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HIGHLY SOLUBLE OLEFIN POLYMERIZATION CATALYST ACTIVATOR

The present invention relates to a catalyst activator. More particularly the
present invention relates to a catalyst activator particularly adapted for use in a
solution polymerization process for polymerization of a-olefins. Such an activator is
particularly advantageous for use in a continuous solution polymerization process
whersin catalyst, catalyst activator, and at least one polymerizable monomer are
continuously added to a reactor operating under solution polymerization conditions,
and polymerized product is continuously removed therefrom.

it is previously known in the art to activate Ziegler-Natta polymerization
catalysts, particularly such catalysts comprising Group 4 metal complexes containing
delocalized n-bonded figand groups, by the use of Bronsted acid salts capable of
transferring a proton to form a cationic derivative of such Group 4 metal compiex.
Preferred Bronsted acid saits are such compounds containing a noncoordinating
anion that is capable of stabilizing the resuiting Group 4 metal cation, especiaily
tetrakis{pentafiuorophenyli)borate. Exampies of such Bronsted acid salt activators,
which are a species of ionic activator, are protonated ammonium, sulfonium, or
phosphonium salts disclosed in US-A-5,198,401, US-A-5,132,380, US-A-5,470,927,
and US-A-5,153,157.

Due to the fact that such activators are fully ionized and the corresponding
anion is highly noncoordinating, such activators are extremety effective as olefin
polymerization catalyst activators. Disadvantageously, however, because they are
ionic saits, such activators are extremely insoluble in aliphatic hydrocarbons and only
sparingly soluble in aromatic solvents. It is desirable to conduct most polymerizations
of a-olefins in aliphatic hydrocarbon solvents due to the compatibility of such solvents
with the monomer and in order to reduce the aromatic hydrocarbon content of the
resulting polymer product. Normally, ionic sait activators need to be added to such
polymerizations in the formof a solution in an aromatic solvent such as toluene. The
use of even a smalt quantity of such an aromatic solvent for this purpose is
undesirable since it must be removed in a devolatilization step and separated from
other volatile components, a process that adds significant cost and complexity to any
commercial process. In addition, the foregoing ionic cocatalysts often exist in the
form of an oily, intractable material which is not readily handled and metered or
precisely incorporated into the reaction mixture.

Accordingly, it would be desirable if there were provided an ionic catalyst
activator that could be employed in solution polymerizations that use an aliphatic
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solvent, including condensed a-olefin monomer. In addition it would be desirabie to
provide a new form of ionic catalyst activator that is particularly adapted for use in a
continuous solution polymerization reaction where controlled addition of specific
quantities of such activator is required.

According to the present invention there is now provided a catalyst activator,
comprising a cation which is a Bronsted acid capable of donating a proton, and an
inert, compatible, noncoordinating, anion, characterized by a solubility at 25 °C in
hexane, cyclohexane or methyicyciohexane of at least 5 weight percent, preferabty at
least 7.5 weight percent. Additionally according to the present invention there is
provided a solution polymaerization of an a-olefin comprising contacting one or more
a-olefins, optionally in the presence of an inert aliphatic, alicyclic or aromatic
hydrocarbon, with a catalyst system comprising the above described catalyst
activator.

By the use of the foregoing catalyst activator, improved catalyst activation is
provided. More particularly, increased catalyst sfficiency and rate of polymerization
are obtained, especially under solution polymerization conditions, most especially
continuous, solution polymerization conditions. )

All references herein to elements belonging to a certain Group refer to the
Periodic Table of the Elements published and copyrighted by CRC Press, Iinc., 1989,
Also any reference to the Group or Groups shall be to the Group or Groups as
reflected in this Periodic Table of the Elements using the {UPAC system for
numbering groups.

The catalyst activators of the invention are further characterized in the
foliowing manner. Preferred anions are those containing a single coordination
complex comprising a charge bearing metal or metalloid core which anion is capable
of balancing the charge of the active catalyst species (the metal cation) which is
formed when the two components are combined. Also, said anion should be
sufficiently labile to be displaced by olefinic, diclefinic and acetylenically unsaturated
compounds or neutral Lewis bases such as ethers, amines or nitriles. Suitable
metals include, but are not limited to, aluminum, goid and piatinum. Suitable
metalloids include, but are not limited to, boron, phosphorus, and silicon.
Compounds containing anions which comprise coordination complexes containing a
single metal or metalloid atom are, of course, weil known and many, particularly such
compounds containing a single boron atom in the anion portion, are available
commercially. Therefore, said single boron atom compounds are preferred.
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Preferably the cocatalysts of the invention may be represented by the
foflowing general formula: (L"-H)q*(A9"), wherein:

L" is a neutral Lewis base;
(L-H)* is a Bronsted acid;
Ad- is a noncoordinating, compatible anion having charge d-, and
d is an integer from 1 to 3.

Examples of suitable anions of the formula A" include sterically shieided
diboron anions corresponding to the formula:

Xl
7 N\
Ar. 2B g /B Arpz.
CS,

wherein:

S is alkyl, fluoroalkyt, aryl, or fluoroaryl { and where two S groups are present
additionally hydrogen),

A is fluoroaryl, and
X' is either hydrogen or halide.
Such diboron anions are disclosed in US-A-5,447,895.

Additional examples of Ad- anions are those anions corresponding to the
formula: (MK+Qpy]d-, wherein:

k is an integer from 1 to 3;

n’ is an integer from 2 to 6;

-k =d;

M’ is an element selected from Group 13 of the Periodic Table of the
Elements; and

Q independently each occurrence is selected from hydride, diailkylamido,
halide, alkoxide, aryloxide, hydrocarbyl, and halosubstituted-hydrocarbyl radicais,
said Q having up to 20 carbons with the proviso that in not more than one occurrence
is Q halide.

In a more preferred embodiment, d is one, that is, the counter ion has a single
negative charge and corresponds to the formula, A~. Activating cocatalysts
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comprising boron which are particularly usetful in this invention may be represented
by the following general formuia: [L"-H]*+ [BQ'4]", wherein:

L" is a nitrogen, sulfur or phosphorus containing neutral Lewis base:
B is boron in an oxidation state of 3; and
Q' is a fluorinated C4_pg hydrocarbyi group.

Most preferably, Q" is in each occurrence a fluorinated aryi group, especially a
pentafluoropheny! group. '

Generally, solubility of the catalyst activators of the invention in aliphatic
compounds is increased by incorporation of one or more oleophilic groups such as
long chain alkyl groups; iong chain alkeny! groups; or halo-, alkoxy-, amino-, silyl-, or
germyl- substituted long chain alkyl groups or long chain alkeny! groups into the
Bronsted acid, L. By the term “long chain” are meant groups having from 10 to 50
non-hydrogen atoms in such group, preferably in a non-branched form. Preferably
such L groups contain from 1 to 3 Cyo40 n-alkyi groups with a total of from 12 to 100
carbons, more preferably 2 Co40 altkyl groups and from 21 to 90 total carbons. The
presence of such oleophilic groups is believed to render the activator more solubie in
aliphatic liquids thereby improving the effectiveness in catalyst activation. Itis
understood that the catalyst activator may comprise a mixture of oleophilic groups of
differing lengths. For example, one suitable activator is the protonated ammonium
salt derived from the commaercially available long chain amine comprising a mixture of
two C,4, Cye or Cys alkyl groups and one methyl group. Such amines are available
from Witco Corp., under the trade name Kemamine™ T9701, and from Akzo-Nabel
under the trade name Armeen™ M2HT, The present cocatalysts may be used in
reduced concentrations based on amount of metal complex compared to the amounts
of prior known cocatalysts previously required, while retaining equivalent or improved
catalyst efficiencies.

