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ALl wm{\mm CATALYST AUTIVATORS CONTAINING CARBOCATION
AGENTS, AND USE THEREQF IN POLYOLEFIN CATALYSTS

v

Beekpronnd of the Invention

Partinily hydrolyzed aluminum alky] compounds known as aluminoxanes {AQ) are
used for activating transition metals for olefin polymerization asctivity, One suth compound,
methylalominexane (MAD), is a frequestly chosen aluminum co-catalystfachivator in the
industry. Considerable effort has been devoted to Improving the effectivencss of catalyst
systermns based on wse of sluminoxanes or modified ahuminoxanes for polymerization of
olefins. Representative patents and publications in the field of sluminoxane usage include the
following: UK. Patent No. 3.3 24,8{}@ o Welborn of al,; ULS, Patent No. 4,752,597 {0 Tumen
ULS. Patént Nos. 4,960,878 and 5,041,584 to Crapo ot al; WO 86102380 to Dall'occr, et sl
EP 0277 00F and BP 0 277 004 to Turner; Hlatky, Twner, sad Bokman, J 4m. Chem. Soc.,
1989, 11, 2728.2729; Hiatky and Upton, Macremolecudes, 1996, 29, 8G19-8020. U5, Pajent
Ngo 5,153,157 1o Hiatky and Tumer; UGS, Patent No.o 5198407 o Twner, Hiatky, and
Eekman; Brintzingsr, t al., Angew, Chem. T Bd. Engl, 1995, 32, 1143-1170; and the Hike,
E}wprfs; techuclogical advances, many aluminoxane-based polymerization catalyst activators
still lack the activation efffciencies needed for commerctal applicability, reguire
commercially unsoceptably high aluminum loading, are expensive {especially MAQ), and
have other impediments (o commercisl implementation.

Lewis base stgbilized dialkvlaluminium cations derived from son-gluminoxane

systerns and their aclvation characteristics are describad by Kiosin ef al in WO 2000/81 1006
and Organometallics, 19 {2000} 40684-4686.  Ionic MAQ has boen isolated from non-fonic

regular  MAQ thmug;, the teatment with a bidentate {or chelating) agent, .8,
octamethyitrisiloxane by Sangokoya ef al {WQ 2003/08287% and WO 2007/005400). Later,

through spiking the dimefiplaluminum cation THF complex formed through the regction of

trifyl tetralos{pentatluorophenyiborate with trimethylaluminum {TMA} in totrahydrofuran

{THF) mto regular MAD treated with THF, Luo of gl identified dimefhiyislmminum cation
THF complex formed fn the THF treated MAQ (WO 2009/029857 and US 200970062492},
Furthermore, Lup of al alse demonstrated that, through the treatment of a so-calied
dimethylaluminum cation precorsor agent, the number of dimethylaluminum cations s MAD
could be significantly increased and therefore the MAQ activation efficiency was largely

improved (Luo ef ol o WO 2009/029857 and US 2009/0062482). More recently, through the

5 3

design of & melallovene with the NMR detectable leaving groups, the dimethyialuminum
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cation precursor 1 MAQO has been identified as the major achive species to activate a
metallocene through the exiraction of the dimethylaluminum cation precursor from MAQ o
form the eationic, metallocene leaving group bridging bimetadlic complex shown as A in

el i? p &3 gy K3
Reaction 1 as an example, which is further converted fo o fully alkylated, stable chelating
{ 3 &

cationic birnetallic complex a8 B in Reaction 1 {Luo, of al, Advances in Polyolefing 2009,

Meeting Abstract, Santa Rosa, California, 2009). Such fully slkviated, stable chelating
cationic bimetallic complexes have long been recopgnized as the major metallocene derived
species formed when @ metallocene s activated with MAQ, eg, cationic bimetsilic
zirconocene species (Babushkin & Brinatinger, J A, Chem, Soc, 2002, 124, 12869} and the
cationdc bimetallic titanccene species {Bryliakov, Talsi, and Bochmann, Orpanometallics,

2004, 23, 149),

Dimethyialuminen cation prewrsor

Me é Ma @ @
o ; ; { @ alivlation <« ¢ COH
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M, A~ | owlal [ (8) = \ L
S H{t} o0 e | A& oy’ TRy oM
Me e Me MAD 8 MAD
Metallocene Rl A

(M~Ti, Zr,or HE
{1}

Thus, & need remains for AO-type compositions that exhibit higher efficiencies for

activating transition metals for olefin polvmerization over conventional A, in particular,

2

3

compositions with more aclive species comprising the dialkylaluminum cation or s
precursos in aluminoxane type activators through more scenomically sound miethods ©
significently reduce the sluntinoxane ratio in & practical cataiytic system in order to reduce

the cost of making the metallocene/single-site ca aiysis.

Summary of the Invention

This invention relates to an activator composition comprising: () at least one
sapporied aluminoxsne intermedinte (Component I}, {ii} a compound having the formuls
RIO0, (Component 1) whersin R is s hjgdma:arb}gi group having from gbowt 1 1o about 20
carbon atoms; w is from 1 fo the number of possible substitutions of the hydrocarby! group
and each X may be anywhere on R'and is mdependently halogen, -0O8( R* ¥, ~N{R {R}}‘n -

N{\{*Bg SSRY RNy -CN, or ~-C§R*; wherein each R iy independently hydrogen or a

253
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hydrocarbyl group having fom about 1 to ghout 20 carbon atoms; sach R is independently a

hydrocarby! having frorn 1 to 20 casbon atoms, whersin when at 1east one BT is 2 hydrocarbyl

%

FECUP, Rland ¥ orrba and & miay be Hnked together to fortn @ oyclic group; provided that af
feast one X is ot directly bonded to an aryl grouy; and provided that when X is not halogen,
X i bonded to a secondary or tertiary carbon, or & -CHoaryl group; and ()
irthydrocarbyialuminum compound having the formula AIR; {Component 1), wherein cach
R s independently a {-Cyp hydrocarhyi group.
This invertion also provides a non-supporied activator composition as well as a
catalyst composition comprising the activaler compositions and 8 pansities  metal

5%

component.  This invention alse provides methods of polymerizing menomers cofiprising

’I

carrying out such polymerization in the presence of one of more catalyst compositions

according to this invention,

Detalicd Description of the Inveution

VIlA.

This invention relstes to an activator composition comprising: (i} at sast one

supported slumtinoxase ntermediste (Component 1, {1} & compound having the formula
by

3§

X (Component 1Y, wherein Rlisa hydrocarbyl group having from about 1 to abowt 20

=

carbon atems; n i from 1 %o the number of possible substitwtions of the hydrocarbyl group
and vach X may be anywhere on R'and is independently halogen, SOSHRM, «N{Sﬁ{ﬁj"}g}g, ~
N(R)m -8R, -P{_E%’;"}g_;. ON, or -OR’; wherein each R® i¢ independently hvdrogen or a
hydrocarbyl group having from shout 1 to about 20 carbon atoms; each R is independently s
hydrocarby] having fram 1 to 20 carbon atoms, wherein when at least one R is & hydrocarbyl
gronp, R' and 87 or R and R® may be linked together o form & cyclic group; provided that at
feast one X is nwot divectly bonded to an aryl group; snd provided that when X is not halogen,
X i bonded fo a socondary or terBiary carbon, or a ~UHparyl group; and (i} a
{rivdrocarbylaluminum compound having the formuia AlR; (Component I}, wherein each
R iz independently & C-Cop hydrocarbyl group.

This invention alse relates to a composition comprising: () a trihydrocarbylahuminum
compound having the formula AIR;, wherein each R i3 independently a C-Cyp alkyl; (i) a
compound having the formula R'(X),; wherein 8 isa hydrocarbyl group having from abowt

3 1o about 20 carbon atoms; vois from 1 to the number of possible substitutions of the

Y

hydrocarbyl group and each X may be substituted anywhere on R' and is {ndependently, -

e st o ; ¢ rbirets o opd
OSHR™,  -NSUR g, -N(®%.: -8R PRY -ON, or -ORY whersin sach R &

%

IO
1

independently hydrogen or 2 hyﬁmz:arbyi group having from sbowt 1w about 20 carbon
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atoms; each R is independently 2 hydrosarbyl having from 1 o 20 carbon atoms, wherein
when at least one R is a hydrocarbyl group, R and R¥ or RY and R® may be linked together to
form & cyelie group; provided that at least one X is not divectly bonded o an aryl grouy, amd
provided that X i3 bonded fo 8 secondary orteriiary carbon, or & -CHy-aryl group; snd (i) an

slumingxane:

o %

The termn “hydrocarkyl” as used herein includes g hyvdrocachon radical, which may be
optionally substituted with & heteroatom (&g ©xvgen, nitrogen, sullbr, phosphorusy or
silicon in the chain. Examples of hydrocarhy! include, but are not Hmited o alkyls, aryls,
aratkyls, slkaryls, alkenyls, cycloaikyls, cvcloalkenyis, and combinations thereof

The term "alky?®, as used herein; unless otherwise indicated, includes saturated
mencvalent hydrocarbon radicels having siraight or branched moieties. Examples of alkyl
groups inglude, but are not limited o, methyl, othyl, propyl, isopropyl, butyl, isobutvl,
butyl, pentyd and hexyll

The term "aryl”, as used herein, onless otherwise indicaled, includes an organic

3

vadical derived from an aromatic hydrocarbon by removal of one hydrogen, such as phenyl,
naphthyt, indenvd, and Suorenyl. "Aryl” encompasses fused ring proups wheretn at least one
ring is sromatic,

The terar “arallyl™” as used herein indicates an “anvl-alkyl-™ group. Non-limiting
example of an wralkyl group is benzyl (CeHCH-) and methyibenzy! {THCeHCHe- )

The term “alkaryl” as used herein indicates an “alkylaryl® proup. Non-limiting
examples of alkanyl are mothyiphenyls, dimcthyiphenyl-, eothviphenvl- propyiphenyi-,
isopropyiphenyl, butylphenyl-, isobutylphenyl- and t-butyiphenyl-.

The teray "alkenyl”™, as used herein, unless stherwise indicated, includes alky! moleties
having at least one carhbon-carbon double bond whereln alkyl i3 as defined above. Examples
of atkenyl include, but are not Umited to, sthenyl an %mpenyl

The term "eveloalkyl”, as tsed herein, uoless otherwise ndicated; includes non-
arpmatic saturated cyclic alkyl modeties wherein alkyl is as defined sbove. Exmmples of
cycloalky! include, bt are not Kmited to, cyclopropyl, cvelobutyl, evclopentyl, ayclohexyl,
and eyeloheptyl.

"i"’!

The tern “cycloalkenyl", as used hevein, unless otherwise indicated, includes non-
avomatic eyelic alkenyi moieties wherein alkenyl 18 g defived above. Examples of eveloalkyl
wnciude, but are not limited to, oyclopropenyl, cyclobutenyl, eyclopentenyl, eyclohexenyd, and

cycioheptenyl.
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Unless otherwise indicated, all the forepoing groups derived from hydrocarbons may
have up to about 1 to gbout 20 carbon stoms {e.g., Ci-Uae alkayd, Ce-Cap anvd, Cr-Cyp altkaryl,
{Cop aralkyl} or 1 to shout 12 carbon atoms {e.g., Te-Crp alkyl, Co-Cys aryl, G-Chp alkaryl,
Ur-Chp aralkyl), or 1 to about § carbon atoms, or 1 to gbout & carbon stoms or 1 to about 4

carbon atoms,

Supperted Alumivoxans Intermediates {(Component 1)

One of the components in the achvator composition Is a supported aluminoxane
intermediate, which is derived from three components: 1) at least one support {or carrier), 2}
al least one organoshimyinum compound, and 3} at least one oxygen source,  The three
components ca be brought into contact 1 any order.

