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ALIJMINOXAN1 CATALYST ACTIVATORS CONTAINING CAEB0GATION 
AGENTS, ANP USE THEREOF IN P0LYGLBFIN CATALYSTS 

Baekgrorad of the layeatiosi 
5 

Partially' bydrolyzed almrmiimi aifeyl composing known as akminoxan.es (AQ) are 
used for activating transition metals for olefin polymerisation activity. One -such compound, 
metliyialimimoxasie (MAO), is a frequently cliosec aluminum eo-cataiyst/acfivator in the-
industiy: Considerable effort lias been devoted to Improving the eiYeet£yesc$$,©f catalyst 

10 systems based on use of alammoX'aaes or modified aiurniooxanes for poljuierization of 
olefins. Representative patents and publications in the field of ahimmoxane usage inehide the 
follo.wi.tig: U.S. Patent No, 5,324,800 to Welbom et al; U.S. Patent No. 4,752,59? to Turner; 
U.S. Patent Nos. 4,960,878 and 5,041,584 to Crapo et a!.; WO 96102580 to Dairoeeo, et at; 
EP 0 277 003 and, EP 0 277 004 to Turner; Jflaiky, Turner, and Eckman, </. Am, Ckem- Soc., 

15 1989, i //, 2728-2729; Hiatky «d Upton, MLwmmokmies, 1996, 29,8019-8020. U.S. PateM 
Ho. 5,153,157 to Hiatky and Turner; U.S. Patent No. 5,198,401 to Turner, .Hiatky, and 
Eelansn; Bnoteinger, et ai, Angew,. C'hem. lm Ed. Engl. 1995, 34, 1143-1170; and the. like. 
Despite technological advances, many altmimoxane-hased polymerization catalyst activators 
still lack the activation efficiencies needed for commercial applicability, require 

20 commercially ^acceptably high alumimim loading, are expensive (especially MAO), mid 
have other impediments to commercial Implementation. 

Lewis base stabilized dialkylatiiMinium cations derived ITOXB non-aluminoxane 
•systems and their activation characteri sties are described by Ktesin etal i.o W© 2000/011006 
atitd QrgammetaHics, 19 £2000) 4$84-46E6. Ionic MAO has been, isolated -from non-ionic 

25 regplar MAO through the treatment with a Mdentate (of chelating) agent, e,g., 
octemethyltrisikfxane by Sasgokoya et al (WO 2003/082879 and WO 2007/005400), Later, 
through spiking the dimetliyialmninum cation XHF complex formed through the reaction, of 
trityl tetraMs{pentaflBoropbenyl)boi-at€ with triniethyiainiiimum (TMA) in tetrahydrofuran 
(THF) into regular .MAO: treated with THF,. Luo et al identified dimethylsknrmion cation 

30 THF complex termed in tlie THP treated MAO (WO 2G09/0298S7 and US 2009/0062492). 
Furthermore, Luo et al also demonstrated that, through the treatment of a so-called 
dimethylalunnTium cation precursor agent, fee somber of dlmethylah^imjm cations in MAO 
•could be sigoificafltiy 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 

35 design of a metalioeene with the NMR detectable leaving groups, the dinieihylalominisffl 
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cation precursor in MAO has bean identifed as the major active species to activate a 
•metsllocene through fee extraction of the <limethylaliuulnum cation precursor from MAO to 
form the eatidnic, metalloeerie leaving group bridging bimetallic complex shown as A is 
Reaction I as an example, which is faither converted to a Hilly alkylated, stable chelating 

5. ealibMc bimetallic complex as B is Reaction 1 (km, et al Advances in Polyopias 1009, 
Meeting Abstract, Santa Rosa, .California, 2009), Such felly alkylated, stable chelating 
catfcmie bimetallic complexes have long been recognised as the- major, met&llocene derived 
species formed #feen a .metallocejie is activated with MAO, e.g., cationic bimetallic 
zlrcoTiocerse species (Babusbkin & Brmztinger, J. Am, Chem, ,Sbc,,..20(S, I24.t 12869) and the 

10 eationie bimetallic tiianoce&e' species (Bryliakov, Talsl, and Bochma&ti, CJrganometaiiits, 
2004,13,149). 

DirastbyMuramum cation prearsor 

c\ i "v rcpx I »<, 
Op 9 m T } icp' Q' I W 1. Cp CH-J 

Me MAO ® MAO 

15 

(M- Ti, Zr, or Hi) 
Meiaiiocene MAO 

•Dms^^alUmmUm cation -complex 

(1) 

Thus, a need remains far AO-type compositions that: exhibit higher efficiencies for 
activating transition metals for olefin polymerization over conventional AG, in particular, 
compositions with more active species comprising: the dlalkyldiummum cation or its 
precursor in alirnimoxaiie type activators through mare economically sound .methods to 

20 significantly reduce the alnniinoxane ratio in a practical catalytic system in order to reduce 
the cost of making the metallocene/single-site catalysts. 

Summary offhelawntioR 

25 This invention relates to an actuator composition comprising; (i) at least otic 
supported atammoxane intermediate {Component I), (ii) a compound haviiig the formula 
lls(X}(1 (Component II); where.®. R5 is a hydrocarby! group having- from about 1 to about 20 
earboa atoms; a is from I to the number of possible' substitutions, of the. hydrocatby! gtoup 
aiid eaeli X may be> MiywMreos'R1 and is independently halogen, -OSi^R^ls, -M(Si(R")s)2, -

30 N(Rf")2; -SS* ~P(R2fe ~CN, or -OR3; wherein each K2 is independently hydrogen or a 
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hydroearbyl group having from about 1 to about 20 carbon atoms; each RJ is independently a 
bydroearbyi having from 1 to 20 carbon atoms, wherein when .at least one R2 is a hydroearbyl 
group, R1 and R2 or R5 and R3'may be linked together to toxin a cyclic group; provided thai at 
least one X is-not directly bonded to an aryl group; and provided that when -X is not halogen, 

5 X is bonded to a. secondary or tertiary carbon, Or a -CH;j~aryl group; and (iii) a 
trihydmearbyMuminum compound having the formula AIR? (Component III), wherein each 
E is independently a Ci-Czo hydroearbyl group. 

This 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 invention. also provides methods of polymerizing: mdiionlers comprising 
carrying out such polymerization in the presence of one or more catalyst compositions 
according to this invention. 

Detailed Descrlptkm.of the IsvetitlQR 
15 

This invention relates to an activator, composition comprising: (i) at least one 
supported alnniinoxane intermediate (Component 1), (ii) a compound' having the fomrnla 
R'*(X)ts (Component II.}; wherein R1 is a hydroearbyl group having from about 1 to about 20 
carbon atoms; n is from t to the number of possible substitutions of the hydroearbyl. group 

20 and each X may be anywhere on Rl and is independently halogen, -OSi(R")3, -N(Si{R2)3)2s ~ 
•N(R*)j:; -SR*- -P("R")2:; -CM, or -OR3; wherein each: K2 is: independently hydrogen or a 
hydroearbyl group 'having'from about 1. to about SO carbon atoms; each R* is independently a 
hydroearbyl. having from 1 to 20 carbon atoms, wherein when, at least one R2 is a hydroearbyl 

gronp, R! and ll' or RJ and R3 may be linked together to -fbnn 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 a -C.Hj-aryi group; and {iii) a 
trihydroearbyMuminiim eomponad having the ionmila AIRs (Component III), wherein each 
R is independently a Cj-Qo hydroearbyl group. 

This invention also .relates to a composition comprising: (i) a trihydfoearbylal«4Biniun 
30 compound having the formula AlRj, wherein each R is independently a CrCjs alkyl; (ii) a 

compound having the formula•'•R.lQC)a; wherein R! is a hydroearbyl group having from about 
3 to about 20 carbon atoms; n is from i to the number of possible substitutions of the 
hydroearbyl group and each X may be substituted anywhere m Rl and is independently, -

GSiCR3k -n&Ah -SR2; »?{&% -CN, Of -OR3; therein each R2 is 
35 independently hydrogen or a hydroearbyl group having from about 1 to about 20 earbon 
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atoms;, each R* is independently a: hydroearbyl having from 1 to 20 -carbon atoms, wherein 
•when at least one R3 is a hydroearbyl group, R1 and R~ or R1 and R3 may be linked 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 -CHs-aryi group; and (iii) an 

5 ahiminoxane. 

The term "hydroearfeyF'as -used' herein includes a hydrocarbon radical, which may be 
optionally -substituted with a heteroaiora (e.g., oxygen, nitrogen, sul&r, phosphorus} or 
silicon in the clam. Examples of hydroearbyl include, but am hot limited to alkyls, aryls, 
aralkyls, alkaryls, alkenyls. cyeloalkvls, eydoalkenyls, and combinations thereof. 

10 The term "alky!", as used herein, unless otherwise indicated,: includes saturated 
monovalent hydrocarbon radicals "having straight or branched moieties. Examples of alkyl 
.groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, baiy.L isobutyl, t-
butyl pentyl and hexyL 

The term "aryi", as used herein, unless otherwise indicated, includes an organic 
15 radical derived from an aromatic hydrocarbon by removal of one hydrogen, such: as phenyl, 

naphthyl, mdeny!, and IkorenyL "Aryf" encompasses fused ring groups wherein at least one 
ring is aromatic. 

The term "araikyl" as .used herein indicates, an "aryi-alkyl-" group.. Moa-iimitiiig 
example of an aralkyl group is benzyl (GsHjCHr) and methylbenzy! (CBsCgl^CHa-}. 

20 The .terra "alkaryl" as used heroin Indicates an '"alkyl-aryl-" group. Non-limiting 
examples of alkaryl are meihyiphenyl-, dimethyiphenyl-, etliylphenyl- ptopylphenyl-, 
isopropylphenyK butylphenyK isobotylphenyl- and t-butylphcnyb, 

Thetettn "alkenyl", as issed-herfcift, unless otherwise Indicated, .includes alkyl moieties 
having at least one carbon-carbon double bond wherem alkyl is as defined above. Examples 

25 of afkesyl include, but are not Mroited to, ethenyl and prepenyi 
The term "cycloalkyl",: as used herein, unless otherwise indicated, includes non-

aromsiic saturated cyclic alkyl moieties wherein alkyl is as defined above. Examples of 
cycloaJkyl include, bat are not limited to, eyclopropyk eydobutyl, eyclopenlyl cyclohexyl, 
and cyelohepiyf 

30 The term "eyeloalkenyl", as usedherem, unless otherwise indicated, includes non-
aromatie cyclic alkenyl moieties wherein, alkenyl is as defined ahiwe. Examples of eydoalkyl 
include, but are not limited to, eyelopropenyl, eyelohufenyl, cyclopentenyl, cyelohexenyl, and 
eycloheptenyl. 

4 
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Unless otherwise 'indicated, all the .foregoing •grqpps derived from hydrocarbons may 
have up to about 1 to about 20 carbon atoms C1-G20 alkyi, Ce-Cso aryl» C7-C20 aikai-yl, 

aralkyl) or 1 to about 12 carbon atoms, (e.g., CrQis alkyls CVC32 arylf: 'C7-C12 alkaryl, 
C7-C12 aralkyl), or I to about 8 carbon atoms, or 1 to about 6 carbon atoms or 1 to about 4 

5 carbon atoms, 

One of fee components in the activator composition is a supported slmunoxaiie 
10 intermediate, which is derived from three components: 1) at least one support; (or carrier)., 2) 

at least one ofganoaluminu® compound, .and 3} at least one oxygen source. The three 
components can be brought into contact in any order. 

