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The class of alkylalumoxanes comprises oligomeric linear and/or cyclic
compounds represented by the formulas R-[Al(R)-0],-AlIR; for linear oligomeric
alumoxanes and [-Al(R)-0}, for cyclic oligomeric alumoxanes where R is a C4-C; alkyl

15 group. If R is the methyl group, the compound is called methylalumoxane or MAQ.
MAO has been the most widely used cocatalyst in metallocene catalyst systems.

It is an object of this invention to obviate the use of MAO as a cocatalyst for
metallocene complexes.

The invention relates to catalyst compositions for olefin polymerization

20 comprising metallocene complexes and alkylaluminate cocatalysts. The catalyst
composition may be homogeneous catalysts or supported heterogeneous catalysts
which take the form of free flowing particles which comprise an activated metallocene
catalyst.

The cocatalysts of this invention for metallocene complexes are oligomeric

25  alkylaluminates which can be represented by the formula [-Al{CHs)-0},-[-Al(OR)-0-],
where R is a strongly sterically hindered alky! group derived from a carbinol and
where the p:q ratio can vary from 10:1 to 0:1. These cocatalysts are produced either
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also be a part of a bicyclic or a tricyclic moiety such as indenyl, tetrahydroindenyi,
fluorenyl or a partially hydrogenated fluorenyl group, as well as a part of other
substituted bicyclic or tricyclic moieties. In the case when x is equal to 2, the

20  cyclopentadienyl groups can be also bridged by polymethylene or dialkylsilyl groups
such as -CH,-, -CH,-CH,-, -CR'R"- and -CR'R"-CR'R"- where R’ and R" are small alkyl
or phenyl groups or hydrogen atoms, -Si(CHa),-, -Si(CHs)2-CH2-CH,-Si(CHs).-, and
similar bridge groups. If the A and B substituents in the above formula of a
metallocene compound are halogen atoms, they belong to the group of fluorine,

25  chlorine, bromine or iodine; and y + z is 3 or less, provided that x + y + z equals the
valance of M. If the substituents A and B in the above formula of the metallocene
compound are alkyl groups, they are preferably linear or branched C,-Cs alkyl groups,
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, n-hexyl or n-
octyl.

30 Suitable metallocene compounds include:
bis(cyclopentadienyl)metal dihalides,
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Pt s (N but Y {deioamadienyitdniam tichloride,
: bis(cyclopentadienyl)hafnium dichloride,
bis{cyclopentadienyl)zirconium dimethyl,
bis({cyclopentadienyl)hafnium dimethyl,

15 bis(cyclopentadienyl)zirconium hydridochloride,

bis(cyclopentadienyl)hafnium hydridochioride,
bis(n-butylcyclopentadienyl)zirconium dichloride,
bis(n-butylcyclopentadienyl){hafnium dichloride,
bis(n-butylcyclopentadienyl)zirconium dimethyl,

20  bis(n-butylcyclopentadienyl)hafnium dimethyl,
bis(n-butylcyclopentadienyl)zirconium hydridochloride,
bis(n-butylcyclopentadienyl)hafnium hydridochioride,
bis (1,3-dimethylcyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,

25 cyclopentadienylzirconium trichloride,
bis(indenyl)zirconium dichloride,
bis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride, and
ethylenelbis(4,5,6,7-tetrahydro-1-indenyl)]zirconium dichloride.

In the catalyst compositions of the invention, one or several of these

30 metallocene complexes are contacted with an alkylaluminate cocatalyst containing