Preferably, the organcaluminam compound can be brought dnfo contact with the
pxygen sowee o form a soluble aluminoxsne before comtacting a support. The formed
aluminoxane can contain at least one hydrocarbyl motety having from one to about twenty
carbon atoms.  Such aluminexanes inchude, but are nof limited to, slkylalvminoxanes,
cycloalkvisluminoxanes, arvialuntinoxanes, avalkyvialuminoxanes, or any combingtion
thereof. Hydrocarbylaluminoxanes can exist in the form of linear or cyclic polymers. In one
aspeot of the vention, the aluminoxanes can be oligomeric materials, stmetimes reforted o

as polyalkylaluminoxanes, containing the repeating unit (O),

;
%/

A
e

R s

and chain termunal unit (B},

which may also have 8 coordinated AIR3 to satisfy the fow coordination of the sluminum

Ly



ith

bl
L 4

WO 2012/122332 PCT/US2012/028188

R
R Ro.} /

Al ARG
T e @‘«»,,,,
R R MY
wherein R is a C-Cyy hydrocarbyl group and n is an integer from about 4 to about 20, The

T

exact structure of aluminoxanes has not been defined and they can confain Hnear, eyelie,
cross-linked  species, or any combination  thereof Non-Bmiting  examples  of
hvdrocarbyvinlpminoxsnes for use in the invention include methylahuminoxanes (MAO),
modified  MAQGs, cthylalununoxanss  {(BAQ),  wobutvlaluminoxanes  {IBAQGL o
propylaluminoxanes, n-octylaluminoxanes, phenylghuminoxanes, or any combination thereof,
The hydrocarbylaluminosanes can also contsin up o abowt 20 mole poreent (based on

i 1

ahuninum stoms) of moletics derived from amines, alcohols, ethers, es

y».

ers, phosphoric and

H

carboxylic acidy, thioly, aryl disiloxanes, allyl disilexanes, and the lke to further improve

activity, selubility andfor stability,

Aluminoxanes can be prepared as known in the art by the partial hydrolysis of
hydrocarbylalmninum  compounds.  Hydrocarbylaluminum compounds o muxtures of
sompounds capable of reaching with water te form an sluminoxane can be employed in the
present invention. This includes, for exemple, triathylalominum, triacylaluminum, mixed
alkyl-aryl aluminum, or any combination thereofl The hydrocarbylaluminum compeunds can

¢ hydrolyzed by adding cither free water or water-containing solids, which can be either
hydrates or potous materials which have absorbed water, Becanse i 1s difficult o control the
resction by adding water, even with vigorous agitation of the mixture; the free water can be
added in the form of g solution or & dispersion in an organic solvent, Suitable hydeates
inchade salt hydrates such as, but not Bmited to, CuSOeSHO, ALSOI18HG,
FeSOpTHO, AlL6HG, AING W R HO, MgBOeTHO, Malpe6H0, ZnSOeTHD,
Na:SOe 100, NasPOpe 12150, UBe2L0, LU0, LSO, LUl3H0, KFe2HO,

frrri

NaBee2H»(, or any combmation thereof, Alkali or alkeline earth metal bydroxide hydrates
can also be cmploved with the present invention. Such alkall or alkaline carth metal
*:ydg oxide hydrates in ‘mdf: but are pot Hmiled o, NaOHeiL0, NaOH-2H0,

3n{ OH)pe 8 HR O, KOH2HO, CsOHHG, LIOHSHO, or any combination thereof Mixtures
of salt hydn s and alkeli or alkaline earth metal hydroxide hydrates van alse be used. The
molar ratios of fee water or water i the hydrate ot in porous materials, which inclade
fnorgante oxides such as aluming or silics, to total wlkylalumiman compounds in the mixture

can vary widely. In one aspect of the prosent invention such melar 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 8
range from aboutd:3 1 abouwt 270,

In one aspect of the present invention, the aluminoxanes have ssturated hydrocartyt
groups {Le.,alkyl or eyeloalkyl groups) having from one o sbout twenty carbon atoms. In
another agpect of the present invation, the saturgied hydrocarbyl groups of the sluminoxanes
have from one to about eight carbon afoms,

Aluminexanes which can be employed in the present fnvention include, but are not
fmited {0, methyvialuminoxane, ethylghurninoxane, s-propvialuminoxane,

n-hutvialominoxane,  isobutylaluminoxane, n-hexylaluminoxane, wn-octyialuminoxane,
decylaluminoxane, dodecylaluminoxans, tetradecylahuminoxane, hexadecylahuminoxane,
octadecylaluminoxane, phenylaluminoxane, tolvlaluminexane, or any combination thersof.

The aluminesane can contain up to ahout 13 mole percent (based ot aluminum} of
modeties formed from amines, alcohols, others, esters, phosphoric and carbuxylic acids,
thiols, alkyl disitoxanes, and the Hke to improve thelr sctivity, selubility, andfer stebility. In
another aspeet of the present inventing, the moiety is a butky phenel. Suitable bulky phenols
inclnde, but are not Hmited to, 2, 6-gimethyl-4-{1, I-dimethylpropyhiphensy, 2,5-dliaobuiyi-4-
hylphenol, 2.6-diisopropylphencl, 2.4.6-iriisopropyiphenol, 2,¢-diisobutyiphenal, 2,4.6-
trifsobutyiphencl, 2,6-di-ess-butylphenol, 24.6-trivert-butylphenel, or any combination
thereot.

More prefers ably, the supported sluminoxane imenmediate can be prepared by bringing
ity pomtact  of the oxygen source and the support befure  comtacting  the
hydrocarbyialumiman, This inchudes the wse of a suppoert contalning an orygen source, for
expmple, 8 non-calcined silica that conlains physically absorbed water. The amount of
OXYEER 30ur on & support can be controlied by either adding a controlled amount of oxygen
spurce to the exisling ('}.X}?gﬁﬂ spuree on 8 support, for example, adding water 1o non-caleined
stlica, oy adding a condrolled amount of exygen sourey 1 a support free ¢f exyvgen source, for

example, adding water 1o g caleined silica froe of physically absorbed water.

o

east preferable method is bringing inte contact of the support with the

organcaluminmum compound before contacting the oxygen scurce.

A WA

&) Support {Compopent 19

Supports or carriers wseful in compositions according to this invention comprise

inorganic varriers or orgame carrlers. Such cartiors may calvined (tomperature above 200°C)

such that it does not contain water; or non~csleined or low temperature caleined such that i

i
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containg water and particularly, are those in which ahsorbed water has not been perfectly

&

climinated. Also, water-containing carriers may be used such that a predetermined amount of

2

water has beon added after the absorbed water 13 complelely or incompletely eliminated

therefrom.  This fovention provides that such water-containing carriers can contain up to 8
veroentage of water such that free water is not leaching ovt of the carrier. As discussed, such
water-containing varriers can be either nonecalgined or low-temperatwre caleined.  As vsed
hereln, a "non-caleined” carrier is 2 carrier that has not purposely been subj
tregtment, and 8 “low-temperature calcined” carrier I8 carrier thwt has been caloined at @
tomperature up o less than 200°C, or up to about 100°C, or at about S0°C. The calcination
time cin be up ® about 24 hours. Further, the caloingtion may be performed in any
atmmosphers, for example, in an atmosphere of siv or an inert gas, or under & vaduum.

Supports containing water that are useful in activator compositions acwrﬁwg, for this
invention compriss inorganic cartiers of organic camders, A plutslity of carriers can be used
as & mixture, and carriers of this invention may comprise water as absorbed water or i
hydrate form. A cartier of this invention may be porous and have g total pore volume of not

&

loss than 0.1 mlfg of silica, or not less than 03 ml/g. A carrier of this invention may bhave 8

(3

total pore volume of about 1.6 mlfg of silica. The average particle diameter of the camier
may be from shout § micrometers to about 1000 nicrometers, of froop about 10 micrometers
to about 500 micrometers

One silica nseful in this nvention i porous and has 8 surfice aren in the range of

from abouwt 10 mi/e silica o about 1000 m“m silica, including the vange of about 10 ) s

ey

[P

silicg to about 700 m*z’gsﬁiaa, # fotal pore volume in the range of from about 0.1 cofg silica
o about 440 od/g silica, and an average particie diameter in the vange of from about 10
auicrometers 1o abous 500 micvometers. A silica useful in thig fnvention can have a surfice
area in the range of fom abowt 56 mg to shout 500 nrYy, a pore vohune in the rasge of
from about 0.5 cofg o about 3.5 cofp, and an aversge particle dismeter m the range of fom
ahout 15 micrometers 1o about 150 micrometers. Useful silica may bave a surfsce grea in the

\

range of from about 206 m¥/g o about 350 m™/g, a pore volume in the range of fom sbow
1.0 cefg to about 2.0 oo/g, and an average particle diameter in the vange of Hom about 10
smictometers 1o about H O mcrometers.
An average pore diameter of a typical porous silicon dioxide carvier uwseful in this
imvention iz in the range of from sbowt 10 angstrom to about 100G angstroms, or from abowt
a3

A angstroms to ghout 500 angstroms, or from abopt 175 angstroms o about 350 angstroms.

A typical content of hydroxyl groups is from sbout 2 munol OF/g silica to about 18 mmol
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OH/g stlica, with or without the presence of hydrogenbonded water, as determyined by the
following OGrgoard resction.  Most of these active OH groups remt resdily with
benzyimagnesium chioride Grignard lo produce toluene, and this resction can be used to
gpuantify the concentration of active OH groups on a particular silica,  Aliorsatively,
{riethyleheminom can be used for the tifration in place of a Grignand reagent. A typical
content of hydroxyl groups is from about 2 mme! (/g silica to shott 10 mme! (/g silica,
or about 3 mmol OH/g silica to about 8 mmol OH/p silice, or from about 3.3 mmel OH/g

-

silica to about 7.2 mmel OH/g silica.

Examples of inorganic carvers that may be vsefil in this fnvention include inorganic
oxides, megnesfum compounds, clay minerals and the ke The inorganic oxides can
pomprise silics, sluming, silicg-aloming, magnesia, titania, zivcondy, and clavs. Examnples of
inorganic oxides usefu] in this invention include, without limitation, 810, ALOy, MgO, Zelh,
Ti0h, Bo0s, €0, Zn0O, BaO, ThO: and double oxides theveof, eg R10:-Ak0:, Si0-Mgl,
SilEi0h, S1O-TiHO-Mg(h Examples of magnesiom compounds usefnl in this nventior
include MaCh, MgUHOFES and the ke, Bxamples of clay ndnerals psefind fn this invention
include kaolin, bentonite, kibushi clay, geyloam clay, allophane, hisingerite, pyrophylite, tale,
micas, monimoriilonites, vormiculite, chiorites, palygorskite, kaolimite, nacrile, dickite,

4
H

halloysite and the like.

