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Partially hydrobyzod aluminum a§fky§ compouds known as alominoxanes {AQ) are

rization aclivity, he suth componnd,

14(
s
b1
&
%o
3
M

wsed for achivating transition metals for olefin
methylalominexane (MAD), is a freguestly ciwsm aluminum co-catelystiactivaior in the

>

industry.  Considerabde affort has been devoted to improving the effectivencas of catalyy

pon

oy

systemy based on use of aluminoxanes or modified ahy

v polymerization of

&

teld of sluminoxane vsage inclede the

-

olefins. Representative patents and publications in the f

following: UK, Patent No. 5,324,800 to Welborn ¢ al.; LLS. Patent Mo, 4 /“42\39; o Tumer;

U8, Patent Nos, 4,960,878 and 5,041,584 to Crapo et al;, WO B610258{ o Dall’'acco, st sl
EP 0277 00% and BP § 277 004 to Turner; Hlatky, Tumer, snd Bekman, & dm. Chem. Soc.,

1988, 114, 2728-2729; Hiptky and Upton, Maor aimolec wles, YOD6, 29, BGI9-8020. U Pajent

e,

Na, 5,153,157 10 Hiathy and Tumer; US. Patent No. 5198401 to Tyrner, Hlatky, and

7., 1993 34, 1143-1179; and the Hke.

Fekman, Brintzingey, ot al., dngew. Chem, T

Ezz
5
UO
3,

Drespite techuologionl advancey, many aluminoxase-based polymenzation catalyst activators

y,

still lack the aclivation efficiencies nesded for commercial applieability, roguirs

cormercially ceptably high aluminum loading, ase expensive {espec ecially MAOY, and

have other impediments o commercial implomentation.

F o2 3
3

Lewis base sisbilized dirtkyviatuminium cations derived from won-shuvinoxane

systems and thelr activation characteristics ave described by Klosin of al tn WO 2000/01 1006

fed from non-tonic

and Organometaliics, 18 {2000} 4684-46846,
regular MAQ through the teatment with a bidemtate (or cholming) agent, g,
octamethyittisiloxane by Sangokoya ef al (WO 24 BO30RIRTY and WO 2007/605400), Lat

omplex formed through the resetion of

I

through spiking the dimethylalminum cation THF
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MAQ (WO 20

Furthermore, Lo of &l aise demonstrated that, Swough the treatmment of 2 so-calied

dimethylahominum cation precnrsor agent, the number of dimethylalominom cations s MAD

could be significantly increased and therefore the MAQ activation efficiency was largely

sraproved (Luo ef ol in WO 2009/029857 and US 2008/0062492). More recently, iwough the

ey N AN 4 . *1 % AT
design of & melallocene with the NM

oy
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cation precursor 11 MA{D has been identified as the major achve speciey o activate a

metallovene through the extraction of the dimethylalomdmum cation preécursey from MAQ o

form the cationic, metallocene ledving group bridging bimetidlic complex shown 83 A i

Reaction ! as an example, which is further converted fo siabie chelating
S cationic Mmetailic complex a8 B in Reaction ¥ (luo, ef al, Advances in Polyolefins 2

Meeting Abstract, Santa Ross, Oaliforniz, 2009}, Such fully akvinted, stable clwlating

-

cationic bimetaliic complexes have long been recopnized as e arjor metallocens dertvad

cationic himetailic

species Tormed when a mc,anocm is activated with MAL
zirconoeene spocies {Babushkin & Brimtinger, J Ave, Chep, Soc, 2002, 124, 12869) and the
16 cationdc bimetallic thancvene species {Bryliakov, Talsl, and Bochmann, Organomerallics,

2064, 23, 148
Dimnethrvialoniman sattox pretwso

P o yeer
N alkyiation

MO+ SR @y
op” ‘? &ﬁe’mk{f\l:& Mg {6) '

i35
Thus, & need remains for AQ-type compositions that exhibis

setivating beansition metals for oflefin polymerization over conventional

compositions with mere aclive species comprising. the diabeyiabuny

precursns in aluminoxane type activaors through mors eoenossic
A significanty redoes the alominovane rafio 1o & practical optalylic systen

the cost of making the metallooene/single-site catalysts.

Surmmary of the Invention

28 This mvention relales o an achvalor composition comprizing: (1) at least one

supported alvminozane intermediaie {(Component I}, (i} & compound having the formula

£ L

)y j SRS an3 1 by o~ . o
R0, (Component ) wherein R' sa bydroearby! group having frony abowt 1 i about 20

o)

Fam

varbon atomy; nas from 1o the sumber of possible substitutions of the hydrocarbyt group
and each X may be anywhers on R'and is mdependently halogen, OS8R Y, -NE{R ), -

3

P
IYArogon o g8

23
2
o

300 MR SR PR -CN, ar ~ORY: wherein eath R is independes

b
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hydrocarbyl group having from about | to showt 20 carbon atoms; gach R is independently a

hydrocarbyl having from 1 to 20 cachon atoms, wherein when at igast one 87 1s a hydrocarbyd

¥

oi i ord $Inond Ad
group, R and R ar Rt an nad & may be linked together to form g cyclic group; provided that &

&

foast ore X i aot divently bonded to an ary! group; and prm‘“;dx d that when X is not halogen,

X 3% bonded o oa secondiry or terlisry cavbon, or 4 -UHp- groun; and (8) =
, groug {1
frihydrocarbyialuminum compound having the formula ARy {TComponent ), wherein each
R i3 independently a Up-Cyp hydrocardyl group,
This nvertion alse provides & noa-supported activator compostiion as well as a

cafalyst composition compusing the sctivalor compositions and & ifransition metal

component. This invention alse provides methods of g

carrying out such polynies

according to this invention,

Y.

Ueserintion of the lavention

Y

This inveniion relstey to an aclivalor composition compnsing {§) al lsast one

7

supported slmiinoxane mtermediate (Component ), (8} 2 compomnd having the formula

Ay A ¥ E =
RYX)s (Component 1Y whersin RY is @ hydrocarbyl group having fem abowt 1 to about 20

+%
!

carbon atewms; o 8 from 1 oo

.3

and gach X may be anywhere o

Y\{R“,g —‘“?R b ~ON, o = ORY; wherein cuch ;;3 i iaxdf:pg‘zdemiy Hvdrogen o B
i”’f‘}“‘?“(;ﬁ‘}y} sroup having from about 1 to about 290 carbon atoms; each R“‘ 51 iepma;imii; 38
hydrocarbyl having from T e 20 carbon atoms, wherein when af feast

2reUR, Riand Por R and &Y may be linked together o form 3 oyclic

{east one X is ot divectly bonded o an aryl group; snd provided that when X is not |

X 15 bomded to a secondary or terBiary cacho

53, 0 & ~OHsearyd

friivdrocarbylaluminum compound having the formuia AlR; (Component 1}, wherein gach

R iz indeperdentiy & Cp-Cop hydrocarbyl group

This'invention alse relates to & composition comprising: () a trihydrocarbylaiuminum
compound having the formula AIR;, wherein each R i independently a C-Cyy alkyl; (i) a

compond having the formula R’{X}m wherein ®' is a hydrocarbyd sroup having front about

3 to abowt 20 carbon atoms: o s from 1 to the number of possible substifutions of the

ST e \\ oy Tidyae . N | S -
hydrocarbyl group and sach X may be substituted anywhere on R’ and is indepe

SMN{R Ty ~SREGPR™: -ON, or -OR7, wherein

independently hydrogen or a hvdrocarby! group having trom about 1w sbout 20 carbon

. N 7 L
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e 3 o ~
atoms; cach R is independently a hydrosar 33, Having from 1 20 carbory stoms, wherein

. 2 3 3 3. A S S N T
when af least one R is & hydrocaby! group, R' and R or B and R may be linked together to

o

form a oyehie group; provided that at least one X is not directly bonded % ant aryl group, and

i

2

o3

3

@

provided that X is bonded o & secondary or tertiary carbon, or 4 -CHy-aryl group; and (i)

X

sunYNoXans:

3

1 as used herein inoludes & hvdrocasbon radical, which may be

optionally substituted with a heteroatom {&.g., oxvgen, nifrogen, suifnr, phosphosey or

1

silicon it the chain. Exanples of hydrocarhyl include, bt are not Umiled to alkyls, arvls,

aratkyls, alkaryis, alkenyis, cycloalkyls, eyeloalkenyls, and combinations therenf.

The tetin "alkyl®, as used heérein; unless othorwise indicated, includes satursted

mongvalent hydrocarbon radicals having stralght or branched wmofeties. Examples of alkyt

3

groups include, but are not limited to, methy, ethyl, propyl, isopropyl, butyl, isobutyl, -

iyl pentyl and hexyl.

-

The term "arvl”, as used herein, onless otherwise indicated, mnchudes an ovgant

&

vadica] denved from an aromatic hydrocarbon by removal of one hydeogen, such as phenyl,

naph m b indenyd, and Suorenyd, "Aryl” encompasses fused ring proups wherein at least one

ring IS aromatic,

example of an aralkyl group is benrel (UHL

The term “alkarl” as used herein indicates an “alkyl-aryl group. Non-Hmiting
wamnples of alkaryt are methyiphenyle, dimethyiphenyl-, cthviphonyl- propyiphenyi-,
isopropyiphenyl, butyiphenyl-, isobutylphenyl- angd t-butyiphenyl-.

3

The terin "alkenyl”, as used herein, uniess ntherwise indicated; includes aflov! moteties

having af least one carbon-carbon donble bond wherein alkyl i as defined above. Examples
af atkenyl include, but are not Hmited to, etheny! and propenyl,

The termy “oveloalkyl”, as tsed hereln, toless otherwise indicated; includes nop-

b

aromatis saturated cvelic alkyl medeties wherein alkyl ts as defined above, Exampley of

cycloaikyl include, but are not | lopropyl, ovelobutyl, Syclopentyl, eyclohexyl,
and cyeloheptyl.
The torm “oveloaikenvi®. as uved herein, vnless otherwise indicated. incfudes non-
IO SN k“y(.a O&:.\aei:! L a8 uiked. 16}{3;);, TNIESS OINOTWISE H}S.ﬁ},—tsl»‘(}., mLiudes oon

<

aromatic ovelie alkemyl moteties whersin alkenyl i3 se defined sbove, Bxamples of cveloalkyl
M '~i1 3 hz\ 1ot }‘ Ty ='i oy ovresd vy oy 7'; } \, Lt X oo '*"}‘ anteryl evelphexeny! angd
melnde, but are wot Himited {0, oycloprapenyl, eye e, evelopentenyl, eyclohexrenyl, and

cveloheptenyi.
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Uniess atherwise indicated, alf the forepoing gronps denved fom hydrocarbons may
have up to abowt o about 20 carbon atoms {8, C-Uhe alkyl, TeCap ax'},«'i, CrCag alkaryd,
C-Cop aratkyl) or 1 o shout 12 cachon atoms {e.g., TrCha alivl, Ty aryl, C-Cp alkaryl,

k
Cr-Cyz avalkyl), or 1 to about § carbon atoms, or 1 to sbout ¢ carbon aloms or 1 to about 4

eV TN <

Supperted Aluminoxans Intermediales (Usmps

7

“

One of the components in the activator composition §3 & supported aluminoxane
intermediste, which is derfved from three components: 1) at least one support {or carrier), 2}
at leest one organoshiminum commpeund. and 3} at least one oxygen source. The three
components can be brought into contact i any ovder,

