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ALUMINOXANE CATALYST ACTIVATORS CONTAINING C A EEOC ATI ON 
AGENTS, AND USE THEREOF IN PGLYOLEFIN CATALYSTS 

PartiaUy hydrolyxed aluminum alkyl compounds known as alnminox-anes .(AO), are 
used for acti vating transition metals ibr olefin polymerixatiori activity. One such eomptnmd, 

niethyteluminoxane (MAO), is a frequently chosen aluminum eG-eatalysi/activator is the 
Industry. Considerable efibit has bees devoted to iiaps©ymg fee eiTecth'eness ef Gstslysi 

systems based on use- of aluminoxanes or modified ahsiilooxjuies Sir pehtiiaization of 
olefins. Representative patents and publications is the field of abminoxane osageinchsde-the 

foDawiag: U.S, Patent No. 5,324,800 to Welbdnj et ai; U,5.Paten^o, 4,752,597 to Turner: 
U.S. Patent Nos. 4,960,878 and 5,041,584 to Ctapd- et ah; WO §6102580 to DaH'ceco, et aL; 

EP 0 277 003 and.-HP 0 277 004 to. Turner; BTalky, Tumciyand Bckxrsaa, J. 4m, Chem~ S&c-., 
l'M9> 11!, 2728-2729; Hl&tky'and Upton, MacrohtafeZutesi. 1996V 29+ 801-9*8020. U.$:. Patent 
No, 5,1 53,157 to. Hlatkv and Turner; U.S. Patent No. 5,198,401 to Turner, Illatky, and 

Eckroao; Brintzingerv, et al, Angew. Chem. Int Ed. Engl., 1995.,34, 1143-1170; arid the like. 
Despite technological advances, many aluirdnoxane^sed poiy^erkaiiori catalyst activators 

still lack the activation efficiencies needed fe commercial applicabiliiy. require 

commercially unaeceptably high aluminum loading, aie expensive (especially MAO), and 

have other impediments to commercial implementation. 

Lewis base stabilized dialkylahindniUm cations derived fioxn rion-alnminoxaae 
systems and their activation. characteristics are described by Kfosin etalm WO 2000/011906 

and Organometaltics, 19 (2000) 4684-4686. Ionic MAO has been isolated from non-ionic 

regular MAO through the treatment with a Mdentat© (or chelating) agent,- e.g,, 
oetainethyltrisiloxaae by-Sangokoya et al (WO .2 003/082879 and WO 2007/005400), Later, 

through' spiking the dimethyiamminum cation THF complex • formed through the reaction of 
trityl tetrakis(pentafluorophenyl)ix>rate with trimethyialurninum (TMA) in teirabydrofursn 

(THF) into regular MAO treated with THF,. Luc et al identified dimethylaluminnm cation 

THF complex termed in the THF treated MAO (WO 2Q09/029S57 and US 2009/0062492). 
Furthermore, Luo et al also demonstrated that, through the treatment of a so-called 

dimefeylalurninum cation precursor agent, the number of dimethyl aluminiiin cations in MAO 

could be significantly increased .and therefore the MAO activation efficiency was largely 

improved (Luo et al in WO 2009/029857 and US 2009/0062492}. More recently, through the 

design of a metalloeene with the NMR detectable leaving groups, the dimethylaluminutn 



WO 2012/122332 PCT/US2012/028188 

cation precursor in MAO has been identified as the major active species to activate a 

Metalloeene through the extraction of the dimethylaiuminurn cation precursor from MAO to 
form the catidnie, raetslioesne jdaymg group bridging bimetallic complex shown as A in 

Reaction 1 as m example, which is farther converted to a felly alkylated, stable chelating 

5 eatiofcic bimetallic complex as B Is 'Reaction. J (Ltso, et si: Advances m PolyoieflaS 2009, 

Meeting Abstract Santa Rosa. .California 200.9). Such. MIy alkylated, stable chelating 
cationic bimetallic complexes have long beers mcognized as the major metallocene derived 

species formed wh'en a mctallocene is activated -wMi MAO, e.g:., cationic bimetallic 
zirconocerse species (Bah.usbkin .& Brmxtinger, J. Am, Ghent, fee.,,2002,124, 12869) and the 

10 cationic bimetallic tiianoceM species (Bryliakov, Taki? and B&chmaaa, QrganometallibS, 
2004,23,149). 

15 

20 

Sij-mamry of fee Invention 

25 This invention relates to an activator composition comprising: (i) at least one 

supported aluminoxane intermediate (Component I), (ii) a compound having the formula 

R'QQK (Component H); wherein R* is a hydrocarbyl group having from about 1 to about 20 
carbon atoms; a is from I to the number of possible substitutions of the hydrocarbyl group 

and each X may be anywhere on R1 and is independently halogen, ~05i(R2;bf -N(si(rr)3)2, -

30 N(R~h; -SR~; -?(R2)2; -CN, or -OR*; wherein each R" is independently hydrogen or a 
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(1) 

Thus, a need remains for AO-tjw compositions that exhibit higher efficiencies for 

activating transition metals for olefin poiytnerizaiioa over conventional AO, in particular, 

compositions with more active species comprising;, the. .diajifcylalumimsm cation or its 

precursor in ahmiinoxaiie type activators through more economically sound .methods to 
significantly reduce the aluminoxane ratio in a practical catalytic system in order to reduce 
the cost of making the metallocene/single-site catalysts. 
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hydrocarbyl group having from about 1 to about 20 carbon atoms; each RJ is independently a 
hydrocarbyl having frojfc 1 to 20 carbon atoms, wherein when at least one-R2 is a hydrocarbyl 
group, R1 and R.2 or R1 and R'' may be linked together to form -a cyclic group: provided that at 
least one X isnot directly bonded to an ary! group; and provided thai when X is not halogen, 

5 X is- bonded to a secondary or tertiary carbon, or a -CKa-aryl group; and (hi) a 

trihydfocmbylaiimiiiimti compound having the formula A!R;* [Component III), wherein each 

R is independently a Ci-C^ hydrocarbyl group, 
lliis invention also provides a non-supported activator composition as well as a 

catalyst composition comprising- the activator compositions and a transition metal 
10 component. This mveution. also provides -methods of polyiuerizing: mononiers comprising 

carrying out such polymerisation m the presence of one or more catalyst compositions 
according-to ;thi a invention,. 

:ftetaHed Pmripifca..of the Invention 
15 

This invention relates to an activator, composition comprising: (i) at least one 
supported aluminoxane Intermediate (Component I), (ii) a compound having fee formula 

R"*(X)tt.(Component II); >vh^in. R1 is a hydroearhyl group having from about 1 to about 20 
carbon atoms- n is trorn 1 to the number of possible substitutions of the hydrocarbyl. group 

20 .and each X may be anywhere on R! and is independently halogen,.-OSiCR^j, ^(SiCR2)^, -

•N(R4'fei -SR*- -PCR'h;. -CM, or -OR"; wherein each. Rr is independently hydrogen or a 
hydrocarbyl groKp having :froni about 1 to about 20 carbon atoms; each R" is independently & 
hydrocarbyl. having from I to 20 carbon atoms, wherein when at least one R" is a hydrocarbyl 

group, R; and E2 or R" and R3 may he linked together to-form a cyclic group; provided that at 
25 least one X' is not directly bonded to an aryl group; and provided that when X is not halogen. 

X is bonded, to a secondary or tertiary carbon, or s ~CH-raryl group; and (Mi) a 
trihydroearbyislurnmum compound having the formula AIR:, (Component III), wherein each 

R is independently s.C{~Qo hydrocarbyl group. 
This invention also relates to a composition comprising: (i) a trmydrocarhylalununum 

30 compound having the formula AlRj, wherein each R is independently a CrCja alkyi; (ii) a 
compound having the formula R!(X)n; wherein R! is a hydrocarbyi group having from about 

3 to about 20 carbon atoms; n is from I to the number of possible substitutions of the 

hydrocarbyi group and each X may be substituted anywhere on R* and is independently, -

OS.i(l2)3> -N(Si(R2}3k -N(R2)2; -SR2; -P(R2)2. -CN, or -OR3; wherein each R2 is 

35 independently hydrogen or a hydrocarbyi group having from about 1 to about 20 carbon 

3 
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atoms; each R'} is independently a hydrocarbyl having from I to 20 carbon atoms, wherein, 
when at least one R3 is a hydrocarbyl group, R1 and R" or R ! and R.J may be linked together to 
form a cyclic group; provided that &t least .one X is not directly bonded to ah aryl group, arid 

provided that X is bonded to a secondary or ternary carbon, or a -CH->-aryl group; and (iii) an 
ahnninoxane. 

The term "hydrocarbyl" as used herein includes a hydrocarbon radios!, which may be 
optionally substituted with a heteroaiom (e.g., oxygen, nitrogen, sulfur, phosphorus) or 
silicon in the chain. Examples of hydrocarbyl include, but are hot limited to alkyls, .aryfs, 

aralkyls, alkatyls, alkenyls, cycloalkyis, cyeloalkenyls, and combinations thereof. 
The tenia, "alky!", as used herein, unless otherwise indieated!: includes saturated 

monovalent hydrocarbon radicals having straight or branched moietieg. Examples of-alkyi 

groups meMe, but are not limited to, methyl, ethyl, propyl isopsjpyl;, butyl, isobutyl 1-
biityl. pentyl and hexyl. 

The term "aryl",. as used herein, unless otherwise indicated, includes an organic 

radical, derived, from an aromatic hydrocarbon by removal of one hydrogen, such as phenyl, 

naphfhyl, indenyk and fluorenyl. "Aryl" encompasses .fused ring.greups wherein at least one 
ring is aromatic. 

The term "aralkyP* as used herein indicates an "aryl-.Slk.yi-"'- group. Mon-lmutihg 

example of an ar alkyl group is benzyl (C&HjCR?-) and metbylben;syi (CH3C6H4CH2-). 

The term "alkaiy!'' as used herein indicates an "alkyl-aryl-" group. Non-limiting 

examples of aikaryl are methylphenyl-, dimeihylpheuyl-, etbylphcnyl- pfopylphenyi-, 
isopropylphenyi-., butylpheny i -, isohutylpheny 1 - and t-butyJpheny.s 

The term: "aikeim", as tised herein, unless otherwise indicated, includes alkyi moieties 

having at least, one carbon-carbon double bond wherein alkyi is as defined above. Examples 

of alkenyl include, but are not limited to, ethenyi and propenyi 
The term "cyeloalkyp, as used herein, unless otherwise indicated, includes non-

aromatic saturated cyclic alkyi moieties wherein alkyi is as defined above. Examples of 

cycloalkyl include, hut are not limited to, cyclopropyl, eydobutyl, cyolopentyi, cyelohexyl, 

and cycloheptyl. 
The term "cycloalkenyl", as used herein, unless otherwise indicated, includes non-

aromatic cyclic alkenyl moieties wherein alkenyl is as defined above. Examples of eyeloaskyl 
include,, but are not limited to, eyclopropenyl, cyclohutenyi, cyclopentenyl, eyciohexenyl, and 

cyeloheptenyL 
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Unless otherwise indicated, aK the foregoing groups derived from hydrocarbons may 

have up to about 1 to about 20 carbon atoms (e.g., CrCso alkyi CVCao a!'vh C7-O20. alkaryl, 
C7-G20 aralkyl) or 1 to about 12 carbon atoms. (e.g,, alkyi, CVCJZ. ary^. C7-C12 aikaryh 
C7-C32 acalkyi}., or 1 to about $ carbon atoms, or 1 to. about 6 carbon atoms or 1 to about 4 

carbon atoms. 