Examples of ofgandc carriers that may be useful in fus wivention include acryhe
polvmer, styrene polymer, sthylene polvmer, propylene polvmer and the Hke. Example
acrvlic polymess that may be usefid in this nvention include polymers of aervlic monomers
such as acrylonitrile, methyl acrylate, methy! methacrviate, methacrylonitrile and the like,
and copolymers of the monomers and crosslinking polymerizable compounds having at Jeast
two unsgturated bonds.  Exomple styrene polymers that may be nsefid in this invention

include polymers of styrene monomers suoh a5 styrene, vinylolvene, efiylvinylbenzene and
the like, and copolymers of the monomers and crosstinking polyvmerizable compounds having
at least two pnsatumsied bonds. Example crosslinking polymerizable compound having at
least two unsaturated bonds include divinylbenzene, wivinyibenzene, divinviioluens,
divinyiketone, diallyl phihalate, diallyl mualeste, N N-methylenchisacryvlamide, ethylene
ghyeol dimethacryiate, polyethylene glveol dimethacrylate and the ke,

Organic cantfer useful in this invention has at least one polar functional group.
Examples of suitable polor fanctionsl groups include primary amitio group, secondary anuine

. '{

group, imine group, amide group, imide group, hydrazide group, amidine group, hydroryl

group, hydroperoxy-group, carboxyl group, formwl growp, methyloxyoarbonyl grovp,

&
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cavbanioy] group, sulfo group, sulfine group, sulfenc grovp, thiol group, thivcarboxy! group,
thioformy! group, pyrrelyl group, imidazolyl group, piveridyl group, indazolyl group and
carbazoly! group. When the organde carrier eriginally has ai least one polar functional group,
the organic carvier can be used as # is. One or more kinds of polar functivnal groups can also
e introduced by subiecting the organic carvier as 8 mainix 1o a suitable chendenl treatment.
The chemical treatment may be any method capable of introducing one or morepolar
functional groups into the organic carrier. For example, it may be o reaction betwoen sorylic
polymer and  polvalkyiencpolvamine  sueh  as  sthylensdismine,  propanedismine,
dicthylenctriaming, tetracthylenepentamine, dipropylenetrismine or the ke, As the specific
method of suck a reaction, for example, there is a method of treating an acrvlic polvmer (e.g.
polyacrvienitrile} in & shury state in 8 mixed solution of ethylenediamine and water at 100°C
or more, for example fom 120°C o 156°C. The amennt of polar functional group per unit
gramm in the organic carrier having a polar fanctional group may be'from .01 to 30 mmollg,

ar from QU1 to 20 mmole

b} OQxyvgen Sowree {Component I-1)

The oxygen source can be 'g_:sm\zizieﬁ by water in the carner. Otherwise, the oxygen
souree can be any suitable oxygen source, as will be familiar to those skilled in the ant given
the teaching of this specification. To give some non-limiting exsmples: the oxygen source
can be the free form of water 1n sither the gas phase or the condensed phase (hguid or solid},
can be the coordinated form of water such a8 hydrated metal saits {o.g., LION{H;0)), water
absorbed on compounds containing hydroxy groups, on molerular sieves, and the like, and
can be hydtoxy or carbiony! Containing componads in which the oxygeh atom only divectly
Hnks to either & torfiary carbon and 8 hydrogen, for example, ‘BuGH, PhCOH, and the Hie,
or a lertiary carhon and an Al after rescting with g wistkvialuminvom, for example,
PRC{ONMe, FhUDOH, and the ke, Depending on 1 the organoaluminum compound i use,
the amount of oxygen source can be adjusted so that cach of a majority {al least about 30

vai®e) of the oxy viei ateims therein cofitacts at least two alominnm atoms. The ADLD ratio can

e about 101, about 5001, abowt 001, ahowt 111, shout 131.2, ov can be-a rativ such that the
mowtt of hydroxy or alkoxy residue does net significantly interact with the active catalyst

species generated during methods of this invention. The oxygen sowree 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 tea ﬁiﬂg}; of this specification. To give some
sor-lmiting exaoples:  the oxygen souwrce can be the frec form of water in either the gss
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phase or the condensed phase (Hquid or solidy, can be the voordinated formy of water such as
hydrated metal selts {e.g., LIOH(H0},), water absorbed on m‘mgtsauﬁﬁs containing hydroxy
groups, on melecular sieves, and the like, and can be hydroxy or carbonyl containing
compounds in which the oxygen atom only divectly Hnks fo either & tertiary carbon and 2
hydrogen, for exampte, BulH, PhyCOH, and the tike, or & tertiary carbon and an Al after
reacting with a trialovialuminum, for exemple, PhC{OMe, PRCOOH, and the Hke
Depending on the organcalominum compound in use, the amount of oxygen source cen be
adjusted o that each of a majority (&t least abowt 50 vol%) of the oxygen atoms thersin

contacts at least bwo aluminum atoms. The ALQ ratio can be about 10001, about 5%:1, sbout
1G:1, sbout L1, sbowt 1:1.2, or can be & ratio such that the amount of hydioxy or alkoxy

residue does not significantly interact with the active catalyst species generated during

< kS

i‘

methods of dds invention.

¢} Organcaluminmn Compound {Component I-¢)

whorein Al is aluminmany each R s hydrogen or g hydrocarhy! group having up fo about 20

organoaluminum compound useftd in this invention can c@mpﬁse AIR(Y Kb}“ )

f)

™

carbon atoms, and each R may be the same as, or different from, any other R for each YR®,
Y is a hetero stom and R® is 8 hydrocarbyl boaded to fi o Al wough e hetero atom and
having up to about 30 carbon atowms; each YR may be the same ag, or different fom, any
sher YR and nis 1, 2, or 3. Bach R can be a straight-chatn or branched afkovl group. Non~
Limiting examples of R include alkyl groups having from { to about 10 carbon atoms such as
methyl, eteyl, n-propyl, isepropyl, me-butyl, isobutyl, n-pentyl, neopentyl and the Hke
INm‘s~Eirniﬁng gxamples  ef AERH{YR%M} agefid  in this  iovention include
i‘ris‘neifhyia}mniﬁmms micthyiahsminum, triisobutyvlaluminum, irigcivialuminum,
diisobutylshuminam hydride, diethylnluminum hydride, dimethviaduminem hydride, (3,6~
tert-butyi-4-methylphenoxyidisobutylahuminem, bis{2 &-di-ter-butyl-4-

methylphenoxy Hsobutylaluminum, {2 H-ditart-butyi-d-methyiphenoxydiethvialominm,

his{ 2, 8-di-tert-butyl-4-methylphenoxy)ethylatuminum, {2,6-di-tart-butyid»
methylphenoxyidimethylalominun, or bis{2,6-di-tort-butyl-4-

methylphenoxyimethylaluminum, and mixtures thereof. Examples of hetercstoms tnclude
nifrogen atom, oxygen stom, phosphorous sfon, sulfur gtom and the like
Organoaluminum compounds of this invention can be prepared by any suitable

methed, including comently known methods, as will be Gmiliar to those skilled o the aut, or

methods that may coms to be knows,

i
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Carbocation Precurser RN, (Component 1)

One of the components in the activater composition is & carbocation proeprsor agent.
Essentially, 2 carbocation procursodr i a compoind containing at least one carbon atom
directly Nnks o a labile electron rich leaving group X which readily formns an igm-paiy when
brought in contact with carrier supported aluminoxane (Component 1}, with the leaving group
X binding to aluminoxate backbong o form the anion and the carbon divectly linking to the

R
13

leaving group X to hocome s carbocation, Becsuse a silicon atom has similar chemieal

1

properties to a carbon atom in terms of cation formation nature alfhough the derived sityl

>

cation is less stable, the carbocation precursor thus also includes g silyl cation precursor that
contains & silicon atom directly links to a labile eloctron rich leaving group X, which readily
forms an on-palr contgining a silyl cation when bropght In contact with the sluminoxane.
Compounds that may beused as & carbocation precursor are those having the formula R ! R N
whereint each X may be anywhere on R and is independently halogen {Buosine, chlorine, or
hroming, g}refem‘my fhiorine), -{fﬁ‘Si{R“}g, NESERD D, N -8RE vi}{R"’}z, -{IN, oy -OR%

T

wherein each B is ndependently hydrogen or & hydrocarby! grovp having from about 1 o

3
shout 20 carbon stoms; each R’ is independently 2 hydrocarbyl having fom 1 to 20 carbon
atoms, wherein when af least one B §s 2 hydrocarbyl group: B and R or RY and R may be
tinked togsther to form a cyclic group; R’ is & hydrocarby! group having fom about 1 {when
X is halogen) or about 3 (when X is 1ot halogen) to about 20-carbon atoms! n is from { o the
masvsber of possible substitutions of the hvdrocarlyl group; provided that af feast one X is not
dircetly bonded fo an aryl group, and provided thet when X is not halogen, X 1s bonded to 1
socondary or teriary carbog, or 2 -CHy-aryt group on R

The “aryl”™ provise disclosed gbove is for the situation when the labile electron rich

rrs

eaving group “X” is bounded directly (o an aryl group. It Has been observed that X in this
situation is non-labile, Le., such groups remain bound to the aryl group when brought into

X ¥

contact with the syppoerted or non-supporied shiminoxane andlor  organoaiumninum

orises an aryl group, R is an avaloyl groups such that at

b

compounds. Preforshly when B com
teast une X ix bound to the alky! group {Le., arvi-alkyl-X, ¢.g., FhCH-X), thereby containing
st least one lahile leaving group. Also the “secondary or tertiary carbon™ mroviso disclosed
shove is for situation when the lebile electron rich leaving group “X™ {8 et g hadogen and
bounded to a primary alkyl group. It has also been ohserved that X in this situation is non-
tahile, 1., such groups romain bound to the primary slkyl group when bronght info contact

with the supported or non-supported aluminoxane andl/or organcaluminum compounds, For

foow)
Fa
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example, when X conteing oxygen and R'iga primary stk such as dethyl ether (RY =5t
snd X = OF1) or tetrahydrofuran {THF) (R'=CHCHa-, and X OR® = -OCHCHy- and R
and R’ are Hnked t6 form g cyclic group), they remain as a solvend when mixing with a
supported or non-supported MAC
In one embodiment, nis 1, 2, 3, 4, S or 6. In another embodimeny, R} isa 0-Ce alkyl
or CrCie araliyl, In another embodiment, X is -ORS, and RY is a €0y
araficyl,
In one embodiment, RUXY i {R'HCORY or (RMNOU-N{R Y wherein each R s
independently @ hydrogen or a hydrocarby!l group having from about fo about 20 carbon

1

atoms; R is & hydrocarbyl group having from about 1 to shout 20 carhon stoms: or R and &

may be linked together to form a cyclic group. Preferably, R i ind{:pandcmﬁy & {-Chg
group, and move preferably (R%):C is independently tert-butyl or trityd, and R” is a €)-Cy alky
ZIOUP.

When X is halogen In RY{X)s R' can be a primary, secondary or tertiary hydrocahyl
gronp; and when X iva non-halogen group, & s pfﬁ\emoiv a tertiary hxﬁr\}car{wi groap or a
saturated carbon separated gromatic group, and less preferably 8 secondary hydrocarbyl
group, but not @ primary hydrocarbyl group. The definttions of primary, secondary, and
tertiary hydrocarby! groups ars as follows: a primary hydrocarbyl group represents a —CHaR
group {e.g., ethyl -CHoOHy or propyl ~CHUHOH:Y, & secondary hydrocarbyl group

represents a ~CH{RY grovp {o.g. (sopropy! ~-CH{Meh or sec-butyl ~CH{Me}CHUHy) and @

tertiary hydrocarbyl group represents a ~CRy proup {og., tertbutyl -CMey or frityl UPhs,

]

where R s a hvdrocarby] contains at Jeast one carbon. A saturated carbon separated aromatic
group represenis & -CHaAr group, where Aris an arematic group {e.g.. beazyl <CHyPh)
Non-hmiting exasmples of RX},  arer when X = F, fooromethane CHF,
fluorosthane  CHyCHF,  dfertbutyl  fleoride MeCF, iyl Buordde PHLOF,
trimethyisiivifluoride MeSiF, a-fluorctoluene CHCHLF, g, a-diffusiotoluene T H0HE,,
gigo-triffuorotolnene UFyPh, 1 3-bis{iriflvoromethylibonzene 13-{CFanPh, and the bke
when X = O isopropylmethyl ether MeCHOMe, tert-butyvimethyl ether Me;COMe,
tritylmethy! ether PhyCOMe, buteneoxide CH,OUHUHCH,, 1,.2-di-tert-butylbenzene 1,2-
{?ﬁu@)gﬁgﬁ S-di-tert-butylbenezanel, 3+ 'BuQ); KeHy . 18 3+ BuDLCeHy BeO-CH-UH-
OBy, isohutens oxide CHLOCMey, 2 3-dimethoxyl-2 3-dimethyibutane
MexC{OMeC(OMejMe; 2 3-dimsthoxylbutane MeCHOM)TH{OMeMe; fgrt-
butylirimethylsilyl  ether  Me;COSiMey,  D-methyl-teishydrofiran,  1.2-dimethyl-
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and t

butvidimethyl  amive  MeyUNMe,  trityhmethyldimethyl  amine PM;QN\‘EQ 2.3~

u

tetrahivdrofuran e ke, and when X = N, Uisopropylamine (Me:CHREN, tert-
Sis{dimethyviantino}-2, 3 -dimethytbutane MexU{NMeCINMenMes, 2,3

bis{dimethylaminoibutane  MeCH{NMeCH(NMeMe, tort-butyitimethydsilyt ether
Me;CQOSiMe; N N-dimethylbenzylamine and the Hke, and when X = O and N on o Saturated

