ittelodldme where poudible, replacing
bircycl o] 4. 2. 0] octanyl™ groups. Sonme exanpl es of aryl )
oneldrimysre foarbed ot bydrogar atamy in thiedydracadon g@qﬁaﬁﬂfpﬁwl}’dy, orin

phenant hryl , ant hracenyl,, .triphenyl enyl I o
a3 5pHbOR FEAHBICES Db e ARl M isEe SRR having
oneo&q%%.h%&t&ﬁg £l IR daffdntdinfin théWydrocarbon group. Some

nap yridinyl, quinolinyl, benzimdazolyl, and

prefdtd ditersnbmnincluge oupgen, hidwged, sutir, land halogfmbdAmsr oup

can al so be a pol ycyclic hydrocarbon group. Sone
[Oogéﬁggmg Fggrfgplg? %é}%%h%,t&nhyu%gt?t%%dba%yl%gu% Suftdhid bkdkﬁldrocarbpn
groups include methoxymethyl (-CHo-0-CHs), 2-hydroxyethyl (-CH,CH,-OH), 2-
methoxyethyl, 2-ethoxyethyl, 2-(2-ethoxylethyloxy)ethyl, 2,2,2-trifluoroethyl, 1,1,2,2,2-
pentafluoroethyl, 3-chloropropyl, 2-chloro-2-propenyl, 3-bromopropyl, 2-aminoethyl (-
CH,CH,-NH,), and dimethylaminomethyl (-CH,-N(CHz),) groups. Some examples of
heteroaryl groups suitable as hydrocarbon groups include pyridinyl, pyrimidinyl, triazinyl,

imidazolyl, pyrrolyl, furanyl, thiopheneyl, oxazoyl, and thiazolyl groups.

[0027] In addition, any of the hydrocarbon rings described above can be fused to one or

more other rings to form a fused ring system, i.e., a fused hydrocarbon group. Some



bi cycl o[ 2. 2. 1] hept - 2-enyl (nor bor nenyl ),

bi cycl o[ 2. 2. 1] hept a- 2, 5-di enyl (norbornadi enyl ),
wohr@yabeap®. 2. 2] oct anyl, and PCT/US2007/005744

|, 4-di azabi cycl o[ 2. 2. 2] oct anyl groups. [0029] Wen Y

is an al koxi de group, the magnesi un(Y) conponent can

be conveniently represented according to the fornula

-My(OR ) wherein Ra represents any of the hydrocarbon

groups descri bed above. Mire preferably, Ra represents

examialee ob cvseALi o tisds B b AR EhBERC R NE AR,
bxc)}[égo(ggg]o?oé”fﬁr{g}mwyﬁd[hWOJnM B8 WicycRi[4 B-ON6@M g@mpmrsome

exanpl'es of suitable alkoxide grou for Y
exampids lmﬂeryﬂrﬁhgmﬁlseﬁsto athdraxylaings inclydeapphibyk phen
|sopro

WL e e T o
con%ﬁﬁﬁé 6l %gﬁgxeﬁw@ﬁ&hg iﬁcﬂﬁie 91”5 dlﬂyl

XOXI exoxl de, ept OXI 2- heptOX|de

benZindiéarotyl) aiﬁphénhﬁlmbhxyl@ou;ﬁ et hyl heXOXI de,
1- oct oxi de, 2-octoxide, 3-octoxide, 4-octoxide
henOX|de 2- methy eno

| ph , , Bb-di h .
100 mmwmbﬁﬁeam 4 Alsprhe spalycgelic RydBa L AERE et

éﬂ“ﬁ%{: yY)
6"3{“%??% cj?]rg BXB&@% conve I e g pl%n%:ﬁkgggg ggérﬁgﬁ ‘to
: blc)fdltgz Do het2-ervly (d\sllilﬁxﬁdényl)g\beyeibfz R(t]lmpti—Rﬁ-dmgh(norbomadlenyl)
ependently represents H or of. the saturated or '
blcma@&]a@t@wl andr lg-grazatinyglof - ﬂP BRY RS, cyclic,

pol ycyclic, or fused hydrocarbon groups descri bed

[ooi’égongsex)é %Bg@&g%}%% rﬁécmﬁ%r i gé}%ﬁggﬁ%ﬁdnvenienﬂy
repxd:?éiﬁéd &@&d@@%&h@ﬂiﬂlﬂglaOMngR“D eﬂherbm Ebrepaasemts any of the
opt ionally, ana _k ~can connect o jiynu arruu%tl tl(ﬂ}f)
s

degcsthen g{rwszi]escsﬁm ab%@nM@é prsferablyy %bweerea?ﬁfﬂ

ol 8 ISP i s
preﬁrabdwwwyhﬂeﬂ@mm1 wp@gyy brRbipromyTigroup. |

('n- butyl ) am no, sec-butyl nethyl am no,
[ sobutyl met hyl am no, t-butyl nethyl am ngQ
00@0] Serac examples efiuiable alikomde [BEAUpS FamY drplude methoxide, ethoxide, 1-

prog ﬂ%// H{OIR %:\ro%bcg;r ;nbﬂg%g#yﬁpl}gélgogég%ﬁ mltr&%de sec-butoxide, 1~

pentoxide, iso-pentoxide, neo-pentoxide, 2-pentoxide, 3-pentox1de 1-hexoxide, 2-

hexoxide, 3-hexoxide, 1-heptoxide, 2-heptoxide, 3-heptoxide, 4-heptoxide, 2-
ethylhexoxide, 1-octoxide, 2-octoxide, 3-octoxide, 4-octoxide, phenoxide, 2-
methylphenoxide, 2,6-dimethylphenoxide, 3,5-dimethylphenoxide, and 2,4,6- '
trimgthylphenoxide.

[0031] When Y is an amido group, the magnesium(Y) component can be conveniently

depicted according to the formula -Mg(NR'R®), wherein R® and R® each indcpendcnt]y

represents H or any of the saturated or unsaturated, straight-chained or branched, cyclic,
polycyclic, or fused hydrocarbon groups described above. More preferably, R® and R*

each independently represents H or any of the hydrocarbon groups described above
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phenyl (n-butyl)am no, pb.enyl (sec-butyl)am no,

phenyl (i soburyl)am no, phenyl (tbutyl) am no,

walz@hamssham no, benzyl (et hyl ) am no, PCT/US2007/005744

benzyl (et hyl ) am no, and di benzyl am np groups. [00331

Sone exanpl es of suitable amdo ring groups {i.e.,

wherein Rc and Rd are connected) include piperidine,

pi perazi ne* pyrrolidine, pyridine, pyrazine,

i m dazol e, oxazol e, and norpholine groups. . [00341 In
navﬁngihB & 1ef 6Reh ARMs. dﬂﬁ@n‘ﬂ@g REMAIRT EQNEHHMEE 10 haundm@bgen tuy
- conpl exed to the netal oxide conponent is an ,
groeg, cohol - adduct ed magnesi um hal i de conponent. The

al cohol - adduct ed rmagnesi um hal i de conponent can have

i tabl LD f hol l . . )
RUCTE MECUER T MR R
dimgﬁgﬁﬁﬁw mﬂ(ﬁ&hgﬁ&ﬁé,%ﬂ%ﬁmﬁﬁo%—g&@ﬂ&naﬂi%ﬁﬁn& &i-tn-,

0.5, 1.5, 2.2, 2.5, and so on). Wen the magnesi um

propydyapimee nibut@methyddminbodi- @eugd)aedinamgerdutylmretisiamieo,
SRUBERS o L RSR ST o SRR P
phehfiAh1 g0, Bkl EHARRt o effiliiproph bty Bitopropy Damito,

phenyimbepidnyinbophenyl(sectttyljengne gihemyl(isdbudel) aroimp ophenyl(t-
- The .adducted al cohol s_are compl exed, .j.e.., hy an
buty e, siphenylagdng, ibswé@re %?PHP% emé@gfl}fmﬁ%ﬁ‘ée
. QPQE ne 00361 hi a preferred enbodi nent, the
dlba 0 op[%gulfét ed magnesi um hal i de conponent is
represented according to the formla MyX2. xRaOH. | n
[0033] €S oheer exerinples ¥f seitatds emide ritgarogpsi(i.at vireraimRRend R® are
- represents any, of the saturated.or unsaturated, . :dazol
congeqted) gietuds P Ekans, PIRSFaHBYETO PX{‘S‘E& BYERAIRS: dmidggole,
roups’ descri bed above. R8 is nore
oxa%(?%‘?aglgg%qqé&g%%g&@hése hydr ocar bon groups having 1 to
10 carbon atons. The coefficient x has a suitable
{0034}l i an@theraintbodithent, thermaghdiem compbieritdound oneomeplexed to the
preferably has a m njnum val ue of abomté,é? and a
meipbonidR AAmPINERS 15N alsehel-asdustod maghasip hiakids casrponent. g
alcdhol.AddiEred bn AR mAraRide [:Qrgﬁczrlen{r O Hagk 'aﬂg B‘IQI%QD}# ﬁfluﬁﬁb‘? of alcohol
nagneS|unP% I'de conponent 1s any suit e halide
molecules adducted per magnesium atom. The number of alcohol molecules per

-

magnesium atom can also be an average number (e.g., 0.5, 1.5, 2.2, 2.5, and so on). When
the magnesium component is an alcohol-adducted magnesium halide component, then a
magnesium(Y) component, as described above, and any organomagnesium component,

are excluded from the catalyst support material.

[0035] By “adducted” is meant that the alcohol molecules are not covalently bound to the
magnesium halide component. The adducted alcohols are complexed, i.e., by any non-

covalent association, with the magnesium halide component.

[0036] In a preferred embodiment, the alcohol-adducted magnesium halide component is

represented according to the formula MgX, xR*OH. In the formula, X represents a
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i ncluding, for exanple, fluoride, chloride, brom de,
and iodide. Mixre preferably, the halide is chloride.
wQ 0@38h63The adduct ed al cohol is any al cohol capeblUs2007/005744
reacting with a silane halide conpound via an acid
(HX) elimnation pathway to form an al koxysil ane
conpound having a silicon-oxygen bond with the
conj ugat e base of the al cohol. Sonme exanpl es of
particularly preferred al cohols include nethanol,

halp R B AR TGRS dou A e BBt 208 spigheptind o
bra%tél%éi %‘Hl? rwéyq}/ggg r?g ?LQE@ ﬁﬁbéxyg%g)?ﬁ’ Eflbtuﬁg‘ 8%scn§?cp%99rﬁﬂ is more

preferitslp bayof thest-hydeiehid | grovpsihaping b, IOZ:aﬂiohmtdim ane koefficient
: 1-octanol, 2-octanol, 3-octanol; 4-octanol

x hag/e slgw@}gaw@ye grgaﬁ@ﬁqu ZEero r@tqﬁﬂeﬁ'ﬁé% X more preferably has a minimum -

v ¢ o5 1 R S TRES EOGD s oo e of

aboat3@. i ncl ude nore than one hydroxy group. For exanpl e,
the adduct ed al cohol can be a diol, triol, or polyol.
ome exanpl es of suitable diols |nclude ethylene

[00§ﬂy'5hﬁ hal@ﬁ d&/ inethe ngquwum halide ecmpaenisnt is agp Awtableiabide s

tab oI S er 0l
incffinlotor Bilnly pidsiie, Qg4 pRenk{aB] G ingidp: pre ppgfrably. the
halidd g4 eHiesdeal cohol can .al so be a conbi nati on of two or
nore al cohols. [0040] The netal oxide conponent has a

net al oxi de corrggsulon which is conpatible with the
(0033 Tirreaddreted gleobe! inruy alashad sapakie of neafémecmai a silang balide

BB o e R e
' havB{geaf GG duygkh BoktBivith t@(éﬁl?ugimg Sf‘fhe'aﬁzoﬁﬁl 8oRRleRhmples of

oxi de conposition comonly used
partzcuuégbeprefﬂmed alcahols yrohgle hetbandl, Sbar@l ,expuophned, isdpropanol, 1-

bt SRR Bt i, AR Ang, 1 HRiehel isorsen iRl nebitinol, 2
penf2hbH8SheRfansi, Imfesa&aolai-ﬁﬁmums méahalumhefgﬁﬁmom tanol, 3-

germanium and tin e transitionh ne
heptanoly 4-heptandik 8- aﬂiylhaxaamil, liroctanbl, aetmtami 3vaatzhl Lchtamﬂ

eyl St pprtdle> B iShna e ubioiinel Ao St i ogne
2’43%{@1@%‘5@ met al oxides (i.e.,

[0039] The adducted alcohol can also include more than one hydroxy group. For
example, the adducted alcohol can be a diol, triol, or polyol. Some examples of suitable
diols include ethylene glycol, propylene glycol, and catechol. Some examples of suitable
triols include glycerol, '1,2,3-heptanetriol, and 1,3,5-triazinetriol. The adducted alcohol

can also be a combination of two or more alcohols.

[0040] The metal oxide component has a metal oxide composition which is compatible
with the polymerization of olefins and with the conditions employed in the method of the
present invefition for producing the polymerization catalyst. More preferably, the metal

oxide component is of a metal oxide composition commonly used in Ziegler-Natta
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| ant hani de and actini de oxi des), as well as any

sui tabl e conbi nation or m xture thereof. Sone exanpl es
wobtoopaodsscul arly preferred nmetal oxi de conposi PCDNS2007/005744

i ncl ude al um num oxi de, al um num phosphat e, nagnesi um

oxi de, layered silicates, alumnumsilicates,

magnesi um si | i cates, and conbi nati ons thereof.

Particularly preferred is the use of silicon oxide,

i.e., silicaor silica gel (S1Q2). [0042] The et al

cats gde conponent is preferably in the formof a
'%fi‘cul ate jnorgani c oxide, as commonly used in
_ Ziegler-Natta catal ysts. The particulate inorganic
[041i Stese prasipiosaifsyitddemetal spide composstinnsferthgragial gxidee
range ,of from about 10 tq abput 100Q,n2/Q..N0re. .
conpronpRiBHNGS 1BF TRHLEHORB SRl SiF4e8 (oot ST Sgmmipum,

e p 4 Q xidqele. xiesdf g,
el B ol Bt Bl () A B qritef QA g RRuBE0,
titagiafd izE:lbdn&gﬁ, vanadigmp od x;i:obiim@, the a?aa? abd plkaline earthymgig! oxides

particle dianmeter in the ra 0 rom about, 5 t .
(1.e aBsdes obmOwRL OB af the BFRRLIB ] JOIP) diATHE B FoY L RSas (i
Y& RER! ) RN dPMikiued Bereof,
tanlie PR IR oA R, s W/l il Bl oD o S o
Sorh&BginilesVcHpafticubklytprefefrad frietdl exite zemplostionstintiude alaminum

det erm ned by Ml vern Mastersizer Anal ysis, (Eraunhof er
dxid@@bmﬁnu@mhoéﬁlates BREARFTum ﬁxaieclamaﬁ%&%ﬁ’ ﬁh‘&@?}bﬁn HiRLE,

St andatr. 4464- . ' ' .
s ST e e R B ston

oxili§ 81, SiMeg bf §iRba gl (SiO).spher oi dal ) nature. Particularly
preferred are silica gels derived fromsilicon

e.g., by acidifj fumsilicate

hydr ogel s, cati. ) '
[006%’5@%@9@11@11?% ccggmp_?ghwmrefg@g{yég {tljgoftg}'qsg ?ﬂ?iarpgrtwullate inorganic

.gondil t1 ons . e . \NOLO.: . ~
o R s R LR SuaBcRiGiARIAME tR: ovides

prefetatity 8Ne: shetific d8rfA¥EBeARdheTARge Of fedre abbUtYl Of tocibodt D00 m?/g,
4.U tni7g. I'nese pore sizes can

2be measured or veri f%red
motepraferably ¢f foom aboutdOrty abput/00 &t ¢ AR SV TROTS rmeéé%t’ﬁ% om

it d t] [ it fr 16
aboyl 19 lsuarptiany e sttt 1 SRR AREEwtth DN EETa10Be,
parfbulbfdndigariOBxiB ey S8R ARY havt) a Mbarl fietidl® dimeteri idehe range of from

conponent may vary dependi ng an the producti on process
abaus 6do albue 260 pil, ynore preferably from 10 to 100 pm, and even more preferably

from 10 to 60 um Mean particle diameter berein refers to the volume average mean
(median value) of the particle size distribution as determined by Malvern Mastersizer
Analysis (Fraunhofer laser light scattering) in accordance with ASTM Standard D 4464-
00.

{0043] The metal oxide component can be of a granular (irregular) or spray-dried (semi-
spherical, micro-spheroidal) nature. Particularly preferred are silica gels derived from
silicon hydrogels, e.g., by acidification of sodium silicate and optionally aged under

suitable alkaline conditions.

[0044] The metal oxide can have pore volumes of any suitable size. Preferably, the pore
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the pHis in the range of fromabout 3.0 to about 9.0,
and nore preferably fromabout 5.0 to about 7.0. The
w@bkbovabases can be determ ned by using the nethoBICT/US2007/005744
described in S. R Morrison, The Chem cal Physics of
Surfaces, Plenum Press, New York [1977], pages 130 ff.
[0046] The netal oxide conponent typically contains
hydroxyl groups on its surface. If desired, the
hydr oxyl group content can b e reduced- or even
0 b UBENE -1 nEY pore sizes
s1ze1§§8}6166j1 t L@)L& /Efag%?b ﬁigflregﬁi}ﬁ??gﬁgiegﬁ &gan be rgducped
can B¢ nfeemacedr m‘lﬁeﬁéxyrmfbrcmy pofwnnmr int acecrdamoetwithADIV 66 h3d -and
treatment nmy conpris xanmpl e, heating the oxide
mtrwmém%nm@ﬁoréﬁnqer Qﬁ&ég@sooc to about 900 0C
preferably from about 600 0C.to about 800 0OC," for a
L of the
e e e T i e
metﬁMx@del%ﬁi;ﬁ:ihaﬁli niay var;nde;kmdingamtthe phmiubtxerpmoe,ss gsedA Preferably,
chem cal treatnent na onpri'se, for exa eatin

the pHas tndheleangp oF LOMc2oR! e MO, 284 BIOFE Eq%%‘%y v EGrabot: 5.0
B

MottRbR| T1)CHmi sl RIPERNbf Sidfices, RienhiroPress, Nequ&%[mgﬂﬂ, pages 130
wei ght physi cal I'y adsorbed water. Usually the water '
ff. content-is detérmned by drying the inorganic oxide
until constant wei ght at 1600C and normal pressure.

[0046{131;11I gﬁ%@&%{ &@% %8{ i%ﬁgp&?xrzﬁ%é H){%gﬁy}'g%ﬁ?k ah its surface. If

desirétly S Hyaroxye gtbub Q;‘énﬁeh@antbbeedmb@ by stensampoed comyiletelydly, using
as descri bed above, be reacted with one

r
appropiiateimesnsi Fanexamyle, die %@f@p@b}‘f&gxxl@%%wweaeﬁﬁﬁa# P Egpoved

at al yst, su Ft i
by SR P et B R Ry A Bersh SediBrpl g chbiiiel B crample
heaﬁ'ﬁé‘ﬂ% Y&idep Seneralited 05 bRANMos! Z5UPCAD aH&ﬁ@OO’E(O rmefmusy from
a _magnesi unmhal i de conponent bound or conplexed to .

abouifﬁi)OﬁGttta rbat i806°C.dapopeind of{fpoa ghoufHdo gboré h%}r% more

SRR B e T BB e
abollPIEidus. . égfﬂ tﬁ:aﬁ%ﬂ £l Uekaplisé; Qmaﬁfﬂe, tr@fitthgathe oxide

nore sul ane hal rdé conpounds mnust be capabl e
witlobneamuerctliewds acxd reagents such as, for example, the halosilanes, haloboranes,

aluminum halides, or aluminum alkyls. Preferably, the metal oxide component contains
from 0.1 to 5% by weight physically adsorbed water. Usually the water content is
determined by drying the inorganic oxide until constant weight at 160°C and normail
pressure. The loss of weight corresponds with the initial physically adsorbed water

content,

[0047] The invention requires that the catalyst support material, as described above, be
reacted with one or more suitable silane halide compounds to provide a modified catalyst
support material. The modified catalyst support material includes one or more i situ-

generated alkoxysilane or amidosilane electron donor compounds and a magnesium
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t he magnesi un(Y) conponent to a nmagnesi um hal i de
conponent, as well as capable of being converted to
weRaancdahe or nore al koxysil ane el ect ron donoPCT/US2007/005744

conpounds (when Y is an al koxi de group) or to one or
nore am dosil ane el ectron donor conpounds (when Y is
an am do group) by reaction with the nagnesi unm(Y)
conmponent. The conversion of the nmagnesi unm(Y)
conmponent to a magnesi um hal i de conponent and the

| ane hal. i to either an_al koxysil ane or

S4 de conmpound
halide.campeRsh ogcg%rtn&&pq%z}ép thenpal MddeepaneBl exchange
of a Y group in the magnesi un(Y) conponent with a

[00?91 TREsIBhO HRlidd bonbfounlis éﬂa%ﬂg{ehgf%@%m imalY, ot Wst one

__foregoing-process,” an inter L'ron donor-’conpou
sili¢an-kalidebhrd. AVkexthsichtaiyst. suppartiniterial aivfudel achddBsidRoy

corrpoungg is generated in-situ. [0049] For exanple,
comppnent, A Qfggﬁrgﬁh}ﬂ%sgfg}?a@};éﬁ gompounds must be capable of coriverting
th XA .de) tebhe silane. halide .

e.co : ouncﬁf)?gc .sh\%lﬁttﬁat Eglﬁsg{gﬁ%ehsalhgﬁoa &°&3ﬁ%§“’8§%8ﬁ%ﬁlﬂe of
beirgyconvented toieither dnelor morsalier giilate biebtrsld GRTREMPHiNAMIvhen V is
anail?csggl | ane hal i de conpound I s converted to an in

HEAP)AT 40 ORY RIMPE] aaidesibne elepaon denvscompapalsr(when Y is

HE | : ' co ent is .a
A B B ket o R RY T bep GRE T opy i a6 e
magnesiagY yduipdrient foRomegrostibalilide kompamah aAd tHiilane halide

converting it to a_magnesi um hali de conponent while
compound [0 ciiher amplkensysilang er amidpsilage plgetreredonog camppund occurs by

