———— i

-2- Nuner ous types of netall ocenes are known in t he
art. The netall ocenes of the present invention differ fromnost in
that at |east one of the ~.cycl opent adi enyl -containing radicals that is
pi.>bonded 5 to the transition nmetal has a substituent that i ,

bonded to a transition netal but through_alcgrbon si gna bo t e
metal . Such netall ocenes are referred to = herein as double boqggﬂzj

net al | ocenes. Only one exanpl e of such a doubl e bound netallo S
‘bel i eved -to "have 10 ever been heretofore disclosed. It is
(cycl opent adi enyl ) ((cycl opent adi enyl ) (di net hyl ) net hane (1-indanyl))
zirconium (1V) chloride, the preparation of which is disclosed in J.
Organonet. Chem , 456, 89- 95(1993), an article coauthored by one of
the present 15 coinventors, see the conpound of fornula (4) on page 90
of that article. Accordi ngly, one object of the present
invention is to provide a new class of metall ocenes. Anot her
obj ect of the present invention is to 20 provi de nmet hods for producing
such netal | ocenes. Anot her obj ect of the present invention
IS provi de a method for producing polynmers -by pol ynmeri zi ng

ol efi ns using double bound petall gcenes. Ot her aspects,

obj ects, and advant ages of BNeARBOCENE RRE , AR VEEhe apparent from
the follow ng di scl osure. Field of the Inventicm/mmmary of the '

| nventi on C WLt he .nr tod ntjon

there is provided a pr.oceql'é%]i oﬁrn%%?%oﬁzg %eir]%'%eaﬂ I%%?\%%&%egﬁéﬁg- aIn a

cycl opent adi enyroxe rapeed fipe rastect this inventiomhxmekhtes £aransition

trrﬁ; tal . ggr; N by SadtaPileridl! déntaining W Didhst Yo RAPL Hedestiiadyt uent of
: "ical which is bonded to a transition metal of the
metailocene by both pi bonding and by a carbon sigma
bond of a substituent of said cyclopentadienyl radical.

In still another aspect this invention relates to the

10 use of metallocenes in the polymerization of
olefinically unsaturated moncmers.

Background of the Invention
The term "Metallocene" as used herein refers
to a derivative of cyclopentadienylidene which is a

15 metal derivative containing at least one. | '
‘eyclopentadienyl component which is bonded to a
transition metal. The transition metal is selected )
from Groups IVB, VB, and VIB, preferably IVB and VIB.
Examples ihclude titanium, zirconium, hafnium,

20 chromium, vanadium, as well as rare earth metals. A
number of metallocenes have been found to be useful for
the polymerization of olefins. Generally, the more
preferred caﬁalysts are metallocenes of 2r, HEf, or Ti.
The term "sandwich-bonded metallocene" is used

25 herein to refer to metallocenes having at least two
cyclopentadienyl groups that are both pi bonded to the
same transition metal atom.

CASE: 33371



cyclopentadienyl-contaning radi cal conpri sing subj ecting a specific
type of netallocene to reaction 35 wth a reducing agent, said specific

type of net al | ocene being one selected fromthe group consi sting
of “nmet al | ocenes having a cycl opent adi enyl -

- 3- cont ai ni ng radi cal having at Igaﬁt _one an unsatur at ed
substituent, preferably an olefinically unSaturated substituent, other

than bridged netal | ocenesyigas | L Lo | 4 r¥§5wn

(cycl opentadi enyl) 5 ((cycli(‘)%sébnt a |°esny?§ r}ﬁ#éladie){lyi 5(‘5’? n%?ﬁy net’ﬁnane) .

In accor ddh® aFth TR ImekRtirgenss the (Preegant clpvention yent j on
there is provi ldﬂbfae:prmm&?cja; i oghett Nt least)dbydes S ﬂwpl ri s: ng
contacting at |ea one_ o lnjc noner . under suitaple ripzation
condi i one w ¢ R iRreeaR et Sooneatdbiy TRQLOGEE Shd e SEBRQ T 20
Descri pti orb of thetheveransition metal has a Bubstltnentithatolmdalso :
net al | ocene in éF%qgﬁ | CME{&RﬁEt | = C fﬁﬁ%ning
radical that is el :Fiderto( 1%% to thﬁ%ﬁ%‘?‘?anm tion %gé%rwé%%lg th by a
pi bond and by BPrd iR Hemduetak. Such matalleeenes aygireferred to
cycl lODe][lt adi en%er:@ml aé?idm:lﬁﬁdimhnd metﬂlé@n'bf)uncbﬁwoéﬁetéﬁmb }jéond
netal of one noblgcule o t he precurs netal | pcen a,p._hond and to
ther ' Cransiaf dPdlacd aqybls Kadid mteeiresete £E Brridydarts five

nmet al | ocerld by evexariyeen shemetdiore cddiscbodedi t uelt Lé t hat

cycl opent adi eny oy Add caddGliPLPS( ey lbpdntadienyl) tdfife Oy Ot RaRg N

net al | ocene inc )i 0se O
. (1-indanyl)) zirconium (IV) chloride, the preparation

of which is disclosed in J. Organomet. Chem. ,456,89-
95(1993), an article coauthored by one of the present

15 coinventors, see the compound of formula (4) on page 90
of that article.
'~ Accordingly, one object of the present
invention is to provide a new class of metallocenes.
Another object of the present invention is to
20 = provide methods for producing such metallocenes.
Another object of the present invention is
provide a method for producing polymers by polymerizing-
. olefins us{ng double bound metallocenes.
Other aspects, objects, and advantages of the
25 present invention will be apparent from the following
disclosure.
- Summary of the Invention
In accordance with the present invention
there is provided a process for forming a metallocene
30 having a cyclopentadienyl-containing radical that is
bound to a transition metal both by a pi bond and by a
carbon sigma bond of a substituent of that same
cyclopentadienyl-contaning radical comprising
subjecting a specific type of métallocene to reaction
35 with a reducing agent, said specific type of
" metallocene being one selected from the group
consisting of metallocenes having a cYclopentadienyl-



25 (1) [err] wherein each Z is the sane or

di fferent cycl opent adi enyl -containing radical, Ris a divalent 30
organo radi cal connecting the two Z radicals, x is 1 or O R is a

di val ent organo radi cal which connects Z and Me in such a fashion that
there are ouly four atons separating ghe connected Z and Me and those
atons are carbon atons, Me is a transition netal, and Qis 35

sel ected from té&e&m&ggﬁ&bﬁ%&g%ﬁ%&gd&e%m,on? an WL Q0@ QUegXY. and

hal i des econd ty£§ 0 e boun

- 4- met al | ocBHReFhEveRe, (Preterably | ar cptefipieablviunsateraked unit of
the formula  sulistituent, VGEREL NtiHan NbridyednfeatlSc@tes chaviigageve and
wherein Ris a.ggvglent orgaqf.rad cak cqfnectkng.a Zlfo an Me, said R’
bei ng such t hat “tHe* nUhE2P=%1 bﬁ%ﬂé’ cyclopentadieny :

5 ((cyclopentadienyl) (indenyl) (dimethyl) methane). In
accqrdance with still another object of the present
invention there is provided a process for producing
polymers comprising contacting at least one olefinic
monomer under suitable polymerization conditions with a

10 double bound metallocene.

Detailed Description. of the Invention

The term double bound metallocene includes
metallocenes having a cyclopentadienyl-containing
radical that is either (1) bouﬁd to the same transition

15 metal both by a pi bond and by a sigma bond of a
substituent of that cyclopentadienyl-containing radical
or (2) bound to one transition metal of one molecule of
the precursor metallocene by a pi bond and to the _
transition metal of another molecule of the precursor

20 metallocene by a carbon sigma bond of a substituent of
that cyclopentadienyl radical. Examples of the first
type of double bound metallocene include those of the
formula

25 . | /Z<I' .
s ANZAN

wherein each Z is the same or different
cyclopentadienyl-containing radical, R is a divalent

30 organo radical connecting the two Z radicals, x is 1 or
O, R’ is a divalent organo radical which connects Z and
Me in such a fashion that there are ouly four atoms
separating the connected Z and Me and those atoms are
carbon atoms, Me is a transition metal, and Q is

35 selected from the group comnsisting of hydrocarbyl,
hydrocarbfloxy, and halides

Examples of the second type of double bound



separating the respective joined Z and Me is either 2 or 3 or nore than 4.
Typically if Qis hydrocarbyl it will contain. 1 to 20 carbon atons, nor e
preferably 1 to 4 carbon atons. R can be selected fraq -
organo radicals. It is currently preferred for R to teThugspE@rhySBERNc
| i kewi se be selected froma w de range of 0f 9ano radi qpl s, MEMUAEEDy-it

will contain 1 to 20 carbon atons. R can be”sel ected f

di val ent organo Ralol] i dge
bet ween two cycﬁ)e%?rﬁ(iyf% mrlg@ ri;?m%reExm%%ﬁags el %e s&%r at g‘(?%(#\r/al ent
hydr ocar byl radiofd@ nidy, Ie alkylene radi cals having 1 to 20
carbon atons, dival ent organo Iene r for exanpl e

di hydrocar byl divalent sil ne\\aQ|c s such as di ane di phenyl
sil ane, and net R@I)di phen S|Iane dlvalent di drocarb etin.