£

carbon separated arommatic group, benzylmethyl ether MeOUH:Ph, 'bwzy}dimethyﬁiammc

2

MexNCH2Ph and the like, wherein CgHy s a phenylene group and ‘Bu is a tertiary-bat

Non-limiting ﬁxam;ﬁe& of BRI, are MesCF, MaesSiF, CaLCHF, GHOF 13-
CaHCF R, 12-CBuORCeHe 1,34 'BoOpCilly, 14-{ BuORCeHy Bul-CH,-CHy- O'Bu; or
mixtures thereof, wherein CgHsisa ;sham%ene group and ‘Bu is a tertiary-butyl group,

Other non-limiting sxamples of RN, are tertiary-butyl methyl ether, tertiary-butyl
cthyl ether, leriiary-butyl 'pmp}f‘s ether, fertary-butyl botyl ether, 1ert-butoxy-2,6-di-tert-
hutyibenzens, {-trimethvistloxy-2 &-di-tert-butyibenzene, trimethylsiloxybenzens,
trimethylmethoxysilane, benzyimethyl ether, bengyl othyl ether, bengylpropyl ether, benzyl
butyl ether or mixtres thereofl

Still other non-Hmiting examples of RA(X), are propylene oxide, isabutene oxide, I~
butene oxide, styrene oxide, d-methyl-styrene oxide, wimethylene oxide, 22-dimethyl-
trimethylene oxide, 2, 2-diphenyl-irimethylene oxide, l-methyi-telrahiydrofuran, 1, L-dimethyl

tetraltydrofiren,  Dmethybethylensimine, 1,1, 2-rdmethyletiplenimine, 1 1-diphenyl-2-

r‘

methyi-pibvlenintng,  methyvi-tetrahydro-pyrole, 1, 1-dimethyi-te efrahydro-pyrrole,  Li-

diphenyl-Z-methyltetrabydro-pyrrole,  -methylpiperidine, 11-dimethylpiperdine, 1,1-
diphonyl--methyl-piperidine, or mixtures thereof.
Preforred examples of R XY, arer OFCeHs, W MesSiF, Bu-OMe, sobutene oxide, and

N N-dimethylbenzylaming,

Tribydrecarbylalaminum Compound {Compoenent 1D

(e of the components i the suppoerted aluminexane-based activator vomposition is a

o

tribydrocarbylalumiman compound having the formmuila ARz, wherein Al 18 sluminum an
each R is independently a Cr-Use hydrocarbyl group. Nown-Hmiting examples of R include
alkyl groups having fram 1 to sbout 10 carbon atoms such as methyl, ethyl, n-propyl,

isopropyl, nebutyl, isobutyl, n-pentyl, neopenty!, benzyl, substituted benzyl and the like

Preferably, the iribyvdrocarbylalominum compound is bete-proton fiee.  Non-limiting

s

examples of ATR; usefil in this invergion include, but is sot Umited o timethylalominom,

i4.
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Fiethylaluminom,  tripropyinlumdmun,  tibutylaluminum,  irisobutvlahmminum,  trine

ctyialominum, irineopentylaluminum, tribenzylaluminum, trig{ 2.6~
dimethyibenpyDatominum, or mixtures thereof, preferably, timethylaluminum (AlMesd,
trineopentylaluminum (ANCHC(Me: ki), and tibenzylalominum (ARCHLCH k).
R tth: SR ‘b?s':" LR N 3 % f hin Tvrends ey T e =, ¥ AR
Iribydrocarbylaluminom compounds of this invention can bo prepawred by any
suitable method, inchuding currently known methods, as will be fumiliar to those skilled in

the art, or methods that may come to be kaown.

Preparation of Compositions of this Invention

Supported sctivator compositions according 1o this invention can be prepared by
combining the orgenosluminum compound, the cachocation precursor agent and the
supported alurainoxane intermediate. The three components may be combined {n any order,
but preferably, the irihydrocarbyialominum (Compenent EEE} i¥ Hrst combined with the
supported  sluminoxane infermediste {(Component [ and then the carbocation agent
{Component 11} is ntroduced.

Preferably, the supporied aluminoxane intermediate {Component I} may be formed by
adding an aluminoxase compound formed through the coptact of the oxygen sowee
{Component -} and the orgevesluminem compound (Component 1€} to the suppost
{Component I-a}, such as contacting a caloined silica free of physically shsorbed water with
methyialuminoxane formed through the reaction of water and timethyleluminum, The
supported activator composition of this invention can then be form by combining at least a
portipn of the supported aluminoxane intexmediate with the tthyvdrocarbylaluminum
compound {Componest IH) and then the carbodation agent {Component I},

More preferably, the supported aluminoxsne intermediate {Component I} may be
formned “tnesitu” by adding an organvaluminum compound {Component -2) on the oxygen
source {Component ki) containing suppert (Component Ta), such as water physically
absorbed on silica. The supported sctivator composition of this invention can then be form by
combining al lesst a porton of the supported sluminoxane intermediste with the
trihylrocarbylaluminum  compound  {(Component D) and then the carbocation agent
{Component ). The oxygen source that originally exists on the support may be
sppplemented  with  sdditional oxygen sowces Yo allow e reaction with more

organogluminmgm compound to increase the Al loadings on ihe supported sluminoxane

intermediates.  For example, 2 non-calomed silica with 5-6% water can be saturated with
more water to reach 10-12% In order {o increase the Al loadings from shont 7% to about

i3



L

e
Ay

T2
)
At

o)
L6

WO 2012/122332 PCT/US2012/028188

e

4%, Another example is adding a destred amount of water o physically absorbed water
free sitica {e.z., silica calcined at 600°C) to control the desired Al loadings.

An alternative route to form the supported sliminoxsne intermediate {Component 1)
“in-situ™ iy adding excess orgencaluminum compound on the oxygen source {Component 16}

containing support {Component I-a) when a trihydrocarbylaluminum compound is used as the
organcaiuminun compound.  The excess organealuntimen compound now serves as both
Componert I¢ and Componsnt II, The activator composition of this invention iy then
formed by combining at ledst s portion of the intermediate composition with the carbocation
agent {Component 1.

Sl another altermwtive route to form the supported sluminowene intermediat
{Component I} when 8 trihydrocarbylaluminum compound s nsed as the Srgamaiummum
compound is sdding an high trihydrocarbylahmminum containing aluminoxane to the support

{Component I-s). The high thydrocarhylehmunum comaining aluminoxane s made fom a
fow oxygen sowce content {Component 1-b) thet allows a destred amount of free

2

fribydrocarbylaluminum compound ag Component I present in the aluminoxane. Then, at
feast a portion of the intermoediate composition with the present of tribydrocarbyiatuminum as
Component I can be combined with the carbosstion sgent {Component H) to form the
activator composition of this fnvention.
The combining can be conducted in an inert gas stmosphere; at g tomperature from
about ~80°C to about 200°C., or from about 0°C to abowt 150°C; the combining time can be
from about | minute o about 36 hours, or from about 10 minutes fo sbout 24 hours. Example
freatments afer completion of the combining operation include filiration of supsmatant,
followed by washing withyinert solvent and evaporation of solvent under reduced pressure or
in inert gas How, bt these freatments ave sot required. Resulting activalor composition can
be used for pelyraerzation in any suftable state, Inclading fluid, dry, or semi-dry powder, and

3

may be used for polymerization in the state of being suspended in inert sobvent The
combining of the componenis may be conducted at stabient temperature angd at a combining
time of from about 15 minutes o about 48 hours, or Fom about 15 minutes to shout § hours
the resulting combination can be used as is or subseguently heated 1o a temperature of about
S0°C o abont 150°C.

In the supported aluminoxane situation, the mole ratio of the carbocation agent
compound of formula R¥ (X}, to the trihydrocarbylaliminum compound AIR; s abost 0.01:1

,and idestly, 1'E the mole rativ of

y”.

fo 2:1 or about 0121 1o about 1.5:1 orabeut .94 o LU

X to Al for the compound of formuls RIOD, and the supported sluminoxane is about 0.01:1

is
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to 081 of shont 0.031 to 051 or asbout 011, The Al mole ratin for
trihydrocartylalnminum 1o supported sluminoxane is about 0.01:00 o Q81 or abost 0037 o
0.5:1 op about .1xl, I the AQ Is generated in-sity on & support by the reaction of the
organcaluminum compound with the oxygen source on the carder, g, the absorbed or
added water on silica, the organcaluminnm compound can be charged as the sum of two
portions, one portion as the irhydrocarbylaluminum component {Componest HE), =a
sinichiometric portion for reaciion with R, deseribed above, plus the other portion as the
organoaluminum contpotnd (Component 1) for in-site formation of the aluminoxane on the
SUPPOTL,
In the non-supported solution alumitioxane sttustion, the mole ratic of the catbocation
agent compound of formula RYX), to the wilivdrocarbylalominum compound AIR; is shout
1011 0 .11 or about $.05:1 to about G.O%:1 orabout 1:1; The mnle rativ of Xito Al for the

mmp@uﬂd of forronla RI(X), end the non-supporied solution aluminoxane is about 011 ©

y‘.,
rii

QiS50 or sbout Q031 © G081 or i{‘"}eaiiy 8.04:10 The Al mole mtio for

irihydrocarbylatuminum to non-supported solution aluminoxane is about Q.01 o 8181 or
about 0.03:1 1o U.08:1 or abowt 8.04:1.
The amount of ghumintm atom in the product activator composition when g catalyst

Srecursor 1S present, o.g. solid component, obtained by combining the support with the

ko]

aluminum componens can be not legs than about 0.1 nunol slumimsm atom, or not less than

abowt 1 mme! shooinum atom, o 1 g of the solid component in the dry state.

Catalysts for olefin polvmerization

1

Activator compositions of this invention are uwseful fn coatalysts for olefin
polymerization.  Activator composition according fo this invention and transition metal

component may each be added independently, yet substentially stmuliansously, to monomer

!