: fog Bk 408 tron d nd, The,

exclifls 90 & A0 nfHhl B AR CE) Rl BT ORT AR hiin 6 Stane

haliddeorfisd und VB in@y i o _ .
g Ypd[ 0050 mﬁﬁﬁ?%@ggﬁé’& ¢ suglpeg%uo?r{’ac%og ¥peothpdlblatee,

the lkexysHans aysmidestlans clgoorcdandr norgp@sidy) in deakiatel in situ.
conmponent, one or nore suitable silane halide

apabl. e reacting with the .
(004 TRP HBETIE len 1he ERABREI G oRBERERE Hegnortimieionis
componxse,ihic silade helide eigpdind FRICE with el : :
gl koxysi | ang ellect ron donm(;}c c%%p?&%@gﬁmlg%de) component

by canyegiifgit tqmglramésn palidh comyponeitywti leghe sitaeittide compound is
com R B s e R PR ELa o6 o GO GARPORRG. Alternatively,

nveni
when the magnesium(Y) component is a magnesium(amide) component, the silane halide

compound reacts with the magnesium(amide) component by converting it to a
magnesium halide compqneﬁt while the silane halide compound is converted to an in
situ-generated amidosilane electron donor compound. The above-described reaction can

be conveniently shown by the following equation:

Mg(Y)-MO + -8i-X > Mg(X)-MO + -Si-Y

[0050] When the catalyst support material includes an alcohol-adducted magnesium
halide component, one or more suitable silane halide compounds must be capable of
reacting with the adducted alcohol, preferably in an acid elimination process, to form one

- ormore in situ-generated alkoxysilane electron donor compounds. The acid elimination
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MgX 2-ROH + -Si-X MgX2-MO + -Si-OR a + HX [0051] The

one or nore silane halide conpounds are preferably
waedogav@ds from t he cl ass of conpounds repr esenP@miub3007/005744

the followng fornula: [0052] In formula (1), R1, R2,

and R3 each independently represents H, or any of the

saturated or unsaturated, straight-chained or

branched, cyclic, polycyclic, or fused, nonderivatized

or heteroatonrderivatized hydr ocar bon groups descri bed

above. Preferably, , and_R each i nde endentl

progespproduciss: hydyogen hﬂh@ W@‘be@hr’@ér@b@ﬁ'%@?ﬁﬁn CRTHS:
- above, and has oXi_nat el to 10 carbon atons.
cony gl OY"@S’V&@%ﬁ’ﬁlgwéngﬁaq é% atom Preferably, the
hal ogen atons are selected frompchloride, brom de, and .

| odi e, Moper Prgferably, the hal oQdgXaMiOTH -8i-OR” + HX
chl orFd& atom The subscri pts-m n, and r

. independently represent 0 or /1. [0054
[0081}t5 B oneror marh silangdhalideperapousds eﬁrspfsfelﬂy Segﬁ?eda‘?ﬁ%mﬂée class of
are ot deri.v e atons, i.e., are
commaﬂ ‘??Er‘?tF(?é‘ﬂé‘e(%%W%&ggg&ﬁpgs of preferred
nonderivati zed groups for Rl R2, and R3 include

met hyl , et hyl, n-pronmgznmﬂr,m%lw gip secbutyl groups.
O her preferred and bul ki er groups for Rl, R2, and R3

i ncl ude /- but ycI o phe 2- et phenyl
[OOﬂ]r‘htmyhplhéh),'i/l, B %y,p ggntlygmegn , O an¥ of the

saﬂ{rfaltig t%%&g@gﬁ &!tj g@m%@%ﬁ%d%ﬁg?ﬁg@%ﬁd bPRiskd, non-
der%ﬁkééﬁiﬂ Hetblostbialiefaifa Hydrczafboherazs dasnbéﬁa ab¢mP@i¢r9bly,
pref err?d derivatized groups for

R! m%; andiR’ edch indepepdently kapresgats 7Y 05%6&3%6‘&6& ga‘éﬁ’é Pegskiped
: abov for Y. .So r{d cu referred derivatized
abogfggp 3%%&9’50’8?‘8@ Pg}{qﬁar{)(%gg%gﬁd R3 incl ude nethoxy,

et hoxy, npropoxy, isopropoxy, n-butoxy, isobutoxy,

[oogﬁf ﬁ%Q&m i hAlggvatomAPraBirivly v ha)lp gm dtyﬂne atpydelavieddiom
| e

am no, n-pr | met hyl am no, - a
chioride, rbmmidcemwmudr: Aoredre oraby, tha h4i ?ﬂ%t" RiPYrubAd HSim. The
sec but yl ne | sobut tyhyl am no, tbu-
GRREE fThy ’h’\éch:?P RRE )Oa%?nlno and

-(t-butyl)amnm no groups. [0056] QOtI onal | y, accor di ng
[OdSQ!eirPBﬁB‘érﬁb&dlﬂnenﬁ’\ﬂﬁmlyﬁﬁ&aﬁbntgfdm ofR! R, aiPR’ arechorgerivatized

with heteroatoms, i.e., are “non-derivatized.” Some examples of preferred non-

derivatized groups for R', R?, and R® include methyl, ethyl, n-propyl, n-butyl, and sec-
butyl groups. Other preferred and bulkier groups for R R? and R include #-butyl,
cyclohexyl, phenyl, 2-methy1phenyi, 4-methylphenyl, 2,6-dimethylphenyl, and 2,4,6-
trimethylphenyl groups.

[0055] In another embodiment, the hydrocarbon groups of R!, R?, and R? are derivatized
with one or more heteroatoms. Particularly preferred derivatized groups for R', R%, and R?
include all of the alkoxide and amido gi‘oups described above for Y. Some particularly
preferred derivatized hydrocarbon groups of R', R? and R? include memoxy, ethoxy, n-

propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, t-butoxy, dimethylamino,
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hydr ocar bon groups, two or three of the hydrocarbon
groups can be connected to forma silicon-containing

WO 20vg/1063490l ycyclic ring system By "connect edPCT/8S2007/005744
meant that a carboncarbon bond between two. carbon
atons (one carbon from each group), replaces two
car bon- hydr ogen bonds- (one carbon-hydrogen bond from
each group). Alternatively, a carbon-carbon double
bond between two carbon atons (one carbon from each

roup) can replace four carbaon-hydro n'bonﬁs .t wo
methylethytamipgs & WW@'PFPEYH@MN@P%{!%‘?@’FWPY Gl mme)i

t.he connect . 1R.: I, e : 1 01 10. t-
oo aSEAAEEL A0 AR eb ol spaaneat o,

buty"lﬁleﬁ%ﬁhﬁ@,sdif(@é&lblﬁﬂﬁrﬁmpm & (@86 athino geongpspl e, i f Rl

and are nethyl groups; the nethyl groups can be

connected to forma silacycl opropane [in YSL e i3
[0056] Optienatlys 4ppprdingda gormtla ), o %?rﬁbreeg’if i{u;ﬁ %85% are

can .be-connected to f i l.ac | - to fon
hydEGiarian Saa. 1o inie et P Ryebiclinl SRy B e Efected to fom 2

.

silicftﬁlnc&ﬁaiﬁﬁ"‘}grf’ﬁl%to? 0 @3{cfli@rr{ﬁgﬁsy§ﬂ'ehﬂ3 ctepectdhis meang that a carbon-
system ternatively, for exanple, if RlL and R2 are
carlsdrhiydndgrepupsn twocarken jatoras (ong|sgibon frgmEack FEP)4IRPIaESs two

il 5 SRS e ) i
caﬂk%{lé bott BoIEbGIREV R arf I didthe(oné barbbh €romi achegroup) can
|

e conmpound Is according to the fornula: R S 3
repladg fcﬁlﬁ%ﬂionmydfongem’ucbmis((@yg cmomragdrggqnetmgs Heancarbigronn). In
eI i SR AT B ik B8 A i RS st an
incé%d%aﬁ/ ot the'ﬁ%feﬁdﬁt%r{xér I?Em%rﬁ:a' dbBhE

uor onmet hl or osi | ane,

ethyltrichlorosilane, npropyltrichlorosilane,
[0037F Aboexanipieyf R andR “are sietiayl groups; the methyl groups can be connected

| sopropyl trichl orosil ane,.nputyltrichl |

to ﬁogazb%hayxcﬁanmns B syt 1640 33 A ey Proli Ay K iZf %%S'Efy‘ Eroup,
' binR B SiladYe RNk b f8téh;08idIiARE and R are both

*he%é)%%{%%ﬁﬁ?gﬁgsl% g, neopen% *yttri chl orosi | ane,
ethit Gou é,&hésﬁ lbzhohaxminhemm torfohamtsylmycholcp_hm@nmng gypiem.

noctyl trichl oraosi.lape, nonyl trichl oross| ane
Ay, or exnBat Ramd R Ay Pt R ois Biggy! aroup, these
three groups can be interconnected to form a 1-silabicyclo [2.2.2]octane polycyclic ring

system.

. [0058] In one embodiment of formula (1), the silane halide compound is according to the

formula:
R'SiCls (2)

[0059] In formula (2), R! has already been defined above. Some examples of silane
chloride compounds according to formula (2) include trichlorosilane (HSiCls),
methyltrichlorosilane, (irifluoromethyl)trichlorosilane, ethyltrichlorosilane, n-

propyltrichlorosilane, 3-chloropropyltrichlorosilane, isopropyltrichlorosilane, n-
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n- hexadecyl tri chl orosi | ane,

n-oct adecyl trichl orosil ane, neicosyltrichlorosilane,
wo2ao7iteesgy/|l tri chl orosi | ane, net hoxytri chl or osi P@N®ES2007/005744

et hoxytrichlorsilane, (2-ethoxyethyl)trichlorosilane,

n- propoxytrichl orosil ane, isopropoxytrichlorosilane,

n- but oxytrichl orosil ane, iso-butoxytrichlorosilane,

phenoxytri chl orosi | ane,

2, 6-di et hyi phenoxytri chl or osi | ane,

butyX gllii%’réhg%l}il’ ?SIO%%F%’;WP%&QQ’%%%P@M&O qé‘fﬁ r03| | ane,

vrl |
t}ﬁm t hy mnéﬁipéh i Ctho?Jsﬂﬁﬁé %%mﬂhﬁm&éshlﬁﬁé Qeesi | ane,

p or osi | ane,

pen@lﬂiﬂﬂdsmklmﬁnyﬂlbxylutthmaIahe;meheptyltnchlorosﬂane n-
: 5-di net hyl phenﬁ{mtrl chl or osi.l ap 12
OCWitFlP}#éHOﬁl}ql}S‘hEﬁ’;?W eiprasigr) nyfieyltrich Stosiare, -

dodegzyﬂﬁ%ﬂ?&)&f &%ﬁégﬁﬁ&ﬁérbﬁﬁﬁe, rRo&adecyltrichlorosilane, n-

orop eny trl rosilane
elco@ﬁﬁicﬁlfokdsﬂm@hmbkyln'mﬂﬂmsﬂamd mmhowlmbhlorosﬂane

t hi I [ 0060], | th di nrent of
e SN R e
proigyBRlof S, 3 ouEbSmtthdstant, iso bliirchibrigtiyl 2 (9).
phexﬁ?k@tﬁ‘i@hl@ibs@lﬁns,lﬂ @-ﬂﬁnethylphm&ytnommsﬂdne atyttridblogpstiane,

cycleBIdTy iFe I e e R ARy saa? her b orasilane, 2
' cyclgﬁetx %{)Ll{rﬂ: oA gﬂ}%%ﬁ)ﬁ&@d %)?%ﬁ ~htct g&;{ﬁ%ﬁﬁ'whiorosﬂane 2,6-

oros ane, nZ propy ane
%lbﬂén@fltﬁ@lﬁlbfd&)dbﬁd I3§5‘-£Bﬂ[eﬁgﬂﬂfﬁﬁﬂﬁ1dﬂorosﬂane, 2,4,6-

| (1 sopropyl)dichlorosil ane,
tnmgih l}ébgyy&pyh@ir ape, dsmethasyph enyltrichlorosilane, 2,6-

dichEcH ;ﬁﬁ‘ %/)Fr} Jé?n'gﬁ{)] ?%tﬂxsolré %Qt?ylmchlorosﬂane, and

bem(yrm&ub;sdﬂ&[@pyl di chl orosi | ane, (‘nbutyl)
i sopropyl di chl orosi | ane, di (n-butyl)dichlorosilane,

i sobutyl met hyl di chl or osi | ane,
{0060} Ebanojhes empodinaent of dermula@). 'the silane halide compound is according to
the #so utyl (n-propyl)di chl orosil ane,
tylisopropyl di chl orosil ane,
di i sobut yl di chl orosi | ane,
(t-butyl ) met hyl di chl orRIRPSiane, 3)-
(t- butyl)ethyldlchlor03|Iane

[OOéli oy gq((g),% %: dlpaglg :algéa(%g:blfa%&ﬁned above. Some examples of

s1lzm%I gxfgl.)nl*a% Jrn%)gh:g Xyﬁgﬁﬁr gIQP g"cr)rglsular gﬂ include dimethyldichlorosilane,

metl@ﬂélh&ldx@hl@k@mem,ld)&hylhiohrmlhu&n methrgﬂ(mpropyl)dJchlorosﬂane, ethyl(n-
propyl)dichlorosilane, di(n-propyl)dichlorosilane, methyl(isopropyl)dichlorosilane,

ethyl(isopropyl)dichlorosilane, diisopropyldichlorosilane, (n-butyl)methyldichlorosilane,
(n-butyl)ethyldichlorosilane, (n-butyl)propyldichlorosilane, (n-
butyl)isopropyldichlorosilane, di(n-butyl)dichlorosilane, isobutylmethyldichlorosilane,
isobutylethyldichlorosiiane, isobutyl(n-propyl)dichlorosilane,
isobutylisopropyldichlorosilane, diisobutyldichlorosilane, (t-butyl)methyldichlorosilane,
(t-butyl)ethyldichlorosilane, (t-butyl)(n-propyl)dichlorosilane, (t-
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ryl (cycl ohexyl ) di chl orosi | ane,
i soproryl (cycl ohexyl)di chl orosil ane, nbutyl (
way@rahexy/| ) di chl orosi | ane, PCT/US2007/005744
i sobutyl (cycl ohexyl )di chl orosilane, tbutyl(
cycl ohexyl ) di chl orosi | ane, dicycl ohexyl di chl orosil ane,
nmet hyl (cycl opent yl ) di chl orosi | ane,
et hyl (cycl opentyl)di chl orosi |l ane, npropyl (
cycl opentyl)di chl orosil ane,
i-sopropyKcycl opent y*di chl orosi | ane, nbutyl {
butyd)(izbproppl)gichidrasitane, ds(lt-batyédlchlorosﬂane

meté?]&%g%ﬁéqugﬁgw gtk&lz {o%g)lt}lflfd?ﬁﬁo}ogﬁanye x(x
pro&ﬁn&gﬁo h?d Ecﬁé r@ﬂﬁgyclohexyl)dlchlorosﬂane, n-

oro

butﬁ(d%ﬂbhﬂh&)d}dlﬂd’bﬁldnﬁ; 1@3bdt5al(wp10hpxyd}y@dl(lorosilane, t-

) di chl orosj | an

butiGas agpgu Wym}@@ﬁ%ﬁ@&*ﬂ&ﬁ@“ﬂ%@% (

B R R SPARSERBAE ohBER S 1 0o 20,

pro cyBpr cﬁcﬁl@fdsil}udd ﬁd@bﬂippl{cjcmntyl)dmhlorosﬂane n-
-to di chl grosi | ane

butﬂprpm igblorosilans FﬁOBPWgFY“é‘P@nQﬂMmﬁ%* | ess

wurflSEEREREEBRG T (AP PRET PR BRRE g, o o

metﬁpl@ﬂeaynaibmwfs&lw ethyl(phéyPiicilcedrilanegi-1 ane,

i sopropyl di chl orosi | ane, V|nyId|chIor03|Iane

propyléppemd)dighlerosianss $ePIoRKéph eREDHEMOESHAIS Posi | ane,

hl |
MHQ%WIS% g%gsfﬁoéﬁgﬁp%ﬁ%%m%%{%%@y dloil’ﬂ ngSI | ane,
cyc SRR Qmenyt i eitb Rk sie] & Pﬁenymbmworgﬁmmmmuow&mmnsnane

nmet Hy thoxydlchlor03| ane
di(petoly)diektlbrosiatiec tridoryskittimatylenedichlorosilane.
2- chloroethyl(nethyl)dlchlor03|lane

o0 e D B ARSI it
meﬂH?IdKEi‘x'l&BﬁIhﬁ&!@HQSiHﬂlgsb ?lﬁtthldﬂos@ﬁaﬁﬂQﬁmbylhiohlwssﬁlaaméso-
di cycl ohexoxydi clilorosilane

propyldiChlwmlﬂymMWdldhbdem vinyheethyldichlorosilane,

B ST N

d1eﬁ1953‘%%gé}ﬂ9r okifar &i‘?ﬁ-’ﬂkdiﬁxFl&ﬁtﬁoil&hmdlﬁo%xg%m@osﬂane

064] In fornmul a have al r eady
methglethiefydichtbrodilave,. m@byﬂgthgxyxhghlg@sme eﬂlylmethoxydlchlorosﬂane

2-chloroethyl(methyldichlorosilane, 2-chloroethyl(methoxy)dichlorosilane, (iso-

propoxy)methyldichlorosilane, phenylmethoxydichlorosilane,
methylphenoxydichlorosﬂane, diphenoxydichlorosilane, dicyclohexoxydichlorosilane,

cyclohexoxymethyldichlorosilane and cyclohexoxymethoxydichlorosilane.

[0063] In yet another embodiment of formula (1), the silane halide compound is

according to the formula:

R'R*RSICI  (4)
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silane chl oride conmpounds according to formula (4)

i nclude ,trinethyl chlorosilane,
wetdwhaisaet hyl chl or osi | ane, net hyl di et hyl chl or BET/U&2087/005744

triethylchlorosilane, tri(npropyl) chlorosilane,

di (n-propyl ) et hyl cnl orosi | ane,

n- propyl di met hyl chl or osi | ane,

triisopropyl chlorosilane,

di (i sopropyl ) net hyl chl orosi | ane,

i sopropyl di met hyl.chl or,osi | ane,
[0064] iIgrfeﬁg{ulgl (4);:&'1&2@@(1' |R§rb@ye already been defined above. Some examples of

.. di (n-butyl)nmethyl chlorosilane. . . .
slefe R AR PR MO B oo B et () gl frimppyetorqslans
em}?glg%%tg{)@?%{ %Eﬂrhg{dgeglll 18MBrosilane, triethylchlorosilane, tri(n-

ane,

prop}b)d:hldmﬁil_md:,idjﬂmprbpylha¢mﬂnmor051lme, n—pfopyldimei:hylchlorosilane,_
mlstgpl(%ggl lgfolg;qae%i : %,%&i%?q}bb%%ﬁyﬁ@lmp?igqne, isopropyldimethylchlorosilane,
i(-bi A ' 443! fIbREIdiARMylchlorosilane,
i bRt ARa bR B B GMAEE, AbaS1d Ry Ichlorositane
triisobhityichidredilane, aliisbmngimetiyiighcliosidnieyiscinityidaséthylnklprosilane, t-

PRI D IR S O U S S
(t-bgfygg%i@f%hg:}ggwn BhiBf AR Yy ldimethylehlorosilane, |

N1 Or OSI

divinylustyyichlpfoeiiaties trivirydctilbmsiane, allyldimethylchlorosilane,
i sobutyl di phenyl chl orosil an

melbgRiRety IFEPTRa eRydHRsARC orosilpas. SrRsRpYIdiphemidiprgpilene,

. di ] hyl chl j oy iohenylchlorosilane,
R e e N G R
isotiffyl@iasnyleHierositineysdnaidinnbthglshlopgsylhnd) indeyokibeaylehlorosilane,

di cycl ohexyl (nbulyl) chl orosil ane

dicytiehesyiareshsiehieronilang] dinydeksyicthdcblorosilane, dicyclohexyl(n-

proﬁ%?cb&&?%%!g%cﬁ?}%cﬂ%%% %Sslgfncab%gcm%silane, dicyclohexyl(n-

butf)h¥srbSR@B! dibydHexlidabotylehidrositane, cyclohexyldimethyichlorosilane,
di cycl opentyl et hyl chl orosi | ane,

tricpélopentydgtdenogilqne, gicpgopenerimethydohlerpglane,
de R RORES B S ST RS coroice
dicSH16pEatyIREbYYIEIBRIIM S hicsnsleféﬂtﬂoebutyl)cmorosﬂane,

cycl opentyl di met hyl chf or osi | ane ,
dicydlefentylisptylghlorasdanss cydepentyldimethylchlorosilane,p-

tolﬁ@i%%&%iq%%%ﬁ?ﬁ-%ﬁ%ieh&?@g{&ﬂa&mle,( %i{p&o}}yl}methylchlorosilane, di(p-
tolyBleibitro6iBge | B Go-td 1y érérdsiialey ddachl or osi | ane, and
cyclotri net hyl enenet hyl chl orosi | ane. [0065] O her |ess

cyclntrzhethyledersethpleblobesilene conpounds according to fornul a
(4) include chlorosilane (S1CI H3), nethyl chlorosil ane,

' hy] chl or.osi,l ane,, di.et hyl chl or gsi i - .
o0 T P BB R e
chiétbsifdne PSIOIH))C RleBiyRhidradiBine, dimethylchlorosilane, diethylchlorosilane, di-
(n-propyl)chlorosilane, diisopropylchlorosilane, di-(t-butyl)chlorosilane,

diphenylchlorosilane, vinylchlorosilane, divinylchlorosilane, vinylmethylchlorosilane,
trimethoxychlorosilane, dimethoxychlorosilane, triethoxychlorosilane,

diethoxychlorosilane, tri(n-propoxy)chlorosilane, triisopropoxychlorosilane,
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di phenyl chl orosi | ane, vinyi chl orosi | ane,
di vi nyl chl orosi | ane, vinyl net hyl chl or osi | ane,
wo poorabdsaxychl or osi | ane, di met hoxychl or osi | anePCT/US2007/005744
triethoxychl orosil ane, diethoxychl orosil ane,
tri(n-propoxy)chlorosilane, triisopropoxychlorosilane,
- i sdi net hyhnet hoxychl or osi | ane,
di met hyl et hoxychl or osi | ane,
et hyl di met hoxychl or osi | ane,
2-chl or oet hyl di et hyl chl or osi | ane,, . .
dimethyhhethowstchiprosilane, idamgthiethosyshlaresilang efyldignethoxychlorosilane,

2--cl{%%ﬁ%@%&%&%ﬁ{i%ﬁ%@é&gﬂrgﬁmﬂdimcthoxychlomsilane, (iso-

pro e 836 GHeh@dBnethoxychlorosilane,
e y11 I phenoxychl or osi | ane, -

métﬁiflplhat]wdye}xlonq}ﬁm:ahhyiledig:lcbphrglprmhéqrosilane, _
CYCl ohexoxX I met C or.Qsl | ane,’ .
diexsRheS e BT NBR YR, AU PR petyichlorosilane,

iidhdrBL ' iyl hlorosilane, 2-
e L BRSEAPAORA L s g ot s

(bicybloBésthl) dineetinidisrpsitineybistehioraméthrsthylchlorosilane,
chl or onet hyl di net hyl cq)léorosi {;& : 1 3.

chilaemeBdimplrichary las spBemetiiingthylchlorosilane, 3-
chl or f i ; | ; . . s