lllustrative, but not limiting examples of boron compounds which may be used
as ionic activating cocatalysts in this invention are tri-substituted ammonium saits
such as:
decyldi(methyljammonium tetrakis(pentafluorophenyl) borate,
dodecyldi(methyl)Jammonium tetrakis(pentafluorophenyl) borate,
tetradecyldi{methyl)ammonium tetrakis{pentafiuorophenyl) borate,
hexaadecylidi{methyl)ammonium tetrakis{pentafluorophenyl) borate,
octadecyldi(methyt)ammonium tetrakis(pentafiuocrophenyl) borate,
eicosyldi{methylyammonium tetrakis(pentafluorophenyi) borate,
methyldi(decyl)ammonium tetrakis(pentafiuorophenyl) borate,
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methyidi{dodecyljammonium tetrakis(pentafiuorophenyl) borate,

methyidi(tetradecyl)ammonium tetrakis(pentafiuorophenyl) borate,
methyldi(hexadecyl)ammonium tetrakis(pentafluorophenyl) borate,
methyidi{octadecyl)ammonium tetrakis(pentafiuorophenyi) borate,

5  methyldi{eicosyl)ammonium tetrakis(pentafluorophenyf) borate,
tridecylammonium tetrakis(pentafiucrophenyt) borate,
tridodecylammonium tetrakis{pentafiuorophenyl) borate,
tritetradecylammonium tetrakis(pentatiuorophenyl) borate,
trihexadecylammonium tetrakis(pentafiuorophenyl) borate,

10 trioctadecylammonium tetrakis{pentafluorophenyl) borate,
trisicosylammonium tetrakis(pentafiuorophenyl) borate,
decyidi(n-butylyammonium tetrakis(pentafiuorophenyl) borats,
dodecyldi(n-butyl)ammonium: tetrakis{pentafluorophenyl) borate,
octadecyldi{n-butyl)Jammonium tetrakis(pentafiuorophenyl) borate,

15  N,N-didodecytanilinium tetrakis(pentafiuorophenyi) borate,
N-methyl-N-dodecylanilinium tetrakis(pentafiucrophenyl) borate,
N,N-di(octadecyt)(2,4,6-trimethylanilinium) tetrakis{pentafiuorophenyi) borate,
cyclohexyldi(dodecyl)Jammonium tetrakis(pentafiuorophenyl)borate, and
methyldi(dodecyl)ammonium tetrakis-(2,3,4,6-tetrafluorophenyi) borate.

20 Suitable similarly substituted sulfonium or phosphonium saits such as,
di{decyi)sulfonium tetrakis(pentafiuorophenyf) borate,
{n-butyl)dodacyisuifonium tetrakis(pentafiuorophenyl) borate, tridecylphosphonium
tetrakis(pentafiuorophenyl) borate,
di{octadecyi)methylphosphonium tetrakis(pentaftuorophenyl) borate, and

25 tri{tetradecyl)phosphonium tetrakis(pentafiucrophenyl) borate, may also be named.

Preferred activators are di(octadecyl)methylammonium
tetrakis{pentafiuorophenyi}borate and di(octadecyl}(n-butyljammonium
tetrakis(pentafiucrophenyi)borate.

Suitabie catalysts for use herein inciude any compound or complex of a metai
30 of Groups 3-10 of the Periodic Table of the Elements capable of being activated to
olefin insertion and polymerization by the present ammonium salt activators.
Exampies include Group 10 diimine derivatives corresponding to the formula:

— ,EZT-CT

N W
( M* KA wherein N N is Ar*-N N-Ar*
N~
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M* is Ni(ll) or Pd(ll);

K is halo, hydrocarbyl, or hydrocarbyloxy;

Ar* is an aryl group, especially 2,6-diisopropyiphenyi or aniline group;

CT-CT is 1,2-ethanediyl, 2,3-butanediyl, or form a fused ring system wherein
the two T groups together are a 1,8-naphthanediy} group; and

A’ is an inert noncoordinating anion.

The foregoing catalysts are disclosed by M. Brookhart, et al., in J. Am. Chem.
Sgc., 118, 267-268 (1996) and J, Am, Chem. Sgc., 117, 6414 -6415 (1995), as being
active polymerization catalysts especially for polymerization of u-olefins, either alone
or in combination with polar comomoners such as vinyl chioride, alkyt acrylates and
alkyl methacrytates.

Additional catalysts inciude derivatives of Group 3, 4, or Lanthanide metals
which are in the +2, +3, or +4 formal oxidation state. Preferred compounds include
metal complexes containing from 1 to 3 n-bonded anionic or neutral ligand groups,
which may be cyclic or non-cyclic delocalized r-bonded anionic ligand groups.
Exemplary of such n-bonded anionic ligand groups are conjugated or nonconjugated,
cyctic or non-cyclic dienyi groups, allyi groups, boratabenzene groups, and arene
groups. By the term "n-bonded” is meant that the ligand group is bonded to the
transition metal by a sharing of electrons from a partially delocalized n-bond.

Each atom in the delocalized n-bonded group may independently be
substituted with a radical selected from the group consisting of hydrogen, halogen,
hydrocarbyl, halohydrocarbyl, hydrocarbyl-substituted metalloid radicats wherein the
metalioid is selected from Group 14 of the Periodic Table of the Elements, and such
hydrocarbyl- or hydrocarbyi-substituted metatloid radicals further substituted with a

Group 15 or 16 hetero atom containing moiety. Included within the term “hydrocarbyl”
are Cq.2¢ straight, branched and cyclic alky! radicals, Cg.pq aromatic radicals, C7.og

alkyl-substituted aromatic radicals, and C7.oq aryl-substituted alkyl radicals. In

addition two or more such radicals may together form a fused ring system, including
partially or fully hydrogenated fused ring systerhs, or they may form a metatlocycle
with the metal. Suitable hydrocarbyi-substituted organometalioid radicals inciude
mono-, di- and tri-substituted organometalloid radicals of Group 14 elements wherein
each of the hydrocarbyl groups contains from 1 to 20 carbon atoms. Examples of
suitable hydrocarbyl-substituted organometalioid radicals include trimethyisilyi, triethyl-
silyl, ethyldimethylsilyl, methyidiethyisilyl, triphenylgermyl, and trimethyigermyi groups.
Examples of Group 15 or 16 hetero atom containing moieties inciude amine,
phosphine, ether or thioether moieties or divalent derivatives thereof, e. g. amide,
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phosphide, ether or thicether groups bonded to the transition metal or Lanthanide
metal, and bonded to the hydrocarbyl group of to the hydrocarby!- substituted
metalloid containing group.

Examples of suitabie anionic, delocalized n-bonded groups include
cyclopentadienyl, indenyl, fluorenyl, tetrahydroindenyl, tetrahydrofiuorenyl,
octahydrofiuorenyl, pentadienyl, cyclohexadienyl, dihydroanthracenyl,
hexahydroanthracenyl, decahydroanthracenyi groups, and boratabenzene groups, as
well as C.yp hydrocarbyl-substituted or C..,o hydrocarbyl-substituted silyl substituted
derivatives thereof. Preferred anionic delocalized x-bonded groups are
cyclopentadienyl, pentamethyicyclopentadienyl, tetramethylcyclopentadienyl,
tetramethyisilylcyclopentadienyl, indenyl, 2,3-dimethylindenyl, fluorenyi, 2-
methylindenyl, 2-methyi-4-phenylindenyi, tetrahydrofiuorenyl, octahydrofluorenyi, and
tetrahydroindenyl.