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

conmtbined to form product and al least & portion of produst may be added fo monomer to

catalyze polymerization. The Altransition metal ratio can be ghout 111 to about 1801, o.g.,

can be about 160:1 fo shoat 500:1 or about 2001 1o 306:1

Catalvats for olefin pelymerization - Transitos metsl component

Transition metal component can comprise any iransition metal compoenent having

alefin ymwmemmnm potential. For example, without linutation, fransition metal component

can comprise one of more metallocene transition metal components.
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Transition metal component can comprise catalvst precursor ML, Qu. {wherein M

N

represents transition metal alom of the 4th Group or Lanthanide Series of the Periedic Table

of Blements {1993, HIPAC), and cxamples thereof include (ransition metals of the 4th Grou
of the Periodic Table, such as fitanfum alom, wirconiom stom and halium atom &nﬁ
transition metals of the Lanthenide Series, such as samariwn; L represents group having

eyclopentadieny! skeleton or group having at lzast one hetero atom, at least one L being

Ar

group having cvclopentadieny! skeleton, and s plurality of L may be the same or different and

QR >

wmay be crosstinked to each other; @ represents halide radicals; alkoxide radicals, amide
radivals, and hydrocarbyl radicals having 1 to about 20 carbon atoms; "8’ represents a

muneral satisfying the expression O<agy; and ¢ represents valence of transition pwetal atom

e rad

In L in transition mets] component, group having cyclopentadieny! skeleten can

Ly

comprise, for example, cyclopentadienyl group, substifuted cyclopentadienyl group or

¥
volvevchic group having oyclopemtadieny! skeleton. Example substituted evelopentadienyt
groups include hydrocarbon group having I io about 20 carbon stoms, halogenated
hydrocarbon gronp having 1 o about 20 carbon atoms, silyl gronp having 1 to about 20

carbon atoms and the like. Silvl group sccording to this invention ean include SidMe; and the

x

like. Examples of polycyelic group having eyclopentadiony! skeleton include indenyl group,
fluorenyl group and the like. Examples of hetero atom of the group having at least one hetero

atom include nifrogen atom, oxygen atom, phasphorous atom, sulfur atom and the like.

Example substitted cyclopentadieny! groups include mothyleyelopentadieny! groun,

sthvioyclopentadienyl  group, n-propyicyclopentadienyl  group, wn-butyicyciopentadienyl

3 : N

grovp,  isopropyicyclopentadienyl  group,  isobutyloyslopentadienyl  growp,  ses-
bubvicy Eﬁpeﬁmdienyi group, tertbutvleyciopentadienyl group, 12-dimethyloyelopentadienyl
group, 13-dimethylovclopentadieny! group, 1.2, 3-trimethyiovelopentadienyl group, 1,24-
trimethyleyvelopentadienyl grouyp, tetramethyioyelopentadienyl roun,
ventamethylevclopentadicay! group and the like.

Bxgmple polvevelic groups having eyclopentadienyl growp include mdenyl group,

4.5,6, T-tetrahydroindeny! group, fluorenyl group and the like,

¥
'y

-

Example groups having st least one hoterp stom include tnsthylar

A
YR

1AITHY group, tert-

%uiyiamim group, henzylaming group, methoxy group, tert-hutoxy group, phenoxy group,

ky-‘g

yysrolyl group, thiomethoxy gronp and the like,

Fan
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e or more groups having cvclopentadienyl skeleton, or one or more group having
eyclopontadienyl skeleton and one or more group having at least one hetere atom, may be
crosstinked with () alkylene group such as sthyvlene, propylene and the Hkep () substituted
alkviene groop such as isopropyvlidene, diphenyimethylene and the Tke; or (1) silylene group
or substituted silylene group such as dimethylsibylene group, diphenyisilylene group,
methylsiivisilviene group and the Iike.

{J in tragsition metal compenent comprises halide radicals, alkoxide radicals, amide
vadicals, hydrogen radical, or hydrocarbyl radicals having I to about 20 carbon atoms.
Examples of ¢ include CL ¥, Br, MeQ, BtG, PhO, {F(, BHT, MeN, BN, PhuN,
{(MeaSU2N, alkyl group heving | fo abowt 20 carbon atores such as methyl group, ethyl

ey

group, n-propy! group, isopropyl group, nebutyl group, benzyl group, syl group

145
7

2
[¥]
joss1
]
i

MesSi, PhsSi, and the ke,

Examples of transition metal component ML, Qg wherein M comprises zircomun,
include bis{ovelopentadienyizirconinm  dichloride, bis{methylovelopentadienyljzirconium
dichloride,  bis{pentamethyleyclopentadienylzdiroonivmdinmethyl,  bis{indenylzirconium

dichloride, bis(d, 3.6, 7-tetrahivdroindenylizivconiton  dichloride,  bis{fluorenylizirconiunt

dichionde, ethylenebis{indenvi}airconium dichloride,
dimethylsilylene{oyclopentadienyifluorenylleirconium dichloride,

dipheoylsitylenshis(indenyDzirconinm dichloride, cyclopentadienyldimethylammerirconiom

dichioride, cyclopentadienyiphenox yeivconiuny dichloride, disnethyi{tert-
bt iyiamim}{i‘s@imﬁne‘iﬁy‘icyt}@peﬁi&ﬁésmyi} silanezirconium dichloride,
isopropylidene{ovelopetadionyl){ 3-tert-butyl-S-methyl-2-phenoxyzircontum dichloride,

dimethylsilvlens(ictranethyloyclopentadienyl){3-tertbutyl-S-methyl-2-phenoxy)  zivconium
dichioride, %}is{ﬁyi:iagsmtm%ien}ri}z:émminmdime&hyﬁ,
bis{methyloyelopentadienylzirconinmdimethyd,

bis{pentamethyicyciopentadienyDeirconiumdimethyl, bis(indenylzircontumdimethyl,

3

bin{4,5,6,7-tetrabivdroindenylzirconiumdimethyl,  bis(flnorenyijvirconiumdimethyl,  bis(i-

butvi-3-methyicyclopentadicnylirconiam dimethyd, ethylenehis{indenylwirconium
dimethyl, dimethvisilvlens{vvclopantadienyiffvorenylizircontumdimethyl,

diphenylstivienchis{indenyisircontumdimethyl,
cyclppentadienyidimethylaminorireoniomdimethyl, cyclopentadienyiphenoxyzirconinm
dimethyl, dimethyl{tert-butylantineictramethyloyelopentadionyl} stlanezirconiumdnmetingd,.

isopropylidensfoyclopentadienyD(3-tert-butyl-S-methyl-Z-phenoxy)zirconiumdimethnyd,
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N

dimethylsilylenefetramethivioyclopentadienyl i 3-tertbutyl-S-methyi-2-phenoxy)
zirconiumdimethyl and the like,

Additional exemplazy transition mefal components ML, Qe toclude components
wherein zircontuons is replaced with titentum or hafnium in the above dirconinm componenis.

Additional exemplary transition metal components M, Q. foclude components
wherein Q can he the sgme or different in one molecule.

Other catalyst precursors nseftl in this invention are m&digzmﬁhy‘im 1vibis{2-methyl-4-

vhenyl-indenylzirconium dimethivi; .“él?a:?udiﬁlaﬁiyisﬁ Hhis{ 2-methyl-4-phenyi-

g

indenylirconium  dichlodide (M3); reo-dimothylsityibis(Z-methy -.Adm}*s} FIrconinnt
dimethyl,  rac-dimethylsityibis(Zanethyl-4.5-bonzoindenyly  zireontun  dimethyly  rae-
ethylenebis{tetrshydroindemylizivcontm dimethyl;  rec-cthvienebis{teirahydromdenyly-
zivconiurn  dichloride (Md); ree-gthylencbis{indenyl}) zirconium dimmthyl (M2}, rac-
sthylenchis{indenyl} zirconium dichioride, hisg{1-bu § -F-methyleyelopant agtentyl) zireom

dimethiy!, and bis{-butyl-3-methvicvelopentadienyl) zirconium dichioride {F §§}.

Polvmerfzation Using Astivator Compositions of this Invention

When using activator compositions of the present invention in polymerization, any
ofetin or diosifin having 2 to 20 carbon gtoms can be used as a monomer for polymerization.
Speciic cxamples thereof include cthylene, propylene, butene-1, pentene-i, hexese~d,
heptene-1, octene-}, nonene-l, decene-1, hexadecene-1, eiopcene-1, d-methyipentene-1, 5
methyl-Z-pentene-1, vinvloyclohexane, styrene, dicyclopentadiene, norbornene, S-ethylidene-
Z-norhornene and the Hke, but ars not Hmited thereio, In the present inventiog,
copolyriterization can be comducted using twe or more monomers, simultaneously. Speeific
examples of the monomers constifuting the copolymer include ethylensfan « olefin such as
cihvlens/propyiens,  ethylene/dutone-I,  othylenchexene-l, ethylens/propyiene/butene-1,
sthylene/propylene/S-cthylidene-2-norbomene and the like, propylens/butene-1, and the Bke,
bt are not linided thereto,

The polymerization method is not Hmited, and both liguid phase polymicrization
method and gas phase polymerizetion method can be used. Examples of solvent used for
Hquid phase polymerization fnclude aliphatic hydrocarbons such as butane, pentane, heptane,
actane and the Hker aromatic hydrocarbons such as benvene, toluene and the Hkep and
-«

hvdrocarbon halides such as methylene chioride snd the ke, T is also possible to use af least

¥ - 3

e

2 portion of the olefin to be polymerized ss a solvent. The p}ij?meﬁmtim cary be conducted
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in & batch-wise, semibatch-wise or continoous manner; and polymerization may be conducted
in two or more stages which differ in reaction conditions. The polymerization temperature
can be from about -50°C to abowt 200°C., or from §FC to ghout 100°C. The polymerization
pressure can be from &tﬁ*ow}um pressure to about W0 kg/ow®, or fom stmospheric
pressure to about 50 kgiem®. Appropriste polymicrization time can be detenmined by means

&3

knows to those skilled in the art according o the desired olefin polymer and reattion
apparatas, and is typically within the range from about 1 minute to about 20 hoors. In the

2

present invention, a chain tansfer agent such as hydeogen may be added 10 adjust the
molecular weight of olefin polymer to be oblained in polymerization.
This inventionn aleo contemplates a polymer produced from the above-described

process sweh as polyolefing and polvolefin copolymers ptilizing the monomers deseribed

above,
EXAMPLES
The following examples are llustrative of the principles of this vention. It is

2

understood that this invention is not limited © sny one specific emboditnent exemplified

herein, whether in the examples or the remeinder of this patent appdication.
Exampde §

§ mol% CeBsCFs -No Carboeation Precursor
{Comparative)

Preparation OF Regudar Silica Supported MAQ (sMAQ)

In the drybox, silicy (G952 200°C 4hr) 2425 and toluene 125y are charged into 8
300mL thres-neck round botions Hask egquipped with a mechandeal stirver and an oil-bath with
heating device, The stirer is furned on at 400 rpm. MAQ solution {Albemerle commereial
30% MAQ in Wolnene, Al = 13.0wi%) 5008 (252mmel AL hesed on 10.4nunol Alg silica

charge} ts added o the silica shury st ambient. After the addition, the resulting mixtore is
allonwed to stir at axnbient for 30 min. The heating device is tumed on and set &t 110°C. After
the ofl-batch reaches HO%C, the mixture is allowed to stir at that femperatwe for 4 b, The
oil-bath is then removed and the resction mixtare is allowed to cont fo ambient. The shavy 15
ther filterod, washed with Ix 100g twluene and 2x 100g iscliexane, and then dried under
vacuum for overndght. Yield: 363g, 0P Al = 14.8%. At ambient, the obtained sMAQ 18

re-sturried inte 168g of tolusnk,
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Preparation OF Pinal Catalvst With sMAO

“

M2 metaliocene solid {rac-cthylenchis{indenyl} zircontum dimethy!) 0.58g (based on

(.35% Zr) is added at once while the sturey s stirred at 400 rpm. ABler twe hours, the

‘-’A

resulting orange shurry s filtered, washed with Ix 100g foluene angd 2x 100g ischexane, and
dried under vacoum for overnight. Yigld: 40.0p IOP: Al = B.9% Fr = 0.36%. Eﬁxgiene

polymerization test’ 5700w/ catr (Minor reactor fouling} 4L autoclave, S0mg cat, $0°C

320881, 40mL 1-hexene, no hydrogen, Zmb 10% TIBA, 60 nun, in isobutane),

Example 2
18 mol% CelisCF;
{Comparstive}

Preparation Of Carbocation Agent Treated MAD (CAT-MAD)

In the drybox, MACO schiivn {Albemarle commniercial 30% MADO W toluspe, Al =
13.6wths) 500z {25 mimol A} is charged in an 802 hottle. Under ambient conditions, TMA
toluene solution {12.0%) 15.1g {25 2mmol A} was mixed with the MAQ solution, following

by slowly addition of CeHCF; toluene solution (8.9%) 124g (25 2mmel F). The resulting

mixture fums fo deep blue color and start forming deep blue solids. The deep blue myxture i3

o

alfowed to stir 8t ambient for | by, and then beated at 70°C for 20 nin. The deep blue solid

remaing nsoluble and the deep blue color turns into deep green. The mixture 15 allowed o

settle. A small amount of solid iy isolated by filtration/washing/dryving (difficalt wo &lrer} and

-

sent for ICP analysis: Al = 41wit%

Preparation OF Supported CAT-MAD GCAT-MAG)

Before the 10moi% CAT-MAQ iz put on silics, the green solid s removed by
filtration to oliain 1 green solution. The soluiton is sampled for both ICP and guentitativ
HUNMR o alysiz 0P Al = 7.43%, HUNMER {25°C, 400mHz, in THF-d8 for MAQ and
TMA analysis and in CaDDg for DMAF analysis) Al = 733% Al of which 2.7U% 15 from
TMA, §.69% 8 1 AlMesF (DMAF), and 3.94% s fom modified MAO. The tots!
alurminum lost to solid precipitation is about 2.9g out of 7.48g {from MAD + TMA) or 30%.
The MAD 0 TMA molar ratio is now 100:68.5, comparing o the normal MADTMA ratio at
1R This abnormal modified MAC selution s pul oo 8 support ahyway.

