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(54) Title: BIMETALLIC CATALYST FOR ETHYLENE POLYMERIZATICN REACTIONS WITH UNIFORM COMPONENT
DISTRIBUTION //'

The invention relates to a process for uniformly dispersing a transition metal metallocene complex on a carrier comprising: (1)
providing silica which is porous and has a particle size of 1 to 250 microns, having pores which have an average diameter of S0 to 500
Angstroms and having a pore volume of 0.5 to 5.0 ce/g; (2) slurrying the silica in an aliphatic sclvent having a boiling point less than 110
°C; (3) providing a volume of a solution comprising the metallocene complex, alumoxane of formulas R-(AIR)-O-}x-AIR: for oligomeric
tincar alumoxanes and (-AIR)-O-)y for cyclic alumoxanes wherein x is 1-40, y is 3-40, and R is a Cy-Cg alkyl group in an aromatic and
a solvent wherein the volume of solution is less than that required to form a slurry of the silica, wherein the concentration of alumoxane,
expressed as Al weight percent, is 5 to 20; (4) contacting the silica slurry (2) with said volume of said solution (3) and allowing the solution
to impregnate the pores of silica and, to disperse the metallocene in and on the carrier; (5) evaporating the solvents from the contacted and
impregnated silica to recover dry free-flowing catalyst particles.
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conponent on the support. In preferred enbodi nents, the catalysts contain
at IleaS't 1'IA\V\D tragsition netals, at |least one in the formof a netall ocene
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non- et al | ocene WQ¥HBM8nt or a second netal | ggene co)r/rpl ex, di ffe@]@ ?lom
the first nmentioned netall ocene conplex, bgt is preferably a

non-net al | ocene conpound. The. catal yst conpositions of the invention
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boi | ing point |e38 ahaRefanyed smbodipent, JHrS ’d{))'eé"tfilf’f'i s 3?3%%%% ature
in the range of ppofilacebperef @itaRjiupysitdomipmrbasiednbinetal b ratalyst
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molecular weight (HMW) component is produced by the Ti
active centers. The relative productivity of the two
active centers determines the ratio of the HMW and the LMW
15 components in the final resin.

This invention particularly relates to a new procedure
for preparing bimetallic catalysts. This procedure results
in bimetallic catalysts with a more uniform inter-particile
distribution of the metals. With increasing uniformity in

20 inter-particle distribution of the metals, the gel content
in polyethylene resins decreases. The bimetallic catalysts
are used in (co)polymerization reactions to produce high
molecular weight polyethylene product. Gels are
attributable to high molecular weight components in the

25 resins which are substantially greater in molecular weight
than the surrounding matrix resin. The presence of gels in
a resin results in poor appearance when the resin is
fabricated into film. The presence of gels also interferes
with the uniform printing on films. TFilms possessing very

30 high gel levels also suffer in some film performance
characteristics, such as tensile strength.

The invention relates to a supported olefin
(co)polymerization catalyst composition which is
synthesized to uniformly disperse at least one transition



is 5 to 20; and wherein the volunme of the solution is sufficient to

i npregnate the pores of sil+ctaw thout 35 formng a slurry of the silica
in the 'sol vent; WD 97/ 17136

PCT/ US96/ 15071 3 (4) contacting the silica with said volune of said
solution (3); (Whoe9xNaRerating solvents fromthe inpregnated sipcrassdson
recover dry free-flow ng catal yst particles. 5 The netal | ocene
conpl ex becones nore uniformy distributedthroughout the support as a
result of steps (2) and (4). Wen two transition netal sources exhibiting
di fferent hydrogen responses in ethylene polynerization reactions are
supported on the carrier subjected to the 10 process of the invention, the

result of the Cﬁ%ﬁgxsmgﬂéﬁﬂ dtces rgﬁ f&fd}ﬂ@@ Bhiﬁ%hf%;

catal yst comnposition s |n t 15f0|y ene
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i norgani c mat er such ‘as an oxi | con “and/ or al um num _ The
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active hydroxylc@ﬁﬁbugasupandoarnanahysttbeecarabys¢omprlsing a carrier,
an alumoxane and at least one metallocene; in one
embodiment the catalysts further include a second
15 transition metal source.

In accordance with the invention, these catalysts are
made by a process for forming a carrier material
impregnated with alumoxane and derivatives thereof
comprising the steps

20 (1) providing silica which is porous and has a particle
size of 1 to 250 microns, having pores which have an
average diameter of 50 to 500 Angstroms and having a pore
volume of 0.5 to 5.0 cc/g;

(2) slurrying the silica in an aliphatic solvent having a

25 boiling point less than 110°C, preferably by stirring at a
temperature in the range of 20 tc 25°C;

(3) providing a volume of a solution comprising a
metallocene, alumoxane of formulas R-(Al(R)~-0-),~-AlR, for
oligomeric linear alumoxanes and (-Al(R}-0-), for cyclic

30 alumoxanes wherein x is 1-40, y is 3-40, and R is a C;-C,
alkyl group in an aromatic solvent, wherein the
concentration of alumoxane, expressed as Al weight percent
is 5 to 20; and wherein the volume of the solution is
sufficient to impregnate the pores of silica without

33 forming a slurry of the silica in the solvent;



30 © conposition of this invention. In the nost preferred enbodinment, the
carrier is silica which, prior to the use thereof in the first catalyst
synt hesis step, has been dehydrated by fluidizing it with nitrogen and

heating at 600[ r 4-16 hours to 35 achieve a surface N
group concent raﬁ%;n’gg){seo. 7 WD 97/ 17136 PRtisR s

PCT/ US96/ 15071 4 nmmol /g. The silica of thesnost preferred enbodinent is a
hi gh surface area, anorphous silica (surface area = 300 nferr]/g; pore
volume of 1.65 cnjerr]/g), and it is a material marketed under the
tradenanes of Davi son 952 or Davison 955 5 by the Davi son Chem cal

Division of WR G ace and,Conpany., The silica s in the formof spherical
particles and obt4di r?@d‘tﬂﬁtﬁ'ﬂgr@b‘? frIHSA Wdtpr Eﬁé svolums, of saig sPﬁ'égtpn

silicas are not €Alicined; and this nust be dehydrated, as indicated above.
10 The caigl Ltaporatifng! Solventaderbak ehe UNRSFedittida €2A9khi €8S i N

t he absence of water anﬂ oxggen_.. The, carrlteﬁ n@ter%‘%}e ﬁe}\rn ng said OH groups
is sturried in FIRVFoREY SEPOTHRAOVIARK CBERMYGE HATME SR rier material is
prepared by 3 ntroduciThe metatlecéns dowpdexhbecohemmore Siniforwdyrably while
stirring, and hepiduidphpantioidhdut Lhe! SupBbrt 44 a LAY stBpd (P

activity of the a0 d&)e: WBRBHER (raRRIEIonoRetal HqutcHa, SRbbIELR sor
synt hesi s st eps &ififierénbechydnogen ombsponsesp énaethyeberse | ppiyderdzat fon 20
In enbodi ment's QledcisonBYaPei Hippd A RA &hi0Baffidb nftifeticelt’ 88StheON
nmetal conpopent in the cat sf_occurs prjor_to undertaking,ste (3) and
(4). In spetifi P*EF5ESi nﬁé, e 4t -Of B?S‘f#e ‘f# rtgie F%&ﬁé?’gion net al
conponent i nvol \Reeparesipaspudcesseds annplefinypolymerdizationr catalyst
contacted w th aipupoddReBRINRECH BriodicesnNledbi géndam it pERVELARlen®r MUl @
Rl er rJMIR [err] 1 %r %rgd%ggd %rc‘;in{ Pthteh%olyethylene prepared with the
catalyst composition. 1In the process of the invention,

15 step (2) may be undertaken prior to or after (4).