radi cal s, such as for exd |net tin and di aﬂ/kr nerally R
will have 15to 20 carbon a;:Ebz In a currﬁhtly prefer nbod t Ris
selected fromdivalent org radical s such that there is only one atom
in Rwhich separates th&%two Z radicals. R' can be selected from a wide
range of organic radlcals It is currently preferred for Me to be

sel ected from zWhexmein, Z; Me, Q, and x arergs defined:pbovier addeny| - r adi cal

as used herei IWHdi:fdiJi'BH dg admmemvmaﬂ&lmmdlc%ﬂecung a Z
]: g; TE of Cf/tclr g; %n@ﬁgﬁdﬂcke %gs%%sc q:d the numbey of 3 | t Ut ed
separating the respective joined Z and Me is either 2
or 3 or more than 4.
Typically if Q is hydrocarbyl it will contain
1 to 20 carbon atoms, more preferably 1 to 4 carbon
atoms. R’ can be selected from wide range of organo
15 radicals. It is cﬁrrently preferred for R’ to be
hydrocarbyl. R can likewise be selected from a wide
range of organo radicals, typically it will contain 1
to 20 carbon atoms. R can be selected from any of the
divalent organo radicals known in the art as suitable
20 for forming a bridge between two cyclopentadienyl-
radicals. Examples include saturated divalent
hydrocarbyl radicals, such as, for example alkylene
radicals having 1 to 20 carbon atoms, divalent organo
silylene radicals, such as, for example dihydrocarbyl
25 divalent silylene radicals such as dimethyl silane,
diphenyl silane, and methyl diphenyl silane, and
divalent dihydrocarbyl tin radicals, such as for
example, dimethyl tin and diphenyl tin.  Generally R
will have 1 to 20 carbon atoms. In a currently
30 preferfed embodiment R is selected from divalent organo
radicals such that there is only one atom in R which
separates the two Z radicals. R" can be selected from
a wide range:of organic radicals. It is currently .
preferred for Me to be selected from Zr, Hf, and Ti.
35 The term cyclopentadienyl-radical as used
herein refers to radicals having cyclopentadienyl



tetrahydroindenyl,.fluorenyl, oct ahydr of | uor enyl , benzof | uorenyl, and

the liKke. The substituents of 5 such cycl opentadi enyl - cont ai ni ng
radicals can, if present, can take essentially any formthat does not
interfere with the desired reactions. Typically the substituents, if
present, are organo radicals, nore typgcal Iy hydrocarbyl or

hydr ocar byl oxy radicals, 10 generally coftaining 1 to 20 carbon atons.

It is CU”@E!-&JuE{-FT Cokshiplol 161088 GipetBlategogpe N1t Al

reactant to have two NSitTon net The
reducti on step WMEPEltuked, %fpmvr@ftwlopen%w%oumdmh | ocenes can

be carried out tetrghpd#dindenyT) yfmo 6£B@6ﬁ&ﬁ&£, Typi call'y

th tall d bonded t

the traneit; on MEREERSEahAT, (pda "h riﬁfe“e “ﬁa«a CFHREEERRESER 9 ouit abl &

liquid diluent.sueh cycyepenaadieﬁui€mmnﬁaintngem@dquﬂsatanlhbfsane type

of 20 conditl xE@lt Qﬂetéﬂet Pﬁfrhrfx %%ﬂgpl éor t he
e ' m

pr.oducti on of t wartz reagen conmpoun 38 &tk
exanpl es of suc#p%%% ¢uekth Ehe deswﬂlmiwvswmln the 709

For exanpl e, th@ubstitﬁé@ﬁ#ﬁ'if Qénﬂﬁtﬁéosﬁﬁéntidféaieﬁ%éfé in which
radi c

havi ng. ansat ur SETRACRLEY HRTRENVERED Of RrArodsrbRiong, FRthethe: cuch as

Li AlH err ]1®or lgethékrdDly-bonyaifing|l to 20hearldn catdms he Iedigi ng agent

h |1 | b
;f’mlt Ogegegg OCSE%-]&EEJ% Lﬁzf-ei’é‘{-i‘ O‘ljféziatﬂ‘% S% S :RA'E?HQJ{-&?{; :Yn:‘!‘QﬂE €
reactant. Any su#aebaetlthhﬂvqltueﬁbabn®¢dtm%n81tiomnp¢bybdbonﬂe term

“liquid diluent” as used fﬂéeiaductioﬁnﬁéﬁﬂeﬁnhyﬂﬁﬂﬁaiﬂgﬁfeﬁﬁfﬂnésthe
| sobut ane, pent nzene, tol uene,” and the as ethers

such 35 as d|&?‘Fﬁ*%th@?‘grﬂeF%%}%ﬁW%f%rpea?ﬁrﬁ%?go?ﬁ'én‘ilﬁ ng a
l'iquids, s18h agafietyosPnehéwmicreducing treatmenté®ot mypmmetuaul d

| nvol ve trea“'ﬁkégfiocene, preferably a metallocene having a halide
bonded to the transition metal, is contacted with a
reducing agent in a suitable liquid diluent. 1In
general, the conditions employed are the same type of
20 conditions that have in the past been found suitable
for the production of the Schwartz reagent and similar
compounds. Some examples of such techniques are .
disclosed in U.S. Patent 4,147,709. For example, the
special type of metallocene initial reactant in which
25 one of the cyclopentadienyl-containing radicals has a
' substituent having unsaturation can be contacted with a
reducing agent such as LiAlH, or LiAlH- (O-t-butyl),.
The ratio of the reducing agent to the metallocene can
vary over a wide range but typically would be employed
30 in the amount or about 1 mole per mole of metallocene
reactant. Any suitable liquid diluent could be
employed. The term "liquid diluent"™ as used herein
includes hydrocarbons such as isobutane, pentane,
benzene, toluene, and the like as well as ethers such
35 as diethylether and tetrahydrofuran, and haloorganic
liquids, such as dichloromethane. )
Another example would involve treating the



- 6- special netallocene wwth a solution of NaAl H err]

(CCH err]CH err]OCH err] and benzene. Still another t echni que woul d

i nvolve treating the starting netal |l ocene with nmetallic magnesiumin
tetrahydrofuran. 5 Still another technique would involve reacting the
netal | ocene wi th nol ecul ar hydrogen in thegpresence of an el enent al
nmetal selected from Goup | A of the Periodic Table in a solvent for the
net al | ocene t hagpeciall GstdIloddriey Ahlty A BEIHES J#e desired product. 10
The reaction condlt ns._c vary over a wde rang ependi ng upon the
particul ar resdf a&ll{,g ﬁ Yﬂdﬂﬂ&&"rﬁﬁ’ﬁ'lss%ra&%ﬂ % limt the

t enperat ure to technique il Lirmrd]a}eow:idw&inmﬁﬁa vundmhii@orrpose t he

desi red produc ng I:!;;\%/ een
f ound to tﬁne %%’e U2 %jbth onen ﬂgf p#f neri za on c{}ﬁ:ﬁ yS 1?;-;?
systens. THe i Bk} \@n@%h@ ylgaclmds;tamku nvobee tteagting theful for

the pol ymeri zatgd¥h Plodedd'arith molddildls HiAlktdier’ ixD tife GF&kdhdd OOF -
Exanpl es of such 20 ol efjns 1 nclude ethylene, rlé{opyl ene but ene- |,
pent ene- £n 2lgnentatl, matal sﬁi'éé'e??éil from ckhe 3.

met hyl pent ene- Jpefmmeréblacatzer:e éolxi&iﬂﬁrﬁ:ﬁ tlfh ‘hetallocene that _
di net hyl - 1- hexene, and

1- t 4-di et h h th
the |ike angenm ?% e%d? r%’lf:e:‘fﬁ&lt 1%? 5 eir}%:eﬁ% %ﬁ%‘%ﬁ‘ %‘%‘%‘%ﬁﬁ for
preparing Idopol yners of The wsdntiore cmuﬂ:mmé ewas: arake Y cpody reerel deé

et hyl-ene or ary @ dsdea ?d&i QP,@; ed! _
Styrene and but adl ene are a %(‘girrp s!;(;%)‘to e |n| c %ﬁ Qﬂéljir:]!?zﬁurat ed
nononers. 30 Obviously it g 4 %aﬁ'mﬁﬁr%n%ra

a wi de range Oftéﬁ;b’ﬁh'étm Wcﬁm l#!ﬂ.rhli %uld déddnipses aEhdet al | ocene
enpl oyed ad the é)s:.relcf produ at. results desired. The inventive catal yst
-systemi s
15 The double bound metallocenes have been found
to be useful as components for polymerization catalyst
systems. The inventive catalyst systems are
particularly useful for the-polymerization of alpha-
olefins having 2 to 10 carbon atoms. Examples of such
20 olefins include ethylene, propylene, butene-1, peﬁtene-
1, 3-methylbutene-1l, hexene-1, 4-methylpentene-1, 3-
methylpentene-1, heptene-l, octene-l, decene-1, 4,4-
dimethyl-l-pentene, 4,4-diethyl-l-hexene, 3,4-dimethyl-
l-hexene, and the like and mixtures thereof. The
25 catalysts are also useful for preparing copolymers of
ethylene and propylene and copolymers of ethylene or
propylene and a higher molecular weight olefin.
Styrene and butadiene are also examples of oléfinically
unsaturated monomers.
30 The polymerizations can be carried out under
a wide range of conditions depending upon the
particular metallocene employed ad the particular
results desired. The inventive catalyst system is
considered useful for polymerization conducted under
35 solution, slurry, or gas phase reaction conditions.
When the polymerizations are carried out in
the presence of liquid diluents obviously it is



consi dered useful for polynerization conducted under 35 solution, slurry,
or gas phase reaction conditions. When t he pol yneri zati ons
are carried out in the presence of liquid diluents obviously it is