In the sdrybox, silica (GO4R 200°C 4 1) 12.1g and toluene 83g are charged info a

o

rdei

300mlL three-neek reund boftom flask equipped with a mechanical stirver and an otl-bath with

~

heating device. The stirrer is turned on at 400 rprn. The green solution {7.33% Al) 46.4g

udt

2.

E
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{34g Al based on 104mmet Al silica) prepared above is slowly added to the silica sharry
under ambient conditons.  After the addition, the resuliing mixture i allowed {0 siir &

ambient for 30 min. The heating device is turned on and set at 110°C. Afler the ofl-batch

-
1
i

waches 110°C, the mixture is allowed fo stir at that tewperature for 4 v The oil-bath is then

roy

removed and the reaction mixture i3 allowed fo cool to ambient,

ol

After the seftlement of the solids, the superate 18 smypled for I0P analyses: Al =
3.6%. The stuery §s filtered, washed with Ix 30g toluene and 2x 3g isohexane, and then

dried under vacoum for overnight. Yield: 15.10g. ICP: Al=9.3% (total Al = 1.4g, only 41%

‘-u.v‘

Al of the charged 3.4g Al is put on the support}.

Preparation OFf The Final Cetaldyst With sRAT-MAQC

At ambdent, the supported CAT-MAQ obtained above is re-sturried into 80g of
toluene, M2 metaliocens solid 0.31g is added at onee while the shurry is stirved at 400 mpm.
After two br, the resulting yvellowish-orange shwrry 1 filtered, washed with Ix 100g toluene
and 2x 100z isohexene, and dried under vacoum for overnight. Yieldr 1555 KOP: Al =
219 Zr = (LIRY. PE test 2,800p/g cat'hr (Serious reactor fouling) (4L aumtoclave, S0mg

cat, ROC, 320P8L, 40mL 1-hexene, no hydrogen, Zml 10% TIBA, &0 miﬂ, in 1sobutane).

Example 3
1 mol% O CF;
{Inventive}

Preperation Of Siliva Supporied MAQ MAD

in the drybex, silica (G852 200°C 4hr) 24.3¢ and foluene 125g are charged into a
300mL. three-neck round bottom flask equipped with a mechanical stirver and an ofl-bath with
heating devics, The stiveer i twned on at 400 mpm. MAD solution {(Albematle commercial
30%% MAQO in tohuiene, Al = 13.6w1%0) 50.0g (232mmol AL based on 104mmnl AVg silica
charge} i added to the siliea shurry af mnblent. After fthe addition, the resulting mixture is
allowed 1o stir at aobiont for 30 min, The heating device §s turned on and set at TI°C. After

§

the oil-batols reaches 110°C, the mixture 13 allowed to stiv ot that femperature for 4 hr. The

%

pil-hath is then removed and the reaction mixture is allowed to ool to ambient. The slurry i3
then {iltersd, washed with Ix 100g toluene and 2x [00g isohexane, and then dried wnder

vacuun for overnight. Yield: 38.3g. ICP; Al = 14.9%.
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Prepazation OF Carbocation Agent Treated sMAQ (CAT-sMAD)

At ambient, the obtained solid SMAQO above s re-shuried info {25g of toluens. TMA

woluene selotion (12.0%) 15.0g { 5. 0mmoel Al is mixed with the sMAO slurry, following by
stowly addition of CaHCF; toluene solution {9.8%) 123g {25.0mmol F}. The resulting

mixture toms to deep Blue color, The mixture is allowed to stir al ambient for 2 hr, and then
heated at 70°C for 20 min to obtain a slurry consisting of a very light yellow superate and
almest colorless solid. A small portion of supernate sample was taken for HUNMR analysis

for quantifying the F uptake. The result shows Tmol%s cut of 10mol% F charge has been put

on the sMAQ, & 70% conversion.

Preparation Of Final Catalyst Based On CAT-sMAQ

M2 metallocent solid 0.58g is sdded at once while the slurry is stured at 400 rpm
After two ki, the resulting orange shery is fltered, washed with Tx 100g toluene and 2x 100g

isohexane, and dried under vacoum for ovommight, Yigld: 39.5g. ICOPr Al = 15823%; Zr =

$.36%. PE testt 10,900g'e cathy (Minor reactor foiling) (4L awtoclave, 28my eat, 80°C,

o

320PSY, 40wl 1-hexene, no hydrogen, 2ml 10% TIBA, 68 min, in isobutane).

Example 4
18 mol%s CHsCFy
{Taventive)

Preparatinn Of Silics Suonorted MAD GMAGH

In the drybex, silica (G952 200°C 4k 24,1 and toluene 128g are charged into &
A00mL awtoctave. The stirrer is tarned on at 400 rpon. MAD solution {Albemarie commercial
309 MAO in toluene, Al = 13.6wt9%) 500z {(252mamol Al based on 104dmmol Alg silica
charge} is added o the silica shurry at ambient. After the addition, the resulting mixture is
allowed fo stiv at amblent for 30 min. The autoclave is assembled and brought owt of the
drybox and connected to the controller that monitors the temperature, stirrer wprn, and the
reactor internal prossure. The stirrer i3 turned on and set at 5300rpm and the heating device is
trned on and set at 130°C. After i reaches 130°C, the mixnture is allowed to st at that
temperature for 4 hr. The heater s then removed and the reaction mixture is allowed to cool
to ambient. The antoclave is then brought into the devbox.  The reaction mixture was then

transfirred fo a 300mi three-neck round bottom flask equipped with 8 mechanieal stirrer.
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The shorry 18 allowed fo setile, A small amount of sample is taken for ICP analysin: Al

=3 G00ppm.

8

0

Pt

Y

Prepavation OF Carhocation Agent Treated sMAOS (CAT-sMAD)

TMA teluene solution {12.0%) 15.0g {25.0mmwl '%i} s mixed with the sMAO shury

under agitation, following by slowly sddition of UgH(OF; toluene solution (8.9%) 12.3g
{25 0mmol Fi. The resulling mixtore tums to & deep blue color. The mixtwee is allowed to
stir at ambient for 2 B, and then heated at 70°C f@;‘ 20 min o oblatn e slurry consisting of a
y light yellow supernate and alimost colotless solid. A small portion of supemate sample

was taken for H-NMR analysis to quantify the F uptake and shows 8mol¥% out of 10mol% is

t on silica, an 80% convérsion.

g
[

Preparation Of Final Catalyst Based On CAT-sMAO

M2 metallocene 0.58g solid is added at once while the shurry Is stirred at 400 pm.

-

5

Afler two br, the resulting vellowish-orange slurry is filtered, washed with 1x 100g toluene
and 2x 100g isohexane, and dried under vacuumn for ovemnight. Yield: 388g TP Al =
17.086; &r = 0.34%. Ethylene polvmerization test: 13,600g/g cat/hr {(No reactor fouling) (4L

auteclave, 23mg cat, 80°C, 320PSL, 40mL l-hexene, no hydrogen, ZmL 10% TIBA, 60 mun,

FXAMPLES
Mon-Bridgiug Metallocene M1 For FE Applications
SNg :
1 mel¥% CelizCF; Enventive)

Preparation OF Stlica Supported MAQC 8MADY)

o Y

n the drybox, silica (G948 200°C 4hr) S.1g and tolnene 48g are charged nto &

tprrg
=

O0ml sutoclave, The stisrer Is turned on 2t 400 rpm. MAO solution {(Albemarie commercial

(&

30% MAQ in tolueng, Al = 13.6wi%; 21.5g (108nmanol Al based on 11 9mrmol Alig silica
charge) is added to the silics shurry al ambient.  After the addition, the resulting mixture 18
altowed fo stir at smbient for 30 min. The autoclave is assemblad and brought out of the
drybox and connected to the controller thal montlors the tempersture, stirrer tpm, and the
veactoy intemal pressure. The stirrer i turned on and set at Srpm and the hosting devide is

trned on and set gt 130°0, Afler it reaches 130°C, the mixture 15 allowed to stir at that

y'M

temperature for 4 by, The heater is then removed and the reaction mixture i allowed o eoo

o ambient. The auteclave Is then brought Into the deybex. The reaction mixture was then

transferred 0 & 300mL threeneck rovnd bottom flask equipped with & mechanical stirrer.
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The shary is allowed {0 setile. A small amount of sample is taken for ICP analysis: Al
=1200ppm.

Preperation OF Carbocation Agent Treated sMAQ {TAT-sMA

TMA toluene solution (12.0%) 6.0g (180.0munol Al is mixed with the sMAD

’J‘J

obtalned above wnder agitation, following by slowly addition of CHOF toluene sobution
{9.9%) 4.91 g (10.0mmel F). The resulting muxiure turns 1o a deep blue color, The mixture is
allowed to stir at swbient for 2 b, and then heated at 79°C for 20 min to oblain a shury
consisting of a very light yellow supemate and almost colorfess solid, A small portion of

supernate sample was taken for HLNMR analysis to quantify the ¥ uptake and shows 8mal%

out of 10mol%e is put on stifcs, an 80% conversion,

Prepamtion OFf Final Catalyst Based On CAT-sMAD

M1 metallocene  (bis({l-hutyl-3-methyloyelopentadienyl)  mircontum  dichloride)
solution in toluene {18.6%) 1.73g is added at once while the shuvy is stvred st 400 rpmy
Afler two hr, the resulting ys‘sk}wési ~orange shyry is fillered, washed with 1x 50g toluene
and 2x $0g isohexane, wid dried wider vacuum for ovemnight. Yield: 18.8g. ICF: Al =
18.1%%; Zr = 0,:45%. Ethylene polymerization test 5,700g/g cat'hy {No reactor fouling} (§L.
auteclave, 30mg cat, 85°C, 320P8), S0mL {-hexene, e hvdrogen, ImL 1% TIBA, 60 min,

in isobutane).

