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herein refers uRful In Olefin Polymerization

This invention relates to a new type of solid
particulate metallocene-containing catalyst system.
useful for the polymerization and/or copolymerization
of olefins. The invention is also related to a process -

5 for conducting polymerization of olefins using the
inventive solid metallocene catalyst system.
_ The term "Metallocene"” as used herein refers
to a derivative of cyclopentadienylidene which is a -
metal derivative containing at least one

10 cyclopentadienyl component which is bonded to a
trangsition metal. The transition metal is selected
from Groups IVB, VB, and VIB, preferably IVB and VIB.
Examples include titanium, zirconium, hafnium,
chromium, and vanadium. A number of metallocenes have

15 been found to be useful for the polymerization of
olefins. Generally, the more preferred catalysts are
metallocenes of Zr, Hf, or Ti.

Generally, in order to obtain the highest
activity from metallocene catalysts, it has been

20 necessary to use them with an organoaluminoxane
cocatalyst, such as methylaluminoxane. This resulting
catalyst system is generally referred to as a
homogenous catalyst system since at least part of the
metallocene or the organoaluminoxane is in solution in

25 the polymerization media. These homogenous catalysts
systems have the disadvantage that when they are used
under slurry polyme#ization conditions, they produce
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i nvol ved trfbprQQQLXﬂ@LLZQ}LQQmOLiEQSr in the presence of or in the
absence of a support. An evaluation of these
techniques has revealed that there is still room for
improvement, particularly when the catalyst is one
which is to be used in a slurry type polymerization
15 where the object is to produce a slurry of insoluble
particles of the end product polymer rather than a
solution of polymer which could result in fouling of
the reactor. In the operation of a slurry
polymerization in a continuous loop reactor it is
20 extremely impoitant for efficient operations to limit
polymer fouling of the interngl surfaces of the
reactor. The term "fouling" as used herein refers to
polymer buildup on the surfaces inside the reactor.
The present invention provides novel
25 metallocene-contaihing catalyst compositions and a new
method for preparing a solid metallocene-containing
catalyst system. The invention also provides a method
for polymerizihg olefins using the new type of
prepolymerized metallocene-containing catalyst systems.
30 In accordance with one aspect of the present
" invention, a solid particulate metallocene-containing
catalyst system is produced by (a) combining an
organocaluminoxane and at least one metallocene having
at least one cyclopentadienyl-type ligand having at
35 least one olefinic unsaturated substituent in a liquid
to form a liquid catalyst system, (b) conducting
: prepolymefization of at least one olefin in the
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there is still roomfor inprovenent, particularly when the catmﬁhﬁLﬂcruwm
W ch is to be used in a slurry type. CASE: 33236 ==
-2 - polynerization where the object is to produce a slurry of insoluble
particles of the end -3 - :

presence of said liquid catalyst system, to produce a
prepolymerized solid catalyst, and (c) separating the
resulting solid from the liquid and the components
dissolved in the liquid, said solid being the solid

5 particulate metallocene-containing catalyst system.
The phrase "liquid catalyst system" as used herein
refers to the combination of the aluminoxane, the
metallocene, and the ligquid, irrespective of whether
the aluminoxane and/or the metallocene are dissolved in

10 the liquid. _

In accordance with another aspect of the
invention, there is provided a catalyst composition
useful in the polymerization of olefins, which
comprises at least one metallocene hafing at least one

15 cyclopentadienyl-type ligand having at least one
. olefinically unsaturated substituent supported on an
inorganic support. |

In accordance with a further aspect of the
present invention, the reéulting inventive solid

20 particulate metallocene-containing catalyst system is
employed in the polymerization of an olefin by
contacting the olefin with the inventive solid
particulate metallocene-containing catalyst system
under suitable reaction conditions.

25 A wide range of metallocenes are considered
to be applicable to the present process. The essential
feature is that the metallocene be one wherein at least
one cyclopentadienyl-type ligand has a substituent
having a polymerizable olefinic group; Some examples

30 of such olefin-containiﬁg metallocenes are disclosed in
U.S8. Patent 5,169}818_and European Patent Publication
No. 574,370, published December 15, 1993. The
invention is considered applicable to both bridged and
unbridged metallocenes. The unbridged metallocenes can

35 even include bridged ligands which contain two
cyclopentadienyl-type radicals connected by a suitable
bridging structure but wherein only one of the
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product polyner rather than a solution of polyner which could result in
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nmet al | ocene- contayqlngenaadlyaylsyypengreupsoduced by (a) conbining an
organoal um ngxane and at |§ﬁ§tﬁgﬂﬁligbﬁh QCSEetﬁévh ahohﬁ 19884 a

cycl opent adi enyl pe i vin east . one o I NI C unSaturate
substituent in a“FPéHldfPB FanPEGFPﬁﬁlénU&F§#9§ti§93Péﬁ1tbﬂfeconductlng

prepO'Y”ErlZat'OﬂeﬁieabnhéasbyoEneoheihﬂlhnkxhﬁ)RZ?RSQ ewlbrédhdekofilizd
catal yst system meri zed™sol i, d_cat nd (c)

duce a pr
separating the r%gﬁP ﬁ@ EBIFBBfig %ﬁesﬁFﬂuPH gﬁngﬁénEoﬂﬁgngﬁtg di ssol ved
in the liquid, seydlependaueenglthgpeoligandrsemebaed from substituted

metal | oceney gont 2. nj, A k8t ekuebas¥ytibhbentadienyl, indenyl,
' tetrahydroindenyl, octahydrofluorenyl, and fluorenyl.
ligands; R is a etructural bridge linking the Z’s and
Me is a metal selected from the group consisting of
IVB, VB, and VIB metals of the periodic table, each Q
15 is the same or different and is selected from the group
consisting of hydrogen, halogens, and organoradicals; x
is 1 or 0; k is a number sufficient to f£ill out the
remaining balances of Me; further characterized by the
fact that at least one Z has at least one olefinically
20 unsaturated substituent attached. 1In bridged
- metallocenes this olefinically unsaturated substituent
can be a branch on the bridging limit or on one or both
of the cyclopentadienyl-type groups of the bridged
ligands.
25 A particularly preferred type of bridged
metallocene includes those in which the olefinically
unsaturated substituent has the formula

_ R
30 R’ ,C=C- (R’ "~
wherein R’’ is a hydrocarbyl diradical having 1 to 20
carbon atoms; more preferably 2 to 10; n is 1 or 0, and
each R’ is individually selected from the group
consisting of organo radicals having 1 to 10 carbon
35 atoms and hydrogen. Most preferably R’’ has at least

two carbons in its main alkylene chain, i.e. it is a
divalent ethylene radical or a higher homolog thereof.
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The phrase "liquid catal yst systent as used herein refers to the
conbi nati on of the al um noxane, the netall ocene, and the |iquid,
~irrespective of whether the al umi noxane and/or the netal&ﬁsene~a#e—w-“—

di-ssol ved in the liquid. I n accordance with ®aiif urtchen- aspeat 4
of the present invention, the resulting inventive solid parti cReRiEED ]
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an olefin by contacting the ol ef ith the i ntiye sqljigd particulate
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DETAI LED DESCRI F%ﬂ\hiﬂi[glﬁnéwmbshhs ‘suitable forAthedpresege of -
cosent  al Teat ur SSTEAFAGE The k8 nFPBRERS BE sRachiel.f dkhateosiotiale”
cycl opent adi eny| cempeuhd gwhthhas alkabsthUthsa&uiqg a puipabilezabl e
3 S’} #D; SPRECBIAERRFRRL g oBhbLhar o Sadte W SRS <
i nvention is Conghgeﬁggmula Z-R z where R is a bridge having olefinic
unsaturation and wherein each Z is the same or alterna-
tively to first produce a compound of the formula Z-R-X
wherein X is a halogen and then reacting that compound
10 with an alkali metal salt of another different
cyclopentadiene-type compound to produce a compound of
the formula Z-R-Z wherein the two Z’s differ. Such
reactions can be carried out using conditions of the
type disclosed in U.S. Patent 5,191,132,
15 An alternate technique for forming an
olefinic branched bridged ligand involves reacting a
carbonyl compound having olefinic unsaturation with a
cyclopentadiene~type compound in the presence of a base
and methanol to yleld an alkenyl fulvene which is then
20 reacted with an alkali metal salt of a cyclopentadiene-
type compound, such as, for example, fluorene, to yield
the unsaturated-branchéd-bridged ligand containing two
cyclopentadienyl-type groups, i.e. fluorenyl and
‘cyclopentadienyl. For example, one could react 5-
25 hexene-2-one with cycloﬁentadiene using a procedure
| like that disclosed by Stone et al in J. Org. Chem.,
49, 1849 (1984) to yield 6- (but-3-enyl)-6-methylfulvene
which could then be reacted with fluorenyllithium and
" subsequently hydrolyzed to yield 5-cyclopentadienyl-5-
30 (9-fluorenyl) -1-hexene, also sometimes referred to as
1-(9-f1uoreny1)-1-(cyclopentadienyl)-1-(methy1)-1-(but-
3-enyl) methane. ' _
The present invention thus enwisions_using
bridged metallocenes prepared from vinyl terminated
35 branched bridged ligands of the formula
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-3- applicable to both bridged and unbridged netal |l ocenes. The unbri dged
net al | ocenes can even include bridged |igands which contain two

cycl opent adi enyl -type radi cal s connected by a suitable, gdgi-ng structure
but wherein only one of the cycl opentadienyl-type radlﬂbﬁg,qf t.hat; ; $L__ ]
I's bonded to the transition.nmetal. Alternatively the oleflnle,subsihfué !
can be on the bridge connecting the two cycﬁbpentadlenyl-type groups:-

The metal | ocenes of the type contenplated as useful for the present

i nvention include those repr ent ed by theg fornmula [err](2) (2 MeQX wherein

each Z bound to Me dis,t di f ent s a
cyclopentadienyl-tyﬁg I|d§&€=ge?€gz Tro fG ¥?P8ted or unsubstituted
cyclopentadlﬁnyl i ndenyl, tetrahydroinde yI oct ahydr of | uorenyl ,- and

fl uorenyl Ilgands Ris a structural bridge Ilnklng the Zs and Me is a
metal sel ected fwhereir r bepa cowsber i typbéally ivBthentang@ oft abeubf 0t he
periodic table, gacfioQ héré sresdRabiyddiic) eRivand &8, sgbeceedofraaythe

group consi sti n@h

-Q.’

s7¢ and R’ are each individually selected from
hydrogen, or organo groups having 1 to 10 carbons.
. 10 = Currently preferred R’ and R’’’ components are hydrogen
or alkyl groups typically having 1 to 10 carbon atoms,
or aryl groups typically having 6 to 10 carboﬁ atoms.
Z is a cyclopentadienyl-type radical as described
earlier. _

15 | The metallocenes of such olefinically

| unsaturated branched-bridged ligands can be prepared by
reacting the olefinically branched-bridged -
bis(cyclopentadienyl-type) ligand with an alkali metal
alkyl to prodﬁce a divalent ligand salt that is then

20 reacted with the transition metal campound to yield the
metallocene, using the techniques generally known in
the art for forming such metallocenes. See, for
example, the technique disclosed in European Patent
Publication 524,624, published January 27, 1993.

25 . Some typical examples of some metallocenes
containing a substituent having olefinic unsaturation
include 5- (cyclopentadienyl) -5-(9-fluorenyl)-1-
hexene zirconium dichloride, bis(9-
fluorenyl) (methyl) (vinyl)silane zirconium dichloride,

30 bis (9-fluorenyl) (methyl) (prop-2-enyl)silane zirconium
dichloride, bis(9-f1uoreny1)(methyl)(but-3-eny1)silahe
zirconium dichloride, bis(9-fluorenyl) (methyl) (hex-5-
enyl)silane zirconium dichioride; bis(9-
fluorenyl)(methyl)(bct-7-eny1)silane zirconium

35 dichloride, (cyclopentadienyl) (1-allylindenyl)
zirconium dichloride, bis(l-allylindenyl) zirconium
dichloride, (9-(prop-2-enyl) fluorenyl) .
(cyclopentadienyl) zirconium dichloride, (9-(prop-2-
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~of hydrogen, halogens, and organoradicals; x is 1 or 0; k is a _nunber
sufficient to fill out the remaining val ances of M, dd agéﬁN yed
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_by the fact that it has at |east one olefinically un Nt
attached. In bridged netallocenes this olefinically lent
can be a branch on the bridging limt or on one or both of the
Cyclopentadienyl-type groups of the bridgeﬁ fi gands. A

Fﬁret Iolcg:‘ ?h! )C/alplr%e’l‘ ? é?e&ﬁs)u&‘ll qged taI Iqo]f(%n'e i nﬁl ud tzhlozgceorlu{lummhl ch
Erg; (ra] pr e:‘,\’g(ra;g: zz;lzzmﬁ'?fgy ‘izpmw]-«;}:fm d?w@%ﬁ??sglt g(r:rf ed
it iy ik ke iabn Sorack

al kyl ene C%a'”(dydioﬂénﬁibi%ﬂ&fﬁﬁfﬁﬁofﬂﬂﬁd‘”Eiééﬁﬂfﬁﬂ HerLdpide) gwnl og

t her eof . olefinjc branched bri dged |Ji.gands useful for

neki ng netalIoé&ﬂ§9§hM¥QMﬂk?HQﬂtﬁqﬂ?ﬂ¥¥%ﬂ§ﬂ HRINTY Dt hRe¥ M ar ed by
reacting a dlhdﬂrdﬂnﬂuﬁndidhmaxnaui\aiqfxubgﬁﬁyﬂy swtal salt of a suitable

Cyclopentadlene %%ﬂ?pen a nd HS l-hexene hafnium dichloride, (9-
fluorenyl) (1-allylindenyl)dimethylsilane zirconium -
10 dichloride, 1-(2,7-di(alpha-methylvinyl) (9-fluorenyl)) -
1- (cyclopentadienyl) -1,1-dimethylmethane zirconium
dichloride, 1-(2,7-di(cyclohex-l-enyl) (9-fluorenyl))-1-
(cyclopentadienyl) -1,1-methane zirconium dichloride, 5-
(cyclopentadienyl) -5- (9-fluorenyl) -1-hexene titanium
15 dichloride, and the like.
These various metallocenes can be prepared by
reacting the necessary cyclopentadienyl-type alkali

metal salt with a transition metal compound. Some
examples of such reactions are disclosed in the
20 aforementioned European Pétent Publication No. 524,624.
The organo aluminoxane component used in
preparing the inventive solid catalyst system is an
oligomeric aluminum compound having repeating units of
the formula

25 _ (-Al-0-)

R
Some examples are often represented by the general
formula (R-AlO), or R(R-Al-o-)nalnz.' In the general
30 aluminoxane formula R is a C;-Cg alkyl radical, for
example, methyl, ethyl, propyl, butyl or pentyl and "n"
is an integer from 1 to about 50. Most preferably, R '
is methyl and "n" is at least 4. Aluminoxanes can be
prepared by various procedures known in the art. For
35 example, an aluminum alkyl may be treated with water
dissolved in an inert organic solvent, or it may be
contacted with a hydrated salt, such as hydrated copper
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produce a conmpound of the formula z- R-Z where Ris a bridge having olefinic
unsaturation and wherein each Z is the sane or alternatively to flrst
produce a

mnth an al kal i netal salt of another different cyclo entadﬁeﬁbkiyp
conpound to produce a conpound of the formb®a-z-R 2

differ. Such reac ns can ried out usin ditigons of the t
disclosed in U &% %"&t’“{? % a’Iner¥ Hhoanlt ‘scivent, ‘€0 yidla
an aluminoxane. Generally the reaction of an aluminum

alkyl with a limited amount of water is postulated to
yield a mixture of the linear and cyclic species of the
5 aluminoxane.

In the first step of the present invention,
the metallocene and aluminoxane are combined in the
presence of a suitable liquid to form a liquid catalyst
system. It is preferred that the liquid catalyst

10 system be prepared using an organic liquid in which the
aluminoxane is at least partially soluble. The
currently preferred_liqﬁids.are hydrocarbons such as
hexane or toluene. Typically some aromatic liquid
solvent is employed. Examples include benzene,

15 toluene, ethylbenzene, diethylbenzene, and the like.
Preferably, the liquid consists essentially of an
aromatic solvent. By use of the term "consists
essentially of" it is intended that the solvent does
not include components which would materially affect

20 the desired properties imparted to the solvent by the
components recited after this expression. The amount
of liquid to be employed is not particularly critical.
Nevertheless, the amount should preferably be such as
to dissolve the product of the reaction between the

25 metallocene and the aluminoxane, provide desirable
polymerization viscosity for the prepolymerization, and
to permit good mixing. The temperature is preferably
kept below that which would cause the metallocene to
decompose. Typically the temperature would be in the

30 range of -50°C. to 100°C. Preferably, the metallocene,
the aluminoxane, and the liquid diluent are combined at
room temperature, i.e. around 10 to 30°C. The reaction
between the aluminoxane and the metallocene is
relatively rapid. The reaction rate can vary depending.