strongly sterically hindered alkyl groups. These cocatalysts are oligomeric products
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atom or acemtexbet thisiinyention gis:an alcohpbeentaining iatrisubstitubed aliphatic earbop it s
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group, RR"R”COH or RR"HCOH, where substituents R’, R” and R™ are the same as
in sterically hindered alkyl groups described above. lllustrative but nonlimiting
examples of the sterically hindered carbinols include triphenyl carbinol, diphenyl
carbinol, tert-butanol, 1-adamantanol, 2-adamantanol, endo- and exo-norborneols,
20 and fenchyl alcohol (1,3,3-trimethyl-2-norbornanol).
These oligomeric cocatalysts are produced by any of two alternative synthetic
methods. In the first method, the cocatalysts are produced by reacting MAO with a
sterically hindered carbinol.
The reaction between MAO and any of the said carbinols can be carried out in
25  solution in any nonpolar solvent, such as a paraffinic hydrocarbon, a cycloalkane or
an aromatic hydrocarbon, in a broad range of temperatures, from sub-zero to
elevated temperatures. The optimum reaction temperatures are from 10 to 70°C.
The reaction proceeds vigorously with the formation of methane. It can be assumed
that the reaction can be described by the following equation:
30 [-Al(CHs)-O] + ROH — [-A{OR)-O-] + 2 CH,
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Al(CH3)s + 2 ROH — (CH3)A(OR), + 2 CH;

15 and produces methylaluminum alkoxides. The ratios between Al(CHa,); and the
carbinol can vary from 1:1 to 1:2. '

In the second stage of the preparation of the cocatalyst, the product of the first

stage is contacted with water. This stage of the reaction can also be carried out in a
broad range of temperatures, from sub-zero to elevated temperatures. The optimum

20 reaction temperatures are from 10 to 70°C. The reaction is relatively slow and
requires, depending on temperature, from 15 to 60 minutes to come to completion. It
can be monitored by observing a slow disappearance of drops of water on the bottom
of the reaction vessel. The total amount of water can be added to the reaction vessel
in one step or in several consecutive steps. It is believed that these reactions

25 proceed as shown:
(CH;)A{OR) +H,O — [AOR)-O], +2 CH,
Depending on the ratio between Al(CH,)s and said carbinol in the first stage of the
catalyst synthesis and the ratio between the products of the first stage and water, this
method produces compounds which can be represented by the formulas:

30  [-Al(CHs)-O],-[-Al(OR)-0-], (sterically hindered alkyl alkylaluminate) where the q:p
ratio varies from 1:10 to 1:0.
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15 After impregnation or deposition of the metallocene complex and the aluminate
into the support, excess solvent is removed by evaporation at elevated temperature.

The catalyst of this invention can be fed to a solution reactor, a slurry reactor
or a fluidized bed gas-phase reactor for polymerization and copolymerization of
ethylene and alpha-olefins. The temperature of polymerization can range from 25° to

20 125°C, but more generally between 50° to 115°C, at pressures of less than 10000
psi.

The catalyst can be used, for example, to produce high density polyethylene or
linear low density polyethylene which is a copolymer of ethylene and a higher alpha-
olefin such as 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-pentene, etc.

25 Example 1. Triphenyl carbinol (0.247 g, 0.95 mmol) was dissolved in 3 cc of
purified toluene in a 25-cc glass bottle sealed with a rubber septum, and MAO (1.9
mmol, 0.4 cc 4.75 M solution in toluene) was added to it at the [OH groups in
carbinol}:[MAOQ] ratio of 0.5. Vigorous reaction (ca. 5 min at room temperature) with
methane evolution (the gas was released from the bottle through a syringe needle)

30 ensued resulting in the formation of orange-colored solution. Based on the known
structure of MAO, the reaction product can be described as an oligomer containing
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Example 2. Triphenyl carbinol (0.395 g, 1.54 mmol) was reacted, as described
in Example 1, with MAO (1.9 mmol) for 1 hour at the [OH groups in carbinol}:[MAQ]
ratio of 0.8 to produce an alkylaluminate containing predominantly [-Al(OCPh;)-O-}

units. The reaction product was tested in combination with C.H,(indenyl),ZrCl,

20 (0.00029 mmol) in an ethylene/1-hexene copolymerization reaction under conditions
of 'Example 1. The amount of the cocatalyst was 1.9 mmol and the [Al]:[Zr] ratio was
6550. The reaction produced, over a 60-min period, 22.9 g of an ethylene/1-hexene
copolymer containing 4.1 mol.% of 1-hexene with a melt index of 14.2. Catalyst
productivity was over 79,000 g PE/mmol Zr.