-7- i mportant to use diluents which do not have an adverse

effect upon the catal yst system TyplcaIJ |qU|d di [ uents include
propyl ene, propane, butane, isobutane, pent ane, hexane, heptane,

octane, | ce) ONeXaBdrtahelTRoN ks 6190BKAICkn 8 8B ok hE0E of"{alilEall o

Typically the polynerization_ tenperarure ca
t enper at ur es tyﬂ?%&FFy“RGHl&hﬂecﬁﬁa&YSt ﬂYﬁﬁﬂge ofTHDéGBI 3dpudd| C. to

about 300[err]cailuaaespaahauablpr 1eha t Beo ?aﬁae shcahautingﬁkakg
about 160[err]C Icalh¥§ﬂﬂﬂf % essure 0 ymeri zation woul d be

in the . ran§ 80uP°§BB°atﬁK§SRBF§§n8r even
greater. Thé inmsﬁhwicycibhbyanesysbéuana,pxylanalaaha the luwxeful for

pol yneri zat i onsqeg Ehiixoﬂhfuﬁgiﬁmgéikh%&g? temg%?ggpﬁe |nve8%%&é verPe

pol yneri zati on congltlo
net al | ocene wouRdWhde rangese&empsna&usest&Upecaé&Xtubyéd be Epampl es of

sui t abl e _ CQ&ﬁb&'bEt&bbﬂE|Udﬂ @Qnébahbﬁuénioﬁfcthoﬁﬁre preferab&
organonetalllc gé sts whi_ch, have_in the

past
conj unction mﬁt FPSH RE: aboys 2°cGnt§Pth8“5lEﬁpncpol?ﬁﬁﬂFE&ﬂVbn
catalysts.lOSothe presppreabfetheppeliymeclindeiongwealtt Bel is eaapounds of

stch conpounds E3b8®; BF| £30"abbhE 2 chiRpoRE) BEbT arpaschiRes na, sven "

organonetal lic sseatﬁydruabs &nvee@éneneaaalnyursnssam isoparspeulariy
useful for polymerizations carried out under particle
form, i.e., slurry-type polymerization conditions.

15 Typically the inventive metallocene would be
used with a suitable cocatalyst. Examples of suitable
cocatalysts include generally any of those
organometallic cocatalysts which have in the past been
employed in conjunction with transition metal

- 20 containing olefin polymerization catalysts. Some
typical examples inciude,organametallic compounds of
metals of Groups IA, IIA, and IIIB of the Periodic
Table. Examples of such compounds have included
organometallic halide compounds, organometallic

25 hydrides and even metal hydrides. Some specific
examples include triethylaluminum,
triisobutylalumninum, diethylaluminum chloride,
diethylaluminum hydride, and the like. Other examples
of known cocatalysts include the use of a stable non-

30 coordinating counter anion cocatalyst, an example of
such is disclosed in U.S. Patent 5,155,080, e.g. using
triphenyl carbenium tetrakis (pentafluorophenyl)
boronate. Another example would be the use of a
mixture of trimethylaluminum and dimethylfluoroaluminum

35 such as disclosed by Zambelli et, Macromolecules, 22,
2186 (1989). In such counter anion systems the
cocatalyst can be viewed as an ion-exchange compound



exanpl es include triethylal um num triisobutylal umi num

di et hyl al um num chl ori de, di et hyl al um num hydri de, and the |ike. O her
exanpl es of known cocatal ysts include the use of a stable non- 30
coordi nating counter anion cocatalyst, an exanple of such i s disclosed
in US. Patent 5,155,080, e.g. using glJJhenyI carbeniumtetrakis
(pent af | uor ophenyl) bor onat e. Anot her "exanpl e woul d be the use of a

m xture of trinean¥kabma§nunhaeﬂaalaﬁaenlagmﬂreekuahﬂu&5§§ re§u%hwa%h

di scl osed by Zanb gronn ecul es I n _such
counter anion sP8t ¢RESEngne ligapd.ranbained,ipcthecheta loganeoAngdx &hange

conpound non-coordination anion which is eiBher a sifiglRri sing a
cation which w || rev§r5|bl l.i gand

contai ned in th8°ﬁ§a%PF ¢8RS éﬂﬁi * °q“pﬁéﬁiESoFdPh& %ﬁgnePgn ‘which is
either a siﬁglelip°ph¢éécdradice&sccnph&nncaypcoerdgnatpdutalanﬁ of 5 -

Lpophlic radl gRisaaekg anbekeras" EobAbily! Bnadife-bearilyehdeld gxCon!’al

formal |y charge- earlng tom or ani on conpri sing
a plurality of metallg naSPBnﬁrsBBha§§°ﬁoF?HBH#&FnSoFaﬁégra&&PHbPénes and

net al | acar bor anbérochlatoms such ashpolyhedphlybspahes) cbaibodanesyt ahyst is -
an aIuninoxaEe Such coggounds I ncl ude those conpounds havi ng

repeating units mg }ﬁg ?EPﬁﬁ 8. 15- where Ris generally a
hydr ocar byLOgr oup havi ng Theoctirrently most preferred cocatalyst is an

aluminoxane. Such compounds include those compounds
having repeating units of the formula
R
|
- 15 ~—Aal - 0—)
where R is generally a hydrocarbyl group having 1l to 5
carbon atoms.

Aluminoxanes can be prepared by various

procedures known in the art. For example, an aluminum

20 alkyl may be treated with water dissolved in an inert
organicsolvent, ‘or it may be contacted with a hydrated
salt, such as hydrated copper sulfate suspended in an
. inert organic solvent, to yield an aluminoxane.
Generally the reaction of an aluminum alkyl with a

25 limited amount of water is postulated to yield a
mixture of the linear and cyclic species of the
aluminoxane. Aluminoxanes, also sometimes referred to
as poly(hydrocarbyl aluminum oxides) are well known in
the art and are generally prepared by reacting an

30 hydrocarbylaluminum compound with water. Such a
preparation techniques are disclosed in U.S. 3,242,099
and 4,808,561, the disclosures of which are
incorporated herein by reference. The currently
preferred aluminoxane cocatalysts are prepared either

35 from trimethylaluminum or triethylaluminum and are
sometimeas referred to as poly(methyl aluminum oxide)
and poly(ethyl aluminum oxide), respectively. It is



carbon atoms. o Al um noxanes can be prepared by various
procedures known in the art. For exanple, an alum num 20 al kyl nay be

treated with water dissolved in an inert organi c solvent, or it nay be
contacted with a hydrated salt, such as hydrated copper sulfate
suspended in an inert organic solvent,gto yield an al um noxane.
Generally the reaction of an alum num al kyl with a 25 limted anpunt of

water is postul ghgd mtmal ¢he sc APumoét ¢he QEVEQ%iL:h“%%r ugldagyclic

speci es of the al um noxane. m noxanes, also sonetines referred to
as pol y(hydr ocaminoxane in,eombinagion with aofwiatkylalumdaugnt and are
general |y prepaae.d:hbhsr Ecilegedn ia0U. By dPatehnky Na. Ui, 794, 09BHO kARG W t h

wat er . Such a aratlo ues are ose U S 3,242,099
and 4, 808, 561, Fﬁ@c& 8%3 E&FEWH n§P§p°ra%e§nb gpaﬁ?d herein by

reference. She cefexenice. preferred al um noxane cocatalysts are

prepared either 35 from ”ﬁ%&%&@hﬂ?&ﬂp@b@%:&rg?%ﬂ%h@hﬂgh%unkﬁgd are

sonetinmes referred to as po y( num oxi y(et hyl
aIun1nun1OX|de)d°PP§ﬁe petajl opgne can be employed in ¢ ination

- 9- o ?I SO wg:ﬁm Y tsb&ilaltt(@&gaabauhﬁmamu Qhich 4ae salsstagtialmsv noxane -
in conbination w i @ i sclosed in

Patent No. 4, 794788 &uhﬁﬁ P§@V8§%#é=6#°ﬁhﬁgﬁ HP@PﬁbP?F@&cﬂéreln
by 5 refer&fce. form polymerizationacpadiitdionar. pmhbebtgdnenhadminbkanhhe
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catalyst system include oligameric aluminum compounds

having repeating units of the formula
——al - 0—)
15 | |
R
Some examples are often represented by the gemneral
formula (R-A1-0), or R(R-Al-0-)_AlR’. In the general
alumoxane formula R is preferably a C,-C; alkyl radical,

20 for example, methyl, ethyl, propyl, butyl or pentyl and
"n" is an integer from 1 to about 50. Most preferably,
R is methyl and "n" is at least 4. Such a solid
aluminoxane can be prepared by contacting a solution of
an organoaluminexane with an organoboroxine under

25 conditions sufficient to produce a solid. Another
technique for preparing an insoluble organocaluminoxane
‘involves contacting a solution of an organoaluminoxane
with water or an active hydroger. compound as taught in
U.S. Patent 4,990,640.