35 upon the ligands of the metallocene. It is generally
desired that they be contacted for at least about a
minute to about 1 hour.
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An alternate technique for formng an ol efinic branched bridged |igand

i nvol ves reacting a carbonyl conpound having olefinic ungsaturation with a
cycl opent adi ene-type conpound in the presence of a base /[afig=
yi-eld an al kenyl fulvene which is then reacted with an al 65 :

a cycl opent adi ene- type conpound, such as, for exanple,$#luofene*fg ,

t he unsat ur at ed- branched- bridged |i gand Coﬁtalnlng t wo ' :

cycl opent adi enyl -type gro uorenyl and c cIo tadle For
exanpl e, one coul d react 5856§%ﬁ€i§h%ﬁ ¥éF%9%I%% Egéﬁg
E)rlggéelgiure i k:adtfﬁmwmlw@mwyc&ﬂpsetsy&tm in €he¢. pfhﬁﬁcé%ﬁ 4849

to yie eny. i react ed
wi th fluorenyll R?#Y#ﬁ‘éﬁadt%u%%]é:g%ent%}h ?@zge@d §€ry|%+€aég Pfd
5-cycl opent adi erqdn Fo¢ smployed as )the tmtﬁequb#m sehidi nebypi¢allyd to as
- (511 uor eny ) -dnd Gelpent ol o | dsy o,;gxarwlaflimgaxgi@nmimﬂaee

The present 1 nventio envi si ons, usi ng bri-dged ocenes prepar ed
fromvinyl ternmdREBR ARtREEOTe Mikh | the Arsired ord Fosunlt

[err] Examples include porous supports such as talc,

inorganic oxides, and resinous support materials such
as particulate polyolefins. Examples of inorganic

10 .oxide materials include Groups II, III, IV or V metal
oxides such as silica, alumina, silica-alumina, and
mixtures thereof. Other examples of inorganic oxides
are magnesia, titania, zirconia, and the like. Other
suitable support materials which can be employed

15 include such as, magnesium dichloride, and finely
divided polyolefina, such as polyethylene. It is
within the scope of the present invention to use a
mixture of one or more of the particulate solids.

It is generally desirable for the solid to be

20 thoroughly dehydrated prior to use, preferably it is
dehydrated so as to contain less than 1% loss on
ignition. Thermal dehydration treatment may be carried
out in vacuum or while purging with a dry inert gas
such as nitrogen at a temperature of about 20°C. to

25 about 1000°C., and preferably, from about 300°C. to

| about 800°C. Pressure considerations are not critical.
The duration of thermal treatment can be from about 1
to about 24 hours. However, shorter or longer times
can be employed provided equilibrium is established

30 with the surface hydroxyl groups.

Dehydration can also be accomplished by
subjecting the solid to a chemical treatment in order
to remove water and reduce the concentration of surface
hydroxyl groups. Chemical treatment is generally

35 capable of converting all water and hydroxyl groups in
the oxide surface to relatively inert species. Useful
chemical agents are for example, trimethylaluminum, '
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wherein mis a number typically in the range of about O to 20; npre
preferably 2-10; [err] is Si, G, C or Sn; R'' and R %h e 2ac

individually selected from hydrogen, or organo groups NH@”i‘ﬂme©DEEN
carbons. Currently preferred R and R'' conponents arellhydr ol 6R-0FEQI ky| |
groups typically having 1 to 10 carbon atons, or aryl groups typicalTy
having 6 to 10 carbon atonms. Z is a cycldpéHiaU|enyl-type radical as
descri bed earlier The tal enes such efunl y
unsat ur at ed br arfHRE m%@%ﬂi‘?’?g‘éﬁ&'ﬁ &P tﬁ’lgsféitl
olefinically bramnﬁﬁiaianeuﬁxrimethyt&h&mrﬁst&&ng-type) Ilgand with an

Mt the tranci hae AP RN R Pl (B (OB, 1O Teeet e

The chemical dehydration can be accomplished

it
=]

5 by slurrying the inorganic particulate material such
-for example silica, in an inert low boiling
hydrocarbon, such as for example, hexane. During the
chemical dehydration treatment, the silica should be
maintained in a moisture and oxygen tree atmosphere.

10 To the silica slurry is then added a low boiling inert
hydrocarbon solution of the chemical dehydrating agent,
such as, for example dichlorodimethylsilane. The
solution is added slowly to the slurry. The
temperature ranges during chemical dehydration reaction

15 can be from about 20°C. to . about 120°C., however,
higher and lower temperatures can be employed.
Preferably, the temperature will be about 50°C. to
about 100°C. The chemical dehydration procedure should
be allowed to proceed until all the substantially

20 reactive groups are removed from the particulate
support material as indicated by cessation of gas
evolution. Normally, the chemical dehydration reaction
will be allowed to proceed from about 30 minutes to
about 16 hours, preferably, 1 to 5 hours. Upon

25 completion of the chemical dehydration, the solid
particulate material may be filtered under a nitrogen
atmosphere and washed one or more times with a dry,
oxygen free inert solvent. The wash solvents as well
as the diluents employed to form the slﬁrry and the

30 solution of chemical dehydrating agent, can be any
suitable inert hydrocarbon. Illustrative of such
hydrocarbons are pentane, heptane, hexane, toluene,
isopentane and the like.

Another chemical treatment that can be used

.35 on solid inorganic oxides such as silica involves

~ reduction by contacting the solid with carbon monoxide
at an elevated'temperature sufficient to convert
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-5 - using the techni ques generally known in the art for forn1ng such

net al | ocenes. See, for exanple, the technique disclosed

Publ i shed Appl i cati on 524, 624, the disclosure of which is||iTh®e GIEEH@%BEEN
herein by reference. Some typical exanples pf so

nmet al | ocenes containing a substituent having ol efinic unsaturation i ncl ude
5-(cycl opent adi enyl )-5-(9-fl uorenyl)-1- he € zirconi um di chl ori de,

bi s(9-fl uorenyl) inyl e 2|rcon|un1d|,hloride,

bi s(9-f 1 uor enyl f?’%%'%’%ﬂd% Jzﬁer%ﬁ ¥ater and fgrnand GROmRREo
bis(9-f|uorenylhﬁﬂnﬂ&bﬁéﬂﬂnﬂndbﬁﬂwd)ﬁPddﬂaa.Z|rconiun1dich|oride bi s(9-
fluorenyl) (nethyl) (hex-5- | )sil Zi_r m di,chl or

bi s(9-f1 uorenyl ) (methyl) ( Fhe ‘P“ﬁ{#’) s.ﬂ‘ef%g“;"r &&ﬁ%rﬁédctg’}ﬁ JiYRReTt or
(cycl opent adi en‘yi-mp(rgaaiﬂwlq:mws)uxzﬁmmm.dmdzleomq;le:,me, and number

bi s(1-al |yl ignd d%?’
(Lyglogengalpeﬁy Z|f£o |u#§%ﬂﬁﬁ?orlégﬁ;;gﬂfgggp 2-en dod? ¥ Y86 )
fluorenyl) (pent éPrFé-t]-IWC)?(H Fhen PFRCEHA davengd| QS\f-l ddowever,

bi s(9- (prop- 2- @wmfdwaadﬁiswwramﬂméﬁﬂﬁ th¥ EEUrP YUY - 2-enyl)
fl uorenyl) (cyclogﬁnt%gl

)LJ employed in preparing the catalyst
"compositions, as well as affecting the particle
10 morphology of polymers formed. The characteristics of
the carrier or support must therefore be taken into
consideration in choosing the same for use 1n the
particular invention. _
It is also within the scope of the present
15 invention to add such a particulate solid to the liquid
catalyst system after it has been formed and to carry
out the prepolymerization in the presence of that
solid. _
The amount of aluminoxane and metallocene
20  used in forming the liquid catalyst system for the
prepolymerization can vary over a wide range.
Typically, however, the molar ratio of aluminum in the
aluminoxane to transition metal of the metallocene is
in the range of about 1l:1 to about 20,000:1, more
25 preferably, a molar ratio of about 50:1 to about 2000:1
is used. If a particulate solid, i.e. silica, is used
generally it is used in an amount such that the weight
ratio of the metallocene to the particulate solid is in
~ the range of ‘about 0. 00001/1 to 1/1, more preferably
30 0.0005/1 to 0.2/1.
The prepolymerzzation is conducted in the
liquid catalyst system, which can be a solution, a
'slurry, or a gel in a liquid. A wide range of olefins
can be used for the prepolymerization. Typically, the
35 "prepdlymerization will be conducted using an olefin,
.preferably'selected from ethylene and non-aromatic
alpha-olefins, and as propylene. It is within the
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zirconiumdichl oride, bis(9-(cyclopent-2-enyl)(fluorenyl) zirconium
di chl oride, 5-(2- nethylcycl opentadi enyl)-5-(9-fluoreny >
zirconiumdichloride, 5-(fluorenyl)-5- (cyclopentadi enylf) THISH RTeHAABEEN
dichloride, (9-fluorenyl)(l-allylindenyl) dinmethylsilang zircBaPLATED

di chl oride, 1-(2,7-di(al pha-nethylvinyl)(9-fluorenyl))- 1= =

(cycl opent adi enyl ) -1, 1- di met hyl met hane ziT c®hium di chl ori de,
1-(2,7-di (cycl ohex-1- epyl)(9:fluorenyl))-1-(cycl ppent adi en -1, 1- net hane
27t coni um o ot rooRs S8 the ciavention $91ged Y abbERre o ehésbagnctor
titagiun1dich|3réxbmp3md étitylehe. and a higher alpheselefinocanbéahbédenes
can be prepare r td eces CV, p. adi envy = Li

nmetal salt with %é’:f r%ﬁéié?%é%%lg%én%%%hd.%n@géex%#rp?eﬂélégggug#kﬁa

reacti ons are dickeHimd such has of dhevemei onbth Fethylene ip(debbevedt ton No.

524, 624. 5 increasd '€h@ &RSEn€! Y SERSTYmEPIPLOES S8&drting" €Par i ng

the inventive sqolid catalyst systemis an ollgonerlc al um num conpound
havi ng repeat i nP24Ween ofbe HR1¢E}n, pepomer and the olefinically :

(-A-0O) unsaturated portion of the metallocene.

The prepolymerization can be conducted under
relatively mild conditions. Typically, this would

10 involve using low pressures of the olefin and
relatively low temberatures designed to prevent site
decomposition resulting from high concentrations of
localized heat. The prepolymerization typically occurs
at temperatures in the range of about -15°C. to about

15 +110°C., more preferably in the range of about +10 to
about +30°C. The amount of prepolymer can be varied
but typically would be in the range of from about 1 to
about 95 wt % of the resulting prepolymerized solid
catalyst system, more preferably about 5 to 80 wt %.

20 It is generally desirable to carry out the

- prepolymerization to at least a point where
substantially all of the metallocene is in the solid
rather than in the iiquid since that maximizes the use
of the metallocene. _

25 After the prepolymerization, the resulting
solid prepolymerized catalyst is separated from the
liquid of the reaction mixture. Various techniques
known in the art can be used for carrying out this
step. For example, the material could be separated by

30 filtration, decantation,'or by vacuum evaporation. It
is currently preferred, however, not to rely upon
vacuum evaporation since it is considered desirable to
remove substantially all of the soluble components in
the liquid reaction product of the prepolymerization

35 from the resulting solid prepolymerized catalyst before
it is stored or used for subsequent polymerization.
After separating the solid from the liquid, the
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- 6 - Sone exanples are often represented by the general fornula
(R-A10)[err] or [err]. 1n the general aluni noxane fornuT'" R =
al kyl radical, for exanple, methyl, ethyl, propyl, butw SP nt?#b%ﬁﬁFLNW
is an integer from1 to about 50. Most preferably, Risl Lmﬂ_gﬂ*ﬁﬁﬂ&“uf' is|
at least 4. Al um noxanes can be prepared by various procedures Knownm T n—the
art. For exanple, an alum num al kyl nay be }3cated with water dissolved in
an inert organic solyvept, or_j y be_contacted with a hydrated salt, such
as hydrat ed copd@?s%%F£%¥ ﬁ%éegaear?ﬁeﬁﬁb4“eV?SB?ﬂéH+Ehs%l9¥ﬂ¥°°fﬁb9Peld
an al um noxane. ﬁwetnéﬁydi-boarmzyomgﬁ vilcdih "t UseBdbwy| with a limted
anount of water St dto.yield | xture.of the |i and cyclic
speci es of the d? ﬁﬁ&%%%ify aP1Yife 1fqﬁlés and otﬁer volafiid y
components that might still be associated with the

5 - solid. The vacuum drying is preferably carried out

under relatively mild conditions, i.e. temperatures
below 100°C. More typically the prepolymerized solid
is dried by subjection to a high. vacuum at a
temperature of about 30°C. until a substantially

10 constant weight is achieved. A preferred technique
employs at least one initial wash with an aromatic
hydrocarbon, such as toluene, followed by a wash with a
paraffinic hydrocarbon, such as hexane, and then vacuum
drying. _ '

15 It is within the scope of the present
invention to contact the prepolymerization reactiomn
mixture product with a liquid in which the prepolymer
is sparingly soluble, i.e. a countersolvent for the
prepolymer, to help cause soluble prepolymer to

20 precipitate from the solution. Such a liqﬁid is also
useful for the subsequent washing of the prepolymerized
solid. N : :

It is alsé within the scope of the present

invention to add a particulate solid of the'type

25 aforementioned after the prepol?merization. Thus one
can add the solid to the liquid prepolymerization
product before the countersolvent is added. In this
mannér soluble prepolymer tends to precipitate onto the
surface of the solid to aid in the recovery of the

30 filtrate in a particulate form and to prevent
agglomeration during drying. The liquid mixture
resulting from the prepolymerization or the inventive
solid prepolymerized catalyst can be subjected to
sonification to help break up particles if desired.