The boratabenzenes are anionic ligands which are boron containing
analogues to benzene. They are previously known in the art having been described

by G. Herberich, et al., in Organometallics, 14,1, 471-480 {1995). Preferred
boratabenzenes correspond to the formula:

wherein R” is selected from the group consisting of hydrocarbyl, silyl, or germyl, said
R” having up to 20 non-hydrogen atoms. In compiexes involving divalent derivatives
of such delocalized r-bonded groups one atom thereof is bonded by means of a
covalent bond or a covalently bonded divalent group to another atom of the complex
thereby forming a bridged system.

A suitable class of catalysts are transition metal compiexes corresponding to
the formula:

LeMXmX'nX"p, or a dimer thereof

wherein:

L is an anionic, delocalized, n-bonded group that is bound to M, containing up
to 50 non-hydrogen atoms, optionally two L groups may be joined together forming a
bridged structure, and further optionally one L may be bound to X;
-7-
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- Mis a metat of Group 4 of the Periodic Table of the Elements in the +2, +3 or
+4 formal oxidation state;

X is an optional, divalent substituent of up to S0 non-hydrogen atoms that
together with L forms a metallocycle with M;

X' is an optional neutral figand having up to 20 non-hydrogen atoms;

X" each occurrence is a monovaient, anionic moiety having up to 40 non-
hydrogen atoms, optionally, two X’ groups may be covalently bound together forming
a divalent dianionic moiety having both valences bound to M, or, optionally 2 X*
groups may be covalently bound together to form a neutral, conjugated or
nonconjugated diene that is n-bonded to M (whereupon M is in the +2 oxidation
state), or further optionaily one or more X" and one or more X' groups may be
bonded together thereby forming a moiety that is both covalently bound to M and
coordinated thereto by means of Lewis base functionality;

tisO,tor2;

misOort;

n is a number from O to 3;

p is an integer from 0 to 3; and

the sum, £+m+p, is equal to the formal oxidation state of M, except when 2 X*
groups together form a neutral conjugated or non-conjugated diene that is n-bonded
to M, in which case the sum ¢+m is equal to the formal oxidation state of M.

Preferred complexes include those containing either one or two L groups.
The latter complexes include those containing a bridging group linking the two L
groups. Preferred bridging groups are those corresponding to the formula (ER"2)y
wherein E is silicon, germanium, tin, or carbon, R* independently each occurrence is
hydrogen or a group selected from silyl, hydrocarbyl, hydrocarbyloxy and
combinations thereof, said R* having up to 30 carbon or silicon atoms, and x is 1 to 8.
Preferably, R* independently each occurrence is methyl, ethyl, propyl, benzy, tert-
butyl, phenyl, methoxy, ethoxy or phenoxy.

Examptes of the complexes containing two L groups are compounds
corresponding to the formula:
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R? = 3 3
R ) {I}) R {II)
MX* 5 {R*:E} «
R? MX” o
Rr? Rr® R}

3 R

3

R R or 3
R’

wherein:

M is zirconium, zirconium or hafnium, preferably zirconium or hafnium, in the
+2 or +4 formal oxidation state;

R® in each occurrence independently is selected from the group consisting of
hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R®
having up to 20 non-hydrogen atoms, or adjacent R? groups together form a divalent
derivative (that is, a hydrocarbadiyl, siladiyl or germadiyl group) thereby forming a
fused ring system, and

X independently each occurrence is an anionic ligand group of up to 40 non-
hydrogen atoms, or two X" groups together form a divalent anionic ligand group of up
to 40 non-hydrogen atoms or together are a conjugated diene having from 4 to 30 non-
hydrogen atoms forming a n-complex with M, whereupon M is in the +2 formal
oxidation state, and

R*, E and x are as previously defined.

The foregoing metal complexes are especially suited for the preparation of
polymers having stereoreguiar molecular structure. In such capacity it is preferred
that the complex possesses C, symmetry or possesses a chiral, stereorigid structure.
Examples of the first type are compounds possessing different delocalized n-bonded
systems, such as one cyclopentadienyl group and one fluorenyl group. Similar
systems based on Ti(IV) or Zr(IV) were disclosed for preparation of syndiotactic olefin
polymers in Ewen, et al., J, Am. Chem. Soc. 110, 6255-6256 (1980). Examples of
chiral structures include rac bis-indenyl complexes. Simitar systems based on Ti(IV)
or Zr(iV) were disclosed for preparation of isotactic olefin polymers in Wild et al., J.

Organomet, Chem., 232, 233-47, (1982).

Exemplary bridged ligands containing two n-bonded groups are: (dimethyisilyi-
bis{cyclopentadienyt)), (dimethyisilyl-bis{methylcyciopentadienyl)), {dimethyisiiyl-
bis{ethylcyclopentadienyt)), (dimethyisilyl-bis(t-butylcyclopentadienyl)), (dimethyisilyl-

-9-



WO 97/35893 PCT/US97/04234 -

10

15

20

25

bis(tetramethyicyclopentadienyl)), (dimethyisilyl-bis(indenyt)), (dimethyisilyl-
bis(tetrahydroindenyl)), (dimethyisilyl-bis(fluorenyl)), (dimethyisilyi-
bis(tetrahydrofiuorenyl)), (dimethyisilyl-bis(2-methyl-4-phenylindenyl)), (dimethyisilyl-
bis(2-methylindenyl)), (dimethyisilyl-cyciopentadienyi-flucrenyl), (dimethyisiiyi-
cyclopentadienyl-octahydrofluorenyi), (dimethyisilyl-cyclopentadienyl-
tetrahydrofiuorenyl), (1, 1, 2, 2-tetramethyl-1, 2-disilyl-bis-cyclopentadienyl), (1, 2-
bis(cyclopentadienyl)ethane, and (isopropylidene-cyclopentadieny!-flucrenyl).
Preferred X" groups are selected from hydride, hydrocarbyl, silyl, garmyl,

halohydrocarbyl, halosilyl, silylhydrocarbyi and aminohydrocarbyl groups, or two X*

groups together form a divalent derivative of a conjugated diene or eise together they
form a neutral, n-bonded, conjugated diene. Most preferred X” groups are C1.oq

hydrocarbyl groups.

A further class of metal complexss utilized in the present invention
corresponds to the preceding formula LeMXmX'nX"p, or a dimer thereof, wherein X is
a divalent substituent of up to 50 non-hydrogen atoms that together with L forms a
metallocycle with M.

Pretferred divalent X substituents include groups containing up to 30 hon-
hydrogen atoms comprising at least one atom that is oxygen, suifur, boron or a
member of Group 14 of the Periodic Table of the Elements directly attached to the
delocalized n-bonded group, and a different atom, selected from the group consisting
of nitrogen, phosphorus, oxygen or sulfur that is covalently bonded to M.

