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OLEFI N POLYMERI ZATI ON CATALYST ' - Field

of the I nvention _ This invention relates to a new type of
solid particulate nmetall ocene catal yst. -1- system useful for the

pol ymeri zati on and/or co meri zation of olefins. The invention is

also related to a prMEEHE %?R W&WWMM@L&WeH ns usi ing

the i nventive solid - met.al- | ocene cat al st system -5--- R
Background of the Inventi on QLEFIN PO ﬁON'\FIFéTt“&VﬁnT "Met al | ocene"-as -
used herein refers to a derivati f | opent adi_enyl i dene mhlch is a.
netal derivative contai ni ng at Mﬁ%nt adi enyl conponent
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ol ef i nsalsGeélated tb ¥ probess ToF @oﬁtﬁhﬁ%e dly@@érﬂiaﬁ%h%mefm?mh efigeentive solidf
Zr, H, or Ti. nerally, in order to obtain the highest
acti vi tmdtalhuenet:aﬂalyst:eyﬂemat al ysts, it has been necessary to use
them wi th an organoal uni noxane cocat aI st such as 15 met hyl al um noxane.
Thi 9 resul ti ng catal yst syste § SRS Qi IO 1 RVETY d to as a hormgenous

catal yst system sjince at art ,Qf the taI I ocen |
of fiiete u%ﬁ B 1100 ArefTivatiNGe

or ganoal um noxane ‘€ ¥R o] cene” ajp
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navi ng SopPASHENHI s hAtldeld 4 an ot TR B e L Fel Bl
comrer CiGrbups FVBVB, and VIB, preferably IVB aPVEB 2 Exaffiplés ih@hﬁlé&ftﬁﬂﬁm,tzh%ommn,
di sadvant ages of” the hormgenous net al | ocene catal yst systens are

di sidl os hafniwm) tifomPanead vanadiim 8 nurmber7df, mea]loeeks a8 bed found to be useful
Typically, these procedures have_ involved the prepol ynmerization of the

met al | o&etihe polymerigation of odefins: fGemsrsily sthetmaoneqrefasred eatalystyparsgnetediosenesy
in the a ?ﬁ%? of..a support. An 25 evaluation of these techniques has
reveal e® tWekle is still room for | mprovenent, particul arly when

€he catal yst is ope whigh i 9rd& Boutaadnt RigheSt vty #Bf RRAfGe hé%tata(f{?sts

VWO 98/ 52686
PCT/ US9Y{ %3868een necessary to use them with an organoaluminoxane cocatalyst, such as

15 methylaluminoxane. This resulting catalyst system is generally referred to as a homogenous
catalyst system since at least part of the metallocene or the organoaluminoxane is in solution
_in the pclymeﬁiaﬁon' media. These homogetlous catalysts systems have the disadvantage
that when they are used under slurry polymeriiaﬁort conditions, they produce polymer which |
 sticks to reactor walls during the polYmerization process and/or polymer having small
20  particle size and low bulk density which limits the coﬁxmcrcial utility. -

n *  Some attempts to overcome the disadvantages of the homogenous metallocene
catalyst systems are disclosed in U.S:- Patents 5,240,894, 4 871;705; and 5,.1 06,804. _
Typically, these procedures have involved the 'prepol'yrr_ierization of the metallocene

_ alumihoxane catalyst system either in the presetlce of or in the absence of a support. An

25 evaluation of these techniques has revealed that there is still room for improvement,

particularly when the catalyst is one _WhiCh is to be used in a slurry type polymerization



- 2- . where the object is to produce a slurry of insoluble particles
of -t he-end--proeduet-—polymer--- - -rather-than-a sol ution of polymer which
coul d resuip dgiszbgeul i ng of the reactor. In the oper at iggrnedo7assesb Ur r'y
pol ynmeri zation in-a continuous |oop reactor it is extrenmely inportant
for efficient operations to limt polymer fouling of the internal surfaces -
of the reactor. The 5 term"fouling2- as used herein refers to pol yner
bui | dup on the surfaces inside the reactor. o U S. Patent
NO. 5vifte T8d oBict i 58 praRy o RAyQSf iRSEROIY PRiticIAtoMBledndsRIMict polymer
cat-al yst- -system that- can-be-used in slurry-polynerization with l[ittle if
~any- f oaherghanflaesolution afgpaininet evelribl coudd rysuip i doulite ofrthpalepcter.i Zif then at
tenperatures in the range of about -15 C = to about +110[err]C or nore
pr ef elopbtafionbeia sluofyepolymenzativn in 2 30ptHnudG loGpaecastpriitis oxiremelyp mppertantl 0
inventjion_jis based gpon {,he-'di scovery.that if one uses prepol ynerization -
t enpedok gifisient ppemgions to limit pelymey fekling of the iatersalsurtagss of the seactare Theount

at al ys stemi,s
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anot her aspect of the present invention, there is provided a nethod -
for pabdgbeuti+1 Y0 Obefriors preferabhly hboutedd °C to aboutB08Ce Oneasperd of thespresent
prepol ynerized netall ocene, 20 o _ - Summary
of0 t hanvenfientis based upon the discovery that if enenses preprdpmerizatiortienpesaturas of less
i nventj on, ggzﬁl I d particul afe netall o%(gne- cont ai ning catal yst
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east SOHERDIC ARt i Siby BOGic PR AR csplEol MTReotRY iifellion
one ol BYive; AEploR ek Fichle FAPEMGIcnEs s FecdipBRELRr HFHICAHRiAd Gl 7S

apr epcgyyt@ﬁ{.i'zed solid catalyst, and (c) separating the resulting solid from
the liquid and the conponents dissolved in the liquid, said solid

bHd ng the soli d Ammobjentlofittie prdsehd mvention is to provide raproventents toathe solid

i nventii on_being further characterized by at |east one of the follown

" i mpr oveeteHoeene gatalyst systems of the type disclywedosy 3288®atent No. 5,409.581, the
PCT/ USQ7/ 08862 -+ imiwomr, = oo S e . -3-

(1) cohsrlesure gf whichyis dnearparsted bereisnby pefesgcan I goeardancewithanothe aspestoss

t han '

of the present invention, there is provided a method for polymerizing olefins using the new
' 'impfbv'ed version of such prepol?merizéd’mé’callobene." |
20 " Summary of the Invention
| | In accordance with the. pfesent invention, a sdlid particulate metallocene-
containing catélySt system is produced by (a) combining -an cocafalyst and at least one
| metallocene having at least one cyélopentadienyl-type ligaﬁd -havir;é at least one oleﬁnic
| | .1.1nsa_tl.1rlated.: lsﬁbstitu_ent in a liquid to form a liquid catalyst system, (b) condﬁcﬁng :
25 ""prepdljiﬁleﬁ'z'aifibﬁ of at least one olefin in the presence of said liquid catalyst systein to
| produce a prepolynierized solid catalysg and (c) separating the fesulting solid from the liquid
and the components dissolved in the licjuid, said solid being the solid fiarticulate metallocene
catalyst system, said invention being further characterized by at least one of the following

improvements, namely,



10[err] C and mai ntaining the prepol yfreri zation tenperature within the range

- of—3ferr]jC-to-5C-of- - - - - -the -begi nning tenperature, or
(2) conbiWMO§/52486 prepol yneri zed solid catal yst-with parti FQT4INN7/08862
pol yet hyl ene. 5 I n accordance with another aspect of t h_e

present invention, the resulting inventive solid particulate
net al | ocene-cont ai ni ng cat al yst syst'érﬁ I's enployed in the
pol ynmeri zati on of an ol efin by contact i,ngb}t,he olefin with the inventive

sol i d. part i-cul 41kconducting thepsepalymenzaiion by hegigningat pjernperptie of lesgdhan
T Bosciiep st hiopiymerization temperature withinythe sangs, L3eF 16 60 Pt
User BB ERBeRRRE o 0L O (Canee. " Some typi cal exampl es i nclude.
organone a1 (apegly 66 RAPnbheed ki N iU =
grganonet al | i ¢ yhy4bcofanee "RitHNvthédsspect of thlg‘iilré&en@élh{réiﬁiog,slﬁ%e%ﬁﬁﬁigf ic

exanpl es include triethylalumnum triisobutylalum num

di et htentivel solid patticulae, mitaldeghedcontainirghyatalyde systend isileyploged ninntheanes.
Al so . i ncl uded ‘are- t he fluorophenyl boron conmpounds that have been :
f ounpolymeritationnof encdefin oyt eontacting theoolefim withotheripventiyee selpéd piatticuletcanpl e
is triphenyl carbenjumtetrakis (pentaflugrophenyl) . boronate as _
di scisdallpdenetgontaipmgcatalystsystepgynder suitable reaction conditionshe phrase "liquid
catal'yst systenf as use ereln refers t thlevco' I nation 20 of the

cocatal yst, the netal | oddsalledDescrpli ective of whether the

g umaoxane ot i AREABRAE 75 B, S5BRRIA BB B Bt B B en

pr OCte&ixgoEH&s o b lfaﬁféEté{/ﬁo'fﬁsf&r'}ﬁEtaFﬂ&%eﬁ%t aSbﬁE%gﬁ%cQPcﬂé}ﬁﬁmeih%idﬂeat .

| eas e cycl opent adi enyl -type 1 gand has a stituent having a

pol y opganoaddtallie! edhpoendy of !Grof? TR, 23A, aadalIB 66 tid PeH6edicoTablen- SpBEidc Ng
met al | ocenes are disclosed in U'S. Patent 5,169, 818 and publ i shed
-Eur opxamples friclude organdmetallichdide cofipounds,crgamometallivhysiride cothpamnids,cmidl € to .
- both bri dged and unbridged netal | ocenes. The unbrjdged netall ocenes

can sl halidesdeSpmedspegific examplesjaghuseytsiethylabminum, ttyidsobutylaluminum,
cycl t.adi | -t .k adi,cal ted. | t abl i.dgi '

&7 A HiGd elnaRions. Byentod eu DRyl siprBOrates. o Also
that 6@% 311@ ﬁﬂgx%%henyl boron compounds t\ﬁgt B 663 %ound suitable as cqcatalysts
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bri dge connecting two “cyc ntadi enyl -type gr

The botctatoasdnsloskd int).SyP&ess|165p80t ed as useful for the present
i nventi-on i ncl ude those represented by the formul a :

R err] (2) (Z) Me@herphrassh8iquiid cetatyst Systemcast uselithezeid refers to the tmmbiationr

O of the cocatalyst, the tnetallocene, and the liquid, imespettive of whether the Alominoxane
and/or the metallocene are dissolved in the liquid; |

A wide range of metallocenes are considered to be applicable to the presént
~ process. The essential feature is that the metallocene be one wherein at least one
cyélopgntadieﬁyl-typ'e_ ligand has a substituent having a polymerizable olefinic group. Some
-- 25+ -examples of such pleﬁn-contaim'ng metalloceﬁes are disclosed'in U.S. Patent 5,169,818 and
published European Application No. 574,370. The invention is considered 'applicable to both
bridged and unbridged 'I-netallocenes. The uﬁbridged metallocenes can even include bridged
| ligands which contain two cyclopentadienyl-type radicals connected by a suitable bridging

structure but _Wherein only one of the éyclOpentédienyi—type radicals of that ligand is bonded



unsubsti tut ed cyclopentadienyl, I ndenyl , tetrahydroindenyl,

oct ahydr of | uorenyl, and fluorenyl ligands; Ris a structural -bri-dge- -

| i nki ng t hgodssaésgd Me is a nmetal selected fromthe or efukofessst i N
of 1VB, VB, and VIB netals of the periodic table, each Qis the sane or
different and is selected fromthe group consisting of hydrogen, hal ogens,
and organo 10 radicals; x is 1 or 0;-4¢ is a nunber sufficient to fill out
the remai ning bal ances of Me; further. - characterized by the fact that
at | egstheanmsHidiagenl. Atesiationly tk eldfitic shbstitutns abnbabadhe bridgé ubﬁﬁedtm?nt
attached. In bridged netallocenes this olefinically unsaturated-substi:

dent.... . ..