Preferably, the. orgauoaluixuaotD coiapound csn be brought into contact with the 
oxygen source to fairs. a soluble alumlnoxane before contacting a support; The formed 

15 aiuminoxane can contain at least one hydroearbyl moiety having from one to about twenty 
carbon atoms, Sncfi aMminoxanes include, but are not limited to, idkylalnminoxanes, 
cycIoalkyMtiiiRinoxases, arylaiuminoxanes, sraikylaltiminoxanes, or any combination 
thereof Hydmearbylalumiitoxanes can exist in the form of linear or cyclic polymers. In one 
aspect Of the invention, the alummoxanes can be oligomeric materials, sometimes referred to 

20 as polyalkylahuBinoxanes, containing the repeating unit (C)» 

25 

I •' n 
G 

and chain terminal unit {'! 

./ Ai-0 

which may also have a coordinated -A1R3 to satisfy the four coordination of the alumlnnm 
center (B*)* 
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wherein E is a. Ct-620 hydroearbyl group and s is an integer from about 4 to. about 20. The 
exact structure of aiummoxanes Mas not been defined and the}' can contain linear, cyclic, 

5 cross-linked species, .or asy combination thereof Non-limiting examples of 
hydroearbytalimiinoxan^ for use m the invention mdude methylalurmm^xanes (MAG), 
modified MAOs, ethyl ainminoxanes (EAO), isohutyialmalBoxanes (IBA0), a-
propylaluminoxanes, n-oetylalummoxanes, phenylalttj&moxanes,; or any combination tlaereoC 
The hydrocarbyiahitiiiii0xaiies can also contain up to about 20 mole percent (based, on 

10 aluminum atoms) of moieties derived from amines, alcohols, ethers, esters, phosphoric and 
earboxyiie acids, thiols, aiyl disiloxasles, alkyl disiloxanes, and the like to further improve 

•activity, solubility and/or stability, 
Altmriimxanes can be prepared as known in tie art by the partial 'hydrolysis of 

hydrocarbylalmninuni compounds, Hydroi^ylalaminam compoimcls or mixtures of 
15 compounds capable of reacting with water to ibrm an aiuminoxsne can be employed in die 

present invention- This includes, for example, trialkyMnminum, triarylalutnimifn., mixed 
sfkyl-aryl aluminum, or any combination thereof. The hydrocarbyialiathnnm compounds can 
•be feydrelyzed by adding either free water or water-containing solids, which can be either 
hydrates or porous materials which have absorbed water. Because it is difficult to control the 

20 reaction by adding water, even wife vigorous agitation of the mixture^ the free water can be 
•added in the. ibmi of a solution or a dispersion In an organic solvent. Suitable hydrates 
include salt hydrates such as, but not limited to, -CuSO^SBaO, AI$SG^®18H20,. 
ScSO4-7H2O, A1C1^6H20, A1(NQ3)3'9H20? MgSQ^IfcG, MgCferSHaO, 2o$04«7H,0, 

NajS.O4«1OH20, Na3PQ4»I.2B205 LiBf*2H'2Os LiCMIiQ, LiMH20; Lfl«3H20s KF«2H20, 

25 NaBr^HaQ, or any combination, 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, Na0HsH2O, NaOHa2H->0, 
nMptthmtQ, K0H?2HhO. CsOH'HA UQB«e20, or any eoffihination thereof Mixtures 
of salt hydrates and alkali or alkaline: earth metal hydroxide hydrates eaa also be used. The 

30 molar ratios of free water or water iii the hydrate or in porous materials, which include 
inorganic oxides such as alumina or silica, to total alkylalumtnuni compounds in the mixture 
can vary widely, In one aspect of the present invention such molar ratios are in a range from 



WO 2012/122332 PCT/US2012/028188 

about 2:1 to about 1:4. In another aspect of the present invention, such molar ratios are in a 
raisge from about 4:3 to about 2:7.. 

in one aspect of the present Invention, the aluminoxgnes have saturated hydroearbyl 
groups (i.e>,alkyl or cyeloalkyl groups) having from one to about twenty carbon atoms. In 

5 another aspect of the present invention, the saturated hydroearbyl groups of the aiumihoxanes 

have from, one to 'about eight carbon atoms, 
Aluiftinoxaxies which can be employed in the present invention, include,., but am not 

limited to, methyl aluminoxane, ethyMmsinoxane, n-fropylahmiiisoxaue, 
n-bBtylahsmmoxane, isobutylalumlnoxane, n4iexyIahmhnoxane, u-oet>Mnmmoxane, 

10 decylahMiinoxane, dodeeyiaiuminoxane, tetradecylahiminQxaae. hexadecykhrnTmoxane, 
octadeeylaluminoxane, plienylaiuminoxane, tolylahniiinoxane, or any combination thereof 

Hie ahsmshoxane can .contain up to about 15 mole percent (based on alundnuni) of 
moieties femed .from amines* alcohols, ethers, esters,, phosphoric and carboxyKc acids* 

thiols, alkyl disiloxanes, and die like to improve-their activity, .solubility, and.% stability. In 
15 another aspect of the present invention, the moiety is a bulky phenol. Suitable bulky phenols 

ihclude, But are not limited to, 2,6-dimethyi"4"(l,l"dimethylpn>pyl)p.eii0!3 2,6-diis©biityi-4-
meShylphenoi, 2?6-diisoprepyIphet5ol, 2,4,§4riisoprop}iphepoli 2,6-diisohutyIphenol, 2,4,6-
ixiisobutylphenol, 2,6-di--fet~butyIphendh S/^b-tsi-^-bmylpliejiol, or 'any combination 
thereof. 

20 More preferably, the supported alumiHoxane iMeniiediaie can he prepared by bringing 
into contact of the oxygen source and the support before contacting the 
hydrqearbylahmimmB, This includes the use of a support containing w oxygen source, for 
example, a non-calcined silica that contains physically absorbed water. The amount of 
oxygen sour 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 of 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 
organoakuiiinuni compound before contacting the oxygen source. 

30 
s) . .Support (Component i-a) 

Supports or carriers useful in, compositions according to this invention comprise 
inorganic carriers or organic carriers. Such earners may calcined (temperature above 2CKFC) 

35 such that if 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 lias not been perfectly 
eliminated Also, water^hiainmg. carriers' may be used such, that a predetermined amount of 
water lias been, added after the absorbed water is completely or incompletely eliminated 
therefrom. This Invention provides that such water-amtammg carriers can. centals up to a 

5 percentage of water such that free water is net leaching out of the earner. As discussed, such 
water-containing earners can be either non-calcined' or low-temperature calcined. As used 
herein, a "nos-calcined" carrier Is a earner 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 2Q0®€, or up to about 10OttC> or at about 50*C. The calcination 

10 time can be Dp to about 24 hows. Further, the calcination. may be perlhrmed in my 
atmosphere, for example, in an atmosphere of air or an inert gas, or under a vacuum. 

Supports containing water that are useful in activator compositions according to this 
invention comprise inorganic earners or organic carriers, A plurality of canlers can be used 
as a mixture, and carriers of this mvention may comprise water as absorbed water of in 

15 hydrate feita. A earner of this invention may be porous and have a total pore volume of not 
less than I). 1 ml/g of silica, or not less than 0.3 ml/g. A carrier of this invention may have a 
total pore volume of about 1,6 ml/g of silica. The average particle diameter of the carrier 
may be from about 5 micrometers to about 1009..micrometers* or from about 10 micrometers 
to about 500 micrometers. 

20 One silica useful in this invention is .porofis arid has a surface area in the range of 
from about 10 mlt'g silica to about 1000 tif/g silica, including the range of about 10 m3/g 
silica to.about '700 m2/g. silica, a total pore volume in the ..range of from about 0.1 cc/g silica 
to about 4,0 ee/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 hi the range of from about 50 m2/g to -about .500 ®2/g, a pore volume m the range of 
from about 0,5 ee/g to about 3,5 ee/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 fee. 
range of from about 200 m3/g to about 350 m%, a pore volume in the range of from: about 
1.0 cc/g to about 2.0 ee/g, and aft average particle diameter in fee range of from about 10 

30 micrometers to about 110 micrometers. 
An average pore diameter of a typical pbrom silicon dioxide carrier useful m tills 

invention is in fee range of from about .10 angstroms to about 1.000 angstroms, or from about' 
50 angstroms to about 500 angstroms;, or from about 175 angstroms to about 350 angstroms. 
A typical content of hydroxy] groups is from about 2 mmol OH/g silica to about 10 mraol 

§ 
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OH/g: silica, with or without the presence of liydrogen-bonded water, as detemiined by the 
following Grignard reaction. Most of these active OH groups react readily with 
benzyhnagnesinm chloridfe Grigaard to produce toluene, and this reaction can be used to 
quantify the concentration of active OH groups on a particular silica. Alternatively, 

5 iriethyialuminimi cm be used for the titration In place of a Grignard reagent, A typical 
content of hydroxy! groups is from about 2 mmol OH/g silica to about 10 mmo! Ofl/g silica, 
or about 3 mrnol OH/g silica to about 8 .mmol OH/g silica, or from about 3 ,3 mmol OH% 
silica to about 7.2 BUBO! ©H/g silica, 

Examples of inorganic carriers that may be useful in this invention include inorganic 
10 oxides, magnesium compoiKids, clay minerals and the like. The inorganic oxides can 

comprise silica, alumina, salicg-ahanma, magnesia, titaroa, ziroouia, and: clays. Examples of 
inorganic oxides useful in this invention include,, without limitation*: SiQ?« AljOj, MgO,ZrOa, 
TiO>, B2.O3, €aQ, ZnO, BaOf ThCK and double oxides thereof, e.g. SiGj-AljOj, SiQrMgQ, 
SiOj-iOa, SiOs-llOa-MgO. Examples of magftesium oomponnds useful in this Invention 

15 include Mg€%, MgQ(OEt) and the like. Examples of clay minerals useful in this invention 
include kaolin, benteiite, Mbushi etey, geylosm clay, allaphane, Mslngedte, pyrophylite, tale, 
micas, moB.iinorilionites, vermiculite, chlorites, palygorskite, kaollnite, nacrite, diekitc, 
halloysite and the like. 

Examples of organic carriers that may be nsefu! in this invention include acrylic 
20 polymer, styrefle polymer, ethylene polymer, propylene polymer and the like. Example 

aeryMe polymers that may be useful, in.'this invention include polymers of acrylic monomers 
such as acrylonitrile, methyl aerylate, methyl meihacrylate, methacryloBitrile and the like, 

and copolymers of the monomers and erosslinldng polyraerizabfc compounds having at le^st 
two unsaturated bonds. Example styrene polymers that may be useful in this invention 

:25 include polymers of'styrene monomers such as styrene, vinyltolnsne, eihylvmylbenzene and 
the like, and copolymers of the monomers and crosslinking pQlymerizable compounds Saving 
at least two unsaturated bonds. Example crosslinking po!ymeri.?.ahle compound having at 
least two unsaturated bonds include diyinylbenzene,, trivinylbesEeae, diviuyltoluene,. 
divmylketone, diallyl phthalsie, diallyl maleate, N,N!-methylenehlsacrylamide, ethylene 

30 glycol diraethaerylate, polyethylene glycol dimeihaerylate and the: like, 
Organic carrier useful in this invention has at least one -pokr foiietiooa! group. 

Examples of snitable polar fractional groups include primary amino group, secondary amino 
group, imino group, amide group, imide group, hydtazide group, atnidino group,: hydroxy! 
group, hydroperoxy-grcrap, carfeoxyl group, foraiyl group, methyloxycarbonyl group. 