The carrier material is a solid, particulate, porous,
preferably ihorganic material, such as an oxide of silicon
and/or of aluminum. The carrier material is used in the
form of a dry powder having an average particle size of

20 from 1 micron to 500 microns, preferably from 10 microns to
250 microns. The surface area of the carrier is at least 3
square meters per gram (m’/g), and preferably at least 50
m’/g up to 350 m’/g. The carrier material should be free of
absorbed water. Drying of the carrier material can be

25 effected by heating at 100°C to 1000°C, preferably at
600°C. When the carrier is silica, it is heated to at
least 200°C, preferably 200°C to 850°C and most preferably
at 600°C. The carrier material must have at least some
active hydroxyl {OH) groups to produce the catalyst

30 composition of this invention. _

In the most preferred embodiment, the carrier is
silica which, prior to the use thereof in the first
catalyst synthesis step, has been dehydrated by fluidizing
it with nitrogen and heating at 600°C for 4-16 hours to

35 achieve a surface hydroxyl group concentration of 0.7



sane  or different (Jerr]-Clerr] alkyl groups, preferably CJerr]-Cerr]

al kyl groups, nore preferably Clerr]-Cerr] al kyl groups, and nost
preferably both R and R are butyl groups, and mand n are 30 each 0, 1
or 2, providing that m+ n is equal to the valence of My. Optionally, but
preferably, the woommsegnesi uminpregnated carrier is thereaf perussnsmet ed
with an al cohol and lastly with a non-netal |l ocene transition netal source.
Most preferably, these steps are 35 undef aken in the order noted and

wi t hout isolation of a WD 97/ 17136

PCT/ US96/ 15071 5 dry product until after the non-netall ocene transition

nmet al conpound i ncorporation. Suitable non-polar solvents for slurrying

silica and introgugiyon Ofnd Qa_lfiba%ftm&%séerbxf&f&&eaoaﬁea&meﬁea[ 2

mat eri al s which arell uid at reaction tenperatures and in which al
reactants used hBi@hpsurface anea.,pporphe ‘gg & JFpEERGe AFRA 4T I and
the transition met/; wrpounalumarefat é%ast’/@py tard it dsl abhatePixl err ed

non-pol ar sol vengg,rRéfed | diRitss ¢ UEQ‘a&én&ﬁ@Qle HrisBA* 988 mlooaviéah%%ne
n- hept ane, oc¢tane, nonane,. and mg ou H)3:,)<var| et¥

‘materials intl udPHgtRe PBLisem Shemdgay, Hévgil’c‘%b & Bﬁﬁt?%% c%"!}aﬁ’yas
benzene, tol ueneThadsiliga hisnzendhentigral ab é;ﬁma:ipadypdrti'bbesnmm preferred
non-pol ar sol Ve“Bbtéméc?WtﬁﬁesgBﬁg?grﬁon 5 odd¥2.N0fs ﬁ?o&]@i-éd SGlegent

shoul d be purified,, such [C r.ough S|I|ca and/or
mol ecul ar si evess‘lﬁa 22 "(qtaé’éécéf‘e%t%'i‘ Q‘!&‘SQ’H pBe a YFkRts asand
other materi al s injpidmtedfatadesrsely affecting catal yst activity. In

certain embegi nents ofnd Neatd1(2h! bgRenbiifs ald RiiidrtaklnSeha&h! fndBy be

used, one for the iungo ti of non- tall ogcene transition netal

and second al i phﬁﬂ‘% ??t %S‘P Bgﬁeﬁ’ﬁet% Y455 F8FaP¥BP0f netal | ocene

with an aromatic sol VEhe .caxrierdmageyial nhavinemaddi fEngroips is slurried
in a non-polar solvent. The slurry of the carrier material
is prepared by introducing the carrier into the solvent,

15 preferably while stirring, and heating the mixture to 25 to
70°C, preferably to 40 to 60°C. Temperature of the slurry
is critical with respect to the activity of the catalyst
components added to it. All catalyst precursor synthesis
steps should be conducted at temperatures below 90°C.

20 In embodiments of the invention, incorporation of the
first transition metal component in the catalyst occurs
prior to undertaking steps (3) and (4). In specific
embodiments, incorporation of the first transition metal
component involves a series of steps. 1Initially, the

25 carrier is contacted with an organomagnesium compound which
has the empirical formula RMgR', where R and R' are the
same or different C,-C;, alkyl groups, preferably C;~Cj
alkyl groups, more preferably C,-C;.alkyl groups, and most
preferably both R and R' are butyl groups, and m and n are

30 each 0, 1 or 2, providing that m + n is equal to the
valence of Mg. Optionally, but preferably, the
organomagnesium-impregnated carrier is thereafter contacted
with an alcohol and lastly with a non~metallocene
transition metal source. Most preferably, these steps are

35 undertaken in the order noted and without isoclation of a



titaniumincorporation into the silica with the aliphatic 25 sol vent,
that solvent will be referred as the first aliphatic solvent; and when an
al i phatic solvent is used in conjunction with nmetall ocene incorporation

i nt.o the support the allphatlc solvent will be referred as t%’?ﬁ(j{gﬂg’“
al i phatic sol ven¥o? In the nost preferred enbodi nent

synthesis of this catalyst it is inportantsto add only such an anount of

t he or ganonmagnesi um conpound to the silica slurry that will be deposited,
physically or chemcally, onto the support since any excess of the
or ganomagnesi um conpound in the 35 solution may react with the other

synthesis chem cals and precipitate outside of the support. The carrier
drying WO 97/ 4ry Product until after the non-metallocene trqngwu3996/15071
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support. THh® relfp %’f?%otﬁ'rﬂ‘eBFat‘ﬁe Qﬁ%nﬂ@ﬁé§?un§%@rﬂﬁﬁﬂmvc&ﬂt§6‘1§h
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slurry, until the ohﬂfnona gnedi um conp
enzene, may also be employed. The most preferred

non-polar solvent is isopentane. Prior to use, the non-

15 polar solvent should be purified, such as by percolation
through silica gel and/or molecular sieves, to remove
traces of water, oxygen, polar compounds, and other
materials capable of adversely affecting catalyst activity.
In certain embodiments of the invention, two aliphatic

20 solvents may be used, one for the incorporation of the non-
metallocene transition metal and second aliphatic solvent
for use in the incorporation of metallocene with an
aromatic solvent. Accordingly, in the embodiment of
titanium incorporation into the silica with the aliphatic

25 solvent, that solvent will be referred as the first
aliphatic solvent; and when an aliphatip solvent is used in
conjunction with metallocene incorporation into the
support, the aliphatic solvent will be referred as the
second aliphatic solvent.

