1 5 METALLOCENE AND CONSTRAI NED GEQVETRY CATALYST SYSTEMs EMPLOYI NG
AGGLOVERATED METAL OXI DE/ CLAY SUPPORT- ACTI VATOR AND METHOD OF THEIR
PREPARATI ON Fiel d of the Invention: The invention relates to coordinatjion
catal yst systens, which conprise a support-activator in aggloner at'effsgé)rm]
and a netal |l ocene and/ or constrained 10 geonetry coordi nati on cat al yst
conponent and met hods of their preparatjion. Background of the Invention:
Coordi nation catal yst systens, which are usually based on transition netal
conpounds of Groups 3 to 10 and organonetal lic conpounds of G oup 15 13 of

the Periodic TMmDLmlm@@NS@W@E@N@TRWK@%&W@Pt al ysts
which are enpSoxefni® EMPIOSANG S¥GLOMERM SIDR/ERAY

or epar ati on FCPE @!“f’%"%‘?ﬁ%@@?&%@b‘)@@ﬁﬁﬁ M&RA@@W e

preparation of polyethylene of increased den5|ty (hi gh-density 20

pol yet hyl 2ne, HDPE) and of pol ymers and copol ymers of ethyl ene, propyl ene
or ot her 1- aFkddesthednwhtiomnsi derabl e industrial inportance. The prevailing
belief on the reaction mechani sm of coordi nation cat alysts is that a
transition netal t whi ch the
olefinically unsat ur at eg‘g%‘%%qp%ﬁsﬁ%g‘tﬁ%iyl%g@ di na C)P)lv(ﬁliaciﬂl C%;r%ltsgi rst step.
A efin pol ymersizmir-ativhek asaggl@terari forms agd thb@éllo@&@indﬂdi@omr s and a
subsequent insertion reaction into a transition nmetal -carbon or a
transitibh meeemetiyehosdartidnmstalysthemperane aukmsthods ghtheimeregaritionc onpounds
(e.g., organoal um num conpounds such as nethyl al unoxane) in the

coor di nation cat al yst systens or 30 during the catalyzed reaction is

t hought to bga%mmgﬁwgﬁﬂﬁf: to activate the catalyst, or maintain its
activity, by reductron and, ere appropriate, alkylation or formation of
a conpl ex system Cohelmtionrpalystsysiwarse whichetre borally dhsed onatrdneftionocat al yst s.

The conpound_cont ai ni ng, t transition 2 metal atom which is eventually
activated, i ?W]SP’@BPWS@E&%%P% e 19rasd ozganoipstalligepmpaunds obSreuPat i on, t he

primary gatahYgfhe Periodic Table of the Elements, are exceptionally diverse catalysts

which are employed in chemical reactions of and with olefinically unsaturated
compounds. Such reactions are embodied in processes for the preparation of
olefin polymers by coordination polymerization.
The preparation of polyethylene of increased density (high-density
20 polyethylene, HDPE) and of polymers and copolymers of ethylene, propylene
or other 1-alkenes is of considerable industrial importance.
The prevailing belief on the reaction mechanism of coordination
catalysts is that a transition metal compound forms a catalytically active center
to which the olefinically unsaturated compound bonds by coordination in a
25  first step. Olefin polymerization takes place via coordination of the monomers
and a subsequent insertion reaction into a transition metal-carbon or a
transition metal-hydrogen bond.
The presence of organometallic compounds (e.g., organoaluminum
compounds such as methylalumoxane) in the coordination catalyst systems or
30 during the catalyzed reaction is thought to be necessary in order to activate the
catalyst, or maintain its activity, by reduction and, where appropriate,
alkylation or formation of a complex system. These compounds were

therefore also called cocatalysts. The compound containing the transition



The best known industrially used catal yst systens for coordination

pol yneri zation are those of the "Ziegler-Natta catal yst" type and the
"Phillips 5 catalyst"” type. The forner conprise the reaction product of a
metal al kyl or hydride of elements of the first three main groups -af SEhg)l}
Periodic Table and a reducible conpound of a transition netal elenent of
Goups 4 to 7 the conbination used nos4 _frequently conprising an al um num
al kyl, such as diethylalum numchloride, and titanium (IV) chloride. Mre
recent highly 10 active Ziegler-Natta catal ysts are systens in which the

titani um conpaetabatb, whickas eGdhRulGAchvattd i§ ﬁﬁ@gf g@%?eﬁé R}()E‘?Lga@aﬂgit“m

conpounds, such as, in particulafr, nmagnesi : re recent
devel opnent s dndafief ativetion, dhe piimgtyecasilyse. cat al yst  systens. Such systens
are characterized the fact that their netal centers 15 behave alike

during pol yreri zat eshiERo vraieAngrialb yeed sribishaystsmprfer ecordinatidyst s ar e
j udged to be ' '! _Qgi - Si nner en t.he,, pol t.hey. make neets
sone basic C[]f)!)@}h%r%a (en.?g., ﬁsaerorfg% %F@Eﬁﬁg&ﬁ &%?léfﬁt fﬁmi%geﬂrl%ﬁpﬁw or
uni f or m coNDRameyst Uiyt The!FirRie) conThiske the REcHE! i gand set
around it and be c?ﬂggsified as E%ilbr}é%l%e-si tfé" a@?@‘ﬁgfggﬁl‘%ﬂéﬂ%"%m ymer that
it produces Hudrideof demeys of thetfirststhree medin gedupe of\ite tPefioGic Mabe: Fidl£ cat al yst
systens are netallocene catal ysts . and constrai ned geonet rtﬁ catal ysts. A

¢

"mret al | ocene'TcFUSIRIG ROTERP 19 SAnSHge My sderaent ek Growpstepdithée. 9., Zr, Ti,
Hf, Sc, Y, wco%h{aﬂ))nﬁgﬁg%;t eﬁﬁém cor p&l%%%g;% éluq]ml'gc}lﬁchggf 81}1 dienyl 25 (Cp)

rings, or derivatives t sucnh a nyl ,

fluorenyl  amiethylslutiti@an chidridddinditmitud (VEcHNMCMbIG80MS highlyer groups
can be attached to the nmetal center, nost commonly halides —and al kyls. The

Cp ri ngs [Ban aglive Licgleedaita gatalysts atessystems ip avhith thel gigohiure tampomehia”

structure), y N NDST | ypropyl ene catal ysts, or they can be independent
and freely rgﬁ‘gél fﬂrlledmc%[y %n%g Sﬁéﬁﬁ?%e% EPPE’E‘EQS’HHKE‘&’I 1p)

net al | ocene- bagRdlaph¥@le ik foridt al ysts. The defining feature is the
presence of two Cp ligands or derivatives. Metallocene catal ysts can be

enpl oyed either adMaoeremht develapeentsiave fmiuadd @rcsngls-sitk Batalfkch case an
al unoxane, such as g@%@él al unoxane, is used 5 as a co-catalyst, or they

can be enpl oyEcHES FIERY arecclierastarizedrby Hiq faeldhatgheir metal centers
15 behave alike during polymerization thus making very uniform polymers.

Catalysts are judged to behave in a single-site manner when the
polymer they make meets some basic criteria (e.g., narrow molecular weight
distribution, or uniform comonomer distribution). Thus, the metal can have
any ligand set around it and be classified as “single-site” as long as the

20  polymer that it produces has certain properties.

Includable within single-site catalyst systems are metallocene catalysts
and constrained geometry catalysts.

A “metallocene” is conventionally understood to mean a metal (e.g.,
Zr, Ti, Hf, Sc, Y, Vi or La) complex that is bound to two cyclopentadienyl

25 (Cp) rings, or derivatives thereof, such as indenyl, tetrahydroindenyl, fluorenyl
and mixtures. In addition to the two Cp ligands, other groups can be attached
to the metal center, most commonly halides and alkyls. The Cp rings can be
linked together (so-called “bridged metallocene” structure), as in most

polypropylene catalysts, or they can be independent and freely rotating, as in



whi ch are neutral netall ocenes which have been activated, e.g., ionized, by
an activator such that the active catal yst species incorporates a stable
and | oosely bound non-coordinating anion as a counter ion to a cationic
metal metallocene center. Cationic netallocenes are disclosed inr3UE. 200
Pat ent Nos. 5,064, 802; 10 5, 225,500; 5, 243,002; 5,321, 106; 5,427,991; and
5,643,847, and EP 426 637 and EP 426 63-8, the disclosures of which are

i ncorporated herein by reference. "Constrained geonetry” is a termthat
refers to a particular class of organonetallic conplexes in which the netal
center is bouRestibutawt sllionetalloasapbrsad pobyetliienecatatests. vEld definidghe Cp ring i s
nodi fi ed by ldai.ng to a 15.heterpat om sych as nitrogen, phosphorus,
oxygen, or S?F#tg%lsg}&prfﬁpgeﬂ%tt\vgr(ggﬁg?ﬁdg}oggewmgs.tO the metal site. The
bri dged structure feflls f.ay gl t ierm, constrained
geonetry". By vi rtthIe ofcﬁfggﬂgr gbré caé;brgﬁf:btpmagﬁ%ra%ﬁ?%ﬁ% r{gg{%leorretry

cat al yst can metaliotenes”ds iwhich( dasngh lngioRand) 6adtcddiAghylal@iox@h& i§8dedPOSSsi bl e
with normal netall ocene catal ysts. 20 Constrai ned geonetry catalysts are

di scl osed?i n @ago-ilxshior ey, cag bempdaRd aand-callQP katafic n@mikicemdshed
geonetry catal.ysts _can _al sg be enpl o i neutral or cationic form and
use nethyl al d”r%?i‘éﬁf& ngpﬁadﬂ?@iqqeg%p\g@gﬁgﬁe&p@n aptieiedd £i8rdPYizedh bylRa sane
fashi on as makadit I Jobs t L 11 | et al
(g Fe CorRYOCARE Ry Bk ERAR AN HoomBldfen J AL MIBESAIT S have
been devel opégundepr-esednating anionlase bomisrdsn 6f a satihid MmbRl nealistddeon met al
catal ysts are founé?ﬁ n US. Patent No. 5,880,241 and its divisional

count er par t s Bl Eafqpig meglocenegang diseipsed ;1 Y Patat Nos.ge®4802; and

pCT/ Usos! D03 162 Pl DR Bnaer M B et ot M Raso P37 and
PCT/ GB99/ 007 hfid EBot28 d38ethe idivglotuw®s be whitdl dr@ir@of%’o?diéd hér8R yEkfrence.

pre-catal ysts typically require activation to forma cationic netal center

by an organonet al “Cenfteineg gromgtrydisp termthat yéfatsuoapartizula/B@y) of

(characterized as operating through a h d%gcarbly,l abstraction mechanisn).
ko Feer i

Such acti vat SFE Y COtA MRS B chibe gua &y egiyiosal |y enpl oyed
| quanti ti esoieiCakRg BHhid ks ?&% gg?ingqs‘ﬁﬁ)d)ﬁ;etdhbﬁc%g%f%éo avoid such

di sadvant ages have | ed t he deve nt ~o por a e.
tri spent &% | uheistratorh bachasalitreged, plorspharug,exggen, afpulflirl4Ad this

heteroatom also binds to the metal site. The bridged structure forms a fairly

rigid system, thus the term “constrained geometry”. By virtue of its open
structure, the constrained geometry catalyst can produce resins (long chain
branching) that are not possible with normal metallocene catalysts.

20  Constrained geometry catalysts are disclosed in U.S. Patent Nos. 5,064,802
and 5,521,106. Constrained geometry catalysts can also be employed in
neutral or cationic form and use methylalumoxane or ionization activators
respectively in the same fashion as metallocenes.

Still more recently, late transitional metal (e.g., Fe, Co, Ni, or Pd)

25  bidentate and tridentate catalyst systems have been developed. Representative
disclosures of such late transition metal catalysts are found in U.S. Patent No.
5,880,241 and its divisional counterparts U.S. Patent Nos. 5,880,323:
5,866,663; 5,886,224; and 5,891,963, and PCT International Application Nos.



10 tetraki spentafl urophenyl borate) activators which are non-pyrophoric but
nore expensive to manufacture and require pyrophoric reagents to nake the
sanme. These factors conplicate the devel opnent of heterogeneous versions
of such catalyst systens in terns of neeting cost and perfornance] t5af ggfis.
Use of these catalysts and related types in various polynerization 15
processes can give products wth sonetid4res extrenely different properties.
In the case of olefin polynmers, which are generally known to be inportant
as materials, the suitability for particular applications depends, on the
one hand, orP@HYSIE(008E6;FCT/HSOT2A36HERC GBI 00A 14 ROT/ABIMENVEd; and on the

choi ce and rat,i rs and the typical physical paranmeters which
ReropePRare”

characterize afé such as average nol ecul ar wei ght, nol ecul ar

wei ght distributi MaleN ree of crossl.inking,
crystallinity, de?é‘?%ﬁ%ﬁ%&ﬁ%ﬁ@%ﬁ%ﬁﬁ%@ 15 8ﬁ%§'sfgﬁmlﬁéagpol yner and
the Iike, andequirddeevaidien fhmnd catibhic RieP ey HESghiddall TRyt he process,
such as content of |ow nolecular weight inpurities and presence of

cat al yst Pesiagifls,g..anethylabmaxane QdAQ)parbaractericersassapelfinghradgh &i on t o
realization qf ,the.desired.prodyct. properties, other factors are decisive
for eval uati %ad{%grbé/f %t?sgia‘é ‘c’#‘ SE’BOSB?I?]%"HVBWI'%%%C?@YSM% em such as
the activity f : .S it t t cat al yst
required for pgc%%lgrﬁnp’gﬁlg?!rﬁl/@?}sci%%iggl@ Ogle g%%%&gk&gﬂﬁﬁ%gfapeg @@E& qfﬁ%e pr oduct

conversi on pertalyst.t Attemptsamdvditi sughr disudvhntigel tve fedhbehsddkidpiient and ease of
handl i ng of the c tal?g; or its conponents is another factor which affects
t he choi ce of%® Be ifperiadivephenytoraned apd boraterte gotangraptiymal | known

coor di nathon . sensitiye to air and. isture to
varyi ng ggrées. k%or P%gﬁ?n%ﬁoé%?g@&gﬁgx%w mﬁﬁﬁ I&%’ongléﬂl?clgﬁ MRS their
activity or iekpeisbiesb Blanufiesid SyE@qhiye ﬁﬁ@?ﬁ&iél@aéﬁftmﬁﬂﬂ&rﬁg%aﬁéygen

and/or water. Most Ziegler-Natta and netall ocene catalysts, for exanple,
deacti vat e spsicliteorsiomplicaigdhedeyetapnuint oflmderbgerees versisabbisuchbst

7 Cand ot SEAPGt WOl BBl MecOnS oY 8P BTHRINGLBISGhi ch of Course
Fur ther factor 1o pe conar droq FAe IAASE kPR RSP MHERARE (00 oi nat i on
cat al yst las grdresses oygegive prodoets afithstonsyiates extrdthelyaiifferohtggopertiés. dn
het er 0geneou g, CBkE LY e holymors Whichars gbhckarly fxiin tocbe imiportant a8 *
materials, the suitability for particular applications depends, on the one hand,
on the nature of the monomers on which they are based and on the choice and
ratio of comonomers and the typical physical parameters which characterize
20  the polymer, such as average molecular wei ght, molecular weight distribution,
degree of branching, degree of crosslinking, crystallinity, density, presence of
functional groups in the polymer and the like, and on the other hand, on
properties resulting from the process, such as content of low molecular weight
impurities and presence of catalyst residues, and last but not least on costs.
25 In addition to realization of the desired product properties, other factors
are decisive for evaluating the efficiency of a coordination catalyst system,
such as the activity of the catalyst system, that is to say the amount of catalyst

required for economic conversion of a given amount of olefin, the product

conversion per unit time and the product yield.



pol ymeri zati on process. Mrre specifically, slurry polynerizations are often
15 conducted in a reactor wherein nononer, catalysts, and diluent are
continuously fed into the reactor. The solid polyner that is produced is
not dissolved in the diluent and is allowed to settle out bef Ore-?%FP‘QDﬂﬂ
periodically wthdrawn formthe reactor. In this kind of polynerization,
factors other than activity and selectivity, which are always present in
sol ution processes, 20 becone of paranount inportance. For exanple, in the
slurry process it is desired to have a supported catalyst which produces
relatively high bk sthbilisy apd pase yfibandling df tlee datdlyst o #msomponientsi®o | ow, the

handl i f th lid pol b i tical. It is al dvant

o have t he ABTYRdRcios Mk SHeciins Swe Spnartashl aubolimeneriseatat ar o .
latively f : ' 3 fi h hi gh. bul k _density,

They al so”do? Bty yERowdbodidor LR85 AR ARYECD STl Arpdl e, 'Y

addi tional haptivgo RaEhELIS s TobhBndtRhQhtabfsRCRS %ipﬁl&n?fre&d&%d Rp! ymer

fluff. Furthernore, slurry polynerization processes differ in other
f undamental #ejrsactividyrot breeverspily destemykd by eccepotoypemdspheric) oxpgacesses. The -

3 SEP 2003 6 | att [ ' ti t t >130 C d
pressures (> Orp‘g’tft)elr.eﬂﬁ%%‘%ﬁ@h’%ﬁéﬂﬁ‘?g&ﬁﬁgﬁﬁgﬂai?%?seg{ffe% ( ’ght.)pglnlymers.
The | ower Mgk spdRhbusly b dss Rhiethnd Bedolif rfiliele CORLN-t & M nat i on

rates under such reaction <c itions. oug ower I ng e reaction

t enperat ure eostimatipn esslysts mwt tHerafbngpicgiyisd motecal fiint bedesy & 0f t he
met al | ocene catal yst can produce hi gher nolecular weight polynmer in a
sol ution prodRbB01styre JUEBE PEPATAHPACTTASE andisepwhich of couree makes ti ng hi gh

nol ecul af, Weh%ﬁﬁing%%{zﬁft%néEhctré}xgesdt?lg”éﬁeéﬁx m%g%ui ment due to the high

viscosity. In confra urry re overconmes nmany of the

above 10 di sadvanipagasfubfiesfatiol o BP&ndidentd idthelBURY td SAPRMAL Ure (<100 Q As
aresult, a hi gher nol ecul ar wei ght polynmer with a uniformparticle size

and  nor phol eggrdisatoneatplystrasiadicjerogrnadwsentalyst systernl Fbe adweatigagedbas to carry
such that r BEFRREER SEDRET Sy RE ot bReSRa T EEL o not have to be-
removed fronpgBmeridRidifidbdss MO sy Ally, MerPhayRieAiats skbmdvant ages of
slurry polymerization processes
15  conducted in a reactor wherein monomer, catalysts, and diluent are
continuously fed into the reactor. The solid polymer that is produced is not
dissolved in the diluent and is allowed to settle out before being periodically
withdrawn form the reactor. In this kind of polymerization, factors other than
activity and selectivity, which are always present in solution processes,
20  become of paramount importance.
For example, in the slurry process it is desired to have a supported
catalyst which produces relatively high bulk density polymer. If the bulk
density is too low, the handling of the solid polymer becomes impractical. It
1s also an advantage to have the polymer formed as uniform, spherical
25  particles that are relatively free of fines. Although fines can have a high bulk
density, they also do not settle as well as larger particles and they present
additional handling problems with the later processing of the polymer fluff.

Furthermore, slurry polymerization processes differ in other

fundamental ways from the typical solution polymerization processes. The



provi des incentive for devel opi ng coordi nation catal ysts in heterogeneous
form Thus far, gas phase polynerization processes are only practical wth
a heterogeneous catal yst system 20 Finally, evaluation of a coordination
catal yst system nust include process considerations which influ??%@Pﬁﬂﬁ
nmor phol ogy (e.g., bulk density) of the resulting polyner, the
environnental friendliness of the procgss, and avoidance of reactor
fouling. Thus, there has been a continuing search to devel op a coordination
25 catal yst system preferably a heterogeneous coordination catal yst
system  whi bdterimopired igharedutioh terapearhtysds (AL30 @) ind pressufesge4 S0 pgipact or
fouling, produces polyner products having ?ood resi n nor phol ogy while

si nul t aneoushyd %@Ws‘ﬂééﬁ}mﬁﬂdﬁ@%lﬂﬂr‘ﬂ@ﬁhﬂgﬂ yraerg. The fpsyertmaolpetad) and

i nexpensi ve to. nake. P 2003 .7 There has.al so been a partj.cular need to
di scover cat gleﬁlss%%gég m%‘ﬁr@ﬂlda% NI TaeR @?ng’rrsélﬁgﬁaﬁ{l%pe with the
propensity tgoif@sis! ValRugR @ ngdhErdabich RApefatBE and/Br preSsurd B¢ Present

i nventi on was devel oped in response to these searches. "5 International
appl i catijon dmngR@rhtlSonArstaGRiré bithe mmzislicormd catPydiican atddace Neghed\O 97/ 48743)
is directed to frangible, spray dried agglonerate catalyst supports of

silica gel, WolecH apseight polymegin 2 selpaen P%?%%PW%W@ﬁ@@ﬁ%eroi dal
shape, T OUGh REERHURARRE A Biec ARlweloflt KiFhES ifline RlvhsiRAGeS whi ch

penetrate the aggl onerate~s ace and are stantralTy uniformsize

and di stri butqipmerdiniicag HeHigl aisessitgl SO possess a 1-250 micron particle
size, 1-1000 nR/g surface area, and an Attrition Quality Index (AQ) of at
| east 10. The agglotRntastes sk reeqtion@godesoeneacomestany affthe ahoyeni | | ed

i nor gani g, oxi,de, particl es .0., silica gel and opti ly, but preferably
wet T ARl Rl e et v emBrenft BB, Ashieslt i ch 15
preferably CcQRighePmdlee@lar Vet pSI9HERMth A unisi paftRle dzddd ON particle),
slurried in water for spray drying. The high AQ assures that the

aggl omer at esmarpholdgyanagibelreutanedy oltained.hb ipdky adanzgedwto pary ontrance i s

i nproved. Th contr.ol I ed, nogphol.o i s believed .permt the constituent
particles ofS rea:gblap%wgpa‘gé@wpgy EHWIBP#@“?W%Q%‘#’@H or coated

W th coNVent jfis #8mthe bR Lt Ol SRRV R Be refdo¥a fdnl@e di scl osed

as suitable netal o
15  resulting polymers.

The above-discussed advantages of slurry polymerization processes
provides incentive for developing coordination catalysts in heterogeneous
form. Thus far, gas phase polymerization processes are only practical with a
heterogeneous catalyst system
20 Finally, evaluation of a coordination catalyst system must include
process considerations which influence the morphology (e.g., bulk density) of
the resulting polymer, the environmental friendliness of the process, and
avoidance of reactor fouling.
Thus, there has been a continuing search to develop a coordination
25  catalyst system, preferably a heterogeneous coordination catalyst system,
which demonstrates high catalyst activity, is free of reactor fouling, produces
polymer products having good resin morphology while simultaneously being

very process friendly (e.g., easy to make) and inexpensive to make.



U S. Patent No. 5,633,419 discloses the use of spray dried silica gel

aggl onerates as supports for Ziegler-Natta catal yst systens. U S. Patent
No. 5, 395,808 discloses bodies nade by preparing a mxture of ultimte
particles of bound clay, with one or nore optional 25 ingredients Eﬁ\hz S
I norgani ¢ bi nders, extrusion or form ng aids, burnout agents or .T@ H@

| iquid, such as water. Preferably the.yiinmate particles are fornmed by
spray drying. Suitable binders include silica when Kaolin clay is used as
t he i norgani c oxide. The bodies are nade fromthe ultimate particles and
useful nethods forTherrimsatsotbeen bodttieslar fieddud dieyvereaiabit spedmet | zation, - 3
SEP 2003 -8 balling, and granulating. Porosity is introduced into the

bodi es dur i n§vhitesre adapiedsteyngremreasiihytonpe withi theproppasityitedeastivated resul ts

primarily frg@% ]?gt en_the starting particles. The porous bodies
are discl ose op%geiigfss U Eclg"gmga?al yst supports. See also U S. Patent Nos.

5,569, 634; 5, 403, 198 :préabst iventidH a8 Avel gl ke hoRse2dGhdsRkestbils! ar

disclosures. U S. Patent No. 5,362,825 disclosés ol efin polynerization
cat al yst s5 pr oducéutematiomad applidatign HopPCIT4rSe7/t1953 (hitednatonal egl er - Nat ty

catalyst, i.e.,.a. solu | ex produced fromthe m xture of a netal

di hal i de wi t%ualﬂcalnéﬁﬁo'%ﬁggf&gﬂgﬁ ig dypctpd todrangablg PRy dried he presence of a
liquid dilue ' ' re; L.S.:i contacted with an

or ganoal Ui naEF AL ECASR b Tt o8l sl H LB, 5607, 800
is directed mrphalogpef hiztosphéraldabsiepe, roGet edayfdus Gpdkrsthda particul ate

cat al yst support, such as a nolecul ar sieve zeolite, and a stereospecific
net al | ocene, I¥erspBH Vol thacesiehiph penctiatecthe agglpmerate aBfagndnd arc@fpor ating a

tall N £ ruGt havj ng tericall i ssi m |
Cyct opentadi SRRy bort fee B S8sblRed: The i srierfaARP 2% nsi ¢ on
metal atom AL2500hifeh phriddle b6, 1DECUOGNYY BErEH-SELES Sh@in Altitibs Quiiigc! osed t hat

cationic nmetall ocenes which incorporaté a stablé non- coordihati'ng ani on
normal |y do Heiex(4Q)) efatdéast 13 clhsf agglameatzs ere 2OivEProf6ts Bid8urticfc| oses a

rocess for pol ri.zi ng .ol efins i ch conprises mXxi an al um num al kyl
\FI)\A: th the ol eﬁ'}‘yn%f dlﬂé‘f}rﬁg‘?’ﬁ%}d:e?éﬁﬁc ésp?'gpéﬁ?lggéaﬁi’élwgéﬁr]g’ol@%ne. gat a:Jyst , gnd
m Xxing the catadisly %t&ﬁlll&&‘ﬁlo?éa_ﬁiﬂt?e&ﬁ'&@ pali&i¥d, = Sifidh JU1 phcRs (vhagut @

met hyl al um noxane Co-catal yst.
15 preferably contain a colloidal content of less than 1 micron particle), slurried

in water for spray drying. The high AQI assures that the agglomerates are
frangible and that the polymerization performance is improved. The
controlled morphology is believed to permit the constituent particles of the
agglomerates to be more uniformly impregnated or coated with conventional
20  olefin polymerization catalysts. Clay is not disclosed as suitable metal oxide.
U. S. Patent No. 5,633,419 discloses the use of spray dried silica gel
agglomerates as supports for Ziegler-Natta catalyst systems.
U.S. Patent No. 5,395,808 discloses bodies made by preparing a
mixture of ultimate particles of bound clay, with one or more optional
25  ingredients such as inorganic binders, extrusion or forming aids, burnout
agents or forming liquid, such as water. Preferably the ultimate particles are
formed by spray drying. Suitable binders include silica when Kaolin clay is
used as the inorganic oxide. The bodies are made from the ultimate particles

and useful methods for forming the bodies include extrusion, pelletization,



nmet al | ocene catalyst is an ion pair formed froma neutral netall ocene 25
conpound and an ioni zing conpound such as triphenyl carbeniumtetrakis

(pent af | uorophenyl ) borate. U S. Patent No. 5,238,892 discloses the use of
undehydrated silica as a support for netallocene and trial kyl al ui §E@n30g)
conpounds. - 3 SEP 2003 9 U. S. Patent No. 5,308,811 discloses an olefin

pol yneri zation catal yst obtained by c@gwacting (a) a netal |l ocene-type
transition nmetal conpound, (b) at |east one nenber selected fromthe group
consisting of clay, clay mnerals, ion exchanging |ayered conpounds,

di at omaceous bellingandyirinudatings Panakityas rttodacedinantle bodieqduriiggte@al um num
conpound. Conponent (b). may. be subjected to chem cal treatnent, which, for
exanpl e, uti RP$sEEDLY @'ﬁmék%l%ﬁg‘ﬁ{j’é%lmlf: les, ang resylth primecibyelremspadesni nar

exchangeabl e Lhe L k S to.ghtain a

| ayered substbg%gnﬁgew ngn h%mwf‘e?}"gh&ﬁg? l@é gﬁ%ﬁ?ﬁ oﬁF%fg S RN bul Ky
ions play th@atﬁ%’sﬁs_u??o@é | $ecaradso 918D PRIchi N&s. 5IEolcayes ads 3og.upkure, and 10 are
therefore calle ars. Quest conpounds, which can be intercal ated,

i
i ncl ude cati 6s#0g, &%Hmrgiaﬁﬁ’ 69(&%2\@)ﬁmmmlaieinﬂcmdreﬁr om such materials as
titanium tetrach etr | oride.. S| Q2 be present
d:Jri nlg;usuch int ek‘ggl aﬁt‘Fr{SﬁP %I ggg?%h}ﬁ%‘ﬂ npqliafglef};@%(g} 3'¥§’,‘? aypl s

mont nori | | on mucedS%J béifladiilh ol RUIOEN cﬂg%ﬁlhoaszfé RPNAud UhbRAt G ecgponent (b).

15 U. S. Pate t 5,75 I"oses ynmeri atl on catdlyst’conprising a

net al | ocene salnplewnthplex mrodwet dtoys theshikhurasf piretad ditatide sithi ap feage d
conpounds, Lew s acids and Lewi s acidic conmpounds, as well as clay mneral.
The clay canOB®ARiqn @atabgomp%aﬂﬁ@me mFERcRel ailighd dilkenti The renove

i mpuriti Eméggm I i art he netallic
cations rom{ cry Itlluﬁeqz%ls1 ?ﬁ%t"ﬁ% g%héi"g”% bﬁ')ﬁ:gﬁ% {es of acids
whi ch can ef bﬂﬁw§ﬂﬁh;atamdl fication incl ude Bronsted aci ds such as
hydrochloric, sulfuric, nitric and acetic acids. The preferred

modi fi cation of t Illbscﬁ'aé%ntﬁ@ AS0B8p0 iisdieagtasiio a@%pm@mqa}h@teatl ic ions
originally pre in the cla th ific_ o nlc ons _such as

ali phatic anﬁ%ﬂfﬁ N NS p%ﬁ%w?ﬁﬁﬁﬁ%ﬁgsu@ﬂﬁ %‘%ﬁ %C Siffds such as

al i phatic amzélﬁﬂ@%ﬂ@%’fér&fsb@&ﬁéﬁ*leiailocéiéc& hwsﬁ dr@aﬂateaﬁ oytst s nay
optionally be supported by fine particles of Si Q2 03, Zr B203, CaO

ZnO, Myd 2, @sdimorperatingiaxnetnBocend dgenaf suuChire h@xmg tw:estdﬁc;allyol :
dissimilar cyclopentadienyl ring structures coordinated with a central
transition metal atom. At column 4 of the background discussion, it is
disclosed that cationic metallocenes which incorporate a stable non-
coordinating anion normally do not require the use of alumoxane.

20 EP 426,638 discloses a process for polymerizing olefins which
comprises mixing an aluminum alkyl with the olefin to be polymerized,
preparing the metallocene catalyst, and mixing the catalyst with the aluminum
alkyl-olefin mixture without a methylaluminoxane co-catalyst. The
metallocene catalyst is an ion pair formed from a neutral metallocene

25  compound and an ionizing compound such as triphenylcarbenium tetrakis
(pentafluorophenyl) borate.

U.S. Patent No. 5,238,892 discloses the use of undehydrated silica as a

support for metallocene and trialkylaluminum compounds.



21, line 10 et seq.). The fine particle support may be of any shape
preferably - 3 SEP 2003 - 10 having a particle size in the range of 5-200
m crons, and pore size ranges of from 20-100A. Use of netal oxide support
is not described in the exanples. U S. Patent 5,399,636 disclosesjagp 5
conposition conprising a bridged netallocene which is chem cally bonded to
an inorganic noiety such as clay 5 or¢silica. Silicais illustrated in the
wor ki ng exanpl es as a suitable support, but not clay. EP 849 292 di scl oses
an olefin polynerization catalyst consisting essentially of a netall ocene

. conpound, a nodi f ey, Edéi NGO IV | d@Rbsean &E%B@@Hé%ﬁﬂ&%?&uﬂd; The
nodi fi cation of the clay is acconplished by 10 reaCtion wth specific am ne

sal ts such asbainddyaontcting & latmaii@ene tpo yranidon megd compowid, &m ani ne with
a proton acid (hydrochlaric aciecﬂ}r. The specifically  disclosed proton acid
am ne salt i &t kastyngmemeberselecied fram the ropreonsiginerafclay: slay Snemls, c| ay
results in exgh ' Catl ent of .t tQoton acid
am ne salt V\nl(fq%é%{&ﬁ%l@a% %agﬁrseﬂgrg}lﬁ g |bna 3 (;i}lta%)?rgasc%ﬁ{%r%ﬁﬂ,lsghqéaﬁees aélp%&[ltgg,f ormthe

m neral / 9rgand &)iaﬁ%rgﬁmuﬁﬁnmhlc%gﬁﬁi@r@mh?bneﬁt @Y ma¥3R sdbrele@sses an olefin

pol yneri zation catal yst obtained by contacting a netall ocene conpound, an
or ganonet al | khemicaitpeatment, whithafos ekamiple autdlzgs toncanipmgeatulitydnpri si ng a
carrier and an ionized, ionic conpound capable of  form a, st abl e ani on on
Ceact i on wi t ACERENS AR oA ERB N SR 166 PAB*B ORI 1476F BUlY scl osed

| ncl ude | nor gkt obGATPANBRA Bt NA R e R MRl ndt UTRRKPHkargkl® | NOT gaNi C
conpounds incl'ude i norganic oxides, such as alumna, silica,

si | i ca-al um Sach bilky dens pimgthe sola;of pillays, sippertadgsthe dydradrangand, antal | des. The
i oni zed ionic conmpound _contains an ani oni ¢ copponent and a cationic
conponent? THE therefass palledpillas Guewcoppanrdsaphich canpe intergalgtedeni s Base

functional ge c%pdecﬁ%ﬁgﬁk%ﬁ%ﬁﬁg ﬁ?rﬁbglg(ﬁf%i@tdeﬂe&ﬂ%}a &“Batjeﬁaﬁ(%ls H0arflm t e

Peri odi ¢ Tabl'e" such as a onrum  sul'foni'um "and phosphoni um

cations. The&akhiofids end gineihiufttrachlofifle.COI, a4y kR preseat digiil sughoup ot her
than Lew s Base function groups, such as carbonium tropynium and a netal

cation. The amersalatompbenast compdundesThe prefmped 2o 3s mpntmorillonite.
Silica gel is not disclosed as a suitable component (b).

15 U.S. Patent 5,753,577 discloses a polymerization catalyst comprising a
metallocene compound, a co-catalyst such as proton acids, ionized
compounds, Lewis acids and Lewis acidic compounds, as well as clay mineral.
The clay can be modified by treatment with acid or alkali to remove impurities
from the mineral and possibly to elute part of the metallic cations from the

20  crystalline structure of the clay. Examples of acids which can effect such
modification include Bronsted acids such as hydrochloric, sulfuric, nitric and
acetic acids. The preferred modification of the clay is accomplished by
exchanging metallic ions originally present in the clay with specific organic
cations such as aliphatic ammonium cations, oxonium ions, and onium

25  compounds such as aliphatic amine hydrochloride salts. Such polymerization
catalysts may optionally be supported by fine particles of S10,, Al,O,, ZrO,,
B,0,, Ca0, ZnO, MgCl,, Ca(l,, and mixtures thereof. (Col. 3, line 48; Col.
21, line 10 et seq.). The fine particle support may be of any shape preferably



those containing a boron, alum num phosphorous or antinony atom such as
an or ganoboron, organoal um num organophosphorous, and organoanti nony

ani ons. The cationic conponent is fixed on the surface of the carrier. Only
silica or chlorinated silica are enployed in the working exanpl es

carrier. 5 In many exanples, the silica surface is nodified mﬁtﬁag&gﬁw@ne.
U S. Patent No. 5,830,820 discl oses ap“Pjefin pol yneri zati on catal yst
conprising a nodified clay mneral, a netall ocene conpound, and an

or ganoal um num conpound. The clay mineral is nodified with a conpound

capabl e of 1 BhiRgGLARICAAANRhBE or $ho biiehs 1Al BEARBRSSRAL dehe cl ay

mneral . 10 Suitablfe cations which are inserted into the i ncl ude those
havi ng a pr ofrom 20-bé0rel Yse &f metat exddasiptortisiadt desériteidhy Henevaniplsm as wel | as
carboniumions, oxoniumiagns, and sulfoniumions. Representative anions
i ncl ude chl ori ne Ubdatest §3P8836 discloserp sasapasiticngempemsinggubradgedi s sini | ar

to U. S. Patent .5 830, 82 except that the 15 average.particle size of
the clay is meéams%”eed”é‘&gh Eec:ﬂﬁxéuqaglgg)op@.. ofﬁlﬂ?rg?%ﬁg_?meti‘é%ug‘z@% di scl oses
an ol efi is pobhydBEd. ZGliEPR iBaduatadsh HEORSASE él&nfﬁ:?e%?a@?a'sﬁltél&ie Qﬁpp%rt[mt al | ocene
conpound, an organoal um num conpound, and a nodified clay conpound. The
clay is nodi butathtbblaycontact with a proton acid salt of certain specific

am ne conpounds, such.a exyl am ne chloride. 20 JP_Kokai  Patent HEI
10- 338515 di scl oség 8§9@§€Elbﬁqusa%mb915§%eprle§zamcgﬁly% CORSITEEi nt er cal at ed

10- 338515 di _ _ s ST QRS nt e cal ot ed
naving a1 antRen P ATREhe B § BRI o i iR B M e

or ganonet al | bzacdlainueh ésmpoundq Tk usodifidatibh of tHe@Myeis atdgnsliseedbg acid to
forma sol that contains the netallic conmpound; m xing the swelling 25 clay
m neral Lbl waehon with seecafiG arping saltotneH ag 8 Braipmpdig salbpbiaingd Ryitheat i ng to

i nt late the.nmetallj d. bet t he |. in the. swol | |
miner al ;  and RENH S HHER B e g et (e osopg ase R SRESIRAD i nerar
that has thgisBREed profonGRIIPAMAE salDis@ies Matithidieiheiriie. SHet abl e netal lic

oxi des incl ude_thqse of titani um zinc, iron, and tin. - 3 SEP 2003 -12
U. S. Patent hodificaten o8BS clay refultean exthangenofdhé emimooind catomposi ti on

S A R e S
particlegs the clay to form the mineral/ organic ion complex.

U.S. Patent No. 5,807,938 discloses an olefin polymerization catalyst
obtained by contacting a metallocene compound, an organometallic
compound, and a solid catalyst component comprising a carrier and an ionized
ionic compound capable of forming a stable anion on reaction with the

20  metallocene compound. Suitable carriers disclosed include inorganic
compounds or organic polymeric compounds. The inorganic compounds
include inorganic oxides, such as alumina, silica, silica-alumina, silica
magnesia; clay minerals; and inorganic halides. The ionized ionic compound
contains an anionic component and a cationic component. The cationic

25  component preferably comprises a Lewis Base functional group containing an
element of the Group 15 or 16 of the Periodic Table such as ammonium,
oxionium, sulfonium, and phosphonium, cations. The cation component may
also contain a functional group other than Lewis Base function groups, such as

carbonium, tropynium, and a metal cation. The anion component includes



are sol particles which tend to fuse upon sintering. Consequently, by 5
segregating the sol particles with snectite-type clay particles, fusion of
the sol particles is reduced under sintering conditions thereby preventing
a loss of surface area. The preferred netal oxide is colloidal sid bifaz00)
havi ng an average particle size between 40 and 800 angstrons (004 and .08
mcrons), preferably 40 and 80 angstrops. The ratio of the netal oxide to
clay is between about 1:1 10 to 20:1, preferably 4:1 to 10:1. The end
product is described at Colum 3, line 50 et seq. as sol particle-clay
conposi t es i thoshicottainirey £bargn hahmuet, phosphiluiuk or agithegeitben swh dshe sol
particles. Such products are made up entirely of irregular sol-clay
networ ks in WRPCERNPPRIOR) GganorBiRpensOrEpRORNosiogoUse AR aRMIISBY parti cl es.

Th It | t t fa d ability 15 t
r ete air ﬁsguchI %mgﬁgo ‘#)élélge c\rlggglpgﬁglﬁ%eéale]%n ﬁlrgr’?ﬂée %ﬁaﬁicggﬁﬁ aly Ir a%gerren? is
al so di sti ng'dili‘éﬂ%ﬂcﬁlbﬁﬁﬁtéd‘hﬁé&%% eafm {8 Sk SAmPIR a8 hlchigRy. The

subj ect conpositions are disclosed i'n the abstract to be useful for

cat al yti c5 gas$eoasy exaaples, cblnfssmmlsurhn@mahochﬁed wthirai silags fr om gas streans.
Speci fic catal yst ste e cl ose 20 U S., Patent No. 4,761, 391
di scl oses del am nz{ %cs)lyaé?néﬁ” 3&693%2 d}sa SCLEF S S@’B P@M“’ﬁ&?@%@tﬂﬁ not contain
a distinct Tibabrifhfemddefichy ?ﬁher§ughﬁﬂll%¥ bipoliRd S’ €aCt i ng

synt hetic or ura ing clays Wt ar i ng agent  selected from
t he group congaabalnmmfm p@hy@mnﬂﬂﬁlclaqmmm is rﬁbahﬁud eithaf conpdupdxy net al
cations, colloi daI tpartl cles conprising alumna, silica, titania, 25
chromia, ti ncapableeo! infHRqusHIR2 Eatior dntg thevayer nistspaersiad dhe clanmmirssali oni ¢ et al
clusters;go ' A aIt tungst.en, The resulting
reacti onlgr gg(dtz?dl tg) IChnﬁg%Sg’ggd;ughr?é clﬁge}hé’lse Vén%§‘/p§6?%iy dryi ng.
The resul ti nﬁalﬂéhydBﬁorﬂ&HQBid@@ﬁcﬂﬂm‘ﬁie@MﬂaMnﬁﬁl 45 Ofk11as chit®nRd ione, conmponent
of cracking and hydroproce55| ng catal ysts. The ratio of cl ay to pillaring
agent is - 30BEPURGOBs, and ylfativrs iense Represergativet anens intlude cldorige and about
10. To obt a| n t clay, a suspension of swelling clay, having

t he proper 5‘1”85?/“’ a‘é&m%“%?dﬁlm dal particle size, is mxed with a

sol ution or a SUSIEL?YK‘S!I%Ni sibdiRr B UlsaPhiegt Na.ae 830,840, kReep it gdescri bed
ratios. As the reactants are mxed, the platelets of 5 clay rapidly sorb

the pill&ri nqummwigmcpﬁglealam is disaloatcbas besrzsslessotiipn il 8 exdcroo$. r andon y
oriented pillar edE?’l 8%9%8% dlSC es %aglgﬁn pgf}%ehtz!n?gncgataﬁgs%%orﬁsels G on

essentially of a metallocene compound, an organoaluminum compound, and a

modified clay compound. The clay is modified by contact with a proton acid
salt of certain specific amine compounds, such as hexylamine chloride.