25 Example 3. Triphenyl carbinol (0.248 g, 0.957 mmol) was dissolved in 3 cc of
toluene and was reacted, as described in Example 1, with MAO (1.8 mmol) for 1 hour
at the [OH groups in carbinol].[MAO] ratio of 0.5. The reaction product was mixed
with C,H(indenyl),ZrCl, (0.00147 mmol) at a [Al]:{Zr] ratio of 1290. An aliquot of this
mixture containing 0.00098 mmol of the zirconium complex was tested as a single-

30 component catalyst in an ethylene/1-hexene copolymerization reaction under



5 hexene copol ynerization conditions. The copol ynmerization reaction was

carried o% én a 500-cc stainless-steel autoclave equi HOIHUSIBL2IM4A
stirrer, d DAY oupl e, and several ports for adding reaction
conponents. Prior to polynerization, the reactor - was purged with

nitrogen at 105-11 O[err]C for 1 hour. The copol ynerization reaction
was carried out at 80[err]C in n-heptane (230 cc) as a solvent, at a 0.64
mol /1 1 -tenditiens of Exampis s khereaatiopqroduced onera 9@-roiptperiodk 46.9 grof an

Phe sol vesthvistierthexBpekorblimr; Gtalystproductitivad 12200 § PEfftibhZrt ©: he
al kyl al'um nat eggagighalyy Stri EarbifolR@, 707 ,rQ.K rﬁHdol) was diésgied i3 gind

the [Al]:[Zr] rati o was 6550. “The reaction oduced, "-over a 30-mn
peri od, 2FMA (2.8mmol)sciiytiemin heptanedor 30apinl \Based onkaownechemistrywf. % of 1

-hexene 15 wth a nelt index of 14.0. Catalyst productiyity was ,over
050005 g taEche batween tralkylaldmirkigh Famposnat,anshRIRoHS A TasAoR e 305 g
1.54 mol ) j in Ad ( Fhanmedt)
For 1 moudinty e AROAREICERFAN OGP (B0 in i fhdfioh b Bk
produce awatdrasadded 2 the solutioni indwprsteps] firstin an mSunboPREar (1.35 Mirhol)
units. The reaction product was tested in _conbination with

C2H4( i ndeferi3@mircioachieve @rolbk2d:[Athsatio of 0 ard @pparently. iasreduce

he. cooar 8o aRlBate n IR ENPAROANGHRICHIEY ahd thed ) AgRone
react ion gt &l anmoigit of 2804 11.24ARRIdN ko reBch tHe@btal O FIAIFRRLof 01911y

copol ymer containing 4.1 nol.%of 1 -hexene wWith a I ndex of 14.2.

Cat al yst to producedar alkylalyminate coatainingpredgrigantipl zr. 25 Exanpl e
ol uene aEEPRdetnitss Thedtestian piPALeL whs fested T combiRASon W8hamol ) f or
ooy oSHIASIRERC IO RN SRR chABglorbRmTR g |
[ Al'] : [ Zr] reaxdtion pressai0of 1680 psi apdat the FAM]{Zr] ratio mf 4860e Trentedationgprodoceds
caral Yot PHoGR EDIPILREHad 2oL 85 SXVIeReLERPHR: Gopalveret GRBING 2.6
8 mol.% of 1-hexene. Catalyst productivity was over 10,000 g PE/mmol Zr.
Example 5. Fenchyl alcohol (1,3,3-trimethyl-2-norbornanol, 0.186 g, 1.2 mmol)
was dissolved in 5 cc of toluene and was reacted, as described in Example 1, with
MAO (2.4 mmol) for 1 hour at the [OH groups in alcohol].[MAQ] ratio of 0.5. The
20 reaction product was tested in combination with C.H4(indenyl),ZrCl, (0.00147 mmol)
-in an ethylene/1-hexene copolymerization reaction under conditions of Example 1 at
the reaction pressure of 180 psi and at the [Al]:[Zr] ratio of 1610. The reaction
produced, over a 180-min period, 8.3 g of an ethylene/1-hexene copolymer
containing 2.4 mol.% of 1-hexene with a melt index of 34. Catalyst productivity in the
25  polymerization experiment was 5,600 g PE/mmol Zr.
Comparative Example 1. Triphenyl carbinol in an amount of 1.401 g (5.4
mmol) was dissolved in 8 cc of toluene, the solution was flushed with purified nitrogen
and slowly added to a 25-cc glass bottle sealed with a rubber septum containing 2.0
cc of 1.35 M solution of TMA in heptane. A vigorous reaction resulted in a rapid
30  methane evolution (the gas was released from the bottle through a syringe needle);
the reaction product remained dissolved in toluene. Based on known chemistry of