A preferred class of such Group 4 metal coordination complexes used
according to the present invention corresponds to the formula:

R3
ZY
M xn2

wherein:

M is titanium or zirconium, preferably titanium in the +2, +3, or +4 formal
oxidation state;
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R?® in each occurrence independently is selected from the group consisting of
hydrogen, hydrocarbyi, silyl, germyl, cyano, halo and combinations thereof, said R*
having up to 20 non-hydrogen atoms, or adjacent R’ groups together form a divalent
derivative (that is, a hydrocarbadiyi, sitadiyl or germadiyl group) thereby forming a
fused ring system,

each X is a halo, hydrocarbyl, hydrocarbyloxy or silyl group, said group
having up to 20 non-hydrogen atoms, or two X" groups together form a neutral Cs-3g

conjugated diene or a divailent derivative thereof;
Y is -O-, -S-, -NR*-, -PR"-; and

Zis SIR*;, CR*;, SiR*;SiR*;, CR*,CR";, CR*=CR", CR*;SiR";, or GeR™,,
wherein R"* is as previously defined.

iliustrative Group 4 metal complexes that may be employed in the practice of
the present invention include:

cyclopentadienyititaniumtrimethyt,
cyclopentadienyititaniumtriethyl,
cyclopentadienyititaniumtriisopropyl,
cyclopentadienyltitaniumtriphenyl,
cyclopentadienyititaniumtribenzyl,
cyclopentadienyititanium-2,4-dimethyipentadienyl,
cyclopentadienyititanium-2,4-dimethyipentadienyletriethyiphosphine,
cyclopentadienyititanium-2,4-dimethyipentadienyistrimethylphosphine,
cyciopentadienyititaniumdimethyimethoxide,
cyclopentadienyititaniumdimethyichloride,
pentamethyicyclopentadienyllitaniumtrimethyl,
indenyititaniumtrimethyi,
indenyltitaniumtriethyl,
indenyititaniumtripropyl,
indenyltitaniumtriphenyl,
tetrahydroindenyititaniumtribenzyl,
pentamethylcyclopentadienyititaniumtriisopropyt,
pentamethylcyciopentadienyititaniumtribenzyl,
pentamethylcyciopentadienyltitaniumdimethylmethoxide,
pentamethylcyciopentadienyltitaniumdimethyichloride,
bis(n°-2,4-dimethylpentadienyl)titanium,
bis{n°-2,4-dimethylpentadienyl)titaniumstrimethylphosphine,
bis(n>-2,4-dimethylpentadienyl)titaniumetriethylphosphine,
-11-
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octahydrofiuorenyltitaniumtrimethyi,
tetrahydroindenyititaniumtrimethy,
tetrahydrofiuorenyttitaniumtrimethyl,
(tert-butylamido)(1,1-dimethyi-2,3,4,9,10-n-1,4,5,6,7,8-
5 hexahydronaphthaienyl)dimethyisilanetitaniumdimethyt,
{tert-butylamido)(1,1,2,3-tetramethyi-2,3,4,9,10-n-1,4,5,6,7,8-
hexahydronaphthaienyl)dimethylsilanetitaniumdimethyl,
(tenobutyiamido)(tetramathyl-ns-cyclopentadienyl) dimethylsilanetitanium dibenzyl,
(teft-butylamido)(tetramethyt-'qs—cycIopentadienyl)dimethy!silanetitanium dimethyi,
10 (tert-butylamido)(tetramethyl-n°-cyciopentadienyt)-1,2-ethanediyltitanium dimethyl,
(tert-butylamido)(tetramethyl-n*-indenyi)dimethyisilanetitanium dimethyl,
{tert-butylamido)(tetramethyl-n°-cyciopentadienyl)dimethylsilane titanium (ii1)
2-(dimethylamino)benzyt;
(tert-butylamido)(tetramemyi-ns-cyclopentadienyi)dimethylsilanetitanium (115 aliyt,
15  (tert-butylamido)(tetramethyi-n°-cyciopentadienyl)dimethyisilanetitanium (lil)
2,4-dimethyipentadienyi,
(tert-butylamido)(tetramethyi-n 5-cyclopentadienyl)dimethylsilanetitanium {1l
1,4-diphenyl-1,3-butadiene,
(tert-butylamido)(tetramethyl-n°-cyclopentadienyf)dimethylsilanetitanium (i)
20 1,3-pentadiene, '
(tert-butytamido){2-methylindenyl)dimethyisilanetitanium (i) 1,4—diphen§d-1 »3-
butadiene, o
{tert-butylamido)(2-methylindenyl)dimethyisilanetitanium () 2,4-hexadiene,
{tert-butylamido)(2-methylindenyf)dimethylisilanetitanium (IV) 2,3-dimethy!-1,3-
25 butadiene,
(tert-butylamido)(2-methylindenyl}dimethylisilanetitanium (IV) isoprene,
(tert-butylamido)(2-methylindenyl)dimethyisilanetitanium (IV) 1,3-butadiene,
(tert-butylamido)(2,3-dimethylindenyl)dimethylsitanetitanium (IV)
2,3-dimethyi-1,3-butadiene,
30 (tert-butylamido){2,3-dimethylindenyl)dimethylsilanetitanium (IV)
isoprene
(tert-butylamido)(2,3-dimethyiindenyl)dimethyisilanstitanium (IV} dimethyl
(tert-butylamido){2,3-dimethylindenyl)dimethylsilanetitanium (V) dibenzyi
(tert-butytamido}(2,3-dimethylindenyl)dimethylsilanetitanium (IV) 1,3-butadiene,
35 (tert-butylamido)(2,3-dimethylindenyl)dimethyisilanetitanium (1) 1,3-pentadiene,
{tert-butylamido)(2,3-dimethylindenyl)dimethylisilanetitanium (i1} 1,4-diphenyl-
1.3-butadiene,
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(tert-butylamido)(2-methylindenyt)dimethyisilanetitanium (ll} 1,3-pentadiene,
(tert-butytamido)(zometh}lindenyl)dimethylsilanetitanium (1V} dimethyl,
(tert-butylamido)(2-methylindenyl)dimethyisilanetitanium (IV) dibenzyl,
(tert-butylamido)(2-methyl-4-phenylindenyl)dimethylsifanetitanium (it)
1,4-diphenyl-1,3-butadiene,
(tert-butylamido)(2-methyl-4-phenylindenyl)dimethyisilanetitanium (it) 1,3-pentadiene,
(tert-butylamido)(2-methyl-4-phenylindenyl)dimethyisilanetitanium (1) 2,4-hexadiene,
{tert-butylamido)(tetramethyl-n°-cyclopentadienyl)dimethyl- silanetitanium (IV)
1,3-butadiene,
(tert-butylamido){tetramethyl-n>-cyclopentadienyl)dimethyisilanetitanium (v)
2,3-dimethyl-1,3-butadiene,
({tert-butylamido){tetramethyl-n’-cyclopentadienyl)dimethyisilanetitanium (IV)
isoprene,
(tert-butylamido)(tetramethyl-n°-cyclopentadienyl)dimethy!- silanetitanium )]
1,4-dibenzyi-1,3-butadiene,
(tert-butytamido)(tetramethyi-n>-cyclopentadienyf)dimethyisitanetitanium {an
2,4-hexadiene,
(tert-butylamido)(tetramethyl-ns-cyclopentadienyl)dimeﬂmyl- silanetitanium '(ll)
3-methyi-1,3-pentadiens,
(tert-butylamido)(2,4-dimethylpentadien-3-yl)dimethyisilanetitaniumdimethyl,
(tert-butylamido)({6,6-dimethyicyclohexadienyl)dimethyisilanetitaniumdimethyl,
(tert-butylamido){1,1-dimethyi-2,3,4,9,10-11-1,4,5,6,7,8-hexahydronaphthalen-4-
yl)dimethyisilanetitaniumdimethyl,
(tert-butylamido}(1,1,2,3-tetramethyl-2,3,4,9,10-n-1,4,5,6,7,8-
hexahydronaphthalen-4-yljdimethyisilanetitaniumdimethyl
(tert-butylamido)(tetramethyl-n°-cyciopentadienyl methyiphenylsilanetitanium (V)
dimethyl,
(tert-butytamido){tetramethyl-n’>-cyciopentadienyl methyiphenyisitanetitanium (/1)
1,4-diphenyl-1,3-butadiene,
1-(tert-butylamido)-2-(tetramethyi-n°-cyclopentadienyl)ethanediyititanium (V)
dimethyl, and
1-(tert-butylamido)-z-(tetramethyl-ns-cyclopemadienyl)emanediyl- titanium (1) 1,4-
diphenyl-1,3-butadiene.