30 In the most preferred embodiment of the synthesis of
this catalyst it is important to add only such an amount of
the organomagnesium compound to the silica slurry that will
be deposited, physically or chemically, onto the support
since any excess of the organomagnesium compound in the

35 solution may react with the other synthesis chemicals and
precipitate outside of the support. The carrier drying



20 ° detected in the solvent. For exanple, for the silica carrier heated at
600[ err] C, the anount of the organomagnesi um conpound added to the slurry
is such that the nolar ratio of My to the hydroxyl groups (OH) on the solid
carrier is 0.5:1 to 4:1, 25 ~ preferably 0.8:1 to 3:1, nore preferably
0.9:1 to and moyjoPhSErably 1:1. The organomagnesi um conpounGcdhisfisyAS 1 N
the non-polar solvent to forma solution fromwhich the organonagnesi um
conpound is deposited onto the carrier. Th® anount of the organonmagnesi um
conmpound based on the 30 amount of silica ranges fromO0.2 nmol/g to 2
mol /g, preferably from0.4 mmol/g to 1.5 nmol /g, nore preferably fromO0.6
nmmol/g to 1.0 mmol /g, and nost preferably fromO.7 nmol/g to 0.9 mmol /g. It

is al so possi bl e nesj 3 onmpound.in _excess of the
amount deposi te&%%?%ggﬁégs%#%‘%paﬁ% M%eﬁgv%ﬁﬁ? B 7 69EFPErati on
and washi ng. ampidable1fer the organomagnesium compound: the higher the
PCT/ US96/ 15071 arjawgVeempératurd te'abwee the! mabdleds akast hagnhhe nost

preferred enbodijyent described ve. .The organomagnesi.um conpound-jireated
support is conta ee&x\%c?hﬁ?aﬁa%r%&%% of 8@%?%%%&%%1&%."88‘3&8‘% ? oups
whi ch displ &ce &heyhygrovpt FXeuRshétildovare andrrust hedeterminednonm of
the al cohol is efasecbiyvease PiME d asBlreMnatrnlp/do mAthOowhtRE ranges

(om0 2 10 1.5 ooffhghahbsbh Mok gb- aad' ol Sapl a0 ufa 1©

si i ca- suppor t edPenfigResited coptn e FUPROTHVikhey | leayings anynexceskof i n

the slurry at athenpegahchsgriedigindEompotndSie tlé a1 utlofy. " | $hus| efips abl y

T5 car bon dlons SRR £RtAde il pelod Rr"hpSid Hily, BaTaRon 2 1 10 12
hpgroximateyéuideliﬂe and the exact amount of the

organomagnesium compound in this embodiment must be
controlled by the functional limitation discussed above,
i.e., it must not be greater than that which can be

15 deposited onto the support. The required amount of the
organomagnesium compound can be determined in any
conventional manner, e.g., by adding the organomagnesium
compound to the slurry of the carfier in the solvent, while
stirring the slurry, until the organomagnesium compound is

20 detected in the solvent.

For example, for the silica carrier heated at 600°C,
the amount of the organomagnesium compound added to the
slurry is such that the molar ratio of Mg to the hydroxyl
groups (OH) on the solid carrier is 0.5:1 to 4:1,

25 preferably 0.8:1 to 3:1, more preferably 0.9:1 to and most
preferably 1:1. The organomagnesium compound dissolves in
the non-polar solvent to form a solution from which the
organomagnesium compound is deposited onto the carrier.

The amount of the organomagnesium compound based on the

30 amount of silica ranges from 0.2 mmol/g to 2 mmol/g,
preferably from 0.4 mmol/g to 1.5 mmol/g, more preferably
from 0.6 mmol/g to 1.0 mmol/g, and most preferably from 0.7
mmol/g to 0.9 mmol/g.

It is also possible to add the orqanomagnesidm

35 compound in excess of the amount deposited onto the support
and then remove it, e.g., by filtration and washing.



it is an alkyl group containing 2 to 4 carbon atons, particularly four
carbon atons (n-butanol). The inclusion of the al cohol addition step in the
catal yst synthesis of the invention produces a final catalyst which is nuch
nore 20 active, req,ui res nuch | ess non-netal |l ocene transition netal
conpound (e.g., W% 1%ni um conpound) and is nuch nore active MAHYSIPLO Ct
to the the netal |l ocene conpl ex, as opposedyto exclusion of the al cohol
addition step. After the addition of the alcohol to the slurry is 25
conpleted, the slurry is contacted with the first source of transition
metal, preferably non-netallocene transition nmetal conpound. The slurry
tenperature at this stage nust be maintained at 25 to 70[err]C, preferably
to 40 to 60 er r Howeyerauthiscaptexnatiiste dsolesgofesifablethansthe mast

cSieatct ib?/at i on 30tp;|-¢|:br§¢ba efiBodthant (ag@ag-t lﬂ,@gnabb{,gn met gl hcorr_ponent.

ui tabl e non-netal | ogene transition al__co upds_us ereiLn.are
conpounds of netals 0O QG"%gggg‘ﬂig,neasrﬁﬁfmgf’&Bﬁé f%?‘f%cgis@‘@ﬁ tiﬁf t he

El enents, as pulsiantactedy vitbner drganicEndrabel (ROKewentadndng RO, 1985,
providing thsat YidupadSwhicRN@PspliceaA k2! BRbaps NatticHE tROkRk SOI vents.
Non- limting exanpl es. of ﬁuch q]g’ ounds ar? H}t anit urRQ}r:\d \64\037/ 17136
PCT/ US96/ 15071 S BPREPt aBe &mpunt; PERPER TR S0 pEfECTLVe to
(Tid[err]), varxrpvide: at RAEMaorintd/medl][ ratliyp, whichidrangesx fromchl 2rtade 5
(VOQ [err]), titAas,upratdraBDpoirsh ai.hOtbdQSz,qu@f@i{O}éﬁ&ashW&dﬁ gosety

has a branched nbr a radical qQf .1 t car bon at ons,
preferably 1 toq{e gé?boﬁgggg?r%é.g%%’l%r gf@?rgﬂgﬁ%glsﬁ

ifon netal conpounds
are titani A% conpoun§entprtfef Mhe siddcavaipperted mranesivmpoampeundhe 10
nost preferred withAntHe aDEHONNdid 21BoCuh@éftaker Nith &AWl Bhuptytatagi um or

vanadi um ran f | i 1. referahl y forom
R T it ST R RN O
The alkyl group in the alcohol can contain 1 to 12
15 carbon atoms, preferably 1 to 8; in the embodiments below,
it is an alkyl group containing 2 to 4 carbon atoms,
particularly four carbon atoms (n-butanol). The inclusion
of the alcohol addition step in the catalyst synthesis of
the invention produces a final catalyst which is much more
20 active, requires much less non-metallocene transition metal
compound (e.g., or titanium compound) and is much more
active with respect to the the metallocene complex, as
opposed to exclusion of the alcohol addition step.
After the addition of the alcohol to the slurry is
25 completed, the slurry is contacted with the first source of
transition metal, preferably non-metallécene transition
metal compound. The slurry temperature at this stage must
be maintained at 25 to 70°C, preferably toc 40 to 60°C,
because temperatures above 80°C can result in deactivation
30 of the non-metallocene transition metal component.
Suitable non-metallocene transition metal compounds used
herein are compounds of metals of Group$ 4A, and 5A, of the
Periodic Chart of the Elements, as published by Chemical
and Engineering News, 63(5), 27, 1985, providing that such
35 compounds are soluble in the non-polar solvents. Non-
limiting examples of such compounds are titanium and