Supported Aiummesaae Intcmiedlafgs-i.CoBspffaeai 1) 

One of the components m the activator compos?tit» Is a supported alummoxane 

intermediate, which iis derived from three components: 1} at least one support (or carrier), 2) 

at least one-, organoaluminuni compound; Mad 3) at least one oxygen source. The three 

components can be brought into contact in any order. 
Preferably, the organoaluminu® compound can be brought into contact with the 

oxygen spurge- to form a soluble aiuminoxane before contacting a support. The- formed 

aluraiaoxaiie ear? contain at least os^ hydrocarhy!. moiety having from one to about twenty 

carbon atoms. Such alurainoxanes include, but. are not limited to, alkylalnminoxanes, 

cyeloalkylsiuisinoxanes, arylalummoxanes, araikylalummoxanes, or any combination 

thereof Hydrocarbylaluniinoxancs can exist in the -form- of linear or cyclic polymers. In one 

aspect of the invention,, the aluihinoxaaes can be oligomeric materials, sometimes, referred to 

as poly-aIkyial«miaoxanes, containing the repeating unit (€), 

and chain terminal unit (D), 

R B 

which may also have a coordinated A1R3 to satisfy the four coordination of the alumimsm 

center (I?'), 
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:A( ^M--d 

wherein R is a Cs-Gio hydrocarbyl group and n is an integer from about 4 to. about 20. The 

exact structure of alorahioxahes has not been defined and they can contain linear, -cyclic,; 
5 cross-linked species, or any combination thereof, Non-limitiag examples of 

hydroeax^lahmiinoxsnes for me m the invention include nieihylalurnmoxanes {MAO)* 
modified MAOs, efhylalummoxanes (EAO}, isobutyialumiBOX^es pB.AQ), n-
prepylaluminoxanes, n-oetyklurniHoxaaes., phenykhnninoxanes, er any comMuaison thereoi 
The hwoesrbyia.iuJTxiHoxa:nes can also contain up to about 20 mole percent (based on 

10 aluminum atoms) of moieties derived, from amines, alcohols, ethers, esters, phosphoric and 

carhoxylic. aeids, thiols, aryl disiloxanes, alkyi disilexanes, and the like to forther improve 

activity, solubility and/or stability, 

Alumi-noxanes can. be prepared .as known in fee art by -the- partial, hydrolysis of 
hydrocarbylalisninum compounds. Hydroearbylalaminiim compounds or .mixtures of 

15 compounds capable of reacting with water to form an aluminoxane can be employed in the 

present invention. This includes, for example, trialliyi&iumiiium, triarylaluminuiii, mixed 

askyl-aryl aluminum, or any combination thereof. The hydroearbylahamiman compounds.- ean 

be nvdrolyzed by adding either free water or water-containing solids, which can be either 
hydrates or porosis materials which have absorbed water. Because, it is difficult to control the 

20 reaction by adding water, even with vigorous agitation of the mixture, the free water can be 

added in the. foitu of a solution or a dispersion in an organic solvent. Suitable hydrates 
include salt hydrates such as. hut not limited to. CuSCVSHaG, A1J(S0^)3»18H2O,. 
FeS.O4»7H20, AIC]3»6H20, .A1(NGJ)3*9H20( MgS04»7H20, MgCi^olfaQ, Zn$Q4«7H20, 
N'azSOplfMiO, Na5P04»12E2Os LiB.r*2H2Of LiCHI20, UI*2H20, LiI*3H20, KP«2H30, 

25 NaBi^HaO, or any eombktation. thereof. Alkali or alkaline earth metal hydroxide hydrates 

can also be employed with the present invention. Such alkali or alkaline earth metal 
hydroxide hydrates include, but are not limited to, NaOH'HjO, Na0H*2H20, 

Ba(OH)2»tH20, K.0H«2H20, CS0H*H20, LiOH«H2G, or any combination thereof Mixtures 

of salt hydrates and alkali or alkaline earth metal hydroxide hydrates can also be used. The. 

30 molar ratios of free water or water in the hydrate or in porous materials, which include 

inorganic oxides such as alumina or silica, to total alky] aluminum compounds in the mixture 

can vary widely. In one aspect of the present invention such molar ratios are in a range -from 
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about 2:1 to about 1:4. In another aspect of the present invention, 'such 'molar .ratios are in a 
range from about 4:3 to about 2:7. 

•In one- aspect of the present invention, the abamhioxaues haVe saturated hydrocarbyl 

' groups (i.e.,alkyi or cycioalkyi groups) having from one to about twenty carbon atom's. In 

5 another aspect of the present invention, the saturated hydrocarbyl -groups of the atumiftoxartes 

have'"from one to about eight carbon atoms. 
Aluminoxanes which cso be employed in the present invention include, but are not 

limited to, methyMurainoxane, ethylahiminoxane, n^fropylahjmiaoxaRe, 
n-butylaluminoxaae, isobutylaluminoxane, n-beKylahniilnoxane, n-oety!akrniinoxans, 

10 . decylaiuminoxaiie, dadecyialurainoxane, tetradecylaiumiHOxMe. l^xadecyklitmmoxarae, 

octadeeylalmninoxane, phenylalnminoxane, tolylaluniinoxane, or-any combination thereof 
Use aiuminoxane oaa. contain up to about 15 mole percent (based on alummom) of 

moieties tbmed tram amines, alcohols, ethers, esters^ phosphoric and carhoxylic a.cids, 

thiols,.alkyi disiloxaaes, and the like to improve their activity,.solubility, seel/or stability. In 
15 another aspect of the present invention, the moleiy is a bulky phenol. Suitable bulky phenols 

include, but are not limited to, 2,6-dimethyl-4-(l)1 "dimethylpi»pyl)|^ienoi, :2,6-diij;obutyl-4-

tnethyiphenoi, 2,6-diisopropylpheool, S^^blriisoptopylphetjob 2,6-diisobutyiph.enol, 2,4,6-
triisobutyiphenol, 2,6-di-fe^butylphenpl,. 2,4,b~tn~fen-hmyiph©noI, or any combination 
thereof. 

.20. More preferably, the supported aluminoxane intermediate can. be prepared by bringing 

into contact of the oxygen source and the support before contacting the 

hydroearbylaluminum, This includes the use of a support containing an oxygen source, for 

.example:, a aon-c-alcined silica that contains physipslly absorbed water. The amount of 
oxygen soar on a support can be controlled by either adding a controlled .amount of oxygen 

25 source- to the existing oxygen source on a support, for example, adding water to non-calcined 

silica, or adding a controlled amount of oxygen source to a support free df oxygen source, for 
example, adding water to a calcined silica free of physically absorbed water. 

Least preferable method is bringing into contact of the support with the 

organoalannnuns compound before contacting the oxygen source. 
3Q 

a) Support (Component i-a) 

Supports or carriers useful in compositions according to this invention comprise 

inorganic earners or organic carriers,. Such .carriers may calcined (temperature above 200°C) 

35 such that it does not contain water; or non-calcined or low temperature calcined such that it 

? 
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contains water and particularly, are those in which absorbed water has not been perfectly 
eliminated. Also, wster~cor&tahiii\g:cafriers' may be used such that a predetermined amount of 
water has beea added after the absorbed water is completely or incompletely <^imiaated 
therefrom. This invention provides that such water-containing earners can contain up to a 

5 percentage of water such that irec water is not leaching out of the carrier. As discussed, such 
water-eoataimug carriers can be either noa^caleiaed.' or low-temperature calcined. As used 

herein, a "non-calcined" carrier Is a carrier that has not purposely been subjected to calcining 
treatment, and a 'low-temperature calcined" carrier is carrier that has been calcined at a 

temperature up to less than 200l>€, or up to about IfKFC, or at about S0*C, The. calcination 

10 time can be up to about 24 hows,- Further, the calcination. may be performed in any 

atmosphere, for example, in an atmospliere of ait or an inert gas, or under a vacuum. 
Supports containing water that are ^.e&m activator compositions according to this 

nwerrtio.n comprise inorganic earners or organic carriers, A plurality of carriers can be used 
as a mixture, and carriers of this, invention^ may comprise water as absorbed water or in 

15 hydrate form. A earner of this invention may be porous and have, a total, pore vohxme of not 

less than 0.1 ml/g of silica, or not less than 0.3 ml/g, A earner of this invention may have a 

total pore volume of about L.6 ml/g of silica. The average particle diameter of the carrier 

may be from about 5 nuefotneters to about 1000.Micrometers* or from about 10 micrometers 

to about 500 micrometers. 
20 One silica useful in. this invention is porous and has a surface area hi the range, of 

from about 10 nT/g silica to about 1000 nf/g silica, including the range of about 10 nvVg 
silica to about 700 rn'/g.silica, a total pore volume ia the range of from about 0.1 ce/g silica 

to about 4.0 cc/g silica, and an. average particle diameter in the range of from about 10 
micrometers to about 500 micrometers. A silica useful in this invention can have a surface 

25 area in the range of from about 30 m2/g to about .500 nfVg, a pore volume in the range of 
from about 0.5 cc/g to about .3,5 cc/g, and an average particle diameter in the range of from 

about 15 .micrometers to about 150 micrometers. Useful silica may have a surface area in the 

range of from about 200 nvVg to about 350 xtxh'g, a pore volume in the range of from about 

1,0 cc/g to about 2.0 cc/g, arid an average particle diameter in the range of from about 10 

30 micrometers to about 110 micrometers. 
An average pore diameter of a typical porous silicon dioxide carrier useful in this 

invention is in the range of from about JO angstroms to about 1000 augstroms, or from about 

50 angstroms to about 500 angstroms, or from about 175 angstroms to about 350 angstmms. 

A typical content of hydroxy! groups is from about 2 mmol OH/g silica to about 10 nnnol 

8 
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OH/g silica, with or without the presence of hydrogen-bonded water, as determined by the 

following Grignard- reaction. Most of these active OH groups reset readily with 
benzylmagnesium chloride Grignayd to produce toluene, and this reaction, can be used to 

quantify tiie concentration of active OH groups on a particular silica. Alternatively, 
ixieihylaiuminum can Be used for the titration in place of a Grigaard reagent A typical 

content of hydroxy! groups is from about 2 mrnol OH/g silica to about 10 mmo! Ofl/gslliea, 
or about 3 mmol OP/g silica to about 8 mtnol OH/g silica, or from about 3.3 mmo! OH/g 

silica to about 7.2 nimol OH/g silica. 
Examples of inorganic carriers that may be useful' in this invention include inorganic 

oxiries, magnesium compounds. Clay minerals and the like. The inorganic oxides can 

comprise silica, alumina, silica-stamina, magnesia, titania, zireorda, and clays. Examples of 
inorganic:oxides use&l ixrtnis invention include, without iimitatl0i), SiO^ MgO, XrOj, 

TiO>:, B2.Q3, €eO, ZnO, BaG>.T3i02 and. double oxides thereof, &g. SiO^-AhO?, SiGrMgO, 
Si.Oj-iC^i SiOjs-TiOj-MgjQ. .Examples of magnesium compounds useful in this invention 

include MgGfe, MgG!(QEtj and the lite. Examples of clay minerals useful in this invention 

include kaolin, bsntpniie, libushi clay, geyioam clay, allophsae., hisingerite, pytophylite, talc, 
micas, inonteorijioniies, venincnlite, ehlorites, paiygorskite, kaollnite, nacrlte, diekite, 

hailoysite and the like. 
Examples of organic carriers that may he useful in this invention include acrylic 

polymer, styrene polymer ethylene polymer, propylene polymer and the like. Example 

acrylic polymers thai may be useful, in this invention include polymers of -acrylic monomers 
such as acrylonitrile, methyl acrylate, methyl rnethaerylate, methacrylonitrile and the like, 

and copolymers: of the monomers and crosslinking polymerizable compounds having at least 

two unsaturated bonds. Example styrene polymers that may be useful in this invention 

include: polymers of styrene monomers such as styrene, vinyl toluene, ethylvinylbcrszene and 
the like, and copolymers of the monomers and crosslinking polymerizable compounds having 
at. least two unsaturated bonds. Example crosslinking polymerixable compound having at 

least two -unsaturated bonds include divinylbenzene, trivinylbenzene, divinyltoluene, 
divinylkefone, diallvl phthalate, dialiyl maleate, N.N'-methylenebisaerylaraide, ethylene 

glycol dimethacrylate, polyethylene glycol dimeihacrylate and the like. 
Organic carrier useful in this invention has at least one polar functional group. 