9 
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carbamoyl grasp, siilfc group, siilfino group, soifeno group, thiol group, thioearboxyi group, 
tteolbonyf group, pyrrolyl group,: imidazolyl group, piperidyl group, Mazoly! group sad 
earbazolyl gropp.. When the organic carrier originally has at; least ope polar functional group, 
the organic earner can be used as it is. One or more kinds of polar functional groups can also 

S be introduced by subjecting the organic came?: as a matrix to a suitable -Chemical-treatin&Pt. 
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 pol.yalfcylenepo'lyamine. stieli as etliylehedisinme, prop&hediamine, 
diethylenetxiamine., tetraetliylepepeMamme,, dipropyleiieiriaiiime or the like, As the specific: 

10 method of such a reaction, for example, there is a. method of treating an acrylic polymer {e.g. 
polyaerylomtriie) in a shiny state in a mixed solution of ethylenediaitrine and water at 100*0 
or more, for example from 12CFC. to I 5(PC, The amount of polar functional group per unit 
gram in the organic, carrier having a polar: functional group may be ten 0.01 to 50 mrfcol/g,. 
or from 0,1 to 20 mmol/g. 

15 

The -oxygen source can be provided 'by water in the garnet. Otherwise, the oxygen 
source can be.any suitable, oxygen source, as will be familiar to those skilled in the art given 

20 the teaching of this specification. To give some son-limiting examples: the oxygen source 
can he the fee form-of-water in either fee gas phase or the condensed phase: (liquid or solid), 
can he the coordinated form of water such as hydrates! metal salts (e.g., XiOHCHsO),,), water 
absorbed on compounds containing hydroxy groups, on molecular sieves, and 'the like, and 
can be hydroxy or caxfeonyl' containing compounds m which the oxygen atom only directly 

25 lurks to either a tertiary carbon and a hydrogen, for example, BuOH, PI13CGM, and the like, 
or a tertiary carbon and an Al alter reacting with a trialkyMumlnum, for example,. 
Ph€(0)Me5 PhCOOH, and the like. Depending on the organoaluniinum 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 leas t two aluminum -atom The. AkOratio can 

30 he about 100;!, about 50:15 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 wife fee 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 .art given the teaching of this specilication. To give some: 

35 non-limiting examples: the oxygen source can be the free form of water in either the gas 

10 
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phase or the condensed, phase (liquid or solid), can be the eoordinated form of water such as 
hyefrated metal salts (e.g., water absorbed on compounds containing hydroxy 
groups, on molecular sieves, and the tike, aad can be hydroxy or carhouyf containing 
'compounds in which the oxygen atom only directly links to either a tertiary carbon and a 

5 Hydrogen, ibr examplcf 'BuOH, PlijCOH, and the like, .or a tertiary carbon mid an Al after 

reacting- with a M&lkyMnminura, for example, PfeC{0)Me» PliCOOfi, and the like. 
Depending -on the orgasoalumisimi compound in use, the. amount of oxygen source can he 
adjusted so that each, of a majority (at least about 50 voi%) of the oxygen atoms therein 
contacts at least two aluminum atoms. The AhO 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 such, 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). QfE§no4mAuro Compound (Component j-c) 

The organoalunnnum 'eompoiind usefol. in this invention, can comprise AlR}|YR6){3.a) 
wherein Al is aluminum; each R is hydrogen -or a hydroearhy! group having up to about. 20 
carbon atoms, and each R may he the same ss, or different from, any other R; for eaeh YR% 
Y 'is a hetero atom and Rfl is a hydroearbyl bonded to the Al through the hestero atom and 

20 having up to about 20 carbon atoms; eaeh YRS -may be the same as, or different from, any 
other'YR&; and n is 1, 2, or 3. Bach R can be a straight-chain or branched alkyl group. Noa» 
limiting examples of R include alkyl groups having from I to about 10 carbon atoms such, as 
methyl, ethyl, s-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, iieopentyl and the like. 

Non-limiting 'examples of AIRa(YR%^) useful in this invention include 
25 trimethyialumimmi, triethyl aluminum, triisobuiylaluimnum, Iripctylalumrnuni,. 

diisobutylalaiBinura hydride, diethyialumiaum hydride, dinwthylaluminum hydride, (2,6-di-
teil-butyl-4-iiieihyiphenoty}diisGbatyla!u.miniim, his(21,6-di-tert-hutyI-4~ 
,methylphenoxy)isobuty!alummumj (2;6-<1i4ert~butyl~4~methylphenoxY}diethyla!ummum, 
his(2^6~di-tert-bi5tyI-4-methylphenoxy)e&ykhinnniu35, (2,6-di-tert-bntyh4-

30 methyiphenoxy)diniethylakimhium, or bis(2?6-4i-teit-buty!-4-
methylphenoxy)inethyidu;minum, and mixtures thereof. Examples of heteiwtoms include 
•nitrogen: atom, oxygen atom, phosphorous atom, sul&r atom and the like. 

Organoalumniuni compounds of this invention can be prepared by any suitable 

method, -.including, currently known methods, as will he familiar to those skilled in the ait, or 
3 5 .methods that may come to be known. 
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C^rbocafioB Precursor EslXi; iCoMpoiigaf II) 

One of the- cotaponefcts In the activator composition is a caseation, precursor agent. 
Essentially, a carbocation precursor is' a compound containing at least one carbon atom 

5 directly links to a labile electron rich leaving. group X, which readily forms an Ion-pair when 
brought iii contact wife carrier supported aluminoxane (Component I), with tlie leaving group 
X binding to duminoxaiie backbone to form the anion and fee carbon directly linking to the 
leaving: group X to become a earhoeation* Became a silicon atom has -similar chemical, 
properties to a. carbon atom in terms of cation formation nature although the derived silyl 

1-0 cation is less stable, the carbocation precursor thus also includes a silyl cation precursor that 
Contains.a silicon atom directly links- to a labile electron nob leaving group X, which .readily 
forms m ion-pair containing a silyl cation when "brought in contact with the aluminoxane. 
Compounds that may be used as a -carboeation precursor are those having the formula R^X),,; 
wherein each X may be anywhere on 'Rs and is independently halogen (fluorine,: chlorine, or 

15 bromine, preferably fluorine), -0$i(R2)3? -NCS^R^j)^ ~N(R~)2; ~SBr; -P(R2>J. -CN,. or -OR*; 
wherein each it3 is Independently hydrogen or a- hydroearbyl group baying from about 1 to 
about 20 carbon atoms; each K3 is independently a hydroearbyl baling from 1 to. 20 carbon 
atoms, wherein when at least one R2 is a.hydroearbyl. group; I1 and R2:or R* nod R3 may be 
linked together to form a cyclic group; R1 is a hydroearbyl group having from about I (when 

20 X is halogen) or about 3 (whiea X is not halogen) to about 2G carbon atoms; n Is from 1 to the 
number of possible substitutions of the hydroearbyl group; provides! 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 -CHa.-aryl group on R3. 
The "aryl"' proviso disclosed above is for the situation when the labile electron rich 

25 leaving group "X" is bounded directly to an aryl group, it has been observed that X in this 
situation is son-labile, he,, such groups remain bound to the aryl group when brought Into 
contact with the supported or non-supported alamsnoxane and/or organoalmnlman 
compounds. Preferably when R* comprises- an aryl group, R: is an aralkyl group such that at 
least one X k bound to the aifcyi group (i.e., aryl-alkyl-X, e.g., FhCftrX), thereby containing 

30 at. least one labile leaving group. Also the "secondary or tertiary carbon" proviso disclosed 
above is for situation when the labile electron' rich: leaving group 4'X" is not a halogen and 
bounded to a primary alkyl group. It has also been observed that X in this situation is--non-
labile, i.e., .sudh gronps remain bound to the primary alkyl group when brought into contact 
with the supported or non-supported aluminoxane and/or orgaiioaluminuni compounds. For 

12 
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example, when X contains oxygen and Rs Is a primary alkyl, such as diethyl -ether (III ™Et 
and X - OEt) or ietrahydroferan (THF) <RI=-CH2CH,2-V asd X- OR3 « -OCH2€Hr and Rl 

'and RJ -are linked to form a cyclic 'grotif>)» they remain as a solvent when, .mixing with a 
supported or tm-stipporfced MAO. 

5 In one embodiment, n is 1,2, 3, 4, 5 or 6, In anotherembodiment, Rl is a CrCg alkyl 
or O-Gis aralkyl. In another embodiment, X is -OR2, and R" is ;a Cj-Q alkyl or G^-CJS 
aralkyl. 

Is one embodiment,- ltJ0C)a is (Rf)s€~OEs or (R^G-Npt^; wherein each R4 is 
Independently a hydrogen or & hydroearbyl group having from about to about 20 carbon 

10 atoms; RJ is a hydroearbyl group having. about 1 to -about 20. carbon atoms; or ll4 and R5' 
may be linked together to form a cyclic group. Preferably, R4 is independently & CrCi# 
group, and more preferably (R )5C is Independently tert-bufyi or trityl, and R." is a: CrC& alky 
group. 

When X is halogen In R^X)^ Rl csatx be a primary, secondary or tertiary hydroearbyl 
J 5 group; and when X is a non-halogen group, RJ is preferably a tertiary hydroearbyl $rcftip or a 

saturated Oarboa separated aromatic group, and less- preferably a secondary hydroearbyl 
group, but not a primary hydroearbyl group, The definitions of primary, secondary, and 
tertiary hydroearbyl. groups are as follows; a.-primary hydroearbyl group represents a -GH^R 
group (e.g., ethyl -CM2OH3 or propyl ••-CHaCHjGHj), a secondary hydroearbyl group 

20 represents-a ~CH(R)2 group (e.g., isopropy! ~CB(Me)2 or sec-butyl -CHCMeJCHiCHj) and a 
tertiary hydroearbyl group represents -a ~€$k group (e.g., ieri*buiyl -CMej or frityl €!%}> 
where R is a hydroearbyl contains at least one carbon, A saturated carbon separated aromatic 
group represents a -CHjAr group, where Ar is an aromatic group (e.g., benzyl -CHjPh). 

Non-limiting examples of R3(X)a are: when X - F, flnoromethane GHjF, 
25 iluoroethaiie CHjCffeF* test-butyl finoiide. MsiCF, totyl fluoride : FI^CF, 

tmnethylsilyliluodde MejSiF, a-fluorbtoltiene 'C^HsCHiF, a, a-ditluomtoluene C^BsCEFz, 
eyx,a-iriflnorotohiene CF^Ph, 'i3-bis(Mf1uorometbyFibenzeoe 1,3-(CF3)->Fh,: and the like; 
when X - 0> isopropyhnethyi ether Me^CHOMe, tert-hntylinethyi ether MejCOMe, 
tritylmethyl ether PhgCOMc, buteneoxide CHaOCHCHaCHj, l^-di-tert-butylbenzsne 1,2-

30 13-di-tert-butylbenezenel 3< ; .1 ̂ BuOkQH*; ^BBO-CHrCH2-
O-Bii, isohntene oxide CH2©CM% 23~dimethoxyI--23-diinot!iylbiJtaae 
M-^sC{OMe)C(OMe)Me2, 2,3~dimethQxylbuta»e MeCH(;OMe)CH(OMe)Me; tart-
bistyltrimethyMIy! ether MejCOSiMes, 1 -methyl-tetfabydroferan, 1,2-dimetbyi-
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tetxahydro&ran and the like, and when X -• N? liiisopfopykjnijie tert-
butyMimethyl aiftiBe MegChlMe?, tritylmethyldimethy! amine FhjCNMei, 2,3-
Ms(dImefbykminq)-23-dimet!iyfbistsne ^^C(NM%)0(NM^)M62, 2,3-
bis{d.uBetbyiamin»)bafane . MeCH(TIMe!^H(HM^)Me; terS:-bi%MmethylsilyI -ether 

5 MejCOSiMes, M5N-diiBetliyllsenzyIamine and the like, and when X - O am! M on: a saturated 
carbon separated aromatic group, bemyfeaethyl ether MeQCHsPh, benzyldimethylamirie 
M^NCHjPh and the like, wherein QjHU-JS' a. phenylene group- a«d sBu SS a tertiaiy-buiyl 
group. 