R A 1 aSh el

butyseatihyldihehyloloedsilane $+dyanepropyldimethylchlorosilane, n-

S-cyanopr opyl di net hyl chl or.osi.l. ane . .
penﬁé@l{ngyh}g?}ﬁ&%ﬁi}m@hp—gé@gﬁpm,%MOrosﬂme, n-heptyldimethylchlorosilane,

n-o%@ﬂd@ré%?&&ﬁﬁ%ﬁ%ﬁ%:ﬂglgér%ygi@gﬁmg}chlorosilane, n-decyldimethylichlorosilane,

heptafRekaprehy18ideytdHiorosifink s, pentafluorophenyldimethylchlorosilane.
n- nonyl di net hyl chl or osi | ane, ’
n- decyl di net hyl chl or osi_| ane

[0066lpinafet arsthecaPpRiment Oh farewi aldhe silge halide compound is

a ent af | phenyl di met hyl chl orosi | ane. [0066] In
teﬁ@%ggrgﬁl ?’ﬁ)é#l el‘labodi ment of formula (1), the silane

hal i de conpound is tetrachlorosilane (SiCU). [0067]
[0089"S0r¥ aRahsies 6f siliddn- @meriniag tiag rbmgourids guitaip eusitkse halide
sui tabl e as silane halide conpounds acco gl n B%o hloro-
confipsnumds accprding tcforgalal (lbmpblflélrc-hx%t’ﬂwgﬁ%v% %’g Htagyel -chloro
- chl.or o= .1-phenyl §i h. -1-
Lpb e Rl SR LA Rb e, a1 chloro-
methyRib&fcRdctb W skdnagly of ssiticameontliningmiyryeliofingcompound

si'licon-containing polycycHec ring cq un uitahl e as
suitabkids arsdlahhdlide comppurfharcardins @i fg@ﬂ!lg?ﬁdlaﬂ’d&%? 1(%;1“"'-?"
.. tnclu -chioro-1silabicyclo[ 2.2.2]octane. [0068]
sila Wé("]é’ff’gﬁiocﬁaé'lel de conpounds consi dered thus far

according to fornula (1) contain )
[0068] The silane halide compounds considered thus far according to formula (1) contain

a single silicon atom, and are therefore, in the class of monosilanes. However, the silane
halide compound is not limited to monosilane compounds. The silane halide compound
may contain any suitable number of silicon atoms. For example, the silane halide

compound may be a disilane, trisilane, tetrasilane, or a siloxane.
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a single silicon atom and are therefore, in the class

of nonosil anes. However, the silane halide conpound is
wmeao7l1basg ed t o nonosi | ane conpounds. The si | apeT/batoodas744

conmpound may contain any suitable nunber of silicon

atons. For exanple, the silane halide conpound may be

a disilane, trisilane, tetrasilanc, or a

si | oxane. [ 0069] Sone exanpl es of suitable disilane

hal i de conpounds i ncl ude 1, 2-bi s-

(trichlorosilyl)ethane,
[0069BSbins ekamplembﬁnumblb)dlélhhehﬂm coinpounds include 1 2-b1s- .

trichl orosilyl)buta
(mgpdlgm@ﬁylsqﬂpﬁnsf bé-,bps);(tglclglomﬁlg],}gopane 1,4-bis- (trichlorosilyl)butane, 1,4-
vis RS Ao gl 1O U BB D] 3

or osr’
(dniaeﬂryhhlbnﬁsﬂymmé ¢[8-bisqainethyl¢hioosing)propane, 1-trichlorosilyl-2-
1-trichlorosilyl-2- trimethylsilylethane,

trinethylsilyiethangs { tgehlorosityli=riasthesysijylathaag, &-methyldichlorosilyl-3-

el AL 30 IR PSRl pesee.

(m&ﬁlbtoﬁﬂi'l)lfeﬁﬁéde%’i Zbﬁﬁ&ﬁ&ﬁoromethylsﬂyl)benzene 1,4-bis-
3-bis oronethé§S|l benZene, 1, 4-bis-

(dlqlﬂpr@megw })bguzgmq,w} r{di ylchlorosﬂyl)benzene 1,4-bis-

(dlrgi%tﬁxgbf%}f gﬁﬁ% | C hl é’ a3}%‘&1&1&@qg-%&aﬂogdsﬁy&e?hyl)benzene

1- trichlorosithﬁ“chlor03|lylnethy“benzene [ 0070]

[00F0INBorRX 38X ASs S suithblk #MiRné halkdel o%ﬂ%oﬁﬁcld i#elugeBrrounds
i nclude bis- (trichlorosilylethyl)dinethylsilane,

(m@ﬂ@m@éuleihylaﬁhmﬁwhﬂase,lbﬁ itithjoremetiisilykthdémethnisilanes and bis-

AT B SN et il ) | SF3itg Rireglane nalide

comﬂaﬁm%mﬁdeltﬁs (ﬁn'bhﬁ,?é twawyﬂle%ﬁ;hm ahERERY! silane, tris-

di chl or onet hyl si | hyl”) et Ryl si | ‘ane,

(dlqhﬂorgm@thlylsdyl@ﬂuyl?memmahy,l tasMIQmémtﬂ}h)ésibéﬂhyl)lantbylsﬂane and -

visd - e iRt o Dehies, SREhpbist ot SHRIK tlgane

ngtg?ﬁﬂﬁﬁnefuﬁé’ hétéc%%tﬁsﬂd?ﬁﬁ@%ia@ﬁl@fdﬂlﬁldxgﬁ@ #Bcachlorotetrasiloxane,

cachl orot etrasi | oxane, and
andiexagtidrocyebopdsitixansi | oxane. [0071] By reacting one or
nmore silane halide compounds with the magnesium

o0 EfRY Rt oS Srecr e pmnSinas 86 e Srigeife .
conohbndaRAS e alohH18me P ol R SR A RRNSbipounds are

contain, mnimally; a silicon atom bound to a group.
genpRGAZ} sith eTlmevarpsdmgenenata&fSﬂMelscthmrtbnef exhpamdd oongain,

mlmmgi? ?%gl lcgg gt ”dﬁoun'& to a%(' group.

peed

[0072] The composition of the silane electron donor compound depends on the
composition of the starting silane halide compound, as well as other reaction conditions,
such as, for example, the relative amounts of silane halide to magnesium, and such other
factors as reaction temperature, pressure, and time. Some representative reaction schemes
are given below. The reaction schemes are provided to demonstrate how the composition

of the in situ-generated electron donor compounds can vary according to the
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conposition of the starting silane halide conmpound, as
wel | as other reaction conditions, such as, for
wezambess t he rel ati ve anounts of silane hal i dBCT/WS2007/005744
magnesi um and such other factors as reaction
tenperature, pressure, and tinme. Sone representative
reacti on schenes are given below The reaction schenes
are provided to denonstrate how the conposition of the
in situ-genetated el ectron donor conpounds can vary

accordj ng to t hestoi chignetric ratio of the react apt
stoippigmetricdetio Af beReanints The spctionsahemes aefipt Bigrdt ealé that

the 8&!&6 RRRMEHS B ffngﬁ F&fl}ts of d%ed%?gnﬁt?ets adcordin Q@ tleN@chunts

uan tres accor he anou react a nor

.of r8ictantd) Qyr de vy meant [tdinﬁiﬂa% thitahe émlﬂaqgrmndacmc;s showﬂmm the
shown .are the onl %@goducts formed. Accordingly, the

only praduets forsedefrecoréiagly; thegeackien schsaios haegmoty Malmed
SSd4. MpAd 2MO + YSid3 M(Y)-MO + V Sid4 .

My(Y) =MD+ ROSI 12, a
Vo TR TSR0 a2, v+ Yo TR @"f’@
R3sid . mgd 2- |\/D+ YR S . [0073] In the
r epvigfERMD # WeSiGiacti-on—scherps—giwven MpaleMOr+iYsSHi,

al koxi de or am do group, as described earlier, and the
R groups. represent any of the hydrocar g
degME(@éM% &Zélcqil\s di scussed earl ier, Bfgzié %?3@}%@@
the starting S|Iane hali de can al so be any of the

al ky cyj-oups_describeqy, aboygHIPMO+ Y,SiR
Acco?g@ﬁ\ﬁ It |s p035| ble for the sil anepha |de2 ?

reaction to generate a trial koxysilane or .
t et Mgy )bl $iR:8id el -eetron—donor—donpoMeflE ME YRS |
di hal osi | ane or nohohal osil ane starting conpound:

‘ [00%@@@@@%1\? IGRe %ﬁg?wrgﬁ%%s%vg, %:@(Poﬁdé/ 6r amido

groh? Gk dedibia by, LAY ARIR hfbu?@ﬁypi'ds@ﬁi ,anyoe fe: Ky'ﬂﬁ)o'ﬁfb%htglrdi@s
l'ane hal i de conpound contains a Y group, th

descrisdl abnwg Asi distmesed| eadier,the Regroupsdn thsotiarting aﬂanﬁ*dxabdwwﬁealso

be etmr;/% the aelké(wélcrl]ed orozimxdoggrgﬁﬂ% descr{bed above for Y. Accordingly, it is possible

for the silane halide reaction to generate a trialkoxysilane or tetraalkoxysilane electron

donor compound from a dihalosilane or monchalosilane starting compound:

. -» .
Mg(Y)-MO + Y,SiCl, MgClL.MO + Y;SiCl
Mg(Y)-MO + % Y,SiCl > MgCL.MO +Y,5i
Mg(Y)-MO + Y3SiCl _ >  MgCLMO + Y,Si

[0074] In addition, where the starting silane halide compound contains a Y group, the
resulting silane electron donor compound can have more than one kind of Y group. For
example, if the starting silane halide compound contains an isopropoxide group and the
magnesium component is Mg(methoxide) or MgCl.xMeOH, the resulting silane electron
donor compouhd after reaction with the magnesium component will typically contain ‘

both isopropoxide and methoxide groups.
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exanple, if the starting silane halide conpound

contains an isopropoxide group and the nmagnesi um
waeoeoopansat i s My(net hoxi de) or MyQ 2. xMeOH, t hBCT/US2007/005744

resulting silane el ectron donor conpound after

reaction with the magnesi um conponent will typically

contain both isopropoxide and mnet hoxi de groups.[0075]

The one or nore in situ-generated silane el ectron

donor conpounds can be conveniently represented

accordlng to the formula: R4 sR5 tR6 uSi(Y)4*.t-u (5)
[0078b¥hg ongror mpmﬂlna'lt(t-&)merﬂéd sikfe edevtroR@loaarcdompounds can be

ndentl hal i.de, or any of the
codggﬁx% y gegr%sre hﬂﬁt‘l@ rl“él-fl@'ht chai ned or
br anched, cycllc polycycllc or fused, derivatized or

non-derivatized hydrp’q@frp&)gl UE)S ggscrl bed above.
QOtlonaIIy, when two or thr R4, “R5, and R6 are
ocar bon grqup two or three of the hydrocarbon

dr-
[OOZ]%/ ngrra]cﬂ@ (b eBT,@ud RS edafirindepesiéntlyorpresent Hi hilitg, of oy of

the RnPiled GiTipaCindod Yt Shbed or BEBEPeL exsteoea bl o e,

deﬁvﬁﬁieumohr&rﬁlaﬁﬁﬂm hoft g&b@%@&%%&%ﬂ% GpRoARy, when

descri bed above. subscr
twoi ardlsee 0fiBAL RY; anéBP eteehytiro@anbbn Broupsgtwhadrithiee gf thehylicarbon
brom de, i odi de,- and_ nore

f er abl d
@9@#@?@’6}% @BEP rIlF’HgSﬂ‘meHgél%%ﬂ’@W&élcéWfﬁﬁhﬁs :
deséﬂi&d'fﬁr RDZK" GRIR? MAH, ﬁ(é 0§8§p 4 ﬁa%tbfe{éi&‘d%%ﬁ’é 30P Qi fhcludes
of formula (5 Is an a ['ane el ectron
the cknmcmﬁ“)cahdfamdm(MfR(’}Sgbulbﬂd&Sﬂmédama 'Hmﬁ&'dmﬂipfsts,, t, and u
t he,one or szfmrgenerated alkox¥5|lane .

mdeé%ea%ﬁﬂrf ﬁ%f&ﬁf‘d}t 8&5310 Chsradide graupy 1s-preferably chipride drewmids, ay
iodil® hBsnd:e %ﬁb] hfcﬁ(dg 3 (6) [0079] Sone exanpl es of

in szrwg nerat oxysi | ane eI ectron donor

compounds
[0077] In a preferred embodiment, the in situ-generated silane electron donor compound

of formula (5) is an alkoxysilane electron donor compound of formula:
RYR’RE,SI(OR 4540 (52)

[0078] In one embodiment, the one or more in situ-generated alkoxysilane electron donor

compounds of formula (5a) are according to the formula:
R*0SiCl; ©6)

[0079] Some examples of in situ-generated alkoxysilane electron donor compounds
according to formula (6) include methoxytrichlorosilane, trifluoromethoxytrichlorosilane,
- ethoxytrichlorosilane, n-propoxytrichlorosilane, isopropoxytrichlorosilane, n- '
butoxytrichlorosilane, isobutoxytrichlorosilane, t-butoxytrichlorosilane,
vinyloxytrichlorosilane, phenoxytrichlorosilane, 4-methylphenoxytrichlorosilane, 2,6-
dimethylphenoxytrichlorosilane, 2,5-dimethylphenoxytrichlorosilane, 2,4,6-



according to fornula (6) include

nmet hoxytri chl orosi | ane,
wo eoo7hosao et hoxyt ri chl or osi | ane, PCT/US2007/005744

et hoxytrichl orosil ane, n-propoxytrichlorosil ane,

i sopropoxytrichlorosilane, nbutoxytrichlorosilan e,

i sobut oxytrichl orosilane, t-butoxytrichlorosilane,

vi nyl oxytri chl orosi | ane, phenoxytri chl orosil ane,

4- et hyl phenoxytri chl orosi |l ane, 2, 6-

di met hyl phenoxytri chl orosi |l ane, .
trirﬁﬁfﬁyhbhmmchhlwl Wh ¢, mwmh@f]mﬁl ' ch]ﬂaleosilane, and
L 2.4, 6-tr]net phenoxytri chl orosi | ane, o
beQ%ﬂﬂ“ﬁﬂEi%%??ﬂﬁ%hlbrosiIane, and

benzyl oxytrichl orosilane. [0080] In another C

i TS Ol

00RO B LIRS cnbBinlchy O b AR Rk kL eBofron donpr
cortipourfis of formmilazSa) drd 2€Jo2&inGt@the FHmiudO81] Sonme exanpl es

of in szYw generated al koxysil ane el ectron donor

conpounds according to formyla (7) include
di met hoxydi chl or osi | an@ Q)@Slﬁbxy@hokydi chl or osi | ane,

di et h. oxydi chl or osi | ane,

[ooglﬁh ?5&‘1@ @xﬁﬁ&%&éﬁ?’% gftzg- eﬁér?t%hla%%silane electron donor compounds

(n-prop osi ['ane
accdidisgfor fopouly §7)dh¢lododinhethexydichlorosilane, methoxyethoxydichlorosilane,

. - but.oxynet hoxydi chl or osi | . A ) )
diethox, %ﬁﬁ%ﬁ%})@d%ﬁ% ’Pﬁ?ﬂ’%@ﬁgf@‘?f%ﬂ%{ﬂ}KBW?EH’@MJ@MOYOSﬂane,
dllioﬁgigtog yqr:rl}slt o;s)xfl(%'xgibx’g-%P%%@eﬁ%%@i%&o@ﬁ&e, di-(n-butoxy)dichlorosilane,
di-(tisobutooy)dedhivrugitiine, i qt-baiokgdichlorosilane, t-butoxymethoxydichlorosilane,

t - but oxyi sopr opoxydi chl or osi | ane,

Ebufrpyrdevishlormstanss -buingyisppreneslirtlaresiizag.chi or osi 1 ane, .
SRR FOLRE ot oy o,

andeshenehyigptopokichlBrosilmegener at ed al koxysi | ane el ectron
donor conpounds of fornula (5a) are according to the

formula; RARS5S| (ORa)2 (8) [0083] In formula (8), Ra,
(0082 Inpamothgremipediment, the it sHemprsseichalboxysilmetleptztn gonoRra,

contihufi o Fymie [ ARTREPRRH Wb RARERET. Tt or

branched, or cyctic, polycyclic, or fused hydrocarbon

groups described abover&@rdifomip (¢)to 10 carbon atons.

[0084] Sone exanples of in .sz w generated :

gl koxysi | ane e) e¢tron donor conpounds 4
[0083] In'formula (8), R*, R%, R°, and R are as described above. Preferably, R®, R* and R®
each independently represent any of the saturated or unsaturated, straight-chained or
branched, or cyclic, polycyclic, or fused hydrocarbon groups described above and have 1

to 10 carbon atoms.

[0084] Some examples of in situ-generated alkoxysilane electron donor compounds
according to formula (8) include dimethoxydimethylsilane,
methoxyethoxydimethylsilane, dimethoxymethylethylsilane, dimethoxydiethylsilane,
dimethoxydi(n-propyl)silane, dimethoxydiisopropyl)silane, dimethoxydi(n-butyl)silane,
dimethoxydiisobutylsilane, dimethoxydi(sec-butyl)silane, dimethoxydi(t-butyl)silane,
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according to fornula (8) include

di met hoxydi net hyl si | ane, net hoxyet hoxydi net hyl si |l ane.
walzonetibexy et hyl et hyl si | ane, di net hoxydi et hyl sP¢BD82007/005744

di met hoxydi (n- propyl)sil ane

di met hoxydi i sopropyl)sil ane

di met hoxydi (n-butyl)silane, dinethoxydiisobutylsilane,

di met hoxydi (sec-butyl)sil ane,

di met hoxydi (t-butyl)sil ane, di et hoxydi (i sopropyl)silane

,. di et hoxydi (t-butyl)sil ane,
dleﬂjoqcﬁdlf;sqmgpoﬂ)pdmﬁtﬁygngyﬁx{hbqtylamkanprcb@bmy:poxy)dlmeﬂlylsﬂane di(n-

proap}lc@a% l angldggclféysgg Ooe)ﬁ{y stt hc¥1sopropoxyd1ethyls1lane,

dné%i'oi:%ﬁy(ﬁﬁpffﬂéﬂyﬁﬁraﬁé Qﬁiébﬁx%Fb)@‘dﬁs opropylsilane, diiso ropoxydlﬁ
di i sopr opoxydi i sopropylsi I ane ||sopropoxyd (nbut yl)

butgl)$ikne;, dlmoprsmxydpso@nylsm:b;dqsbpnopaxmh(sec-butyl)sﬂane

dust(g)%? gﬁggﬁ%l@gsg é{(i—#);@p(y)gﬁgethylsﬂane di(t-butoxy)diethylsilane, di(t-
butgi(}()H%ﬂ?hgi&g}nginge&gtyﬂnﬁb*@ﬁfﬁog%ﬁosﬂ% AY-bHiR A Bane,

ropy
di(tethutoxyddiisokyty il arseg rl[(o-byio&ty)de(m—butyl)sﬂane di(t-butoxy)di(t-butyl)silane,

di(t di (n-butyl)silane,
dmm'%y@gﬁwﬁlaq'xé, 5%5@ pl{loacﬁ@methylsﬂane diethoxydiphenylsilane,

dm%:ﬂﬁx:y@ 2@‘}%‘“??“9%11‘?%% adr?g@&isﬂane diphenoxydiethylsilane,

diphénoeydixyppheiayk sdipRenex ydibiropopRil mee %Mﬁbﬁgﬂhﬁatﬂu@ﬂﬁﬂane,
dlethqud|phenyIS|Iane di met hoxy nethg henyl si | ane

diphsnopuditselutylsilatey dphenewydi (abwaﬁbﬁyeﬁlp wyduphwlsﬂane, and
-propyI)S|Iane

dm%!&ﬁ%g mé’%l I SOpr opoxysi | ane, ,
dlphenoxydl(n butyl ) sil ane, di phenoxydiisobutyl silane,

[0085]dhanothytiénBoditent, Jis ih 3% gerttrbE Ay ghi lafie Bt sdd ddrer
and di net hoxydi vi nyl si | ane. rt1‘[%\@0085] h anot her

comyopads offmulp (32) jae sccordipafe tha Bamblakoxysi | ane el ectron |
donor conpounds of fornula (5a) are according to the
formula: Si(ORa)4 (9) é?@ﬁﬁ r@exarrples of in

?#w gener at ed al koxysi el ec ?on donor conpounds

according to formula (9) include tetranethoxysil ane,

[008 @t Somext dxarapdaslod e siti-génepdtepalRpoysilines¢ledttsh donor compounds
tetra(l sopr &Sxy)y lane, tetra(n-butoxy)silane

accqudingp i%rgm w@mdeatﬁ@mn@tbwya(lm tmﬁwyslanaﬁetra(n-
proﬁ&%s?lg{x > gﬁﬁi@rﬁé&ﬁgﬁla& 23)%(13) ahg)r({gfsrall( sgﬁlétoxy)sﬂane
tetrd(m‘clfbwc)ﬁyi)sﬂaﬁé] Qeﬁya‘(t-bﬂﬁﬁ%')sﬂaxﬁf @ﬁ@ﬁhbhbkyﬁilah@ Yetisddyafifisthoxysilane,

|sopropoxytr|nethoxy5| ane, n-butoxytri methoxysil ane,

diethayydirehgrysilans meihpayinethoxysilsne.axproppreTimshosysiiane, |
1sop§<};fo§§?fn%&?8§c¥% %%uﬁ%yﬁ gl?dxysxlane, isobutoxytrimethoxysilane, t-

propoxy
butoxytrimethoxysilane, di(n-propoxy)dimethoxysilane, diisopropoxydimethoxysilane,

di(n-butoxy)dimethoxysilane, diisobutoxydimethoxysilane, di(t-bdtoxy)dhnethoxysilane,
tri(x}-pmpoxy)methoxysilane, triisopropoxymethoxysilane, tri(n-butoxy)methoxysilane,
triisobutoxymethoxysilane, tri(t-butoxy)methoxysilane, tri(n-propoxy)ethoxysilane, tri(n-
propoxy)(t-butoxy)silane, triphenoxymethoxysilane, triphenoxyethoxysilane,
triphenoxy(n-propoxy)silane, triphenoxyisopropoxysilane, triphenoxy(n-butoxy)silane,
triphenoxyisohutoxysilane, triphenoxy(sec-butoxy)silane, triphenoxy(t-butoxy)silane,
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di (n- but oxy) di net hoxysi | ane,
di i sobut oxydi net hoxysi | ane,
walqorAbastoxy) di net hoxysi | ane PCT/US2007/005744
tri(n-propoxy)net hoxysil ane,
triisopropoxynet hoxysil ane,
tri(n-butoxy)nmet hoxysilane, triisobutoxynethoxysil ane,
tri(t-butoxy)nethoxysilane,
tri(n-propoxy)ethoxysilane, tri(npropoxy)

