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CATALYST SYSTEM AND PROCESS FOR PRODUCI NG A POLYMER j 0 6679)/
Field of Invention- The present invention relat es@?‘m?@g

pol ymeri zati on of olefins using netall ocenes. In particular, the pre é’n?
i ngention relates t.o the isotactic sterte- selective polynerization of

ol efins having at |east 3 carbon atons.

Background of CATALYSINSYSTEM AND PROCESS HQR PROMFCING dWHOLNMERI ef i ns
having 3 or nore carbon atons are capable of being polymerized to form

pol ymers having different types ofield ef Bveption fic m crostructure.
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For particular applications, it is desirable to have high levels of
isotactic structure in the polymer. A few very specific types of metallocenes have
been found to have isotactic stereoselectivity. Examples include the racemic
ethylene bridged bis(indenyl) and the racemic ethylene bridged tetrahydroindenyl
zirconium dichlorides. These bridged racemic metallocene isomers must, however,
be isolated from mixtures of the racemic and meso isomers in order to produce a
catalyst material which is isotactic stereoselective. This separation can be difficult
and expensive.

So far as the present applicants are aware only one unbridged
metallocene has been reported as being capable of producing high levels of isotactic
microstructure. That metallocene is bis{{-methyl fluorenyl) zirconium dichloride as
disclosed in U.S. Patent 5,304,523.

The present invention provides a new method for polymerizing

olefins. The invention also provides a method for producing polvmer trom olefins
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CASE: " 33408 - - 2 - having
at least 3 carbon atoms with high levels of isotactic mcrostructure using
an unbridged netall ocene which is nore easily prepared than bridged
nmetal | ocenes. The invention further provides a netallocene which is
stereosel ective w thout having separatg%racenic and meso i soners.
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typi cal microstructure using olefins having 3 or more carbon atoms. Examples of olefins

having 3 or more carbon atoms include propylene, butene-1, pentene-1,
3-methylbutene-1, hexene-1, 4-methylpentene-1, 3-ethylbutene-1, heptene-1,
octene-1, decene-1, 4,4-dimethyl-1-pentene, 4,4-diethyl-1-hexene,

- 3,4-dimethyl-1-hexene, and the like. It is within the scope of the present invention
to employ the catalyst systems in the preparation of homopolymers. It is also
within the scope of the present invention to employ the catalyst systems or the
polymerization of mixtures of two or more of such alpha-olefins. It is further
within the scope of the present invention to employ the catalyst systems in the
polymerization of one or more of the alpha-olefins in combination with ethylene.
Typically if ethylene is used in an amount such that the resulting polymer contains
less than 80 weight percent ethylene, one obtains a polymer which is more
generally referred to as a thermoelastomer rather than a thermoplastic. A typical
example would be an ethylene-propylene copolymer having at least 20 weight
percent of incorporated propylene monomer.

The metallocene can be activated to produce a catalyst system
suitable for the polymerization of olefin monomers by using a suitable cocatalyst. It
is contemplated that the metallocene can be activated using generally any of the

techniques that in the past have been suitable for activating other similar
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diethylaluminum chloride, diethylaluminum hydride, and the like.

The currently most preferred cocatalyst is an aluminoxane. Such

compounds include those compounds having repeating units of the formula wherein
R is an alkyl group generally having 1 to S carbon atoms. Such aluminoxanes, also
" sometimes referred to as poly(hydrocarbylaluminum oxides) are well known in the
art and are generally prepared by reacting an organohydrocarbyl aluminum
compound with water. Such preparation techniques are disclosed in U.S. Patents
3,242,099 and 4,808,561. The currently preferred cocatalysts are prepared either
from trimethylaluminum or triethylaluminum. Such aluminoxanes are often referred
to as poly(methyl aluminoxide) or poly(ethyl aluminoxide), respectively. It is also
within the scope of the present invention to use an aluminoxane in combination with
a trialkylaluminum, such as disclosed in U.S. Patent No. 4,794,096.
As noted above the catalyst can be formed upon admixture of the
metallocene with an aluminoxane. The catalyst system may be prepared as a
non-supported catalyst by mixing the requisite metallocene and aluminoxane in a
suitable diluent either in the presence or absence of monomers. The polymerization

employing non-supported catalysts can be carried out either by solution or slurry
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The normally hydrocarbon-soluble metallocene and aluminoxane can

be used as a heterogeneous supported catalyst by deposition on a support material,
such as a dehydrated silica gel treated with methylaluminoxane. A suitable silica
gel would have a particle diameter in the range 1-600 microns, preferably 10-100
microns; a surface area of 50-1000 m%g, preferably 100-500 m%g; and a pore
volume of 0.5-3.5 cm®/g. The silica gel may be heat treated at 100°-1000°C,
preferably 300°-800°C for a period of 1-100 hours, preferably 3-24 hours, to insure
its use in dehydrated form.