Preferably; the organcalumivum compound cae be brought inte contact with the
oxyvgeh sowee o o 8 soluble aluminoxspe before cortacting a support. The formed
aluminoxane can contain at least one hydrocarbyl moiety having fom one o about twenty
carban atpms, Bach aluminoxanes inchede, but are not hmited to, alkyvislnminoxanes,
cycloalkviahuminoxanes, arviahuninoxanes, aratkvialuminoxanes, or any combination

he fornt of lmear or cyclic polymors. In one

«
]
443
i
12¢)
2
e
o3
2~

thereot i’%d}x warbylaluminoxanes ¢

aspeet of the invention, the aluminoxanes can be oligomeric matenials, stmetintes vefered o

as polyalkyialuminoxanes, containing the repeating unit {U

“©
"

S

which may also have 2 coordinated AIRZ to satisfy the fouwr coordination of the slummum

R

center (DM
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whersin R is 8 C-Cyo bydrocarbyl growp and v is an nteger from about 4 1o about 20, The
exact strochire of aluminoxanes has not been defined and they can confuin linegar, cyelie,
cross-linked  speocies, .or  any  combination  thereofl Mor-bimiting  examples  of

bydrotarbyialominosanss for use in the invention include methyvlahuminoxanes (A,

modified  MAQGs, cthylaluminoxanes {EAQG),  obutvialwmmoxanes  {(1BAD -

propylaluminoxaney, nostyialuminoxanes, phenylaluminoxanes, or any comdination thereot,

<
3§

The Hvdrocarbylatuminosanes can also contain up fo ebowt 20 mole purcent (hased -on

o X

sluminum atoms) of molelies derbvsed from amines, alcobols, ethers, esters, phosphoric and

< N

carboxylic acids, thisls, atyl disiloxades, alkyl disitoxanes, and the like o further improve
activity, solubility and/or stability,

Y

can be prepared as known in the art by the partial hydvolysis of

bylalutmintsn  compounds.  Hydrocarbylalnminum compounds or miixtures of

compounds capable of reacting with water to form an sluminoxane can be employed i the

P

present nvention.  This meludes, for example, i awylalomimeny, snixed

aikvl-aryl aluminum, or any combination thereofl The hydrocarbylatuminum compowds can
be hydralyzed by adding sither free water or water-contaiming solids, which san be elther

hydrates Or potous materials wiach have absorbed water, Bee 0 control the

resetion by adding water, even with vigorows agitation of the mixture, the free water can be
added 1o the form of 2 solution or 2 dispersion in an organic seivent. Suitable 'iz}.-’x};_‘aiss

inclade salt hydrates such as, bt pot Hmited o
HATHRG, AITLR6H0, ARNOG)SRHL0, MeSGeTH0, Mgllip6H3, InSOpTHD,
B, Liﬁ*?:}‘-{-;{;‘& LiBs3HL0, KFe2H M,

trges
w
[#p]
]
3
»

sikaline earth metal hydroxide hydrates
can also be om 3&"&3;&(& with the present inveniton.  Such alkall or alksline carth metal
hydrates include, but are pot limited to, NaOHeRO, NaOH-2IL0,
20, KOHZHQ, CsOHSHO, LiGHSHL0, or any combination thereof Mixtures
of salt hydrates and alkeli or alkaline carth metal hvdroxide hysirates san alse be wsed. The
molar ratios of fres waler or water o the hydrale o in porous materials, which inclade
moerganic oxides such as ahuming or silica, to ol alkydaluminmn compounds in the muixture

Ixs 5 nanaet nt the e FOMTIN Q10T 2 e et ey o O T
can vary widely, In one sspect of the prosent invemion such molar ratios are in & range from
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3

zhout 2:1 to about 14, In another aspect of the present invention, such wolar ratios are in a
rangs fmm about 4.3 o abowy .7,

in one aspect of the present invention, the sluminexanes have satovated hydrocarhyt

" groups {Le.alkyl or cyctoalkyt groups) having from one to about twenty carbon atoms. In

another aspect of the present vention, the satursted hydrocarbyl groups of the slunsitioxanes

have Trom one 1o sbout cight carbon atoms
Alumninoxanes which can be smployed in g present invertion inelnde, but are not
fimited {0, methyialuminesane, ethylalusinoxane, n-propylaluminoxane,

s-butvlalominexane,  isobutvlaluminoxane,  s-hexylahuminoxane, w-ogtvlaivminoxane,

P

decylaluminoxane, dodecylaluminoxane,  tetradecylaluminoxane, hexadeovialtminoxane,

octadecyia hxmfs.ns;axane, phenylalnminoxane, folvialuminoxane, or any combination therenf

o

!

p

7]

lominexane can contain up © about 15 mole percent (based on aluminum} of

e
I

3

moieties formied from aminey, alvohols, others, esicrs, phosphoric and carboxylie acids;

By, In

114,
P

hiols, alkyl disiloxanes, and the ke o improve thelr activity, solnbility, and/or stabs
another aspert of the present invention, the moiety % a bulky phenel. Suitable bulky phencls
melnde, but are oot limited to, 2,6-dimethyl-4-(1,1 limethylpropyhiphensd, 2.6-diwobutyl-4-
2 -ditsopropyiphencl, 2.4,0-tritsopropyiphenols 2, 6-diisobutyiphenal, 246~

2.6-di-tesr-butyiphenol, 24 0-trlveri-butyiphenel, or any combination

More preferably, the supported shuminoxane intermediate tan be prepared by tunging

»—v

mto comtact  of the ouyvgen source and  the  support  befors  contating  the

Sydrocarbylalvminumm, This ncludes the use of & support contalning an oxygen seuree, for

T

gxpmple, 8 nen-calcined sifica that contains physically absorbed water, The amoint of
OXYEST 30Ur On a support can be controlled by either adding a controlled amount of oxygen

soures to the exisiing oxygen souree on a support, for example, adding watsy 1o nen-caloined

fing a controlied amount of oxysen source 1 & suppord fee ¢f exyeen seswee, for

iHian o ke
S1Ica, O &Y

example, adding water to 2 caleined silica

Least preforable method s bringing inte coniact of ithe support with the

orach

organoaluminum compound before contacting the oxygen source.

ay Suppont (Component I-g

Supporis oy carriers useful in compositions according to thiy mvention comprise

pory

* ~y
/

Hgpanic cartiors or organic carriers. Such carriers may calvined (tdmperature above 200°C)

o

such that it does ot comtain water; or non-calcined or low temperature caleined such that i

-~
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contains water and partivalarly, are those i which absorbed water has not been perfectly

eliminated. Also, water-containing camers may be used such that & predetermined amound of

Y

boon added aRer the absorbud water 13 complately o incompletely oitminated
sherefrom. Thas vention ;mvgdeb that such water-coniaining carriers cau contain up o 8
pereentage of water such that free waler s not leaching out of the varrier. As discussed, such

water-containing caniers can be either nomscaloined or fow-temperature ealeined,  As uged

herein, 8 "non-caleined” carrier i85 @ Carnier that hag not purposely been sud

4

weatment, and 8 "low-temperating caleined” carriey 18 carrier that has been valoined at ¢

tomperature up o less than 200°C, or up to gbout 100°C, oy &t about SU°C. The caleination
sime cun be up © abowt 24 hours, Further, the caleination may be performed o any
atmosphere, for example, uian atmoiphere of aiv Gy an inert gas, or under @ vacuum

Supporis confaining water that are-usefil in activafor compositions according to this
nvention comprise indrganie earriery of drgantc carviers, A phifality of Cariers can be used
as a muixtiwe, and carriers of this lnvention may comprise water as absorbed water or i
fydrate form. A earrier of this fvention may be purous and have 8 total pore volume of not

3

less than (. mlfg of silicy, or not less than {48 mlb/g. A carrier of this shvention may have a

< -

sotal pore vohsme of ghous 1.6 mb/g of siica. The average particle diameter of the carrier

£

may be from abowt § micrameters fo abowt 1800 niictometers, of from about 10 micrometers
0 about 500 micrometers

One silica usefil in this invention I8 porous and has a surface aren o the 'r’mg@ of
ifica ta & 1000 mie silea, includine the ranee of ahows 10
ica to abont 1000 m™g siliea, including the range of abowt 10 ' ig
silica to about 70U mm “ig siliea, # total pore volume in the rauge of from abowt 0.1 erfg siliva

1o about 4.4 silies, and sy average partivie diameter in the vange of from sbout 1D

%

auerometers 1o abows 580 micrometors. A Silica useful i thig invvention can have a surface

: oo i - 2 R . e
arga i the range of from abowt 50 m ,/Q {6 ghopt 500 ov/g, o pore voliane in the rangs of
from abour 85 co/g to about 3.5 cofp. and an average particie diameter v the ragge of fom
shoat 15 micrometers to about 150 micrometers, Usel! sifice may bave s surface area in the

range of from abeut 200 m¥g to about 350 /g, & pore volume i the range of fom abowut

&
;p\‘;
et
o
%
b
“
3
ver
o]
o8
&
-
%
=
i
%
o
73
7"
s
%
s
=
ol
2
%
=z
£
23
fae

1.0 cofp o abouwt 2.0 oo/, and an average particie

miorometers {0 about |10 micrometers.

An average pore diameter of a typidal poroos sifteon dunide earrder useful in tlas
invention is in the range of from sbhont 10 angstroms fo about 100G angstroms, or from about

30 angstroms to shopt 500 angstroms, or from about 175 angstroms 9 about 330 angstroms.

IR

4 tvpical content of hydroxyl groups s fromw about 2 mmel OHY
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(/g silica, with or without the presence of hydrogen-bonded water, as deternuined by the
following OGrignasd reaction.  Most of these active O groups veaot readily with
bemzyimagnestum chioride Srignasd to produce toluene, and this reaction can be used (o
puantify the concentiation of active O group:

triethylaluminom . can Be used for the tiration i

coment of Fydrexyl groups is from about 2 mwel GHY

or sbowt 3 nynol Ofg silica to about § mvol OH/g

silita o abowt 7.2 mmel ON/g silica,

Examples of inorganic carriers that may be usefid in this invertion include inorganic

axidvs, magnestom compounds, clay minemals and the Hke. The inorganic pxides san

e

pg-pluming, magnesia, Hlania, zivcons, and olays. Exwmnples of

TEAS

compise stlics, aluming,

fnorganic oxides usefp] in this mvention fnclude, withowt hmitation, 810, AL Gy, MG, 20y,

FiOh, B0, €50, 260, BaO, ThO; and double oxides thereof, sg SI0:-450s, Si

Sin-i0s, SiO-TI0Me(. Examples of magnesiom compounds usefl in this inventior

include MaCh, MapUHOE: 1 and the Bke. Examples of clay ndneraly wseful o fhiy inveniion

nclude kaolin, bentgnile, \zbmin clay, peyloam clay, allophane, hisingeriie, pyrophylite, tale,
mivss, momimerillonites, vermiculite, chiorites, palvgorskite, kaolinite, nacrite, diekife,

Examples of organic carriors thal may be usefid in ios mvention include asryhe

poivmer, styrene polymer, ethylene polymer, propyiene polymer and the like. Example
aerviie polvmers. that rhay be usefd! in this invention include polymers of aorylie monomers

such s 30}7}%{3:? ttrile, methyl acrylate, methy! meihscrylate, mothacrylowitrile gnd the fixe,
ant © iwncrx of the monomers and crossiinking polymerizable compounds having at least

two unsgturated bends.  Example styrene polymers that may be usefd w ihis invenbion

include polymers of styrene monomers such a8 styrene, vinyHolnene, ethylvinytbenzene and
the ke, and copolymers of the monomers and erosslinking polvmeriza ble compounds having

ample crossiinking polymerizable compound having at

3
3

at least two onsaturaied bonds, £

rated bonds include divinyibenzene, wivinvibsnzene, divinvitolnene,

least two  uns

divinyiketone, diallvl phthalate, diallyl maleate, N N-mueothylenchisacrylamide, ethyisy

ghyeol dimet

Organic carsfer useful in this invention has at least one polar functional group.