. t-buto silape, triphenoxynethoxysijlane, ]
@Pb@%ﬁ&%ﬁ%@@sﬂmg&?‘ﬁé mﬂeﬁ%@;phw@my&mp@wé@ﬂane,

. ' ' . il . .’ . .. .
s BB SR RO e BN e Rsp P sne,
diphenoRHEi(MRubuieRs)lhe)Qiphehb B -butoxy)silane, trimethoxyphenoxysilane,

tri phenoxy(t-but-oxy)sil.ane, di phenoxydi et hoxysi | ane, .

triethoxyiRheasyinlans @@mran@gyl)ml’;epmsﬂmm idisopoppupbyEixlysteae, tri(n-
.butc%%)g% geglggisgl:a%% ?ﬁﬁggﬁéi}/@h@%‘}g’?ﬂm@ and vinyloxytrimethoxysilane,

di phenoxydi i sobut oxysi | ane,

[008Y] (ThanemkyHerhbedinHt, B} §irh-28forated alkoxysilane electron donor
di phenoxydi (t - but oxy) sil ane, trinethoxyphenoxysil ane,

P
comppjedspHiopnda ¢a)are anserding to(the formpbxy) phenoxysi | ane,
triisopropoxyphenoxysilane, tri(nbutoxy)
phenoxysil ane, triiso en sil ane, and
vinyloxytrinethoxysilgﬂgﬁé¥gg87 n anot her
enbodi nent, the in situ-generated al koxysil ane
[0088] @Zﬁﬁdﬁxadmrofﬁﬁmia%aﬁﬁﬁat&f alk&y¥lihiee d186honAoRoPERERHnaY
tQ the fornula; Si(ORa)3C (10) [0088] Sone exanpl es
accapling fo &qrmylaydifd inefusls tamrieyydhlernsilaak siriethonyatderosilane, tri(n-

' t la (.10) include . .
St GRS TR -
butoky)cbm@m&)ﬁi(ﬂﬂtﬁfﬁé}ﬂér@ﬁ@ane}ﬁiﬁéoﬁ%&?&%ﬂbﬁ%ﬁf fih! ane,
tri(n-butoxy)chlorosilane, tri(secbutoxy) :
pentexRy)shloxisilams; riisepentoxtychiosogilatie) tripsipentvay)chlorosilane, tri(n-
hert:{y;)c; ogrggiﬁ%’g‘iﬁz#@%ﬁ%})?}ﬁﬁ@shéﬁé tr}ﬁgpc)tc?o)gc%lgch‘for}losoi{agg,l tln‘?r{]-e’

noni)ﬂ%’?diﬂkﬁ@ﬁmte})ﬁ(ﬁ-‘a@éd% E:ﬁ.ldr@é?ﬁne,ttﬁi‘)l(é?ﬁﬁ?%%%)silane,

i orosilane, tri(n-heptoxy)chlorosi
tricyglohexaxyelarygsdane twgnylaxyehldrosilane etmxy)intdthoyoblotasitene, n-

- {.n- hl il , triph h i ,
prop by e R S A, B PRy R OTP Gy R or o5, | ane.
diisopkdpoxystheBicARFYERLE ri%?gcipi%l‘igcrl]igﬂmxychlorosilane, di(n-

npropoxydi met hoxych
butoxWaisthepmshidiostanep Ryputixydinsitheayehlorosilane, t-

butof R RSy Sl Bl SShd R ossiomositaney
phengﬁymém@hy&ﬂ&%hih&e EpheRoRii ARA RPN E Phei AShIANe:

butoxydjnethoxych{pr03|lane,
propefiy)ehlengsidang) phenexybisypropaxyohlorasilane, phenoxydi(n-

butoxy)chlorosilane, phenoxydiisobutoxychlorosilane, phenoxydi(t-butoxy)chlorosilane,

phenoxydicyclohexoxychlorosilane, methoxydiphenoxychlorosilane,
ethoxydiphenoxychlorosilane, dicyclohexoxymethoxychlorosilane,
dicyclohexoxyisopropoxychlorosilane, cyclohexoxydimethoxychlorosilane,

cyclohexoxydiisobutoxychlorosilane, and cyclohexoxydi(t-butoxy)chlorosilane.
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phenoxydi met hoxychl or osi | ane,
phenoxydi et hoxychl orosi | ane, phenoxydi ( npropoxy)

wahioanoesiig ane, phenoxydi i sopropoxychl orosi | anePCT/US2007/005744
phenoxydi ( nbut oxy) chl orosil ane,
phenoxydi i sobut oxychl or osi | ane,
phenoxydi (t-but oxy)chl orosi | ane,
phenoxydi cycl ohexoxychl or osi i ane,
nmet hoxydi phenoxychl or osi | ane,
et hoxydi phenoxychl or osi | ane,

[008DF: Jrcarmiticor @xohodinemt \thé inasimsdeharaged alkoxysilane electron donor
dlcyclohexox i sopropoxychl or osi | ane,

CorpRRUngh a4 ﬂ'@ﬁ;a@qqr@ngm thgfermula:
cyC|ohexoxyd||sobutoxychlor03|lane and :

- cycl ohexoxydi (t- butoxyé ﬂ @qg.[OOSQ] I n anot her
enbodi ment, the in si tUs ge %ra “al koxysi | ane
el ectron donor conpounds of fornula (5a) are according

[00D6] Biwae brimplesof in sﬁu(g%hﬁéﬂzalkoxf/k Iohe [eROA6) dSWFROmpounds

exanpl es of in _?#w generated al koxysil ane el ectron

accgpsting tocioRpRlad4Y) inelude mmﬁghqwe@mmaae,(mmethwﬁhwéﬂam

B TR e Ay Wb OB B b Byt
mntdthdmdabumsmabﬁtﬂﬁn)sﬁlbk)’t(ﬂétrbdtylbﬂﬁh&@ﬁﬁie&@&%téﬂuﬁyﬁsﬂﬂx@e
trimet hoxy(sec- butyl

|
mﬂiqthwﬁmem})mbap ynmzltolamggiy}sﬂm trimethoxy(@methylphenyheilane,

mnlile[ﬂlﬁ o%k}@%ﬁ@%ﬂ%ﬁym‘?@%ﬂz 4,6-trimethylphenyl)silane,

trintethoxytyulehexisdant, BstiosyRieanidilas, Itﬁaﬁoxyethylsﬂane triethoxy(n-
trjmethoxy(2, 4, 6- trlnethylphenyl) i | ane,

propylysilans dst 9&@%@@1@%@rﬁxeethoxy(mbmﬁydmmymhowmbutylsﬂane

el bl RO R RS b S DR SRRV oGy B

meﬂmgiﬁeﬁymumbuietﬂcﬁc;,tzaﬂxeshyip'hb@mﬂﬁé, $8EmORIY ) Si | ane,

triethox ent silane, triethoxyphenylsil ane,
dimethylphgayl Dlmﬁéﬁ;ﬁl-mmdtludmew})smmm;(ﬁeyclohexylsxlane

sH

m(lﬁ?{%lé%)%g&??’ly il Wﬁ%@%ﬁlﬁﬂl% Fgﬁé)ropoxy)(n-propyl)sﬂane
m(ﬂ-ﬁﬂo?tﬂaﬁl%\éﬁb@b&h%é’ / bl R85ox ) (bl BRI oY Wb Bl Gisitane,

tri{n-propoxy)ethyl silane
m(mvnopnxsﬁfsammxmmm tigHprepckgEbutyDsilane, tri(a-propoxy)(o-

' pen{yi)ﬁxé;ﬁlep{}gﬁ I@lﬁ{l)aglgaglﬂ tgzrépropoxy)(?.-methylphenyl)s11ane tri(n-
proﬁdk'yf(% '68(?153%%}%}%626 Céi he, al]gnaﬁ'i}%gméy)(:z 4,6-trimethylphenyl)silane, tri(n-

pronwlowclph@nduwetmimpmwmmmﬂmel friisopraoyythyisiieny y! )

ane 5 tri ropQ nyIS|Ian
mls??ff’??f‘yﬁ?a 5);*’(1% rrg'{l écw)spyr@pyl giline, mlﬁqpﬁm%expwl)sﬂane
mlsfg}:r??ﬁiygﬁgy)lﬁf&?@%)sgbﬂo?&\%%%yqu%ém ﬁmi i %ré)poxy(t-butyl)sﬂane,

triis@urep¢xyim-pputyl)yilane, triisopropoxyphenylsilane, triisopropoxy(2-
methylphenyl)silane, triisopropoxy(2,6-dimethylphenyl)silane, triisopropoxy(2,4,6-

trimethylphenyl)silane, triisopropoxycyclohexylsilane, tri(n-butoxy)methylsilane, tri(n-
butoxy)ethylsilane, tri(n-butoxy)(n-propyl)silane, tri(n-butoxy)isopropylsilane, tri(n-
butoxy)(n-butyl)silane, tri(n-butoxy)isobutylsilane, tri(n~butoxy)(sec-Butyl)silane, tri(n-
butoxy)(t-butyl)silane, tri(u-butoxy)(n-pentyl)silane, tri(n-butoxy)phenylsilane, tri(n-
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cycl ohexyl sil ane, triisopropoxynethylsil ane,
triisopropoxyethyl sil ane,

Wwo pooraoeg@ropoxy( n- propyl ) sil ane, PCT/US2007/005744
triisopropoxyi sopropyl sil ane,
triisorropoxy(n-butyl)silane,
triisopropoxyi sobutyl sil ane,
triisopropoxy(sec-butyl)silane, triisopro
roxy(t-butyl)silane, triisopropoxy(n-pentyl)silane,
triisopropoxyphenylsilane, triisopropoxy(2-

hutﬁﬂ)ﬁ%fmﬁﬁiel)lﬂbﬂﬂane fri(n-butoxy)(2,6-dimethylphenyl)silane, tri(n-

NN , 6-di.met hyl ph | il ..
butb NS B BB ey i B, M b AR RtPS e
il IR SRR R Aine, wisouor@aronsiiare,
trui@p(mybu{mpﬂ}i_@amepﬁfﬁ@}u)@c}y{rﬁblﬁylt)sil_a?e, griits'obut)o:((yisébutylsilane,
.. tri(n-putoxyli.sopropyl sjlane, trj (nbutox .
it g R P T RSBttt sty rtisabibescy(n-pentysilane,

AT LR e
dimiethiy{phehyl)sibays), jatlieobyitsx(2/a6-trimethylphenyl)silane,

.. Lri (nbut oxy) (2- me% phenyl ) si | ane, _ )
WSP&’P*%HY%‘PBW;‘W%*a(ﬁ-b}gpm)mﬂwwm;es ri(rhatoxy)ethylsilane, tri(t-
but%)&??x%ﬁ@éﬁl%eé sﬁé—gﬁfeo)%&}ig?trggﬂéﬁﬁﬁé‘, il St en-butyl)silane, ti(t-
butdxy)isstntiyisitang @i(Hylteky)aRe-butylsil SRDEHEBMBL ML it BiBne, trit-

trijsobutoxy(n-propyl)silane,
buthry:b | ml)(g%qes g*{’p—bbtppcg).phmmne, tri(t-butoxy)(2-methylphenyl)silane,
m(tftfrxﬁkc!&@@(gbbt{g’% i ﬁ) ilf‘a:nlg%gxft’-butoxy)(2,4,6—trimethylphenyl)silane, tri(t-
butdxy)dysloheitydeiliae atcylidhekdRith@Rfsilane, tricyclohexoxyethylsilane,

. triisobutoxy(t-butyl)silane,
tricyclqhex exip-prapyhsitaaet tricyelohexoayisopropylsilane, tricyclohexoxy(n-

i1 henyl si.l . .
buest 140 B SR BRED Bes Bty ricaplohionviser Pusbsileney 2, 6.
tl‘ic}‘ﬂdﬁ_ekbw(ipﬁlﬁﬁﬁﬂhﬁé,'tﬂé‘ﬁ:_lohexoxX(n- enty})silane,
. triisobutoxy(2,4,6-trinethylphenyl’)silane,
: mcyphh%@bmh@byiﬁdﬂt%dl’iM@kb&d@methylphenyl)silane, tricyclohexoxy(2,6-
dlmétﬂ'lgy{n%@b%%% g”f#&{)ﬁ%%{?ﬁg?q,g{gé{n%ﬁf;ﬂéfy Hissdly! st lane,
mcybrdhéko@uy@m)cyﬁﬂmefpBﬁﬂrﬁh&ﬁﬁ;ﬁ‘eﬂgﬂﬁlahé,ttﬂg{?ﬁq}(Pr%tgglsnane,

. i sobutylsilane, tri(t-butoxy)(sec-but
mphenw(x(nwmial ?x)a(m; ibllvh?ﬂl@wtdopm@ylsﬂzﬂe( u-fyxhewl -butyl)silane,
. . N-pent Llane, .tri(t-butoxy)phenylsilane .
tnphterru?)t s%ﬁeygs%e(, g‘lmﬂ y(ﬁq:f;l?mﬁ;%ﬁp%lipg’)henoxy(t-‘butyl)sﬂane,
triphiefiday{(n-BertO 2 tApSEndR | EhDRARN 9,1; L@dsﬁé - i
ot ri%-?ut_tgzﬁ) (2, 41,56-t rimet %I %ﬁén Ih) Si Znénethylphenyl)sﬂane,
tnphsmy(z,émchmtgylpbml)eﬁm iripihlenowy(2,4,6-trimethylphenyl)silane, and
Lricyclghexoxynet hyl silane, tricycl ohexoxyethyl sil ane,
triphgng Xcll@}?é%ﬁ - propyGCsi | ane,
tricycl ohexoxyi sopropyl silane, tricyclohexoxy(nbutyl)
[0093] Inafi@thef ErhBOEIRRE ¥ROHeSR MW kr?’&i}u@éb‘ﬁerated silane electron donor
tricycl ohexoxy(sec-butyl)silane,
compoungds ef fotrawle XX are buridds)land elerron donor compounds of formula:
tricycl ohexoxy(n-pentyl)sil ane,
tri-cycl ohexoxyphgnysl §$. end
tricycl ohexoxy(%—ﬁ%stlid ‘g@gr}%ﬁﬁsﬂ | ané>P)

tricycl ohexoxy(2, 6-

—27~



di met hyl phenyl ) si | ane,
tricycl ohexoxy(2, 4, 6-trinethyl phenyl ) sil ane,
wo pooasadsahexoxycycl ohexyl si | ane, PCT/US2007/005744
tri phenoxynet hyl sil ane, triphenoxyethyl sil ane,
tri phenoxy(n-propyl)silane, triphenoxyi sopropylsilane,
tri phenoxy(n-butyl)silane, triphenoxyi sobutyl sil ane,
tri phenoxy(sec-butyl)sil ane,
tri phenoxy(t-butyl)silane, triphenoxy(n-pentyl)silane,
tri phenoxyphenyl si | ane,

tri phenoxy(2- net hyl pI}enyI )SI4
[0092] pEorovala (BB R RetH]prmﬁrBl grgm daseribed above. Some examples of

i e SOt SRR S B formut

ncRES IO ARSI B PSTRRCRS, Gid e
C;HpjSIONHCH, (24l ); B1(NEHETD), (CorfdlndsNICHe)y (tetta: [ 0092]

Cé@s@%ﬁ“@ﬁb&%@@@?@b@%ﬂ@ﬂe&ﬂﬁ ﬁﬁm&gﬁner ated .
(CRTHASTERAG e FLeiReat SRS OpSR CB oy

(CHA)(IS&-EWdeENWHPE)(ter%CED;)zWH& (CHK)ESiAN(CH)2),
i (NHCH 3)5. (iso-C4H9) 3Si ((NHCH ert
5] QTR S G Rl (70 SN ), o

CARENAD) S (HS IR g

(Cy@%i)ﬂ} Smgﬁ C@ﬁXCH@)z(C%H:))SﬁN(@HQbﬁ) 5
(&I@(@Zﬁa@é«@ﬂsﬁ; @;é)z(xsc(-cs&)égfsmggax (B3 (isy S HopSiN(CH:)o),
CHIBSHSA, GISRRAN Y imgn.o

C:H (N 30381 ) -2)H) s;ﬁﬁaébc ST SHNEISB) CaHy),), (iso-
%E:g %ngﬁgibﬁvﬂ@; %J(N&SE%?%\ g B%bﬁx&N%sqq3H7)2)

@%@@%@s‘é@% SRR SR DU ol (CH Gl gy G-

c;%%g@%’gﬂiog@@&@g %*I%%)Zé ggnccem»gﬁmgkd -EH ),

(CHER8% M RHOSoTHEY ), Jcaawmfnwyhg:@m Niso-c
bR, CRRE ) RNk G oY,
CI%Eg\;(gsg-?W%s§IE§@W£Eﬁﬁblm)%%%ﬁ)z),( C3) (i so-C
CLSTRNRY {datrey NUCH) sl(%(mc&mmm, Ch(CH3)Si(N(CH3)),

cizQSFBfS§(§,(&N§32)C L G S ON(CHL),), CI(CHS), SI(N(CsHs),), wherein iso-
CsH» is isopropyl, iso-C4Hp is isobutyl, and tert-C4Hp is tert-butyl.

[0093] After the alkoxysilane or amidosilane electron donor compound has been
generated in situ by the steps described above, the resulting modified catalyét support
material, which contains the in situ-generated alkoxysilane or amidosilane electron donor
compound, is then combined with one or more catalytically active transition metal
compounds (the transition metal component) to produce a catalyst precursor. The one or

more catalytically active transition metal compounds are any metal compounds which
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(C2Hs)3Si (N(Cyd A leXyl)(CH3)), A3Si(NCHI3),),
C3Si (N(C 2Hs)2), d 3Si(N(iso-C 3H7)2),

W@@3i10449¢8 so- C4H9) 2), A 3Si (N(tert-C4H 9)2), PCT/US2007/005744
A 3Si (N(c>cl ohexyl)2), C3Si (N(cycl ohexyl)(CH 3)),
Cl3Si (N(tert-C 4H9) (CH3)), A 2(CH3)Si (N(CHs) 2),
C2(CH3)SIi (N(C 2Hs)2), and O (CH3)2Si (N(CH 3)2),
A (CH ) 2Si (N(C 2Hs)2), wherein iso- C3H is isopropyl,
iso-G H9 is isobutyl, and tert-GHi is tert-butyl.
[0093] After the al koxyS| | ane or am dosil ane el ectron

possesheptalyBepeiiity fenthepobmeganionelean olpfinisithennjona s i ﬂ@p

podlBE 0L S B PR, b s praion

metdl dopipouniame selecRATRThE 3M8se8 bE st HcAlR MRt ve AR dnd
is then.conbined with one or nore catalytically active

vanadivmsiompoundst al conpounds (the transition met al
conmponent) to produce a cat al yst precursor. The one or

10053 o e e ettt BB eSSty FHSH O

TiCRCHICY,, TilOCHg,)GlE‘ eTipOCHFCL, znta)%b @EH%)(L‘hO'TiTU ﬂc4ﬁbfdlsef

fone or 1n € presence of 'a main gr oup

Ti(QRCHxBR) W@-n—%ﬁ)&saﬁi(@cﬁshélz: 1A GH RN, 1(&3111641519)2012,

ECTe bl SR R Bl e B R T et o el hn: g

I
THGEINOC AL O CATEOT 8 SHAANA kg, Wiy

t1tarﬁyzﬁ|ta¢achjlc(rtdé2aﬁ)p®iﬁxrcdf i (O—I so- C3H7) d 3,
Ti (O-n-C4H9) O 3, Ti (OC2H5) Br3, Ti (O*-C 4H9) Br 3,

1005H) (3 s o ki oo e A SATSTh v

haldgbniddd {%ng%ﬁﬁ Vdi%)%%ﬁmﬁ'o&%b@@n‘fdeswg vanadlum(V)

1 (O n ese, the ti ium chl ofi d
tribpoaridé omﬂa;\tayxadnmdﬁ[)mmtﬂmdmhdmdjmnadmm (Bl)etﬁﬂummdb oxide), the

0095], So exanpl es of_ sujtable vy nadl m co nds
vand e oR4RS (& i EF-A0HR BY SNSRI RS (1Y)
Y, t vanadi um oxyhal ogeni des (e.g. vanadl um('V)
oxytcﬂ)%%cgm ge oxi de, vanadium (V) trichlori de oxi de and

vanadi um (V) trifluoride oxide), the vanadi um
[00%4] Rm»elcdwyﬁ pregursor desendbiedrabo¥g istthén compringbwith enexr nieyg

anadi um_(TV) oxyacetyl acet gnat e,
cata?yucal\{ actlo\l/e m gr\{))up metal con}iaoum‘fas (i.e., main group metal co-catalysts) to

form the active catalyst. The one or more catalytically active main group metal
compounds are preferably combined with the catalyst precursor during the polymerization
reaction (i.e., in the presehce of the catalyst precursor and one or more olefin monomers)
to produce the active polymerization catalyst. B); being “catalytically active,” a main
group metal co-catalyst is required to form an active polymerization catalyst when

combined with the transition metal-containing catalyst precursor described above.

[0097] In a preferred embodiment, the one or more main group co-catalysts are
catalytically active aluminum compounds. Particnlarly preferred aluminum compounds
are according to the formula AIR'R®R’. In the formula, R’, R®, and R® each independently

represent H; halo; a saturated or unsaturated, straight-chained or branched, cyclic,
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[ 0096] The catal yst precursor described above is then
conbi ned with one or nore catalytically active main
w@e@apodseg al conpounds (Le., main group nmetal PCT/US2007/005744
co-catalysts) to formthe active catalyst. The one or
nore catalytically active nmain group netal conpounds
are preferably conbined wth the catal yst precursor
during the polynmerization reaction (i.e., in the
presence of the catal yst precursor and one or nore
ol efin nononers) to produce the active polynerization
. polyeyciicyat fusédyhydedcathon padiey Jestiivdd aboe,tand ehore Breférably having 1 to
nmetal co-catalyst is required to forman active

10 %%%3&@%9: shalkerysgrpup ofvfesmubiordR hebersintRY represents a saturated
et e oo

or b, ARalEEL Bl R Brhcfie SBbE Y bl B cosaphen

gro0p deuribe® aboviRhnt B6RUReRALTARAINST So B Sarbet Abis! Waleh ¥ny of

;agtive_al um num conpounds. Particul arly preferred
R, & wrndBnrepsespets adydraearber graugi thg hydrocirbor gromplcan be non-

Ilp the fornmul.a, R7, .R8 .and R9. eac .
dert ey opP of MErr R e B, Gt e gvith ome or more
heterdamidsl at ed, strai ght - chai ned or branched,
cyclic, polycyclic, or fused hydrocarbon group
descri bed above, and nore preferably having 1 to 10
[0088] Berne sxamples of suitablalakoxinugreompouhds @ntaining attRast one

herei naRe represents a saturgted or, unsaturated,
al s@'?%’%ﬂq{@%%qnﬁé%a‘é#]e %%W@Hﬁ%"l’@yﬁﬂ $ycyclic, or *
dinfet8eduhidngsarbe Rl AuRiRe s s iHbE ChaReMEmirdthydRHE, and
. preferably havi ngﬂ%‘]to 10 carbon at ons. V\henygﬁy ’oafn
dictdproajgningmiiyddder epr esent s a hydr ocar bon group, the

hydr ocar bon group can be nonderivatized with one or

10038} S i Tonis e RS G5 s pelivs Snlafie &Clgpstone

alurfiHub R BAIR B oAT MR CATRRMAL AL RN Bhuflifith 8hloHAB SHuAHam
al um num hydri de bond include alane,
brompisteh pluatioer medidey dretidaluminundicklibtige, alimethylahinyiduindBloride,

t.hyl.al um, nu dride, chloropal um numhydri de, and . .
e A S B DTS e 0, i
B RSB RPN L 0 oS,
n-butylahinmipmdivhtoridd adi(mbutyl)slumitnmcetiloréde, fobtylminveidichloride,

.. et al.um ichloride,  dinmethylal um nuntchl ori de,
dnsgt?utyq)é{ununumglﬂggde, t-butylalmmnumncﬁchlgnde, di(t-butyl)aluminumchioride,

methylethylaluminumchloride, and methylisopropylaluminumchloride.

