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ALUMINOXANE COMPOSITIONS, THEIR PREFARATION, AND THEIR USE IN
CATALYSIS

FIELD OF THE INVENTION

[0081] This invention refates to aluminoxane compositions that are of wility in
formation of catalyst systems, 1o methods for the preparation of thase aluminoxane
compositions and catalyst systems, and 1o the use of such catalyst systems in the
polymerization of olefin monomers, dienes, or the like.

BACKGROUND
[0002]  Aluminoxane compositions are widely used in combination with various types
of metaliocenes and transition metal compounds 1o prepare catalyst systems for
polymerizing olefin monomers. However, certain Hmitations are associated with
standard aluminoxane solutions, such as poor solubility, instability, and gel formation.
For exampls, solutions of conventional aluminoxanes, such as methylaluminoxane
(MAQ), must be kept al lower temperatures io inhiblt degradation via ireversible gel
formation.
{0003] Adcition of small amounts of halogen to conventional aluminoxanes has been
shown {0 imgpart a8 higher siabiiity to precipitation, L.a., gel formation, at ambient and
elevated lemperaturss. See, for sxample, US 2008 0143254 (publication of 101751144
filad 31 December 2004}, Gel formation is undesirable because i causes the
aluminoxans to be difficult to handle. For example, whereas liquid aluminoxanes can be
readily transferred from container to reaclor via tbing, transfer of a gel from container
o reactor can be challenging and time consuming.
{0004  While aluminoxanes with halogen added are ganerally more stable to
precipitation than standard aluminoxanes, they are still nonstheless susceptible o
some precipitation &t room temperature (about 20°C} and higher temperatures.
{0008] it is therafore desivable fo provide sluminoxane compositions that have greatar
solubility at fower lemperatures and are resistant o irreversible precipiiation at higher

temperatures.

SUMMARY OF THE INVENTION
{0006] The present invention provides aluminoxane compositions useful as activators
with transition melal components in catalyzing the polymerization of olefins.

Aluminoxane compositions according fo this invention comprise aluminoxane, halogen
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source, and Lewis base. Further detalls of the present invention are provided in the

detalled description.

DETALED DESCRIPTION OF THE INVENTION
f0007] Provided by this invention is composition derived from at least a) aluminoxane
source; b} halogen source; and ¢} Lewis base. The aluminoxare source can comprise
methylaluminoxane, The halogen source can comprise fluorine source. The Lawis
base can comprise one or more of multi-dentate donor and mona-dentate donor,
including mixtures or combinations thereof; multi-deniate donor can comptise, ..,
sioxang, mono-gentate donor can comprise, 8.q., NR% wherein each R ig
independently hydrogen atom or hydrocarbyl group having up fo about 24 carbon
atoms. Further, this invention provides composition derived from at least: a)
aluninoxane source z:ampnsmg about 0.5 moel% to about 30 mol% halogen stoms
refative fo Al atoms; and b} Lewis base. Aluminoxane source can comprise about 0.5
mol% 1o about 15 mol% halogen atoms relative o Al sloms. Aluminoxane source can
comprise about 1.5 mol% to about 15 mol%, or about 4.7 mol%, halogen atams relative
fo Al atoms. When the halogen source is dimethylaluminum fluoride, # can comprise up
to about 30 mol% halogen atoms relative o Al atoms; when the halogeh sowrce is
aipha.alpha,alpha-triflucrotoluens (TFT}, # can comprise up to about 8§ moi% halogen
atoms relative to Al atoms. Compositions according % this invention can oo mprise
about 0.5 mol% to about 15 mi% donor atoms from Lewis base relative to sluminum
atoms. Also provided is composition derivad from af least: 2) aluminorane source; and
b} Lewis base that Is also halogen source. I compositions of this invention, Lewis
base can comprise () NMeR®, wherein each R is independently hydrogen atom or
hydrocartyl group having up to abouwt 24 carbon atoms, or (i) OMTS, or combinations
of (i) and (i)
0008] Also provided by this invention is mathod of preparing composition comprising
combining al least: a} aluminoxane source; by halogen source; and ¢} Lewis base.
The halogen source can comprise fuorine source. Also provided is method of
preparing composition comprising combining at least: a) aluminoxans source
comprising up 1o about 30 mol% fuorine atoms relative fo aluminum atoms; and b)
Lewis base.
10008]  Also provided is method of polymerizing monomer comprising combining

composition of this invention, fransition metal componert, and monomer,
2
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(A} Aluminoxane Sourss

[0010]  Aluminoxane source {A) can comprise any aluminoxane, including without
limitation methylaluminoxane (MAC), sthylaluminoxane (EAQ), ischulyialuminoxane
{{BAD), uther aluminoxanes, and combinations thereof, MAC may be derived from
AtMes; and water; EAD may be derived from AlEL and water; IBAD may be derived

from Al'Rus and water,

{8} Halogen Source

00111 Halogen source {B) can comprise any halogen sourcs, for sxampls fluorine
source, chiorine source, or bramine source. Halogen source (B) can comprise Lewis
base. As used herein, halogen source can refer to halogen atom in the negative stats,
generally referrad to as halide ion, e.g., ¥, OF Br. The term "halogen source® is
covnmonly ysed in the art to describe such halids fons,

10012]  Halogen source (B) can comprise fluoring source, for example,
aipha,alpha,aipha-trifiuorotoluene.

10013]  One type of halogenation agent that can be used to form aluminoxans
composition of this invention is & halohydrocarbon of the formula RaCXeyp, where n = §-
3, Kis, indeperdently, fluorine, chlorine or bromine, and where R s, independently, a
hydrogen stom or & hydrocarbyl group having from ong to about twenty carbon aloms.
R canbea straight chaln, branched, cycloaliod, aryl, or araaikyl group. When only one
R is @ hydrocarbyl group, the hydrocarbyl group can be an aryi group. In
nalohydrocarbons in which all R are hydrogen stoms, such halohydrocarbons fend to
react slowly with aluminoxans, and frequently the reaction does ot go o completion,
Ls., the yields can be low.

{0014} A suitable type of halohydrocarbon is a tertlary halohydrocarbon; another
suitable fype of halohydrocarbon is that iy which at least one R is an anvl groug.
Secondary and primary halohydrocarbons appear 1o provide less stability to the
believed cationic species of the fonic aluminoxane complexes, or to the intermadiate in
~the formation of the partially halogenated aluminoxane,

{0015] Another sultable type of halohydrocarbon is one in which at least one R 8 an
anyl group, e.4., a phenyl group. When at least one R is an anyi group, the
halohydrocarbon can be & primary halohydrocarbor in which one R is an anyl group and

3
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the other R{s) are hydrogen atoms, or all of the other substituents are halogen atoms.

This group of halohydrocarbons can be represented by the formula:
ArG,

where Ar is an aromatic hydrocarbon ring system, which typically containg up to about
25 carbon aloms, or up to about 12 carbon atoms, or 6 carbon atoms in the ring system
{Le., excluding X and sxcluding any substituents that may be present on the ng{s)h G
is ~CXs, -CX:R, or -CXRy, inwhich X s, independently, a fluorine atom, chiosine stom,
ar bromine atom, and in which R is, independently, & hydrogen atom or Gy alkyd group:
andnis 1105, or 1103, or 1 or2, Goan be a trihalomethy! group.
f0018]  When there are substituents on the aromatic ring(s} other than hydrogen and
the group(s;} cantaining labile halogen atom{s), these other such substituents can ba
slectron-conating substituents. Halogenation agents containing aromatic groups

having slectron-withdrawing substituenis on the ring, such as fluorine, wers obsenved to
have slower reaction rates than halogenation agents with aromatic groups having only
hydrogen atoms as substituents. In tum, halogenation agernts containing aromatic
groups having electron-donating substituents were observad to have faster reaction
rates than halogenaton agents in which there were only hydrogen atoms on the
aromatic fing. Typical electron-donating substituents include hydrocarbyloxy groups
and hydrocarbyl groups.
0017} Sultable halohydrocarbons having an anyi group include alpha,alpha,alpha-
tifiuorololuene, alpha,alpha-diffucrotoluene, alpha-fuorotoluene, odtafiuorotoluene,
1. 2-di{flucromethyiibenzene, 1. 3-difflucromethylibenzens, 1 4-ditfiuoromatiniihenzens,
1 ,E-bﬁs{dEﬁucromethyi}henzana-, 1,3-bis{diffucromethylibenzene, 1.4-

bis{difiuoromethyilbenzens, 1,3-bis{tiflucromsthyilberzene, 1,3,5-

tris{irifluoromethylibenzene, 4-methyl-1-(trifluoromethylibenzene, 3-methyi-1-
{riflucromethylibenzene, 1,3-bis{irifluoromethvii-d-methylbenzene, 1.4
bis{triflucromethyl)-2-methyibenzene, 1-ethyl-3,5-bis{triflucromethylbenzene, 1-
isopropyl-4-{trifiucromethylibenzene, 1-{flucromethyl-4-fuoro-2-
{trifivoromsthyilbenzene, 1-{flucromethyl}-2 4-bis(trifluoromethyllbenzens, {1
fluorosthylbenzene, 1,2-diffuorosthylbenzene, 3,3 bis(trifiuoromethylibiphenyl, 4,4
bis(trifluoromethybinheny, 2.2%bis {(luoromethyhibipheny!, 3-{(difluoromethyiibipheny,
1-{rifluoromethylinaphihaiene, 2-{trifluoromethylinaphthatene, 1-
{difluoromethylinaphthalene, 2-(diflucromethyinaphthalene, -
{fiuoromethyiinaphihalenes, ‘§,Sébis{féuemmeghyi}rzaph&haiene, 1-{fluoromethyi-2-
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{methyinaphthalene, {-isobutyl-2-trifluoromethyi-naphthalene, 1-mathvi-4-