H 5

Examples of suitable polar fonctional groups include primary anunoe group, secondary Aming

group, imine group, amide group, imide group, hydrazide group, amidine group, hydroxy.

group, hydroperoxy-grup, carhoxyl group, Yormyt growp, methyvloxyearbomyl  group,

)
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sourde can be any suilable oxyvpen
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carbamoy] group, sulfe group, sulfine groap, selfeno grovp, tiol group, thivcarboxy! group,
thioformy! group, pyrrolyl group, imidazolyl gro up_, pipesidyl group, indazolyt group and
carbazolyl group, When the orgasdc carrier originally has af least one polar funchonal group,
the organie carvier can be used as # is. One or more kinds of polar functionad groups con also
the organie cairies as a matrix 1o a suitable chemicsl fregtment.
The chemical treatment may be any method capable of introducing one or morerpolar

functional groups inte the o,rganic gartier. For exany 8y be @ reaction behwern acrylic

rolymer and  polyalicvlenepolvemine sughy  as netiaming,  propancdismine,
ciethylenctriaming, i’ezmethy}enepentamixzq dipropylenctrismaine oy the ke, As the specific

method of suck a reaction, for example, there §s a method of tresting an acrylic polviver (e.g.
polyacrylenitrile) in a shury stade in 2 mixed solution of ethylensdiamine and water at 100°C
or more, for example from 120°C o 180°C. The amenntof polar fonctional group per unit

rom 081 o 30 samolg,

gwm in the organte carrier having a polar fanctional group may be

o,

b} Oxveen Souree {Componsat I-H)

The oxvgen source can be provided by waler in the carner. Odherwise, the oxygen

the teaching of this specification,

can be the free fonm of water 1n nithe

 the eoordinated form of water sueh as hydrated metal salt

absorbed on compounds containing hydrexy groups, on moletular sieves, and the like, and

38
¥ (>

{A

>
%
R
b
4
g
i

can be hydroxy or carbonyi containing compounds in

Hiks to either s torfiary carbon amst g hwilrogen, for exanaple, 58110?{, P‘vi\}“ and the &
or a z‘,ersiary carhon and an Al after rescting with a hwialkyialuminom, for example,
PROOMEe, PROOGCH, and the ke, Depending on the srganvatunipum compound in use,

he amount of oxygen source can be adiusted 30 that each of a majority {al least gbout 30

vei¥s) of the oxyeen atoms terein contacts af least two aluminum atoms, The AL:Q ratio cap

fe about 10011, about 561 . about 1001, about 111, about 1:1.2, ov can be ¥ ratio such that the

amowtt of hydroxy or alkoxy residue does not significantly ideract wiilt the active catalyst

species generated during mtheds of this nvention. The oxygen scurce can be provided by

he oxygen source can be any suitable oxygen seurce, as will

water iy the carrier. Otherwise, §

be familiar 1o those skilled i

ao-Hintting examples: the
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phase or the condensed phase (Hguid or solid}, can be the coordinated form of water such as

1

hydrated metal salts (e.g, LIOR{H0),), water absorbed on compounds containing hydroxy

o

e like, and can be hydroxy or carbonyl contrining

Vg

groups, on molecular sieves, and t

eompounds in which ihie oxygen atom only di;‘;zg:ﬁ‘y Hnks to eithey & tertiavy carbon and a
hydrogen, for example, BulH, PhyCOH, and the tike, or a tortiary carbon and an Al after

Py

riatkyviafuminum, for example, PhU{OMe, PRCOOH, and the ke

o

] .
reacting with &

Depending on the organealunsinum ecompound in use, the amount of oxygen source can be

=3

adjusied so that each of a majority (& least about 50 vol¥d) of the oxygen atoms thordin

contacts at lewst bvo alomisum sfoms. The ALO ratio can be about 01, sbout 501§, sbout

161, ghout 11, abowt 1:1.2; or cin be & rativ sueh that the amount of hydroxy or aikoxy
residue does not mipnificantly interact with the active catalyst species generated during

methods of this invention.

%

¢y Organostun e Compougd {Component 1 -0}

The organoshuninum componnd usefil in this invention can comprise AIR{YR o

s

wherein Al i3 alumbmumy: each R is hydrogen or a hydrocarhy! gronp having up o about 20

3 H ; A N ¥ N wrryD
carhon atoms, and cach R may be e ssme as, or different from, any other R for each YR,

"

o i S L . d . S ; 3 +3 T slaermrresia $hves Y 4 3
Y is a hetero stom and R 18 8 hydrocarty! bonded to the Al through e hetoro atom and

having up 1o about 20 carbon atoms; each YR may be the same as, or éiiim‘enf; from, any

;&
2
el
gih
o]
e

l'r~
7
2
2
:

ather YRY and nis 1, 2, or 3. Each R can be a siraight-chain or branched »

imiting examples of R include alkyvl groups having from 1 10 about 10 carbon atoms such as
nethyl, ethyl, s-propyl, isopropyl, n-buiyl, fsobutyl, n-pentyl, neopeniyl and the Hike.

Non-miting  examples of ARJYR%w oteful in this ifnvention  include

1

iiimei'hyis‘i wEninem, micthylabunimum, friisobutylaiurinum, inoctylaimmingm,

ori-butyi-d-me }\yﬁzer}m\,}ﬁﬁm hutvizhumingg, bis{z,{i--di»i- bty
methylphenoxyisobutylahuminug, {2,6-diert-butyl-d-methyiphenoxyidiethy

his{ 2 S-di-teri-butyl-4-methylphenoxyletvlaluminum, {2,6-di-tort-n
methylphenoxyMimethylalumineg, o bis{2.6-di-toy

methyvlphenoxyimethylaluminum, and mixtures thoreof.  Examples of heterostoms include

1

nifrogen alony, oxygen atom, phosphorous atom, sulfur atom and the

Orgenoatuminum compounds of this jnventon can be prepared by any suitable

£%

method, inchiding currently known methods, as will be fmiliar to these skilled w the ad, or

t o3

methods that may come to be known,

panh
Vot
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<

{the components in the activatar composition s a carbocation procursor agent.

Essortiaily, a carbooation precursor is a compouond containing at least one carbol atom

3.8 r

directly Brks to a labile elegtron rich leaving grovp X which readily

3

forms as on-pair when

~

brought in contact with carrier sapponed shuninexane (Compenent 1}, w

2

eleaving group
X binding to aluminoxane backbone o form the anion and the carbon divectly linking to the
leaving group X to hecome g carbocation. Because g silicon atom hag similay chemieal
properties 1o 2 carbon atom in terms of cation formation nature alibough the derived silyl
cation is fess stable, the carbocation precursor thus also inchudes g silyl cstion preoursor that
contains a silicon atom directly links to a labile electron rich leaving group X, whichreadily
forms an on-palr cobtaining # silyl cation when bronght in contact with the sluminoxane.
Compounsls thet may beused as a carbocation pracursor ave those having the formula R [ Ne
wherein each X may be anywhere o5 R! and s independentty halogen {Suosine, cilerins, or
bromine, preferably fhorine), -OSHED, -NGERDD 5, NER s -SRE VPR, O, oy -ORY

wherein each R is Independently hydrogen or & hvdrocarbyl gronp haviag from ib@ut I o

e

o
T2

about 20 carbon atoms; each R is .§ndepen¢§em§y a h_\;,-‘dmmrbyf havigg fiom 1 to 20 savbon

ot 2. . Vo
stoms, whersin whes at least one R is a hydrocarhy] group; RY and R7or RY and R may be

geoup having fom about 1 {when

tinked together to form a cyclic group; R’ is & hydrocarbyt

¥ is halogen) ov sbout 3 {when X s not halogen) to about 20 carbon atomns! n s froni { to the
SV

sumber of pessibie substitations of the hydrocarbyl groun; provided that af leasi one X 1 set

directly bonded fo an aryl group, and provided thet when X i3 sot halogen, X is bonded fo x

- - " A- 4 - "NY ¢ R = . N )v;

secondary or fevtiary cavhon, or & -CHp-arvl group en R

The “arvi™ provise disclosed above 18 for the situation when the labile electron rith

4

leaving group X7 is bounded directly fo an arvl group, I has been observed that X in this

e, t.e., such groups remain bound 1o the arvl group when brought into

situation 18 o

contact with the supperied or non-supporied  shuminoxane andfor  organcalunthum

compounds. Profersbly when &' comprises an aryl group, R’ is an aralioy! grovup such that at

feast one X is bound o the atlkyd group {Le., arvi-allon-X, g, FhlH-X, therehy containing
st least one labile leaving group, Also the “secondary ov tertiary carbon” provise disclosed
above 5 for siiuation when the lebile electron nich leaving group "X ix not & hulogen and

hounded to & primary alkyl group. It has also besn obscrved that X in this sifuation is non-

ips rernain bound to the primary alkyl group when brought into contact

spported of non-supported aluminexane and/or organcaluminom compounds, For
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3

example, when X conteins oxygen and R’ is 2 primary slkvl, such as diethyi ¢

and X = OFt) or tetrahydrofuran {THF) (R'=CH,CHy- and X OR® = «OCH,E

and R7 we hnked 1 form a oy

supported oy non-sapported MAO

3 [, T W ol - Y A
Inone embodimerd, nis 1, 2, 3, 4, 5 or 8. v another embodimeny, R isa U-Cy alky

2 S

or UnCis aralkyl In another embodiment, X 8 -OR, and R

4

N . ) - R T ey e oweres Sy L L I
In one cmbodiment, RYWXY, is R KHO-ORY or {(RTBE-N{R Y wheretn gaeh RY
independently a bydrogen or a hydrocarbyl group heving from about to about 20 carbon

atoms; R 43 a hvdrocarbyt eroup having from about | te abowt 20 cdrbon atoms; ar R and B

may be linked together to form a cyclic group. Preferably, R & ndependently a2 O-Cig

sroug, and wove prefersbly {**f} is independently fert-butyl or ity ar 2 R s a8 Q)G alky

”’13

f,

X

71
g"J

ot
=3

When X is halogen in R'{30e R can bea primary, sscondary or tertiary hvdrocarhyl

group; and whes X is'a pon-halogen group, R preferably atertiary ’*Wﬁr\wamvi BYOap T &

saturated carbon separated aromatic group, and less preferably @ secondary Hydrocarbyl

group, bul not a primary hydrocarhyl group.  The definifions of primary, secondary, and

terttary hyidrocarby! groups are as follows: a primary hydrocarbyl group ropresents a —CILR

group {e.g., ¢thyl -CHoUHy or propyl ~CHUHCHY, a secondery hydrocarbyl group

represents a ~CH{RY gronp {e.g., isopropyl CH{MLD oy see-butyl ~CH{Me)CHUR
terttary hydrocarbyl gronp represents 3 ~CRy proup feg, tertbutyl -CMes or frivy] CPha),

=

wherse R 13 a hvdrorarbyl containg at least one carbon. A saturated carbon separated aromati

sroup represenis & -CHbAr group, whers Ar I3 an aresm

. e \ & 2 8 e
Non-fimiting essmples of RgX), ae
3 3 IXI X { K - 1
Huorosthate CHRCHEF,  tevt-butyl Seord