conditions of Exanple 1. The reaction produced, over a 90-mn m&(} 16.9
g of an’. woshhwswne/ 1 - hexene copol yner. Catal yst product i V& ‘f'&“ ﬁ‘? 200

g PE/ nmol Zr. Exanpl e 4. Triphenyl carbinol (0.702 g, 2.7 nmol)

was di ssolved in 3 cc of TVA (2.7 mmol) solution in heptane for 30 min.
Based on known chem stry of 5 reactions %etween trial kyl al um num conpounds
and al cohol s, formation of di net %al um num al koxi de
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(Ph3CO (CH3) Al -O- Al (CH3) (OCPh3) and then, in _the secon tep, in an

anount  of Iz@Eene copglymenization )'ea@ilqrbumien ¢rnditiens of Exampjent jandwasfandy. 9: 1
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[ - Al (CﬁPh['QP |‘feO] units. The reaction product was tested in conbination

Wwith C2HA( ceﬁﬁsafbin?@%awpa&w%dundm&{n aRdMol irPaf lanburkt & 0. 4988 f""’-”
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with 10 peNain2ddnsohition. ofhd phoduct was iesteﬁd]fh corobimation withe GIQHJ.(]nC{GM&DLZrClz

(M e 900AE o 1 BB hevars Robsb it oacHh e Sions
copol yneri 5ptk%g[§?%wagm§]dﬁ%?ﬂ¥%| ons of Exanple 1 at t he

reacti on pressur e [Al]:[Zr] ratio of 1610. The

reaction pthpardtweEe&amplé 38CLIquid 22{2-tr¢ﬂudi‘06tl‘@rml irean anfuunt o8 0120 cc
- hexene co coni ai ni % of 1 -hexene with a nelt index

of 34. Cat O%ﬂms})mﬁmp w@d; lﬁnf{gﬁ%°§9urlfs@dMﬂengmddﬁa%ﬁséﬁdﬁ@m%ﬁ%9@9@00

ng))E/nt of lllglseal?%“ﬁthan%@ﬁ#ﬁu%ea@(%a ég cc oh‘ cﬁg ueEr%8 ﬂgéﬂe

sol uti on wAvifbratisagantiom resulidd incmeatHaneosvolution; wrédoﬁbh)zpraddad'ehﬁlﬂed in
25-cc glass bottle sealed with a rubber septum cont ai ni n cc of