Non-limiting examples of R'(X)» are: Me^CF, MejSiF, C&H5CH2F, CgHjCFj 1,3-
10 C$h(Cm> 1 a-fBaO}2C6H4; 1M l,4-{ 'BuO}2G^I4; %uO*CHrOBr 0?Bu;: or 

mixtures thereof, wherein Csl&is- a phe&yfene grotvp aid 5Bu is a tertiary-butyl gmtsp, 
Other iioii-limitiiig examples of Kl(X}n are iertiary-feutyt methyl ether, tertiaiy-feuiyl 

ethyl ether, ternary-butyl propyl etter, tertiary-butyl butyl.--ether, 1-tert-hut0xy-2,6-di4ert-
buiylbenzene, l-tiimethylsi1oxy-2,6~di-tert-batyIBeazertej triffieihyisiloxybenzene, 

15 trimeth}4meft»sysila3ie, be&zylMefhyl ether, -beaafyl ethyl ether, besiiaylpropyi ether* benzyl 
butyl ether or mixtures thereof: 

Still ether non-limiting examples of Rs(X)n are propylene oxide, Isobatese oxide, I~ 
butene oxide, styreue oxide, 4-methyl-stpeae oxide, torsetkyleue oxide, 2,2~dlifietJiy!~ 
trimcthylene oxide, 2,2-diphenyl4rtmethyiene oxide, l-methyi~teirahydfofnran? 1,1-dimethyl-

20 tetnihydreferas, 1 -metliyi-ethyleneimine, l,l,2~teKietliyletliylefliffiine, 14-diplienyi-2-
.methyl-etliyieniniiiie. 1 »tuethy!~ tetmliydro-pjm>Ie5 1,1, -dimethyl ̂ etrahydro-pjfeote,, 1,1-
dip1ienyl-2-methyl4etrahydro-|S}m>ie, 1 -niethyl-pipendme, 1,1 -dimethyl-piperidine, 1,1 -

dipbe0yl-2-meihyl-piperidi:s.e, or mixtures thereof. 
Preferred examples of R}{X)a- are: CFjCsHs, MesSiF, ^Bu-OMe, isobutene oxide, and 

25 N,N-dia^ethylbeii2ylamiiie. 

TrifeYdrg£%ri>y!aIfemlaiiM Compouad {Cssmpcmesit; ill) 

-One of the components ia tfee supported silunimoxane-b&sed acti vator composition is a 
30 trihydmearbylalummiini compound hsviftg the formula AIR3, wherein Al is aluminum and 

each R Is independently & Cj-Cja hydrocathyl group. Nou-limiting examples of R. include 
alkyl groups having- from 1 to about 10 carte atoms "sudi- as methyl, ethyl, n-propyi, 
Isppropyl,. a-buty!, isobafyl, n-pentyl, neopentyl, benzyl, substituted benzyl and the like. 
Preferably, the irihydmcarbylsIoiTiipum eompoimd is beta-proton free, Kon-Hmiting.. 

35 examples of AIR3 useM in this invention include, but is not limited to; trimethyialuminnm, 
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triethyMuminum, inpropyMunimum, tributyl&hmiiniim, imsohutylaluminum, tri-ft-
octfyiahimmum, trineopentyMuminum, iribenzylalimhnim tris(2s6~ 
d^netbyibea^yl^aluminum, or mixtures thereof preferably, trimethylabniinnm (Al'Me|X 
trmeopentylatumhram (AXCHaC^MejhV), and tiibew,}1alumim?m (AlfCHsQl-lsjs). 

.5 TriliydxocarbylaluBiirfam: compounds of this invention can fee prepared by any 
suitable method, including currently known methods,, as will fee familiar to. those skilled in 
the art, or methods that may come to beknown, 

6j€o^^tMss of this hivmt|oa 
10 

Supported. activator compositions according to this invention c&a be prepared, by 
combining the org&noalnminuffi compound, the carhocation precursor agent and the 
supported alummoxaae intermediate. The three components may be combined is any order, 
bat. preferably, the tdbydrocarbylalumMmti (Component. Ill) is first 'combined with the 

IS supported alummoxane intermediate (Component I) and then the carhocation agent 
(Component 11} is introduced. 

Preferably, the supported alsmmoxaiie intermediate (Component I) may be formed by 
adding an aiuminoxane compound formed through the contact of the oxygen source 
(Component l-hj and-, the orgaooslummuin compound' (Component I~c) to the support 

20 (Component I-a), such as contacting a calcined silica free of physically absorbed water with 
methyiaiuminoxfsne formed through the reaction of water and trimetb.ylalum.in.urn, 'The 
supported activator composition of this invention can then be form by combining at least a 
portion of the supported alummpxane intermediate with the trihydrocarbylaluffiioam 
compound (Component III) and then the carhocation agent (Component II), 

25 More preferably, the supported aiunhnoxame intermediate (Component I) may be 
formed ^in-sittf' by adding an organoalnmhmm compound (Component £«e) on the oxygen 
source (Component I-b) contaiiiiag support (Component I-a), such as water physically 
absorbed on silica. The supported activator composition of this invention can then be foixn by 
combining' at least a portion of the supported slummoxane intermediate with the 

30 trihydroearhyialuminurn compound (Component III) and then the carbocation agent 
(Component 11). The oxygen source that originally exists on. the support may be 
supplemented with additional oxygen sources to allow the: reaction with "more 
ofgimoalaaainum compound to increase the Al loadings on the supported alaminoxane 
intermediates,. For example, a son-calcined silica with 5-6% wafer can be saturated with 

35 more water to reach 10-12% in order to increase the Al 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 siljqa (e..g.:, silica calcined at SOCfC) to control the desired Al loadings. 

An alternative route to forai the supported aluhiiiipxane: intenuediafc (Coiaponast I) 
"hi-situ" is adding excess orgaBoslurmnum compound onthe oxygen source (Component 1-b) 

5 containing support (Component I-a) When a tdhydmti^byiaJ'taaisiitft compound Is «sed as the 
organoalnminum compound. The excess organoaluniinuni eompomM now serves as both 
Component I-e and Component III, The activator composition of this invention is then 
formed by combining at least a portion of the intermediate composition with- tlie earboeation 
agent (Component II). 

10 Still another alternative .mute to form the supported, alummomfie intemiediate 
{Component I) when a trihydroearbylaluminurn compound is used as the brganoaiuminum 
compound is adding m high trihydrocarfeyialummum containing alomlnoxane to the support 
(Component I-a). The high trihydroearhylalmniiium -containing- aiuminoxane is:made fern a 
low oxygen sources contest (Component 1-b) that allows a desired 'amount of free 

IS trihydrooarby!ammin.um compound as "Component III present in the aluminoxane, Then, at 
least a portion of the intermediate composition with the present oftrihydrocarhylaiumiiium as 
Component III can he combined with the earboeation agent (Component II) to form the 
activator composition, of this invention* 

The combining can be conducted in an inert gas atmosphere; at a temperature from 
20 about -§0SC to about 20Q*C., or ikmt about CPC to about I50°C;:-the combining time can. be 

from about 1 minute to about 36 hoars, or .from about 19 •minutes, to about 24 hours.. Example 
treatments after completion of the combining operation include filtration of supernatant, 

followed by washing with inert solvent and evaporation of solvent, under reduced pressure or 
In inert gas Hew, but these treatments are not required. Resulting activator composition can 

25 be used' for polymerization in any suitable, state. Including. 0u?4 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 at a combining 
time of fi*oni about 15 minutes to about, 48 hours,: or from, about 15 minutes to about 6 hours; 
the resulting combination ean.be used as is or subsequently heated to a temperature of about 

30 S0°C to about; 150f;C. 

In the supported aiuminoxane situation, the mole ratio of the carbocation agent 
compound of formula Rl(X%;tv the trihydroearbylalinnimmi compound AIRi ss 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, asd ideally, 1:1; the mole ratio of 
X to Al Ibr tfee compound of formula Rl(X)a.Md the supported ahrrmnoxane Is about 0.01:1 
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to 0.8:! or ab&ut 0.63:1 to 0-5:1 or about 0.1:1. The Al mole ratio for 
Mhydroe^y&tominjiin to supported alummoxaae is about 0.01:1 to 0J:t or about 0.03:1 to 
0,5:1 or about 0.1:1. If fee AO is generated in-sita on a support by the reaction of the 
orgasK>ahmimum compound with the oxygen source on 'fee carrier, e.g., the absorbed or 

5 added water m silica, the orgaiio&luminwn compound mi be charged as the sura. of two 
portions, one portion as the Mhydfoc^ylalissiinian- component (Component 111), a 
stoichiometric portion for reaction with K.1(X)K described above, plus the oilier portion as the 
organoalumimim .compound (Component I-e) fm in-siiM formation of the alnndmmane on the 
support. 

10 !'In the Baii~s«pported solution alummoxane situation, the mole ratio of the carhocation 
agent compound of formula R*'{X),,. to the trihydroearbylalumiHam compound AMj is about 
0.01:1 to0.1:1 or aboat 0,05:1 t® about0i)8;l or about .1:1; Themole ratio of X: to Al for the 
compound: of formula R'CX)*,: and the non-supported solution alwminoxane Is about 0.01:1 to 
0.15:1 or about 0.03:1 to 0.08:1 or ideally 0,04:1. The Al mole ratio for 

15 mhydrocatbylakmmusi to non-supported solution .aluraiHOxane is about 0.01:1 .to 0.15:1 or 
about 0.03:1 to 0.08:1 of about 0.04:1. 

Hie amount of aluroinum atom in the product activator composition when a catalyst 
preem-sor is ptfesent, e.g., solid component, obtained by combining the sopport with the 
aluminum components can be not less than about 0.1 mmol aluminum atom, or not less than 

1G about 1 mmol sltmiinum atom, in 1 g of the solid component is the dry state.. 

Catalysts for olefin patvmerfeatfoa 

Activator compositions of this invention are tisefUl In catalysts for olefin 
25 polymerization. Activator composition according to ibis invention aad transition metal 

component •may each he 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 he added to mommer to 
catalyze.'pol'ymsrtsatiod. The Al :tmnsitionmetaI mtio can be aboot 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 f&jcMem mlymerk&iimi - Transition me<ai 

Transition metal component can comprise arsy transition metal component having 
35 olefin polymerization potential. For example, without limitation, imnsiiipn metal component 

can comprise one or more metailocene transition metal components. 
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Tramiiksn metal component can comprise catalyst precursor ML* Q** (wherein' M 
represents transition metal atom of the 4th Gtoup or Lanthaiilde Series of the Periedic Table 
of Elements (19.93, III? AC), and examples thereof in.elxi.de transition metals of the 4th Csroup 
of the Periodic Table, such as titanium atom, zirconium atom and hafnium atom and-

5 transition metals of the Lanthanide Series, such as samarium; L represents group having 
eyclopentadienj'! skeleton or group having at least one hetero atom,. at least one L being 
group having cyclopentadienyi skeleton* and a plurality of L may be the same or different and 
may be crosslinked to each other; Q represents halide radicals, alkoxide "radicals, amide 
radicals* and hydroearbyl radicals having 1 to about 20 carbon atoms; "a" represents a 

10 nunieral satisfying the expression 0<a<q; and q represents valence of transiti on metal atom 

M). 
In L in transition metal component, groap having Gyelopentadienyi skeleton can 

comprise, for example, eyclopentadienyl group, substituted eyelopentadienyi group or 
poly cyclic group having cyclopentadienyi skeleton. Example substituted eyelopentadlenyl 

1.5 groups include hydrocarbon group having I to about 20 carbon atoms, Imlogenated 
hydrocarbon group having ! to about 20 carbon atoms, silyl group having 1 to about 20 
carbon atoms and the like. Silyl group according to this inventkm can include SiMej and the 
like. Examples of polyeyelie group having cyciopentadieeyl skeleton, include: indesyi gro^p:, 
fluorenyl group and the like. Examples of hetero atom of the group having at least one hetero 

20 atom include nitrogen atom, oxygen atom, phosphorous atom, sulfur: atom and the like. 
Example substituted: eyciopeatadieayl groups include methyl cyclopentadienyi group, 

ethylcyelopcMadieny! group, n-ptopyleyeiopentadieiiyl group, n-biilyleydopentadiejiyi 
group, isopropyleyclopentadienvl group, isohutykyetopeMadienyi group,, see-
butytcyclopentadtenyl group, tertbutylcyclopentadienyl group, 1,2-dimetiiylcyelopeotadienyl 

25 group, :i,3-dimethyieyelopentadienyi group, 1,,2,3-tnmethyleyclopentadieiiyl group, 1,2,4-
Imiiethyleydopentadienyl group, tetraniethyicyelopentadienyl group, 
pentamefhyleyclopeniadsefiyi group and the like. 