20 JP Kokai Patent HEI 10-338516 discloses a method for producing a
metallic oxide intercalated in a clay mineral which comprises swelling and
diluting the clay mineral, having a laminar structure, with water to form a sol,
adding an organometallic compound to an aqueous solution containing organic
acid to form a sol that contains the metallic compound; mixing the swelling

25  clay mineral sol with the metallic compound containing sol and agitating to
intercalate the metallic compound between the layers in the swollen clay
mineral; and washing, dehydrating, drying and roasting the clay mineral that
has the metallic compound intercalated therein. Suitable metallic oxides

include those of titanium, zing, iron, and tin.



product or gel is then separated fromany remaining liquid by techniques
such as centrifugation filtration and the like. The gel is then washed in
warm water to renpbve excess reactants and then preferably spray dried. The
pillaring 10 agent upon heating is converted to nmetal oxide cl uslﬁrSfP%HJCh
prop apart the platelets of the clay and inpart the acidity whic S
responsible for the catalytic activity of the resultant delam nated clay.
The x-ray defraction pattern of such materials contains no distinct first
order of reflection which is indicative of platelets randomy oriented in
the sense that, i .gditdntdi. 8981328 isléirdceditaaarkd sklabesmpdsiirat el ets, there
are al so face-to-edge and edge-to-edge |inkages. The utilities described
at Col unm 8, cerhprsingElagpadistps ahd aarginiumetahsxide panioles stlsstasftiablat al yst

particul arly hydrocatbon cqnversion talysts, and nost preferably as
conponent s OFC%‘F%ﬁ%‘nghﬁaﬁX/H%E]F%c&foﬁ S &{f‘zF‘&]/%tt@‘?m? 'degtpéﬁ’é’?q‘srom t he
fact that th - &l ' TaCE ld., as 20

m cropores, Frgggle:ﬁ%g ee%:lt}?uecgltt@%da%qﬁ%fﬁ Ilsy ca%ﬁ'ﬁ(ﬁ%ﬁ@%ﬁlﬁh‘é por es of

zeol i t es 5 wi bdgrémviag dleced partiolet néthatiedtitettyps clay phdiieled efusivh pdtieckol | ays

maki ng such materials nmore efficient in cracking of high nolecular weight
hydr ocar bon P¥HAISE it igevited undesintgring,copdiionshesehy Mevensinggdoswsas. ) U. S.
Patent No. 4 hscl i1k ons, .caopt.aini ng fibrous 25 clays
and precal ci %%éa%(%%%‘egm%&’é%gﬁé%&%ﬂ)gég %nlsncé’ﬁgl ﬂﬁﬁanf%%b%ﬁ%%eﬁa%f the «clay
with the pregatiglenest e 402k SO0 Q8 gstRe s @I TR miSRENSeRPatlY form a
co-di spersion, and shaping and drying the co-dispersion. Suitable fibrous
cl ays incl udé0 ahd,89 angstioimsatlds ratroaefitbe mgtal skide taicley is ateteed abvunbdrtagnesi um

silicate Ex es of suitable fibrous clays. are attapulgite, ..

pl aygor s tefoai-H? %E%mi’%béh-t‘iiﬁgeﬁﬁ’ﬁlein Q,md?%’i 163%?%“3?‘5 @&;‘é]i 2 inghrysotile
asbest os, angy| o}d oL ' | ! : ~ratio of
fibrous cl ayg{t) g{%rqéézéaﬁfogpﬁ‘eﬁgko@d‘goﬁl@gh | scﬁ lg‘g{eglgfc })@l\)&e{étgﬁ%sr%ﬁ]&it{): 1to 1:5 by
wei ght. | n caggregaion of e soi partinkel.y Such @rodeds arawesde wprentdmedg ofiot  enpl oy

fibrous clays. 5 Additional patents which disclose intercalated clays are
U.S. Patent gglar3olsclay nefyrobsdn whacivthe ghay phteletsaeelpcsddtcawesd Wi ch

di scl i Ryl Lol N/ . 0, 250, 277.
A paper prestara A TR R RS Hp s e Ry MO LMy, 0

Houst on, 15TexasretabmsubhtégOsittice 428 At elewited teferaNowe ITh(d Ayangement is

also distinguished from intercalation of the clay by the silica. The subject
compositions are disclosed in the abstract to be useful for catalytic gaseous
reactions and removal of impurities from gas streams. Specific catalysts
systems are not disclosed.

20 U.S. Patent No. 4,761,391 discloses delaminated clays whose x-ray
defraction patterns do not contain a distinct first order reflection. Such clays
are made by reacting synthetic or natural swelling clays with a pillaring agent
selected from the group consisting of polyoxymetal cations, mixtures of
polyoxymetal cations, colloidal particles comprising alumina, silica, titania,

25  chromia, tin oxide, antimony oxide or mixtures thereof, and cationic metal
clusters comprising nickel, molybdenum, cobalt, or tungsten. The resulting
reaction product 1s dried in a gaseous medium, preferable by spray drying.
The resulting acidic delaminated clays may be used as the active component of

cracking and hydroprocessing catalysts. The ratio of clay to pillaring agent 1s



10 M neral - Supported Metall ocene Catalysts for Aefin Polynerization" by
Yoshi nor Suga, Eiji |sobe, Toru Suzuki, Kiyotoshi Fujioka, Takashi Fujita,
Yoshi yuki [Ishi hanma, Takehiro Sagae, Shigeo Go, and Yumito Uehara discloses
ol efin polymerization catalysts conprising netal | ocene conpounds-J<$@prgit ed
on dehydrated clay mnerals optionally in the presence of 15 organoal um num
conpounds. At page 5 it is disclosed that catal ysts prepared wth fine
clay mneral particles has had operational difficulties such as fouling

whi ch nmake them unsuitable for slurry and gas phase processes. Thus, a
granul ati on misclesel tnehe htewedngbeut @.6 agd veowt H8. dloaptam therdelaninatadi f or m
spherical shape. The nethod fotr prod ci.ng t his spherjcal shape is not 20

di scl osed. PERYI HTEPRHTD Weﬁfﬂﬁpql@é#‘%‘ll? IWPIPW/TB@E?I%XM-’ correspondi ng

to US. Ser icﬁloiﬁg%aﬁ% 32@, ’i?]fyi)&gl WIEE2 sAuSSPRPL gug%&%#\&?&ﬁhé gﬁ]ﬁﬂﬁ ol efin

pol ymeri zati ons corprising the reaction product | norgani ¢ Bxi de

conpri si ng aagaitiatitheatdredestidbddgtioL atd ihe @edtythisacy niged) tispl@eletsasct i ve
silane 25 functionalized derivatives of hydroxyl groups on the surface

t her eof , and ckiy rapidlyispeh Be pedanpepsant preducing 4 flegcotateompisPempEsedr i ses a

tion which j bl react | ith t tall : dto f
S catal yti cart imeSRRP RSl e et S, TR e R lRE € ani on
contai ni ng aprddedsdr RNR théd! Haidd%m@?%%rﬁaﬁni‘h@@i@ﬁﬁd’ﬂ}tt@pﬁrﬁ@lés@ﬁé}gani c oxide

matrix through residual - 3 SEP 2003 hydr oxyl™ functionalities or
t hrough t he reeentiifngatén Akwtionied thediket Mbe gelrif wm wished aovarnTiveter

representative exanple of a suitable anjion. activator s Lris

é _pen]t af | ;o_r ob%ﬁmvwﬁcmaﬁagfyﬁﬁeﬁﬁm? {aé)ly HiPX g%?é h?oﬁlggﬁrfg: o>|; i ;jest "
I scl osegyin A [ at en .

5. 550, 2410 i CBTAEREt biife S LR TGP DRkl AR EBrop dpg e 1T ot

conposi ti ons plafdlets of therelhZandlimpes tHBactdityswhiich i8 fespehsibleforaged that the
catal yst can be heter_o_g,eni zed through a variety of neans including the use

of het er ogen&#aktr deigareitheEasuitan delaginaied clay oF g ¥ragd drdraciomt er i ons.
it ebl eSS . e et B : ibicas. | 10
uitable i ”Ohg@%}h%f Ghidliss g%@%&g?@glﬁgﬁ%%ggor% t %Qﬂ%zftgoﬁ Wi GRS

silicalalum cordierites, res are not
di scl osed. Spliayivédioy plagidtheandaidy yddntadd inhhe Sehs@trQth addidomanfaceor di nati ng

anion onto a polyneric support is also contenpl ated. Exanples 433 and 434
enpl oy 15  to-face inkages of platelets, there are also face-to-edge and edge-to-edge
linkages. The utilities described at Column 8, Lines 55 et seq. include use as
components of catalyst, particularly hydrocarbon conversion catalysts, and
most preferably as components of cracking and hydrocracking catalysts. This
stems from the fact that the because the clay contains macropores as well as
20  micropores, large molecules that normally cannot enter the pores of zeolites
will have access to the acid sites in the delaminated clays making such
materials more efficient in cracking of high molecular weight hydrocarbon
constituents. (See also U.S. Patent No. 5,360,775.)
U.S. Patent No. 4,375,406 discloses compositions containing fibrous
25  clays and precalcined oxides prepared by forming a fluid suspension of the
clay with the precalcined oxide particles, agitating the suspension to form a
co-dispersion, and shaping and drying the co-dispersion. Suitable fibrous
clays include aluminosilicates, magnesium silicates, and aluminomagnesium

silicates. Examples of suitable fibrous clays are attapulgite, playgorskite,



nmontnorillonite clay as a support but pol yner norphol ogy is not disclosed
for these exanples. 15 PCT International Application No. PCT/US97/ 23556
di scl oses a process for polynerizing ethylene by contact with Fe or Co
tridentate ionic conplex formed either through al kyl ation or absh $Ecibn
of the metal alkyl by a strong Lewis acid conpound, e.g., MAQ or by

al kylation with a weak Lewis acid, et triethylalum numand, subsequent
abstraction of the resulting alkyl 20 group on the netal center with a
stronger Lewis acid, e.g., B(C6F5)3. The Fe or Co tridentate conpound may
be suppor t edsepjolige hateysie, eafeltien shuxpetile eshestas.cad impgelita. Buisbde or Bronst ed

acid such as_an al kyl. alum num co nd (pg., 19 Line 1. et seq.). Acidic
clay (e.g., %IHFW‘\GPFBWicf"eﬂﬁ?ﬁloﬁg@f?%ﬁ%stotm@wmde ¥nd repl ace the
Lewis or Bro [ . 3 S T rted MAO, and
Exanpl e 56 eanglklg%sﬁg&/ydgglﬁggl r?F’I lﬁggyggeﬁ%m'sﬁlp%dor{n;agl?glr%%ﬁgﬂ& conpl ex.

Pol yrmrer nor phleimoglinventiontdods sctesigedy fiBOhs khyer nat i onal Appl i cati on No.
PCT/ US98/ 00316 di scl oses, a process for polynerizing propylene using

catal yst s si mi | ar 4dgitional pateniewhign disslose anteierlated shag's apsl) Sc Rategh. = 3 SEP
2003 - 16 U ' 16 Il 2 Do , by Keng-Y
Shi h, an i nvgﬁf 'cs)gé%@]t%@s?g%z' a‘g%q?ﬁ(g%atl E%cﬁﬁtgﬁ%qoglgégseao lé%% ort gd Fg'? e :

transition nelkd inbivdent 8 Eatdtt Ndsi 41994 akLakps 250/317.Syst em cont ai ni ng ani on
and cation conponents wherein the anion conponent contains boron,

al um num 5 gal | i ényapenpriesemted:a theMiet{irana A8 Polymars esTiahsitienf coval ently
bonded to an_ i porgani & su t (e.qg. S .02) rou 1] ane_derived

i nt er medi at egog'{gféq?%‘éé“ g“%&ﬁi%’é%@?ﬁﬁ?ee%g Tﬁ%tgi n?rﬁﬁ'{gﬂgﬁ_&f’gl.c%y S. Serial
Nurber (R cklindbhRdeifoid MédIRRoAICARISKTE: om%ﬁs%g%ﬁahbn’buy Keng- Yu shi h

di scl oses the use of 'silica agglonerates as a 10 support for transition
nmet al cat al yYoslupst Sugs, Enjllsalys, Tgns Pemid, iKigdtoyhi Fafibka[Tlakashf Euggta, very | ow)

Fvent  on: THESRTGSdREIRY SR Br0 SEF et ers Gheand Conle BheRal certai n
g e P i T
possess enhanggdrttdvh delaciraled ylay minerals optionally in the presence of
15 organocaluminum compounds. At page 5 it is disclosed that catalysts prepared
with fine clay mineral particles has had operational difficulties such as fouling
which make them unsuitable for slurry and gas phase processes. Thus, a
granulation method was developed to give the clay minerals a uniform
spherical shape. The method for producing this spherical shape is not
20  disclosed.
PCT International Application No. PCT/US96/17140, corresponding to
U.S. Serial No. 562,922, discloses a support for metalliocene olefin
polymerizations comprising the reaction product of an inorganic oxide
comprising a solid matrix having reactive hydroxyl groups or reactive silane
25  functionalized derivatives of hydroxyl groups on the surface thereof, and an
activator compound. The activator compound comprises a cation which is
capable of reacting with the metallocene compound to form a catalytically

active transition metal complex and a compatible anion containing at least one

substituent able to react with the inorganic oxide matrix through residual



di spersion and accessibility which renders them extrenely proficient
support- activators for certain netall ocene and constrai ned geonetry
transition nmetal conpound pre-catal ysts. Mre specifically, it is believed
that the aggl onerate 20 particles incorporate the ionizable clay b§Fpipghes
in such a way that their knowmn Lewis acidity is nore uniformy dispersed
t hroughout the particle while sinmltapgously being made nore accessible
for interaction with the pre- catalyst. It is believed that this permts

t he support-activator to effectively and sinultaneously activate, e.g.,
ioni ze, the pr@rogHl fahyEdnalifieylor throagh e REdtivéaRE maRty éh the sufd zabl e)
state as well as support the active catalyst during “polynerization. This
el i mi nat es t iierende d he sepressntatisié example of @ miizablepragreattivatos isctis as

ol oxi 1yt S HRRRER A EBHOPASE DO HEE SSDBOIR I eEmg RS s
| nexpensi ve, d?s@?@sécpﬂl@ﬁﬁte%iﬂc}i, Jlﬁﬁlg'{%d&)’d ﬂﬁlﬂ?ﬁgﬁ’?ﬁtﬁ’%o manuf acture. - 3 SEP

7003 -17 The present invention relies on ‘her discovery that

pre-activation ofU.§ RatentdNe 31880091 distlosed YarfoRB td irussition hbl | evel of
certain organonetallic conpounds and is induced by | ow anounts of the
same. This f bidentate ¢atalygt comppsitonsat Al splume 9 2tlnes d 8 st seq.,aid disclasedhat es t he

df ' O te. ) vat f t ' 1 il
o1 mul  aneousryt A 6L PEHORGIEH Bo B oy o s felRis HEr aspect
of the di scoyes ¥f KkerbfiheBhSmBanicHABLAIORs hdh-bdblinatidlecottfP Wrls; act i vat or

apparently immobilizes the pre-catal yst by adsorption and/or absorption,
pref erabl y byputhidendsgmxt materialsdiiwioseth ewhiveahphinas) sflicasn 10 a slurry of the

same W thout an eci al i npregnation eps, which slurry can actually be
need dir &t § Chalmgas FORdI 5o f PR APg Mg buimisfises #6 noRdiepEda) ¢ ng
pol ymer norp 1.5 +hOH i p : lzation which is
consi st ent WIE? ﬁ?ﬁ%@h@%ﬂ%ﬁ | gﬁ%]}(géa%sg? %E&seﬁg%g%&?g%?#%%%ﬁg?%%aar eadily
| npregnat ed pylyhieeicpopparaisal pstontengiiated aExdriiples4 33ednideddddniploy eact Wi th the
sane. 15 Moreover, the mcro spheroidal norphol ogy of the catal yst system
coupl ed wi t Ronfeorilenitsiqlay,as YRPet butrolyeer merpbalogy ysrotdiselespd f91s bel i eved
to contri but Shesd Q}fat_tﬁgesext renely desirable observed pol ynmer norphol ogy
because it prevents " reactor fouling, elimnates polyner fines and exhibits

a high buf k densi PCT hkgnatibabibA yslicatiys NeNPCEUSE/EIF86 AyRbsasa a sl urry or
dry powder. process for polymerizing ethylene by contact with Fe or Co tridentate ionic
complex formed either through alkylation or abstraction of the metal alkyl by a
strong Lewis acid compound, e.g., MAO, or by alkylation with a weak Lewis
acid, e.g., triethylaluminum and, subsequent abstraction of the resulting alkyl
20 group on the metal center with a stronger Lewis acid, e.g., B(C(F;);. The Fe or
Co tridentate compound may be supported by silica or alumina and activated
with a Lewis or Bronsted acid such as an alkyl aluminum compound (pg. 19,
line 1 et seq.). Acidic clay (e.g., montmorillonite) may function as the support
and replace the Lewis or Bronsted acid. Examples 43 — 45 use silica
25  supported MAO, and Example 56 employs dehydrated silica as a support for
the Co complex. Polymer morphology is not discussed.
PCT International Application No. PCT/US98/00316 discloses a

process for polymerizing propylene using catalysts similar to the above

discussed PCT-23556 application.



20 A still even further aspect of the discovery of the present invention is
the functional interrelationship which exists between the inorganic oxide:

| ayered material weight ratio, the calcination tenperature, and the anount
of organoal um num conpound on the one hand, and the catal yst acljgtpgmﬁn
the other hand, such that these variables can be controlled to excée he
activity of 25 the sanme pre-catal yst sypported and/ or activated by the

i norgani c oxide alone, or the layered nmaterial (e.g., clay) alone, while
si mul t aneousl y produci ng good polyner norphol ogy. -18 3 SEP 2003 5 10 15
20 25 30 Accordi ndl.§, Serial dluenbes e/t 66,645 tfied Ootobet 5,d998 HBrKeng Ypr ovi ded a
coordi nating tal yst sys}ﬁgl preferably a heterogeneous coordinating

catal yst sy an wyeRior of gy pseeptenplisating diselopess wepptskleisy: (1) as a

re-catal yst " . sirained . geonetry, transition
Iron=3t al COW)};Our’tlr clglf)rggﬁeal gpg f‘%?et(gljetbﬁ%ﬁ&gg? tlral\?’%f%(#etr}lp%or{ﬁ%‘g’ﬁ‘%fﬁo h the
support - act i \¢afié condfonehts JwhRtein (H2)anRf EnFRBNEIohREhs BHROK) aGRRhast W th an

organonetal lic conmpound, to an intermedi ate capabl e of being activated
upon con? acigalkiunh indiemsighpovwm-aad mivarerthéredd govalestigbondedgo anansi t i on

metal is at lLeast .one nenber_selected from Gouyps 3, 4 or the Lanthanide
Total s, of t HOTRENT DABTEE! SIChi TEMERHAGE dgrpred pHETHRAa ST BB i h (11)
cat al yst spp@g{cg;t@tﬁ&jegg%ighi@gg&g{ggrate conprising a conposite of (A) at

|

| east one inorgani ¢ oxide conponent selected from S 02, Al2G3, MO, Al PO4,
Ti 2, Zr2, and Ol2ERSaidiNgBbeat | east (Daowket BR94L3NOBifiledon hayesred nateri al

havi ng i nterspaces hetween the |l ayers and sufficient Lewis acidity, when
present wit MR herrvityspbeng-urShifisslosassheonserofsdicapgglamerajen as a he pre-

10 support for transition metal catalyst systems employing specifically controlled

(e.g., very low) amounts of non-abstracting aluminum alkyl activators.

Summary of the Invention:

The present invention relies on the discovery that certain agglomerate
15  composite particles of an inorganic oxide (e.g., silica) and an ion exchanging
layered compound (e.g., clay) are believed to possess enhanced Lewis acidity
dispersion and accessibility which renders them extremely proficient support-
activators for certain metallocene and constrained geometry transition metal
compound pre-catalysts. More specifically, it is believed that the agglomerate
20  particles incorporate the ionizable clay particles in such a way that their known
Lewis acidity is more uniformly dispersed throughout the particle while
simultaneously being made more accessible for interaction with the pre-
catalyst. It is believed that this permits the support-activator to effectively and
simultaneously activate, e.g., ionize, the pre-catalyst when in a pre-activated
25  (e.g., lonizable) state as well as support the active catalyst during
polymerization. This eliminates the need to use additional ionizing agents
such as borane/borate, and MAOQ activators which are expensive, and
introduce added complexity to the system. In contrast, the support-activator is

inexpensive, environmentally friendly, and easy to manufacture.



catal yst when the pre-catalyst is in contact with the support- activator,
said |l ayered material having a cationic conponent and an anionic
conponent, wherein said cationic conponent is present within the

i nt erspaces of the |ayered material, said layered material beingd SEP 2003
intimately m xed with said inorganic oxide conponent within the

aggl onerate in an anount sufficient 11 4nprove the activity of the

coordi nating catal yst systemfor polynerizing ethyl ene nononer, expressed
as Kg of polyethy| ene per gram of catal yst system per hour, relative to
the activity of alboPFEIPoRERHEN b6 an Histophercdisevytthalpse-aphivatigpl oyi ng t he

-cat ; LA - ' ent . A.- 19 (inorganic
ox e} or B 0 48 prethallft il Dy RBERNGR the BRbMeenfRRARSRfliC ) o
amount of t heorgp@m@abed ¥hdrd b$ UPP ffonas lof it RmeMTHE fuk el fRdhddsi mat e

contact is sufficient to provide a ratio of mcronoles of pre-catalyst to
granms of supphsrcetalystsystem eostoand elaminatesdlie teed fovexpensive 5000 Ddr 5 I n anot her

aspect of_th esent invention, there.is provided a process for naking
the above cag‘é‘g{?ﬁc“&}gﬁs %?/W’?ﬂ’i a&o‘%iq dyltaneoysly schigrag sxirerelyo form a
support - actiyghQksyifyN) at | east one inorganic oxide conponent selected from
Si 2, Al2QC3, O APO4, Ti2, Zr2, and Cr2@ with 10 15 20 25 (B) at

| east one ion conpatitlifnghdragpece df e idéscoedry b tiengesennineempacie shabet ween t he

| ayers and sufficient Lews acidity, when present within the
support - act i PESEPROTHACIVAOr ppRArenthyEimekilizesthy prstcagabysh byadsasPtiqn | ) when t he

B S T R e T e
sai d catifni g sloayROM& YameSvithout any special impregnation steps, which slurry can
actually be used directly for the slurry polymerization of olefins. The resulting
polymer morphology is indicative of a heterogeneous polymerization which is
consistent with the observation that the support-activator is readily
impregnated by the pre-catalyst such that it is believed to react with the same.

15  Moreover, the microspheroidal morphology of the catalyst system coupled
with the immobilization of the active catalyst therein is believed to contribute
to the extremely desirable observed polymer morphology because it prevents
reactor fouling, eliminates polymer fines and exhibits a high bulk density. The
catalyst system can be employed as a slurry or dry powder.

20 A still even further aspect of the discovery of the present invention is
the functional interrelationship which exists between the inorganic oxide:
layered material weight ratio, the calcination temperature, and the amount of
organoaluminum compound on the one hand, and the catalyst activity on the
other hand, such that these variables can be controlled to exceed the activity of

25  the same pre-catalyst supported and/or activated by the inorganic oxide alone,
or the layered material (e.g., clay) alone, while simultaneously producing good

polymer morphology.



present within theinterspaces of the |ayered material, said |ayered
material being intimately mxed with said inorganic OXIde conponent wi thin
the agglomerate in anounts sufficientl8to inprove the activity of the
coordi nati ng catal yst system for polynerizing ethylene nononer, @gﬁﬁ@?d
as Kg of polyethylene per gramof catalyst system per hour, relat|

the activity of a corresponding catal yst system enpl oying the sane pre-
catal yst but in the absence of either Cbnponent A or B of the

veal| ocene, or °rw§qg4u?=%a9;@§n§'@a€rg?p@%f Piikeich Bries P pound capabl e of
A - 3 SEP
(A) c%ggﬁnan%g Cét(a%% py%'té?xg g:ﬁé%fa\ﬁ &&ng Cheb RN Rfrdindfin \g‘carrt]ﬂ

support-activator bel n on cont act

or ganonet al Istystemcoapabltnxf,pomnmmgmeﬁmacdmmmgapabl e of being activated
upon contact with the support-activator, wherein the transition netal is
at |east one menH®r seasadregatlyshaticasigse metallogeneiossongtriingd netals, of the

Periodi c.Table of Elenents: ([l I cont ctin ctivator and
pre-catalfyst in the pr%gglﬁgg th’flql%t ngﬁgnﬁlilﬁaeqﬂﬁgq%éh elﬁ%dr ocarbon in a
manner sufficient to RfioMmbdepddcdndlt Wltﬁl{h@sdib)ﬁgﬁ%ﬁﬁﬁ?&”of anratio of

m cronol es of pre- catalyst to grans of support-activator of fromabout 1:1
to about 500: 1, and tdBjaemg catvdredsuponrmentatt witk en ptganometatlic adsor pti on of

the pre-catalyst by the su rt-activator cription of Preferred
Enbodi nents 15 As |ndu“@&tpé’gg‘g%%m‘FlﬁéedLﬂ’%%”é’ﬁgleu‘%ﬁg@ﬁgia WASHIRAS a

net al | ocene and/ or ?M}g Egs%? J tral dirQRidet al  conpound
as a pre- catalyst vvhch(‘(:”?%E E:an ac ?S&tagtcljﬁb%(ﬁz&%cggﬂﬁt% h
support -éctivator and maptus@ﬂbh&tpnammlgammcaﬁbmc(}mnpsmwmf thescri bed

hereinafter. An activated transition netal conmpound is one (a) in which
the central transiti ord-anthagidedneials, of the Penodlc Table of Elements; in

intimate contact with
(I}  catalyst support-activator agglomerate comprising a composite

of (A) at least one inorganic oxide component selected from

15 Si0,, Al,0,, MgO, AIPO,, TiO,, ZrO,, and Cr,0; and (B) at
least one ion containing layered material having interspaces
between the layers and sufficient Lewis acidity, when present
within the support-activator agglomerate, to activate the pre-
catalyst when the pre-catalyst is in contact with the support-

20 activator, said layered material having a cationic component
and an anionic component, wherein said cationic component is
present within the interspaces of the layered material, said
layered material being intimately mixed with said inorganic
oxide component within the agglomerate in an amount

25 sufficient to improve the activity of the coordinating catalyst
system for polymerizing ethylene monomer, expressed as Kg of
polyethylene per gram of catalyst system per hour, relative to
the activity of a corresponding coordination catalyst system
employing the same pre-catalyst but in the absence of either

30 component A



20 such as that, represented by Z in the following formulas, is changed,
such as by transformng into a state of full or partial positive charge,
that is, the transition netal corrpourla'becomas a cation or cation-like, in
its association wth a stable anion or anion-like noiety and (b)'-3t$f_‘q1tzgﬂjs
capabl e of catalyzing the polynerization of olefins under polynerization
conditions. 25 More specifically, the transition netal pre-catalyst can be
at | east one netallocene conpound, at |east one constrai ned geonetry

transition |...C un . mxtures.thereof capable of (A) being

acti vat ed u;r)@??%%‘f §’§Be %’ch ﬁajfeﬁ%d(@ﬁ Hap to? ﬁ];etsfli?%qrg%%g?to(’é)’h%‘é‘%‘ﬁge convert ed
upon cont actap¥éunk ofthe pr@ca%ﬁ?st%gg%up;%}t-é’&%fb? RS & i inGREROM Mt (0 an

i nternedi ate which is capable of being activated upon contact with the
support - act i sufficent tT hwvpless L af yscromote of préscatayst be gpesafisappdry

represented by the _fornula: 5 Cp*gZLtnl2nL3p or a dinmer thereof (1)
wher ei n: C&C}/‘Y@B’?‘é%é?ﬁg‘g%ﬁ 1:5111?‘%10&"5 SYkl-ocal i zed, n-bonded cycl opent adi eny!

10 groups or substi I pﬁg; i 0 ; ubstituted
or unsugsti t ut efi‘hc?}él%\g/g%s%% og g%éf@%%%@%dﬁ%‘ﬁeyﬁiéﬁ#p,fﬁrﬁa S§i s bound to

Z, cont ai nifogmdRing ehéibove Batalyer GeRm RhikA%ompHtdsonal |y two Cp* groups may
be joined together by a noiety having up to 30 non-hydrogen atons in its
structure ther ebyI¥ or rAgglpmeerafiedg derns & surnottractivaiesl f urt her optional ly one

* 15 may be bound tq.L'; is a.metal. of. Goup 3 (Sc, .Y..lLa, Ac), 4 (Ti,
2 Hy,Tor the Lant N od fabCord FRe Mo S BaRbrk et fEl Ty o
Er TmYb, Lu), preferably ggooun,@ Mg'o,glp()‘ﬂib,mz;gﬂ@gojﬂghc Tabl e of

the Elements in the +2, +3 or + gf’_ormal oxidation state, counter bal ancing
t he ani dRi ¢ Cp* and L (B20 it dsastarie;ion toritaining laysrédomaterialhayiigent substi t uent

a metal |ocycl o i th 2 L2 dSERPBLSOEMEac Rudh e iRy iofiscent s an
optional neutral Lewis basgidigvivien PRsdf walhi@R sBYsH-CA8R @k FF;
activate the pre-catalyst compound of (II) when the pre-
catalyst is in contact with the support-activator, said
15 layered material having a cationic component and an
anionic component, wherein said cationic component is
present within theinterspaces of the layered material,
said layered material being intimately mixed with said
inorganic oxide component within the agglomerate in
20 amounts sufficient to improve the activity of the
coordinating catalyst system for polymerizing ethylene
monomer, expressed as Kg of polyethylene per gram of
catalyst system per hour, relative to the activity of a
corresponding catalyst system employing the same pre-
25 catalyst but in the absence of either Component A or B
of the support-activator;
(I)  providing as a pre-catalyst, at least one metallocene, or

constrained geometry transition metal compound capable of (A)



25 L3 each occurrence independently represents a nonoval ent, anionic

noi ety having up to 50 non-hydrogen atons, typically a hydrocarbon-based
radi cal or group, optionally, two L3 groups together may constitute a

di val ent anionic noiety having both val ences bound, preferably qﬁrﬁﬁpﬂhﬁy
bound, to Z, or a neutral, conjugated or non-conjugated diene th S

Ti -bonded to Z 4 3 SEP 2003 -22 (whereZdon Z is in the +2 oxidation state),
or further optionally one or nore L3 and one or nore L2 groups may be

bonded toget her ther ebipponst_i tuting a noiety that is both covalently
bound to Z and coor di n¥€B§ acHeFted updcantaghwithfthe supppE-agivator, gntl) onal ity; 5

gis !l or 2, mis an i er or. 1. n is,an integer.of 0 to 3; pis an
integer fromO to 3; a%fﬂ%hcgng{ﬁ%%o?ﬁodlﬁ%p °t gﬂstgaﬂgfgatnf}g’te h‘f ormal oxidation
state of Z; and 10 prQ¥mn@6tnd, iéthn WASHRIRRYcaPRSle OF bbing bbtivadediigdiPs i S
hydr ocar byl containing, such L group is not Cp*. Exanples of 'suitable

ani oni ¢, del ocal i zed n-<buotactewsitlc thelsopmort-activetoy) whateini the transitiqr matas
constituting Cp* include indenyl, fluorenyl, tetrahydroindenyl,

tetr ahydr%fl uorenyl , odt st 899 Q}ngefecéﬁff%gﬁ?‘&&i%ﬁﬁﬂL@@aWde

cycl ohexadi enyl , di hydr, @éﬂ : racenyl, and
decahydr oant hr acenyl gr“gﬁ%g’,w@g we Cidléz;rg@%p%%ﬁﬁ%r ocar byl - substituted

derivatives theregfil) ProftactirothEpipr@roitpisatar endCyrelcapyit adihe pydsence
pent anet hyl cycl opent adi enyl, tetranethyl cycl opentadienyl, 1,3- 20

di met hyl cycl opent adi enyf af lsass @ng ineptdiquisbltdaerashry in & marney buffipiest to
Each carbon 14 the cov PTG Bl sRREeRS Hefe S Bt mol Tl o
radi cal , 1gel ect ed fomchalyagenrahydr ABLRULvAGI i B6ariby] rand |

hydrocar byl substituted netalloid radicals wherein the netalloid is
sel ected from G oup 14 abéut(300:1Sand Becausgt 1624s) onef oftaheorptom enti ¢ Tabl e of t he

El ements. Included within the rm hydrocarbyl' are Cl-20 straight,
branched and cyclic al @?Orp'é%%ftﬁ%?re(%@ﬁt % PRrtagHYaSl s, C7- 20

al kyl -substituted aromatic radicals, and C7-20 aryl -

Description of Preferred Embodiments

15 As indicated above, the present invention employs a metallocene
and/or constrained geometry neutral transition metal compound as a pre-
catalyst which can be activated by contact with the support-activator and
optionally an organometallic compound described hereinafter. An activated
transition metal compound is one (a) in which the central transition metal atom

20 such as that, represented by Z in the following formulas, is changed, such as
by transforming into a state of full or partial positive charge, that is, the
transition metal compound becomes a cation or cation-like, in its association
with a stable anion or anion-like moiety and (b) that is capable of catalyzing
the polymerization of olefins under polymerization conditions.

25 More specifically, the transition metal pre-catalyst can be at least one
metallocene compound, at least one constrained geometry transition metal
compound or mixtures thereof capable of (A) being activated upon contact

with the support-activator or (B) being converted upon contact with an



substituted alkyl radicals. In addition two or nore such radicals may
together forma fused ring systemor a hydrogenated fused ring system
Suitable - 3 SEP 2003 23 hydrocarbyl -substituted organonetal loid radicals

i ncl ude mono-, di- and trisubstituted organonetalloid radicals of] &) 14
el ements wherein each of the hydrocaggyl_ groups contains froml to 20
carbon atons. Exanples of suitable hydrocarbyl -substituted organonetall oid
radicals include 5 trinethylsilyl, triethylsilyl, ethyldinethylsilyl,

met hyl di et hyl s} Drﬁg&mg § rrffatk WHEEL; ups. The
recitation 'r?géaglxbg}als({éa ug’ggaﬁmertgl n, |t%15:‘%u égxéoﬁgey%eg{gguch as boron,
phosphor us angkidnal dposeonaccwith ehsubpért-aeidatgret al | i ¢ characteri stics.
Represent ati ve exanpl es of suitable L2 groups include diethylether, 10

t et rahydr of uran, dibg@ragatalstcorpounds qanﬂs,gemnqaﬂymgrma@gmyﬁbq and n-

but yl am ne. If2 can al so represent a second transition netal conpound of the
sane type as PO as I, 111 or 1V such that two netal centers, e.g., Z and
Z', are bridged by one or two L3 groups. Such dual netal center bridged
structures are described in PCT/US91/4390. 15 Preferred pre-catal ysts
represented by FoGp¥yALImLatfuicen dines éherandnt ai fing ei ther one or two Cp*
groups. The latter pre-catalysts include those containing a bridging group
linking the two Cp* groups. Preferred bridging groups are those
corresponding to the Forrmula: 20 (E(R1)2)x wherein E is silicon or carbon,
R independently F®ccurrence is hydrogen or a group selected from

si 1yl hydr ocar byloosuleanas ykite ARiboSoIEal RRLHAM RTEALAGAA d R havi ng

up 25 to 30 carbon or silicon atons, and X IS to"8. "Preferably, R

i ndependédit | gregpc br abstitutedroyelopentadieiiyt Igrovpe az well a¢ @ stbskitttgd oor phenyl .

Exanpl es of the faqoregoing bis(Cp*). containing pre-catalysts_are conpounds
cor r espondi ngn’fw?w&e%ffiﬁnwﬁﬁl\éﬁ of a eyclgppntadignyl gounpthat 1§ baypdito 7, 3

containing up to 50 non-hydrogen atoms, optionally two Cp* groups may be
joined together by a moiety having up to 30 non-hydrogen atoms in its
structure thereby forming a bridged structure, and further optionally one Cp*

15 maybeboundtoL’;

Z is a metal of Group 3 (Sc, Y, La, Ac), 4 (Ti, Zr, Hf), or the
Lanthanide metals (Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er Tm Yb, Lu),
preferably Group 4 (Ti, Zr, Hf), of the Periodic Table of the Elements in the
+2, +3 or +4 formal oxidation state, counter balancing the anionic Cp* and L

20  group(s);

L! is an optional, divalent substituent of up to 50 non-hydrogen atoms
that, when present, together with Cp* forms a metallocycle with Z;

L? each occurrence independently represents an optional neutral Lewis
base having up to 20 non-hydrogen atoms;

25 L? each occurrence independently represents a monovalent, anionic
moiety having up to 50 non-hydrogen atoms, typically a hydrocarbon-based
radical or group, optionally, two L* groups together may constitute a divalent
anionic moiety having both valences bound, preferably covalently bound, to Z,

or a neutral, conjugated or non-conjugated diene that is n-bonded to Z



5 wherein: Cp* is as described previously; Zis titanium zirconium or

haf nium preferably zirconiumor hafnium in the +2 or +4 formal oxidation
state; The optional substituents on the cycl opentadi enenyl ring in each 10
occurrence i ndependently can preferably selected fromthe groupuﬁ EP 2003
hydr ogen, hydrocarbyl, silyl, gernyl, cyano, hal o and conbinationg
thereof, said substituents having up-2%-20 non-hydrogen atons, or adjacent
substituent groups together can forma divalent derivative (i.e., a

hydr ocar badi

|, siladiyl. .or germadiyl group) thereby formng a fused ring
system and f@heesumqiﬁéﬂﬁmf wlg%m% ’PF&?@’Er?@l%ﬁlléﬁ%ﬂ’i@oﬁgand gr oup

of up to 50 - n ]%g\%,‘ . constitute a
di val ent anla%%?%éﬁ%(ric%g%} &?((g) p Oﬁepﬁ%?@etgag%%%’ﬁ@bﬁogggﬁ a t(1) or a

conj ugat ed dinRity thidW tgh towilerdlyttousd tB and yebragatedabhae® dyahedndgfa it
conplex with Z, whereupon Z is in the +2 formal oxidation state, and R, E
and x are aslewiyhase funggpgalidef i ned. -25 Thus, each L3 may be independently,
each occugrence h dr'ﬁde _C1-C50 hydrocarbon-based radi cal s including
hydrocar byl radi c3'$! %dbstituted hydrocarbyl radicals wherein one or nore

hydrogen at ons iSﬁg%q%ger?fml.e| ectron-w t hdrawi ng group, such as a
hal ogen at om or al koxi de Fadical, 'or Cl- 5 C50 hydrocarbyl -substituted

nmet al | oi d radi cal a,s whategenof heo hetal loid is selected fromthe Goup 4 of
the Periodic Table of Elenents, provided that where any L3 is hydrocarbon
based, such L3 i sPds at gitegst fppdiiocsand) n addition any two L3 groups

5 . . di ti ‘
cyel omat 1 1 at ea. nyt SLevgiinf BEe b fapln MR RE Alacf

"hydr ocarfpon- basegrgvadbidabat wher@ftdie ¢fdrias €3 groaps ’diydddcafyyl gr oup having a
carbon atomdirectly attached to the remai nder of the nolecul e and having
a predom nant |y hyeitagngsschdnaroaptierotGi™hin the context of this

used i nt e changoabryrmr s ohe Rk, s so Pl Sy At ° - *'°
Hydrocar bon ARt Srodpd @bndtitutirl CPMaRbuEe iRBheaNSoreAyIOMAL i C- and
alicyclic-substituted radicals, 'and the |ike,” of the type known to those
skil | ed i n atdatrahydroindenyl, tetrahydrofluorenyl, octahydrofluorenyl, cyclopentadienyl,
15  cyclohexadienyl, dihydroanthracenyl, hexahydroanthracenyl, and
decahydroanthracenyl groups, as well as C1.1(0 hydrocarbyl-substituted
derivatives thereof.
Preferred Cp* groups are cyclopentadienyl,
pentamethylcyclopentadienyl, tetramethylcyclopentadienyl, 1,3-
20  dimethyleyclopentadienyl, n-butylcyclopentadienyl, indenyl, 2,3-
dimethylindenyl, fluorenyl, 2-methylindenyl and 2-methyl-4-phenylindenyl.
Each carbon in the Cp* ring may independently be substituted with, a
radical, selected from halogen, hydrocarbyl, halchydrocarbyl and hydrocarbyl
substituted metalloid radicals wherein the metalloid is selected from Group 14
25  (C, 81, Ge, Sn, Pb) of the Periodic Table of the Elements. Included within the
term 'hydrocarbyl' are C|-20 straight, branched and cyclic alkyl radicals, Cg-2(
aromatic radicals, C7.20 alkyl-substituted aromatic radicals, and C7.2¢ aryl-

substituted alkyl radicals. In addition two or more such radicals may together

form a fused ring system or a hydrogenated fused ring system. Suitable



(2) Substituted hydrocarbon radicals; that is, radicals containing pendant
non- hydr ocar bon substituents, that in the context of this invention, do 20
not alter the predom nantly hydrocarbon character of the radical or
constitute a poison for the pre-catalyst. Those skilled in the ar} Sk® I2§)jbe
aware of suitable substituents; exanples are halo, nitro, hydroxy, alkoxy,
car bal koxy, and al kythio. (3) Hetero fa#licals; that is, radicals which
whi l e predom nantly 25 hydrocarbon in character within the context of this
i nvention, contain_ atons other than carbonagresent as a menmber of the

li near st ruchyifcybyhsubshigited esganomsiplioidedifalsdnelydgmoner 8- adr bon at ons.

"ncl ude, 1 or sy dluonefioRERRIER orRoly BE Bchhis et ebotr ot such
hydr ocar bon- yhaseklodattslil Gadups BBitaing fleaN e ( Qarkord hb&@gkxmglela%&“er oatom In
general, no nore than three substituents or heteroatons, and preferably no

nmor e t han onevitakild hydsecapbdssahstithited omuhm&fallomlrrbdmalammmia nthe 5

hyd b b I fj h bon based radi cal
o) oo o BumEEHIsE: SR RO GRe b U SE Y BT | o or o cyel 1 6.
i ' d

et ati ng by SRR PecfyIDa Cheantb g El%upﬁygmo%g‘?ﬁ noGibfa, 334 aromatic

hydr ocar by| amsébheréindinblyideOsaminydls sitobxag boddd, prshphedus ah@ﬁldlﬂ(eli@hlbi@ 50
non- hydrogen atons. The preferred L' groups are independently selected

from hal o, h?&lﬁlbééﬁlbymewélﬁdcmqsﬂ% ed hydrocarbyl radicals. The

hyd bon based . adi f. 50 b
atone. pref er bl y NepgreTats Sttt B8 e SbGnaie ekl Cuent
group isi@r eft&fﬁ hﬁéf@aﬂaﬁﬂ%snaﬁnﬁ@ aﬂ@lﬁﬁﬁ%ﬁrpﬁoéﬁhﬂ{@ﬁdﬁyl radi cal s for

L' are nethyl, grODy " butyl, anyl, isoanyl, hexyl, isobutyl,
heptyl , octylbuty&mmylb Ldeanydlso tcgteyd:nt azemddy:tdnem;bhmetqjmemplouad\dfthhe I|ke,

with rrethyl beln erred ubstltu roc |, radi cal s
for L' incl u&%m? % HEJﬁ fr‘fﬁ‘f?e‘ﬁ?‘lafceq‘?r ﬁ%’mst hyl, and
trimet hoxysi | ég}:ﬁglg v F@Eﬁ'dﬁ W 1&)‘1@'%&% | substituted
netalloid ralca %{of[ Egolﬁﬁu t?l'met yléll gt? trrimeF yl gernyl,
tri phenyl si | ytructares atetdeséribed. mEEé‘Vi@S%IyJQﬂ kyl d| ene radicals for two L'
groups tof(,get her incl ude met h%glll dene, C?/I i dene and Pr OF1):I¥| i dene.
1 Preferred pre-catalysts represente by Formula | include those
containing either one or two Cp* groups. The latter pre-catalysts include those
containing a bridging group linking the two Cp* groups. Preferred bridging

groups are those corresponding to the Formula:
20 EBRN,)x (1)

wherein E is silicon or carbon,
R!independently each occurrence is hydrogen or a group selected from
silyl, hydrocarbyl, hydrocarbyloxy and combination thereof, said R' having up
25  to 30 carbon or silicon atoms, and x is 1 to 8. Preferably, R'independently
each occurrence is methyl, benzyl, tert-butyl or phenyl.
Examples of the foregoing bis(Cp*) containing pre-catalysts are

compounds corresponding to the formula:



The foregoing nmetal conplexes are especially suited for the preparation of
pol ymers havi ng stereoregul ar nol ecul ar structure. In such 25 capacity it
is preferred that the conpl ex possess Cs symetry or possess a chiral,
stereorigid structure. Exanples of the first type are conpounds-3@fsgslsi ng
di fferent delocalized 7c-bonded systens, such as one cycl opentadi enyl
group and one fluorenyl group. Simlar2éystens based on Ti(IV) or Zr(1V)
wer e disclosed for preparation of, syndiotactic olefin - 3 SEP 2003 -27
polymers in Ewen, et al., J. Am Chem Soc. 110, 6255-6256 (1980). Exanples
of chiral structures include bis;indenyl conplexes. Simlar systens based
on Ti(1V) or Zr(1V) were discl{s for p aration of isotactic olefin
polymers in Wld et al., J. Ogano tu/Chenl 232, 2%3937 (1982). 5

Exenpl ary bridged |igands containingzwo t-bonded gr s are:

(di met hyl si Iyl - bi s-cycl opent adi eny),” s met hyl si | yl -

bi snmet hyl cycl opent adi enyl ), (dt = hylsiIyﬂf%is-ethylcyclopentadienyl,

(di met hyl silyl-bis-t-butyl cycl opentadi enyl), (dinethylsilyl-

bi st et ranet hyl cycl opent adi enyl), (dinethylsilyl-bis-indenyl),
(dinmethylsilyl 10 bis-tetrahydroindenyl), (dinmethylsilyl-bis-fluorenyl),
(di met hyl silyl -bis- tetrahydrofl uorenyl),

(di met hyl silyl -bis-2-nmethyl -4-phenyl i ndeqyl ),

(di met hyl silyl-bis-2-nmethylindenyl), (dinmethylsilylcyclopentadienyl -
fluorenyl), (1, 1, 2, 2-tetranethyl-1, 2Z-disilyl-biscyclopentadienyl), (1,
2- bi s(cycl opent adi enyl )) et hane, and (ksoproq?lidene-cyclopentadienyl 15
fluorenyl). Preferred L3 groups are éélegtgd rom hydri de, hydrocarbyl,
silyl, “gernyl, hal ohydrocar by(R hEhsi | yi7” silyl hydrocarbyl " and

am nohydrocar byl groups, or two grou s‘&quther qgvjconstitute a

di val ent derivative of a conjugate dué?e orLa neutral,” n-bonded,

conj ugat ed di ene. Most preferred L3 groups are O -20 hydrocar byl
groups. Exanpl es of preferred pre-catalyst conpounds of Forrmula IIl and IV
i ncl ude conpounds wherein the Cp* group is selected from cycl opent adi enyl,
indenyl,é%etrahydr Eggenyl, fluorenyl, and octahydrofluorenyl; the
substituents on <] P%regoing Cp* groups each occurrence is hydrogen,

met hyl, ethyl, 25Cp*@Pad des@iied|previeusty;l , hexyl (including isoners),

nor bornyl , benzyl, phenyl, . . .
Y Y Z ig titan%/um, zirconium or hafnium, preferably zirconium or hafnium,

in the +2 or +4 formal oxidation state;
The optional substituents on the cyclopentadienenyl ring in each
10  occurrence independently can preferably selected from the group of hydrogen,
hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said
substituents having up to 20 non-hydrogen atoms, or adjacent substituent
groups together can form a divalent derivative (i.e;, a hydrocarbadiyl, siladiyl
or germadiyl group) thereby forming a fused ring system; and
15 L? independently each occurrence is an anionic ligand group of up to
50 non-hydrogen atoms, or two L’ groups together can constitute a divalent
anionic ligand group of up to 50 non-hydrogen atoms or a conjugated diene
having from 4 to 30 non-hydrogen atoms forming a n complex with Z,
whereupon Z is in the +2 formal oxidation state, and R', E and x are as

20  previously defined.



etc.; and L3 is selected fromnethyl, neopentyl, trinmethylsilyl, norbonyl,
benzyl, nethyl benzyl, and phenyl; g is 2, and mand n are zero. A further
cl ass of metal conplexes utilized in the present invention correspogﬂj tZ(ﬁ
the formula: = 3 SEP 2003 -28 Cp*gZL' nL2nL3p or a di ner thereof (\7)3 03
wherein: 5 Cp* is as defined previously; Zis a netal of Goup 4 of the
Periodic Table of the Elenents in the-22; +3 or +4 formal oxidation state;
L° is a divalent substituent of up to 50 non-hydrogen atons that together
with Cp* forns a netallocycle with Z; 10 L2 is an optional neutral Lew s

base |igand havi ndhup each Rbmaphe indedendyatly ardmsccunsnesndridecl-Eqnce is a
nonoval ent, ani oni I ety having,up t 0 nQn- rogen. atons, optionally
two L3 groupgy@liﬁ?@%‘gﬂ%%%a‘%ﬁ?l 1“‘@?3/@?’%13?“@%%{%’33’ bt¥edavi ng bot h

val ences bou ?kolﬂfdi’ | o further
optionally Lg‘g‘é{r?gm§§p‘rr?%§af§§%ﬁ%8é§°%8et erggeﬁg?%%%s?%@?n&gg a noi ety that
i s both covaleairby-withdtawdng grodpasidhesahdiogat edni sredliedxiddmdizaRBsCof Lew s
base functionality; q is 20 mis 1; nis a nunber fromO to 3; p

1 or 2; ; ! ] er.
i s a nunber Gsdidocepybsubgtigitedmetallaidadigalnphsrgindgbemietalloid ise f or mal
oxi dation state of .Z . Preferred diyal ent L. stituents .include groups
cont ai ni ng UBeangce%gomztge ﬁ%ﬂg%ya 8163/?“3515&'5@0 FRFIRY pé?wfi%‘g@tayope atom
that is 0oxygeheresSitlyIUlis hRRHERbOH basedBMBR Y &f di it c?*. hgdf@bhodi ¢ Tabl e
of the Elenents directly attached to the Cp* group, and a different atom

sel ect ed frormy heo i gropps ©geties maygoostitictanadienidephasfihorcetylenexygen or
Sl Rt S el b ooy gron, — ° oo 2003
10 As used herein, the term “hydrocarbon-based radical or group” denotes
a radical or group having a carbon atom directly attached to the remainder of
the molecule and having a predominantly hydrocarbon character within the
context of this invention. Moreover, in this context the terms “group” and
“radical” are used interchangeably. Such radicals include the following:

15 (1) Hydrocarbon radicals; that is, aliphatic radicals, aromatic- and
alicyclic-substituted radicals, and the like, of the type known to those
skilled in art.