Examples of suitable polar functional groups include primary amino group, secondary amino 

group, innno group, amide group, iml.de group, hydrazide group, amidino -group, hydroxy! 

group, hydroperoxy-gronp, cafboxyl group, formyl group, rnethyloxycarbonyl group. 
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carbamoyl grcmp, sislfo group, snlimo group, stfrreno group, thiol group, ihioc&rboxyf group, 

fhioibrmyl group, pyrrolvl group, imidazalyi group, piperidyl group, indazolyl group and 
earbazolyl group. When the organic carrier..originally has at least one polar functional group, 
the organic carrier can be used as it is. One or more kinds of polar functional groups can also 

5 be introduced by subjecting the organic caim'er as a matrix to a suitable chemical treatment. 
The chemical treatment may.be any method capable of introducing one or more-polar 

functional groups into the organic carrier- For example, it may be a reaction between acrylic 
polymer and polyalfeyienepolyamme. such as ethylehedismiae, propanedismine, 

•diethylenetriamine, tetraethylenepentamine, dipropylenetrismine or the like. As the specific 
10 method of such & reaction, .(or example, there is a method of treating as* acrylic polymer (e.g. 

pelyacxylonitrile) in a slurry state in a mixed solution of ethylenediamine and water at 100°C 

or more, for example from l.2(P€ to 15CPC. The anmmt of polar functional group per unit 
gramin the organic- carrier having a polar functional group may bo from 0.01 to 5.0 mmol/g, 

or from 0.1 to 20 mmol/g. 

.15 

The oxygen source can be provided by water in the carrier. Otherwise, the oxygen 

source can be any suitable oxygen source, as will 'fee familiar to those skilled in the art given 

20 the teaching of this specification. To give some non-limiting examples: the oxygen source 

can be the free form of water in either the gas phase or the condensed phase.'(liquid or solid), 

eaa he the coordinated form of water such as hydrate?.! metal salts (e.g., Li0H(H2O)n), water 
absorbed on impounds containing hydroxy groups, on molecular sieves, and the like, and 

can be hydroxy or caxoony! containing compounds in which the oxygen atom only directly 
25 links to either a tertiary carbon and a hydrogen, for example, lBuOK, PivjCOH, and the like, 

or a tertiary' carbon and an Al after reacting with a tri alky! aluminum, for example, 
PhC(QJ.Me, PhCOOH, and the like. Depending on the organoasuminum compound in use, 

the amount of oxygen source can be adjusted so that each of a .majority (at least about 50 

vol%) of the oxygen atoms therein contacts at least two aluminum atoms. The A1:0 ratio can 
3.0 be about 100:1 , about 50; 1, about 10:1, about 1:1, about 1:1.2, or can be a ratio such that the 

amount of hydroxy or alkoxy residue does not -significantly interact with the active catalyst 
species generated during methods of this invention. The oxygen source can be provided by 
water in the carrier. Otherwise, the oxygen source can be any suitable oxygen source, as will 

be familiar to those skilled in the ait given the teaching of this specification. To give some 

35 non-limiting examples: the oxygen source can be the tree form of water in either the gas 
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phase or the condensed phase (liquid or solid), can be the coordinated form of water such as 

hydraied metal salts (e.g., 'LiOH'(H2Q)i)}» water absorbed on compounds containing hydroxy 
groups, on molecular sieves, and the tike, -and can be hydroxy or carhonyi containing 

. compounds in which the oxygen, atom only directly -links to either a tertiary carbon and a 

5 hydrogen, for example, 'BuOH,. PI13CGH, and the like, or a tertiary carbon and an Al after 
reacting with a trialkykiumiTium, for example, PhC(0)Me, PhCOOB, and the like. 

.Depending on the orgaaoalamiman .compound In use, the amount of oxygen source can he 
adjusted so that each, of a majority (at least about 50 vol%) of the oxygen atoms therein 

contacts at least two aluminum atoms. The Ab.G ratio .can be about 100:1. about 50:1, about 

10 10:1, about 1:1, about 1:1.2, or can be a ratio sa-eh that the amount of hydroxy or alkoxy 

residue does not significantly interact with the active catalyst species generated daring 
methods of this invention. 

15 
c) Organoafcnumtffl Compound (CempOBent he) 

The organbaisntmom compound. useful. in this invention can comprise AiR^YR6)^: 

wherein Al is aluminum: each 11 is hydrogen or a hydrocarbyl group having up to about. 20 

carbon atoms, and each R may be the same as, or different, from, any other R; for each YR'\ 
Y 'is a hetfisro atoin and R<! is a hydrocarbyl bonded to the Al through the hetero atom and 

20 having up to about. 20 carbon atoms; each YR* may be the same as, or different from, any 

other YE"; and n is i, 2, or 3. Each R can be a straight-chain or branched alkyi group. Non-

limiting examples of R include alkyi groups having from 1 to about 10 carbon atoms such as 
methyl, ethyl, n-propyl, isopropyl, n-bntys, isolmiyi, n-pentyL neop-entyl and the like. 

Non-limiting examples of AiR^YR^fc.ia useful in this invention include 
25 trinieihylaluminum, triethylaluminnm, tsiiSobutylaluminum, irioctykiuminuni. 

diisobutylalominuni hydride, dieshyiainminum hydride, dimethylaluminum hydride, (2,6-di-

tert-bnlyl-4-meihyiphenox'y)diisobntyla!uminum, bis(2,6--dH.eri-hiityI-4-
methylphenoxy)isobutyia!nminum, {2,6-di-tert-butyl~4~methy1phenoxy)diethylal«minum, 

bis(2,6-di-tert-btttyI-4-methylphenoxy)etbylalvanim5m, (2,6-di-tert-butyl.-4» 
30 methylphenoxy}d.iniethylaIuminum, or bis(2.6-dMeri-butyM-

methylphenoxy^methylal'dminum, and mixtures thereof. Examples of heteroatoms include 

nitrogen, atom, oxygen atom, phosphorous atom, sal for atom arid the like. 
Organoahinamum compounds of this invention can be prepared by any suitable 

method, .includi ng currently known methods, as will be familiar to those skilled in the art, or 

35 methods that may come to be known. 
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Carbocatioa Precursor RSI'X)„ {Component II) 

One of the components in the activator composition is a earbocatK>n. precursor agent. 

Essentially, a earboeation precursor is a compound containing at least one carbon atom 
5 directly links to a labile electron rich leaving, group X, which readily forms ss ion-pair when 

brought .in. contact wife, carrier supported alunrmoxane (Coroposent I), with the.leaving, group 

X binding to alumisioxahe backbone to tbrm fee anion and the carbon directly linking 10 tie 

leaving: group X to become a carhocation, Because & silicon atom has similar chemical 
properties to a carbon atom in terms of cation formation nature although the derived silyl 

10 cation is less stable, the carhocation precursor thus also includes a silyl cation precursor that 

contains, a silicon atom directly links to a labile electron rich leaving group X, which-readily 
forms m ion-pair containing a silyl cation when 'brought m contact with the aluminoxstie. 

Compounds that may be. used as a carhocation precursor are those having the fonnula. 
wherein. each X may be anywhere on R* and is independently halogen (fluorine,. cilleries, 0? 

15 bromine, preferably fluorine). -OSi(R2)j, -N(Si{1Rr}:0;2, -N(R2)J; -SR^-PCR2)^ -CN.. cir -QE.^ 

wherein each if is independently hydrogen or a hydrocarbyl group haying: front about I- to 

about 20 carbon atoms; each R3 is independently a hydrocarbyl having from 1 to 2Q carbon 

atoms, wherein when at least one R2 is a hydrocarbyl group; R! and Ri:or K! and R3 msy be 

linked together to form a cyclic group; ,R5 is a hydrocarbyl group having from about I (when 
20 X is halogen) or about 3 (when X is not halogen) to about 20 carbon atoms; n is from 1 to the 

number of possible substitutions of the hydrocarbyi group; provided that si least one X is not 
directly bonded to an aryl group, and provided that when X is not halogen, X is bonded: to a 

secondary or tertiary carbon, or a -CH2~aryl group on R'. 
The '"aryP proviso disclosed above is for the situation when the labile electron rich 

.25 leaving group *XW is bounded directly to an aryl group. It has been observed that X in this 
situation is non-iahile, i.e., such groups remain bound to the -aryl group when brought; into 

contact with the supported or non-supported aluminoxane and/or organoaluininum 
compounds. Preferably when Rf comprises-an aryl group, R: is an aralkyl group such thai at 

least one X is bound to the alkyi group (i.e., aryl-alkyl-X. e.g., PhCH2-X)t thereby containing 
30 at least one labile leaving group. Also the "secondary or ternary earlxro" proviso disclosed 

above is for situation when the labile electron rich leaving group 4i;X" is not a halogen and 

hounded to a primary alkyi group, it has also been observed that X in this situation is non-

labile, i.e., such groups remain bound to the primary alkyi group when brought into contact 

with the supported or non-supported aiutninoxane and/or organoalumhium compounds. For 
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example, when X contains oxygen and Rs is a. primary alkyi, such as diethyl ether (111 ~=Ef 

and X - OEt) or ietrahydrofaraa (THF) (Rf—X:::: OR3 - -OCK2CH2- and R* 

giid RJ are linked to form a cyehe group), they remain as a solvent when, mixing with a 
supported or non-supported MAO. 

5 la one embodiment, n is 1, 2, 3, 4, 5 or 6. In another embodiment, R1 is a Cj-Cg alkyi 
or C7-O5 aralkyl. In another embodiment, X is -OR"', and E-> is a C|~G; alky! or Cg-Cis 
aralkyl. 

In one embodiment. R'l{X)a is (R.^JjC-DR- or (R4)3G-N(R5}2; wherein each R* is 
independently a hydrogen or a hydrocarbyl group having from about .to about 21} carbon 

10 atoms; R.J is a hydrocarbyi group having from about 1 to abou t 20..cafbon atoms; or R* and R* 

may be linked together to form a cyclic group. Preferably, R." is independently a €j-Ci?s 
group, and more preferably (R*)jC is. independently tert-featyl ortrityl,. and R:' Is a CrC* alky 
group. 

When X is halogen in R^X)^ R! cats be a primary, secondary or tertiary, hydrocarbyi 
•t 5 group: ami when X is a non-halogen group,iR' is preferably a teryary hytlroqsrbyl group or a 

saturated carbon separated aromatic group, and less preferably a secondary iiydrocatbyl 

group, but not a primary 'hydrocarbyl group. The: definitions; of primary, secondary, and 
tertiary hydrocarbyl groups are as follows: a. primary hydroearhyl gro^p. represents a ^-GBjR 

group (e.g., ethyl -CH2CH3 or propyl -CHaCHsGHs), a secondary .hydrocarbyl .group 
20 represents a ~€B(R)2 group (e.g., isopropyl -CH(Me)j or see-hutyl -CH(Me)<Jll2CH3) and a 

tertiary hydrocarbyl group represents a ~€Rj group (e<g.s tert-butyl -CMe? or frityi CPhj), 

where R is a hydrocarbyl contains at least one carbon. A saturated carbon separated aromatic 
group represents a -CH?Ar group, where Ar is an .aromatic group (e.g..; benzyl -CBjPl-). 