irifiuoromethyl-naphthalens, {-n-butyl-S-triflucromethyi-naphthalens, 1-
{riffuoromethylianthracens, 2-{difluoromethyllanthracene, S-fluoromethybanthracans,
8,10-bis{trifluoromethyilanthracene, S-{Irifflucromethylphenanthrens,
triphenylfiuoromethane, difucrodiphenyimethane, o,e,a-trichiorotoluane, ¢,o-
dichiorotoluene, o-chiorotoluens, 1,3-bis{trichioromethyil-4-methyibenzene, 1,4-
bis{trichioromethyi}-2-methyibenzene, 4-methvi-1-{richioromathyihenzene, 3-methyi-1-
{trichioromethyiibenzene, octachiorotoluens, 1.2-difchloromethyiibenzens, 13-
difchioromethylibenzene, 1 4-di{chioromethyllbenzene, 1,3,5-
tris{irichloromethylibenzene, 1-ethyi-3,5-bis{trichioromethyijbenzens, 1-isopropyi-4-
{frichloromethylibenzene, ~{chioromethyl 4-chioro-2-{trichioromethylibenzens, 1-
{chioromethyl-2 4-bis{trichioromethylibenzene, 1-{{-chicroethylibenzene, 1.2-
dichioroethyibenzene, 3,3%bis{irichioromethylibipheny, 4,4
vis(irichioromethyiibiphenyl, 2,2"-bis{chioromethyiibiphenyl, 3-{dic ‘zismmaihyﬁ}ﬁiighenyi,
i-{frichioromethytinaphthatene, 2-{trichloromethylinaphthalens, 1- |
{dichloromethylinaphtheleng, 2-(dichioromethyiinaphthalens, 1-
{chioromethylinaphthalenea, 1,.8-bis{chicromethyiinaphthalene, 1-(chicromethyi)-2-
{methyiinaphthalene, T-sobutyi-2-trichloromethyi-naphthalene, 1-methyl-4d
irichioromathylnaghthalene, 1-n-butyl-S-trichioromethyl-naphthalene, 1-
{trichloromethylianthracene, 2-{dichloromethyllanthracens, S-{chloromettwilanthracene,
8,10-bis{lrichioromethylanthracens, 8-{trichloromethyliphenanthrens,
triphenyichioromesthane, dichiorodiphenylimethane, o,0,o-tribromotoluens, o,
dibromotoluens, g-bromololusne, 1,.2-dilbromomethyiibenzens, 1.3
difbromomethyhbenzens, 1,4-di{bromomethyilbenzens, 1,3-
bisttribrormomethylibenzens, 1,3,5-isttribromometiyibenzens, 4-n methyl-1-
{ribromomethylibenzens, S-methyl-i-{iribromomethylibenzene, 1,3-
bis{tribromomethyl4-methyibenzene, 1 4-bis{tibromomethy)-2-methyibenzens, 1+
ethyi-3,5-bis{tribromomethylibenzene, 1-isopropyi-4-{tribromomethylbenzans, 1-
{bromomethyl}-2-{ribromomethylibenzene, 1-{bromomethy}-2 4-
bis{lribromomethylibenzens, 1-(1-brompethyllbenzens, 1,2-dibromosthyiberzens, 3,3%
bis{iribromomethylibipheny!, 4,4%bis{trbromomethyhibipheny, 2,2
bis{bromumsthylibiphenyl, 3-{dibromomethybiphenyl, 1-{Iribromomethynaphthalens,
2-{iribromomethylinaphthalens, 1-{dibromomethyiinaphthalene, 2-

{dibromomethyinaphthalene, 1-{bromomethylinaphthalens, 1,8
5
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bis{bromomethy naphthalene, 1-{bromomethyi2-(methyiinaphthalene, 1-isobuty-2-

fribromomethyl-naphthalens, T-methyl-4-tibromomethybnaphthalene, 1-n-butyl-5-
ribromomethyd-naphthalens, 1<{tibromomethyanthracene, 2-
{dibromomethyllanthracens, S-(bromomaethylanttvacene, 9,10
bis{tribromomethyl)anthracene, S-{tibvomomethyl)phenanthrene,
triphenyibromomethane, dibromodiphenyimethane, and the ke, Mbdures of two or
mare of the foregoing halohydrocarbons may also be used.
10018] Suitable halohydrocarbons which do not have an aryl group include tert-butyl
fluoride (2-methyl-2-flucropropane), 3-methvi-3-flucropentane, 3-methyl-3-
fuorohexane, 1-methyl-1-fluorocycichexane, 1,3-dfuoro-1 3. 5-methyicyclopciane, 2-
methyl-2-fluorcheptans, 1,2-difluors-1-methvicyciooctane,
Z-methyl-2-chioropropane, tert-butyl chiorids, 3-methyl-3-chiormpantans, 3-
chigrohexane, 3-methyl-3-chiorohexane, 1-mathyl-1-chiorocycichexans, 1,3-dichioro-
1.3, 5-methyicyclooctane, 2-methyl-2-chioroheptane, 1,2-dichioro-1-methyleyclooctans,
2-methyl-2-bromopropans, tert-buty! bromide, 3-methyi-3-bromopentane, 2-
bromohexane, 3-bromehexans, 3-methyl-3-bromohexane, 1-methyi-1-
bromocyclohexane, 1,3-dibromo-1,3.5-methylovolooctans, 2-methyl-2-bromoheptane,
1.2-dibromo-1-methyicyclooctane, and the fike. Miiures of two orof the foregoing
halohydrocarbons may also be used.
[0018]  Suitable halohydrocarbons which have at least two different slements of
halogen that may be used include, but are not limited to, 1-chiorn-3-luoro-1,3.5-
methyleyclooctane, 2-bromo-1-fluoro-1-methyicycionctane, 2-chloro-1-Hupro-1-
methylcyclooctane, 1-{trichiorometty}4-{trifluoromethyibenzens, 1-{dichioromethyl-3-
(dibromomathylibenzens, T-(bromomethyi)-2-{flucromethylibenzene, 1-{chioromethyi)-
4-{irfluoromethyiibenzens, 1-{dichloromethyl}-3-{flucromatiyilbenzene, 1-
{bromomethyl}-3,5-bis{trifluoromsthylibenzene, 1-{chioromethyi)-3,5-
bis{irifluoromethylibenzene, 1-(fribromomethyl)-3-(trichioromethyi)-5-
{Uifluoromethyliibenzens, 1-ethyl-3-{richioramethy-5-{&ifluoromethylbenzens, 1-
{chioromethyl)-4-chlorg-2<{tribromomethylibenzens, 1-fuoromethyl)-2.4-
bis(irichioromethylibenzene, 1-{1-bromoethyi)-3-{1-Buorcathylibenzens, 1-(1.2-
dichiorosthyt}-4-(1-fucroethyljbenzene, 1-trichivromethyi-4-irifiuoromethy-2,3,5,5-
telrachiorobenzene, 3-{trichioromethyl)-3-(irfluoromethy) thiphenyl, 4-(dichloromethyl)-
4'{diflucromethyl-bipheny, 2+ {chloromethyl}-2-(fluoromethyiibiphenyt, 1-

{trichloromethyl}-2-{trifluoromethyl naphthalens, 1-{diffuoromethyi}2-
8
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{dichloromethylinaphthalene, 1-(bromomethyl-8-{fuoromethyiinaphthalens, S-
{trifluoromethyli-10-(trichioromethylianthracene, and the like. Mixiures of two or more
of the foregoing halohydrocarbons may also be used.

{00207 Suitable halohydrocarbons are tert-butyl fluoride, tert-butyl chioride, fart-buby
bromide, aipha,alpha,alpha-trifiuorotoluens, 4-methyi-1-{irifiuorometiyiibenzene, 3-
methyh-t-{irfluoromethyiibenzene, triphenyifluoromethans, alpha,aipha,alphs-
trichlorotoluens, 4-methyl-1-{trichioromethyllbenzene, 3-methyi-1-
{trichloromethylibenzene, triphenyichioromethane, alpha,alpha,alpha-tribromatoluene,
4-methy-1-{tribromomathylibenzene, I-methyi-1-{Irbromornethylibenzene, and
triphenyibromomethane. Further sullable halohydrocarbons are alpha aipha alpha-
tifluorotoluene, 4-methyl-1-riflucromethylibenzene, alpha,alpha,aipha-
trichtorotoluene, triphenyichioromethane, alpha.alpha alpha-tribromotoluene, and
triphenyibromomethane. Additional suftable halohydrocarbons ar
alpha alpha aipha-trifluorstoluene, 4-methylk-1- (mﬁd{}mme“w}ﬁef‘zwﬁe
triphenyichloromethans, and aipha,aipha,aipha-tribromotolusne.
[0021]  Another type of halogenation agent that can be used o form aluminoxane
composition of this invention is at least one siloxane having at least one labile halogen
atorn in the molecule, wherain each halogen alom is, independeantly, fuorine, chlodns,
or bromine. The halogenation agent can comprise Lewis base, £.q., at jeast one
sioxane having at least one lebile halogen atom is Lewis base. These siloxanes have
hydrocarbyl groups which can contain from about 1 to 30 carbon atoms and include
inear and/or branched alky! groups which contain from about 1 fo 24 carbon atoms,
cycioalkyl groups which contain from about 3 to 24 carbon atoms, and alkylanv! or aryl
groups which contain from about 8 to 30 carbon atoms. Al jeast one hydrocarbyvi group
of the siloxane containg af least one Iabile halogsn alom. The siloxanss are chosan
from disiloxanes and linear or cyclic polysiloxanes. The slioxanes contain the SO-5i
bond and are subsiantially free of SOH bonds. The sifoxanss can contain mixed
hydrocarbyt groups. The polysiloxanes have a lingar, or branched, or oyclic backbone
of alternating siticon and oxygen atoms. I the polysiloxane is acyclic, it can be
represented by the empirical formula, 81,00, whersin n s at least 3 {or in the range of
3106, orin the range of 3 to 4}, and wherein the oxygen atoms are always individuaily
dvisg}a‘se@ between and connected to two sificon aloms as 8 -8i0-8i- molety. The oyelic
olysioxanes can be represented by the empirical formula 81,0, where 1 is as defined

abme, and wherein, as in the case of the acyclic polyslioxanes, the oxygen stoms are