30 Still another technique of producing a solid
cocatalyst involves contacting an organocaluminoxane
with an organic borane compound free of acidic hydrogen
as taught U.S. Patent 5,354,721, the disclosure of
which is incorporated herein by reference. Yet

35 another technique involves contacting an
organoaluminoxane with an organcboron compound having
boron acid functionality, i.e. -BOH, as taught in U.S.



insoluble in the polymerization diluent under particle 10 form

pol ynmeri zation conditions. The organo al um noxane conponent used in
preparing the inventive solid catal yst systeminclude oligomeric

al-um num conpounds havi ng repeating units of the fornula

[err] 15 : Some exanples are often represented by
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"n" is an inteddmcorpprated hanein oy teferenaderabl y, Ris methyl and
"n" is at least 4. SuCh PhéGifrently PreEIEFEN & iud £52" €d by
contacting a solution, of an, or ganoal um noxane W t h- an ‘or ganobor oxi ne

under 25  cond®TIRAEIRG (Ehe ekl PrFRRALIMIRGHY Focatatyrl involves
techni que f®r picwitd¢ting nan NSryale SEDMEDGHM USE N anoalumistby e

contacting a sol.utio an_organpal um noxa Wi t ter or,an active
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Still another toxdancheratine czhmpound am|taught imdrsS alBstentvol ves .
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subjected to prepolymerization with an olefin to
produce a solid catalyst system that can later be used
in the polymerization of olefins. This technique is

15 particularly useful in slurry or particle-form type
polyﬁerizations.

To prepare the solid prepolymerized catalyst
system the metallocene and aluminoxane are .combined in
the presence of a suitable liquid to form a liquid

20 catalyst system. It is preferred that the liquid
catalyst system be prepared using an organic liquid in
which the aluminoxane is at least partially soluble.
The currently preferred liquids are hydrocarbons such
as hexane or toluene. Typically an aromatic liquid

25 solvent is employed. Examples include benzene,
toluene, ethylbenzene, diethylbenzene, and the like.
The amount of liquid to be employed is not particularly
critical. Nevertheless, the amount should preferably
be such as to dissolve at least a portion of the

30 product of the reaction between the metallocene and the
aluminoxane, provide desirable polymarizétion viscosity
for the prepolymerization, and to permit good mixing.
The temperature is preferably kept below that which
would cause the metallocene to decompose. Typically

35 the temperature would be in the range of -50°C. to
100°C. Preferably, the metallocene, the aluminoxane,
and the liquid diluent are combined at room



Patent 5,414,189, the disclosure of which is I ncor porated herein by
ref erence. : The currently preferred techni que for

preparing the solid organoal um noxy cocatal yst involves 5 contacting an
organi ¢ solution of an organoaLuninoxane optional ly containing
trialkylalumnuns with a suitable noborOX|ne compound as taught in
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oxides such as silica, alumina, gsilica-alumina, and

mixtures thereof. Other examples of inorganic oxides
are magnesia, titania, zirconia, and the like. Other

20 suitable support materials which can be employed
include materials such as, magnesium dichloride, and
finely divided polyolefins, such as polyethylene. It
is within the scope of the present invention to use a
mixture of one or more of the particulate solids.

25 It is generally desirable for the solid to be
thoroughly dehydrated prior to use, preferably it is
dehydrated so as to contain less- than 1% loss on
ignition. Thermal dehydration treatment may be carried
out in vacuum or while purging with a dry inert gas

30 such as nitrogen at a temperature of about 20°C. to
about 1000°C., and preferably, from about 300°C. to
about 800°C. Pressure considerations are not critical.
The duration of thermal treatment can be from about 1
to about 24 hours. However, shorter or longer times

35 can be employed provided equilibrium is established
with the surface hydroxyl groups. )

Dehydration can also be accomplished by



tenperature, i.e. around 10 to 30[err]C. The reaction bet ween t he

al um noxane and the netall ocene is ~relatively rapid. The reaction rate
can vary dependi ng upon the ligands of the netallocene. It is
generally 5 desired that they be contacted for at |east about a

m nute to about 1 hour. |t 4il,s Within the scope of the

I pvention to formthe I|qU|d catal yst “systemin the presence of a

particul ate solgyghy Ia@}ilﬁ; i liFEf"ri-.td qjlcq{ﬁiggll S ehimen®2 AP S0 OYed as.
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pr esent |nvent| n se ,a xt.ur.e of one ar. of the particul ate
solids. 25 éﬂfiﬁﬂ#ﬁ%fﬁiﬁéghﬂ hfgﬁi&ﬁb solid to be
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to contain |les
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inert ‘gas 30 asuclfor exampdgemidiicat dpaminertoilabdeiliserr]C to

hydrocarbon, such as for example, hexane. During the
chemical dehydration treatment, the silica should be

15 maintained in a moisture and oxygen free atmosphere.

To the silica slurry is then added a low boiling inert
hydrocarbon solution of the chemical dehydrating agent, .
such as, for example dichloroldimethylsilane. The
solution is added slowly to the slurry. The

20 temperature ranges during chemical dehydrétion reaction

| can be from about 0°C. to about 120°C., however, higher
and lower temperatures can be employed. Preferably,
the temperature will be about 15°C. to about 100°C.
The chemical dehydration procedure should be allowed to

25 proceed'until all the substantially reactive groups are
removed from the particulate support material as
indicated by cessation of gas evolution. Nofmally, the
chemical dehydration reaction will be allowed to
proceed from about 30 minutes to about 16 hours,

30 preferably, 1 to 5 hours. Upon completion of the
chemical dehydration, the solid particulate material
may be filtered under a nitrogen atmosphere and washed
one or more times with a dry, oxygen free inert
solvent. The wash solvents as well as the diluents

35 employed to form the slurry and the solution of
chemical dehydrating agent, can be any suitable inert
hydrocarbon. Illustrative of such hydrocarbons are



about 1000[err]C., and preferably, fromabout 300[err]C to about

800[err]C. Pressure considerations are not critical. - The duration of
thermal treatnment can be from about 1 to about 24 hours. However,
shorter or longer times 35 can be enpl oyed provided equilibriumis

est abl i shed with the surface hydroxyllgrpups.

Dehydrati on can al so be acconplished by
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about 120[ err] Catihdbevin,K theghractice afidthbscinvenpiont: urBewevarbe
enpl oyed. PrefeggbhYcharacteristics often determine the amount of
support to be employed in preparing the catalyst

15 compositions, as well as affecting the particle
morphology of polymers formed. The characteristics of
the carrier or support must therefore be taken into
consideration in choosing the same for use in the
particular invention.

20 It is also within the scope of the present.
invention to add such a particulate solid to the liquid
catalyst system after it has been formed and to carry
out the prepolymerization in the presence of that -
solid. '

25 The amount of aluminoxane and metallocene
used in forming the liquid catalyst system for the
prepolymerization can vary over a wide range;
Typically, however, the molar ratio of aluminum in the
aluminoxane to transition metal of the metallocene is

30 in the range of about 1l:1 to about 20,000:1, more
preferably, a molar ratioc of about 50:1 to about 2000:1
is used. If a particulate solid, i.e. silica, is used

generally it is used in an amount such that the weight
ratio ofthe metallocene to the particulate solid is in

35 the range of about 0.00001/1 to 1/1, more preferably
0.0005/1 to 0.2/1. )

The prepolymerizatioﬁ is conducted in the

The



the tenperature will be about |5 err]C to about 100[err]C. - The

chem cal dehydration procedure should be allowed to 25 proceed until al
the substantially reactive groups are renoved fromthe particul ate
support material as i ndi cated by cessation of gas evolution. Nornally,
t he chem cal dehydration reaction milé.be allowed to proceed from
about 30 m nutes to about 16 hours, 30 pr feFany, 1 to 5 hours. Upon
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£ The j ec
i nor gani ¢ oxi de£oEuFRE.BTEPE 9“&6#@3& Pre, and nunber of hydroxyl
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;m)ﬁnlt “‘(;fe”t on. ggi%‘i%gg g.uds%ﬁﬁd‘igi%%ﬁer' &%El@%t%g%t Wolhhae the
pport e enployed rn prepafing é catal yst
' involve using low pressures of the olefin and
relatively low temperatures designed to prevent site
decomposition resulting from high concentrations of
15 localized heat. The prepolymerization typically occurs
at temperatures in the range of about -30°C. to about
+110°C., more preferably in the range of about +10 to
about +30°C. The amount of prepolymer can be varied
but typically would be in the range of from about 1 to
20 about 95 wt % of the resulting prepolymerized solid
catalyst system, more preferably about 5 to 80 wt $%.
It is gemnerally desirable to cafry out the
. prepolymerization to at least a point where
subgtantially all of the metallocene is in the solid
25 rather than in the liquid since that maximizes the use
of the metallocene.