2) Substituted hydrocarbon radicals; that is, radicals containing pendant
non-hydrocarbon substituents, that in the context of this invention, do

20 not alter the predominantly hydrocarbon character of the radical or
constitute a poison for the pre-catalyst. Those skilled in the art will be
aware of suitable substituents; examples are halo, nitro, hydroxy,
alkoxy, carbalkoxy, and alkythio.

3 Hetero radicals; that is, radicals which, while predominantly

25 hydrocarbon in character within the context of this invention, contain

atoms other than carbon present as a member of the linear structure of a

chain or ring otherwise composed of carbon atoms. Suitable hetero-

atoms will be apparent to those skilled in the art and include, for



-29 As indicated above, an alternative class of pre-catalysts is
constrained geonetry catalyst. By use of the term "constrai ned geonetry"
herein is meant that the netal atomis forced to greater exposure of the

active netal

site because of one or nore substituents on the Cp* gr
dottedlt o

formng a portion of a 5 ring structure wherein the netal is both

an adj acent covalent noiety and is hepgl.in association with the Cp* group
through if bonding interaction. It is understood that each respective bond
between the netal atomand the constituent atons of the Cp* group need not
be equival ent. Thakample, tilvegerebaygenplyosboray ard sulfial Syuclohydtocybai-ri cal |y

n- bound to the Cp* gro;%éééo The geonetgg of the active netal site is

typical ly such th&pseds

mayibg bopded teel Bpoughthepetprgptose defi ned as the

average of the re Ive oor di.nat of the atomc centers
form g the Oy orbemerdtndmars i frée s RRMENIB! Blatebl Bt er betveen
the centroi dppiferbbl§ delfio@tRAPORNE1IEBE Presit & eakbh Y6 R&HEH afoh iABAAI conpl ex
may be easily cal culated by standard 15 techni ques of single crystal X-ray

di ffractidn. higdrobarbbn bered eadieadl es may i ncrease or decrease dependi ng on
the nol ecul ar strycture o he constraj ne eonetry netal_ _conpl ex. Those
bicaly onE Py Fogar o grssd Fedjoalick LRgA

conpl exes,

simlar, co
constrai n-i nduci ng substituent

wher ei "Yh&PH:

el f1ygipgarbg ragycaliof gTapLTlh 30 Py 4
sﬁmty@om{mﬁ&ffu@a,icgau &%&ga%g%n@glf%rgﬁé%?&ﬁg@{pg%

repl ac

constrai ned gemmRicl yr miedadipkdicyand afondticlibeladial hyiecabdokae angl es, 0,

decr ease
conpl ex.

by at least 5% nore preferably 7.5% conpared to the conparative

Pr 8y &pgdbyloxy Hiy dsgrartydpal vl diydeocarby laming.gwnd hadwicadylsidoxy s al so | ess

han i ] . I d 3 | di '
comi exeld o RO FOPiEr e ORER T DR AR 1 B gfCcem

i nvention hawgiegéndetly béladteEHomaR R h

angle, O,

SatB Y], bhd bubisi Rty dYodahtgy1 Sal | est

dro
is less than 115 de ree(s?, nore preferably l'ess than 110

degree(s) , reshealprEiceraoprioadasedradicaliosy tpipalle coptantygrnddb abewnst r ai ned
geomet 1y pr 3l al Y} 50 B 08, SRS LD Y S LM © Y (V) O

15

20

25

substituent group is preferably a halogen atom.

Exemplary hydrocarbyl radicals for L are methyl, ethyl, propyl, butyl,
amyl, iscamyl, hexyl, isobutyl, heptyl, octyl, nonyl, decyl, cetyl, 2-ethylhexyl,
phenyl and the like, with methyl being preferred. Exemplary substituted
hydrocarbyl radicals for L? include trifluoromethyl, pentafluorphenyl,
trimethylsilylmethyl, and trimethoxysilylmethy! and the like. Exemplary
hydrocarbyl substituted metalloid radicals for L* include trimethylsilyl,
trimethylgermyl, triphenylsilyl, and the like. Exemplary alkyldiene radicals
for two L? groups together include methylidene, ethylidene and propylidene.

The foregoing metal complexes are especially suited for the
preparation of polymers having stereoregular molecular structure. In such
capacity it is preferred that the complex possess Cs symmetry or possess a
chiral, stereorigid structure. Examples of the first type are compounds
possessing different delocalized n-bonded systems, such as one
cyclopentadienyl group and one fluorenyl group. Similar systems based on

Ti(IV) or Zr(IV) were disclosed for preparation of, syndiotactic olefin



L3 3 SEP 2003 wherein: Z, Cp*, and L3 are as defined previously; Gis a

di val ent noi ety conprising oxygen, boron, or a nenber of 5 Goup 14 of the
Periodic Table of Elements, such as, Si(R)2, ¢(R)2, Si(R)2 -Si(R)2,
C(R)2 -C(R)2, Si(R)2 -C(R),, CR =CR, and Ge(R)2 : Y is adihki Eﬂﬁ
group conprising nitrogen, phosphorus, oxygen or sulfur, such as -0-,
-NR-, PR- or optionally G and Y tog&ther can constitute a fused rlng
structure, the conbination of Gand Y constituting an L' 10 group of
Formula 1I; and R is as described FEVIOUS|¥% A further subset of

const rai ned Belymersip Bven etalalyams Chem. Semil db25510256/(1%8 doal kanedi yl -
conpounds co t he for 5 ereLn:..Z is as

pr g\rl)i ously dgg%ﬁ%ggfag&aﬁg%%mggwﬁgﬁ:&s-ﬁﬁggnglﬁa@gg%a% $Wia§§¥%‘3p§d fromthe
group of  hygseden, Tlgvl)xs& Zr@vwlene Bd¥dse@pst ﬁ%ﬂ%ﬁtdmﬁa&ﬁ%ﬁﬁf having up
to 10 carbon or silicon atons; E is silicon or carbon; and L3

i ndependent | polyaeks mc¥ildetalcd. Osgahgmiet Gaemal I 2337 (2982). of up to 10

carbons; mis an |nteger of 1 . and_ nis an integer of 1 or 2 depending
on the val ence of Exemplaty brdge ﬁgngé%ds(fmﬁv@ﬂ&ma Wﬁﬁ?g@ﬁaﬂrenatlon

ds of r rein the RZ on the am do
;?ggguins nmet ﬁﬁﬁeﬁﬁésﬂﬁ{b -cgg%%k&ﬁg&ﬂﬁ?&’ﬂ%@ﬁg{l%ﬁi hlaxyl (i ncluding isoners),
nor bor nyl,  bei#iethyl@RRpEhtadietH!T, (dididily1SPA- b@ar-aﬁplcy@loﬁmcﬁ&mt adi enyl ,

i ndenyl, tetrahydr0| ndenyl, fluorenyl, 5 and octahydrofl uorenyl; the

subst i t uent s(cbmeﬁtyésﬂwbb@gdmtﬁdcme@f@émﬂ; @mpethylgilplaps each occurrence is
hyoro0en. oL RN AR Yo PERL X S8 BT
trinethy]@i| yis.ey AR5y ) PEAYhy IsSTBL Y. TRE Ay, (dRAemYlsilyebis-
tetrahydrofluorenyl), (dimethylsilyl-bis-2-methyl-4-phenylindenyl),
(dimethylsilyl-bis-2-methylindenyl), (dimethylsilylcyclopentadienyl-
fluorenyl), (1, 1, 2, 2-tetramethyl-1, 2-disilyl-biscyclopentadienyl), (1, 2-
bis(cyclopentadienyl))ethane, and (isopropylidene-cyclopentadienyl-

15 fluorenyl).

Preferred L* groups are selected from hydride, hydrocarbyl, silyl,
germyl, halohydrocarbyl, halosilyl, silylhydrocarbyl and aminohydrocarbyl
groups, or two L groups together can constitute a divalent derivative of a
conjugated diene or a neutral, n-bonded, conjugated diene. Most preferred L’

20 groups are C].2() hydrocarbyl groups.

Examples of preferred pre-catalyst compounds of Formula Il and IV
include compounds wherein the Cp* group is selected from cyclopentadienyl,
indenyl, tetrahydroindenyl, fluorenyl, and octahydrofluorenyl; the substituents
on the foregoing Cp* groups each occurrence is hydrogen, methyl, ethyl,

25  propyl, butyl, pentyl, hexyl (including isomers), norbornyl, benzyl, phenyl,
etc.; and L’ is selected from methyl, neopentyl, trimethylsilyl, norbornyl,
benzyl, methylbenzyl, and phenyl; q is 2, and m and n are zero.

A further class of metal complexes utilized in the present invention

correspond to the formula:



[llustrative pre-catalysts that may be enployed in the practice of the 10
present invention include: cyclopentadienyltitaniunmrimnethyl,

cycl opentadi enyltitaniuntriethyl, cyclopentadlenyltltanluntrl|sopro |,
cycl opent adi enyl titaniuntriphenyl, 15 cyclopentadlenyltltanluntrlbéﬁggﬂMJ
cycl opent adi enyl titani um 2, 4- pent adi enyl ,
cyclopentadienyltitaniundinethylnethoxEﬂe,

cycl opent adi enyl titani undi met hyl chl ori de,

pent anet hyl cycl opent adi enyl titaniumrinethyl, 20 indenyltitaniuntrinmethyl,
i ndenyl titaniuntriethyl, indenyltitaniuntripropyl

|ndenylt|tan|untr trah roi_.ndenyl ti anluntrlbenzyl 25

pent amet hyl cycl op Z?Léﬁ]ym@m%? etrlﬂ?e%(gr op

pent anet hyl cycl opent adi enyl titani untri benzyl,
pentanethylcyclopentadienyltitaniundinethylnethoxide,

pent anmet hyl cygeppent adi enyl ti tani undi net hyl chl oride, (ii 5-2,4-dinethyl -

3 -pentadienyl)titaniuntrinmethyl, -32 octahydrofluorenyltitaniuntrinethyl,
t et r ahydr ®i ndenyl {Gp*asaudefmedprewdysly;t et r ahydr of | uorenyl titani untri net hyl,
(1, 1-dinethyl-

2, . 5,6,7,.8 .
hexahydr onapht hal Ia)rfl‘?ti]ﬂd?f]q’}'HPP ﬁﬁgwmo(iic Ta%le Qf@‘?ﬂftm%ﬂ‘l@? ¥3, 3,4, 9,
10-,r1-1,4, 5,6, 7_*1(3’ h—@‘f@ﬁ}fﬂ om}a@ﬁ%{ £nyl)titaniuntrimethyl,
tetramethyl-r

(tert-butyl am do) cyél opent adi enyl ) di net hyI silanetitani um

dichloride, 10 (t@&rtsddivileanubstuéttai upneb0ybnihl8rogen atoms that
cycl opent adi enyl ) di net hyl si | anet I tani um di met hyl, (tert- but yl am do)
(tetranet hyl - rl 5- éQgethep srthep elfopmy a metaljocycle with Z

10 L? is an optional neutral Lewis base ligand havmg up to 20 non-
hydrogen atoms;
L each occurrence is a monovalent, anionic moiety having up to 20
non-hydrogen atoms, optionally two L’ groups together may form a
divalent anionic motety having both valences bound to Z or a neutral
15 C5-30 conjugated diene, and further optionally L? and L* may be
bonded together thereby forming a moiety that is both covalently
bound to Z and coordinated thereto by means of Lewis base
functionality;
qis 1or2;
20 mis 1;
n is a number from 0 to 3;
p is a number from 1 to 2; and
the sum of g+m+p is equal to the formal oxidation state of Z.
Preferred divalent L' substituents include groups containing up to 30
25  non-hydrogen atoms comprising at least one atom that is oxygen, sulfur, boron
or a member of Group 14 of the Periodic Table of the Elements directly
attached to the Cp* group, and a different atom, selected from the group
consisting of nitrogen, phosphorus, oxygen or sulfur that is covalently bonded

to Z.



et hanedi yl titani umdi nethyl, (tert-butylam do)

(tetramethyl -, 15-indenyl)di net hyl sil aLnetitani um 15 dinethyl,
(tert-butylam do) (tetranethyl-rI5-cycIopentadienyI)dimethyIS|Ianngt
titanium (111) 2-(dimethyl am no)benzyl; (tert-butylanido) (tetrarf 5@12W35-
cycl opent adi enyl ) di met hyl siianetitanium (111) allyl, 20 (tert-butylamn do)
(tetramet hyl -, g5- cycl opent adi enyl ) di rePhyl sil anetitanium (I1)

1, 4-di phenyl - 1, 3- but adi ene, (tert- butylanido)

(2-net hylindenyl ) di met hyl silanetitanium (I1) 4- di phenyl - 1,3 -butadi ene,
(tert-butyl am do) (/’2&lﬁéwﬁvmah@reqmphm@mmlmsloémq:ataynstmmo(onmmm;cs 25

5 S SiaBhbeBY S 100 e ol I AR W S lBy S S eia 2 U
e ur sy aThatohd el SofiF LN IEMA LB P ANRIL kAl i (1)

1, 3-but adi ene, (tert-butylam do)( I ndeny si lanetitani um
(| 1) 1,3- peﬁp[emnsenéone&r more substItuents on the Cp* group forming apOI'tIOI; oti a3
(tent-butylam do (2 rret yIJ enyl ) di met hyl si | anetitanium (11 -

pent adi ené %Qe%ﬁ%mthha@dﬁﬁltwnﬁér@mtgw erémpaieti um (1 V)

B S A T 7

(tetranet hyl 1tisuayekiope tiad dadhirgdpedii vebdhdl betwédnARe ket BodMdd 2
1, 3- but adi ene, (tert-butylam do

(tet r anet hyl S@ll%méﬁ}aém@pérqféléﬁ Gn gmpmcdnwt-begquazaém t "Bt iy th(el thital

(i ot r et nyt ey RESHENT sopapt oot B cet emvpum (1)
2~ hexagpene, (1 Mt gRutHrafl dlohctihbABINN LyionsXaLPRRPARLLARKY) o1 et Y1 -
5|Ianet|tan|un1(||) 1, 3- pent adi ene
(tert-butyl aef the){r* group mb’ﬂvftldeﬁnéﬂ aspthe teatagenof2hy tesphcties Ky I and Z
coordinates of the atomic centers forming the Cp* group. The angle, 6,
formed at the metal center between the centroid of the Cp* group and each
other ligand of the metal complex may be easily calculated by standard
15 techniques of single crystal X-ray diffraction. Each of these angles may
increase or decrease depending on the molecular structure of the constrained
geometry metal complex. Those complexes, wherein one or more of the
angles, 6, is less than in a similar, comparative complex differing only in the
fact that the constrain-inducing substituent is replaced by hydrogen, have a
20 constrained geometry. Preferably one or more of the above angles, 8, decrease
by at least 5%, more preferably 7.5% compared to the comparative complex.
Preferably, the average value of all bond angles, 9, is also less than in the
comparative complex. Monocyclopentadienyl metal coordination complexes
of Group 4 or lanthanide metals according to the present invention have
25 constrained geometry such that typically the smallest angle, 6, is less than 115
degree(s), more preferably less than 110 degree(s) , most preferably less than
105 degree(s).
Typical, constrained geometry pre-catalysts can be represented by the

Formula:

G Y

/ VI
& Z?/‘F v

L



20 silanetitani undi nethyl, (tert-butylam do) (1, 1-dinethyl-2,3,4,9,10-r|
-1,4,5,6, 7,8- hexahydronaphthal en-4-yl) di nmethylsilanetitani undi nethyl,
and (tert-butylarnido) (1,1,2, 3 -tetranethyl-2,3,4,9,10-11-1,4,5 E
hexahydr onapht hal en-4-yl ) di met hyl si | aneti t ani undi met hyl . 25 Bi s(c%*SEP 00
cont ai ni ng conpl exes including bridged conpl exes suitable for use in the
present invention include: biscyclopemgadi enyl zirconi undi net hyl,

bi scycl opent adi enyl ti tani undi ethyl, 3 SEP 2003 - 34

cycl opent adi enyl titani undiisopropyl, biscyclopentadi enyltitaniundi phenyl,
bi scycl opent adi enyl zi rconi um di benzyl, biscycl opentadi enyltitanium 2,

4- pent adi enyl, 5 b|scyclopentadlenyltltanlunnethylnethOX|de
blscyclopentadlenyﬂﬁﬁﬂanlunnethylchlorlde

bi spent anet hyl cycl ta n ndi_ et
bi si ndenyl tit ani ur?g Ch ﬂﬁ” ‘H‘%ﬁ% %‘JPEF&%H "titani umdiethyl, 10
bi si ndenyl titani U@rﬁtarﬁibﬁlgﬁtﬁﬂélgﬁtc@ﬂp%@}n@%ygép%Mfo)n or a member of

bi si ndenyl titani utmmet hyl tri net hyl sil
bi st et r ahydr ﬁruutehdybfthbé’tenumrrﬁtabgclaﬁﬁlemmtyIsacligfsi Sl(R’)2 C(R"), , Si(RY,

bi hy] di eny!
o1 Shent amet hyPEY 6 op OR By TR UG SCREIR sl Ge(R)

blspentanethylcycl #ﬂ% ,

bi spent anet hyl cycl open%‘fﬁdéﬁyﬁ’ F%Igﬁéll%j] ‘% Fyfﬂ%ggﬁﬂ e, > OXygen of

(di met hyl si | ghifigi suchysgl-Operst ati RRYPRZi srapiibhalti GRbiW together can

(di met hyl silyl -bi s-pentanet hyl cycl opentadi enyl)titanium2, 4 pentadlenyl,

20 (di met hyl spasjitutpadusedisingStgiure germoadiesiigh)of G ashY wanstihting ke’
(et hyl e bi s | cygl opentadi enyl )titaniun(Il1) 2-
(dinethy?§n1ﬁ83 éﬁgs ,ugﬁfWéfhylsiIyI-bis-indenyI) zi rconi undi chl ori de,

R'is as described previously.

—

A further subset of constrained geometry pre-catalysts are

amidosilane or amidoalkanediyl- compounds corresponding to the formula:

A (VID
N 3
N

15 wherein:
Z is as previously described;
R?each occurrence is independently selected from the group of
hydrogen, silyl, alkyl, aryl and combinations thereof having up to 10
carbon or silicon atoms;

20 E is silicon or carbon; and
L? independently each occurrence is hydride, alkyl, or aryl of up to 10
carbons;
m is an integer of 1 or 2; and

n is an integer of 1 or 2 depending on the valence of Z.



(di met hyl silyl-bis-2-nmethylindenyl) zirconiundinmethyl, 25

(di met hyl si |yl - bi s-2-net hyl - 4- phenyl i ndenyl ) zi rconi undi net hyl

(di met hyl silyl -bis-2-nmethylindenyl)zirconiuml, 4-di phenyl -1, 3- but adi ene,
(di met hyl sil yl - bi s-2-nmet hyl -4-phenylindenyl)zirconium (I1) 1, 4- di-ghggpyma
1,3 -butadiene, - 3 SEP 2003 -35

(di met hyl silyl - bi s-tetrahydroi ndenyl)zgtconiun(l1) 1,4-di phenyl-1, 3-

but adi ene, (di nethylsilyl-bis-fluorenyl) zirconiundichloride,

(di met hyl silyl-bis-tetrahydrofluorenyl) zirconiunmdi (trimethylsilyl), 5

(i sopropylidene) (Espoipbgsed peefereetmptal ¢édondinatiyr JonzpouadnofFPatinhenwyl , and

(di met hyl si |l yl pent amet hyl.cy¢l opent adi enyl fl uorenyl) zirconi undi net zyl .
Speci fic co%ﬂ“&cmg%%ﬁgﬂ“ﬁgeﬁngWﬁp 2TV i aethyl, ethyl,

(tert-butyl am ( r =1 H = CV. tadi enyl)-1 2-ethanediylz 10
i rconi um di n@ﬂ{% i lglif%ﬁygﬂnggx)dnﬁlg{:rﬁgrggp R{ACTE 1%enzyl?pﬁenyi

- cycl opent adiegiythg €p* grouptihlajftﬂﬁﬁeyﬁddﬁén?nimt[&l 1, Rty HBRREN] L, ﬂﬁgﬁhﬂyl ani do)
(tetramethyl-rl5 - cycl opentadienyl)-1,2-ethanediyl zi rconi um di bénzhydryl ,
(et hyl an? dopnd petekydreflinrenylihe salstitusptsmatie forggding tyRopentadienyl

et hanedi yl titani um i neopent yl et hyl a 'go)(tetrarre thyl-r 5 -

cycl opent adi EMAP) SHEt HGHEHUEEILT SHTOPEH MSHEM YL, propyl, butyl, pentyl,

(tert-butyl aﬂl};@&qg (qllllﬂ@ﬁ‘d]ﬁé' isgﬁﬁ}é,%ﬂ%l%géﬁl,_phcnyl, etc.; and L’ is methyl,

cycl opent adi enyl ) si | anezi rconi um

(benzyl am dohebpeetyhytifteatyisilystioyboriy Sbedly  weipmberzak bRl )egé.| anet it ani um
di (trinmethylsilyl il;l (ghenyl phosphi do) di et hyl (tetranethyl-rr5-
cycl opent adi enyl ) S{YSEARYS Precaialisishaiahay be empl@yedhia the peactick ditthe conpounds

whi ch ar gy usgfddl siind ration of catalyst conpositions according to
this inventi gn, nespeecfﬂgﬁ1 fﬁgfg'rrpounds containing 25 other Goup 4 netals,

will, of course, bgclopapeddeshyltitenitin@setsii|led in the art. Methods for
preparing the above catal ysts are conventional and wel |
cyclopentadienyltitaniumtriethyl,
cyclopentadienyltitaniumtriisopropyl,
cyclopentadienyltitaniumtriphenyl,

15 cyclopentadienyltitaniumtribenzyl,
cyclopentadienyltitanium-2,4-pentadienyl,
cyclopentadienyltitaniumdimethylmethoxide,
cyclopentadienyltitaniumdimethylchloride,
pentamethylcyclopentadienyltitaniumtrimethyl,

20 indenyltitaniumtrimethyl,
indenyltitaniumtriethyl,
indenyltitaniumtripropyl,
indenyltitaniumtriphenyl,
tetrahydroindenyltitaniumtribenzyl,

25 pentamethylcyclopentadienyltitaniumtriisopropyl,
pentamethylcyclopentadienyltitaniumtribenzyl,

pentamethylcyclopentadienyltitaniumdimethylmethoxide
pentamethylcyclopentadienyltitaniumdimethylchloride,

(n*-2,4-dimethyl-1,3-pentadienyl)titaniumtrimethyl,




known in the art. The above descri bed netal |l ocene and constrai ned geonetry
pre- catal yst conpounds from which the subject catalyst is derived are well
known. 3 SEP 20 3 -36 The di scl osure of such conponents and the nethods of
forming the same have been described in various publications, ind bl &3
U S. Patent Nos. 5, 064,802; 5,321,106; 5,399, 636; 5,541, 272; 5, 624, 878;
5,807,938; EP 890 581; PCT/US91/0186Q;32and PCT/ US91/ 04390. The teachi ng of
each of the above 5 cited references are incorporated herein inits
entirety by reference. In fornulas | and Il to VI, each L3 group is
preferably a hal ogestalydmfuorenyltitasuingtimethyed hydr ocarbyl or a
hydr ocar byl oxy graoup., The nost. preferred conpounds are those having each
L3 bei ng hal ogen. tF'?a%dF?m‘ilfély PRfgBgthhat the identity of the L groups

will determne 1Qqf dﬁd&&lﬁ&,ﬁ'{‘@ﬁ‘“ﬁ’g‘%‘gﬁs steps needed to formthe

ultimte catal yst conpositio ieved to exist, during

pol ymeri zation, aglandaaéthyla?,8d o pein-10fs587cation, or cation like (referred
to herein _collectively as Cationic) conponent and an anion or anion |ike
(ref er r ed?t o hsahsidronaphtbalenyétagiuzgrimathiybni c) conponent. The Cationic

conponent is the pre- | yst V\:Ei c¢h, has. 15 undergone activation typically
by inparting a fuRﬁ’b??%gﬁ%Pﬁfhy '3s1=?’pv€0‘6héflg%6{7 ~ the metal center Z and
the Anionic Qﬁﬁﬂ@ﬂﬁfﬂapﬁtﬁaﬁnﬁ%tbmgﬁlu@ﬁg{hﬁﬁl negatively charged conponent
derived fromthe support-activator an S believed to be in close

proximty to, and FTOM_ i - |.ance for, the activated nmetal center
Z under conventi org{a% po %e‘ﬁﬁ%&%&%ﬁwggcti on conditions while renmai ning 20

| abi | e. The tkgelopértatiedyd)dihethysRshdiiei@in dicidRRN that under pol ymeri zation
condi tions, the anionic conmponent is only |oosely associated at the site of

the catabyst act i(téht%t)'ilﬁnﬁcﬁ))f(etr&%myi-nﬂli spl acenment by a pol yneri zabl e
nononmer at the point of nonomer addition. Thus, the manner in which the

pr e- cat al yst cyelopatadienyddimsthylshddeyitandtin depsthgls on the identity of the L
groups, particularly L3. Froma generic standpoint, activation of

pre-catal yst is bélettepramiio) (egumbthi-amytspeuakieaalnat, .east one L3 group
fromthe netal center in a manner sufficient to generate an open
coor di nat i onc¥pRgdigtitagiyry diragthyl, center. = 3 SEP 2DD3

(tert-butylamido) (tetramethyl-n’-indenyl)dimethylsilalnetitanium
15  dimethyl,

(tert-butylamido) (tetramethyl-n’-cyclopentadienyl)dimethylsilane
titanium (III) 2-(dimethylamino)benzyl;

(tert-butylamido) (tetramethyl-n>-

cyclopentadienyl)dimethylsilanetitanium (III) allyl,

20 (tert-butylamido) (tetramethyl-ns-
cyclopentadienyl)dimethylsilanetitanium (II) 1 ,4-diphenyl-1,3-butadiene,
(tert-butylamido) (2-methylindenyl)dimethylsilanetitanium (I} 1,4-
diphenyl-1,3-butadiene,
(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) 1,3-
25  butadiene,
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium IDn
1,4diphenyl-1,3-butadiene,




-37 A variety of nmechanisns and materials are known or possible for
acconplishing activation. Depending on the identity of L3 and the support-
activator, such nechanisnms nay be induced in 1 or 2 stages (relative to a
desi gnated nol ecule). Activation in a single stage typically invoquEp%[n
separately synthesizing a pre-catalyst that can be activated directly by
the support-activator (e.g., wherein_k3.is initially selected as
hydrocarbyl in the synthesis of the pre-catalyst). Activation in 2 stages
typically involves a pre- activation first stage wherein at |east one

el ectroni c wit hdr dteitFigtylagidn(®,1-digethyl@denyisdinRMyagRbe thdiimad v} east one
| ess electronic withdrawing L group (e.g., 10 alkyl) which is nore easily
di spl aced i n lehbutadientd stage by the support- activator to cause activation

at the netal cent . Accor dingl,) re-actiyation. can bhe induced via
known al kyl ati on i%géqt@ﬁ@%ﬂqwgﬁqﬁﬂwgﬁﬁﬂb%@eﬂ%’ pepgumdlig f.33s

organol i t hi umemadieh&f er ably organoal um num hydrides or al kyls.
Pre-activation permts one to use the support-activator in all instances 15

for activation andtestiutylamido)Zsmethiylisddasl)dinvghyTsildayi@hiuePERNEs-Or i oni zi ng
agents such as bgron containing activators (or co-catalysts). Thus, while
activati on mBEHAMFRSs by which conventional coordination catalyst systens

oper at e incl ude, g imted to bst.raction of_ at |east one L3
group by a Lew s gﬁéﬁﬁ@a‘ﬁﬁ&‘%@s’%%ﬁﬁe&éMﬁ?{?ﬂ%‘éﬂlﬂ&gglﬁr boni um
tropylium cdideahylum ferroceniumand m xtures, and (b) protonation (by a
Bronstead acid) of the L3 group, when L3 constitutes a hydride or

hydrocar byl (e. g. (tartibptylagidolE;methyhd-phetydmidens)dimphghailnetitaduhr e

mat eri al g, addit.ippal to .t support for inplenmentation. The sane is not
true fo?oth %r‘gglgh?nyﬁ'r}\’/%ﬁw?@lﬁge’ZS It is a particular advantage of the

present invention th%téltyjuch conventional ionizing agents used to produce

i oni ¢ catal ysts cHf pison BEEmetirlan reslapertgdigny idimethyduppor t - act i vat or
of the presegiynbfiMeRind @@%\Q/gé%%(gg%r’forns t he dual function of activation

and supporting agent. 38 Froma practical standpoint, it is
preferred that L3, be. hal ogen, .e. ﬂ'@ﬁ .. 1nthe pre-catalyst. This stens
fromthe fact t ha{tel\%\}?lelﬁ'lfgﬁog(tﬁ%% "(SFﬁy@Rﬂpﬁmé@‘@@flP eﬂ]}’i/'hdr awi ng) the
pr e- cat al yst siiaet@rdnSIB0, £dAREAAAN-BE8RSE ! Y
15 (tert-butylamido) (tetramethyl-n®-cyclopentadienyl)dimethyl-
silanetitanium (II) 2,4-hexadiene,

(tert-butylamido) (tetramethyl-n’-cyclopentadienyl)dimethyl-
silanetitanium (II) 3-methyl-1,3-pentadiene,
(tert-butylamido)(2,4-dimethyl-1,3-pentadien-2-yl)dimethyl-
20 silanetitaniumdimethyl,
(tert-butylamido)(1,1-dimethyl-2,3,4,9,10-n-1,4,5,6,7.8-
hexahydronaphthalen-4-yl) dimethylsilanetitaniumdimethyl, and
(tert-butylamido)(1,1,2,3-tetramethyl-2,3,4,9,10-[1-1,4,5,6,7,8-
hexahydronaphthalen-4-yl) dimethylsilanetitaniumdimethyl.
25 Bis(Cp*) containing complexes including bridged complexes suitable
for use in the present invention include:
biscyclopentadienylzirconiumdimethyl,

biscyclopentadienyltitaniumdiethyl,




transported. However, because L3 in this instance is highly electron 5
wthdrawing, it may be nore difficult to induce activation thereof by the
support-activator. Thus, as indicated above, it is possible to pre-activate
the pre-catalyst, by replacenment of the hal ogens constituting L3-%3R 2@kss
el ectron w thdraw ng groups such as hydrocarbyl groups, e.g., alkyl

groups, using organonetallic conpou .~ The particular point in tinm when
the 10 organonetal |ic conpound contacts the pre-catalyst is at the option
of the manufacturer and can be (a) before, during or after contact of the
support- acti vat ofYSipReRtadieay Hiapmdiisapremyt, to entry into the pol ymerization
zone and/or (b) Fing.. pol ization by direct addition to the
pol ymeri zati on zgﬁgﬁﬂﬁ%ﬁgggpyﬁﬁﬁ%gﬁgﬁhﬁpi-activated catal ysts are | ess
stabl e than the 1isbalisiganaladizRtEansRbazyher eof , organonetal Iic conpound
addi tion, when enployed, is preferably conducted in the presence of the
support - act i vat or bistyclopestadiehylittandumPa vtfeatadmnydvant age of the present
invention that actjvation of the .pre-catalyst (having L=hal ogen) can be
del ayed avoidi%ﬁcx g “@Y‘@%%mn%ﬁﬁgﬁﬁﬂ%?ﬁﬂ%ic conpound to induce

pre-activation un%%&¥%§k§%§%%f?E%@@P%§?§§%H%%%=Thus’ such pre-catal yst can

be inpregnated in t he sane recovered w thout
activation until bigpshtdrasthyeloiopintaidny@itaninnareetByingl y, one preferred
enbodi nent conpri ses using pre-catalyst wherein each L3 group is a hal ogen
( E: 19 pre- .
atom In this enbbdindeniltiehmnglimedatal yst and support-activator are
separately m xed.. ln ot her, .enbodji. t said pre- 25 catalyst,
support-activatorHﬁﬁﬂﬁﬂPmFgggﬁmBW@hgggﬁnonetaIIic conpound (represented by
formula \ Il bel opkindsnAtiGERNERERT] Zﬁgtﬂﬂngfh alnkyd elnn Eﬂ agent are admi xed
si mul t aneously prior tgaéolynerizagi n. Ig tﬁ?sﬁ% o&fnent, at least one
of the hal ogens chisstienyitifangumimethdoomethylailylew hydr ocar byl L3 group derived
fromthe organonetal [ic conmpound durin re-activation. More = 3 SEP 1003
-39 speci fi gal ly, g\ﬁﬁgﬁh@%‘& %l%ﬂ-@@%@f winethdsifylkyl ati ng agent, the
organonetal l'i c cogg gﬁﬁn&ﬁ 1Y) ﬁggg Iy to the polynerization
zone, whereas when gnp oyég'%sbéﬁﬁéﬁﬁg? atlwghgééﬁéﬁkglone it is desirably

added to the m xtbispentdmahyipgoldpeacidiengitiiniandibprisAcat al yst. 5
Organonetal | i ¢ conpounds suitable for use in pre-activation include those
represented by f obiseaniamephyleyclopentadienyltitaniummethylmethoxide,

bispentamethylcyclopentadienyltitaniummethylchloride,

(dimethylsilyl-bis-cyclopentadienyl)zirconiumdimethyl,
(dimethylsilyl-bis-pentamethylcyclopentadienyl)titanium-2,4-
pentadienyl,

20 (dimethylsilyl-bis-t-butylcyclopentadienyl)zirconiumdichloride,
(methylene-bis-pentamethylcyclopentadienyl)titanium(III) 2-
(dimethylamino)benzyl,

(dimethylsilyl-bis-indenyl) zirconiumdichloride,
(dimethylsilyl-bis-2-methylindenyl) zirconiumdimethyl,

25 (dimethylsilyl-bis-2-methyl-4-phenylindenyl) zirconiumdimethyl,
(dimethylsilyl-bis-2-methylindenyl)zirconium-1,4-diphenyi-1,3-
butadiene,
(dimethylsilyl-bis-2-methyl-4-phenylindenyl)zirconium (II) 1,4-
diphenyl-1,3-butadiene,



MR 2), VIIl 10 wherein Mrepresents an element of the Goup 1, 2 or 13 of
the Periodic Table, a tin atomor a zinc atom each R2 independently
represents a hydrogen atom a hal ogen atom hydrocarbyl, typically C to
C24 hydrocarbyl, including C, to C24 alkyl or al koxy and aryl, Xéﬁﬁy
aryl al kyl, aryl al koxy, al kylaryl or al kylaryl oxy group having 6 to 2003
carbon atons (such as a hydrogen atom-35%5 hal ogen atom (e.g., chlorine
fluorine, bronine i odi ne and m xtures thereof), al kyl groups (e-g.,

met hyl, ethyl, pro pentyl, hexyl, hept decyl, isopropyl, isobutyl,
s-butyl, t- butyl) (BH'P%%?I!@]rhsmférab@rglndemﬁé{momym(ﬁl héxdiphengl-bBeoxy, but oxy,
i sopropoxy), aryl 1LRS (e.g., phenyl, biphenyl, naphthyl), aryl oxy
groups (e.g., phenoxy), arylalkyl groups (e.g., benzyl, phenylethyl), 20
aryl al koxy grOUpS( d‘»lhlwms-ﬂaé%ﬂmEﬁ‘éongﬁxﬂegigﬁloﬁﬁe , tolyl, xylyl,

cunenyl, nesityl), kyl aryl oxy" groups g., nethylphenoxy) prOV|ded

t hat at | east onédlmeth)elsmwsitetrghzydraﬂmnﬁhmddﬁmcgr(auﬂeth}argimg 1to 24
carbon atons or arz ﬁﬁ?l kyl or. al ké}u ryl _group having 6 to 24
carbon atdns; and'§°P¥ Y]I‘l e}y elapspdi Ofﬂ‘ﬂ)’i\)lngm‘lrméllmlemtbd

organonetal lic comgjfégﬂﬁl gqﬁenttg}gamé\&?éﬁn% aénlﬁrgl num Representative

exanpl es of organone | um num conpounds,
preferably trial kyz[rcahwmidﬂmﬂuﬂonpounds such as trinmethyl alum num
triethyl alum num_ triisopropyl alum num triisobutyl - 3 SEP 2003 -40

al uni num tri-n- plS@ESIﬁaICGWPﬁMS f@mﬁﬁ@@ﬂwmmnmcluda n- but yl al uni num

triamylal um num al k aI u oxi_d such as et hyl
al um-num di et hoxi g{éﬂ W CE’S@?H%IP Unicg’rf]]ﬁB%t enyl)- fﬁg,ﬂeangg{y V) al uni num

but oxi dejodi I sopr eRYhiud .;uﬁie&gqn et hoxi de, di net hyl al um num et hoxi de, 5
di et hyl al um num et hoxi de, di-n-propyl alum num ethoxide, di-n-butyl
al umi num et hoxi de (tegtrhitylamido) I{maaiechﬁlmﬂmwlkpbmmw;)unh- as al um num

a1 o num hl | des. SUBRSR A SR Dheran @siisTraeo) belmmedtiminun
R e L
aryl oxy, (methylarmdo) (tetramethyl-n® -cyclopentadienyl)- 1 2-

15 ethanediyltitanium dineopentyl, (ethylamido)(tetrame thyl-n’ -
cyclopentadienyl)-methylenetitanium diphenyl,
(tert-butylamido)dibenzyl(tetramethyl- 1’ -
cyclopentadienyl)silanezirconium dibenzyl,

(benzylamido)dimethyl(tetramethyl-n°-

20 cyclopentadienyl)silanetitanium di(trimethylsilyl),
(phenylphosphido)dimet hyl (tetramethyl-n’-
cyclopentadienyl)silanezirconium dibenzyl, and the like.

Other compounds which are useful in the preparation of catalyst
compositions according to this invention, especially compounds containing

25 other Group 4 metals, will, of course, be apparent to those skilled in the art.
Methods for preparing the above catalysts are conventional and well

known in the art.