7
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always individually disposed betwaeen and connacted fo two silicon atoms as & ~8i0-8i

molety, Whether cyelic or acyalic, the backbone of a polysiloxane containing 4 or more
sificon atoms can be branched on one or more of the silicon aloms of the backbone. In
such case, the slicon atom that carries the branch is bonded o three or four separate
oxygen atoms, and sach sutich oxygen atom is in turn bonded o an additional separate
sificorn atom,
{00227 Nondimiting examples of halosiioranes include
{triflucromethylipentamethyldisiioxane, tris(fluoromethylitrimethyidisiioxane, (2,2-
diflucroethylipentasthyldisioxane, bis(1,2-diffucroethylitriethyidisiioxane,
bis{iriftuoromethyl tetramethyidisifoxane,
{Irifluoromethyl irimethyidicyclohaxyldisiioxane, tetramethyibis(2,2-
difiuorocycichexyi)disioxane, tetramethyibutylid 4 A-trifluorshutylidisfioxane, bis{p-
trifluoromethyiphenyljtetraphenyidisiioxane, diphenylirimethyi{difluoromethyhdisiioxans,
istraphenyibis(fuoromethyldisfioxane, bis{dfluoromathy tetramethylovciotrisiionans,
tetra{fiuoromethyifietramethyltrisiioxans, 3,3,.3-iifluoropropyiheptamethyitisiioxane,
his{3.3, «u**'wiucmpmme}‘%axameﬁ?*y siloxane, 3,3,3-
trifluoropropyiheptamethyicyolotrisiioxane,
{riflucromethybhe atamei‘zyibyc otelrasiioxane, bis{im-
triftuoromethyiphenylhexaphenyloyolotstrasiioxans, rilmethy(3,3.3-
irifluoropropylicyclopolysiioxans], tetraimethyi(3,3,3-trifucropropyleyclopolysiioxane],
polyimethyi(3,3,3-triflucropropylisitoxane], poly{dimethyisiloxane-co-methyl{3,3,3-
triffuoropropylisiioxanel, (frichioromethylipentamethvidisiioxans,
tris{chioromethylitrimethyidisiioxane, 2,2-{dichiorosthylpentacthyidisiioxane, bis{1.2-
dichloroethylitriethyvidisiioxans, hss{tmhiammemy%}ieiramethy&mséimxasej
{trichloromethyliirimethyidicyclohexyidisiioxane, tetramethyibis(2,2-
dichlorocyoichexylidisiioxans, te&sameihy@butvi{%,é,@-&f%ﬁhiambuiw}disii{}xane, bis{p-
trichloromethyiphenyiitetraphenyidisiioxans,
giphenyitrimethyl{dichloromethvildisiioxane, tetraphenyibis{chloromethyl disiioxans,
bis{dichioromethyiftetramethylcyclotrisiioxane, tetralchioromethyi tetramethyitrisiioxans,
3,3 3-trichioropropytheptamethyitrisiioxane, bis{3,3,.3
richioropropyhihexamethyitrisiloxans, 3.,s,;Mr;{:?’350mpmpyiihepﬁamemyigyﬁiaiﬁsifmzanﬁ-:,
{ichioromethytheptamethyloyclotetrasiloxane, bis(m-
trichioromethylphenylihexaphenyloyclotetrasiioxane, triimethyi{3,3,3-

trichioropropyljcyclopolysiioxane], tetralimethyl(3,3 3-trichloropropyllevclopolysiioxanel,
8
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polylmethyi(3.3,3-tdchioropropylsiloxane], polyidimethylsiloxane-co-methyi(3,3,3-

frichloropropylisiioxans], (ribromomethy!pantamethyidisiioxane, (2.3
dibromoethy pentasthyidisiioxane, tetramethyibis(2 2-dibromocyciohexylidislioxane,
i}‘és{;}«trébmmamei‘rwimenyi}te‘iraQhenyidésiés}xaﬂe,
bis{dibromomethytetramethyleyclotrisiloxane, bis(3,3,3-
tribromopropyt hexamethyitrisiloxans, 3,3,3-iribromopropytheptamethyitrisilioxane,
3,3 3-tribromopropyiheplamethyicyclotrisiioxane, filmethyl3,3,3-
tribromopropytjoyciopolysifoxanel, tetraimethyl{3.3 S-iribromopropvijoyclopolysioxans],
palyfmethyl(3,3,3-tribromopropylisiioxans], and polyfdimethylsiloxane-co-methyi{3,3,3-
‘?Fi")?ﬁ“*‘%&;ﬁ@g}}f Jsfoxane], and the like. Midures of two or more of the foregoing
siloxanes may also be usad.
{0023] Suitable siloxanes having two or more differsnt elements of halogen include,
bul are not limited to, (fluoromethyl){chloromethyi){bromomethyirimethyldisiioxans,
{2,2-dichlorosthyl}{2,2-difluoroethyl tetrasthyldisiioxane, (1,2-dichiorosthy)(1,2-
difiuorcethyljtriethyldisiioxane, (trichloromethyl){tribromomethyl itietramethyldisiioxane,
tetramethyl(2. 2-dichlorocyclohexyi}{2, 2-diflucrocyciohexyl jdislioxane, {p-
tribromomethyiphenyl}{p-triflucromethyiphenyt tetraphenyidisiioxans,
tetraphenyi{chioromethyl}(fuoromethyl)dislloxane,
{dichioromsthyl}{diflucromethyl tetramatiwleyciotrisiioxans,
bis{chioromethylibis{fluoromethyl tetramethylirisiioxane, (3,3,3-trich! oropropyiig.3,3-
tifluoropropybhexamethyitisiloxane, {m-trichloromethyiphenylim-
trifiues aw&tby iphenvihexaphenyloyclotetrasiioxans, and the like, Mbdures of two or
more of the foregoing sloxanes may aiso be used.
[0024] Suitable sloxanes are trisifoxanes and tricyclosiioxanes. Also sultable are
sitoxanes with at least one 3,3, 3-trihalopropy! group. Additional suitable siloxanes
inciude 3,3, 3-triflucropropyiheptamethyitrisiioxane, 33,3
riflucropropyiheptamethylcyciotrisiioxane, triimethyi(3,3,3-
triflucropropyljoyclopolysiioxans], tetralmethyl {3.3.3-riflupropropylioyclopolysitoxane],
polyimethyi{3,3 3-triflucropropylisiioxanel, paiy{dimsthyésﬁexaﬂe»w-methyi{?a,8v$3~
triffusropropyvlisitoxanel 3.3 S-trichioropropyiheptamethyitrisifoxane, 3,3,3-
trichloropropytheptamethyloyclotrisitoxane, trifmethvi(3.3,3-
trichioropropyljoyclopolysiioxane], tetralmethyl(3.3,3-trichi oraprapyl } clopolysiioxans],
polylmethyi(3,3 3-trichloropropylisitoxans], polvidimethyisiioxane-co-m sthyl{3,3.3-

¥

trichioropropyjsiioxans]; 3,3,3-tribromopropyiheptamethyviivisiioxane, 3,3,3-
g
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tribromopropyiheptamethyicyclotrisioxane, trifmethyl(3,3,3-

tribromopropylioyclopolysiloxane], tetralmethyi(3,3.3-tribromopropylicyclopolysiioxane],
polyimethyi{3.3,3-tribromopropyisiioxane], and polyldimethylsiioxane-co-methyi(3.3,3-
tribromopropyljsiioxane]. Also sultable are 3,3, 3-flucropropyiheptamethylivisiioxane,
3,3 3+rfflucropropyiheptamethyloyclotrisiioxans, polylmethyl(3,3,3~
riffuoropropylisiioxanel], 3,3, 3-richloropropytheptamethyitrisiioxane, 3,3.3-
trichloropropytheptamethyloyciotrisiloxane, poly[mathyi(3,3,3-richloropropyl isiloxans],
3,3 3-tribromopropytheptamethyitrisiioxans, 3,3,3-
ribromopropytheptamethyicyclotrisiioxans, and polyfmethyi(3,3,3-
tribromopropyiistioxane]. Additional sullable siloxanes are polyimethyi(3.3.3-
triffuoropropyl jsitoxane], polyimethyl(3,3,3trichioropropyiisioxane], and
polyimethyvl(3,3 3-tribromopropyisiioxane].
{0028] Sl snother type of halogenation agent that may be used in forming
gluminoxane composition of the invention is at least one silane of the formuls RS,
where n = 1-3, X is, independently, Juecrine, chlorine or bromine, and where R'is,
independently, a hydrocartyl group having from one fo about twenty carbon atoms.
Each R can be a siralght chain, branched, cyclpalkyl, aryl, or araalky! group. R can be
an aryl group: when R'is an aryl group, # can have from six to about twenty carbon
atoms; or it can be a pheny! group. R can be a siraight chain or branched hydrocarbyl
group, and when K is a straight chain or branched hydrocarbyl group, & can have from
one {o about twelve carbon atoms; or, K’ can have from one o about siX carbon aloms;
the straight chain or branched hydrocarby! group can be a methyl group.
[00R8] Sianes that can be used as halogenation agents inchude, but are not limited
to, timethyfluorosiiane, dimethyidifiuorosiians, disthyidifiuorosiiane,
diisopropyidifivorosiiane, tert-butyitrifluorosiiane, dicyclobitvidifiuorosiiane,
tripentyifivorositang, dicyclohexyldifivorosiiane, inheptyifluorosiiane,
dicyclooctyldifiuorosiiane, triphenyifiucrosiiane, di inhenyidifuorosiians,
phenvitrifiuorosiiane, phenyldimethyifuorositane, diphenvimethvifiuorosiiane,
phenyimethyidifiuorosilane, phenyldiisopropyifiuorasiiane, Iritolyiflucrosiians,
aitolyldifluorosiiane, trimethyvichiorosilane, dimethyldichiorosiiang, methyitrichiofpsilans,
iriethyichiorosfiane, disthyidichiorosilang, sthyitrichlorosiiane, di-n-propyidichiorasiia
triisopropylchlorosilane, isobutyitrichlorosilane, dipentyldichiorosiians,
cyciohexyitrichlorosifane, dicycloheptyldichlorositane, dodecyitrichiorosiiane, tert-