can - the twxecpclbpentadiienyl-type groupgi ng unit -or-on one or both-of-the - - o

cycl.opent adi enyl -type groups of the - bri_dged ligands, of-all three. =~
Some current |y ghsimetaBecanss of tiiedype kentemipdaje Rsumﬁ%hﬁuthwae:sgnt invgntion

S S g SRy GBS i PV hthe
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rom mﬁ%ﬁgﬁ?‘ i d %&ﬁmpbﬁggé;l%ﬁjﬂ e Zs d Me 7Y nidallsele oA e

atons an Most prefera l'east two carbons 1n 2

its nmardupténdisivg: 60EBVB, VB, andi VIB metaldioftheperiediohblecedctiQcs thekameltrgher
honol og thereof. Sone ol efinic branched bridged |igands
usef uldifferentrelodnig sebtcie¢d foemdhe group consistinglof Hyarogér mlegens, andverganon
can be prepared by reacting a dihalo olefinic conpound WO
d¥y 5o emticals; x is 1 or 0; k is a number sufficient to fill out the remaining balances ¢fidviepgthersge6?2

a2t U5 ot o 2 o S, RS LA S

bri dog,f\itha% Machtd! fn BAIBLA LRhIPSLeRARS this olefinically unsaturated substituent can
be abranch on the bridging unit or on one or both of the cyclop_entédienyl—type groups of the

" bridged ligands, or all three. Some currently preferred units for the bridge R include divalent
15 alkylidenes having one to four carbons, not counting the carbons of an olefinically branched
substituent of the bridge: | | _ |
A particularly preferred type of bridged metallocene includes those in which
the olefinically unsaturated substituent has the formula |
,C=C-(R")- .
~ wherein R" is a hydrocarbyl diradical having 1 to 20 carbon atoms; more preferably 2 to 10;
n i.s'l or 0, and each R'is 'individually selected from the group consisting of organo radicals
having 1 to 10 carbon atoms and hj(drbgen; Most preferably R" has at least two carbons in
25 its main alkylene chain, i.e. itis a divalent ethylene radical or a higher homolog thereof.
Some olefinic branched bridged ligands useful for making metallocenes

suitable for the present invention can be prepaied by réacting a dihalo olefinic conipound



wherein each Z is the same or alternativel y to produce a conpound of the

formula Z-R- X wherein X is a halogen and-then r-eacting that--eompound—-----

with an al ko 9852686l salt of another 5  different cycl openPGHUENSBE e
conpound to produce a conpound of the fornula Z-R-Z wherein the two
Z's differ. Such reactions can be carried out using conditions of the type’
disclosed in U S. Patent 5,191, 132. ~3- ' An alternate
technique for formng an ol efinic branched bridged Iigand i nvol ves
react iwigh an cdkadormetat salioofd suitable oychipentasdiensstyper aompoundi tohpreduceoa

cycl opent adi ene-type conpound in the presence: of -a base- and-net-hanel--to- — -

Yibt CPOPRRT e the formula PURDE I R 15 o' Bitlgd REGHRoW: Wbl BRES ™

fluorene, to yield the unsaturated-branched-bridged |igand contai ni 0%
two cywheresmeach Znigithe yaree or gligmatively, tof produeapl commm%cfv domaptmdtR-Xor

exanpl e, one - could react 5-hexene-2-one with cycl opentadi ene using a

proce ' _ Sl s d al o : ; < o
Paao” (1BEER s P BofpRldnES redtind Pt cOfing v ah Ak ot sbRanofiRr |
be reacted with fluorenyllithi.umand subsequently hydrolyzed to yield.5-
cy8| opdiffeaenteopplopentadienertmengompound f@ psoducg & sompewadidftbe foamala &gR-Z o

as 1- (9-fluorenyl)-1-(cycl opent adi enyl)-1-(nethyl)-1-(but-3-enyl)

met ha i 's differ. [i3%ah | bl it b iSO Sf 1he |
bridge h?r%atnél %gg?\ezss %IfgegarSélé:E][}?%@n&%gd&%ﬁ?fl term na ec) B?anched brt?gged

| i gands, of the formula WD 98/ 52686
PCT/ usdisglosem U.S. Patent 5,191,132. - 0

An alternate technique for fénning_ an olefinic branched bridged li gand :
involves 'react.ing a carbonyl | gompounci _ haVing oleﬁnic unsaturation With _é :
| 10 cyclopentadiéne—type compoﬁnd in the presence of a base .and_'m;ethanol to yield an alkenyl
fulvene which is fhen reacted with an alkéli metal sait ofa cyclopentadiene-type compound,'
such as, for exa'_mple,. fluorene, to yield the unsaturated-branched-bridged ligand containing
~two cyclopeﬁtadienyl-type groups, i.e. fluorenyl aﬁd cyclopentadienyl. ‘For example, qn'e'
could react 5-hexene-2-one with cycldpentadiene usirig a pfécedure like that disclosed by |
' 15 -St.one et al in J. Org. Chem.. 49, 1849 (1 984) to yiéld_6-(but-3—enyl)-6-methylﬁ_11vene which
could then be reacted with ﬂuorenyﬂiﬂli_um and subsequently hydrolyzed to yield 5- -
cYcl015eﬁfadién}’1—5-(9—ﬂuorenyl); 1-hexene, also sométimeé. ) 'refei-rcd té | .as
1-(9-ﬂuorenyi)—1-(cyclopentadienyl)-1—(niéthyl).—1-(but-3-ény1) methane.
o The pfesent invention thus envisions usin;gb;idged metallocenes prepa’red'f'rom e

20  vinyl terminated brahched bridged ligands of the formula



-6- [err] -5 wherein n is a nunber typi caIIy Iin the range of
about- -0 -t0--20;- fpre -preferably-2-10:—-R-err} -is-8i, - -+ e, C or Sn; R

and R ar ey %8 24ggdi virdual Iy sel ected from hydrogen or  Or g3RAoDbRS2

having 1 to. carbons. Currently preferred R and R'' conponents are
~hydrogen or al kyl groups typically having 1 to 10 carbon atons, or
aryl groups typically having 6 to 10 garbon 10 atoms. Zis a

cycl opent adi enyl -type radi cal as descri bed earlier. The

netal | ocenes of such olefini‘cally unsaturated branched- brldged Ilgands

can be. prepar-ed- by -rea Jng the Ieflnlcally br.anched- bri dged

~bi-s{.cycl opent adi-enyl.- 9% Ilgand wi-th an -alkali-nmetal alkyl to

produce a dival ent Ilgdnd salt tlhat is then reacted with the '

transition netaH)céﬁpbﬁthE@Ly+ér&—&Ué netal | ocene, using the techniques

generally known 15 in-the art {for form ng such netallocenes. See, for
ggnple t he techni que disclosei;ln ' Eur opean Publ i shed Application
524, 624, the disclosure of whiclis incorporated herein by r ef er ence.

Sone typlcal exanpl es of sone netall ocenes containing -a substituent having

ol ef i whereinsris armimber typichllylin the raygd afebous bite 80} nobe peefétabhyr 240 RVis Bgxene

zirconium 20 dichloride, bis(9-fluorenyl)(nethyl)(vinyl)silane

zi 1 CO'@eurf; (%gﬁy l"oidcfjﬁ' are eﬁcﬁ)xgd vidually selected from hé{dr?ﬁ or organo groups

fl uor enyl (pr op -eny VR A5 O
bis(9-fluorenyl) - (et hyl ) (but-3-enyl)silane Z|rcon|umd|chlor|de
bi s( 9htving bm;up(qaebmw )Cmm&lﬁpqurmd R'and R" components are hydrogen or alkyl

groups typically havmg 1 to 10 carbon atoms or aryl groups prcany havmg 6 to'10 carbon
1.0 atoms. Z isa cyclopentadienyl-type radlcal as descnbed earher

The metallocenes of such oleﬁmcally unsaturated branched-bndged hgands

~ can be prepared by reacting the oleﬁmcally branched—bndged bxs(cyclopentadxenyl-type)

ligand with an alkali metal alkyl to produce a divalent ligand salt that is then reacted with the

transition metal compound to yield the metallocene usiﬁg the techniques generally‘ known

15 m the art for forrmng such metallocenes See for example the technique dlSClosed in

European Published Apphcatlon 524,624, the dlsclosure of whlch is mcorporated herein by
nﬂbmmee

| Some typical examples of some metoliocenes containing a substituent haviné

olefinic _unsatmation i_nclude 5-(cyciopentadienylj-s-(Q-ﬂuorenyi)-I—nexene zir_coniﬁm o

20 dichloride b1s(9 ﬂuorenyl)(methyl)(vmyl)sﬂane | zirconium dichloride, | bis(é—

| _ ﬂuorenyl)(methyl)(prop-2-enyl)s1lane zirconium | dichloride; . .bis(9-ﬂuoren.yl)

| ' (methyl)(but—}enyl)_sﬂane zlrcomum dichloride, bis(9-ﬂuoreny1)__(mei_:ﬁyl) (hek-S-enyl)

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



silane zirconium di chl orlde bIS(9 fl uorenyl)(rret hyI)(oct 7-enyl )silane

zi-r-cont-um-di-chl-eri-de;——— - WD-98/ 52686

PCT/ US97/ OR3® 88/52686 PCTYAIS97/08862
(cycl opent adi enyl ) (1-al Iyl i ndenyl ) zirconium dichloride,

bi s(1-allylindenyl) zirconium di ¢ghl oride, (9-(prop-2- enyI )

fluorenyl) (cyclopentadienyl) zircom/om dichloride,
(9-(prop-2-enyl) fluorenyl) (pentanethylcycl opentadi eny be}’ZI rconi um

di chl ofcydlepentagienyl)(1-allylinsleapl)2 zizogninmm dickloyide, bis(lealiylindenyl) cfitconius,

(9-(cycl opent-2-enyl ) fluorenyl) . -- 5. (cyclopentadienyl) zi rcc')nl um

g: gm gél: gﬁ’“%' S(Z@mé,}%é g‘gﬂ%pen‘?&ﬁ@% d) o?&)ﬁﬁd&%é\gﬁyr% exene 7 I‘C%ﬁl um -

di chlori de, - (fluorenyl)-5-(cycl opentadi enyl)- 1 hex
haf ni L@-(prop-z-mylal ﬂuom;lyl)(pentamethylcyclopentadmnyl) zirconium dmhlonde bis(9-

(9-fluorenyl)(3-allyl-1-indenyl)dinethylsilane zirconium dichloride,

1-(2,7 -
ot byl O8RS ?%ﬂ?%%rfnx}l ) ZEPER o, APPSR, P o
m di chl ori de, - 1-(2,7- dl(cyclohex- 1-enyl) (9- quorenyI)