be used and generally no restrictions are inposed on the 15 transition
net al conmpounds whi ch may be included.- ‘Any transition netal conpound that
may be ‘used al one may al so be used in conjunction with other transition
met.al compounds. After the addition of the first transition netal conpound
I's conpl eted, twessmtisent is renoved by 20 evaporation or fptressengorio
obtain a free-flowi ng powder of the catal yst internedi ate. Next ,

i ncorporation of the nmetall ocene transition®netal conpound into the

catal yst intermediate i s undertaken. The netal | ocene conpound is
pre-activated with an al kyl al unoxane. 25 I ncor poration of the

net al | ocene conplex and its uniformdistribution in the support is achieved

in a nmxed sol veaha@ythewal fdus i3, otsaansonetivadmsribe (PicL)3

err] MA[err B St r L ut
ggcloLenEadangls@hdigmwtgéiséélégi?%r g%# d\g%ghggﬁg ﬁ§§€§$# (fi% €and B
bel ong to t Re grl¥ApL ﬂncFG&Pﬁé“& aRd ovRRAdkwW2lkpHideen whersinr the al kyl
group. In the abakexiae modietw ualseanbrrahbmr& afibienthed! AEkPI efpiicd

transition metal aiiogb '\46 ﬁﬂoﬁt@t%% Pr&?grfﬁyei e 'Eucgrgzm n%f\oms.

net al | ocene 35 conp S an unsubstitut o- or a -
pol ysubsti t ut edTbﬁcPEﬁ%‘?K%ﬁﬂ &Fran 99 ngtal xcompaundscaze titawiwy/ 17136

PCT/ US96/ 15071 2ohpodfids S gasdferamys tearwsmwlmw ebibogdED @ma
bepr ef efabg& st 8&9“ r&PéH%ﬁ:%tratheEB%p&}M' |c < TBF amount.

cycl opent a |eny g can al so a par c or rlc c
noi ety such as fth éﬁ§?m 9% tyanRAd B HBEH?? fxom ﬁlﬂiﬁ“@hypléF E?ikﬂtQQNQ B
hydrogenated fl tor ng| pretgrady $ebih esse pard.sy. a substituted bicyclic

or tricyclic noi ety i,@tﬁ,r@s %%ugﬂeeﬁéng&#&?&% eenypﬁrukas% ,ylﬁ o

net al | ocene congg opent a roups e al so
bri dged by poly tH??%rEPQNgqﬂQHQ%}VSPPyFEStr1°t1°ns are imposed on

15 transition metal compounds which may be included. Any
transition metal compound that may be used alone may also
be used in conjunction with other transition metal
compounds. After the addition of the first transition
metal compound is completed, the solvent is removed by

20 evaporation or filtering tc obtain a free-flowing powder of
the catalyst intermediate. Next, incorporation of the
metallocene transition metal compound into the catalyst
intermediate is undertaken. The metallocene compound is
pre—-activated with an alkyl alumoxane.

25 Incorporation of the metallocene complex and its
uniform distribution in the support is achieved in a mixed
solvent system.

The metallocene compound has the formula CJH%B,'in
which C is an unsubstituted or substituted cyclopentadienyl

30 group, M is zirconium or hafnium atom and A and B belong to
the group including a halogen atom, hydrogen atom or an
alkyl group. In the above formula of the metallocene
compound, the preferred transition metal atom M is
zirconium. In the above formula of the metallocene

35 compound, the C group is an unsubstituted, a mono- or a -
polysubstituted cyclopentadienyl group: and x is at least



10 ° groups, such as -CHerr]-, -CHerr]-CHerr]-, -CRR'- and
:CRR-CRR- where R and R' are short al kyl groups or hydrogen atons, -
Si(CHerr])[err]-, Si (CHerr])[err]-CHerr]-CHerr]-Si (CHerr])[err]- and
simlar bridge If the A and B substituents in the abovg.d of
the netall ocene%@% t'Jsr?d are hal ogen atoms, they belong 15 to (l?gggfgw’roglup
of fluorine, chlorine, brom ne or iodine; gnd y +zis 3 or |less, provided
that x + y + z equals the valence of M If the substituents A and B in the
above formula of the netall ocene conpound are al kyl groups, they are
preferably straight-chain or branched Cferr]- C[err] al kyI 20 groups, such

as nethyl, ethyl, n opyl, i sopropyl, n- butyl, iso ent
n- hexyl or n-oct¥ . 'ﬁtﬁ ERbet ikpents Rk bhe G¥G Hﬁﬁ@"?‘i’i ., group © n

bi s( cycl opent adipepite fextadlydisbahigiets-chain( CyeCopakyadgeoyps nedthed

hydri dohal i des, Ye
bi s(cycl opent adléﬁyﬁ&rﬁ%@%hgﬁ %@g‘ém}’?ﬁ%‘ég ¥ #f d?%%gs V\/ner ein
the metal is a 72 reAYFhis DRACEY (FHSR AR nygL. gF inden¥lap) v
chlorine andst hef:aidgénygr oupa partiidy ]hyﬂzmgehahédyf]mcﬂéﬂyﬂsgmupveasbut

non-limting ex t ‘g;sqﬂ ieRC (d L3 liEconi um
di chl ori de, Bi s(a‘?%i en ?rcon?ﬁmé‘dg ro Blbgg ng"éé ZI rconi &%1
bi s(p-t ol uenesul‘?‘!ﬂﬁﬁye) I'B@e(ﬁaﬁe evhen & E&h%‘?o ’H'a%?] W&, ffuihe

di chloride, 35 metalldaiene( bbmpomxyli)slaqnam &t 2j c‘hlhe)m)ctd,opentadlenyl

Et hyl ene- bi s(i nd%mq Zida50 Bl Ty db GE 4 éﬁe,h QAT dinlkvleilvl
PCT/ US96/ 15071 1 I gne bi g%l ndenyaﬁzi, rcon?ﬁ%d Yl b or aia ylsily

Jom
Et hyl ene- bi i ndEFRHB%y FCHy RS 2T esni G2 16y eTeR s Wge'ﬂ‘)ﬂ"'ﬁ%rm"
zirconium Et hy|tﬁl‘.§fé)l!€'( iandeRY | aretshdrtzialkydi grnoups ouh | hydrdgenSatoms, -

Et hyl ene- bi s(i ndgfyd, 711 C i (e, P l-gul 81,080 668y [ ONdlf)sinilar bridge
groups. If the A and B substituents in the above formula
of the metallocene compound are halogen atoems, they belong

15 to the group of fluorine, chlorine, bromine or iodine:; and
y + 2 is 3 or less, provided that x + y + 2z equals the
valence of M. If the substituents A and B in the above
formula of the metallocene compound are alkyl groups, they
are preferably straight-chain or branched C;~C; alkyl

20 groups, such as methyl, ethyl, n-propyl, isopropyl, n-
butyl, isobutyl, n-pentyl, n-hexyl or'n-octyl.