butyidimethyichlorosilane, oclyimethyldichiorosifane, dimethyloctadesyichiorosiiane,
10
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chiorodimethyl-tert-hexyisilane, benzyitrichlorosilans, triphenyichiorosilane,

diphenvidichlorosilang, phenyitrichiorosiiane, phenvidimethylchiorosiiane,
diphenyimethyichiorosiiane, phenyimethyidichlorosilane, phenyldiisopropyichiorosiiane,
tert-butyldiphenyichiorosilane, tritolyichiorosiiane, ditolvidichiorosiiane,
trimethylbromosilane, dimethyldibromosiians, methyltribromosilane, riethylbromosiiane,
diisopropyidivromosilane, n-propylinibromosilane, tert-bubvitribromosiians,
dicyclopentyldibromosiiane, trihexylbromosilane, cycioheptyitribromosiiane,
dioctyidibromosiiane, triphenyvibromosiiane, diphenyidibromosilane,
phenyitribromosiiane, phenyidimethwibromosilane, tolviiribromosiianie,
phenylisopropyidibromosilane, naphthyltribromositane, phenyichiorodifiuerosiane,
phenyidichlorofiuorosiiane, phenyidibromachiorosiiane, diphenvibromoefiuorositane,
phenyimethyichiorofiuorosiiane, diphemyichioroflucrositans,
phenylisopropyichiorofluorosiiane, ditolyichiorofiuorosiiane, tolvibromodichiorosiiane,
and ditolylbromofiuorositane. Suilable silanes are triphenyifluorasiians,
triphenyichiorosiiane, and tiphenyibromosilane. Also sullable are slianes of the
formula {CHa)8 e, where n = 1.3, and X is, independently, fluorine, chiorine or
bromine;, including, a.g., imethyifiuorosilans,

02T Yetanother type of halogenation agent that can be used in forming
alurninoxane composition of this invention is a in compound of the formula R, SnXen,
where n = 1.3, X s, independently, funrdne, chiorine or bromine, and where R'is,
independently, g hydrocarbyl group having from one o about twenly carbon atoms. R
can be a straight chain, branched, cycloalkyd, arvl, or araalkyl group. R’ can be an anyl
group, of, & straight chain or branched hydrocarby! group. When R is an aryl group, &
can have from six fo about twenty carbon atoms; the aryl group can be a phenyl group.
When R'is a straight chain or branched hvdrocarbyl group, i can have from ong to
about twelve carbon atoms; R can have from one o about six carbon atoms; a suitable
straight chain or branched hydrocarby! group is a methyl group.

10028]  Tincompounds that can be used as halogenation agents includs
frimethyifiuorostannane, diethyifluorostannane, di-n-propyidiflucrostannane, tri-n-
butyifluorostannarne, dipentyidificorostiannane, eyclohesyitrifiucrostannane,
diheptvidifiuorostannane, toctyifuorostamnane, didodecyidifuorostannans,
dichiorodimethyistannarie, trichioromethylstannane, tristhyichiorostannans,
diisopropyldichicrostannane, dicyclobutyldichiorostannane,

cyclopentylirichiorostannane, thexylehlorostannane, disycloheptvidichiorostannane,
11
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octyltrichiorostannane, dinonyidichlorostannane, decyltrichiorostannana,
dimetinddibromostannane, bromotristhylstannane, tribromosthyistannans,
cyclopropyitribromoestannane, disn-butyidibromodstannane, pentvitribromostannane,
diexyidibromostannane, thepyibrompstannane, dicyciooctivdibromostannane,
dimethyichiorobromostannane, diethyifiucrobromostannane,
isopropytfiuorodichiorostannane, fluorotriphenyistannane, diffucrodiphenyistannane,
trifluorophenyistannane, fuorotritolyistannane, chiorotriphenyistannans,
dichlorodiphenyistannane, trichlorophenyistannane, dichioroditolyistannane,
bromotriphenylstannane, dibromodiphenyistannane, tribromophenyistannane,
folyiiribromostannane, phenyldichiorobromostannane, diphsnyifluorochiorostannane,
diphenyifluorobromostannane, and the Bke, Suitable tin compounds afe
riphenyfuorostammane, tipheryichiorostannane, dichlorodimethyistannane, and
triphenyibromostannane. Also suftable are tin compounds of the formula {CH,SnX s,
where = 1-3, and X is, independently, flucrine, chiorine or broming.

10028] Sl ancther type of halogenation agent that can be used in forming
aluminoxane composition of this invention include a hydrocarby! aluminum halide of the
formuta RAXKz..w, where = 1 or 2, whare X is, independently, fluorine, chiarine or
broming, and where R is, independently, a hydrocarbyl group having from one fo abowt
twenty carbon atoms. R” can be a siraight chain, branched, cycloatky, anv, or araatkyt
group. R” can be a straight chain; the straight chain can have from one o about ten
carbon aloms.

f0030]  Hydrooarby! eluminum halides that can be used as halogenation agents
include, but are not iimited to, methylaluminum diffuoride, dimethyialuminum fluorids,
sthylaluminum diffuoride, disthylaluminum fuoride, sopropylaluminum diffuoride,
diisopropylatuminum fluoride, n-butylatuminum diffuoride, isobutvialuminum diffuoride,
dilsobutylaluminum fluoride, dipentylaluminum fucride, ovciohexyvialuminum difiuoride,
diheptylaluminum fuoride, dicyclooctylaluminum Suaride, nomvialumium diflucrids,
decylaluminum diffuoride, diundecylaluminum fluoride, phenyialuminum difucride,
diphenyialuminum Buoride, tolvialuminum difiuoride, ditolylaluminum Suaoride,
methylaluminum dichlonide, dimethylaluminum chioride, ethyisluminum dichioride,
diethylatuminum chioride, diisopropyialuminurm chioride, di-n-butylaluminum chjoride,
iscbutylatuminum dichioride, pantylaluminum dichioride, dicyclohexyialuminum chioride,
heptylaluminum dichioride, cydooctylaluminum chioride, dinonyialumium chioride,

didecylalurminum chioride, undecylaluminum chiorids, phenviaiuminum dichioride,
12
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diphenyvialuminum chioride, tolylaluminum dichioride, ditolylaluminum chioride,

methylaluminum dibromide, dimethylaluminum bromide, sthylatuminum dibromids,
disthylaluminum bromide, isopropylaluminum divromide, isobubylaluminum ditromide,
disobutylaluminum bromide, pentyialuminum bromide, ovolohexyvialuminum bromide,
heptylaluminum dibromide, cycloactylaluminum bromide, dinonvialumium bromide,
decylaluminum dibromide, undecylaluminum bromide, phenyialuminum dibromide,
diphenylaluminum bromide, tolvialuminum dibromide, and ditoivialuminum bromids.
{0031] Suitable hydrocarbyl aluminum halides are methyvialuminum diffluoride,
dimethylaluminum fuoride, methylaluminum dichionide, dimethyigluminum chioride,
methylatuminum dibromide, and dimethylaiuminum bromide. Also suitable are
mathylatuminum diffuoride and dimethylaluminum fluoride.

[0032] Finally, as aliuded o above, mixtures of two or more halogenation agents may
be used. This includes mixtures of different halogenation agents within the same typs,
mixtures of halogenation agents of different types, and mixtures of at least two different
halogenation agents within the same type with at least one halogenation agent of a
differenttype. Mixtures may be used in which the halogen elements in the
halogenation agents are the same or different. it may be advantagecusto use a
rixture of halogenation agents, depending on the desirad product aluminoxane source
and the properties thereof {.g., degree of halogenation, solubility, and stabiity),

(C) Lowis Base

{0033} Lewis base (C) can comprise mono-dentate donor such as NRY, wherein
sach R is independently hydrogen or hydrocarbyl group having up io about 24 carhon
atoms, or multi<dentate donor such as occlamethyltrisiioxans (OMTS,
Ma;Si0SiMe:08Mes). A wide range of Lewds bases can be used in this invention,
including (i) those with O donar, such as mono-dentate sthers {8.g., R%0,
tetrahydrofuran (THF), R%SI0SIRY,) and mult-dentate sthers {s.g., OMTS,
EtOCHCH,OES), (1) those with N donor, such as mono-dentate amines {e.g., NR%,
CsHsN, CaHaN, (R%SH:N) and multi-dentats amines {e.g., ELGNCHOHNE), and ()
those with P or § mono-dentate and multi-dentate donors {e.g., NR;, PR, and SR%),
and the ik

{0034] Lewis base (C) can comprise oxygen donors such as sfoxanes, ethers or
amine donors such as primary amine NH:R”, secondary amins NHR%, or terliary amine

13
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NR?%, or any mixture thereof, whersin R? in each ocourrence is selected independently

from hydrocarbyt group having up to about 20 carbon atoms, or hydrogan; and for
amines having more than ong RY, each R® can be the same as or different from any
other R®. For example, Lewis base {C} can comprise a varisty of aminss, émuﬁéng, but
not limited to, NMe,Ph, NMe{CHiPh), NEt:Ph, NEL{CH:Ph), or Lewis base (C) car
comprise one or more long chain amines such as NMe{CrMane {CanBawe1),
NMea{CoManes ), NEHC Hone KCmHam1), o NEW{Colanes), wherein n and m sve selscled
ndependently from an integer from about 3 to about 20. Examples of long chain
amines of the formula NMe{C Han 1 MO o Hawee) include, but are not lismited to,
compounds such as NMe{CieHul, NMe{CyHash, NMe{CigHark, NMe{CisHad{CrHas),
NME{C%H&;}{&;@%S;}, g\%f&”&(C«y%gs}(@me}‘ and the like. Faor gxampis, NM@{S‘6H33}:
is typically the major species in a commercial long chain amine composition that usually
comprises a mixture of several amines. Lewis base (C) can comprise NMeyPh,

Nide (CH:Ph), NEGLPh, NEL{CH:P), NMe{Cighnl. Lewis base (C) can also comprise
phosphines.