The catalyst system obtained through contacting of the metallocene
and the aluminoxane cocatalyst may be formed prior to introduction of these
comiponents into the reactor, or, alternatively, it may be formed in the reactor. In
the case wherein the active system is formed in the reactor, the mole ratio of Al to
Zr in the reactor is desirably in the range 10-5000, preferably 20-4000 and most
preferably 20-1000. In the case that the active system is formed outside the reactor,
the preferred ratio of Al to Zr is in the range 1-200, desirably 20-200. In this case,

additional aluminoxane cocatalyst may be used in the reactor so that the total ratio



gel woul d have a particle dianeter in the range 1-600 microns, preferably
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vacuum and reslurrying in a light hydrocarbon. In such an embodiment the

zirconocene is added to the slurry in an amount sufficient to provide from about
0.02 to about 5.0 weight percent zirconium metal based on total catalyst weight.
The zirconocene is more preferably added in an amount to provide from about 0.10
to about 1.0 weight percent zirconium metal based on total catalyst weight.

The treatment of the support material, as mentioned above, is
conducted in an inert solvent. The same inert solvent or a different inert solvent is
also employed to dissolve the zirconocene and aluminoxanes. Preferred solvents
include the various hydrocarbons which are liquid at treatment temperatures and
pressures and in which the individual ingredients are soluble. Illustrative examples
of useful solvents include the alkanes such as propane, butane, pentane, isopentane,
hexanes, heptanes, octanes and nonanes; cycloalkanes such as cyclopentane and
cyclohexane; and aromatics such as benzene, toluene, xylenes, ethylbenzene and
diethylbenzene. Sufficient solvent should be employed so as to provide adequate
heat transfer away from the catalyst components during reaction and to permit good
mixing.

The temperature employed during the production of the catalyst
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treatment is hereafter referred to as prepolymerization of the catalyst. Then the
solid material, as such or as prepolymerized, can be recovered by any well-known
technique. For example, the solid catalyst material can be recovered from the liquid
by filtration, by vacuum evaporation, or by decantation. The solid is thereafter
dried under a stream of pure dry nitrogen or dried under vacuum.

Prepolymerization of the solid catalyst material aids in obtaining an
EPC elastomer produced therefrom during slurry polymerization in well-defined
particle form. The prepolymerized catalyst may be rinsed with a hydrocarbon to
provide the good granular particle form. Prepolymerization also greatly reduces the
requirement for aluminoxane. For example, an Al:Zr ratio of about 1000:1 or
greater for aluminoxane:zirconocene is needed for high activity when the
aluminoxane is added to the liquid phase of the reactor, but a ratio less than about
100:1 can be sufficient when the aluminoxane is incorporated into the
prepolymerized catalyst. For a prepolymerized catalyst the ratio of aluminum to
zirconium would typically range from about 1:1 to 500:1, and more preferably
from about 20:1 to 100:1, and high activities will still be obtained.
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Mbst pr ef er SBPIPYed iuthe cokabist S¥FS@t al yst is prepared in the fol | owing manner
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polymerization diluent. As a practical limitation, shury polymerization takes place

in liquid diluents in which the polymer product is substantially insoluble.
Preferably, the diluent for a slurry polymerization is one or more hydrocarbons with
less than 5 carbon atoms. If desired, saturated hydrocarbons such as ethane,
propane, or butane may be used in whole or part as the diluent. Likewise, the
alpha-olefin monomer or a mixture of different alpha-olefin monomers may be used
in whole or part as the diluent. Most preferably the diluent comprises in major part
the alpha-olefin monomer or monomers to be polymerized.

A further understanding of the present invention and its object and
advantages will be provided by the following examples.