Complexes containing two L groups including bridged complexes suitable for
use in the present invention include:

bis(cyciopentadienyi}zirconiumdimethyl,
bis{cyclopentadienyl)zirconium dibenzyl,
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bis(cyclopentadienyl)zirconium methyl benzyl,
bis(cyciopentadienyt)zirconium methy! phenyi,
bis(cyclopentadienyl)zirconiumdiphenyl,

bis(cyclopentadienyi)titanium-aliyl,
bis(cyclopentadienyl)zirconiummethylmethoxide,
bis(cyclopentadienyl)zirconiummethyichlorids,
bis(pentamethyicyclopentadienyi)zirconiumdimethyi,
bis(pentamethyicyclopentadienyijtitaniumdimethy!,
bis{indenyl)zirconiumdimethyl,

indenyifiucrenyizirconiumdimethyl,
bis(indenyl)zirconiummethyl(2-(dimethylamino)benzy}),
bis{indenyl)zirconium methyitrimethyisilyl,

bis(tetrahydroindenyi)zirconium methyitrimethyisityl,
bis(pentamethyicyclopentadienyi)zirconiummethyibenzyl,
bis(pentamethyicyclopentadienyi)zirconiumdibenzyi,
bis(pentamethylcyclopentadienyi)zirconiummethyimethoxide,
bis(pentamethylcyclopentadienyi)zirconiummethyichloride,
bis(methylethyicyclopentadienyl)zirconiumdimethy!,
bis(butylcyclopentadienyl)zirconium dibenzyl,
bis(t-butyicyciopentadienyl)zirconiumdimethyl,
bis(ethyitetramethyicyclopentadienyl)zirconiumdimethyt,
bis(methyipropylcyclopentadienyi)zirconium dibenzyl,
bis(trimethylsilylcyclopentadienyl)zirconium dibenzyl,
dimethylsilyl-bis{cyclopentadienyli)zirconiumdimethy,
dimethylsilyl-bis(tetramethyicyclopentadienyi)titanium-(ill} allyl
dimethyisilyl-bis(t-butylcyclopentadienyi)zirconiumdichioride,
dimethylsilyl-bis(n-butylcyclopentadienyl)zirconiumdichloride,
(methylene-bis(tetramethyicyciopentadienyl)titanium(iil) 2-(dimethylamino)benzyl,
(methylene-bis(n-butylcyclopentadienyl)titanium(lil) 2-(dimethylamino)benzyl,
dimethyisityi-bis(indenyl)zirconiumbenzyichloride,
dimethyisilyl-bis(2-methylindenyl)zirconiumdimethyl,
dimethyisilyl-bis(2-methyl-4-phenylindenyl)zirconiumdimethyl,
dimethylsilyl-bis{2-methylindenyl)zirconium-1,4-diphenyi-1,3-butadiene,
dimethylsilyl-bis(2-methyl-4-phenylindenyl)zirconium (il) 1,4-diphenyi-1,3-butadiene,
dimethylsilyl-bis(tetrahydroindenyl)zirconium(il} 1,4-diphenyi-1,3-butadiene,
dimethylsilyl-bis(fluorenyl)zirconiummethyichloride,
dimethyisilyl-bis(tetrahydrofluorenyl)zirconium bis{trimethylsilyl),
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(isopropylidene)(cyclopentadienyi)(fluorenyl)zirconiumdibenzyl, and
dimethytsilyl(tatramathy?cydopenmdienyl)(ﬂuoranyl)zirconium dimethyl.

Other catalysts, especially catalysts containing other Group 4 metals, will, of
course, be apparent to those skilled in the art.

The cocatalysts of the invention may aiso be used in combination with a
tri(hydrocarbyl)aluminum compound having from 1 to 10 carbons in each hydrocarby!
group, an oligomeric or polymeric alumoxane compound, a
di(hydrocarbyl)(hydrocarbyloxy)aluminum compound having from 1 to 20 carbons in
each hydrocarbyt or hydrocarbyloxy group, or a mixture of the foregoing compounds,
if desired. These aluminum compouhds are usefully employed for their beneficial
ability to scavenge impurities such as oxygen, water, and aldehydes from the
polymerization mixture.

Suitable di(hydrocarbyi)(hydrocarbyloxy)aluminum compounds correspond to
the formula T°,AIOT? wherein T' is Cse secondary or tertiary alkyl, most preferably
isopropyl, isobutyt or tert-butyl; and T° is a Ci2.00 alkaryl radical or aralkyl radical, most
preferably, 2,6-di(t-butyl)-4-methyiphenyl, 2,6-di(t-butyl)-4-methyitolyl, 2,6-di(i-butyl)-
4-methyiphenyl, or 4-(3',5-ditertiarybutyltolyl)-2,6-ditertiarybutyiphenyi.

Preferred aluminum compounds inciude Co_g trialkyl aluminum compounds,

especially those wherein the alkyl groups are ethyl, propyi, isopropyl, n-butyl, isobutyl,
pentyl, neopenty, or isopentyl, dialkyl(aryloxy)aiuminum compounds containing from
1-6 carbons in the alkyl group and from 6 to 18 carbons in the aryl group (especially
(3,5-di(t-butyl)-4-methylphenoxy)diisobutylaluminum), methylalumoxane, moditied
methylalumoxane and diisobutylalumoxane. The molar ratio of aluminum compound
to metai complex is preferably from 1:10,000 to 1000:1, more preferably from 1:5000
to 100:1, most preferably from 1:100 to 100:1.

The molar ratio of catalyst/cocatalyst empioyed preferably ranges from 1:10 to
10:1, more preferably from 1:5 to 1:1, most preferably from 1:1.5 to 1:1. Mixtures of
the activating cocatalysts of the present invention may also be employed if desired.

Suitable addition polymerizable monomers include ethylenically unsaturated
monomers, acetylenic compounds, conjugated or non-conjugated dienes, and
polyenes. Preferred monomers include olefins, for examples atpha-olefins having
from 2 to 20,000, preferably from 2 to 20, more preferably from 2 to 8 carbon atoms
and combinations of two or more of such aipha-olefins. Particularly suitable alpha-
olefins include, for example, ethylene, propylene, 1-butene, 1-pentene, 4-
methyipentene-1, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene,
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1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, or combinations thereot, as
well as long chain vinyl terminated ofigomeric or polymeric reaction products formed
during the polymerization, and Co.a0 a-olefins specifically added to the reaction
mixture in order to produce relatively long chain branches in the resulting polymers.
Preferably, the alpha-olefins are ethylene, propene, 1-butene, 4-methyl-pentene-1, 1-
hexene, 1-octene, and combinations of ethylene and/or propene with one or more of
such other alpha-olefins. Other preferred monomers include styrene, halo- or aikyl
substituted styrenes, tetrafluoroethylene, vinyicyclobutene, 1,4-hexadiene,
dicyclopentadiene, ethylidene norbornene, and 1,7-octadiene. Mixtures of the above-
mentioned monomers may also be employed.

in general, the polymerization may be accompiished at conditions well known
in the prior art for Zlegler-Natta or Kaminsky-Sinn type polymerization reactions.
Suspension, solution, slurry, gas phase or high pressure, whether employed in batch
or continuous form or other process conditions, may be employed if desired.
Examples of such well known polymerization processes are depicted in WO
88/020089, U.S. Patent Nos. 5,084,534, 5,405,922, 4,588,790, 5,032,652, 4,543,399,
4,564,647, 4,522,987, and elsewhere. Preferred polymerization temperatures are
from 0-250°C. Preferred polymerization pressures are from atmospheric to 3000
atmospheres.