[0035] Lewis base (C) can comprise at least one sfioxane having at least one lablie
halogen alom, for example, polyimethyi(3,3,3-triflucropropylisioxans].

{0038] Lewis base (C) can comprise monodentate Lewis base RE,X (where RS =
hydrocarbyt group or sifyl group: X = halogen, O, N, or P and n = 1, 2, or 3). Non-

limiting examples include: CeHsF (uorohenzene), CaHsC! (chl orobenzens), ELO
{disthylether), RuOMe (t-butylmethylether), 'Pr0 {dilsopropy lether), (SiMesh0
{(hexamethyldisilosane}, CHO {tetrahydrofuran), PhNMe; (dimethylaniing), BN
{trethylaming), PhCHNMe; (dimethylbenzoaming), CsHsN {pyridine), and (OHz):NMe
{Nemethyipiperidine).

f,»—*—{XR“

/

02

{

!
brd

§

\WKR:}

(where X=halogen. n=0, where X=0Qor8, n=1 where X=NorP n= 2; and brdg

f003T]  Lewis base {C) can comprise bidentate Lewis base

= organic bridge biradical fragment, e.g., -CHxCHz or—8iMes-). Non-limiting examples

include:
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1.2-F20sHg {1, 2-difluorobenzene}, 1,2-ClCsH, {1, 2-dichiorobenzena), FIOCHCHLOBt

{ethyleneglvcoldiethylether), (Me;SiORSMe, (OMTS, cctamsthylirisifoxane),
MeaN{CHCH:INMe, (TMEDA, NN N'N'-tetramethylethvienediamine), and
ELN{CHCHRNEY (NN N'N'-tetracthyisthylenadiamine).

{0038] Lewis bass (C) can comprise NMeRY,, where R is ©16 - 18 tong chain alkyll.

{D} Transition metal component

838 Transition metal component (D} can comprise any transition metal componsnt
having olefin polymerization potential. For example, without limitation, fransition metal
component {D} can comprise one or more metaliocens fransition metal components.
For example, without limiting this invention, halogen, alkoxy, anioxy, amide, or
hwydrocarbyl ransition matal components are all sultable.

{00407 Transilion metal component (DY can comprise catalyst precursor MLz Xn.al.
100491 M represents any transition metal catalyst compound in which the transition
metal thereof Is Group 3 1o 10 of the Periodic Table including compounds of metal of
lanthanide or actinide series. The Periodic Table referred to herein is that appearing on
page 27 of the February 4, 1985 issue of Chemical & Enginesring News. Suitable
cataiyst compounds can alse be described as d- and £ block metal compounds. Ses,
for sxample, the Perlodic Table appearing on page 225 of Mostlier, et al., Chemistry,
Second Edition, Academic Prass, copyright 1884, Metal constituent of M may compriss
Fe, Co, Ni, Pd, and V, and may comprise metals of Groups 4-8 (T, Zr, Hf, V, Nb, Ta,
Cr, Mo, and W,

[0042] Thus transition metal catalyst compounds used in this invention can be one or
more of any Ziegler-Natta catalyst compound, any metaliocene, any single-site non-
metaliccene, any compound of constrained geometry, any late fransition metat
compiex, and any other fransition metal compound or complex reported In the Hersture
or utherwise generally known in the art to be an effective calalyst compound when
suitably activated, including mixtures of at least two different types of such transition
metal compounds or complexes, such as for example a mixture of & metaliogene and a
Ziegler-Natta olefin polymerization catalyst somg}oﬁnda

{0043} L represents group having figand suitable for either Ziegler-Natta type catalyst
precursar, or metallocens type catalyst precursor, or non-metaliccene single-site
catalyst precursor. At least one L may be group having cyclopentadieny! skeleton, or

may be non-cyclopentdienyl; and a plurality of L may be the same or different and may
15
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be crossfinked o sach other, X represents halogen, alkoxy, arvioxy, amide or

hydrocarby! group having 1 to about 20 carbon atoms; “a” reprasents & numeral
satislying the expression O<agn; and n represents valence of transition metal atom M)
10044] InL in transition metal component (D), group having cyclopentadieny! skelston
can comprise, for exampie, cyclopentadieny! group, substituted cyclopentadienyt group
or potyeyelic group having cyclopentadieny! skeleton. Example substituted
cyclopentadienyd groups include hydrecarbon group having 1 o about 20 carbon atoms,
halogenated hydrogarbon group having 1 to about 20 carbon atoms, siiyl group having
1 to about 20 carbon atoms and the like. Silyl group according o this invention can
include Sildes and the ke, Examples of polyoyclic group having cyclopsriadienyt
skeleton include indeny! group, Suorenyl group and the fike. Examples of helero atom
of the group having at least ong hetero atom include nitrogen atom, oxygen atom,
phosphorous gtom, sulfur atom and the like.

{0045] Example non-metaliocene d-block or f-block metal compounds that can be
used in this invention include, but arg not limited to, transition matal compounds
suitable for olefin polymerization such as Zisglar-Natta type catalysts. Typically,
fransition metal of Zegler-Natla catalysts comprises at least two hydrocarbyl igands.
Examples of Ziegler-Natta catalyst systerns are disclosed in U.S. Patent Application
Number Z004/0102312, and are described herein as follows. Representative traditional
Ziegier-Natta transition metal compounds include, but are not limited to, tetrabenzyl
zirconium, tetrakis{trimethylsilyimethyllzirconium, oxetrisitrimethyisiivimethyhivanadium,
tetrabenzyl hafnlum, telrabeneyl titanium, bisthexamethy! disllazidodimethyt tanium,
tris(frimethylsiiyimsthyliniobium dichloride, tris{trimsthyisiiyimethy! tanisium dichloride,
and combinations thereol. Other Ziegler-Natia type systems that can be used in this
invention include, but are not imited to, fransition metal halides, axyhalides or
alkoxyhalides in the presence of an alkylating agent such as a diakylaluminum alkoxide
or triadkyl aluminum compound. Examples of this Zegler-Natta type system include, but
are not limited to, tanium and vanadium halides, oxvhalides or alkoxyhalides, such as
ttanium tetrachioride (TiCly), vanadium tetrachioride (WO} and vanadium oxytrichioride
{VOCH), and tanium and vanadium atkoxides, wherain the alkoxide molety has a
branched or unbranched alioy! group from 1 to 20 carbon atoms, or from 1 to 8 carbon
atoms,

{0048]  in sl another aspect, useful d-block or f-biock metal compounds that can be

used in this invention includs, but are not imited to, the Group 1&~-containing
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compounds, such as those disclosad in U.S. Patent Application Number 2004/0108312,

and defined above. Examples of Group 15-containing sompaunds include, but are not
limited to, Group 4 imino-phenol complexes, Group 4 bis{amido) complexes, and Group
4 pyridyl-amide complexas that are active towards olefin polymerization to any sxtent,
in one aspedt, the Group 15-containing calalyst component can be described by the

foliowing formula:

BulolaveMXs: whereir:

£ and y are groups that sach comprise at least one Group 14 to Group 16 alom; and 8
{when present} and y are groups bonded to M through from 1 1o 4 Group 14 1o Group
16 atoyns, wherein at least two aloms are Group 15-containing atoms; more patticulary:
& and y are groups selacted from Group 14 and Group 15-containing {and their non-
valent equivalents when not tinkad by a group o). alkyls, anyis, atkylanys, and
heterocyalic hydrocarbons, and chemically bonded combinations thereaf in one aspect;
and selected from Group 14 and Group 15-containing: G to Gy alkyls, Cato Cyparyis,
Csto Crsalkylaryls, and Cuto Gy heterocydlic hydrocarbons, and chemically bonded
combingtions thereof in a further aspect; and selectsd from Gy to O alkyiamines, Ci to
Cap alkoxys, Cslo Cyp alkylarvlamines, Csto Cis atkyiarvionys, and Cqlo Cyz niirogen
containing helerocyclic hydrocarbons, and C,to Gy alkyl substitutad nitrogen
containing heterocyclic hydrocarbons and chemically bonded combinations thereof in
stifl another aspect; and selected from anilinyls, pyridyls, quinotyls, pyrrolvls, pyrimicyls,
purinyls, imidazyls, indolvls, Gy to Gy alkyl substituted groups selected from anitinyls,
pyridyls, guinolyls, pyrrolvls, pyrimidyls, purinyls, imidaeyis, indoivis; Ciio Cs alkylamine
substituted groups selectad from anilingls, pyridvis, quinolyls, pyriolys, pyrimidyls,
purinyls, inidazyls, indolyls, amine substituted anilinyls, pyridyls, quinolyls, pyrrolvis,
pyrimidyls, purinyis, imidazyls, and indolvis; hydroxy substituted groups selected from
anilinyls, pyridyis, quinolyls, pyrrolyls, pyrimidyls, puringls, imidazyis, and indolyls;
methyl-substituted phenylamines, and chemically bonded combinations thereof in vet a
further aspect

o can be a linking (or “bridging”) molety that, when present, forms & chemical bond to
each of £ and y, or o wo ¥ moieties, thus forming 2 “yoy” or “yof” ligand bound to M; &

can alse include & Group 14 to Group 18 atom which can be bonded to M through the
7
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Groug 14 fo Group 16 alom in one aspect; and more partioulany, o can be a divalent

bridging group selected from alkylenas, arylanes, alkenyienses, heterooyelic anvienss,
alikylarylenes, heteroatom containing afkylenes, heteroatom containing alkenylenss and
heterocyclic hydrocarbonylenes in another aspect; and selected from Gy o Cyg
atkylenes, Calo Cyoalkanylenes, Coto Crparyienes, Cyto Cyg divalent ethers, Csto Cip
O~ or N-containing arvlenes, Cafo Cypalkylensamines, Ceto Cparyleneamines, and
substiitted derivatives thereof in yet a further aspsct:

& is typically G or 1;

b s typically an Integer rom G to0 2;

g is an integer from 110 2; wherein inone aspect, ais 1, bis 0, and g is &

M iz salected from Group 3 to Group 12 atoms in ons aspsct; and ssiectad from

Group 3 to Group 10 atoms In 3 further aspect; and selecied from Grotp 3 to

Group § atoms in yet another aspact; and selected from Ni, Cr, T, Zrand Hfin

still a further aspect; and salected from Zr and Hf in yet one other sspect;

each X is as defingd above for & and B in structure (V) and

n ks an integer from O to 4 in one aspact; and an integer rom 1 1o 3 in another

aspect; and an integer from 2 to 3 in still another aspect,

{00477  As used in this description, “chemically bonded combinations thereof” means
that adjacent groups, {# and y groups) can form a chemical bond betwesn themy; in one

aspect, the § and y groups are chemically bonded through one or more o groups there

betwesn.

b el

0048]  As used herein, the terms “alkyleneamines”, “arvieneamines”, describe
alkylamines and arylamines (respectively) that are deficient by two hydrogens, thus
capable of forming chemical bonds with two adjacent y groups, or adiscent Fand ¢
groups. Thus, examples of an alkylensamine include, but are not limited to, -
CHaCHN{CH)CHCH- and ~CHCHNHICHCH,-. Examples of a heferocyolic
hydrocarbylene or arviengamine include, but are not limited to, ~CsHsN- {divalent
pyridine). An "slkylene-andamine” includes a group such as, for sxample, -
CHCHACaHNICHCH,-.

10043 Examples of compeunds having the general formula 8u(o), X includs, but
are not fimited to, the following compounds:
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Ly

~. .
)
et ¥ St
ar’ { ‘:‘.(';{ \\\Ar
1. X . including compounds such as those disclosed in WO 89102472,

wherein examples of Ar indude 2-MeCsHy, 2.4.8-MesCeHy, 2-4-PrlsH,, and the tike; and
examples of M include Fe or Ni; and examples of Xinclude CL Br.ora Ci 10 G
hydrocarbyl;

B
R
\Tﬁx RN
A
el ‘ff
2. RS including compounds such as those disclosed in LS. Patent No.

5,880,241, wharsin examples of R? and R® (as used therein) include 2, 6-+-PrlaHs, 2.6
MepCeHa, and 2,4,5-MesCsty; examples of R% and R (as used therein) include methy,
thyl, propy, bulyl, and benzyl; examples of M include Pd and Ni; and exampies of X

mclude CL, Br, and a Cy to Cy hydrovarby! such as Ms;

3 A . including compounds such as those disclosed in Nomura et i,
Macromolecules, 20085, in press (Abstract published by the American Chemical Society,
Macromoigcuies, ASAF Article 10.102V/malB0629s; 80024-92097(05500820-7; Web
Release Date June 15, 2008}, wherein examplas of An, include 2 5-MeCet and 2 84
PraCals; examples of A, include 2,6-MepCaby, 2.4 .8-MesCats, 2.6--PraCeMa, and 2.6+
PheCsHs examples of M include V; and examples of X include Cf, Br, and 2 s 1o G

hydrocarbyi;
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v X R
% § |
::}-**“?‘f?’\i‘:”@‘**f& L
E, e \\E ooy ,/-'/
s
¢ L3 H
W alk
4, K . including compounds such as those disclosed in

Waymouth ef al, Macromolecules, 2005, 38, 2552-2558, whereln examples of M
nclude Zr or Hf, examples of X include a Gy to Cyp hydrocarbyl such as CHaCeHe
examples of R {as used therain) include Me, Ph, or t-Bu; and exarmples of O include
NMe;, Chle, and the like; and

&, any combination of the above compounds.
10050)  In each of these compounds, # X is a halide or alkoxide, thess metal
compounds typically are used in conjunction with an alkylating agent such as a triatkyl
aluminum or alkoxyaluminum disliy reagent to convert these compounds fo the
corresponding diatkyl speciss,
{0051  Example substituted cyclopentadienyt groups include methyloyclopentadienyt
group, ethyicyclopentadiany group, n-propyicyclopentadieny! group, n-
butvicyclopentadieny! group, isopropylcyclopentadienyl group, isobutyloyclopantadienyl
group, sec-bubyicyclopentadieny! group, tertbutyicydopentadieny! group, 1.2-
dimethyicyclopentadienyt group, 1,3-dimethyicyclopentadieny! group, 1,2,3-
rimethyicyciopentadienyt group, 1,2 4-fimethyicyclopentadienyd group,
tetramethylcyclopentadieny! group, pentamsthyloyclopentadieny group and the like.
{0032] Example polycydlic groups having cyclopentadienyd grougp include indenyt
group, 4,5.8, 7-tetrahydroindeny! group, fuorenyl group and the like.
{0053} Example groups having at least one hetero atom include methviamine group,
tert-butylaming group, banzylaming group, methoxy group, tert-butoxy group, phenoxy
group, pyrrolyl group, thiomethaxy group and the tke,
{0084] One or more groups having cyclopentadieny skeleton, or ona or more group
having cyclopentadieny skeleton and one or more group having at lsast one hetern
atom, may be crosslinked with () alkylens group such as ethyiens, propylene and the
fike, (it} substituted alkylene group such as isopropylidens, déphenyimethﬁene and the
like; or (i) siiviene group or substituted silylene group such as dimethyisilena group,
d%‘phenyggziyiena group, methylsityisiiviene group and the like.
10055]  bExamples of transition meta! component (D) ML, X, whersin M comprises

20
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zirconium, include bis{cyclopentadienyiizirconiumdichioride,

bis{methylcyciopentadienyl izirconiumdichionde,
bis{peniamethyicyciopentadieny!jzirconiumdichionide, bis(indenyljeirconiumdichioride,
bis{4,5,8,7tetrahydroindenylizirconiumdichioride, bistfluorenyilzirconiumndichloride,
ethyienebis{indanylzirconiumdichioride,
dimethylsiiviene{cyclopentadienyifivorenviizirconiumdichloride,
diphenyisiivlensbis{indenylizirconiumdichiornids,
cyclopsntadienyidimsthylaminozirconiumdichioride, cytiopentadienyiphenoxyairconium
dichioride, dimethyi{tert-butylamino {(tetramethyloydlopentadiany!)
sfianezirconiumdichloride, isopropylidens{cyciopentadienyi){ 3-tert-butyl-5-methyl-2-
phenoxyjrirconiumdichioride, dimathylsilylenelletramethyloyclopentadieny!){S-tertbutyl-
S-methyi-2-phenoxy) zirconiumdichloride and the like.
{B058] Additional exemplary fransifion metal component (D) ML, Xne Include
componernts wherein zicconium is replaced with titanium or hafhium in'the shove
Zirconium components,
0057]  Alkylated calalyst precursors useful in this invention are:  rac-
dimethylsiyibis{2-methyi-4-phenyl-indenylizirconium dimethyl; reo-dimethyisiiibis{2-
methyl-1-indenyl) zirconium dimethyl; rac-dimethylsilylbis(2-methyl4, 5-benzoindenyl)
zircontum dimethyl; ethylenebis{telrahydroindenylizirconium dimethyl, and
sthylenebis{indenyl} zirconium dimethyl. Alkvlated cataiyst precursor can be generated
fn-situ through reaction of alkylation agent with the halogenated version of the catalyst
precursor. For example, bis{oydlopentadienylizirconium dimethyl can be treated with
triisobutylaluminum (TIBA} and then combined with activator composition (E).
[0088]  Additional non-limiting and representative metaliocens compounds that can be
used iy the present invention include mono-cyclopentadieny! compounds such as
penlamethyicyclopentadiany! titanium trimsthyl, pentamethyicyslopentadienyt titanium
tribanzyl, dimathyisiivitatram rethyi-cyclopentadienyi-teri-butylamido Hanium dimethyl,
éi‘meﬁhygSa‘Eyiietramethyicy&memadsemyi-‘:@ﬁ-ﬁuwﬁamzﬁo zirconium dimethyl,
dimethylsilyltetramethyloyclopentadienyl-dodecylamido hafnium dihydride,
dimethyisiyitetramethyicydlopentadienyl-dodecyiamido hafnium dimethyl, unbridged
biscyclopentadienyl compounds such as bis(1,3-butyimethylcyclopentadienyl) zirconium
dimethy, bis{1,3-butyimethyicyclopentadienylzirconium dibanzyi,
pentamethylcyclopentadienyl-cyclopentadieny! zirconium dimethy!, stramethyt

cyciopentadienyl){n-propyloyclopeatadienylizirconium dimethyl; bridged bis-
21
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cyclopentadienyt compounds such as dimethylsilylbis{tetrahydroindenylizirconium

dimethyl and siiacyclobutyl(istramethyicyclopentadienylY{n-propyi-cyclopantadienyt)
Zirconium dimethyl; bridged bisindenyl compounds such as dimethyisiivibis(indenyl)
zivconium dimethy, dimethyisiivibis(indenyllzirconium dibenzyl, dimethyisiivibis(indenyl)
hafnium dimethy!, dimethyisityibis{Z-methvibenzindenyl} zirconium dimathyl,
dimethyisiiylbis{Z-methyibenzindenyilzirconium dibenzyl and fluorenyi figand-
containing compounds, for example,
diphenyimethyl{fuoreny{oyclopentadienylizirconium dimethy, and the additional
mono- and bis-cyclopentadienyl compounds such as those fisted and described in U8,
Patent Nos. 5,017,714 and 5,324,800, and in EP-A-0 591 756.