Example polyeyelie groups having eyclopentadienyl group include indenyl group, 
4,5,6,?4etrahydroindenyi group, fluareny! group and the like, 

30 Example groups having at least one hetero atom include methylammo groups tert-
bufylaniino group, heozylamlno group, methoxy group, tert-hutoxy group, phenoxy group, 
pyrrolyl group, tbiomethoxy group and the like. 
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On® or more groups having cyciopesitadlenyl skeleton, or one or more grotip having 
pyctepeatadi&syl skeleton and an© or more group having at least one hetero atom., may be 
crpssl.mked. with (1) alkyfene group such as ethylene, propylene aad fee-like; (ii) substituted 
alkyiene group such as isepropyli&ene, diphenylmethylene and the like; or (iii) sliyieae group 

5 or substituted sitylene group such as dlroethylsilylene group, dlf>henylsiiylene group, 
iiietfeylsilylsilylene group and the like. 

Q In transition. metal component comprises Wide radicals, alkoxi.de radicals, amide 
radicals, hydrogen radical, or hydroearbyi radicals having I to about 20. csrboft atOBis. 
Examples of Q include CI, F, Br, MeQ, EtO} PhO, C$FsO, BHT» Me^N, EtsN, Ph?N, 

10 (MejSi)2Ns alkyl group having 1 to about .20 carbon atoms -such as methyl group, ethyl 
group, a-propy! group, Isopropyl group, n-butyl group, benzyl group, silyl groups such as 
MejSi., PhsSI, and the like. 

Examples of trasisition mslal. component MLa Qq-a, wherein M comprises xireomurp, 
include bis(cyc1opeiifadiaiy1)2ir<^niiim diehloride> bis{metbyIcyclopeMadIenyi)zircoiiimii 

15 didhloride, bis(pentamethykyclopeBtadIenyi).Z3reoiiiiHndim:ethyI, bi$(indeny!)mrwmuni 
dicbbride, bis(4,5,6,?4^^yilroihdeftyl.}5arda>Maxri diehlorMe, bis(flaorenyl}mrcamom 
dichloride, ethylenebis(iBdeii¥l}zi.reonium dichloride, 
djmcthylsilylen^GydopentadienylfltiorsiiylJzirconium dichloride, 
diphenytsilyIsnshis(inde3iyl)2irconmm dichloride, eyelopentadienyldmiethylammoEirconmni 

20 diehloride, eyelopeiitadienylphesoxyzireoRiiim dichloride,, dimethyl {tert-
biitylamino){tetrajtiethyieydopeTitadiei^yl) siliinezirconimii dichloride, 
isopropy!ideBe{cycio|ieMadimyI)(34ert-huty!-5-metliyl--2-p!\e»oxy)zirconiimi diehloride, 
dimethy!silylene(;tetramethyleysIope3itadie5iyi){'3-tertbutji-S-meiiyI-2-pheBoxy) zirconium 
dichloride, his(eydopeMadieiiyl}z.irc.oniB:mdmietbyl, 

25 bis(aie&yieye.lopt^adimyl)zireoBiimrdi.methyL 
his(pentoelhykycIope!itadiesy!)zirconiumdmiethy^ bis(iodeiiyI)ziiTOoiumdiRiethyl? 

bis(4,5,6;?~ten-ahydi'OHidenyi}zirooniunidim.ethyi, bi^fivoresyl)2:ira>aitMidtoethylj. hi s(l~ 
hdtyl-3-metliylcyc!opeiitadi0iiyI}ara>nioffi dimethyl, ethyienehis(indenyi)2irconiu.m 
dimethyl, dhttediylsi!ylene(eydopentadieny!i]m>ren3d)zirconmmdhiiethyi;, 

30 difhen.yIsilyieiid>is:{iBdeayl}2ireoniuiiidii'seihyi! 

cyclopentadienyMiRitthylamiaosreo»IuBidini.ethyl, cyclGpentadienylplieaoxyzkcoimjm 
dimethyl, dimetbyl(tert4?atylamiiio){tetramethyleyci0pesitadienyl) silasezifcoiiiumdixnethji, 

isoprepyHdene{eydop®tadi£i0!)(34eri-buiyl-5-metIiyI~2-phenoxy)2ii'eo.niu.mdimetli>i, 
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zrrcoiiiumdimethyl -and -&e: like. 
Additional exemplary, tensities metal components ML*. -Q^a Include components: 

wherein zirconium is replaced with titanium or hafehsn in fee above zktimmm components. 
5 Additional exemplary transition metal components MLS Qq_3 include components 

wherein Q can be the same or different in one molecul e. 
Other G&falyst precursors iiseM iii this invention are: rac-djmetliylsilylbis(2--metliyi~4-

phenyi"indsny!}zircoiiium dimethyl; rae-diHiethyisilylfeis(2-nietliyl-4-phenyl-
isdenyl)zireoBiiim dichloride (M3); ^^iBMhylsilylMsCS-m^r^l-l-mdeayl) zirconium 

10 dimethyl; rae-dmeiTyIsi1yIbis{2:-methyl4t5-heii2(>mdenyl) zirconium dimethyl; me-
e^yl^eMs(|tetr^ydi^iHd^yl3zii^Misi& dimethyl; f«c~etliyieiiebis(tetMiydTOHMeByI}-
zirconium dichloride (M4); rae-£tbylenebis(indeny!) zirconium dimethyl (M2), rac-
eihylenebis(i'ndeiiyl) zireotimm didhloride, bisfl -bi5ty!-3-tnetbyleyclo|5eoiadienyi) Xircom am 
dimethyl, and bis(l 4mty1~3-ffiethyicyelopeMadieKyl) zireoniuiB dichloride (Ml). 

•15 
tfels faveatiott 

When using activator compositions of the present invention in polymerization,, any 
olefin or dioelfm having .2 to 20: carbon atoms can be used as a monomer for polymerization. 

20 Specific examples thereof include ethylene* propylene, butene-1, pentene-1, hexene-l, 
heptene-1, octeae-X nonme-l, deeene-Ij hexadecene-4, eie©eene-l, 4-metlwlpentene-i, 5~ 
methyl-2-pentene~l, vinylcyelohexane* styrehe, dieydopentadieoe, norbomese, 5-ethyiMene-
2-notbornene and the like, hut are not limited thereto. In the present Invention, 

copoHinetization can be conducted using two or more monomers, simultaneously, Specific 

25 examples of &e monomers constituting the copolymer include ethylene/kn a olefin such as 
ethyl ene/propyiene, ethytene/hutene-!, ethylene/hexene-1, ethylene/propylene/hutene-1 , 
ethyieiie/propylene/S-ethylidene-S-ttorborae^e and the like, propylene.%utene-if and the like, 
hut are not limited thereto. 

The polymerization method is not limited, aad both liquid phase poiymejization 
3D method and gas phase- polymerization method' can be used. Examples of solvent used for 

liquid phase polymerization include aliphatic hydrocarbons such as butane, pentane, heptane;, 
octane and the like; aromatic hydrocarbons such as benzene, toluene snd 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 polymetfeation can he conducted 

20 
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in a batch-wise, semibaidi-wise or continuous maimer, and poiymerizaiion may be conducted 
in two or more stages which differ in reaction -conditions. The polytastmiien temperature 
can. be from about *50'JC to about 2Q0°C,, or .feoja. CF€ to about: 100°G, The polymerization 
pressure can be from atmospheric pressure to about 100 kg/em2, or from atmospheric 
pressure to about 50 kg/em2. Appropriate polymerization time ean be determined by means 
knows. to those skilled is the art according to the desired olefin polymer and reaction 
apparatus* and is typically within the range fmm about I .tninntc -to about 2(3 hours, In the 
present invention, a chain transfer agent such as hydrogen may he added to adjust the 
molecular weight of olefin polymerto.be obtained in polymerization. 

This invention, also contemplates' a polymer produced '.from the above-described 
process such as polyolefnis and polyolefin copolymers utilizing the monomers described: 
above, 

EXAMPLES. 

•Hie. following examples are illustrative of the principles of this invention, it is 
understood that this invention is not iihiited to any one specific embodiment exemplified 
heroin, whether in-the examples or the remainder of this patent application. 

Example 1 
0 mol% CgHsCFs-No-Carboeation Precursor 

(Comparative) 

Ereearation QfRegular Silica SiippoiMMMHlMAQ) 

'IK the dtybox, silica (G952 :20(fC 4fir) 24.2g and toluene 1.2% are charged into a 
3O0mL three-neck round bottom flask equipped with a mechanical stirrer and an oil-bath-With 
heating device. Hie stirrer is turned on at 400 rpm, MAO solution (Albemarle commercial 
30% MAC) hi toluene, Al:::: I3.6wt%) SS.Og (2S2nmiol Al, "based on I0,4nnsol 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 tnin. The. beating device is tamed on and set at llCC, After 
the oil-batch reaches I KfC*. the mixture is allowed to stir at that temperature for 4 hr. The 
oil-hath is then removed and the reaction mixture is allowed to cool to ambient. The slwy is 
then filtered, washed with be. 1 OOg toluene and 2.x. l.OOg isoliexane, and. then dried under 
vacuum for overnight Yield: 39 Jg. I.CP: Al = 14,8%. At ambient, the obtained sMAO is 
re-slumed into 16t)g of 'toluene. 
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Preparation Of Final Catalyst With sMAO 

M2 tnetallocem^ solid (i^c~0thjlmehis(mdenyl} zirconium dimethyl) 0.5% (based on 
0.35% &) is acidfe! st once while the shirty- is stirred at 400 rpm. Alter two hours, the 
resulting orange slurry is filtered, washed with Ix lOOg toluene and 2x 1 OOg isoliexane. mid 
dried under vacuum for overnight. Yield: 4O.0g, ICP; Al ™ 1-4.5%; Zr - 0.3:0%, Ethylene 
polymerization test: 557(M|g/g cat/lir (Miaor reactor foulirsg) (4L autoclave, SGssig cat, 80"C, 
320FSI, 40mL 1-hexene, no hydrogen, 2mi 10% T1BA, 60 mm, in isobutane). 

Preparation Of CarbocatioaAgent TreatedMAQ (CAT-MAO) 

In. the drybox, MAO solution (Albemarle commercial 30% MAO is toluese, Ai s; 

13.6wt%) 50.9g (252mmol Al)is charged m an 80z bottle. Under ambient conditions, TMA 
tolnene soMdi (12.0%) I5.1g (25«2mmol Al) was mixed with the MAO solution, toBowing 
by slowly addition of C^HJCFB toluene' solution (9.9%) I2.4g {25.2mxnel F). Hie resulting 

20 mixture turns to deep blue color and start forming deep blue solids. The deep blue mixture is 
allowed to. stir at ambient ibt 1 hr, ami then heated at 70"C for 20 rnin. The deep bine 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 filtraSoE/wasbisg/drying (difficult to filter) and 
sent for ICP analysis: Al = 41 Wt%. 