Exsmuple $
¥ sl CaH:CF;
{Comparative)

Prevaration Of Silica Supvorted MAO GMAD)

fn the drybox, sitica (G948 200°C 4$hry 241 g and toluene 125g are charged into &
300mL threesneck round botiom flask equipped with 8 mechanical stirrer and an oil-bath with
heating device, The stirrer is furned on at 400 rpon. MAO selution (Albemarie commerial
30% MAO in toluene, Al = 136wt} 56.9g (287mmol Al based on 11.9mmol/g silica) is
added to the silica shury at ambdent.  After the addition, the rosulting mixture 18 allowed o
stir gt mubient for 30 min, The heating device is turmed ot and set at 130°C, After the oil-
batch reaches 130°C, the mixture & allowed (o stir at that temperature for 4 hr, The pil-bath
15 then removed and the resction mixture is allowed to oool o ambient. The shury is then

Tt

fltered, washed with Ix 100g toluene and 2x 100z isohexane, and then dried undey vacuum



LA

(4]

YrrrA

L]

A

Tk
A

WO 2012/122332 PCT/US2012/028188

for overmight. Yiekd: 39.1g. ICP: Al = 179%. At smbient, the obiined sMAQ 15 re-

shavied inte 160y of toluene.

Pronaration Of Final Catalvst Based On CAT-sMAO

M1 metaliocene solution in toluene {19.6%;) 4.33g (based on 0.45% Zr} is added at

once while the slurry is stirred at 400 rpm. After two by, the resulting orange slutxy i

filtered, washed with Ix 10Ug toluene and 2x 100g ischexans, and dried under vacnum for
overnight. Yield: 36.8g. 1P Al = 17.5%; Zr = 0.46%. Ethylene polymerization test:

3,500g/g cathr {No reactor fouling) (4L antoclave, 50mg oat, 85°C, 320PSL, 50ml 1-hexene,

noe Ez_ydmggﬁ, 2mL 10% TIBA, 60 min, in izchutanel

Example 7
Silicon-Bridged Metallocene M3 Yor PP Applications

18 melS% CH:CF: {Inventive)

Preparation O1 Silics Supporied MAO (sMAG)

in the drybox, silica (Fuil P-10 100°C 8} 20.3g and twhuene 70g ave charged into 2
300mi. auioclave. The stirver 18 turned on at 400 rpm. MAO solution {Albemsrle commercial

3% MAC in wlaene, Al = 13.6wi%) 4R.5g (Qd4mumel Al based on 12.0munol Al silica) is

B

added o the silics slurry al ambient. After the addition, the resulling mixtore is allowsd to
stir at ambient for 30 min. The autoclave is sssembled and brought out of the drybox and
confiected to the controller that movwitors the temperature, siirer rpm, and the reactor ntemnal
pressure, The stirrer is tumned or and set at 500rpm and the heating device is hwned on and
set at 130°C. After it reaches 130°C, the mixture is allowsed to stir at that tempersature for 4 by,
The hegter 15 then removed and the reaction mixdure iy allowed t© cool 1o ambient, The
autociave 15 then brought into the drybox. The reaction mixture was then transferred o 2

300mL theee-neck reund bottom fHask equipped with 2 mechanical stivrer.  The shutry i

P

Howed to seftle. A small amount of sample Is taken for ICP analysis: Al =%00ppm.
The sturry is sheken well, and 4.0y sluery is taken and §ltered, washed with 3x10g

ischexane and dried under vacuum fo constant weight. The vield is 1:04g, which indicates

[

that the slorry has @ sMAD pereentage 26.0%. The solid was sampled for WP Al = 18.44%,
The sMAO shury is divided into Hvo portions; one for the carbocation agent modified version

and one for s repuler supported MAO version for comparisons {Example 8).

2
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Prevaration Of Carbocation Arent Trealed sMAQ (CAT-aMADE

$2. 72 sSMAQ slorry {Al = 147mmol) is charged to 5 300mL three-neck round bottom
flask eguipped with 8 mechanical stirrer. The sharry is heated {6 700C in an oil-bath under

agitation. TMA toluenc solution (20.094) 6.4g {1 Tnunol Al} is added to the sMAO shary,

-\

" ]

follawing by slowly addition of CHOF; toluens solntion (8.9%) 7.3g (14.8mmel F). The
resuliing mixture tums to & deep biue color. The mixture is allowed to stir at 76°C 15 min,
and then reduces the temperatore o 35,0 for 1w 45 nun to obtain a slurry consisting of a
light preenisheyellow supernate and a green solid. A small portion: of supernate sample was
taken for ' -NMR analysis to quantify the F uptake and shows 3miol% out of 10mol% is put

o8 mhca. an 80% conversion.

Preparation OF Final Catalvst Besed On CAT-sMAD

M3 mstallocene solid {roc-dimethylsilylbis{2-methyl-4-phenyvi-indenylzircontom
dichloride } 8.25g is added at once while the shury is stirred at 400 rpm. After fwo b, the
resulting rod sturry is Sltered, washed with 1x 100g tolpene and 2x 100g isohexane, and dried
under vacunm for 4hr. Yield 213g P Al = 185%; 2r = 0.18%. Propylene
X&E}T. erization test: 34.000g/g cat/tr (Ko reactor fouling) (4L autoclave, Tdmg cat, 7H°C,

200mi. propylene, S0mEx180 PSI Hp, tmb 5% TIBA, 60 min),

Example 8
& molPe CeliaUF;
{M@E Comparative}

Preparation OF Stlica Supportead MAG GMAG)Y

44 3g sMAQ slurry (Al = 78.5mmel} from Ex&mgia 7 18 vharged to 2 360mL three-
neck round bottom flask equipped with a mechanicel stirrer tatlocene solid 0.080g is
added gt onbe while the shatry is stirred at 400 rpm. Afier two by, the resulting red shury 18
filtered, washed with 1x 30g toluene and 2x 50p isohexane, snd dried under vacuum for 4hr.
Yield: 1138 IOP: Al= 18.3%; Zr = 0.19%. Propyiene polymerization test 10,800g/g cavhr

ing} (4L autoclave, HMmg cat, T0°C, 2200mL propylens, SOmIx 180 PSI H,

3

{No reactor foul

Pmdl 5% TIBA, 60 minh
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Yxample 9
3 mol% Butene Oxide Carbocation Agent
{Inventive}

AAQ (30% in toluene, Albemarle product) 12.67g (Al = 64.5mmol} was placed in a
20ml vigl. Neat butene oxide {or 12 egssxybuta&zeﬁ 9u%;, Aldrich} §.14g {1 Yramol} was then
slowly added to the MAO soluhion at ambient. The resulting solution was allowed to shake
on & shaker for over night.

The solution above was lested for M2 catalyred I-hexene polymerization using a
stple calorimetry methed o quantify the heat of reaction released by the polymerization
process that foeming two C-O single bonds (relsssing 2x~83 = 166keal/mol heat) while

breaking one C=( double bond {absorhing ~146keal/mol heat that gives a net heat release of

f‘;ﬁ

shout 20keal/mol -hexene, Under the same conditions, the higher the heat of reaction, the

mare active the catalyst system, The calorimetric measursinent was done in g dophle-jacked
S0mL round-bottom reactor equipped with a stiring bar and 2 therma! couple for temperature

measyrement, Dry toluene 17.115g and M2 toluene solution 8.3482g made from the stock

solution of €.171g solid M2 in foluene 10.0g were charged into the réactor. The stirrer was
turned on. Then the treated MAQO 0.326¢ based on AlZy =100:1 was charged into the reactor

and a stopwatch was furn on to cow the activation time, After 15 min (lap 1), the solution
temperature was recorded as 28.0°C, and 0.60g 1-hexene was injected to the solution wiile
the stopwateh was fumed on {lap 2). The temperatore started to rise and after Smin (ap 2}, &
temperature of 41.9°C was recorded.  The heat of reaction was ¢aleulated as 18.68kcal/g catis
min.

A baseline run based on non-tréated MAO wis also done (o see the difference from

the treated MAQ. Dry toluene 17.11g and M2 sohmion (.3292g from the same M2 stock

sofution were charged into the reactor. The stirrer was tumed on. Then the non-treated MAQ
{0,328y based on ALZy =100:1 was charged o the reactor and a smg}wa’zs:?iz WaS i on e
count the activation time, Afler 15 min (ap 1}, the solution temperature was recorded as

28.3°C, and 0.50g 1-hexene was infected o the solutivn whils the stopwatch was tumed on

LR

(fap 23, The temperature started to rise and after 5 min (Jap 33, o temperature of 3 7400 was
recorded. The heat of reaction was caloulated gs 12.8keal/g cat/ min

The bascline for AlZr = 20011 was alse run and a heat of reaction of 2.dkealig

ot/ Sovin was obtained. Therefore, it can be seen that the boost is very signihicant through the

3nol%% butene oxide treatment of MAQ. ¥ can bee seen that with trested MAC at ALZr

=161, the performance is closer to the performance of 8 non-treated MAD at ALy = 200 1.
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Exgmple 18
& Maol% Methybfore-Butylether Carbocation Agent
{Imventive)
sMAQ is made from the procedurss the same as in Example 7. The sMAO shuory i3
determined containing 19.6% sMAQD and the Al on the sMAD solid is 18.0%. The sMAQG
sturry is divided into two portions; one for the carbocation agent modified version and pae
for a regular supported MAQ version for comparisons {Example 1L

2.5 MAC shurry {Al = 16 0mmol) is charged to 8 20ml vial, TMA toluene

s
l ~9

solution (12.0%) 0.9z {L.5mmol Al} is added to the sMAQ slurry, following by slowly
addition of the toluene sohition of 0.085g of methyl-fers-batylether (MTRE, Aldrich) in igof

soluene (0.9%mmel) with hand shaking durdng the addition. The mixture is sllowed to shake
on a shaker for 1 he, A small portion of supemate sample was taken for HLNMR. Ne
MTRE is detected, and the {Bo of MTBE has beon converted to elther neopentane or
isobutene, and the methoxy group of MTBE is non-detectable.

«-

M4 metallovene solid  {roc-ethylenchis(ietrahydroindenyhizirconinm  dichloride)

L0338y is added at once while the shury is stitred at 400 rpm. Affer two iy, the resulting red
shurry is filtered, washed with 1x 10y toluene and 2x 10g isohexane, and dried under vacupm
for 4hr. Yieldr 245g  ICP: Al = 17.5% dr = 0:41%.  Eihylene polymerteation test:
13.5900g/g cat/hr {No reactor fouling) (41 autoclave, 28mg cat, 8OVC, 320PSL 4ml 1-

hexene, 2ml (0% TIBA, 60 min, in isobutane).

Example 11
$ moi%s Methylrers-Butylother
{Comparative}

13.5¢ sMAQ starry {from Example 10} 18 charged o a 20mi viall M4 metallocene solid
0.037¢ is added stonce while the sturry is stivred at 400 rpm. After two br, the resulting red

|, washed with 1x 10g toluene and 23 10y ischexane, snd dried under vacuum

%,
Z
e
:
Aty
7a
o]
oy
[
7
,/5/

for dhy. Yield: 2.65g. TCP: Al = 17.8%,; Zr =~ 0.40%. Ethylene polymerization tesh 8,400g/g
catthr (No reactor fouling) (3, auteclave, 25mg cat, 80°C, 320PSL, 40ml I-hexene, 2mi

10% TIBA, 60 min, in tsobatane).

3¢
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Example 12
10 mol% N N-dimethyibenzyismine
{Inventive)

Preparation OF Silica Supported MAQ {sMAD)

19 41hs of Fuj P-10 siliva {26 micron} caleined 8t 150 °C for 7.5 I with an LOD of
3.84% (300°C 4hr under M;) was ¢ mgﬁd in a [0galon reactor with toluene 107 41bs to form
sturry. At ambiont {about 23°C), MAQ 309% solution {Al = 153.58%, Albemarle product) 44.5
ihs based on 11.8mmo] AVg silice were added slowly with contrp] of the tntemnal temperature
not exceeding 30°C. 7.0 of oluene was wsed to rinse residual MAQ. The mixture was
allowed to agitate al ambient for 30min. The femperature was then increased to 130°C and
maintained for dhrs, A small sample was filtered, washed, and dried fo obtain the solid and

determine that the solid in the shurry {3 21.38% and the Al in the peat solid is 18.5%.