•Non-limiting examples of RjCX),, are: when X - F, fiuofoiuethane CBjF, 
25 flaoroethane CHjChbF, tert.~butyl fluoride. MeiCF, trEiy! fluoride PlnCF, 

trimeihylsilylfluoridc Me3SiF. a-fluorotoluene C^HjCHaP, «., a-diiluomtGluene QsOsCHF?, 

a.«.G-trifluorotoraene CFjPh, 1.3-bis(tritluorOTnethyl)beRxene l.,3-(CF3>2Ph, and the like; 

when X - O, isopropyimefhyl ether MejCBOMe, tert-butyhnethyl ether MejCDMe. 

triiylnjethyl ether Ph?COMe, buteneoxide CH2OCHCH2CH3.. 1,2-di-tert-buiyihenzene 1,2-

30 CBuOhC^U. 1,3-di-tett-huiylbenezene 1,3 -(1BuO),C6H4,; l^'BuO^C*!!*; ^BuG-CHr-CHr 

O-'Bu, i-sobutene oxide CHjOCMes, 2)3~dimethoxyh2,3<Hme?hyIbuian.e 
M^C(OMe}C(OMe}Mea. 2,3-dimeihoxyibutane MeCH(OMe)C.H(OMe)Me; text-

butyltrimethyLsilyl ether MexCOSiMej. l-methyhtetrahydro&ran, 1.2-dimethyl-
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tetrabydro&ran and the like, and when X - N. tiiisopropyl amine {yejCHijN, tert-

hutyktimethy} amine MesCNMe-), tHtyhnethyidhii ethyl amine Ph^CNMe^, 2,3-
bis(dixnethylaTnino)-2,3«djmethy!:biii:ane M^C(NMe2)C<NMe2)Me2, •2,3* 
bis{dimethylamiao)batane- . MeCH(NMe2)CH(NMe2>Me; tert-b«tyltrimethy1silyi ether 

5 Me3COSiMe3/N5N-dtoeihylbejizykT«it^' and. -the like, and when X O arid N on a saterated 
carfxra separated aromatic group, benzylnsethyl ether MeOQwPh, benzyMimethylamine 

Mc^NCHbPh aiici the like,, wherein QH4 is a. pheayierie group and 'Bu is a tertiary-butyl 

grtmp. 
Non4irrhti.ng examples- of R!{X}„ are: Me^CF, MejSiF, CsHjCHaF, C<j:IsC.r 5 1,3-

10 C6I'!4(GF3)2, 3 1M%-aO^M4; W 'BsO},CVH4; 'BuO-CH2-CBr <JBu;: or 

mixture thereof, whereinQEfis a phebylene gronp and ;Bis is a tertiary-butyl gro«p. 
Other tion-limMsg examples of Rl(X)j, are tertiary-butyl methyl ether, tertiaiy-butyl 

ethyl ether, tertiary-butyl propyl, ether, feiikry^artyi buivl ether, 1 -te^butoxy~2,6-dhtert-
buiylbenzene, I -trime0iylgljoxy~2,d~di-tert-bs3tyibesizene, trimetkyisiloxybenzene, 

15 iriiisethyhTseihoxysilane, berizylffieshy! ether, beazyl- ethyl ether,, benzylpropyi ether. benzyl' 

butyl, ether or mixtures thereof; 

Still other non^inhting. examples of Rs(X)n are propylene oxide, isobuteae oxide, 1-
butene oxide, styrene o&ide, 4-methyi-sipene oxide, mme&yiene- oxide, 2,2~disaethyl~ 
frimethyiene oxide, 2,2-diphenyl-5r:feethy3ene oxide, 1 -m^yRetrahydtofwari, Lt-dimethyl-

20 telrahydro&ran, 1 -metfeyhethytenelmine, l,l,2~trimethyletliytersimine, 1J -diphenyi-2-

methyl-ethyieninihie. 1 -me&yl-tetrahydfo-pynxjle, 1,1 -dfmetliyl-t^r^iydro-pyrrole, 1,1-
diphenyi-l-methyl-tetTahydro-pmole, I-methyl-piperidine, 1 .l-dimethyl-piperidine, 1J -

d;phe.nyb2-jHethyl-pIperi.din.e, or mixtures thereof. 
Preferred examples of R !(X};, are; CFjCsHs, MfejSiF, !Ba-OMe, isobutene oxide, and 

25 RN-dimetbylbehzylamijle. 

Trlh'Vdrocafbylajgmjaiim Com^asad {Cm&qoB.eM HI) 

One of the components in the supported aiismhioxane-based activator composition is a 

30 tohydrocarbyMxtminum compound having the formula AIR3, wherein Al ?s aluminum and 
each R is independently a Cj-C^o hydrocarbyl group. Nos-hmiimg examples of R include 

alkyj groups having from 1 to about 10 carbon atoms such as methyl, ethyl, n-propyt, 

isopropyl, n-butyl, isobatyl, n-pentyl, oeoperityl, benzyl, substituted benzyl and the like. 

Preferably, the Sri.hydroc^arbytslisminiiin compound is beta-proton tree. Noxs-Iumimg. 

35 examples of AIR3 useful in this inventioa meSude, but is not limited to: trimethviah-rnmum. 

14 



WO 2012/122332 PCT/US2012/028188 

triethyialammam, tripropylalurainum, tribitfyjahamimsm, tmsobutyialum'ir.um, tri-n-
octytsltttninum, teneoperdylaluminum, tribenzylalarnuium, tris(2,6~ 
.dhnethyll^xyl)'aluminum, or mixtures thereof, preferably, trimethylaluminurn (AIM-e^), 

tnneopentylatunnnum {AltCHjCfMevKh}? and tribenzylaluminum (A^CHjCsHsfe). 
5 Trihydroearhyiaiuminuin compounds of this invention can be prepared by any 

suitable method, including ciureatly known methods,, as will be familiar h. those skilled in 
the art, or methods that may come to fee known. 

Invention 
10 

Slippered activator compositions according to this invention can be prepared, by 

Ganifeising the organoabmitiiim. compound, the carbocation precursor agent and the 
•supported ahjminoxane intermediate. The three compos-eats may be -combmed in my order, 

feat pef<g$j|y» the lirihyfoogarbykkmimsn .(Cdmponeht 01} is first combined with, the 
IS supported #uminoxane 'intermediate (Component I) and then the carhoeation agent 

{Compoaejitil} is introduced. 

Pi^terghly, the supposed ammkio.xa.ne intermediate {Component I) may be formed by 
adding an ahmimoxase compound formed through the contact of the oxygen source 

(Component I-h) and-. the organssiummum compound -(Component I-cJ to the support 

20 (Component I--a), 'such as contacting a calcined silica tree of physically absorbed water with 

meihylaiunhnoxane, formed through the reaction of water and trimethylalutrsirsum. The 

supported activator composition of this invention can then fee form by combining at least a 
portion of the supported aluminoxane intermediate with the trihydrocarbylslurninuns 
compound (Component HI) and ihen the carhoeation agent (Component II), 

25 More preferably, the supported alunnnoxane intermediate (Component I) may be 
tonned ^in-situ" fey adding an organoalumhmm compound (Component i-e) on the oxygen 

source (Component I-b) containing support (Component I-a), such as water physically 

absorbed on silica. The supported activator composition of this invention can then be form by 

combining .at least a portion of the supported slurainoxane intermediate with the 

30 trihydroearbyi&lanunum. compound (Component If?) and then the carhoeation agent 
(Component II). The oxygen source that originally exists on the support may be 

supplemented with additional oxygen sources 'to allow the reaction with more 
organoa!uminum compound to increase the Al loadings on the supported altKniooxane 

intermediates. For example, a non-calcined silica with 5-6% water can be saturated with 

35 more water to reach 10-12% in order to increase the A! loadings from about 7% to about 
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14%. Another example is adding a desired amount of water to physically absorbed water 

free silica (e.g., silica calcined at 600C1C) to coalTo) the desired Al loadings. 

.An alternalive route to form the supported aluniinoxane: intermediate (Component 1) 

"in-situn is adding excess organoalummitra compound on the oxygen source (Component I-b) 

containing support (Component I-a) when a tHhydrocarbylalumitrum compound is -used as the 

organoaluminum. compound. The excess orgapoahimiman 'compound BOW serves as both 

Component I-c and Component HI, The activator composition of this invention is then 

formed by combitsfijg at least a portion of the intermediate composition- with the carbocation 

agent (Composes! II). 

Still another alternative route to form the supported aluminoxane intermediate 

(Component I) when a trihydroearbylaluminuro compound is used as ike organoaiimiinum 

compound is adding an high trihydroe&dwlaluniinum containing ataniaexane- to the support 

(Component I-a). The high trihydrcK^arhylahnmrami containing aluminoxaue is.made 'from a 

low oxygen source content (Component. I-b) that allows a desired amount of free 

tfihydfoear&ylaiuminum compound as Component III present in fee aluminoxane. Then, at 

least a portion of the intermediate composition with the present oftrihydroearhyialuminum as 

Component III can he combined with the carhoeation agent (Component. II) to form the 

activator composition of this invention. 

The combining caa be conducted in an inert gas atmosphere; at a temperature from 

about ~8(f C to about 200CC., or from about. 0°C to about I50°C; the combining time can be 

from about ! nhnute to about 36 hours, or .from about 10 minutes to about .24 hours. Example 

treatments after completion of the combining operation include iiltration of supernatant, 

followed by washing with inert solvent aod evaporation of solvent, under reduced pressure or 

in inert gas Oew, but these treatments are not required. Resulting activator composition can 

be used for polymerization in any suitable, state, including fluid, dry, or semi-dry powder, and 

may be used for polymerization in the state of being suspended in inert solvent. The 

combining of the components may be conducted at ambient temperature and ai a combining 

time of from about 1 5 minutes to about 4s hours, or from about 15 minutes to about 6 hours; 

the resulting combination can be used as is or subsequently heated to a temperature of about 

SCPC'-tq about 150::C. 

In the supported aluminoxane situation, the mole ratio of the carbocation agent 

compound of formula RJ(X)r. to the trihydrocarbylalumitmra compound AIR? is about 0.01:1 

to 2:1 or about 0.1:1 to about 1.5:1 or about 0.9:1 to 1.1:1, and ideally, 1:1; the mole ratio of 

X to A.1 for the compound of formula R}(X)„ and the supported aluminoxane is about 0.01:! 
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to 0.8:1 of about 0.03:1 to 0.5:1 or about 0.1:1. The Al mole ratio for 

trihydrocafbyla).ym.in«ra to supported alumtnbxane is about 0.01:1 to 0.8:1 or about 0.03:1 to 
0.5:1 or about 0.1:1. If the AO is generated in-situ on s support by the reaction of the 
orgMx>ali8ninu»? eompoi&d with the oxygen source on the earner, e.g., the absorbed, or 

5 added water on silica, the organoahmhrmm compound can he charged as the sum of two 
portions, one portion as the trihydrocarbylaluminnm component (Component III), a 

sSaichioiBetrie portion fer reaction with Rl(X)n described above, plus the other portion as the 
organoaluminam compound (Component i-6) for in-situ formation of the aUaiiinoxane on-the 
support, 

10 In the non-supported solutionakrmnoxane situation, the mole ratio of the eafbocstion 

agent compound of formula R-C5Qo to the trihydroeamylahiminmn compound AIR:, is about 
0.01:1 to 0.1:1 or about 0.05:1 te about 0,08:1 or about. 1:1; The mole ratio of X. to Al for the 

compound o'Fformula R*(X'}„; and the non-supported solution alumiooxane is about 0.03:1 to 
0,15:1 or about 0.03:1 to 0,08:1 or ideally 0.04:1. The Al mole ratio for 

15 trihydrdcarbyf aluminum to non-supported s&Miati alurnmox&ne is about 0.01:1 to 0.15:1 or 

about 0.03:1 to. 0.QS:1 or about 0.04:1.. 

The amount of al uminum atom in the product activator composition when a. catalyst 
precursor is present e.g., solid component, obtained by combining the support, with the 

aluminum components can be not less than about 0.1 pimol aluminum atom, or not less than 
20 about I ramol aluminum atom, in 1 g of the solid component in the dry state. 

Catalysts for elefiB polvmerkalioa 

Activator compositions of this invention are useful in catalysts for olefin 
25 polymerization. Activator composition according to this invention and transition metal 

component may each be added independently, yet substantially simultaneously, to monomer 

to catalyze polymerization. Activator composition and transition metal component may be 

combined to form product and at least a portion of product may be added to monomer to 
catalyze polymerization. The AJtransition metal ratio can be about 1:1 to about 1000:1, e.g., 

30 can be about 100:1 to about 500:1 or about 200:1 to 300:1 

Catalysts for .olefin pftlyaierte&tioB - Transition metal component 

Transition metal component can comprise any transition metal component having 

35 olefin polymerization potential. For example, without limitation, transition metal component 

can comprise one or mare metallocene transition metal components. 
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Transition metal component can comprise catalyst precursor ML* Qti.& {wherein M 

represents transition metal atom of the 4th Group or Lanihanide Series of the Periodic Table 

of Elements (1993, IUP AC), and examples thereof include transition metals of the 4 th Group 

of the Periodic Table, such as titanium atom, zirconium atom and hafnium atom mid 

5 transition metals of the Lanthanide Series, such as samarium; L represents group having 

cyclopentadienyl skeleton or group haying at least one hetero atom,, at least one L being 

group having eyclopentadienyl skeleton, and a plurality of L may be the same or different and 

•may be erosslinked to each other; Q represents halide radicals, alkoxide radicals, amide: 

radicals, -gnd hydrocarbyi radicals having 1 to about 20 carbon atoms; "a" represents a 

10 numeral satisfying the expression CKa<q; and q represents valence of trausitioh metal atom 

M). 

