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PCLYNERIZATICN PROCESS E T ' IR CATALYST S%EﬂENE AND
"POLYMER ' : FIELD CF THE | NVENTI ON

The .pr.esent |nvent|on relates to the pol ymeri zati on of ol ef i ns.
In particul ar aspect, the present inventlion relates to . . olefin

pol yneri zati on enpl oyi ng a catal yst system conprising an
yttri um containing catalyst and a chrom um containing catalyst.

OLEFIN POLYMERIZATION PROCESS,

CATALYST SYSTEM, AND POLYMER

FIELD OF THE INVENTION

The present invention relates to the polymerization of
olefins. In a parf;icular aspect, the pfeseni_: invention relates to -
olefin polymerization employing a catalyst system comprising an
yttrium-containing catalyst and a chromium-containing catalyst.

BACKGROUND OF THE INVENTION

Various techniques imve been employed in the past for the
polymerization of polymers and copolymers of olefins. One approach has
. involved employing caté.lysts containing chromium. Typically such
;:o_lymerizations ‘are carried out at relatively low temperatures and
"'.:-_‘":':';préssﬁr‘gs. o |
| ".For' many applications, such as extrusion and molding '

processes, it is highly __'désirable to have polymers which have a broad

a
melecular weight distribiition. Such polymers exhibit. excellent

processability, i.e., they can be processed at a faster throughput rate

with lower energy requirements with reduced melt flow perturbations.
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been enployed in the past for the+ polynerlzatlon of pol ymers and

- copol yners of olefins. One approach has - _ i nvol ved -enpl oyi ng
catalysts cont ai ni ng chrom um Typi-cal ly such "~ polynerizations
are"carried out at relatively | ow tenperatures and ' pressures.

For many- applications, such as. extrusion and nolding"
progesses, it is highly desirable to have polyners which have a broad
nmol ecul ar wei ght distribition. Such pol yners exhlblt excel | ent

processability, i.e. the an be rocessed at ter throu e
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the wuse of nultiple reactor arrange € rTeactor sc enbs,
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; | efficient than wohld be desired. Preparing the polymer-in a single
reactor would be much more economical.

It is also desirable to obtain a bimodal, or broad molecular

~ weight distribution ethylene polymer in which comonomer is incorporated
into the high molecular weight portion of the molecular weight
distribution. Such polymere exhibit good impact resistance, tensile
strength, elongation, flexural modulus, and environmental stress crack
resistance. .

In commercial applications, high bulk density is important for
practical considerations such as convenient transfer an& handling of the
polymer. It is also important in commercial applications to be able to
produce a wide spectrum of polymers so far as melt flow is'concerned,
i.e. molecular weight. |

It would therefore be desirable to provide a catalyst capable
of preparing polymers having high bulk density, broad molecular weight
distribution with comonomer incorporated in the high molecular weight
portion, while employing a single reactor.

SUMMARY OF THE INVENTION

It is an object-of the present invention to provide a catalyst
system useful for the polymerization of olefins having broad molecular
weight distribution in a single reactor.

It - is another object of this invention to provide a

polymerization process for preparing polymers having a broad molecular
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bi nodal , ‘broad nol ecul ar melght distribution et hyl ene p
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resi stance, tensile strength, elongation, flexural nodulus, and

en’vis.-_ronnent al stress crack resistance. In conmercial
applications, high bulk density is inportant for practical considerati ons

such as conye h"?ﬁ”fhét&iﬁﬁfuﬁ andphaned |bqg%gg‘m%h £ tBel M moldcular 3hSGhe

i nportant in m"rerC| al applications to le to produce a w de spectrum
of polyners_soifar as-nmelt flowis concerned, i.e. nolecular weight. -
It woul d thBrefore be desirable to provide a catal yst capable of preparing

pol yners having hi ghitbyk karfd@Rst tobjedf @Fdthi¥ aevdmioneic)pirovitiestr pblstrean

wi th comononmer incorporated in the high molecular weight portion, while
enpl oyi Nng ahgvii@ BigledaloOdensity. SUMVARY OF THE

| NVENTI ON It is an object of the present invention to provide a
catal yst syst em useftul isf canothexr pehijgner b athion ioientiohi to Ipaevide bz oad

nmol ecul ar _ '
' polymerization process for producing polymers having a wide range of
molecular weights. '

In accordance with the present inventiom, there is provided a
catalyst system for the polymerization of alpha-olefins comprising a
chromium-containing catalyst and an yttrium-containing catalyst, wherein
the yttrium-containing catalyst is represepted by the formula (CpZYXx)y-
Man, wherein Cp is cyclopentadienyl or cyclopentadienyl substituted
with an alkyl or alkyl silyl radical, X is a halogen, M is an alkali
metal, L is a suitable electron donor ligand, x is 1 or 2, y is 1 or 2,
z is 0 or 1, and n is a number corresponding to the value needed to form
a stable complex, with the proviso that when y is 2, z and n are 0.

Other aspects of the present invention, are to provide a
process for preparing such catalyst systems, a polymerization process
employing such catalyst systems, and the olefin polymers thus produced.

DETAILED DESCRIPTION OF THE INVENTION

‘The particular chromium-containing catalyst employed can be
readily selected by one skilled in the art after having the benefit ofi
this disclosure.

A large number of patents exist describing various suitable
chromium-containing catalysts. Some examples include U.S. Pat Nos.
3,887,494; 3,900,457; 4,053,436; 4,081,407; 4,101,722; 4,150,208;

4,151,122; 4,294,724; 4,296,001; 4,345,055; 4,364,839; &,364,842;

THIS SHEET HAS BEEN
REPLACED
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wei ght distribution which have branchlng %n "t he hi gh nDIecuIar wei ght
portion. - - It is another object of this invention to provide a
pol ynmer havi ng high bul k density. It is another object of

this invention to provide a polymerization process for produci ng polyners
having a wiglges s85a¢ 9f39mbesculagnongieght ,402,864; 4,405,501} Nt FBEQHSIBNGRAAW t h
the present invention, there is provided a catal yst systemfor the

pol yneri zat4 066 (513! pha- aieéidsareonpf i Gt arehhincdrperavst chaveif ot al yst
and an yttriumcontaining catal yst, wherein the yttriumcontaining catalyst
IS representefdréncethe fornula (Cp[err]YX[err])[err] .Merr]L[err], wherein
Cp is cyclopentadi enyl or cyclopentadi enyl substituted with al kyl or al kyl
silyl radicals, X iGemeradlypgtie dMrosiumrcadtadhingretatialyst i &5 aa sghraaihe

el ectron donor ligand, x is 1 or 2, yis l1lor 2, zis Oor 1, and nis a
number cor r@@ﬁenduﬂfgfe@hlne @aﬁh}émﬁ@eewatlemgomfalvﬁab# Sedarprbthati in the
provi so that when y z and n_ar Qt.her aspects of
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A large nunjer; n%rmiae% c%’:ﬁbééme‘iieéﬁéﬂ %nge@aﬁmnéﬂmgl gatalyﬁt under

chrom um cont ai ni ng catal ysts. Some exanples include U'S’ Patent Nos.

3,887,494, $heJQ016b2bd folYRdr ftiont B8dithAs, ‘Eh{LQ r?ﬁaeu% 2566 f@r having
4,151, 122; 4,294,724; 4,296, 001; 4,345, 055; 839; 4, 364, 842;

a relatively low density, i.e. a dens1ty in the range of from about 0.88
g/cc to about 0.93 g/cc measured according to ASTM D 1505-68.

The émount of chromium in the chromium~containing catalyst can
vary over a wide.range. Any suitable catalytic amount can be ;mployed,
Typically, the chromium-c§ntaining catalyst will contain about 0.1 to
about 10 weight percent chrgmium based on the weight of. the
chromium-containing catalyst, more preferably about O.i to about 5
weight percent chromium.

The currenti& preferred chromium-~ontaining catalysts are
éilica supported catalysts prepared by incorporating chromium on silica.
More preferably, the chromium-containing catalyst further comprises
titania.

Generally, the catalysts can be activated in air at a
temperature in the range of about 300°C to about 1000°C, preferébly
about 300°C to about 800°C. Generally the activation is carried out for

about one half to about 50 hours, preferébly about 2 to about 10 hours.



-4-. . - 4,364,854; 4,392,990; 4,397,765; 4,402, 864; 4,405,6501; 4,735,931, -
" and 4,966, 951; the disclosures of which are incorporated herein by

r ef er ence. Thiis Sheet Beplaced he chronmi um contai ning catalyst is a

chrom um .oxi de. : ‘IE chrom um cont ai ning catal yst is selected
that is not par cted by hydPogen or by the small anpunts of
the cocatalyst that is used with the yttriumcontaining catalyst. It is

al se preferred that the chrom um containing catalyst be nore effective in

i ncor porating conononer than the yttriumcontaining catalyst under the

sel ected pol yneri zatGpehorzadngj tthe nshrohhuis coiitadn thg G idiqolcynerthehad n@duded
relatively |low density, i.e. a density in the range of from about 0.88

g/ cc to abowitl).c@dbep gonomideuntd despemitnge tis ASTMaDge505-apgut 300°C to

The amount of chromiumin the chrom um containing catalyst can vary over a
wi de range. abeit $09tG@bprefexehly abeuta 380t teatboyE eIRCoyentalastsi snitaplet he
chrom um contai ning catal yst will contain about 0.1 to about 10 weight

per cent chré?r’i' FHCB 28k ohivat fen \ﬂgc,igqﬁiucbufont pgocess include catglysts which are

commercially available from W. R. Grace, Davison Catalyst Divisionm,

| under the trade designations .963, 967 MS, 968 MS, 969 1D, and 969 MS.

The particular yttrium-containing catalyst to be employed can
readily be determined by those skilled in the art after having had the
benefit of this disclosure. .

Such catalysts, for example, are disclosed in U.S. Pat. Nos.
5,066,739; 5,232,999; and 5,244,991, the disclosures of which are
incorporated herein by reference. Preferably,' an yttrium-containing
catalyst is selected that is sensitive to the presence of hydrogen.

The yttrium-containing catalysts are represented by the
formula (szYXx)Y-Man, wherein Cp is cyclopentad.ienyl or
cyclopentadienyl substituted with an alkyl or alkyl silyl radical, X is
a hal.ogen, M is én alkali metal, .L is a suitable electron donor ligand,
x is 1 orx 2., y is-'l or 2, z is 0 or 1, a_nd n is a number corresponding
to the value needed to form a stable complex, with the provisc that when
y is 2, z and n are 0.