[00100] Some examples of suitable aluminum compounds containing only hydrocarbon
groups (i.e., organoaluminum compounds) include trimethylatuminum, triethylaluminum,
tri(n-propyl)aluminum, triisopropylaluminum, tri(n-butyl)aluminum,
triisobutylaluminum, tri(t-butyl)aluminum, trifsec-butyl)aluminum, tri(n-
pentyhaluminum, triisopentylaluminum, tri(1-methylpentyl)aluminum, tri(2-
methylpentyl)atuminum, tri-(3-methylpentyl)aluminum, tri-(4-methylpentyl)aluminum,
tri(n-hexyl)aluminum, tri(1,2-dimethylbutyl)aluminum, tn'(1,3-dimethylbutyl)alumjnum3
tri(1,1-dimethylbutyl)aluminum, tri(2,2-dimethylbutyl)aluminum, tri(3,3-
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et hyl al um nunchl ori de, diethyl al um nunchl ori de,
n- propyl al um nundi chl ori de, di (npropyl)
wabkwaritndasag hl ori de, i sopropyl al um nundi chl ori dePCT/US2007/005744
di i sopropyl al ur ni nunchl ori de,
n- but yl al um nundi chl ori de,
di (n-butyl)al um nunthl ori de,
i sobut yl al um nundi chl ori de,
di i sobutyl al um nunthl ori de, t-butyl al um nundi chl ori de,
di (t-butyl)al um nunchl ori de,

dimethtytbptyljahyhiatmiri(@oeéthylihexid)alamdum, m(3-methy1hexyl)a1ummum,

B
AT e 5 B i, -

methylbety)ahahinamyiyi(5méthyihprydajin)iatmpirifliindimethylpentyl)aluminum,

T e R S -

mn:t%&&fpzégéfe}gwﬁ‘%&m&%m%re %h% pgﬂgﬁﬂ%%u@; P um nu m

dimethiy(péntylielubiihpg gl Baiummhmpantyl)alununum tri(1,4-
tri-(3-methyl pentyl )aI um
dimethylpentyharipnuse i 4 @ﬁihﬁlmtymlw%@@ A3 num,

tetr%r%xét{wlpépg );&Plﬁ%&%@é%&m %ﬁ@m, tri(n-nonyl)aluminum, tri(n-

decyldluhirund] inBRiyiditiylahin muti)dimethylethylaluminum, methyldi(n-
tri(2,2-dinmethyl butyl )aI um num
propyl)aiwenigue;, digmetiylEopiopyhia umwmndlmethyhsopmpylalununmn

diis%)pro%ilnp?g{ﬁ;][ A%’ﬁ% )dge}tﬁ)(rft# b%gﬂl?alummum, dlethyhsopropylalummum
diisbpro gleﬂﬁ?hhﬂﬁlﬁ%}’ th?étw 1(H-PitHaluminum, dl(n-butyl?methylalummum, ~

tri met hyl hexyl ) al um num tri (n-heptyl um num
dimethiylisabatylatinnieg, diigehutyimethylaluminum, di(t-bu l)mcthylalummum, t-

b tbfl{iﬁ"f E‘éwrl’n:\hmm ’e@h }yzl AN i nPﬁl T"Wlflm dimethyl(n-pentyl)aluminum,

dlm%&fqﬁlobﬁ@xiuhﬁhmmo pEdpy{(R-08BA) Alahdigu] tidyelBhétyTaluminum,
met hyl pent yl yal um num

mcyqior(eXylah:mmmlppmla}lummmmﬁﬁhaldlphenylalummmn, and

di 9 di et hyl pentyl al um num tri (4, 4-
{hﬂﬂ%‘?’i‘ﬁ@l I)aI um nui n,
tr|(I 2d|nfethylpentyl)alumnun|, tri(l,

[Othlﬁfeﬁ&Mé BeRiptds) & sufthie Bluminum com ounds contalmng at least one
tri(2,3-di nethyl penty I)alrmlnumF

alurdmnm—ﬂkzdnpémbqnd) intlude nl;mpnum methox1de (AI(OCH3)3), aluminum ethoxide,

Al ORGP i A R S R 0 i A Bp i s

isobufdx{de; Hﬁﬁﬂﬁrﬁk—ﬁﬂio&iﬂ'& alufrdifA 85¢htox flel dinibiiglaluminummethoxide,
net hyl di et hyl al um num di et hyl et hyl al um num

dlmmﬁylalwmin@npppxppbxldaj methplainminumdimethoxide,

e By SR AP AT BRI BPOBYE ) ol uni num

dﬁs%irﬁé&bymuﬁmm&ﬁwm num diisopropyl et hyl al umi num
i met hyl (n-butyl)al um num s di (n-butyl)nethyl al um num

[00102] The transition metal catalyst component can include one or a suitable
combination of catalytically active transition metal compounds, and preferably, any one

or combination of the compounds described above. Similarly, the main group metal co-
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di met hyl i sobut yl al um num dii sobutyl net hyl al um num
di (t-butyl)nethylal um nuni, tbutyldi nmethylal um num
WO 20at1yd3ds i| sopr opyl al um num PCT/US2007/005744
di met hyl (n- pentyl)al um num
di met hyl (n-octyl)al um nui n,
di i sopropyl (n-octyl)al um num tricycl opentyl al um nuni,
tricycl ohexyl al umbum tri phenyl al um num
met hyl di phenyl al um num and di et hyl phenyl al um num
00101] Sone exanples of suitable al um num conpound

cat hcm michide gne prasiitablecomibinationral sprbiirally asHXe %SH%}B metal

e RS o LR e AT I e

n- but oxi de, al um num i sobut oxi de, al um num t - but oxi de,

[00 P03 "THa!at lyewry%weseméiﬁmtﬂmbmrmmmmmum-camyst

di met hyl al dm nam sopr opoxi de, -
com}mmhgtd een b inany switablecphiysieal form or in any suitable purity level. In

addgqtpg ?A@?ﬁi}t hclf}ﬁfg gﬁél% rdn%% gnd co-catalyst compounds can be
conflih SRR RAY Y BB MHITE el obRDdulRIwiTliemby o tanggte,

cat al yst conmponent can include one or a_suitable
enhanuehirbenefirthepolymerizagion paddeys erprodection K4 Sierqatalystet al
conmpounds, and preferably, any one or conbination of

ool¢f, %ﬁ%@a“ds RE pipa6 st o il pen G Phopent

desGSHY AR drOlhn g adiHdl Ak uRSH1E MRahR IFOr exHiile iffehel

conpounds’, referably, "any one or conbi nati on of
embdimentyp ramuaust shpparnt nhmahMGmr{gm%]esmﬁéY) component i

syn?pgtglgLX é%%%!g(l gxg{)rlgvme i agg@%@gﬁa@ﬁ%sug@ﬂ@t&% lweiﬂpan
alcﬁ%*ﬁ%ﬁgl)uﬁ@i%%mh{c&iﬂyo ditable purity level. In

e catalytically active transition netal
and co-catal yst conpounds can be conbi ned with any
.[00305]t Tht ergrnomsgEsiuoimaiat axide eummtrm@em ippludgsyan f or

exanpl e,, enhance or enefit t ner | zatl
OIE&O%%’&%‘{H FRONCERY 7B e&%t?kfg‘ege 1‘5 %&j’m?ﬂ%e‘%t Feftfatyy
Y de > gihgm
o e e B e e oy
orgaﬁbtnﬁgﬂeblahi conippaas. is Eitirer bnmnbbleqomplemdeto dreonaahexide a
cat al ést support nmaterial containing a magnesiun(Y)

comgpisBrent i s synthesi zed by reacting an
or ganomagnesi um net al oxi de support material with an

[00106] The organomagnesium component is any compound or material containing

magnesium atoms bound to one or more hydrocarbon groups. The hydrocarbon group
bound to the magnesium is preferably any of the hydrocarbon groups described above.
For example, the organomagnesium component can be according to the formula
mégnesium(R‘ﬁv wherein R® represents any of the saturated or unsaturated, straight-
chained or branched, cyclic, polycyclic, or fused hydrocarbon groups described above.
More preferably, R® represents any of the hydrocarbon groups described above having 1
to 10 carbon atoms.. The subscript v is preferably 1 or 2 depending on whether the
organomagnesium compound or material is bound (where v is preferably 1) or is

complexed (where v is preferably 2) to the metal oxide component.
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al cohol conpound or an am ne conpound. .[001 05] The

or ganomagnesi um net al oxi de support material includes
warosng@ssonmagnesi um conponent and a metal oxi dBCHUROT/005744

conponent. Preferably, the organomagnesi um conponent

IS a coating on the netal oxide support. The

or ganomagnesi um conponent is either bound or conpl exed

to the nmetal oxide conponent. [00106] The

or ganomagnesi um conponent i s any conmpound or nateri al

cont ai ni ng magnesi um atons bound to one qr nore

. [0010Air Incarefrred metpsl fof prodngig 6 Me@E0rmerlukidespRert: 2 algpbol or

magnesi um i s_preferabl ny.of the hydrocar : .
amigeSunpesed (1B vedemmaioned iE bereraSer BB RgE B fEhesium
oy Al ' Pihle Mg (Y0 Bt pRn BRI TS il lbRn
comg’)o\glp n&gcg,,%é{n n%&?g%&é%&%b@ﬂ%ytﬂgf %(I?e) satpS?at ed or s
equitithadenicatestes thiy prigiple i(ahereid Rois dny af Stedi/drenadioncgroups
" polycyclic, or fused hydrocarbon groups descri bed
deseiRs¢@boW®r e preferably, Rb represents any of the
hydrocarbon groups described above having 1 to 10
. carbon at Wg%ah{eﬁbe_MwMMIm or 2
dependi ng on et her the organonagnesi um conpound or
.. material is bound (where v is.preferably 1) or is
[00088}PT Il cotolssdetowredcs witheheorgahgmanesiynt ¢rsnprsen cap e gey of
conmpanent ..] 00107] In preferr d for_pr [
 the Glopbgivgesebed g AL BB ol R DB Sps xafipfig oFsuflble
S 0] QRFLES, RYpRphdl! ReafREN isarHtol, tert-
alc%%@ﬁéﬂgerélg%nng ﬁ%??ﬂh}i ?(F)@%gnentptg forma volatile
butivlirsec-budansl, tpentahel, l@(pé)itanolr,rpwpmtanﬁf%—pﬁmanqjyﬁ-ggxtanol, 1-

NC TSRO EUE TN M
ethﬁglg@?blwl -togfayﬁf mcg%ngll—' 5—9&&%@4—3—%@&8%2%1{ 2léi§ﬁlﬂ¥)lbﬁenol, 2,6~

@ “organgrnagnesi um co Dbe any
dinihyipiendl] 8shimstgtsensbhest 2bGvenmtiniplinnl A parficrlanly preferred
Ra-OH. Sonme exanpl es of suitable al cohols include ‘
alcohol isatiinol. et hanol , 1- propanol, isopropanol, 1-butanol,
i so- butanol, tertbutanol, sec-butanol, 1-pentanol,

[ooﬁsﬂ' PEDLANQ s d R REWANRE organ BRI cAnPEinPOR! be ahy

suitable amine. Preferably, the amine is of the formula R°RUNH, wherein R® and R® each

independently represents H or any of the saturated or unsaturated, straight-chained or
branched, cyclic, polycyclic, or fused hydrocarbon groups described above, and
preferably having 1 to 10 carbon atoms. Optionally, R® and R® can connect to form a
nitrogen ring group. The amine compound has at least one nitrogen atom, and can have

any suitable number of additional nitrogen atoms or other heteroatoms.

[00110] Some preferred amine compounds according to the formula R°RENH above
include ammonia, methylamine, ethylamine, hydroxylamine, n-propylamine,
isopropylamine, n-butylamine, isobutylamine, sec-butylamine, t-butylamine,
dimethylamine, diethylamine, methylethylamine, n-propylmethylamine, di(n- .
propyl)amine, diisopropylamine, di(n-butyl)amine, diisobutylamine, di(sec-butyl)amine,

di(t-butyl)amine, isopropylmethylamine, n-butylmethylamine, isobutylmethylamin?, t-
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hexanol , 2-hexanol, 3-hexanol, 1-heptanol, 2-heptanol,
3- heptanol, 4-heptanol, 2- ethyl hexanol, 1-octanol,
wQ@2@ctieqsas , 3- octanol, 4-octanol, phenol, PCT/US2007/005744
2- met hyl phenol , 2, 6- di net hyl phenol
3, 5-di net hyl phenol , and 2, 4, 6-tri nmet hyl phenol. A
particularly preferred al cohol is ethanol. [00109] The
am ne used to react with the organomagnesi um conponent
can be any suitable am ne. Preferably, the am ne is of
the forrmula RcRANH, wherein Rc and Rd each
butyintkgpéndine] sybutplpthyenhs tbut/lethyiimide, iigladdite vatybteibylamine,
unsat ur at ed, -straight-chained or. branched, _cyglic

ngbllaglet;rebm;zyhépthﬂaw h%@dm&%&m@\eobé@w@@s@w&

pin @ PGB AR Pl B bl Bidler ST 2 i Crogen

ring group. The am ne conpound has at | east one

{0001 1]r BO&IEoRT062 with theCiaeritiad Stha Yol mmts“uﬂtbeﬂc@tol or amine
addi tional nitrogen atons or other heteroatons.

with pgspess ﬁ%ﬂm@gmmn@ﬁwa sompeRsal iverefsaly ainged o qqa@tltatlvely

‘ con&?x{iigf a‘%ﬁ Haﬁlgr%/ﬁ%mgﬁl %g%ﬂxgﬁ% %H@ p&hﬁdﬂeﬂte 'Preferably,

thereSORG &wimmce@ -o7die/dI@iHoN6s arhfieHey o ikt equired for the
sec- butyl am ne, t-butylam ne, dinethylam ne,

quagtitativg Ferersion ﬁ%@rsgn@nagyesaum sempangxt§p tHermaagngsinm(¥k

I dII.S pyl,amn,n di (;n- bu
°°n}ﬁ°%§‘%b3[?’%| Jgrthrr‘lmo&qr(,glélga )9I¥ }}%ﬁﬁlﬁ 3101 lge o %tp}lﬁm pfc?ulated
acchRIRfY oANé MRIoRIh@fBrRala; N- but yl met hyl am ne,
i sobut yl met hyl ar ni ne, tbutyl met hyl am ne,
i sobut yl et hyl ami ne, t butyl et hyI am ne, vi nyI am ne,
vi nyAdeen Fy o6 3 b— Zhb e A i pfi)
1,2-ethylenedia p i e[mxﬂol@l\@glb’g;slupp@mjl anmi ne,
pi peridi ne, piperazine. imdazole, pyrrole, and

' [00P12]" I theliabeve foRfIA1Eq 1) smadefatahemotir eluitlents opsnohalrer
the nol ar_ equi val ents of the alcohol  or am ne

amipeg 5%@@%6%%6 i e mlaramast ohmasnsssn maele MgR/g support”
s S A5EloBELA GLeh SR HELABAOMBI g gramof
solid euppne ahd “Wtai(H@puppotthetteds for e weigitifetoeandf physiesldy

of the al cohol or am ne beyond that required for the
adsetighwiateaon ke $didEPRITHN of ~ or ganomagnesi um conponent

to the magnesi un(Y) conponent. The optinmal nol ar

[00 i yﬁ%&‘&@@i tﬂE n{otfﬁ eﬂ'bﬁgféﬁé ofcaz?ébl}%‘f of Qrﬂ}ﬁ%rﬂs&f‘itslaﬁeast about as
cal'cul ate .

much as, while not exceeding by more than about fifteen percent, the value of Eqeyn as

determined by the formula above. More preferably, the molar equivalent of alcohol or
amine does not exceed Eqcyn) by more than about 10%, more preferably about 8%, more

preferably about 6%, more preferably about 4%, and even more preferably about 2%.

[00114] A catalyst support material containing an alcohol-adducted magnesium halide
component can be synthesized by any appropriate means. For example, in a preferred
embodiment, the alcohol-adducted magnesium halide component is synthesized by
complexing a magnesium halide metal oxide support material with an alcohol compound

of formula R*OH (wherein R* is as described above) by any suitable means known in the
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according to the following fornmula: Eq(YH = 2 X

Il Y'!mole MJR/ g support) - 2.1 - 0.55 x wt%
wQ biwedaspport 1 [ ol e MgR/ g support] [00112] | PCT/K82007/005744

above formula, Eq(YH) stands for the nolar equivalents

of al cohol or am ne conmpound relative to the nol ar

anount of magnesium "nmmole MgRJg support” stands for

t he nmol es of magnesiumin the organonagnesi um

conmponent per gram of solid support; and "w % (H2q

)/ support"” stands for the weight percent of physically
art A0EOA1861b1¥@dseribedring Brerhipllific sbtRBatdordiblthe Formula R*-OH apply

Preferably, the nolar equival ent of alcohol or am ne
hergigeas well.at | east about as.nmuch as, while not exceeding

by nore than about fifteen percent, the value of

G387 5 T 0 s

corif@ et org &Qﬁﬁt@néﬂﬁ%kﬁetﬂ)bxm EatdliR Buppd et ah%leﬁﬁfrﬂlahde—
preferably about 8% nore preferably about 6% nore

metal okisteavpporawithan aipheleg amine compaing uadesyiable a%ﬂatlons

sulihis herdatning i kel BPRals Baou s bt L

pres¥it Rfshg SAidRoRaN BRREOPY | ate means. For exanple in

a preferred enbodi nent, the al cohol -adducted rmgne5| um

hal i de conponent is synthe3|zed by conpl exi ng
[00d Gh &irenahple; afdg(Ek mbtabakide cgna}ypwppmtsaw%rab}y predyeed by

corgl@(gt&h%ol [of0) o:?ound of fo I a Ra &Sﬁé {'t%xg'n\/v%laalcgho&}%rmnme
coﬂl@&ﬁ{é und-EEJ ?eaé!li(ﬁlg Qﬂka%léjﬁ eHd Ikéﬁéiuﬁrtﬂ‘ ﬂ@@gﬁldrﬁdgﬁes@&%mponent

cording to the fornula Ra-0 Xhereln as wel
with(Bd alt6holl ar agniner Aitemanvbly,ramlcmmd ucked mmslym hahde-metal

ort material rod ct|n . :
oxige GRabYSh RIGH i RAET TGP N conpeting o B Egp bglide metal
I
°X1“@9ﬁ?%%%%3haﬁ@‘%é’?h%’ﬁ~f&?§§ cBiYBBle o i Adulcehel or
complegatioryrs theraddohdlewith titeemagiesimm kalislaicompérenbnount  of

tinme, tenperature, and pressure duri ng whi ch cont act

(ORG5! i Ot o SRS R AOOLAFL B Q4 can e

contacted with the alcohol and/or amine compound by any suitable means. For exgmple,

the support material can be contacted with the alcohol or amine compound in the vapor
phase. More preferably, the organomagnesium or magnesium-halide metal oxide support

materials are contacted with the alcohol or amine compound in a suitable liquid medium.

[00118] The magnesium halide metal oxide support material includes a magnesium
halide component bound or complexed to a metal oxide cdmponent. The magnesium
halide component includes, minimally, discrete molecules or a repeating chemical
structure incorporating a magnesium halide (Mg-X) bond wherein X is a halide. The
halide (X) can be, for example, flouride, chloride, bromide, iodide, or a combination
. thereof, Preferably, the halide is chloride. More preferably, the magnesium halide
component is. according to the formula MgXs,, and even more preferably, MgCla. The

magnesium halide units can be non-complexed to other molecules, or alternatively,
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contacting an organomagnesi um netal oxi de catal yst
support with an al cohol or am ne conpound under
w0 eactidoens suitable for the reaction of the  PCT/US2007/005744
or ganomagnesi um conponent with the al cohol or am ne.
Al ternatively, an al cohol -adducted magnesi um
hal i de-net al oxi de catal yst support is preferably
produced by contacting a magnesi um hal i de-netal oxide
support with an al cohol under conditions suitable for
t he adduction (i.e., conplexation) of the alcohol wth
-corm;b‘lexerdag oas oumoRaholdeules Moo sedmiple, (RO hagndsiuth hahde units may be
: an esr um or, magnesi um hal i de_net al” oxi d
cor%ml%eé

9 S0l gI ThLeclsR 6 DSl KHIQH or MaCInaH2Q efessin BIOH is
%rgg? sui tabl e neans. For exanple; the
eth%@é%r% mat er q%ql?y‘é%ﬁgbe contacted with the al cohol or
am ne conpound in the vapor phase. Mre preferably,

[00119] Thgmagneirekalide oetah®gdeSipybit Aedtéribd caebebrodutsdady any
support materials are contacted with the al cohol or

suitahe meethoshfvripgfaned erahadimentcthe magnesives delide npetd oxidgpupport

N N e e

mateflAPhLdeRekBed aBoVve ivdth HxlitBletRAITRARMS agdite ANREKABIS huldkenating
hal i de conmponent includes, mnimally, discrete

ageRbinus e eapadie of qoep@ang e erBIeNERghesitm gompogent to 2 magnesium

hahdg %grrnaor ag go%f %3)'&%1?1%% eléaﬂogs:g\@qgﬁg gﬁgﬁ%l\ﬁ@ee ﬁ}%'rogen
haliides) ditiatiens; Bile{elcﬁR)nd% 01k AR tradiI6koSitane} land caddhichRHE (such
t her eof . Preferably, the halide is chlioride. Mre
aSOrﬁfh@ﬂérftmghkdehe magnesi um hal i de conponent is
according to the fornmula MgX , and even nore

[oo%qj Ergﬁeg %;/c éﬁ@]%o %e[rﬁgpg ﬁ%ﬁ%g ga %@J‘%‘P Ihai9 dé' Qéc%?dmg B tEee formula
HXQthan'iHh?égeH M olecu R AcO MR ﬁ’%focthé’ fRnfla XPivﬁeﬂéﬁ{ HGh ﬁ?droféﬁratom

exanpl e,” the magnesi urnhalide units may be conpl exed
andt> lssadhaktgwn atomi. é%rcrﬂewb;ly, eheghalogesg@mm :s&t Hbrime M@ Someiemples

Et0—| et hapol an sui tabl
of RAGRRE PRHIE LT G AP oo ot e L) i
chl@fﬁ{eecw can be produced by any surtabl e nethod. In a
pr ef ertfed embodi ment, the. magnesi um halide netai oxide

support materjial is produced by reacting an '
[00121] aFlonsigrtieg brgancagresiume retal oxide suppopiroateriaitasbeatoduced by

any égléfﬂ)js oA b&d]% g%[ai??x‘ éw%t@rgrﬁgqxﬁ%egmnemgtaj c%ggg gltq:irp%% is generated

by combining a metal oxide support material with one or more organomagnesium

compounds. The organomagnesium compounds are required, under suitable conditions, to
bond or complex with the metal oxide support material. Once bound or complexed, the
organomagnesium compound preferably retains at least some portion of the hydrocarbon

groups attached to the magnesium.