In L in transition metal component, group having cyclopefttadiehy] skeleton can 

comprise, tor example, cyckvpeniadienyl group, substituted cyclopentadienyl group, or 

poiycyelie group having cyclopmtadienyl skeleton. Example substituted eyelopentadienyl 

1.5 groups include hydrocarbon group having 1 to about 20 carbon atoms., Imiogenated 

hydrocarbon group having ! to about 20 cartoon atoms, silyl group having: 1 to about '20 

carbon atoms and the like. Silyl group according to this invention can include SiMe? and the 

like. Examples of po'lycydie group having cyclopentadienyl skeleton include: indeny] group, 

fluorenyl group and the like. Examples of hetero atom of the group having at least one hetero 

20 atom include ni trogen atom, oxygen atom, phosphorous atom, sulfur atom and the like. 

Example substituted cyclopentadienyl groups include methyjeyclapeniadienyi group, 

ethyicyelopentsdknyl group, n-propylcyclopeiitadienyl group, .n-butylcyelopentadieny!. 

•group, isopropyieyclopentadienyl group, isobutyicyciopentadienyl. group*. sec-

butyicyclopentadienyl group, teributvlcyclopentadienyl group, i ,2-dimethylcycIopentadienyl 

25 group, 1,3-dimeth.yIcyclopentadienyl. group, 1,2,3-trimethyleyclopentadteiiyl group, 1,2,4-

trimethylcyelopentadienyl ^ocp, tetranjeihykyclopentiKiienyl group, 

pentsmethyleyclopentadienyl group and the like. 

Example polycycHc groups having cyclopentadienyl group include isdeny! group, 

4,5,6,7-tetrahydroindenyi group, fluerenyl group and the like. 

30 Example groups having at least one hetero atom include methyl amino group, ten-

buiyiamino group, benzyl amino group, Methoxy group, tert-butoxy group, phenoxy group, 

pyrrolyl group, ihiomethoxy group and the like. 
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One or more groups having cyclopentadienyl skeleton, or one or more group having 

eyelopontadieny] skeleton and one or more group having at least one hetero atom, may be 
erosslinked with (i) alkylene group such as ethylene,, propylene and the like; (ii) substituted 
alkylene group such as isopropylidene, eiphenylmethyiene and the like; or (iii) silyleae group 

5 or substituted siiylene group such as dinK^hylsiiylene groups diphenylsilyleoe group, 

methylsilylsOylene group and.the like. 
Q in transition metal component comprises halide radicals, alkoxi.de radicals, amide 

radicals, hydrogen radical, or hydrocarbyl radicals having 1. to about 20 esrbon atoms. 

Examples of Q include CL F, Br, iVleO. EtO, PhO, C6FsO, BHT, Me,-N, Et2N, Ph,N, 

10 (Me3'Si)2Ns alkyi group having 1 to about 20 carbon atoms such as niethyl group, ethyl 
group, n-propyl group, isopropyl group, n-bmtyl group, benzyl group, silyl groups such as 

MejSi, PiuSi, and the like, 
Examples of transition metal component MLa Q^a, wherein M. .comprises zirconium, 

include bis(cydopeiitadienyl)2ircanium diehlorid.Cj hisCmethylcyolopeMadienyiizircoriiiHr! 

15 diehloride, bis<peatamethylcyclGpetfte®enyl)23reotiiimidiRj«$&yI, bis(indeny!)£ircouiuni 
dichluride, bis(4,5,6,?-t<^rahydroinde;iyl)zireoninm diehloride, bis(8uoreftyl)zirconium 

diehloride, e&ylenebis(inden3d)zir0opiuni diehloride, 

diniethylsilylenetcyclopeniadienylfluorenyi^ireonium diehloride, 

diphe.nylsiiyleusbis(iudenyl)2ireonium diehloride, eyek>peutMienyidiiiie!hyl:aminozirconiiuu 
20 diehloride, eyciopemladieuylphencrsyzireoaium dieblonde,. dimethyl(terC-

buiyi3mino}(tetrameihylcydopentadieny!} silaneziteornum diehloride, 
ssopropybidene(cyck>pentadieny1)(34eit-hutyl-5-mi;thyi-2-phe;tK5xy)zire«nium diehloride, 

diTnethy!siiyleae>.tetraniethylcye5opentadieuyl.)(3-tertbut>d'5-iuet3?yl'2-phenosy) zirconium 
di chloride, his(eyeJopeii^dieiiyf).:drconiiuridiniethyi, 

25 bis(rntUhylcyclopmsadienyl)zirconiumdimethyl, 
bis(pentan^eihyieyclopent3dienyl)zirconiumdimethyl, bis(indenyl)zirconiumdimd.hy!, 

bis(4,556.7-tetr8hydroindenyl)ziroo.niumdimeChyi5 bis(fliiOfenyi)^ireoniumdirnethyL bis(l -
batyi-3-niethyjeyc!opeut8dieny!)xirconium dimethyl, ethylenebisClndenylteirconium 
dimethyl diiuethyisilyieneCeydoper^adieRyiiluorenj^zireomumdimelhyh 

30 diphenyIsi]y!euehis(mdenyI)zireoniumdiirieihyl, 

eyelopentadienyldhnethylaTniiwzircoTUumdimethyl, cyelopemaxiienylphenoxyzirconiinn 
dimethyl dimethyi(lert~hutylamiiio)(tetrajuethylcyeiope0tadienyi) silanezkconiumdirnethyl, 

isopropylidene(eyel0pentadie«y])(3~teri~huiyI-5-methyt~2~phenoxy)zu'eouiumdiraeihyL 

19 
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dimethyisiiylene(tetranietbyIC¥cjop&itadie!iyiK34ertbut:yi-5-rneiiTyI-2-phenoxy) 

zixc-oinismdimethyi and the like. 
Additional exemplary transition metal components ML»- Q<,.» include components 

wherein zirconium is replaced wife titanium or ha Mum in the above zirconium componen ts. 

Additional exemplary transition. metal -components Mt;i Qq* include components 

wherein Q cari he the sanie or different in one molecul e. 
Other catalyst-precursors- useful in this invention are:. rac-diBieihyisily1bis(2-methyl~4-

phenyirindeny!}zireonIurfi -dimethyl- mc?rdim<4hylsilyihis(2-xnefeyM-phenyl-
indenyi)zireoniuni bichloride. (MS); mc^imethylvsiiy1his(2-mefeyj-i-.m4eay]) sarcoraimr 
dimethyl; .rii^imeJfeyi:si]yn3is{2^'eUiyl-45%enEoi^enyl) zirconium dimethyl; rac-
ethyleneMs(tctMh)^foind^yl3ziit;ofiH5tB dimethyl; rac~ethyienebis(telrahydroiT.idenyIJ-
zirconium diehloride (B&% rae-ethjdsneb^mdeny!) zireonmm dimethyl (M2). rac-
ethylenebis(indi§alyi) ^rcoiaairi diehloride, bisfi4?utyi-3-methyleyelopentadienyi.) zirconium 

dimethyl, and bis(l-b«tyl~3-Methyicyelopentadienyl} zircoiiinmbichloride (Ml). 

PnlvBmlzatkm Using Activator CJoaipQsMeBs.of this InveMless 

When using activator expositions of the present invention in polymerization, any 
olefin or dioeffin -having,2- to 20; carbon atoms-can fee used as a monomer for polymerization:. 
Specific examples thereof include ethylene, propylene, butene-I, pentose-.!, hexene-1, 
heptene-1, octene~X, none®-!, decene-ts hexadecene-1, eieocene-1, 4-methylpentene-1, S-

methy!-2-pente»e-1, vihyicyclohexans, stymie, dieyclopenladiene, norbornene, 5-ethylMene-

2-nprborpene and the like,., but are not limited thereto. In the present invention, 
copolyiiterization can be conducted using two or more monomers, simultaneously.. Specific 

examples of Che monomers constituting the copolymer include ethylene/an a olefin such as 

ethylene/propylene, ethylene/fentene-L ethylene/hexene-1, ethylene/propylene/butene-1, 

eihyk!3ie/propy]ene/5-ethyliderie'-:2-notbomene atid the like, propylene/butehe-1, and the like, 

but are not limited thereto. 
The polymerization method is not limited, and both liquid phase polymerization 

method and gas phase, polymerization method can fee issed. Examples of solvent used for 

liquid phase polymerization include aliphatic hydrocarbons such as butane, peniane. heptane, 

octane and the like; aromatic hydrocarbons such as benzene, toluene and the like; and 
hydrocarbon halides such as methylene chloride and the like. It is also possible to use at least 

a portion of the olefin to be polymerized as a solvent. The polymerization can be conducted 
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in a hatch-wise, seniibatcli-wise or continuous maimer, and polymerization maybe conducted 
in two or more stages which differ in reaction conditions, The polymerization temperature 
can. he from about ~50'lC to about 200°C., or from 0S'C to about 100oG. The polymerization 

S\ 

pressure can be from atmospheric pressure to about 100 kg/em", or from atmospheric 
pressure- to about 50 kg/cnri. .Appropriate polymerization time -can be determined by' means 
knowsi to those skilled in the art according to die desired olefin polymer and reaction, 

apparatus, and is typically within the range from about 1 minute to about 20 hours. In the 
prases! Invention, a chain transfer agent such as hydrogen may be -added to adjust the 

molecular weight of olefin polymer to be obtained in polymerization. 
This invention also contemplates a -polymer produced from the above-described, 

process -such as- poiyolefins and pofyolefm copolymers utilizing the monomers described 

above, 

EXAMPLES 

The following examples are illustrative of the principles of tMs invention. It is 

understood that this invention is not limited to any one specific embodiment exemplified 

herein, whether in the examples or the.remainder of this patent application. 

.Exanmkl 
0 ®#/« C&HsCFs-No Csrboeatiaa Precursor 

(Comparative) 

gteMjonpfReffi slar Silica Supported MAO f&MAO) 

In the dtybox, silica (G952 20O°€ 4hr) 24.2g and toluene I25g are charged into a 

3Q0mL three-neck round bottom flask equipped with a mechanical stirrer and an oil-bath-with 

'heating device. The stirrer is turned on at 400 rpm. MAO solution (Albemarle commercial 
30% MAO in toluene. A! :::: 13,(Swt%) 50.Og (252-mmol Al, based on 10.4mmol Al./g silica 

charge) is added to the silica slurry at ambient. After the addition, the resulting mixture is 

allowed to stir at ambient for 30 min. The heating device is turned on and set at I ICfC After 
the oil-batch reaches 110°C, the mixture is allowed to stir at that temperature for 4 hr. The 

oil-bath is then removed and the reaction mixture is allowed to cool to ambient. The slurry is 
then filtered; washed with Ix. !00g toluene and 2x HKig isoliexane, and then dried under 

vacuum for overnight. Yield: 39.3g, 1CP: Al = 14.8%. At ambient, the obtained sMAO is 

re-slumed into 3 60g of toluene. 
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Preparation Of Final Catalyst With sMAQ 

M2 Tnetallocene solid (r«c~ell3^1mebis{rn.d€ftyl) zirconium. dhnethys) O.SSg (cased on 
0.35% Zr) is added at once while the slurry is stirred at 400 rpm. After two hours, the 

resulting orange starry is filtered, washed with 1x 100g toluene and 2x 100g isohexane, and 
dried under vacuum, for overnight. Yield: 40,0g, ICP: Al :::: M-5%; Zr ~ 0.36%. Ethylene 
polymerization test: 5,7{K|g/g.eat/lir (Minor reactor feuling) (4L autoclave, SOmg cat, 80,5C\ 
320PSI, 40mL T-hexene, no--hydrogen, 2mL 30% TIBA, 60 min, in isobutane). 