1

z‘mcri}}ris’ e MesSiF, a-floorotoinene €
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iritvlmethy] ether PhyCUOMe, butencoxide CHOCHOHCHA, L}&i“mré:ﬁnatyib arens |,
{HuCTsHy 1.3 di-tert-hatvibenezene |, 3 BuQ)CeHy . 1,84
oxide CHACMe; 2 3-dimethoxyi-2, 3 -dimeihyit

I 3-dimethoxylbutane Me(H {_'{}i‘kf_ig‘}%v.,ﬂ{’}?»ie}Me; sert-

1,2-dimethyl-
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tot mn and the Hhe and when X
tetrahvdrofuran and the Bkg, and whoay X

butvidinsethyl  amine  MeyOMMey,  tritvlme

i

his{dimethytaming)-2 3-dunethyibotane

bis{dimethylansinoibutane  MeCHNMeUH(

> § <y

Me;COSiMe; N N-dimethylbenzylamine and the ‘x{, andd when X = O and D oon o saturated

k3 (
1

o aromatic group, benzylmethyl ether MeOUMPh, benzyldimethylamine

e

carbon  separy
{

Me:NCHaPh and the like, wherein CgHy is a phenylene group and ‘Bu is a ‘is:';“{éaw—b{s{}-'i

[

EIOup.
Non-Hmiting e.xa;‘z;;ﬁes- of R‘!{?{}n arer MesCF, MeySiF, CelCHLE, CHUF, 1,3-

Ce(CFa, 12-0Bu0RCH 1.3 BoORCilly, 1 A»{'f‘gue}zs:;:{ﬁsig; WO OBy or

mixtures therent, wherein Gl iva pheavione grotp and "By ts a tertiary-butyl groap,

Other non-limiting sxamples of RAX), sre tertiary-buty! methyl ether, tertiary-butyl

cthyl other, lestiary-butyl propyl m}mn tertiery-butyl botyl sther, 1-ert-butoxy-1,.6-di-tert-

Gdi-tert-butylbenzene, trimethyisiloxybenzen

3

butyibenzene, {-trimethylsilony

trimethylmethoxystlane, benzyhvethyl siher, benzyl othyd other, benzvipropy! ether, ?i)a;gzy.i ’
butyl ether or svixtures thersofl

St ether non-limuting examples of R {X)a are propylene oxide, isobutene oxide, 1
butene oxide, styrene oxide, 4-methylsiyrene oxids, srimethylene oxide, 2.2-dimethyl-
trimethylene oxide, 2 2-diphenyi-rimethylene oxide, l-methyi-tetrahydrofuran, 1,1-dimethyl
tetraliydrofuran,  -methyl-ethylensiming, 1,1, 2-trimeth }“;e ryleniming,  1,1-dighenyl-2-
methyl-ethvieninune,  L-methvi-tetmabhvdro-pyrole, 1 1-dimethyi-tetrabydro-pyrrole, 1,1+

ES

diphenyl-2-methyi-etrahydro-pyrrole,  -methylpiperiding, 1 1-dimethylpiperidine, 1,1-

tphonyl-Z-methyi-piperidisg, of mixhres theveot.
1 iy O S twod a nyide and
Preforrad examples of RYUK), am: OF:0:H, MesSiF, Bu-OMe, sobutene oxide, and

N N-dimethylbenzylamins.

5%

Trihvdrosarbvislambnns Compound {Compenent HND

(e of the components in the supperted altminoxane-based activaior composition is a

tribydrocarbylalumimsn compound having the formula AIR4, whorein Al s aluminums and

each R is independently a -z hydrocarbyl group. Now-Hmiting examples of §
3k A oroune havineg Hoam } o ab ;r vy afiams whome mathyl eth rE |
Y } &l{;}Bi}S .k}\%\rl_\:g TOm § 3 88 \} SErpHOn alGiE WY 88 sy 157 i, &;tl;} »

isopropyl, nebutyl, isobutyl, n-pentyl, neopentyl, benzyl, substituted benzyt and

Preferably, the irthwdrocarbylalominum compound is beteproton free. Now

H

examples of AR useful i this fnvestion includs, but is pot Hmited {00 trimet

4



WO 2012/122332

PCT/US2012/028188

sicthylahumingm,  trigropyvirluminum,  tibutylalonsinum,  iiisobutvlaluminum, i
octvialuminum trineopentyialuminuns, tribenzyialuminom tris{2 8-

mixtures thereof,

d’;-?mcih;»'l ben preferably,

0
Ay

s of ¢

LA

sultable e y methods, as will

Ivved  Sevefiesdians -, txr 1 .
nod, meluding currently known

ods that may come o

is Invenlion

'Suppmiiza‘ sctivator compositions according

combising the organoalominum compound, the ¢

supported aluminoxane intermediate. The fhree components m

Tatonrimom (ACRLCH B
ipvention

be familiar o :‘.&ossa »

fo {his nvention oan

arbooation  precursor

L
ATY ol
fereisy {}v

bug preferably, the rifiydrovarbylalumisum (Component 1Y i frst
15 suppoeted shuminozane ntermediste (Component ) and then the carbocation agent
{Componen Myoduesd
he supporied aluminoxane mtermediate {Cornponent [} may be formed by

shininoxane und Tormad  througt

COTPO

{Component E*?}f} and the orgenosluminum compound

el

%3
2
P

3, such as contacting a calgined silica free

noxane formed through the reaction of water

i
o
1€
p
vt

el
s
>3]
“‘7
v-l

28

activator composition of this fmvention oan then

supported  altminoxane  intermediate  with

compouns {Component 15} and then the carbocation agent (€
25 More preferably, the supporied aluminoxane intenng
3 (‘\'

forrned “in-situn” by adding an organoaluminum compound

sonrce {Component b} coutaining

.

absorbed on silica.

combiming at least a parton of the supporned gh

ribydrocarbylalominum compound  {Component 1} and

{Compongrt ). The oxygen sourne that originally exis

demented  with  additional SOUTCes

4}\\/‘&\‘\1\
organcglumnim compound o fncrease the Al loadings on
¢ example, 2 non-calcined silica with 5-6%

veach ID-12% in order {o increa

Lok
(¥4

e water 1o

foses
LA

the contact of the oxygen
{Compone

of physically ab

{ f;’:}}.pm}ﬁm

support {(Comaponent f-a), such as
The supported activator composition of this invention
FHIROXANS
then

1800

W

SORICS
¢} to the suppont

Sed water with

ing at least &

< »

the wihyvdrocarbylabuming

k)
23 f,

w)
[
o,

{Conponent

intermediate

the support oy be
with  more
the supported alominexane
ater can

ST b
T 1o about
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4%, Apother examnple is adding & desired amowst of water {0 physically absorbed water

b

free silica (e g, silica caleined at 500°C) to conirol the desired Al loadings.

¢ o

Aq alternative route to form the supported aluminexsne intormediste {Component 1)

&

is adding excess o g,&neai wmigum compound on the oxygen sowce {(Component 1-b)

containing support {Component 1-al when a trilivdrocarbylaluminum compowsd Is used as the

N

’.&

orgaosiuminmm compound.  The excess organcaluntingm compound now serves as both
Component -¢ and Component 11, The activator composition of this invention iy then
formed by combining at least & portion of the itormediate compesition with the carbocation

agat {Component ).

10 Sl ancther alternative rounte to form the supported asluminoxane intermediste
{Cotmponent I} when a tribydrocarbylaluminum compound is used as the organcalominum

ia e

compound is adding an ligh trihydrocarbylahuminwn containing aluminexane to the support

{Component 1), The high tribydrocarhylaluminum vomaining shuninoxane is made from a

fow oxygen source comtent (Component 15 thgt allows » destred mmount of fiee

Lomponent [ present in the aluminoxane. Then, gt

i

o
Lhy
b

twihydrocashylslominuey compoundd &

f/J

e

least & portion of the intermediate composition with the present of trihydrocarbylatuminum as

q

7

Compopent [ can be combined with the carbosstion agent {Component I} o form the

The combisting can be conducted in an ner! gas atmosphere; at 3 temperature from

20 about -80°C to abont 200°0., oy from abeut °C to abowt 150°0; the combining time cen be
from about | misute ko about 36 hours, or from about 18 minutes to about 24 hours, Example
freatmends after completion of the combining operation include filiratton of supsrmatant,
followed by washing withy inert solvent and evaporation of sohvent under reduced pressure or

3

m et gas Gow, but these treatrends ave sot required, Resulting activalor composiiion can

3

¢, including fluld, dry, or semi-dry powder, and

[
LA
g
<
-
4
Ll
Lo
P:Jl
%
oo
=
&3
o4
N
a9
=
d
<
1
».'J
=
V
&,
ool
2
C’J“
!"L
o
zZ
C

. T

may be used for polymerization in the state of baing suspended in inert solvent. The
bining of the componsnis may be conducted at ambient tomperature and at a combining
time of from about 13 minutes o about 48 hours, of fom about 15 minutes to shout § hours;

the resulting combination can B¢ used as is or subseguently heated to a temperature of aboy

',,)’:

ML

s
Py
"

30 S°Ctoabout 1
In the supporied aluminoxane situation, the owle ratio of the carboeation agen

Y 0 Yo g ot e bt
compound of formula RY{K} to the trilpdrocashylaln

N . e fY T ten o €Y S0t . S DN 301 4oy 1Rt e fetoaife Tete 6hee
to 211 arabout §.1:1 to about 1.5:1 orabont D21 {0 LU, and i \.<i,z.§§9 Py

Y At § 1o S, . 3 aeaed 53 ex UUIIE S SN . . Y .
X io Al for the compound of fornrula R{X), and the supported ahominoxane 3 about 0.01:
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6.03:1 o 051 or about 171 The Al mole ratio for

£ ‘)

dutimnn o supported aluminexane 15 about 0.6100 1o .81 or abost 00311 o

0,51 or about .11}, If the AQ Iy generated im-gity on & support by the reaction of the

organoaluminum compownd with the oxygen source on the carriern, e, the absorbed or
afded watey on silic, the organcalominum compowsd ean be charged as the sum of two

cearbylzhsndomg  component {Compongst ), a

gorhions, one portion as

sinichiomelric portion for reaction with R'(X, deseribed above, plus the other portion as the

147
53
sl

organoalumioum contpound {Component E¢) $or in-aike formation of the aluminoxane

X

in the non-supported sofution aliminexane sitpation, the mele ratic of the carbocation
apent compound of formala B {X},, o the tilydrocarbyialuntiam compound AIR; 1s ghout
(.01 0 0.6 or about 9,05 110 about Q.0%:1 or about 1:1; The mole mito of X io &l Ry the

compound of frula RGO, énd the sen-sopported solution aluminoxane & about 0.01:1 o

QIS or about G031 o 0081 or wdeally 00410 The Al mole mtico for
srihydeocarbylaluminum 1o nonssupporied solntion aluminoxane is about S.01:1 &
about §.03:1 1o G081 or about .04

The amount of ahuninym atom in the product activater composition when g catalys

X

hid component, oblained by combining the support with

o~

SOrSOr 18 present, 2., he

<

i

5¢
aluminam o Be ot less the 3 0.1 aunet aluminwm afom, or not less tha
SWMINN L,QH} nerds can boe nol ek ian ado ut anl x{_l Qe »}L.n.d"i ML, OF 110 I88S Wb

it o ol L Fondnn AWy N S
abowt | funed slursinom atom, v | gofihese

Catalysia for olefin volvinerization

Activator compositions of this fovention are useful o catalysts for olefin

polymerization.  Activator composition sceording to fhis invenstont and ransition metal