The above described metallocene and constrained geometry pre-

catalyst compounds from which the subject catalyst is derived are well known.



al kyl al um num conpounds and al um num hydri des such as di nethyl al um num
hydri de, diethylal um num hydride, diisopropylalum num hydride,

di - n- propyl al um num hydri de, diisobutylal um num hydride, and di-n-

butyl al um num hydride. The nost preferred organonetal | i c conpounds ja§f¢ 208p
the trial kyl al um num conpounds. Wen at |east one L3 of the transition
nmet al conpounds is hal ogen, the pre-cagalyst and/or the organonetallic
conmpound can be mxed in an inert diluent prior to, simultaneously wth,
or after contact (of either one) with the support-activator. The

pr e- cat al yst Thatdéelosurs of sychocquepamestshal dgenethbds stfohig 2Re ndmbver i al s
whi ch are poisons to the activated catalyst. In a second preferred

embodi ment | WHEFLISTCRECHRYaTORS R caiQuscaeidingtU.S; Batentiyoiy 5H8H8PP; a

hydr ocar byl e oga- r .gr t 1S ~ for the

addi tion or %gr%gﬂiog’gﬂ%?j’tg%ﬁg Sgérﬂglgir%hgttsg#‘{%?% g(;g%% n@.%oglgﬁf@ithe cat al yst

conposi ti on PET/US91/6E8H0; sind PCTAGSENO 399e THeidA0RiE RERHAF Y Advan. 25
However, even in this instance, it is still preferred to enploy at |east

some  or ganofiedieisrences ajsdnentpersted hereiw nigeentidety ibygefersnyerer i zati on to
deactivate potenti al i.son o..he activated catalyst. - 3 SEP 2003 -41
The support-activi?gqm%%siaﬂ‘i%&‘}ﬁ’eeﬁh FOUP &% PFe a%b@@é@é?fa@@@»of at

| east two Compan@tSuteddFalctartlfbr hydiBas 0B §RD| | onponent
and (B) at |east one ion-coﬁrtb(gi nri ngyﬁye?ggﬁfgiﬁpg'ngg?kﬁﬁsﬁﬁg%%e ion, the
nor phol ogy ofompeursls preathosedrtvingadaoh Lf beinghiloyad to 5 significantly

i nfl uence the per e, catal yst caonposition. The inorganic oxide

ornance of t i [
Conponent - A of tth d'}nflgréﬁﬂog\%"’ttdli‘“ Bty ohdied aroyas Wil detsrmainet he present

i nventi ofy ar i I i ] i.d i.n¢luding Si 2, A1203,
ALPOA, NOD: . ey B DB e A0k e AR el ' O A, 03,

MyOSi Oz A1203¢orEp@ionCRINER @3belikOedSiolki3t 202ihis P lymti-21i O G5 2R Adtividddased on
t he wei ght of t h&cat alyst support. \Were the inorganic oxide (including
mi xed i nor gaRtE ok a8y Of catiop bike teferrsd te Serginepllactinsly a8/ Caticoiw commer ci al

Phe m11ing Sropshl SEELERL 3 ot ikeFelbetfy BRE i RoBRr S 0o 1 6 not
suscepti bl e Aeiopid) coMpomdnt OThe ChBorit @6mponeRx isdBe Pre-dhta1R4 viXiIRS deri ved
fromother conventional techniques such as
15 undergone activation typically by imparting a full or partial positive charge to
the metal center Z and the Anionic component is a full or partial negatively
charged component derived from the support-activator and is believed to be in
close proximity to, and provides charge balance for, the activated metal center
Z under conventional polymerization reaction conditions while remaining
20 labile. The term “labile” is used herein to mean that under polymerization
conditions, the anionic component is only loosely associated at the site of the
catalyst activity so as to permit displacement by a polymerizable monomer at
the point of monomer addition.
Thus, the manner in which the pre-catalyst is activated typically
25 depends on the identity of the L groups, particularly L’.
From a generic standpoint, activation of pre-catalyst is believed to

result from removal of at least one L* group from the metal center in 2 manner

sufficient to generate an open coordination site at said metal center.



precipitation, coprecipitation, or just adm xing, can be utilized directly
for the mlling procedures after washing. Mdst preferably, Conponent-A of
t he support-activator contains typically at |east 80, preferably at | east
90, and nost preferably at |east 95% 20 by weight, silica gel g%

hydr ogel , aerogel, or xerogel) based on the weight of the catalysa EP 2003
support. Silica hydrogel, also known asg7silica aquagel, is a silica gel
formed in water which has its pores filled with water. A xerogel is a
hydrogel with the water renoved. An aerogel is a type of xerogel from

which the |iquid Rasa®y bémechaismeetidiniateritdard KHBWnaS ph&itlk Rl e any
col | apse or change.in the structure as the water is renoved. Silica gel is

prepared by @6FRFERlishIgACtWations W@M%Obﬁiernﬁmtltg ofih’ amtthe suppcsbl ut i on of an

al kali netal a e odi th a stron aci d ch a
ni trii: or sul ?ﬂtljﬁt% %‘gciht(in é%kﬁ‘@sﬁfﬁ% eﬁgﬁ!h-}?ﬁ iu@m%ﬁ@g?s “E}F“L“é"g‘loé‘ I42 > >
condi tions ofdeﬁgﬁdt@dmel‘ecﬁlé)fﬁﬁﬁﬂaﬁoﬁh@ﬁ%male'ét{%%é@ W{n@&vé@ts into a

hydrogel in |ess than about one-half hotr ing gel is then

washed. The Smdatsmﬂlemnngfa préreatdliy@ithatreah be abysdhiteapditecyhibglthd s formed is
usually in the e of 't aI |y between about 15 and about 40,

preferably bé’t‘R/Vé’éha Bier (32 %{fﬁﬂl Ieys ipitialy, Seéﬁ@éﬁdrméb’d{ﬂcéﬁbéfl mbthy bet ween

bout 30 andahg b th b f
about 1 to abaured ApEplayy e el 2 3h0% Gpisthy iy ngfi Fﬁ>e<: g

t enper at ur es actintibg ﬁesmta@y&d:gréimaﬁedsaaﬂ@ele&ﬁjrﬁkgvﬁt}i&'a% out 20 to
about 50C. Washing is acconplished sinmply by inmersi ng ‘formed 10

hydrogel in &Dcisment méa@ﬂyatMlegsSreéemoofc mm&aWngcgrohpae:ges out the

Tt enmbd ot ARD S RO B8 bisnlaked id e Shr Sy P bummrbe the
physi cal propaivat®So dust Retitioh GPihe $MEA) cBSteS B Ea&e&d?z{%fl éf,? u‘%gggpor €
or

volume (PV). Silica gel washed at 65-90C at pH s o 6 hours
wi || usuall yc%bmdmlgkmwgﬁytaﬁon r@tgomnedtf orpemaeetaliiel s with PV s of

nour s i |1 HEVEPRRIS S o geadlSED) o Bieroody tEangBIam RN oE of
L e b g e A R 2
Conponent3 A for activation and eliminate use of expensive methylalumoxane or ionizing
agents such as boron containing activators (or co-catalysts).
Thus, while activation mechanisms by which conventional
coordination catalyst systems operate include, but are not limited to
(a) abstraction of at least one L’ group by a Lewis acid by an abstracting
20 moiety such as carbonium, tropylium, carbenium, ferrocenium and mixtures,
and (b) protonation (by a Bronstead acid) of the L* group, when L? constitutes
a hydride or hydrocarbyl (e.g. alkyl) group, such mechanisms typically require
materials additional to the support for implementation. The same is not true
for the present invention.
25 It is a particular advantage of the present invention that such
conventional ionizing agents used to produce ionic catalysts can be eliminated
and replaced with the support-activator of the present invention which

performs the dual function of activation and supporting agent.



20 can conprise various additional conmponents. These additional conponents
may be of two types, nanely (1) those which are intimately incorporated

into the gel structure upon formation, e.g., by cogelling silica gel with
one or nmore other gel formng inorganic oxide materials, and (2)-4H6B&00)
materials which are adm xed with silica gel particles prior to mlling or
after mlling in slurry form25 just pg8or to spray drying. Thus, materials
includable in the former category are silica-alumna, silica-titania,
silica-titania-alumna, and silica-alum na- phosphate cogels. In the latter
cat egory, conponeriremwpradiicabstaduiporndnit isquieferrad tat Ghbe hflogpoelkl @ls, with the
silica hydroglgl particles prior tgr mlli n% and/or just prior - 3 SEP 2on
-43 to aggl ot ERIGHRISH UHES $RBE &rogt tis 4ac that ayhen &¢ & halogesithighlr gani ¢

oxi des such a4y | ' PN I oxide, thorium oxide, e.g.,

oxi des of Ggupsgﬁ%%% %éi agﬁ%#ﬁkﬁgigl%%%ﬁtaggrappgmkfEa‘sﬁg’nstituents.

Qt her parti cufaasmreanoieuenbecankd ThinEY ifeanlt ﬁﬁﬁ@ﬁlyieﬁ&hﬂge those 5
constituents having catalytic properties, not adverSely affected by water,

spray dr¥i ngvithdravang, ihmay ba mose diffiadt foiindlog agdtivitbedheaxotissther cheni cal
conpounds, recogni zi ng, wever, .that these constituents play no part in
the aggl oner 3??&9%{2“&" ‘g)é'dgﬁ‘és.’ a%mﬂqa@@‘?v%‘t. 15 gogsele fopre-ac vt dhpowder s or
particles of p%%ﬂyst?%ﬂ%plic%ﬁﬁt%fﬁ?e ltneh'@geﬁk LoS@nd 1098k, l%§ éllﬁ\éc;clgoes to Inpart

additional properties to 10 the support=acti vator -~obtai ne or di ngly, in

addi tion to thideavwiogweups such gdytiocalbal geupa ¢ighallealgedups] @ik operti es,
there may be added gﬁteri al s which .possess absorbent properties, such as
synt heti c ze8f§3pgretaiq compoundss Hsqarpudarpeing e Hmg @x cat al yst

suppor t syyhergj b L |, .contains crystal.lizaple el ements and
the like. TheFésaEPi | egf@%@&@@{iégﬁ&#ﬁe pé%ﬁ?’tglglsdﬁg{%ﬁgf)h??\g?g‘ﬁounts of such
addi tional cempofieire aidthn be(d) ®eford, dubifly bPafdrdBhitabiofaN@kghpeRIPr oM sing the
desired aggl onerate properties described herein. Also, it'is feasible to

add const i t uddttargvittnprecatshishptier tonte ivhithshpaipyeritationlzone amy/ed af t er
2gents ae sulPubogr ApmpE RO Reh e ioR Y chisrtedliipn el PEmBRRAGTpar 1 cul ar 'y
useful for t Bcber;ﬁe FHERARE, beVhiRE phoftivhlel eatalSls AFORROAMIL Bhalthe t © Pe enpl oyed
15 alogenated precursors thereof, organometallic compound addition, when
employed, is preferably conducted in the presence of the support-activator. It
is a further particular advantage of the present invention that activation of the
pre-catalyst (having L=halogen) can be delayed by avoiding the use of the
organometallic compound to induce pre-activation until polymerization
20 occurs. Thus, such pre-catalyst can be impregnated into the support activator
and the same recovered without activation until used for polymerization.
Accordingly, one preferred embodiment comprises using pre-catalyst
wherein each L’ group is a halogen atom. In this embodiment the pre-catalyst
and support-activator are separately mixed. In another embodiment said pre-
25 catalyst, support-activator and at least one organometallic compound
(represented by formula VIII below) as a scavenger and/or alkylating agent are
admixed simultaneously prior to polymerization. In this embodiment, at least

one of the halogens constituting L’ becomes a new hydrocarbyl L group

derived from the organometallic compound during pre-activation. More




they may be added to the slurry to be aggl onerated. However, it is
preferable that they be present in the silica gel during or prior to
mlling as described 25 hereinafter, since they will be less likely t

di sturb the desired aggl onerate norphol ogy after spray drying whed SElﬁ'ezfl[B
are al so subjected to mlling. In view of the above, the term"silica gel",
when used to describe the process steps-up to and including aggl onerati on,
is intended to include the - 3 SEP 2003 -44 optional inclusion of the

af orenenti oned non-silica gel constituents permtted to be present in
Conponent - A specifivallgiiivor tsedes b seavengin@angalkghtinBagdntithe support-activator
is a layered material..having a, three-dinensional structure which exhibits
the strongesPr&RemeRdic Oé’HH%%m i tYBIcathy WW%F%@%B@IYWZ@I%em fically,

t he stronges gmg and th| nsi onal

pl anes whi chE%r?Jéwsﬂegeg%“@%gﬁlp é’gdPgeac fag{l%%e Ofl%f’ﬁgost‘rﬁ" e di nensi onal
solid. The twadeditoBREShitae ofs @heatlaghghpgqugaq)l:ggr by weaker chem cal
bonds than those hol ding an individual plane together and generally arise

from Van der \aal Organoostllieteopeuwss avitabldOr ust iprmae-aitoasion amtudey dr ogen
bondi ng. The el ectrostaitjhc mt@rgﬁﬁ ons are nediated by ions |ocated

bet ween t he HEFeFPresrRies Ry formus Jhydrogen bondi ng can occur between
conplimentary |ayers or can be nediated by interlamnellar bridging

nol ecul es. Representative exanples of suitable |layered materials includable
in 15 | ayered Conponent-B can beM(@3y,phous or crystalyiiine, preferably

anor phous. Suitable |ayered Conponent-B materials incl ude clay, and cl ay
mnerals. Clay is typically conposed of clay m neral s (i.e., crystal l'ine

sual 1y 47" RaSu RS B SOREN AR b G Tl i AT

constituted BYinatof of @tzrnaia&ﬂﬁ AdachiRP indeﬁeﬂei@hﬁﬂﬂre@réseﬁ& bl dilgbh §©@h, at oM
coordi nates oxygen atoms and an octahedral unit in which a central

al um num nab ﬂemmmr hYdI@‘FﬂIbﬂoW“@BDﬁdﬁm@hé&Wy@eh inpludiygi€osd Ga. The
skel etal st r

neutral and ﬂ pail&xtyla\? "t?‘yg‘;f&fﬁfy yaf}ﬁlég‘é? %‘gfhgofaseljﬁct Lle::?l Y
surfaces. Whgp Eﬂﬁ§:€}5§x'oﬁﬁ hawﬁgg% by ebhok Rmgedy aflas%q{ dRSen atdigy have
cations in thEI r interl am nar structures to conpl enent such negatlve
char ges. 15uchalpgenaatomn(e.ga chlvaine dmsring brdreine piod e ahd ngeiirdsytheredfyr
alkyl groups (e.g., methyl, ethyl, propyl, pentyl, hexyl, heptyl, decyl,
isopropyl, isobutyl, s-butyl, t-butyl), alkoxy groups (e.g., methyoxy, ethoxy,
propoxy, butoxy, isopropoxy), aryl groups (e.g., phenyl, biphenyl, naphthyl),
aryloxy groups (e.g., phenoxy), arylalkyl groups (e.g., benzyl, phenylethyl),
20 arylalkoxy groups (benzyloxy), alkylaryl groups (e.g., tolyl, xylyl, cumenyl,
mesityl), and alkylaryloxy groups (e.g., methylphenoxy) provided that at least
one R? is a hydrogen atom, an alkyl group having 1 to 24 carbon atoms or an
aryl, arylalkyl or alkylaryl group having 6 to 24 carbon atoms; and s is the
oxidation number of M.
25 The preferred organometallic compounds are those wherein M is
aluminum.
Representative examples of organometallic compounds include alkyl

aluminum compounds, preferably trialky! aluminum compounds, such as

trimethyl aluminum, triethyl aluminum, triisopropy! aluminum, triisobutyl




cations. A quantification of a clay's ability to exchange interlam nar
cations is called its cation exchange capacity (CEC) and is represented by
mlliequivalents (neq) per 100 g of clay. CEC differs dependi ng upon the =
3 SEP 2003 -45 type of clay, and C ay Handbook, second edition (corpSErdy
Japanese Clay Association, published by G hodo Shuppan K. K.) gives the
followng information. Kaolinite: 3 tggl5 neq/100 g, halloysite: 5 to 40
meq/ 100 g, nontnorillonite: 80 to 150 nmeqg/ 100 g, illite: 10 to 40 neqg/ 100
g, vermculite: 5 100 to 150 meqg/ 100 g, chlorite: 10 to 40 neq/ 100 g,

zeol i t eat t apulghinem, 29-ntpopydufiisiind A8ivbutflsminuay ef-achuBaaRagRh; B to be
used in the present invention, is a material, e.g., clay or clay mneral,
typi cal | y haviagyietunisums ardthe dikgaalkylalymiohar leekidesduph af ehgbl y al so havi ng
the ability to@ excha catipns., Thys,.clay. . mnerals generally have the
characteri stia@uqn%&}gﬁ’ﬁ‘?ﬁfﬁgomﬁp fﬂ%@mé&%ﬁw@&er&gmy WRHUEEt ween t he
layers, vari gigoxi®y 8liSoppdpyl 8ERLIYA effidiled 8fneth aldth; le, the clay

m neral is substanti elll I}j;j p(i)irf f erlent ef rom et aei }ngi%g‘élﬁﬁe;@ﬁ%e’a

t hr ee- di nénsidiethy] afuminatruetboxdde; [di-asprepyliabaninaintsthdxide, dhd-buggol i te. The cl ay
m nerals are él assified _ according to the levels of the aforenentioned

negati ve chardJenpBm sthexide, apd the likepalyminum plpxigessieh 2s plimingmk aol i ni t e,

dickalite, a C i gative char of (,zer 2 snectite
havi ng t he nggjé)%(?dveéalc agrldg}igp%%%%h‘iﬂwwF%Og@?@d%lﬁﬂfe%{:‘gﬂ 1e havi ng
the negati ve aihings 1lidéy fich a8 detHy® ah®hifum Chloridk C@hNAVIRBuiNe negati ve

charge of fromabout -1, and (5) brittle mca having a negative charge of
about -2. Eadlirhbiridehdiispenpy! gluoupen ichioride esd tharlikeysumimen atydoxidesr exanpl e,
20 the spgctit roup. i ncl.udes. nontnpri.Jlonite, peidellite, saponite,
nontroni?@ ﬁg&%ﬁ%ﬂ"&n e&P?“F&“Q&B%M‘%é‘“QHH“‘ﬁ%ﬂ@-{*Y&%W gs; the nica
group i ncl ud@scyl Whfifuric# miaagemlmﬁ Ghyddhibiéd ese clay mnerals

exi st in nat Erﬁcey, and al go pgan Sbe synt g@i gled%} arsﬁc?}gi ally with a higher
purity. Any dimethplahmtioumlhydride,ali¢thylaindhum hgiride, dés@irepsiauinhgi® negat i ve

charge 25 below, 0 are useful .in the present invention. The presently
preferred cl gﬁ?@@ AR P aydridey dusebytylalpmpym hsirides & died- Fur t her

any & roat montUR Ty ar e b TH SRR B o Bl O SO B O ot
they maylbe tliectaiatkg] byimimich coinpbunty, Sieving, acid treatnent or the
When at least one L’ of the transition metal compounds is halogen, the
pre-catalyst and/or the organometallic compound can be mixed in an inert
diluent prior to, simultaneously with, or after contact (of either one) with the
support-activator. The pre-catalyst, when two L groups are halogen, is stable
20  to materials which are poisons to the activated catalyst.
In a second preferred embodiment wherein each L* of the pre-catalyst
is a hydrocarbyl, a hydrocarbylene or a hydrocarbyloxy group, there is no need
for the addition or handling of the organometallic compound. Thus, the
catalyst composition can be readily formed and used without pre-activation.
25  However, even in this instance, 1t is still preferred to employ at least some
organometallic compound as a scavenger during polymerization to deactivate

potential poisons to the activated catalyst.



' 3 SEP 2003 -46 like prior to such formation. Further, they may be treated
to have water added and adsorbed or may be treated for dehydration under
heati ng before support- activator formation. They may be used al one or in
conbi nation as a mxture of two or nore of themfor support-acti vadt3@ng)
synthesis. 5 Conponent-B preferably has a pore volunme of pores having a

di ameter of at |east 40A (e.g., 40-106D-A) as neasured by a nercury

i ntrusion method enploying a nmercury porosineter of at least 0. 1 cc/g,
more preferably fromO. 1 to | cc/g. The average particle size of
Conponent - B can vahg Stlpmﬂrt:acmvgatorﬁ%mmm ipthegorm vbagghorutrags®f apr ef er abl y

fromabout 0, 1 to about 2 5 an referabl fromabout 0.5 to
Lbout “20" i ol SR ns s MR 3t lnst GuB e AL MBS TR 140

support-acti yg} wleaﬁaﬁe%éﬂ%ﬁﬁ eted B Bﬁéiﬁt ment with chem cals prior or
subsequent to " support- actlvator I’ITB.tI Exanpl es of the chenical

pretreatment incl ddedditiogahermotpholdgy dmheﬁﬂlpﬂomacaird{@i is beligvedttgrent with a
salt, and_treatpent with an 15 organic or inorganic conmpound. The | ast
treat ment 3 caﬁ@&f‘iﬁ'ﬂl ly influeeethe P@ﬁo%ﬂaﬂﬁe ok, ﬁq§ ysecompasitiont . The treat nent

of the clay m ner%e%&rpa&lpgxﬁgg]%n}%%n lr(‘? g}hgaﬁéP ’ffl%w@é{f, remove inpurities

fromthe mneral, but aFso nay ons fromthe

crystal line sghgldsletdt@paticlelsf &E%Yeseﬂﬁn%ﬁﬁoﬂ%ﬁatdéﬂ%ﬂ YI%hYpéi‘bﬁ@r the 20
crystalline structure into an anorphous structure. Exanples of the acids

used for thi @%mggmdgvaﬁmm1@a$1@5, déPOsM.gOdﬁQ, hgd, pwiivtedr i |h Cd sul 1; uri Cd
nitric, acetic acid and t u I OXi i um_hydr oxi de an
cal ci um hydr3)13‘81'@!581‘%11”&I esp‘rnﬁ EGQ ﬁg& %&(gﬁfm éhésgﬁgci?éa *#Dre al kal i
pretreat pgnt sah. CP@) %’m?cﬁ&@ n&LélTio ‘tJaEbdtéhethE H@"&?ﬁﬁa ctaﬂﬁl{js?l ay m neral

is pretreated w tH t or an ‘ihordanic, or organic compound to give a
conposi te maserpoa. , Whtte the inetgahici oxéde (mdlutbmgjmaalayoﬂgmb@kﬁiel)ad

substantially w horf bei ng E)Bg en and, rather a_ product that has been
modi fied by FRRRSRIARBEEREF corampercial ppoedyrss, it isprefestedhisl es of t he

i norgani ¢ salf;;CORRQURLS, 4 Eatcoﬁﬁé'mgﬁoryﬁ)? ghe' xﬂllfnt;'f procedures described

herein. If the inorganic oxide is not susceptible to gel formation, the free

15 oxide or mixed oxides derived from other conventional techniques such as
precipitation, coprecipitation, or just admixing, can be utilized directly for the
milling procedures after washing.

Most preferably, Component-A of the support-activator contains
typically at least 80, preferably at least 90, and most preferably at least 95%,

20 by weight, silica gel (e.g., hydrogel, aerogel, or xerogel) based on the weight
of the catalyst support.

Silica hydrogel, also known as silica aquagel, is a silica gel formed in
water which has its pores filled with water. A xerogel is a hydrogel with the
water removed. An aerogel is a type of xerogel from which the liquid has

25  beenremoved in such a way as to minimize any collapse or change in the
structure as the water is removed.

Silica gel is prepared by conventional means such as by mixing an
aqueous solution of an alkali metal silicate (e.g., sodium silicate) with a strong

acid such as nitric or sulfuric acid, the mixing being done under suitable



pretreatnment with salts include ionic halide salts, such as sodi um
chloride, potassiumchloride, lithiumchloride, magnesium chl ori de,

al um num chloride, iron chloride and amonium chloride; sulfate sal38,n
such as sodium sul fate, 5 potassium sulfate, alum num sulfate and anmoni um
sul fate; carbonate salts, such as potassium carbonate, sodi um carbonate
and cal ci um carbonate; and phosphate-4#atts, such as sodi um phosphate,

pot assi um phosphate, al um num phosphate and ammoni um phosphate. Exanpl es
of the organic salt conpounds include sodium acetate, potassium acetate,
pot assi um ox §prgdidonsf@aguation tofarmpa cleansiliesysol mbichr seterintoe hiydlogehén | i ke. I n

t he case whe he ¢lay m,neral is treat.ed wi.th an o [.c conmpound, such
conpounds wi Fﬁ%s Wﬁiaggﬁlvcé}?mu%e he ]ifé@}lgg S%YIS‘F @%mﬁ?‘g%‘* group

contai ni Ng apoRkRFRIUn ¢tfithd B, h Héhylrodel whihqf fdrBRd Fehdualy ¢ @bl e, such as
or ganoanmmoni um cati on, oxoni um cati'on,” sul foniumcation, and 15 phosphoni um

cation. The mngeanf typimitybatwtemabowt! 1Sandrabberddb prefarastp beseea abdutrdot i onal
group ot her thqairl}?é he Lewi s basic functional group, such as carbonium

cation, ttop9® uéaﬁ:i"élﬁ,m%élf%erﬁ??’ Fetveegniobont 3&}‘%_@@"?‘#&3@‘@6&% such -
i neral ar e DOeRn AR UG Sf Bt 80 bRl A0fn b B8Rl BrBEERR NS Conpounde”

20 that yi el ghcut darbaiteCahdOst midtg ©%36RhAes dahiteYmdyear ﬂﬁjsenan%é opylium

bromide and the |like;, or a conplex conpound that yi€lds netallic conplex
cation, for banamynieally ffam abodRDderrbatS0%nd the |ike; may be used as the

organi ¢ conpound . n,the pretreatnent., I.n .addition to these conpounds,

oni um sal ts may ba/33hing is %Pngﬁ&%eﬁﬁpg&ydgﬁérélﬁggﬁs“@§ of the

| nor gani gy CORPRBEE] it 8 EntirRioul 1y SnSWAY fifhSofatel WA ML hescRRBRSI te materi al
metal hydroxides that yield hydroxide anions, for exanple, alum num

hydr oxi de, zimdesmabklesditsdleaxing@abowtOdnwth purelsibixa (B0, detiirtdne | i ke may be

mentioned. = 3 SER, 2003 -48 Particul| ar,k exanpl es of guest. qrganic cations
that may be introdfeBt FEaPeraia; and<hirtion offthe washowatgr wilhimflypace thec| ude:

AT ) L ORISR RS o
f er roceni um (EVISilitigd] ovishedtat 66+90eQ ANPHE il 8- Fatlscs Gamaiviliugalliyons, such
as butyl ISanggJeuSrR’s%?‘ég(lHSO m?/'g and form aerogels with PV’s of 1.4 to 1.7 cc/gm.
Silica gel washed at pH’s of 3-5 at 50-65°C for 15-25 hours will have SA’s of
700-850 m?*g and form aerogels with PV’s of 0.6-1.3 cc/g
When employing a Component-A inorganic oxide containing at least
80 wt.% silica gel, the remaining balance of the inorganic oxide Component-A
20 can comprise various additional components. These additional components
may be of two types, namely (1) those which are intimately incorporated into
the gel structure upon formation, e.g., by cogelling silica gel with one or more
other gel forming inorganic oxide materials, and (2) those materials which are
admixed with silica gel particles prior to milling or after milling in slurry form
25 just prior to spray drying. Thus, materials includable in the former category
are silica-alumina, silica-titania, silica-titania-alumina, and silica-alumina-
phosphate cogels.

In the latter category, components which may be admixed, in slight

proportions, with the silica hydrogel particles prior to milling and/or just prior




amoni um decyl amoni um dodecyl ammonium dianyl amonium tributyl
ammoni um and N, N-dinethyl decyl ammonium and aromati c ammoni um cati ons
such as anilinium Nnethyl anilinium N, Ndinethyl anilinium N-ethyl
anilinium N, N-diethyl anilinium benzyl amonium 10 tol uidiniurm} gk{]pomatyl
ammoni um tribenzyl amonium N, N 2,4,6- pentanethyl aniliniumand the

| i ke; and al so oxoniumions, such as digethyl oxonium diethyl oxonium and
the like. These exanples are not limting. |Ion exchange of the exchangeable
cations in the clay mneral with selected organic cations is typically

br ought aboutto bgglemeration invludettbosel pgpaned deparktelafromrinoryanio manien gudhsal t)
conprising the organic cations. Particular exanples of the oniumsalts

whi ch may be 2 SRGUCSIYR Ox e, A aXiden thermsn GRds; ¢ 8o pXidsseffFouRs # phat i ¢

am ne hydroc Ri S : ine HCl salt, isopropylam ne
HCl salt, bu%?épﬁd%eﬁﬂéf Gs%%bfml%exﬁl%n%ﬁ%rgg 1 salt, decylamne HCl salt,

dodecyl ami ne HCL sghér pa2itullitaootstitients witdh il tbe prdskuhyhaditgs: HO sal t,
trianylamne HCL salt, N, N dinethyl decylamne HO salt, N, N-dinethyl

undecyl an? ne cpiEtitesits haying qatadytiq priopertias, mohadversaly affecteddyordttnsprde sal t s,
such as anili,ne HC1 salt, N npethylaniline HGQ salt, NN dinethylaniline HC
salt, N ethydRHRg %%ﬁ%ioglawh “W,‘ﬁgﬁl&dﬁg%ﬁﬁ Prichemggal §%1F1P9“‘E£ét ol ui di ne
HCL sal t, p- tQoghBindehéidves ahiethdle 23ndREd 519y i gl

N- net hyl - p-t ol Sl di ne HC1 Ysal t ,t N‘J,:!Isl- gl met y% I}lgz’}l?k%%?ﬁggge@g%tfoa

N, N- di met hy| ppecedinai SimaarliCit is abssible enzdd powdees di@hrtiadstof otitirbenzyl am ne HC

salt, N N 2,4, 6-pent anet hyi. aniline HC1 salt and the |ike; hydrofluoric,
hydr obromi ¢ &PRPUSEBESIP &g Hlisahwsiragal partigle t impast additignek prgpertigi to

above-|i sged [ I, Gy AeTu: Tl \: ;s -oxoni.um conmpounds, such as
- 3 SEP ;%OSH?JZ@BE%F gté‘%l?%rof%c acl d& %Caﬁlg& g‘fm%g?ﬁ’@fl?%k}wg? ngﬁmpr et her,
phenyl et her pam@ulates havikg catalSfic iphepedtidsOthett MaP BOSITRE mithealexarmal i fi ed
ammoni um or oxoni um conpounds, preferably the ammoni um conpounds and nore
preferably tRessesfrabserbret rappareess snohsassyathetipresitad. i n t he nodi fi cation of

t he cl ay m'neral.T?l th the clay m neral

may be in the iso 5%@81%?3'?5:&?? eiﬂoaﬁ%&%ﬁpi?@%t{lﬁ%%ﬁwvégﬁﬁund may be
formed in si tmorfhohs siB¥2 A cOntAlhsCOREARLANDe It MENntS Bhd BSRRRITRE sRifige
conpound, a heteroatom containing conpound, such as an ether or sulfide
conpoundl5 anéartisappdli appreciate that the amounts of such additional components must be
restricted in order to avoid compromising the desired agglomerate properties
described herein.
Also, it is feasible to add constituents to the inorganic oxide which may
be eliminated after agglomeration in order to control porosity within a desired
20 range; such agents as sulfur, graphite, wood charcoal, and the like being
particularly useful for this purpose.
When non-silica gel components are to be employed with silica gel,
they may be added to the slurry to be agglomerated. However, it is preferable
that they be present in the silica gel during or prior to milling as described
25 hereinafter, since they will be less likely to disturb the desired agglomerate
morphology after spray drying when they are also subjected to milling.

In view of the above, the term “silica gel”, when used to describe the

process steps up to and including agglomeration, is intended to include the



acid, such as hydrofluoric, hydrochloric, hydroiodic or sulfuric acid, in
the 10 reaction solvent in which the clay mneral is to be pretreated
subsequently. The reaction conditions under which the clay m neral can be
nodi fied by the onium conpound are not critical. Also the relativd SEP 2003
proportions of the reactants wused therein are not critical. Preferably,
however, when used the oni um conpound-#é4 -enpl oyed in a proportion of not
| ess than 0.5 equival ents per 15 equivalent of the cation present in the
clay mneral, and nore preferably in a proportion of at |east equival ent
amount . The @PHynHiipdusion phihe piorementioned gby-silioa gelrcoastituenttspermittedr ot her
clay m neral tﬁli) n‘ienertal & Al so E)}ge ni um compound nay be used singly or in
adni xture wi tHh  SPHEFIIR COMPEBHGH RGNS SHRRATFaiBEI%n  sol vent used in the
modi fication pret r@ﬁﬁﬁﬁ@ﬁt-ﬁ%@%ﬁ%ﬁg@-a%a‘f@ﬁ?ﬁ I}]afgrrereﬁ r@a%ﬁz[l hégin fgan! ¢

v may S

sol vent. Exanples of the organic ents whic e use i'tably,
i ncl ude al cotizles-dirsersivnabstretiry Whidhoodhidits thd fistnecadt echéalcabbshds e | i ke;
acetone, _tetrahydraofuran, N, N-dinmethyl formam ge, di met hyl sul f oxi de,
met hyl ene® ci rtlx‘ﬂ’ 135BsIPRe Yprespeqifigallyo theestongesy chamigaldwnds agl y or as a

m xture of t : : . lv,.-water agr .an alcohol is
enpl oyed. 25 &ﬁatd %%&&&%%‘ﬁ ggﬁéﬁ%}?%%%&%cgaa&? gtgrﬂ?? PIPREEEAED o f
chemi cal  noditer caformn threalimeicnal Solihi Tl ddaligkAYSna plnbears WRiect ed i's
referred to as pillaring and delam nation. Pillaring Is a phenonena

wher eby t he peasther by svegker chemical honsis dhan thesedivldisg smicdivitealglangs, whi ch are
swel | abl e, are _separated I nt.ercgl ati f .| arge guest cations between
t he negat i ve:i%/gegﬁg%cgﬁaﬁfﬁg’eﬁ? %Eonée%&erg@@%s fo5pess Fl]@gtﬂr%s,tat%ﬁni ch cations

functionias mREREKIRT afd RiFogh lRhiing! %‘hégl%%ﬁé’étét Ee?&tioﬁé Qr%:el ets and
e S

preventing the |layers from col | apsi ng under van r Vaa orces. Pillared

cl ays are typiediatedbypioop tocetgd ibptween tlid lagers asdrizcadditeonc hedtogaiich  as

nont nori | | onibte. Wit h?ﬁool ﬁ%%net al cati onj such as pol yoxycations of 5

al uni num and "274' 8B ATRC LIRS Jvers & Gabsanddiated Ped in air and
cal cined to gR&YRhdllal BRAEIAL Mdlahdised cations into netal oxide clusters

i nterposed between the platelets of the clay such that the spaci ng between

the platelets raRgpeséntgineazemples of suitblritycted Anagsialsdatiuddtde ins Nai nt ai ned

at such Y?l ues \afr}fn the c a%Ith heg}&lte)d to a tenperature between about 500C
and 700C.°> 10°4fER LITPINERTHC8H O ABATREOLS QF (v staliine.ieferablyamemphetet s, whi ch

are propped 8pRitle ial¥re %rﬁ%@@-@ﬁa@&aﬂ MefugE éPay?ﬁdecrféy ﬁl&%@gl ves

face-to-face, thereby form
Clay is typically composed of clay minerals (i.e., crystalline silicate

salts) as the main constituent. The clay or clay mineral is usually an inorganic
polymeric compound of high molecular complexity constituted by a

20  tetrahedral unit in which a central silicon atom coordinates oxygen atoms and
an octahedral unit in which a central aluminum, magnesium or iron atom
coordinates oxygen or hydroxide. The skeletal structures of many clays or
clay minerals are not electrically neutral and have positive, most typically
negative, charges on their surfaces. When possessing a negatively charged

25  surface, they have cations in their interlaminar structures to complement such
negative charges. Such interlaminar cations can be ion-exchanged by other
cations. A quantification of a clay’s ability to exchange interlaminar cations is
called its cation exchange capacity (CEC) and is represented by
milliequivalents (meq) per 100 g of clay. CEC differs depending upon the




| anmel | ar structure which yields an X-ray diffraction pattern containing
distinct first order or (001) reflection. The extent of lanellar ordering
is indicated by the X-ray powder diffraction pattern of the pillared clay.
A well-ordered, air 15 dried, pillared nmontnorillonite may exhibit3 §EK 28m
nore orders of reflection. Pillared clays and their preparation are
described nore fully in the article eptitled "Intercalated O ay

Catal ysts," Science, Vol. 220, No. 4595 pp. 365- 371 (April 22, 1983) and
in US. Pat. Nos. 4,176,090; 4,216, 188; 4,238,364; 4,248,739; 4,271, 043;
4,367,163; 41aR0fEld, add CBy, Kdidbodk, §6cbnd Uitioh (Erlpi ity RaBarmide (4ay995, 964.

The disclosures of the aforenmentioned articles and patents are
i ncor por at ed Asep@atiprppublished by Sdhade Shvepan BK.) giees the followingnt r ast to
pillared cla

havi |.at el.et s, whi d ' f -to-f
arr angenent , ¥%’8PB%¥45’2t %’hg'}tg'y"gtogs éi@gﬂ‘fgﬁﬁ%gﬁ{jg&%&) %ﬁ’*ﬁ/ @@teg’t (r)\e aee
platel ets ar enfhBAN&sLd0% iﬁﬁg@@g?gﬁllﬂggﬁﬁo%frﬁg 100'g Wi it Pe

descri bed 25 as a "house-of-car ucture contal hi ng-nacropores of a

si ze typi£al 190 toifkimeqii0dgpehidritas] Bioutl megi 00 gatecoBterditapdiditei Z0wot 0 t he
m cropores fqund inOpi |lared cl %ys. (See U.S. Pat. No. 4,761,391 for a
further di scd94pesl00 8. Bhusglayersd Somppneptdd rabagsed in the nresesbnt enpl at ed t hat

h pill i i ncl udabl furth nbodi nent
of “rod 11 e raiof B b AR iR RS BBt BB o por
activator. Wakgfively dnarge8%6i bteferabld aROHAVESIth Silif WRdifngCommanent - B with

5 guest cations as described above, such procedurés add process steps to
the overall prepdhasicay minethls geperallyhave theshauitetistaf layéresvuctre pref er abl y

not enpl oyed. ver, when Conponent-B is nodified by _exchangi ng
ori gi nal :‘@ 8%5@%5&% EaRiGe DHUESE hely Ghe'anprbleyelaiof BeRAINE to be

achi eved by shffes! Qnishapas, the ol i BAPls sib@aRisRh Aidedfl dRkka capabl e of

activating either the pre- catalyst or t pre-activated catalyst as
descri bed aboxides hivinga ebd-dinshsiohalt sttubiare sueh iag siioaisheainapasl t ypi cal |y
present in the aforenentiqned cl a){s %g al ready capable_ of acconplishing
this goal . TEPWEappbs tlanaunsrals g slessigdaceardmedn thedevslaebthgdni xture of 15

o, S AaffiinerfiontllhedIe thatb it SerRRABS Forlud: ") bRIRURE, a7
15  kaolinite, dickalite, and talc having the negative charge of 0 (zero), (2)
smectite having the negative charge of from -0.25 to -0.6, (3) vermiculite
having the negative charge of from -0.6 to -0.9, (4) mica having the negative
charge of from about -1, and (5) brittle mica having a negative charge of
about -2. Each of the above groups includes various minerals. For example,
20  the smectite group includes montmorillonite, beidellite, saponite, nontronite
hectorite, teniolite, suconite and related analogues; the mica group includes
white mica, palagonite and illite. These clay minerals exist in nature, and also
can be synthesized artificially with a higher purity.
Any of the natural and artificial clay minerals having a negative charge
25 below 0 are useful in the present invention. The presently preferred clay is
montmorillonite, e.g., sodium montmorillonite.
Further, clays and clay minerals may be used as they are without

subjecting them to any treatment prior to formation of the support-activator

therefrom, or they may be treated by ball milling, sieving, acid treatment or the



The weight ratio of Conponents-A:-B in the agglonerate can vary typically
fromabout 0.25:1 to about 99:1, preferably fromabout 0.5:1 to about

20: 1, nost preferably fromabout 1:1 to about 10:1 (e.g., 4:1). 20 Tgﬁej@{m
"aggl onerate” refers to a product that conbines particles which are 0
together by a variety of physical-chem cal forces. Mre specifically, each
aggl onerate is preferably conposed of-46-plurality of contiguous,
constituent primary particles derived primarily from Conponent -A and nuch

smal | er secondary constituent particles derived from25 both Conponent -A
and Conponentike prigk tersashigrpalion. nbgrthendhesomar bt Bgated to havsiwatgraidded of

contact T SO i O LD PR NS MR LNl YA |, i

a higher macCropore conte an t yndary

particles agctivat®Foiniativh. tihey mialySeRéd AlBhEoMai BbiatvE ada ligueonst i t uent
particles. 3 SEP 2003 -52 However, such interparticle voids may be al nost

conpl et el y f pf tvedonahets afifeem Sorshipport-sesvatidmsyntiesist i cl es i n ot her

enbodi ments of the spra ie | onerat es. The aggl oneratjon of
Conmponents - A and%-Oﬁppﬁﬁ?v/‘tgipieg‘?r?'?alggla%%PoﬁerYO?‘Sn%E Esgli‘ﬂi’éng/\? BCHE net hods
wel | known t i rnhhe ul h i zi ng,
extrusion, s g%?%@??}%&égéggslbpgﬁgﬁé &egﬁﬁﬁﬁ%%gﬁ%%?%n@%%gé he |ike.

The nodul i zi e@plogiiz BERUNEIOSiMhetd BPASleist ORalcld, e prof@iblpdrcin di anet er  of
not greater than about 0. 1 mm are agglonmerated to particles with a

di ameter of 8tl tPd#sts. abwaveragmpamiglerezernd GfmpongnaB gravimyiypicdls i qui d nmay
lso b | gyed. th | t d dryi ng,
ot Seraory” BHFPolRY B sl Sp SRR HuROBhOLRI B S g MRy Y

speci fi caj | yprefétablpiffone AR 0FR0tabokithi® MidRRR!I t - acti vator is made by
adm xi ng Conmponents -A and -B to forma slurry, preferably an aqueous 15

slurry, conpri si nghe gplayestitapledor isgeastComtponpnteld of disl spppart-betistor75 (e. g., at
| east 80), and nost,.pr.eferab at | east, 85 (,e.g., at least 90), w. %water
baced on § hemeY PR SPBHER fore eV PIE GhegmFfls PEB OPEUCHAR A5 C5 to (12

al kanes, al C%’oﬁ-ac(i@atglh forMRED Pkand &4 Ghe che'?iﬁXalﬂ}é&géfatQﬁerﬁ yed al though

they represent 'a fire azard relati've to water a en nmake aggl oner at es

too fragil e freatmgsewds an acid or alkali, treatment with a salt, and treatment with an
15  organic or inorganic compound. The last treatment can result in formation of a
composite material.

The treatment of the clay mineral with the acid or alkali may not only
remove impurities from the mineral, but also may elute part of metallic cations
from the crystalline structure of the clay, or may destructively alter the

20 crystalline structure into an amorphous structure.

Examples of the acids used for this purpose are Branstead acids, such
as hydrochloric, sulfuric, nitric, acetic acid and the like.

Sodium hydroxide, potassium hydroxide and calcium hydroxide are
preferably used as alkali chemical in the alkali pretreatment of the clay

25  mineral.
In the case where the clay mineral is pretreated with a salt or an
inorganic, or organic compound to give a composite material, the crystalline
structure may be retained substantially without being broken and, rather a

product that has been modified by ion-exchange may be obtained.



20 polynerization catal ysts. To render Conponent -A suitable for

aggl onerate formation, e.g. drying or spray drying, various mlling
procedures are typically enployed. The goal of the mlling procedure is to
ultimately provide Conponent -A, when intended to be spray drieds3VBEP ppgn
average particle size of typically 25 fromabout 2 to about 10 (e.g. 3 to
about 7) preferably fromabout 4 to abddt- 9, and nost preferably from4 to
7 mcrons. Desirably the mlling procedures wll also inpart a particle
size Distribution an to the particles "in the slurr of typically from
0. 5to about 3. o‘?fa&mﬁesp?fég%wbaam%rﬁpmu@dmatanm essdinthe 0. - 3 SEP

2003 -53 The ' ' ? ' i .Span. i s determ ned in accordance
with the folﬁggﬁ\/‘éaﬁg&gﬁﬁg‘f %(l)trgl].ll? lﬂdse'?l ?ﬁ%%@ﬁsﬁﬁaﬁﬁmﬂwmﬁ%ngﬁ 50 Equation

la 5 wherein fotfisibh(ciantdeDAthinaRhRIIE! mbfiRsibth thlodd, Bt WindRer centi | e,

respectively, of the particle size (dianeter) distribution, 1.e. a D90 of
100 ni crons Rigorideand gmmerivreshdsrise; nifatemmits,isatiess svdien dilénet ers | ess

t han or qual .to 100.mcrons. Still nore preferably, the mlling is
conduct edgt o FORBEIR Sug%a?lpp}pplgn Splfge ai“i PRMSG YT fllfate; cRboTHA YNt - A

norgani ¢ oxigead forbfinplitbiind SolArne RRL AL LS UER hBkNe

Conmponent - A coll oidal content 1st froma

2 to about 4@hesphaefsshabhsh iy wdivab phdspBate Opaieliim pEdsphae hli@iundr ef er abl y
fr om about 4pilo§g$out 20 wt..% The colloidal content of Conponent-A to be
spray dried iPROsRigisaRd aeynomEym pkrsphate, Sxamples fiihs|csganiy saiComipoundss at

s decant ed, ‘ARateaal s oS PRIk stk Bl TRl R i ) 1o
t hen det é0m nediuhytaftivatef dlteikeg equation: %colloid = ~ 1-A L A-2.2] *
100 Equation Ib

In the case where the clay mineral is treated with an organic
compound, such compounds will typically comprise a Lewis basic functional
group containing an element of the Group 15 or 16 of the Periodic Table, such
as organoammonium cation, oxonium cation, sulfonium cation, and
phosphonium cation. The organic compound may also preferably comprise a
functional group other than the Lewis basic functional group, such as
carbonium cation, tropylium cation, and a metal cation. After undergoing such
treatment, the exchangeable metallic cations originally present in the clay
mineral are exchanged with the enumerated organic cations. Thus, compounds
that yield a carbon cation, for example, trityl chloride, tropylium bromide and
the like; or a complex compound that yields metallic complex cation, for
example a ferrocenium salt and the like; may be used as the organic compound
in the pretreatment. In addition to these compounds, onium salts may be used
for the same purpose.

As examples of the inorganic compound used for the synthesis of
inorganic composite material, metal hydroxides that yield hydroxide anions,
for example, aluminum hydroxide, zirconium hydroxide, chromium hydroxide

and the like may be mentioned.