- (8ycl @yglqmtaaiwm:s)l) zirconivze digfHleride, bxs(%m'cdnpenta-enﬁl)cﬂﬂwmd) zucomum

5- (cycl opent adi enyl ) - 5- (9-f uorenyl)-1-hexene ti t ani um dichl ori de, and the

l'i ke. dichloride, 5-(2-meth ylcyfﬂ%ﬁﬁ&taﬂ US.(0Fhidrk: fleﬁefe'ﬂ& ﬂ?c&ﬁ@ﬁaﬂ &ide,
EF‘Z adi enyﬁﬂ?

reacting the necéssary ent ype a metal salt w'th
a transition nmetal conp exanmpl e of such reactlolqs are

di scl oge(tﬂpﬁr@ﬁéfikf%'r(éﬁ'éﬁppéﬁéﬂ fﬁﬂﬁ’l)sﬂeheﬁlﬂ@eappl iafnigamno. borde,15

The organo al um noxane conponent used in preparing the inventive soI i d
. catal yeg.ﬂms n?‘l')(BsaIEiP-IQiri&ﬁS'BdhﬁetﬁyléHhﬂé' MZ&RBRRIA disivioride! eRB(QW-ﬂﬁ{al’;md-S

of the fornmnul
methylvinyi)(Q-ﬂuorenyl))-l-(cyclopentadienyl)-1, 1-dimethylmethane zirconium dichloride,
10 .l-(2,7 -di(cyclohex—1-eny1)(9—ﬂuox_'enyl))-'l -(cYclopentadienyl)-_l,1-methane' zirconium
dichioride, 5-(cyclopentadicnyl)—5-(_9-ﬂuprenyl)-1-hexene titanium dichloride, and the ﬁke.
These various metallocenes can bé prepared by reacting the necessary
cyclopentadienyl-type aikali metal salt thh a trans1t10n metal compound. Some examples
of such reactions are dlsclosed in the aforementloned pubhshed EPC apphcatlon no. 524, 624
15 ' The organo alummoxane component used in preparmg the mvenuve solid
catalyst system is an oligomeric aluminum compound havmg repeatmg umts of the formula
(-A1-0-) |
- 26 o Soﬁlé 'examples are often represented i:y-ﬂlé general formula (R-Al-O), or R(R-Al-O-),,Ale. :
In the general aIumoxéhe formula R is a C,-C; alkyl radical, fdr éxample, méthyl, ethyl,
propyl, butyl or pentyl and "n"‘ isan integér_from 1 to about 50. Most preferabljf, Ris methyl .

and "n" is at least 4. Aluminoxanes can be prepared by various procedures known in the-art.



(-Al-0-) | R 20 Some exarrpl es are often
- represented by the general fornul a (RA-Oferr] or

R(IR A -O 8@2 Rlerr]. I'n the general al unoxane fq;(ﬁﬂy@.,&g(,g a

Cerr]-Cerr yI rad| cal, for exanple, nethyl, ethyl, propyl,

butyl or pentyI and "n" is an integer-from1l to about 50. Most preferabl Y,

R is nethyl and "n" is at |easg. 4. AI um noxanes can be prepared by

vari ous procedures known-in the art. WO 98/ 52686
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For SONGREE e PR el Pt Beetrorter e fieber et “ﬁm

i nert organl c olvent, or it g@be contacted w t h-a- hydrat ed: salt :
‘such sabqu,dpatlemaaobgeqontw%ﬁeth a hy teshsHBetchnan hyrrsed coppsnjsulfate
solvent, toyield an al um noxane. Generally the reaction of an

al unisRugErh A all"ulé?c érgahfs M@aﬂl,%liﬂéld% G oxae P Gtk Afle teactionl of 2

m xture of the |inear d cyélic species of the al ufmi noxane.
In th flrst f resent i.nvent.ion, fhe netal|ocene and al um noxane
Care éﬁwfmglalmnﬁ amqunt aE wagar is pestplaged to yield s mixgire eﬁnf:%rui_ d
. cat al yst system is preferred that the liquid catalyst system be
¥ ePahatyeHc? e@ggs gfg@rﬁ}ﬁuﬂm g in which the al um noxane - ~is at -
| east partially soluble. The currently preferred liquids are hydrocar bons
such as hexane or toI jcally some aromatic uid solvent is
enpl oyed. ExaanF‘ég © fiFst Strped dﬁ?\?@?@%’l‘pm"em n ﬂmweﬁaélwﬁ%w% ipgxane are
di et hyl benzene, and the like. The amount of liquid to be enployed

combined in the presence of a suitable liquid to form a hquld catalyst system. It is preferred_.

that the hqmd catalyst system be prepared usmg“en organic liquid in which the elummoxane
is at least partially'soluble. 'l'he cnrrently preferred liquids are hydrocarbons such as hexane
10- or toluene. Typ.ically' some aromatic liquid solvent is employed. Examples include ben‘zene,'
toluene ethylbenzene dlethylbenzene and the like. The amount of hqllld to be employed
is not particularly critical. Nevertheless, the amount should preferably be such as to dlssolve
the product of the reaction betWeen the me_tallocene and the aluminoxane, provide desirable -
- polymerization viscosity for the prepolymerization, and to permit good mixing. . The
15 teméerature is preferably'kept below that which would cause the metallocene to decompose.
Typicall-y the temperature would be in the range of -50°C to 1 00°C. l’referably, the
: 'metz'_illocene, the aluminoxane, and ,the liquid diluent are combined at roo'm temperature, i.c.
“around 10 to 30°C. The reection. between the aluminoxane and the metallocene is relatively |
“rapid. The reetction rate can vary depending upon the ligands'of th'e 'nxe'tallocen'e'.' Ttis ™
20 generally desired that they be contacted for at Jeast about a minute to about 1 hour.
Tt is within the scope of the mventlon to form the liquid catalyst system in the -

presence of a particulate solid. Any nuinber of particulate solids can be employed_ as the



is not particularly critical. Neverthel ess, the amount should preferably be
such as to dissolve t he product of the reaction between the - -~ ===
met al | ocenWO:38$268e al uni noxane, provide desirabl e pRGAEFI7 288620
viscosity for the prepolynerization, and to permt good m xing. The 15
tenperature is preferably kept bel ow that which woul d cause the netall ocene

t o deconpose. Typically the tenperature would be in the range of _
-50[err]C to 100C. Preferably, the nmet al | ocene, the al,élm' noxane, and
t he | iRseienlate sobid: Tmicalbnifieruppart Gapdn anheraenic eranorganic solid that flogg Agt 10

to 30[err]C. The reaction between the al um noxane and ‘the netal l oceneis ~-~ -

rel at iiypkfere with the aftstted Eil FRAR! | ERaAIE SRIICPUIGIAPORSIGHS MRANaL hgle,

| i gahds of the netallocene. It is 20 ‘general |y desir hat they .be. . . .. . .
contagted for at |eagt about a minute to about 1 hoyr, ' :
't i o PREATIE @Hdes B aesinous MPpANIRREBALS Sichas partieipieqalyolefing) FreTagles em
in the presence of a particulate solid. Any nunber of particul ate

- sol | _dsof(iﬁ&é%&ié’ BRI ffhtésals Meclude Groups 11, ITI, TWB VBffe?fl&kides such as silica, -
PCT/ US97/ 08862 | 83

articylate sql.id., Typical the support can be any.organi ¢ or, i norganic
Dot | o i gudcarabamina and Yibries ShGRpF, (R SSARPISC AN MEgac ORASNFS S

i ncl ude porous supports such as talc, i norgani c oxi des, and resinous
Supporthagdsed, | tithfias tonk, aadtthe like! eORRdrywitablesupporafiit@dals whichdan be

I norgani ¢ oxide materials include Goups II, Ill, TV or V netal oxides such
as silica, . Jal.umna, silicasalun,na,..and m.xtures. r-eof her o
exanp|BEBlgyef ipsIfaf Phcldps. daestibuin diehlBridgtnd Ftel & daEpoITpletits, Suohay
the like. O her suitable support materials which can be - - enpl oyed

;2 cl ugmlyethplens. Itnegvitsin tite siopelofithetpresantdnientivntodise iadeiktmel ofodref onmorsuc h |
| of the particulate solids.
..10 ‘Tt is generally desirable for the solid to be 'thor()ughl)-r dehydrated prior to use, |
‘ preferably it is dehydrated sb as to contain less than 1 wt% loss 6n ignition. Thermal .
dehydrgtion treatment may be carried out in vacuum or while purgirlg with a dry inert gas
‘such as nit_rogen at a temperature of about 20°C to about 1000°C, and breferéb’l?, fromabout "
300°C to abbut 800°C. Pressure considerations are not critical. The duration of thermal
15 treétment can be froxﬁ about 1 to about 24 hours. However, shorter or longer times. can bé -
employed provided equilibrimﬁ is establisl_led.with the surface hydroxyl groups.
Dehydratibn éan also be accomplished by subje'cting. the solidto a éhemical
freatment in order fp remove water and reducé the cpnccntra;tim of surface hydroxyl groups.. o
Chemiéal treatment is generally capable of converting all water and hydroxyl groups in the -~ -
20 oxide Sﬁrfa_ce to relatively inert species. Useful chemi.cal agents are for examplé,.

trimethylaluminum, ethyl magnesium chloride, chlorosilanes such as SiCl,, disilazane, .

trimethylchlorosilane, dimethylaminotrimethylsilane and the like.



pol yethylene. It is within the scope'of' t he present invention to use a

n xture of- -one-or-nore- - —-—of-the-partiecut-ate solids. - 10"

It is genqyglog¥agdgsirabl e for the solid to be thoroughly debmlmgbﬁgbgml or
to use, preferably it is dehydrated so as to contain less than 1 wt%
|l oss on ignition. Thermal- - dehydration treatnent may be carried out -
in vacuum or while purging with a dryl@nert gas such as nitrogen at

a tenperature of about 20C to about 1000[err]C, and preferably, from about
300[err] C to- abaye &Q@ﬁcf&&%ﬁﬁ@oﬁ eay 'Héeic%bhﬁﬁﬁhéd Syélirr§ing ﬂf@inor%ﬁkﬂ
ours.

durati-on- of -t her mal 15 -tr-eatwent-can-be-frem-about "1 to"-about 24
‘However ; orter of 1 ti'mes-.ca . Q rovi :

equi |P%‘F1i° t? Eaé%!%aéﬁtlﬁ% ﬁ%éomqmﬁéﬁgcar %ﬂﬁ;ﬁdp{;ﬁgﬁr @Etgsocar on, such as
Dehydratlon can al so be acconplished by subjecting the solid to a chem cal -

tr-eat fordxainpl€) hekand &mﬁm&@wﬁg&h&&%med%ﬁb&m&&meﬁa&h@ﬂheé shetlfiace
hydr oxyl groups. Chem cal treat ment I s general ly capabl e of