25 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

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 

30 HS-NMR analysis: ICP: Al - 7.43%; (2&G, 400mHz, in THF-dS far MAO and 
TMA analysis and in €§D$ for BMAF analysis): Al *»' 7.33% At of which 2.70% is from 
TMA, 0.69%. is from AlMejF (DMAF), and 3,94% is from modtied MAO- The total 
aluminum lost to solid precipitation is about. 2.9g out of 7.48g (from MAO -i- TMA) or 39%. 
The MAO to TMA molar ratio is now lOOrbB.S, comparing to the normal MAO:TMA ratio at 

35 100:15. This abnormal modified MAO solution is put on a support anyway. 
In the drybox, silica (G948 lOO-C 4 hr) 12.1 g and toluene 63 g are charged into a 

300mL three-neck wm$ bottom, flask; equipped with a. mechanical stirrer and-an oil-bath with, 
heating device. The stirrer is tamed on at 400 rpm. The green solution (7.33% Al) 46.4g 

22: 
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(3<:4g Al, based, on i0.4mms! Al/g silica) prepared above is slowly added to the silica slurry 
under ambient conditions. After the addition,, the resulting mixture is allowed to stir at 
ambient, for 30 mia. The beating device is turned' oa and set at 110°C» After the oil-hatch 
reaches 1 ICfC, the mixtare is allowed to stir at that temperature ibr 4 hr. The oil-bath is their 

5 removed and the reaction mixture is allowed to cool to ambimt 
After the settlement of the solids, the supernste is sample for' ICP analyses: Al -

3/6%, The slurry is filtered, washed with Ix 50g toluene and 2x SOg isohe*ase, and then 
dried under-vacuum for oversight Yield: .l'SJ'Og. ICP: Al - 9,3% (total At- 1>4& only 41% 
Al of the charged 3,4g Al is put on the support). 

10 
Preparation Of'lfie:.^^^ 

At amMettl, the supported CAT-MAO obtained above is re-slimed into 60g of 
toluene. M2 niietallocene solid 0.31g is added at onee while the slurry is stirred at 4CB ipni. 

1-5 After two hr, the resulting -yellowish-orange slurry is filtered, washed 'with Ix "lOOg toluene 
and. 2x lOOg isohexatte, and dried under vacuum for overnight Yield-: J 5,5g« ICP: Al -= 
9.1%; Zr ~ 0-38%, PE test: 2J(K)g/g eat/hr (Serious reactor fouling) (4L autoclave, SOnig 
eat, W% 320:l>St 40mL 1-hexene, no hydrogen 2mL 10% TIB A, .60 mis, in isobutane). 

19 ̂ l%C«H§CFs 

Fr^jamtitm Of SjljmSg^rted MAO feMAO) 
2-5 

Is the drybox, silica (G952 20O'aC 4hr) 24.3g-and toluene 125g are charged into a 
3G0mL -three-neck round bottom flask equipped with a mechanical stirrer and an oil-hath with 
heating device. The stirrer is tmiied on at 400 tpm. MAO solution (Albemarle commercial 
30% MAO in toluene,Al » 13.6wt%) SO.Og (252m-mol AL based on 10.4mmol Af/g silica 

30 charge) is added to the silica slurry at 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 1 lO'-C. After 
the oil-batch reaches 11Q°C, the mixture is allowed to stir at that temperature for 4 hr. The 
oil-bath is then removed irod the reaction mixture is allowed to cool to ambient. The slurry is 
then filtered, washed with ,lx lOOg toluene and 2x lOOg isohesane, and then dried ander 

35 vacuum ibr overnight. Yield: 39.3g< ICP: Al« 14.9%. 

T3 
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Preparation Of Carbocafen Agent Treated sMAO (CAT-sMAO) 

At ambient, the obtained solid, sMAO above is re-slumed Into I..25g of toluene. TMA 
toluene solution (12.0%) iS.Og (25.0mmo! Al) is mixed witfe the sMAO slurry,.following by 

5 slowly addition of C^HjCFs toluene solution (9.9%) 12.3g (IS.Ommol F):> The resulting 
Uiixtwe. fastis to deep Hue color. The mixture is allowed to stir at a$hi-erit for 2 hr* and .'then 
heated at 70°C for 20 aim to obtain- a slurry -consisting of a. very light yellow supemate -and 
almost colorless solid, -A. small portion of supemate sample was taken for Hl-NMR- analysis 
fox quantifying the P uptake. The result shows ?mol'% out of I0mol% F charge has been pot 

10 on tiie sMAO, a 70% conversion. 

Preparation Of Final Catalyst Based On.CAT-sMAQ. 

Ml nietalloeene solid 0.58g is added at once while the slurry is stirred at 400 rpro, 
15 After two hr, the resulting orange. -sluny.is filtered,, washed with lx. 1.0Og tolpene and 2x IQOg 

isohexane, and dried under vaorum for overnight. Yield: 39,Sg. ICP: Al - 15,2%; Zr «* 
0.36%. FE test: 10,90%% cat/hr (Minor reactor fouling). (4L autoclave, t$mg cat, 8(fC, 
320PSI, 40mL 1-hexene* no hydrogen, 2mL 10% TIBA, 60 mln, in isobutane). 

2S 
In the drybox, silica ((*952 2O0°€ 4Hr) 24,Ig and toluene !25g ate charged into a 

SOOiiiL autoclave. The stirrer is tamed on al 400 rpm. MAD solution (Albraftaite commercial 
30% MAO in toluene, Al - 13.6wt%) SO.Og (252mmol Al, based on 10.4mmol Al/g silica 
charge) is added to the. silica slurry at. ambient After the addition, fee resulting mixture is 

30 allowed to stir at ambient for 30 mis. The autoclave is assembled and brought out of the 
dryhox. and connected to- the controller that monitors the temperature,, stirrer ipn, and the 
reactor internal pressure. The stirrer is tamed on and set at SOOrpm and the heating device is 
turned on and set at IMfC. After It reaches l3(fC, the mixture is allowed to stir at that 
temperature for 4 hr. The heater Is then removed and the reaction fixture is allowed to cool 

35 to am blent. The autoclave is then brought into the drybox. The reaction mixture was then 
transferred to a 30QmL three-neck round bottom flask equipped with a .mechanical stirrer.. 

24 
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The stony Is allowed to settle, A small amount of sample is taken for ICP analysis: Al 
::::3.600ppm. 
Preparation Of C^b«cation Agent Treated sMAO (CAT-sMAO.) 

TMA toluene solution (12.0%) 15,0g (25.0inmol Al) is mixed with the sMAG slurry 
under agitation, following, by slowly addition, of toluene- solution (9,9%) 12,3g 
(2S.0mnio! 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 i& obtain.' a slurry -consisting- of a 
very light yellow superaate -and almost colorless solid. A small portion of supemate sample 
was takes, for H^NMR analysis to quantify the F uptake asid shows 8mol% out of 10mol% is 
put on silicas, as 80% conversion. 

Preparation Of Pinal OMvst Based Qa CAT-«MAO 

M2 metalloeerie &58g solid is added at once while the slurry is stirred a! 400 rpm. 
After two fer, die resulting yellowish-orange slurry is filtered, washed with lx lOOg toluene 
and 2x 1-OGg isohexane, and dried Antler vaeuum fbr overnight Yield: 39.Sg, ICP: Al = 
17.0%; Zr - 034%. Ethylene polymerization test: I3»600g/g cat/hr (No reactor fouling} (4L 
autoclave, 25mgeai, 8<fC, 320FS1, 40mL l-hexene, no hydrogen, 2mL 10% TIBA, 60 min, 
in Isobutane), 

IMIPHj 
Noa-Brldiiiig Meteltecsse Ml For FE Apgsic&ti®s$ 

t0rool% C6HSCF3 (feveniive)' 

•Pm?ar8tion Of Silica SinygoytedMAQ (sMAO) 

in- the drybox, silica {'G948 200°C 4hr) 9;lg and tolueae 45g are charged into a 
300m L autoclave. The stirrer Is turned on at 400 rpm. MAO solution (Albemarle commercial 
30% MAO in toluene, Al = 13.6wt%) 2L5g (108msiol Al, based on ii.9mmo! Al/g silica 
charge) is added to the silica slurry at ambient- After the addition, the resulting -mixture is 
allowed to stir ait- ambient fer 30 train. The autoclave is: assembled .a&d brought.out of the 
drybox and connected to the controller that monitors the temperature, stirrer rpm,. and the 
reactor internal pressure. The stirrer is turned on and set at SOOrpm and the' heating device is 
turned OH and set at I30i5C. Ate it reaches 13(f€;: the mixture is allowed to stir at that 
temperature for 4 hr. The beater 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 & 300i»L three-neck round bottom flask equipped with a mechanical stirrer. 



WO 2012/122332 PCT/US2012/028188 

The slurry is allowed to settle. A small amount of -sample is taken for ICP analysis: Al 
::: 1200ppm, 
Preparation Of Carhocation Agent Treated sMAO jCAT-sMAO) 

5 TMA toluene solution (1.2.0%) 'fcOg (IG.Ommol Al) is mixed with the sMAG slurry 
obtained above -under agitation, following 'by slowly addition of C&HsCFs toluene solution 
(9,9%} 431 -g (1O.Gmmol F). The resulting mixture-turns to a deep blue color. 'The 'mixture, is 
allowed to stir at ambient for 2 far,, and. then heated at 7Q°C for 20 min to obtain a slurry 
eonsii&iiig of a very light yellow supemate and slmest colorless solid, A small portion of 

10 supemate sample was taken for HS~NMR analysis to quantify the P uptake and shows 8mol% 
out of 10mol9--« is. put on silica, as 80%conversion, 

Preparation Of Final Catalyst Based On CAT-sMAO 

15 Ml nistailocene (bisfl-butyl^-SJl^hylcycie^entadiaEiy}) ^irconimn dichloride) 
solution in toluene. (19.8%) l.73g is added at once while the slurry is stirred at 400 rpm. 
Aier two hr, the .resulting yellowish-orange slurry is filtered, washed with lx SOg toluene 
ami 2x 50g isohexane, aid dried under vacuum for overnight. Yield: 15.6g. ICP: Al = 
18,1%; 2r » 0,45%, Ethylene polymerization test: 5,7Q0g/g eat/hr (No reactor fouling) (4L 

20 autookve, SOrng eat 85?C* 320PSI, SOrnL l-hexeue, so hydrogen, IRIL 10% TIBA, 60 mm, 
in isobiiiane). 

25 

ration Of Silica Supported MAO (sM AO) 

In the ilryho^ silica (G94S 2CHfC 4hr) 24. ig and teipene I2Sg are charged into a 
30 SOOniL three-neck rouad hottoui tlssk equipped with a mechanical, stirrer and m oil-hath wife 

heating device. 'Hie stirrer is turned on at 400 rpm. MAO solution (Albemgtie eonuueteial 
30% MAO in toluene, Al I3.6w1%) 56.9g (2&7mmo! Al, based on 11 Jmrnol/g silica) is 
added to the silica slurry at ambient After the addition, the resulting mixture- is allowed to-
stir at ambient for 30 rain, "The heating device is turned on and set at 130°C, After the otl~ 

35 batch reaches D0°€, the mixture is allowed to stir at that temperature fdr'4 fe The oil-hath 
is then removed arid the reaction mixture is-allowed to cool to ambient. The slurry is then 
©bred, washed with lx lOOg toluene and 2x lOOg isohexane, and then .dried under vacuum 
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for overnight Yield: 39. ig. ICP: Al = 17.9%. At ambient, the obtained sMAO is re-
slurrietl into 160g of t&lue&e. 