Suitable metallocene compounds include
bis(cyclopentadienyl)metal dihalides,
bis(cyclopentadienyl)metal hydridohalides,

25 bis(cyclopentadienyl)metal monoalkyl monohalides,
bis(cyclopentadienyl)metal dialkyls and bis(indenyl)metal
dihalides wherein the metal is a zirconium or hafnium atom,
halide groups are preferably chlorine and the alkyl groups
are C,-C; alkyls. Illustrative, but non-limiting examples of

30 metallocenes include :

Bis(indenyl)zirconium dichloride,

Bis(indenyl)zirconium dibromide,

Bis(indenyl)zirconium bis(p-toluenesulfonate),

Bis(4,5,6,7-tetrahydroindenyl)zirconium dichloride,

35 Bis(fluorenyl)zirconium dichloride,

Ethylene-bis(indenyl)zirconium dichloride,



Et hryl ene- bi s(i ndenyl ) zi rconi um bi s(p- tol uenesul fonate),

Et hyl ene-bi s(i ndenyl ) zirconiunt bis(trifl uoromethanesul fonate), 10
Et hyl ene-bi s(4, 5, 6, 7-t et rahydr oi ndenyl ) zi rconi um di chl ori de,

| sopropyl i dene(cycl opent adi enyl - fl uorenyl ) zi rconi um di chl ori de,

| sopropyl i dene(wgoy/piasit adi enyl - 15 met hyl cycl opent adi pa¥S$96/15071
zirconiumdichloride, D nethylsilyl-bis(cyclopentadienyl)zirconium

di chl oride, Dinethylsilyl- bis(methylcycl®pentadi enyl)zirconium dichloride,
D net hyl si |l yl - bi s(di et hyl cycl opent adi enyl ) zi r coni.um 20 di chl ori de,
D net hyl silyl-bis(trinmethyl cycl opentadi enyl)zirconium di chl ori de,

Di met hyl si |l yl - bi s(i ndenyl ) zi rconi um di chl ori de,

Di met hyl si | yl - bi s(i r@ﬁf}ﬂén@ﬁ%’ﬁﬂﬂkﬁ?l)zirconim dibronide,

bi s(trifluoromethanesul*f onat

Di met hyl si | yl - bi s( 4, Bthylenesbizyjndenvidinethylc SAXGRANEMRNI or i de,
Di net hyl si | yl ( cycl opethyidinesplisiindenyl) diphenyl zdrdonlilay i de, 30

Di phenyl silyl -bis(i ,

Met hyl pheny] si | yl - bi 85 |sn(§%‘ng (j_% ?gﬁ%ﬁ“ﬁw aigcom.um monochloride,

Bi s(cycl opeht adi eny!§ W%ﬁﬂﬁ'@&?é?&ﬁ?ﬁ¥4kﬁ?rQQQQH?yPFS&EﬂF%EWQﬁBﬂ%QH%ﬁS@m|un1
di brom de, Bi s(cycl apemtlatieshiis) imiényY) 2z ponimmbds¢pt-ori de, 35

Bi s(cycl opent adi enyly st tJ%H hﬁ hgg}ﬂDnochlorlde

Bi s(cycl opent adi enyl zI.rcohi um nonochl ori de, WO 97/ 17136

PCT/ US96/ 15071 11 Eﬁiﬂh%ﬁﬁ“&ﬁ?ﬁﬁéﬂ?@ﬂ??lkﬁkﬁﬁﬂ nAUmC oni um nonochl or i de,
bis(trifluoromethanesulfonate),

10 Ethylene-bis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride,
Isopropylidene{cyclopentadienyl-fluorenyl)zirconium
dichloride,

Isopropylidene(cyclopentadienyl-

15 methylcyclopentadienyl) zirconium dichloride,
Dimethylsilyl-bis(cyclopentadienyl)zirconium
dichloride, Dimethylsilyl-
bis(methylcyclopentadienyl)zirconium dichloride,
Dimethylsilyl-bis(dimethylcyclopentadienyl)zirconium

20 dichloride,
Dimethylsilyl-bis(trimethylcyclopentadienyl)zirconium
dichloride,

Dimethylsilyl-bis(indenyl)zirconium dichloride,
Dimethylsilyl-bis(indenyl)zirconium

25 bis(trifluoromethanesulfonate),
Dimethylsilyl-bis(4,5,6,7-tetrahydroindenyl)zirconium
dichloride,

Dimethylsilyl (cyclopentadienyl~fluorenyl)zirconium
dichloride, _

30 Diphenylsilyl~bis{indenyl)zirconium dichloride,
Methylphenylsilyl-bis{indenyl)zirconiunm dlchloride,
Bis(cyclopentadienyl)zirconium dichloride,
Bis(cyclopentadienyl)zirconium dibromide,

Bis (cyclopentadienyl)methylzirconium monochloride,

35 Bis(cyclopentadienyl)ethylzirconium monochloride,

Bis(cyclopentadienyl)cyclohexylzirconium monochloride,



Bi s(cycl opent adi enyl ) benzyl zi r coni um nonochl ori de, Bis (cyclopentadienyl)
zi rconi um nonochl ori de nonohydri de, Bi s(cycl opentadi enyl)nethyl zirconiumb5
monohydri de, Bi s(cycl opent adi enyl ) di met hyl zi r coni um

Bi s(cycl opent adi ,} henyl zi rconi um .
Bi s(cycl opent adiﬂ?ﬂ ﬂ?genzyl zi rconi um PCT/US96/15071

Bi s(cycl opent adi enyl ) met hyoxyzi rconi um chlxgy i de 10

Bi s(cycl opent adi enyl ) et hoxyzi rconi um chl ori de,

Bi s(cycl opent adi enyl ) zi rconi um bi s( net hanesul f onat e)

Bi s(cycl opent adi enyl ) zi rconi um bi s(p- tol uenesul fonate),

Bi s(cycl opent adi enyl ) zj rconi_ um 15 bi s(trifluoronethanesul fonate),

Bi s( et hyl cycl opent adtrhAYFArPERRrAiRRN YiRhenyd@irconium monochloride,
Bi s(di met hyl cycl openthids (eryplppentadi engljibenzgilizdieconium monochloride,

Bi s(di met hyl cycl opent (‘Eﬁﬁ:} g&ﬂ%ﬂﬂﬁgl%ﬁﬁhﬁr h8fiochloride

Bi s(di net hyl cycl opent a Irconi u

bi s(trifl uoronet haneﬂﬂ 13 CYRARRIEIAA APYY) BRIy IR ircemiym
di chl ori de, 3Bis(met hwmthyIdﬁdéppent adi enyl ) zi rconi um di chl ori de,

Bi s(propyl cycl opent a %&5

Bi s( met hyl propyl cycl %?r;tt e%& ZI rc'g}nlc’um a‘tgﬁfl(z).}lrgonl%
Bi s(butyl cycl opent adléﬁlcyﬁlPEBﬁ a4 enyindiphepylzirconium,
Bi s(met hyl but yl cycl opeeint(ayica opehrad Dayl)@itienllybe i féonium,

Bi s(met hyl butyl cycl 0%“1@(}%9&:&82&).&&& ?&Hgssz?g?@eg@ﬂnt Uibhae,

Bi s(trinmet hi/dncycl opent.adi €n Zl rconi
Bi s(tetranetthyl cycl o (SYCLRPEY #wmldmtapw%rwa@mm chloride,
Bi s(pent anet hyl cycl oM(Wénpéx)tadtenme&cchhM| His (methanesulfonate),

Bi s(hexyl cycl opent adiggry(lc&h b5 lz‘i%g 1u blSEP
e.