Cor s o A b BB To e B e b

trimethylal uninum ethyl. magnesi um chI or| de, chlorosilanes such as

Si5Cl [ efi rihert diyairbedrboR solution of tlié thémidat hehyagitingnggent, such as, for example
di met hyl am notr| met hyl si | ane and the |ike. - WO 98/5 686
PCT/ U

e, CRBH R Rhylsilans. e soluion sl oni o e T FIRSTRIER Ginecs
particul ate material such as, for exanple-silica, in an inert |ow boiling
hydr odarihgrechemicil dehydration reaction can be from about 20°C to about 120°C, however,

h1gher and lower temperatures can be employed. Prefe_rably, the temperature will be about
50°C to about 100°C. The chetnical dehydration procedure should be allewed to proceed
.10 - until all the substantially reactive groups are- removed from the particulate support. matertal _
as tnd_icated by cessation of gas evolution. Normally, the chemical dehydratioﬁ reactio;x will
- be allowed to proceed from about 30 minutes' to about 16 hours, preferetjly, 1 to 5 hours.
_Upbn cempletion_ of the chemidal'_'tléh&drétioﬁ,"tﬂé__seli'd particulate material may be filtered
.under a nitrogen atmosphere and washed one or more times with a dry, ong‘en free inert.
15  solvent. The wash solvents as well as the diluents employed to form the slurry and the
s'olutiort of Chemical dehydrating agent, can be any euitable inert hydreearﬁon. Tlustrative -
- of sxtch hydrbcarbons are -pexttane, heptaxll'e,'heXane,- t_eluene, i'sbp_entane. and the like.
Another cheztﬁcel tt‘eattnént that Cart be ﬁéed on solid inorganic oxides such as
" sillica' involves redtic_tion by COnta&titlgfthe 's:olid. with carbon monoxide at an elevated
20 | ‘temperature sufficient to convert substantially .all the water and. hydroxyl grqupé to relativeliy
inactive species. | R o | o | | -

The specific particie size of the -sﬁ'pport or inorganic oxide, surface area, pore



o

for exanpl e, hexane or toluene. During the chem cal dehydration treatnment,
t he 'si l'i ca-shout-d-——-----—be-paint-ai ned-i-n-a noi sture- and oxygen free o
atmospher ewa9s/52686 si lica slurry is then added 5 an i nerPCHYy8?MRB86on
solution of the chem cal dehydrating agent, such as, for exanple

di chl orodi net hyl sil ane. The sol ution If: added slowy to the slurry. The

t enper at ure ranges during chent L dehydration.reaction can be from
about 20 [err]C to about 120 {err]C however , hi gher:_and | ower

t enpervelume; and nuntber pphydiedy! gospe isamticonsideredeerifioeh taiteutility inhe prastice
50[err]C to about 160[ err}C. - The -chemni-cal--dehydrati on-procedure should be

ol owegle s BRRGERA. Hweydntids dradibisiubshanbbbining & ' '&ﬁn%gug@oﬁrt%

_rermved' romt at e support m as 1 ndlcate

cessatjon of gas evol ution. _ Nor rral I y, t he .chem cal dehydration reactign
will. be employed|inopreparing the casalyst samppsitions asiwell &5 aldecting the pardcles,
preferably, 1 to 5 hours. Upon conpl etion of the chenical

dehydr gy} loé% ﬁf ? Gty é’??dﬁrt] Y e hARIcREris¥cs %Ymé)@a:ﬁéﬂ ér%‘il?gort must thérefise 2

ni trogen ed one or nore tines wt oxygen free
I nert sqol vent. ;The wash solvents as well as the d| J uents enpl oyed to

f oPm tb@taéqemmgo eqnsidsesation in choasing thedgms tarrisgiie he patipulaadnyeptiffent, can
be any suitable inert hydrocarbon. Illustrative of such hydrocar bons

are pentane, hepl@ﬁ%s&%ﬁ%&éﬁogér&mbgﬁ%%@@eﬂm tohfid dued 2 particulate
Anot her chem cal treatnent that n be used on 'solid inorganic OXI des such

as silica nyglves reduction _by contacting.the solid with carbo
monoxi ¥AidhitoaFhee L ge‘éﬁ talyst sygepeefien & Bas hegncfarmed apd oy carry out the

substantially all the water and hydroxyl groups to relatively
I nact i @pggQﬁeﬁ;ganonmthegresence of that solidhe specific particle size of the

support or “i-norgani c oxi surface area, pore .
| The_amount of aluminoxane and metallocene used in formipg the quﬁid
- 10 catalyst system for the prepolymerization can vary over a wide range. Typically, howevgr,
‘ thé inolar ratio of aluminum in the aluminoxane to transition metal of the metallocene is in
the range of about 1:1 to about 20,000:1, more preferably, a mﬁlar ratio of about 10:1 to
about 2000:1 is used. Ifa ﬁarticiﬂate"SOIi(i; i.e. silica, is used general]y it is used in an
* amount such that the weight ratio of the metallocene to the parhculate sohd is in the range
15  ofabout 0.00001/1 to 1/1, more preferably 0.0005/1 to 0.2/1.
The prepolymeri_zation is conducted in the liquid Cataljrst system, which can
bea sélution, a siurr.‘y, ora 'gel ina 'liquic.l. A wide range of oleﬁns can Ee used for the
| pre_polymerization. Typicaﬂy, the prepblymériéation Will be condﬁcted using an oleﬁn,.
preferably selected from ethylene and non-gromatic_ alpha-ol_eﬁn_s, and as propylene. 1Itis
20 within the scope of the invention to use a mixture of olefins, fox_"e_xémple, ethylene and a
higher alpha olefin can be used for the prepolymerization. The use of] ahigher alpha olefin, . |

such as 1-butene, with ethylene is believed to increase the amount of '-copolymeriZation
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‘PCT/ US97/-08862 - vol ume, and nunber of hydroxyl groups is not '
consi deredway og/268d to its utility in the practice of pdy/ssa7msssati on.:
However, such characteristics often determine the anpbunt of support to

be enpl oyed In preparing the catal yst conpositions, as well as affecting
the particle mor phol ogy of pol yfi@s forned. The characteristics of
the carrier or support nust therefore 5 be taken into consideration in
choosncm;utﬂiﬂ Sretwebn therdefim rdreomer thd tharolefivieally amsaturated portion of the
1t-is al so- Wlthl n the scope of the present invention to add such a -~

P e celBpgns. s Fpb bt Sl b ohRoR o in 2% A ThAH Breppliatd aﬁﬁqn
t hat solid. The anmount "of al um noxane and netal | ocene

used. istegsormi ng the liquid 10 - catal yst- systemfor the prepol ynerization
can vary over a w de range. Typically, however, ~the nolar ratio of

oot | e o BRSRS A bhoEed ABE b it el LSR0RY Byl

about 10:1 to about 2000:1 is used. If a particulate solid, i.e
si§i caonditiomse T ypinaliy| this wouldsinuelve usingriow pressuresiofitite alefih antla'elattively .
wei ght ratio of the netallocene to the particulate solid is in the range

The prgtatgertads aneret o RrveptRlete RSt fnealid ol biboritaations .,

be a solution, a slurry, or a gel in aliquid. A wde range of oleflns can
be useof flocalized heat. Thep rp;pmlymizz‘aonocan bepicondusted t treerprepids manigeaof on
wi |l be conducted using an olefin,

temperatures, typically the temperatures would be in the range of about -15°C to about

+110°C. In accordance with a preferred embodiment of the present invention the
- 10 pr'epolymer.izatioﬂ- is beéun at a temperature of less than 10°C aﬁd maintained within about
3°CtoS5°C .ﬂm-)ughout the prepo’lyrﬂeriz#tion, preférably the beginning temperature for the
prepolymerizaﬁon would be conducted at a temperature in the range of about
” -15°C to about +9°C, still more preferably in the range of about -10°C to about +5°C, and
- still'more_ 'prefefably about 0°C.
15 3 | The amount of prepolym_ef cén be varied but typically Qvould be in the range
of from about 1 to about 95 wt % of the resulting prepolymerized solid catalyst sysiem, more
preferablsr about 5 to 80 wt %. Itis generaily desirable to carry out the prepolymerization
| to at least apoint where substantially all of the metallocene is in the solid rather than in the
g liquid since that' maximizes the use of the métallocene. ‘When the prepolymerization is™
20 conducted at the lower temperatures, it can take longer to achieve the desireci- level of
'prepolymer L j; N ' | - B : - _ o | .

Afcer the prepolymerization, the resulting solid prepolymenzed catalyst is



preférably sel ected fromethyl ene and non-aromatic al pha-ol efins, and as

propylene. It is 20 within the scope of the invention tg use a mxture- -
of ol ef (YR 8/4%86 exanpl e, ethyl ene and a " hi ghér -al pRETOISEPE2an e
used for the prepolynerization. The use of a higher al pha olefin, -

such as 1-butene, with ethylene is hglieved to increase the anount of

copol yneri zation - 98/ 52686 _
PCT/ US97/ Q8862 . .. . . e . . . -12- '
OCCW%S%&%WW ofithe rsRcrioR g, OV RTeuieshpigues kpg Wi dhg atfean
portion of the nmet al | ocene. The prepol yneri zati on-can-be-carried-out---

| N beesed foreatyRiPo thivetéy, RoreXample, the Sisertal could be separated by filtratibhe
prepol yneri zation .steps should be conducted under relatively.mld. 5 .

cnacr S, o By Vel sy e BoPiben o gty dpon” ©! 1"

deconposition resul.ting fromhi gh concentrati ons of | ocalized heat.

Thevatwmm eyaporation sipoe itds comsiderad detiedble terensowy sibstantighty afl of the soluble
tenperatures, typically the tenperatures would be in the range of about

-15[err] C to. i . +110 1ln d i th f .
o boroe S iopid conrtiof Pyt o5 oo Raref 2B Hobn nd Bl 1
a tenperature of less than 10[err] C and nai ntai ned w t hin about 3

[ er pteépdlpmberized chtalysirbefigiedt s stoeed oe pstd e subsequent poiwheriabliont Hefter

2

begl nni ng tenperaturehfor t he f prepol yneri zati on woul d be conducted

' . . .15 - + C,
2Eid PGS Thir Gl Aol B, 8 Wulring sonih ROy nBied, afilh A
and - '

hydrocarbon and then dried using high vacuum to remove substantially all the liquids and
: other vqlatile components that might still be associated with the solid. The vacuum drying
10  is preferably carried out ugder relatively mild conditions, i.e. temperatures below 100°C. .
More typiéally the prepdlymerized solid is dried by subjection to a high vacuum at a
temperaturé of about 30°C to about 50°C until a substantially constant weight 1s achieved.
A pfeferred technique employs at least one initial wash with-an aromaﬁc hydrocarbon, such
-as toluehe,' foilowed by a wash with a paraffinic hydrocarbon, such as hexane, and then
15 vacuum drying. -
| It is within the scope of the present iannﬁdn to contact the prepolYnieri'zatidn
reécﬁon mixture prdduct with a liquid in which tﬁé i)repolymer is sparingly soluble, i.é. a
countersolvent, for the prepolymer, to help cause soluble prepolymer to precipitate 'f;rom the

solution. Such a liquid is also useful for the subsequent washing of the prepolymerized solid.

20 : - Itis also within the scope of the present invention to add a particulate solid of .