Example I
Bis(2-(para-methoxyphenyl) tetrahydroindenyl) zirconium dichloride

A solution was prepared by combining 1.3 mmol of 2-(para-
methoxyphenyl) tetrahydroindene in diethylether. To the solution at 0°C. under
argon in a Schlenk apparatus equipped with a side arm was slowly added
1.46 mmol of n-butyllithium in a heptane solution to obtain a white suspension

which was allowed to warm to room temperature for 2 hours. Then 0.6 mmol of



exanpl €, to slurry the powder; 5) adding a solution of the zirconocene in
pent ane or a m ni num anmount of toluene and stirring for 15-60 m nutes at
20-60[err]C, 6) prepolynerizing with ethylene or other olefin in the
pentane slurry and then collecting, rinsing and drying the catal yst. For
best particle form it is preferred to_ gdd no al um noxane to the reactor
beyond what is on the prepolynerized catalyst. An alum num alkyl, such as
triethyl al uddriin® fetiathlofigdway h&deurvwma SiERARPARIOE SecRToh SitRird Alldvie

catal yst system het er ogeneous form of cat anSt systemis
parti cul arltpstmatmrmtmeramlfm Eﬁhpubyrﬁlelczmelmc\&pﬁwe@mﬁ bn accordance
wth a preferred rrettlglci_?e of this.inv nt on
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di l uents |n which the polynmer product is substantially insoluble.
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hydrocarbons with |l ess than 5 car bo%lf desired, saturated
hydr ocar bons such as et hane, propan ane may be used in whole or

part as the diluent. pilkmetision rERtigPREe osdickdBNOaRAteGhe BffBiVeRess Of
di fferent al pha-olefin nononers may be used in whole or part as the
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be provi dedbdxyby ﬁc |th@‘§tblﬂﬂm@ﬁéﬂmh€%1 a Diels Alder tube which was then sealed.
Exanpl e | ar a- met hoxyphenyl % t et rahydroi ndenyl ) zjrconium

di chl ori de Then 7.5 ml of 2 5)0 AvtSosplutiom ofvnsthyl %\pam@&ar@ynédﬁmmwmadﬁeé tomol  of

2- - t.hyl | ut
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sl oW y addesblill. issobmd) of n-butyllithiumin a heptane solution to obtain a

whi te suspensi on which was allowed to warmto roomtenperature for 2 hours.
Then 0.6 mol of The polymerizations were conducted in a four-liter stainless-stee .
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purified bycontrol. The catalyst system was withdrawn from the Diels Alder tube using a

syringe and charged to the clean purged reactor through a small port with a counter-
current flow of propylene gas. The reactor was then sealed and filled 2/3rds full of
liquid propylene at room temperature. In some runs hydrogen was also added. The
temperature of the mixture was then raised to the desired level by indirect heat
transfer using steam heat. The reactor temperature was then maintained at this level
for two hours and then the polymerization reaction was terminated by venting the
liquid propylene to a flare. The venting took place in a few seconds. The reactor
was then opened, and the polymer was removed. The polymer was dried in a
vacuum oven for one hour and then weighed. The catalyst productivities were
determined from the levels of zirconium in the polymer as determined by x-ray
fluorescense. Molecular weights were determined by gel permeation
chromatography.

One series of runs involved a series of polymerizations each using
catalyst systems prepared using 8 mg of bis(2-(para-methoxyphenyl)
tetrahydroindenyl zirconium dichloride. The results of those runs are summarized in
Table 1.
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and i nvacuo renoval

solvent to yield 533 ng of yellow solid which was identified as
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Pol yrmeri zation reactions were conducted to
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eval uate the effectiveness of the netald ocene of Exanple I

pol yneri zati on of propyl ene.
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de.
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polypropylene homopolymer having relatively high levels of isotactic

microstructure. It appears that the level of isotactic microstructure is inversely

related to temperature. A comparison of runs 3 and 5 indicates that hydrogen

reduces the molecular weight of the polymer and reduces the production of isotactic:

microstructure. The runs carried out without hydrogen produced polymer having a

molecular weight distribution that was broader than one would generally expect

from a single site metallocene catalyst. The polymers had melting points in the
range of 152.5 to 157°C and heat of fusion values in the range of 51.2 to 70.5 j/g.

R Tabi e 1.



-9 - TABLE | Run No. [err]C

9’9 g Merr]/Merr] [M % [ %

Cat al yst i3 i[ 229 277 6.0 90. 7
86. 2 ! 433 .10 262 5.6 90. 2

85. 4 2350 131 5.2 86. 8

80. 7 1125 CL AN 5, 85. 7

: 7

79.0 5* 6 5720 11... . 74.