35 _ Further, if desired the recovered solid
prepolymerized'éatalyst'system can be screened to give
particles having sizes that meet the particular needs
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In the first step of the present invention, the netal ne_and al um noxane
are conbined in the presence of a suitable liquid to f@[,@cﬂ_“__ yst
system It is preferred that the liquid catalyst systlem be“ﬁg;., dﬁﬁ‘{e@EE@i

an organic liquid in which the alunminoxane is at |eaSt=partralTy>sol ubl

The currently preferred |iquids are hydrocarpons such as hexane or 10l uene.
Typically some aromatic |iquid solvent is e"r"pl'oy'ed. Exanpl es i ncl ude

benzene, toluene, ethyl benze dj et hyl penzene nd {he |ike. The anount of
liquid to be enftYye ???fg?%t?m a??yp%fﬂ‘?’é%‘.t erthel ess, the
amount shoul d preferably bnctivér asptionli ks ot ccdideins ochetretovréredcact i on
bet ween t he net Sﬁgﬁ '%ﬁéggﬁl r Eif S|

pol ymeri zati on \?’_Ii!ls‘gom yég%iﬁeﬁ%ér%% yner |ez<?1t€%%, %‘g %%g‘géel?rﬁ' t%o%%

m xi ng. The tenpgaentrhydrogazhonapychkan wne 0f tthe typemsed|as cause the

netal | ocene § 0 QRLANPOSG1dY Phid! tied t L&t St Vel ' range
of -50[err]C to 100[err] C.yPr ef eraebl Cl,?o-t he, net al | oceneg, t??éaﬁ%hﬁoxane,

and the |iquid MagHEMR. art RHER R PERCERN E et Amesimes desirable %9 (o

30[err]C. The read]edt ilieerasilelmy Whitexrs ct e nsbi bl st bon ASefere S
relatively rapid, vary dependi ng upon the |igands of

The react) rate, C
the netall ocene.sﬁﬁrqgﬁ%n%#éﬁvgwagﬁ‘that t hey be contacted for at

| east about a minute to althe deswlting solid prepolymerizedthin the scope
of the invey i Oghdh 1Bl d\Soda ChY £ £ S iy sty Bydtem is useful for
the polymerization of olefins. Generally, it is not
necessary to add any additional aluminoxane to this
catalyst system. In some cases it may be found
desirable to employ small amounts of an organcaluminum
15 compound as a scavenger for poisons. The term
organocaluminum compounds include compounds such as
triethylaluminum, trimethylaluminum, diethylaluminum
chloride, ethylaluminum dichloride, ethylaluminum
sesquichloride, and the like. Trialkyl aluminum
' 20 compounds are currently preferred. Also in some
applications it may be desirable to employ small
amounts of antistatic agents which assist in preventing
the agglomeration of polymer particles during
polymerization. 8Still further, when the inventive
- 25 catalyst system is added to a reactor as a slurry in a
liquid, it is sometimes desirable to add a particulate
dried solid as a flow aid for the slurry. Preferably
the solid has been dried using one of the methods
described earlier. Inorganic oxides such as silica are
30 particularly preferred. Currently, it is preferred to
use a fumed silica such as that sold under the
tradename Cab-o-sil. Generally the fumed silica is
dried using heat and trimethylaluminum.
The solid catalyst system is particularly
35 useful for tlie polymerization of alphﬁ-olefins having 2
to 10 carbon atoms. Examples of such olefins include
ethylene, propylene, butene-1l, pentene-1, 3-
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in the presence of a particulate solid. Any nunber of particulate solids
any

can be enployed as the particulate solid. Typically [fresupport _cam ne
organic or inorganic solid that does not interfere ﬂ%“@ VEQE eékéﬁ
resul t. Exanples i ncl ude porous supports such as tal ' ;

and resinous support materials such as
-7 - particul ate polyoleflns Exanpl es of" Pﬁorganlc oxi de materials include

Goups I, IIl, V netal oxides s ch as sili.ca, alum_na,
sil'i ca-al uni na, mﬁ% &Hﬂﬁﬁqisﬁl1 'h&-methxlpentene-ly dmic oxi des
are nagneSIa t miexhiyd penten@ls, hyptdﬂaaﬂlloatdﬂdum':ﬂudsﬁﬂ41 S UREeT t

materials whi chqqgieh§129R bRkt e C 92 a1dthyA%1 -TRAER, 'Y, 4-dimetny1 -
l-hexene, and the like and mixtures thereof. The
5 catalysts are also useful for preparing copolymers of
ethylene and propylene and copolymers of ethylene or
propylene and a higher molecular weight olefin.
The polymerizations can be carried out under

a wide range of conditions depending upon the

10 particular metallocene employed and the particular
results desired. Although the inventive catalyst
system is a solid, it is considered that it is useful
for polymerization conducted under solut;on, slurry, or
gas phase reaction conditions.

15 When the polymerizations are carried out in -
the presence of liquid diluents obviously it is
importaht to use diluents which do not have an adverse
effect upon the catalyst system. Typical liquid
diluents include propane, butane, isobutane, pentane,

20 hexane, heptane, octane, cyclohexane,
methylcyclohexane, toluene, xylene, and the like.

" Typically the polymerization temperature can vary over
a wide range, temperatures typically would be in a
range of about -60°C. to about 300°C., more preferably

25 in the range of about'20°c. to about 160°C. Typically
the pressure of the polymerization would be in the
range of from about 1 to about 500 atmospheres or even
greater. The inventive cétalyét gystem is particularly
useful for polymerizations carried out under particle

30 form, i.e., slurry-type polymerization conditions.

The.polymers produced with this invention
‘have a wide range of uses that will be apparent to
those skilled in the art from the physical properties
of the respective polymers. Applications such és

35 molding, films,'adhesives; and the like are indicated.

A further understanding of the present
invention, its various aspects, objects and advantages
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dichloride, and finely divided polyol efins, such as pol yethylene. It is

Wi thin the scope of the present invention to use a m xt{fFE=gt-an: ore
of the particulate solids. It is generalﬂyﬂﬂéQW' mHad@wwﬁﬂb
solid to be thoroughly dehydrated prior to use, prefera ; :dehydratéd
So as to contain less than 1%l oss on ignition. Thernal‘déhydratlon -
treatment may be carried out in vacuum or W8 I~e purging with a dry inert
gas such as nitrqgen.at a ey at ure of out, 20[err] C. to about

1000[ err] C., ana‘"‘gﬁ'el&’@r é’rﬁ%}’?"r%‘{)%ya 5&331‘@#\’1%.’ . 800[err]C. _
Pressure con5|derat|ons are not criticagggﬂﬁgggmration of thernal t r eat ment

can be fromabout 1 to ab or ongerqtinmes can
be enpl oyed provi ded equi Ii r| um | eﬂ\geéﬁfe(f \ﬂ&l ﬁ’é’c l?ﬁe @W(ﬂ‘ oxyl

gr oups. and 11 .[%mEdof |Mmmmnmm;qmaqgmm¢mammm ng
the solid tg a gheHdtMardicat winlld %dm@fg % S W] ggd reduce the
~concentration of surface hydroxyl groups. Chenical treatnent is generally

capabl e of conv®VErRdidine, was q“l)’dﬁdof'}'!e Feagtdom mixturg Ma&yurface to
rel atively inerigtipeeid ovedidight @teHos u%ﬂ@uz&arz% Jorrmemmnle ml of

0l 5 azane, o 11 ROEHeI ASERR Ardd SsAdH s oS RASRHLER HESHR e

like. was dﬁi;r@ﬂemhaabmdehpdﬁamwmm'@mﬁ.bhamc¢mmphaﬂvahﬁmwas

slurrying e i %g,%@age&a&h QU AauR! e RIS walsP'ai B IR S | €2

200 mL of diethyl ether and washed five times with 100
mL of water. The organic phase was filtered using a
silica gel and dried over sodium sulfate. The solvent
was evaporated in a vacuum. A yellow oil was recovered

15 which was identified as 6-(3-butenyl) -6-methylfulvene.

A solution was prepared by dissolving 10 g of

fluorene in 100 mL of THF and then this was slowly
reacted with 37.6 mL of a 1.6 molar solution of n-
butyllithium in hexane. This dark red solution was

20 stirred overnight at room temperature. Then a solution
was prepared by combining 8.8 g of 6-(butenyl)-6-
methylfulvene with 50 mlL. of THF. This later solution
was then added dropwi§e~over a period of one half hour
to the solution of the.fluoregyl lithium salt. The

25 resulting reaction mixture was stirred overnight at
room temperature and then 100 mL of water was added.
The organic phase was dried overnight over sodium
sulfate and the solvent was evaporated in a vacuum.
The yellow residue was dissolved in pentane and

30 filtered using silica gel. The solvent was
concentrated by means of evaporation. Crystallization
took place at about -18°C. to give 5-
(cyclopentadienyl)-5-(9¥f1uoreny1)-1-hexene in the form
of a white solid. This compound is also sometimes

35 referred to as 1-(9-fluorenyl) -1- (cyclopentadienyl) -1-
(but-3-enyl) -1- (methyl) methane.

heet Has Been RTI

\\ll\l\\ \Ill\\ ]



hydr ocar bon, such as for exanple, hexane. During the ch
treatnment, the silica should be maintained in a noistur ap
atnDsphere To the silica slurry is then added a | ow boifl i ng” Lr T
hydr ocar bon sol ution of the chenical dehydrating agent; : a§[&ﬁﬁﬁﬁ .
exanpl e di chl orodi et hyl silane. The solution is added slowmy to the sitirty.
The tenperature ranges during chemical dehyd ation reaction can be from
about 20[err]C. to about 120[err]C., however, higher and | ower tenperatures
can be enployed. Preferably, the tenpe@%ﬁﬁﬂ¥u¥#¥£ be about 50[err]C to
about 100[err]C. The chenipiae dfiaml o5 conpaaed! 5 -€(SFsldpgentadd eoyEy- t 0
proceed until al ubst a reactive S, a noyved fronlthe
ot cul ate. supptr (S TERST SR oL T REtERE e, ARG R SR Ar R
Nor mal |y, the cMmIOﬂMWIMhMummM |nL hiiethyl ether using
5 conditions of the type taught in aforementioned
European Patent Publication No. 524,624 to produce the
divalent ligand salt. The divalent ligand salt in

diethyl ether was then reacted with 3.96 grams of

zirconium tetrachloride at room temperature. The
10 orange metallocene 1l-(9-fluorenyl)-1-
(cyclopentadienyl) -1- (but 3-enyl) -1- (methyl) methane
zirconium dichloride was recovered and purified by
decanting off the ligquid and recrystallization in
dichloroethane at -18°C. Then the liquid was decanted
15 off and the solid dried using a high vacuum.

The effectiveness of this metallocene for the
polymerization of ethylene was evaluated. A
comparative polymerization technique involved combining
a selected amount of the metallocene with a 1.1 molar

20 solution of methylaluminoxane (MAO) in toluene obtained
from Schering. This resulting catalyst system solution
(Catalyst A) was then injected into an autoclave. The
autoclave was then filled with 2 liters of iscbutane
and the temperature was raised to about 90°C., the

25 polymerization temperature. Then hydrogen was added
from a 300 cc vessel in an amount equal to a 10 psi
pressure drop in the vessel and then the reactor was
then pressurized to 450 psig with ethylene. The
polymerization was continued for one hour after

30 reaching the 90°C. reaction temperature. Then the
reactor was cooled and vented and the solid polymer was
recovered.

In another series of runs, a number of
inventive solid catalyst systems were prepared by

35 combining the metallocene and the mathyialuminoxane
toluene solution to produce a liquid catalyst system
which was then contacted with ethylene under
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-8 - allowed to proceed fromabout 30 nminutes to about 16 hours,
preferably, | to 5 hours. Upon conpletion of the chenica -:"-=-:—;“- t he
solid particulate material may be filtered under a r~:ﬁ§§agatmm§ﬁﬁﬂﬂ% and
washed one or nore tinmes with a dry, oxygen free ineit solngyuAsﬂﬂma\Mash
solvents as well as the diluents enployed to form t hg—skttry—afd e

sol ution of chenical dehydrating agent, caA8be any suitable inert
hydrocarbon. Illustrative of such hydrocarbons are pentane, _heptane,
hexane, tol uenePrepolameriFation gonditdons to produce a gaddiker cheni cal

treatnent that mpbaymdm iﬁltﬂ'atiyisrwrsgﬁﬁeﬁn.omsiﬁﬁuﬂ@ila?ﬁiﬂ 9.3 mL
i nvol ves reducti

ont the sali.d th OXIde at an
el evat ed terrperggufe g‘ﬁé"nt %18‘ eRS, PR tﬁ?ﬁs?&ﬁﬂ"%’{f YRinexans or and
hydr oxyl groupSWﬁﬁhrGIawﬂvghy ofathiev metpddiosene to result in tHee specific.

particle sige o& u@@g’ dy’d&ryayaw c xEq tsgrﬁ d@@ﬁi giore vol ume,
y&roxy 3 gf to |

and nunber of h groups 1s not considered cri t|c s utility in
the practice of SYRtem washpreparsd byeaddingh 2c My & &had: isedusom, to -
deternine the aaeum. o TlRehle; tthaa QERYALRE wasPbabbliedd t‘lﬁ%u%ﬁ anest
conpositions, ie as affgﬁ |ﬂg artlcle nDr%holo%y fpokyners
forned. The chaF& pEieg for zoom temperature to ef
prepolymerization. Then 40 mlL of hexane was added to

10 the mixture and the resulting mixture was filtered.
The resulting solid was then washed with 10 mL of
hexane and dried. The drying involved subjecting the
recovered powder to a high vacuum for one hour.

A second solid inventive catalyst was

15 prepared by combining 2 mL of the liquid catalyst
solution with 32 mL of toluene and 6 additional ml of
the Schering methylﬁluminoxane solution. The
prepolymerization and recovery of the solid catalyst
was carried out in the same manner as before.

20 A third inventive solid prepolymerized

- catalyst was prepared by combining 2 mL of the liquid
catalyst solution with 26 mL of toluene and an
additional 12 mL of the commercial Schering
methylaluminoxane solution. The prepolymerization and

25 recovery of the solid prepolymerized catalyst was as
described for the first inventive catalyst.

Still another inventive catalyst system was
prepared by combining 2 mlL of the liquid catalyst
solution with 20 mlL of toluene and an additional 18 mL

30 of the commercial methylaluminoxane solution. Again,
the prepolymerization and recovery of this inventive
solid catalyst system was as described before.

 8till another inventive catalyst system was
prepared by combining 2 mL of the liquid catalyst

35 solution with 38 mlL of the commercial methylaluminoxy
toluene solution. Again the prepolymerization and
isolation of the inventive catalyst was carried as
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carrier or support nust therefore be taken into con5|derat|on ln_Qh005|ng

the sane for us

w thin the scope of the present invention to add such a partlgp[qte SO|Id

e in the particular invention. .. Mtis alsg

to the liquid catal yst systemafter it has been for med -and-:t-Qcarfy-out: the

prepol yneri zati

for the prepoly
the nolar ratio
netal |l ocene is

on in the presence of that solid. The anount
of al um noxane and netal | ocene used in forddng the |iquid catal yst system

ggﬁléﬁﬁ gn c%n vary over a w de range. Typically, however,
B®LO% e he al uni noxane to transition netal of t he

in the rangﬂlobfahhubelihvbﬁt&b@ubrﬁ@oQQQaknzﬁﬂf@clid

preferably, a nBé@E}&%&'%yﬁkeﬁgo%lr ggéebgﬁ%? e%?%og * used. If a

particul ate sol
such that the mppgmerdzn@ioh pﬁeerbbwdlehsoencnt these punsi,cal hexane id is

s3Q2¥, QfOQQQ1@$1Hg %&Lpog9ﬁﬁgg%ghﬁEﬁQEﬁg@t@W@y| to 0.2/1.

t system which can
gubigeted so gopgdfication; apd than,added; tgc the Feacter

in the rangg of
The prepol yneri
be a sol ution,

I Ca

zat1.onh i s conducte cataly

d in an anount

can

be used for thewmeaobvuaetmt £d01ledyMieh L¥obutanar epﬁwﬁeghhawa%n will be

conduct ed usi ng

10

15

20

25

30

35

40

aaaed as was done in the comparative run. The reactor
was then pressurized with ethylene and the temperature
raised to conduct the prepolymerization as done in the
comparative run. A comparison of the variables _
involved and the results obtained are set forth in the

following table.

Catalyst . gPE/g
Ratio | Catalyst/| Index

Hr.

A (8olution)

1l 100 6880 0.91 20

2
3
4
5

Ihe results demonstrate that the inventive
golid prepolymerized catalyst system over a wide range
of aluminum to zirconium ratios was more active than

the soluble catalyst system of the comparative run.