Preparation- Of Final • Catalyst Based QnCAX-sMAD 

Ml, melaliocesie solution in toluene (19,6%) 4.33g (based, on 0,45% Zr)is added at 
once while the sliiny- is stirred at 400 rpm, After two hr, the resulting orange slurry is 
filtered, washed. with lx 100g toluene and 2x lOOg .isohexaxie, and dried tinder vacuum for 
overnight Yield; 39,Sg. ICP: Al = 17,5%; Z-r = 0.46%. Ethylene polymerization test: 
3,S0Og/g cat/hr (No reactor fbulhig|(4L autoclave, 5Gmg-cat, SS^C, 320BSI, SGniL i-hexenei 
no hydrogen,.2 m t 10% TIB A, 60 mm, -is kohutane). 

Ia»kT 
SIlieots-BrMged Mel&IloeeBe M3 For PP Applications 

10 me!:% C^BsGFj (Inventive) 

.Ff^arateQfSilica Sugpoxted MAO'(sMAQ). 

In the drybox, silica (Fuji P-1Q 10O°C 8ht) 20,3 g -and toluene 70g are charged into s 
300mL autoclave. The sliirer is tamed on. at 400 ijmi. MAO solution (Albemarle commercial 
30% MAOin toluene^ Al - 13.6wt%)'48.5g (244iamol Al, based om .12»0fesmolAl/g silica) is 
added to the silks slurry at ambient Alter the addition,; the resulting mixture is allowed to 
stir at ambient tor 30 mis. The autoclave is. assembled and: brought out of the dryhos. and 
eonheeted to the controller that monitors the temperature, stirrer rpni, ami the reactor interna! 
•pressure.- The stirrer is turned on and set at 500rpm and the heating device is turned on and 
set at i30°C, After -it reaches. !3(f G, the mixture is allowed to stir at that temperature for 4.hr. 
The heater, is then removed and the reaction mixture is allowed to coo! to ambient The 
autoclave: is then brought into the drybox. "the. reaction -mixture was: then transferred to a 
3O0mL tliree-neek round bottom flMk equipped with a mechanical. stirrer, Hie slurry is 
allowed to settle. A small amount of sample is taken for ICP analysis; Al :-:90Gpprn, 

Tile slurry is shaken well, and 4,0g slurry is taken and filtered, washed with 3x10g 
isohexane and dried under vacuum to constant weight. The yield is l;04gt which indicates 
that the slurry has a sMAO percentage 26.0%. The solid was sampled for ICP: Al ~ 1 S,44%, 
The sMAO slurry is divided into two portions; cite.for the carbocatidn agent modified version 
and one for a regular supported MAO version for comparisons (Example 8). 
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Pmmtjpa Of Qa&ocatfoa AgaC£jMtei^MAO.((^AT-sMACS 

82,7g sMAO slurry (Al ™ 14?mmoI) Is charged to a 300mL three-neck 'round bottom 
flask ecjsuipped wi& a medianical stirrer. The slurry is heated to 70oC in .an oil-bath: under 
agitation. TMA toluene solution (20,0%) 6.4g (17imnol Al) Is added to the.sMAO slurry, 
following by slowly addition of £$H§CF3 toluene 'solution (9,9%) 7,3g (|4.&nraol F). The 
resulting mixture turns to a deep blue color. The mixture is allowed to stir at 7Cf€ 15 min, 
and then-reduces like temperature to 350€ for I hr 45 min to obtain a slurry consisting of a 
light greciiish-yeUow supernate and a green solid. A-small portion of •supernate sample was 
taken.-for E^-NMR analysis to quantity the F uptake and shows imol% out of I0mol% is put 
On-Silica, an 80% conversion. 

Preparation Of Final Catalyst Based On CA.T-sM AQ 

M3 metallooene solid (mc-dimethylsilylMs(2-fflet!iyI-4-phaiy!-ind:euyl)2irca^mm 
dichloride ) Q,25g is added at once while the slurry is stirred at 400 rpni. After two hr, the 
resulting red slurry is SItered, washed with-lx I GOg toluene anil ;2x, 1 OOgisohexaue, and dried 
under vacuum for 4hr, Yield: 21.3g. ICP: Al ~ 18.5%; Zr = 0.18%, Propylene 
polymerization test: 34;00©g/g cat/hr (No reactor touting) (4L autoclave, 14oig cat, 70yC, 
22OOmL propylene, SDniLx 180 PSIH?* ImL 5% TIBA, 6Cl mfo}, 

44.2g sMAO slurry (Al - 78Jmmol) from Example 7 is charged to a 300mL three-
neck round bottom flask equipped with a mechanical •••stirrer. MB • metafl'ocene solid O.08Og is 
added at once while the slurry is stirred at 400 rpm. After two hrs the resulting fed slurry is 
filtered, washed with lx 50g toluene and 2x 50g isohexane, and dried under vacuum for 4hr. 
Yield: 11.3g. ICP: Al 1.83%; Zr = 0,19%. Propylene polymerization test: iO,.80Og/g cat/hr 
(No reactor fouling) (4L autoclave, 14mg cat, 7(fC, 220CML propylene, 5Qmlxl80 PS1 H:>, 

I mi- 5% TIBA, €0 mm). 
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3 35iol% Bfitme Oxide Carfeocailosi Ageat 
{lii-ves tive) 

5 MAO (30% in toluene, Albemarle product) I2.67g (Al ~ Ci4.5mniof) was placed in a 
20taL vial. Neat hutene oxide (or J*2 epoxybutane, 99%, Aldrich) 0.14g {1.9mmol) was llien 
slowly added to the MAO solution at ambient, Hie resulting solution was allowed to shake 
on a shakes' for over night. 

The solution above was tested for M2 catalysed 1-hexens polymerisation using a 
10 simple calorhnetry method to quantify the heat of reaction released by the polymerization 

process that forming two C~C single bonds (releasing 2*~B3 - 166kcaI/niol heat) while 
breaking one C=C double bond (absorbing -146kealteoI •heat that gives & net heat release of 
:about''20kcal/mol 1-feexene, Under the same eo«dilioBS, the higher the beat of reaction, the 
more active the catalyst system. The calorirnetric measurement was doge in a double-jacked 

15 SOmL round-bottom reactor equipped- with a, stirring bar and a thermal couple for temperature 
measurement. Dry toluene 17»115g and M2 toluene solution 015482g made from the stock 
solution of 0,1 n.g solid M2 in toluene lO.Og. ws?.re charged into the reactor. The stirrer was 
turned 013. Then the treated MAG 0,326g based on AkZr =1.00:1 was charged into the reactor 
and a, stopwatch/was turn on to count the activation time. After I S rain (k§> 1), the solution 

20 temperature was recorded as 28.CfC, and 0,60g i-hexene was injected to the solution while 
the stopwatch was turned on (lap 2). Hie temperature started to rise and after 5-min (lap 2), a 
temperature of 41 J°C was recorded. The beat of reaction was; calculated as |8.66keal/g cat/5 

min. 
A. baseline .ran based on non-treated MAO was also done to see the difference fern 

25 the treated MAO. dry toluene l?J!g and M2 solution '0.5292-g from the same M2 stock 
solution were charged into the reactor. The stirrer was turned on. Then the non-treated MAO 
(0.328g) based on A!:Zr :~I0Q:1 was. charged into the reactor and a stopwatch was turn on to 
coimt the activation time. After 15 min (lap 1), the -solution temperature was recorded as 
28.3*€* &nd 0.60g 1-hexene was injected to the solution while the stopwatch was turned on 

3D {lap 2). The temperature started.to rise and -after 5- M» (lap 2), a temperature of 37.0°C was 

recorded. Hie heat of reaction was calculated as 12.8keal/g cat/5 min. 
The baseline for Al:Zr - 200:1 was also ran and a heat of reaction of 22.4keaf/g 

eat/Sniin was obtained. Therefore, it can fee seen that the boost is very significant through the 
3mol% huteue oxide treatment of MAO, It can hee seen thai with, treated MAO at Al:Zr 

35 =100:1 f the perfonnan.ee is closer to the performance of a non-treated MAO at AI:Zr 200:1, 
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5 sMAO - is made fesm the procedures the same as in Example 7, Hie sMAO slurry is 
detenmnsd containing 19.6% sMAO and. the A! on the sMAO solid is 18,0%. The sMAO 
slurry js divided into two portions; one for the carbocation agent modified version and one 
for a regular supported MAO version for comparisons (Example 11), 

!2.5g sMAO slurry (Ai =• 16.0rfiiao|) is charged to a 20mL vial TMA toluene 
10 solution (12.0%) 0.9g p Jmmoi Al) is added to the sMAO slurry, following by slowly 

addition of the toluene sohilion of O.OSSg of methyl-fert-lmtyletlier (MTBE, Aldrich) in I g of 
toluene (0,96mmol) with hand shaking, during the addition. The siii&tare is allowed to shake 
on a shaker for 1 hr, A small portion of supemate sample was taken for Il'-NMR, NO 
MTBE is detected, and the tBn of MTBE has been converted to either nedpentane or 

15 Isohutene, and the methosy gronp ©f MTBE is non-detectable, 
M4 metallocene solid {rac-etliyienebisOetraliydroindsa^Jzircoiiiimi dichloride) 

f).03'5jg is added at once while the slurry is stirred at 400 rpm. After two lit, the resulting red 
slurry is filtered, washed- with lx I0g toluene and 2x K>g isohexaae* and dried, under vacuum 
fer 4hr. Yield: 2.45g, .ICP: Al ™ 17,5%; Zr ™ 0,41%. Ethylene polymerization test: 

20 13,9{M}g/g cat/hr (No reactor fouling): (4L autoclave, 25mg est, B0l'C5 320PSI, 4QmL 1-
hsxene, 2mL i 0% TIBA, 60 tnis, in isobiitane). 

I3.5g sMAO slurry (from Example 10} is charged to a 20mL vial. M4 metallocene solid 
0,{07g is added at onoe while the slurry is stirred at 400 rpm. After two hr,. the insulting red 
slurry is filtered, washed with Is lOg toluene and 2x 1% isohexane, and dried under vacuum. 

30 for 4hr. Yield; 2.65g. IC.F: Al ~ 17.8%; Zr ~ 0,40%, Ethylene pQlymeri^tioa test: 8,400g/g 
catfe '(No reactor foiling) (4L autoclave, 25mg oat, 80°C, 320F8I, 4QtnL 1-hexene, 2niL 
10% TIBA, 60 min, In isobutane). 

(Compsrath'eJ 
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Example 12 
10 «M»t% N,M-d!meth>il3eKzyIsiiilBe 

(InveMlw) 

5 Preparation Of Silica Supported MAO (sMAO) 

19.4]bs of Fuji P- J© silica (26 nucron) csleined at ISO °G for 7.5 'hr wife an LOD of 
0.84% (300VC 4hr mxier M?) was charged in a Idgalon reactor with toluene IG7.4!fes to form 
slurry, At ambient (about 25t!€)>.MA0 30% solution (Al:::: 15,58%, Albemarle product): 44,5 

I © lbs based OB 11 Jmniol Al/g silica were added slowly with control of the internal temperature 
sot exceeding 30°C. 7.01bs of toluene .was used to rinse residua! MAO, The mixture was 
allowed to agitate at ambient for BQrnin. The temperature was then increased to I30UC and 
maintained for 4hr$, A small sample was filtered, washed, and dried fe obtain'the solid and 
determine that the solid iii the slurry is 21, 38% and the At in the neat solid is 18.5%> 

15 
Preparation Of Qgh^atim Agent Treated sMAO (CATLAP) 

I S.Sg of supported MAO slurry (containing 3.5% solid) from above -was charged in a 
2CML -vial. To the vial at otiee was added MM®s toluene solution (IS.5%, as Component III 

20 A.l&j) 1.14g containing neat AlMe* 2.45mmo1. based on i0mo!% of Al on the sMAO solid. 
While the viat was vigorously shaken, 0.33g of neat (N,N-
dimethylbsffisyiamine), as Component II was slowly added to the mixture of sMAO and 
AlMes - The reaction mixture1 was allowed to agitata on a shaker for 2 hr. 