- 5 g p 3 3 SR 14 Y auhsi T T, e x N
component may cach be added idependently, yet substantially simulianecusiy, © monomer

to catalyze polymerization,  Activator composition and tansifion metal componeni may be
combined to form product and at least & portion of product may be added o monome
catalyze polymerization. The Altransitton metal ratio can be about 111 to about 101 e g,
< Y -
cant be about 16001 10 about 308:1 or about 200:1 to 3060:1
Catalvets for olefin polymerization - Transition mets! componesnt
Transition yaetal component can comprise any transition metsl component having

™

olefin polymerization potential. For example, without Hnutation, transition meta

1

catt comprise aue of mare metaliocene transition metal components,
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Tramsition metal component can comprise catalyst provursor MLy Oy, {whesein ¥
represents transition metal atom of the ¢th Group or Lanthanide Series of the Periedic Table

of Blements {1993, IUPAC), and cxamples thereof include tn

o

of the Periedic Table, such as Hitaninm alomy, %
{ransition metals of the Lanthanide Series, such as 3

yelopentadieny! skeleton or group having at
grouy having cvclopentadieny! skeleton, and a plurality of L may be the same or different and

nked to each other; (¢ represents balide radicals; alkoxide radicals, amide

radivals, and hydrocarby! radfcals having | to about 20 carbon atoms; "a” represests g

~

swmeral satistying the expression <agy; and g represents valen

o rad

e of transition wetal dlom

(v

In L in transition mels] component, group having cyclopentadienyl skeloten can
comprise, for example, cyclopentadienyl group, substituted cyclopentadienyl group or
soiveyelie group having ovclopentadieny? skelefon.  Example substituted cyelopentadienyl
groups include hydrocarbon group having | oie about 20 carbon stoms, halogenated
hydrocarhon gronp having 3 fo about 20 carbon atoms, silvl gronp having 1 io about 20

carbon atoms and 1he ke, Silyl group sccording to this invention can tnvlnde SiMe; and the

7%

ke, Examples of polycvelic group having cyclopeiadieny! skeleton inchude indenyl group,

+
¥
X

fluorenyl group and the ke, Examples of hetero stony of the group having at least one hetero

atom include nifrogen atom, oxygen atom, phosphorous atom, sutfir atons and the like.
fienyl groups inviude methylevelopentadienyl groun,

opyvicyelopentadieny]l  group, n-butyicyclopentadienyl

group,  pobutyieyclopentadienyl  goug, aes-
hotylevelopentadienyl group, tertbunvleyciopentadienyl group, 1,2-dimethyleyclopentadienyl
group, bi-dimethylewslopentadieny! group, 1.2, 3-tnimethyicyelopentadienyl group, 1,2.4-
trimethylevelopentadienyl group, tetramethyleyclopontadienyt 2roup,

ventamethyloyelopeniadieny! group and the like

Example polvoyolic groups having eyclopentadienyl group inchude Indenyl group,
4.5,6,7-tetrahydrpindenyi group, fuweny! groug and the like.

Fxample groups having st least one hetero atom include methylamiso group; ten-
hutylamine groun, benzvlaming group, methoxy group, terl-butoxy gronp, phenoxy group
o i F il [ o R 4 &> 3 3 S 173

pyrroly group, thiomethexy group and the Tike
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Cue or more groups having cyclopentadienyl skelcfon, or one or move group having

s oas 3 o ST, N . CoNTEY MR LY Y
evclopentadienyl skeleton and one or more grogp having at least ang helero atom, may be

stinkeed with {1} alkylene group such as sthylene, propylene and the BKe; (i) substituted

X '

£ QrOUp

Fe

alkylene grosp such as isopropylidene, diphenylmethylene and the fke; or (i) siiylen

or sebstitused silylene group such as dimethylsilylene group, diphenyisiiyiene group,
3 in transition metal component comprises halide vadicals, alioxide radicals, amide
radicals, hydrogen radical, or §§ydr arbyl adicaly havitg 1 to about 20 carbon atems.

Sxamples of O include O F, Br, MeQ, BIO, PhO, (a0, BHY, MedN, BN, PluN,|

X

{(MeaS12N, slkyl group having | to about 20 carthon stores such as methyl group, othyd

2 o

.“
P
&
(%4
!
Sl
[
]
-

dichdoride,  bia{pe xamethyix»"’30;:&{3&1{3& whizireoniumdinmethyi, bis{imimyi}

5

23
(‘40(

A

dichloride,  bis{4,3.6,7-retrahvdroindenyiizivconitm ﬁi«:hi(ﬁtid&_,_ bis{ Huoren

dichlonde, ethylenebis(indenyiJzireonivum zﬁimﬁierﬁ:’iq

dimethylsilylene{cyclopentadienyi Wi ireotn s dichieride,
diphenyisiiviensbis{indenyzirconivm mchi oride, ovclopentadienyldimethylaminozirconiam
dichloride, eyclopeadienyiphenox yziveoninm dichioride, dismethyi{ter

butylamino Yietramethvicyelopentadienyl)

iso ropv? whes 3@{1\@01 stadionyh ) 3tert-butyi-S-methyl-2 Yzircontm dichloride,
i '\"\ § af e cpFiasfey -n‘ln T T Dy LV B JOP ‘;E;AG;‘A NS ‘«q_',;_ h) v o) e s
QUNCEIVES R0 eframet [YICYCIOPORIRRTLNY ;;{‘f P R AT IR S i‘{)tu 1Yi-L-POCROXY ZATCORIEN
déc@ﬂan’ﬁa Wis{oyelopentadienylzirconiomdimetly

bis{mathyloyel (:pz;'}‘»,,é';-mz:tinjﬂ}z reoninmdimethvi,

.

his{peniamethyvicyciopentadtenyt lzirconiumdimethyl, fenvhietrconumdimethyl,

335.3{445_‘(};M‘etrahydra,im‘i ayDaircosiumdimethyl,  bis{fluorenylizirconiumdimetiivl,  bis(l-
fmu\n»»«mrt}‘v"‘}' clopentadicnyl rirconium dimnethyl, »t‘waweht«g* denyhrirconium
513‘;3&'}1} isitylenc{oyciopentadienylihworenyhzirconiumdimethyi,

reoniumdimethyd,
.th}i snozireoniomdimetiiy, c:yc§{>pﬁ§i§adieny}pizt,:nox}-'zi‘mm i

sri-butviamine ot 5‘13‘3‘“‘3‘5*,’:\:’\&‘lz:pi’i‘?.a ttenyly sil

yelopentadienyl )3 -tert-baty-S-methy - 2-pher oy lzrcasiumdimetiyt,

>
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stiryi-2-phenoxy)

Additional exemplary teansition metal components My (g include componemls

whersin zircontum i3 replaced with titentum or hafiinm in the shove zircontum components.

N

Additional exemplary transition metsl components ML, Qg wclude components

N

wherein Q can he the same or different in one moleaile,

Ciber eatalyst-precursors nseftl in this invention are: rae-dimethyvlstivibis{2-methyl-4-
vhenyl-indenylwirconium -gimethiyh; rac-dimethy sﬁyii;}-%s{i-}‘mﬁhyi-4-§?§'§¢1}}%E-

indenyDzirconiumy  dichloside (M3), reo-dimethylsilylns(Z-methyl-1-indenyl)  irconiam

dimethvl; e @amwwm‘s lbx\ s{ 2 Sbenzontdenyl)  zuvonttng dimathyly rae-

oihylenebis{totrshydioindenylizirconinin  dimethyl,  rec-ethylensbis(reteahvdroindenyl)-

ziveonturmn dickloride (MdY rec-gthylenebis(indenyl) zirconipm  dimethyl (M2}, rac-

sthylenebis(indenyl) zirconivin dichioride, bis %1 “butyl-A-methvicyclopents

sienyl}) zireoniuin

dimethyl, and bis{-butyl-3-methvleyelopentadionyl} zirconium dichioride {M}.

Polvmerization Ushie Astivator Usmpositions of this Invention

When uging activator compositions of the present invention v polvmerization, any
oletin of diosifiss having 2 to 20 carbon dtoms can Be wsed as 2 menosner for polymerization.

Spocifie examples Siereof dnclude othylene, propylene, butene-1, peatene-!, hexene-l,

heptene-1, octene-1, nonene-1, decene-1, hexadecene-1, eicocene-1, d-methyipentene-i, 5«

examples of the monomers constituting the copolymer include ethylensian o olefin such as
cihylens/propyiens, ethilene/utene-1, ehy
eihylenc/propylene/S-ethylidene-2-norhormnene and the like, propyvlene/butene-1, and the ke,
Tt are not lintited theveto,

The polymwrization method 5 not limited, and both hguid phase polymerization
method sud gas phase polymerization method can be vsed. Examples of solvent used for

Hquid phase polymerization include aliphatic hvdrocarbons sueh as butane, penfane, heptane,
b

actene and the Like; aromatic hydrocarbons such as bonzene, foluene and the Bker and

dides such as methviene chilonde and the ke, i also possible to use af teayt
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1

batch-wise or continuous menner, and polymerization may be condocted

v

watoh-wise, semi

-
o4

s
PSS
o

i two or more stages which differ in reaction conditions. The polymerization femperature
can be from about -50°C to about 200°C,, or from P to ghout 100°C. The polymerization
pressure can be from atmogspheric pressure to abouat 100 kg/om®, or from atmospheric

pressure §0 abogt 50 kp/am”. Appropriate polymerization time can be determined by means

mows to those skilled I the art according to the desired olefin polymer and reattion

gpparatus, and s typically within the range from about T minnte to about 20 howss. In the

prosent dnvention, a chain ansfer agent such as hydeogen may be added o xjsk\i the

¥

molecalas weight of olefin polymer to be oblained in polymerization.

process such as polyolefins and polyolefin copolymers ntilizing the fmonomers deserived
above,
EXAMPLES
The following examples are lustrative of the principles of this fovention. It is

undearstood that this invention is not Hmited © any one specific ombodinent exempiified

heveln, whether tnthe sxamples or the femainder ot {his patent applicstion.