Preparation OF Carbocation Agent Treated sMAD (CAT-sMAD)

[
’73"5

o,

§.8g of supported MAG shurry (containing 3.598 solid) from above was charged in g

f=

,

20mb vial. To the vial ot ones was added AlMe; toluene sobstion (1553, a8 Component 1
AlRsY 11dp condaining neat AlMes 2.43mmol, based on 10molh of Al on the sMAO solid.
While the wial was vigerousty shaken, 0.33g of neat Me;NCH Gl {N,N«
dimethylbensyiaming), as Componsnt T was slowly added to the mixtwre of sMAQD w

AlMies. The resction mixiute was gllowed 1o agiiste on a shaker for 2 he,

veparation QF Final Catalvat Based On CAT-sMAG

vgey

To the amine carbocation treated sSMAO mixture prepared above was then added

X

0.052g of Ruc-Blhylenebis{indenylieirconiun dimethyl M2y Hllowed by shaking on &

shaker for 1 he. The nuxture was then Hhered, washed with 2x10g toluene and Zx 15g
isphexane, and deied wnder vacuum for 2 hr. Yield 3.56g {ICP Al = 1R 7‘"‘%; Lr = 0.35%;)

a

The cthylene g\}hmenzmm‘ tests weore done under conditions stmilar o Example 1 (4L

5.

autociave, 3 hw cgt, &00C, 320P8L, 40mL -hexene, no hydrogen, Imb 10% TIBA, 50 min,

in isobutane) and the results are listed tn Table 1 under Exanple 12

42
277
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Hxampie 13
§ moi% R N-dimethylbeneylamine
{Coniparative)

5 15.2g of supported MAQO sturry {contpining 3.25g solid) from Hrample 12 was

charged in & 20ml vial, To the supported BMAQ was added BT metaliovene {(1034g),

following by shaking on a shaker for 1 hr. The nuxture was then fillered, washed with 2x10g

toluene and 2x 15g ischexane, and dried under vacuum for 2 hr, Yield: 3.18g {ICP Al

1R.8%; Zr = 0.39%:) The cthylene polymerization tests weredone under conditions similar fo

10 EBx. 1 {4L autoclave, 30mg cat, 80oC, 320P8), 40mb 1-hexene, no hydrogen, iml 1%

¥

TIBA, 60 min, in wobulane) and the results are listed in Table { as Bnry 13

TABLE { — SUMMARY OF EXAMPLES

Exanple Catbneation WA A Metallockne | PRPP Test | Hosctor
Canap | Comp I Indemmediate geatr | Fosling
7777777777 Comp §
} - No Yes M2 2GR (PE} | Minor
Comparative 7 v
2 16 moldh Yes Mo M2 &HBBOTE) | Serlouws
Comparabive CaliylTF, A 7
3 10 meile Yes Yes M2 10800 ¢FEY | Mmor
inventive CeklsUHy v
g% 10 mal Vs Yes M2 13,600 {PE) Na
Invemtive CelaCE, o
3 10 moids Yes Ves R STO0E) | Ne
Tnventive CHCF,
& - No Yes ‘ M1 3,500 (PR} Nt
Cippagative 7 1
7 10 molle Yax Yes A3 JL00GPPY | No
Inventive LOM S )
R kR - Na Yes M3 IR | No
Comparative ‘
g 3 mol% Yes ne - - -
Inventive butene oxide f,
1 & e methyl Yes Yes hi4 BIO{FEY | Ne
Inventive tbuyl ether
i Na ¥ex S §400(FE) | Mo
Comparaiive
12 10mel¥s . . o .
Toventive | MeNCHLOH, | 0O Yes M2 L0 EE) | No
LB . No Yes M2 7400(PE) | No
Comparative i R
18 * Fxample 4 sMAO prepared at 130°C vs. 110 for Example 3

Comparative Example 2 and Inventive Example 3 shows that when aluminoxasg &

=

e

first reacted with the carboogtion precursor, the catalyst activation is about 3 times less thas

the inventive example where the supported AC intermediate s first formed, then reacted with

20 the carbocation precursor.

Lo
i~
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CLAIMS
i, A compoestion comprising:
{1} a supported alumninoxane intermediate composition comprising:

a) 2 support; b ap organcalminun compound; and o} an oRYESR SOWCS

(i} a compound having the formula RY{X). wherein R i3 a hydrocarbyl growp
faving from sbout I to about 20 carbon stoms; w iy from | to the number of possitle
substitutions of the hydrocarbyl group and sach X may be substituted anywhere on R and is
findﬁgeﬁdemiév halogen, -O8 ‘i“},‘ ~M{SHR" };}v, ~\{R3 51 . ~P‘ R }.«; SONL or <O {
wherein each R” is independently hydrogen or 2 E;.yai;@tarhyi group having from gbout | o
about 20 carbon atoms; each R is independently a hydrocarbyl havi mg, from | to 20 carbon
atoms, wherein when af Jeast one RY is 2 hydrocarhyl group; R and R%or R and R may be
Hnked together to form a oyelic group: provided that at least one X i3 not divectly bonded 1o
an ary! group, and provided that when X is not halogen, X is bonded to s secondary of
tertiary carbon, or 8 -CHa-aryl group; and

(i1} 9 tribydrocashylaluminum compound baving the formula AlR;, wherein each

R is independently a O-Coy hydrocarbyt group.

2. The composition of elaim 1, wherein R is £;-Cy alkyl, R s 8 G-Cyalkyl or

N N X
CoCrsaratkoel, s e 3, X s halogen or “ORS, and R e 0 Oy atkvl or Cg-Uhyy aralioyl.

g

3 The composition of claim 1, wherein R'X s (3 HCAORY or (RIMLO-NERY;
wherein gach R is independently a hydrogen or 2 hydrocarbyl group having from about 1 to
ghont 20 carbon atoms and at least one R® is a hydrocarbyl group; R’ is & hvdrocarbyl group
having from about 1 o about 20 carhon atoms; or ®* and R may be linked together to form a

cyclic gronp.

4, The composition of claim 1, whereln r! (X} 180 MeCF, MesSiF, GHUHGF,
CetsOFy 1,3-CuHaCl ), Bu-OMe, 1,2 BuOhTeHe 13- BaOnCeta, 144 BoORCiHg

"fBu{}»CI;yCHg—» OB F-methyl-tetrahydrofuran, 1.2-dimethyl-tetrahydrofiran or mixtures

thereof, wherein CgHyis a phenylene group and ‘Bu is ¢ tertiary-butyl group.

A The composition of claim 1, wherein § RYX), is, tertiary-butyl methyl ether
teritary-butyl ethyl ether, fertiary-butyl propyl ety tertiary-butyl hulyl ether, 1 *ﬁaﬁ*mmé‘i}“

N

2 5-di-tert-butyibenwene, I-vimethyisiloxy-2,8-di~tert-butylbenzens, irimethylsiloxyhenzene,

o
P
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wimethybusthoxysilane, benzylmethyl ether, benzyl ethyl ether, beszylpropy! ether, benzyl

tutyl ether or mixtures thereotl

X

&, ‘The compositien of claim 1, whersin R'(X), s cthylene oxide, propylene

oxide, isobutene oxide, I-butene oxide, styrene oxide, 4umethybstyrene oxide, 2,2~dimethyl-
wimethylene  oxide, 22-diphenyirimethylens oxide, l-methyi-sthylencimine, 112~
trimethylethvlenimine,  1.1-diphenyl-Z-methyl-cthylenimine,  Dmethyl-etrahydro-pyrrofe,

L L2« rimethybtetrahydro-pyrrole,  Li-diphenyls  3-mothyl-tetrahydro-pyrrole,  Tamethyl

piperiding, 1,1, 2-wimethybpiperidine, L 1-dighemy-2-methybpipenidine, or mixtures thereof

7. The composition of elaim 1, wherein the slominoxane on @ 3upport comprises
methylaluniivoxane, seopentvialumdnoxene, bowylaluminoxane, othyvlaluminoxane, o

butvlaluminoxane, or isobutyisluminoxan

8. The composition of claim 1, wherein the sihydrocarbylaluminws compound
ts  trimethylaluminum, maenpeni}?iaiumimm, tribenzylsluninum, Hricthylaluminom,
riprapylaluminum, tibutylaluminum, wiisobutylalvminum, ra-octylalomingm or mixtures

thereof,

g, The composition of claim 1, wherein the support is silics, alunting, silica-

alwmina, clay, a modified clay compuosition, or any combination thereof,

-

16, The composition of claim

prrey

. wherein the mole ratio of the compound of
formasla R'OO, to the srihydrocarbylahurinum compound is about 0.01:1 10 21 and the mole
ratio of X in the compound of formula R {X3 to Al in the supported aluminpzane is abowt

40110 0.8

t

11, The composition of elaim 1, further comprising a transition metal component.

12, & method of polymerizing & monomer comprising carrying out such

poivinerization in the presence of composition of olaim 1,

13 A composttion pemprising:
{1} a n-*ihyﬁrz_}c&rﬁyiammim m comypound having the fonmuda AIR,, wherein each

R iz wndependently 4 Up-Cyp alkyly
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(i & compound having the formula RY{X). wherein R is & hyvdrocarbyl group
having from sbo 3 to sbout 20 cxrbon atoms: n is from | o the number of possible

<%

substitutions ol the hydrocarby! group and each X may be substitated anywhere on ®RYand is

independentiy, SOSHRY, ANERERD. -NER D ~‘%R” E‘é\R"}w ON, or ~ORY wherein each

R? is independuntly hiydrogen or & hydrocarbyl group having frome abount 1 to about 20 carbon
atoms; each R is independently 2 hydrocarbyl having from 1 to 20 carbon atoms, wherein
when at least one R” is 2 hydroearbyl gronp; R' and R¥or R' and R may be linked together to
form & eyclic group; provided that at east one X is not dirgetly bonded to an aryl group, and
provided that X i bosded fo a secondary or fertiary carhon, or 8 -CHg-aryi group; snd

y

(i} an aluminoxane

14, The composition of olaim 13, wherein R 18 G-Cy alkyl Rlisa C5-Cy alkyl or
CrCysaraliyl ais T 3, Xis CORY, and R s 2 O3-C s atky or Cp-Cg aratkyl.

14, The composition of claim 13, whereln B'X is {R‘i}g{?“ORJ or ng}_gC«N{R”}g;
wherein sach R is independently & hydrogen or a hydrocarbyl group having from about 1 to

3

feast one R ix a hydrocarby! group; R is @ hydrocarbyl group

s d

about 20 carbou atoms and 3
having from about | to abont 20 carbon atoms; or B and R® may be linked together to form a

cyclic gronp.

L&, The compositien of claim 13, wherein R, is Bu-OMe, 1.2-{BuORTelly
134 BaOhCes, L4 BuOhCHy  BulD-CH;-CHy- OBy 1-methyl-totrahydrofuran, 1,2+

]

ﬁ.imeﬁiyé—teimg drofuran or mixtures thereof, whevein CgHy is a phenylene group and Bu is 2

tertiary-tutyl proup

|

i The composition of claim 13, wherein the mole ratio of the compound of

WY
formula RO, to the trihydrocarbylsluminam compound s abowt 0.01:1 to 6.1+ and the
mole ratio mole ratio of X in the compound of formuda R {X,B to Al in the noresupported

solution sluminoxane 18 aboub .00 T ie 4.5 1,

A

st

8. The composition of elatm 13, further comprising » carrier,

19, The composiion of claim 13, further comprising 2 transition metal
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. A methed of polymerizing 8 movomer comprisisg ©

poiymerization in the presence of the compeosition of clatm 13,

21 A polymer formed from the process of claim 12,

<ok

22 A polvmer formed fom the process of claim 20,

o)

£

rrying  ou

+
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