Generally, the suﬁstituents of the substituted
cyclopentadienyl would each have 1 to 4 carbon atoms. Some specific
examples of the Cp groups include cyclopentadienyl,.
ethylcyclopentadienyl, trimethylcyclopentadienyl,
trimethylsilylcyclopentadienyl, and pentamethylcyclopentadienyl.

Pentamethylcyclopentadienyl is preferred. The formula HSC5 is used

P oo e S - - -
THIS SHEET HAS BEEN
REPLACED




chrom um cont ai ni ng catal yst, nore preferably about- 0.1 to about 5 weight
percent. chromi um - The currently preferred chrom um containing
catal ysts are silica supported catalysts prepared by incorporating
chrgmiumon silica. Mre preferably, the chrom um containing catalyst
further conprises titania. - "Geferally, the catal ysts can be
activated in air at a tenperature in the range of about 300[err]C to about
1000[ err] C, preferably about 300[err]C to about 800[err]C. Cenerally the.
activation is carried out for about one half to about 50 hours, preferably
about 2 to about 10 hours. : ' - .
Substit ut e hgredn to rpfey §p cyclopentadienyl. The formula l‘.le_,iC5 is used herein 5.

Optionally, the chrom um Coﬂf ﬁi ni ng Si Idi,ca can then be reduced with carbon
monoxi de att% TeEHD &P ARV REC IRAYE ISP 50Ut 300[ err]C. to about

500 C., f t 30 C. t 45 . I .
sui E:[)Ha forpgﬁcﬁr:ﬁ{"gct{aaiq\gg?’fsdnggﬁ"g 1?5%1&%0Y%n o%'rn%gaeg%giré]%:elgﬁagﬁcvgtcé%%dse
whi ch are Cé)rmI?&%c‘%egl l{né’rea\é?'%}fe%%ﬁ fcﬁl%'}i\él R Gace, Davison Catal yst

e a

Di vi si on, unhd rad esigrations §63, 96'7_ M5, 968 M5, 969 1D, and 969
Ms. _ Egﬁemrl%'l@"'.\l_.sarseYéJtrehu&éﬁlo_'ﬂ'.ﬁ{immr,‘g_sgﬁhﬂ' ¥8d potabSiim.
enpl oyed can readily be determned by those skilled in the art after having
had the bengfdiniu@faddhpSadlsed st freferred. Such catal ysts, for

exanple, are disclosed in U S. Patent Nos. 5,066, 739; 5,232,999; and
5,244,991, the discliasur & €fe WboGd frfuldican (ky abbectedr rom lapyr sdivabhee.

Preferably, an yttriumcontaining catalyst is selected that is sensitive to
t he electron donor ligand. Some specific examples of electron donor ligands
include tetrahydrofuran, diethyl ether, and
N,N,N',N'-tetramethylethylene diamine. Tetrahydrofuran (THF) is
preferred.
Examples of specific yttrium—c_ontaining catalysts include
(Me C,),YCL, *K(THF) |
'(HSCS)ZYCLZ'K(THF)n
(M C) ,YCL, *Li(THF)
(HSCS)ZYCLZ'Li(THF)n

((Me YCL)2

50502
((HSCS)ZYCL)Z

(MeSCS)ZYCL'THF

(HSCS)ZYCLOTHF

The compounds CpZYXZOMLn and szYX-Ln can be prepared by

refluxing the electron donor ligand, an alkali metal hydride, and
cyclopentadiene or a substituted cyclopentadienyl compound to obtain
MCp'Ln. Yttrium trihalide, MCp-Ln, and the electron donor ligand are

then reacted. Purified CpZYXZ-MLn and szYX-Ln can be obtained by

crystallizing the resulting reaction mixture. A typical liquid used for
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~represented by the fornula (Cp[err]YX[err])[err] Merr]L[err], wherein Cp
i's cyclopentadlenyl or cycl opent adi enyl substituted with aIkyI or al kyl
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el'ectron donor ligand, x is 1 or 2, yisfor 2, zis Oor 1, and nis a
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carbon at ONguchSFPs €641 ione a8 &% @blddiR . CpTHE OtfluchdiGloldble portion

cycl opent adi enyl , et hyl cycl opent adi.enyl, trinethyl cycl opentadi enyl,

trimethyl si yydidgctmysat adunenyﬂe tal]ﬂhrﬂelﬂﬁédmt)hqlpbyti@pelﬂéhl@ll WD(Z-ML .

Pent anet hyl cycl operft adi®nyl is preferred. The fornmula H5C5 is uSed
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used herein to refer to pentanethyl cycl opentadi enyl. The

hal ogens, Xcatflyshe aByl&, tR(THED g amed pr 6pg¥XaefiY chsor tee Te#ct odi de, nore

preferably chloride. Cenerally Mis selected fromlithium

sodi um and pertagstihcyclonentafiesnd vhbh ratagriw dygrideFedefluxing with  The

L of the above fornula can_be selected fro syi tabl e slect on danor

ligand. SonEeRBEAFfEra%andheCastoRIntats rPdB‘f’] Sitym gRgReund resulting from

this step is then reacted with yttrium trihalide. The molar ratio of
the cyclopentadienyl potassium 'compound to the yttrium trihalide
compound is about 2 to 1. This reaction can be carried out by refluxing
in THF.

The compound (szYX)2 can be prepared by subjecting solid
szYX-L to sublimation under suitable conditioms. It is generally found
that the subiimation is adequately carried out at a temperature of about
230°C when the electron donor ligand is THF.

The weight ratio of the yttrium-containing catalyst to
chromium-containing catalyst can vary broadly depending upon the
-particular properties desired. As a general rule, the weight ratio of
the yttrium-containing catalyst to chromium-containing catalyst would be
in the range of from about 0.01:1 to about 100:1, preferably in the
range of from about 0.1:1 to about 50:1, and more preferably in the
range of from 0.1:1 to 10:1.

Typically the total catalyst system would be present in the
range of from about 0.001 weight percent to about 1 weight percent based
on the total weight of the polymerization reaction mixture.

Generally, it is advantageous to use the yttrium-containing
catalyst in combination with a small but effective activating amount of

an alkali metal alkyl or alkaline earth metal alkyl cocatalyst. Any
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include  tetrahydrofuran, - di"e'thyl  ether, . ‘and.

N, NN ,N-tet rarret hyl et hyl ene- dianmine.  Tet rahydr of uran - (THF)
preferred " Exanpl es of specific yttrium cont ai ni ng cat aI ysts
i ncl,ude (Me[err]Cerr])[err] YCL[err] K(THF)

(H[err]C[err])[err]YCL[err] K(THF)[err]- 8 =
(Me[err]err])[err]YCL[err].Li(THF) [err]
(Herr]derr])[err]YCL[err].Li(THF)[err]
((Me[err]Cerr])[err]YCL)[err] . ((H[err]C[err])[err]YCL)[err]

(Me[ err] O eggdhbey rducYCh- dddal alkyl deHAOBARNEL Thfth metal alkyl cahebe
compounds Cp[err]YX[err].MJ[err] and Cp[err] YX Ln can be prepared by

ref | uxi ng t fip1ey&Ltdsonhdoasdathigand, caneral1igl alkyal sthiowslr axie prafidrred.

cycl opent adi ene or a substituted cycl opentadi enyl conpound to obtain

MCp. L[ err] .Genéraliyurcheratiylli dejichiDp.df thancbdahelysitewowlsh cdotrin [1i gant? are

t hen react ed. Purified Cp[err]YX err].M[err] -and Cp[err]YX L[err] can be
obt ai ned bycanboys4tamsi zirefexdbdyredal 6 iqagbeatehon fivna gpecifict sfmpades |dfqui d

used for _
such cocatalysts include n-butylsodium, n-butyllithium,

secondary-butyllithium, tertiary-butyllithium, n-butylpotassium,
diethylmagnesium, di-n-butylmagnesium, and combinations thereof.

The ratio of the the cocatalyst to yttrium-containing catalyst
can vary over a wide range depending upon the particular compounds
employed and the particular results desired. As a general rule the
molar ratio of the metal in the cocatalyst to the yttrium in the
yttrium-containing catalyst will be in the range of from about 0.5:1 to
about 20:1, preferably about 1:1 to.about 15:1.

' The present catalyst system is effective in polymerizingla
wide range of olefins, particularly aliphatic alpha-olefins having 2 to
about 18 carbon atoms, preferably 2 to 8 carbon atoms. The term
polymerization is wnsed herein to include both homo- and
co-polymerization. .Some examples of suitable olefins include ethylene,
propylene, butene-1, hexene-1, octene-l, &4-methyl-l-pentene, and
mixtures thereof.

The present catalyst system is particularly useful for the
polymerization of ethylene in combination with small amounts of higher
alpha olefin comonomer, such as butene-1 or hexene-1. Generally the
comonomer is present in amounts of less than 20 weight 7% based on the
weight of the ethylene. It is also within the scope of the iﬁvention to

employ a chromium-containing catalyst capable of producing comonomer



"-7- . such crystallization could be toluene. . The toluene soluble .
portion  yields Cp[err]YX L[err] and the toluene insoluble portion yi el ds
Cp[err]YX[err].MJerr]. For exanpl e,  one nethod for preparing
the yttriumcontaining catalysts - Cp[err]YX[err].K(THF)[err]- and
Cp[err] YX'THF Is. to react pentaneth?lCyclopentadlene W th potassi um
hydride by refluxing with tetrahydrofuran. The cycl opentadi enyl potassium
conpound resulting from this step is then reacted with yttriumtrihalide..
The nolar ratio of the cyclopentadienyl potassiun1conpound to the yttrium

trihalid d b t d t
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The weight ratio of the yttriumcontalining catalyst to chrom um cOhtaining

cat al yst caprycus¥.br ofgick19epamnds NBedtlls 14he employment of polymerization
temperatures in the range of from about 0°C to about 170°C, more
preferably about 10°C to about 100°C. The polymerization pressures are
generally in the range of from about 100'psi'a to about 700 psia, or
higher.

The reaction can be conducted in a batch reactor or in a
suitable continuous reactor. It is generally preferable to carry out
the polymerization in an elongaQ;d'reaction tube which is contacted
externally with suitable cooling media to maintain the desired
polymerization temperature. A preferred technique uses a loop reactor
in which the reaction mixture and polymer is circulated within a pipe
loop. The time involved for the polymerization will vary depeﬁding upon
the particular.catalyst mixture employed, the temperature, and the
desired type of polymer. Typically, when the polymlerization is
conducted on a commercial scale the residence time is in the range of
about one half hour to about two hours.