After the prepolfmerization, the resulting
solid prepolymerized catalyst is separated from the
liquid of the reaction mixture. Various techniques

30 known in the art can be used for carrying out this
step. For example, the material could be separated by
filtration, decantation, or by vacuum evaporation. It
is currently preferred, however, not to rely upon
vacuum evaporation since it is considered desirable to

35 remove substantially all of the soluble components in
the liquid reaction product of the prepolymerization
from the resulting solid prepolymerized catalyst before



15 conpositions, as well as affecting the particle nmor phol ogy of

pol yners formed. The characteristics of the carrier or support nust
therefore be taken into consideration in choosing the sane for use in

t he particular invention. 20 It is also within the scope of
t he present. invention to add such a particulate solid to the liquid
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. constant weight is achieved. A preferred technique

employs at least one initial wash with an aromatic

hydrocarbon, such as toluene, followed by a wash with a

15 paraffinic hydrocarbon, such as hexane, and then wvacuum
drying. '

It is within the scope of the present
invention to contact the prepolymerization reaction
mixture product with a liquid in which the prepolymer

20 is sparingly soluble, i.e. a counter solvent for the
prepolymer, to help cause soluble prepolymer to
precipitate from the solution. Such a liquid is also
useful for the subsequent washing of the prepolymerized
solid. | _ | |

25 It is also within the scope of the present
invention to add a particulate solid of the type
aforementioned after the prepolymerization. Thus one
can add the solid to the ligquid prepolymerization
product before the counter solvent is added. In this

30 manner soluble prepolymer tends to precipitate onto the
surface of the solid to aid in the recovery of the
filtrate in a particulate form and to prevent
agglomeration during drying. The liquid mixture
resulting from the prepolymerization or the inventive

35 gsolid prepolymerized catalyst can be subjected to
sonification to help break up particles if desired.

Further, if desired the recovered solid



scope of the invention to use a mxture of olefins, for exanpl e,
ethyl ene and a higher alpha olefin can be used for the

prepol yneri zation. 10 The prepol ymerization can be conducted
under relatively mld conditions. Typically, this would i nvol ve
using low pressures of the.olefin and _ jgelatively Iom1tenperatures
designed to prevent site deconposi tion resulting from high
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i aui the art
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coul d be 3épar Mtxinping off ivhe ddiqwid.decantation, or by vacuum
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15  catalyst system. In some cases it may be found
desirable to employ small amounts of an organcaluminum
compound as a scavenger for poisons. The term
organcaluminum compounds include compounds. such as
triethylaluminum, trimethylaluminum, diethylaluminum

20 chloride, ethylaluminum dichloride, ethylaluminum
sesquichloride, and the like. Trialkylaluminum
compounds are currently preferred. Also in some
applications it may be desirable to employ small
amounts of antistatic agents which assist in preventing

25 the agglomeration of polymer particles during
polymerization. 8Still further, when the inventive
catalyst system is added to a reactor as a slurry in a
liquid, it is sometimes desirable to add a particulate
dried solid as a flow aid for the slurry. Preferably

30 the solid has been dried using one of the methods
described earlier. Inorganic oxides such as silica are
particularly preferred. Currently, it is preferred to
use a fumed silica such as that sold under the trade
name Cab-o-sil. Generally the fumed silica is dried

35 using heat and trimethylaluminum.

The solid Prepolymerized catalyst system is
suitable for use in the polymerization of olefinically



it is stored or used for subsequent pol yneri zati on. After separating

the solid fromthe liquid, the resulting solid is preferably washed

wi th a hydrocarbon and then dried using high vacuumto renove 5
substantially all the liquids and other volatile conponents that m ght
still be associated with the solid. 17 The vacuumdrying is preferably
carried out under relatively mld conditions, i.e. t enper at ures
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prepol yneri zed tan be subjected to sonification to help break
up particlis if desi red A further underdtandimg of tlesiprslséde recovered

solid invention, its various aspects, objects and advantages
will be provided by the following examples.
Example I
The unbridged metallocene (cyclopentadienyl)
20 (omega butenylcyclbpentadienyl) éirconium dichloride
which could also be named (cyclopentadienyl) (l-but-3-
enyl-cyclopentadienyl) zirconium dichloride in the
amount of 3 mmoles was dissolved in tetrahydrofuran
along with 0.79 g (3.11 mmoles) of lithium aluminum
25 tri-tert butyloxy hydride and stirred overnight at room
temperature. The liquid was then evaporated in a
vacuum and the residue was extracted with chloroform
over sodium sulfate. The resulting liquid was
concentrated by evaporation and then crystallized by
30 the addition of n-hexane. The double bound unbridged
metallocene product (cyclopentadienyl) (1l-butanyl
cyclopentadienyl) zirconium (IV) chloride was
identified by both hydrogen and carbon ”NER as having
the butanyl bound to the zirconiuﬁ by a sigma bond and
35 the two cyclopentadienyl groups bound to the zirconium
by pi bonds.

Similar reactions were carried out by



- 16 - prepol yneri zed catal yst system can be screened to give
particles having sizes that neet the particul ar needs for a particul ar
type of polynerization. Anot her option is to conbine the
recovered 5 i nventive solid prepolynerized catalyst systemw th an

i nert hydrocarbon, such as one of the typegdised as a wash |iquid, and
then to renove that |iquid-using a vacuum In such a process it is

SOMet i mes desi r@bhriAy withSull CES115R1ES W £ES0ast et LI SeaRB) | Calfon

before 10 stri ppi of f the_ligquid. e resulting solid
prepol yneri zed nﬁ@fﬂéﬁ%ﬂ%@ﬂﬁ?@ﬁ%‘?‘m% hopded setallegenes ((ttv| for
t he pggyneriquhumkzﬁenybféycloﬁiﬁmﬁdﬁényljtffrudfinyl) (dfmaﬁﬁgly to add
any additiona ] S y syst.em SOE ses it
rrag; be fou ;d féé%&eé?f gff;‘éfiﬁ'gﬁnp?%?ﬂé?éﬁiggr@hﬁggﬁu%?%#%iﬁ% num
conpound asP a stilaomeryibr ethyl) silanekrzirconiwe gdichl m
coggounds I ncl ugeg c fén: ch | 2ddid

C(PDEGeenyPHC M Agthene +§éf$ t?%%éﬁ%?(dime%ﬁ%%1orrde

trinethyl al um num, di ef hy| alunm num 20 chloride, e m num
et hyl al uni num Rethaneh fireoniuwm dighlowide; k Theredqyered preducts

conmpounds are owsxrendilyo pidéstifiled Ay hydrSfe and calidn CORMRNasi t may be-

desirable to e L - unts of antistatic agents which assist in
preventing 25 @%1§£+%r%?$%ﬁ%$%?ﬁyner particles during

olyneriza@on. Still furfTherreswmkbvingcproducts ean be xefefyed systemis
poly

fo add a parti iR erefvelyidd (lefrorenyl) isheddyd ° SOVC! TOR, “;.es' anle
Pref erabl y cyclopentagienyl)_ (dimethyl) methane) zirconium (IV)
chloride ((fluorenyl) (butanyl indenyl) (dimethyl)
silane) zirconium (IV) chloride and poly((fluorenyl)
15 (ethanyl cyclopentadienyl) (dimethyl) methane)
zirconium (IV) chloride, an example of a double bound
metallocene of formula (II) '
Example II .
The butanyl-containing double bound

20 metallocenes prepared as described in Example I, i.e.
metallocenes of formula (I), were evaluated for their
effectiveness in the polymerization of ethylene. In
addition, a comparable polymerization was carried out
using the double bound metallocene (cyclopentadienyl) (

25 (cyclopentadienyl) ( dimethyl)methane (1-indanyl))
zirconium (IV) chloride, i.e. the compound of formula
(4) of the aforementioned article in the J. 6rgggomet.
Chem. The polymerizations involved preparing a
catalyst solution by adding about 1 to 2 mg of the

30 metallocene to a Schlenk tube and mixing it with 1 mL
of a 30 weight percent toluene solution of
methylaluminoxane. The solution was then diluted with
toluene so that about 0.2 to about 0.5 mg of the
metallocene complex was dissolved in about 10 mL.