Exam 
18 n$ol% 

{Comparative} 

MAQ (CAT-MAO) 

hi the drybox, MAO solution (Alheslarie commercial 30% MAQ in toluene, Al »• 

!3.6wt%) 50.0g (252nimoI Al) is charged in an SOz bottle, Under ambient conditions, TMA 

toluene solution (12.0%) ! 5.1 g (25.2mns.ol Al) was mixed with the MAO solution, following 
by slowly addition of-QH5GF3 toluene solution (9.9%) 12.4g (25.-2ismo-l F}, Hie-resulting 
.mixture turns to deep blue color and start forming deep blue solids. Hie deep blue mixture is 

allowed to stir gt ambient for I hr,. and then heated at 70"C tor .20 min. The deep blue solid 
remains insoluble and the deep blue color turns into deep green. The mixture is allowed to 

settle. A small amount of solid is isolated.by filtration/washing^drving (difficult to filter) and 
sent'for ICP analysis: Al = 41wt%. 

Preparation Of Supported CAT-MAO (sCAT-MAO) 

Before the 10mol'% CAT-MAO is put on -silica, the green solid is removed by 

filtration to obtain a green solution. The solution is sampled for both ICP and quantitative 
HS-NMR analysis: ICP: Al =• 7.43%; H!-NMR (25°C, 400mHzf in THF-d8 for MAO and 

TMA analysis and in QD& for DMAF analysis): Al ~ 7.33% Al. of which 2.70% is from 

TMA, 0.69% Is from AlMe^F (DMAF), and 3,94% is from modified MAO. The total 

aluminum lost to solid precipitation is about 2.9g out of 7.4Sg (from MAO + TMA) or 39%. 

The MAO to TMA molar ratio is now 100:68.5, comparing to the normal MAO:TMA ratio at 

100:15. This abnormal modified MAO solution is put on a support anyway. 
In the drybox, silica (<3948 2O0°C 4 hr) 12.1 g and toluene 63g are charged into a 

300raL three-neck round bottom flask equipped with a mechanical stirrer and an oil-bath with 

heating device. The stirrer is turned on st 400 rpm. Hie .green solution (7.33% Al) 46.4g 
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(3.4g Al, based on 10.4nw.K>l Al/g silica) prepared above is slowly added to the silica slurry 
under ambient conditions, A iter the addition, the resulting mixture is allowed to stir at 
ambient for 30 mk. The heating device is turned on and. set at 110°€. After the oil-batch 

reaches 1IG°C, live mixture is allowed. to stir at feat temperature lor 4 hr. The oil-bath is then 

removed and the reaction •mixture is allowed to cool to ambient. 
After the settlement of the solids, the superaste is sampled for ICP analyses: Al = 

3.6%. The slurry is filtered, washed with Ix. 50g toluene and 2x 50g isohexase, and then 
dried under-vacuum for overnight Yield: I5.30g. ICP: Al:::: 9.3% (total Al ~ l,4g, only 41% 

Al of the charged. 3.4g Al Is put on the support). 

Preparation. Of The Final Catalyst With sCAT-MAP 

At aixsMeirt, supported: CAT-MAO obtained above is re-slorried Into <>0g of 
toluene. M2' rnetalloeene solid 0.31 g is added at once while the slurry is stirred at 400 rpm. 

After -two hr, the resulting yellowish-orange slurry is filtered, washed with Ix lOOg toluene 

and 2x lOQg isohexane,- arid dried under vacuum for overnight. Yield: !5.5g. ICP: Al -

9.1%; Zr ~ 038%. PB test: 2,800g/g eat/ht (Serious reactor fouling) (4L aotoeiave, 50mg 
eat 80"C, 320PSL 40mL 1-hexene, no hydrogen, 2 ml, 10% TIBA, 60 min, in isobntane). 

Example 3 
10 ®el% C«HSCF3 

(laveistfve) 

I^aratioa Of SiHeaSttpported MAO (sMAQ) 

In the drybox,. silica (<3952 200'"'C 4hr) 24.3g and. toluene !25g are.charged into a 

300ml, three-seek round bottom flask equipped with a. mechanical stirrer and an oil-bath with, 

heating device. The stirrer is tamed on at 400 rpm. MAO solution (Albemarle commercial 

30% MAO in toluene. A.! «= 13.6wt%) SO.Og '(252nnnol AL based on 10.4mtm>! Al/g silica 

charge) is added to the silica slurry al ambient After the addition, the resulting mixture is 
allowed to stir at ambient for 30 nun. The heating device is turned on and set at 110"C. After 
the oil-batch reaches 110°C, the mixture is allowed to stir at that temperature for 4 hr. The 

oil-bath is then removed and the reaction mixture is allowed io cool to ambient. The slurry is 
then filtered, washed with Ix lOOg toluene and 2x lOOg isohexane, -and then dried under 

vacuum for overnight. Yield: 39,3g. ICP: At14.9%. 
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At ambient, the obtained solid sMAO above is re-s3.ttrri.ed Into I.25g of toluene, TMA 

toluene solution (12.0%) I5.0g (25.0rnmol Al) is mixed with tbe-sMAO sfaary,. following 'by 
5 slowly addition of CfiHsCFj toluene solution. (9.9%) 12.3g {25.0'mmol F):.. The resulting 

mixture tarns to deep Hue color. The mixture is allowed to stir at; ambient tor 2:lir, and .then 
heated at 7(fC for 20 m-in to obtain a slurry consisting of a very light yellow supestjate and 

almost colorless solid. A. small portion of supemate sample was taken for H'-NMR analysis 
for quantifying the F uptake. The result shows ?mol% out of 10mol% F charge has been put 

1.0 cm the sMAO, a 70% conversion, 

te§P*tion Of FmajCatalyst Based pnCAJjMAQ. 

M2 met'allocerie solid 0.58g i's added at once while the slurry is stirred at 400 rptn-. 
15 After two hr, the resulting orange slurry is filtered, washed witli 1 x lOOg toineae ap<i 2x J'pOg 

isohexarse, and dried under vacuum for overnight Yield: 39 Jg. ICP: Al 15.2%; Zr ™ 
0.36%. PE test: 10,90(3g% eai/hr (Minor reactor fouling) (4L- autoclave, 2$mg cat 80l5C, 

320PSI, 40mL t-hexenef no hydrogen, 2mL 10% TIBA. 60 rain, in isobutane), 

20 E 
W mo!% QOjCFs 

(Inventive) 

Preparation Of-Silica Supported MAO (sMAQ) 
25 

In the dxybox, silica (G952 200"C 4hr) 24, Ig and toluene i25g: are charged into a 
300ml, autoclave. The stirrer is turned on at 400 rpm. MAO solution {Albemarle commercial 

30% MAO in toluene, Al = 13.6w?%) 50.0g (252mnio1 Al, based on 10.4rnmol Al/g silica 

charge) is added to the silica slurry at ambient. After the addition, the resulting mixture 'is 

30 allowed to stir at ambient for 30 rain. The autoclave is assembled and brought out of the 
drybox and connected to the controller chat monitors the temperature* stirrer rpm, ami the 

reactor internal pressure. The stirrer is turned on and set at SOOrpm and the heating device is 
turned on and set at 130"C, After it readies 130°C, the mixture is allowed to stir at that 

temperature for 4 hr. The heater is then removed and the reaction mixture is allowed to cool 

35 to ambient. The autoclave is then brought into the drybox. The reaction mixture was then 

transferred to e 300mL three-neck round bottom flask equipped with s mechanical stirrer. 

24 
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The slurry is allowed to settle. A small amount of sample is takea icr ICP analysis: Ai 
::::3.o00ppns, 

gre|?^oa Treated sMAQ (CAJ^MM) 

5 TMA toluene solution (12.0%) 15,.0g (25.0misol Ai) is mixed with the sMAO slurry 
under agitation, following by slowly addition.- of GslfjGF^ toluene solution (9,9%) 12-3g 

(25J)mmol F). The resulting mixture turns'to: a deep blue color. The mixture is allowed to 
stir at ambient for 2 hr, and fees heated at 70°C for 20 min te obtain a slurry consisting of a 

very light yellow supemate and almost .colorless solid. A small portion of supemate sample 
10 was taken for H !-NMR analysis to quantify the F uptake arid -shows 8mol% out of 10mol% is 

put on silica;, as 80% conversion. 

15 M2 metalsocene 0.5Kg solid is added at one© while the starry is. Stirred a! 400 rpm. 
Alter two hr, the resulting yellowish-orange slurry' is flittered, washed -with Ix lOOg toh.se.ne 

and 2x !00g isohexane, and dried isnder vacuum for overnight. Yield: 39.8g. ICP: Al -

17.0%; Zr ™ 0,34%. Ethylene polymerization test: 13,600g/g eat/hr (No. reactor fouling) (4L 

autoclave, 25mg cat, 80°€, 320PSI, 4QmL jbhexene, no hydrogen, 2mL 10% TIBA, 60 rnin, 

20 in isobataae), 

IMMEL11 
Noa-BrMgl&g Metelloc«ae Mi F$r FE Applications 

10 itso!% QH5CF3 (feesiive} 
.25 

Preparation Of Silica Supported MAO (sMAQ) 

In the drybox, silica (<3948 200°C 4hr) 9;.lg and toluene 45 g are charged into a 

300ml.. autoclave. The stirrer is turned on at 4.00 rpm. MAO solution (Albeinarle commercial 
30 30% MAO in toluene, Al = 13.6wt%) 2L5g (lOSmmol Ai, based on i i.9mmoi Al/g silica 

charge) is added to the silica slurry at ambient. After the addition, the resulting mixture is 

allowed io stir at ambient for 30 min. The autoclave is assembled and brought oat of the 

drvbox and connected to the controller that monitors the temper-stare, stirrer xpra, and the 

reactor internal pressure. The stirrer is turned on and set at SOO.rpm and the heating device is 

35 tsmed on and set at \3Q"C. After it reaches l30°Cf the mixture is allowed to stir at that 
temperature for 4 hr. The heater is then removed and the reaction mixture is allowed to cool 

to ambient. The autoclave is then brought into the- drybox. The reaction -mixture was then 

transferred to a 300mL three-neck round bottom flask equipped with a mechanical stirrer. 

25 
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The slurry is allowed to settle. A small amount of sample is taken tor ICP analysis: Al 
:::T200ppm. 

Preparation Of Ca&ocafien Awmt Trfeatefls.MAO (€AT-sMAO) 

5 TMA toluene solution (12.0%) 6.0g (lO.Gmmel Ai) is mixed with the sMAO slurry 
obtained above under agitation, following by slowly addition of CsHsCFs toluene solution 

(9.9%) 4.91 ,g {I0,Qnim.6l F). The resulting mixture-turns to a deep blue color. The mixture is 
allowed to stir at ambient for 2 hr, and then heated at 70°C for 20 min to obtain a stony 

consisting of a vary lighiyeilow stspernale and almost colorless soliii A small portion of 
10 supernate sample was taken for imalysis to quantify the F uptake arid shows 8niol% 

out of IOrnol.% is. put on silica, an 80%: conversion. 

Of FmaJ. Catalyst Based On CATrsMAO 

15 Ml nietalloeene (bisfl-butyi-S-methyleyolopentadienyl} zirconium diehloride) 
solution,-its toluene (19.6%) T.73g is added at once while the stony is stirred at 400 rpm. 
After two hr, the resulting yellowish-orange slurry is filtered, washed with I x 50g toluene 

and 2x 50g isohexane, ami dried under vacuum for oversight. Yield: 15.6g. ICP: Al = 

18.1%; 2r ~ 0,45%. Ethylene polymerization test: S»700g/g eat/far (No reactor fouling) (4L 

20 autoclave, 50rag oat 8S?C# 320PSI, S'0mL 1-hexeiie, no hydrogen, IrnL 10% TIBA, §Q min, 
in isobuiane). 