It is generally desirable to carry out the polymerization in
the absence of moisture and oxygen. .As a general rule the
polymerization is conducted in the presence of a suitable liquid
diluent. Examples of such diluents include isobutane, n-butane,
n-hevane, isooctane, cyclohexane, methylcyclopentane,
dimethylcyclohexane, and combiz;ations thereof.

In oxder to obtain polymers with particular physical

properties it may be desirable to employ hydrogen during the



'partlcular propertles de5|red As a general rul e, the melght ratio of - the
yttriumcontaining. catal yst to. chron1un}conta|n|ng catal yst woul d be . in
the range of from.about 0.01:1 to about. 100:'1, ‘preferably in the range of
fromabout 0.1:1 to about 50:1, and nore preferably in the range of from
0.1:1 to 10:1. Typical]y t he-t Pal catal yst system woul d be
present in the range of from about 0.001 weight percent to about 1 weight
percent based on the total weight of the polynerization reaction mxture.
Generally, it is advantageous to use the yttriun}containing catalyst in
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employed at a pressure in the range of from about 10 psi to about 200
psi, more preferably in the range of from about 15 psi to about 100 psi.

The monomeré can be contacted with the yttrium-containing
catalyst and the chromium-containing catalyst in any sequence desired.
In a preferred embodiment, the monomers are contacted with the
chromium-containing catalyst under polymerization conditions prior to
contacting with the yttrium-containing catalyst.

In another embodiment, a polymer composite powder is provided
comprising a low density ethylene polymer core surrounded by a high
density ethylene polymer coating. The low density ethylene polymer core
will generally have a demsity in the range of from about 6.88 g/ce to
about 0.94 g/cc measured according to ASTM D 1505-68, preferably in the
range of from about 0.90 g/fcc to about 0.94 g/cc. The high density
ethylene polymer coating will generally have a density in the range of
from greater than about 0.94 g/cc to about 0.98 g/cc measured according
to ASTM D 1505-68, praferably in the range of from about 0.95 g/cc to
about 0.98 g/cc.

The amounts of low density.ethylene.polymer core and high
density ethylene poiymer coating can vary braadly. Generally the low
density ethylene polymer core will be present in an amount in the range
af from about 10 weight percent to about 90 weight percent based on the
total weight of the polymer aomposite powder, preferably in the range of
from about 25 weight percent to about 90 weight percent, and more

preferably in the range of from 50 weight percent to 90 weight percent.



' carbon atons, -preferably 1 to 6 carbon atons Sone speC|f|c exanpl es of
.. such cocatalysts “include n- but yl sodi um- - n-butyllithium

'secondary butyl lithium tertlary butyl lithium n-butyl potassium
di et.hyl magnesi um di - n- but yl magnesi um- and conbi nati ons t her eof.
The ratio of the the cocatalyst to yttriukicontaining catalyst can vary .
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metal in the cocatalyst to the yttriumin the yttriumcontaining catalyst
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having 2 to about 18 carbon atons, preferably 2-to 8 carbon atoms. The

term pol ynggightt b@fkcenltS baskse bn hﬁé etdtalt ReightChbBdehe hilme ormmpos btred
~co-polynerization. Some exanples of suitable ol efins include ethylene,

propyl ene, peidRie-pgrefoeatalyeid thactange-df féemrmbbyt 75- peigherpsrcant tonakeuk es
t her eof . The present catalyst systen1|s particularly useful for
the pol ynewd aatights mircettylaedendne prafieratlyi dn Wiet mangmlof fresufsweishyi gher
al pha ol efin conmononer, such as butene-1 or hexene-1. Cenerally the
conononer i pexreatetn 10rweigbtrRercent ess than 20 wei ght % based on the

A further understanding of the present invention and its
various aspects and advantages will be provided by the following
examples. The following examples will se.rve to show the present
invention in detail by way of illustration and not by way of limitation.

Examples

Examples IA and IB demonstrate the polymerization and
properties of“ polymers. prepared- employing an yttrium-containing
catalyst.

Exﬁmple II demonstrates the polymerization and properties of
polymers prepared employing a chromium-containing catalyst.

Example III demonstrates the polymerization and properties of
a polymer composite prepared by first preparing ethylene ‘copolymer with
a chromium-containing catalyst and then polymerizing ethylene in the
presence of the ethy.léne ‘copolymer and an yttrium-containing catalyst.

Example IV demonstrates the polymerization ‘and properties of
polymers prepared employing a catalyst system comprising a.
chromium-containing catalyst and an yttrium-containing catalyst.

Example V wés conducted on a pilot plant scale and
demonstrates the polymerization and properties of polymers prepared

employing a chromium-containing catalyst, an yttrium-containing



wei'ght of the et hyl ene. - It S also mnthln t he scope of the |nvent|on to:
. enploy a chr oni um cont ai ni ng catal yst capabl e of produci ng comonomer
=9 in-situ. Preferably ethylene polyners contain at |east 90 nole
pergent ethylene, and nore preferably at_|east 95 nole percent et hyl ene.
The pol ynerizations can be carried ouLTr%%tslurry type process.
Typically, this requires the enpl oynent of polynerization tenperatures in
t he ‘range of from about O[err]C to about 170[err]C, nore preferably about
10[err] C to about 100[err]C. The polynerization pressures are generally in

the range Qfachiyye,alfdita 1QRappdtd shOtad @eipr3AnPSa aconblinatlioghF . the two
The reaction can be conducted in a batch reactor or in a suitable

continuous databysrs. It is generally preferable to carry out the
polynmeri zation in an el ongated reaction tube which is contacted externally
with suitable cooling nedla t 0 mai nt ai BxédpdedBsired
In Example IA, the yttrlum-contalnlng catalyst CpéYClzK(THF)n
was employed to polymerize ethyleme.
The yttrium-containing catalyst employed in Run 101 was
prepared in the following manner. A slurry of 100 mL tetrahydrofuran
(THF) and 2.56 g KH (0.064 moles) was prepared in a flask. To the
slurry, 10 mL of pentamethylcyclopentediene (0.064 moles Cp) were added
by means of a syringe. The elurry was refluxed for 48 hours and then
allowed to cool. The slurry was fiitered separating a deep red solution
and colorless solid. The celorless solid was washed with 2 x 25 mL THF.
Excess THF was removed from the solid material under vacuum and 13.5 g
KCp-THFn yas recovered. _
To a round bottom, 500 mL flask, 2.00 g yttrium chloride
(0.0102 moles YCls), was cautiously added to 100 mL of tetrahydrofuran
(THF) with rapid stirring. In a dry box, 5.05 g of KCp-THFn (0.0205
moles), prepared as described above, was added to the reaction mixture
over a period of 10 minutes. The light tam reaction ﬁixture was stirred
over night. The reaction mixture was filtered to remove residual
solids. THF was removed from the filtrate in vacuum. The dried solids
were extracted with 2 x 30 mL toluene. The toluene insolubles yielded
4.23 g szYCIZK(THF)n. The toleene solubles yielded 0.63 g CpZYCI-THF.
Polymerization was conducted in a four liter autoclave
equipped with stirrer (1200 RPM) and jacket. The autoclave was charged-
with 0.0435 g.CpZYCIZK(THF)n, the toluene insoluble fraction described

above, 0.89 mL of 0.16.M n~butyllithium in hexane as cocatalyst, and 80

~



. polymerization tenperature. A preferred technique uses a | oop reactor in -
=i ch the reaction m xture and polymer .is circulated within a pipe '|oop.
" The time involved for the polynerization wll vary dependi ng upon the
particular catalyst m xture enployed, the tenperature, and the desired
type of polyner. Typi cal Iy, when the po]f nmerization is conducted on a
commercial scale the residence tine is in the range of about one half hour
to about two hours. It is generally desirable to carry out the.
pol ynmeri zation in the absence of noisture and oxygen. As a general rule
the pol ynegi gatn-aexdne- L orthondmst.i NTHO@api BSENES ddicataBsict adllae k€t Gras
di luent. Exanples of such diluents include isobutane, n-butane, n-hexane,
i sooct ane, 1l:2yiml ohexaactor. Tt Rytangscbdpsobatme diluvemthyds cbénaeddadeandand
conbi nati ons thereof. In order to obtain polynmers with -
particul ar physiegator ppgmuessesizetd wibh bthydesertbivdeld sekptadl trpsswypent
during the - 10 -

300 psig. Steam and water were introduced into the jacket to maintain a

temperature of 90°C. After one hour of stirring the autoclave was

opened and polymer was recovered. The polymer fluff was extremely fine,

mostly smaller than 50 (paéses through a 325 mesh screen), and tended

to have a static charge which made recovery difficult. The polymer

coated the sides of-the autoclave and produced a sticky film which was

difficult to remove. The polymer also retained liquid isobutane

diluent. Wet polymer fluff weighing 485 g, yielded 178 g after drying

in an oven at 80°C. Total activity was 4081 g polymer/g catalystehour.

The bulk demsity of the polymer produced was about 5 1bs/ft3. _The

density measured according to ASTM D 1505-68 was 0.9751 g/cc, which

indicated that no hexene was incorporated. The melt index measured

according to ASTM D1238-65T, condition E, was too high to be measured,

i.e. >500 g/10 min. The polymer was analyzed by size exclusion -

chromatography. The results are summarized in Table I

Example IB
In Example IB, the yttrium-containing catalyst Cp2YCleTHF was
employed to polymerize ethyiene.
The polymerizations in Runs 102-107 were conducted similar to

Run 101, with the exception of employing the yttrium-containing catalyst

Cp2YC1<THF as catalyst and varying the temperature and amount of Hz

employed. Also, no hexene was employed in Example IB. The Cp2YCleTHF

was prepared as described above in Example 1A, except the toluene

soluble fraction was recovered and employed as the catalyst. The



"polynerlzatlon peri od. Fwdrogen when enployed, - can vary over a broad’

range depending -upon the particul ar conpounds-enpl oyed as the catalyst and ™

" the particular results desired. Typically, the hydrogen woul d be : enpl oyed
at g pressure in the range of from about 10 psi to about 200 psi, nore.
preferably.in the range of from about 151l%si- to about 100 psi.