=

Example §
8 ol ColiCF; -No Tarboeation Precursor

{Comparsative)

vorm

Prenatation OF Regular Silica Supported MAG MAD)

In the drybox, silicn (G952 200°C 4hry 242 and toluche 1238 are charged into g

bt

300mL thres-neck muond bottom Hask equipped with a mechanical stirver and an oil-bath with

heating device. The stirver s furned on at 400 rpm. MAO solution (Albemarle commercial

30% MAQ In oluene, Al = 13.0wi%) 50.0g (252mmel Al hased on 10.4manal Al/p silica

charge) 1 added fo the silics shury st ambient. Afler the addition, the resulting mixtore 18

aftowed 10 stir at anbiont for 30 min. The heating device is turned on and set at 1HETC, After

the ofi-batch reaches HIOYC, the mixture is allowed fo stir at that femperature for 4 k. The
oil-hath is then removed and the reacton mixtore 18 allowed to copl to ambient, The shury is
then fltered; washed with Ix 100g wluene and 2x 100y ischexane, and then dried undes

At ambient, the oblatned sMAD 8

vaguum for ovenvght. Yield: 35.3g, 0P Al = 14.8%.

re-stusried into 168g of foluene.
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Preparation OF Pinal Catalvst With sMAQO

cthvienebis{indenyl} zirconum denethyl) §.58g {based on

(L35% Zry §s added at oace whie the sturry v stirred at 400 rpm. ASter two hours, the

5 resulting orange shyry is filtered, washed with 1x 160g toluene amd 2x 100g sohexane, and

dried under vacuum for overnight. Yield; 40.0g, ICP: Al = M50 Pr = 0.36%. Bthylene

T/ g catir (Minor reactor & admg,} {41 antociave, S0mg cat, 80°C,

132

OPRL, 40mL T-hexene, nobydrogen, 2mL 10% TIBA, 60 sun, invisobutane),

Preparation OFf Carbocation Agent Treaied MAU{CAT-M A

1 the drybox, MAC salution {Albemarie commerpial 30% MAO {n foluene, Al =

136wty 300 (252mmol Al is charged in an B0z *}*\iize; Inder ambiont conditions, TMA

o

tolnene solution (12.0%) 15.1g (25 2Zmmol AL} was mixed with the MAO solution, following
by stowly addition of CHCF; toluene schution (9.9%) 124 (25 2ol ¥y The resulting
20 mixture wrns o deep blue color and start forming deep bloe solids. The deep blue muixture is

allowsd o stir st mnbient for § hr, and then heated af ?{)’?’iﬁ for 20 min The deep biue solid

remaing insoluble and the deep blue color farms into deep green. The mixture is allowed to

seftfe. A small amount of solid is isolated by filtratiowashing/drying (difficult to §her} and

Propartion OF Supporied CAT-MAQ GCAT-MAD

Before the 10moi% CAT-MAQ is put on silivg, the green sohd 15 removed by
filtration to ohiain 1 green solution. The solufion is sampled for both ICP and guantitative

i
<

FUNMR anatysis 109 Al = 7.43%; HUNMR (25°C, 400mHz, in T

3% AL of which 2.70% is from

U/

TMA analvsia and in G4y for IIMAF analvsis) Al = 7

ove

TMA, 0.69% 8 from AlMeF (DMAF), and 3.94% is from modified MAO. The total

pr

atununum st o solid precipitation is about 2.9g out of 748g {from MAD + TMA) or 39%.

o TMA molar ratio s now 100:068.5, comparing 1o the normal MAOTTMA ratio at

.
o
o

P
=
»

14

Y
-
-
R
o)
—
L2
foaced

i abnormal modified MAC salstion s put on & suppord anyway.

ioluene 83g are charged oo 2

.

I the drybox, silica (G948 200°C 4 hy) 12.8¢ and
300ml. threewnesek round bottom flask equipped with @ mechanical stirver and an ot-bath with

&5

The stisrer is tumed on &t 400 rpm. The green solution {7.33% Al 46.4g

)
>
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{3.4g AL based on 10.4mumol Alfg silica) prepared above is stowly added to the sthica slurry
under ambiont conditions.  After the addifion, the resuliing mixture s allowed fo siiv @
ambient {or 30 min, The heating device is wrned on and set at 110°C. After the oil-batch
reaches 1IOC, the mixture is allowed 1o stir at that towperature for 4 oo The pil-bath is then
removed arwd the reashion mikture is allowed 1o vool o ambient,

-

After the sotflement of e sofids, the supernate 15 sampled for IP analysest Al =

36%. The stuny iz fillered, washed with 1K 30g tolusne and 2x 30 iohexane, and thes
dried under vactunm for overnight, Yield: 15.10g ICP Al=9.3% {tolmd Al = 1 .dg, only 41%

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

Prenaration OF The Final Cetadvet Wih sCAT-MAO

At uinbient, the supported CAT-MAQ oblsined above i re-slorsied ‘into 80g of

toluene. 3 metaliocens solid 031 g is added at once while the slurry 15 stirrad a1 400

4
”

Adfter two B, the resulting vellowish-orange shwrry 18 filtered, washed with Ix 100g foluene

b

and 2x 100g isobexane, and dried wader vecpum for everight. Yieldr 155 KIP: Al =

W%, Zy = G.38%. PE festt 2. 880g/g cabhe (Serious reacter fouling} (»r“éi autociave, Stng
(¥ DY T . ‘ Ty 1084 T SGDRiang
cat, ROVC, 320P 51, 40ml [exens, no hydrogen, 2l 10% TIBA, 60 min, 1 iscbatane).

Preparation OF Silica Supvorted MAG SMAD)

In the drvbex, silice {G952 200°C 4hr) 24.3¢ and {oluens 1238 are charped b0 o

ad
300m, thres-neck round buttom flask equipped with a mechanical stirrer and an otl-bath with
heating device. The stirrer is tiwned on at 400 mpm. MAD solution {Albemarle conusercial

30% MAO i foluene, Al s 136wt} §0.0g (252mmol Al based en T0dmmel Alg silic

charge) is added o the siliea slurry af wobient.  After the addition, the resulting noxture s

aliowed to stiv at ambient for 30 min. The heating device is tumed or and st at TIO"C. After

the mil-batch reaches 110°C, the mixture is allowed 1o stir at that temporature for 4 br. The
oil-bath s then removed and the reaction mixture is aliowed 1o cool to ambient. The sty 1§
then filtored, washed with 1x 100g tolvene and 2x 100g sohexane, avd then dried under
vacuum for overmight, Yield: 383g. ICP Al = 15.9%.
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Presamton U Cwbocation Agent Treated sMAQG {CAT-sMAD)

3

he obtained solid SMAO above s re-sharied into 125g of foluens, TMA
toluene solotion 12.0%) 15.0g (25 Ommel A1) is mixed with the sMAD shurry, following by
stowly addition of CeHUFs toluene solution {).%“3"&5}_ 12.3g {25.0mmeol F). The resulting

nixtuse tums o desp blue color. The niixtwre is allowed to stir at ambient for 2 hr, and then
heated at 70°C for 20 min to obtain a slurry consisting of a very light yellow supemnate and
almost colorless solid. A small portion of supernate zample was taken for H-NMR analysis

or quantifving the F uptake, The result shows Tmol% cut of 10mol¥h F charge has been put

N

on the sMAG, a T0% conversion,

=
[N
S
jou
9]
3]
ford
[
o
o]
%)
&
joed]
[ed
e
<
Kaah
fovt
iy
[

58g is added at once while the slurry 1 stivesd at 900 rpo

After two By, the resulting orange shurry is Hltered, washed with 1x 100z tolpene and 2x 100g

< s S s SRR i~ NTFe AT e RS O
der vaconm for ovensight. Yield: 39 5g ICP: Al = 18323%; Zr =

catthr {(Minor reacior fouling) (@i awtoclave, 25my ety 80°C,

ydrogern, 2ml 10% TIBA, 60 min, tn sobutans),

Preparation OFN

ihes Supnorted V;A\} MACH

% ~)

N
22

anss

24,1y

e

-ave charepsd o 4

R Roe

[

in the drvbox, silica (G552 20070 dhe) and toluene

0":

%

4

Ei}'@mi mwtoctave, The siirrer is forned on at 480 rpmy. MAD solution {(Albamarie

3% MAO in foluene, Al = 12.6w19%) 50.0g {232mumol Al based on 1fdmmol Allg silica
charge} is added to the sifioa shavy at ambient. After the addition, the resulting mixtuee i3

3 v s Y vy ™ o awosrs s ast ot oty
aflosved fo sty ot ambient for 30 min, The autoeclave s azsembled and brought out ot the

drybox and connected o the controller thet monttors the tempersture, stivrer tpw, sud the
reactor internal pressure. The stirrer is turned on and set gt S00rpm and the heating device 18
turned on and set at I30°C. After @ reaches 130°C, the muxtore is allowed to stiv at that

teraperature for 4w, The beater is then ramoved and the reaction mixture i allpwed to cond

¥

. [T S R P ST BN SO SO S [ SR . S PR vt ardy g cyran - -
to ambient. The astoclave is then brought into the doyvbox. The reaction mixture was then

transforred o 8 300ml fhreeneck round bottom Hask equipped with & mechanieal stivver.

24
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The shurry s allowed {o setife. A soall amoust of sampie is faken Hr ICP analyzin Al

=3, 6000,

Preparation OF Carbocation Agent Treated sMAC (CAT-sMAD)

TMA teluene solution (12.0%:) 15.0g (25 0mmol Al {s mixed with the sMAO shurry
nader agitation, following by slowly sddition of UgH:UF; toluene solution {9;9‘?.:%} 12.3g
(25.0mmal FL The resuliing mixtore tums to a deep blue eolor, The mixtwe is allowed to
stir at ambient for 2 hr, and thes heated ot 70°C for 20 min to obisin & slurry consisting of 2
very ight vellow sapernate amd dimost colorless solid. A small portion of supemate \‘a?ﬂpls

¥

was teken for HU-NMR analvsis to quantify the F uptake and shows 8mol¥% out of 10mol% is

-

put on silten, an 80% conversion.

Preparation Of Final Catalyst Based On CATsMAQ

M2 metaliocene (0.58g solid 4s added 4t vace whi

Srrh

¢ the slurry 18 stirred at 400 pm.
After two by, the resulting yellowish-orange slurry is filtered, washe
and 2x 100g iachexans, and dried under vabwan for ovemight. Yield: ;“ié}.Sg. P Al =

T0%; Fro= 0,34%, Ethylens polvmerization test 13.600g/g cat/br {No reactor fouling) (4L

w—;

amtoclave, 23ma cat, REC, 320PSE, 40ml hexene, no hydropen, 2mb 10% TIBA, 60 min,

Preparation OF Stlics Supporied MAQ (sMALH

in the dny thoa (G948 200°C 4hr) Sdg and wloene 45g are charged o &

300mL sutoclave. The stirrer is torned on gt 400 rpmy. MAO solution {Albemarie commercial

» MAQ in tofuens, Al = 13.6wi%) 21.5g (108munol Al based on 1] Dmimol Alg silica

charge) is added o the sifica storry al ambient. After the addition, the resulting mixture 18

allowed fo stir at smbient for 30 min. The autoclave is pssembled and brought ont of the

drybox and counected to the controller that monitors the femperature, sHirrer tpim, and the
reactor internal pressure. The stirrer is turned on and sot at S0mm and the besting devive is
twgned on and set at 13070, Afer it reaches 130°C, the miveure s allowed to etir ar tha
temperatire for 4 by, The heater is then remoeved and the reaction mixtwrs 15 allowsed to cool

o~

The auteciave is then brought info the divbox. The reaction mixfure was then

frmsforred (o & 300mL three-neck round bottow flask equipped with 2 mechanical stirrer.
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s

¢ shurry s allowed (o settle. A small amiount of sample is taken for ICP anslysiss &

Preperation OF Carbocation Agent Treated sMAD (U AT sMAL

HA toluens solgtion (12.0%) 6.0g (10.0wmol AlY 13 mixed with the sSMAQ slury

obtained above under agitation, following by slowly addition of CuHOF, toluens sotution

o

{9.9%) 4.91 g {10.0mmel ). The resulting mixture tums {0 a deep blue color. The nuixture iy

allowed to stiv at swibient for 2 T, and then heated at 70°C for 20 min o obtain a slory

consisting of a very Hght yellow supernate and almost colosiess solid, A small portien of
supernate sample was taken for HE-NMR analysis to quantify the F uptake and shows 8moi%

out of 10mol% is putonsilicy, an 80% conversion.