- the type aforementioned after the prepolymerization. Thus one can add the solid to the liquid



still nore preferably about O [err]C. 15 The anount "of
prepol ymer can- be-varied- but typi-cal | y-woul-d—be-i-n-the-range -~ -~ of -from -
about 1 twoabms2ess95 Wt % of the resul ti ng prepol yneri zed syt:rmss'linabyst
system nore preferably about 5 to 80 wt % It is generally .
desirable'to carry. out the prepolynerization - to at least a point
where substantially all of the netal-lécene is in the solid rather than in
“the liquid since that maxim zes the use of the netal locene. Wen t he
pr epprgptnymmza’oon iprod@et beformthec t:aammtsowmtlrewdded.e njretlds unssnert solallet ake

| onger to--achi-eve--t-he-desired--| evel- --pr epol yrer

P R %ﬁaaaé B9 0t Y BRPLY AR eBB L UAkESt 15
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sepaififirase itk aparticulate ifomm andto pﬂwenmglomeratnontdmmg dtgmga (Ehet quidingixtisrek nown

inthe art.can - = - be used for carryl ng out this step. For exarrple t he.

mat efiaka 6 t acuum
v apSr g Hofh B2 ERAAEan o e Blyefflxe solid proFBIPEA SR o v
vacuum evaporation since it is consi dered desirable to rermve substant ially .
& | subjectedgolsonificatios to helmbreak mpsparticles éf désipedd reaction product of the =
prepol ymerization-fromthe resulting solid | ' prepol yneri zed cat al yst
before it is s ] t [

separating the so Id‘?fd%%%ﬁ%@fec%\t@x}%’%&ﬁ@ regowériieﬁ ‘%a?%ys%?&?erabfey
washed with a hydr ocarbon_and theén dried using high vacuumto renove
subssersened foygixe particles haymgjszeﬂfbat meet the partieulamneads|for a pagiswdan typeraft -
m ght .sti.ll be associated with the solid. The vacuum dryi ng '

: poljmierization. -- It is generally desirable to remove particles that are too large to be readily

handled in the polymenzatlon process.

_10 o 3 Another optlon isto comblne the recovered myentlve solid prepolymenzed
catalyst system w1th an inert hydrocarbon, such as one of the type used as a wash liquid, and
then to remove that hquld using a vacuum. In such a process it is sometlmes des:rable to
'subject the resultmg mlxture to somﬁcatlon before stripping off the hqmd

o The resultmg solid prepolymenzed metallocene-contammg catalyst system is

15 useﬁll for the polymenzatlon of oleﬁns Generally, it is not necessary to add any addltlonal

alummoxane to.thls catalyst system. In some cases it may be found desirable to employ
-. smaﬁ amounts of an organoalunxinum compound as'a scavenger for poisons. | The term
' organoalummum 3 _c'ompounds include - compounds i such as triethylaluminum,
| | trﬁnethylatuminum;':dieﬂlylaluminum chlori'de,' 'emyldmninM' dichloride, ethylaluminum

20 sesqulchlonde and the like. Tnalkylalmmnum compounds are currently preferred Also
in some apphcatlons it may be des:rable to employ small amounts of antlstatm agents Wthh. -

assist in preventmg the agglomeration of polymer particles during polymerization.



'~ " is preferably carried out under relatively mld conditions, i.e.
terrperat ures—below 100[-err{C—-——~~Nore-typi-call y-the-prepol yneri zed
solid i s WOPERY subjection to a high vacuum at a tenper ECH 9%/P886R 0 ut
30[err]C to about 50[err]C until a substantially constant weight is

achi eved. ‘A preferred techni QI]!g enpl oys at least one initial wash”
with an aromatlc hydr ocar bon, such as toluene, followed by a wash
with a paraffl nlc hydrocah bon such as hexane, and-then 15 vacuum

dryi ng:’ | n the invegtiye eatalyst visters dpedded to Baeprtesant shury

I nvent t oA-—-t+0- eont act--the- ‘prepolynrerization - - - - -reacti-on mi-xt-ure product

it hiRg g it 15 sﬁmeﬁmésf&sﬁasna%ym a E‘ért%iﬁé*b"t&léﬁ Slld'Bd 8 fldwRid For the
count.ersotvent for. the. prepol yner., | p.cause sol ubl e prepol ymer to

preci pitat th SO|UtIQ Such a liquid i | so usef for the
subs %m’éﬁéﬁi@j the solid ftﬂsetbmym yetmaone f he meffods described eagtier; <
aI SO Wit h| n-the scope of the present invention to add a particulate solid

Inorganid\6xide® SucH &4 siften hre%l?éxéhf)lér Ot el isRmedkiliva suthus thae can

addthe solldtothellqw WD 98/ 52686
PCT/ U 97/ 6

rep§‘§§inﬂ aFf\P&FP%DSH%?a‘BQr%F equv&r%lau theofigmed silica i drinfbusing e and
manner sol ubI e - . prepolymer tends to precipitate onto the surface of

the adethylgluehidui) Iheadcoedureey with tepreferred fdrhbadiffent Nof ther invettiine
formand to prevent agglonerati on dur| ng drying. The liquid m xture

L:ts ;%%g'p&&)gﬁggéiu% 8 usga a%n?h” St cu ate sofxgeﬂclavrs}va(.alat s assoheen %m%) that rtl zed

B polyethylene ﬂuﬁ‘ is used it is possxble to carry out the polymerizations in a continuous loop
. -sluny process usmg.lcss.antlstatlc agent than would generally be used if fumed silica were
10 : used.f_ ;. The u_s'e_.' of ﬂa_é.._pdr:ti.culate diluenté is particularly usethl m those polymerization_
- , 's'ystem's ..v.vher.e | é_atalyst 1s -alloWed to accumulate in a vessel, often fef_erred to in the art as
- a iht_idp_oﬂ and -_thén introduced intd the polyme;iiation-_vessel via a check valve capable of |
o dehvenngspeclﬁc amounts of the slurry.” Some é’xamples of such catalyst éharging devices
are ;iisgjosed in US Patents 4,767,028, 5,098,667, and 5,404,219 and in various publications
15 men’uoned m 'fhgse .pé‘;énts; The particuiate_diluent serves to aid in thé..feeding ofthe catalyst
" : through th_c chéék vahxe .and helps to minin;ize’ wide 'varié.tions in the arhount of the catalyst .
hhin'g charged .'t.o the polymerization reactor. |
- ’I’h'e_l_pa.lrt'icuia-te polyethylene used as the feed aid is preferably a pol)?eﬂiylehe' |
= ﬂuff The s1zeof the polyethy_leh_e particles can vary over a Wide range but typically it is
20 lpi'eferred .that -ihe pafhbles are prédominétely'of sizes in Ithe' range of about 1 mm to aboﬁf
. 0. 074 mm More preferably the predommate pamcles are those having sizes in the range.of .

0. 5 mm to 0 15 mm. The amount of polyethylene fluff combined w:th the catalyst can vary .



5 subjected to sonification to help break up particles if desired. )
~Furt her; i f -desired the recovered solid prepol ynerized catal yst system can
be WwoO'gRetedd t 0 give particles having sizes that neet pchaispaossszul ar
needs for a particular type of ~ polynerization. It is generally
desirable to renove particles that are too.large to be readily :
handl ed in the pol ynerization processl6-10 ' Anot her option
is to conmbine the recovered inventive solid prepolynerized catal yst -
syst ewwet & vids ramges; holwetendor best feadinh resuityriehes bédiefoundaiesiableats eamplayh
-ligqui-d;--and - - -then to renpove that liquid using a vacuum In such a

process. it ~'S . sonetines.desd pable to. .~ .- subject the. resulti. XL Ur e
o soRPrit 2 BaRSrRY ofeenf X R pinichiats polygyRbe” bet Fart B Wil RS
resulting solid prepol ymerized.netal |l ocene-containing catal yst systemis
15 - psafabymerized batalyst syston.z The emixaire afehe oatalySeand did yolyethytenenfiuff can
necessary to add any additional - al um noxane to this catal yst system

In sompe. S .jat be~fou desi.kabl &, ] | anou of -
an o SENSaR PR ARG Haf 0t RebR SRR i, o B U4 Sy
or ganoal umi-num - . conpounds i nclude conpounds such -as triethylalum num
t ri metihgisaitabie oaganic liguidy | Eypically, eliphdtior hytirocarbbys ademsed asrtht iduidy typecal '
et hyl al uminum 20 sesquichloride, and the like. Trialkylal um num
conpouy; . . I Al _ | [ | y L. may
be GeoRAapRe AP bokatl I IskBlhane: Tthe currenty) FrefEiRs R cFdifbthylene
assist.in preventing the aggloneration of polyner particles during

pol yméhiff ar¢ dhose made using a high aclivigstitadem-containing catalyst such as those
-PCT/ US97/ 08862 _ ' '

disclosed in U.S. 4,326,988.

The inventive soﬁd prepolymerized catalyst system is partit:ﬁlarly useful fdr |
10 ihe polyrﬁérizaﬁo’n of 'alpha-oleﬁné having 2 to 10 éérbon- atoms. Examples of such olefins
include - ethylene, propylene, 'butene?l, pentene-1, _3-méthylbﬁtene-1, ~hexene-1,
4-methylipentene-1, 3-methylpentene-1, _heptené-l, octene-1, decene-1, 4,4-dir__nethyl—l-
 pentene, 4,4-:diethyl-1—hexene, 3,4—dimethyl-l-hexeﬁé; and the like and mixtures thereof.
“The §ata1ysts are also useful for preparing copolymers of ethyle_ne and propylene and
15 copolyxhers of ethyleﬁe or propylene and a higher molecular weight olefin.
| The._polymerizations can be carried out under .a wide range of conditions
dependir‘ig' upon the particular metallocene employed and thé. particular_r_e'sults desired.
-Although the-inventive -'catalyst_ system 1s a solid, 1t is'c_on'side;ed'that it is uSefui for
| .polymex"ization cbnducte'd undér solution, slurry, or gas phase reaéﬁori conditions.
20 , - When the polymerizations are carried out in the pr_esence of liqﬁid diluents
'obviﬁusly i; is important to use diluents which do not have an adverse effect upon the ca_talysf -~

system. Typical liquid_ diluents include propane, butane, isbbutane, ‘pentane, hexane,



g
- 15- Still further, when the inventive catalyst systen1
i's-added to a reactor as-a slurry Inaliquid, it is _sonet - 3
desi r ablV¥OP85¥86) a particulate dried solid as ‘a flow aid PGlqusﬁy”s“z'
slurry. Preferably the solid has been dried using one of the nethods
descri bed earlier. | norgani c ??ldes such as silica are an exanple.
One exanple is funed silica such as "t hat sol d under the tradenane

Cab; o- si | Generall thefun Icals r|edu ng heat and . . ..

(11 RERRDR-AARS Y0 HilcEeIohefns. plusds xaleienans e R o Tpitally
~invention - pol yethyI ene fluff is used as the particul ate solid- flow

ai dthe olpa@rideeeh feprpigatubatan Yary over a wide yaigeytepmserhtueds typicallyasotlt Bes -

.possible to carry out the polynerlzatlons in a continuous .| oop

b RhSESE i 205 B SORE S PN P B At oo™ 1

particularly useful in those polynerization systens where catal yst .

i s abbumbsD *@. Tepivallyahe grdf’ssﬁre/@Bﬂﬂpolﬂhbﬁﬁaﬂi@‘i eioubdibt ¢n ithe tdngeafifram
a nudpot, and then i ntroduced into the polynerization vessel via a check

vaIv ca ver i unt s th slurr
SexahiPdioldo ot 500 atpelPhands or poeraia’ 18 Evipfle dRR BT
Pat ent s 4 767,028, 5,098,667, and 5,404,219 and in various publlcatlons 15
menpartivalaniy Lisbﬁfl éop qtoeymenzéﬁmspeamedmw undér | paetitlesformg 4.6 psharny-typet he

feedi ng ofthe catal yst. t hrough the check val ue and helps to

m ni.m.ze. w vari@ations in the anmount of the catal yst bei ng charged
o] b%ﬁ%@ﬂ%ﬁi‘#’%ﬁeact or. The particul ate

pol yet hyl ene used as the feed aid is preferably a pol yethyl ene fluff.