The nononers can be contacted with the yttriumcontaining catalyst and the .
chrom um cont ai ni ng catalyst in any sequence desired. In a preferred

enbodi nent, the nononers are contacted with the chrom um containing

catal yst under QlyRIdogditions 6RNGeid1@DSarR duRhadifed GANTaBTS ITNG MM kY usbe
yttriumcontaining catal yst. I n anot her enbodi nent, a pol yner
conposite powdeterkin s wiigledavmmarmbmdnga:aahd)Wnda]shmqareQWyhmgomtxymr

core surrounded by a high density ethylene polyner coating. The |owy

density et hyl erreighi-y e %Fé“’“‘é\itlﬂmgégﬂa%lﬂ“?r RERAucY HahaPeyr Fn“‘?ﬁ"é’ range

of from about 0.88 g/cc to about 0.94 g/cc nmeasured according to ASTM D
1505-68, preferably-in the range of fromabout 0.90 g/cc to about 0.94

g/ cc. The high density ethylene polysigg coating will generally have a
density in the range of from greater Tham about 0.94 g/cc to about 0.98
g/ cc nmeasur e@naccor dafg tom@TM D ]1@05 68, tpreferaity in tig rangewglia f rom

about 0.95 g/cc to °C . pSig _ 1000 1000

101 IA 90 1] -~ 16.6 7.2 2.3

102 IB 9 0 3.9 too high to measure

103 IB - 90 S 0.7 11.9 2.5 4.7

104 - - IB S0 100 0.6 6.4 1.2 5.5

105 IB 25 0 7.2 too high to measure

106 IB 25 5 Q.5 6.2 1.9 3.3
0.5 1.7 1.0 1.8

107 B 25 15

== did not determine

It can be seen from Table I, that the polymerizations were
sensitive to hydrogen aﬁd reaction temperature,.which can thus be used to
control the molecular weight of the ﬁolymer. The results also show that the
polymers ekhibited a relatively narrow molecular weight distribution, i.e.
Mw/Mn of 1.8 to 5.5.

Example II

In Example If. polymerization runs were conducted employing a

chromium-containing catalyst.

A commercial chromium-containing catalyst? Grade 963 Magnapore,
purchased from W. R. Grace, Davison Catalyst Division, was employed. The
catalyst was a chromium/silica-titania tergel prepared to contain 2.5 Z Ti.
Prior to use, the chromium-containing catalyst was calcined in dry air at
870°C for three hours and then exposed to carbon monoxide for one half hour

at 350°C. Pdlymerization pressure was 450 psig. The polymerization



about 0.98 g/cc. ‘The armunts of - Iow densi ty et hyI ene - p.ol'_"yr'_rer_
core and high densi ty et hyl ene pol yner coating can vary broadly. .
Generally the low density ethylene pol ynmer core will be present in an
amount in the range of fromabout 10 wei ght percent to about 90 wei ght
percent based on the total weight of thel éot‘yrrer conposite powder,
preferably.in the range of from about 25 wei ght percent to about 90 wei ght
percent, and nore preferably in the range of from 50 wei ght percent to 90
wei ght per cent. General ly the high density ethylene polyner
coating W | deabtiopr @mentions andiresnins nire | sumidrd zédabgbowof rfIresntabot)uitergﬂx wei ght
percent to about 10 weight percent based on the total weight of the

pol yner compasiindex davaid? '“lpr apayuapd gacmdme 9 A95% Dd?”‘ﬁé?n SPHUE L6 Enei ght

percent to about 10 WEI e e erabl i n the range of
from 50 wei@ﬁ asp}é?eéem“ B ‘ig“ﬁgeldﬁ‘f mﬁg“r d'g‘?“)ﬂx PE7IPRIR hoadhrsd ek ting
to ASTM D1238~65T, condition F. Density was measured in g/cc according to

. ASTY D 1505-68.

Table II

Run 201 202 203
Temperatuze (°C) 90 85 %0
Run Time (min.) 30 35 60
Wt. Cr cat. (g) 0.50 0.24 0.27
Polymer (g) 308 237 607
Productivity 1235 1700 2250

(g/g cat.)
MI (g/10 min.) 1.66 : 0.08 1.24
HLMI (g/10 min.) 93.8 10.3 71.0
Density (g/cc) 0.932 0.938 0.926
Cocatalyst

(mL 0.16 M BuLi) 6.00 2.89 3.24
Cocat/cat. 10:1 10:1 10:1
Mw - -- 14,500
Mn - - 2,700
Mw/Mn , - == 5.4

o= did not determine

Polymer density in the range of 0.926 to 0.938, indicated-
branching and in-situ hexene production.
Example III
In Example III, ethylene copolymér was prepared employing a
chromium-containing catalyst. The ethylene polymer was then contacted .

with the yttrium-containing catalyst of Example IA and ethylene to

produce a composite polymer.



A further understanding_Of t he préséht i nventi‘on and itS' varioquaspeCts

and advantages wi || be provided by the following exanples. The:followng -
exanples will serve to show the present invention in detail by way of
illustration and.not by way of limtation, ' _ _

Exanpl es Exanmpl es | A and -| B dek®nstrate the pol ynerization and
properties of polyners prepared enploying an yttriumcontaining - catal yst.
Exanpl e 1l ~denponstrates the polynerization and properties of " polyners
prepared enpl oyi ng a,chrom um contai ni ng catal yst. Exanmple 111

denonstrates the pdtyHEte, SPPUN aRFasr BRREAF PR ST oFOPOAT R ipdBe atbipens taad
ot alyet aabtiEn TRIOTES T RS ORI e ot s A bt dnoRAARIRe
oot at 05 (A5 & EpaedEEA8 MRALGE S p¥Bhance of 330, piias 1HF eftivdame

oy orCeBShRsE Sk VALSIRAATRELP . 2ea SUOM BRI Mo dn Badt 2N

pi lot plantoseal ?aéflpclegemrmg@t 65, ol Nga RALY BRI 23 W@Bn ANOrY QREGILES Of

polymers prepared enploying a chrom umcontaining catalyst, an

yttrium COoRbpdl¥m@g exhibited a high load melt index, HLMI, of 19 g/10 min.
measured ac;ording'to ASTM D1238-65T, condition F, a melt index, MI, of
0.20 g/10 min. measured according to ASTM D1238-65T, condition E, and a
den;ity of 0.923, measured according to ASTM D 1505-68. -

A 200 g sample of the ethylene copolymer was introduced into
the reactor. The reactor was degassed by pressurizing the reactor with
nitrogen several times. Then 0.0222 g of szYCIOTHF cétglyst prepared
as described in Example IB was added followed by 0.59 ml of butyllithium
solution (1.6 molar). Two liters of isobutane were then added, followed
by ethylene to yield a total pressure of 530 psig. The reactor
temperature was raised to 90°C and held for one hour. The reactor Qas
cooled and the composite polymer recovered.

The recovered composite polymer fetained.the coarse particle
size of the original ethylene copolymer and thus provided eésy recovery
and handling. The polymer yield was about 240 g. The
yttrium-containing catalyst produced additional polymer at a
productivity of about 2000 g/g catalyst. No fine polymer was found,
which indigated that the polymer prepared by the yttrium-containing
catalyst coated the polymer prepared by the chromium-containing
cétalyst. The composite polymer particles exhibited a melt index of

0.06 g/10 min., which indicated that very high molecular weight polymer



-12- . catalyst, -and a catalyst systenrcdnprising a:conbihaLidh of t he

two catalysts. 7 _ . Exanple 1A - In
Exanple I A the yttriumcontaining catalyst Cp[err] YC [err]K(THF) was
enpl.oyed to pol yneri ze et hyl ene. : - The yttrium containing catalyst

enpl oyed in Run 101 was prepared in tHe ¥bI17 owi ng manner. A slurry of 100
m. tetrahydrofuran (THF) and 2.56 g KH (0.064 noles) was prepared in a
flask.  To the slurry, 10 nL of pentanethyl cycl opentadi ene (0.064 nol es
Cp) were added by neans of a syringe. The slurry was refluxed for 48 hours
and then al | puwethced hyoshe yEMeiwtemntyindegs cabdlyet ciirds epiitedt thy ehrleesp red
solution and colorless solid. The col orless solid was washed with 2 x 25
mL THF. Exces$SP9MmeRmps renoved fromthe solid material under vacuum and

13.5 g KCp.THF[err] was recovered. To a round bottom 500 n
flask, 2.00 g yttriumchloride Example IV "~

Polymerization runs were conducted employing the
yttrium-containing catalyst (szYCI)2 and the chromium-containing
catalyst prepared as described in Example II.

The yttrium-containing catalyst, (szYCI)Z, was prgpared by
refluxing yttrium trichloride and pentamethylcyclopentadienyl sodium in
THF and subjecting the resulting solid to sublimation at 230°C. The
molar ratio of the yttrium trichloride to the
pentamethylcyclopentadienyl sodium was 1:2. The reaction conditions and

results are summarized in Table IV.