62.8 *Enpl oyed hydr og_g‘ncatalys" system preparedhy. cqmbining @ﬁ%%'%ﬂaéﬁwdl""é@ﬁﬂw& rate
that the netgtheaRRIBA) ﬁ&&ﬂﬁﬁ@ieh@ﬂ@%&&%@&ﬂ%{&t@t rahydr oi ndenyl

zi rconi um di chl ori de was capabl e of producing polypropyl ene honopol yner
havi ng rel at?.vel y hi ghAl ealyst spstet socarding do wlabmds whatsinisadd cpeatalppdams t hat

the level of _jsotacti,c.mcrostructure i.S i.pver rel ated jo. te rature.
A conpari son”&f"¢ H}?&ﬂl ¢ 3?ﬂp%‘“’ldn°§‘i:ac§f°eu§ %&fA’hviﬁbyg‘@faL 8%%’89%’“??1@ I®cul ar
wei ght of the pol ymer anchtdlpd\s9@emtaleorBing Ay ¢laif 2, WhetehDbAE Chbéatalyst

m crostructure. The runs carried out w thout hydrogen produced pol ymner

havi ng a nol ¢xmprises aaiaataluminoxpne o1 twiphenyh cathariviy, towads (nentafluorpphenyd) d
general ly ex&g Batfe’rom a single site netall ocene catal yst. The pol yners had
melting points In the range of 152.5 to 157[err] C and heat of fusion val ues

in the range4of 51.2 t@ dHfalpstiskgem according to claim 3, wherein the cocatalyst comprises

CLAI M5 1. A catal yst ,system prepared by conbi ni ng
bi s( 2- ( par a- HealkylappEayine W%lﬁh%%ﬂwlaha@ﬁywezi rconi um dichloride and a
cocatalyst. §.-St o an A protesS Torpibaleiny 8 O P WHicB%nd Rofdet HidrostBGLR' "

exceeds the atactic microstructure which comprises contacting at least one olefin having
at least three carbon atoms with a catalyst system according to any one of the preceding
claims.

6. A process according to claim 5, wherein the polymerization is
conducted under particle form conditions such that the end product polymer is insoluble

in the polymerization medium.

7. A process according to claim 5 or 6, wherein the polymerization is
¢ conducted at a temperature in the range of about 40°C. to about 70°C.
8. A process according to any one of claims 5-7, which is conducted in the

absence of added hydrogen.

9. A process according to any one of claims 5-8, wherein propylene is
polymerized.

10. A process according to claim 9, wherein propylene is homopolymerized.
1L A process according to claim 10, which is carried out to produce a

homopolymer of propylene havihg a {[mm] as determined from CPNMR of at least
about 62.8%.

12. A process according to claim 11, which is carried out to produce a

homopolymer of propylene having a [mm] as determined from CPNMR of at least
about 79%.

CASE: 33408



organo netallic conpound of a Goup IA |IA or II1IB netal of the Periodic
Tabl e, 3. ' A catal yst system according to claim?2, wherein said
cocat al yst conprises an al kyl al um noxane or triphenyl carbeniumtetrakis
(pent af | uor ophenyl ) boronate. 4. -11- A catal yst system according to
claim 3, wherein the cocatal yst conprises an al kyl al um noxane which is

nmet hyl al um noxane. 5. AABSTRIECTf or produci ng a pol yner in which
the isotactic mcrostructure exceeds the atactic mcrostructure which

conprises congAGWIRGSREYSTRR ANTPPRURIESS KON IPROIUCHRGH POIYAGERAr bon at ons

with a catal yst system according to any one of the preceding clains. 6.

A process accordi ng t2cahigstieyRemddaiprisihgtHiq2 Apdry MRthAephal)i s conduct ed
under particle formconditions such that the end product polyner is
i nsol ubl e tetrabydroiedepy Zirsopive dichiaridgrand cocatalyst is provigedsr Acpreeesaderor di ng

in the ranSausirialliEtEh kA3 of Ml Eibod il FRRENRE Bt JutRT P 102

accordi ng tasogeyvided of clains 5-7, which is conducted in the absence of

added hydrogen 9. A process according to any one of clainms 5-8,
wher ei n propyl ene:is polynerized. 10. A process according to
claim9, wherein propyl ene is honopol ynerized. 11. A process

according to claim 10, which is carried out to produce a honopol ynmer of
propyl ene having a [nm as determined from Cerr] NVR of at |east about
62.8% 12. A process according to claim11l, which is carried out
to produce a honopol yner of propylene having a [mm as determ ned from
Clerr] NVR of at |east about 79% CASE: 33408
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