However, the advantages of the invention are particularly noticed when the
present catalyst system is used in a solution polymaerization, more preferably a
continuous solution polymerization process, in the presence of an aliphatic or alicyclic
liquid diluent. By the term “continuous polymerization” is meant that at least the
products of the polymerization are continuously removed from the reaction mixture,
such as for example by devolatilization of a portion of the reaction mixture.
Preferably one or more reactants are also continuously added to the polymerization
mixture during the polymerization. Examples of suitable aliphatic or alicyclic tiquid
diluents include straight and branched-chain hydrocarbons such as isobutane,
butane, pentane, hexane, heptane, octane, and mixtures thereof: alicyclic
hydrocarbons such as cyclohexane, cycloheptane, methyicyclohexane,
methylcycioheptane, and mixtures thereof; and perfluorinated hydrocarbons such as
perfluorinated C4_1p alkanes, and the like. Suitable diluents aiso inciude aromatic
hydrocarbons (particularly for use with aromatic a-olefins such as styrene or ring
alkyl-substituted styrenes) including toluene, ethylbenzene or xylene, as well as liquid
olefins (which may act as monomers or comonomers) including ethylene, propylene,
butadiene, cyclopentene, 1-hexene, 3-methyl-1-pentense, 4-methyl-1-pentené. 1.4-
hexadiene, 1-octene, 1-decene, styrene, divinylbenzene, allylbenzene, vinyltotuene
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(including all isomers alone or in admixture), and the like. Mixtures of the foregoing
are also suitable. -

In most polymerization reactions the molar ratio of catalyst:polymerizable
compounds employed is from 10-12:1 to 10-1:1, more preferably from 10-12:1 to
1051,

The catalyst system of the invention may aiso be utilized in combination with
at least one additional homogeneous or heterogeneous polymerization catalyst in
separate reactors connecled in series or in parailel to prepare polymer blends having
desirabie properties. An example of such a process is disclosed in WO 94/00500,
equivaient to U. S. Serial Number 07/904,770. A more specific process is disclosed
in copending application U. S. Serial Number 08/10958, fited January 29, 1993.

Molecular weight control agents can be used in combination with the present
cocatalysts. Examples of such molecular weight control agents include hydrogen,
trialkyl aluminum compounds or other known chain transfer agents. A particular
benefit of the use of the present cocatalysts is the ability (depending on reaction
conditions) to produce narrow molecular weight distribution a-olefin homopolymers
and copolymers in greatly improved catalyst efficiencies. Preferred polymers have
Mw/Mn of less than 2.5, more preferably less than 2.3. Such narrow molecular
weight distribution polymer products are highly desirable due to improved tensile
strength properties.

It is understood that the present invention is operable in the absence of any
component which has not been specifically disclosed. The following exampiles are
provided in order to further illustrate the invention and are not to be construed as
limiting. Unless stated to the contrary, all parts and percentages are expressed on a
weight basis.

Exampie 1

Preparation of di(octadecyl)methylammonium tetrakis{pentafiuoro-
phenyl)borate {(CysH7).N{Me)H" B(C,Fs)s)

di{octadecylimethylammonium chioride ((CisHs7):NMeH" CI})

0.50 g of dioctydecyimethylamine {{C1sHar)2N{Me)) {Aldrich Chemical) was
dissolved in ~50 mL of hexane. HC! in Et;O (1M, Aldrich, 1.17 mL) was added by

syringe, resuiting in the immediate formation of a white precipitate. The mixture was
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stirred for several hours, then filtered through a medium porosity (10-15 um) frit. The
solid that remained on the frit was washed with additional hexane, then dried on the

frit and finally under vacuum. Approximately 0.56 g of product as a white solid was
obtained.

Preparation A)

in the drybox, 0.50 g of LIB(CsFs)s and 0.38 g of (C1gHa7):N(Me)H"CI were
mixed as solids in a small jar. The jar was removed from the drybox and 30 mL of
distilled water was added. The LiB(CsFs)s appeared to dissolve, but the amine
hydrochloride floated on top of the liquid. The mixture was placed on a mechanical
shaker for one hour. During this time, the amine hydrochloride slowly disappeared
and was replaced by a sticky white precipitate which adhered to the walls of the jar.
At the end of one hour, 20 mL of toluene was added and the mixture placed on the
shaker again for 10 minutes. The mixture was then poured into a separatory funnei
and 20 mt. of saturated aqueous sodium carbonate was added. The iayers were
separated and the aqueous layer discarded. The organic layer was washeq with 20
mL of H;O, dried over MgSQO,, and filtered into a small Schienk tube. The volatile
materials were then removed under vacuum to ieave a pale brown viscous oil. The
Schienk tube was taken into the drybox, and the oil disscived in cyciohexane. This
solution was made up to 10 mL using a volumetric flask. By weighing the Schienk
tube before and after removal of the product with cyclohexane, the product weight
was determined to be 0.80 g. Assuming a molecular weight of 1216.08 g/mol for
(CeHar)zN(Me)H" B{CsFs)s” the solution concentration is calculated to be 0.066 M,
10.3 weight percent.

Preparation B)

In the drybox, 0.50 g of LIB(CeFs)s and 0.42 g of {CigHsr):N(Me)H"CI” were
slurried in 25 mL of toluene in a small bottle. The bottle was removed from the
drybox and 20 mL of distilled water was added. The bottle was placed on a shaker
and agitated thoroughly for one hour. At the end of this time, 20 mt of saturated
aqueous sodium carbonate was added and the mixture transferred to a separatory
funnel. The layers were separated and the agueous layer discarded. The organic
layer was washed with 20 mi. of saturated Na.CO; followed by 20 mL. of H,0, dried
over MgSO,, and filtered. The volatile materials were then removed under vacuum to
leave 0.71 g of a paie brown oil. The flask was taken into the drybox, and the oil was

dissolved in 10 mL of mixed alkanes (Isopar™ E, available from Exxon Chemicals
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inc.) to give a sofution concentration of 0.0075 M, 9.0 weight percent, which was then
further diluted to give a final solution concentration of 0.0075 M.

Preparation C)

In the drybox, 0.50 g of LiB{CeFs)s and 0.42 g of (CisHa7).N(Me)H" CI were
slurried in 20 mL of cyclohexane. The mixture was heated to refiux for 1.5 hours,
Shortly after heating began, the solution became clear. At the end of the reflux time,
the mixture was cooled to room temperature and fiitered through a medium porosity
(10-15 mm) fritted funnel using diatomaceous earth filter aid (Celite™). The solution
was transferred into a four ounce bottle and removed from the drybox, sparged briefly
with nitrogen, then returned to the drybox. An aliquot was removed and the
concentration measured by gravimetric analysis; a value of 0.022 M, 3.4 weight
percent, was obtained for the solution concentration.