25 {COfs^arative) 

Pr^^ML^Silim^3>PO^-ed MA£> (sM AO) 

In the drybox, silica (G948 200°C 4hr) 24.1 .g and toluene 12Sg are charged into a 

30 300mL three-neck round bottom ftask equipped with a mechanical stirrer and an oil-bath wish 

heating device. Hie stirrer is turned on at 400 rpm. MAO solution (Albemarle commercial 
30% MAO m toluene, Al «= 13.6wt%) 56'.9g {287mmol Al, based on 11.9mrnol/g silica) is 

added to the silica slurry at ambient. After the addition, the resulting mixture is allowed to 
stir at ambient tor 30 min. The healing device is turned on and set at 130°C. After the oil-

35 batch reaches 130°C, the mixture is allowed to stir at thai temperature tor 4 hr. The Oil-bath 

is then removed and the reaction mixture is allowed to cool to ambient. The slurry is then 

filtered, washed with Ix lOOg toluene and 2x lOOg isohexane, and then dried under vacuum 

26 
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for overnight. Yield: 39. lg. ICP: AI = 

slurried into 160g of toluene. 
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17.9%. At ambient the obtained sMAO is re-

Preparatlon Of Final Catalyst Based On CAT-sMAQ 
5 

Ml. meialiocene solution in. toluene (19.6%) 4.33a (based on 0,45% Zr) is added at 

once while the slurry- is stirred at 400 rpm. After two hr, the resulting orange slurry is 

•filtered, washed with I s. tO0g toluene and 2x |00g isohexane., and dried imder vacuum for 
overnight, Yield: 39.8g. ICP: Al = 17.5%; Zr = 0.46%. Ethylene polymerization test: 

10 3,5()0g/g cat/hr (No reactor foaling). (4L autoclave, 50mg cat, 85°C, 320FSI, 50mL i-hexene, 

no hydrogen, .2:ret 10% TIBA. 60 min, in tsobutane}. 

Slikon-Brldged MelaMoeeB& M3 For FF Applications 
15 10 mo$% C^EsCFs (Im'miws) 

In the drybox, silica. (Fuji P-l 0 100°C 8hr) 20.3g and toluene 70g are charged into a 

20 300mL auioe!ave. The stirrer is tamed or*, at 400 rpm. MAO solution (Albemarle commercial 
30% MAO.in toluene, Al:::: I3,6wt%) 48.5g (244mmol Al, based on 12>0"mmolA!/g silica) is 

added to the silica slurry at ambient. After the addition., the resulting mixture is allowed to 

Mir at ambient for . 30 min. The autoclave is assembled and brought out of the drybox and 
connected to the controller that monitors the temperature,, stirrer rpm, and the- reactor interna) 

25 pressure. The stirrer is turned on and set. at SQOrpm and the heating device is turned on and 

set at 130°C. After it reaches i30°C, the mixture is allowed to stir at that temperature-tor 4 hr. 
The heater is then removed and the reaction mixture is allowed to cool to ambient. The 

autoclave is then brought into the drybox. The reaction mixture was then transferred to a 
300raL three-neck round bottom flask equipped with a mechanical stirrer. The slurry is 

30 allowed to settle. A small amount of sample is taken for ICP analysis: AI ™900ppm. 
The slurry is shaken well, and 4.0g slurry is taken and filtered, washed with 3xl0g 

ischexane and dried under vacuum to constant weight. The yield is 1.04g, which indicates 

that the slurry has a sMAO percentage 26,0%. The solid was sampled tor ICP: Al'~ -18.44%. 

The sMAO shiny is divided into two portions; one for the carhoeation agent modified version 
35 and one for a regular supported MAO version for comparisons (Example 8). 
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Preparation Of Carhoeation Agent Treated sMAO (CAT-sMAO) 

82.?g sMAO slurry (A1-~ I47mmdl) is- charged to a 3<)0mL three-neck round bottom 

flask equipped wish a mechanical stirrer. The slurry is heated to 7QoC ih an oil-bath under 
5 agitation. TMA toluene solution (20,0%) 6.4g (I7ms»ol Ai) is added to the sMAO slurry, 

following by slowly addition of GgHsCFj tohame'solatiem (9,9%) 7,3g {14.8rnraoI F). The 

resulting mixture turns to a deep blue color. The mixture is allowed to stir at 7(fC 15 min, 
and $he»-reduces-the temperature to 350C for 1 hr 45 min to obtain a slurry consisting of a 

light greenish-yellow- supernale and a green solid, A small portion of supemate sample was 
10 taken lor II1-NMR analysis to quantify the F uptake and shows 8mol% out of I0mol% is put 

or? silica, an 80% conversion^ 

Preparation (>f 1-UM CjUah;xLBascd On CAT-gMAQ 

15 M3 Metallocene solid (/••ac-dimethyls3iylbis(2-tnetIryl-4-pbcnyI-ir!dcayl52irconium 
diehloride ) 0.25g is added at once while the slurry is stirred at 400 rpm. After two hr, the 
resulting red slurry is Stereo, washed with Ix 1 OOg toluene and ;2x, l'OOgisobexasie, and dried 

t?nder vacuum for 4hr. Yield: 21.3g. ICP: Al. 18,5%; ?.v = 0.18%. Propylene 

polymerization test: 34.000g/g cat/hr (No reactor fouling) (4L autoclave. 14xng cat, 70%\ 
2-0 22Q0m.L propylene, SGniLx i8:0 PS] Ha* Itxb '$% TIBA, 60 min). 

Example 8 
0 ml% -QIIsCFs; 
(M3 Comparative) 

25 
Preparation Of Silica Supported MAO (-sMAO) 

44.2g sMAO slurry (Al - 7S,5mmol) from Example 7 is charged to a 300mL three-

neck round bottom flask equipped with a mechanical stirrer. M'3 metallocenc solid O.OSOg is 

30 added at once while the slurry is stirred at 400 rpm. After two hr, the resulting red slurry is 
filtered, washed wife Ix 50g toluene and 2x 50g isohexane, and dried under vacuum for 41u. 

Yield: 1 l,3g. ICP; A'!18.3%; Zr = 0,19%. Propylene polymerization test: iO.SOOg/g cat/hr 

(No reactor fouling) (4L autoclave, 14mg cat, 7(}v>€, '220OmL propylene, SGmLxlSO PS! Hj, 

imL 5% TIBA, 60 mm). 

28 
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Example 9 
3 saoI% Bistesie Oxide Carbocaiioa Agesst 

{Isive&tive} 

5 MAO (30% in toluene, Aibe«w!e product) 12.67g (Al :::! 64.5mmoi) was placed in a 

20ffiL vial. Nest butene oxide (or J,2 epoxybutane, 99%. Aldrioh) 0,14g (i.9mmol) was then 
.slowly added to the MAO solution at. ambient. The resulting solution was allowed to shake 

on a shaker for over night. 

The solution above was tested lor M2 catalyzed 1 -hexene polymmzatioo using a 
10 simple calorimetry method to. quantify the heat of reaction released by the polymerization 

process that, forming two C-C single bonds (releasing 2x~83 = 166kcal/mol heat) while 
breaking one C=G double lx»ad (absorbing -146kcal/rnol heat that gives a net heat release of 
about 20kcal/mol 14iexe»e> Under the. same conditions, the higher the best of reaction, the 

more active the.catalyst system. The calorimetric measurement was done in a double-jacked 

15 50mL round-bottom reactor equipped with a. stirring bar and a thermal couple for temperature 

measurement Dry toluene 17.115g and M2 toluene solution 0.5482g made, irom the stock 
solution of 0.11 Ig solid M2 is toluene 10.Og were charged into the reactor. The Stirrer was 
turned on. Then feetreated MAO 0.326g based on AI:Zr = 100:1 was charged into the reactor 

and a. stopwatch was turn on to count the activation time. After 15 min (lap 1), the solution 
20 temperature was recorded as 28.0'fG, and 0.60g i-hex-ene was injected to the solution while 

the stopwatch was turned on (lap 2), Use temperature started to rise and after .5-min (lap 2], a 
temperature of 41 >9°€ was recorded. The heat of reaction was calculated as 18.66kcal/g cat/5 

min, 
A baseline mix based on non-treated MAO was also done to see the difference from 

25 the treated MAO. Dry toluene 17.1.Ig and MZ solution 0.5292g from the same Kt2 stock 

solution were charged into the reactor. The stirrer was turned on> Then the non-treated. MAO 
(0.328g) based on Ai;Zr:::: 100:1 was charged into the reactor and a stopwatch was-turn on to 

count the activation time. After 15 min (lap 1}, the solution temperature was recorded as 
28.3^0, and 0.60g 1-hexene was injected to the solution while the stopwatch was turned on 

30 (lap 2). The temperature started to rise and alter 5 min (lap 2), a temperature of 37. (fC was 

recorded. Hie heat of reaction was calculated as 12.8kcal/g eat/5 min. 
The baseline for Ai:2r - 200:1 was also ran and a heat of reaction of 22,4kcal/g 

cai/Smin was obtained. Therefore, it can he seen that the boost is very significant through the 

3mol% butene oxide treatment of MAO. it can bee seen that with, treated MAO at AhZr 

35 =100:1, the performance is closer to the performance of a non-treated MAO at Ah.Zr:::: 200:1. 
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Example 10 
6 M©!% Methyi-j!ey/-B«tyletfeer Carbocattofl Agent 

$aventive) 

5 sMAO is made from the procedures the same, as in Example 7, The sMAO slurry is. 

determined containing 19.6% sMAO and the A! on the sMAO solid is. 18.0%. 'The sMAO 
.slurry- is divided into two portions; one for the earboe&tion agent modified version and one 
for a regular supported MAO version for comparisons (Example II), 

I2.5g sMAO slurry (Al = 1.6.ditimol) is charged to a 20mL vial TMA toluene 
10 solution (12.0%) 0.9g (l.Smxaol Ai) is added to the sMAO slurry, following by slowly 

addition of the toluene solution of O.Q85gof methyl-M^hutyle&er (MTBE, Atdrlch) :ra 1 g of 
toluene (0.96.niinol) with 'hand shaking duringthe-addition. The nnxlurels allowed to shake 
on a shaker for ] hr, A small portion of snpernate sample was taken tbf H'-NME.. No 

MTBE is detected, .and the tBn of MTBE has heen converted to either Reoperitaite or 

15 isobutene, and t he meihoxy group of MTBE is non-detectable. 
M4 metalloceoe solid (rac-ethyienebis(tetraliydmindenyl)zitcoijii!tB diehloride) 

0.035g is added at once while the -sipry is stirred at 400 rpm. After two hr,the resulting red 

slurry is filtered, washed with 'Ix lOg toluene and 2x fOgisohexase^ and dried under vacuum 

for -4hr. Yield; 2.45g. ICP: Al 17.5%; Zr 0,41%. Ethylene polymerization test: 

20 I3,900g/g cat/hr (No reactor fouling) (4L autoclave, 25mg. eat, S?)l'C; 32SFSL 40mL ]-

hexene. 2mL 10% TIBA, 60 rain, in isobutane). 

0 niol.% MetfeyI-/iert--Batyletiter 
25 (Comparative) 

13.5g sMAO slurry (itom Example 10) is charged to a 20mL vial. M4 .metallbeen'e solid 

0.037g is added at once while the slurry is stirred ai 400 rpm. After two hr, the resulting red 
slurry is filtered, washed with Ix lOg toluene and 2x lOg isohexane, and dried under vacuum 

30 for 4hr. Yield: 2.65g. TCP: Al — .17.8%; Zr ~ 0.40%. Ethylene polymerization test: 8,400g/g 
cat/hr (No reactor fouling) (41, autoclave, 25mg est, 80CG, 320FSI, 40rnL i-hexene, 2mL 

10% TIBA, 60 snin, in isobntanc). 
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Example 12 
10 m«I% N^-dlsaetfeylbeasEylsmiBe 

(I srvenClve) 

5 Preparation Of Silica Supported MAO (sMAO) 

19.41bs of Fuji P-10 silica (26 micron) calcined at 150 ,}C for 73 hr with an LOD of 
0.84% (300eC 4hr tmder M2) was. charg&Tia a Idgalon reactor with toluene 107.4!bs to 'form 
slurry. At ambient (about 25l'C); MAO 30% solution (AI:::! 15,58%, Albemarle product) 44.5 

10 lbs based on 1.1 .Srarnol Al/g silica were added slbwly with con&ol of fee internal temperature 
sot exceeding 30°C. 7.01bs of toluene, was used to rinse residual MAO. The mixture was 

allowed to agitate at ambient for 30mm. The temperature was then increased to 130°G and 

maintained for 4hrs. A small sample was filtered, washed, and dried to obtain the solid and 

determine that the solid in the slurry is 21 >38%.and the Al. in the neat solid is 1 S.S%. 
15 

Preparation Of Carhoeation Agent Treated sMAO jCAT-sMAQ) 

I6.8g of supported MAO slurry- (containing.:3.59g solid) from above was charged in a 
20roL vial. To the vial at once was added AlMej toluene solution (15.5%, as Component III 

20 AIR}) l.I4g containing nest AIMe* 2.45mmol, based on lOrnol'H of Al o.a the sMAO solid. 
While the vial was vigorously shaken, 0.33g of neat MesNCK^Qdis (N,N-
dimethylbenzylamke). as Component II. was slowly added to the mixture of sMAO and 

AlMe-j. The reaction mixture was al lo wed to agitate on s shaker for .2 hr. 