The size of tAhepalymetsypreducedavith thie snveation baye awedde sanvgedef uses theat tyill
typically it is 20 preferred that the particles are predom nately of
ST 268 abParkfifto IR e ARIME art #BF t ARAMal properties of the respective polymers.
10 Appli_caﬁons such as molding, films, adhesives, and the like arc.indicated. :
‘ | - A further understanding of the present inventiqn, its various aspects, objects
- and advantages will be pfovided by the following examples.
| | Example |
In fhis synthesisl 20.6 mL of cyclopentadiene and.l 1.7 mL of
15 _5-h.e>l(ene.-2.-oné were dissolved in .1 00 mL of methanol. Whﬂe cooling in ice 12.4 mL of
pyrrolidine was added and the reacti'on_mixﬁre'ww stirred overnight at room.temperature._ |
. Then 9.6 mL of glacial acetic acid Was added. The reaction mixture was.stirred: for one half
hour and then the solvent was evaporated in a vacuum. The residue was dissolved in 200 mL
of diethyl ether and washed five tirhes with 1.00 mL cf water. The organic phase was filtered .-
20  using a silica gel and dried over sodium sulfate. The solvent was evapcrated ina vacuﬁrﬁ.

A yellow oil was recovered which was identified as 6-(3'-butenyl);6-methy1ﬁ11vene. .

A solution was prepared by dissolving 10 g of fluorene in 100 mL of THF and



0.074 nm. More preferably the predoninate particles are those having si zes

I n the range of 0.5 mMmmto 0:.15 mm- The-anount -of—potyethytene ftuff
conbi neqdyabikpeidre catal yst can vary _ WO 9BCTHREBA8862

PCT/ US97/ 08862 - 16-

over a w de range; however for best feedi ng results it has been found
desirable to enploy about 2 ph8ts by wei ght of the particulate

pol yet hyl ene per part by wei ght of the prepol yneri zed catal yst

sy sthem thi$ evasi stowle redcted wittaBAbymL afid 1.6emplar sehitydneof nFbutylithim in - be
used in either the-dry form -wett ed--w th a-suitabl-e-organic-1rqui-d;or-in-

T T oA A W

i ncl udi ng hexane and i sobut ane. The currentl y preferred types of
" pol ek pyépaned by combirihg 88 giof 6+(buteayettmeathylfig vendiivith ﬁ)cm{wﬁl)I{F Thls

- titaniumcontaining catal yst such as those disclosed in U S

9 al yst
o< e Parutiop s fhsp s drpppive e pEpeeH S or R RGO B GF YE
~having 2 to 10 carbon atoms. Exanpl es of such oI efins . : |ncI ude
Set hylwereny!plithigesalt. blhe mesulting ensetion mixBireewhy |sbimednevarnighixatheoam -
- 4 nethylpentene 1, 3-nethyl pentene-1, heptene-1, octene 1, decene-1,
4, 4 1 t bl
3, 4t "nerf % %%%0 nﬁfﬁ?ﬁ%gerﬁisea%ine m xturgg'g ereo sdned ovemh%ht
catal ysts are aI so useful for preparing.copolyners of eth | ene and -
pr opyersadiumosulfte and tposolrentsvas ewwatéden 8rvagHuRy | 'Ehrey Zesidye syas
mol ecul ar wei ght ol efin.

dxssolved in pentane and filtered using szhca gel. The solvent was conce*xtrated by means

of evaporation. Crystallization took place at about - 18°C to give 5-(cyclopentad1enyl)- -(9-
iO | fluorenyl)-1-hexene in the form of a white solid. This compound is also sometimes referred
to as 1—(9-ﬂuorenyl)-1-(cyclopentad_ienyl)-1-(but—3-eny1)—1-(methyl) methane.
| Example !!. |
Five grams of comp'ound's'.(eycrgﬁeﬁtadienyn;s;(9-ﬂaofeﬁyr);1:'he'xene‘was
reacted -with'twice as many moles of n—butyllithiunl in 100 mL .dielthylether using conditions |
15 | of the type taught in pubhshed Furopean Patent Appln No 524, 624 to produce the divalent
ligand salt. The dlvalent hgand salt in dlethyl ether was then reacted with 3. 96 grams of
zirconium tetrachloride at room temperature. The orange metalloeene 1-(9-ﬂuorenyl)—1- n
) cyclopentadlenyl)- -(but-3-eny1)-1 (methyl) methane zirconium dlchlonde was recovered_'
and punﬁed by decanting off the liquid and recrystalhzatlon in dichloroethane at - 18°C
20 Then _th_e liquid was decanted off and the s_ohd dried using a h1gh vacuum.

The metaliocene of Example II was.employed to-prepare solid prepolymerized '



The pol yneri zations can be carried out under a wi de range of conditions .
dependi ng upon -the-par t'i cul ar--net-alt-oceneenpl-oyed -and--the-particutar -~ - - -

resul ts deWorag$2686 Al t hough the inventive catal yst systRGHVSPTHEA)| | d, -
it is considered that it is useful for. pol ymeri zati on conduct ed
under solution, slurry, or gas phase rgaction conditions. 20

Wien the polynerizations are carried out in the presence of liquid diluents

obviously it is inmportant to use diluents which do_not have an adverse

ef f ectcalAlyst shetems: apipg two differents teghniqygs vehich; didfeaed)iiny ghatsin e dbe
propane, -butane; isobutane, -pentane, -hexane, - - WD 98/-52686- -
PCT/ USR¢p 8§ 88erization was begun at 0°C and in the other the prepolymerization was bégun at
hept'ane,” oCt ane, ._cycl ohexane, nethyl cycl.ohexane, 10l dene, xylene, and the . .
like. Typically t he, polynerization tenperatyre can vary over a w de
range ,ﬁ%ﬁ@%@@ﬁb@t PAFRAAONS injouYed Grubining the rﬁe@ﬂpgmw,a wEne sodwtien ] c
to about 300[err]C nore preferably in the range of about 20[err]Cto
about _oitfiﬁémyx&iﬁmiﬁaﬁzfeal Iy addiBeiP V@B EL sBic, s;obﬁﬁla@nx TRividod 98P xwgd 6l Gigden -

the range of from 5 about 1 to abdut 500 atnospheres or even greater.

o y B Hc2aeS Fonane it 10 e tyletumih xans and tohiene: et the Caypats of the
pol yneri zati on conditions. : The pol yners produced with

this itweerdsbéls Wiy eombiiede THenthyikne/$RS atiied torbelvessels and Bfepalbpdefizhtion
those skilled in the art fromthe physical properties of the respective

polyners. 10 Appki cati.ans such as nol.di ng, filn adhesi ves nd §he

i ke Vs cargiedguiy Pllhe resul?mg prep&ymenzed ﬁoﬁgrcpipéysr%;(a%pgyvgﬁ éﬁ% ﬁiqeretcf]gnd )

present invention, its various aspects, objects - . _
washed with toluene and hexane and then drie_d_ first using a membrane pump and then high
vacuum. The resulting catalysts were then evaluated for their effectiveness in the

10 polymerization of ethylene in a pildt plant scale continuous loop slurry reactor. The resiﬂts >

- of the pilot plant polymerizations are summarized in the following table.

TABLEIX

RunNo. | Density, g/cc | MI, dg/min." | 200 +pan Temp*
| s | % | e
1 _0.941 ' 1.72 29.19 20
15 2 0.942 234 | 2950 20
3 0.930 133 | 288 | 20
4 0.938 2.76 3.5 0
_ 5 0.937 | 222 - 315 0
*Prepolymetization Temperature |
20 “ " The above results demonstratethatwhenacatalyst is prepblymeriz_ed atthe -

lower temperatures, the polymer ultimately produced using the catalyst contains significantly -

less polymer particles of dimensions which would be smaller than 200 mesh.



.

and advant ages wi |l | be prow ded by the foI | owi ng exanpl es.

- Exanmpte-t - ' “In this synthesis 20.6 nL of cycl opentadi ene
and:11.7 @099526&5 5- hexene- 2-one were dissolved in 100 nechiusymissenol .
VWhile cooling inice 12.4 nlL of pyrrolidine was added and t he-
reaction m xture was stirred overnight at room tenperature. - Then 9:6
mL. of glacial acetic acid was added. -2Be reaction mixture was stirred for
one hal f- : hour and then the sol vent was evaporated in a vacuum The
resi due.was di ssol ved in 200 nL ‘ExampRfIVi et hyl ether and washed five -
~ti-res- \Mth 190 k- ef water ~The organi ¢ phase was filtered 20 -using a

Subiea 9o oL Led St SR0U Sl il oSk R ERoR BB R °

- 6-(3- butenyl) 6 rret hyI ful vene. : A sol ution was prepared

' gg/ g 12 gn?gldtm Witha: ;ﬁﬂyéﬂlylene fleff havh‘ig)amef Ils-ufg/ﬁnﬂ and a density of 0.955 g/v®) -

/ [ -
P USSTAMBR S emanmeleelr 2 45000 od gelosiosiy i 5 PR
n-butyllithiumin. =~ . hexane. This dark red solution was stirred

over niginig abaﬂal;mmstlehms'a disclosed iTRES. 4,326\288. ofhe typicalvmstipleesize enlalyyis of
~ conbining 8.8 g of 6-(butenyl)-6-nmethylfulvene with 50 nL of THF. This

| at't er on wa 5 e;} added dropw se over a period of one half hour to
S By ei 78 b i Cresult -

~the s Tluorenyl lithiumsalt. The resulting reaction
. m xture was stirred overni ght at room tenperature and then 100 ni of
vvater was added The “or gani C{uneske2W3swedight peroeat ni ght
: ' 40 mesh:40.04 weight percent
o 60 mesh:36.98 weight percent
T 10 DR | 100 mesh:14.06 weight percent
L Lo - 200 mesh:4.89 weight percent
- pan:6.49 weight percent

I-T'wo_'.techniQues were tried for charging the mixture of the prepolymerized
'catal}'fst'.'and.pollyethylehe solid dilueht toa eontinueus loop reaetor using amudpotand aball
15 checkfooder. ) |
One approach 1nvolved addmg 990 gm of the sohd prepolymenzed catalyst
| with 0.5 liters of hexane and 0.8 ml of Stadls and th_en stirring into a slurry, then 380 gm ef
the polyethylene-'ﬂuff in 0.5 liters ofheﬁahe was added and then the mixture stirred to form
' | e_slufry. '.I‘h'is'- slu_fry.was 'then charged _td'a-.tra.n_s_fer.vessel u'sing.t'vs'zo 05 liter portiens of
20 | hexane . In 'the eonﬁnubus SIurry polyhieﬁzaﬁon process, periodicelly portioné of that
| _m1xture was charged to the loop reactor via the check valve.
| Another approach merely involved mlxmg the polyethylene fluff and the solid
hfepdlymenzed catalyst at a2 to 1 weightratio. That solid mixture was placed in the mudpot