The productivity of catélyst 2 is considered anomalous.
In addition, the polymerization carried out using the
soluble catalyst system produced substantial amounts of
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"-9- olefin, preferably selected fram ethyl ene and non-aromatic
al pha-olefins, and as propylene. It is within the scope of the invention_to
use a mixture of olefins, for exanple, ethylene and a higher, al pha oIE&

s . . . . Tl R e Y !‘\,
can be used for the prepolynerization. The use of a higher ag|pha OLefin, .

such as 1-butene, with ethylene is believed to increase the. afouht "of .

copol yneri zati on occurring between the orefPn=nononmer and t he olefinicaffy

unsat urat ed portion,of t net al | ocene. e prepol yneri zation

con be. conduct cEeHnABe:  Bhe RuBPeR B  1agiantinn, thay, tiare, ves, BEvREA o

i nvol ve usi ng | fouhingsofethef reaetokreivhichndegulizedyal hehted spleentur es

designed to pre Lte SktLo t] rom hj nteati ons

of localized heégghT%éEpfgggpgn r???t?gﬁgﬁegiP§?V§°§éch§Qa§giﬁg o1

under the heading "Fouling®™ indicates that there was no

5 visible indication of fouling. The number 3 under the
heading "Fouling" indicates that there was a slight

amount of fouling but that it was easily removed from

the reactor without requiring a heated solvent wash.
Accordingly, the inventive catalysts were capable of
10 being used in slurry polymerization without causing
significant fouling of the reactor. It has further
been observed that the inventive catalysts produce a
poiymer that has a highei bulk density than the
polymers produced using a cataiyst solution such as
- 15 that used in the comparative run. It has further been
observed that the polymers produced with the inventive
solid prepolymerized catalyst have a much lower density
than one would expect for the melt index observed,
especially when no comonomer was used. 8Still further,
20 NMR analysis of polymers made with the inventive solid
prepolymerized catalyst systems reveal that the
polymers contain ethyl branches. This all leads to the
conclusion that samething_quite different than ordinary
ethylene homopolymerization is occurring when this
25 inventive prepolymerized catalyst is employed. .
Specifically it indicates that a copolymer-like product
is being obtained even_though no comonomer was
employed. o '
Example III
30 A series of tests were made to compare the
inventive procedure to'a procedure in which a
prepolymerization 19 ¢onducted but on a similar
‘metallocene which did not contain a branch having
olefinic unsaturation. In this case, the metallocene
35 was 1-(9-f1uoreny1)-1-(cyclopentadienyl)-1-(methy1)-1r
(butyl)methane zirconium dichloride. The ligand and
metallocene were preparéd in a manner like that
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ienperatures in the range of about -15[err]C. to about +110[err]C nor e
preferably in the range of about +10 to about +30[ ern kb ey
prepol ymer can be varied but typically would be in t'enmgmmEEﬁHAsgﬂEh ut
1.to about 95 wt % of the resulting prepolynerlzed splid caEa&ysEDsyst

nmore preferably about 5 to 80 wt % %Hnerally St ut
the prepolymerization to at | east a p0|nr efe substantially all of the
met al | ocene is in her thap in the |iquid nce that maxim zes.
the use of the éPﬁ gL Hakple ¥R nggﬁ g jﬁ S-PeEYAati on, the
resulting soli dfpﬂ.&puleymthmd thamna the! butengflafallodnie. orm'lhlin | itne d of the
reaction m xtur | n | rt._ca d for,
carrying out th?’glgahi Ogﬁ%‘; i’(lllé%%eﬁn%\Mr:'ir'wft gxreft%ilé%mﬂn g“grat“@(f%y
filtration, decadnt &bleopresuedldyxgvmmlwmr &hiagn thiet hwslmamm y

preferred, BoweyeanchObn! Qh"eeb&ik!%‘&” IVORRID QYARDAAL WA NRC

consi dered desirable to renove suljstantially all “of the sol uble conponents

in the liquid riefigdc,psaturaticn. HIBnd FiEst; Fmen & sodutdon @fy| ting
so: id p_rep;)! yneoi, 004 g&hﬁlsy&?:_ l&h&?ﬁﬁthlllbgef&bohﬁtdhibl uﬁ.eagf @{ 18.11b$13qrtent

ol ynmeri zati on. r n e soli om the |igui ultin
gol?d is prefer86 A;ﬁr&&?h§5t§ﬁﬁﬁq q*8LS: FSTUSRE WREh EFPBEGEBPHSPhlgh °
vacuum t o r enovéhatbsatalysalt! godltibhe waisqemploged wetiithoutol atil e

component s fng pFbpliyabllkallofs Ore 8l - Wrbl-bl 30k callldykcuum drying

S prefera out
: solution B. Also, three prepolymerized solid catalyst

systems were prepared using a catalyst system solution
prepared from the same metallocene and MAO to obhtain
golid prebolymerized_catalets of varying aluminum to
15 zirconium ratios. In this case the catalyst solution
was prepared by combining 19.3 mL of the 1.1 M Schering
MAO toluene solution with 0.1 grams of the: butyl-
substituted bridged metallocene. '
The first comparative solid prepolymerized
20 catalyst system C was prepared by combining 2 mL of the
butyl metallocene/MAO catalyst system solution with an
additional 38 mL of the methylaluminoxane solution.
After refrigerating for 24 hours, ethylene was bubbled
.~ through this solution for 105 min at room temperature.
25 The net weight gain was 1.6 gm. While stirring, 40 mL
of n-hexane was added to the mixture. The mixture was
then filtered and washed with 10 mL of n-hexane and
dried under a high vacuum for one hour.
A second comparative solid catalyst system D
30 was prepared by combining 2 mL of the butyl catalyst
system solution with 20 mL of toluene and an additional
18 mL of the methylaluminoxane toluene solution. The
prepolymerization was conducted in the same manner and
the solid was separated and dried in the same manner.
35 Still yet another comparative solid catalyst
system E was prepared by combining 2 mL of the butyl
catalyst system solution with 26 mL of toluene and 12
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A comparison of the variables and the results
obtained are set forth in the following table.

' - TABLE II

417

Catalyst Molar PE g/g Melt HLMI/ Foul-
Ratio | Catalyst/| Index MI ing
Al/zxr Hr.
#
B (Solution) 750 NA

32 NA

85

In this case, the prepolymerized solid

catalyst system did not appear to be more active than
the solution type catalyst system. it will be
noted that while the prepolymerized catalysts produce
somewhat less fouling than the solution catalyst
system, the fouling was still significantly much higher
than that obtained with the butenyl prepolymerized
inventive solid catalyst system of Example II.

Example IV '
This example deals with preparing the
golid catalyst system in the presence of an

Further,

inventive
inorganic support.

Thé support employed was a silica sold as
Davidson Grade 948. It had an average particle size of
50 micron. It was dried in a muffle furnace. The
temperature was increased about 200°C. per hour in the
muffle furnace until 800°C. was reached. The resulting

golid was then cooled and placed in a 800 mL flask and
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prepolyner to precipitate fromthe sol ution.
for the subsequent washing of the prepolynerized solid
i nvention to add

~also within the scope of the present

Such a [ i

“of the type aforementioned after the prepol ynerizatio

uid is al so useful

tSHéﬁTértA@ RfeH
gﬁié“ﬁﬁéfﬁéh a;iﬁ

the solid to the liquid prepolynerization roduct bef ore the countersoi

I s added. In this nmanner sol ubl e prepol
surface of the solid e recovery of the filtrate in a
particul ate forﬁ?ﬁﬂﬁeéd"g*Evéﬁ%°£gﬁTBﬁ§?%fronTBﬁrFﬂﬂuﬁFyFﬂgmi#ﬁErPlHBFd
m xture resultitiged rseithed pwiepbe Y160 i ﬁntcﬁnaOItltheWeﬂg‘Retpdﬁc&ﬁtl d
prepol yneri zed n ed, 10 SP nifi on to_he
SEIEYOR SR cLEndtRY Rl Siin B hiRFDLARe | Had Cafogh

particles if desiTr
prepol yrmeri zed akewaty2@ mysinmremgnbe-sohébqedalb thee particles having

sizes that S‘EEttHiﬁ‘eﬂi’iiéﬂan‘ﬂuﬂeééfuéfénah&&rfaé&ﬁ”é‘& dPetﬂ

p0| erEI’I zat1 on. her option Is to connl ne e recrver ed

i nventive sol i W8 BEITFed| Seg ?@?%Fy§V°s?§@%h49P%% bﬂ“?ﬂertTh?Gr%carbon
such as one of dgdButide ofco., 06 gmwmtamusanﬂhtwrhmofee@rﬂeﬁéat

sub] ect "the r ooTe | FRet s uhEe  SLEERY rvae, b fTeed o LESHERS: fndr
l'i qui d. the solvent was decanted. The solid was then washed
three times with 180 mL portions of dried n-hexane.

The liquid was decanted and the solid was left to stand
Then the solid was dried under a wvacuum.

10

overnight.
This dried silica was then employed in the
préparation of the inventive solid catalyst system. 1In
15 a glove box, 0.275 gm of 1-(9-fluorenyl)-1-
- (eyclopentadienyl) -1- (methyl) -1- (but-3-enyl) methane
zirconium dichloride was placed in a 800 mL £flask.
Then 180 mL of a 1.1 molar methylaluminoxane toluene
solution obtained from Schering and 340 mL of toluene
were added to the flask.
ethylene was bubbled through it for one hour at room

Then 47 gm of the dried silica was added.

20 The mixture was stirred and
temperature.
The mixture was again stirred and ethylene was bubbled
through the mixture for an additional hour. The
regsulting weight gain was 7.09 gm. Ethylene was then
bubbled through the stirred mixture for one additional
hour. The weight gain overall was 12.58 gm. The
fesulting solid was separated from the liquid by
filtering and was washed twice with 140 mL of toluene
and twice with 140 mL of dried n-hexane. Although the
recovered solid appeared to be a powder, it was still
considered to contain some liquid. A portion of this
liquid-containing catalyst was evaluated for the
polymerization of ethylene. Another portion of the
liquid-containing catalyst system was subjected to
drying for one hour using a membrane pump and then two
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3tends to precipitate onto the

break up
8RedBsol i d
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hours under a vacuum of about 1 mm of mercury. The
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“The resul ting solid prepol ynerized net al | ocene-cont ai ni ng catal yst system

I's useful for the polynerization of olefins. Generally,

to add any addi

nay be found desirable to enploy small anmounts of
conpound as a scavenger for poisons. The term orga

tional alum noxane to this catalyst
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I ncl ude conpounds such as triethylalumlﬂnﬁ4tTinethylaluninum

di et hyl al um num chl orj de, yl al e, ethylalu
2SpRLEiRS [ ank dafalyal  Vag Shon alis Sralusted for: thel y
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= ssary
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of polymer particles durifig poryneriz

i nventive cat al
5

10

15

t her, t he
catalyst csystem was added to the autoclave as a powder

rather than as a slurry of the powder in a liquid
diluent. Otherwise the polymerizations were as
described for the preceding examples. Both catalysts
produced polyethylene with minimal fouling of the
reactor. The fouling rated a 1 value. The aluminum-
to-zirconium ratio used to prepare the solid catalyst
in the polymerization in both cases was 350. The wet
catalyst system had a productivity of 900 gm of polymer
per gram of catalyst, wherein the silica was included
as part of the catalyst weight. The dried catalyst
system had a productivity of 4,800 gm of polymer per

~ gram of catalyst, again wherein the silica was included

20

25

30

35

in the weight of the catalyst. This is a particularly
unusual activity since silica is generally viewed as an
inert diluent which adds nothing to the activity of a
prepolymerized catalyst.
Example V
A number of other metallocenes containing a

substituent having olefinic unsaturation were also used

to prepare catalysts'according to the present
invention. Among the metallocenes employed were:
(cyclopentadienyl) (9-(prop-2-enyl)fluorenyl)
zifconium dichloride
(cyclopentadienyl) (9-(cyclopent-2-
enyl) fluorenyl) zirconium dichloride
1-(1-allylindenyl)-1-(9-£fluorenyl)-1-
(dimethyl) silane zirconium dichloride _
| (di (9-fluorenyl) (hex-5-enyl) methyl silane
zirconium dichloride '
di (9-fluorenyl) (prop-2-enyl) methyl vihyl

. sllane zirconium dichloride

In all cases, when the prepolymerized
inventive solid catalyst systems were employed in the
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= 11 - added to a reactor as a slurry in a tiquid, it is sonetines
desirable to add a particulate dried solid as a flo | .
Preferably the solid has been dried using one of thdg|Apidedsctencradmd

earlier. ‘I norganic oxides such as silica are particularly gurefesped.
Currently, it is preferred to use a funed silica such~as—=ts=t -
the tradename Cab-o-sil. Generally the fun@® silica is dried using heat and

trinmethylalum nu The sol i atal yst, systemis rticularly
useful For the BOISRS BAKMAFIAALIGH Sb ISRy Y AU YD AREP at o
Exanpl es of suclfoulldingnthar lwake oidedvert foy thd adulutidretyple pentene-1,
3- net hyl but ene- Je'

hept ene- 1, oct ené’-nrli:%g'e%g-e‘#e-#@l?gdﬁ?m%%y&é‘pgmieﬁéwﬁgﬁeﬁﬁi%g 1°f
hexene, 3, 4- di n&hey [invenbisre: cahalyate sysbemmade fname di (ferfdaforeniel )

catal ysts ame algodbigi-tny19’ ntht‘iﬁf"lr 19 P YT v il a1 Ghe

propyl ene and C(%pO| ynmers _of ethylene or propylene and_a higher nol ecul ar -
wei ght ol efi n. fouling observed,was,mngh jlower than, that &i?’rﬁ’@f?%lﬁ"imder
a wi de range of ap@ndfl ithes cHAIVEYL anipflivyd® i Exadiple TXL.al | ocene
enpl oyed and th%d%.rtti'o%%llarstru%syu lv}osul%e%er %de'eded to determine why that
particular propenyl methyl silane zirconium dichloride
10 did not perform as well as the other olefin-substituted

metallocenes.
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Al-t hough the |nvent|ve catal st systemis a solid, it is considered that it
‘ﬂﬁ conduct ed under sol utlon, -
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hexane, hgpt ane, ocnaﬂethsacEebeﬁeagarmﬁghxls&skahﬁéeailoaehuene xyl ene,
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|caII po
range, teﬂﬁ%F%}% Bg F?%FiKFFy K%EFE SQ“PH*QEPﬁnZE?OF°EBEB§n96BPerr]C to
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| he pol h
Fonge of FeddE oRe EybiSoRhERALERXT  hHE ROCHER hagiha g CipRrE ok ("¢
inventiveobata$yetlbysunﬁaturpuedlsubatiyuesbfbn aoligulﬁnboliarmoas :
carried oyfqifdesaaiyie! Ee&n (bf- coﬁ&ﬂ&{-.ingy%feﬁ%%ﬂgﬂEQEELBH of

condi ti ons. ners produce _nvent|on have a
wi de rang®t oteagesonmplafin b% %ﬁaPEﬁFGFBQtﬁﬁséaéﬂlliﬁﬂi¢n°§ﬁé13FF from

the physigpéténops’préqued ihﬁréﬁév?ﬁbriﬁeaObdnfdseaéﬂD#bﬁﬁthﬁas(&NCh as
nol ding, filns, adhesjves

ted
further UMORIEFEIRI 8fr?ﬁ% g%ﬁgeﬁ?i¥ﬁvg%$Pgﬁglc %SV§F|5ﬁ§ ggﬁeepgnts
dissolved in said liquid.

2. | A method according to claim 1, wherein the liquid
used to form the liquid catalyst system is an aromatic .

solvent. _ :

3. A method according to claim 2, wherein the aromatic
solvent is toluene. :

4. A process according to claim 2 or 3, wherein the
liquid used in step (a) consists essentially of said aromatic
solvent. :

- A method according to any one of the preceding

claims, wherein after the solid is separated from the liquid
in step (¢) the solid is subjected to drying to remove
substantially all the liquid.'

6. A method according to claim 5, wherein the solid is
separated from the liquid in step (c) by filtering, the
recovered solid is washed with a hydrocarbon, and then the
washed solid is dried.

7. A method according to claim 6, wherein the
hydrocarbon is an alkane. : '
8. A method according to any one of the preceding

claims, wherein a solid particulate support is added to the
reaction product of step (b), then a liquid in which the
prepolymer is sparingly soluble is added, and the resulting
solids are recovered by filtering, and washing, prior to
drying. ' _ B

9. A method according to claim 8, wherein said

CASE: 33236

* € L M § *



-.12 obTBsS&:GﬂdBam wi Il be provided by the_follow ng pxannlp°
Exanpl e | n thIS synthesis 20.6 nlL of | ICYi6tOpaBE adisane:rand
11.7 L of e mere di ssol ved in 100 ni of net hanolaaohi 1 e

cooling in |ce rrolldlne was added and tbe;iﬂab+LuHmu;*iu+t

was stirred overnlght at roon1te afure. Then 9.6 nL of ‘gl aci al acetic
aci d was partdeulpte mupReRh I8 8 #FW@S stirred for.one half hour and then
the sol vag, was W@D%é\itﬁit'db&f@ﬁi&”&o%r&ﬂw mw in 200 m

~of diethyl. ether and w@sh d five tinmes with 100 or gani c
phase vaSlaima, athars %|H¥%%°]g}@!°%'iﬁ9’b&%\ﬁe*r°%m@?)urﬁ%ﬁh#“aﬁ%g The
the prepolymerization of ethylene.

11. A method according to claim 10, wherein the
prepolymerization involves the prepolymerization of a mixture
of ethylené and l-butene. |
12. ' A method according to any one of the preceding
claims, wherein step (a) is conducted in the presence of a
particulate support that is insoluble in the liquid being
employed in step (a).

13. A method according to claim 12, wherein said
particulate support is an inorganic oxide.

14. A method according to any one of the preceding
claims, wherein the organocaluminoxane is méthylaluminoxéne.
15. A method according to any one of the preceding
claims, wherein the metallocene in step (a) is a bridged
metallocene having olefinic unsaturation in a branch
extending outwardly from the bridge, the ligand of said
metallocene having the formula

R’ .z _
: liv
R’ 2c=c- (R’ ')n-—R — R’ "_
z -

wherein n is 1 or 0; RV is 8i, Ge, C, or Sn; each R’ is
individually hydrogen or a hydrocarbyl radical having 1 to 10
carbons; R’‘’ is a hydrocarbyl diradical containing 1 to 10
carbons; R’’’ is hydrogen or a hydrocarbyl group containing 1
to 10 carbons; and each Z is the same or different and is
individually substituted or unsubstituted cyclopentadienyl,
indenyl, tetrah&droindenyl, octahydrofluorenyl, or fluorenyl

radicals. : .