20 wherein A = wt.%solids in supernatant/ 100, and B = wt.% solids of
original slurry/ 100 3 SEP 2003 -54 The colloidal content will possess a
particle dianeter in the colloidal range of typically |Iess than about 1,
preferably |ess than about 0.5, and typically from about 0.4 to.akpptydh
mcron. Al particle size and particle size distribution measurenents
described 5 herein are determ ned by-48 Mastersizer unit from Mal vern,

whi ch operates on the principle of laser light diffraction and is known to
all famliar inthe arf of smal| particle analysis. As the coll oi dal

content of the dr a%MaHEX%F%?ﬁg%Ftqr&@%ﬁﬁ@@ﬁéﬁ@mybglmﬂm@ce&&aeds about
60 wt. % th h rate can 10 becone bound
too tightly &ogﬁhbﬁ H%%‘%ve Snéin%a? cﬁ"é&e ﬁg’%%%@ CEBf  at | east sone
col | oi dal conimathylghlféiem, etiplienyiphosiiohiued alid 1 HhELbX1GHS

col | oi dal contenty(e g. rytﬂra!n16 yé}ﬁ %%\?der allgne)@w IIsyl ?Hdﬁll“f}g pr oduce

aggl oner at es trif enYieaIbqrppmr ?ycaldlapteammmny\tndcﬂerrheamnxammmﬂum jonwy physi cal
ble de ree and 15 typi caIIy wi || be undesirable as

|ntegr|ty to an_undes
a suppor t° f ofT&% PG@P Qtﬁ:ﬁnbrﬁ RLLGaReRs. it uty | gawponitme kg i ve source of

bi nder . One QiinH Infin, RIePR EH,B% 0 the

af or edescri bed p())ropertel es, % ﬁ(l)‘%eg?ﬁ g@#fﬁ%&%ﬁ%@é} I nvol ves a
wet milli ngtrﬂqueﬂlmmnmndaxdﬂﬂ,l oniahbthyBdedsy Varfinohiuig apd @feldice. 20 A wet
mlling procedure is characterized by the presence of liquid, e.g. water,

during the nMPMORGIHFBLOSA Y asPRUBIUREN-He Ylla@glﬂn@m{Vﬁﬂ-damthylperforrred on

a slurry of aV| n a soI | ds _.cont ent of
typically f%gﬁ]m‘ggbg\?@@gf)% %ﬂ@glﬁl SRR ReRgy | Rl urry weight.
More speld f i whkiiyiuriyi dibeng®l affinbhiufg trikREPIORSAbNiAm, N8l gied in a 25 nedia

(usual Iy water) and the mxture then sud ect ed to i ntense mechani cal
action,  suchresapetbylfnginiupaad thy likee endilse okeniwmrions, kichas dimpthstl y chur ni ng

media of & ARt | gl T D0 SHHCRR R AL L8 030, Pr oduces
Ion exchange of the exchangeable cations in the clay mineral with
selected organic cations is typically brought about by contacting the clay with
an onium compound (salt) comprising the organic cations.
Particular examples of the onium salts which may be used, include:
ammonium compounds; for example aliphatic amine hydrochloride salts, such
as propylamine HCI salt, isopropylamine HCI salt, butylamine HC] salt,
hexylamine HCI salt, decylamine HCl salt, dodecylamine HCI salt,
diamylamine HCI salt, tributylamine HCl salt, triamylamine HCI salt, N,N-
dimethyl decylamine HCI salt, N,N-dimethy! undecylamine HCI salt and the
like; aromatic amine hydrochloride salts, such as aniline HCI salt, N-
methylaniline HCI salt, N,N-dimethylaniline HCI salt, N-ethylaniline HCI sait
N,N-diethylaniline HCI salt, o-toluidine HCl salt, p-toluidine HC1 salt, N-
methyl-o-toluidine HCI salt, N-methyl-p-toluidine HCI salt, N,N-dimethyl-o-
toluidine HCI salt, N,N-dimethyl-p-toluidine HCI salt, benzylamine HCI salt,
dibenzylamine HCI salt, N,N-2.4,6-pentamethyl aniline HC! salt and the like;

2

hydrofluoric, hydrobromic and hydroiodic acid salts and sulfate salts of the

above-listed aliphatic and aromatic amines; and oxonium compounds, such as




- 3 SEP 2903 -55 A dry mlling procedure is characterized by the
substanti al absence of the presence of free flowng liquid, e.g. water or
solvent. Thus, while the final dry mlled nmaterial nay contain sone
absorbed noisture, it is essentially in powler form not a suspen§i5@F| i
solution of particles in liquid. 5 The dry mlling referred to typica @ﬂ
takes particul ate inorganic oxide andggeduces it in size either by
mechani cal action, inpingenent onto a netal surface, or collision with
other particles after entrainnment into a high-velocity air stream

Accor di ngly, hiytrechlogic geidisaltosf Hethit atherCahDethdd] piRnst dthdr aAtDe fige.t hen 10
subjected to a mlling operation as descri bed bel ow to prepare it for spray
dryi ng. In t&¥ theenignium eanpmusdede essmplifzed vasheniuimaraganium oxi de i s

typically subject to.a. mllin r.ocedure |1 known i e art that is
necessary toCOIJBP% eprgfeﬁ?qﬂ’g?%g{‘ PW&OBE}OPP\A%@ng%EQ%an@H;WlEd above.
Suitable ml b | . ] ' -1 rticle size
reducti on/ co@%ﬁ %@ﬁ%ﬁ?%%ﬁ% i#p%g%wg?&%%@ éﬁﬁﬁaé}g&nﬁﬁen@t al bl ades
and retaifed by afhapphepcémpaing to bt Zadted Gritem} clagRsins@Nhafibk s tHewher e

particle size control/reduction is achieved by contact of the oxide with
hard nedi a sifehtesiorandliematyely.che anibeerempount smay dielfoimasd ingint focl es wi t hi n

the wet nill i al he primary 20 f the colloid content
i the st ur r 5o Epaflik e SoRbbiRbYe i DiFDES. alitaf@imel | eved to
act as a bi nggtaiRtoRoaNd M Ban difertd?QuididY cBinpbhiultd aRd 9@?&9& e,

Conponent-A is typically milled in a manner sufficient to reduce its
aver age part agfesush aghydroflygriie Ay tirpclhloom lpidomiodi2 or suifiadecueid, idthepr ef er abl y

f b 3_to.about 7, d t f bly f 25 t 3to6m ,

and 1o Hbi STrATgiteshin FehyRe al Pynerads e reRti: SBOUHHE  or abl y | oot

than about 29pe fekiPSIndRtidelh Ghad WhibiP &R cﬁ}%m@@l{& ﬁmﬂﬁfiﬁﬁtby%e. | n order
rge e highe

to attain the dry mlling particle size t ts at noi sture
contents, itomuan dempoaed ageanoy ctitical oAo clie @hayiveptdpoftibnefai He rel@amer ti cl es
are frozen. - 3 SEP 2003 -56 The drg/ mlling is also conducted to
preferably i Hi?grﬂéleramﬁé‘? potgrifical. Peeferably, however, when used the onium

compound is employed in a proportion of not less than 0.5 equivalents per

15 equivalent of the cation present in the clay mineral, and more preferably in a
proportion of at least equivalent amount. The clay mineral may be used singly
or in admixture with other clay mineral or minerals. Also the onium compound
may be used singly or in admixture with other onium compounds. The reaction
solvent used in the modification pretreatment process may be water or a polar

20  organic solvent. Examples of the organic solvents which may be used suitably,
include alcohols, such as methyl alcohol, ethyl alcohol and the like; acetone,
tetrahydrofuran, N,N-dimethyl formamide, dimethylsulfoxide, methylene
chloride and the like. The solvent may be used singly or as a mixture of two or
more solvents. Preferably, water or an alcohol is employed.

25 What can be viewed as separate and distinct classes of chemical
modification treatments to which the clays can be subjected is referred to as
pillaring and delamination. Pillaring is a phenomena whereby the platelets of
certain clays, such as smectite clays, which are swellable, are separated by

intercalation of large guest cations between the negatively charged platelet




di stribution such that the Distribution Span is typically fromabout 0.5 to
about 3.0, preferably fromabout 0.5 to about 2.0, and nost preferably
fromabout 0.7 to about 1.3. 5 Thus, the resulting dry mlled materjal
exists in the formof a powder prior to being slurried for spray- 8P 4]
The dry milling is preferably conducted in a mll capable of flash drying
the inorganic oxide while mlling. FlaSh-drying is a standard industri al
process where the naterial to be dried is quickly dispersed into a hot air
10 chanber and exposed to an airstreamof' 70 - 537C. The rate of air and
mat eri al i npakeets whighegatiens Smetion ssamoletidat propeomtillars sefarative theit goi ng ai r
and the material entrained in it is. general]y 121 - 176C. The whol e
process of dP{ﬁt‘ﬁﬁm B@I’“F@P”f’?&ﬁ%byﬁﬁaﬁﬁn calansyg undervansles aghderceseduci ng

t he noi sture cont tiﬁ;"?d@ 1]180/ te Ve the inorganic
oxi de can be sepa?g%aé%d;d#sg%ﬁ 5 1@2@5%% h?éeaé\intgra(ra es?(lt:l}/el%%}as r}}sture

content in aaf maatinatilymite rith pbigoxAhe@Pehtions s@h%%ﬁolﬁbk*ca@iﬁﬂs o || ed.
m

Suitable dry mlls include an ABB RaynondTM i npac | or an ALJETTM

FLU D ENERGYaivipumpagd girpgrins. d4a redction produstds nomsiytdrisiden piraséh dryi ng

equi pnent i nc¢l;udes. Bowen flash.dryer. Oher siml|ar equjpnrent is well
known in theCéélﬁlgfﬁ?an??%F%%%eslgﬁﬁ%al%ﬁ%E@{opf/ :lnq‘iﬁlef—arlz?é"r‘li%dﬁ.l‘ﬁ%@l Q"ép?i?ﬂi cally
acconpl i shedpbiwesx BRYINBletT thd\ QL ﬁiﬂh%ﬁ?%héiﬁjacﬁg b%&?ééh&h@ﬁ%m@ét tenperature
and pressure sufficient to reduce the noisture “content thereof to |evels

as descri bedralges/fromaboutsd weabioodl bAngstreensodndtiy piatmbihyd at sasls vilaen about 60,
preferably | ess than ab?gt 5&0, and nost preferably |less than about 5

seconds. 25 D the 933§ 10t epngrdwre hstvesh shote 00 red d89°Gsi i ca. In

accordan Wighla gﬁ)&éﬂﬁg&@ o) f Qr O pray
dryi ng, g(? I eastnqg@g%rtl n o tl“ﬁingrf‘ﬂ?ngrl Iﬁg%Legﬁ%%%gb@%%%%ﬁA IS
derived fronbywite methl éxige clasterspgidnd tedmsglvestacprefaeabiebator@ash a portion

is derived fromdry mlling. Thus, IXgri or to aggloneration, Conponent-A
wi |l 3 SEP 2bosllanstruchpe sdnch yieldppn Xseay sliffiagtion patistn pordsinmgslistinget ni | | ed
i norgani ¢ oxj { ] - gely ry,.mlled . norgani.c oxjde, e.qg.
silica gel pg%/ggrrc& E)E)@gﬁ }se'pf)lggﬁu%l’ ca el%gf? en?ﬁgl%{be,:llamrdpla?g %ﬁatﬁa(@y sol i ds
content basi the@é-ralepdwiid diffraétin ket of tBé plilgdly. M hWeBdsrdéred il ed

i norgani c oxide solids in the slurry

15  dried, pillared montmorillonite may exhibit six or more orders of reflection.
Pillared clays and their preparation are described more fully in the article
entitled “Intercalated Clay Catalysts,” Science, Vol. 220, No. 4595 pp. 365-
371 (April 22, 1983) and in U.S. Pat. Nos. 4,176,090; 4,216,188; 4,238,364
4,248,739; 4,271,043; 4,367,163, 4,629,712; 4,637,992; 4,761,391 ; 4,859,648;

20 and 4,995,964. The disclosures of the aforementioned articles and patents are
incorporated herein by reference in their entireties.

In contrast to pillared clays, having platelets which are ordered in a
face-to-face arrangement, delaminated clays also contain large cations but the
platelets are oriented edge-to-edge and edge-to-face in what can be described

25  as a“house-of-cards” structure containing macropores of a size typically found

in amorphous aluminosilicates in addition to the micropores found in pillared

clays. (See U.S. Pat. No. 4,761,391 for a further discussion.)



5 can vary typically fromabout 9: 0 to about 0. 1. 1 (e.g., 9: 1),
preferably from about 1. 5: 1 to about 0. 1: 1, and nost preferably from
about 0. 6: 1 to about 0.25:1. The particular wet mlled:dry mlled solids
rati o of Conponent-A enployed will be selected to achieve the tagggp ZU‘P
properties in the frmal slurry to 10 be used in agglonerate formation. In
an altemative enbodi nent, a sequentialsyilling procedure can be enployed
to inpart the target properties of average particle size and particle size
di stribution. The sequential mlling procedure involves dry mlling a

sanpl e of the Conpeosdingly,iitioco@ainglaced tHet sacidpillafa dvdideliindihate® the 15
previously dry mlled sanple, It has been observed that drying of inorganic
oxi de st arti Blgynereénsludablepsfirberempodimentnef madified elayswihing majebelry nmil | ed
product for wet, mlli tends , t roduce a | ower coll oidal content
relative to MRING %@@5‘8?‘&?@@“3?%8&’?8& AUy | | ed product and a
separately prepar eg; s MAokds : r s phenonenon
is not entirely u?gleﬂr@ﬁlgorp Eélﬁgva\ggg%&ﬁgsd l??%?@ﬁﬁ?&@ﬁ%%&%g%ntent is
produced %o puesdcdtivas agddsoribedadbove ogel pricedinesaddegbeaabbtepgmrither . Once the
target average particle size and preferably the particle size D stribution
Span is i npaPY@ell PEEPaBhpRRBA IR a grogessrnopat of views pEprytesleBels sl urry, s
pr epar ed forc]ﬁgﬁg&ﬁmrati on, preferably by spray drying. 25 The Conponent-B
| ayered material; € clay, is typically conprised of fine particles

havi ng an aver ageHpelér whes CafipbhertyBiLabdificl 86 exéapinkGrigidall¢f erably | ess
than 5, and nost preferably less than | mcron, such particle sizes

rangi ng typi peeseny chtianmionhgnest @tions, the giabsnughOto herashisvedby sdohom about 0. 1
to about,5, and nost preferably from.about 0O .1 _.to.about. jcrons. 3 SEP
2003 - 551%: hERIEPER i SFSTRE SRR R apar (aPatieSf SEHETGE SYSTIES e a tot al
nitrogen pOEﬁal‘['//gldl”ﬂ?e ﬁ%—aﬁ:ﬁ@dté@édtédyﬂragg&%ﬁb’é@%\@b Qt%@tbgﬁezvgdmhﬂ Q05 to

1.50), preferab greater than about 0.1 (e.g., O. cc/g; a nitrogen
surf ace ar eaindigenyywi ctibhytypgrbippesertthiathelkorepentiencdlzlays greeateady t han 30

G eai er  t hancaals ol gFaiuabing i3 €88 or than 0. 25 (e. g, 010 fo 0 75) gl Lc.
M11ing proceduregngaihpBR-RIPLYSEhdd R ASHRNAESEubALISE Properties,
15  Components—A and —B, which admixture is shaped in the form of an
agglomerate.
The weight ratio of Components-A:-B in the agglomerate can vary
typically from about 0.25:1 to about 99:1, preferably from about 0.5:1 to about
20:1, most preferably from about 1:1 to about 10:1 (e.g., 4:1).
20 The term “agglomerate” refers to a product that combines particles
which are held together by a variety of physical-chemical forces.
More specifically, each agglomerate is preferably composed of a
plurality of contiguous, constituent primary particles derived primarily from
Component —A and much smaller secondary constituent particles derived from
25  both Component —A and Component —B preferably joined and connected at
their points of contact.
The agglomerates of the present invention preferably will exhibit a
higher macropore content than the constituent primary or secondary particles

as a result of the interparticle voids between the constituent particles.



if necessary. To agglonmerate by spray drying, Conponents-A and -B are

adm xed, 10 typically in a suitable diluent, to forma slurry of the sane.
The diluent can be aqueous or organic. The preferred liquid slurry nedium
for spray drying is aqueous, typically greater than 75, pref erabl-%' 5?%3@056r
than 80, and nost preferably greater than 95 wt. % water (e.g. enti‘rel
water). The weight ratio of Conponent:4#g Conponent-B in the slurry, can vary
15 typically fromabout 0.25:1 to about 99:1, preferably fromabout 0.5:1
to about 20:1 , and nost preferably fromabout 1:1 to about 10:1 (e.g.,

4:1). The soHodeves smiheinterirti¢lb @oislh widyybelitbaicoinpletd1 &1eh Xdith tBe Of
Components-A and -B can vary typically fromabout 5 to about 25,
preferably fesedlesseanday pastielpointothy embhedimenssof the efray dbky fr om about 15 to
about 20 wt. % kiasedtosn the slurry weight. 20 Accordingly, agglonerate
formation is ALrolfed to | npart preferably the follow ng properties to

the, SUppOr - act | Vatetjelodbraioh U LRpORERS AankVBl 68} bYcdted pah, 2DoUt 20,

preferably at |east about 30, and nost prefer romat [east about 50
m2/ g, whith secokrdanee anthahe pethodamgh kingph catheyart, iropardddat bRGudho about 800,
preferably f;r%g} bout 1':'»O, to 25 about. 700, and nost preferably from about 50
to about 600 Og,sa%.??l AZING RXLESHYY ERAPHIE intpcbeadpinor Tolaiigiopativg particl es of

typically at . |y at | east about 0.20, and nost
preferably at e’ga??tﬁé; outﬁlf@gugﬁ% ?g"ﬁﬁﬁ%‘%“’%‘lﬁ{eﬁya%ﬁ%@e p@éth&?s’ange

typi cal l'y framiagadiandidbfinot SrefePthdl @Bout 99 Qi agdglomédfeargbl y from about
0.20 to about 0.75, and nost preferably from about 0.25 to about O0.45

g/ m; (3) Anpatislesgathpoiiamgienpbatdeasbabauy pinomby yepmsoofi aatrautlaB®, t o about

300, and st. preferably from about 60 to about 150 Angstrons; and 5 (4) A
t ot al po%@ovgﬂﬁ%nﬁﬁf@ ?%‘Eﬁ‘f’ye‘fr om about 0.10 to about 2.0, preferably

from about 0.5 toHRRRVEr, thebrefered BRASmBYaRS GFaRhYe by @D pHfeAp§ L0 about

1.6 cc/g. The particle size and particle size distribution sought to be
i mparted to sprAydeded oswrmitod Conpooents adtandadBor particles is dictated and

controlled by the, 10 t olymerization reaction jn which the ultinmate
supported cat al yst™M@ Slpg‘gg‘cagi?‘pﬁb mbediment ths SWPPOLL-3SIVATF SmAYR yrrer i zat i on

process typi 6ab4¥iGRNComponents -A and B to form a slurry, preferably an aqueous
15 slurry, comprising typically at least 50, preferably at least 75 (e.g., at least 80),
and most preferably at least 85 (e.g., at least 90), wt. % water based on the
slurry weight. However, organic solvents, such as C, to C,, alkanes, alcohols
(e.g. isopropyl alcohol), may also be employed although they represent a fire
bazard relative to water and often make agglomerates too fragile for use as
20 polymerization catalysts.
To render Component -A suitable for agglomerate formation, e.g.
drying or spray drying, various milling procedures are typically employed.
The goal of the milling procedure is to ultimately provide Component —A,
when intended to be spray dried, with an average particle size of typically
25  from about 2 to about 10 (e.g. 3 to about 7) preferably from about 4 to about 9,
and most preferably from 4 to 7 microns. Desirably the milling procedures
will also impart a particle size Distribution Span to the particles in the slurry
of typically from 0.5 to about 3.0, and preferably from about 0.5 to about 2.0.



enpl oy an average particle size of fromabout 1 to about 10 mcrons; a
continuous stirred tank reactor (CSTR) slurry polynerization process of
from about 8 to 50 microns; a loop slurry polymerization process of from
about 10 15 to about 150 nmicrons; and a gas phase pol ynerizati on-pr5GBe88) of
fromabout 20 to about 120 m crons. Mreover, each pol ynmer manufacturer
has its own preferences based on the_particular reactor configuration.
Once the desired average particle size Is determned for the agglonerates
based on the targeted polynerization process, the particle size 20

di stri buti on Tk Iphrtidtsdizebisyitation Sphn ishiteriht®dDh Sédordtct @thSRaN is typically
fromabout 0.5 to about 4, preferably fromabout 0.5 to about 3, and nost
preferably felinwiapeawatons to 2. Accordingly, as a generalization, the
average particle size of the aggllzorrelrjat es wll range typically from about
4 to about 250 (e.qg., about .8 to BR2§ -abgut 200), . erably from about 8
to about 100 (e.g.lglag@’&ﬁo%ép%‘abo% 60) m cror@@g\}@%gthe aggl oner at es
are formed by spray drying, they can®be further characterized in that
typical ly.at |east 8 pr r abl | east .90, d nost.. preferably at

| east 95 vol GHETE Bre. MP%&&EP%%‘W%F I&e%uﬁ%?‘? RGHWNerate 3 SEP 2003
-60 particl esespaRiveR!, of Matpaftie Hre @fiarﬁéi@r)ﬁﬁﬁiﬂu?’mﬂﬁgé.grﬁr fparticle size
distribution possesses mi crospheroi dal shape (1.e., nofphol ogy).

Eval uat i on ofni¢iees mehry thatfevcdurdalo ofthp pattiolpy hinse gienbreaikess than bhat fracti on
of the particle.si di stribuytion of the support agglonerates which is
smal | er thane‘ﬂll‘?ét‘b.%gq BAYSY ()Stgl WPSRSFiEragh > ic mpking Bgnducted,todmpay | ar ge
particle chu | G : f i r . I titute a
non-r epr esentg§tgxlﬁ\9lgehI %%n%?@%o &%ﬁeth%gg@%%‘%‘gt%?ﬁég%‘“&%@d%{eﬁ tg%rgl(rer%prg'spher oi dal "
as used her etnbergamsdsetbduich e theol@Bp@ifenfA @HBRIEBEdNYent d4ygRAlly but not
necessarily spherical shape. This termis intended to distinguish from

irregul ar | a§§BRROMLAKS LAY 6P Eng. e abpet 40)ieefembly Fomabouhs to alput
" Sph i dal " Al I ' to dnclyd Lyl d fi ti wh [
pheroi dal " »i g n?@st'gf&&??l?%on?al’aon?a"fo e?flﬁ&égﬁa/e configurations erein

the |obes are al'so generallty Tounded, “Bol yl obed structures are

uncommon when t hdhagaliQamEcah®ni & CRAForRet-Aa6 bk shag died @ deterkifdd
m crospheroid is preferably conposed of a | oosely to densely packed

conposi t e of besrpBfaissa mreme forB0tnpnhtealat 360MRPM.s Bheliquid
15 (supernatant) which remains on top of the test tube is decanted, and analyzed

for % solids. The % of colloidal material is then determined by the following

equation:
_ B -
[‘—) -2.2 Equation 1b
% colloid = B
*
(1 _ AJ - 100
L\ 4 o
20
wherein

A = wt.% solids in supernatant/100, and

B = wt.% solids of original slurry/100




15 substantially no, interstitial void spaces, and typically substantially
no visible boundaries, in an electron m crograph, between particles
originally derived from Conponents-A and B. The m crospherodi al _shatpe of
the support-activator significantly enhances the desired norphol-ogytfofll§ he
pol yners derived therefrom Thus, 20 one is able to sinultaneously
significantly enhance catal yst activitysand desired pol yner norphol ogy by
utilizing the 2 conponents of support- activator. The terns "surface area"
and "pore volune" refer herein to the specific surface area and pore

vol une det er fhaedldijalvionteageill paksessptpaeticleidiangter irethd zoBoidalrangesthni que as
descri bed by S. E. Teller in Journal of American

,iﬁ?rgnauer, P. Etmett, and C

Cheni cal socP@tSAllydess than abogbl. preferabhsisys they phows 85 req typicaltg &omt ed by

qui ckly tran [ i .seconds) the sanple powder into a graduated
cyl i nder whi c%(%ct)\(/)ér Iaﬁ)j\c/{gt &%‘é%g%xactly 100cc is reached. No further powder

is added at this pgj ﬁﬁrﬁclgaﬁehﬁ&Faxﬁgle%%itribut?bnsggasm%nts@es gt 1 on

prevents settling within the cylinder. The weight of the powder is divided
by 100cc §o berem arbdetdenimed by aSfastersideryinitgfroro Maltéranshizh epepmisoal | y

controlled in order to,j ) desired target properties described
above to t he%ﬁ@?”&ﬂ’é? g[ql@sné@%ét ‘ﬁl‘géﬁm@niaﬁ?l Eomeie all famyliag iy ihg @ricedndi t i ons

are the pH of.,,Lig.AQHER lurry to be spray dried, as well as its dry
solids contenrtn. Ey "%ry%@gﬁi ds content” as used herein is meant the weight

of solids in the gslsule olbidatcomuntiofsied dgSolidynbeenf thei@EninentlA5C for 3
hours, and then at 955C for 1 hour. Thus, dry solids content is wused to
quanti fy theSkEYgreeeds abaitiol Wings thei constifueiiparictssiod the ageglamerategpry and to

10 avoi d,4nc [ S er in such weight. Typically, the pH of
t he sl ur%?/ wgg‘%&%;bo%ﬁ?&oﬁé@@d% %ﬁ‘usted to be from about 5 to about 10
(e.g., 8 to 9), prehesradl Wwhilcoft pRAstice 6fbPleadQbie LolIGAM dofiRnt Sf the SOl i ds

content will be controlled or adjusted to be typically fromabout 12 to

30, pr ef er abblyrry indesibda slusy centalbginox®]loadaticontett (pgefrgmatied from about 15
18 1o bout 222 SRS REESC on Lie eLON of theslurty and (he
drying procegsichH4¢d eRPemely low physical integrity to an undesirable degree and
15  typically will be undesirable as a support for a polymerization catalyst without
some alternative source of binder.
One milling procedure which has been found to impart the
aforedescribed properties, as well as the desired morphology, involves a wet
milling procedure and optionally a dry milling procedure.
20 A wet milling procedure is characterized by the presence of liquid, e.g.
water, during the milling procedure. Thus, wet milling is typically performed
on a shurry of the inorganic oxide particles having a solids content of typically
from about 13 to about 25 weight % based on the slurry weight.
More specifically, with wet milling, Component-A is slurried in a
25  media (usually water) and the mixture then subjected to intense mechanical
action, such as the high speed blades of a hammer mill or rapidly churning
media of a sand mill. Wet milling reduces particle size and produces colloidal

silica as well.




the viscosity and tenperature of the feed, surface tension of the feed,
feed rate, the selection and operation of the atom zer (preferably an air
atom zer is 20 enpl oyed and preferably wi thout the use of a pressure
nozzle), the atomization energy applied, the manner in which air Ja§kP ggyay
are contacted, and the rate of drying, are well within the skill of the
spray dry artisan once directed by thesstarget properties sought to be
inparted to the product produced by the spray drying. (See for exanple

U S. Pat. No. 4,131,452.) 25 Product separation fromthe drying air follows

conpl etion of the As@yaNillidl probeiusd RABarsbRAzdd S HE sk Al MRtndeeIFRI NS

suspended in the air. Any convenient collecti'on nmethod can be enployed,
such as renottslpreseses efifceebBowing diquidy e gs prtay odsopemt b¥his) evhils eheofinag epar at i on

equi pnrent. 3 SEP'IGﬁO 5162 To 3pr ovi.de uniformty to the catalyst as well as

the resul ti n§7pBt eriglmaycopiain sofpe absopped ANQFHES. itHeessepibtinact i vat or to

control any LeshduUstm MRt ; - : rt., Wien calcination is
enpl oyed, i tbvvi P% typi ca }Sgﬁ%lemg{l)ﬁggdgg%%{]%ftﬂ}%mg%ﬁgﬁl&hedm t enperature and

time to rduce th&he diyahilling séfert@btotrgpibaiyare plaillate thordanad\ékide Wt . % wher e
the total volatiles are determ ned by neasuring the weight |oss upon

destructive azd ©dpensiibin size either kyampehanipal aiooOmptrgeavest ontotatmeetehl ci nat i on
tenperature W Ll alsonaffect. the interrelationship between the. desired
i1 oarclay Hares Ba i G hFtiReh EhR s RAomHE: BRAREE-Wievhe 10

activity of hipersat al yst as described hereinafter in nore detail.
Accordingly, «calcination, when enployed, will typically be conducted by
heating the suppéctordingly heonotganicenpler (ftpically vafiletsyiflivea) isythdmr om about 100
to about 800, ..preferably from about, 150 to about 600, and nost preferably
from abo 285’1&3‘6{tﬁﬁ‘dﬂﬂg’ﬁ)ﬁpeﬁaﬁ%“ﬂéﬁqr@ﬂ%@m‘f‘?mr%‘?Vf@frﬁﬁﬁa}yabout | to
about 600 (eg4@ine. 50 to 15 600), and preferably from about 50 to about 300
m nut es. The atnosphere of calcination can be air or an inert gas.

Cal ci nati on shoul th the wet ndiling @dodedureathe ivchshédninordanig. oxAfetie kydi@iliyat i on, the

support-activator js preferably sized prior to calcination since the
aggl oner at es$ ?qte‘fﬁf)@l%n gwrossdyre wel kapwa dn theegythatipnesssserniet i on. This can

be_conveni enp o, et Wil sk’ sBR0 iRl Bble. 4 ARSI Hilndtiad S We!!
15 hammer mills, impact mills (where particle size reduction/control) is achieved
by impact of the oxide with metal blades and retained by an appropriately
sized screen), and sand mills (where particle size control/reduction is achieved
by contact of the oxide with hard media such as sand or zirconia beads).
The colloidal particles within the wet milled material are the primary
20 source of the colloid content in the slurry to be spray dried as described above,
and are believed to act as a binder upon spray drying.
In the dry milling procedure, Component-A is typically milled in a
manner sufficient to reduce its average particle size to typically from about 2
to about 10, preferably from about 3 to about 7, and most preferably from
25  about 3 to 6 microns, and its moisture content to typically less that about 50,
preferably less than about 25, and most preferably less that about 15 weight %.
In order to attain the dry milling particle size targets at the higher moisture
contents, it may be necessary to conduct dry milling while the particles are

frozen.




The particle size and particle size distribution selected will depend on
the catal yst type and pol yneri zati on process to be applied, as would be
well known '"in the art. 25 The preferred manner in which the
support-activator is conbined with the pre-catalyst will depend Lﬂﬁ?%ﬂﬂon
the pol ynerization technique to be enployed. Mre specifically, t

catal yst system conponents descri bed hgsein are useful to produce polyners
usi ng high pressure polynerization, solution 3 SEP 2003 -63 pol yneri zati on,
slurry polynerization, or gas phase polynerization techniques. As used

herein, the term plieydremilagiioalse netduies to prefahlylyimpanaiparicgdze

t er pol yneri z%i OF, .and flghe terlg_s olefins and olefinic nononers include

ol efi ns, al pHasTBPEqnuch fhap therDisteibutipy Pagn is tyrierdiyeram aboutdbs (0 dwutal | y
unsat ur at ed [ | £f | mxtures th f or, exanpl e,
pol ynmeri zat i gglr)]@gé oﬂ%g{‘yfﬁln%ngﬁgﬁeoﬁi{Oga;dr?ug%etaélﬂrrp%% pﬁﬁ?raﬁa'ei??rﬁé'gﬁlgs phase by
fluidizing, yWisrabpeat yserization conditions, a bed conprising the target
pol yol efin powder and particul ates of the catalyst conposition using a
fluidizind gas st rBalﬁa'gén%ﬂltwgrdg}' galdesionateriirxmes in the famsefl apdveder pr ocess 10

the (co)polynerizati.on_.is.typically conducted by introducing the nononer
into a sol utpln(.())ﬁ%oca)l?el%%lﬁgﬁgifg"rﬁpé?y %[‘Pfﬁlgcat al yst conposition in a liquid
hydr ocar bon  underrgorglidiil@gss Hbrd- P esahited i295%R" h that the
produced pol yol efin %gfmsl ag %&tseolﬁjti?onﬁun etgﬁ‘zgg%}ﬁr"g@%#%g%ﬁ%ﬁ% uent. In the

slurry procesgng theanomapie oatdervehilepnidtksg i r Magndlyiads 6 etagfiardiihdigialar e such
that the 15 produc mer, forms as a suspension in a |liquid hydrocarbon

d pol yner, ) ! L
diluent. It ﬁrqqes%@ﬁ%fﬁﬁ%ﬁféﬁ?nﬁ%r?ﬁdﬁédWH#@E%@%@@mahh‘%l?tlr depl oynment of

the cat S [ theo.polynerization, process
enpl oyed%zvi %R%%?‘@%?@%%@W%‘?ﬁgg?%??ﬁ% 1#2 (Tebk%ﬁﬁ%ﬂ??lﬁf‘g‘illto u of the
activat ed sysiaterial input icbapines®siet thdt thd@mpelaniFe bf #RRue M AFRAd the0 Thus,

for gas phase polynerizations, the pre-catal yst and optionally an
or ganonet al | it pizaiaedinnit aenepile §dht EW0°Catldetwiwls pravesstofdeyingat or wit h

pol yrrer | 2at | SR ARG &R 8L LAY St RP R Rirne FETEEE Rop R by o1 em
conponent s Cadss Bansiboi 10%.MAxeMativel thY HoREAIRARIOEHI 1R dpiratiidhidon to the
pol ynmeri zati on zone, or to a
15 dried to the aforedescribed moisture content in a flash dryer and then placed in
a dry mill and milled. Suitable dry mills include an ABB Raymond™ impact
mill or an ALJET™ FLUID ENERGY MILL. Ball mills can also be used.
Suitable flash drying equipment includes Bowen™ flash dryer. Other similar
equipment is well known in the chemical processing industry.
20 Flash drying is typically accomplished by exposing the inorganic oxide
to conditions of temperature and pressure sufficient to reduce the moisture
content thereof to levels as described above over a period of time of typically
less than about 60, preferably less than about 30, and most preferably less than
about 5 seconds.
25 Dry milling typically does not produce colloidal silica.
In accordance with one embodiment of the agglomerate formation by
spray drying, at least a portion of the material constituting Component-A is

derived from wet milling, and optionally but preferably at least a portion is

derived from dry milling. Thus, prior to agglomeration, Component-A will




25 nedia used as the liquid in which the polynerizations are conducted. As
i ndi cat ed above, an organonetallic conpound can be enpl oyed for
pre-activation of the pre-catalyst, e.g., where L3 of the pre-catalyst is
chlorine. It can also be enployed as a scavenger for poisons in;tﬁg?

pol ynmeri zation zone. ' 3 SEP 2003 -64 The m xi ng of pre-catalyst @r e@&%d
toin the follow ng discussion as Conppnent 1), support-activator
(referred to in the follow ng discussion as Conponent 11), and optionally
organonetal lic conmpound (referred to in the follow ng discussion as
Conponent | | Kypicadly comprisadinliytuaceignpiibedie debmilfed inbrgativeixitg, £lge conponent s
into a substantially jnert_(to chemcal reaction wth Conmponents 1, 11 and
111) 1iquid, SiNGR &R Rathdydpilled anorganes pxidae- & silisa iRpkpwderoMade or nore of

t he catal yst i.fq ~Lthednert liquid preferably is
2 on- sol ventP S E weldih S RRBEH drf Bk cob B tARRiA ok Bt

t enper at ur es héinafs) lof tHehadt rhilled A MillelOndyighhic RRIFEUSRENEAHe Qtirrgi Spersed in
the liquid during contact with Conmponent 1. The inert liquid Can be a

sol vent fdr taevapiymesiytfromabandid fombored.ail (e@mdolnprefershly fimm e i nert

| i quids include hydrocarbon,liquids, preferabl -C al i phatic or

cycl oal i phat 5@0%3(15?{)&0&%35@-}-logn%gxoglﬁeéragﬁabgp% "’%wa&gslltofgo%tubsti t ut ed
aromati c hydpoegar bons and mi xtures thereof The conponents are introduced
into the liquid and maintained therein wunder agitation and at | ow
tenperature and piThs partieulaowdi miltedsdry Ranéd sulidaratio ofSTorheddleat-Rydr ocar bons
i nclude, for exanple, 1,2-dichloroethane, dichloronethane, pentane,

i sopent ane, BBRQYEd Wilk Be selectedyiorashieve thedaeebpreperdies indhefiaal slarsntmane,

decane, £ Cl89ﬁ§%ﬁﬁ3§§?éﬁxt§ﬁﬁﬁﬁﬁgiane’ tol uene, and conbinations of two

or nore of suc ers such as diethylether and tetrahydrofuran

can al so be used. IMhealt@enmbeeriddinent la Rtedtial meiEAg Beockdireedyeed i nto the
inert liquid in any order or substantially sinultaneously. It is preferred

that, when tfEpPpyedbmysensatthe taages Propertisd of everagaqpashiclp size ynd pargiglear e
bet veen- cach B ABBIRRPE” ekt Pl ames B Ruar e riBuct on 1o
conduct ed, i Sariysie BF RfcATdrSbricheA indrBSni6 BRRLARMRNRG 4ElRR tho t he sequence of
Conponent 111 if enployed, then
15  previously dry milled sample.
It has been observed that drying of inorganic oxide starting material
during dry milling and then using the dry milled product for wet milling tends
to produce a lower colloidal content relative to mixing a separately prepared
dry milled product and a separately prepared wet milled product. The reason
20 for this phenomenon is not entirely understood. However, sufficient colloidal
content is produced to bind the agglomerate together in a desirable manner.
Once the target average particle size and preferably the particle size
Distribution Span is imparted to Component-A, a slurry, preferably aqueous
slurry, is prepared for agglomeration, preferably by spray drying.
25 The Component-B layered material, e.g. clay, is typically comprised of
fine particles having an average particle size of typically less than 10,
preferably less than 5 , and most preferably less than 1 micron, such particle

sizes ranging typically from about 0.1 to about 10, preferably from about 0.1

to about 5, and most preferably from about 0.1 to about 1 microns.



Component |1 followed by Conponent |I. -65 The tenperature may range
typically fromabout 0 to about 80, preferably fromabout 5 to about 60,
and nost preferably fromabout 10 to about 40C (e.g., 15 to about 25 Q
The Conponents can be contacted at reduced, atnospheric or elevat@dEP 7103
pressure. Anmbient conditions are preferred. 5 The atnospheric condition of
the m xi ng zone should preferably be _sgibstantially anaerobic and
anhydrous. The conponents are m xed for a period, preferably fromO0.5
mnute to 1440 mnutes (nore preferably from1l to 600 mnutes), to provide
a substantially wWthérgreferableeghysizbbprppérticoofirhs clay aicladech foeal pafodeh t he pre
10 catalyst to be adsorbed and/or absorbed by the support-activator. The
formed m xt uPereceiuBe ok pisally erpater dhan (@03 ﬁ@@-=t0-®q5q19i1d§0)b}9f3f¢4h11’ ration,

distillati t i ket i d lid f d.catal yst

bompost ti on. Exaatr Shekboblty o K0 daRA Y e e p Rt R e ol B e

anaer obi ¢ 15 geRalikdnOn: phihbly bRkt til SOQUECTD io0D) A*OLNTRY | 2at i on
m

reaction zone for use in formng polyole products. The resul tant
cat al yst EonpgpatenbBuikDatsoy 44BD) sf aiyieally @reaadydban B18,préferabiyt hs or | onger.

Alternatively, the m re of Co nents 1, Il and Il in the inert liquid
hydr ocar bon, g%fwﬁ(&%-h‘gw tg@gé}%@?-on or purification as a slurry and
be 20 used directly; [ ' Lt -Thus, the

resent catalyst OmiEhBeRRtoTER bE iRl Bl SRR L g he

readi |y avaiif metgagonponents in an inert liquid and then either directly
transferring the fornmed liquid dispersion to the polynerization reaction
zone or placing i tloiagglomesata &y spradslryiaacroppencatsntliand oRre admixpd.s

nmbodi , the | |i,qui d. 25 f he di . bly i
Chosen 11 b U bt i ey 3 oo BBt R BRR AR RS "L T

the pol ymeri zados of 8@ahic0Thé pRFerrédliqad QIM%édiuW%ﬂkgiﬁﬁcl}? iso the
sol vents, nononer(s) and pol ynmer products contenpl ate and (c) are capable
of suspendi ngqesousitspically grgateothpn Aérpreferable grgater then 0nand- mewl vent for the

support-activator). =3 SEP 21103 -66_ _The present polymnerization catal yst
conposi tion & élyf%?%%tgﬁ?‘%i}él“%t% Waterqe'g' em“eelyw ers.