~and then _wetted thh isobutane. Portions of the resulting mix_ture_were then periodically



over sodiumsulfate and the solvent was evaporated in a vacuum The yel |l ow
1 esi-due—was -~ --di ssol ved -in pentane and filtered using silica gel. The
sol vent WO 9855268t r at ed by neans ~ of evaporation. CryREHUSYHE8G20n
took place at about -18[err]C to give 5-(cyclopentadienyl)-5-(9- 10
fluorenyl)-1'-hexene in the form of a ¥h|te solid.. This conpound is also -
sonetimes referred to as
1-(9-fluorenyl)-1-(cycl opent adi enyl ) -1-(but-3-enyl)-1- (nethyl) nethane
Exanpfiarged into the confinuous loop regutqrvigrabail ehe q&f@pd@md

- -5-( cyelopent adi-enyl-) - 5- (9-fl uorenyl ) -1- hexene was reacted with
twi-ee-as - many t ' r

conditions Y5 M Rundny t%%**g*ﬁ?%‘f’é“&}%? 2ty ptclag: i E‘%‘%‘&%p“rm No
524,624 to produce t he dival ent gand salt. The_ dival ent and
salt possiblettayedegeer evgaselimmgte ﬂmswﬂm@ pnstgtc agsRk - bhese catal ystzsiﬁ
tetrachloride at roomtenperature. The orange netall ocene
1- (9- WikQr&Nve Been found to €3¢ mﬁwlwla)bﬂt ek Regaty! ) - 1- (et hyl) -
met hane zrrconi um di chl ori de was recovéred and purified by decanting
off .the liquid.and recrystallization in dichloroethane at -18 [err]C. 20
Then the tiquid was decanted off and the solid dried using a high vacuum

Exanmple 111 : The netal | ocene of Exanple Il was enployed
to prepare solid prepolynerlzed _ o MO 98/ 52686 ,
PCT/ US97/ 08862 : - -19-

catal yst systens u5|ng t wo dlfferent technlques mhlch differed in that in
one the L _ _

%@HlQm '



prepol yneri zati on was begun at O[err]C and in the other the

pr epol ymeri zati on was begun at 20[ err-] C.- The cat al yst-pr epar-ations-— ~—-

i nvol ved we@ofsise§)g the metal l ocene and a tol uene sol ution pcrusoymisss:
met hyl al umi noxane. In another vessel, silica, specificall y Davi son. 952 x
1836 Grade 5 ' silica, was conbined with the 10% rrefnyra. i nuxane and :

tol uene; then the contents of the -22- two vessels
et hyl ene was added to the vessel s and prepol yneri zatl mﬁm ﬂi ed
S| te

out . THAT WHICH §S TEAMEBDI8zed solid catal yst syst ered

and - washed with tol uene and -hexane and then drl ed f| rst u5| ng--a- :

menbrane punp gnd th vacu e:.resul sts. then
eval uated for their éﬂ%&ﬁ@éﬁ%@gﬁ%’ﬁ@pﬂ%‘ﬁm rgﬂ}‘{‘(ﬂ‘ etene

in a pilot plant scale continuous loop slurry r eact or The results-

the gystem qaimprismg)(a) renibistp an srgamalutinoxkaeshd at ledst ohehletalicognt Abting
TABLE | No.  Density g/cc M, dg/m n.. 200 + pan Tenp*
\é\% A)l gt least orleeévrc%opentadlenyktype)hw havmg at lfa%t Apne olefinic %&ng{,a%ed subst:tueztgﬂ;g 19
3 : 0. 930 1.33 28. 83 20 : :
0. 93&n a liquid ttooi‘ﬁl a liquid catalj&t 6gstem, (b) condcting prepolymerizdtion of at least dme937 -
2 22 : "~ *Prepol ynmerization Tenperature 20

Fowe R0 55t .Pk Seﬁ‘ﬁﬁ%?%% i %@ e By B i chSs GRS (e

contains significantly | ess polg‘mer particles of d| nmensi ons V\/m ch-
woul ¢atatyst reaid] (e) smpaaatmgﬂhe mesvlting solid the liquid and the components dissolved

in the liquid, said solid being the solid particulate metallocene cat_alyst system, sald_ method. _ :
being ﬁxﬁher characterized by at least one of (i) by beginning at. a temperature of less.than
10°C and -maintaining the prepolymerization temperature within thél range of 3°Cto 5 °C of
10  the beginning temperature and (2) combining the prepolymeriied .s_olid catalyst W1th
| particuiate polyethylene.

2. Amethod according to claim Q'Whérein said prepolymerization of said
at least one olefin is carried out in the presenee of said liquid catalyst system ata bleginnin.g
temperature of less than 10°C, to produce a prepolyxﬁerized 'solid catalyst.

3. A process accdrding to claim 2, wherein step (a) is 'con.ducted in the
presence of a :bridged metallocene having oleﬁhic' unsaturation in a bfa_nch extending
outwardly from the bridge, the I gand of said me_tanocene having the fbr;ﬁ;iia"’ o

- & oz |
5 | | |
: : R2’C—C-(R i 1|{"' R‘" '
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Exanp! e WY98/52686 “IMM“! m |HIHr epoI YIEr | zed soI i d cat §F§§F9ygﬁ§§%m of
the type disclosed i

was diluted with a pol yethyl ene
fluff having an M of 18 dg/m n and 3 density of 0.955 g/cc, a wei'ght
average nol ecul ar wei ght of 43, 000 274 a het er ogenei ty I ndex of 3.03
produced 5 usi n&za catal yst such as disclgsed in U g 326,988. The
t yprdwreipan is tios 05 'elsasiaﬁﬁ*s smaSn each R’ 1§uaﬁnw+fg}mel¢<§e ?qnar%%oup >
20 nesh: 2. 43 wei ght- percent- - - -

mes hﬁ&ﬁ dro bl d 41§ having 1 to 10 carbons; R" i sele@ﬁéd@éi‘h 36.98"
10WE| g’ﬂt ptg?gcent%gag SI ocar y ra teals having 1 to car rrrllash 112 06 weight .

t 00 4. 89
| Bgaagengm%c@mﬁlsty@g @Ehydrocarbyl diradicals contam%fraémst% ﬁﬂ%&’&mﬁe o ngch“dff or

charging the m xture of the prepolynerized - cat al yst and pol yet hyl ene
sol ea%fa b KRy d&qgrdi@@e&b Y groGh§ Sordaiftitd to 20 @arbops] and 15
cheg%n?tﬁ hp%@nﬁsﬁz?g‘ Bydoge e ap%r%rgc | nvol ved addi ng 990j gm of

the solid prepolynerized ca 5 liters of. h nd 0.8
1 sAciszais e amie oA Cert APAGY Rhlested o thy EroiB foBBRLgR OEsubRated PR ©
pol yethyl ene fluff in 0. 5 liters of hexane was added and then the m xture

Sti 'hh%bsttiiv.ﬂ!‘eﬁrd?/‘clod:;t:ntadlalyilI ndeiyl, Téﬂ-ﬂ?lﬂh'@lﬂh&n%@&nﬂ frioredydrgdidalso a transfer.
. exane.

vessel using two liter portlons o] I n the continuous
slurry polynerjzati rocess eriodjca orti s of xture
was charged t di ‘th ﬁ&?ﬁc‘?s@é’&f’ mg Lo lch?é“b#l’e% e’k'FéT‘ metaltlocene 15 sexectera

- from the group consisting of 5-(cycl,0pentadieny1)-5-(9—ﬂuoreny1)-I-hexene zirconium

dichloride, bis(9-ﬂuoreny1)(methyl)(vihyl)silané " zirconium | dichloride; | bis(9- -
ﬂuorenyl)(methyl)(prop—Z-enyl)silane zirconium dichloride, | bis(9-fluorenyl).
.5 (methyi)(but—3-enyl)silane zirconium dich]_oride, ‘bis(9-fluorenyl) (mdthyl) (hex-5-enyl)
silane zirconium dichloride, bis(9-fluorenyl)(methyl)(oct-7-enyl)silane zirconium dichloride,
'(cyclopentadienyl)(l-allylindenyi) zirconium 'dichl'oridé," bis('l-'allylin'denyl) ‘zirconium
dichloride, (9 (prop-2-enyl) ﬂuorenyl)(cyclopentadwnyl) zirconium dichloride,
| (9 (prop-2-enyl)ﬂuorenyl)(pentamethylcyclopentadlenyl) zirconium dlchlonde, b1s(9-'
10 (prop-2-eny1)fluoreny1) " zirconium dichloride, (9-(cyclopent-

_ 2—enyl)ﬂuofenyl)(cycldpentadienjl) zirconium dichloride, bis(9-(cyclopéntf_Z_-enyl)ﬂuorenyl)
zirconiurd dichloride, 5-(2-methylcyclopentadier_lyl)-5-(9~ﬂ1ior_ényl)-l-ﬁéxéne zirconium
dichloride 5- (ﬂuorenyl)-S-(cyclopentadlenyl) -1-hexene - hafmum - dichloride, |
(9-ﬂuorenyl)(1-allylmdenyl)dxmethylsxlane z1_rcomum dichloride, _1¥(2,7;di(alpha-

15  methylvinyl)-(9-fluorenyl)-1-(cyclopentadienyl)-1,1-dimethylmethane zkconim dichloride,. .

and 1-(2,7_-di(cycl.ohex-l-enyl) 9-ﬂuoreny1))—1-(cyclop¢ntadiei1yl)-1,1-rhethane zirconium

* c L M S *




Anot her approach rrerel | nvoI ved m xi ng the polyethylene fl uff and the

-SO -l —pr-epdh aoydst at a’2to 1l wight ratio. That solid
m xture % sB @ged and then wetted vvpc-h/Usg-nmaﬁne
- Portions o e res werethen peri odi cal |y

98/ 52686
PCT/ US97/ 08862 _ -24-
into the continuous |loop reactor via a ball check feeHﬂ'llJ)l" tll “ﬂ]}j
was dgé}gaﬂdghat by ‘using polyet hyl ene as’ the’ particul a |t
- was:--possi-bl-e -t-o- reduce or--even- eli-mnate the use of the antrstatrc agent'
- These cat al-yst_-di l-uent - rHlx ur-es- hg_ve been found tpo feed sati actorrdy In
metho claim -

~a-ball check fhedert accor -3 wherein
" .CLAIMS 1. Arrethodfor formngasolrd partrculate

met ahétaneeaxs;@attakmxgr ystl steri Visded i ¢ polyeriZationc lsTFrepairgd by (2)

~or ganoal um noxane and at east one rret al l ocene having at |east one

ClneeRitieRe 3 Aa SRy Ra slieniti Gy b BRZenst DS eiieptdny diBRLROLAN g

prepol.ynmeri zati on of at |east one oIefrn in the presence of said liquid

cat ahathylalusiisondne ipr adaromatioligpid, (b prepolymetizihgcethylonst in: thedreSulting
-separating the resulting solid from the liquid and the conponents dissol ved

{1 AL peBhee SO i RIS IR BB TRERE, o2V

begi nni'ng the-prepol ymerization at a tenperature of less than 10[err]C and
mai nt ai ni ng a r epohymettiadas¢oondingntee cheinr & whemumthmeohdrmepolym@mzeq Cto
5[err] C of the beginning

catalyst is combined with particulate polyethylene '

7 A method accordmg to claim 6 wherein the weight ratio of the solid
| prepolymenzed catalyst to the particulate polyethylene is about 2 to 1

8. A process accordmg to claxm 7 wherein the partlculate polyethylene is
prepared using a titanium-containing catalyst.

9.'.' A process accordin'g.t‘o'claitn 8'where_in the predominant particles of
partieulate polyethylene are those heving siZes in the range of .about 1 mm to 0.074 mm.