35 Ethylene waé polymerized at room temperature in the
Schlenk tube using slight excess pressure. The color
was monitored. In each case, the color of the liquid



30 the solid has been dried using one of the nethods descri bed
earlier. Inorganic oxides such as silica are particularly preferred.
Currently, it is preferred to use a funed silica such as that sold
under the trade nane Cab-o-sil. Generally the funed silica is dried 35
usi ng heat and trinethyl al um num 19 The solid prepol ynerized
catal yst systemis suitable for use in the polymerization of

olefinically portion was diminishebd indicating Foat ]l:?he compledSat urat ed
nmononers. Such  pol ynerjzations can arried _out under gas phase,

sol uti on phase Pefamg jumobilizad dn theyi ft‘?‘iﬂ%d PRI Fdik ionLRARR woul d
be gener al ad harideic e cHdW She st al It edid afass dridbrpor@ied |acenes

are used in sucl_glé)ola/lnerl zations. One difference is that generally it
I S not . necessar hploy an additional cocatalyst with the solid
prepol yneriszed catal yst. _gbk_e;pblirrers produced with the
catal ysts 10 her ei n di that wll be )
apparent to those skill eﬁ%he ar t%jf ron’%qﬁ{ p yS| ca properties of
the respective BRidlkqaenes, fiour different agldd &s“rﬁi'iltﬁ%ggl’ﬁ‘i%ﬁs were
adhesi ves, and ggepddd®. are i ndi cated. 15 A furt her

and advantages w1 EEREoR PO | eAR R R A e
Exanple | 10 (fluorenylTWﬂinsﬁhylkyﬁth&n&Ndinnnnidh&mﬂknnhﬁqtﬁdswI) 20
(2T ) SO S LSSl e S o 0
g was combined with a trimethylaluminum treated
Davidson 948 silica. In a dry box this solid was
combined with 20 mL of a 1.1 molar toluene solution of
15 methylaluminoxane obtained from Schering. The
resulting mixture was stirred for 1 hour and then
washed and filtered two times with 25 mli of hexane.
The color of the wash had just a trace of the color of
the metallocene. The recovered solid was placed under
20 a high vacuum for 2 hours and recovered as solid
catalyst system A.

In another case, 0.27-9 of the double bond
metallocene ((l-butanyl-cyclopentadienyl) (fluorenyl)
(dimethyl)methane )zirconium (IV) chloride was mixed

25 with 25.1 mL of a 1.1 molar toluene solution of
methylaluminoxane obtained from Schering. To this
mixture was added 2.5 g of a trimethylaluminum (TMA)
treated Davidson 948 silica. The resulting mixture was
stirred for 20 minutes. Then while at room temperature

30 the mixture was contacted with 5 psig of ethylene for 1
hour. The color changed from reddish orange to purple
about 5 minutes after starting the ethyleme. The =
resulting solid was washed and filtered two times with
20 mL of toluene and two times with 20 mL of hexane.

35 Then the recovered solid was exposed to 2 hours of high
vacuum to Yield solid prepolymerized catalyst system B.

In yet another run, 0.256 of the double bound



enyl -cycl opent adi enyl ) zirconiumdichloride in the amount of 3 mmol es
was di ssol ved in tetrahydrofuran along with 0.79 g (3.11 mol es) of
l'ithium alum num 25 tri-tert butyloxy hydride and stirred overnight at
room tenperature. The |iquid was then evaporated in a vacuum and
t he residue was extracted with chl oroform over sodium sulfate. The _
resulting Iiquid was concentrated by 2{a‘{/a'porat ion and then crystallized

by 30 the addj 2 h (gﬂgc f‘?‘-"?'ﬁg Q#Maﬁﬁpﬂlfﬂﬁ&

rrét al | ocene pr %%J%t ‘géec?%pgnta |=éen - but %/ C kc 0 en]%%\]a)l enyl)
2itconium (1V) Ehienelaizaeaiua ‘Fmiﬁqﬁré@%y’:m#ﬂm%ﬂé %7 cof b
[err] NMR as having molaih€oDhéméYsootivh SOFf ety I4Tihidkané& Si gma bond
bonds. - SbEdEadlThrGE Sflerthal Do tika ag fafpd §5 ' or ne” P
- 18 - 5 S{TMA|tmeatéd Davidsdh 948 (sillféer erThertedubeime spixture
nanmely the bri ?EM d, ﬁ! - ‘bt - 3-

cycl opent adi en;ﬁg(é uore‘%ﬁ‘?gggfne y%é %ﬁkéééerfgosﬁdfc%igﬁwé

di chl oride, (( gebhylene | telceffect prepolymerizationy nefhg | goLex ane)

zi rconi um di chl ghatled fromaréddish UWr&ay! o (dask le within 10
Fcover od proddEiRites atpde the Pouind i ch SHIRLRORMALHLR A thEter
[er(rj] NVR as0 . 1 ldmlbf |} ethe usol b twd s acereverdd and wal.shed ardefikrsetrédng
roducts can be_r t spgct i a 0, - I
(F:)ycl opent adi eny'f' (%’Lﬁg?h‘f/%h rr%? h’é’%e?fzéé%%%%ﬁn%é%wg éfﬂ%%l)‘g%‘f%?&my
((fluorenyl) (bukaofhexapey| )Thei reswlting solid was then subjected

to a high vacuum for 2 hours to result in solid
prepolymerized catalyst system C.

© 15 _ Still another solid catalyst was prepared by
mixing 0.265 g of the double bound metallocene
(cyclopentadienyl) ((cyclopentadienyl) (dimethyl)
methane (indanyl) zirconium (IV) chloride with 27.4 mkL
of a 1.1 molar toluene solution of methylaluminoxane )
20 obtained from Schering. To this was added 2.5 g of TMA
treated Davidson 948 silica and the mixture was stirred
for 2 hours. Then ethylene was introduced at 5 psig
. and room temperature. After 1 hour the resulting solid
was washed and filtered two times each with 20 mL of
25 toluene and 20 mL of hexane. The resulting solid was
then subjected to a high vacuum for 2 hours to yield
solid prepolymerized catalyst system D.
Example IV
Each of the catalysts A-D were individually
30 employed in polymerization reactions. These
polymerizations were conducted in a one-gallon stirred
autoclave reactor. The catalyst system was charged to
the autoclave. The autoclave was filled with 2 liters
of isocbutane and the temperature raised to about 90°C.
35 Hydrogen was added from a 300 cc vessel and then the
vessel was pressurized to a total reactor pressure of
450 psig with ethylene. All the polymerizations except



silane) zirconium (1V) chloride and poly((fluorenyl) 15 (et hanyl

cycl opent adi enyl ) (di nethyl) nethane) zirconium (IV) chloride, an
exanpl e of a doubl e bound netal | ocene of formula (I1)

Exanpl e 11 The but anyl - cont ai ni ng doubl e bound 20

nmet al | ocenes prepared as described in EanBI el, i.e. nmet al | ocenes of
formula (1), were evaluated for their é“ff'ectiveness in the

pol yneri.zati on Qf yRidd | int jtio a I e | yneri zation
was carried out 2 usin it u'eédc?lofurl e1 g%girftd met ol Ir%%?ril%r??ﬁﬁ %gle adi enyl ) (

25  (cycl opent &podea Fented, ande tthen@olid pedyper) was redovegredim (| V)
chloride, i.e. Tk GeEENltY adle sumardized in arife tfhe af orenmenti oned

article in the J. O ganonet. Chem e polynmerizations invol ved
preparing a catal yst sol ution by about 1 to 2 ng of the 30
met al | ocene to f oChT ENK TUDE i T X Mg T T e rSrerght

. «Max100hi BB
8300t 0.2 tolabout O

5 Ny
24318 PB09lgd0 [h1635 | BLRY| 879245 s

OUTTT TITR T T UpPgCuoy 1y o mpgTrt

pol ynmeri zed at (o0 =
excess pressuref 2lhe %3s 3nbRi-9488d. | LAleach| 2ade| 0.6 ¢l ®r
' - 19

the liquid - - pQLt
di mi ni shed i ndi fet-Frethai—ihe—baSoref bochisimmobirizkd BA e rdk e

polyner, i10. theke B was evidaoce [hat the pwtal | ockre wWag.BgcPrapor gt ed

percent tol fene
diluted with
net al | ocene co

'n the polyjiey. by 10 [o0.9488 |86 7 2.5]1.99 [16 |
c 10 Jo.9581 |99 5.2 0.67 |44 |
D ' 10 -- - -- | 1800 | --
D 10 [o0.9784 |s.s 2.9 -- |--

15 *Only 30 minutes of polymerization

The solid catalyst systems A, B, and D gave polymers
having a narrow molecular weight distribution of the
type generally associated with "single site"
metallocene catalysts, i.e. HI’s of less than 3. Solid

20 catalyst C gave a slightly broader molecular weight
distribution.



Usi ng four

' bound net al | ocenes four di ffer eg@b \@ed |
cat al yst -systens were r epar ed. Fi rst\"h\s
((! - et hanyl m ﬂu gi ) 10 m
(1 uorenyt )l muﬂﬁ ‘ ) zi rconi ung4 V) chI ori de epare

i n Exanplie I* in the" anount of about 0.1 g was conbl ned W|th a
trimethyl al um num treat ed Dav%e%-%«%-& lica. In a dry box this
solid wag. conia rpad:cvéddl £45r rfomiimy la polynier twicihcapzisesn of 15

met hyl al %Eéﬁq 'Fﬁiﬁ ' !Pf ting mxture was
stirred # Smt %rgoand JJme%ﬂE#a&%an A ered{ times with 25 nL
of hexan@°1Ym°erﬁé=5<R¥ sronsti viina\aeith & qmlleoqm@ﬁ)fthmefm@a of

the netal |l ocene. The recovered solid vvas Iaced under 20 a high vacuum

for 2 _hours and recovered as solid st system A.