1.35 M sol $RlufianoBased emkRewp shemistry of seastionshatwesn tﬂa&ulah@alnum a rapid
B oL il SRl BSn R A kb Be R R
Based on kizaaxpettedirsthiy rédction. Then neat water was added to the solution in two steps,
20 first in an amount of 24 ul (1.35 mmol) to achieve an [H.O]:[Al] ratio of 0.5 and
apparently to produce methylalkoxydialumoxane (CF;CH,0)(CH3)AI-O-
Al(CHs)(OCH.CF;) and then, in the second step, in an amount of 22ui (1.24 mmol) to
reach the total [H,O):[Al] ratio of 0.9:1. The reaction product was tested in
combination with
25 CaH4(indenyl)ZrCl, (0.00294 mmol) in an ethylene/1-hexene copolymerization
reaction under conditions of Example 1 and was found to have very low activity, ca
2,700 g/mmol Zr for 170 min.
Comparative Example 4. Triphenyl silanol in an amount of 0.657 cc (2.38
mmol) was dissolved in 8.5 cc of purified toluene in a 25-cc glass bottle sealed with a
30 rubber septum, and MAO (4.75 mmol, solution in toluene) was added to the bottle.
The reaction resulted in methane evolution; the reaction product remained in
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The reaction resulted in nethane evol ution; the reaction product renained
in modifications, and variations as fall within the spirit and broad scope of the appended

claims.
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copol ymer i eaction under conditi*ons ot " EXanmple 1 and was found
I hacti ve. These exanpl es denonstrate that oligoal kyl al um nat es
with sterically hindered 5 alkyl groups (derived fromvarious highly
sterically hindered carbinols are effective cocatal ysts for

net al | ocenecgappiexes in ol efin polymerization reactions. Conparative
Exanpl es show that neither al um num di al koxi des formed fromthe sane

carbi nol s (Conpaflati vé catalyst somposition for pelymenizationcef ajpbawiefliny mvnsmg the

Fram ot ano ”°r*ea)nm%! By 8 i61eMebaNg By SEPLA Hankiari R 5 e BHid 7,

met al | oceneg CpVAlBxes. Thus it is apparent that there has been
provi ded, in acc rdance with the invention a synthesis that fully
satisfied the. obwhersin xansn‘lsprandwasiutamugezlrsmwmnhafmum &mwisad Wi le the

h b d ed nbodi t
thereof 31t 1 Eé?qeﬁéc{q@enm%ﬁé? Rl tycloapTaciatbsoun g 15
variations will bocBRRRfN ng@r&nmﬁaﬁgid b4 of 8 BIBReIRIr 4 tidycliéndibty dtewhen

f oregoi ng cord i's inten euen
al ternatives, X is thhé t\mbydopentanmemdrgrampmaee eptidrally bridged; amd eaph of A

(ﬂd broad scope g];'tdtBh ?s gglgcted fgom the grl)up consisting of a halogen atom, a hydrogen
atom, an alkyl group, or combinations thereof; providing that x+y+z is equal to
10 the valence of M; and .
a cocatalyst, alkylaluminate of the general formula [-Al(CHa)OJ,-{AI(OR)O],-, wherein
R is a sterically hindered alky! group and the q:p ratio varies from 1:10 to 1:0, said
sterically hindered alkyl group containing a trisubstituted aliphatic carbon atom, -
CR'R’R", or a disubstituted aliphatic carbon atom, -CHR'R", where substituents R’,

15 R’ and R are the same or different aliphatic, aromatic or alkylaromatic groups.
2. The catalyst composition of Claim 1, wherein x is 2.
3. The catalyst composition of Claim 2, wherein M is Zr.
4. The catalyst composition of Claim 3, wherein A and B are Cl.

5. The catalyst composition of Claim 4, wherein Cp is n- butycyclopenta-
dienyl group.

6. The catalyst composition of Claim 4 wherein Cp is a tetrahydroindenyl
group and where the two tetrahydroindenyl groups are linked by an ethylene bridge.