16. A method according to claim 15, wherein RV ig ¢
or 8i. _

'17. A method according to claim 15 or 16, wherein n is

1 and R’’ is a saturated alkylene diradical having 2 to 10
carbon atoms in its main chain.

18. A method according to claiﬁ 15 or 16, wherein the
metallocene is 5- (cyclopentadienyl) -5-(9-£fluorenyl) -1-hexene

Ty



sol vertt was dvacuum A yellow oi |l was rj ed whi ch was
identified a - 6- et hyl f ul vene. THF?AHSQ{QfTU
prepared by of fluorene in 100 nmL of F andm;he&n Weys

slowy reacted W|th 376 m. of a 1.6 | ar solution o

hexane. This dark red sol utlon was stTrred overnight at roomte erature.
Then a s0¥%¥?651“Bsd§?b§aFéﬂebybééﬁ%rﬁlﬁgrgnxlb(%@thYlb&Yényl)86 ane

net hyl f ul ¥pPAcond il &lehlofidd|FpidiosEiabpeny?) the€Ry I REpi8s022dded
dropw se | on of he fl uorenyl

t
I|th|um:ﬁ%ﬁﬁ)ﬁhga?ﬁsﬁ+F?ﬁﬁEP@a€¥FbﬂOﬁi??ur ﬂééoéf ROF@RY LY er ni ght at room
t enper at ufmetinyll) (lbut i96enylpsilaher zirconildrddidhtorigenibiphase was dried

g , :
The vell ifictenptl (Hhetyi7 (feR06- bupLiRLLSRG HPCSHRRE AL SRhpRider 00 (T
The sol vepis (/%sf%mmlhmthlmqs 'bfawhbmmenzia%iwhl i zation took
pl ace at &M’Iorﬂ&&?r(iﬁlﬁﬁeﬂt&&i&&f)’@ioﬁfﬂ}ﬁﬂﬁ& O}i) zi@c&ﬁyeﬁeny')

1- hexene rmao i s_al so sonetines
referremiéik%i?ﬁi@ Lf»L%f%n§i§y}f?é?EY%beﬁfﬁﬂ?% 9*)¢ﬁ¢h1°rid°' (9-
égut ? er&éﬁoﬂsz¥iﬁ#WIilw&témw&»(cyclopentadienyl) .zirconium :
anpl e of. conpo
5- (cycl opencf Cﬁ ?/?’) gs ég#’?%bﬁr"eﬁ?’r’; gl"ﬁ%%%ufg/és reacted with twi ce as
many nol e@entamm;vldwclmmtndimyhl zizcoyiuntdbchlerige, bis(9-
(prop-2-enyl) fluorenyl) zirconium dichloride, (9-(cyclopent-

2-enyl) fluorenyl) (cyclopentadienyl) zirconium dichloride,

bis (9~ (cyclopent-2-enyl) fluorenyl) zirconium dichloride, 5-
(2-methylcyclopentadienyl) -5~ (9-fluorenyl) -1-hexene zirconium
dichloride, 5-(f1uoreny1)-5-(cyclopentadienyl)-17hexene
hafnium dichloride, (9-fluorenyl) (1-allylindenyl) -
dimethylsilane zirconium dichloride, 1-(2,7-di(alpha-
methylvinyl) - (9-£fluorenyl) -1- (cyclopentadienyl)-1,1-
dimethylmethane zirconium dichloride, or 1-(2,7-d4i(cyclochex-
l-enyl) - (9-fluorenyl) -1- (cyclopentadienyl) -1, 1l-methane
zirconium dichloride. _

19. A method according to claim 18, wherein the
metallocene is 5- (cyclopentadienyl) -5-(9- fluorenyl) -1l-hexene
zirconium dichloride.

20. A method according to any one of the preceding
claims, wherein two different metallocenes are present during
the prepolymerization.

21. " A method according to claim 20, wherein each of
said two metallocenes has at least one olefinically
unsaturated substituent. _

22. A method according to claim 20 or 21, wherein each
of sald two metallocenes has olefinic unsaturation in a
branch extending outwardly from the bridge. |

23. A catalyst composition useful in the polymerization
of olefins, which comprises at least one metallocene having
at least one cyclopentadienyl-type ligand having at least omne
olefinically unsaturated substituent supported on an
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4

conditrons of the type taught in aforenenti oned European Patent—PeH
No. 524,624 to produce the divalent ligand salt. The dlvaxg%ﬁﬁﬂaﬁﬁﬁﬂﬁ
in diethyl ethér was then reacted with 3.96 grams of zircgni um RePLA ACE
tetrachl oride at roomtenperature. Th orange net al | ocene
1- (9-fluorenyl)-1-(cycl opent adi enyl )= (but 3-enyl)-1-(nmethyl) nethane

zi r coni umidiongandici BupRentacovered and purified by decanting off the |iquid
- 13 - arﬂ Jecryst al ldgaadi Mmﬁ&ﬁtatw&ﬂnglﬂwdﬂn 28 enivh

liquid wa canted of f and .the solid dried usi.ng a hi vacuum
a inéiu es an organolaluminoxane cocatalyst. gh

25. A process for polymerizing an olefin which
comprises contacting said olefin under suitable
polymerization conditions with a catalyst composition _
according to claim 23 or 24 or a solid metallocene-containing
catalyst system produced by a method according to any one of
claims 1-22. |

26. A process according to claim 25, wherein the
polymerization is conducted under slurry polymerization
conditions.

27. A process according to claim 25 or 26, wherein
‘ethylene is polymerized in the presence of an alkane liquid
diluent. | |

28. A process according to claim 27, wherein the

polymerization is conducted in a continuous loop reactor and
isocbutane is used as said alkane liquid diluent.

“ﬁﬁ'iimi‘ii:ﬁﬂl mTiu
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The effectlveness of this nmetallocene for the pol ymer i zatlon of ethylene
was evaluated. A conparative polynerization technique
sel ected amount of the netallocene with a 1.1 nolar s plm@mngr HAS BEEN |
met hyl al um noxane (MAO) in toluene obtained from Schefji ng. gepsacesul ti
catal yst- system solution (Catal yst A) was then inject ed=ro=ar—aoorocFave.
The autoclave was then filled with 2 liters of | sobut ane and t he
~tenperature was raised to aboeefSHiSE OfCthet DigeDbawrgi zat i on t enper at ur e.
~ Then hydrogen was added from a 300 cc vessel in an anount equal to a 10 psi

pressure drop | thbe F\bc,e.s (5 actor was t hen pressurized to
450 psig with et yI ene. ﬁ n‘ggs Gantainian Gasalyste hour after
reaching the 90[err]C act | o °7Hé"rizlaﬁb°ﬂr eactor was cool ed
and vented and the soMistho@sya®s dEss | n anot her

e of . f : ' 368 preparing a4 Highly & g
series of I Uliyg? “ﬁaﬁaﬁsﬂgﬁwﬁ&mmﬁm PIRT 51 i aqmemmr oo

produce a | kHei ﬂoﬁwﬂﬂitsaﬁtﬁnmm vvas.ri,l e, E%#t%%t;@ret hyl ene

under prepol ¥_rrer| V4 on_condjtions to roduce a s i zed
catal yst sySFemf e Y FEerf 91‘3@@1’61‘«'- &Y.B_temnwhnt:tqn thmezaﬁm:xyl of

net hyl al un anxabemihéokafe 192&9@ xﬂtall'l%cﬁﬁhahﬁ ';hg%ﬂ i qui d

catal yst so sol i d catal yst tem prepare y ‘addi hg 2
mL of that g‘g%ug%ﬁﬁi‘%é e %%3#9 Rable liquid to form a

: liquid catalyst system, conducting prepolymerization of an

olefin in the liquid catalyst system, and separating the

resulting solid metallocene-containing catalyst system from

the reaction mixture. Alsgo polymerization of olefins using
the inventive catalyst system is disclosed.
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et hyl ene was bubbl ed through the sol ati

to effect prepol ynerization. Then 40 : Fers—added]| t RENFCTHINTUSHEET |
and the resulting mxture was flltered R@ $|§Esnd was t Té\(/al%'ed I
: ‘ F subj gCt rilyatdeh ......................

recovered powder to a high vacuumfor one hour it
solid inventive catal yst was prepared by conbining 2 nL of the I|qU| d

catal yst solution with 32 m_mmwﬂ%'a' m of the Schering

net hyl al um noxane sol ution. The prepol ynerization and recovery of the solid

catal yst was cgyrie qd out sane, manner as bef A
Hethad g8,

third inventiv alid-Metal Qﬁeﬂ%@ﬂﬁiﬂhaﬂ&@t‘b&y%onbl ning 2
m. of the liquid catal ys_{!@%ﬁ}g@?ﬁﬁ 17 Oke fz-@ Ralywerizati@@ne and an additional

12 mL of the commer CiyglemCdie’ 409 di1%4ad3" . 9%@5‘&3&# ta %gﬁy active
solid metallocene-containing catalyst system and its use in
.the polymerization of olefins. The catalyst system is. |
prepared by creating a catalyst system solution by combining
an aluminoxane with a metallocene having a substituent which
has olefinic unsaturation in a suitable liquid to form a
liquid catalyst system, conducting prepolymerization of an
olefin in the liquid catalyst system, and separating the
resulting solid metallocene-containing catalyst system from
the reaction mixture. Also polymerization of olefins using
the inventive catalyst system is disclosed.
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REPLACEMENT SHEET -14 -
prepot yneri zati on and recovery of the solid prepolynerized catal yst was as
described for the first inventive catalyst. —Still another

i nventive catal yst system was prepared by conbining 2 niL oﬁEHWCé,E HEET (
RHE%J

catal yst solution with 20 nmL of toluene and an additionalf 18
commerci al net hyl al um noxane sol ution. Again, the prepol
recovery of this inventive solid catal yst system was as
Still another inventive catalyst system has prepared by conbining 2 nL of
the liquid catalyst solution with 38 nL of the commercial nethylal um noxy

tol uene solution. Again tN@W@MQM&AMMSM@ Ation of the
i nventive catal yst V\@M& Al'l of
t hese inventive prep hen eval uat ed

for the polynerization of ethyFmID dmgqgwmqm(ma hexane slurry of the
solid prepol ynerized catal yst was subjected to sonification and then added

to the reactor whi ch%sm’!’%@nffﬂateédo Ainew mwﬁtsah@panqyula@g@ﬁ eengdded as
was done i pyhi9& system useful for the polymerization and/or copolymerization of olefins. The

invention is also related to a process for conducting polymerization of olefins using the
inventive solid metallocene catalyst system.
BACKGRO OF THE INVENTION

The term "Metallocene” as used herein refers to a derivative of
cyclopentadienylidene which is a metal derivative containing at least one
cyclopentadienyl component which is bonded to. a transition metal. The transition
metal is selected from Groups IVB, VB, and VIB, preferably IVB and VIB. Examples
include titanium, zirconium, hafnium, chromium, and vanadium. A number of
metallocenes have been found to be useful for the polymerization of olefins. Generally,
the more preferred cafalysts are metallocenes of Zr, Hf, or Ti. _

Generally, in order to obtain the highest activity from metallocene
catalysts, it has been necessary to use them with an organoaluminoxane cocatalyst, such
as methylaluminoxane. This resulting catalyst system is generally referred to as a
homogenous catalyst system since at least part of the metallocene or the
organoaluminoxane is in solution in the polymerization media. These homogenous
catalysts systems have the disadvantage that when they are used under slurry
polymerization conditions, they produce polymer which sticks to reactor walls during
the polymerization process and/or polymer having small particle size and low bulk
density which limits the commercial utility.

Some attempts to overcome the disadvantages of the homogenous
metallocene catalyst systems are disclosed in U.S. Patents 5,240,894, 4,871,705, and
5,106,804. Typically, these procedures have involved the prepolymerization of the
metallocene aluminoxane catalyst 'sys.tem either in the presence of or in the absence of
a support. An evaluation of these techniques has revealed that there is still room for
improvement, particularly when the catalyst is one which is to be used in a shurry type

CASE: 33236



corrparatlve run. The reactor was then pressurized with ethylene and the
terrperature rai sed to conduct the prepolyneri zatlon

“conparative run. A conparison of the variables i nVO’ REGLAOEVERT q!‘«fE&tﬂ iis
obt ai ned are set forth in the follow ng table.

TABLE | Cat al yst Mol ar gPE/ g NBI i 1 U AER .......

Foul i ng Rati o Cat a&yst/ § ndex "":Mz—:::ﬁt—’

(Sol uti on) 965 1170 0.43 41 10 1 -
égg 6§§9g)gization \ghé%‘% éhe object is tg gTduce a slurgf Of insoluble p%mes of the enégg 40
0.93 proﬂﬂct polymer rathet than a solution of polymer whit}Ocould result 38 Téuling of the0. 67
21 5 2000 7230 0.74 19

1 reactor In the operation of a slurry polymerization in a continuous loop reactor it is

extremely important for efficient operations to limit polymer fouling of the internal
surfaces of the reactor. The term "fouling" as used herein refers to polymer buildup on
the surfaces inside the reactor.

An object of the present invention is to provide a new method for
preparing a solid metallocene catalyst system. Iﬁ accordance with anorher aspect of the
present invention, there is provided a method for polymerizing olefins using the new
type of prepolymerized metallocene. |

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invenﬁon, a solid particulaté
metallocene-containing catalyst system is produced by (a) combining an
organoaluminoxane and at least one metallocene having at least one cyclopentadienyl-
type ligand having at least one olefinic unsaturated substituent in a liquid to form a
liquid catalyst system, (b) conducting prepolymerization of at least one olefin in the
presence of said liquid catalyst system, to produce a prepolymerized solid catalyst, and
(c) separating the resulting solid from the liquid and the components dissolved in the
liquid, said solid being the solid particulate meta'llocéne-contairﬁng catalyst system.

The phrase "liquid catalyst system" as used herein refers to the combination of the
aluminoxane, the metallocene, and the liquid, irrespective of whether the aluminoxane
and/or the metallocene are dissolvéd in the liquid.

In accordance with a further aspect of the present invention, the resulting
inventive solid particulate metallocene-containing catalyst system is employed in the
polymerization of an olefin by contacting the olefin with the inventive solid particulate
metallocene-containing catalyst system under suitable reaction conditions.

DETAILED DESCRIPTION OF THE INVENTION
A wide range of metallocenes are conéidered to be applicable to the
o present process. The essential feature is that the metallocene be oné wherein at least
one cyclopentadienyl-type ligand'has a substituent having a polymerizable olefinic
group. Some examples of such olefin-containing metallocenes are disclosed in U.S.
Patent 5,169,818 and published European No. 574,370. The invention is considered



The results denpbnstrate that the inventive sol id prepol yrrerl zed catal yst
‘system over a wide range of aluminumto Zirconiumratiof Ji DF e e tshitg
than the sol uble catal yst system of the conparative run“ 1 é‘Aﬁ&é/tENn$mi_:gw
of catalyst 2 is . 10 APRSICS7
consi dered anonal ous. I n addition, the polynerization darrl ‘ed ‘out--usi.ng. .t e
sol ubl e catal yst system produced subst antial anounts of fouling ~FRenusher
10 indicating that there was severe foutBrg of the reactor which required a
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can even include bridged ligands which contain two cyclopentadienyl-type radicals

connected by a suitable bridging structure but wherein only one of the
‘cyclopentadienyl-type radicals of that ligand is bonded to the transition metal.
Alternatively the olefinic substituent can be on the bridge connecting the two
cyclopentadienyl-type groups.