Bi s(trinmethylsilyl cyclo ntadle n| umdi c Ior|
bi s(cycl opent adi enyl &% BﬁFHH orl de bi s(cycl opent adl enyl ) haf ni um
di chl ori de, Bis(cyclopentadlenyl)zirconium

15 bis(trifluoromethanesulfonate),
Bis(methylcyclopentadienyl)zirconium dichloride,
Bis(dimethylcyclopentadienyl)zirconium dichloride,
Bis(dimethylcyclopentadienyl)ethoxyzirconium chloride,
Bis (dimethylcyclopentadienyl)zirconium

20 bis(trifluoromethanesulfonate),
Bis(ethylcyclopentadienyl)zirconium dichloride,
Bis(methylethylcyclopentadienyl)zirconium dichloride,
Bis(propylcyclopentadienyl)zirconium dichloride,

Bis (methylpropylcyclopentadienyl)zirconium dichloride,

25 Bis(butylcyclopentadienyl)zirconium dichloride,

Bis (methylbutylcyclopentadienyl)zirconium dichloride,
Bis (methylbutylcyclopentadienyl)zirconium

bis (methanesulfonate),
Bis(trimethylcyclopentadienyl)zirconium dichloride,

30 Bis (tetramethylcyclopentadienyl)zirconium dichloride,
Bis(pentamethylcyclopentadienyl)zirconium dichloride,
Bis (hexylcyclopentadienyl)zirconium dichloride,
Bis(trimethylsilylcyclopentadienyl)zirconium
dichloride.

35 bis(cyclopentadienyl)zirconium dichloride,
bis(cyclopentadienyl)hafnium dichloride,



WO 97/ 17136 ' PCT/ US96/ 15071 12

bi s(cycl opent adi enyl ) zi rconi um di net hyl , bi s(cycl opent adi enyl ) haf ni um
di met hyl , bi s(cycl opent adi enyl ) zi rconi um hydri dochl ori de,

bi s( cycl opent adi enyl ) haf ni um hydri dochl ori de, bis(n-

but yl cycl opent agip®xt13gi r coni um di chl ori de, bis(n- PCT/US96/15071
but yl cycl opent adi enyl ) haf ni um di chl ori de, bis(n-

but yl cycl opent adi enyl ) zi r coni um di met hyl , i s(n-
but yl cycl opent adi enyl ) haf ni um di met hyl , bi s(n- _
but yl cycl opent adi enyl ) zi r coni um hydri dochl ori de, 10
bi s(n-butyl cycl opent adi enyl ) haf ni um hydri dochl ori de,

bi s( pent anet hyl I

bi s( pent anot hyl cycl gggﬁiggéﬁ‘%%d# ALY LECOMG dlietnys,

bi s(n- but yl cycl opent B¥# 5%%&W&?Bﬁ:ﬁ%@lwwépent adi enyl zi r coni um
trichloride, 15 bis mﬁéldp&itﬁldhéhympﬂimﬁmIhyﬂn:cldochleﬂ]dé 6, 7-

t et rahydro-1-indenyl -

et hyl ene-[bis(4,5,6 %E%gﬁ) nq:'a%q 85'2 7l rh grﬂig%c l§ r1 d%ls%

net al | ocene%orrpound@“ﬁﬂ‘lﬂiﬁ%ﬁilﬁ“ﬁ onidm, &dehdAr 6?' tP(nT ¢ can
be used as crystal | i petghtyciopentadiehydysafmidy dichaviedde, Aismeanes

activate netal |l oceney,

conpr i ses ol | goner | ¢ %*ﬂf%éiﬂ%ﬂgﬁhégsﬁ??% et G S A
the 25 fornmula: R¥P #SY@)‘{H%‘WF"APRYH?T 'Pd‘?‘“ (5111‘"55%?'! cPIf Rear

al unoxanes and (-Al (E)tﬂéjﬂdﬂeﬂtaﬂiehygpnﬁmmmhydrdﬂuahkmﬁey\,herei nn

'qserlr ]40 o g; ?{ e;ﬁm ﬂg% ¢ e pdiy ]T%gh%penea&%&mr%auﬁﬁﬂ ﬁpér&aéhfmae,
(et hyl al unoxane)i s g’- &F‘?ﬁg ‘??F’Y&F’VSGHQPE f Yé”\?‘é??"%ﬂ'é ‘Eﬁ%’ﬂ‘?‘b‘cﬂ‘?'on of

nol ecul ar wei ght's fanliul(;plemlzgmemmcgnlapenbghemt]e)dmlfammeﬁg@lmhdle’ao0 MAO
stk b upEE SO SRR iy O AR e O
cyclopentadienylzirconium trlchlorlde,

15 bis(indenyl)zirconium dichloride, bis(4,5,6,7-
tetrahydro-l1-indenyl)zirconium dichloride, and
ethylene~[bis(4,5,6,7~tetrahydro-l1-indenyl)] zirconium
dichloride. )

The metallocene compounds utilized within the

20 embodiment of this art can be used as crystalline solids or

solutions in hydrocarbons.

Alumoxanes activate metallocene transition metal
compounds. The class of alumoxanes comprises oligomeric
linear and/or cyclic alkylalumoxanes represented by the

25 formula:

R-(Al(R)-0),~AlR, for oligomeric linear alumoxanes and

(-Al (R)-0-), for oligomeric cyclic alumoxanes

wherein n is 1-40, preferably 10-20, m is 3-40, preferably

3-20 and R is a C,-C; alkyi group, preferably methyl group.
30 MAO (methylalumoxane)is a mixture of oligomers with a very

wide distribution of molecular weights and usually with an

average molecular weight of 1200. MAO is typically kept in

solution in toluene. 1In one embodiment, the amount of 2l,

provided by alumoxane, is sufficient to provide an

33 Al:transition metal (provided by metallocene} mole ratio



35 * Al:transition netal (provided by netallocene) nole ratio WO

97/ 17136 PCT/ US96/ 15071 13 rangi ng
fromb50 to 500, preferably 75 to 300, nore preferably from85 to 200, and
nost preferably from90 to 110. In accordance with the inventi ' [ on
of the 5 netalld%@ﬁgr?%%plex adm xed with al unoxane into the carﬂpgghﬁéi
undertaken using the free-fl owi ng powder qgmtai ning a non-netall ocene
transition nmetal conpound inpregnated into the carrier. The free-fl ow ng
powder is pre-slurried in a light aliphatic solvent. The pore vol une of the
carrier is 10 determ ned and netal |l ocene-al unoxane solution is provided in
a volune equal to or less than the total pore_volune of_the carrier, and
recovering a dry=anging Krog 88,kQ0700 THRFAIArERAYLF Ot FR AL conpri si ng
t he al unbxane, tphref@tadlyodzon 856npd 20N Gandacstopreferaluly dixont 96r &bor e
15 can vary. | he preferred enbodi nent, the volune of the solution
conprising the solvent and netall ocene-al uni noxane ingredients is_|ower