{E} Activator Composition

0038  Activetor composition (E) comprises aluminoxane source {A), halogen source
{8}, and Lewis base {C), Activator composition {£) can be derived from aluminoxane
source (A}, halogen source (B}, and Lewis base {C) combined in any order. Activator
composition {E} can be obiained by combining aluminoxane source (A) with Lawis base
{C), followed by combining with halogen source (B). In this application, unless an order
of combination s stated, no specific order of combination s intended or implled.

{00807 Activator composition (E) can be derived from a method whereby aluminoxane

source {A} Is combinsd with Lewis basa (C) comprising NR?;, wherein sach R% is

independently hydrogen atom or hydrocarbyl group having up to about 24 carbon
atoms to form first product and at least a portion of the first product is combined with
halogen source {B) comprising alpha, alpha, alpha-trifiuorotoluens.

{F) Catalyst for olefin polymerization

{0081}  Activator composition {E} and transition metal component (D) can be each
added independently, vel substantially simultaneously, o monomer o catalyze
polymerization. Activator composition (B} and fransition metal componsent (D) can be
combined o form product and at feast a portion of product can be added to monomer to
catalyze polymerization. The ratio of activator composition {E) to fransition metal atom
(M} of transition metal component (D) based on M fo Al atom can be { 1o 10,000, or 10
t 1000, or 30 o 500,
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{5} Polymerization

[0082] inthe presant invention, any olefin or dicsifin having 2 to 20 carbon atoms can
be used as & monomer for polymerization. Specific examples thereof include sthylene,
propylene, butene-1, pentene-1, hexene-1, heplene-1, octens-1, nonene-1, decene-1,
hexadecene-1, sicocene-1, 4-methyipentana-1, S-methyl-2-pentene-1,
vinyleyclohexane, styrens, dicyclopentadiens, norbomene, 5-sthylidens-2-norbomens
and the fike, but are not imited thereto. In the present invention, copolymerization can
be conducted using two or more monomers, simulianecusly. Specific examples of the
monomers constituting the copolymer include ethylensfan o olefin such as
ethylensipropylene, sthylene/butens-1, sthylenefhexens-1, ethylene/propylensfbutene-
1, ethylene/propylene/S-ethylidene-2-norbomene and the fike, propylenafbutene-1, and
the fike, but are not limited thersto

{0083] The polymerization mathod is not imited, and both liquid phase polymerization
method and gas phase polymaenzation method can be used. Examples of solvent used
for figuid phase polymerization include aliphatic hydrocarbons such as butane, pentane,
heptana, octans and the fike; aromatic hydrocarbons such as benzene, toluene and the
like; and hydrocarbon halides such as methylene chioride and the like. It s also
possibie to use at least & portion of the olefin {o be polymerized as a solvent. The
polymerization can be conducted in a balch-wise, semibaich-wise or continuous
manner, and polymerization may be conducted In two or mare stages which differ in
reaction condiions. The polymerization femperature can be from about -50°C 16 about
200°C., orfrom 0°C to about 100°C. The polymerization pressure can be from
atmospheric pressure to about 100 kg/om®, or from atmospheric pressure 1o about 50
kgfom®. Appropriate polymarization time can be delermined by means known to those
skilled in the art according fo the desired olefin polymer and reaction apparatus, and is
typicaily within the range from about 1 minute to about 20 hours. In the presemnt
invention, a chain fransfer agent such as hydrogen may be added to adjust the
molecular weight of olefin polymer to be oblained in polymaerization.

{0084] Organcaluminum compound can be added during polymerization to remaove
impurities, such a8 water, Organvaluminum compound useful hersin can comprise a
variety of organcaluminum compounds, including at least one curren Hy known
argancaluminum compound, for exampls, organoaluminum compound R AV,
{(wherein R® represents hydrocarbon group | naving 1 o about 20 carbon atoms; ¥

represents hydrogen atorm andlor halogen atoms; and "¢” represents an itegerof D io
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3} Specific examples of RY include methy! group, ethyl group, n-propyt group, n-butd

group, isobutyl group, n-hexy! group and the ke, Specific examples of the halogen
atom for Y include fugrine atom, chiotine atom, broming atom and iodine atom.
Spacific examples of the organosiuminum compound R AlYa. include
irialikylaluminums such as imethyialuminum, Ssthylaluminum, -n-propylaluminum,
triscbutyialuminum, trbn-hexylaluminum and the like; dislkyialuminum chioride such as
dimethylaluminum chioride, diethylatuminum chioride, di-n-propyialuminum chioride,
déisabu‘iyismmimm chioride, di-n-haexytaluminum chioride and the fike; alkyialuminum
dichiorides such as methvialuminumdichioride, ethyialuminum dichloride,
n-propylaluminum dichioride, isobutyiatuminum dichioride, n-haxyialuminum dichloride

and the like; and diatkyialuminum hydddes such as dimsthylaluminum hydride,

disthytaluminum hydride, di-n-propylaluminum hydride, dilsobutylaluminum hydride,

di-n-hesylatuminum hydrids and the ke

EXAMPLES
10085]

Table 1 is referenced in the foliowing examplas,

Table 1. Gel Data for Lowis Base Modified, Partially Halogenated Alumingxane

Compositions of This hvention
' Amine
QMTS | OMTS OMTS Amine and
MAQ FMAD | treated | treated | treated | froated TFI-
FMAD | F-MAD | FMAQ | F-MAD | treated
, MAQ
, BL2 | EX 4 EX.3 £X.4 | EX 5
col, 1 ool 2 el 3 2ol, 4 cof. § ol § gol, 7 col, 8
OMTS '
{moi% ralative & a 0.8 2.0 8 0 0
Al atoms)
NR, _
{mal% relative ¢ Q O Q Q 8 1G
o Al atoms)
F
{mul% refative 0 43 3.8 4.3 4.3 4.5 5.0
io Al atams)
Gel (%)
afler§ | Soliced 8 0 0 0 ot ¥
imonths ‘
Gel (%) 5
after 18 - - (16,22 ¥ 0 {32.08 - O
maonths ’

155 T e : BT O Ty P
NR:z 18 a long chain amine NMeR; with R = alky! containing 18 to 18 carbons,

“No solid MAD gel formed, §

3

Towever, a sticky Hguid phase under the bottom of the container

formed. The number in the bracket indicates the amount of the second layer Houid in wi%.
1\ : . i STk B} K A ’
“ Heated at 45°C fr 2 months.

24
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{0088] Table 2 is referanced in the following examples.

PCT/US2007/067983

Table 2. Polysthviene {PE} Productivity for Ethylenebis{indenyl} Zirconium

Dimethy! Activated with Methylaluminoxane, with Partially Halogenated
Mathylaluminoxane, and with Compositions of This Invention

(2 L autoctave, 70 °C, 50 P8I, 2.15 wmol ethyienebis{i ncﬁes*%yi\z*rcan um dimethyl {1.08

umuot for composition af thig invention), 1 mb of 10% TIBA in hexane, 15 min)

MAD

Fatan®

GMTS
froated
EMAD

OMTS
freated
F-8340

OMTS
freated
FA3A0

Amine
{raated
F-MAD

Amine
and
TFY

treated
Mao

EX. 2

EX4

EX. 3

EX. 4

EX. &

ool 2

ook, 3

ol 4

ool §

el §

col. 7

ool 8

vt
refative (o Al
i atoms)

ok

8

KR,
{mols
refative o Al
atomes}

CF

s

oy

8

10

el
=
5]

{mol%
reiative fo &
atomst

356

4.3

P
n

Acthdty
kgimmol
Zrihry
for
ALZr=5001
{frash)

2841

ok
O3
[t

44

Sctivity
fkgfrmmod
Zrthr}
for
AL Zr=4 0001
{fresh}

2130

too hot!

Activity
{kg/mmot
Zrfewy
f:GE
AL Ze=B001
{18 monthsy®

2451268 |

b4
oo hot'

38

‘Reaction temperature not controllable with cooling systam, due to spesd of |

g}ﬁiymema‘{saﬁ being oo fast for obtaining an accurate activity result,

*ﬁ\geé af room temperature for 18 months.

*Partially Hiuorinated MAO.

R

10087

Table 2 shows that the OMTS treated F-MAD {sse columns

5 and 8) has the

highest activity; in a 2L reacior, f a 2.15 wmol standard lpading of Zr was charged even

25
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with as jow as 50 equivalents OMTS treated F-MAD in columns 5 and 8, the reaction

temperature was still found fo be difficult to controlied with the cooling system to obtain
an agcurats activily resuit. The Zr foading had to be cut from 2.15 t0 1.08 umot to
abtain a relatively good result {columns 4 and 5). Even so, the OMTS treated F-MAQ
with a higher OMTS content {column 8} was stilf out of control. Table 2 also shows that
the amine treated F-MAD {(sese column 7} could be much more active than MAD at AliZr
= 5011, but was comparable o {or slightly more active than) MAQ at ALZr = 400:10.
10G88]  However, the modified MAQ after the trealment with 10 mol% amine first then
with TFT based on § moi% F {column 8) displayed significantly lower activity at AlZr =
400, although was still comparable to MAQ at AL2r = B0,
[0088]  MAD and F-MAD {partially fluorinated MAD, or F-MAD derived from the
treatment of MAD with TFT (alpha,alpha alphatrifiuorctoiuene)) toluene solutions used
ir1 the following examples were ail Albemarle Corporation commerciat products, 30%
MAQ (Al =13 wi% by ICP} and 30% F-MAQ (Al = 12 wi% by ICP and F = 4 mol%
refative to Al atoms by NMR) were used.