Table IV
Run 401 402 403 ' 404
Temperature (°C) 90 ' 90 90 90
Time (min.) 60 60 60 2s
wt. (¥Cp,C1), (8) 0.0458 0.026 . 0.035 0.030
‘wt. Cr/SieTi"(g) 0.0293 0.22 n.26 0.24
Cocat. . :

mL n-BuLi 3.58 0.69 2.40% 0.8
Cocat./Cx 10:1 10:1 10:1 _ 10:1
Polymer ' '

recovered (g) 189 200 98 364
Productivity 2513 . 815 - 332 3233

(g/g cat.) '
MI g/10 min. 0.01 : 0 0 0.03
HLMI g/10 min. 0.81 2.49 0.31 5.8
Intrinsic viscosity 3.38 5.82 8.25 3.60
Density (g/cec) - -- - 0.953%%*

-~ did not determine
* 0.091 M TEA used as cocatlyst
% 20 mL hexene added



~(0.0102 ol es YO [err]); was cautiously added to 100 ni of ‘tetrahydrof uran
(THF) withrapid stirring. . In a-dry box, 5.05 g of KCp.THF[err} (0.0205 ..
“nol es), prepared as described above, was added to the reaction mixture
over a period of 10 m nutes. The light tan reaction mxture was stirred
over night. The reaction mxture was fil8ered to renove residual solids.
THF was renoved fromthe filtrate in vacuum The dried solids were
extracted with 2 x 30 nL toluene. The toluene insolubles yielded 4.23 g
Cp[err]YC[err]K(THF)[err].  The toluene solubles yielded 0.63 g

Cp[err] YO . THF. o Q ' ,QN u ' f Jiter
aut ocl ave equi ppeghw %%w sqfrgfépﬁ%ﬁég}élaﬁom@nglg]egc%at?gnﬁ%e%éﬁ?go% ve was
char ged ; ¢ err] , Ig&ﬁg Laspl ubl e
fraction d&%c{r}'lcgie:%ﬂqgggo%%&%.lggqn{‘g% gél}]gali/il ﬁyel%]ﬁt g%{liﬁltcﬁi@um i nrhgx%ne as
cocat al yst, ,@fiheBOprepared with chromium-containing catalyst only. -Th3-densit§ Of
in

n- hexene-1 conononer. The catal yst to cocatal yst nolar ratio was 1:2
the react or yaslVMIsbi hegts BhpdAbitbapelyiel USFdpa¥es iithNcRetth@dn-2ddiitaining
catalyst only. These results indicated a strong contribution from the
yttrium-containing polymer. The polymer was easy to handle and did not
stick to the walls or the reactor.
'Examgle v
Yttrium-containing catalyst, Cp2Y012Li-THFn, was prepared in a
500 mL round bottom flask. To the flask, 200 mL THF was added. The
flask was placed in an ice bath andllo.o g YC13 was slowly added while
stirring. The mixture became cloudy with a slight greyish color. Then
14.56 g pentamethylcyclopentadiene lithium (LiCp) was added. The flask
was removed from the ice bath and heated to reflux and méintained for 5
hours. The liquid was filtered aqd solvent was stripped from the

filtrate. The yield was about 30 g solid Cp,¥C1,LieTHF, .

2

A commercial chromium-containing catalyst, Grade 963
Magnapore, purchased from W. R. Grace, Davison Catalyst Division, was
employed as the chromium-containing'catalyst. The catalyst was a
chromium/silica-titania tergel prepared to contain 2.5 ¥ Ti. Prior to.
use, the chromium-containing catalyst was calcined in dry air at 649°C.
for three hours.

Polymerization runs were conducted employing an 87 liter (23
gallon), 15.2 cm diameter pipe loop reactor. Two catalyst feeding

vessels were employed with separate catalyst feeders for independent

control of the catalysts. , - -



the reactor was pressurized with ethylene to yield a total pressure of 300
psig. Steam and water weré introduced into the jacket to maintain a '
tenperature of 90[err]C: After one hour of stirring the autoclave was
opened and pol ymer was recovered. The polynmer fluff was extrenely fine,
nmostly smaller than 50 [err] (passes thrddyir a 325 nesh screen), and tended

to have a static charge which nade recovery difficult. The pol ymer
coat’ed the sides of the autoclave and produced a sticky filmwhich was ,
difficult to renove. The pol yner also retained |iquid isobutane diluent.

Wet pol yner fluff weighing 485 g, yielded 178 g after drying in an oven at
80[err]C. Total activity was 4081 g polyner/g catal yst.hour. The bulk
density of the polyner produced was about 5 Ibs/ft[err]. The density
measur ed accor.ding to ASTM D 1505-68 was 0.9751 g/cc, which indicated that
no hexene was i ncor porkkt Bep 303haclyperizetige wageindfiaied andcotalihiged oviaBTM

D1238- 65T, condition E, was_ taoo high to b sured, i.e. .>500. g/ 10 min.
The pol yner V\/ag'eaﬁléﬁ°§9}‘8"a°%f;a¥]"2% °§g{5iyﬁ%'i oﬁ“tggﬁfg’rﬁft Byt 4B fiu"’f*%el‘%ésﬁlﬁ s are
summari zed in Jaht& | gurs he chromium- - 1 Eip(%p

In Exanple I B, the yt turriutljgmic::c?nt%ir%"iuﬁ% cgtéﬁééﬁlngt cé;% Cs:It. A m%zgtg%ﬁl oyed to

pol ymeri ze et hygpeBfinately 8 hours lditRe, F@tyURdorEiinOiYS cata lfktnGasl Qe ddddcaer e
conducted simlar to
into the reaction. The chromium-containing catalyst to
yttrium-containing catalyst ratio was approximately 2:1 by volume. The

reaction conditions and results are summarized below.

Table V
Run 501 : 502 503
Temperature (°C) 89 88 87
BuLi (ppm) 4 8 4
Hexene-1 0 7 7
(wt. % of ethylene)
MI (g/10 min.) . 10.1 0 0.37
HLMI (g/10 min.) -- 1.7 25
Iv . * 3.66 2.26
Density (g/cc) - 0.940 0.948
Fluff Bulk Density 2.5 : 20.9 21.3
(1bs/£t3) '
- Mw/Mn ] -- -- 14

== did not determine
* too high to measure

The ethylene copolymer prepared employing the catalyst system,
Run 503, exhibited unexpectedly high bullk density and broad moleculér'

weight distribution.

wr !



Run 101, with the exceptlon of errpl oyi ng the yttrium.containi ng cat aI yst
-Cp2YCQ . THF-as catalyst and. varyl ng the- terrperature and anount of H2
enpl oyed. Al so,

prepared as described above in Exanple 1A except the toI ueneee ﬁagkaeenR%placed

fraction was recovered and enpl oyed as th@0cat al yst .

reaction conditions and results are sumrarl ze um “
herein is weight average nol ecular and M is

-14-
as used

mol ecul ar

| bs/ft[err].

Tenp.
[err]C

100

10

15

25

no hexene was enployed i.n Exanple |B. The Cp2YCQ . THF —was-

i

wei ght . The bul k density of the polymer produced was about 5

Tabl e | Run Cat .

Herr] SV MV M/ - M Mh

Hﬁsﬂll.(]i%s getroleum 7Co2rhp@1ﬁy ' 1000 194, NovembkA 1994 90

‘Ul

2.3 102 33 152lBp  DOAUK/:
too high to nmeasure 103 g IB - 90 fte

11.9 2.5 4.7 104 B 90
6.4 1.2 5.5 |

CLAIMS

A catalyst system for the polymerization of alpha-olefins comprising
a chromium-containing' catalyst and an yttrium-containing catalyst,
wherein said yttrium-containing catalyst is represented by the formula
(CpYX)y*M,L,, wherein Cp is cyclopentadienyl or cyclopentadienyl
substituted with an alkyl or alkyl silyl radical, X is a halogen, M is
an alkali metal, L is a suitable electron domor ligand, x is 1 or 2,
yis 1 or2 zis 0 or 1, and n is a number corresponding to the
value needed to form 2 stable complex with the provxso that when

yls..,zandnareo

The catalyst system of claim 1 wherein said substituents of said
substituted cyclopentadienyl each have 1 to 4 carbon atoms, prefera-
bly wherein Cp is pentamethylcyclopentadienyl.

The catalyst system of claim 1 or 2 wherein X is chloride or iodide,
preferably chloride.

The catalyst system of any of claims 1 to 3 wherein M is lithium or
potassium.

The catalyst system of amy of the preceding claims wherein L is
tetrabydrofuran, diethyl ether, or N,N,N’N’-tetramethylethylene
diamine, preferably tetrahydrofuran. S '

ORI ™ e as seen
Se L s e REPLACED |




25. 0

105 | B o ‘_7;2.' . too hlgh to freasure
106 | B 25 5 . 0.5 6.2 ——____1__~_~____‘___
3.3.107 | B 25 o 15 0.5 '

1.8 .-- did not deternine _ It can be seen froan eqt $m£&@hxd

pol ynerizations were sensitive to hydr oy@i and reaction te

.cah thus be used to control the nolecul ar weight of the pol

‘resul'ts al so show that the polyners exhibited a relatively narrow
"ol ecul ar weight distribution, i.e. MwM of 1.8 to 5.5.
. Exanpl e |11 ' In Exarrpl e Il, polymerization runs were conducted

~enploying a %hroﬂé'a”%a‘fﬁgﬁa% &ﬁ Sﬁt%@yl\%/g the grecedub%rcl élgée)(er? r‘élrig‘\ﬁa.q2

chrom um containing c ade 9 rom
G ace, Davison Catytrysh-dontdisingncataigst 1er¢ﬂeope;deseﬁtai byathal fortnulasetected

chromunmsilica-titania t are to. contain 2 % Ti Prior to use,
t he chromi.um cont aff@®ng cé@%&fﬁi:g Ro Yo i n @P %F—-rz 5(“@9{ err3®lf or
t hree hours and theP @)’6&9 car bon nonoxi de for one hal f hour at
350[err] C. Pol ymertzati®n gresg%ire was 450 psig. The polynerization

s
7. The catalyst system of any of the preceding claims wherein said

chromium-containing catalyst contains a chromium oxide.

8. The catalyst system of any of the preceding claims wherein said

10 chromium-containing catalyst further compﬁses silica.

9. The catalyst system of any of the preceding claims wherein said

chromium-containing catalyst further comprises titania.

15 10. The catalyst system-of any of the preceding claims. wherein said
chromium-containing catalyst contains 01 to 10 weight percent

chromium based on the weight of the chromium-containing catalyst.

11. The catalyst system of any of the preceding claims wherein said
20 chromium-containing catalyst is activated in air at a temperature in
the range of from 300 to 1000 °C.

12. The catalyst system of amy of the preceding claims wherein said
chromium-containing catalyst is reduced with carbon monoxide at a
25 temperature in the range of from 300 to 500 °C.

13. The catalyst system of any of the preceding claims wherein said
chromium-containing catalyst is more effective in incorporating
comonomer than said yttrium-containing catalyst under said polymer-

30 ization conditions, particularly wherein _said chromium-containing
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r_éactlon condi ti o'ris and results are sUrrrfarl'zed bel ow. | IVI as used'-heréi nis
melt index in g/10 min. neasured according to ASTM D1Z238-65T, condition E
HLM as used herein is high | oad nelt i'ndex in g/ 10 m n. Thmsaé‘etlﬂﬁ(he SGpheka Ng

to ASTM D1238-65T,- condition F. DenS| ty was neasured in to

ASTM D 1505- 68. -~ 22 - - Tabl e II'

201 . _ _ 202 : 203 Tenperat

90 85 _ 90RunTime(mn)

30 35 S 60 W. C cat. (9)

0.50 0.24 ©0.27 Polyner (9)

308 EPGHS {tthﬁ(Y wherein said

1235 cataly%égs capable of prepanng coug%xﬁ) TR AN 1 i /1

mn.) ' yttrium-donfifining catalyst is sensitibe @8 the presence of hydrogbn24

HLM ~(g/ 10 min.) 93.8 10. 3

71.0 Density (g/cc) 0. 932 0. 938"

0.926  Cocat glys | £R; fu th .

> 89 34Y She &i%ly%ﬁ%ocat éc_ g.%xy of the preceditg @ims further compris

10:1 5 ing a dfeafalyst comprising an alkali metal alkyl or an alkahne earth
metal alkyl. '

15. The catalyst system of claim 14 wherein said alkyl radicals of said

cocatalyst contain 1 to 12 carbon atoms, preferably wherein said

10 cocatalyst is an alkyllithium, most preferably n-butyllithium, second-
ary-butyllithium, or tertiary-butyllithium.