Preparation Of Final Catalyst Based On CAT-SMAD

mrconium  dichioride)

solution in toluene {}9.,"3276) ?g i3 aids:{ at ponce while the shorry is stisved st 400 mm.
After two by, the resubting yellowisheorange shuery §s filtered, washed with 1x 30g tolnene
and 2x 30¢ isohexane, sud dried under vacuum for overnight. Yield: 15.6g KCB: Al =
18.19%: ;f,;' = 3,45%, Bihylene polvmerization tost §,700g/g catly (No reactor fouling) {$1L
autcclave, S0ing cat, R§°C C, 320881, 30ml T-hexene, no hydrogen, Imb 10% TIBA, 60 min,

in isobutane).

Exsmuole 6
§ wani¥ CaHsOF;
{Comparative}

Prevaration OF Silica Supported MAD (MAD

.y 5

i 11 Seuhe Sy 2 Q 83 ] oo S e are sharood indey o
in the dryvbox, siicr {8548 200°C 4hry Mg and toluene 125g are charged mlo &

300mi three-neck rowad botfom Hask equipped with & mechanical stirrer and an vil-bath with

N

he stirer s tuned on at 400 rpm. MAG solution {Albemarie commuereial

AD in wluene, Al s 36w 56.9¢ 28Tmmol Al based on 1l Smmolg silica) i

» mixtwee 1 allowed fo

()
o}
e
wn
o
N
v-:-
s
{ I“:

added to the sifica shury af ambient. After the addition, the

stir o ambient for 30 min. The beating device is tumed on and set at 120°C. Afler the oil-
bateh reaches 130°C, the mixture 8 allpwed o stiv at that femperature for 4 by, The oil-bhath

s then removed and the reaction mixtore 18 allowed ©© cool o ambient. The shurry s then

filtered, washod with Ix 100g toluene and 2x 100g {sohexsane, and then dried under vacuunt

25
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for overmighe. Yield: 38.1g ICP: Al = [7.9%. At ambient, the obtamed sMAQ 15 re-

shwried uste 160y of wlvene

Prevaration Of Final Catalvat Based On CAT-aMAD

ones while the sluory is stirced at 400 rpm. After two by, the resulting erange slurry is

{00z ischexane, and dried under vaconum for

&

Hltered, washed with Ix 100g toluene and 2x
PrAL = 17.5%,; 4r = 0.46%. Etylene polymesization test

, 83°C, 320981, SOmL 1-hexene,

Veed
s
L3
p

Gvernight, Vield: 39.8g

Ry

3.500g/g cavhy {(No reactor fouling} {41 avtoclave, 30mgcat

1

ne hydroges, 2mL 1% TIBA, 60 min, in isohuiane}.

Silieon-Pridged Metallovene M3 For PP Applications
18 molSh Celi=CF: Gnventive)

Preparation O Silca Supported MAD (sMAG)

(N R . fect e
Sgoavs charged IR0 8

wards

in the drybox, silica (Fuil P-10 100°C 8hry 20.3g and toluene

K

300mL autoclave. The stimer is tumed o8 at 400 mpm. MAQ solution {Albemarde commercial

!

30% MAD In wiuene, A= 13,6wt%) 48,5 {(U44mvol Al based on 12.0mmolAlg silica) i3

added o the silics sturry &t ambient. After the addition, the resulting mixture is allow

sfir at ambient for 30 min. The autociave is sssembled and brought out of the deybox and
connectad o the confroller that monitors the temperanire, stirrer rpm, and the reactor infernal
pressure, The stirver is turned on and set at 500rpm and the heating devies is hwned on and

-

set at 130°C. After it reaches 130°C, the mixtare §s allowed to stir at that temperature for 4 by

Vet
X
v

The heater 35 then remioved and the resciion migiure {3 allowed 0 ool o ambient, T

%

hen brought into the drybox. The rea

st
o)
]

mxnge was hen iransterred

[

atociave 13

1 IS R e YH oy seryresy 3 with oo oy Ahrsimeeal ot Frae Y ats
300l twee-neek round bottom flask equipped with a mechanieal stivrer. The sivry i3

allowsed to settle. A small amount of smnple is taken for ICP analysis: Al =800ppm,
The shm”_ s shaken well] and 4.0¢ sloery s taken and §ltered, washed with 3xl{g
ischexane and dried under vacoum {0 constant weight. The yvield i3 1.04g, which indicates

% Fevgens Trae o - PR S VN 1 S B TEXTY A T T A A8
that the slurry has & S]MAD percentage 26.0%. The solid was sampled for ICF7 Al 18.44%,

The sMAD shury is divided into fwo porsions; oue for the carbocation agent medified verst

and orse for a regudar supported MAQ version for comparisons {(Fxanple 8).

=
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Yrenaration Of Carbocation Agers Treated sMAO (CAT-sMAG)

8278 sMAO slorry (Al s {47mmoel) is charged 1o & 3mb three-neek round bottom

flask equipped with a mechanical stisrér. The shusry i beated to 7000 i an oil-bath under

agitation. TMA teluene solution (20.094) 6.4g {FTrumol Al} is added to the sMAD shary,

following by slowly addiion of CaHUF; toluens solntion (9.99%) 7.3g (4. 8mmeol FY. The
342 e d ; ; g i H ex Sxetitr ~ e afir wt TP ;

resuliing mixture turns 1o a deep biue color. The mixtwe it allowed to stir ot 78O 15 min,

and then reduces the temperature fo 350 for § hr 45 min to eblain & slury consisting of a

Hght preenish-vollow supemate and a gréen solid, & small portion of stpernate sample was
AN S te i

taken for F-NMR analysis to quantity the ¥ uptake and shows Bmol out of Hmolls &8 put

on silics, an 3% conveérsion.

Preparation OF Final Oatalyst Based On CAT-sMAQ

M3 nictallocens solid  {rwe-dimethylsibylbis(2-methyl-4-phenyb-indenylzirconium

dichloride 1 0.25g is added & once while the sturry is stirred at 400 rpm. After two I, the
resulting rod sturry s iered, washed with 1x 100g lsese and Ix 100g isohexane, and dried
under vacuum for dhe Yield 213p WP Al = 185%; Zr = 0.18%. Propylene
N - s She ” . . peeitem
poivimerization test: 34.000g/g oty (Ko reactor Toulug) (4L autociave, Tdmg cat, 707C,
2200mL propylene, SomLx 180 PST Ha, {mb 5% TIBA, 60 min)
Yxample 8
# snei% Uit CFy
/M3 Comparative)
Preparation OF Stlics Supported MAD 8MA
44 2g sMAQ shurry (Al = 78 5mumol} from Bxample 7 18 charged © a 300mi three-

neck round bottom Hask equipped with & mechanical stirror. M3 metaiiocene sokid 8.080g 15

added at once while the shury i stirved at 400 rpm. After two b, the resulling red shary 8

e . [ g PN ot 3 3 } yrasier v
fitered, washed with 1x 30g toluene and 2x 50y isohexane, and dried under vacuum for 4l
Vield: 113g 0P Al b Propyiene polymenzation test 18 800g/¢ cathr

o

{No reactor fouling} (4L awtoclave, Hdmg cat, 70°C, 2200ml propyless, SO0mIxiSE PSI H,,

‘ o T o
Tandl 58 TIBAL 80 mm

gt

g
be s}
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AAQ (3% i toluene, Albemasle product) 12.67g (A6 = 64 5muuol} was placed ina

20mb visl, Neat butene axide (or 1,2 epoxybutane, 899%, Aldrich} §.14g {1 .Stomeol) was then

slowly added 16 the MAG solution at ambient. The resulting solution was allowed to shake
an a shaXer for over night.

The solution above was lested for M2 catalyzed I-hoxene polymerizalion psing a8

o

simple calorimetry method o guarify the heat of reaction veleased by the polymerization

process that forming two U0 single bondy (releasing 2x~83 = 166keal/mol heaty while

breaking one G0 double bond {absorbing ~146kealmol heat that gives a net heat reloase of

-

abet 20kealmol -hexae, Under the same conditiens, the higher the heat of reaction, the

mare active the catalyst system. The calotimetrie measuroient was dovie in & double-jacked

S0mL round-hettom redctor sguipped with a stirving bar and a thermal couple for temperature

red

neasyrement, Dry toluene 17.115g and M2 foluene solution 8.5482y made from the stock
solition of (.17 1g solid M2 in foluene 10.0g were charged nto the reactor. The stirrer was
turned on. Then the troated MAO 0.326¢ based on AliZr =100:1 was charged into the reagtor

and a stopwateh was o on 0 cowt the activation time, After 15 min {lap 1), the solution

temperature was recorded as 28.0°C, and 0.60g L-hexene was injected to the solution winle
the stopwateh was surned on (lap 7). The temperature started to rise and atter S.min {p 2.8

tesaperature of 41.9°C was recorded. The heat of reaction was calculated s 18.66kealig cat/s
min.
A buaseline run based on noo-freated MAG was alse done © see the difference from

Fi » o §°7 % 3 o < SN lag ma K% adyeods
the treated MAD. Dry tolueae 17,1 1g snd M2 solition 0032825 from the same M2 stock

solution were charged info the reactor, The stirer was furned oo, Then the nontreated MAD
{0 328g) based on ALZr=100:1 was charged into the reacior and a stopwalch was tnm on @

£

coami {he activation time., Afler 15 min {lap 1}, the solution temperature was recorded as
28.3°%C, and 0.80g I-hexene was injected W the solution while the stopwatch was tumed on

=

. - R
e (Jap 3, 8 temperature of 37.00C was

wWh

emperature started fo rise and aller

recorded. The heat of reaction was caloulated gs 12.8kcal/g cat’d min.

ST

The bascline for AlZr = 20001 was also run and 2 heat of reaction of 22.4kealig

catSmim was obtained. Therefore, it can be seen that the boost is very significant through the

3ol butene oxide reatiment of MAQG, U can bee seen that with wrested MAO at ALZr

¢

=106 1, the performance is closer to the performance of g non-treated MAD af Al
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Esample I8
& Mot Metlybfors-Butylether ¢
Inventive)

° 3

Carb amihm Agent

sMAD is made fom the procedures the same as in Exanple 7. The sMAO stumry is

1

Jetermined containing 19.6% sMAD and the Al on the sSMADO solid is I.0%. The sMAG
shary §s divided into two portions; ons for the carbocation agent modifisd version and e
for a regular supported MAO version for comparisons {Example 11L

1258 sMAC siumry {Al = obmmol} s charged 1o & 20ml vigl, TMA toluens

sofution {12.0%6) 0.9z {L.5mmol Al} is added to the sMAO slurry, following by slowly

adeditipn of the wlene solution of 6.085g of methyl-feri-butyledier (MTBE, Alduig

soheene (0.96mmol} with hand shaking during the additfon. The mixture is slfowed to shake
on g shaker for 1 he, A small portion of supernate sample was tgken for HENMR. Ne
MTRE is detected, and the By of MTBE has beon ronverted to elthsr nobhpentang or

isobrutene, and the methoxy gronp of MTBE is non-detectable.

t

hloride)

M4 metallocene  solid  {rac-othyleschistietrabydomdenyhizitconinm div

2

0.035g is adided at once while the shury is stivred at 400 i, Afler bwo hwy the restling ved

'.{'

shurry ts {ered, washed with Ix 10y toluene and 2x 10g izohexane, and dried under vacumm

$ov 4hy Yieldr 2.45g HCPD AL = 17.5% &r = 041%  EBilylone golymerization texty

A

EE%,Q{}{}ng catthr (Mo reactor fouling) (4L auwtoclave, 23myg ent, SO°C, 320P8L 40mi. 1-

1

gxene, 2rnl 10% TIBA, 60 min, i isobutrae).