[00122] The one or more organomagnesium compounds preferably dissolve in an
amount of at least 5 % by weight at ambient temperature in an aliphatic or aromatic
hydrocarbon solvent essentially devoid of oxygenated co-solvents such as ethers. One or

more solubilizing aides may be combined with the organomagnesium compound to
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agent nust be capable of converting the

or ganomagnesi um conponent to a nagnesi um hal i de
waeoeoopansat . Sonme exanpl es of suitabl e hal ogenaPCTgS2007/005744

agents include hydrogen halides, dihal ogens, silane

chlorides (e.g., tetrachlorosilane), and carbon

chlorides (such as carbon tetrachloride). [00120]

Preferably, the hal ogenating agent is a hydrogen

hal i de according to the fornula HX or a dihal ogen

nmol ecul ccor he f.or i .
mcrﬁwrrgdgﬁlb ﬂ}?gg'ﬁrqc arbgn ﬁ%llvsxgu Eor %%ﬁﬁﬁé ﬂltﬁﬁl%?gg@norﬁetalhc
@esﬁ ﬁ‘ Eh‘r sfalRyl§d} QiR Rpthind JRFPHE ¥@iTed|ig ordef to increase

arti cu preferred hal ogenati ng agents incl ude

thehtyldbmgemfthhbtgandmagm@lu)nwmpcumﬂorl ne (d2) . [0012‘1]
The starting organonmagnesi um netal oxi de support

i b duced. b]
1002 Biedese5 ok or B Gt o Rl b A R M e ot
Mef€HS GheRsh RY iSRRI aBovie PRiferaiyIR” fliRetel Tﬂ‘ﬁgt £y @ﬂ the

one Oor nore organonagne3|unrconpounds
hydescaesoarmonssieseribedrpoveas mvmgrlemm&monm@ms Sometexpmples of

conditions, to bond or c t he met al
suitablg 9ERADOFAZRTS UM cOrER s FHAe @WBP g%yﬁmagml“m

g Lon@?ﬁ%u’%?‘%%a By To Lhe

propﬁﬁi&&@ﬂrgﬂgne[sﬁ]@ﬂ, Zsb]glr@ygnahﬁmgnmm, mr@mmg?swlm di~(sec-
conpounds prerera sSoj. ve I.n anount at | east
butyl) rgpygrwérugm%ua@ %a}éﬁqs%%rdﬁéregrw@?@ﬁgf&ﬁ i fati ¢ or

ot e o
hepbflinhdbinksigm) ﬂx(ﬁiod@@)xrmnedimn apbityimethylnagnedien, n-

anomagnesi um conpound_toi ncrease its sgtpubl ity in

buty Ky ARG SO0 o e By O ER B EAREY oS e o

uefpEGREES R e IBRA R il eneimagpesium,

dlbéx&ykﬁé‘grﬁ@iﬁﬁx h’(hﬁx @h il nhdoyiesdtim] éthyképmpk)nngnmﬂmum
onpound. [0012 ] Pr ef erably, the organomagnesi um
dprwfgumsnum, b@ézumrh»@pheeyh)mgrreémlbas 8t Ro) 2, wherein

descri be j ect ed
du?%ms}%fwl)@?g??gmﬁa’&gg’c ar R@I‘ g k%%%‘(%i F%lz’d@ ?lb ove and
dinfyiptEni)inethlfnsaichiam, arcpaahexsﬁmgmraﬁpl es of
cyclohexylmethylmagnesium, cyclohexylethylmagnesium,

-r

cyclohexylisopropylmagnesium, bis(cyclopentadienyl)magnesium,
methylcyclopentadienylmagnesium, ethylcyclopentadienylmagnesium, |
isopropylcyclopentadienylmagnesium, bis(ethylcyclopentadienyl)magnesium, and
bis(pentamethylcyclopentadienyl)magnesium.

[00124] In a preferred embodiment, at least some portion of the method for producing
the polymerization catalyst is conducted in a liquid medium. Any lignid medium which
does not interfere with production of the catalyst or with the intended function of the
catalyst for polymerizing olefins can be used according to the present invention. A

preferred liquid medium in which to contact the magnesium support material with the
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sui t abl e organomagnesi um conpounds i ncl ude
di met hyl magnesi um di et hyl magnesi um
wetdwhosthyl magnesi um di - (n- propyl ) magnesi um PCT/US2007/005744

di i sopropyl magnesi um npropyl nmet hyl magnesi um

i sopr opyl net hyl magnesi um di - (n-butyl ) magnesi um

di ~(secbutyl) magnesi um dii sobutyl magnesi um
-(tert-butyl)magnesi um di (npentyl) magnesi um

di i sopentyl magnesi um di (n-hexyl ) magnesi um di (nhe

rtyl) magnesium di (n-octyl)magnesi um

, alcqh-qb ar gininstdoyipeenh bui hymo mmwmebhwna@ie Hiuidmedium, is a

hyd L{m}flosgl }r&éﬁﬁgc?.r%a? eS| m e hylf éq;ggrgtggﬁ? Iw?ater or water-

sohfid %Al(f&ﬁﬁ@b e@&ﬁ 5 Uﬂulﬁb&e}w&%ﬂ ?Néﬂ@s mclude the hexanes,

e phenyl’) maghesium e nmagnes
hepta'npt; @n;dnasagolemes;rhendmns,()&lmﬁsh@thﬂbmhé Mﬂﬁbm&nes and ethers.
bi s(2, 6- di net hyl phenyl ) magnesi um

100 ST i by e s AT prectiob s Dobegd Aeegréiss trihe
follG%ﬁngﬂgtég A p%‘%éﬁ%ﬁ!mﬂfﬂﬁ&eﬁ%bgﬁ Wﬁx@?&%ﬁﬁ&éﬂf@y using a

two{sstgeqyoctasgamfcémmn&ksk,@mﬁ&llumporous support of an inorganic metal
| c entadlenylna nesi um
oxi K ﬁ&@dﬁ é%@fg;a@m the inert solvent is a liquid alkane (e.g.,

hex%ﬁeo?éétﬁﬂ% &+ég g@:} Lo Ogl.ﬂ%/q gnéxé}}lf)g‘r%olve t(e.g., toluene or
ethybbesizpes)t ’Hlimt:hyﬂmg/shln@pﬁrthaﬂir&%b’d Wit anehitiofof b BdrAhrbbh-

preferred enbodi nent, at |east sone portion of the (
soluplet HganqRAZIET R Gemagmtdv@ usmpn,rammat@lvmﬁ 1 molar

raASHEATS Al i, TR Pl AP 1

tempéritird SR abaig e g°d up ﬁbdnﬁﬂZQf’C roeabeat thirkShirdudds to about five
pol yperi zi ng ol efi ns can be used according to the

howi@r *é/ﬁzé‘aaily wihile plirisg. Nextor &tp@mé@bmc qmpulntmé'@u @RCs alcmmlc h

compfufPisRfta & NSRARRI RS TR ot inbroprefomptyy

betv&eh'l)a@aﬁd hout)iadd tﬂéﬁ'h%'ﬁedh 1@ fciﬁﬁﬁél 0°G %\s@"kt: or e
hydr ocar bon solvent.is any sol'vent other than water or

boiliggtneins off ths selvent, faratperiodofeppesimitely 26 fto 90 ntinttes:

hydr ocar bon sol vents include the hexanes, heptanes,
[OOIQBL?Q%S on neg t%é%ﬁ%oef%cf ?fé‘f gne &% rlngrrgesﬁéneeltl x¥1|e ggr%agﬂr?ds are
added to the mixture. The silane halide compound can be used in a stoichiometric, higher

than stoichiometric, or lower than stoichiometric amount as compared to the amount of
ethanol added. The mixture is again heated, i)referably to about 40°C to 80°C,‘ or to the
boiling point of the solvent, and held at this temperature for about fifteen to forty-five
minutes. The solution is then preferably cooled to approximately —20°C to 40°C, and

more preferably'between 0°C and 20°C.

[00127] Next, a compound of titanium or vanadium is added in an.amount of preferably
from about 1 to about 15 times, more preferably from about 2 to about 10 times, the

moles of magnesium. The resulting mixture is allowed to react, preferably while stirring,
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[00125] i a preferred enbodi nent, a catal yst precursor
i s produced according to the foll ow ng nethod. An
wore@anoessaginesi um net al oxi de support is first peDUSOT005744
by using a two-stage process, as follows. First, a
particul ate porous support of an inorganic netal oxide
is suspended in an inert solvent. Preferably, the
inert solvent is a liquid al kane (e.g., hexane,
hept ane, octane, etc.) or aronmatic hydrocarbon sol vent
(e.g., toluene or ethylbenzene). The resulting slurry
for apsprévtinately ity rhimitestoans dlout at@rtemperature in the range of from about

10°G e MO G ARG PAPTSRBL R SN Q1o S PO DK e
_ ; OX] i SHADGA 8 hi Bn solvent,
solf pEFPL i RO AT AR i and SRR F ot Stn sofYm
to about 1200C for about thirty minutes to about five .
B e
 withyariexpes Ofae ge MNP (ECHO B HETRRBLE 25 Y IITH] JUaiE,

e. pr.ef n hﬁﬁh" Y
teefFRGEiRT B P AR, YRz Gl @Rt Rt 5%
by Welhofeftarfilte tétAckRIMde. H?ﬁic@lhp ¢t extraofiomispontinuedtfet aboRDthirty

to 90 m nutes. [00126]

e contents are th ool ed o
mingfes to Haehoush meors preferablyabpetdwe Jiot Jcaboy Q0°C rugboyip 150°C.

the.mxture. (TN ' [ in
o ogh Kot TG SRS L R R Peng] |
tetrhdhidtdelin ehfileaRy ik 16ss 6B Wpproginately|2o4 by weight.he anount

of ethanol added. The m xture is again heated,

referably to_about 400C to 8QQC, or t? the b 'Ilntlg .
[00528] nThesolidratalyio cmponspidpieéarebly has :molar satin.pLihe morgagic

.about fif : Ve T] o
o8RG bR Y T e sngBe il 10008 o o
pre&%gﬁ&ﬁQOM6Q, MEhsfaatituh Honesmtd$C and 200C. [00127]

Next’, a conmpound of titaniumor vanadiumis added in
an anount of preferably fromabout 1 to about

15 ..
[00130teBreforahly, the ehapiapmForaaipishisaddedta the Stapum-ronipiningoatalyst

t he | es, of .magnesi u T |31 ] '
retiosegogts LAY, ool s b Aok HERBh L Hlft h Smount at the
atoRRYafd bl @luminkhd dompbuld ke cataBficallpadtivatiradsition metal (i.e.,

tenperature in the range of fromabout 100C to 15Q0C, .

titamineh) iofremmbetitck (b ko/about 30R: hisad mae prsfersbly-frm ebaw 384, to
b TP$ q';gsul ting solid product is then collected by
aboit Z9G:L i on and washed with a hydr ocar bon sol vent.

. [00131) In addition to the aluminum compound, the catalytic system of the invention can
optioné.lly include an external electron donor compound. Some examples of suitable
external electron donor compounds include mono- and poly-functional carboxylic acids,
carboxylic anhydrides, carboxylic esters, ketones, ethers, aléohols, lactones,
organophosphorus, and alkoxysilicon compounds. A mixture of two or more external
electron donor compounds may also be used. Particularly preferred external electron
donor compounds are selected from the class of alkoxysilicon compounds, and even more
preferably, from the. alkoxysilicon compounds-according to formula (5), as described

above.
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[00128] In the second stage, the solid product
resulting fromthe first stage is extracted with an
wez@ede63a8, e.g., titaniumtetrachl oride, prefrCBDE300A805744
a solution of titaniumtetrachloride in an inert
solvent, preferably a C7-C O al kyl benzene, cont ai ni ng
at least 5% by weight of titaniumtetrachl ori de.
Typically, the extraction is continued for about
thirty mnutes to three hours, nore preferably about
two hours, at about 9Q0C to about 1500C. The product
001 32]"8ShRDavficullarfy fi¥ £tBRA1 behpdufs nt .
[._ of ]t i tz;miq)um tet %aﬂghﬁg‘r@‘?%%ﬁ ?E%tyﬁqotnr%gt&%ﬁ?s I eisifsm%cﬁan
diisepropykiimathekysilee, isobngiligbrirop flGiefiigxyhees ol i d
- ..catalytic conponepnt preferably has a nolar ratio of,
dnstoﬁlétyldﬁwg’ﬁﬁy%npaﬂ%i Cﬁ@"’&@e’f‘tﬁ@-‘%ﬁ%ﬁaﬁ#@%f titani um or
Yok 180 - 100 i 1-(tert-
oy ey . el B A Rstend Rbfrop g
but@)difre€ib39}ildte clseprapylysect ey pditrthongsiae Cakdsopatyl(sec-
ed to the titaniumcontaining catalyst precursor,
butglggaeﬂ%dm ve, during the pol ymerization reaction in
such an anmount that the atomc ratio of the alum num
00f gt o | Ce! of k! B35t dd
(00FSITEPHE Pluimbod B0 <Rl ke ok e o R B35k @ RbrAboumcs

candedonmcied witf fhe adahsitibn metahbonthiny: chtdlpst phottso?MQing suitable
00131] In .addition to the al um num conmpound, the

ordgraPhisA famiied B BYe pormnally ¢bhismenerature 18324 3ngq ¢fyfrom about
0°C Wi%@?ZW@,Zﬁr@fe y ﬁbﬁ%%g&{%dd@ngr HORIBRE M aPQ %‘Eessura of
exanpl es of suitable external €l ectron donor conpounds

froth abbutdetorsboat 100 tshr ol yndre pedférablgl fraimm absut i th ab&g i40%ar.
car boxylic anhydrides, carboxylic esters, ketones,

ers, alcohols, |actones, organophosphorus,_ and, . -
100541 Tyssofic peet MsciaHRIGon s Groctish e 2ome o8 pongratingone o
moﬁ@ﬁrﬁﬂ:‘pgﬁ;ﬁéﬁ%{x%@ﬁ%&g %?e'ﬁi’loﬂ"l P’%éf%x"i&’ the gglgzrnléﬁggion catalyst

Partic Xt éf na ectrond

of thoimpentivhsurieec@alittak egitdblofor e dtirasszation af kRolsid Mméfdmers.
conpounds, and even nore preferab %ﬂ fromthe o
Thegobmmeratin sH2lysiRisimayentionds namiguiedy suited forthemplymerization

[ a .cul ferred.

o 1905 e SANE pRARARED SRS, AR bt BEALEL b o

. abodli tess 0rboR ot sTBbME XY &hpI8&IES such 1-alkene olefins include ethene, vinyl
I sobut yl i sopropyl di met hoxysi | ane,

chloride (CHz=CHCI), vinyl fluoride (CH,=CHF), vinylidene chloride (CH,=CCl,),

vinylidene fluoride (CH,=CF>), tetrafluoroethene (CF,=CF,), propene, 2-methylpropene,

2-chloropropene, 3-chloropropene, 1-chloro-2-methylpropene, 3-chloro-2-methylpropene,

1,3-dichloropropene, 1-butene, 2-methyl-1-butene, 3-methyl-1-butene, 2,3-dimethyl-1-
butene, 3,3-dimethyl-1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-
decene, 4-methyl-1-pentene, 4,4—dimethy1-1-penfene, 4-methyl-1-hexene, S-methyl-1-
hexene, 4,4—dimeth§l-l-hexene, 4-methyl-1-heptene, 5-methyl-1-heptene, 6-methyl-1-
heptene, 1,3-butadiene, 2-methyl-1,3-butadiene, 2,3-dimethyl-1,3-butadiene, chlor.oprene
(2-chloro-1,3-butadiene), 2,3-dichloro-1,3-butadiene, isoprene, chloroprene, 1,2-

divinylbenze, 1,3-divfny1benzene, 1,4-divinylbenzene, and styrene.



di i sobutyl di nmetlioxysilane 5

di cycl opent yl di net hoxysi | ane,
waeyalzahsxy | met hyl di net hoxysi | ane, PCT/US2007/005744

di cycl ohexyl di met hoxysi | ane 5i sopropyl - (tertbutyl)

di met hoxysi | ane, isopropyl-(sec-butyl)di met hoxysil ane,

and i sobutyl -(secbutyl) dinethoxysilane. [00133] The

al um num co-cat al yst and one or nore external electron

donor conpounds can be contacted with the transition

met al - cont ai ni ng catal yst precursor in any SUItaméi
[001335] eIn additichsto thee balkensscxeinplified abaver amaneyy af fugctionalized 1-

enperature in the range of from about to abog

alkem@ cwlso be @ﬁ@bk@ﬂ?ﬁ@%ﬁ%ﬁ@bﬁnﬁ% naECaT g0 JhoRE EBRB

o, SO B e st
ac&an%@l@KCHE—@HQS@} acriyfagni d(EI=CHC(QYNE,), ectytid atid, methylacrylate
d for Knerr2|n one or nore ol efins

(cmﬁmaaoogﬂﬁn@ rlacrniatee nd?rewlrﬁwﬁ’éﬁ% mzrowlt%rﬁﬁts n-buty]

| t tal h
s e A SRSt g A iyt i
(CERJ=RY(CRLTe0RI)! fethfBieabyime (@HHG(GI-E)QCGIQGHQQéthyh e

invention is particularly suited for th

mefhbytute ipragni mﬁﬂmﬂryhaita ikt pthpgryiate, sawwbﬂ amathacgylafe gee-butyl

ble 1. i
oo RS SR BB S,
du&&ﬁ:@f.&?hd R4, Q@dﬁtéﬂm&gm 234, CNheroadtsid m—’j@bnbl)o,acryhc acid,

luori dé Vi n%rl i dené chl ori de

2-cfydaeol 3jid, lwdmaiyilaﬂeyiecrylam; hydrexyleiyimstancrylate,
amtgf}ot@ﬁh?rﬂ H rtggtgﬂgé‘ ?@% o t%dghlocﬁﬁlgﬁnylaﬁnﬁgétﬂylh&ﬂ%ﬁﬂﬁc, -
but%la%{ﬂa?{t@(lgcrﬁ%eh%hw RBENE and 3 WikbR-221dTet hyl pr opene,

oropropehe, 1-butene, 2-nethyl-1-butene,
3-net hyl -1 -butene, 2,3-dinethyl- 1- .butepe,
[003.36} cihegolypter cdn briderived flome singleetypelofpdsdimmonomer, thus forming

s saepp g oenacs ! Gy ieL R sl e
un‘zf hﬁ?ﬁ&‘ab’f&ﬁ/ 5236 eyﬂr@ﬁ?{&{ée(uso‘ﬂacﬁc dhdBynidittactit),edene,

met hyl - 1- hept'ene,
o@fvﬂisﬂldhjdndeheptene 1, 3- but ad| ene,
2-met hyl -1, 3-but adi ene, 2, 3-di net hyl -1, 3-but adi ene,

OB e PSP O e r o
mo}’f A?Peélsdw ny%ﬁlgﬁﬁ Z Bopotyried| T BOpBRA%E B include, for example,

ene and styrene. [00135] In additi or%
terpbigmibrsadnd estepobyxeny Préferabilya boleest one oEthp mapogers used for

p:

functional jzed, 1-
producing a copolymer is a 1-alkene monomer.

[00138] The copolymers can have any distribution of the monomer units. For example,
the copolymer can be a random copolymer, an alternating copolymer, a block copolymer,

a graft copolymer, or a combination thereof.

[00139] The polymerization catalyst of the invention is particularly suited for use in the
production of propylene (i.e., propene) polymers. The propylene polymers include both
homopolymers of propylene as well as copolymers of propylene. The copolymers of
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al kenes can al so be suitable substrates for
pol yneri zati on according to the present invention.
weeove/1as8a8pl es of suitable functionalized | al Renes2007/005744

nmononers i nclude acrylonitrile (CH2=CHCN)5 acryl am de

(CH2=CHC(O NH2) , acrylic acid, nethylacrylate

(CH2=CH COOCH3), ethylacrylate, n-propyl acryl ate,

wo- propyl acrylate, n-butyl acrylate, wo-butyl

acryl ate, sec-butyl acryl ate., tert-butyl acryl ate,

met hacrylic acid (CH2=C(CH3) - COO—i), -met hy
promhamlyalmrepylma@( agpi3nmbeosf-bibyr, alkansy pthm'ethna prqnym

Preﬂwﬁ%%ntgthog (f‘r{oggi agl{ﬁnigsf gtﬁlg%/ 4@5%”5%%%& hg\%ﬁ{%}psl% car%o\{l atoms.

met hacryl ate, fumaric acid, maleic acid, 3-methacrylic

[00T1Rfb dI‘he} &HiZEBbh Yéa@ﬁ&ﬂ bérpbéic%ﬁed utdn. Qﬁﬁ&iﬁhﬁbﬁ?&aﬂdr Gmtable

acid uoroacrylic acid, 3-chloroacrylic acid,
for the pylymesicatidn of Aefin, Aldidioozly, éidrghetionyaabe conducted in a

batcg queolpg)é'lpet ML e gpﬁﬁgrgac 1on%glng. sotblg%loncfuc}/edalglgblutmn (i.e., as

les of
bullct ut 9[ am n%%{%ﬁ%%{%{ag Aﬂﬁag g(l:laésfe apolymenzatlon Examp es o

suitdbldrenetors inclade continl6d3H ]JpéEhted putrgd‘rmactoan Idog rc@torv,eﬁind bed
froma single type of, ol efi us f.orm.ng.
reacrﬂswﬁgp el o ﬁglcg&%\mﬁ@gwgiﬁn&ﬂo A ik ign may
sl BBl AP ELK BPEonbd iRl SIICRSEARL DoboiRhipaie
deperalk yu |t1|rfy¢1mbd:mn*ea@tmn doﬁiﬂitﬁﬁ}; Thsicgib, theaeactian tiniesie fitnen about 0.2
d df t di ff tt f olefin
to Sikgh HBPYTS, SO IYTIPHY BoBaBBNYha ko PREILBYRyer | can
i ncl ude, for-exanple, terpol ynmers and tetrapol yners.
[001%1@3&% g%nerﬂatlb ?sséornﬁili‘ged;&la{ “Ja’ﬁ’enﬂﬁﬁgﬁezﬁé‘?@q’f E}% g of

fronil' hisout 2PXC )wmb@utQ&O°¢1&m&a@lmfmdb5¢ftoxbabmmr50w tbrabout 120°C, and
mononer _units. t he co%%yrrer can

eVel} BREFGRFEEEARY ?ﬁ@raboahﬁ% i shap VS Whﬁrenzaﬁ% | igeRnducted

o GRR Fyy 9 Ry, 50B kL By o

aboutes bt 40banant ieved ﬁibi'eypféfbtélﬂjdﬁ'ﬁmrabbﬁ&o 10 dbbet 35 bar.
production of propylene {i.e., propene) polyners. The

ropyl ene pal yners incl ude both
[0018!2] b e molegularywel ght of the resulting polymers may be controlled and adjusted

over a wide range by adding polymer chain transfer or termination inducing agents as
commonly used in the art of polymerization, such as hydrogen. In addition, an inert
solveit, such as toluene or hexane, or an inert gas, such as nitrogen or argon, and smaller
amounts of a po@dered polymer, e.g., polypropylene powder, may be added during the
polymerization process or added to the final polymer.