The weight ratio of Component-A:Component-B in the slurry, can vary
15  typically from about 0.25:1 to about 99:1, preferably from about 0.5:1 to about
20:1, and most preferably from about 1:1 to about 10:1 (e.g., 4:1). The solids
content of the slurry containing the mixture of Components-A and —B can vary
typically from about 5 to about 25, preferably from about 10 to about 20, and
most preferably from about 15 to about 20 wt.% based on the slurry weight.
20 Accordingly, agglomerate formation is controlled to impart preferably
the following properties to the support-activator:

(1) A surface area of typically at least about 20, preferably at least
about 30, and most preferably from at least about 50 m*/g, which surface area
can range typically from about 20 to about 800, preferably from about 30 to

25  about 700, and most preferably from about 50 to about 600 m*/g;

(2) A bulk density of the support-activator particles of typically at
least about 0.15, preferably at least about .20, and most preferably at least
about 0.25 g/ml, which bulk density can range typically from about 0.15 to



in a liquid phase polynerization reaction zone. The organonetal |ic conpound
(if enployed) can be introduced neat or as a solution in an inert |iquid,
which my be the sane liquid as that of the polynerization nedia. The
other 5 conponents may be introduced into the polymerization zone JeS&Ph#E] as
solids or as slurries ininert liquids. In all cases, the liquid(s) used
to introduce the conponents form ng tbB®-present catal yst conposition
preferably is mscible with the liquid used as the polynerization nedia. A
slurry of Cbnggnents 1, Il and Il can even be injected into a gas 10 phase
pol yneri zat i éboutdnereferally feosmalbaut 829 totabews O He ahd mestapreferably framdi um

desirably woul d rayed. intp the reaction zone whereby it would
desirably e\?g‘b"glrb;itglﬁéﬁd%%?gﬁg’ catalyst in a fluidized solid form In
bat ch pol yneri zat iigp pmpm,po}maﬁeﬁpeggg@u} SOt &but 56 tPARRENT

catal yst conposition may be introduced pr 0, concurrently wth or 15
subsequent t 30¢endiondst prifierbblyrironf abdue 60 tefibaut ¢ ShrBmeseomd.@ad. 1t has been
found that the present catal yst conpgsition fornms rapidly under normal

pol yneri zati on cohth ti dhiotdlpoksyalyne ohfygically fwmyabqut §dPitg pbguta{d provi de a
hi gh nol ecu ' p . f | and 11
in the inert IP%F%%%%%B@%%%W a:’bggyg% a‘é%iﬁorsgg%g%%lg ﬁf)ogg gﬁ%ﬁ%;gst%t 0 provide
a ratio of nmpes@amy @gg(i.e., mllinoles) of Conponent | (pre-catalyst) to
granms of Conponent Il (support-activator) of typically fromabout 1:1 to

about 500: 1, pref dhapesicle o adaarticde size distrdippon soughptolbe mprigd s
preferably fromabout 10:1 t bout 100:1.(e.Q,,, 20:1 t ou 60:1). 25
The amount of RGiETOHEFESPERAEAERAIS PEEl st frte Akt Rl Bl e g
hydrocar pon ¢aReTslyReribaedRactdn inSvilieh 8RdRAe sPShRRRlcMBA Sl Pre-
activation of the pre-catalyst or as a scavenger in the polynerization

zone. \Wien éaphmpleedf bor praspde tai sehtion polymeargagemproodss expitalvimnsuch as to
provide a noD

| ar ratio of Component. )11 (organopetallic conpound) to
Component. || SHPEAGEEe SRR LA B 809 BB A TR ohn about 0. 001: 1
19,200 205 Rk Bl K fost MGRy pl e plafsblo L gmebou, O 1
(e. g., 100: about@ t80G0:mitrons; Alobp shutyi podyryerizanen pervessxyifess abdwe 18nount  of
the or ga?SO mstcc(;jl la’tlcju% 150 microns; and a gas phase polymerization process of from about
20 to about 120 microns. Moreover, each polymer manufacturer has its own
preferences based on the particular reactor configuration.
Once the desired average particle size is determined for the
agglomerates based on the targeted polymerization process, the particle size
20 distnibution will desirably be such that the Distribution Span 1s typically from
about 0.5 to about 4, preferably from about 0.5 to about 3, and most preferably
from about 0.5 to 2. |
Accordingly, as a generalization, the average particle size of the
agglomerates will range typically from about 4 to about 250 (e.g. about 8 to
25  about 200), and preferably from about 8 to about 100 (e.g. about 30 to about
60) microns.
‘When the agglomerates are formed by spray drying, they can be further
characterized in that typically at least 80, preferably at least 90, and most

preferably at least 95 volume % of that fraction of the support agglomerate



5 conmpound, when enpl oyed, as a function of the weight of the support-
activator. Mre specifically, the ratio of mllinoles (nmol) of
organonetal lic conpound: grans of support-activator enployed can vary
typically from about 0.00 1: 1 to about 100: 1 (e.g., 0.0 1: 1 tg.gﬁgg@
90: 1), preferably from about 0. 1: 1 to about 75: 1 (e.g., 2. 1 § 0t
5 0: 1), and nost preferably from 10 agput 0.1:1 to about 20:1 (e.g., 3:1
to about 15:1). The anount of |iquid hydrocarbon can vary typically from
about 50 to about 98, preferably from about 60 to about 98, and nost

preferably fpariciamalerhat the AauftthOéntint agolbmentt wirtilbeize diduinatbnvei ght of
liquid hydrocarbon and Components | and 11. 15 Wthout w shing to be bound
to any parti PQpEpses Faerogpherqidalshing (i.ev awrphedecy)eFurluatiethelithe separ at i on of

th talyst systemfromthe inect liquid, th ) | yst . and opti onal
o sanavet 41| PRRARS A b dPal R e P 0 g SRS P21 o
support-acti W%%utﬁ)&%f@ﬁ@%@%a@ﬂt a?élgﬂlgfaté%bﬁ%lp%@n(aﬂ’@f'lﬁ%flgﬂs %% oid he inner

structure of the support-activatior agglonerate part y the 20
support - att i datation dfithegegpdtn byretfel|lirge pamipleuhdnksivkich dogHusy efithditr i ng
in-situ catalyst formation, pre-activates the pre-catalyst which is then
bel i eved to BESE yplune, wopldropagus @ roRgepeidatyeisample offthe pgglomerate

support-acti ;{;ﬁ%ﬁﬁe M tt:rgn t‘{b%eﬁnl?@a\f’e?éjtlﬁs%& H?I%inoﬂF%%X{agf%g%

iregtion for
controlling 25 ‘'support-activator calcina re%%suéitea, t he

Conponent - Agthdialigfstinded, Bxt 6 necdsoap BtivhicalBhapaYEHiS eritEit @itbidled W . rati o,
and the Conponent 111 (organonetallic conpoun content relative to either
t he suppor t - & distagwsh frogiigpgularagzedsdrreisand leafor eert bkgennfigutagions.ati o, it
will be derstood that jt.is Sir to nt.rol .such var.i abl to i nprove
the catallst - RRROiED T aind el BF e p BB Bpa St ViR e °a

cor r espondi NgoeakAl ASH genéfal 19 Fo@HRH OMiHREgIe b6 1P RIbe FOPRANRD hre hcoRbRIAE O
Conmponent -B al one. The catal yst conposition of the present invention can

be used for whehyheagglomerote is tpdé enddsoribeddierdional pol yneri zati on, processes

wherein one or 5 re.non rrer.g.are cont act ed ‘¥VI h th% coqrdi pation
catal yst system ( &PPhBHCIPSPheraid 5 Rreferably Fqrapqse Pé%} S§Y 12 8eRsEFar at ed sol i d

B A
15  substantially no, interstitial void spaces, and typically substantially no visible
boundaries, in an electron micrograph, between particles originally derived
from Components—A and -B.
The microspherodial shape of the support-activator significantly
enhances the desired morphology of the polymers derived therefrom. Thus,
20  oneis able to simultaneously significantly enhance catalyst activity and
desired polymer morphology by utilizing the 2 components of support-
activator.
The terms “surface area” and “pore volume” refer herein to the specific
surface area and pore volume determined by nitrogen adsorption using the
25  B.E.T. technique as described by S. Brunauer, P. Emmett, and E. Teller in
Journal of American Chemical society, 60, pp. 209-319 (1939).
Bulk density 1s measured by quickly transferring (in 10 seconds) the

sample powder into a graduated cylinder which overflows when exactly 100cc

is reached. No further powder is added at this point. The rate of powder



Sui t abl e pol yneri zabl e nononers include ethylenically unsaturated nononers,
acetyl eni ¢ conpounds, conjugated or non-conjugated dienes, and 10

pol yenes. Preferred nononmers include ol efins, for exanple al pha-ol efins
having from2 to 20,000, preferably from2 to 20, and nore pref era@lsgpfm@m
2 to 8 carbon atons and conbi nations of two or nore of such al pha-olefins.
Particularly suitable al pha-olefins in h‘ude, for exanpl e, ethylene,

propyl ene, 1 -butene, 1-pentene, 4-nethyl pentene- 1, 1 -hexene, 1-heptene,
1-octene, 1 15 nonene, 1-decene, 1l-undecene, 1-dodecene, 1l-tridecene,
1-tetradeceng,l- ] Lnati o t her eof .., as | 1. as | ong

chai n vi nyl fa ggﬁoﬁgﬁ%ﬁggﬁﬁé}? %t}i@qgé?qa&dﬁ nﬁ?echlgﬁtc?fi%ﬁp%&gﬁdﬁts f or med
during the pdiyides by 80ceRo ghRdhéddhsdP. a-ol efins specifically added to the
reaction mxture in order to produce relatively long chain branches in the
resul ting pol yner Spradr dfymgaivhgitioBareltgpiedl hphavnabBéd msordereo ¢mbyit €ee, propene,
1- butene, 4-nethyl-pentene-1, 1- hexene, 1l-octene, and conbi nations of

et hyl ene and/985irssrargshronertins densribed aboye & te agglomeniteeThamedta- ol ef i ns. The

or of er ed mondsu®) ST FEERs e pBlor He b B P UEaw St yr enes.
et raf | uor oe ik aRSvelMisT &y ShRIIORRA:. By 4ayaundi Efont 2R dedyeligpent adi ene,
e a

et hyl i dene norbonene, and 1,7-octadi ene.” M Xtures of t ove-nmenti oned
nmononer s may 1amsat e weightgfewlids m thel diutiyafier uvh sphdyeeibzad dded sonomer s may

I ncl ude funct,i I zed ethylenically unsaturated nononers wherein the
functi onal g,lgg‘g?%cg%g@u%@%%thengt gﬁg%Z@O?s hown Fhuspsimnpsglidxgantend i boxyl i c.
aci d, carboxyll We P . : t her s.. . de m nes, and t he
ke, The. pr eeeno R thebBiehPGElo Miare SERS ohion B Bte I BB B0
advant ageous hayoidriidlayieslof sdsarbed Gatd? i@ Sisdhweightol ution, slurry or gas phase

5 polynerization process. Methods and apparatus for effecting such
pol yrreri zat i on r edopiceliy the pH ofighd slkmpwill ba hentedled oy sdjustyd teebe fremor di ng t o

t he present i tiopn ¢ e in.simlar amounts and_under simlar
cond!ot i gns k:qg%/ﬁ%ftérag%ﬁugﬁ Hﬁgﬁtﬁ’?ﬂéﬁ’?f‘f‘}{bwoho a??’&?&ugio:@boﬂl%:]aé Iﬂi“e_ysic or the
slurry procegsy sotlilﬂ§c&ﬁ%@twﬁfﬁéllé@orgagi@%ﬁégeg)gﬁ}g?ile@]i ol Ghb@d hust bel ow

the tenperature at which the polyner n the polymerization
medi um For th30,gasferabbsfromprabowsls, to about 25, and most preferably from about

15 18 to about 22 (e.g. 20) weight % based on the weight of the slurry and the dry

weight of the gel.

Control of the remaining variables in the spray drying process, such as
the viscosity and temperature of the feed, surface tension of the feed, feed rate,
the selection and operation of the atomizer (preferably an air atomizer is

20  employed and preferably without the use of a pressure nozzle), the atomization
energy applied, the manner in which air and spray are contacted, and the rate
of drying, are well within the skill of the spray dry artisan once directed by the
target properties sought to be imparted to the product produced by the spray
drying. (See for example U.S. Pat. No. 4,131,452.)

25 Product separation from the drying air follows completion of the spray
drying stage when the dried product remains suspended in the air. Any
convenient collection method can be employed, such as removal from the base

of the spray dryer by the use of separation equipment.



the tenperature is fromapproximately OC to just below the nelting point of
the polyner. For the solution process, the tenperature is typically the
tenperature fromwhich the polynmer is soluble in the reaction nmedium up to
15 approxi mately 275" C. The pressure used can be selected froma relatively
wi de range of suitable pressures, e.g., from subatnospheric to-@bsﬁpt
20,000 psi. Preferred pressures can rggge from at nospheric to abo 3[@3)0

psi, and nost preferred from50 to 5584psi. In the slurry or particle form
process, the process is 20 suitably perforned with a liquid inert diluent
such as a saturat% car bon. hydrocarbon is typically a

a%l ‘i;iHhat.ifé: .Bytdr ( Thegl
C3 to C (, hydrocargon: - e gromup g aneataly s as weafs thiy regnting spkymes,
hydrocarbon liigubdrapléah cé‘l%in*éeiﬂéﬁ[pbﬁ;onia‘éhb’ﬁ&eto c%trégzln?ir}?%ig%a{l‘%boﬁ%mr can be

recovered directly fromthe gas ase process,
evapor ati on ofestitén thetsupport.r omthe slurry process, or 25 evaporation of
solvent in the solution process. Al references herein to el enents or

net al s bel ongi ng tV¥6heR c@lsinagion 1s anpleped.df will typicalipbeeoridodied aTabl e of t he

El ements in eyv. s Condensed . Chenmical Dictionary, 12" Edition. Al so, any
reference$s tg@%ﬁ‘ﬁg}g@w&a&m@gngﬁ@%ﬁ@e%o@ Bﬁﬁg%éﬁhh’qwﬁ@ at9ut he Group or
G oups as rebliagmiedud. B Wikirs (HReb10h15t i '%g‘iﬂ | §d the new

not ati on system for nunberri ns graoupst.ﬂ-%%lee%fegqnéﬁdn eéagun%ﬁ%{s}gare gi ven as
speci fic il | wsighaidsonsordestrhetiveciabinaidniof ier¥airple atl 10060 UHEwRerUNder st ood,

however, that the invention is not 5 |imted to the specific details set
forth in t hethcalfinagen tempergure wilkalep affact thetinlgelationshiebatwaerpthes, as wel |

as in the regni . of .spegcificatio .are by weight unless otherw se
speci fi ed. Fg%f%grg{hcgﬁ%?&p %ﬁ"g}%ﬂc@#le Hfﬁﬂ?&ag‘ir?l H’?’tcé’H'YHOHmﬁ ﬂ‘@o‘éﬁ!}e%qdf {%€ati on or
cl ai ms, 1EuChthstyloidie dablyRaeBscABedhRBInbHGYh Mors 8Ll AREQRELEJ €S, units of

measure, 10 conditions, physical states or percentages, Is Iniénded to

literal ly i neaeipgion evherzpploysdywitleypicallpye cafdacedde heatirgtther wi se, any
nunber falling withji.n such range, including any subset of nunbers within

any range so’PECT Y BKAPETE respf dypifaily; fom gbow 98 6 abaws 800.at or 15 Part
A - Preparat peRrfly Baffabdut | §PtoMALLCER], and most preferably from about 200

to about 300 C for periods of typically from about 1 to about 600 (e.g., 5010

15 600), and preferably from about 50 to about 300 minutes. The atmosphere of
calcination can be air or an inert gas. Calcination should be conducted to
avoid sintering.

After formation, the support-activator is preferably sized prior to
calcination since the agglomerates will pick up moisture if sized after

20 calcination. This can be conveniently accomplished by screening or air
classifying as is well known in the art.

The particle size and particle size distribution selected will depend on
the catalyst type and polymerization process to be applied, as would be well
known in the art.

25 The preferred manner in which the support-activator is combined with
the pre-catalyst will depend in part on the polymerization technique to be
employed.

More specifically, the catalyst system components described herein are

useful to produce polymers using high pressure polymerization, solution



Silica gel is prepared by m xing an aqueous sol ution of sodiumsilicate
and sul furic acid under suitable agitation and tenperature to forma silica
sol that sets to a gel in about 8 mnutes. The resulting gel is base
washed with 20 dilute (about 2 wt.% amonia (NH3) solution at 65.5 C (150
F) for 18 to 36 hours. During this tine, the silica gel is cleanseitPoflf]

salt by-products and the surface area é's nodi fi ed. The base wash is
foll owed by a fresh water wash wher ef #° t he gel is placed in a
recirculating bath at 82C. The base washed gel was aged at 65-82C for about

36 hours and . 25 Of, to.7 for .one sanpl e designated 1A, and a pH of
7.5 to 9 for pglo ng%éongglnugqyepoé}gg?rbzﬁg%,oor%%gpg@g?egg@% ea of the gel is
t her eby reduggtinig@efbRitisedHetbifBhdehQr {:}qﬁgﬂ gfﬁ{@ o 300 n2/g for Sanple
113. The resulting water washed gel (?fo Sanp tels ngﬁ% 1B have a Si Q2
content of alooprlyBBrizatiofand terpelgmBHERtRAM (A tdrine oldinaage olkEinig Wat er, and

an Average Particle Size (APS) of Sanples |A and 1 B fromO0.5 to 2.0 cm
Part B(i) - BlORSEEEPelNdeplefint alnheralefingy dioksfials, {Benie@moneRieg), (Sanpl e 24A) 5
A Sanple A silica repared in accordan with Part A was_subjected to
wet mill iéng ?%ét{él&glg%gl %PSPREﬁg‘%nPflgﬁngﬁt CXﬁ/ﬁ‘Pé’f&Wﬁs@BH@W“ﬁB‘iﬁ‘ﬂmof—her eto to
make a slurry of 2@r ¥an¥is 3ol iz&h6n hal ' s reduced
with a blade m | arnd afn?Jfgrt?grﬂ%?gcéssg%mﬁ?%h&gggc;&ngg%%irﬁh\%l%{ a 0.016

i nch screen the gaeghbase tylfluidizimgagelep polyinetieatiinz@nd AR, d ed<b@Pprigingr ons. 10
The sanple wgs then sand mlled with a Premier Sand MI| (nodel HLM5 with
as5liter c\zg%‘&‘ct?ligﬁt Yolefiy powfer agd prrtipulates of therairlysi comgpsitireusiagd mi || at
1 liter per m : ] ' d 80% (4 liters) zirconia silicate
1.2 mm beadghﬂﬁgn%g%%ﬁ%ﬁ%&% %algézoeus\%qsn FeéGu S%'B“%‘ HR8580 ni crons
and the 1(ar tHeqt@psiyaeridhtsd is bjgiid':zﬁlg c0R8uct Bhyl Bl i RE the REndAl G indg50 and
D90. The 15 surface area was 600 /g. The resulting wet mlled sanpl e was
desi gnated Sseiplien opsuspensisineof e ¢raalyst compbsitidmin £bqiid hydivetrbern 20 and 25

wt. % as determned.. centrifugation. Part i) .- Preparation of Wt
Ml ed Hyolro‘”l};d«g1 “?@Agé‘&fcf’%ﬂwa fa‘g%ﬁpéeﬁﬁe Su%“@i%ﬂr%dwd Part B(i) was

repeat ed usi paybRAR forms 42 sgﬁitio§qme§:lgﬂi&&m§§ﬁ digsy! thtx ﬁ% S mlled sanple

was designated Sanple 2B and had a conten en 15 and 30
W . % as det epwcessdthb yenommatarel patureandatmice of diluent are such that the

15 produced polymer forms as a suspension in a liquid hydrocarbon diluent.

It will be apparent from the above discussion, that deployment of the
catalyst system can vary depending on the polymerization process employed
with a preference for permitting the formation in-situ of the activated system
in the presence of the polymerizable monomer.

20 Thus, for gas phase polymerizations, the pre-catalyst and optionally an
organometallic compound can be impregnated into the support-activator with a
solvent and the solvent optionally evaporated, whereas for polymerizations
which occur in the liquid state the catalyst system components can be simply
mixed in a hydrocarbon media for addition to the polymerization zone, or to a

25  media used as the liquid in which the polymerizations are conducted.

As indicated above, an organometallic compound can be employed for

pre-activation of the pre-catalyst, e.g., where L’ of the pre-catalyst is chlorine.

It can also be employed as a scavenger for poisons in the polymerization zone.




a SA of 300 nR/g. The resulting material was designated Sanple 2B. 25 Part
C - Preparation of Dry MIled Sanple (SA 300 n2/ (Sanple 3B) A base silica
gel Sanple 1B prepared in accordance with Part A was subjected to dry
mlling procedure as follows: The sanple was flash or spray drleql to a

noi sture content below 10 w.% The dried powder sanple was ther+¥ GEf ¢)03
energy mlled to an average ='3 SEP 2003 -72 particle size (APS) of about 5
m crons, a surface area (SA) of still -#out 300 m-/g, and a NZ pore
volune of 1.5 cc/g. The resulting sanple was designated Sanple 3B. 5 Part

D - Preparations Dry.Mlled Sanple (600 n2/g) (Sanple 3A) Part C was
repeat ed except tﬁ];lle Tﬁ‘éﬂgo eCRRLyShH(r Feq'vﬁ)smgg%fﬂ(”@wdlp@@mn@@l in

accordance w ' ar & ul ti ng,.dr .1l ed sanple had a

noi sture cont%ﬁ?ﬁgg Hﬂggssu iPﬂgﬁqu%bM&(?%anéﬁfAB?e#Eﬁgc %:ﬁﬁ‘é“%ﬁs a SA of 600
. Th i ¥&EGn Saca : -

grziagar at ?o:]eﬁdﬁélib?iggsaﬁglag??y Fgg?%cki%h?g?enlt bl epr:?ds frgg‘% ggg%%glel?uns | to 4

) of Sanpl e ZfBllewiag dengsien B wwpenept Hhame te adadiigiagtimplRhédby of Sanpl e 3B

d 1 1| ed):..Sanpl e B (wet mlled) as reported in Table I. Before
f)l (ra%dimng, gséﬁﬁtlr‘g?%ﬁ‘ %Cérsp%eawrm@op fubstaptialy inert fozbemicabseadtiands cont ent

using a m Xery;al; A, Iy. . was. t hen added the 20 wt. % solids
cont ent aque(mgh gﬁl}?ry lt)sfeI anglﬁielyhﬂﬁda‘f‘rﬁlafhﬁ%f?vgﬁsf?it:l@feé’ﬁf’ri_Veé’(t,hl eve the
ratios repor tfedoreror hadit of the chABlsEcdmpdfin@l | 1 ca Su port Slurries Run Ex or
Conp Wi ght % RatioWei ght Ratio NumberEx No 1Ex 1 Part E75:253.00:1 2Ex 1

Part E70: 302. 25: 1 M@ speddeallyEde 1401 1iG0d preferably ifanbn-E6lvamdd: the
Component II support-activator at contact temperatures to assure that the same

10 will be suspended or dispersed in the liquid during contact with Component 1.
The inert liquid can be a solvent for the Component I transition metal
compound.

Suitable inert liquids include hydrocarbon liquids, preferably C,-C,,
aliphatic or cycloaliphatic hydrocarbons, or C-C,, aromatic or alkyl

15  substituted aromatic hydrocarbons and mixtures thereof,

The components are introduced into the liquid and maintained therein
under agitation and at low temperature and pressure conditions. Particularly
suitable hydrocarbons include, for example, 1,2-dichloroethane,
dichloromethane, pentane, isopentane, hexane, heptane, octane, iscoctane,

20  nonane, isononane, decane, cyclohexane, methylcyclohexane, toluene, and
combinations of two or more of such diluents. Ethers such as diethylether and
tetrahydrofuran can also be used.

The Components I, II and III can be introduced into the inert liquid in
any order or substantially simultaneously. It is preferred that, when the

25  components are introduced sequentially, they are introduced in rapid order;
that is, without a substantial period of delay between each components
introduction. When sequential introduction is conducted, it is preferred that
the components be added in the sequence of Component 111 if employed, then

Component II followed by Component 1.



Sample 3B (Dry MIled): Sanple 2B (Wt MIled) = 3 SEP 2003 -73 Part F -
Preparation of Alternate Silica Support Slurries (i) Part E was repeated
except that Sanple 3B (300 n2/g) was replaced wth Sanple 3A (600 ni/g)
and Sanple 2B (300 n2/g) was replaced with Sanple 2A (600 n2/g). The dry
mlled/wet mlled ratios enployed are 5 summari zed at Table 11 andgtgfmePJS
slurries designated Runs 5 and 6. (ii) A base silica hydrogel Sanple A
300n2/g) was wet mlled to an APS of 98:25 microns to forma 20 wt. %
solids slurry in water. The silica hydrogel was then spray dried and the

f ti f fines | therein s ,callected by air classification
aagcd;ginggat el:l Rur;ﬁjg%ﬁ %g%{iengl%raénlge%ca}t :’L‘%O‘Hrq tﬁpg"'ﬂgmio i CrRSRSiExaor
Ni t or g.
e e A e e L e e e e e
F(i)60: 401. 5@bautABRC 1e.Bt, 15¢6 ahout 200N, Thé ElonpdhertdcBabd cdatactddrgpar ati on of

Cay Slurry A pontnorillonite clay available from Southern Cay, under the
t raée names Fe‘gﬁ??é’ﬁﬁp?ﬂﬂhéﬁ? preelpratedpressuetal Agbieyt comditionned preférredhi s cl ay

h th ol ] erties a ummari zed at Table L]l1. The clay
cg?rposiGt i %n &gyé%g?%g‘g‘: %andgtf?nacl%t@er HLtRe E?W%BP@&EEfFraﬁgiﬁngb:? g ndelr tgi
trad Ge ' | lGed at Table I11. anpl e
(E)?yenMaerFed) k%%%ﬁgllgﬁniév%@%%ggfﬁ% SEP 2003 -74 TABLE |11 Chemi cal

Conposi tion of Miheoembbuenist &e BRx&biok aipeibdd, GréfyraBR from 0.5 minute to
1440 minutes (more preferably from 1 to 600 minutes), to provide a
substantially uniform mixed catalyst composition and to permit the pre-

10 catalyst to be adsorbed and/or absorbed by the support-activator.

The formed mixture can be separated from the inert liquid, by
filtration, vacuum distillation or the like to provide a solid preformed catalyst
composition.

The solid preformed catalyst is preferably stored under anaerobic

15 conditions until being introduced into a polymerization reaction zone for use
in forming polyolefin products. The resultant catatyst composition is storage
stable for about 3 to 6 months or longer.

Alternatively, the mixture of Components I, II and III in the inert liquid
hydrocarbon, can remain without separation or purification as a slurry and be

20  used directly as a polymerization catalyst composition. Thus, the present
catalyst composition can be formed by the single-step of mixing the readily
available components in an inert liquid and then either directly transferring the
formed liquid dispersion to the polymerization reaction zone or placing it in
storage under anerobic conditions. In this embodiment, the inert liquid used to

25 form the dispersion preferably is chosen from those liquids which (a) are
miscible with the liquids used in the polymerization reaction zone, (b) are inert
with respect to the solvents, monomer(s) and polymer products contemplated
and (c) are capable of suspending or dispersing Component II (e.g., is a non-

solvent for the support-activator).




Gel Wite Conponent Wight % Wight % S; O 69.573.0 Fe2G34. 40. 97 _
A120319. 017.1 M. 33. 6 CaOl. 02.3 Na2@2. 7-- S040.60.2 5 Physical Properties
of BP Colloidal C a AppearanceTan Powder Apparent Bul k Density0.45 g/cc
Surface Area70 m/g APS1.5 m crons Average Pore Dianeterl1l14 A Tot3lﬁﬁpaﬁ
Vol une0. 20 cc/g Part H - Preparation of SilicalCay Sl , for Spra y b
Each of the silica slurries of Runs 1 g®© 6 was combined with the clay 10
slurry of Part Gin a manner sufficient to control the weight ratio of
silica: clay dry solids to be as reported at Table V. Each._slur{y maﬁ_
adjusted with aci Qhe bt ot ' gazalall - d 0 achi eve
a JsI urry pH of 8- %1 bﬁ?’he%@%@?ﬁ%%@ﬁ%&?@%g c%@%&%@g{ﬂrﬁﬁ%uo 5

m crons, theinolighid physegolymierizatomtentiorntoreh @hs lowanymerslichmtounkd to 18

w. % The re? | ti % lurries are 15 designated Runs 8 to 13. =3 SEP 2003
-75 Part | - lgfﬁnﬁl} Bﬁﬁ%@%@@@%&?@m mﬁﬂtwfﬁa@nwﬁ@l}ldswbdhsl ur(r:I y of
Runs 8 to 13 e ed to a ra dryer to dry e mxture and to

f orm ni crospﬁi\eﬁ?%fs a &g%g@un(g?sa %ts(.)fstﬁ? Pglgﬂlreﬂéﬁm&ﬁ?‘?cﬁ@ Tée ¥8fuct ed by using
a Niro 3-51t. cothpsmRhemSPEAMrdaNRE iNbithe payﬁkﬁ%foh%néeihge%ﬂ&}mro?s of

350/ 150C and a two-fluid spray nozzle usihg air at 10- psi to atom ze
the slurry. @hdumies it imeddighidsuin alf cases, thé hgquid®) dedpe ecbduce theep the spray

chanmber under 7" wat vacuum and the slurry is fed at 250-300 cc/mn. The
product is tﬁ%’ﬁp%ﬁmsgélif‘é‘agi%w RIRSETE FALpl el CORROpiEeR Prietpbly, is miscihled direct !y

with the liquid used as the polymerization media.

A shurry of Components I, II and II can even be injected into a gas

10 phase polymerization zone under conditions where the liquid slurry medium
desirably would be sprayed into the reaction zone whereby it would desirably
evaporate leaving the catalyst in a fluidized solid form.

In batch polymerization processes, the components forming the present
catalyst composition may be introduced prior to, concurrently with or

15 subsequent to the introduction of the olefinic monomer feed. It has been found
that the present catalyst compostition forms rapidly under normal
polymerization conditions to exhibit high catalytic activity and provide a high
molecular weight polymer product.

The amount of Components I and II in the inert liquid hydrocarbon is

20 controlled to be such as to provide a ratio of micromoles (i.e., millimoles) of
Component I (pre-catalyst) to grams of Component II (support-activator) of
typically from about 1:1 to about 500:1, preferably from about 5:1 to about
200:1, and most preferably from about 10:1 to about 100:1 {(e.g., 20:1 to about
60:1).

25 The amount of optional organometallic compound in the inert liquid
hydrocarbon depends on whether it is intended to be employed for pre-
activation of the pre-catalyst or as a scavenger in the polymerization zone.
When employed for pre-activation it is controlled to be such as to provide a

molar ratio of Component III {organometallic compound) to Component I




under the drying chanber, where the coarsest fraction drops out fromair 10
entrainment. Qther, smaller fractions go to a cyclone collection pot and
the smallest to a baghouse. The chanber material is then screened through
200 to 250 mesh to give the desired APS of 40-55 nicrons. The Tofla§EP 2003
Vol atiles (TV9% at 954.4C (1750F) of the spray dried product is in the
range of 2-20 w.% Further drying inga_static bed oven at 150-800C can
then be used to 15 adjust the total volatiles to 0.5-5 wt. % The yield of
material fromthe spray dryer chanber collection pot is around 40 w.%

The yield frdprescataes) offypeally Fomaaboun®lodD1 6 al¥éur DOGO: Afe ¢ 0BT S| yiel d of
15-20 wt. % Tabl e 0gladbel ow reports silical/clay norphol ogical properties of

the 20 resul®PHg D oreferabs rompaboped 11ttp ngowrd§DOdearat moSanpl es ar e

desi gnat ed . pparat i Exanple. |  (100% Spray Dried C ay

Support) 5 ﬁ%@‘%&%@?éﬁ?‘lﬁﬂﬁ’nﬁ%ﬂi %l(g%ﬁeeg'ch@%/lé‘?/é@q:bbl e from Sout hern

G ay 25 Products AlngedtiveRe ohd & lanYérH-x 1_X tth 28

parts-by-wei ght water lusﬁg a mx ?@S%e S uﬁf;/ep@glé%glnaﬁlgﬁe% Run 14C) was

the then $ed compaundyivwhen Spipdoyelly aser fuheticcsfahel aaipht vf thb spppl € 1, Part Ito

make cl ay m'cro\zapher S. G\Ef!r% 1.3 wt_ %of the starting clay was recovered
t talkye thejrat

as aggl oner 4FXERT Morgsp q plemdbmales dryed) efragmemetadlit ect i on pot
(<5% . 3 SEP =106, yi el nd the remainder was observed as dust and
buil d-up on t egg%‘%da éllf‘ggfgup%&ﬁ|a.°g‘fﬂ8f TPRIgEE L BRe P RISaHY Sogkuct was
screen t hr ougbo@@MoTESH aﬁﬁﬁﬁﬁDD:INg.g.!@UE‘I% L5 A90A9 YRR 5 2Nd_gi ve an
APS of 40-55 m crons (based on I'vern particle size analysrs). This

product has abpsilel:V e aheat 35:1de.21 2ckctogibobt SHnb), tibmestrprefeaby fami s 72 n2/ g.
The resulting, spray,dri.ed clay powder s designated Run 22C and is
summMar | zi@j agbofggﬁlelgﬂ?b%%iﬁ(ﬁgi’gg ‘Eﬁgﬁﬁl b (100% Spray Dried Silica
Support) 10 Exanpirge dmoRafdf 1 Y@%}&@&gﬁ}n SARARbichA? NS08
(desi gnated Run 15&) tohat vva“i%1 spr ay rl(eacgnco t bﬁeéy%ﬁw%gfl*%g’?/ and the
silica was debdut@8, prefecablRfromilaboit €0 to ot %,%@n@@ﬂﬁs@fe@ froBD W . % dry

I

mlled silicab owder Sa%)le 3B and 20 wt. % wet mlled silica hydrogel
Sanpl e 2B. NB (&t to,akout 90 wt.% based on the combined weight of liquid

hydrocarbon and Components I and I1.

15 Without wishing to be bound to any particular theory, it is believed that
even without separation of the catalyst system from the inert liquid, the pre-
catalyst and optional organometallic compound are adsorbed {adhere to the
surface of the support-activator agglomerate) and/or absorbed (penetrate into
the inner structure of the support-activator agglomerate particles) by the

20  support-activator.

The organometallic compound, when employed during in-situ catalyst
formation, pre-activates the pre-catalyst which is then believed to be fully
activated by the Lewis acidity of the support-activator.

While the above discussion provides direction for controlling the

25  support-activator calcination temperature, the Component —A (inorganic
oxide):Component —B (layered material) wt. ratio, and the Component III
(organometallic compound) content relative to either the support-activator
weight or Component I pre-catalyst molar ratio, it will be understood that it is

desired to control such variables to improve the catalyst activity relative to the




enpl oyed. The resulting spray dried product was a m crospheroi dal 15

aggl onerate with a pore volume of 1.69 cc/g, a surface area of 277 M2 /g
and an average particle size (APS) of 47 microns. The resulting spraE\ﬁ
dried product was designated Run 23C and is sunmarized at Table WH.SEP 2003
Exanple 2 - Preparation of Catalyst System 20 Part A - Method I | g of
support-activator was added to a bottlggthat contains toluene solvent (25
m) and Al -i-Bu3 (triisobutylalumnum or AlMe3 (trinethylalumnun) (both
of which were present as a 25-wt. % solution of 25 toul ene and were

purchased f r entivitydefi aodvyresfonelingestd] y$t B gstef el & in@SitHeh €dmpoh@at.ad with a
known anmount of netall ocene_pre-catal yst (pnole/g-support- activator). This
catal yst mx MASPEBFEdBaleneagi tated in an orbital shaker for at |east

12 hours in an ar her e... An iquot of | .to 3. m of_3 SEP 2003 -77
reaction slurry wa@[(s?lgﬁseg g?égorm%ogftﬁpﬁeqfﬁf}ea? i H’é’ﬁ%‘ﬁ‘m&ﬁzﬁ}g%@rcat al yst
activity as pblyetiepizh@sh, &ipida!dddiMiohal oM therdration Wb Rl vas
r epeat ed excgp?ﬂ% hat thgtpmat Igl I oceng %O?%-%ataallorﬁzfﬁ Was con 1a(‘?bee with the

or ganoal ufri nurare oiwpowAats detantectabwith e cogrdibaionuppdyst syskh (sitepiln Part C -
Met hod 3 10 Part. B was repeated and a, sanple of reaction slurry obtained

therefrom wig odgifated lighidr as pepswated pelikpradyasa degaribsd sboved s, The iy
). heptane {Seag Tt L poBRRrzath bl Bl e A e i S o i <
dry powder is shonitibie polytrerizable ApnddBisEndNdRethy RBicAly MhsatWbd W . %8I wt .
% 480. 0985. 70036. 800 600. 1175. 10038. 100 620. 0645. 50040. 00
630. 0856. 70083¥WnOErs, acetylenic compounds, conjugated or non-conjugated dienes, and
10 polyenes. Preferred monomers include olefins, for example alpha-olefins
having from 2 to 20,000, preferably from 2 to 20, and more preferably from 2
to 8 carbon atoms and combinations of two or more of such alpha-olefins.
Particularly suitable alpha-olefins include, for example, ethylene, propylene,
I-butene, 1-pentene, 4-methylpentene-1, 1-hexene, 1-heptene, 1-octene, 1- |
15  nonene, I-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-
pentadecene or combinations thereof, as well as long chain vinyl terminated
oligomeric or polymeric reaction products formed during the polymerization
and C,, 5, a-olefins specifically added to the reaction mixture in order to
produce relatively long chain branches in the resulting polymers. Preferably,
20 the alpha-olefins are ethylene, propene, 1-butene, 4-methyl-pentene-1, 1-
hexene, 1-octene, and combinations of ethylene and/or propene with one or
more of such other alpha-olefins. The most preferred is ethylene alone or with
other alpha-olefins. Other preferred monomers include styrene, halo- or alkyl
substituted styrenes, tetrafluoroethylene, vinylcyclobutene, 1,4-hexadiene,
25  dicyclopentadiene, ethylidene norbornene, and 1,7-octadiene. Mixtures of the
above-mentioned monomers may also be employed.
In addition, the polymerization monomers may include functionalized

ethylenically unsaturated monomers wherein the functional group is selected




640. 0806. 80036. 300 For Parts Ato C, the netall ocene pre-catalyst identity
is showmmn at Table VII, Colum 9 and the anount thereof shown at Table VII,
Colum 10. 20 The identity and amount of organonetallic conpound (Al -i-Bu3
or ALMe3) is reported at Table VII, Colums 7 and 8. The support ~aciR Z0dr
source and catalyst system preparation nmethod are al so provided at Table
VII, Colums 2 and 11 respectively. =%8-SEP 2003 -78 Conparative Exanple 3
(100% Spray Dried Silica Fines) Exanple 2 was repeated except that the
silica-clay agglonerate was replaced with an unaggl onerated physical bl end
of M neral Cddnohpdroxylsdarboxyilicracid, parbbidiceackd esedrs, BRetawestetlers,| | onite cl ay
and silica hydr.g el powder of Run 7. Pre-catalyst was then added in

accor dance wi*H Sﬁ?ﬁﬁeé tsdikehe resulti ng m xtures tested in accordance

with Example 3 as f.trilsobutylal ud num and
pre-catal yst rati 6@4 }géc}%%ecﬁ-é?tﬁ%ﬁ%a%?%%iﬁtgﬁ\tﬁw.(cofﬂpogzéﬁﬁfaé‘ -

Pol yner i zat i advivkideadsly Briplses linis highIREXIR! sARHILQS! Qﬁrhﬂ'g&%é of this
Exanpl e, unless otherw se indicat etljll,%a 2-Titer Zi S[%\grclgav Aut ocl ave

Engi neers3 | melymarizadeprocesds rendered inert by heating under vacuum at 80C

for 90 mnutes. A,reactor ,15 charge cgnsisting of a m xture of 350 m of
dry, degassed hepMﬂEo df@garapﬁsg?roquchgg gichinolymGKation reariensdien scavenger

di ssol ved i n Q408 qm’cataﬁﬁpg{s?et[ﬁ h%cornﬂn L L #re%nttiﬁ\iaeéﬁgg lcjz\sa\r}/ t; al um num

pre-catal yst and support-acti vt or repared 1Tn accor % the met hod

nunmber of Exasel i@ stnilardingamechndtunddiedintlaMondwiine khowe Edraefit 0 t he reactor.
Wiile the reactor contents were 20 stirred at 500 rpm ethyl ene and
hydr ogen wer 8CieERptonealyste dTyRicallvefor 8weluwry proeess) the temipesdturedact or

pressure;Qf i Q. 4l ned.. The | ymerjzation . te rature was 80C
whi ch waé@rra?% a&#@%‘lﬁ@&g Qi@todpgttqel%wﬁﬁg%%rﬁﬁ? at %‘ﬁ%p?%?%? suppl i ed on
demand vi a abs@msesisbmbleCianhd FblhReribAiomth i FoPfhe gh€pkiseprddegSsur e at

about 200 psig. After 60 minutes, the ethylene feed was 2§ stopped and t he

react or cool 8 teBPeebYe isdre eppraxisnaely 096ne ot balbe theseltingmgintpbl yner
slurry was f ;‘ﬂetp%rlyerger?r}-%r %Ss%?u%ovﬁ/i;}rgcegs%ttﬂeatgg{pe%?tgre ?sct?r%)icc):gl?y 1t:h%
temperature from which the polymer is soluble in the reaction medium, up to
15  approximately 275°C.

The pressure used can be selected from a relatively wide range of
suitable pressures, e.g., from subatmospheric to about 20,000 psi. Preferred
pressures can range from atmospheric to about 1000 psi, and most preferred
from 50 to 550 psi. In the slurry or particle form process, the process is

20 suitably performed with a liquid inert diluent such as a saturated aliphatic
hydrocarbon. The hydrocarbon is typically a C, to C, hydrocarbon, e.g.,
propane, isobutane or an aromatic hydrocarbon liquid such as benzene, toluene
or xylene. The polymer can be recovered directly from the gas phase process,
by filtration or evaporation of the slurry from the slurry process, or

25  evaporation of solvent in the solution process.

All references herein to elements or metals belonging to a certain

Group refer to the Periodic Table of the Elements in Hawley’s Condensed

Chemical Dictionary, 12" Edition. Also, any references to the Group or




deactivate any residual catalyst, filtered and dried in a vacuum oven at
about 500C for at |east three hours to constant weight. After drying, the
pol ymer was wei ghed to cal cul ate catal yst activity and a sanple of dried
polymer was - 3 SEP 2003 -79 used to determ ne apparent bul k densBty¥P 7003
according to the procedure of ASTM 1895. The results of each

pol ynmeri zation are sumuari zed at Tablesyll Runs 24 to 83C. Columms 7 and 8
depict the identity and anount (mole) of 5 organoal um num conpound used

Wi th respect to the amount (grans) of support-activator material during
the active cdiralyysshaliibepatietGronp ofSOkaipeas &fledrd id hisdPaisdic ThHsebdentity and
anount of pre-catalyst and the anpunt (grams) of support-activator used
during the adii¢mentsHsing {hetnepirgtationtdystem fophumbering grdeps. ct s t he bul k density

of the resulting I hyl ene (PE) product 10.(defernm ned by ASTM 1895
net hod). The cat a@gﬁ%%f‘gﬁ Blég ﬁt%vqnﬁéls%cé’gc S%ﬁs‘)ra%‘é’lséﬂf activity data
(Colum 12) (ctfaiEd gfahrdh MG beuRRIGMh Robbfer, ol @l (ANRHEL il ame) of
pol yet hyl ene product produced per gramof total ~ catalyst used per hour;
and (ii) act imiited tasheaspbcific details oft fpntieincthe akatsples. cangens st i on (Col utm 13) .
Thus, Columm 13 represents 15 gPEx10' S/gTransition Metal (M-h which is
rel ated to t REFCERRESS BARASHAMPEISary welbps inchs eempnden of thesgeaficatiooduced per
gram of transgjti . r toin t pre-catal yst per hour. More

At PRl e BePRENLse SRt

specifically, a val'ue 0o i l'um 13 indicates 100,000 g of PE
i s produced per grFaphe ad raBgs oh@iMiber?RcbSHURS sRRiMbResHheyCoMPari ng Run
83C (80:20 silica:clay physical adm xture) with Run 61 (80:20 spray dried
aggl oner at e) sudhrasdhat represeating & ipattictlae sei of propesticsfunitRef nedsirs, al nost 10

ti ter than that. 83C. Thus,. th igyrati
agal omer e FarlBie BEVicH SRRt pERTOTUAERds BHEER 1o [ IAN PEAPE ol at | ve (o
merely m Xi NgxsiedsFRerBA Yy refefdhc¥iot &hgigﬁé’%lﬁg%gh@#;&sfahﬁg%ﬂﬁn l(é)éhyneri zati on

zone or during act’ivation. The physic suppGrt- activator

conponent s ofanRe/ingadinglasp sybset clsnenbpoowithil aypeinggaopatedgy With a bul k
density of only 0.14 g/cc. =3 SEP 2903 -80

Example 1 - Preparation of Support-Activator

15
Part A - Preparation of Base Silica Hydrogel

Silica gel is prepared by mixing an aqueous solution of sodium silicate
and sulfuric actd under suitable agitation and temperature to form a silica sol
that sets to a gel in about 8 minutes. The resulting gel is base washed with

20 dilute (about 2 wt.%) ammonia (NH,) solution at 65.5 C (150 F) for 18 to 36
hours. During this time, the silica gel is cleansed of salt by-products and the
surface area is modified. The base wash is followed by a fresh water wash
wherein the gel is placed in a recirculating bath at §2°C.

The base washed gel was aged at 65-82°C for about 36 hours and a pH

25  of 6 to 7 for one sample designated 1A, and a pH of 7.5 to 9 for another
sample designated 1B. The surface area of the gel is thereby reduced to about
600 m*/g for Sample 1A and to 300 m*/g for Sample 1B. The resulting water

washed gel of Samples 1A and IB have a Si0, content of about 35 wt.% with



Conmparing Run 81C (100%clay) with Run 86 (50:50 silica:clay), it can be
seen that very low activities (0.29 and |I.3g PE x 105/ gZrhr) are

associated with a clay only support versus activities of 2.42 g PE x

105/ gZrhr  for silica-clay support activators. 5 Sinilar results-4éP 2003
obtained by silica only supports. For exanple Runs 82C, 45C and 46C al
exhibited little or no activity. It wll-be further observed froma

conpari son of Runs 35 and 36 that contacting the pre-catalyst with
organoaluninun1gﬁnpo nd before contact wth the support activator cuts the

activity nearthsbalancsbemg waiers andamAyerage Bartisle RizehA Bt tof Shusphebllé t o a | ower
stability of - ' catalyst relative to a fully activated one
whi ch forns %@22%&%%%1{0%8% Comparing Runs 36 and 37 it will be
observed that changi ng the organoal um num conpound from triisobutyl
alum num (Run 36) to alum nuntrinmethyl (Run 37) further reduces the
activity frodel -thyepaga YO¥ etdMdied Hnbroght 6DA 600 agtd)\( Ky A butable to
15 the chpice of qrganoal ym.num ¢conpound is not reversed by enploying the
pr ef erredgsequencé\ g?m r}ti‘a%ﬁcar PEPSTROAE agrprdgaca dathPartcdsare Run 3 8 with
Run 37). Thi guiStQaest weldhidind 26 a8 Qs | ymi. num ound is nore
I nfl uenti al o%@act I Vi t§/ r{}@%nrélt heﬁggﬁgb seé%gﬁgr%f%@(a%% -81 0 U)
0 V] .-.o0-notrodo tq Bike a Shurg\0f20-va. % s3lids. THIHuDOsampik particle size was

reduced with a blade mill and further processed through a sand mill with a

0.016 inch screen to reduce the average particle size (APS) to <100 microns.

10 The sample was then sand milled with a Premier Sand Mill (model HLM-5
with a 5 liter capacity barrel). The slurry was pumped through the sand mill at
1 liter per minute with a media load of 80% (4 liters) zirconia silicate 1.2 mm
beads. The average particle size was reduced to 8 and 10 microns and the
particle size distribution was 4/8/15 microns for D10, D50 and D90. The

15 surface area was 600 m%g. The resulting wet milled sample was designated
Sample 2A. Sample 2A had a colloidal content between 20 and 25 wt.% as

determined by centrifugation.

Part B(ii) — Preparation of Wet Milled Hydrogel (SA 300 m?¥g) (Sample 2B)
20 Example 1, Part B(i) was repeated using base silica gel Sample 1B.

The resulting wet milled sample was designated Sample 2B and had a
colloidal content between 15 and 30 wt.% as determined by centrifugation and

a SA of 300 m*/g. The resulting material was designated Sample 2B.

25  Part C - Preparation of Dry Milled Sample (SA 300 m%/¢) (Sample 3B)

A base silica gel Sample 1B prepared in accordance with Part A was
subjected to dry milling procedure as follows:
The sample was flash or spray dried to a moisture content below 10

wt.%. The dried powder sample was then fluid energy milled to an average
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particle size (APS) of about 5 microns, a surface area (SA) of still about 300
m*/g, and a N, pore volume of 1.5 cc/g. The resulting sample was designated

Sample 3B.

Part D - Preparations of Dry Milled Sample (600 m’/g) (Sample 3A)

Part C was repeated except that the base silica gel was Sample 1A
prepared in accordance with Example 1, Part A. The resulting dry milled
sample had a moisture content of less than 10 wt.%, an APS of 5 microns and

a SA of 600 m*/g. The resulting sample was designated Sample 3A.