I n anoth case, 0.27 g of the 'douS{d met al | ocene

((1-buta ) cycl opentadi enyl) (flu yl) (di met hyl ) met hane ) zirconi um
(1'V) chloride was mixed 25 with 251 ﬂ(a\ mol ar tol uene sol uti on of

met hyl al um noxane obtai ned from Schering. To thi m xture was added
2.5 g of vheneimeteadhn |3 das the Hume or ditﬁmew- ydlhpentadienyica. The

resul ti nﬁcﬂeﬁt;'ﬁi@x%’]‘@%dieal SH LG fﬁvﬁ(ea(fﬂw o KRl | Gortled QY

tenperature 30 t m Xture was cont act

giof ethylene for 1
hour. Th&BeWe GFAFFCHBM* il IP% P t’@ pﬁu‘&‘@ ent OFFARC 5 ni nut es
after st aaldik@Al hmeﬂudmcﬂaﬂez and MeESiui teutth 0| fabhisn Ve Celvdife

filtered two tijnes. with uene and t 0O nL of
hexane. 35S ORIgE SolF Anoma Aepaiatind, Jia Hostnp et 2 A M4 iahd o
vacuum t ¢hpisel ctomis cagw e;nl;areram,ca!aalqsta Sramahtion metal, and Q In

yet anot B HydkodhriiAl O hydiodidi1e8PU Ut halide; or a metallocene

having at least one unit of the formula

o NS O
\/\ ~ N\

———R

wherein Z, Me, Q, and x are as defined above and wherein R"
is a divalent organo radical connecting a Z to an Me, said R"
being such that the number of atoms separating.the respective
joined Z and Me is 2, 3, or more than 4.
2. _ A process according to claim 1, wherein said
pélymerization is conducted in the presence of a cocatalyst
for said metallocene.
3. A process according to claim 2, wherein said
cocatalyst compri'ses" an organo aluminoxane compound having
repeating units of the formula

R

I
~Al - O
where R is a hydrocarbyl group having 1 to 5 carbon atoms.
4. A process according to claim 3, wherein said

CASE: 33371



- 20 - met al | ocene ((fluorenyl) (butanyl -indenyl) (di mat hyl )

sil ane) zirconium chloride was conbined with 23 nL of a |

t ol uene sol ution of nethylal um noxane obt ai ned from Schy mlﬁ@"iﬂ,ﬂ m !,
was added 2.5 g of the 5 TNVA treatethaw dson 948 sili.ca.s

m xture S stlrredfor 20 then was exposed to 5 psig
et hyl ené""F&t?fY °f‘£ q’@h‘ changed from reddi sh
brown t &.dark purpl @mddam akording rug es'l.aalﬁn d. whezwdg rdakd of et hyl ene

???Ittlogieﬁgllgcem id %i?%%riq fsq’tlo é&ge aﬁ"emﬁw 20 L

of hexam¥ °°ﬂh§‘-ﬂf=‘é§1|ﬁ1’mg‘%m@% taRsh hyjaluminoxane, with A yum
for 2 heartilculase!dry Anddahic suﬁifcﬁ:‘@'dﬁ@rﬁﬂéiﬂ difjidlg sthéystem C. 15

Still another solld. cat al yst was prepared by m xi ng 0.265.g of the
doubl e 5"&5‘!’3‘ using & VR Regi enyl ) ((cycl opent adi enyl )
(di et hl,) nemmc(eaujaqddrddl:rg:cno wigin/)4 clwherain véaid 27. 4

of a 1. r | al from
Scheri nlll r&ﬁ' %ﬁ(ﬂséj\%ia%g éé@&léé}e?]fg W m%t ﬁ%ﬁﬁ% silica
and t hebyl combining SHhe mallocm @qr\dlh% methyrlakyRane®an®s i nt r oduced
at 5 ps 'cqmcaeti HHYY PdRIMMANY HiGktudd With MRllolld¥id asdl! #dhe £0l i d

was washed and filtere t s each wit ol uene and 20 nL
of hexaR¥eP %Slﬂ”t rﬁé’ miﬁ:% the %%J’é@tég ‘f‘b{%glﬁgh vacuum

for 2 hwaum yield sol I d prepol ynerized catal yst system D.
Exarrpl e cat A- vidual Iy 30
enpl oyeg i n pol yrrerl c'TeosrfJE(}eJaEc(?élcdd"nge &J‘&E% VB%IPnerl'Ez}a%l ons were

conduct setallpasne gmd mwlmeminoxamtm em;nhimﬂ orithie catal yst
system was ka1 td}_.y ino JRURHNS: ¥ itdd ave was filled with 2

liters of 1sobutane and the tenperature raised to about 90[err]C. 35
Hydr oge RERRO Lyarasd 33 tham, :?O(FQP@"(F&%"EI and then the vessel was
pressurigzed to a Wipdodens acddigito Giny one of the preceding

claims, wherein an alpha olefin is polymerized.

S. A process according to any one of the preceding
claims, wherein said metallocene has the formula (I) and x is
1 and R is dialkyl methylene or dialkyl silylene. :

10. A process according to claim 9, wherein R’ is
butanyl.
11. - A process according to claim 9, wherein said double

bonded metallocene is (cyclopentadienyl)

((cyclopentadienyl) (dimethyl)methane (l-indanyl)) zirconium
(IV) chloride, ((fluorenyl) (butanyl cyclopentadienyl)
(dimethyl) methane) zirconium (IV) chloride, or ((fluorenyl)
(butanyl indenyl) (dimethyl)silane) zirconium (IV) chloride.

12. A process according to any one of claims 1-8,
wh_erein.said,metallocene has the formula (I) and x is 0.
13. A process according to claim 12, wherein R’ has a

terminal indanyl group that is bonded to Me and the indanyl
group is separated from its attached Z group by a single
atom.

14. A process according to claim 12, wherein R’ is
butanyl.

15. A process according to claim 14, wherein said



450 psig with ethylene. Al the polynerizations except e ——
21 - 1 were continued for 1 hour. The reactor mas:t
and vented and the solid polynmer was recovered. The re ﬂ"!ﬂ”ﬂ mﬂﬂ Ii ,"l
S *

sdhmarized in Table I. 4 TABLE ||

g?falyStd L8 hbnaed 2ty §18¥LB°9£84é%YE}Sp‘nt‘ﬁiﬁnyg’45”“53”Y1' 2 A
13. 3 0.é&yilopefitddienyl)3ziec68iud0(IV) chlorideR* 10 -- -
é' 1 8. 18 10 A 66o§25§ ac§8rdin&050 anY gge °§ claims 1-8, Cl 36 20 10

0. 9581 wbgrein tbezme@a@;ocgge has the fopmula (II); - --
-- - A pZocesQ accordlnéoto cQaQﬁ816, #h8rein 8ald --

A B ;%'e%aiieg"eﬁéf Fhopee” L/ WRAGRTE' 14,3, pad RO ARuPATBNARE system

dlstrlbuﬂaaurateahethylenbypadgeaénaIIy associated with "single site"

Ak e 15 cat al yiﬁ%@%aﬁs Bbedr {Lnbeéé EEQ{Eﬁ%sSSE' §720whe2d4dl aliaC gave

a slightTy" broader ar wel
metallocene is one in which the Z attached to R" is

cyclopentadienyl, the other Z is fluorenyl, and R is the
divalent saturated dimethyl methylene radical.

19. A process according to any one of claims 16-18,
wherein said double bonded metallocene is produced by the
reduction of ((fluorenyl) ethene cyclopentadienyl) (dimethyl)
methane) zirconium dichloride. |

20. : A process for producing a polymer comprising
contacting an unsaturated monomer under suitable
polymerization conditions with a catalyst system comprising a
metallocene prepared by contacting a starting metallocene
having a cyclopentadienyl-containing radical having at least
one unsaturated substituent with a reducing agent under
conditions such that the unsaturated substituent is converted
to a saturated substituent bound to the metal of the
metallocene.

21. A process according to claim 20, wherein the
starting metallocene has at least two cyclopentadienyl-
containing ligands bonded to the metal of the metallocene and
at least one halide bonded to the metal of the metallocene.
22. A.process according to claim 20, wherein said
starting metallocene - is an unbridged metallocene which is
(cyclopentadienyl) (but-3-enyl cyclopentadienyl) zirconium
dichloride or (cyclopentadienyl) ((cyclopentadienyl)

(indenyl) (dimethylmethane) zirconium dichloride, or a
bridged sandwich-bonded metallocene which is (but-3-enyl
cyclopentadienyl) (fluorenyl) (dimethyl) methane) zirconium
dichloride, ((omegabutenylindenyl) (fluorenyl) (dimethyl)
silane) zirconium dichloride, or ((fluorenyl) (ethene
cyclopentadienyl) (dimethyl) methane) zirconium dichloride.