than-that necessary t¥n fascerdaseeryithrthe,dnvention, (iRfnsign af bhe,q
silica, but suffihét£Ilodene icomplée admixedfwittheatamoikane niaity ithle carrier

e £ By e BB e st

a
al unoxane- net al | 6cene sol ution S not excee ore vo

carrier naterial nowgnetRidocenrdtransitirn peted, soppeundimpregnated 43tane
over the total pesie cadsier.of Thaefsed+thowiay pewdeedisi pihwtgluroriedngnaa

slurry. Accordin i fa s r vol t rier y i
1 sscriorr g, Cos EHBRUIE SRR VoGRS SO e Ot
es

I.I .be
equal to or 19 essdetprminess ang meta}ipcenesalumoxpae falubiop ispprovifed,
used to formthiinsolwdlume eguaheto nombiads dhan thet hetakimiteoowlome of

al unoxane, and aghd 384 &, X hHaCSedbver il e Arybata Py ab | Precuisdis! abl v,
this solvent s an argmatl G 82 S8 ns eittion LombEiSidy Wl GAMoxbhad ©f
the metallocene complex and the aromatic solvent therefore
15 can vary. In the preferred embodiment, the volume of the
solution comprising the solvent and metallocene-aluminoxane
ingredients is lower than that necessary to form a slurry
of the carrier material, such as silicé, but sufficient to
£ill the pores of the carrier material. Accordingly and
20 preferably, the maximum volume of the alumoxane-metallocene
solution does not exceed the total pore volume of the
carrier material. We have found that up to 50% excess of a
solvent volume over the total pore volume of the silica can
be used without forming a slurry. Accordingly, if the pore
25 volume of the carrier material is 1.65<5m3/g, then the
volume of alumoxane-metallocene solution will be equal to
or less than 1.65 cm’/gram of carrier material.
- The solvent used to form this solution is one in which
each of the metallocene, alumoxane, and activated mixtures
30 thereof are soluble. Preferably, this sclvent is an
aromatic solvent selected from the group consisting of
benzene, xXylene or toluene. The most preferred solvent is
toluene.
As indicated above, incorporation -and uniform
35 dispersion of the metallocene complex in the carrier
involves a solvent system consisting of at least two



benzene, xyl ene or tol uene. The nost preferred solvent is toluene. As

i-ndi cat ed above, incorporation and uniform 35 di spersion of the

met al | ocene conplex in the carrier involves a solvent system consisting of

at least two WD 97/ 17136

PCT/ US96/ 15071 Wwé wmatmeents. In accordance with the invention, pchaséerrset

- sol vent used during the addition of RM\UR, ROH and Ti X[err] to silica, to
forma Ziegler type catalyst internediate?‘has a boiling point bel ow

110[err]C. Preferably, the solvent is 5 al i phatic; it may consist of

straight or branched chain hydrocarbons with 4 to 7 carbon atons. Exanpl es

I ncl ude i sobutane, pentane, isopentane, hexane, isohexanes, heptane,

| sohept anes, ne Sﬁ@sdi ' s SECO | tic

solvent is usedglt%bs arr ;?L?dj%‘iﬂaggteawia{i%% reﬂrnr‘r’egg‘?%tag'aﬁge?ﬂ%e%ei ve or
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an aromatic solvent. It has a boiling point of less than
90°C. Preferably, its boiling peoint ranges from -50 to
89°C; more preferably from -25 to 70°C, and most preferably

15 from -5 to 50°C; in the most preferred embodiments the
boiling point of this solvent is in the range of from 10 to
35°C.

The second aliphatic solvent is used in the amount
required to produce a slurry with a solids content ranging
20 from 10 to 40 %, preferably from 15% to 35%. The liquid
medium in the final step of catalyst preparation comprises
a volume ratio of the light aliphatic solvent to the
aromatic solvent which ranges from to 0.5 to 20, preferably
from 1.0 to 15, more preferably from 2.0 to 10, most
25 preferably from 2.5 to 8.

The slurry is agitated to insure good mixing while the
solution of metallocene compound and alumoxane is added to
the slurry of the carrier material.

The second aliphatic solvent is evaporated from the

30 slurry to isolate a free-flowing powder containing two
sources of transition metal without any filtering.
Filtering is avoided to substantially eliminate the loss of
catalytic components. The solvent is removed by
evaporation at relatively low temperatures, in the range

35 above 40°C and below 50°C. Very short heating time
schedules are employed to obviate catalyst degradation.
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temperature of 20 to 80°C, for 0.1 to 6.0 hours, prior to

use in the infusion step. The solvents for the metallocene

15 compound and alumoxane can be hydrocarbons or halogenated‘

aromatic hydrocarbons, preferably it is toluene.

The catalyst precursor component formed from the
organomagnesium compound, the non-metallocene transition
netal and the activated metallocene complex, must be

20 activated with a cocatalyst, which is an alkylaluminum
compound free of oxygen-containing MAO oligomers.
Preferably, trimethylaluminum (TMA) is the cocatalyst. The
amount of TMA is sufficient to give an Al:Ti molar ratio of
10:1 to 1000:1, preferably 15:1 to 300:1, and most

25 preferably 20:1 to 100:1. The activated catalyst
composition exhibits high activity for long periods of time
and shows little deactivation. ' '

The catalyst precursor of this invention comprises a
non-metallocene transition metal comporient, metallocene

30 compound and an alumoxane. It is fed to the fluidized-bed
reactor for gas phase polymerization and copolymerization
reactions of ethylene in the absence of alumoxane solution.

For the production of ethylene copolymers in the
process of the present invention an operating temperature

35 of 30° to 115°C is preferred and a temperature of 75° to
100°C is most prefei:red. Temperatures of 75° to 90°C are
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dlstrlbutlon pl ate nmay cause meri zafion
cause pluggi ng 8the distribution plate.
The partially or completely activated catalyst is

injected into the bed at a point above the distribution
plate of a fluidized bed reactor at a rate equal to its

15 consumption. Since the catalysts used in the practice of
this invention are highly active, injection of the fully
activated catalyst into the area below the distribution
plate may cause polymerization to begin there and
eventually cause plugging of the distribution plate.

20 Injection into the polymer particle bed, instead, aids in
distributing the catalyst throughout the bed and precludes
the formation of localized areas of high catalyst
concentration. Under a given set of operating conditions,
the fluidized-bed is maintained at essentially a constant

25 height by withdrawing a portion of the bed as product at a
rate equal to the rate of formation of the particulate
polymer product.