Part E - Preparation of Silica Slurry

Four different blends (designated Runs 1 to 4 ) of Sample 2B and
Sample 3B were prepared at weight ratios of Sample 3B (dry milled):Sample
2B (wet milled) as reported in Table I. Before blending, Sample 3B was
slurried in water to a 20 wt.% solids content using a mixer. The Sample 3B
slurry was then added to the 20 wt.% solids content aqueous slurry of Sample

2B at amounts sufficient to achieve the ratios reported in Table I.

TABLE 1
Silica Support Slurries

Sample 3B (Dry Milled):Sample 2B (Wet Milled)

Run Ex or Comp
Number Ex No Weight % Ratio Weight Ratio
1 Ex 1 PartE 75:25 3.00:1
2 Ex1PartE 70:30 2.25:1
3 Ex1PartE 60:40 1.50:1
4 Ex 1PartE 0:100 0:1
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Part F - Preparation of Alternate Silica Support Slurries

(1) Part E was repeated except that Sample 3B (300 m%/g) was replaced
with Sample 3A (600 m*/g) and Sample 2B (300 m%/g) was replaced with
Sample 2A (600 m*/g). The dry milled/wet milled ratios employed are
summarized at Table II and the slurries designated Runs 5 and 6.

(ii) A base silica hydrogel Sample 1B (SA 300m?*/g) was wet milled to
an APS of 15-25 microns to form a 20 wt.% solids slurry in water. The silica
hydrogel was then spray dried and the fraction of fines contained therein was
collected by air classification and designated Run 7. The sample of Run 7 had
an APS of 10 microns, a Nitrogen pore volume of 1.6¢c/g and a surface area of
300 m¥/g.

TABLE II
Sample 3A (Dry Milled):Sample 2A (Wet Milled)
Run Ex or Comp
Number Ex No Weight % Ratio Weight Ratio
5 Ex1PtF 75:25 3.00:1
6 Ex 1 PtF(i) 60:40 1.50:1
7 Ex 1 Pt F(ii) 0:100 0:1 (Fines)

Part G - Preparation of Clay Slurry

A montmorillonite clay available from Southern Clay, under the trade
names, Montmorillonite BP Colloidal Clay, was obtained. This clay has the
following properties as summarized at Table III. The clay composition
properties of an alternate clay product available under the tradename Gel

White is also provided at Table III.
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TABLE III

Chemical Composition of Montmorillonite BP Colloidal Clay

BP Gel White
Component Weight % Weight %
S,0, 69.5 73.0
Fe, 03 4.4 0.97
Al O, 19.0 17.1
MgO 2.3 3.6
CaO 1.0 2.3
Na,O 2.7 -
SO, 0.6 0.2
5 Physical Properties of BP Colloidal Clay
Appearance Tan Powder
Apparent Bulk Density 0.45 g/cc
Surface Area 70 m*/g
APS 1.5 microns
Average Pore Diameter 114 A
Total Pore Volume 0.20 ce/g

Part H - Preparation of Silica/Clay Slurry for Spray Drving

Each of the silica slurries of Runs | to 6 was combined with the clay
10 slurry of Part G in a manner sufficient to control the weight ratio of silica: clay
dry solids to be as reported at Table V. Each slurry was adjusted with acid
(sulfuric acid) or base (ammonium hydroxide) to achieve a slurry pH of 8-13.
The APS of the slurry solids was about 4 to 5 microns, the total dry solids

content of the slurry was about 15 to 18 wt.%. The resulting slurries are

15  designated Runs 8 to 13.
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Part [ - Spray Drving of Silica/Clay Slurry

Each pH adjusted slurry of Runs 8 to 13 was then pumped to a spray
dryer to dry the mixture and to form microspheroidal agglomerates. All spray
drying is conducted by using a Niro 3-ft. diameter spray dryer with inlet-outlet
temperatures of 350/150°C and a two-fluid spray nozzle using air at 10-30 psi
to atomize the slurry. The air through-put of the Niro is dampened to keep the
spray chamber under 7 water vacuum and the slurry is fed at 250-300 cc/min.
The product is then collected in the chamber collection pot, located directly
under the drying chamber, where the coarsest fraction drops out from air
entrainment. Other, smaller fractions go to a cyclone collection pot and the
smallest to a baghouse. The chamber material is then screened through 200 to
250 mesh to give the desired APS of 40-55 microns. The Total Volatiles
(TV%) at 954.4°C (1750°F) of the spray dried product is in the range of 2-20
wt.%. Further drying in a static bed oven at 150-800°C can then be used to
adjust the total volatiles to 0.5-5 wt. %.

The yield of material from the spray dryer chamber collection pot is
around 40 wt.%. The yield from screening is also around 40 wt.%, for an
overall yield of 15-20 wt.%.

Table VI below reports silica/clay morphological properties of the
resulting agglomerates. The resulting Agglomerate Samples are designated
Runs 16 to 21.

Comparative Example 1 (100% Spray Dried Clay Support)

5 parts-by-weight montmorillonite clay available from Southern Clay
Products under the tradename Gel White was mixed with 28 parts-by-weight
water using a mixer. The slurry (designated Run 14C) was the then fed to a
Niro Spray Dryer in accordance with Example 1, Part I to make clay
microspheres. Only 1.3 wt. % of the starting clay was recovered as

agglomerates that accumulated in the spray dryer chamber collection pot (<5%
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yield) and the remainder was observed as dust and build-up on the spray dryer
wall. The crude agglomerated product was screen through 200 mesh screen to
remove large agglomerates and give an APS of 40-55 microns (based on
Malvern particle size analysis). This product has a pore volume of 0.21 cc/g
5  and the surface area is 72 m*/g.
The resulting spray dried clay powder was designated Run 22C and is

summarized at Table VI.

Comparative Example 2 — (100% Spray Dried Silica Support)

10 Example 1, Part I was repeated except that the slurry (designated Run
15C) that was spray dried contained only silica, and the silica was derived
from Run 1, i.e., a mixture containing: 80 wt.% dry milled silica powder
Sample 3B and 20 wt.% wet milled silica hydrogel Sample 2B. No clay was
employed. The resulting spray dried product was a microspheroidal

15 apglomerate with a pore volume of 1.69 cc/g, a surface area of 277 m®/g and
an average particle size (APS) of 47 microns. The resulting spray dried

product was designated Run 23C and is summarized at Table VI.

Example 2 — Preparation of Catalyst System

20
Part A —Method 1

1 g of support-activator was added to a bottle that contains toluene
solvent (25 ml) and Al-i-Bu, (triisobutylaluminum) or AlMe,
(trimethylaluminum) (both of which were present as a 25-wt. % solution of

25 toulene and were purchased from Aldrich). The resulting mixture was then
treated with a known amount of metallocene pre-catalyst (umole/g-support-
activator). This catalyst mixture was sealed and agitated in an orbital shaker

for at least 12 hours in an argon atmosphere. An aliquot of 1 to 3 ml of
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reaction slurry was used for polymerization depending on the catalyst activity
as indicated at Table VII.

Part B — Method 2
5 Part A was repeated except that the metallocene pre-catalyst was
contacted with the organoaluminum compound before contacting the support-

activator.

Part C — Method 3

10 Part B was repeated and a sample of reaction slurry obtained therefrom
was agitated in an argon-filled drybox for 5-12 hours. The resulting reaction
mixture was then filtered, washed with toluene (2x10 ml), heptane (2x10 ml),
and dried in a vacuum. The ICP analysis of this dry powder is shown in

Table IV.
15 TABLE IV
RunNo. | Zrwt. % Al wt. % Si wt. %
48 0.098 5.700 36.800
60 0.117 5.100 38.100
62 0.064 5.500 40.00
63 0.085 6.700 36.900
64 0.080 6.800 36.300

For Parts A to C, the metallocene pre-catalyst identity is shown at
Table VII, Column 9 and the amount thereof shown at Table VII, Column 10.
20 The identity and amount of organometallic compound (Al-i-Bu, or AlMe,) is
reported at Table VII, Columns 7 and 8. The support-activator source and
catalyst system preparation method are also provided at Table VII, Columns 2

and 11 respectively.
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Comparative Example 3 (100% Spray Dried Silica Fines)

Example 2 was repeated except that the silica-clay agglomerate was
replaced with an unagglomerated physical blend of Mineral Colloidal (<1
micron particle size) BP montmorillonite clay and silica hydrogel powder of
Run 7. Pre-catalyst was then added in accordance with Example 2 and the
resulting mixtures tested in accordance with Example 3 as Run 83C. The
amounts of triisobutylaluminum and pre-catalyst ratios are reported at

Table VII.

Example 3 — Polvmerization Method
In the slurry polymerization experiments of this Example, unless

otherwise indicated, a 2-liter Zipperclave (Autoclave Engineers, Inc.) reactor
was rendered inert by heating under vacuum at 80°C for 90 minutes. A reactor
charge consisting of a mixture of 350 ml of dry, degassed heptane and 200
micromoles of triisobutyl aluminum scavenger dissolved in toluene and,
separately, a slurry of triisobutylaluminum, pre-catalyst and support-activator
prepared in accordance with the method number of Example 2 indicated at
Table VI, were injected into the reactor. While the reactor contents were
stirred at 500 rpm, ethylene and hydrogen were quickly admitted to the reactor
until a final reactor pressure of 200 psig was attained. The polymerization
temperature was 80°C which was maintained by a circulating water bath.
Ethylene was supplied on demand via a mass flow controller to maintain the
reactor pressure at about 200 psig. After 60 minutes, the ethylene feed was
stopped and the reactor cooled to room temperature and vented. The resulting
polymer slurry was filtered and washed with methanol and acetone to
deactivate any residual catalyst, filtered and dried in a vacuum oven at about
500°C for at least three hours to constant weight. After drying, the polymer

was weighed to calculate catalyst activity and a sample of dried polymer was
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used to determine apparent bulk density according to the procedure of ASTM
1895.
The results of each polymerization are summarized at Table VII Runs
24 to 83C. Columns 7 and 8 depict the identity and amount (mmole) of
5  organoaluminum compound used with respect to the amount (grams) of
support-activator material during the active catalyst preparation. Columns 9
and 10 depict the identity and amount of pre-catalyst and the amount (grams)
of support-activator used during the active catalyst preparation. Column 14
depicts the bulk density of the resulting polyethylene (PE) product
10 (determined by ASTM 1895 method). The catalyst performance data include:
(1) catalyst activity data (Column 12) (KgPE/gCat-h) which is based on the
total amount (grams) of polyethylene product produced per gram of total
catalyst used per hour; and (i1} activity as a function of pre-catalyst
concentration (Column 13). Thus, Column 13 represents
15  gPEx107%/gTransition Metal (M)-h which is related to the total amount (gram)
of polyethylene product produced per gram of transition metal present in the
pre-catalyst per hour. More specifically, a reported value of 1 in Column 13

indicates 100,000 g of PE is produced per gram of Zr per hour.

20 Discussion of Results
Comparing Run 83C (80:20 silica:clay physical admixture) with
Run 61 (80:20 spray dried agglomerate), it can be seen that the activity of
Run 61 is almost 10 times greater than that of Run 83C. Thus, the
configuration as an agglomerate is considered critical to the present invention
25  relative to merely mixing silica particles with clay particles in the
polymerization zone or during activation. The physical blend of support-
activator components of Run 83C also yields a poor polymer morphology with

a bulk density of only 0.14 g/cc.
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Comparing Run 81C (100% clay) with Run 86 (50:50 silica:clay), it
can be seen that very low activities (0.29 and 1.3«g PE x 10*/gZrehr) are
associated with a clay only support versus activities of 2.42 g PE x 10%/gZrehr
for silica-clay support activators.

5 Similar results are obtained by silica only supports. For example
Runs 82C, 45C and 46C all exhibited little or no activity.

It will be further observed from a comparison of Runs 35 and 36 that
contacting the pre-catalyst with organoaluminum compound before contact
with the support activator cuts the activity nearly in half. This is believed to

10 be attributable to a lower stability of the pre-activated catalyst relative to a
fully activated one which forms sooner in Method 1. Comparing Runs 36 and
37 it will be observed that changing the organoaluminum compound from
triisobutyl aluminum (Run 36) to aluminumtrimethyl (Run 37) further reduces
the activity from 0.64 to <0.5. Moreover, the drop in activity attributable to

15  the choice of organoaluminum compound is not reversed by employing the
preferred sequence of contact represented by Method 1 (compare Run 38 with
Run 37). This suggests that the choice of organoaluminum compound is more

influential on activity than the contact sequence.




n

r

- W

-3 SEP 2003

VAR

- 81 -

01 auou 7 xg dwo) ST

1:0 auou 1 x5 dwo) Il
05:0¢ 9 HWM 1xd £l
0708 ¢ HM 1 X4 4\
§L:ST 14 Hiwd1XH Il
05-05 £ Hyd 1 xd 01
€e.€9 [4 HM 1 %4 6
0Z:08 1 Hid [ X4 3

('soN umy)
(m/m) BIIS ‘ON "ON Uy
oney spijog A Ae[D:eaIig Jo 301n0§ xq "dwo)) 10 "ON 'Xg

000zo00ococcozz O yNNrkn-'grrnm0enON. O NNMNM M+" - X

NNenNen-j NNNdeR. 4ANNNNen-4 w 67 Q Otk WO en NDOOO OO N.O n If
NF O0O+N. pCenenMe+M d-' ONl ge+leet V' 1vN i

'-pg | ooovoOi

SUOTNPUO,) pue Aun[g SWIAI(] AeldS

ATTEVL




-3 SEP 2003

n -NCO .0 N.O Nm

>0 O -
O ZNCVenenenvvv-'e'-d. NN 00' G e0

Q0. O.+q~V] Q
-82 -

o1'G6mU au w, o -,

. T NN -rnen- N\vMve+t enMNNN U

U~~++000000000000000C0Op
v' 1' ehv-~. DetelrDenr N. OOri nv-i

Nen NO Co

apnuo1ad 06 ‘05a ‘0IQ U PISEq UORNqUISI 371§ AONIE = 4Sd
3215 PR TRy = §JV

PAPIEOSTC=4 4
B|IS m\NE 009 Wolj IpeN=
69'1 LLT Ly 0:1 D51 ¢ xg dwio) 1X4
VIN ViIN V/IN 1:0 1 1 xg dwo) oTe
€30 [443 14 050§ £l I xd 1
911 1434 154 0Z:08 [4! I X4 0C
¥9°0 091 134 §L:ST 11 1 X4 61
#0'1 ¢81 154 05:0¢ 01 I ¥4 31
3C'1 £iC 134 CE:€9 6 [ X4 L]
A Y4 4 0208 8 1 X4 0]
(3/09) Aw\mﬂv (suoionur) (oney
oA | VS Sdv W3em)
210 AejD/eonig
sonpaadoa g sjesamodsdy (roN uny)
I1IA 2198 L
woly omog | xg dwon "ON
Aunyg 10 ‘ON "XH uny
"ON
9 S 14 £ [4 1 Uumlon)

sanaadoi jonpoid 1oeanoy-poddng KejH/enig paug Aeidg
IAATIV.L




-3 SEP 200

N

,002227227727272277272727

N

- 83 -

% N NNNNNN

L ~r7r7r7r7r~r 7N’

~I'n

~Uuov1Vt.

F-F-1-1-TITF '*vva Qa aa Q aaaaaaQ ''""'

ail

CCOO0G000w11. v~000 1rviO U Q)

1 ooUUUUUUUUUUUUUUUU~,

I~Op

620 8l 08'0 1 oF 1 4 1 VIN on SES9 £x3 Ll [44
820 §1 ¥0'1 I vL I 5 I VN on S£59 £ X4 Ll 14
ZE'0 (44 901 I 6F 1 9 1 V/IN on 07:08 £ xd 91 114
Lo 44 90°1 1 6F f 9 1 VIN on 0708 £xd 91 6¢
VN | s3x5°0> | waeS0> 1 6v 1 ¢ [4 ViIN oNn 0Z:08 £ x4 91 8t
VIN | #aa50> | 44aS°0> [4 14 1 5 [4 ViN on 0Z:08 £ xd 91 LE
0L0 P1 ¥9'0 [4 6F 1 s 1 V/N on 0Z:08 £xq 91 9t
tED LT (44 1 114 1 § 1 ViIN oM 0Z:08 £ x4 91 St
£E'0 0z BE'1 1 L 1 < 1 VIN 2N 0Z:08 £ X4 91 |42
0t'0 9’1 2l I 66 1 § 1 ViIN o1 0T:08 £x4 91 £L
/4 9z 9l I (14 1 4 | Y/N on 0Z:08 £xd 91 [43
o£'0 o1 01’1 I .4 1 | 4 i VIN 1N 0T:08 £ xq 91 1€
620 £1 gL'l I 66 1 4 I ViIN on 0z:08 £ X4 21 [1]3
PE0 oz 9Tl I 6b I £ I ViIN amn 0708 £ xd 91 6L
PED 9z S1°1 I 0s i £ [ VIN an 008 txq 91 8C
€0 01 £6°0 I 66 [ £ | VN on 0z-08 £ xq 91 Lt
£E'0 £1 9’0 1 &y ! [4 I V/IN N 0Z:08 £ X4 o 9z
0£0 Sl 0e'1 1 66 1 [4 [ V/IN an 07:08 £ xd 91 s
0t'0 S0 TE'1 I 001 ! [4 I VN an 0Z:08 £ xd 91 L4
InjeAndy 101BANDY
-Hoddng -noddng () o
Spowmt | oN | -Sqounu | odKy | aumy | dway
N
T8 4-1eD3 xg dwe) | (‘oN uny)
/-01X9d8 | /448y puncduwon (oney 10 X9 201005

/38 | Ananoy | Ananoy wnumwn|y 3am) Suipuod | lojeanpy ON
‘ad | (W) reen ®) ©)-3ig ouediQ uopEIOE) Ke[yeoifig | -salio) -yoddng uny

Pl €1 4 o[ 6 s | ¢ o | s v £ z i

NATIIVL




3 SEP 2003

"1Me" 1e' 7TM +1MWE' 1enelChOr a.

a 66666C; 6646~-; k; , nooak; -, W

inn Nr-r
N ehx X X X X X X X X X X X X X X X WX X

| f) 00CODODA00cocoDO~0. OM2I NRANN  H ~'

N n en n en

-84 -

620 0'ce £0°C £ 9¢ [4 ) I 14 00§ 0z:08 £Xd 0z [4Y
8C0 6’3 ¥6'1 i L4 [4 9 i VIN an 0z:08 £ Xd 91 19
9z 0 o1l Tl £ 1 [4 9 1 YiN 1 0T:08 £ xd 91 09
pe0 0¢ 9l'e I 14 z 9 1 VIN N 0Z:08 £ xd 91 65
L0 LT 91l 1 14 z ¢ 1 V/IN | 0N 0T:08 £ xq 9l 8¢
0£'0 £6'0 180 1 [49 [4 § 1 Y/N on 0Z:08 £Xd 91 LS
620 0z LT1 1 (43 [4 € 1 Y/N an 0T:08 £xd 91 95
670 3c £9°0 1 [4) [4 ¥ 1 VIN an 0Z:08 £ xd 91 56
9E0 09 0£'] 1 144 [4 |4 1 VIN on 0z:08 £xd 91 4%
1£0 o¢ L11 | ot [4 L4 1 ¥/IN 21 0Z:08 £ xd 91 £s
8z'0 oS ¥S'0 1 4! 4 £ 1 YIN on 0Z:08 £ X4 ol [4Y
LED [A] 8L'1 1 $Z [4 £ I Y/N on 0Z:08 £ Xd 91 13
620 L'y £C'| I 9¢ [4 £ I VN an 0T:08 £ x4 9l 0s
820 6C 44!} 1 4] (4 [4 ! V/N o 0Z:08 £ xd 91 6F
V/N 00T 861 £ 44 [4 [4 i VIN an 0Z:08 £ xd 91 114
8€°0 L'L L9l I 4 [4 [ 1 V/IN on 0Z:08 £ Xd 91 LY
VIN ‘3N $0> | 0zZI 1 I 1 | VYN | On 01 (sour4) L 29
Lxd
V/N “BaN $0> I ozl 1 T I v/N | On 01 (soury) L osp
L x4
VIN (4! 50 1 6F I [4 I 4 0¢1 05:0¢ £ x4 Ll 44
§Z0 0z 68°0 1 (14 I 14 1 YIN on 0¢:0¢ £ Xd Ll 134
1oeAnDY I0leAllDY
-voddng -{oddng () Do
Bowd | roN | -8jjounu | adAj ]| suny | dwap
N
nywAa | y-end "ON xg dwop | (‘oN umy)
/;.01%dd3 | /Ad8Y | poyr punoduio) (oney Joxg 821n0g
/8 | Aanoy | Anapoy | deig wmuum]y wirem) | Swpuod | 1omanoy ‘oN
‘ad | (W) @ ®’D BAG-1BD) 1’-aig ouediQ UoneuIdED KejD:eoli§ | -samo)y -voddng uny
vl €1 Z1 1 o1 | &6 g | & 9 | ¢ ¥ £ z I




©+ CNN-- NN

3 SEP 2003 A

ODOOOTr--00--0 NV ~.

AN~G GVl nr OOONOr "Nenvkn. OrCl OO1QUU z.o. tin'

Q@ N aiczzc

N >--.

X WW ~aWWWWWWS ~avwwwu avwwwuwl

-0~ U C+73 e

.LD.rrrrnnrrnrov
~n a i

VW UONaro a

O .

o0 ~

S~ NO- a- Q

- 85 -

VIN *+30 *#20 1 1£4 z S I 14 05T 01 Txd 9 X4 a8
dwo)
V/IN ti 620 1 1£4 [4 $ I 14 0st 10 1 x4 aTe Q18
duwion
6’0 (4 350 l 144 14 L { VN an SLST £ Xd 61 03
0£0 4 160 1 8z ¥ 01 H Y/N of SLST £ xd 6l 6L
0t'0 (44 £E0 1 0t 14 9 i VN an 05:0¢ £xd 81 BL
SE0 (44 £€°0 I 44 14 L 1 V/IN on 05:0§ £ X4 81 LL
£E0 LT S¥'0 1 ¢ |4 L | VIN N 0§-05 R | 81 9L
(43"} 9¥ 1$0 I vt |4 £ 1 ¥/N on §E'59 £ xd Ll SL
€90 6¢ £9°0 1 9¢ v 9 | YIN an SE:S9 £xd Ll bL
veo ¥ £Fo 1 Iz 14 L I YN on £ES9 £x4 Ll £l
0£0 1T 9t'0 1 9¢ 4 £ 1 V/IN on 6Z:08 £ Xd 91 [43
V/IN BT L0 ! L4 14 14 1 V/N on 0T:08 £xd 91 1L
0£0 4 8£°0 I 9¢ 14 4 1 V/N on 0z'08 ¢ Xd 9 0L
620 L1 8£0 l ¥ v 4 1 VIN on 0Z:02 £xd 91 69
LT0 v'e 80 I ¥ | 4 9 1 VIN an 0z'03 £ xd 91 89
1£°0 |4 0F'0 1 34 £ 5 1 VIN o 0Z:08 ¢ xd 91 L9
1£°0 g€ or'0 1 LT £ 14 1 VN on 0Z:08 £ xd 91 99
0€0 LT 50 I 14 3 4 1 ViN an 0z:08 £xd 91 $9
LTO e £6'1 £ 9¢ [4 9 1 14 008 05:05 £xd 14 ¥9
LT0 (A4 08'1 £ 9€ 4 § ! 4 00¢ 0s:05 £ Xd 1z £9
10jeAIDY lojBAnOY
-poddng - -poddng () Do
Spowr | roN | -3gqounnm | odAy | oumy | dwaj,
oN
/W3 y-1en3 "ON xg dwo) | (‘oN wmy)
/-01%dd8 | /AdSy | powe punoduo) {oney Joxgq 220§

20/8 | Aoy | Auanoy | doyg wmun|y 13am) Smpucd | 10mRARDY ‘ON
‘ad | (W) [=en 1’ 1848120 1©D-21 ouediQ uonEUIdR) Agpyeoipg | -ssmopy | -uoddng uny

¥l €1 4! i or | 6 8 | ¢ 9 | s ¥ £ 4 1




3a

gqqt v ft

p' U U snp oNi

0o a 000 a~oN- a,

ZNNN |
to

a-.

a

X

00

=3 SEP 2003

- 86 -

"KNANIE ISAJRIRD MO| LI9A S1f) O} NP "I G| JOYE PIJEUILLI) SEM uoneziswjod ayy pue Bunsay Joj pasn sem jonbije 15472189 JO JW § =

TELE V1 ‘5661 sofeIvwouedI( Ui paquasap saanpasord 3 Buisn paredaid (auarpejuad)i] (ng-1-NTINIS ¢dD) = p 15A[EIED
-S1891¥ dd "1ddv 47 pue (Woxx3) £E£0076 OM 1ddy 10d Ul paquosap saipadoad 2y 03 Burpioaoe paredaid T)1 L (ng-1-NTapISLdD) = ¢ 15Ae1ED)
"dynuaLag 19p[nof woy paseyaind spuofyp wintucanz(j{uspurlsiq sualAy1a-oel = 7 15A[EIED)
13§ sep|nog woy paseyaund TjorzT(dong-u) = | 1s{perED
LIV = 7 2dL] [v-oumBip
Engi-pv = | ad41 y-ouedig
sjqeadde 1ou = y/N
paugpeaun = i)

*

pua(q [exnsAyd paelowoddy-uoN=

¥
%

¥Z'0 ' (444 I | {4 4 S 1 |4 05T 0508 £ X4 1Z 98
VIN 0 0 I 001 [A I I ViN on [0 DU Ae[D 068
‘1x3 | awgm 1PD
V/N 0 Do l 0Zi I 4 I VIN on 01 tXd £ xq o8
duwon dwony
¥1'0 90 £1°0 1 ¥ z 9 I VIN an 0Z:08 £ xd £xd ++OE8
duio) daio)
IojeAlY J01BANYY
-poddng -Hoddng () Do
dnowr | -oN | -Bpowm | odAy { ouny | dwoy
0N
WA | yaend "ON xg dwo) | (‘oN uny)
01X9d3 | /A48 | popoly punodwoy (oney 1o xy 20M0%
2@ | Aoy | Apanoy | deyg wmuum]y Waem) | Bupuod | ImeAnOY "ON
‘ad | (W) e | 1845180 m-a1g ouediy uonemo[E) Ae[D:eoipig | -semon -poddng uny
vl £l zl I oL | &6 8 | ¢ 9 | ¢ b £ z I




R S
fs.x VEWU ZU W WW ~L~w ~> Nx Gx ~ N~ ~WW c~U 00 -86
Ooa+tUNrn CO~EG~bc =EEOOWMGY ~NJUGU

-3 SEP 2003

-87-

The principles, preferred emboditents, and modes of operation of the
present invention have been described in the foregoing specification. The
invention which is intended to be protected herein, however, is not to be
construed as limited to the particular forms disclosed, since these are to be

5 regarded as illustrative rather than restrictive. Variations and changes may be

made by those skilled in the art , without departing from the spirit of the

invention.




1

Ec UOGdo auvo- 00 Ccc OMO G 22K =3 SEP 2003 -87 The principl es,
preferred enbodi nents, and nodes of operation of the present invention
have been described in the foregoing '58§e'ci fication. The invention which is
i ntended to be protected herein, however, is not to be construed] &8P 2003
limted to the particular forns disclosed, since these are to be 5 regarded
as illustrative rather than restrictive. Variations and changes nay be
made by those ski ihRéeisiMatni@ igrt, Wi thout departing fromthe spirit of the
i nvention. -88 1 SEP 2003 5 10 15 20 25 30 What is Cained is: 1. A

coor di nat i ngl.cat ahysprdigatingenlyshistenoéapgbleyofpolymanging définss  conpri si ng:
(1) as a pre-catalyst. .at |east one netall ocene or constrained geonetry,
transition netal %ﬂ%%%?ﬁj capable of (A) being activated upon contact with

the support-activgjor &faprelchtadyst,@Bleastitle MbtARRYRL bechnstRAE COntact with an
organonetal lic conpound, to an internedi ate capabl e of being activated
upon 5 geometry, transition metal compound capable of (A) being

activated upon contact with the support-activator of (II) or (B)

being converted, upon contact with an organometallic

compound, to an intermediate capable of being activated upon

contact with the support-activator agglomerate of (II), wherein

10 the transition metal is at least one member selected from
Groups 3, 4 or the Lanthanide metals, of the Periodic Table of
Elements; in intimate contact with

(II)  catalyst support-activator agglomerate comprising a composite
of (A) at least one inorganic oxide component selected from

15 Si0,, AlLOs, MgO, AlPO4, TiO,, ZrO,, and Cr;0; and (B) at
least one ion containing layered material having interspaces
between the layers and sufficient Lewis acidity, when present
within the support-activator agglomerate, to activate the pre-
catalyst when the pre-catalyst is in contact with the support-

20 activator, said layered material having a cationic component
and an anionic component, wherein said cationic component is
present within the interspaces of the layered material, satd
layered material being intimately mixed with said inorganic
oxide component within the agglomerate in an amount

25 sufficient to improve the activity of the coordinating catalyst
system for polymerizing ethylene monomer, expressed as Kg of
polyethylene per gram of catalyst system per hour, relative to
the activity of a corresponding catalyst system employing the
same pre-catalyst but in the absence of either Component A or

30 B of the support-activator; wherein the amount of the pre-

catalyst and support-activator which is in intimate contact is



contact with the support-activator agglonmerate of (I11), wherein the
transition netal is at |east one rrenbgglr sel ected from Goups 3, 4 or the
Lant hani de netals, of the Periodic TablPe of Elenments; in inti ma‘t[:i F_?’Oﬂih
wi th catal yst support-activator agglonerate conprising a conposi e f
at | east one inorgani c oxide conponent selected from SiQ2, A1203, MO
AlPO4, Ti2, ZrA2, and Cr28 and (B) at |east one ion containing |ayered

material having inter sa@G&ent tb?%mla 200G df%ﬁ@:ro%lcﬁé&%f?@ f:étﬁé@ﬁb LeW' S
acidity, when present wthin the support-activator rate,

activate the pre- cat agrpss ofisupportrastiyater ehfremyabouti Is1 tmahmtnﬁ@(l:ﬂ W|th t he
support- activator, said |ayered materi al having a cationic conponent and
an anionic conponent wherein said cationic conponent is present within

the interspares ofhddealiAypnad ofelifm abvmcﬁ%udmohaw&ﬂbﬁge&@ga ﬁhrdbe' ng
intimately m xed with said inorganic oxide conponent wthi

aggl oner ate in arFoRMOBARL atdeast pas enganqroctyilig comporbreptesenied S?Ythe t he
coordinating cata ?(‘,ﬁ .system for polynerizing ethyl ene nononmer, expressed
as Kg of polyethylene per gram of catal yst system per hour, reI ative to
the activity of a correspondi ng MaER3),yst system enpl @silpg the sane
pre-catal yst but |n the absence of either Conpgnent A or B of the
support - act i vat or¥heiHBMirepressaisatingst onsrelemgnt gf Sroupal. 2 9513 anthe

support -acti vat orpeafd it 'tlﬂo'r'ﬂﬁlicgﬁ‘fdeea{fﬂﬁu% fepkiicnfly %Jlaéseh&' pnt Lo provide

aratio of micronoles of pre-catalyst to t-activator of
fromabd0t 1:1 tdeabont oﬁQ@lrdgen—hﬂoﬁﬁPoﬂlﬁ)ﬁBo@rbyTigeo@am&l yStis system of C aim

1 which additionall rlse third 5c at | east one

organonetal | ic cd’ﬁ'ﬂﬁi‘f GO PPy Bglfoe eﬂif‘d:aﬁ%“n%g‘?ﬁﬂ%ﬁ ¥R 2) 5 (Vi)

wherein Mrepr es%géloﬁ{ctdlﬁ‘@@&mﬁd?ﬁd@eﬁ@qﬂtmtﬂﬁat@'c@ﬁiﬁct]wﬁh?-sal@f)rel3 or the

Periodic Table, tin or zinc, each "R2 i ndependently represents at
catalyst in an amount sufﬁc1ent to provide a molar ratio of

organometallic compound to pre-catalyst from about 0.001:1 to about
15 2000:1.

3. The catalyst system of Claim 1 wherein the pre-catalyst is at least one

transition metal compound represented by the formula:
20 Cp*q ZL'nL2%L%, ®

wherein:
each Cp* independently represents cyclopentadienyl group, substituted
cyclopentadienyl group, cyclopentadienyl derivative group, or

25 substituted cyclopentadienyl derivative group, with two Cp* groups
being optionally joined together by a moiety having up to 30 non-
hydrogen atoms thereby forming a bridged structure;
Z represents at least one transition metal selected from Ti, Zr, and Hf
in the +2 oxidation state;

30 L' is an optional, divalent substituent of up to 50 non-hydrogen atoms

that, when present, together with Cp* forms a metallocycle with Z;



!

10 | east one of hydrogen, hal ogen, or hydrocarbyl group, and "s" is a
nunber corresponding to the oxidation nunber of M said organonetallic
conmpound being in intimte contact wi-PR “sai d pre- catalyst in an»_‘grgﬁﬁ%
sufficient to provide a nolar ratio of organonetallic conpound t 03
pre-catal yst fromabout 0.001:1 to about 15 2000:1. 3. The catal yst system
of Claim1l wherein the pre-catalyst is at |east one transition netal
conpound r epr esentBgch bedRnfOnAbpeidert; %rege&éﬂ%l dutda] PBGIgei . each
Cp* independently represents cyclopentddi enyl group, substitut eg

cycl opent adi eny! ~tgsebaying yp kobneebydngen alems,\catli’ vepreseatsm seoond?5

substituted cycl gpentadi enyl derivatjve grou W t * groups being
optionally joi neﬁ@g@xgp%%wngo%(?gtryo“%g? OGB“{"’H Sgg?ﬂ]gﬁw(ﬁydr ogen at ons
t hereby form ng apékl zlg&;{ergtaw%ﬁﬁegby%né@p{\@@ghéﬁ,ugg;_ | east one transition

metal selected fragmTi, Zr, an in the +2 oxidation state; 30 L' is an
optional 7 dival erlt” eagibeequrtgaer indepangdently Bprepents hgnoyaentaandenic t hat, when

present, together_w * for a metallocycle with Z: 90 -3 SEP 2003 L2
each occurrence irﬂ%‘gé'g}?%ﬁﬁfo@&o@@rﬁ%geﬁﬁ%ﬁ PhOARFUTRL fOPIEaEd i base
having up to 20 neRohvdhRgsed alealB-bdided & z,e‘piﬂ?&%lﬁgﬁu?%gemer transition
nmet al conmpound of nononeric formula I such that two "netal "Z centers are
bri dged by one oroptimoally3copsitutisg a givaBne anihnio quaiety daeingibotieysetent | y
represents a nonqval ent,, ani oni£s i £1 avi n t o 50 .non- hydr ogen
atons, or a neutra ,gﬁoo%jﬂ@a‘f“gbf_%‘? otﬁﬁ% ?ﬁqfélgf’éﬁ" %ﬂ“é'ﬁté‘_tlﬁgﬂonded to Z
with tweol3 gr oupsoib@IRiDEsvalddBl IbBNAA toyZ ﬁﬁH\&Sdraiﬁﬁﬂe&%e@etQ'bX@L%%is anronic
nmoi ety having both val ences bound to Z, and with L3 and L2 together
optional | y const ibast fusgtienality;noi ety both coval ently bound to Z and
coordi nated thereto. . | | I YA s integer of 1
or 2 and represent sl%)%‘e'%ﬁellg’%@ %’P?@‘feé%%‘{ég%ﬁ%‘ % r?gc%; grodps

bound to Z;

m is an integer of 0 or 1 and represents the number of L' groups bound
15 toZ;

n and p are independently integers of from 0 to 3;

the sum of q+m+p being equal to the formal oxidation state of Z; and

provided that where any one of L' to L? is hydrocarbyl containing,

such L group is not Cp*.

20
4. The catalyst system of Claim 2 wherein the pre-catalyst is a
metallocene transition metal compound represented by at least one of
the formulae:
Cp *\ L3
Z/ ()
Cp o L3
25 and

\* VAR Iv)



mis an integer of O or 1 and represents the nunber of L'| groups bound 15
to Z; n and p are independently integers of fromO to 3; 'the sumof g+m-p
being equal to the formal oxidation sPhte of Z; and provided that where
any one of L1 to L3 is hydrocarbyl containing, such L group is n%t E(ao

4. The catal yst systemof Caim2 wherein the pre-catalyst is a S 2093
net al | ocene transition netal corrpound represented by at | east one of the
formulae: L3 25 QRdreik3 and Co 3 RI E/ /L )Xz \*/ L3 ) Cp 91 ~I SEP 20x3
wherein: Z represents at |east one transition nmetal selected fromTi, Zr,
and Hf; E is sild mpresemts atlelxt one arankitbacine@hieldonaiefpen dd T, mmt Elfy esent s
cycl opent adi enyl gro substi t ut d cycl opent adi enyl group

cycl opent adi enyl Eg %FQPP\‘?E*‘I P’bu"& egeht éHBWFP?HdSBt EEWFQ?E@M adl enyl

derivative group, %m@n wpes | nted together by
a noi ety having l%lé\ﬂoggi% &%ﬁ"‘%;%%bgﬁ ato IO(tesﬁer&e%lg@ll ng a bridged
structur®; and ea:ghlopaltadldgpdaﬂmtivlqgrmgpbesmnﬁmeﬁ dybmpmhdmhyl ani oni c

noi ety having up taq 50 non-hydrogen_ atons, a neutral, ;10 conjugated or
non- conj ugat ed didEH¥RUVEFEARR §1thdWe CRM grﬁuEW”L%OP iRSLfeEFEST opt i onal | y

cach occurrnce | Hadnaeian P SPUElol RSB ArARs APy fiteeRg Round fo = K

bridged structure; and each L* independently represents a mbnovalent

anionic moiety having up to 50 non-hydrogen atoms, or a nq;utral,
10 conjugated or non-conjugated diene -bonded to Z, with two L*

groups together optionally constituting a divalent anionic moiety

having both valences bound to Z;

R' each occurrence independently represents hydrogen, silyl,

hydrocarbyl, hydrocarbyloxy or mixtures thereof having up fto 30
15 carbon or silicon atoms; and ‘

X is an integer of 1 to 8.

5. The catalyst system of Claim 2 wherein the pre-catalyst is a’

constrained geometry transition metal compound represented by the

20 formula:
G Y
e i)
Cp—Z—L
\L3
wherein:

Z,Cp*, and L? are as defined in Claim 4;

25 G is a divalent moiety comprising oxygen, boron, or a member of
Group 14 of the Periodic Table of Elements; and ‘
Y is a linking group comprising nitrogen, phosphorous, oxygen or
sulfur, with G and Y together optionally constituting a fused ring
structure.



hydr ocar byl , hydrocarbyl oxy or m xtures thereof having up to 30 15 carbon
or silicon atons; and x is an integer of 1 to 8. 5. The catal yst system of
Claim2 wherein the pre-catalyst is a%2constrained geonetry transi} SEM 2003
nmetal compound represented by the 20 formula: /G Cp 2\ L3 L3 wherein:  Z
Cp*, and L3 are as defined in Caim4; 25 Gis a divalent noiety conprising
oxygen, boron, or a nmenber of Goup 14 of the Periodic Table of Elenents;

and Y is a lgnki I Bl ' p > y:gen or
Ul ur w106 angr P ST T RDol o L 3 PP R T R BIP T
structure. -92 6.selrddaimkydopenysiicim,dideapl flmorengl, téttahyd®imleny}4 and 5,
wherein Cp* is selected fromcyclopentadienyl, indenyl, fluorenyl,

t et r ahydr oi ndeny| tetraliydretlippeaybdctaby digfluoreg gl ﬁl‘ﬁlﬁl?%déﬁwghyl ,
I t adi |, [ ' ]
ﬁgiaﬁsgpognlt ﬁP)altcecﬁié%?lg)ggrﬁ&gI%?@%F%%%&ﬁ?%%@ﬁwa&?ﬂ@’ %%ﬁ al yst system

of Cl ai m56 wher eideclpydroantizadeniyl.t uted with at |east one Cl to CEO

hydrocarbyl group. 10 8. The catal yst systemof any one of Clainms 4 and 5
wherein at | east one L3 group is hal ogen, hydrocarbyl or m xtures thereof.

9. The catalyst sprlamph st gf‘éllagxg: é%vﬁ‘érgi:h %plﬁ%gu%t%?& G)itg afgcﬁgt L3 i's

i ndependent|y chlorine,” bromn I ne, The

cat al yst syst em afnedhyto dhehwplro@rtylesoup. and 5 wherein i3 is hal ogen or
hydr ogen, and the organonetallic conpound is represented by the fornula:
MR2}S 20 wherein Mis alumnum R2 is hydrocarbyl, and "s" is 3,

intimtqhy g The catalyst system of any one of Claims 4 and 5 wherein at least one

L? group is halogen, hydrocarbyl or mixtures thereof.

9. The catalyst system of any one of Claims 4 and 5 wherein chch L}is

independently chlorine, bromine, iodine, or C,;-Cg alkyl.

15
10.  The catalyst system of any one of Claims 4 and 5 wherein !L3 is
halogen or hydrogen, and the organometallic compound is rLepresented
by the formula: \
M(R?),
20 wherein M is aluminum, R? is hydrocarbyl, and “s” is 3, intimately

associated with the pre-catalyst in an amount sufficient to p;"ovide a
molar ratio of organometallic compound to pre-catalyst of &om about
0.1:1 to about 1000:1. ;

25 11.  The catalyst system of Claim 1 wherein the layered materia1 of the
support-activator is at least one of clay or clay mineral haviﬁg a

negative charge of below 0.

12. The catalyst system of Claim 11 wherein the layered material is a
30 smectite clay, the weight ratio of inorganic oxide to clay in fhe support

activator agglomerate is from about 0.25:1 to about 99:1, aﬂd the ratio



associated wth the pre-catalyst in an anmount sufficient [to provide a

nol ar ratio of organonetallic conmpound to pre-catal yst of tomabout 0.1:1
to about 1000:1. 25 11. The catal yst'§§/stem of Claim1l erein the | ayered
material of the support-activator is at |east one of clay or cihgthilifdr al
having a negative charge of below 0. 12. The catal yst systemof Caim1l
wherein the layered material is a 30 snectite clay, the weight ratio of

. : i de t : . : ot bout
0251 to abour SHPICOROIE, JfgFe SHPRAL et LSRR BB BoB, 3 (O 2O
m cronol es of pr eboatial weibouo2@:dns of support-activator 'is from about 5:1

to about 200:1. 13. The catalyst systemof Caim 12 wherein the snectite
clay it at least 5 one of nontnorillonite and hectorite, the weight ratio

of inorgani g30xi @ign tQtajéJfl teth bH€laH AR A Herdlf e/ fiteag) AEleake 15 from
about 0.5:1 to a gl,(I:t 8: %CS an tﬁe ra??c?roffi rﬁcror%ol e%fcg)f pre-catalyst to
granms of 3 suppor tonaof mpatmorilimite modhedionite, the weight ratwoeftindr@enié. 10 14. The

catal yst systemof . CJaiml erein the inorganic oxide ;conponent is SiQ2,
Che o ght T at 1 o coideed elfviin MeyBp Srrariaa agtiomerathas SepaBeD Sl | vat or

aggl onerate is frogpahonls, dndihtRaiPOtthickdndles 8ste lcBlystid Qafk of M cronol es
of pre-catalyst to grans of suggr(r)lrt-actlvator I's from about 20:1 to about
60:1. 15 15. The suppai-giivatoy &t @boutniohte abbuCli:hs 1 and 2 wherein the
support- activator aggl onerate conprises spray dried agglonerate particles
conprising constituent particles of at |east one of said inorganic oxides
and at ligasti4one Tok cailydt $531ed SCC AR ardiadr&in\WREmBHganicRideldonffonktast 80% of
t he volune of the agglonmerated particles 25 30 smaller than D90 of the
entire aggl oner atieSithy thearaighiiratio off3ibk e layiered matwsiad insthe suppost-cr ospher oi dal
nor phol ogy; ‘

activator agglomerate is from about 1:1 to about 10:1, and tlﬁe ratio of
micromoles of pre-catalyst to grams of support-activator is ﬁom about
20:1 to about 60:1.

15
15.  The catalyst system of anyone of Claims 1 and 2 wherein the support-
activator agglomerate comprises spray dried agglomerate particles
comprising constituent particles of at least one of said inorgﬁnic oxides
and at least one of said layered materials wherein: |
20 4y at least 80% of the volume of the agglomerated partik:les
smaller than Dgg of the entire agglomerate particle sike
distribution possesses a microspheroidal morphologj‘;
{II)  the support-activator agglomerate particles possess:
(A)  an average particle size of from about 4 to about 250
25 microns, and |
(B)  asurface area of from 20 to-about 800 rnzfgm; and
(III)  the constituent inorganic oxide particles from which the
agglomerate particles 'are derived have an average péﬂicle size,
prior to spray drying of from about 2 to about 10 mi‘ft:rons, and
30 the constituent layered material particles have an avérage

particle size, prior to spray drying of from about 0.01 to about

5(} microns.