25 Preparation Of Pinal Catalyst Based Oa CAT-sMAO 

To the amine earbocaiion treated sMAO mixture prepared: above was then added 
0.052g of j?gc-Ethvlenebis(hidawt)zirconium dimethyl (M2) followed by shaking on a 

shaker for 1 hr. The mixture was then filtered, washed with 2x1 Og toluene and 2x I5g 
30 isohexane, and dried under vacuum tor 2 hr. Yield; 3.56g. (ICP AI ™ 18.7%; Zr = 0.35%) 

The ethylene polymerization tests were done under conditions similar to Example 1 (4L 
autoclave, 30rog cat, 8O0C, 320FSL 4()mL 1--hexene, 110 hydrogen,. bnL 10% TIBA, 60 rain, 

in isobutane} and the results are listed in. Table 1 under Example 12. 
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Example 13 
8 n?oi% N.N-dimetkylbeRzylaHiSR.e 

(Comparative) 

5 15.2g of supported MAO slurry (containing 3.25g solid) from Example 12 was 
charged in s.20roL vial. To. the supported. MAO was added Ml metailoeeac (0.054g), 

following, by shaking on a shakeribr 1 hr. The .mixture-was ten filtered^ washed with 2x1 Og 
toluene and 2s 35g isohexane, and dried under vacuum &r 2 hr Yield: 3.18g. (ICP Al :::: 

18.834; Zr = 039%) The ethylene polymerization tests weredone under conditions similar to 
10 Ex. 1 (41-...: -autoclave, 30mg eat, 80oC„ 320PSJ, 40mL l-hexe&e,. no hydrogen, l.mL 10% 

TIBA, 60 in ispbtttarse) and the results are listed in Table 1 as Entry 1.3. 

TABLE 1 - SUMMARY OF EXAMPLES 

f'MiiKptc CnrbiXiitiusi 
Gnnp !i 

IMA 
Coiup Hi 

AO 
Ifiieraiediaie 

C.omp 1 

Metal.locfene PE'PP Test 
g/geat/hr 

lieaetor 
Foulisg 

J 
Comparative 

- No Yes M2 5,700 (PE) Miisor 

Comparative 
1.0 mo\% 
C6HSGF, 

Yes No M2 2,890 (EE) Serious 

3 
iisverstivc 

K> 
m&h 

Y«s Yes M2 10,900 (PE) Mrnor 

4* 
faveoUve 

HW!% 
C^CFJ 

YDS Yes M2 13,608 (P£) No 

5 
Inventive 

50 iao3% 
CACFj 

Yes- Yes MI S ,700 {PE} No 

6 
Cfcas^agaiiVe 

No Yes Ml 3,500 (PE) No 

7 
Inventive 

10aioi% 
GsI^CE, 

Yes Yes M3 34,000 (TP) No 

8 
Comparative 

- No Yes M3 1.-D..B.00 (??} No 

9 
Inventive 

3 riso:S% 
b®ene oxide 

Yes sio -

13,900 (PE)" No iO 
Inventive 

6 mo|% methyl 
t-bmyi «ihsr 

Yes Yes M4 13,900 (PE)" No 

I! 
Comparative 

- No Yes M4 8,400 {PE} No 

12 
Inventive MfcjlsiCH.CftH, Yes Yes M2 1 i ,000 (PE) No 

.13 
Coriiparadve - No Yes M2 7,400 (PE) No 

15 * Example 4 sMAO prepared at 130°C vs. 110°C for bx ample 3 

Comparative Example 2 and Inventive .Example 3 shows thai when ahitrsinoxane is 

first reacted with the carhoeation precursor, the catalyst activation is about 3 times less than 

the inventive exanrpie where the supported AO intermediate is first formed, then reacted with 

20 the carbocation precursor. 
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The invention claimed is: 
1. A. composition comprising: 
(1) a supported aluminoxane intermediate composition pre­

pared by: 
a) a support; b) an organoaluminum compound; and c) 

an oxygen source 
(ii) a compound having the formula R-1 OX )„; wherein R1 is 

a hydrocarbyl group having from a bout 1 to about 20 
carbon atoms; n is from 1 to the number of possible 
substitutions of the hydrocarbyl group and each X are 
optionally substituted on RJ and is independently halo­
gen, OSi(R2)3, N(Si(R2)3)2, N(R;)2; SR2; 

P(R2)2; CN, or OR3; wherein each R2 is indepen­
dently hydrogen or a hydrocarbyl group having from 
about 1 to about 20 carbon atoms; each R3 is indepen­
dently a hydrocarbyl having from 1 to 20 carbon atoms, 
wherein when at least one R2 is a hydrocarbyl group; R1 

and R2 or R 1 and R " are optionally linked together to 
form a cyclic group; provided that at least one X is not 
directly bonded to an aryl group, and provided that when 
X is not halogen, X is bonded to a secondary or tertiary 
carbon, or a CTI2-aryl group; and 

(iii) a trihydrocarbylaluminum compound having the for­
mula AlR3, wherein each R is independently a Cx-C20 
hydrocarbyl group. 

2. The composition of claim 1, wherein R is -C8 alkyi, R ' 
is a C3-C8 alkyi or C7-Cj 5 arallcyl, n is I to 3, X is halogen or 

OR2, and R2 is a CrC4 alkyi or C6-C15 aralkyl. 
3^ The composition of claim 1, wherein R 1 (X )rj is (R4)3C 

OR3 or (R4)3C N(R3)2; wherein each R4 is independently a 
hydrogen or a hydrocarbyl group having from about 1 to 
about 20 carbon atoms and at least one R4 is a hydrocarbyl 
group; R5 is a hydrocarbyl group having from about 1 to about 
20 carbon atoms; or R4 and R5 are optionally linked together 
to form a cyclic group. 

4. The composition of claim 1, wherein R ' < X )„ is: PvTe,(" F, 
Me,SiF, C6II5CFI2F, CSI1^CF3 1,3-C6H4(CF3)„ 'Bu-OMe, 
1,2-CBUO)2C6H4; l,3-(fBuO)2C6H4. 1,4-CBUO)2C6 
I i. ,: 'I i11( > CH2 CI I , OTBu; 1 -methyl-tetrahydrofuran, 
1,2-dimethyl-tetrahydroluran or mixtures thereof, wherein 
CfsFF^ is a phenylene group and T3u is a tertiary-butyl group. 

5. The composition of claim 1, wherei n R'(X)H is, tertiary-
butyl methyl ether, tertiary-butyl ethyl ether, tertiary-butyl 
propyl ether, tertiary-butyl butyl ether, 1 -tert-butoxy-2,6-di-
tert-butylbenzene, 1 -trimethylsiloxy-2,6-di-tert-butylben-
zene, trimethylsiloxybenzene, trimethylmethoxysilane, ben-
zylmethyl ether, benzyl ethyl ether, ben zyl propy l ether, 
benzyl butyl ether or mixtures thereof. 
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6. The composition of claim 1, wherein R1 (X )„ is ethylene 
oxide, propylene oxide, isobutene oxide, 1 -butene oxide, sty­
rene oxide, 4-methyl-styrene oxide, 2,2-dinrethyl-trimethyl-
ene oxide, 2,2-diphenyl-trimethylene oxide, 1-methyl-ethyl-
eneimine, 1,1,2-trimethylethylenimine, 1,1 -diphenyl-2-
methyl -ethyl enimine, 1 -methyl-tetrahydro-pyrrole, 1,1,2-
trimethyl-tetrahydro-pyrrole, 1,1 -diphenyl-2 -methyl -
tetrahydro-pyrrole, 1 -methyl-piperidine, 1,1,2-trinaethyl-
piperidine, 1,1 -diphenyl-2-methyl-piperidine, or mixtures 
thereof. 

7. The composition of claim 1, wherein the aluminoxane on 
a support comprises methylaluminoxane, neopentylalumi-
noxane, benzylaluminoxane, ethylaluminoxane, n-butylalu-
minoxane, or isobutylaluminoxane. 

8. The composition of claim 1, wherein the tri hydroca rby-
lalximinum compound is trimethylaluminum, txineopentyla-
luminum, tribenzylaluminmn, triethylaluminum, tripropyla-
luminum, tributylaluminum, triisobutylaluminum, tri-n-
octylaluminum or mixtures thereof. 

9. The composition of claim 1, wherein the support is 
silica, alumina, silica-alumina, clay, a modified clay compo­
sition, or any combination thereof. 

10. The composition of claim 1, wherein the mole ratio of 
the compound of formula R1 (X)„ to the trihydrocarbylalumi-
num compound is about O.Ol : 1 to 2:1 and the mole ratio of X 
in the compound of formula R 1 (X)„ to Al in the supported 
aluminoxane is about 0.01:1 to 0.8:1. 

11. The composition of claim 1, further comprising a tran­
sition metal component. 

12. A. composition comprising: 
(i) a trihydrocarbylaluminum compound having the for­

mula AIR,., wherein each R_ is independently a CZ , -C20 

alkyi; 
(ii) a compound having the formula R 1 (X ),,; wherein R1 is 

a hydrocarbyl group having from about 3 to about 20 
carbon atoms; n is from 1 to the number of possible 
substitutions of the hydrocarbyl group and each X are 
optionally substituted on R1 and is independently, OSi 
(R2)3, N(Si(R2)3)2, N(R2)2; - SR2; P(R2)2; 

CN, or OR"; wherein each R2 is iirdependently 
hydrogen or a hydrocarbyl group having from about 1 to 
about 20 carbon atoms; 

each R is independently a hydrocarbyl having from 1 to 20 
carbon atoms, wherein when at least one R2 is a hydro­
carbyl group; R1 and R2 or R1 and R3 are optionally 
1 inked together to form a cyclic group; provided that at 
least one X is not directly bonded to an aryl group, and 
provided that X is bonded to a secondary or tertiary 
carbon, or a < "I I2-ary 1 group; and 

(iii) an aluminoxane. 
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13. Tlie composition of claim 12, wherein R is CrC8 alkyi, 
R ' is a C3-C8 alkyi or C7-C15 aralkyl, n is 1 to 3, X is OR2, 
and R2 is a Cx-C4 alkyi or C6-C15 aralkyl. 

14. The composition of claim 12, wherein R'(X)„ is 
(R4)3C OR5 or (R4)3C I\T(R3)2; wherein each R4 is inde­
pendently a hydrogen or a hydrocarbyl group having from 
about 1 to about 20 carbon atoms and at least one R4 is a 
hydrocarbyl group; R5 is a hydrocarbyl group having from 
about 1 to about 20 carbon atoms; or R4 and R5 may be 1 i nked 
together to form a cyclic group. 

15. The composition of claim 12, wherein R1(X)„ is *Bu-
OMe, 1,2-CBUO)2C6H4; 1,3-(TBuO)2C6H4. l,4-(rBuO)2 
C6H4; 'BUO CH2 CPI2 O^Bu; 1 -methyl -tetra hydro iu -
ran, 1,2-dimethyl-tetrahydrofuran or mixtures thereof, 
wherein G6H4 is a phenylene group and Tiu is a tertiary-butyl 
group. 

16. Tire composition of claim 12, wherein the mole ratio of 
the compound of formula R1 (X),v to the trihyd rocarbyl alnmi -
num compound is about O.Ol: 1 to O.l: 1 and the mole ratio of 
X in the compound of formula R1(X)„ to Al in the non­
supported solution aluminoxane is about O.Ol :1 to 0.8:1 . 

17. The composition of claim 12, further comprising a 
carrier. 

18. The composition of claim 12, farther comprising a 
transition metal component. 
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