16. The catalyst system of claim 14 or 15 wherein the molar ratio of
the metal in the cocatalyst to the yttrium in the yttrium-containing
15 catalyst is in. the range of from 0.5:1 to 20:1.

17. A process for the polymerization of alpha-olefin monomers compris-
ing contacting said monomers under polymerization conditions with

a catalyst system as defined in any of the preceding claims.

20

18. The process of claim 17 wherein said contacting is at a temperature
in the range of from 0 to. 170 °C. |

19. The process of claim 17 or 18 wherein the polymerization is con-

25 ducted in the presence of hydrogen.

20. The process of any of claims 17 to 19 wherein said monomers are
contacted with said chromium-containing catalyst prior to contacting
with said yttrium-containing catalyst.

30
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14,500 Mn. : S e o R

2,700 MW Mh ' e ' ' '
5.4 +- did not determne ' : Polyrrer denS|ty in the range of
0.926 to 0.938, indicated branchi ng @3d-i n-si tu hexene production.
Example |11 o ' In Exanple I:11, ethylene copolynmer was prepared
enpl oying a ~chrom um containing catal yst. The ethyl-ene polymer was
then contacted - with the yttriumcontaining catalyst of Exanple | A and-

ethylene to ¢ pr‘ﬁdﬁsﬁene o jsit€ B&béfé’[:ercom ns dpgo a low densu:P/ etta'lene

- 16 - ymer-was prep y copol yner
et hyl ene and 1- hemhﬁnembm/smgouﬂmctby@rmm(mmmlethyigneepdymt abasingt bed

in Exanple 11, at a tenperature of 90[err]C and a pressure of 550 psig.
The et hyl-ene copolynmer was recovered fromthe reactor and screened so that -
only wherein said low density core exhibits, a density in the range of

5 from 0.88 to 0.94 g/cc, preferably from 090 to 0.94 gfcc, each

measured according to ASTM D 1505-68 and

wherein said high density coating exhibits a density in the range of
from greater than 0.94 to 0.98 g/cc, preferably from 0.95 to 0.98
10 g/cc, each measured according to ASTM D 1505-68.

22. The polymer composite powder of claim 21 wherein said low density
core is present in an amount in the range of from 10 to 90, prefer-- '
ably 25 to 90, most preferably SO to 90, each weight percent based

15 on the total weight of the polymer composite powder and said high
density coating is present in an amount in the range of from 90 to
10, preferably 75 to 10, most preferably 50 to 10, each weight
percent based on the total weight of the polymer composite powder.
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' coarse particles remained, i.e larger than 20 nesh ‘The ethylene _ _
‘copol yrmer- exhi bi ted-a hlgh Ioad mekt i ndex, 'HEM | of 19 g/lO mn. neasured
'accordlng to ASTM D1238-65T, condition F, a nelt index, M, of 0.20 g/ 10
.mn. neasured according to ASTM D1238- 65T, condition E, and a density of
‘0. 923, measured according to ASTM D 15-35@ A 200 g sanpl e of
't he ethylene copol ymer was introduced i TF¥VEIreactor The reactor was
degassed by pressurizing the reactor with nitrogen several tines. Then
0.0222 g of Cp[err]Yd.THF catalyst prepared as described in Exanple IB
was added fol |l owed by O. 59|ﬂ0hEFHmR®thﬂHummTKmﬂBRO@ESSl 6 mol ar). Two

liters of isobutane were theqégg fol | owed eth ene to yield a total
pressure of 530 psig. The r YS'It% EEM, Bed to 90[err]C and
hel d for one hour. The reactor was cooled and the conposite pol yner :
recovered. : The recovered conposite polyner retained the coarse
particle size of the original et hyl ene copol yner and thus provided easy
recovery and hang iJy stl Y i u -

yttrium contai ni ng cat a rE?ogﬁlcefé‘;actllélé( ﬁdgg%atgﬁxgr‘g%tg% e It t VI ty

of about 200095 gnLad %mhiummntaldenpotmysﬂmﬁ %n@,tch%nta%ﬁ?g{

that the polynmer prepared by the yttriumcontaining catalyst coat

pol ymer prepadiggt byhedrBen CiHeOFt tiiuROEdnte M idg catalyst is represented by the
formula (CpZYX )y 2 n wherein Cp 1s cyclopentadienyl or

[ %

cyclopentadienyl substituted with an alkyl or alkyl silyl radical, X is
a halogen, M is an alkali metal, L is a suitahle electron donor ligand,
x is 1 or 2, y is 1 or 2, z is 0 or 1, and n is a number corresponding

to the value needed to form a stable complex, with the proviso that when
y is 2, z and n are 0 is providedf Also disclosed is a polymerization

process employing such a catalyst system, and novel olefin polymers.

Polymers thus produced exhibit high bulk density and a broad molecular

weight distribution.



\‘

cat aly The conposite polymer particles exhibited a nmelt index of 0.06
g/ 10 'm’ n whi ch indicated that very high nol ecul ar wei ght pol yner

- A7 - produced by the yttriumcontaining catal yst had coated the

et hyl ene copol yrmer . Substitute shegtaid/9/9%/

Pol ymeri zation runs were conducted enpl aygng the yttrium containing

catalyst (Cp[err]Yd)[err] and the chrom um containing cat al yst

prepared aSw@ tlﬂisbﬂﬁltlioﬁ vhielithhwe branching in the high molectilze welightiporti@ont ai ni ng

catal yst, err]Yd err] was prepared by, refluxing yttrium

trischl ori de and pent a horpbipetr éblséﬂ‘{ﬁntlé’ﬁdi) BFRvide a polypigr haxipe high

subj ecti ng %}F({eﬁ?&tl ng soI id to sublimation at 230[err]C. The nol ar
- ratio he trium trichloride to t he

pent amet hyl cycl opent-atl igraybthendbjeet ofethis linentibhdo peavide mpol;mmhzhﬁmnpr(mast
results are summarized in Table |V.

for producing polymers havmg a wide range of molecular weights.

In accordance with the present invention, there is provided a catalyst

- system for the polymerization of alpha-olefins comprising a chromium-containing

catalyst and an yttrium—containing catalyst, wherein the yttrium-containing catalyst is
represented by the formula (Cp,YX,), ‘M,L,, wherein Cp is cyclopentadienyl or
cyclopentadienyl substituted with alkyl or alkyl silyl radicals, X is a halogen, M is an
alkali metal, L is a suitable electron donor ligand, xis l or 2, yislor2,zisOor 1,
and n is a number corresponding to the value needed to form a stable complex, with
the proviso that when y is 2, z and n are 0. | '

Other aspects of the present invention, are to provide a process for
preparing such catalyst systems, a polymerization process employing such catalyst
systems, and the olefin polymers thus produced.

The particular chromium-containing catalyst employed can be readily
selected by one skilled in the art after having the benefit of this disclosure.

A large number of patents exist describing various suitable
chromium-containing catalysts. Some examples include U.S. Patent
Nos. 3,887,494; 3,900,457; 4,053,436; 4,081,407; 4,101,722; 4,150,208;
4,151,122; 4,294,724; 4,296,001; 4,345,055; 4,364,839; 4,364,842;
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fable IV Run 401 .. 402 403

404 - “Tenperature ([err] @) 90::.. . 90 90

96~ Time (mn.) - 60 o 60 60 :

25 Wt . (YOp[err] C)[err] (g0 ~  0.0458 Suhstitgte sheet - 17/9/s5
0.030 wt. Cr/Si.Ti (g) 0.0293  .5. 0.22 0. 26

0.24 Cocat. nL n-BuLi 3.58 0. 69 2. 40%
0.8 Cocat./Cr Optionallk) tHe chromium-contaihinhglsilica can then be réduckd with

10:1 Pol ymer_ recovered (‘ g) ,1%9 gOO
364 Product farbes, monoxide at atemperature in the rangeggftabout 300°C. to abeug 500°C.,

3233 (g/ gpx%géraglx a%utgéddacwibout 450°C. Cgta%ts Séutable for suchocm actlvatlon and

0.03 HM

5.8 Intri nﬁaducuompmessynclu&e 8aalysts which are comn@&cially available fr6mZW R. Grace,
3. 60 Densi t

o onae e Dapidon Chtabest Division: g G et TR IR <F6R S, G6RID
hexene addegnd 969 MS. - 18 -

The particular yttrium-containing catalyst to be employed can readily be
determined by those skilled in the art after having had the benefit of this disclosure.

Such catalysts, for example, are disclosed in U.S. Patent Nos. 5,066,739;
5,232,999; and 5,244,991, the disclosures of which are inco:porated herein by
reference. Preferably, an yttrium-containing éatalyst is selected that is sensitive to the

98

presence of hydrogen.

The yttrium-containing catalysts are represented by the formula
(Cp,YX,), M,L,, wherein Cp is cyclopentadienyl or cyclopentadienyl substituted with
alkyl or alkyl silyl radicals, X is a halogen, M is an alkali metal, L is a suitable
‘electron donor ligand, x is 1 or 2, yis 1 or 2, z is 0 or ], and n is a number
corresponding to the value needed to form a stable complex, with the proviso that when
y is 2, z and n are 0.