< ‘.?mg;amﬁve;
13.5¢ MAO o Dxample 10} s chm‘ge& 0 a 20mi vial M4 metdliocens solid
ed 2t 400 rpm. After two b, the resulting red
shury is Sltens X 85 woluese amd 2x 10g isvhenane, gnd doed under vacuum

for dhr, Yield: |

= 17.8%,; Zr = §.40%, Ethvliene polymerization test: 8400gg
catfhr (No reactor fouling) (3L autoclave, 25mg cat, B0°C, 320881, 40ml I-hexene, 2mi.

10%% TIBA, 60 min, it isobutane).
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5 Prepavation Of 3dica Supporied MAQ GMADY

o~

i3 4ibs of Foi P-I

z [Ozalon reactor with toluene 107.41hs o form
¢ amblont {about 25°C), MAQ 30% sohstion (Al = 13.58%, Albemarie product) 44,5
1 ihs based on L. 8mmol Alg silica were adddd slowly with control of the internal temmperatare

g oy

st exceeding 30°C. 7.0 of toluene was used to ringe residual MAQ. The mixture was
allowed o agitate at ambient for 30min. The femperaturs was then increased to 130°C and
maintained for dhrs, A small sample way fltered, washed, and dried fo obtain the solid and

determine that the solid i the shary {5 21,38% and the Ad in the neat sofid is 18.5%.

,...
wh

ove was charged in e

e was added Aldis 3%, a8 Component I

N2
o
joo]
-
s
o
o
o
rest
g
w
posst
.
¢
o
sy
£y
ooy
=y
o
P

26 AIRsY Fidp containing neat AtMey 2.45mmol, %a\g on thmol¥s of Al on the sMAOG solid.
White the vigl was vig@m&-ﬁ}* shaken, 033g  of neat MeNUHGd (NN-
dimethylbenzylaming), as Component 1 was slowly added to the mixture of sSMAQ and

AlMes. The resction mixture was zllowed fo agilate on a shaker fur 2 b
2

25 Prepgration Qf Final Catalyet Based On CAT-sMAC
To the amine carbocaiion treated sMAC mixture preparsd above was then added
0.052g of Rec-Hhylenebis{indenylwirconium dimethyl (M2} fllowed by sha &
shaker for 1 he. The mixture was then fliered, washed with thﬁ
33 isphexane, andd dried under vacvum for 2 fr. Yield 3.56g (ICP Al =

The ei}z}fi cite polymerization tests were done under conditions symiar

awteciave, , 3209881, 40ml -hexene, no hvdrogsn, bkl 10% TIB
in isobutane} and he resuits are listed in Table b under Exrample 12,
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{Comparative)
5 ES.Eg of sz;gpoﬁcé MAQ shurry {contpining 3.25g solid) from Hxample 12 was

following by shaking on g shaker for 1 by The nuixture was then filtered, washed with 2x10g

X 15y ischexane, and dricd under vacuum for 2 hr
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TINA, 60 s, i isobulene) and the results are listed In Table | ax Entry 13,

TABLE § ~ SUMMARY OF EXAMPLES

Catbocstion 13 AL Metalinoone Heaetn
Conap 1 Comp {H Inisnnediate Tow Shm.-..\
Comp {

} - No Yes M2 SN PEY | Minor

10 mod% Yes No M2 B0 {FPEY | Serious
Gt . _
10 mioil Vg Fex a2 IECCTE) | Minor
( ; ‘;L&‘
m wed% Yos Yes M2 13,500 (PR Na
Invemtive Tl :-’a ‘
3 10 moid% Yes Yes M1 SO0 (FE) No

Inventive (.:(;E,i.;(.‘_.; T

7 Yas Yes 3 Na
invenge
{ - Ne Yos 3 HBGD (PP No
Comparatate _
9 3 mol¥% Yes 130 - - -
Iovemitve | bmtemeoxide L4
34 y i methy] Yes Yes hid 390G (PEY Na
Ioventve | Vbuovleiher
ii - Na ¥es RS 8400 {(P1} R
Compagaive 5
2 {0onells N
T . " ! Yeg Yes %2 14,0060 (PE)Y No
Tnveniive M NCILEHS - '
4
12 : < E - -
- No Yes M2 7300 {(PE} Mo
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Comparative Example 2 and inventive Exampie 3 shows thal when sluminoxane i

e

Hrst veacted with the carbocstion precursor, the catalyst activation is about 3 times less than

%

3ian 2 - ; ’ [ et shen reapted wi
the inventive example whers the supported Al intermediate s first formued, then reavted with
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The invention claimed is:

1. A composition comprising:

(i) a supported aluminoxane intermediate composition pre-

pared by:
a) a support; b) an organoaluminum compound; and <)
an oxygen source

(ii) a compound having the formula R'(X),,; wherein R" is

a hydrocarbyl group having from about 1 to about 20
carbon atoms; n is from 1 to the number of possible
substitutions of the hydrocarbyl group and each X are
optionally substituted on R' and is 1ndcpendpnt]y halo-
gen, —OSiIi(R%);, —N(Si(R?)3)s, —NRY),; —SRZ;

—P(Rz)z, ——CN, or—OR?; wherein each R* is 111depen—
dently hydrooen or a hydroc:'lrby] group having from
about 1 to about 20 carbon atoms; each R is 1ndepen—
dently a hydrocarbyl having from 1 to 20 carbon atoms,
wherein when at least one R? is a hydrocarbyl group; R*!
and R® or R' and R? are optionally linked together to
tform a cyclic group; provided that at least one X is not
directly bonded to an aryl group, and provided that when
X is not halogen, X is bonded to a secondary or tertiary
carbon, or a —CH-aryl group; and

(i1ii) a trihydrocarbylaluminum compound having the for-

mula AIR .., wherein each R is independently a C,-C,,
hydrocarbyl group.

2. The composition ofclaim 1, wherein R is C, -Cg alkyl, R"
15 a C,-Cg alky] or C,-C,; aralkyl, nis 1 to 3, X 1s halogen or

—OR”, and R” is a C -C, alkyl or C4-C | 4 ']rdll\yl

3. The composition 01 claim 1, Vvhereln R'(X),, is (RMH, C—
OR” or (R, C—N(R7),: wherein each R* is 1ndependently a
hydrogen or a hydrocarbyl group having from about 1 to
about 20 carbon atoms and at least one R™ is a hydrocarbyl
group; R” is a hydrocarbyl group having from about 1 to about
20 carbon atoms; or R and R” are optionally linked together
to form a cyclic group.

4. The composition of claim 1, wherein R'(X),, is: Me,CF,
Me_ SiF, CH CHLFE, Q,Gll CI g 1.3 CH,(CF )h,, ‘Bu- OMe
1.2- (’BuO)—,C H, 1,3-("BuO),C H., 1 A4-CBuO),C
H,; BuO  CH, CH, —OBu; 1 —1ne1hy1 tetrahydrofuran
1.2- dnnethyl tctr'lhydroluran or mixtures thercof, wherein
C I, is a phenylene group and ‘Bu is a lc,rllary buly] group.

5. The composition of claim 1, wherein R'(X),, is, tertiary-
butyl methyl ether, tertiary- blﬂy] ethyl ether, lgrtiary—butyl
propyl ether, tertiary-butyl butyl ether, 1-tert-butoxy-2,6-di-
tert-butylbenzene, 1 -trimethylsiloxy-2,6-di-tert-butylben-
zene, wrimethylsiloxybenzene, trimethylmethoxysilane, ben-
zylmethyl ether, benzyl ethyl ether, benzylpropyl ether,
benzyl butyl ether or mixtures thereof.
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6. The composition ot claim 1, wherein R'(X),, is ethylene
oxide, propylene oxide, isobutene oxide, 1-butene oxide, sty -
rene oxide, 4-methyl-styrene oxide, 2.2-dimethyl-trimethyl-
ene oxide, 2,2-diphenyl-trimethylene oxide, 1-methyl-ethyl-
eneumine, 1.1.2-trimethylethylenimine, 1.1 -diphenyl-2-
methyl-ethylenimine, 1-methyl-tetrahydro-pyrrole, 1,1,2-
trimethyl-tetrahydro-pyrrole, 1.1 -diphenyl-2-methyl-
tetrahydro-pyrrole, 1-methyl-piperidine, 1,1.2-trimethyl-
piperidine, 1,1-diphenyl-2-methyl-piperidine, or mixtures
thereof.

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

8. The composition of claim 1, wherein the trihydrocarby -
laluminum compound is trimethylaluminum, trineopentyla-
luminum, tribenzylaluminum, triethylaluminum, tripropyla-
luminum, tributylaluminuwm, triisobutylaluminum, tri-n-
octylaluminum or mixtures therecof.

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

10. The composition of claim 1, wherein the mole ratio of
the compound of formula R'(X),, to the trihydrocarbylalumi-
num compound is about 0.01:1 to 2:1 and the mole ratio of X
in the compound of formula R'(X),, to Al in the supported
aluminoxane is about 0.01:1 to O.8:1.

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

12. A composition comprising:

(i) a trihydrocarbylaluminum compound having the for-
mula AIR ., wherein each R is independently a C,-C,,
alkyl;

(i1) a compound having the formula R*(X),,: wherein R"' is
a hydrocarbyl group having from about 3 to about 20
carbon atoms; n is from 1 to the number of possible
substitutions of the hydrocarbyl group and each X are
optionally substituted on R' and is independently, —OSi
Rz, —N(SI(R?)3)s, N(R?),; - SR — PR,
—CN, or —OR?; wherein each R” is independently
hydrogen or a hydrocarbyl group having from about 1 to
about 20 carbon atoms;

each R7 is independently a hydrocarbyl having from 1 to 20
carbon atoms, wherein when at least one R”® is a hydro-
carbyl group: R' and R® or R' and R’ are optionally
linked together to form a cyclic group; provided that at
least one X is not directly bonded to an aryl group, and
provided that X i1s bonded to a secondary or tertiary
carbon, or a —CH,-aryl group; and

(111) an aluminoxane.
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13. The composition of claim 12, wherein R1s C,-C alkyl,
R'isa C,-Cg alkyl or C,-C, 5 aralkyl, nis 1 to 3, X is —OR?>,
and R” is a C,-C_, alkyl or C4-C, 5 aralkyl.

14. The composition of claim 12, wherein R'(X),, is
(RMH,C—OR?® or (RH,C—N(R?),; wherein each R? is inde-
pendently a hydrogen or a hydrocarbyl group having from
about 1 to about 20 carbon atoms and at least one R™ is a
hydrocarbyl group; R” is a hydrocarbyl group having from
about 1 to about 20 carbon atoms; or R* and R” may be linked
together to form a cyclic group.

15. The composition of claim 12, wherein R*'(X),, is ‘Bu-
OMe, 1.2-CBuO),CsH,; 1.,3-('BuO),C.H.. 1.4-CBu0O),
C.,H,: ‘BuO—CH,  CH,—O‘Bu; l-methyl-tetrahydrofu-
ran, 1.,2-dimethyl-tetrahydrofuran or mixtures thereof,
wherein CgH,, is a phenylene group and “Bu is a tertiary-butyl
group. ' '

16. The composition of claim 12, wherein the mole ratio of
the compound of formula R'(X),, to the trihydrocarbylalumi-
num compound is about 0.01:1 to 0.1:1 and the mole ratio of
X in the compound of formula R'(X), to Al in the non-
supported solution aluminoxane is about 0.01:1 to 0.8:1.

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

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