- 22- ' CLAI MS1. A process fUr'forning a pol ymer
whi ch conprises contacting an unsaturated nononer und

pol ynmeri zation conditions with a nmetall ocene of the f mnm m,ull””“,

- wherein each Z is the sane or. di fferenty yclopentadleny | .
radi cal , is adv icals, x

1 or O, F\’B3| s a di v3+ entoﬁﬁ%rﬁ@c%x connec‘? %&K’hévagg such a
fashi on t F¥clepentadienyrl iconkal Q&QSHF%Q*ER%H##EFt#ﬂ;hﬂmdedtég & and Me
and t hosetgaagl tiich GRIGEI Bty M PS5 Bodd adied (h¥a r@iﬁnonaﬂﬂgﬂa' Pond

I h I t
one unit BF enbbEEhrae ot Unal safip, Srofopenfatigaf e qnsataiender i ned
above andrwﬂémmh1whiqh;qpnpnmiaaﬂsubi;nuinge:hapécitmmeeyPégoﬂ Z to an M,
said R babRdiisiehd I Jdiedddibspdl A OBacRRR ALY, 108:4 regggg&'ﬁé -

-joined Z and , , Or nore pr otess  ac
claim1, ﬁmgpepﬁ'ggq§llocene having a cyclopentadienyl- -containing

radical having at least one unsaturated substituent, other
than a metallocene having as an organic ligand
(cyclopentadienyl) ((cyclopentadienyl) (indenyl) (dimethyl)
methane) .

24. A process according to claim 23, which produces a
double bonded metallocene of the formula

7N
\/\

wherein each z is the same or different cyclopentadienyl-
containing radical, R is a divalent organo radical connecting
the two Z radicals, x is 1 or 0, R’ is a divalent organo
radical which connects Z and Me in such a fashion that there
' are only four atoms separating the connected Z and Me and
those atoms are carbon atoms, Me is a transition metal, and Q
is hydrocarbyl, hydrocarbyloxy or halide, or of the formula

(1) . { -z\ue} “ 1;/ \u

T3 T

()

wherein Z, Me, Q, and x are as defined above and wherein R"
is a divalent organo radical connecting a Z to an Me, said R"
being such that the number of atoms separating the respective
joined Z and Me is either 2, 3 or more than 4, with the
proviso that the metallocenés of formula (I) not include a
sandwich-bonded metallocene having as organic ligands the
combination of (cyclopentadienyl) and ((cyclopentadienyl)
(indanyl) (dimethyl) methane).

25. A process according to claim 23 or 24, which



pol yneri zati o in the presence of a cocat aT“s h : e laced
nmet al | ocene. ‘IME’B !Hs_ according to claim 2, V\/n
cocat al yst co al um noxane conpound havi n| t's

of the formila - where R I's a hydroeg byl group having 1 to 5 carbon
at ons. 4...duces fapmetaiiogenerdfnformulaafIB, whiarvednnthei & attaadied 33371

23 cocatgl yd f@@g&gs%sﬁeﬁx&ﬁwm EA420Enez 2 is £1lubrBhgdesR ggeording to

claim4, wherein ocene_ i s enp as a_soli1d Catal yst system
pr epar edliRetymerhvlenfe Rt 4P| EBEnEaSHHa¥ﬂ§ AAVRYPRELRERYLER® with a
parti cul el ey, |nerganzg, saﬁaogt iandit hen drying the resulting mxture
using a cuum gcesg,accordi grein said

nmet al | oc?l'e%e S enﬁo?ﬁﬂcags agﬁ?f‘éj‘ﬂﬁt ?ygggéﬁ‘s?g n?gar?é' 1533 conbi ni ng
the net Piaderes atbethetablogentulcrolapentadienyl) ngbuhenw@sul ting mxture
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27. A double bonded metallocene of the formula
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wherein each Z is the same or different cyclopentadienyl-
containing radical, R is a divalent organo radical connecting
the two Z radicals, x is 1 or 0, R’ is a divalent organo
radical which connects Z and Me in such a fashion that there
are only four atoms separating the connected Z and Me and

those atoms are carbon atoms, Me is a transition metal, and Q
is hydrocarbyl or hydrocarbyloxy, or of the formula
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wherein Z, Me, Q, and x are as defined above and wherein R"
is a divalent organo radical connecting a Z to an Me, said R"
being such that the number of atoms separating the respective
" joined Z and Me is 2, 3 or more than 4, with the proviso that
the metallocenes of formula (I) not include a sandwich-bonded
- metallocene having as organic ligands the combination of
(cyclopentadienyl) and ((cyclopentadienyl) (indanyl) (dimethyl)
methane) . :
28. A metallocene according to claim 27, which is
(cyclopentadienyl) (butanyl cyclopentadienyl) zirconium (IV)
chloride, ((fluorenyl) (butanyl cyclopentadienyl) (dimethyl)
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wherein each Z is the same or different cyclcpentadienyl-
containing radical, R is a divalent organc radical connecting
the two Z radicals, x is 1 or 0, R’ is a divalent organo
radical which connects Z and Me in such a fashion that there
are only four atoms separating the connected Z and Me and

those atoms are carbon atoms, Me is a transition metal, and Q
is hydrocarbyl, hydrocarbyloxy or halide; or a metallocene of the formula.
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whérein Z, Me, Q, and x are as def;ned above and wherein R"
is a divalent organo radzcal connecting a Z to an Me, said R"
being such that the number of, atoms separatlng the respective
joined Z and Me is 2, 3 or more than 4, w1th the prcvzso that
the metallocenes of formula (I) not ;nclude a sandwich-bonded
metallocene having as organic'ligancs the combination of _
(cyclopentadienyl) and ((cyclopentadienyl) (indanyl) (dimethyl)
methane) . '

28. A metallocene according to claim 27, which-is
(cyclopentadienyl) (butanyl cyclopentadienyl) zirconium (IV)
chloride, ((fluorenyl) (butanyl cyclopentadienyl) (dimethyl)
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25. A process accord| ng to claim23 or 24, which
ene of fornula (I1) wherein the Z attached to R' i's

other Z i's fluorenyl, R is dimethynethylene, R' is t hf
ethylene radical, Me is Zr, and Qis CI.
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wherein Z, Me, Q,-and x are as defined above and

wherein R is a divalent organo radical connecting a Z
to an Me, said R" being such that the number of atoms

separating the respective.joined Z and Me is either 2
or 3 or more than 4.

‘Typically if Q is hydrocarbyl it will contain

1 to 20 carbon atoms, more preferably 1 to 4 carbon

atoms. R’ can be selected from wide range of organo

radicals. It is currently preferred for R’ to be

hydrocarbyl. R can likewise be selected from a wide

range of organo radicals, typipalli it will contain 1

to 20 carbon atoms. R can be selected from any of the

divalent organo radicals known in the art as suitable
for forming a bridge between two cyclopentadienyl-
radicals. Examples include saturated divalent

hydrocarbyl radicals, such as, for example alkylene

radicals having 1 to 20 carbon atoms, divalent organo

silylene radicals, such as, for example dihydrocarbyl

divalent silylene radicals such as dimethyl silane,
diphenyl silane, and methyl diphenyl silane, and
divalent dibhydrocarbyl tin radicals, such as foxr
example, dimethyl tin and diphenyl tin.

Generally R
will have 1 to 20 carbon atoms.

In a currently
preferred embodiment R is selected from divalent organo
radicals such that there is only one atom.in R which

separates the two Z radicals. R“.can be selected from

a wide range of organic radicals. It is currently

preferred for Me to be selected from Zr, Hf, and Ti.

The term cyclopentadienyl-radical as used
herein refers to radicals having cyclopentadienyl
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wherein Z, Me, Q and x are as defined above and \/\herel n R s a dival ent
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zirconium (1V) chloride. 29. A netallocene according to claim 27,
having the fornmula (11) wherein the Z to R is cyclopentadlenyl,

t he ot her f%ls fluorenyl, Ris dinme ylnethy ne R' is the saturated
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wherein each Z is the same or different. cyclopentadienyl-
containing radical, R is a divalent organo radical connecting
the two Z radicals, x is 1 or 0, R’ is a divalent organo
radical which connects % and Me in such a fashion that there
are only four atoms separating the connected Z and Me and
those atoms are carbon atoms, Me is a transition metél, and Q
is hydrocarbyl, hydrocarbylcxj, or halide; or a metallocene
having at least one unit of the formula
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wherein Z, Me, Q, and x are as defined above and wherein R"
is a divalent organo. radzcal connectlng a Z to an Me, said R"
bexng‘such that the number cf atams separating. the respective
joined Z and Me is 2, 3, or more than 4.

2. : A proceés;aeéérdiﬂg to claim 1, wherein said
polymerization is conducted in the presence of a cocatalyst
for said metallocene.

3. A process according to claim 2, wherein said
cocatalyst comprises an organo aluminoxane compound having
repeating units of the formula '
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where R is a hydrocarbyl group having 1 to 5 carbon atoms.
4. A process according to claim 3, wherein said
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