The metallocenes of the type contemplated as useful for the present
invention include those represented by the formula R, (Z)(Z)MeQ;, wherein each Z
bound to Me and is the éame or different and is a cyclopentadienyl-type ligand selected
from substituted or unsubstituted cyclopentadienyl, indenyl, tetrahydroindenyl,
octahydroﬂuorenyl, and fluorenyl ligands; R is a structural bridge linking the Z’s and
Me is a metal selected from the group consisting of IVB, VB, and VIB metals of the
periodic table, each Q is the same or different and is selected from the group consisting
of hydrogen, halogens, and organoradicals; x is 1 or 0; k is a number sufficient to fill
out the remaining valances of Me; further characterized by the fact that it has at least
one olefinically unsaturated substituent attached. In bridged metallocenes this
olefinically unsaturated substituent can be a branch on the bridging limit or on one or
both of the cyclopentadlenyl-type groups of the bridged ligands.
' A particularly preferred type of bridged metallocene includes those in
which the olefinically unsaturated substituent has the formula

Rz'é=c—(R")n—
wherein R’ is a hydrocarbyl diradical having 1 to 20 carbon atoms; more preferabl& 2
to 10; nis 1 or 0, and each R’ is individually selected from the group cbnsisting of
organo radicals having 1 to 10 carbon atoms and hydrogen. Most preferably R’’ has at
least two carbons in its main alkylene chain, i.e. it is a divalent ethylene radical or a
higher homolbg thereof.
| - Some olefinic branched bridged ligands useful for making metallocenes
suitable for the present invention can be prepared by reacting a dihalo olefinic
compound with an alkali metal salt of a suitable cyclopentadiene-type compound to
produce a compound of the formula Z-R-Z where R is a bridge having olefinic

unsaturation and wherein each Z is the same or alternatively to first produce a



t hat . there was no visible indication of fouling. The nunber 3 under the
heading "Fouling" indicates that there was a slight anount of fouling but
that it was easily renoved fromthe reactor wthout

sol vent wash. Accordingly, the inventive catalysts V\E'I’ BERMBMENS SHEET,
used in slurry polymerization wi thout causing signifilcant ulybR940H t hs
reactor. It has further been observed that the inventj W&och A?@tlwmod ce
a polyner that has a higher bulk density than the polymers—produceéd using a
catal yst solution such as that used in +4e conparative run. It has further
been observed that the pol rrers roduced with the inventive solid

pr epol yneﬁpmun‘&loﬁltl}%fo WheﬂeblAXriSmgep andther reacting: that expect  f or

Furthor  RRETARGE AR Ved?‘kﬁﬁ‘%@%@%‘t Sfhef R, Hoionei Get5Ring compound

prepol yrrertd‘: &ataaédnslsmﬁm&;fem@ forgida Z-R17{vhedemh el tweeZ s diffed. aStclet hyl
branches. This all |eads to the conclusion that sonmething quite different

t han ordi r:aao;nom mbn@mmlmmgm@mof&mpqmwm S.Ratenitnvent i ve
pr epol yrre5| lzfld talyst is enployed. Specifically it indicates that a
copol ynmer -P1’Ke fﬂf?oduct I s being obtained even though no conononer was

enpl oyed. An alternate technique for forming an JI&@#iB bearichéd bridged ligand A
series of tests were made to conpare the inventive procedure to a procedure

i n whi ch anyplepsorepehing 2 satbonyl epmpovad bevingnlefinip unsaturgtion withed al | ocene
cyclopentadiene-type compound in the presence of a base and methanol to yield an

alkenyl fulvene which is then reacted with an alkali metal salt of a cyclopentadiéne—

type compound, such as, for example, fluorene, to yield the unsaturated-branched-

bridged ligand containing two cyclopentadienyl-type groups, i.e. fluorenyl and
cyclopentadienyl. For example, one could react 5-hexene-2-one with cyclopentadiene
using a procedure like that disclosed by Stone et al in J. Org. Chem., 49, 1849 (1984)
to yield 6-(but-3-eny1)-6-meﬂ1ylﬁ11§ene which could then be reacted with
fluorenyllithium and subsequently hydrolyzed to yield 5-cyclopentadienyl-5-(9-

" fluorenyl)~1-hexene, also sometimes referred to as 1-(9-fluorenyl)-1-(cyclopentadienyl)-
1-(methyl)-1-(but-3-enyl) methane. |

The present invention thus envisions using bridged metallocengs prepared

from vinyl terminated branched bridged ligands of the formula

. lR' Z
H2C__C_(CH2)n I'Liv——R"’
7

wherein m is a number typicaily in the range of about 0 to 20; more preferably 2-10;
RV is Si, Ge, C, or Sn; R and R’ are each individually selected from hydrogen, or
organo groups having 1 to 10 carbons. Currently preferred R’ and R" components are
hydrogen or alkyl groups typically having 1 to 10 carbon atoms, or aryl groups
typically having 6 to 10 carbon atoms. Z is a cyclopentadienyl-type radical as
described earlier.

The metallocenes of such olefinically unsaturated branched-bridged
ligands can be prepared by reacting the olefinically branched-bridged
bis(cyclopentadienyl-type) ligand with an alkali metal alkyl to produce a divalent ligand
salt that is then reacted with the transition metal compound to yield the metallocene,



which did not contain a branch havi ng oI efinic unsat ur atgea—-n this case,

the nmetal |l ocene was ;:,-,.pm{jtw.
1- (9-fluorenyl)-1-(cycl opentadi enyl)-1-(net hyI)-I (butyl met ane lercgf‘ﬁEJ |
dichloride. The Iigand and netal | ocene were prepared in
expl ained in Exanple | but using 6-butyl-6-nethyl ful verla

but enyl ful vene. Thus, the only difference between this netall ocene and
that used in the precedi ng exanple was that the hydrocarbon branch on the
bridge in this exanple did not have ol efsisvic unsaturation. In a first run,
a solution of 0.007 grans of the nmetallocene and 10 nL of a 1.1 MScherlng
met hyl al uniusingathe techinigpes geresalty kyowreih thedirt foxtforming|speh metdllocenes. vBee,

Lo bRt Teid i Eaen BybEden AT SERERF bR e "
disclosure of which is incorporated herein by reference.

Some typical examples of some metallocenes containing a substituent
having olefinic unsaturation include 5-(cyclopentadienyl)-5-(9-fluorenyl)-1-
hexene zirconium dichloride, bis(9-fluorenyl)(methyl)(vinyl)silane zirconium dichloride,
bis(9-fluorenyl)(methyl)(prop-2-enyl)silane zirconium
dichloride, bis(9-fluorenyl)(methyl)(but-3-enyl)silane zirconium dichloride, bis(9-
fluorenyl)(methyl)(hex-5-enyl)silane zirconium dichloride, bis(9-fluorenyl)(methyl)(oct-
7-enyl)silane zirconium dibhloride, (cyclopentadienyl)(1-allylindenyl) zirconium
dichloride, bis(1-allylindenyl) zirconium dichloride, (9-(prop-2-enyl) fluorenyl)
(cyclopentadienyl) zirconium dichlo;ide, (9-(prop-2-enyl)
fluorenyl)(pentamethylcyclopentadienyl) zirconium dichloride, bis(9-(prop-2-
enyl)fluorenyl) zirconium dichloride, (9-(cyclopent-2-enyl) ﬂuoren}"l) (cyclopentadienyl)
zirconium dichloride, b1s(9-(cyclopent-2-enyl)(ﬂuorenyl) zirconium dichloride, 5-(2-
methylcyclopentadienyl)-5-(9-fluorenyl)-1-hexene zirconium dichloride, 5-(ﬂuoreny1)-5-
(cyclopentadienyl)-1-hexene hafnium dichloride, (9-fluorenyl)(I-allylindenyl)
dimethylsilane zirconium dichloride, 1-(2,7-di(alpha-methylvinyl)(9-fluorenyl))- 1-
(cyclopentadienyl)-1,1-dimethylmethane zirconium dichloride, 1-(2,7-di(cyclohex-1-
enyl)(9-fluorenyl))-1-(cyclopentadienyl)-1,1-methane zirconium dichloride, 5-
(cyclopentadienyl)-5~(9-fluorenyl)-1-hexene titanium dichloride, and the like.

These various metallocenes can be prepared by reacting the necessary
cyclopentadienyl-type alkali metal salt with a transition metal compound. Some
examples of such reactions are disclosed in the aforementioned Published EPC
Application No. 524,624.

The organo aluminoxane component used in preparing the inventive solid
catalyst system is an oligomeric aluminum compound having repeating units of the

formula

(-Al-0-)



- 16.- wusing a catalyst systemsolution prepared fromthe same netallocene
and MAO to obtain solid prepolynerized catal ysts of varying akFum-aumto

zirconiumratios. In this case the catalyst solution was ﬁf*é’p%tﬁﬁs@d,g_-py e
combining 19.3 nL of the 1.1 M Schering MAO tol uene sol utjion wph 0. TG :énﬁé
of the butyl-substituted bridged netall ocene. 4 The' ¥ IAB 1997 /,
conparative solid prepolymerized catal yst system C was prepar ety " ji
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conbining 2 n_L of the butyl netall ocene/"MAO cat al yst system sol uti on Wi th-
an additiongal 38 ni .of the nethylal unm ngxane solution. After refrigerating
For 24 houreme SFPRRL SFBuBBIeeRed Pt E0e 1t (RrdlPds 105 nin a

room t enperGtRReALTE, AIRE. VIRItHY bethRdihliRfhokar fn €2 T,LEL bl ritfical ™ Of

n- hexane was added tdthe m xture. The m xture was then fi washed
with 10 ni fof examplgamethyhcethili propyh dutyl ar ipeotly] wad (nnisfanrinteger fromr 1 to

ot *the. but yiDoRG s ¥lost Bracrafif B & hesfoaeiTos e B 1eBn 4 oGt s be” © ™
addi tional pk8pdibd By vbﬂwgﬂseehaiey BnBR% 3N She S't.UFIL epihplb) ﬁ{‘alumxi?%lm alkyl

prepol ymerization was conducted in the same manner and the so
separ at ed anay be ineated rwithhwaten dissolved in an inert organic solvent, or it may be contacted

with a hydrated salt, such as hydrated copper sulfate suspended in an inert organic

solvent, to yield an aluminoxane. Generally the reaction of an aluminum alkyl with a
limited amount of water is postulated to yield a mixture of the linear and cyclic species
of the aluminoxane.

In the first step of the present invention, the metallocene and
aluminoxane are combined in the presence of a suitable liquid to form a liquid catalyst
system. It is preferred that the liquid catalyst system be prepared using an organic
liquid in which the aluminoxane is at least partially soluble. The currently preferred
liquids are hydrocarbons such as hexane or toluene. Typically some aromatic liquid
solvent is employed. Examples include benzene, toluene, ethylbenzene, diethylbenzene,
and the like. The amount of liquid to be employed is not particularly critical.
Nevertheless, the amount should preferably be such as to dissolve the product of the
reaction between the metallocene and the aluminoxane, provide desirable
polymerization viscosity for the prepolymerization, and to permit good mixing. The
temperature is preferably kept below that which would cause the metallocene to
decompose. Typically the temperature would be in the range of -50°C. to 100°C.
Preferably, the metallocene, the aluminoxane, and the liquid diluent are combined at
room temperature, i.e. around 10 to 30°C. The reaction between the aluminoxane and
the metallocene is relatively rapid. The reaction rate can vary depending upon the
ligands of the metallocene. It is generally desired that they be contacted for at least
about a minute to about 1 hour.

It is within the scope of the invention to form the liquid catalyst system
in the presence of a particulate solid. Any number of particulate solids can be
employed as the particulate solid. Typically the support can be any organic or
inorganic solid that does not interfere with the desired end result. Examples include

porous supports such as talc, inorganic oxides, and resinous support materials such as



manner . Still yet another conparative solid catalyst systemE

fvas prepared by conbining 2 nL of the butyl catalyst systéw..‘g,gl gELon Wid e
26 nL of toluene and 12 additional nL of the methyl al uni nakafe“sorution.
The prepol ynerization, recovery and drying were carried ouf .ag pef;

A conparison .of the variables and the results obtained ar egfei%‘?déﬁ\ejﬁ%?fhp

fol | owi ng tabl e. : TABLE 11 Cat al yst
Mol ar PE g/ g Mel t HLM-/7 - Foul i ng '
gaE ISSI Ut i OCat i%:luyai‘%/Bolyolefiln.rs].di-}é(r;\mples of n%rgamg @xide materigly incluélbéI é]%(;ups 1% 1L, Hr-
1900 IV 42V metal oxides su¢h as silica, alumit¥’ silica-alumina, arfl mixtures thereof,

Other examples of inorganic oxides are magnesia, titania, zirconia, and the like. Other
suitable support materials which can be employed include such as, m'agnesium
dichloride, and finely divided polyolefins, such as polyethylene. It is within the scope
of the present invention to use a mixture of one or more of the particulate solids.

It is generally desirable for the solid to be thoroughly dehydrated prior to
use, preferably it is dehydrated so as to contain less than 1% loss on ignition. Thermal
dehydration treatment may be carried out in vacuum or while purging with a dry inert
gas such as nitrogen at a temperature of about 20°C. to about 1000°C., and preferably,
from about 300°C. to about 800°C. Pressure considerations are not critical. The
duration of thermal treatment can be from about 1 to about 24 hours. However, shorter
or longer times can be employed provided equilibrium is established with the surface
hydroxyl groups.

Dehydration can also be accomplished by subjecting the solid to a
chemical treatment in order to remove water and reduce the concentration of surface
hydroxyl groups. Chemical treatment is generally capable of converting all water and
hydroxyl groups in the oxide surface to relatively inert species. Useful chemical agents
are for example, trimethylaluminum, ethyl magnesium chloride, chlorosilanes such as
SiCly, disilazane, trimethylchlorosilane, dimethylaminotrimethylsilane and the like.

The chemical dehydration can be accomplished by slurrying the
inorganic particulate material such as, for example silica, in an inert low boiling
hydrocarbon, such as for example, hexane. During the chemical dehydration treatment,
the silica should be maintained in a moisture and oxygen tree atmosphere. To the silica
sturry is then added a low boiling inert hydrocarbon solution of the chemical
dehydrating agent, such as, for example dichlorodimethylsilane. The solution is added
slowly to the slurry. The temperature ranges during chemical dehydration reaction can
be from about 20°C. to about 120°C., however, higher and lower temperatures can be
employed. Preferably, the temperature will be about 50°C. to about 100°C. The
chemical dehydration procedure should be allowed to proceed until all the substantially
reactive groups are removed from the particulate support material as indicated by
cessation of gas evolution. Normally, the chemical déhydration reaction will be
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system di d not appear to be nore active than the solutiof type catal yst '

system Further, it will be noted that while the prepol yhesiz$d. ARRaiSG7.s..
stem—the————

produce sonmewhat |ess fouling than the solution catal yst-:syster
fouling was still significantly nuch hi gﬁ?er than that obtained with the

butenyl pr eROWAES biceted BORI5bont 30 Mtndtes 3 b 16 Mouks, Prferably: Tlos hoirs.
' Upon completion of the chemical dehydration, the solid particulate matérial may be
filtered under a nitrogen atmosphere and washed one or more times with a dry, oxygen
free inert solvent. The wash solvents as well as the diluents employed to form the
slurry and the solution of chemical dehydrating agexit, can be any suitable inert
hydrocarbon. Illustrative of such hydrocarbons are pentane, heptahe, hexane, toluene,
isopentane and the like.

Another chemical treatment that can be used on solid inorganic oxides
such as silica involves reduction by contacting the solid with carbon monoxide at an
elevated temperature sufficient to convert substantially all the water and hydroxyl
groups to relatively inactive species.

The specific particle size of the support or inorganic oxide, surface area,
pore volume, and number of hydroxyl groups is not considered critical to its utility in
the practice of this invention. However, such characteristics often determine the
amount of support to be employed in preparing the catalyst compositions, as well as
affecting the particle morphology of polymers formed. The characteristics of the
carrier or support must therefore be taken into consideration in choosing the same for
use in the particular invention.