25 Preparation Of Final Catalyst Based On CAT-sMAO 

To the amine csrboc&iion treated sMAO mixture prepared: above was then added: 
Q.052g of itoc~Etlvienehls(indenYl)zircoRium dimethyl (M2) followed by shaking on a 
shaker for 1 hr. The mixture was then filtered, washed, with 2x1 Og toluene and 2x ISg 

30 isohexane, and dried under vacuum for 2 hr. Yield: 3.5%. (ICP Al. ™ I S,7%; Zr =• 035%) 
The ethylene polysned^atios tests were done under conditions similar to Example 1 (4L 
autoclave, 30mg cat, 8&C, 3'20PSI, 4ClmL !~hexene, no hydrogen,. IrnL 10% TIBA,. 60 min. 

In isobutane) and the results are listed in Table .1 under Example 12. 
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Example 13 
0 m©!% N,N-dimetfeyIbesi2yMmsB.e 

(Comparative) 

5 I5.2g of supported MAO 'siatry (containing 3»2Sg solid) from Example .12 was 
charged in § 20mL vial To the supported: MAO was added MZ metalloceise (0.054g), 
Mlow.hig.by shaking on a sihaker far 1 hr. The mixture was then filtered* washes! with 2x1 Og 
toluene and 2s I5g isdhexane,. and dried under vacuum for 2 hr. Yield: 3.18g. (ICP Al ™ 
18.8%; Zr = 0,39%) The ethylene polytaeri^ation. tests weredorie .under conditions similar to 

10 Ex, 1 (4L autoclave, 30tng cat, SQoC, 320FS1, 40mL 1-liexme, no Hydrogen, ImL 10% 
TIB A, 60 inia, in isobutaiie) and the results are listed in Table I as Entry 1.3. 

TABLE 1 - SUMMARY OF EXAMPLES 

Example Carboc&tjoa 
Csmp 11 

TMA 
Consp in 

AO 
Intermedials 

C'omp I 

Metallocfese PE/PP Test 
g/geat/far 

Reactor 
Fouling 

S 
Comparative 

- No Yes M2 5.TOO (FE) Mksor 

2 
Comparative 

10 jaol% 
QH$CF, 

Yes No M2 $$W (FE) Senoas 

3 
Inventive 

20 mo-1% 
•Q&CFj 

Yes Yes M2 10,900 (PE) Mmor 

•4+ 
Invemive 

3 (5 ®o1% 
QK5CF3 

Yes Yes: M2 13,600 <F£} NQ 

5 
Inventive 

H) jaoi% Yes Yes MI 5,700 (PL) No. 

6 
Comparative 

- No Yes .Ml 3.500 (FE) No 

7 
Invefitive 

10mo!% 
CsKsCFj 

Yes Yes. M3 34,000 {??) No 

8 
Cosispsrative 

No Yes: M3 10,800 (PI5) No 

9 
Inventive 

3 sBdi%: 

butesie oxide 
Y«s ao ** 

10 
.laveative. 

6 md% methyl 
s-biHyl «lher 

Yes Yes M4 13,908 (PI) No 

11 
Comparative 

- No Yes M4 8,400 (FE) No 

12 
'InveaSive 

10SKO3% 
M£#CH3C6HS Yes Yes ,M2 11,000 (FE) No 

13 
Comparative - No Yes M2 7,400 (PE) No 

15 * Example 4 sMAO prepared at 130°C vs. 110°C for hx-ampls 3 

Comparative Example 2 and Inventive Example 3 shows thai when atomoxane is 
first reacted with the carbocation precursor, the catalyst activation is about 3 times less than 
the inventive example where: the "supported AO Intemiediate is first formed, then reacted with 

20 the earboeation precursor. 
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CLAIMS 

1. . A composition comprising: 
(i) a supported aiominoxarie intermediate composition comprising: 

a) a support; b) an orgapoatumiBum compound; and e) an oxygen source 
(ii) a compound having the fonxrola K.!(X)„; wherein' E! is a hydroearbyl group 

having from 'about 1 to about 20 carbon atoms; ii "is from 1 to the number of possible 
substitutions of the 'hydroearbyl groiip and eaeh X may be substituted anywhere on R5 and. is 
Independently halogen, -OSiCk^s, -NCSiCR2).^, -N(R*ife; -SR*; ~P(E"k; -CM, or -OR'1; 
wherein each R2 is independently hydrogen or a. hydroearbyl group having from about 1 to 
about 20 carbon atoms; each R* is independently a hydroearbyl having from I to .20 carbon 
atoms, wherein when at least one R2 is a hydroearbyl group; 11' and S.2 or R! and R3 may he 
linked together to form a cyclic group; provided that at least one X is not directly bonded to 
an .aryl gTOup, and provided that when X is not halogen. X is bonded, to a secondary or 

tertiary carbon, or a -OHjratyl group; and 
(iii) a hihydroearbyMuminian compound h&ving. the formula AIRj, wherein each 

R is independently a C.1-C20' hydroearbyl group. 

2. The composition of claim is wherein R is CrCg alkyl, R1 is a C-rCs alkyl or 
C-/"Gi5 aralkyl, n is 1 to 3, X is halogen or -OR'", and RJ is s'Gt-CU alkyl or CrCjj aralkyl, 

3. The composition of claim 1, wherein R*X is (R^C-Qi^ or {R^hC-NCR^; 
wherein each R4 is independently a hydrogen or a bydfaearby! group having from about. 1 to 
gbont 20 carbon atoms and at least one R4 is a hydroearbyl group: is s hydroearbyl group 
having from about 1 .to about 20 carbon atoms; or R4 aad.R5 may be linked togetlier to form a 

cyclic group, 

4.. The composition of claim 1, wherein R*(X)r! is: Me&CF, Me*SiF, .QBsCHiF,. 

CfrHsCFj fe-GMe, l^BsO^e#^; ls3-( !BuObGgH4; 1M sBuO}2G6B4; 
'BuO-CH^-CHa- Cfeu; 1 -methyl-tetrahydro&ran, 1 sl^iiinetlivl-tetrahydrafirran or mixtures 
thereof, wherein QO4 is a pheiiylene group and lBu is a tertiary-butyl group. 

5. The composition of claim 1, wherein RJ(X)a is,- tertiary-butyl methyl ether, 
tertiary-butyl, ethyl, ether, tertiary-butyl propyl ether, tertiary-butyl butyl ether, I-tert»hutoxy-
2,6-di-tert-butyihciKenev 14BmetfeyIsiIoxy-2,6f-di-tert-butylbeszenes triraethylsiloxybenzene, 
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InTnetlvylnietlK^xysilane, benzylmeifeyl. ether, benzyl ethyl ether, benzylpropyl ether, benzyl, 
butyl ether or mktares thereof. 

6. The composition of claim .1, wherein k'-pQs is ethylene oxide, propylene 
Oxide, isobntese oxide, I-his toe oxide, styiene oxide, 4-mefeyl-styreae oxide, 2s2-dimethyl~ 
iriitselhyiene oxide, 2,2-djpbenyHri:meth¥lene oxide, l-methyl-ethyleiseimme, 1,1,2-
triiBethyiethyieniroinej I, I -dipheayl-2-methyi-ethyleBimine? 1 -aiethyl- tetraliydro-p^Trole, 
].,l,2-trirasfeyl~fetraiiydro-pyrmIe, 1,1-dlpheny!- 2-met!iyl4etrahydx«-pyTr0:I#, 1-methyl-
plperidine, 1J s2-irimethy1~piperMme, 1,1 Hiiphmyl~2~methyi-piperidlne., or mixtures thereof. 

7. The composition of claim 1, wherein the aluMinaxa&e on a support comprises 
metfcylaluminoxaae, neopentyialffininoxane. henxylaluminoxaoe, c&ylaluHunoxsae, n-
butyMuminoxane, or isobatylalummoxane 

8. The composition of claim I, wherein the trihydrocarbykluminiiii) compound 
is tiimethyiaiuminijni, trineopeniylahmiimini, tribsnzylakitiununi, tTiethyMuminum, 
fripropylal.iiniimHn, trthutylaluminum, IriisobutyialiJBiiBisH, M-meetyMinmmim or mixtures 
thereof, 

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

IG. The eomposllion of claim 1, wherein the mole ratio of the compound of 
formula to tlie trihydrocarbylaliiminmn compound is abo&t 0.01 ;1 to 2:1 and the mole 
ratio of X in the compound of formula :R!(XJB to Al in the supported alummoxane is about 
0,01*1 to 0.8:1. 

11., Tlie composition ofcMm I, further comprising a transition metal component 

1.2, A method of polymerizing a monomer comprising carrying oat such 
polymerization in the presence of composition of claim 1» 

13, A composition comprising: 
(i) a trihydrocarbylalummism compound having the formula AIR.*, wherein each 

R is independently a G5 -C20 slkyH 
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(ii) a compound having the formula Rl(X)n; wherein R.1 Is a hydroearbyl group 
having from about 3 to about 20 carbon atoms; n is Irani I to the number of possible 
substitutions of the hydroearbyl group and each JCuiay be substituted myw$<s& on R~ and i s 
independently, ~OSi(R2}Js ~N<SI{R2}3}2i -NCR2)*; ~SR2; -F(R2)2; -CN, or -OR"5; wherein eaeh 
R2 Is independently hydrogen or a hydroearbyl group having from about'! to about 20 carbon 
atoms; each R" is independently a hydroearbyl having from 1 to 20 carbon atoms. wherein 
when at least one R2 is a hydroearbyl grsrap; R1 and R*qrR' and R* may be linked together to 
form a cyclic group; provided .that at feast one X is not directly bonded to an aryl group,: and 
provided! that X is bonded to a secondary or tertiary carbon, or a -CHa-aryl group; and 

(iii) an aluminoxane. 

14. The composition of claim 13, wherein R is Ci-Cy alkyl, R1 is a-C^-Cg alkyl or 
CrCjj atajkyl, n is 1 to 3, X is -OR2, and R2 is a €-r€% alkyl or C'^Cjs aralkyl. 

15. The composition of claim 13, wherein R'X is (R4)3C-ORs or (R^C-l^R^; 
wherein each R^ is m.dependently a hydrogen or a hydroearbyl group haying from about 1. to 
about 20 carbon atoms and at least one 'R*8 is a hydroearbyl group; R5' is a hydroearbyl group 
haying from about 1 to about 20 carbon -atoms';, or E4 and R5 may be linked together to .form a 
cyclic group, 

16. The composition of claim 13, wherein.RS{X)» is !Bu-OMe« l^-fBuO^CgB.*; 
13~( 1M 'BuOfeCgH*; 'BuO-CHs-CHa- 0'Bn; 1 -melhyl4etrally(lrofemn, t > 
dimethyl^etraliydrofbran or mixtures, thereof, wherein £&K<is a.pheoylene grq^p and 4Bxi is a 
tertiary-butyl group 

17. The composition of claim 13, wherein the mole ratio of the compound of 
formula R!(X)« to the trihydrocarbyialuminum compound: is .about 0,01; I to 8.1:1 and the 
mole ratio mole ratio of X in the compound t*f .'formula R5(X}a to Al in the non-supported 
solution aluminoxaue is about 0.01 :"1 to 0.8; 1 , 

18. The composition of claim 13, fbrther comprising a carrier. 

19, 'Hie composition of claim 13, farther' comprising a transition metal 
component 
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20. A method of polymerizing a monomer comprising eertymg out. such 
polymerization m the presence of tlie eamposttioa of eleim 13 , 

21. A polymer formed from the pro cess of claim 12 . 

22. A .polymer formed fions the proegss of claim :2& 
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