Generally, the substituents of the substituted cyclopentadienyl would
each have 1 to 4 carbon atoms. Some specific examples of the Cp groups include
cyclopentadienyl, ethylcyclopentadienyl, trimethylcyclopentadienyl,
trimethylsilylcyclopentadienyl, and pentamethylcyclopentadienyl.
Pentamethylcyclopentadieny!l is preférred. The formula H5C5 is used
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The:low M and.HLM. v high intrinsic viscosity indicated high
mol ecul ar \A/epglr‘ulﬂﬁeet_ asaée%'neﬁ ﬁ&g pfodtuced tonpared to pol yner prepar edgvm'th
chf om um cont ai | %ﬂm Lonly. The density was al so high conpared to
pol ymer prepar m cont ai ni 8§ - cat al ystS@bﬁtjﬁ.Utel'ﬁggét r ggd%@
indicated a strong contribution fromCheA ¥yMS&i um containing polyner. The -

pol ymer was easy to handle and did not stick to the walls or the_reactor.
Exanpl e V eatallish ysiemaion itheypelymarigation of alpha-olefins comprising a

1 *
Cp[err] Y[ J T (- LB und bottom fl ask.
To -t he flas%{%rﬁﬁkﬁﬂﬁg’ﬁ%‘%@gﬁé{f W#ﬁ%ﬁﬁog?g@%gﬂgﬁy&fged in an ice bath
and 10.0 g YO 3 was slhetein ssidgtiriohi-tntaifiingdatalygst isThepresentedibe the foamula| oudy
with a slight greyish color, Then 14.56 pent anet hyl cycl opent.adi ene
it hi um (Li (ﬁ;&ﬁﬁi'lﬂddewhemwuagxclo eyh oe gydlepsptadicay] substtited with

heated to refl ' L ' r{x:al, L6l Ul fidtened and
sol vent vvas%sfﬂrié %)%gglkgrfl(b)l I?haehgﬂf f"ﬁsra??’ég&l"% %lsy%}g?lgmw%eq%lggﬁf afi%ﬁ tgﬂlgol I d
Cp[ elr r]yd E}ekgﬁdniggifﬁd&[lganﬂ,. xislor2,y %s 1'&dz,]gmm ot Bland hir isra aumbeznt ai ni ng
cat al yst, ade 3 MagnapqQre, purchase romW R G.ace, Davjson

Catal yst Di §9mEespAndipg do Mwwdsé tq Frm:a stekle GamRIsN ﬁxg Regyige gt whentpe

cat al yst Wag i§2. ghhey 4plpsilica-titania tergel prepared to contain 2.5 %
Ti. Prior t ’ ) '

2. A catalyst system according to claim 1, wherein said substituents of said
substituted cyclopentadienyl each have 1 to 4 carbon atoms.
3. A catalyst system according to claim 2, wherein Cp is
pentamethylcyclopentadienyl.
4. A catalyst system according to claim 1, wherein X is chloride or iodide.
5. A catalyst system according to claim 4, wherein X is chloride.
6. A catalyst system according to claim 1, wherein M is lithium or
potassium.
7. A catalyst system according to claim 1, wherein L is tetrahydrofuran,
diethyl ether, or N,N,N,N’-tetramethylethylene diamine; o '.
8. A catalyst system according to claim 7, wherein L is tetrahydrofuran.
9. ‘A catalyst system according to claim 1, wherein said yttrium-containing
catalyst is represented by the formula Cp,YX-THF. '
10. A catalyst system according to claim 1, wherein said yttﬁum—containing
catalyst is represented by the formula (Cp,YX),.
11. A catalyst system according to claim 1, wherein said yttrium-containing
catalyst is represented by the formula Cp,YCl, K(THF),.
12. A catalyst system according to claim 1, wherein said yttrium-containing
catalyst is represented by the formula Cp,YCl, Li(THF),.

- 13, A cai:alyst system accofding to claim 1, wherein said chromium-

containing catalyst contains a chromium oxide.

14. - A catalyst system according to claim 1, wherein said chromium-

CASE: 33152 | I REPLACEMENT SHEET
18 SEP 1897

——

. THIS SHEET HAS BEEN
| NNV O R " REPLAGED
* € L M S§ % ' =5




yse; he chrom Lil’hschmHasrﬂe ephfeedl st was calcined in dry air at 649[err]C
for three hour s. nerlzatlon runs were conducted enpl oyi ng an
87 liter (23 gal |ameter pi pe | oop reactor. Two cat al yst
feeding vessels were enpl o e with sepdilat e cat al ySubstdutesbeébr 17/9/97

i ndependent contsiningadatabyst tﬂilﬂmt a:bﬁipyisésisﬂma

-19- In Run 503, polynerization was_ initiated and
stabi | i zed ¥-th %@@W@Wm%mmr@%iawwm Bi ghromiwmnum Y\as
i ntroduced } fnpgi he chrom um cont ai ni ng cat al yst
polymer i zat| Ebata?!gf)prom et e Hé# ours | ater, yttrium containing

cat al yst wab6.i | ntr oducAdcatalyst system acbdjldmgrﬁ&ﬂﬁ:hpn ‘whereifl Reid chromium-

chrom um cont ai.nj n atal S triumcontai ning catalyst ratio
M@pﬂy g %tp%@i)o%l to a{aout 10 weight percent %hromlumybased on

was appr oxi
the weight of the chromium-containing catalyst.
17. A catalyst system according to claim 1, wherein said chromium-
containing catalyst is activated in air at a temperature in the range of from about
300°C. to about 1000°C.
18. A catalyst system according to claim 17, wherein said chromium-
containing catalyst is reduced with carbon monoxide at a temperature in the range of
from about 300°C. to about 500°C.
19. A cafalyst system according to claim 1, wherein said chromium-
containing catalyst is more effective in incorporating comonomer than said yttrium-
containing catalyst under said polymerization conditions.
20. A catalyst system accordihg to claim 1, wherein said chromium-
containing catalyst is capable of preparing comonomer in-situ. _
21. A catalyst system according to claim 1, wherein said yttrium-containing
catalyst is sensitive to the presence of hydrogen. _
22. A catalyst system according to claim 1, further comprising a cocatalyst
comprising an alkali metal alky! or an alkaline earth metal alkyl.
23. - A catalyst system according to claim 22, wherein said alkyl radicals of
said cocatalyst contain 1 to 12 carbon atoms. _ .
24, A catalyst system according to claim 23, wherein said cocatalyst is an
alkyllithium. _ _
25. A catalyst system according to claim 24, wherein said cocatalyst is

. n-butyllithium, secondary-butyllithium, tertiary-butyllithium.

26. A catalyst system according to claim 22, wherein the molar ratio of the
metal in the cocatalyst to the yttrium in the ytirium-containing catalyst is in the range
of from about 0.5:1 to about 20:1.
217. A catalyst system for the polymerization of alpha-olefins consisting
essentially of a chromium-containing catalyst, an yttrium-containing catalyst, and a
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reaection condi t ipRSheMEksBemBcplscedr e summari zed bel ow.

"Table V Run 501 502
503 Tenperature H 9 88
87 BuLi (ppm _ -22 - Substitute sheet - 17/9/97
4 Hexene-1 wherem said chﬂmnum—contammg catalyst contﬁns a chromium oxide;
7 (WM. %of ethylene) M (g/10 mn.) .1
0.37 HLM (&40 nin.) - ; (1%.67
25 |V S , .
2.26 Density (gl cc) wherein said yttrium-containing catalyst is represén e‘bblé 3153 formula
0. 948 FI uf f (G JpviTi § wherein Cp is cyclépebtadienyl or cyclopentad1en§%1ﬁ>st1tuted with

21.3 | bs/ft
R dsmﬂﬁw{a%aﬂ%@lﬂ il gl K dselogn, M s an alkali T

et hyl ene co P t yst.e 50
exh?/bl ted uﬁ%(aggég le cﬁfo‘ﬁ (ﬁc{n%ﬂ hg%%dignsf%)?' ﬁg ogrzo%ds ﬁo r tgl}'%f) 152 nurqugf ght

di st ri buti ocorresponding to the value needed to form a stable complex, with the proviso that when
Substitute shegt 29 May 1998 -20

) yis2,zand n are 0; and
| wherein said cocatalyst is an alkali metal alkyl or an alkaline earth metal
alkyl.
28. A process for the polymerization of alpha-olefin monomers comprising

contacting said monomers under polymerization conditions with a catalyst system
comprising a chromium-containing catalyst and an yttrium-containing catalyst:

wherein said chromium-containing catalyst comprises a chromium oxide;
and

wherein said yttrium-containing catalyst is represented by the formula
(Cp,YX),"M,L,, wherein Cp is cyclopentadienyl or cyclopentadienyl substituted with
an alkyl or alkyl silyl radical or radicals, X is a halogen, M is an alkali meétal, L is a
suitable electron donor ligand, x isl or 2, yis 1 or 2, zis 0 or 1, and n is a number
corresponding to the value needed to form a stable complex, with the proviso that when
y is 2, z and n are 0.
29, A process according to claim 28, wherein said contacting is at a
temperature in the range of from 0°C. to about 170°C.
30. A process according to claim 28, wherein the polymerization is
conducted .in the presence of hydrogen.
31. A process according to claim 28, wherein said monomers are contacted
with said chromium-containing catalyst prior to contacting with said yttrium-containing
catalyst. |
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CLAI M5 1. A cat al yst system for t he pol yneri zation of

al pha-ol efins conprising a chrom um cont ai‘ni ng cat al yst and an

yttrium contai ni ng catal yst, wherein said yttrium containing
catal yst is represented by the fornmula (Cp[err]S(fstitute Eheet - @Peviayl]12898]
wherein Cp is cycl operi'f adi enyl or cycl opent adi enyl substituted with al kyl

or al kyl silyl radicaf: di” radicals, Xis 61a| ogen, Mis an alkali netal, L
is an el ectron donor Iléand x is 1 or 2, a% s 1or 2, zis 0or 1, and n

I's a nunber corresponding to the val ueg%o forma st abl e conpl ex,
with the proviso that wheny is 2, z a 0. 2. A cat al yst

system accorging to cl & ga {Sﬂ&?ﬁéﬁ%rﬁﬁ'ﬂélﬁh@%&hﬁéﬂ@fﬁlﬁh@&eﬁﬂé% Fﬁﬁhghut ed

cycl opent adi enyl each have to 4 carbon atons ) alyst

syst em accor shwgrxmm-@qnémmgcatamwdmmmm-pmmqawlxsym opent adi enyl . 4.