It is also within the scope of the present invention to add such a
particulate solid to the liquid catalyst system after it has been formed and to carry out

the prepolymerization in the presence of that solid. |

_ The amount of aluminoxane and metallocene used in forming the liquid
catalyst system for the prepolymerization can vary over a wide range. Typically,
however, the molar ratio of aluminum in the aluminoxane to transition metal of the
metallocene is in the range of about 1:1 to about 20,000:1, more preferably, a molar
ratio of about 50:1 to about 2000:1 is used. If a particulate solid, i.e. silica, is used
generally it is used in an amount such that the weight fatio of the metallocene to the
particulate solid is in the range of about 0.00001/1 to 1/1, more preferably 0.0005/1 to
0.2/1. |

The prepolymerization is conducted in the liquid catalyst system, which
can be a solution, a slurry, or a gel in a liquid. A wide range of olefins can be used

for the prepolymerization. Typically, the prepolymerization will be conducted using an




Exanple IV This exanpl e deals with prepari he_inventive
'sol i d> catal yst systemin the presence of an infdorganic s m‘g_ﬁuué, NT SHEET
The support enployed was a silica sold as Davidson G adgf 948. ha E nE
average particle size of 50 micron. It was dried in a bhe . fu rﬂaA@R 1997
tenperature was increased about 200[err]C per hour in the:: " |
until 800[err]C. was reached. The resulting solid was then cool ed “and
placed in a 800 nmL flask and covered w tA dried n-hexane. The resulti ng

m xt ure was n red 16 a 14. 5 we percent oI ution of
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for about two additional hours. Then a solution of 0.06 gmof Stadis 450 in

50 nL of t exaneple, ethsleaeiandia Hﬂ@tslpham}eﬁmeaubmnsedlﬂooﬂwdpmpclymenk@mnd t he

sol vent wasg, decante e was .t he shed hre W|th 180
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This dried silica was then enployed in the preparation of the inventive

solid cat ablefinicslly tuasatutatedzpagtion of thexmellocgBegm of 1- (9-fluorenyl)-I-
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conditions. Typically, this would involve using low pressures of the olefin and

relatively low temperatures designed to ‘prevent site decomposition resulting from high
concentrations of localized heat. The prepolymerization typically occurs at
temperatures in the range of about -15°C. to about +1 10°C., more preferably in the
range of about +10 to about +30°C. The amount of prepolymer can be varied but
typically would be in the range of from about 1 to about 95 wt % of the resulting
prepolymerized solid catalyst system, more preferably about 5 to 80 wt %. It is
generally desirable to carry out the prépolymerization to at least a point where
substantially all of the metallocene is in the solid rather than in the liquid since that
maximizes the use of the metallocene. _

After the prepolymerization, the resulting solid prepolymerized catalyst is
separated from the liquid of the reaction mixture. Various techniques known in the art
can be used for carrying out this step. For example, the material could be separated by
filtration, decantation, or by vacuum evaporation. It is currently preferred, however,
not to rely upon vacuum evaporation since it is considered desirable to remove
substantially all of the soluble components in the liquid reaction product of the
prepolymerization from the resulting solid prepolymerized catalyst before it is stored or
used for subsequent polymerization. - After separating the solid from the liquid, the
resulting solid is preferably washed with a hydrocarbon and then dried using high
vacuum to remove substantially all the liquids and other volatile components that might
still be associated with the solid. The vacuum drying is preferably carried out under
relatively mild conditions, i.e. temperatures below 100°C. More typically the
prepolymerized solid is dried by subjection to a high vacuum at a temperature of about
30°C. until a 'substantia'lly constant weight is achieved. A preferred technique employs

at least one initial wash with an aromatic hydrocarbon, such as toluene, followed by a
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sparingly soluble, i.e. a countersolvent for the prepolymer, to help cause soluble
prepolymer to precipitate from the solution. Such a liquid is also useful for the
subsequent washing of the prepolymerized solid.

It is also within the scope of the present invention to add a particulate
solid of the type aforementioned after the prepolymerization. Thus one can add the
solid to the liquid prepolymerization product before the countersolvent is added. In this
manner soluble prepolymer tends to precipitate onto the surface of the solid to aid in
the recovery of the filtrate in a particulate form and to prevent agglomeration during
drying. The liquid mixture resulting from the prepolymetization or the inventive solid
prepolymerized catalyst can be subjected to sonification to help break up particles if
desired.

Further, if desired the recovered solid prepolymerized catalyst system can
be screened to give particles having sizes that meet the particular needs for a particular
type of polymerization.

Another option is to combine the recovered inventive solid
prepolymerized catalyst system with an inert hydrocarbon, such as one of the type used
as a wash liquid, and then to remove that liquid using a vacvum. In such a process it
is sometimes desirable to subject the resulting mixture to sonification before stripping
off the liquid.

The resﬁlting solid prepolymerized metallocene-containing catalyst
system is useful for the polymerization of olefins. Generally, it is not necessary to add
any additional aluminoxane to this catalyst system. In some cases it may be found
desirable to employ small amounts of an organoaluminum compound as a scavenger for
poisons. The term organoaluminum compounds include compounds such as |
triethylaluminum, trimethylaluminum, diethylaluminum chloride, ethylaluminum
dichloride, ethylaluminum sesquichloride, and the like. Trialkyl aluminum compounds
are currently preferred. Also in some applications it may be desirable to employ small
amounts of antistatic agents which assist in preventing the agglomeration of polymer
particles during polymerization. Still further, when the inventive catalyst system is
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alpha-olefins having 2 to 10 carbon atoms. Examples of such olefins include ethylene,

propylene, butene-1, pentene-1, 3-methylbutene-1, hexene-1, 4-methylpentene-1, 3-
methylpentene-1, heptene-1, octene-1, decene-1, 4,4-dimethyl-1-pentene, 4,4-diethyl-1-
hexene, 3,4-dimethyl—1_-hexene, and the like and mixtures thereof. The catalysts are
also useful for preparing copolymers of ethylene and propylene and copolymers of
ethylene or propylene and a hiéher molecular weight olefin.

_ The polymerizations can be carried out under a wide range of conditions
depending upon the particular met_al_iqcene employed and the particular results desired.
Although the inventive catalyst system is a solid, it is considered that it is useful for
polymerization conducted under solution, slurry, or gas phase reaction conditions.

When the polymerizations are carried out in the présence of liquid
diluents obviously it is important to use diluents which do not have an adverse effect
upon the catalyst system. Typical liquid diluents include propane, butane, isobutane,
pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene, xylene, and
the like. Typically the polymerizatiqn femperature can vary over a wide range,
temperatures typically would be in a range of about -60°C. to about 300°C., more
preferably in the range of about 20°C. to about 160°C. Typically the pressure of the
polymerization would be in the range of from about 1 to about 500 atmospheres or
even greater. The inventive catalyst system is pa.rticulaﬂy useful for polymerizations
carried out under particle form, i.e., slurry-type polymerization conditions.

The polymers produced with this invention have a wide range of uses
that will be apparent to those skilled in the art from the physical properties of the
respective polymers. Applications such as molding, films, adhesives, and the like are
indicated. -

A further understanding of the present invention, its various aspects,
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temperature. Then 9.6 mL of glacial acetic acid was added. The reaction mixture was

stirred for one half hour and then the solvent was evaporated in a vacuum. The residue
was dissolved in 200 mL of diethyl ether and washed five times with 100 mL of water.
The organic phase was filtered using a silica gel and dried over sodium sulfate. The
solvent was evaporated in a vacuum. A yellow oil was recovered which was identified
as 6-(3-butenyl)-6-methylfulvene.

A solution was prepared by dissolving 10 g of fluorene in 100 mL of
THF and then this was slowly reacted with 37.6 mL of a 1.6 molar solution of n-
butyllithium in hexane. This dark red solution was stirred overnight at room
temperature. Then a solution was prepared by combining 8.8 g of 6-(buteny1)-6-
methylfulvene with 50 mL of THF. This later solution was then added dropwise over a
period of one half hour to the solution of the fluorenyl lithium salt. The resulting
reaction mixture was stirred overnight at room temperature and then 100 mL of water
was added. The organic phase was dried overnight over sodium sulfate and the solvent
was evaporated in a vacuum. The yellow residue was dissolved in pentane and filtered
using silica gel. The solvent was concentrated by means of evaporation.
Crystallization took place at about -18°C. to givé 5-(cyclopentadienyl)-5-(9-fluorenyl)-
1-hexene in the form of a white solid. This compound is also sometimes referred to as

—(9-ﬂuoreny1)-1 (cyclopentadienyl)-1- (but-3 -enyl)- -(methyl) methane.
~ Example I

Five grams of compound 5-(cyclopentadienyl)-5-(9-fluorenyl)-1-hexene
was reacted with twice as many moles of n-butyllithium in 100 mL diethyl ether using
conditions of the type taught in aforementioned European Patent Publication No.
524,624 to produce the divalent ligand salt. The divalent ligand salt in diethyl ether
was then redcted with 3.96 grams of zirconium tetrachloride at room temperature. The
orange metallocene 1-(9-fluorenyl)-1-(cyclopentadienyl)-1-(but-3-enyl)-1-(methyl) |

methane zirconium dichloride was recovered and purified by decanting off the liquid
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and recrystallization in dichloroqthane at -18°C. Then the liquid was decanted off and
the solid dried usiﬂg a high vacuum.

The effectiveness of this metallocene for the polymerization'of ethylene
was evaluated. A comparative polymerization technique involved combining a selected
amount of the metallocene with a 1.1 molar solution of methylaluminoxane (MAO) in
toluene obtained from Schering. This resulting catalyst system solution (Catalyst A)
was then injected into an autoclave. The auntoclave was then filled with 2 liters of
isobutane and the temperature was raised to about 90°C., the polymerization
temperature. Then hydrogen was added from a 300 cc vessel in an amount equal to a
10 psi pressure drop in the vessel and then the reactor was then pressurized to 450 psig
with ethylene. The polymerization was continued for one hour after reaching the 90°C.
reaction temperature. Then the reactor was cooled and vented and the solid polymer
was recovered.

In another series of runs, a number of inventive solid catalyst systems
were prepared by combining the metallocene and the methylaluminoxane toluene
solution to produce a liquid catalyst system which was then contacted with ethylene
under prepolymerization conditions to produce a solid prepolymerized catalyst system.
Specifically, 19.3 mL of a 1.1 molar toluene solution of methylaluminoxane with 0.102
gms of the metéllocene to result in the liquid catalyst solution. A first solid catalyst
system was prepared by adding 2 mL of that solution to 38 mL of toluene; then
ethylene was bubbled through the solution for 105 min at room temperature to effect
prepolymerization. Then 40 mL of hexane was added to the mixture and the resulting
mixture was filtered. The resulting solid was then washed with 10 mL of hexane and
dried. The drying involved subjecting the recovered powder to a high vacuum for one
hour. :

A second solid inventive catalyst was prepared by combining 2 mL of
the liquid catalyst solution with 32 mL of toluene and 6 additional ml of the Schering
methylaluminoxane solution. The prepolymerization and recovery of the solid catalyst
was carried out in the same manner as before. | |

A third inventive solid prepolymerized catalyst was prepared by
combining 2 mL of the liquid catalyst solution with 26 mL of toluene and an additional

12 mL of the commercial Schering methylaluminoxane solution. The
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this inventive solid catalyst system was as described before.

Still another inventive catalyst system was prepared by combining 2 mL
of the liquid catalyst solution with 38 mL of the commercial methylaluminoxy toluene - -
solution. Again the prepolymerizatio_n and isolation of the inventive catalyst was
carried as described before. _ |

All of these inventive prepolymerized solid catalyst systems were then
evaluated for the polymerization of ethylene. In these runs, a hexane slurry of the solid
prepolymerized catalyst was subjected to sonification and then added to the reactor
which was then filled with isobutane. Hydrogen was added as was done in the

comparative run. The reactor was then pressurized with ethylene and the temperature

raised to conduct the prepolymerization as done in the comparative run. A comparison .
of the variables involved and the results obtained are set forth in the following table.

A (Solution)
’} 1 100 6880 | 091 20 1
2 400 | 836 065 19 1
3 9840 0.93 17 1
4 5970 0.67 21 1
5 7230 074 | 19 1

The results demonstrate that the inventive solid prepolymerized catalyst
system over a wide range of aluminum to zirconium ratios was more active than the

soluble catalyst system of the comparative run. The productivity of catalyst 2 is
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removing the adhered polymer. The value of 1 under the heading "Fouling" indicates

that there was no visible indication of fouling. The number 3 under the heading
;'Fouling" indicates that there was. a slight amount of fouling but that it was easily
removed from the reactor without requiring a heated solvent wash. Accordingly, the
inventive catalysts were capable of being used in slurry polymerization with'out causing
significant fouling of the reactor. It has further been observed that the inventive
caxalysté produce a polymer that has a higher bulk density than the polymers produced
using a catalyst solution such as that used in the comparative run. It has further been
observed that the polymers produced with the inventive solid prepolymerized catalyst
have a much lower density than one would expect for the melt index observed,
especially when no comonomer was used. Still further, NMR analysis of polymers
made with the inventive solid prepolymerized catalyst systems reveal that the polymers
contain ethyl branches. This all leads to the conclusion that something quite different
than ordinary ethylene homopolymerization is occurring when this inventive
prepolymerized catalyst is employed. Specifically it indicates that a copolymer-like
product is being obtained even though no comonomer was employed.
Example ITT

A series of tests were made to compare the inventive procedure to a
procedure in which a prepolymerization is conducted but on a similar metallocene
which did not contain a .branCh having olefinic unsaturation. In this case, the
metallocene was 1-(9-fluorenyl)-1-(cyclopentadienyl)-1-(methyl)-1-(butyl)methane
zirconium dichloride. The ligand and metallocene were prepared in a manner like that
explained in Example I but using 6-butyl-6-methyl fulvene rather than the butenyl
fulvene. Thus, the only differenée between this metallocene and that used in the
préceding example was that the hydrocarbon branch on the bridge in this example did
not have olefinic unsaturation. In a first run, a solution of 0.007 grams of the
metallocene and 10 mL of a 1.1 M Schering methylaluminoxane toluene was prepared
and that catalyst solution was employed without prepolymerization. It is referred to as
catalyst solution B. Also, three prepolymerized solid catalyst systems were prepared
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using a catalyst system solution prepared from the same metallocene and MAO to
obtain solid prepolymerized catalysts of varying aluminum to zirconium ratios. In this
case the catalyst solution was prepared by combining 19.3 mL of the 1.1 M Schering
MAQ toluene solution with 0.1 grams of the butyl-substituted bridged metallocene.

The first comparative solid prepolymerized catalyst system C was

prepared by combining 2 mL of the butyl metallocene/MAQO catalyst system solution

| with an additional 38 mL of the methylaluminoxane solution. After refrigerating for 24
hours, ethylene was bubbled through this solution for 105 min at room temperature.
The net weight gain was 1.6 gm. While stirring, 40 mL of n-hexane was added to the
mixture. The mixture was then filtered and washed with 10 mL of n-hexane and dried
under a high vacuum for one hour,

A second comparative solid catalyst system D was prepared by
combining 2 mL of the butyl catalyst system solution with 20 mL of toluene and an
additional 18 mL of the methylalumihoxane toluene solution. The prepolymerization
was conducted in the same manner and the solid was separated and dried in the same
manner.

Still yet another comparative solid catalyst system E was prepared by
combining 2 mL of the butyl catalyst system solution with 26 mL of toluene and 12
additional mL of the methylaluminoxane solution. The prepolymerization, recovery
and drying were carried out as before.

A comparison of the variables and the results obtained are set forth in

the following table.

TABLE II

B (Solution) | 750 M7 038 NA 10
HLMI)
| 1900 R NA 3 |

| 1000 | -8 0 NA 8
600 | 107 0 NA 8
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Example IV

This example deals with preparing the inventive solid catalyst system in

the presence of an inorganic support.

The support employed was a silica sold as Davidson Grade 948. It had
an average particle size of 50 micron. It was dried in a muffle furnace. The
temperature was increased about 200°C. per hour in the muffle furnace until 800°C.
was reached. The resulting solid was then cooled and placed in a 800 mL flask and
covered with dried n-hexane. The resulting mixture was then stirred while 160 mL of
a 14.5 weight percent solution of trimethylaluminum in n-heptane was added in about
20 mL increments. After all the trimethylaluminum solution had been added, the slurry
was stirred for about two additional hours. Then a solution of 0.06 gm of Stadis 450
in 50 mL of toluene was added. The slurry was then allowed to settle and the solvent
was decanted. The solid was then washed three times with 180 mL portions of dried n-
hexane. The liquid was decanted and the solid was left to stand overnight. Then the
solid was dried under a vacuum.

This dried silica was then employed in the preparation of the inventive
solid catalyst system. In a glove box, 0.275 gm of 1-(9-fluorenyl)-1-
(cyclopentadienyl)-l-(méthyl)—l-(but-3-enyl) methane zirconium dichloride was placed
in a 800 mL flask. Then 180 mL of a 1.1 molar methylaluminoxane toluene solution
obtained from Schering and 340 mL of toluene were added to the flask. The mixture
was stirred and ethylene was bubbled through it for one hour at room' temperature. |
Then 47 gm of the dried silica was added. The mixture was again stirred and ethylene
was bubbled through ﬁle mixture for an additional hour. The resulting weight gain was
7.09 gm. Ethylene was then bubbled through the stirred mixture for one additional
hour. The weight gain overall was 12.58 gm. The resulting solid was separated from
the liquid by filtering and was washed twice with 140 mL of toluene and twice with
140 mL of dried n-hexane. Although the recovered solid appeared to be é powder, it
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dry catalyst was then also evaluated for the polymerization of ethylene.