Polymerizations

A one galion stirred reactor was charged with isopar™ E solvent, 1-octene, and 5
mMol of hydrogen. The reactor was heated to 130°C and saturated with ethylene to
450 psig {3.1 MPa). The catalyst composition was prepared in a drybox by syringing
together 2.5 mMol of (t-butylamido)dimsthyi(n’-tetramethyicyclopentadienyi)titanium
(n*-1,3-pentadiene) catalyst, di(octadecyl)methylammonium tetrakis(penta-
fluorophenyl)borate cocatalyst (prepared by one of the foregoing preparations A), B)
or C), and optionaliy a third component (triiscbutylaluminum modified
methylalumoxane (MMAQ), trisiobutytaiuminum (TIBA), or (2,6-di(t-butyl)-4-
methyiphenoxy)di(i-butyl)aluminum (DIBAL-BOT)). This mixture was then transferred
by syringe to an addition loop and injected into the reactor over approximately 4
minutes. The polymerization was aliowed to proceed for 10 minutes while feeding
ethylene on demand to maintain a pressure of 450 psig. (3.1 MPa). The polymer
solution was either transferred from the reactor into a glass kettie followed by
thorough drying using a vacuum oven or discarded. In cases where the polymer was
isolated and dried, the catalyst efficiency was caiculated as kilograms polymer per
gram titanium. In cases where the polymer was not saved, the efficiency was
calculated as kilograms ethylene consumed during the reaction per gram of titanium.
Details of the polymerizations are shown in Table 1.
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Tabie 1
Run Cocatalyst 3rd Component solvent Octene Eff.
{1mol) fumol) (@  (g) (Kg CoHJ/gTi)
1 A 2.5 MMAO 25 1426 138 0.8
2 A 375 “ “ 1423 132 1.0
3 A 3.15 “ “ 1415 138 0.9
4 A 5.0 “ “ 1410 136 1.0
5 A 1.5 " ¢ 1433 - 137 05
6 A 375 none 0 1432 130 0.5
7 A “ MMAO 25 1462 137 0.6
8 A “ TIBA “ 1459 133 0.7
9 A “ DIBAL-BOT “ 1470 130 0.9
10 B - : 50 1427 139 1.5
11 C “ “ “ 1420 140 0.8

Example 2
Preparation of bis(hydrogenated-taliowalkyl)methylammonium
tetrakis(pentafiuorophenyi)borate ((Cia2Hyres):N*(Me)HB(CoF;)s)

The synthetic steps of example 1, preparation C were substantially repeated
excepting that the ammonium salt was prepared from the bis(hydrogenated-
tatiowalkyl)methylamine (a trialkyl amine containing a mixture of Cis.z; alkyt groups
derived from tallow, available from Witco Corporation or Akzo Nobet).

Preparation A

Bis(hydrogenated-tailowalkyl)methylamine (KEMAMINE® T-9701 obtained
from Witco Corporation; the molecular weight of this amine was calculated to be
513.8 from the “Total Amine Value" reported by the supplier) (5.65 g, 11.0 mmol) was
dissoived in 50 mL of hexane. HCl in ether {1 M, 13.75 mL) was added by syringe,
resulting in a white precipitate. The mixture was stirred for 30 minutes, then filtered
using a gtass frit having a pore size of 10-5 um. The solid that remained was washed
with hexane and dried under vacuum.

In the drybox, 1.20 g of the amine HCI sait obtained above (2.18 mmol) and
1.57 g of LiB(CsFs)s (2.29 mmol) were mixed in hexane and stirred for 2 hours at
25°C. At the end of this time, cyclohexane was added (10-15 mL) and the solution
was filtered using a glass frit having a pore size of 10-15 um and topped with a
diatomaceous earth filter aid (Celite™). The concentration of this solution was
measured gravimetrically to be 6.3 wt percent.
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Preparation B

Bis(hydmgenatgd-tallowalky!)methylamine (ARMEEN® M2HT obtained from
Akzo Nobel; the moiecular weight of this amine was reported on the certificate of
analysis provided by the supplier to be 521.1) (5.00 g, 9.6 mmol) was dissoived in 50
mL of hexane. HClin ether (1 M, 10.1 mL) was added by syringe, resulting in a white
precipitate. The mixture was swirled by hand for 10 minutes, then filtered using a
glass frit having a pore size of 10-15 um. The white solid that remained was washed
with hexane and dried under vacuum.

In the drybox, 2.00 g of the amine HC! sait obtained above {3.59 mmol) and
2.58 g of LiB{CsFs)s (3.77 mmol) were mixed as solids. Cyclohexane (30 mL) was
added and the mixture was stirred for 2 hours. At the end of this time, the mixture
was filtered using a glass frit having a pore size of 10-15 um topped with Celite™
filter aid) to give a clear, pale brown solution. The concentration of this solution was
measured gravimetrically to be 10.3 wt percent.

Pre: on C ( in situ gene nof h chloride sait)

Bis(hydrogenated-taliowalkyl)methylamine (ARMEEN® M2HT, 1.0 g, 1.92
mmol) was dissolved in 25 mL of methyicyclohexane. Aqueous HCI (1 M, 1.92 mL)
was added by syringe. The mixture was stirred for 30 minutes, then a sofution of
LiB(CeFs)s (1.32 g, 1.92 mmot) dissolved in 20 mL of water was added. The mixture
was stirred for another 30 minutes. It was then poured into a separatory funnef and
50 mL of saturated aqueous NaCl was added. The layers were separated and the
aqueous layer discarded. The organic layer was dried over MgSO, ovemnight. The
mixture was then filtered using a glass frit having a pore size of 10-15 um to give a
clear pale brown solution. The solution was transferred to a bottle, sparged
thoroughly with nitrogen, and taken into the drybox. The concentration of this
solution was measured gravimetrically to be 17.5 wt percent.

Preparation D: Large scale

Methyicyciohexane {1200 mL) was placed in a 2L cylindrical flask. While
stirring, bis(hydrogenated-taliowalkyl)methylamine (ARMEEN® M2HT, 104 g, ground
1o a granuiar form) was added to the flask and stirred until completely dissoived.
Aqueous HCI! (1M, 200 mL) was added to the flask, and the mixture was stirred for 30
minutes. A white precipitate formed immediately. At the end of this time, LiB{CgFs}s *
Et;O « 3 LiCl (MW = 887.3; 177.4 g) was added to the flask. The solution began to
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turn milky white. The flask was equipped with a 6” Vigreux column topped with a
distillation apparatus and the mixture was heated (140 °C external wall temperature).
A mixture of ether and methylcyciohexane was distilled from the flask. The two-
phase solution was now only slightly hazy. The mixture was aliowed to cool to room
temperature, and the contents were placed in a 4 L separatory funnel. The aqueous
layer was removed and discarded, and the organic layer was washed twice with H,0
and the aqueous layers again discarded. The product solution was divided into two
equal portions for the evaluation of two workup procedures. These H,O saturated
methyicyclohexane solutions were measured to contain 0.48 wt percent diethylether
(Et.0).