[00143] The average molecular weights of the polymers produced by using the method
of the invention can be typically in the range of from about 10,000 to 1,000,000 g/mole
with melt flow rates in the range of from about 0.1 to 100 g/10 min or about 0.5 to 50
g/10 min. By at least one method, the melt flow rate corresponds to the amount of

-polymer which is pressed within 10 minutes from a test instrument in accordance with
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honmopol ynmers of propylene as well as copol yners of
propyl ene. The copol yners of propyl ene i ncl ude

wee@psdese and-. any nunber of other al kenes ot PET/US10aTI005744
propyl ene. Preferably, the one or nore 1-al kenes ot her
t han propyl ene. have up to 10 carbon atonms. [00140] The
pol yneri zati on reaction can be carried out in.any
common reactor .suitable for the polynerization of
olefins. Additionally, the reaction can be conducted
in a batchw se or eontinuous node. The reaction can

ISOl188 abe tenpeiatatesnt 230 °Canduinder a{ loadof 2.46kpul k phase),’
as suspensi on polynerization or as gas phase

ol ymeri zatiqgn. anpl es of suitable reactars ing
* 100fn Frgftom, B resnl St imt oy cpbanadack g e et St e
: 0] f ' t. o af 8
invaidh Soi BE SRRE bRiSsccl Fol SR, Bl pOfrth b B piShself elded
extradéd, o geltatized fo prodede vasiond erzlopredwats; inckiding filipd, didbers, moldings,
reactors. The'reaction tine depends. on the chosen .

POW@%P‘P%nér@neﬁhqa%s. Typically, the reaction tinme is
from about 0.2 to-about 20 hours, and nore typically

[OO‘fJSﬁ’ nﬁ)@ﬁﬂ}%ﬁ% fave Heln @Q? BoR I e [p 3444 i1l BEation. The scope of
po e

ynerization 1's conducted at a erature _
the jveiittorais nyt torbet ihemny svag éintifed fhiydhe edamytles2@00rthdiesdimut
" 1500C, nore preferably from about 500C to about 1200C,
and ‘even nore preferably fr'og 3bout 600C t o about
900C. The pol yneri zation ucted at a pressure
preferably in the range of fromabout 1 to 100 bar,

no paat lysBSpport

o o P i M) A Ot Dol oo

[00142] The nol ecul ar wei ght of the resulting polyners
[001¥6) Ben grantsrofiGract Raxdsoady Sydtopd] 2R28rareichrghsl to 280 pgl, four-

nech St e Srpem i ST RF SluRirde5 VRS 5k M e win
2 glgslsé‘}?% ?@gﬁg&f AR B-TekiBn A&, 178Rn1 GHN 5 mtbugqﬁuggia@&hﬁh are

e of hexane, or an inert gas, sucC .
slowliytaddgrat roomaemperatuse($iQyig reolanratiorst 2/1)hTha cputanis aegiheated

olLynmer, e.g. Ql ypropyl ene powder be adde .
to 95 help {5 50 FRPYPR EPOHeBrORER L5 5:C-dRHRA-113] SHROH diluted
: r
i P BB el M o AFLRE L IR gl
heated¥® 609 andheld teeré fpi30 abihytes.n t he range of from about

10,000 to 1,000,000 g/nole with nelt flowrates in the
range of fromabout 0.1 to 100 g/10 mn or about 0.5

[00f4%1 5’Pl'xe contents are then cooled to room temperature and 11.2 ml (13.7 grams) of
diphenyldichlorosilane are added. The mixture is again heated to 60°C , held there for 30 ‘
minutes and then cooled to +10°C. 53.8 ml of titanium tetrachloride (35.8 grams) are
slbwly added. The mixture is finally heated and held at 105°C for 1 hour.

[00148] The catalyst is subsequently ext:ractgd for 2 hours at 120°C using a 10 vol%
mixture of titanium tetrachloride and ethylbenzene. After extraction, the solid is

collected, washed thoroughly to remove excess titanium tetrachloride, and then vacuum

dried.
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g/10 mn. By at |east one nethod, the nelt flowrate
corresponds to the anount of polynmer which is pressed
Wowaoite31® mnutes froma test instrunment in aPCDUSBNTENS744
wi thl SO 1133 at a tenperature of 230 OC and under a
| oad of 2.16 kg. [00144] In addition, the resulting
pol yners, as obtained according to the nethod of the
i nvention can be further processed. For exanple, the
pol ymers nay be pressed, nol ded, extruded, or
pell etized to produce various end products, including
films, fibers, noldings, powders, containers, or
beads. [00145] Exanpl es Bxampleden set forth bel-ow for
the purpose of illustration. The scope of t he

|nvent| t to be .in -Metal
ymtime obn chRuBbec Sondr i ARl R L B Bice Mo
Cat al yst precursor vhRide Aibivet Shfiford  Oxi de Cat al yst
Support [00146] Ten grans of Grace Davison's Syllopo
2229 are charged to a 1000 m, fourneck flasklzﬂs QE
[005493 pBem:@'aims nf GE@eddavisonis Siflopel222f are (hrreged 10 our-

v o e S AREC Rl it

ﬁlsrj;ﬂe B hEdEIS 78l o 16 it Mugylethylaragnesiurn are
aglﬁgsg'%gfq gq‘(’:lg{rﬁggtﬂs gre Reated to 950C, held there

slow/1§raddél aticourh esnpaattre (S0, Marheldr a0 50741). -ﬂ}p@rqogteﬁtsme hgated
Et OH di | ut'ed th f

LR T

thef, S0 HkhRAsd PToffh tba HCIs sloy Bibiatinto the

t's are then cool ed to roomtenperature and 11

slmrﬂi; mﬁtil&lﬁh@magm)snmi hati eachlodinated CCanpletior obthe cg@ggglon can

L RO T R

s B S i 5 B s sy, O

the *éﬁwhnati&m 6@&1pr5tee &mbssﬁ{C] is remded dysnatgingthe brgkisgllow
for 2 hours at 12Q0C using a 10 vol % m xture of
suspénstomi with RigPgeehl ori de and et hyl benzene. After
extraction, the solid is collected, washed thoroughly
r \ ' 9Y ird@ddeddmd thb e heated
fooy Sout &iR¢Gw 3‘9&23%% ok 84T (b 21 154318 Mrry
10 80°C for 15 minutes. The mixture is then cooled to 4+10°C, before'adding 25.6 ml of

dicyclohexyldichlorosilane. The mixture is heated to 60°C , then held there for 30
minutes, and then cooled to +10°C. Then 53.8 ml of titanium tetrachloride (35.8 grams)
are slowly added. The mixture is then heated and held at 105°C for 1 hour.

[00151] The catalyst is subsequently extracted for two hours at 120°C using a 10 vol%
mixture of titanium tetrachloride and ethylbenzene. After extraction, the solid is
collected, washed thoroughly to remove excess titanium tetrachloride, and then vacuum

dried.
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Synthesis of a Catal yst precursor via a
Al cohol - Adduct ed Magnesi um Hal i de- Met al Oxi de Cat al yst
wEpand34g 00149] Ten grans of Grace Davi son' s ByI/USOT/005744
2229 are charged to a 1000 m fourneck flask and then
suspended in 150 m of ethyl benzene. Wiile stirring
the m xture with a glass rod equi pped with a Teflon
paddle, 76 m of 15 wt. % butyl et hyl mragnesi um are
slowy added at roomtenperature (SIO /M nolar ratio
= 2/1). The contents are heated to 95CC, held there
for 30 mnutes, and then cooled.to roomtenperature.
Gaseous HCO is then intrgdamp3 nto the m xture using
a Teflon tube. HO is slowy bubbled into the slurry
until all the magpesi has heen, chl.ori-nated.
Conpl etion of the%@ﬁ?}g‘%’ﬁ’?ﬁw OREIPCSIE et er ni ned by
nonitoring the flow rate differences:'between inlet and

' is b fl ter.
[Oofggﬂmfg ?F%ﬁ%b%? atdRidel ks BNk refktbrareipesmass flow meter

( ow rates will approach one another.
Fivémiliilitereohbki irietitylauminsmcandgivotreiliilitrs ofddd SCriamor’s

ey iRy S st pusied e heS R AGH Rt bot f B tiquid |
proé}gerr?ejlag BrfBRn? Bl dded, aBfng R Shitfutes, e k@b st @53%4HC

m nut es. e mxture i3 then cooled to +100C

slurb'.gcﬁ or E) mﬂdfh@tﬂﬁ) 53 ﬂlt(hjshed indo dgpcrbmnrﬁwyiﬂdarfmhmoﬁéwO 96 liquid
The mi xture is heated to 60QC , then he re. for 30
propylFms, GHic TeHRPRIA BRI LHCUS 0 TGS S Brid 8T Crfor ot Afte

titani ; ' 35.: ad.
i ARk Sk At ot
proﬂ?&ﬂbﬂe andQR3 8¢ tofthe réxtcaity fdonm wenpietswgL Ehe pylyprapy®oe ed
or two hours at 1200C using a 10 vol % m xt

\ re of :
homdpokmiarns resoyered aust the satahydic ProdpcHEsy @mlyxg@ry gsold catalytic

tracti, t.h id,i X ,
confrone . Foupin Seingd Ry ERUHEAL, e ARG L ATRRNEY ¥
i ch | e ilasles, are datamintdran th
0 R T Ry g AT

reagteguivader.usi ng a mass flow neter. Five nmilliliters of
1.6Mtriethylalumnumand two milliliters of 0.1M
" C-donor" '
Example 4

Gas Phase Polymerization Procedure .

[00153] 0.08 grams of hydrogen are added to a 5-liter reactor using a mass flow meter.
1.5 milliliters of 1.6M triethylaluminum and 1.2 milliliters of 0.0.025M “C-donor”
(cyclohexylmethyldimethoxysilane) are then flushed into the reactor using 160g of liquid
propylene at ambient temperature. The reactor is heated to 40°C; at which point the
catalyst (25 mg slurried in 10 ml of heptane) is flushed into the reactor with another 260g
of liquid propylene. The reactor is then heated to 75°C in 10 min and held at 75°C and
400 psig for 1 hour by feeding gaseous propylene on demand. After 60 minutes, the
polymerization reaction is terminated by, venting the unreacted propylene and cooling to
room temperature. The polypropylene homopolymer is recovered and the catalytic

productivity (g polymer/g solid catalytic component in 1 hour) determined
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(cycl ohexyl net hyl di met hoxysi | ane) are then fl ushed
into the reactor using 900 g of liquid propyl ene at
wa@niwram34g enperature. After stirring for 2 m nECEES20011@05744
catalyst (25 ng slurried in 10 m of heptane) is
flushed into the reactor with another of 900 g of
iquid propylene. The reactor is heated to 700C in 10
m nutes and held at 700C for 1 hour. After 60 m nutes
of polymerization, the reaction is term nated by
venting the unreacted propylene and cooling to the
graviguetticallyt She molnflowirpteraat] thesisofEbuicitydhyex afitiyd polgmer, based on the
honmopqgl. ynmer .js. recovered_and the catal ytic
xyl?ﬁ%ﬂ’ﬁ&‘%%ﬂ“ﬁ%&“%&%@? GYLEASIr ROXMAST-yi i ¢ conponent i n
| hour) is determned gravinetrically. The nelt flow
ot . . el , ¢ -
O TG T afeas BRI Bl L BAT, Bt P BB YATE Be the
prefeaad tothopimaés of thexpregene indefien, Piass akiflet ymthe iartavillamalize that
Procedure . [Q0153] 0.08 grans of hydrogen are added
othgreing fsttﬁ?r@g}bogmsoqan@im@eav%% denagipgEema the spint of the
. 1 Li L ‘ o L o
mvérﬁtioh %Ilh% lgszin% nd%j. tg M&%@(ﬁ é{l@d g r%’.’(:ﬁ}& Wcﬁﬁ]&tlg)nzand changes as
comfenyithinhbx yrhermioby bfiheelahax yaifbrinheredty, € t hen fl ushed
into the reactor using 160g of |iquid propyl ene at
anbi ent tenperature. The reactor is heated to 400C, at
whi ch point the catalyst (25 ng slurried in 10 m of
heptane) is flushed into the reactor with another 26Qg
of liquid propylene. The reactor is then heated to 75C
in 10 mn and held at 750C and 400 psig for 1 hour by
f eedi ng gaseous propyl ene on demand. After 60 m nutes,
the polynerization reaction is term nated by venting
t he unreacted propyl ene and cooling to room
tenperature. The pol ypropyl ene honopol yner is
recovered and the catalytic productivity (g polyner/g
solid catal ytic conmponent in 1 hour)
deterni nedgravinetrically. The nelt flowrate and the
i sotacticity.index of the polyner, based on the xyl ene
. solubles, are determ ned on.the dry.reactor powder.
[ 00154] "Thus, - whereas there. have been described what
are presently believed to be the preferred enbodi nents
of te present invention, those -skilled in.the art wll
realize that ‘
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ot her and further enbodi nents can be nmade w t hout
departing fromthe spirit of the invention, and it is

w0 ndogna@3ds t o i ncl ude all such further nodifi cap¢DnS20ameh5744
changes as cone within the true scope of the clains
set forth herein.WE CLAIM 1. A nethod for producing a
pol yneri zati on catal yst, the nmethod conprising: r (a)
provi ding a catal yst support material conprising a
magnesi um conponent bound or conplexed to a netal
oxi de conponent, said magnesi um conponent being either

WELTABMesi un(Y) conponent wherein Y is an al koxi de
: group or am do group, or an al cohol -adduct ed rragnesium

hal | de ,.c onent .. provj ded. t en eS|
L corbaiii BePpngs REHE L AR Che et oA Hoin:
" magnesi um hal i de conponent is excl uded from the

cat(@) Y Stpr&uaing alcafilfse Sirort rAfterinemiptifiag rmﬂz%@mum component
con(pjonent is the fmf:ohopl%loadduct ed magnesn um hal P

bouu@ apeerapiexadie A reetalaids¢amgonent em@ oregnesivm @omynent being

ded f
it B S eSO PR 5 S g gy oc o
alcoﬁ@ﬂ?&&?x%fbﬁ ¥phési®f $iaffe BBthSorht, RFidH! thﬁa;v}&‘émﬁ@ Hﬁgﬁeshﬁn
provide a nodified catal yst support naterial by

comgpontrgris the nr)agnmnnnﬁ)@dxﬂrmnamghexsanyn(mgnemmﬂmmtcompoﬂmnt is

excl2geH, B e ot R materioh SEG RGh B oS os S mRGPgRh s the
alcofBl- b&fucﬁé@ S‘s"‘ﬁm%’iﬂ?(ﬁ %@Q&xﬁgﬁ%&ﬁ?é@%ﬂ&ﬁﬂm &fnfoRent and

el t her one nore a ron donor
any orggnomagesivhecompdnsnicare akdodeddfieorn thmgataiyst sopmrematerial;
nore am dosil ane el ectron donor conpounds vvhen Y is an

s  arERuE s B RORRER SooR TP LPTGfRide

con%@%%o%%&é’i‘ﬁ%dﬂﬁ&%?ﬂa%@é @F@%ﬁ&ﬁlﬁ%kﬁhéﬁ‘e adduct ed

| cohol "to form one or oxysi | ahe el ectron
donor conpounds, wherein said nodified catal yst
support (i)mt&tihgxtheam‘gnei;iﬂnm eormdpanest with wne er more silane halide

al koxysi | ron conpoun or said, one or

oGRS SRR ABYEFIGH LoRBP IS B ) RAponent to 3 magnesium
halide component and capable of being converted to either one or more
alkoxysilane electron donor compounds when Y is an alkoxide group or to one-or

- more amidosilane electron donor compounds when Y is an amido group, or

(ii) reacting the alcohol-adducted magnesium halide component with one
or more silane halide compounds capable of reacting with the adducted alcohol to

form one or more alkoxysilane electron donor compounds,

wherein said modified catalyst support material comprises said one or more alkoxysilane
electron donor compounds or said one or more amidosilane electron donor compounds

and a magnesium halide component bound or complexed to the metal oxide component;

(c)  combining said modified catalyst support material of step (b) with one or

more catalytically active transition metal compounds to provide a catalyst precursor; and
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and a magnesi um hal i de conponent bound or conpl exed to
the netal oxide conponent; (c) conbining said nodified
W@ at0al1yests support material of step (b) w th onPCDUSI007/€05744
catalytically active transition netal conpounds to
provide a catal yst precursor; and -Al (d) conbining
said catal yst precursor with one or.nore.catalytically
active nmain group netal conpounds,.thereby producing
sai d polymerization catalyst. 2 . A nethod accordig o
claim.1, wherein :the silane halide conpound is
ac¢dyr di-ogmbinitgeaid catatystprecuvsoewith on&br nidzs. catslshidally astive
" .independently represent H _or a saturated or
‘mait, goEp mekal epmpaunds; thereby pradyeime spidipokimasrizgtion eatalyst] i ¢,
pol ycyclic, or fused hydrocarbon group having 1 to 50

2 o0 QRS 8y 00,08 A LGAC A  BSing

are elrthe erirv
to thegonmmudal | y, i ndependently derivatized with.one or nore
het er oat ons sel ected from oxygen, .nitrogen, or hal ogen
atonms, and wherein opti,onally, when two or three of
Rl, R2, *and R3 are Bafdn -&rbdﬁ)groups, two, or
three of said hydrocarbon groups ‘are connected to form
oSkl m20g: J : yoli .
WhoREER RIS aEh Shdieldclly RprReMIENT o GnlBfoFhfied.
straigltebhpined enbraychedpoeselit, fdlyeyclic, oBfuséd hpdrbeadbacgoushagng 1
o claim?2, wherein X represents a chlorine atom_ 4. A
to3 W'F%&amﬁrﬁ@ %OEFQF%@OW@S ﬁumré Righer agerdegvatized
itniHek S (©5ki v
o R o en Ay PR it S b Reterontoms
seleated fromedtyfencninozenan hglogempatohayandoviertin. opliGnaily when two or

at Qs ,sai d;hydrocarbon groups being nonderivati zed
threg i, RouBf B FH AL BYCraCHRAm B E RS SV F HEFa o Seiddyeitagarbon.

; . Al i ‘, . : the .
sroufo e Ehiheb o8 K el Cohe AR M pOESAR A el T

: 4.6. A method according to claim4, wherein the sitane
X reprebdnciea leadogen wnsnj endaccor di ng

m, n, and r independently represent 0 or 1.
3. A method according to claim 2, wherein X represents a chlorine atom.

4, A method according to claim 3, wherein R', R?, and R’ independently represent
saturated or unsaturated, straight-chained or branched, or cyclic, polycyclic, or fused
hydrocarbon groups having 1 to 10 carbon atoms, said hydrocarbon groups being non-

denvatized with heteroatoms.

5. A method according to claim 4, wherein the silane halide compound is according

to the formula:
R'SiCl; (2)

wherein R! is as defined in claim 4.
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to the formula: RIR2Sid 2 (3) wherein RL and R2 are as
defined in claim4. 7. A nethod according to claim4,
wob@raod4g he sil ane hal i de conpound is accor di PGI/US20011@05744
fornmula: RIRZR3SiC (4) wherein Rl, R2, and R3 are as
defined in claim4. 8. A nethod according to claiml1,
wherein the one or nore silane halide conpounds are
sel ected fromthe group consisting of
di phenyl di chl orosi | ane, dicycl ohexyl dichlorosil ane,
. and tetrachlorosilane. 9. A nmethod according to claim
. 6. 1, AbRtiidacthdingatb 2laiatd, siprein theriire hatide compourskis agcording
' magnesi um(Y) conponent bound or conpl exed to a netal
to thedoteulabnponent . 10. A nethod according to claim9,
wherei n the magnesi un(Y) conponent is a
magnesi un( al koxi de) COogRga gyr ding to the fornmula
-My(OR a) wherein Ra represeﬁts saturated or
unsat urated, straight-chained or branched, cyclic,
wheRélh R VeiRe, aross defmed ithglginoéar bon group having 1 to 10,
carbon atons, said nagnesi un(al koxi de) corrponent
reacting with one or nore si | ane galld undcf i
7. pr A meshashaccerdinggpsl aamlé@%gh@lr%a)é is according
to ﬁn‘g ds. 11. A nethod according to cl a| m 10, vvherel n
ﬂ§ ["81e or nore al koxysi | ane el ectron donor conpounds
are according to the formula: R4 . sR5 tR6 uSi (ORa) 4
.t.u (5)wherein R4, RR'RIRASIRB e@dh i ndependent!y
represent H, hali de ' or a saturated or unsaturated,

st.rai,gh i;ned ed or cyclic, polyc cIic,
whgsingtoBe A de am 40 Y polycy
8. A method according to claim 1, wherein the one or more silane halide compounds

are selected from the group consisting of diphenyldichlorosilane,

dicyclohexyldichlorosilane, and tetrachlorosilane.

9. A method according to claim 1, wherein the catalyst support material comprises a

magnesium(Y) component bound or complexed to a metal oxide component.

10. A method according to claim’9, wherein the magnesium(Y) component is a
magnesium(alkoxide) component according to the formula -Mg(OR") wherein R?
represents a saturated or unsaturated, straight-chained or branched, cyclic, polycyclic, or
fused hydrocarbon group having 1 to 10 carbon atoms, said magnesium(alkoxide)
component reacting with one or more silane halide compounds to provide one or more

alkoxysilane electron donor compounds.