EXAMPLE 1! Preparation-{ of OMTS modified F-MAD containing 4 mol% F and 2
mol¥% OMTS relative fo Al atoms,

{0070 in the drybox under purified Ny atmosphere, 14.1g F-MAQ (65.8 mmal Al and
2.83 mmol F) was placed in a 20 mi. vial with a magnetic stirbar. OMTS 0.310 (1.3
mmol) was then slowly added fo the F-MAD solution under stirting. A two-phase liquid
formed. The sample was then heated 8t 78°C for 2 total 3.5 hirs. The two-phase fiquid
becams homogeneous. The sample was tested for polymerization of ethylene using
standard procedures {described In Example 8), as i was fresh. Then i was aged for §
months at amblent indoor {about 20 - 25°C range) and analyzed for gel content. After
18 months of aging at ambient, the sample was tested again for sthylene
polymerization and re-analyzed for gel content. The gel data and polymerization test
results are listed in Table 1 column 5 and Table 2 column 5, respectively.

EXAMPLE 2: Preparation-2 of OMTS Modifled F-MAQ containing 4 mol% F and 4
moile OMTS relative to Al atoms.

0074l In the drybox under purified Ny atmosphere, about 4 80g F-MAG in an 8 ounce
bottie (Al = 11.0%, F = 3.58 mol% relative fo Al atoms) with & magnetic slirbar was
placed on a magnelic stirting plate. OMTS é 0g 4.2 mynol) was then siowly added to
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the F-MAQ solution under stirring for overnight. No two-phase fiquid formed. The
sample was analyzed with NMR that estimates an OMTS content of 0.9 mai% relative
o Al atoms. The sample was then aged for 8 months at ambient indoor {(~20-25°C
range) ard analyzed for gol content. After 18 months of aging at ambient, the sample
was tested for ethylene polymerization using stendard polymerization procedures
{described In Example 8} and re-analyzed for gal content. The gel formation dats and
polymerization test resulls arg listed in Table 1 Column 4 and Table 2 Calumn 4,

respectively.

EXAMPLE 3: Preparation-3 of OMTS Modified F-MAQ containing 4 mol% F and 8
raoi%h OMTS relative to Al atoms

10072} In the drybox under purified N; stmosphere, 28.1g F-MAC (131 mmol Al and

5.8 mumiol F} was placed in a 4 oz reaction botlle with a magnetic stirhar, 2.44g OMTS

liquid formed. The sample was then aged for & months at ambient indoor {about 20 -
28°C range) and analyzed for gel content. After 18 months of aging st ambient, the
sample was tested for sthylens polymerization using standard polymerization
procadures (described in Example 8) and re-analyzed for gel content. The gel
formation data and polymerization test results are listed in Table 1 column 8 and Table

2 column §, respectively,

EXAMPLE 4 Preparation-1 of Amine Modified F-MAD containing 8 mol% Fand §
mold Amine relative to Al atoms

{0073]  In the drybox under purified N, atmosphere, 2.5g sfightly gelled F-MAQ
{AI=10.7%, F=4.5 mol% relative to Al atoms) was placed in 2 20 mL vial with a
magnetic stirbar. A long-chain amine (Armeen MZHT, a mixture of amines with a major
structure NMeR",, where R® is a long-chain alikyl containing 16 to 18 carbons, from
Akzo Nobel commercial product, used as # is without further purification, N = 1.8
mmolig by guantitative NMR analysis) 0.3g {0.56 mmol) was then slowly addsd o the

tested for ethylens polymerization using standard procedures {described in Example §),
Then the sample was sealed with elscirical tapes, taken out of the dryvbox, and placed
in & 45°C oil-bath for 2 months. The sample was still clear, no indication of typical MAQ

gel formation. The sample was then discarded after heating. The ge! formation data
27
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and polymerization test resulls are fisted in Table 1 column 7 and Table 2 column 7,

respsctively.

EXAMPLE §! Preparation-2 of Amine and TFT Modified MAC containing 5 mol% F
ang 18 maf% Amine relative to Al atoms

[0074] This experiment is different from BExample 4. MAO was first freated with
amine, and then with TFT  In the drybox under purified No atmosphers, 31g MAO
{A=13.5 %, 0.155mol Al) was placed in a 4 oz reaction bottle with a magnetic stirbar,
Long-chain amine {Armeen M2HT) 8.3g {154 mmol) was then slowly added o the
MAG solution under stirring. The solution was aflowed to stir for 30 min, resulting a
light yellow solution. Next, 2 10% TFT toluene solution 3.78g {containing 7.76 mmol F)
was added slowly to the amine treated MAO solution. Deep biue color matedal formed.
The deep blue solulion was then heated at 75°C for 15 min. The blua color
disappeared, resulling in & light vellow solution. The sample was tested for ethylene
polymerization using standard polymerization procedures {described in Exampie 8).
Than the sample was aged for § months at ambient indoor {about 20-25°C range) and
analyzed for gel content. After 18 months of aging at ambiant, the sample was tested
for ethylene polymerization again and re-analyzed for gel content. The go! formation
data and polymerization test resulls are listed in Tabie 1 Column 8 and Table 2 Colurmn

8, respectively.

EXAMPLE & Ethylene Polymerization - Standard Polymerization Procadures
{0078} Preparation of sthylenebis{indenyl) zirconium dimethv solution in drvbox:

Ethylenebis{indenyl} zirconium dimethy solution was prepared in a drybox by waighing
7.0 - 13.0 mg of zirconocene compound into a 20mL vial. Dry toluene was added to
make a solution with a concentration of 2.15 micromol /g, The vial was capped and

shaken to form a sclution.

{0078] Resclor Pre-Selr The resctor temperature was set to desired temperature.
Nz was flushed from the reactor three fimes with sthylene, sach time pressuring to 58
psi, then venting to 0 pel. Added fo the reactor was: tolal 1200ml isohexane with 1 mL
10% TIBA solution through the 800 mib solvent bomb. The reactor temperature was
equilibrated with the agitator at & low spead.

{007T]  Preparation of Active Catalyst Solution: A Smb dried syringe was tared

without the needie on the balance In the dry box. A desired amount of sctivalor solution
28
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was weighed inlo the syringe based on AlZr = 40011 or 50:1 3. Add 1.00 g {0.5g for

OMTS modified F-MAO activalors) zirconocane solution info the syringe with the
activator sample. Attsch a 12 inch 18 gauge neadie 1o the swringe, cap the needie with
& crimp-top visd, and note the time that the pre-contact solution was completed,

{0078] Addition of Active Catalyst Solution to Reactor:  Active catalyst solution was

removed from the drybox. The agitetor was stopped; the pressure was vented down
and the temperature of the solvent was noted. The injector port valve was opened, the
crimp-iop visl was removed from the needis tip and the antire needie shelt was insaried
into the injactor porl. The active catalyst solution was injected into the reactor, the
needie was removed, the injector port was closed, the agitstor was started o about 850
rpiy, and then the ethylene valve was quickly opened o begin pressuring the reacior
with sthylens.

[0078] Reaction Conditions: Run Hime was 15 or 30 minutes; temperature, pressurs,

and agitator speed were controlted at 7U°C, 50 psi, and 800-825 rpm, respectively.

D080 Reaction Quenching: Polymerization reactions wers ended by closing the

ethylene valve and stopping the agitator.
f0081] Polymer Treatment: Polymer was dried to constant weight by filtering the

slurry in methanot through 8 vacuum fask with s filter funnel and drving in vacuum
aven.

{0082] This invention is advantageous as compared to MAD in that i axhibits much
Higher aclivities, e.g., some exarmples have B times more activity than MAQ. The MAD
cost in a calalytic system is high because excess MAQ, e.g., 400 - 100011 ALZr ratlp, is

reguired to oblain 8 fully active system.

{0083]  While the present invention has been described in terms of one or more
preferred embodiments, i is {o be understond that other modifications may be made

without departing from the scope of the invention, which is st forth in the claims below.
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CLAIMS

What is claimsd is:

1. A composttion derived from at least:
a) aluminoxane sourcs;
by halogen sourcs; and

C Lewis base,

2. The composition of claim 1 wherein the aluminoxane source comprises one ar

more of methylaluminoxane, sthylaluminoxane, and iscbulyisiuminoxane.

3. The composition of claim 1 wherein the halogen source comprises fluorine

SOUTCE.

4, The compaosition of claim 1, wherein the Lewis base comprises one or mors of

mong-cdentate donor and multi-dentate donor,

&, The composition of claim 1, whersin the Lewis base comprises

octamethyiinsiioxans,

8. The composition of claim 1, wherein the Lewis bass comprises NMeR%, and
each R? is independently hydrogen atom or hydrocarbyl group having up to
about 24 carbon aloms.

o

A composition derived from at lsast;
a) aluminoxane source comprising up to about 30 moi% halogen atoms
relative to Al stoms; and

b} Lewis base.

8. A compuosition derived from at least

oy

1) siuminoxane source; and

b} Lewis Dase thal is also halogen source,

30



10,

1.

12,

13.

14,

WO 2007/131010 PCT/US2007/067983

A method of preparing a composition comprising combining at least:
a) aluminoxane sources;
b} halogen sowrce; and

¢} Lewis base.
The method of claim §, wherein the halogen source comprises fuaring source.

The methed of claim 8, wherein the Lewis base comprises (i) NMeR%, and sach
R is independently hydrogen atom or hydrocarbyl group having up 1o about 24
carbon atoms, or {i) GMTS.

A method of preparing & composition comprising combining st least:
a) aluminoxane source comprising up to about 30 moi% F atoms ralztive o
Al gloms: and

b) Lewls base.

A method of preparing a composition comprising combining at lsast:
a} aluminoxane source; and

b}  Lewis base thatis also halogen source.

A methoed of polymerizing monomer comprising combining composition of claim

1, transition metal componant, and Monomet.
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