Workup Procedure b 13X Molecular Sieve Technique

The solution (600 mL) was transferred into a 1 L flask, sparged thoroughly
with nitrogen, and transferred into the drybox. The solution was passed through a
column (1" diameter, 6” height) containing 13X molecular sieves. This reduced the
level of Et,0 from 0.48 wt percent tc 0.28 wt percent. The materiai was then stirred
over fresh 13X sieves (20 g) for four hours. The Et.O level was then measured to be
0.19 wt percent. The mixture was then stirred overnight, resulting in a further
reduction in Et,O level to approximately 40 ppm. The mixture was filtered using a
funnel equipped with a glass frit having a pore size of 10-15 um to give a clear
solution (the molecutar sieves were rinsed with additional dry methylcyciohexans).
The concentration was measured by gravimetric analysis yielding a value of 16.7 wt
percent.

Workup Procedure b Vacuum Technique

The solution (600 mL) was transferred to a 1 L flask and 35 g MgSO, was added.
The mixture was stirred for 5 minutes, then filtered through a funnel equipped with a
glass frit having a pore size of 10-15 um into a second 1 L flask. The clear solution
was sparged thoroughly with N, and transferred into the drybox. The volatile
materials were removed under vacuum to leave a clear, pale yellow oil. This oil was
redissolved in dry, deoxygenated methylcyciohexane and the concentration was
measured by gravimetric analysis (23.5 wt percent). Analysis by GC indicated that
the solution contained <20 ppm Et,0.
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Polymerization

The polymerization conditions of Example 1 were substantially
repeated using the above tallow amine sait derivatives as activators and
various transition metal complexes as catalysts. Results are contained in
Table 2. '

Table 2
Run Catalys®t CocatPrep 3™ Component Solvent(g) Octene{g} Efficiency
-fumol ol of {Kg C:HJg T
12 A(1.5) A (2.25) DIBAL-BOT (15) 1461 135 1.35
13 A(1.5) B {2.25) DIBAL-BOT {15) 1461 137 1.35
14  A(1.5) C (2.25) DIBAL-BOT (15) 1453 139 1.90
15 B(0.5) C{0.75) DIBAL-BOT {5) 1444 137 3.29
16 A {0.5) C{0.75) DIBAL-BOT (5) 1462 140 4.02
17 B{05) C(0.75) DIBAL-BOT(5) 1456 137 2.51
18 C(0.5) C{0.75) DIBAL-BOT (5) 1450 138 277

*A= (t-hutylamido)dimethyl(qs-tetramathylcyclopentadianyl)titanium (n"-1,3-pentadiene)
B= (isopropylamido)(dimemyt;(ns-z.s.4.6-tetrametl'1ylindenyl)titanium dimethyl
C = (t-butylamido)(dimethyl)(1y°-2,3,4,6-tetramethylindenyititanium dimethyl

Example 3

Preparation of di(hydrogenated tatlowaikyl)methylammonium methyli)tris-
(pentafiuorophenyl)phenylborate ((Cis22Hyrs):N(Me)H" B(CeHsH(CoFs)s)

The synthetic steps of exampie 2 were substantially repeated excepting that
the borate salt was the lithium sait of methyitris(pentafiuorophenyi)borate.

Polymerizations

A one gallon stirred reactor was charged with 1440 mL Isopar™ E solvent,
126 g of 1-octene, and hydrogen (about 25 mi at 35 Apsi, 0.24 AMPa). The reactor
was heated to 130°C and saturated with ethylene to 450 psig (3.1 MPa). The catalyst
composition was prepared in a drybox by mixing together (t-butylamido)dimethyl{n’-
tetramethyicyclopentadienyl)titanium (n*-1,3-pentadiene) catalyst, dithydrogenated-
tallowalkyl)methylammeonium)tris{pentafluorophenyl)phenylborate and
(triisobutylaluminum modified methylalumoxane (MMAO) to give atomic ratios of B/Ti
of 1.5/1 and of Al/Ti of 10/1. This mixture was then transferred to an addition loop
and injected into the reactor. The polymerization was allowed to proceed for 10
minutes while feeding ethylene on demand to maintain a pressure of 450 psig. (3.1
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MPa). The polymer solution was transferred from the reactor into a glass kettle and
dried in a vacuum oven at 120 °C for about 16 hours. Efficiency was 0.6 (Kg
polymer/ g Ti metal).

Example 4

Preparation of di(docosyl)methylammonium tetrakis(pentafluorophenyl)borate
(C2zH4s)2(CHL)NH B(CoFs)s

(CaaHas)2(CHa)NH B(CeFs)s (ARMEEN® M2HE obtained from Akzo Nobel)
(3.87 g, 5.97 mmol) was dissolved in 40 mL of hexane. Aqueous HCI (1 M, 5.97 mL)
was added by syringe, resuiting in the formation of a white precipitate. The mixture |
was placed on a mechanical shaker and shaken vigorously for 30 minutes, then
LiB(CqFs)4 (4.30 g, 6.27 mmol) in a mixture of 30 mL of water and 20 mL of hexane
was added. The mixture was shaken for another 30 minutes. It was then poured into
a separatory funnel and the aqueous layer was removed. The organic layer was
washed twice with 30 mL of saturated aqueous NaCl followed by two water washes.
The organic layer was dried over MgSO,. The mixture was then filtered through a
glass frit (10-15 um) to give a clear paie brown solution. The solution was transferred
to a bottle, sparged thoroughly with nitrogen, and taken into the drybox. The hexane
was removed under vacuum to give a solid residue. This residue was triturated with
10 mL of pentane to yieid a pale brown solid. This solid was re-dissolved in 35 - 40
mL of Isopar E, and the concentration of this solution was measured gravimetrically
to be 18.0 weight percent.

Polymerization

Substantiaily repeating the polymerization conditions of Example 1 using 1444
g mixed alkanes solvent, 124 g 1-octene comonomer, 1.0 umol of (-
butyiamido)dimethy! (ns-tatraméﬂnylcydopentadienyl)titanium {n*-1,3-pentadiene)
catalyst, 1.0 umol di{docosyl)methylammonium tetrakis(pentafluoro-phenyl)borate
cocatalyst and 10umole methylalumoxane scavenger resuited in the formation of
ethylene/1-octene copolymer with an efficiency of 3.2 Kg polymer/ g Ti.
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1. A catalyst activator comprising a cation which is a Bronsted acid
capable of donating a proton, and an inert, compatible, noncoordinating, anion,
characterized by a solubility at 25°C in hexane, cyclohexane or methylcyciohexane of
at least 5 weight percent.

2. A catalyst activator according to claim 1 wherein the activator is
represented by the following general formula: {L™-H]*A", wherein:

L'isa nitrogen, sulfur or phosphorus containing Lewis base; and
A’ is a noncoordinating anion.

3 A catalyst activator according to claim 2 wherein the noncoordinating
anion is tetrakis(pentafiuorophenyl)borate. '

4 A catalyst activator according to claim 2 wherein the Lewis base
comprises from 1 to 3 Cyo4o alkyl groups with a total of from 12 to 100 carbons.

5 A catalyst activator according to claim 2 wherein the Lewis base
comprises 2 Cyo4o alkyl groups and from 21 to 90 total carbons.

6. A catalyst activator according to claim 1which is
di{octadecyl)methylammonium tetrakis(pentafiuorophenyl)borate, or di(hydrogenated-
tallowalkyl)methylammonium tetrakis(pentafluorophenyl)borate.

7. A catalyst system for polymerization of a-olefins comprising a Group 4
metal complex and a catalyst activator according to any one of claims 1-6.

8. A polymerization process comprising contacting one or more o-olefins
under polymerization conditions with a catalyst system according to claim 7.

9. A process according to claim 8 which is a solution polymerization.

10. A polymerization process according to claim 9 which is a continuous
solution polymerization.