11. A method according to claim 10, wherein said one or more alkoxysilane electron

donor compounds are according to the formula:

R*R°RE,Si(OR 450 (5)
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group having 1 to 50 carbon atons, wherein one or nore

hydr ocar bon groups are either non-derivatized with
whedeneastons, or optionally, independently derP@URUB20T005744

with one or nore heteroatons selected from oxygen,

nitrogen, or hal ogen atons, and wherein optionally,

when two or three of R4, R5, and R6 are said

hydr ocar bon groups, two or three of said hydrocarbon

groups are connected to forma silicon-containing ring

or polycyclic ring system Ra represents a saturated

. b t LAl - ' g | 4:C,

i SRR EE Ra B SRS LR AREDE T
uns@&ardeal) sehighichatiied o branchal)dr oydlispsgligaydietor Yused hydwembon

0 or 1. 12. A nethod according to claim1l, wherein
groghbavany big 50 rarhen ApEis: WBeTeREMEOT @an¥p BYATcaRom SToBPSATR Gither

hg f - ROSIC3 (6 I e N
ok B, Sl AR i tns
moRHRREHREmSs SMEd e L FroRUxYEME mitfogeR) orf Hakdpen BivahisO Rt Wherein

group having 1 to 10 4ca|gbon ons.. 13. A method
optigually, avheg two or thaeeofR’, RivanddR rare paid Aydzesarben grqups, two or three

el.ect,ron.donor conpound i cordimng to the | a. :
of st oy RAER Eronps RLRFE e o R asube nleiing BPEY! Botveyeii
ring3Rhyr at ed, straight-chained or branched, cyclic,
pol ycyclic, or fused hydrocarbon group having 1 to 10
carbon atons. 14. A nethod accordi ng to claim1], .
R" mpwesenitna sdieratedion uysatiraied, stasghtchrinadpobrapdieg otishc,ipplycyclic,
ccording,.to the .fornul a:. RARSSI (ORa) 2 .(8) wherein Ra,
or @?@ﬁ(ﬂ%@'@ﬁ@?‘%&@ﬁ%@r&q i Oélpaﬁ%rgé’nafl d5. saturated or
unsaturated, straightchained or branched, or cyclic,
s, t,RAH NGHEdpefider®y répteRdt Oyer ocar bon group having 1 to 10

carb'on atonms. 15. A nethod according to claima1,

wherein the catal yst support material conprijses
12. A method according to claim 11, wherein the alkoxysilane electron donor

compound-is according to the formula:
R*0SiCl3 6)

wherein R® represents a saturated or unsaturated, straight-chained or branched, cyclic,

polycyclic, or fused hydrocarbon group having 1 to 10 carbon atoms.

13. A method according to claim 11, wherein the alkoxysilane electron donor

compound is according to the formula:
(R*°O),SiCL (7))

wherein R? represents a saturated or unsaturated, straight-chained or branched, cyclic,

polycyclic, or fused hydrocarbon group having 1 to 10 carbon atoms.

14. A method according to claim 11, wherein the alkoxysilane electron donor

compound is according to the formula:
R*R’Si(OR"), (8)
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an al cohol - adduct ed magnesi um hal i de conponent bound

or conplexed to a netal oxide conponent. 16. A nethod
w@ewonaidmgy to claim15, wherein the al cohol - adetmUSZ07/005744

magnesi um hal i de conponent is according to the formula

MygX2. xRaOH wherein X represents a hal ogen atom Ra

represents a saturated or unsaturated,

strai ght -chai ned or branched, cyclic, polycyclic, or

fused hydrocarbon group having 1 to 10 carbon atonms,

and x has a suitable value greater -than zero. 17. A

whergm lgp% gg{i gsglg%é:r{%% ' %&ﬁl{es grsgfujatédg@r ?@%ﬁ%ﬁed Straight- -
r'Hx'EBch@d 4R cHdlica8HkEydlic, éﬁuseﬂ dearboagraupdhaving loto. 10

i m 15, wher.ei n sai'd al cohol-adducted r'ragne3| um
carbbmhhorhs conponent..r eact s vv:th one or nore silane hali-de
corrpounds capabl e of reacting with the adducted:

oho 0 I
SRoohBetnie By aft der aie if RE b ARFn St ERl AN ompries
an af&BﬁolOarddH&Ec?nﬁ ihaBAEchsnkhtboudd b cormplepal todsmetal oxide
according to the fornula: R4 sR5 tR6 .uSi (ORa)4 t.u (5)

compiremei n R4, R5, and R6 each independently represent H,
hal i de, or a saturat ed or unsatur at ed,

st r.ai chal ned  or e
- or A ﬁ(ﬁﬂrglggrt% 8%"8 g ﬁe{e%%e gl}f&ltldl- @ég!;dc%’ g'bégll.ésﬁmn halide
comgBﬁH?i? is #B&HBIgo Qﬁ@fdi’ﬁqumf/[g)@ XR"@H avtessin &I wpmems g halogen.
ther non-derivatized with heteroatons

atonRireprasdnts, 2 samreq;eém ensatyrated, spiaht-shaned exprapbed YR
polygt?éﬁ; 8r élﬁ%s W‘f‘g e dif r o {)% ¢ ?%% gért)&? QK%H’IS d )pﬂz!lsoagﬁlﬂable

valu@%eafé’t ‘are sai d hydrocar bon groups tvvo or
eeof sal d hydrocar bon groups are-connected to form

a silicon containing ring or polycyclic rin
17. A method according to c? 169Wh61'61% thg hghde is chlonge y(f X gas a

mmlmum value of about 1 and a maximum value of about 3.

" 18. A method according to claim 15, wherein said alcohol-adducted magnesium

. halide component ‘reacts with one or more silane halide compounds capable of reacting
with the adducted alcohol to form one or more alkoxysilane electron donor compounds by |

" an dcid elnmnatlon reaction, said one or more alkoxysxlane electron donor compounds

. according to the formula:
- RARPRE,SiI(ORY4su (5)

wherein R?, R®, and R® each independently represent H, halide, or a saturated or
unsaturated, stra1ght-cha1ned or branched, or cyclic, polycyclic, or fused hydrocarbon
group having 1 to 50 carbon atoms, wherein one or more hydrocarbon groups are either
non-derivatized with heteroatoms, or optionally, mdependently derivatized with one or
. more heteroatoms selected from oxygen, nitrogen, or halogen e.toms? and \yﬁerein

optionally, when two or three of R“, R®, and R® are said hydrocarbon groups, two or three
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Ra; represents a saturated or
unsat ur ated, , strai ghtrchai ned or branched,.

wa@y@biteq34pol ycyclic,. or fused hydrocarbon gr oREI/HS2007I0P5744
1 to 10 carbon atons; and s, t, and u independently
represent 0 or 1. 19. A nethod according to claim 18,
wherei n the al koxysil ane el ectron donor conpound is
according to the formula: RBOSIC 3 , (6) wherein Ra
represents a saturated or unsaturated,
strai ght-chai ned or branched, cyclic, polycyclic, or

o PSRRI SRR, AP Oyl AR By

'riﬁ%#sﬁﬂsi-l'ane el ectron donor conpound i s according to,
‘the.formula: (RQO2Si A2 (7) wherein Ra represents a
_saturated or unsatuyrated, straight-chajne

) | [ Qr . ) ;.
R tspeenesmeasatugiisl & inpanpestashvshanos arbmy e arkieolysyciic,

or SecliBerngee0l st TRl Bamd b i Fane

el ectron donor conpound is according to the fornul a:

s, t,%%fih&e?e&nia&dy&bpfeﬁweiomm R4 and R5 each

i ndepen tly represent a saturated or uhsaturated,’

strai ghtchai ned or branched, or cyclic,, pol é%%/rcl ic, or
19.f ushangiert ereardiestoggmp! § whersip theialorysitane slsgiron dodor -

“atong.22. A. ~ding to claim1, wherein said
COWQ@ISO§%°8IQH%{ %&géj?&%@%ri al conprises a silicon oxide
~material. 23. A nethod according to claim9.further

conpri si ng generating R&EDSICEAt al ¢@t support materi al
by a method conprising reacti-ng an Y

RS LB S R A T S T R e S U
oS R T o

oxi de conponent, with an al cohol .conpound of formula -
20.Ra- Sthethoduccardingto claim 18, wherein the alkoxysilane electron donor

compound is according to the formula:
R0RSICL  (7)

.wherein R* reﬁresehts’ a saturated or unsaturated, straight-chainied or'branched, cyclic,

polycyélic, or fused hydrocarbon group having 1 to 10 carbon atoms.

2. A method according to claim 18, wherein the alkoxysilane electron dopor

compound is according to the formula:
R'R’Si(ORY), (8) -

wherein'R?, R* and R® each ihdependently fepresent a saturated or unsaturatéd, straight-
chained or branched; or cyclic, polycyclic, or fused hydrocarbon group having 1 to 10

carbon atoms.
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conmpound of fornmula R R NH, wherein Ra and Rb each
i ndependently represents a saturated or unsaturated,
W@ 003i104388 chai ned or branched, cyclic, polycycPCTUSIINT/005744
fused hydrocarbon group having 1 to 10 carbon atorms;
Rc and Rd each independently represents H or a
saturated or unsaturated, straight-chained or
branched, cyclic, polycyclic, or fused hydrocarbon
group having 1 to 10 carbon atons, and wherein
optionally, Rc and Rd connect to forma nitrogen ring

22.9f Oﬂ%etﬁ&gaééoit']cﬁné-toodlaiﬁx 1, %herein BHE hedalasedy sibpert imaterial |
claim23 further” canprising generating said R
comprizasa sitigor skidemaeriabd net al oxi de support material by

- conbining a netal oxide support material with one or
nor e orgapomagnesj um.copounds- under condi i Qns ... '
23,501 & A0 SHEOTAHRE (ST oL G ST G PR S5, cgalyst support.
i B GRHARO M B abrhRericbRiniTBd a8dd 18 ¥taliexide
ma{ég%%ﬁ%ng@g??g@%%g} A rr%t ho? acco%%li ng to claim?24, .
supphbr neiteria aaitl arggrammgariasiconted angialunxdde Sippere srathriag cemaprising

. the formula Rb) 2, wherein each. Rb.jsnde dent |

an ‘?@ﬁ%@%%lu%’_l\‘%&mﬁ%%ﬁté’ W%@&%%ﬁsm@%bﬂd“"w °F‘_p°mﬁie"ed foa
-me@ 5)859 E6 T p&%‘nﬂ%ﬂpin LM B&Hpotmic Bl 'RYOMH bt & afiine

- Tuse yrg ocarbon group aw%g 1 to 10 carbon atons.

cor@found off et RIRAIEiwtprdin RE biad RY e&chf inderendentlyrppressntsp

R R o S Y S R
. hy%g%nt vﬁg?éﬁ#i%i W {8 BBoRAERRORS SRIROL iftfepbRicitiy fepresents

represents a saturated or )
H dinsatuted ecynsafufaed) straightacnatdar banghed) egiclice pelyeyslic, or fused
or, fused -hydrocar bo

Gl s e R ol B
co B8R 1 h 6E TR mrpgngel um hal | e

conmponent. 27. A method according to clai m 26 further
24.conprméethod agerdngtd digm 2afudthengesising paderatiag sedal
oxi de support materjal by reacting gn .. de
orgé?@}&‘i‘%‘ﬁﬁgﬁ’e%qamlé%k ddspppert gaaterl Mﬁﬁgllb{mq& 3 wetal pxide
[ o
ol A SATARTE U 5558l R GRS oo
suita@lefut heBREAIBE o BoRplexing @ ittt @te or ek exgtomageesium compounds

with. the metal oxide support material.

25." A method according to claim 24, wherein said organomagnesium compound is
according to the formula Mg(RP),, wherein each R® independentiy represents a saturated
or unsaturated, straight-chained or branched, cyclic, polycyclic, or fused hydrocarbon

group having 1 to 10 carbon atoms.

26. A method according to claim 15 further comprising geheraﬁng said catalyst
éuppon material by a method comprising complexing a magnesium halide metal oxide
support material with an alcohol compound of formula R®-OH wherein R* Tepresents a
saturated or unsaturated, straight-chained or branched, cyclic, polycyclic, or fused

hydrocarbon group having 1 to 10 carbon atoms, wherein said magnesium halide metal
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metal oxi de conponent, with a suitable hal ogenating
agent capabl e of converting said organonmagnesi um
waeompomset to a magnesi um hal i de conponent, WhRPCEUR20RD005744
i ndependently represents a saturated or unsaturated,
strai ght-chai ned or branched, cyclic, polycyclic, or
fused hydrocarbon group having 1 to 10 carbon atons
and v is 1 or 2. 28. A nethod according to claim?27,
wherei n the hal ogenati ng agent has the fornula HX or
X2 wherein His a hydrogen atomand X is a hal ogen
oxidé §ipport Qnatéilﬂﬁbﬁﬁﬁsécﬁcrﬁﬁgieﬁﬁni &h% @brﬁ" batent WORIdIrtorhplexed to
represents a-chlorine atom 30. met hod accordi ng tp
.a metehpxide gompenenbr conpri si ng generat| ng said .
or ganonagnesi um ctoated netal oxide support nateri al by

27. o SRR P s HEER Cop e bl magncsiom

halide FRe41 Rt RADEH A mAteria PHPBX M ¥ bhobb@nseiha coRrsll @stal oxide

support material. 31. A net hod accordl ng to claim30,
suppirt makeriad said ng@mmsa@mmsfmnﬁed mqtammielsgpmu't:mmnnlgcmnsmg

e Lo S S B it
metﬁf 528988 mpdRhi) $Ath sudhBR ‘Hﬁﬁ)%enﬁﬂl‘élag&mt cRIIEYEddnGertif said

fused hydrocarbon.group havi-ng carbon atons.
org@dmafnesiuth cdmponart ¢ agagoeshim halide, compeneitnwhetieth Rhe or

md%qegggréﬁat al%t nf %ﬁﬁpﬁéab}/ gﬁ%[a%gtfq’é: Slgq%}n%mg}t&]allledc orrgljrancrﬂec? cyclic, |

DO ey o bl b N0 0 SRPA Rl v i on >
said one or nore catalytically active main group netal -

28.c onzbmﬁhhmi merdhrEOGiaimo’He whereat the helngenatiagagend has the formula

s. 34, A hod, according to claim1,
HX i Srer it A B adDIsissa aiogh BGK 1of EREHAPRod | s |
conduct ed in a hydrocar bon solvent. 35. A nethod .

29. 8¢ CzQ bR Jceox‘iﬁ t8'ctai nPX rles%h&ga dHiGle dim!t he

pol ymeri zation at a yst W t erna el ectron
donor conpound. 36. A nethod accor.d_l ng to claim 35,
30. wh ek sisthadwscending tn xlaim| 29cfurtber @mpmsmiggesm‘@mg gadd f rom

org t he %rou‘?{rlconsn %ag%%ﬁesap% {:etn'af)t?acl;omabnlgingametal oxide

support material with an organomagnesium compound, said organomagnemmn

compound bonding or complexmg w1th the mctal oxide support matenal

31. A method according to claim 30, wherein said organomagnesium compound is
according to the formula Mg(R), wherein each R? independently represents a saturated
or unsafurated, straight-chained or branched, cyclic, polycyclic, or fused hydrocarbon

group having 1 to 10 carbon atoms.

32. A method according to claim 1, wherein said one or more catalytically active
transition metal compounds are selected from the group consisting of catalytically active

titanium and vanadium compounds.
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car boxyl i c anhydrides, carboxylic esters, ketones,

et hers, al cohols, |actones, organophosphi nes, and
w@doonedses. 37. A nethod for polynerizing one PCT/IB2087/005744

ol efins, the nmethod conprising: a) providing a

pol ymeri zation catal yst produced according to a nethod

conprising: (I) providing a catal yst support materi al

conpri sing a magnesi um conponent bound or conpl exed to

a metal oxide conponent, said magnesi um conponent

bei ng either a magnesi un(Y) conponent wherein Y is an

33.al kénhetkodacooiing toaaifol, @vhmﬁn sdid oas ominorecatal pitally Betive main
" magnesi um hal i de conponent, praovi ded th t .when the

SIORP BIstal COMPRUIS BFRANE Graners saiayiselly Ay s s %ﬁ%ﬁ@ﬁ@f’wﬁén
<. any magnesi um hal i de conponent is excluded fromthe-
cat al yst support materi al, and when the magnesi um

34,CONRNGING é&% t%l &ahel lﬁé&%ﬂ?%@@aﬁ@&ﬂ@ bt IRethod is

con‘ponent t magnesi conmponent “and any

conduged napniesdaiorcsipanent are excl uded fromthe
cat al yst support material; (H reacting the rmgn65| um

onet W|t one Qr, re silane halide.co
35.pr HotRinEl Qi Uit GARBR N PR B pymmzamn
m'Y) conponent W th :
Catzﬁk% Qﬁ(;{h #D%xgérg?%géﬁggﬂhpﬁwgmﬁnds capabl e of
converting the magnesiun(Y) conponent to a magnesium
36. h al Adecthahyroosiig @rdainedfs Wheteim thelpstene] ctastren tderprtipselected

her one or, nore al koxys Ia el on do or
o SRHB S VRERE P ongimiEl ala'gﬁlﬁ{l al parogpiceids,
' cargc%{ygc afhRRE @%?ﬁ*l?&é&éﬁ‘ KARREE, eﬁﬁ@@l&ﬂﬁ'@ls VH@Bnes, i S an

group, reacting the al cohol -adduct ed

organgphesyhimes aldistlexamgponent with one or nore silane
- hal'i de conpounds .capabl e of reacting with the adducted

al cohol . to formone, or nore al ko s%ane el.ectran.
rm%‘?idp@ﬁﬁa erizing one or more oleﬁ%s e method comprising:

a) providing a polymerization catalyst produced according to a method

. comprising:

() . providing a catalyst support material comprising a magﬁesium
component bound or complexed to a metal oxide component, said magnesium
component being either 2 magnesium(Y) component wherein Y is an alkoxide
group or amido group, or an alcohol-adducted magnesium halide component, _

.ﬁrovi_ded fhat when the magnesium component is the magnesium(Y) component
then any magnesiﬁm halide (;omponent is excluded from the catalyst support
material, and when the magnesium component is the alcohol-adducted magnesium
halide component then a magnesium(Y) component and any organomagnesium

component are excluded from the catalyst support mé.terial;

()  reacting the magnesium component with one or more silane halide

compounds to provide a modified catalyst support material by either:
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wherein said nodified catal yst support materia

conprises said one or nore al koxysil ane el ectron donor
wW@oipoosds or said one or nore am dosil ane el eRCT/OR2007/005744

donor conpounds and a magnesi um hal i de conponent bound

or conplexed to the netal oxide conponent; and (U)

conbi ning the nodified catal yst support nmaterial of

step (b) with one or nore catalytically active

transition netal conpounds to provide a catal yst

precursor; and (1V) conbining the catalyst precursor

with one or @neamgamgmamsmm(ﬁapompomtm (OF Foresilane

AR AR ——
Wi th saiy %%I &'i[&fﬁm%'cgﬂx &xgén%e/cﬁ& PRSI bRl IRVt efther
reactlon C gltlons P pro clng a

pol yrer ionatot arorgalizdxysiland elmtmncﬂonnnccunpxblmﬂs méhen 35is ap
met hod- accord| ng to claim 37, V\he({?ej n the one, or

ol ef i ns AKEIFAEORR BRI HE MOKE A aﬁafﬁoﬁlewad’l%?wﬂg’mds
pol ymer i | met hod conprising: (a)

provi di r@%&&g%ﬁﬁ%ﬁ? b&te mat eri al conprising a
magnesi un( al koxi de) conponent bound or conpl exed to a
met al oxi de qih)yzactiny the aivohdiaddaeted rr[agned%igmﬂlah'dmmnonent
mat eri al excl udes a pagnesi um hal | de co nt

reacti ng"lf}h@elﬁ'gﬂ%@lsﬂﬁ‘(%ai’éi ForBpORKISS gﬁef‘ﬁ"’%r’({é‘ﬂbﬁhe
more- si Lape Ok %:&?ol%) ?82&%@%&%9 5.9365( laﬂ BREirdd @cﬂmr
cat al yst suppor rrsing one or e al koxysi I'ane

el ect romod@oﬂmdsporrpounds and a rmgne5| um hal i de
conponent bound or conpl exed to the netal oxi de

D B G e e
qg&ﬂﬁg fank %le@lr{iﬁ? g&?osr' cﬂﬂ?ggﬁrlxds%? s&ﬁ'qh& F ﬁ{qrf‘ BehidRRAM efectron

conver nore al KoXysli | ane

eI Ql@hdsmmiﬁﬂﬁds anlpmdgesivny halkRCoimgronedtthound er complexed to the

magnesi un} al koxi de) conponent;
metal oxide component; and

() combining the modified catalyst support material of step (b) with
one or more catalytically active transition metal compounds to provide a catalyst

precursor; and

(IV)  combining the catalyst precursor with one or more catalytically
active main group metal compounds, thereby producing said polymerization

catalyst; and

b) contacting the one or more olefins with said polymenzatlon catalyst under
polymerization reaction cond1t10ns thereby producing a polymerization product of one or

more olefins.

38. A method according to claim 37, wherein the one. or more olefins include

propene.
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(c) conmbining said nodified catal yst support materi al
wWith one or nore catalytically active transition netal
wa@eowawsds to provide a catal yst precursor; aneCT/u¥2007/005744
conmbi ning said catal yst precursor with one or nore
catalytically active main group netal conpounds,
t hereby produci ng said pol ynerization catalyst. 40. A
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(c) combining said modified catalyst support material with one or more

catalytically active transition metal compounds to provide a catalyst precursor; and

(d) - combining said catalyst precursor with one or more catalytically active

main group metal compounds, thereby producing said polymerization catalyst.
.40, A method for producing a polymerization catalyst, the method comprising: '

(8)  providing a catalyst support material comprising an alcohol-adducted
magnesium halide component bound or complexed to a metal oxide component, wherein
said catalyst sﬁpport material excludes a magnesium(alkoxide) componeﬁt apd any

organomagnesium component;

(b) - reacting the alcohol-adducted magnesium halide component with one or
. more silane halide compounds to provide a modified éata]yst support comprising one or
more alkoxysilane electron donor compounds and a magnesium halide component bound

or complexed to the metal oxide component, wherein said silane halide compounds are
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capable of reacting with the adducted alcohol to form one or more alkoxysilane electron

donor comp'oﬁnds by.an acid elimination pathway;

(c)  combiningsaid modified .catalyst.‘suppo'rt,material with one or more

catalytically-active transition metal compounds to provide a-catalyst precursor; and

d) combining said catalyst precursor with one.or more catalytically active

main group metal compounds, thereby producing said polymerization catalyst.
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