10. A process for 'polymeri'zinglan olefin comprising contacting said oleﬁn
under suitable polym_eri_zation conditions_w_ith a solid rnetallocene-containing catalyst system :
produced by the process of claitn 1. | | | |

g 1 A process accortling’ to claitn 10..' 'Wherein ‘the polymerization is
coiidtiet'e'd under slurry polym'erizaﬁon conditions. : |
12. A process according to claim 11 wherein ethylene is_polymerized inthe
presence of an alkane liquid diluent. .. | - -

13. A process ,according' to claim 12 wherein said solid



tenperature and (2) conbining the ' | zed netal |l ocene cat al yst
~-systemw-th particulate polyethyl &“ﬁ“\ﬁ\‘“‘“‘m‘wwﬂl\ A net hod according to -
claim1 We842686sai d prepol yneri zati o of shid at | east onRCHUSYHAS862s '
carried out in the presence of said liquid catal yst system at a begi nning
tenperature of less than 10[err]Cto Sroduce t he prepolynerized solid
catal yst. 3. - A net hod accdz Tng to claim2, wherein step (a) is
conductgﬁl in the presence qf. .a bridged petal |l ocene having_olefinic
uns aBiH OeERer GONRRIBIEN ¢ 1FAEAY En diSHEISBUL wir diPyeRared,  Homby i af@-tlverenyDytmd of
---sai-d-metal-l ocene- having the fornmula [err] . wherein nis 1 or O
- RE et {dyclGpeditadiSiyl) Bexetie-$irceaiin Fichlsrindi vi dual | y sel ected from the group
~consiI sting of hydfogen and hydrocarbyl radicals having 1 to 10 carbons; R

is selected fr t he group consisting of hydrocaybyl djradicals, cqgntajning
1.to 10 car bo-ngf‘p R ‘A TTOCLNs| BeqX Qlﬁ@gi%dgﬂ?%ﬁbitg?mﬁ}ywwg%g@n and
hydr ocar byl groups containing 1 to 10 carbons; and each Z is the sane or

di f f epedvictad dn i cattimoue dobp eadtbe afid Wubigaisissidadoasd 1R dikiehe forothe

unsubstituted cycl opentadienyl, indenyl, tetrahydroindenyl, and fl uorenyl
radi'caiys. 4. . -~ A method according to claim3, wherein the
met aPPYRETLAANODs 6| ect ed from - 23 - the group consisting of

5- (eycl opent adi enyl ) - 5- (9-f | uor enyl )-"1- hexene zirconiumdichloride,’
bi s(9-fl uorenylis( retdyl processy | )ascbrdigg zi toc orvlaim di 241 owhereinbi 8e9- solid
f1uarenyl) (nmethyl) (prop-2-enyl)silane zirconiumdichloride, bis(9-

- fluore met hyl ).(hut - 3-enyl ) sjlane zircgni um.di chl ori de, :
bi o BtAHRoTR Oty FataRt shateat el Jny Bif. BO G ket ae. RicwRresk by @
bi s(9-fl uorenyl) (methyl) (oct-7-enyl)silane zirconiumdichloride, '

(cyctombiningi e{9-filnbraivl)5i(declppentadienyh)-henedicch| aircoriunbi sifchlatity| iandenyl )
‘zirconiumdichloride, (9-(prop-2-enyl) fl uorenyl ) (cycl opent adi enyl )

(o ( BREBRLABORRER 2 lipid, B piomemerize o it g iesing ligyidyo the

5  presence of silica, and (c) separating the resulting solid from the liquid.

(D

16. A process according fo claini 15 wherein in the preparation of the
prenolymerized catalyst sjrstem said p:gpolymerization of said at .least one olefin is carried
n'ut in the presencé of said liquid catalyst s}ystem ata beginning temperature of less than
10°C, to produce a prepolymerized solid cat_alyst.. |
) 17 A proness ."ac.cording to.c-laim 15 wherein the solid prepolymerized
catalyst system is combined wﬂh particulate polfethjlene. |
| 18. A process nccording to claim 17 wherein a shurry of said prei:blymerized
'pafalys.t' s'ystgam. and said .p'arti:.;ulaté _ polyethyléne is placéd in a settling vessel and -
periodically portions of the mixture _are'tr.an.sferred to the polymerization vessel via a ball

~ check valve.
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di chl oride, bis(9-(prop-2-enyl)fluorenyl) zirconiumdichloride,
(9-(cycl opent - 2- enyI ) fluorenyl) (cycl opentadi enyl) zirconiumdichloride,
bi s(9- +,9,3§ -2- enyl)fluorenyl) zirconiumdichloride

5-(2-methylcyc opent adi enyl ) -5-(-fl4@8Fenyl )-1- hexene szCTmsgmsssz

5- (fluorenyl)-5-(cycl opent adi enyl ) - 1- hexene haf ni um di chl ori de
(9-fluorenyl)(1-allylindenyl)dimet hyI silane zirconiumdi c mmu&m‘m‘:‘)‘“‘
di (‘al phanet hyl vi nyl )- (9-fl uor enyl ) (cycl opent adi enyl ) - 1 ane
zirconiumdichloride, and 1 -(. pehex- -1 -enyl)9- quorenyI)) :

1- (cycl opeptaided Y the Hnterd®Rl ﬁé‘PB zﬁPBh”‘E‘? ﬂhF&Hq bge(17203.98)
ot Do a e A LD #h aﬁ‘mes" bt rs-ﬁa hirnesed REN

cat al yst system use n the prepolyneri zatlon |s prepared (a).- conbi ni-ng - .
5-(9- fluorenyl)-5-(cycl opentadienyl)-1-hexene zirconi um di chI ori de and

met hyl Irc liquid, (b) prepolynerizing ethylene |n_.
the re% m&me bresence of silica, and (c) separating the-
resulting solid fromth id. A et hod agcording to claim
1 wherein the sblid&M® eﬁﬁﬁ&m%ﬁawlm@%mwzmmcm ate -

pol yet hyl ene. 7. A net hod according to claim6 wherein the
vei ghtsyswni comptising () suhbidingiag pcga;mﬁnmmm layisast poe tietatloaerts havingt € -
- pol yethyl ene is about 2 to 1. 8. A nethod according to claim 7
wher ei 1 i¢dseorRayélbseutadieny POby Ridnd!Haviagi iablepsi@pR bR fnid UnBfuRted substituent
.titaniumcontalning catalyst. 9. A nmethod according to claim8-

vfner ei g aﬁfh@g&%ﬁ%ﬁ‘% RGd chavh 'scéz&nscbr @o@ugﬂ?g’jrbﬁl'*xﬁfzﬁzﬁ@nyﬁta@ YJ%' S abO_UF

yner|2|ng an

conpri nt act | under su tab e.p ri zation ndi tions -
i o oef G U et of B utu bR Barfl rrﬁauearsr‘sp& Bstdiifoduced by
the process of claiml. A net hod
accor d‘Faﬁé‘ﬁtd‘“él %rrsm%'%fér%t%%dﬂér%&e.hzatdrﬂ&ﬁ tr%cmwswﬁmr slurry
pol ymeri zation conditions. 12 - A nethod according to claim11l. .
wher ei 1 the Hguidseidisalidringbe solidpariculaie meralioceneccatsty st ayaeaseid methodd
di luent. 13. . A nethod according to claim12 wherein said solid
part i coging Eurtset chhtaowesizesl byom iesisnomegofd &) by be;!mmxysatermmpcmmpaﬂ deks thaam
5-(9-fluorenyl)-5- (cycl opentadienyl)-1-hexene zirconiumdichloride. 14.

A et heoP Gadvhelhaidehe prépolvtherizdtion edrpdritGreRAthin T irdritdel (118 YiCS1oGPEdstct ed i n a
contl nuous | oop reactor and isobutane i's used as a i quid diluent for the -
10 the begmnrng temperature and (2) Lcmbmmg the prepolymerized solid catalyst with - '
_particulate polyethylene. | | |
2. . A method according 10 claim l. wherein said prcpol_\"merizati_on of said :
at least one oletin is carried owt in the presence of saicll.liquid'.camlyst sysxém ata bcginning
' téﬁpcﬁturg ur‘lese r.hnn. 10%C. 10 producé a prepelvmerizcd solid culal\'st :
3.0 A process accordmsz 10 clmm .w herem step (a)is \.onducted in xhe
presn.m.e of a bndzcd metallocene having olefinic unsaturation in a hranch u\tendmz :
optwardly I'rom the bridge. the ligand of said metalloccne having the r‘brmula |
R:'C=C-fR“\,,-—.R"-—.R"" '

b
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pol yrrerl zation. 15. A nmet hod according to claim 14 wherein the

solid .metal | ocene- containing catal yst syst em used in the pol yrneri zation 7S

prepared b a) conbining 5- (9-fl uo g;,,} hexene

zi r conV@8 | oride and net hyl al um xane in ali pr epo yrrerl zi ng
ethylene in the resulting liquid, in the M\m‘l“ , and (c)
separating the resulting solldfromthe I A net hod:
according to.claim 15 wherein the preparati on of t he prepol ymerl zed '
cat al elalBEBhERDAMINGT CORYSET | epitkdn df Spithapid | efYmONS-@.-Alibferiy)-5-
carrie out I'n the présence’of sdid liquid-catal yst-systemata begi'nfiing™ ~

-tenperature of l'ess than 10ferr]C tp ro uce ‘a prepol ynerized solid
cat al @yplopgntad:eqyl)-hexmg-l}@ L ‘to.cl ai m.15 wherein.the. solid-

prepol yneri zed ‘catal yst syst emis conbl ned with particul ate pol yet hyl ene.

18. | gt hog ¢li dpgotb £6 neldifn Wi "ehérein Sther pulyhesigition is

pr epol yneri zed cat al yst system and Said particul ate poI yethyl'ene is placed
in a settling vessel, and periodically portions,of 't ture.,are . .. .
transs@ndme im 2 eonsinpHE Joop:Feasor, agd éwweamom licmsl diluent for the

_pcl_ymenzanon.
15. A process accordlng to claim 14 wherein - the solid |
metallocene-containing catalyst system use& in the polymerization is pre;s'ared by (a)
. corttl)ining ' -5-(9-ﬂuorenyl)-5-(cy'clo’pentadienyl)_-hExenefl | zirconium dichlcride' and
.methyl.alumi.noxane in a liquid, (b) ptepolymerizing ethylene in'the resulti_ng liquid, in the |
5  presence of sillce, and (c) separating tlle res'ultit’tg solid from the liquid. |
16. A process according to claim 15 wherein in the preparation of the_
prepolymerized catalyst system said prepolymerization of said at least one olefin is carried |
out in the presence of said liquid cetalySt system at a beginning temperature of less than
lO°C. to produce a prepolymerized solid catalyst. |
| 17. A i:rocess according to c1aiin 15 wherein the solid pre_polymerized
catalyst system is combined with partlculate polyethylene. - | .
- 18f Aprocess accordmg to claim 17 wherein a slun'y of said prepolymenzed
catalyst system and said partxculate polyethylene is placed m a settlmg vessel and :
l_ penodxcally portmns of the mixture are transferred to thc polymerxzanon vessel vta a ball
check valve.
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