A catal yst system acco to [l od| de 5.
r"%? d ‘%ntwlfé‘g&f‘tﬁly;‘ﬁséefﬁﬁel} g’é'tg

A catal yst system acco

A catal yst sx\@ dWhSreld)Cﬁ isdy@lobentafi 'd}c%lbﬁeﬂtédxéﬁﬂ féh&ftztﬂﬁ& i um
7. stem according to claim 11, “wherein L

t et r ahydr of unﬂﬂl Od Eﬂdiml or radlcalBN( m\hhalegenaMidwi dkaiyinetaé, Idlseamelmztroﬂ
A cat al yst sste erejn.L is tetrahydrqfura

A catal yst sé lr?gzt%‘s I°5 n?fo\é\ﬁk}le%‘*ﬁ’ss%?‘ﬂn tcPFﬁglﬂPa%é ?ﬁ‘%g

catal yst is wn&e«hsedsmf&mistﬂmé%ﬁgie% Gith Bhe prévfisd hat whin y is 2, z and n af 0.

catal yst system according to claim wher el n sald yttri um cont ai ni ng
catal yst is Represented Wﬂvﬂéyﬂgmmtta'dmipGlau}l\b@{mcm]saldlsnbstxtuents of said A

catal yst syst rd| cl said yttrium containing
catalyst is ‘gbpspﬁ'@ f}g:&ox%g%gyfw%\ée%fgw% r].K(THF) [err]. 12.
A catal yst sgstem accorngidislys %ﬁlﬂ&mﬂ@%@@%ﬁ%&%éplymcom ai ni ng
catalyst is represented by g'he formula Cp[err] YO [err]. LT (THF) [err]. 13.

A cat al yst spgmtamﬂﬁvlnypbpe@admsdl aim1l, wherein said chrom um containing
catal yst contains a chro am oxi de.

accor di ng to¥laim 1, V5t S¥stemg %%WGWJ%cIMI wﬁ‘eremt)?ly chloride o ¢ or iodide.

S;list itute sheet - 29 Wé(aﬁl{?&%ystem according to claim 4, wherein X is chloride.

6. A catalyst system according to claim 1, wherein M is lithium or potassium.
7. - A catalyst system according to claim 1, wherein L is tetrahydrofuran,
diethyl ether, or N,N,N’,N’-tetramethylethylene diamine.

8. A catalyst system according to claim 7, wherein L is tetrahydrofuran.

9. A catalyst system according to claim 1, wherein said yttrium-contaim;ng
catalyst is represented by the formula Cp, YX-THF.

10. A catalyst system according to claim 1, wherein said yttrium-containing
catalyst is represented by the formula (Cp,YX),. |

11. A catalyst system according to cfaim 1, wherein said yttrium-containing
catalyst is represented by the formula Cp,YCl,"K(THF),.

12. A catalyst system according to claim 1, wherein said yttrium-containing

catalyst is represented by the formula Cp,YCl,-Li(THF),.
13. A catalyst system accoiding to claim 1, wherein said chromium-containing

catalyst contains a chromium oxide.

14, A catalyst system according to claim 1, wherein said chromium-
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contai ning catalyst further conprises silica. 15. A cat al yst
system according to claim1, wherein said chrom um containing catal yst
further conprises titania. 16. A catal yst system according to
claim1, wherein said chrorfiumcontaining cat al ggbstié 3hest aReMdY) 1908
about 10 wei ght percent chrom um based on the wei ght of the

chrom um cont ai ni ng catal yst 17. . IA‘- catal yst system according to.
claim1l1, wherein said chromi umcontaining Catalyst is activated in air at a
tenperature | te18Q0[ err] C. to about 1000[err]C. 18.
A catal yst s?g?%?n&aé%?gﬁm%ggﬂngﬁg#ﬁgqhherei n said chrom um cont ai ni ng
catal yst is neduced wi tA caalybisysteirmesordingatd chaiinclympherinisaid chromivmcantpining
from about 300[err]C._ to about 500[err]C 19. A catal yst system
accor di ng t o catbishiurtheprmprises S8 chr oni um cont ai ning catal yst is nore
effective inqncorporatj . i [ tLfl sgm | g,ﬁgﬁm@st _
under said p(%F’ymeri zat i%gg%%%'%&@%&é%&ﬁ’&,ﬁé{iﬁtzat a ys@h@ggt em
accor di ng t o calalistitdntaink abait 0,138 about 100k  glie peesehtichrominng based patthe weighpeafd| e
of preparing a copolyner in-situ. 21. A catal yst system accordi ng
to claimi1, wheeehepmivmicentpining ¢atal¥¥nt ai ni ng catal yst 'is sensitive to the

presence of drogen. 22. ' I i“ﬁ'?ifgz |
1, further cgéi)risi ng a&g%tglggtaﬁy?&naggnpd;ﬁf%ﬁ%r%ﬁ%nﬁé‘ﬁfggﬂi%ﬁ%?%rﬂ a yc]%n{(;a?xﬁgg‘
al kal i ne ear tchtalgst ﬁacﬁbkt!ﬂinﬁﬁatatemreranne inthe @érfgle o frofy/stioat 30 H talatrmt t 0

claim 22, wherein said alkyl radicals of said cocatalyst contain 1 to 12
car bon at ons.1008°C. A catal yst system according to claim23, wherein

sai d cocat al %3t is an. aA%jga%S#%%tg&% o) %Ef&ﬁ'ssa&d %&ﬁmlgccor di ng

to claim?24, ‘Wherein sai 't hi.um

secondar y- butcphtaidifig vatalybteis tédacad With yarboi Fonbkide Gt a temperature in thé raggecdfifsdm
system according to claim 22 v‘\,herei n the nolar ratio of the netal in the
cocat al yst t @beWe300°C: ta#houh5Q0SE. vt t ri um contai ning catalyst is in the

range of fromgabout O0.5; ) Lo 27, 4. . VSt :
for the pol y;j?ri zation %% a%&ﬁ%%@ﬂ%l% scll%lfnl lnév herein sﬁﬂ%ﬁlloﬁh&i-coﬂ/aﬁxhﬁg‘

catalyst is more effective in incorporating comonomer than said yttrium-containing

catalyst under said polymerization conditions.

20. A catalyst system according to claim 1, wherein said chromium-containing

catalyst is capable of preparing a copolymer in-situ. '

21. A catalyst system according to claim 1, wherein said ytu'ium-contair,;i_ng

catalyst is sensitive to the presence of hydrogen.

22. A catalyst system according to claim 1, further comprising a cocatalyst

comprising an alkali metal alky! or an alkaline earth metal alkyl.

23. A catalyst system according to claim 22, wherein said alkyl radicals of said

cocatalyst contain 1 to 12 carbon atoms.

24, A catalyst system according to claim 23, wherein said cocatalyst is an

alkyllithium.

25. A catalyst system according to claim 24, wherein said cocatalyst is

n-butyllithium, secondary-butyllithium, tertiary-butyllithium.

26. A catalyst system according to claim 22, wherein the molar ratio of the

metal in the cocatalyst to the yttrium in the yttrium-containing catalyst is in the range of
Ve from about 0.5:1 to about 20:1.

27. A catalyst system for the polymerization of alpha-ol ﬁBEB&MEM@” SHEET
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-22 - essentially of a chromumcontaining catalyst, an yttrium contai ning
catal yst, and a cocatal yst: wherein said chrom um cont ai ni ng
catal yst contains a chrom um oxi de; and wherein said
yttriumcontaining catalyst is represented by tSebdtitimellsheet - 29 May 1998
(Cplerr]YX[err])[err]Merr]L[err] wherein Cp is cycl opentadienyl or

cycl opent adi enyl substituted with al kyl orysal kyl silyl radical or radicals,
X is a halogen, Mis an alkali metal, L is an electron donor ligand, x is 1

val te heeded™RE Y R vEporfurleodtiliind ol W RFUERAR R e 4 .

and n are O; covathlyst: wherein said cocatalyst is an alkali netal
al kyl or an alkaline earth, netal alkyl. 28, . A process for the

pol ymeri zati on of al ph¥herein said shypmiwpoRtaining catalystoontansd GO oxiflsoner s
under pol yrre#(gat lon conditions wwth a catal yst systemconprising a

chrom um contal ni ng catal yst and an yttrium containing catal yst: '

wherein said chrom um ohetei siid gtedhaoytinifg oatalystes representedibyrthe fortmla and
wherein said é/ttri um containing catalyst is represented_ by _ the formul,

(Cpl[ err] ng efGmPad,YLLn wherpin G is|cyclapentadipnidor :cxclelm_t%iﬁﬁl M*;?Fd Bﬁ"%

cycl opent adi t the. | i : r
radicals, X %ygoﬁi%?@gsgw%rﬁd ‘gaﬁ’:* :fyineh@éﬁ&’ E/Y#ssaia Ul l?lg%'}’g' es laggtlercggn
donor | i ganddonoriligadd,atis2or 2, ¥ i 1br@J z 8,0 ér I and)n i3'a dumises dotrespondingutorither
corresponding to the value needed to forma stable conplex, with {he

provi so t hat VélHe gegdeddo ﬁqrmzameﬁogpl@xomtégheprowsothat%ﬁwdé sz%‘l‘{:’bi‘“iﬁ%g to
cl ai m 28, vm%%&ai n said contacting is at a tenperature in the range of from
Oferr]C. to out 170[err]C. 30. A process according to claim 28,

wherein the pol ymeri zatihefein Said 05¢htlyst G dnalkdlbmptat skpLer 2 alkylitiecgeth meddl.
A process according to claim28, wherein said nononers are contacted with
sai d chromi uddkybnt ai ni ng catal yst prior to contacting with said

yttrium cont %.ni ng cat 951 b’r%%éss for the polymerization of alpha-olefin monomers comprising
contacting said monomers under polymerization conditions with a catalyst system

comprising a chromium-containing catalyst and an yttrium-containing catalyst:

wherein said chromium-containing catalyst comprises a chromium oxide;
and '

wherein said yttrium-containing catalyst is represented by the formula
(Cp. YX, )y M,L,, wherein Cp is cyclopentadieny! or cyclopentadienyl substituted with an
alkyl or alky! silyl radical or radicals, X is a halogen, M is an alkali metal, L is a suitable
electron donor ligand, xislor2,yislor2,z is 0 or 1, and n is a number corresponding 'to
the value needed to form a stable complex, with the proviso that when y is 2, z and n are 0.
29. A process according to claim 28, wherein said contactingisata
temperature in the range of from 0°C. to about 170°C.
30. A process according to claim 28, wherein the polymerization is conducted
in the presence of hydrogen.
31, A 'process according to claim 28, wherein said monomers are contacted
with said chromium-containing catalyst prior to contacting with said yttrium-containing

catalyst.

REPLACEMENT SHEET

[, 1| 3omar me