The production rate of polymer in the bed is
controlled by the rate of catalyst injection. Since any

30 change in the rate of catalyst injection changes the rate
of generation of the heat of reaction, the temperature of
the recycle gas is adjusted to accommodate the change in
rate of heat generation. Complete instrumentation of both
the fluidized bed and the recycle gas cooling system is

35 necessary to detect any temperature changes in the bed so
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EXAMPLES Exanpl atla cdhéeant!gasorwesenty. |nto a 200 gallon m x vessel
containing a helical stirrer was added Davi son-grade 955 silica (61.0 |b),

whi ch was previously calcined at 600C for 4 h, and isopentane (138 liter).
The agitatdP 15 speed was set at 100 EXAMRAESt he internal tenperature of
the vessel was gghmpie 5f: S3itanliem BbRpPéyenEINaTIitdaSbYt §2IL o) MBPt ane

(DBM 19.9 nDl)vgggefdégk tf%fﬂ%eashéiiggh stirrer was added Davison-grade
955 silica (61.0 1lb), which was previously calcined at
600°C for 4 h, and isopentane (138 liter). The agitator

15 speed was set at 100 rpm and the internal temperature of
the vessel was set at 50~-55°C. Dibutylmagnesium solution
in heptane (DBM, 19.9 mol) was added to the stirred
silica/isopentane slurry and stirring was continued for one
hour. 1-Butanol (18.91 mol) was added to the slurry and

20 stirring was continued for 1 h. Then, TiCl, (11.94 mol)
was added to the reaction medium and stirring was continued
for 1 h. Then the agitator speed was reduced to 40 rpm and
all solvent was removed by evaporation with a nitrogen
purge to provide a gree-flowing light tan powder.

25 Elemental analyses: Ti, 1.66 wt%; Mg, 1.36 wt%.

Comparative Example: Bimetallic Catalyst: The dry
titanium component from Example 1 (366.5 g) was placed into
a 2-gallon glass vessel containing a helical stirrer which
30 was set at 150 rpm. To this dry powder at ambient
temperature was added a toluene solution (617 ml)
containing MAO (8.00 mmol Al/g titanium component) and
bis (n=-butylcyclopentadienyl)zirconium dichloride [ (n-
BuCp).ZrCl,] (11.85 g) over a period of 15 minutes. After
35 one hour, the internal temperature was increased to 45°C
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purge for 5 h to provide a brown free-flowing powder.
Elemental analyses: Ti, 0.99 wt%; Zr, 0.44 wt%.

15 Example 3: Polvmerization: The catalyst of Example 2 was
added to a fluidized-bed polymerization reactor under the
following polymerization conditions: Reactor temperature
90°C, ethylene partial pressure 180 psi, hydrogen/ethylene
ratio in vapor phase 0.01, l-hexene/ethylene weight ratio

20 fed to the reactor, 0.025, TMA feed relative to ethylene

. feed 200 ppm.
Example 4: Polymerization: The catalyst of Comparative
Example was added to a fluidized-bed polymerization reactor
under the same polymerization conditions as in Example 3.

25 The polymers produced in Example 3 and 4 were
compounded on a 2%" Brampton single-screw extruder and
fabricated into 1.0 mil film on a 50-mm Alpine blown film
line. The films were then ranked for gel level using the
film quality rating (FQR), a qualitative measure of the gel

30 amount. The minimum 10 FQR réting is assigned to
essentially gel free film, while a 60 FQR is the maximum
rating for films with high gel levels. A 30 FQR is
considered the maximum commercially acceptable rating.

The catalyst of Example 2 produced a resin with

35 significantly lower gels than catalyst of Comparative

Example.
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20 1. A process for uniformy dispersing a transition- netal netallocene
conpl ex, on a carrier material iInpregnated with al unoxane and derivatives

t hereof conprising 5 (1) providing silica which is porous and has a
particle size of 1 to 250 m crons, having pores which have an average

di ameter of 50 W®BAWMNgstrons and having a pore vol une of 0.PETUSIEGISET
cc/g; wherein the silica is contacted w th an organonagnesi um 10 conpound

- of the formula RMUR in an anmount to pro %Ye 0.2 mel—Myf-g—sttHecato 20

mmol M/ g silica, to forman internediate; and, after said n Lth the

RMR compound, the resulting internediate is treat edLml i‘El E H!Il n an
- §

15 anount which ranges from0.2 to 1.5 nol/nol of t
magnesi um conpoCAIMED) slurrying the silica in an aliphatic solvent having

a boiling point lo t hgn rkLc j di.ng_a_volu of a.solution
conprising a 20 V\rrlg‘{hl I %cgr%gggép%%#%ﬁ%ya%sgfr?%?%ﬁa -ansition

R- (Al (R - O)[ erketalyngtallocene sPRBLE% 9N 3 qagyiexn| maberinl impregnated
(-A (R)-O)[errﬂriifmramﬁdl :&ameabuabaeﬁmﬁ\fwséiﬂhe&le'bﬁ doftPridind ﬁ 40, | and Rf
s a (err]leCe A ' [ ven erein the volume o
the sol ution i sqﬂoﬁé%ﬁén f%g%k%%%rg% oF %saa é lfaililrwl%i d
silica, wherei Bt Rorc&® 2&0i BACHINR NANIMTe POERS: €ichl havenanwe| ght
per?e;lt i 3 5I ltmeékadé)dmtal iteg be Sdiletésiédocam‘g%itﬁoﬁﬁlam tﬂﬁfvﬁ@: Y %Hg' ?n
of (3) and a ' Ol UL [0 o.Lppregnate the pores of silica an o]
di sperse the rre%%écg’ﬁfe%ég E%u%d{’i%é;a%'d on 30 the carrier; (5)
evapor ati ng solWhexein the sidicgnigceentanted withgant exgasidnagnesivmry (4),

to recoverl@ry domedrdwifnghpatbishks RMYR' ifhanpaneess € pgacvidelo.gherein
the sturry (4) g Jec3Qy s45168NEENS. & AU Mig/BORL 1924 { %d%hrm an
intermediate;
and, after said_contact with the RMgR' compound, the
resulting intermediate is treated with an alcohol in an
15 amount which ranges from 0.2 to 1.5 mol/mol of the amount
of the magnesium compound;
(2) slurrying the silica in an aliphatic solvent having a
boiling point lower than 110°C;
(3) providing a volume of a solution comprising a
20 metallocene compound, alumoxane of formulas R~-(Al(R)~0-),~
AlR, for oligomeric linear alumoxanes and (-Al(R)-0-), for
cyclic alumoxanes wherein x is 1-40, y is 3-40, and R is a
C,-Cs alkyl group in an aromatic solvent wherein the volume
of the solution is lower than that required to form a
25 slurry of said silica, wherein the concentration of
alumoxane, expressed as Al weight percent is 5 to 20;
(4) adding to the silica said volume of said solution of
(3) and allowing the solution to impregnate the pores of
silica and to disperse the metallocene compound in and on
30 the carrier:
(5) evaporating solvents from the contacted and impregnated
silica slurry (4), to recover dry free-flowing particles.

2. The process of Claim 1, wherein the slurry (4)
has a solids content ranging from 10% to 40%.