In these two polymeriiations, the solid catalyst system was added to the
autoclave as a powder rather than as a slurry of the powder in a liéuid diluent.
Otherwise the polymerizations were as described for the preceding examples. Both
catalysts produced polyethylene with minimal fouling of the reactor. The fouling rated
a 1 value. The aluminum-to-zirconium ratio used to prepare the solid catalyst in the
polymerization in both cases was 350. The wet catalyst system had a productivity of
900 gm of polymer per gram of catalyst, wherein the silica was included as part of the
catalyst weight. The dried catalyst system had a productivity of 4,800 gm of polymer
per gram of catalyst, again wherein the silica was included in the weight of the catalyst.
This is a particularly unusual activity since silica is generally viewed as an inert diluent
which adds nothing to the activity of a prepolymerized catalyst.

Example V

A number of other metallocenes containing a substituent having olefinic
unsaturation were also used to prepare catalysts according to the present invention.
Among the metallocenes employed were:

(cyclopentadienyl) (9-(prop-2-enyl)fluorenyl) zirconium dichloride

(cyclopentadienyl) '(9?(gyclopent-2-enyl)ﬂuorgnyl) zirconium dichloride

1-(1-allylindenyl)-1-(9-fluorenyl)-1-(dimethyl) silane zirconium
‘dichloride

(di(9-fluorenyl) (hex-5-enyl) methy! silane zirconium dichloride

di(9-fluorenyl) (prop;z-enyl) (methyl vinyl) silane zirconium dichloride

In all cases, when the prepolymerized inventive solid catalyst systems
were employed in the slurry polymerization of ethylene, they produced less fouling
than was observed for the solutioﬁ type controls of Examples I and IIl. With the
exception of the inventive catalyst system made from di(9-fluorenyl) (prop-2-enyl)
methyl silane zirconium dichloride, the fouling observed was much lower than that
observed for any of the catalysts employed in Example II. Additional study would be
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wherein at least two different netall ocenes each having at | east one
olefinically unsaturated substituent arel®napl oyed during the

prepol yneri zati on. A net hod according to ¢laim 17, wherein at

| east one 8ecdeddo ,dg{egnmgc\gh)ég)at particular propenyl methy] silane zirconium dichloride

A et hod st PR R BT B e SRSy Re L BRLNBER D ST D, dged

nmet al | ocenes are enployed each having olefinic unsaturation in a branch
extending outwardly fromthe bridge. 20. A et hod for

pol yneri zing an olefin conprising contacting said ol efin under suitable

pol ynmeri zation conditions with a solid netal |l ocene-containing catal yst
system produced by the process of claim1. 21. A nmet hod accordi ng
to claim?20, wherein the polynerization is




conduct ed under slurry polynerization conditions. Tb)_o,d
according to claim?21, wherein ethylene is polyneri zed1 PPFPtLﬁgEMEéEe‘nCé of'
an al kane liquid diluent. 23. A et hod accorgli ng. to claim?22,

wherein said solid netal |l ocene- contai nag catal yst systen '8y %‘f rom
5-(9-fluorenyl)- 5-(cycl opent adi enyl) - xene-1 zirconi um di chlo e 4.

A net hod according to claim23, wherein the Eol ynmeri zation i s conducted in
a continuous | oop reactor and isobut d as a liquid diluent for the

pol ymer i zat ?_on. 25. A method fofﬁ% zfxﬁ%tda ?oclftfxlhgﬂaﬂgcecﬂilg-c%L@n.1 m%o?tal\#gtrl St E)Eei S

solid netal I'ocene- contarnin system use
prepared bycdnaprisign{y) rdbbﬂ@nﬁng {Pa ﬂlhuﬂramﬂghn&rh(mmkﬁmﬂadillmy bpe hexene- 1

zirconiumdichlorid and | al um noxane in.a liquid epol yneri zi ng
ethyl ene | nmpwhowee mnsga ﬁwep cyqlpnen@d}ﬁpxlsmybft i(iw Mﬁ (c)

t jod
Zgg g; gi Inggt O&%%Wﬂwmgﬂéédgeéﬂgﬁ?ﬁ&ﬁa\éh% %ast%ﬁre olefirtlca}l consi st s

. essenti al | ysubktitaentato domt iadiduid) vatalyst system, (b) conducting prepolymerization of at least

-1

one olefin in the presence of said catalyst system to produce a prepoplymerized solid
catalyst containing no more than about 95 weight percent prepolymer, and (c)

separating the resulting solid from the liquid and components dissolved in said liquid.

2. A method according to claim 1, wherein after the solid is separated from
the liquid in step (c) the solid is subjected to drying to remove substantiaily all the
liquid. .

3. A method according to claim 2, wherein an aromatic solvent is used for

forming the liquid catalyst system.

4, A method according to claim 3, wherein the solvent that _is used for
forming the liquid catalyst system is toluene. _

5. A method according to claim 4, wherein a solid particulate support is
added to the reaction product of step (b), then a liquid in which the prepolymer is
sparingly soluble is added, and the resulting solids are recovered by filtering, washing,

and drying. |

6. - A method accoi'ding to claim 5, wherein said particulate support is silica.
7. A method according to claim 4, wherein the solid is separated from the
liquid in step (c) by filtering, then washing the recovered solid with a hydrocarbon, and
then drying the washed solid.

8. A method according to claim 7, wherein an alkane is used in the
washing. |

9. A method according to claim 1, wherein step (a) is conducted in the
presence of a particulate support that is insoluble in the liquid being employed in step
(a). |

10. A method according to claim 9, wherein said particulate support is an

inorganic oxide.
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: A met hod accordi ng to |
said solid nmetal |l ocene- containing catal yst systemis pr egg%gkﬁm ng a P@tﬁ
| east one bridged netall ocene having a vinyl term nated|

ligand of the formula [err] whereingyis 1 or 0; [eL Eﬁquﬁfﬁp&qgsf]

Sn;

each R

|

Br

Is individually selected fromthe group consisting of hydrogen
and hydrocarbyl diradicals having 1 to 10 carbons; R' is

11. A method according to claim 4, wherein the prepolymerization involves
the prepolymerization of ethylene. | ‘

12. A method according to claim 11, wherein the prepolymerization involves
the prepolymerization of a mixture of ethylene and 1-butene.

13. A method according to claim 1, wherein step (a) is conducted in the
presence of a bridged metallocene having olefinic unsaturation in a branch extending

outwardly from the bridge, the ligand of said metallocene having the formula
é‘C—(R")n ‘ RlV R™

hereinnis 1 or 0; RIV is Si, Ge, C, or Sn; each R’ is individually selected from the
group consisting of hydrogen and hydrocarbyl radicals having 1 to 10 carbons; R" is
selected from the group consisting of hydrocarbyl diradicals c;mtaining 1 to 10 carbons;
R"™ is selected from the group consisting of hydrogen or hydrocarbyl groups containing
1 to carbons; and each Z is the same or different and is selected from the group
consisting of substituted or unsubstituted cyclopentadienyl, indenyl, tetrahydroindenyl,
and fluorenyl radicals.

14. A method accordmg to claim 13, wherein 5-(9-fluorenyl)-5-
(cyclopentadienyl)-hexene-1 zirconium dichloride is employed.

15. A method according to claim 1, wherein the metallocene is selected from
the group consisting of 5-(cyclopentadienyl)-5-(9-fluorenyl)-1 hexene zirconium
dichloride, bis(9-fluorenyl)(methyl)(vinyl)silane zirconium dichloride, bis(9-
fluorenyl)(methyl)(prop-2-enyl)silane zirconium dichloride, bis(9-fluorenyl)
(methyl)(but-3-enyl)silane zirconium dichloride, bis(9-fluorenyl) (methyl) (hex-S-enyl)

- silane zirconium dichloride, bis(9-fluorenyl) (methyl)(oct-7-enyDsilane zirconium

dichloride, (cyclopentadienyl)(1-allylindenyl) zirconium dichloride, bis(1-allylindenyl)

-zirconium dichloride, (9-(prop-2-enyl)fluorenyl)(cyclopentadienyl) zirconium dichloride,

(9-(pro-2-enyl)(fluorenyl)(pentamethylcyclopentadienyl) zirconium dichloride, bis(9-

: (prop-2—enyl)ﬂuoreny1) zirconium dichloride, (9-(cjclopent-Z-enyl)ﬂuorenyl)

(cyclopentadienyl) zirconium dichloride, bis(9-(cyclopent-2-enyl)fluorenyl) zirconium
dichloride, 5-(2-methylcy¢lopentadienyl)—5'-(9-ﬂuorenyl)- 1-hexene zirconium
dichloride, 5-(fluorenyl)- 5-(cyclopentadienyl)-1-hexene hafnium dichloride, (9-
fluorenyl) (1-allylindenyl)dimethylsilane zirconium dichloride, 1-(2,7-di(alpha-

Oy



sel ected fromthe group consisting of hydrocarbyl radicals containing 1 to

hydr ocar byl groups containing 1 to 10 carbons; and each [f REPLAGEMENTSHEET |
different and is selected fromthe grouggonsisting of sfibstitulddAPR g7
unsubstituted cycl opent adi enyl, indenyl, tetrahydroi ndenylDate fivieeirnieenenne |

oct ahydr of | uorenyl and fl uorené_l radi cal s. 28. . Trod_accordrng
to cl ai m 27mefiidyiayh-(A-flupranybnlr (eyclapentadienylirlatl edimgthyymethanedzircosivml  havi ng

2 to 10 t {0 i hai n. A et [ t
20 e 0e AR B TRt oS ot B BPRGBAS ) 1 50
- wher ei n [ er plethane Zircosiim dichloride. A solid netal | ocene-contai ni ng catal yst

system produced by the nethod of  claim 1. 32. A solid

net al | ocenel@ont ai ni ng* aethadyapcoxding tonelpind duwherey twahdifferant aaptallocenes are13.
33. o:i .l ﬁi% . ai ni ng catal yst system produced by the
nmet hod of cpﬁeﬁg‘enlitl . ﬁéi&ép%ﬁﬁﬂ&z%ﬁé’%l I d netal |l ocene-contai ning catal yst

system prodaged by they meilivddacebrditgdioneldifn 18Swherein at least fwé diffdent
met al | ocene- cont ai ni ng conposition according to claim 31, .
metallocenes each having at least one olefinicaily unsaturated substituent are employed

10 cagbons; R'' is selected fromthe group consisting of =ydrogeror ‘

during the prepolymerization.

18. A method according to claim 17, wherein at least one of the
metallocenes is 5-(ﬂuorenyl)-S-(cyclbpentadienyl)—hexene-1 zirconium dichloride.

19. A method according fo claim 16, wherein at least two different bridged
metallocenes are employed each having olefinic unsaturation in a branch extending
outwardly from the bridge.

20. _ A method for polymerizing an olefin comprising contacting said olefin
under suitable polymerization conditions with a solid metallocene-containing catalyst
system produced by the process of claim 1.

21. A method according to claim 20, wherein the polymerization is
conducted under slurry polymerization conditions.

22, A method according to claim 21, wherein ethylene is polymerized in the
presence of an alkane liquid diluent.

23. A method according to claim 22, wherein said solid metallocene-
containing catalyst system is prepared from 5-(9-fluorenyl)- 5-(cyclopentadienyl)-
hexene-1 zirconium dichloride. |

24, A method according to claim 23, wherein the polymerization is
conducted in a continuous loop reactor and isobutane is used as a liquid diluent for the
polymerization.

25. A method according to claim 24, wherein the solid metallocene-
containing catalyst system used in the polymerization is prepared by (a) combining 5-
(9-fluorenyl)-5-(cyclopentadienyl)-hexene-1 zirconium dichloride and
methylaluminoxane in a liCjuid, (b) prepolymerizing ethylene in the resulting liquid, in
the presence of silica, and (c) separating the resulting solid from the liquid:

26. A method according to claim 25, wherein the liquid used in step (a)

consists essentially of an aromatic liquid.

* [ L " S *



further characterized by containing an i norgani ¢ support. A
met had according to claim-1, wherein said liquid catalys E%ste TS T Orn
with at |east one netall ocene sel ected fromthose of the| f} hﬁ?ﬁMF@Tﬁ*EET
wherein each Z is bound to Me and is thgqsanme or differg¢nt a and
sel ected from substituted or unsubsti tu?gd cycl opent adi ¢ b?teqﬂﬁr@wgp -----
tetrahydroi ndenyl, octahydrofluorenyl, and fluorenyl; R is a structural

bridge |inking the s, and M is a netal selected fromthe group
consi sting 2% 1VB, VB methodagordingfosclaim 2fwhereinowid: solid me ocengabl e. Each

Qis the S%Btaﬂhng' chbER st frSpS8d GShE %t {58 BRI IES 1RGNS hivIde &
vinyl terminated branched quged ligand of the formula

! Z
RZ'LC——(R")H—}RW—R"'
Z
wherein n is 1 or 0; RIV is Si, Ge, C, or Sn; each R’ is ihdividually selected from the
group consisting of hydrogen and hydrocarbyl diradicals having 1 to 10 carbons; R" is
selected from the group consisting of hydrocarbyl radicals containing 1 to 10 carbons;
R™" is selected from the group consisting of hydrogen or hydrocarbyl groups containing
1 to 10 carbons; and each Z is the same or different and is selected from the group
- consisting of substituted or unsubstituted cyclopentadienyl, indenyl, tetrahydroindenyl,
octahydrofluorenyl and fluorenyl radicals.

28. A method according to claim 27, wherein n is 1 and R" is a saturated
alkylene diradical having 2 to 10 carbon atoms in its main chain.

29. A method according to claim 28, wherein RI is C.

30. A method according to claim 28, wherein RV is Si.

31. A solid metallocene-containing catalyst system produced by the méthod
of claim 1.

32. A solid metallocene-containing catalyst system produced by the method
of claim 13. '

33. A solid metallocene-containing Eatalyst system produced by the method
of claim 15.

34, | A solid metallocene-bpntajning catalyst system produced by the method
of claim 14.

35. A solid metallocene-containing composition according to claim 31,

further characterized by containing an inorganic support.
36. A method according to claim 1, wherein said liquid catalyst system is

* formed with at least one metallocene selected from those of the formula R (Z)(Z)MeQy
wherein each Z is bound to Me and is the same or different and is a ligand selected
from substituted or unsubstituted cyciopentadienyl, indenyl, tetrahydroindenyl,
octahydrofluorenyl, and fluorenyl; R is a structural bridge linking the Z’s, and Me is a
metal selected from the grbup consisting of IVB, VB, and VIB metals of the Periodic

* c L N S *




hydr egen, hal ogen, and organo radicals; x is 1 or 0; k is a nunber

sufficient to fill out the remaining val ences of Mg, furth : '

by the fact that the netal.l ocene has at | east one olefinic FFPLMGEMENQ
substituent. 37. A net hod acc "1di ng to claim36, [jwherein jhe
nmetallocene is x is 1 and R includes an'ol efinically unsat

substituent. 38. A nmet hod according to claim 37, =

olefinically unsaturated substituent attached to R has the fornul a
[err] wheTable. Rachk Quishthe samna rob iffetentoeniddialseloeted fipni theogrdGp candistingadHns; n

of or gano. r BETEGTs bplegehgnd GraEiadiealso 18 G e ARG LD Gent 10 BIF out ©
the remaining valences of Me, further characterized by the fact that the metallocene has
at least one olefinically unsaturated substituent.
37. A method according to claim 36, wherein the metallocene is x is 1 and R
includes an olefinically unsaturated substituent.
38. A method according to claim 37, wherein the olefinically unsaturated
substituent attached to R has the formula

R’
Ry Ry

wherein R is a hydrocarbyl diradical having 1 to 20 carbon atoms; n is 1 or 0, and

each R’ is individually selected from the group consisting of organo radicals having 1

to 10 carbon atoms and hydrogen.
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METHOD FOR MAKING AND USING A
SUPPORTED METALLOCENE CATALYST SYSTEM
ABSTRACT OF THE DISCL.OSURE
Methods are disclosed for preparing a highly active solid metallocene-

containing catalyst system and its use in the polymerization of olefins. The catalyst
system is prepared by creating a catalyst system solution by combining an aluminoxane
with a metallocene having a substituent which has olefinic unsaturation in a suitable
liquid to form a liquid catalyst system, conducting prepolymerization of an olefin in the
liquid catalyst system, and separating the re#ulting solid metallocene-containing catalyst
system from the reaction mixture. Also polymerization of olefins using the inventive

catalyst system is disclosed.
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