7. The catalyst composition of Claim 4 wherein Cp 'is- an indenyl group and
where the two indenyl groups are linked by an ethylene bridge.
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al pha-ol efj r| si ng m@ij H § ﬂi product of a met ammwmnwarm ex
of a trans‘fvﬁsggﬁgﬁgt al of l Cplerr] MAB[ err]
wherein x is 1 or 2; Mis titanium 2|rcon|umor hafnium Cp is a 5

cycl opent adi enyl group, a substituted cygjopentadi enyl group, a

cycl opent adi enyl group that is a part of a bicyclic or a tricyclic noiety

or, when 8. The lcaté]ysttdwnpmtloryof Clesint 4&vhergin Qp dsipstetrahydnainders/ | y
br| dged and each of A i s sel ected frgm t he_"gé BUE
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or conbin t hereof; providing that x+y+z is equal to 10 t he
val ence of and a cocatal yst, al kylalum nate of the general fornula
[-Al (CH err])Op-[A(OR[err]-, wherein Ris a sterlcally hi nder ed

al kyl group and the % p ratio varies from1:10 to 1:0, said sterically
hi ndered al kyl $r oup?becatalystrprapesitienof Claim ‘éwhgramhm alkyl-gnoup Riinvthe -

Subst | ey BIHEREL SeibSled TR bicket GimBlis R boeayieliy, HifeRyimety

aromati C Ofndh @thwi?-ﬁbﬁbﬁ?ﬁanyl groups. 2. -The catal yst
conposi tion of Gaim1, wherein x 1s 2. 3. The catal yst

conposition of Claim2, wherein Mis Zr 4. The cat al yst
conposi tion of ai rein Aand B are (O, . ) o The
catal yst conposiYion 8? %‘@Vﬁ 99"‘%%?3? r??éza'f'%" fhergin theq-patieds 1.0.

di enyl group. : The catal yst conposition of Claim4
wherein Cp is a tetrahydroi ndenyl group and where the two

t et r ahydr oi ndeny1. gr dhe<atalyst ¢corkpasition of Clainy l avherkein theeq:p ratio is 0.1.

12. The catalyst component of Claim 1, wherein the catalyst composition
comprising the contact product of a metallocene complex of a transition metal of the
formula Cp.MA,B; and the alkylaluminate with sterically hindered alkyl groups of the
formula -JAl(CHa)OJ,-[A{OR)O),- is supported on an inert porous support.

13.  The catalyst composition of Claim 1, wherein the alkylaluminate
cocatalysts of the formula -[AI(CHs)O0],-[Al(OR)O],-wherein R is a sterically hindered
alkyl group and the p:q ratio varies from 10:1 to 0:1, are produced by reacting

5 alkylalumoxane with a sterically hindered carbinol dontaining a trisubstituted aliphatic
carbon atom or a disubstituted aliphatic carbon atom in the alpha-position to its
hydroxyl group, R'R'R”COH or R'R"HCOH, wherein substituents R”, R” and R™ are
the same or different aliphatic, aromatic or alkylaromatic groups; in the amounts
required to produce the cocatalysts at the p:q ratios of 10:1 to 0:1.

14.  The catalyst composition of Claim 13 wherein the sterically hindered
carbinol is triphenyl carbinol, diphenyi carbinol, or 1,3,3-trimethyl-2-norbornanol, in
the amounts required to produce the cocatalysts at the p:q ratio of 10:1 to 0:1.
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reacting

16. The catalyst compasition of Claim 15 wherein the sterically hindered
carbinol is triphenyl carbinol, dipheny! carbinol, or 1,3,3-trimethyl-2-norbornanol.
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(54) Titlee CATALYST SYSTEMS FOR OLEFIN POLYMERIZATION BASED ON METALLOCENE COMPL] AND
OLIGOALKYLALUMINATES WITH STERICALLY HINDERED ALKYL GROUPS AS COCATALYSTS

(57) Abstract

A catalyst composition comprising a metallocene of a group 4 metal and an alumoxane is disclosed. The alumoxane is composed
of both methylalumoxane and bulky alkoxyalumoxane monomers in the same polymeric alumoxane compound. Examples of the
bulky alkoxy group of the alumoxane include di- and trisubstituted aliphatic carbon atoms, e.g., triphenylmethoxy, diphenylmethoxy,
1,3,3-trimethyl-2-norbomanyloxy. These mixed alumoxanes are made by either reacting MAO with the corresponding bulky alcohol, or
by reacting the bulky alcohol with TMA followed by hydrolysis.