(I'l) the support-activator agglonerate particles possess: (A) an average
particle size of fromabout 4 to about 250 mcrons, and (B) a surface area
of from 20 to-about 800 nR/gm and ¢PHE) the constituent inorganic oxide
particles fromwhichthe agglonerate particles are derlved have 8in ﬂxge
particle size, prior to spray drying of fromabout 2 to about 1 g

and the constituent Iayered mat eri al partlcl es have an average particle

si ze, prior S of from aho 1 to.about : 50 mcrons. -94
=' 3 SEP 7003 626 Ea:ﬁ/ "tmé’§§f3é%a]3fw rgpﬁhﬁ@%%‘?%ﬁlﬁotgﬂ%‘cconst i t uent
i norgani ¢ oxi de d%@detlbzﬂl@lés fraﬁrwmetﬁteag?e@geﬁé PARERL & e grrar e

derived, prior to spray drying, have: verage particle size of from
about 4 to about tesmavdmng,,haﬁe(ll) a particle size Distribution Span of

fromabout 0.5 to,about 3.0 mc S, a 1] coJ |l oidal particle size
content of from a@out agqvgraggaa:glc lze\/&r}%%g“ %‘é"ég t%ﬁllz"t‘ﬁé’ f@’& i t uent
i norgani ¢ oxide Ayt ' Ceh?arti@b&% Dtﬁtﬁbﬂﬂon Sp%n%@?[oﬁi %htﬂg t?%@dt%sd system

formed by the process conprising: (1) agglonmerating to forma
support-activator agglmieematand (A) at | east one inorganic oxide conponent

selected from Si (2 Al2 P4, Ti with (B) at
| east one ion cor(ﬁix ni % QIP%?&/B@HC {78 paen %ﬁ%%@tagf?éﬁ@éﬁes bet ween t he
layers and sufficient yilmVbsged aﬁmyéoﬁsumétﬁnn&geﬁ@atldwpmttt Wwélght.
support-actuator agglonerate, to activate the netall ocene or constrained

geonetry transition nmetal conpound of the pre-catalyst of Il when the _
Fayer oc ue o7 21 A cR0AThe M0 sHRsATgRBNY, e B4 M B Component -
wherein said cat |(I)n| C apglupmnsitig tb $orpd £ Seport\ictinator &ggeomer@ker spaces of the
layered material, sal d l ayer ?%st@e%é@;mc oxide component selectcd from
S10,, Al O3, MgO, AIPQy, TiO;, ZrO,, and ¢r203 with
(B) atleast one ion containing layered material htiving
15 interspaces between the layers and sufficient iLewis
acidity, when present within the support-actitrator
agglomerate, to activate the metallocene or ctans&ained
geometry transition metal compound of the p‘tre-catalyst
of II when the pre-catalyst is in contact with the
20 support-activator agglomerate, said layered material,
having a cationic component and an anionic t:omponent,
wherein said cationic component is present wlthm the
interspaces of the layered material, said layerfed material
being intimately mixed with said inorganic otcide
25 component within said support activator aggﬂomerate in
an amount sufficient to improve the activity ct)f the
coordinating catalyst system for polymeﬁziné ethylene
monomer, expressed as Kg of polyethylene ﬁer gram of
catalyst system per hour, relative to the activity of a
30 corresponding catalyst system employing thq‘ same pre-
catalyst but in the absence of either Component A or B

of the support-activator; ‘



being intimately m xed with said inorganic oxide 25 conponent within said
support activator agglonerate in an anount sufficient to inprove the
activity of the coordinating catal ys®5system for pol yneri zing e_')t/tgbf:ra
nmononer, expressed as Kg of polyethyl ene per gramof catalyst s m@ér
hour, relative to the activity of a 30 correspondi ng catal yst system

enpl oyi ng the sane pre- catalyst but in the absence of either Conponent A
or B of the supp -activatar:. .-95 I |.ding as a
pre-catal yst, at qFlgasfﬁrgﬁgh at’sglqgggaetﬁ%sgfgﬁe%sggg élael{aallggéng\egérretry transition
met al conpound capabl econftraifiet) geosieny taesitivahrtl dp@poanitapablewift h t he
support-acti vator agglﬁ\grrerate_of%l), or (B). being converted, upon 5
contact with an or gandiesingiactivaierhransontast with the Sippegagi@tetapabl e of

bei ng activated upon ] t - i or 'aggl oner at e,
wherein the transiti oﬁaggrr@tgé?t%ghe)a’t&??)egési?@gé\ﬁevegﬁae’#é% sel ected from G oups
3, 4 or the Lant hani deconteet with an ofgantmetaHici codipouildhb enof El enents; 10 (I111)

contacting the support:activator d e-catalyst in the presence of at
| east one inert |iqui d‘“ﬁWé@EFr%B%qu HP e‘%ﬁ%?a%/@tﬁpf’?l&%‘ﬁ?tp Bhﬁ]@r ovi de a

ratio of mcronoles ofg, &t-ﬁ&%i&%%glbﬁleﬂfté}%ﬁré?ﬁthestkb?;@:i’fo TRGhI{¥gL or of from
about 1:1 to about 500:1. 15 18. The catalyst system of alm 17 prepared

by the additional stegeastong ﬂ@mﬁuisngcfad ftomSroupn 8, doythedrmatlwnidec conpound
in the inert liquid hydroc op_of,.s I saj d organonetal | i ¢ conmpound
bei ng represented by trﬁ%alﬁb‘?%ﬁﬁ?g?n%%@?oggleﬁ}?&tsei n Mrepresents at |east
one el enent of G(UUPS chntadtingdthe k@ppit-ddtivatoPatid pdicatal@Rlithetprdseide zi Nc, and

each R2 independently reFresents at | east one of hydrogen, hal ogen, or
hydrocarbyl group, ancfafleastong inexiisved hydseeaskgmoind manncs sullisicakiodat i on

nunber of M sai d or 93QIRL Abdo%SRRRAMIE % L%akf)s! Bl ARL § CONtact with

said pre-

support-activator of from about 1:1 to about 500:1. |

15 18.  The catalyst system of Claim 17 prepared by the additional step of
including at least one organometallic compound in the inert iliquid
hydrocarbon of step I, said organometallic compound beimﬁg
represented by the formula: |

M R?);

20 wherein M represents at Ieast one element of Groups 1, 2, o1l 13 of the
Periodic Table, tin or zinc, and each R” independently mpreéents at
least one of hydrogen, halogen, or hydrocarbyl group, and “E” isa
number corresponding to the oxidation number of M, said
organometallic compound being in intimate contact with saijﬂ pre-

25 catalyst, wherein the amount of organometallic compound pfesent is

sufficient to provide a molar ratio of organometallic compoitmd to pre-

catalyst of from about .001:1 to about 2000:1.

19. The catalyst system of Claim 17 wherein the pre-catalyst is at least one

30 transition metal compound represented by the formula:

Cp*q ZL L3 L,



25 catal yst, wherein the anount of organonetallic conpound present is
sufficient to provide a nolar ratio of organonetallic conpound to pre
catal yst of from about 0.001:1 to abef6-2000:1. 19. The catal yst system of
Claim 17 wherein the pre-catalyst is at |east one 30 transition: MW'ZGI}J
conpound represented by the fornmula: Cp*q ZL' nL2nL3p -96 3 SEP 1003
wherein: each Cp* independently represents cycl opentadi ényl group,’
substituted cyclgpentadi enyl group, cyclopentadienyl derivative group, or
substituted cycl opentadi enyl derivative group, with two Cp* groups 5 being

optional |y joi necatlogpt elepindentlyrfipedsynts @yélogentlidny1 glupPsubstittbdogen at ons
thereby formng a brid (g structure; Z represents at |least one transition
metal sel ected fC¥Riopsntadignyl SFRFPHEYC @mnﬁﬁi@wbdwaam B@MPsTate; L' is an

when present |t ogerRaRe s L oRlerfPalatt B MR A4 ﬁ?ﬁ%ﬁzlgawat |

occurrenBe i ndepéeihgniptipnalapiorednogetian by ptmeisw hanimgtupab 30awns base havi ng
can represent a second transition netal

up to 20 non- hydr, n atomns

conpound of the &% ﬁ@gFS}ﬁTé’mésth?rB'i%%ﬁr%m}g%%qlﬂc@W&Pc% metal Z centers are
bri dged by one orz {¢ s&?tsgﬂe&b%ne&éls&&n%ﬁﬂal &T&%drf?&ﬁ%'ﬁdﬁﬂfﬁ@e”“y
represents a nonovalent, anionic noiety having up to 50 fon-hydrogen
atons, or a neut rnmkhe Coryidajimnestate;or non- conj ugat ed di ene n-bonded to Z,

with two L3 groups.together i nI. t|t a .dival ent ani onic
moi ety havi ng boﬁ'h %\'?%Wboé‘?l d‘%ﬁ?ﬁgsqabé e gh ‘HHHDEE% AoFYet her
optionalihy const ithdit whkh prest, rr@gbe%e\f “Hﬂ’lt@p’cﬂ)\‘ﬁkﬁ%étédl&yél@%&f)zz and
coordinated thereto by a Lewi's base functionality; is an integer of 1

or 2 and represen §a@1h@ccntrmrmfdﬂpe@ﬁnﬂgrr@mp@ntmond reutrah heyvian i nt eger
of 0 or | and repfe: avh? ht% ib%q{&é%%%tﬁns?up EZ regresé;%asgcon'd n and p

are independently 1n L O oM
transition mctal compound of the same type as formula I such that two

metal Z centers are bridged by one or two L groups;

15 L2 each occurrence independently represents a monovalent, p.nionic
moiety having up to 50 non-hydrogen atoms, or a neutral, conjugated
or non-conjugated diene nt-bonded to Z, with two L* groups itogether
optionally constituting a divalent anionic moiety having both valences
bound to Z, and with L and L? together optionally constituting a

20 moiety both covalently bound to Z and coordinated thereto by a Lewis
base functionality;

“q” is an integer of 1 or 2 and represents the number of Cp* groups

bound to Z; |

m is an integer of 0 or I and represents the number of L' grdups bound
25 to Z;

n and p are independently integers of from 0 to 3;

the sum of g+m+p being equal to the formal oxidation state pf Z; and

provided that where any one of L' to L’ is hydrocarbyl contéining,

such L group is not Cp*. |

30

20.  The catalyst system of Claim 17 wherein the pre-catalyst is at least one

transition metal compound represented by the formulae:



the sum of gq+mtp being equal to the formal oxidation state pf Z; and
provided that where any one of L' to L3 is hydrocarbyl containing, such L
group is not Cp*. 30 20. The catal yst%ystem of C aim 17 wherein- égﬁ
pre-catalyst is 4t least one transition netal compound represent BJthe
formulae: -97 Cp * L 3 /Z\ C L3 and Cp "/ L3 ((R)2BE)x Zz/ L3
wherein: Z represents at |east one transition netal selected fromTi, Zr
and Hf; and ; Eis silicon or carbon; Rl each occurrence independently
represents hydrogen, sily hydrocarbyl, hydrocarbyloxy or m xtures thereof
having up to 30 10 carbon or SJ|ICOH atons and x is an integer of | to 8.

='3 SEP 7003 21. The catal y&p stem oL’ Cla|n120 wherein the pre-catal yst
is 4t least one transition neta cgnﬁound represiﬂ&gd by the formula: 15 G
-Y Cp 2\ L3 L3 wherein: Z, Cp* aAd L3 are as de dindaim20; Gis a
di val ent noi ety conprising oxyg b n, or a menber of 20 G oup 14 of the
Periodic Tabl e of Elenents; Gmnd - L

and

(Zp 13
@y, N
\ 4 \ Iv)

5 wherein: |
Z represents at least one transition metal selected from Ti, Zr, and Hf;
and ; E is silicon or carbon; |
R' each occurrence independently represents hydrogen, silyl,
hydrocarbyl, hydrocarbyloxy or mixtures thereof having up jto 30
10 carbon or silicon atoms; and

X is an integer of 1 to 8.

21. The catalyst system of Claim 20 wherein the pre-catalyst is at least one

transition metal compound represented by the formula:

15
G Y
e D
Cp Z\_sL
L

wherein:
Z, Cp* and L? are as defined in Claim 20; |
G is a divalent moiety comprising oxygen, boron, or a member of

20 Group 14 of the Periodic Table of Elements; and 3



Y is a linking group conprising nitrogen, phosphorous, %ygen or sulfur,
with Gand Y together optionally constituting a fused ri structure. '3
SEP 2003 5 22. The catal yst system of'9§rry one of C ains 19 20 aﬁjsgﬂ'ﬂ]{]}
wherein Cp* is selected fromcycl opentadienyl, indenyl, fluoren

t et rahydroi ndenyl, tetrahydrofluorenyl, oct ahydr of | uor enyI

cycl opent adi enyl, cycl ohexadi enyl , dihydroanthracenyl

hexahydroanthracem{ ggﬁﬁ)agbqu{ n tal yst system
of Claim 18 wherei n£ aI{/Ih?usai(ﬁal um num " gﬁtrﬁﬁééﬁ Mﬁoépﬂ&ogéoxg%(ﬁg C24 al kyl .

24. The catal yst su}&tr,emtloﬁ @dwmgtmfomﬂmhxcmtlaMgmfusddanr@ n at |least 15
one L3 of the presc %&I yst is hydrocarbyl. 25. The catal yst systemof Caim
24 wherein Cp* i SSHIBYi tuted with at |east one CL to CI10 hydr ocar byl
group. 20 26. The catal yst system of any one of Clains 20 and 21 wherein at
| east one L3 group is hal ogen, hydrocarbyl or mixtures thereof. 27. The

cat al yst Jsyst?em oFheqajal preysemof anyenoef Gamohd, 2Aené2h weehn Cp*iis

oy er oy om oo e SRl b el Sy Diba B (et i ng
in the inert hydrteti‘ﬂfyblﬂﬁﬂﬂdrﬂlyld)dlfhy&lfoﬂnoiehﬂ cﬁdlolb@mﬁlier@ne organonetal lic

conpound represented by the formula 213‘ 30 wherein Mrepresents
at | east one el en%’ﬁ%Ohﬁﬁ‘ad@fB’érphliydr‘zﬁnﬂgﬁccPEl £X éroap@rqqgayleaqchm e, tin or

zinc, and each Rd agg?@zgﬂﬁg jrepresents at |east one of hydrogen,
hal ogen, or hydr ocgr ase‘f’jFJ )gér oup, and "s" is -99 3 SEP 2003 the

oxi dati d@ nunber of M sai d organorret al l'i c conmpound being in | intinmte
contact with, sai r ata an ano ffl ci ent t‘o : OVI de a nol ar
rati o of ordganone Y%S}ﬁ% ﬁa%mp& C&?‘& dt alypinum, . an

R? is c1 to Caqalkyl.

24.  The catalyst system of any one of Claims 20 and 21 wherein at least
15 one L’ of the pre-catalyst is hydrocarbyl.

25.  The catalyst system of Claim 24 wherein Cp* is substituted with at
least one C; to Cyp hydrocarbyl group.

20 26.  The catalyst system of any one of Claims 20 and 21 whcreixil at least
one L’ group is halogen, hydrocarbyl or mixtures thereof.

27. The catalyst system of any one of Claims 20 and 21 whereiﬁjl each L is

independently chlorine, bromine, iodine, or C;-Cg alkyl.

25
28.  The catalyst system of Claim 19 prepared by the additional jstep of
including in the inert hydrocarbon liquid of step III, at least ione
organometallic compound represented by the formula:
M (R, (VIID) |
30 wherein M represents at least one element of Group 1, 2, orﬁ 13 of the

Periodic Table, tin or zinc, and each R? independently reprejkents at

(298 ]

least one of hydrogen, halogen, or hydrocarbyl based group, and “s” is



fromabout 0.1:1 to about 1000:1. 5 29. The catal yst system of O aim 20
prepared by the additional steps of including in the inert hydrocarbon
liquid of step 111, at |east one orgQfenetallic conpounﬁ represented by
the formula: M(R2)5 (VII11) 10 wherein Mrepresents at |east one-g@lspepp) of
Goup 1, 2, or 13 of the Periodic Table, tin or zinc, and each R2

i ndependently represents at |east one of hydrogen, hal ogen, or hydrocarbyl
based group; and s .St i .0 £ Mep onetallic
conmpound being i r‘fhes?’ﬁfllgt%% Ae]fﬂétgéntog%t’ S\g\ﬁratq%gs}{a&ﬁ{gtaglﬁ%%énaﬁoyngs??{q%ﬁﬂan anmount

sufficient to 15 ipiMsedonactWitiasaid pte-eataliston gamnowitalfficdert espound to
pre-catalyst of fromabout 0.1:1 to about 1000: 1. 30. The catal yst system
of O aim21l prepdreddyymar rafaapfwrswwmﬁlbﬁgowouqdﬁe|Pmﬂ=$e}>’ﬁtrpft he inert

hydr ocar bon | i quf’on?ﬁb&n%;ﬁgl_:i H?bﬂ% géwt one 20 organonetal | i c conmpound

represented by the tor 1) wherein Mrepresents at | east
one element of Goup 1, 2, or 13 of the Periodic Table, tin or zinc, and

each R2 independeptly represent t _|east one of hydrogen, hal ogen, or
hydr ocar byl Basedgreatabis sstem oF Claim 26 revnaredinctie editaoEPs 8 M sai d

or ganometal |i ¢ conpRuAg iPleiert ByarbdibdiRl i BRGASHL Wt Idasisled pr e- catal yst

I n an amount sufficrent to pro |(§e a nolar rati'o of organonetallic
conpound to pre- cagaloystalld cotipamd abmetentdbylthe ormipbut 1000: 1. 30 31. The
catal yst system of C aim 28 wherein I\ﬂ/[i 2.al um num I?vﬁl s al kyl or al koxy,
"s" is 3, Zis selected fromat | east &hes of Zr, Ti, i)-‘lf, and L3 is

hal ogeng- 100 =' 3,i3khn 2003rdents hRaGn8 ekdlend yEGRM AL 21 3013Re Wherein Mi's
alumnum R " is alkyl or " alkoxy, "s" is 3, Zis Selected fromat | east
one of Zr, Ti, arfgripflic Table, tih3r pgnchaidegeinR” Bidgpendently reareaenis et syst em of
Claim 30 wherein,Mis_alym.nu i s alkyl or | kQx s’ ks.3, Z 1S
sel ected from at l?aégg?e %ﬂgd{ﬂge T&oﬁe’n, %rnhﬁ/qf?c E‘P((l.lgase:8 g¥dup ’j nd I§

the oxidation number of M; said organometallic compound being in

intimate ¢ontact with said pre-catalyst in an amount sufficient to

15 provide a molar ratio of organometallic compound to pre-cajtalyst of

from about 0.1:1 to about 1000:1.

30.  The catalyst system of Claim 21 prepared by the additional xj;teps of
including in the inert hydrocarbon liquid of step III, at least one
20 organometallic compound represented by the formula:
M (R, (VIIT)
wherein M represents at least one element of Group 1, 2, or113 of the
Periodic Table, tin or zinc, and each R? independently reprefsents at

£C

least one of hydrogen, halogen, or hydrocarbyl based groupi and “s” is
25 the oxidation number of M; said organometallic compound being in

intimate contact with said pre-catalyst in an amount sufﬁcieht to

provide a molar ratio of organometallic compound to pre-cdtalyst of

from about 0.1:1 to about 1000:1.

30 31.  The catalyst system of Claim 28 wherein M is aluminum, R? is alkyl or

alkoxy, “s” is 3, Z is selected from at least one of Zr, Ti, or Hf, and L’

is halogen.



L3 is hal ogen. 34. The catal yst systemof Caim 17 wherein the
support-activator is at 10 |east one of clay or clay mneral having a
negative charge blow 0. 35. The cat al yt- system of C ai m 34 wherpigpp
layered material is a smectite clay, the weight ratio of inorganic oxide to
clay in activator agglonmerate is fromabout 0.25:1 to about 99:1, a e
support the ratio 15 of mcronoles of pre- catal yst to rams of

support-actl at or. 0 abou 1. 36 t al yst
syobem of G m Feaaeh et Pira ot om0y M Kt R TS o

montnori |l onite amehxhyeed qs s t2is seleteWdidaiht 16at bRe &f 24, "I‘Praﬁ 'HfCaI?d) oxide to
clay in the suppor.t- acti vat or aggl onerate is from about 0.5’ to about

20: 1, and the ratli'"ds blogdrcr onol es of pre-catalyst to | grans of
support-activator agglonmerate is fromabout 10:1 to about 160:1. 37. The
catal yst systemof C aim 17 wherein the inorganic oxide 25 conponent is

Si @2, the waight Titdamlyef sysidaR of Olai BOvaRkréR M IS Mminfnd, B is alkyl or
support-activator agglonerate is fromabout 1:1 to about 101 and t he
ratio of m cronolakexys “piel.daisaelpsied fomyatdanst ore ofdrpdi-tand i end or

aggl onerate is fr 0%388%& 20:1 to about 60:1. 30 38. The: cat al yst system of
any one of Cains ™8 wherein the support-activator aggl onerate
conprises spray dried agglonerate -101 5 particles conprising constituent
particles of at |east one of Said _inorganic oxides and at | east one of

sai d | ayer ed4nat Shesatalyphystannof Clajm latW%eéeagtth-am@t%ﬁ alre of the

090G o1 kL5 SR S AR ety KRB AR chEARSIRTT 7 € particl e
support-activator aggl oner at e part icles possess (A) an average particle
ZBZSOOLbLL?TéabO a?ys??yosltjetm oPglalm 3ir ci-xereln e a)ger df?tlla.tselxj'lr %Cae area of from
smectite clay, the weight ratio of inorganic oxide to clay in the support
activator agglomerate is from about 0.25:1 to about 99:1, antl the ratio

15 of micromoles of pre-catalyst to grams of support-activator ‘hs from
about 5:1 to about 200:1. |

36.  The catalyst system of Claim 35 wherein the smectite clay 1£ at least
one of montmorillonite and hectorite, the weight ratio of inc;rganic
20 oxide to clay in the support-activator agglomerate is from about 0.5:1
to about 20:1, and the ratio of micromoles of pre-catalyst to}grams of

support-activator agglomerate is from about 10:1 to about lbO: L.

37. The catalyst system of Claim 17 wherein the inorganic oxid;s
25 component is SiO,, the weight ratio of SiOs to layered mateﬁﬂ in the
support-activator agglomerate is from about 1:1 to about 10:1, and the
ratio of micromoles of pre-catalyst to grams of support-activator

agglomerate is from about 20:1 to about 60:1.

30 38.  The catalyst system of any one of Claims 17 and 18 wherein the

support-activator agglomerate comprises spray dried agglomerate



10 (I1'l1) the constituent inorganic oxide particles fromwhich; the support

activator agglonerate particles are d
prior to spray drying, of from about”

consti tue

prior to spray drying,

gdived have an average particle size,
0 about 10 mcrons, and t

herp

nt layered material particles have an average particle siZe,

of fromabout 0.01 15 to about 50 nmicrons.

39. The

catal yst systemof Claim 38 wherein the constituent inorganic oxide

particles from V\A‘pe@diblém:ﬁptﬁmgrdonﬁﬂhem@hﬂfole%gmaﬁréﬁit@he oPadidi cl es
derived, prior to spray dr have:

ar e

an average particle size of

from about 4 to ABSREANIG O Féﬁéat le?(SFPI}e *afsa lyered mater@lopBereinbut i on Span of

4y 1 u s B o FRE o b eGSR ARUET, | ot 7

fromabout 0.5 t

bo

content of from about

i norgani ¢ oxi de parti cmmlhtxetlghﬁ)gu 265th3ent. agglomem:eﬁsmfzmrs f eparing a
syst em capabl meri zi ng, at a n efin conpri sing:
i ‘ﬁ?‘ﬁL%tp Wesa’dm%ﬁpb?w&é% Fé&ogﬁgé’v | east one

cat al yst
(1) aggl

nmerating to f
I nor gani ¢ oxi de
Zr2, and Cr2G83 w

(0]

(A) at
O AIPXM, TiQ,
h ﬁ%&u@?hedggggo{) | on ?ﬁjnt al n| ng ayered materi al

havi ng interspaces bet(Agen anhwetagy pasickrsizesaffifane aboit 4 thebow 2503 SEP 7003
-102 5 10 15 s 3 SEP 2003 acjdity, Wnen present within the

support - activator

aggl omerBEEnS; 4act i vate the pre-catal yst conpound of

(1) when the pre-catgByst dsurfafe &@ﬁlbﬁﬁbmvﬂdda abb@ §PORRYEH; activator, said
having a cationic conponent and an anfonic conponent

| ayered materi al

wher ei n18ai d
15
39.
20
25
40.
30

(1)

¢ constituent inorganic oxide particles from wh;ch the support

activator agglomerate particles are derived have an average

particle size, prior to spray drying, of from about 2 to about 10
microns, and the constituent layered material particlji:s have an
average particle size, prior to spray drying, of from about 0.01

to about 50 microns.

The catalyst system of Claim 38 wherein the constituent ino@rganic

oxide particles from which the support activator agglomeraﬁe particles

are derived, prior to spray drying, have:

@
(D)

(I

an average particle size of from about 4 to about 9 rﬁicrons,

a particle size Distribution Span of from about 0.5 to about 3.0
microns, and ‘

a colloidal particle size content of from about 2 to about 60

wt.%, based on the constituent inorganic oxide particle weight.

A process for preparing a catalyst system capable of polymerizing at

least one olefin comprising:

@

agglomerating to form a support-activator agglomerate:

(A) atleast one inorganic oxide component selected from
Si0;, Al,03, MgO, AIPOy, TiO,, Z1rO», and Cr203 with

(B)  at least one ion containing layered material having

interspaces between the layers and sufficient Lewis



cationic conmponent is present within the interspace of the |ayered

material, said |ayered material being intimately m xed with sai d i norgani C

oxi de conponent wi thin the aggl onmerat@4in amount sufficient 2

the activity of the coordinating catalyst systemfor polyneri 2| ng et yﬁene

mononmer, expressed as Kg of polyethyl ene per gram of catal yst system per

hour, relative to the activity of a correspondi ng catal yst system

enpl oyi ng the sanme pre-cat al%(ﬁt bglt%l n the %ence of either Corrponent A
Ya

or B of the support- actival R@P%ﬁté‘“d’(‘? SHPRRFH {?ﬁtwt

pre-catal yst, at |east one 1@5&9@%9&0@}&&%3,7@_@%@@& aroy transition
nmet al conpound capabl e of E{% bei ng activated upon'contact with the

support-activator, or 20 (B)Il)bﬁlenghewwetaﬁ)@ms ingontagtorttathe suprdit-an

organonetal lic corrpound to.a r,edi abl e of .bei ng actuated upon
contact with the support-acqct\V%PE § 857"‘?@‘?13&68 &geal??tlg transition

netal issat |east one nenbedor@ﬁngmtagqaﬁmm(ﬁmeﬁ whérefii saldnt hani de
netals, of the Periodic Table of Elements; 25 (Ill) contacting the

support-activator and pre- c@@anlywnmnnmesmp@@éw@bmtbelra@rw@ast one inert
| i qui d hydrocarbon in a maq)r}gﬂ lﬁg%re&ﬁ{a @1 tg%d@{ (il’q tele 'the | iquid

hydr ocarbon, a ratio of mcr €S0 o'grans of

support-activator of from aiéﬁigtmtlﬂaafhl)omlﬁedmﬁmuhn&gﬁnibm@dw to cause at
| east one of absorption and 30 ads&r;ﬁtlon of the pre-cataly by the

support-activator —aggl omef@PROnCNY YA the agglomergicda gmopun S& Fﬁ‘% further
conpri sijgg including at | ef’oslltnfﬂ?&?e thQ%&?ﬂ@’[ﬁ%@é édoﬁdﬁ%‘?ﬂyétn the inert

l'i quid hydrocarbon of step | represente 5 M(Rs (VIIl)

wherein Mrepresents at | eaﬁtemfmp@ﬂmmthmmmsndmer%xmms&& of the

Periodic Table, tin or zinc,_and each i ndependent resents at
as Kgof po yethy{g%e per grgm (%cata.l)%t sy% em per

hour, relative to the activity ofa correspondlqg catalyst
system employing the same pre-catalyst but m the

15 absence of either Component A or B of the sdpport—

activator agglomerate; |
(I)  providing as a pre-catalyst, at least one metallocene Pr
constrained geometry transition metal compound capable of
(A) being activated upon contact with the support-a&tivator, or

20 (B) being converted, upon contact with an orgmométallic
compound, to an intermediate capable of being activ?rated upon
contact with the support-activator agglomerate, wherein the
transition metal is at least one member selected from; Groups 3,
4 or Lanthanide metals, of the Periodic Table of Eleiments;

25 (II) contacting the support-activator and pre-catalyst in the presence
of at least one inert liquid hydrocarbon in a manner sufficient to
provide in the liquid hydrocarbon, a ratio of microrr{oles of pre-
catalyst to grams of support-activator of from about'1:1 or to
about 500:1, and to cause at least one of absorption bnd

30 adsorption of the pre-catalyst by the support-activat@r

agglomerate.



10 | east one of hydrogen, hal ogen, or hydrocarbyl group, and is the

oxi dati on nunber of M said organonetallic conpound being in intimate
contact with said pre-catalyst, wherell3 the anount of organonetall,i
conpound present in the liquid hydrocarbon is sufficient to provid@ @“hﬂﬂ&r
ratio of organonetallic compound to pre- 15 catalyst of from about 0.001:1
to about 2000:1. 42. The process of Caim40 wherein the pre-catalyst is a
transition metal conpound represented by the formula: Cp*q ZL' ni2nL3p 20
wherein: each Cp* independently represents cycl opentadi enyl group,!

substi t ut ed 41cyclTHeRbeds 6N lairg OUIrthe W onpESIAL astilediyg adesst vaé i ve group, ; or
substituted cycl opent adi enyl derivative group, with two gp* roups 25 bei ng
optional |y joi nedrgayaatahic sgmpoundiie the inery ligwidydiasarbon g ﬁtﬂpﬁl}drogen at ons
t hereby form ng I ; Z represents at |east one transition
met al sel ected f?%ﬁ%%%ﬁq‘%f&‘égwﬁ in the +2 oxidation state; L' is an
optional 5 dival ent substituent of up to 50 non-hydrogen atons 30 that,
when present, together with Cp* fornms a petallocycle with Z; L2 each
occurrence i ndependently represents M Bpkional neut@dID Lewis base having
up to 20 non-hydrogen atons or L2 can represent a second 3 SEP 2003 -104

transition netal conpound of the sane type as fornmula | such that two netal
Z centers are brivigeeinf represeats at wastlohe gleogms pf Grdups éazorddadithence

i ndependent |y represent nonoval ent, ani Qpi c, noj e havi n p to 50
non- hydr ogen at orfé'° W'lgﬁbrFeﬁPloéF{ncc%eﬁ ﬁe&‘@p@‘feﬂ !?B?ﬂeﬁ‘g_ﬁ?ed_ di ene
n-bondeqpt o Z, Wikl b¥O6AHYdBEdRHPRalSRACH B dro ARyl @RRIp! IndaNSd feut | Ng a
di val ent ani onic noi ety having both valerces bound to 2z, and with L3 and
L2 together opt i owidatipnoumbet ofU¥l srid arganenetelicisomipound beivgin y bound to Z
and coordi nat ed tigt?rag%e%caltl%cta mltl?\s’;\éia ppeqc?a?al;&r] v%hérgf?l (Ie£1¥1i)lmt of

organometallic compound present in the liquid hydrocarbon is

sufficient to provide a molar ratio of organometallic compound to pre-

15 catalyst of from about 0.001:1 to about 2000:1.

42. The process of Claim 40 wherein the pre-catalyst is a transition metal
compound represented by the formula:
Cp*, ZL' L%l
20
wherein:
each Cp* independently represents cyclopentadienyl group, substituted
cyclopentadienyl group, cyclopentadienyl derivative group,zor
substituted cyclopentadienyl derivative group, with two Cp* groups
25 being optionally joined together by a moiety having up to 30 non-
hydrogen atoms thereby forming a bridged structure;
Z represents at least one transition metal selected from Ti, Zr, and Hf
in the +2 oxidation state;
L! is an optional, divalent substituent of up to 50 non-hydrogen atoms
30 that, when present, together with Cp* forms a metallocycle iwith Z;
L* each occurrence independently represents an optional neutral Lewis

base having up to 20 non-hydrogen atoms or L? can represent a second



10 "q" is an integer of 1 or 2 and represents the nunber of Cp' groups
bound to Z; mis an integer of 0 or 1 and represents the nunber of L'
groups bound to Z; n and p are indepedBéntly integers of fromO to ﬁg %ﬁ
the sum of g+mtp being equal to the formal oxidation staﬂed of Z;'é P~7003
provi ded that where any one of L' to L3 is hydrocarbyl containing, such L
group is not Cp*. 43. The process of Claim42 wherein the pre-catalyst is a

L5 and Gp L3 ((ROYSETPRUIFCARRGATE SR dptfs B TG al gk Jo05
wherein:  Z repr esetal € cahtetsems bridged by emesirttwo .’ medups; sel ected from Ti, 4r,
A Bty e S Sy | o O
Y e S RSP UL P, S0 MR EASGRL 2Vl Binibeud) o2y bon o
wher ei n thhe pr e- catminysnjigated dierermsbonded torBt eith/t6o Y. gtoups taetied L3
optionally constituting a divalent anionic moiety having both valences
bound to Z, and with L* and L? together optionally constituting a
moiety both covalently bound to Z and coordinated thereto jby a Lewis
base functionality;
10 “q” 1s an integer of 1 or 2 and represents the number of Cp+ groups
bound to Z; ‘
m is an integer of 0 or 1 and represents the number of L! grbups bound
to Z; j
n and p are independently integers of from 0 to 3; |
15 the sum of q+m-+p being equal to the formal oxidation statq; of Z; and
provided that where any one of L' to L? is hydrocarbyl conﬁaining,

such L group is not Cp*.

43.  The process of Claim 42 wherein the pre-catalyst is a transijtion metal

20 compound represented by the formulae: |

Cp” L3
\z/ (1)
Cp */ \L3 ‘

and



10 conpound represented by the formula: wherein: Z Cp*|and L3 are as
defined in daim42; Gis a divalent ppiety conprising oxygen, boron, or a
menber of 15 Goup 14 of the Peri odi &05Tabl e of Elenents] and Y |3s

l'i nki ng group conprising nitrogen, phosphorous, oxygen 0|J sul fury 56@ 3&036
and Y together optionally constituting a fusel ring structure. 20 45. The
process of any one of Clains 42, 43 and 44 wherein Cp* |$ sel ected from
cycl opent adi enyl ? ganyl, fluorenyl, tetrahydroindenyl,

t et rahydr of | uor eny oct ahydr of | uor enyl cycl opent adi enyl

cycl ohexadi enyl , erdpyc:hemlarat baﬁmnyﬂansmaxaia;aﬂsdemmﬁameﬁy 1, and #f;

decahydroanthracenyl 29 46. The pr ss of . d a \gh rein i s alum num
"s" is 3, and R2 34 G@ @?i %elf’;?l ed1@§1m374 $ f°89é)§§ar PMany one of
Aainms 42, 43 andy44, %g&ﬁ.,téﬁ EMidepéndestiPiptedsttite Hyath éh afiyll east one Cl to
C10 hydrocarbyl gr oug 48. ce pf%cegs of bany oﬁ% o% lﬂms 43 and 44

wherein &t |east hydeodafbylShygramarbylexyhainigames mgrdoﬂwaMMP or30mi xtures

t hereof. 49. The pr.ocess..of any one of Clainms 43 and 44 wherein each i3 is
i ndependent | y ch|‘§f'?%°f55}°8ﬁ1p?i“ % ne, or C1-C$ alkyl. 10 50. The process
of O aim42 prepaf gnhitepdtraddigt i onal step of including in the inert

| i qui d hydrocarbon of step Ill, at |east one organonetallic conpound
represented by the formJIa M(R2)s (VII'l1) wherein Mrepresents at | east

and cach R2 Fhdcptiaunyes of Sliddatnddf eterciphatlsh datkBn el T CTE o

hydr ocar byl group, and "1s" is the oxidation nunber of M sai d
organonetal | ic conpound berg in intimte contact with said pre-catalyst in

an amount sufficient to provi Yar ratio of pre- cat al yst to
organonetal lic conpound fro (VD) |
Cp_'Z\ g_, |
L
10 compound represented by the formula:
wherein:

Z, Cp* and L’ are as defined in Claim 42;

G is a divalent moiety comprising oxygen, boron, or a memfber of
15 Group 14 of the Periodic Table of Elements; and ‘

Y is a linking group comprising nitrogen, phosphorous, oxyfgen or

sulfur, with G and Y together optionally constituting a fused ring
structure. ‘

20 45 The process of any one of Claims 42, 43 and 44 wherein Cp* is
selected from cyclopentadienyl, indenyl, fluorenyl, tetrahydroindenyl,
tetrahydrofluorenyl, octahydrofluorenyl, cyclopentadienyl, ;
cyclohexadienyl, dihydroanthracenyl, hexahydroanthracenﬁl, and
decahydroanthracenyl.

25

46.  The process of Claim 41 wherein M is aluminum, “s” is 3, $nd R?is C
to Cy4 alkyl.



20 about 0.1:1 to about 1000:1. 51. The process of C ai ml43 prepared by the
additional step of including at Ieast one organonetal li¢ conmpound in the
inert liquid hydrocarbon of step It Qﬁe'present ed by the forml a: ?%EMZP@S
(M11) wherein Mrepresents at |east one el enent of Group 1, 2, of

the Periodic Table, tin or zinc, and each R2 |ndependently represents at

| east one of hydrogen hal ogen or hydrocarbyl group, and "k" is the 30

oxi dation n er m ='3 SEP 2003
intimte co%ct vvlt g%?ggpre cata ?/@H%%\%%@%t%ﬁ%??l Cl ent to -107
provi de a nol ar rsbstituef witteatdessabnest todC @ hgdneoarbylagrbum conpound in the
hydr ocarbon |iquid fromabout 0.1:1 to about 1000:1. = 3 SEP 2003 52. The
process of Claim44 prepared by the additional step of including at 5

| east one Orwnorrﬁr@% beseempmﬂ@aﬁmy di‘x‘ar44 Mlérerhcat hugr@earbon of step
I1l represented by the structure formula: M(R), (VIIl) wherein M
representss at Ieagbuprséiakbgnﬂmdrmaﬂﬂloupumuresthmof 13 of the 10 Periodic
Table, tin or zinc, and each R2 independently represents at |east one of
hydrogen, hal ogen or hydrocarbyl group, and "b" is the oxidation nunber of
M said orgafpmet phd hrocsse BPaNEhe ST T8imsu3 ddﬂt44rﬁﬁﬁd¥e1ﬁ(%ﬂélﬂﬁ% jswi th said
pre-catal yst in an anmount sufficient to provide a nolar ratio of

pre-catal yst to ongeprodentiy dhlaringobiesungl ivdine &t Chdsidfigilocar bon |i quid from
about 0.1:1 to about 1000:1. 53. The process of Caim 50 wherein Mis
alumnum R2 is alkyl or alkoxy, "s" is 3, Zis at |east one of Zr or Ti,
and L3 19 hajgenThe2frobebs oﬂ'@mmrﬂq&q&rﬂf bﬂhalaﬁdﬁﬂmw's&rpejfﬁn&%dmgaﬂ um num R2
is alkyl or alkoxy, "s" is at |east one of Zr or T|1 and L3 is

hal ogen. 55. The tﬂi?é‘teébléq hﬁ’ﬁ?ﬂfﬂ’%"ﬁ/ﬁ‘i@r@] At lepstong praanAlstalie s al kyl or
al koxy, "s" is 3’co¥nﬂo§matreﬂr§s%ﬁ{ed%9%é’for£ﬁl L0r Ti, and L3 rs hal ogen. 25

M (R?); (VI
wherein M represents at least one element of Group 1, 2, or? 13 of the
15 Periodic Table, tin or zinc, and each R? independently représents at
least one of hydrogen, halogen, or hydrocarbyl group, and * “ ” is the
oxidation number of M; said organometallic compound bemg in
intimate contact with said pre-catalyst in an amount sufﬁciejint to
provide a molar ratio of pre-catalyst to organometallic comzpou:nd from

20 about 0.1:1 to about 1000:1.

51.  The process of Claim 43 prepared by the additional step of jﬁncluding at
least one organometallic compound in the inert liquid hydrécarbon of

step III represented by the formula:

25
M (RY); (VIII)
wherein M represents at least one element of Group 1, 2, 01r 13 of the
Periodic Table, tin or zinc, and each R? independently represents at
least one of hydrogen, halogen or hydrocarbyl group, and “ﬁ;” is the
30 oxidation number of M; said organometallic compound beihg in

intimate contact with said pre-catalyst in an amount sufficient to



56. The process of Caim40 wherein the support-activat oi aggl onerate is

at |least one of clay or clay mneral having a negative charge below 0. 57.
The process of Claim56 wherein the t&®red material is a smectit Elp ﬁ[ll ay,
the weight ratio of inorganic oxide to clay in the support activ‘afé 003
aggl onerate is fromabout 0.25:1 to about 99: 1, and the ratio of -108 -'3
SEP 2003 m cronol es of pre-catalyst to grans of support-activator is from
about 5:1 to abowt 200: . j T ip the snectite
clay is at |east %{Iﬁgﬁg% rﬁ%aﬁ%ﬁ%ﬁq"{a@%ﬁ?} g{%%&e}%ttmégicto iéM,%%t[‘ﬁdeﬂlvvei ght ratio
of 1 norganic) oxitie hydrochrbyn liquitdfeons afxpo 0tl: hei aboat bB00aQgl onerate is from
about 0.5:.1 to about 20:1, and the ratio of mcronoles of pre-catalyst to
grans 0 'support- activator agglonmerate is fromabout 20:1 to about 60: 1.
10 59. The ces o fC48m i j j ' L&inSihaP2, the

wei ght rati 23‘ 28f S?I(l)gﬁrto 0 S?:gyer edmrzr‘gqrgl%#%l Bft#e? ﬁaeﬁigi&%lg‘é t-fg@%l}li&}g?g?

aggl oner &t e is frieastabeutgatotetalicajooypouddinithe aeet lidwed hydrpearbén ofvi cr onol es
of pre-catalyst t ns of s rt-activator, agglonerate is from about
20:1 to about 60 SeP HErprsenpd bR s tctugy Bemylaing of 0aims 42, 43 and 44
wherein the support- activator conprises spray dried support activator

aggl onerate particles conprising consti tuent particles of at |east one of
sai d inorganic oxides and at |east onkl @ )ssaid | ayer@&llaterials wherein:

20 (I') at least 80% of the vol of the,aqggl operated particles smaller
than D90 of the eWIE‘%rFlélMd@?rSW?Sgﬁéeaﬁ%?Q%eé?rgg‘gio o t%?f’ﬁﬁé Ptﬁ'epossesses a
mi crospher oi dal  npgrjaRd Pable, tinl ob)zidd) endeHRR R tindepkhdeatlp repre@nargr at e

particles possess (A) an average particle size of fromabout 5 to about 250
25 nicrons, and (lB3staneaf hydregen balogin grygdrazerbybemypandgB0isdegrip; (111)

t he constituent i&ﬁ&ﬂ?o'ﬁin ngﬁﬁhiogéaiﬁmf{aﬂf@mp%ﬁna'ﬂg” ypport activator
aggl onerate particl'es are derrved have® an &/erage partllc‘?%e size, prior to
spray drying, of intifircdontict withaidlpeestatdl§st in an amount sufficient to

provide a molar ratio of pre-catalyst to organometallic compound in

15 the hydrocarbon liquid from about 0.1:1 to about 1000:1.

53. The process of Claim 50 wherein M is aluminum, R’is alkj/l or

[ 199}

alkoxy, “s” is 3, Z is at least one of Zr or Ti, and Lis halogen.

20 54, The process of Claim 51 wherein M is aluminum, R?is alkyl or

alkoxy, “s” is 3, Z is at least one of Zr or Ti, and Lis halogen.

55.  The process of Claim 52 wherein M is aluminum, R? is alkyl or

alkoxy, “s” is 3, Z is at least one of Zr or Ti, and Lis haloéen.

25
56.  The process of Claim 40 wherein the support-activator agglomerate is
at least one of clay or clay mineral having a negative charge below 0.
57. The process of Claim 56 wherein the layered material is a imectite
30 clay, the weight ratio of inorganic oxide to clay in the support activator

agglomerate is from about 0.25:1 to about 99:1, and the rapio of



30 mcrons and the constituent |ayered material particles have an average
particle size, prior to spray drying, fromabout 0.01| to about 50

mcrons. 109 - | SEP 2003 61. The pf6 5s of O aim60 wherein the
constituent inorganic oxide particles fromwhich the support acei Rt 03
aggl onerate particles are derived, prior to spray drying, have: (l) an
average particle size of fromabout 4 to about 9 mcrons; 5 (lIl) a particle
si ze Distributi onmp@foled of{,@maapﬂwo Eramis 08 sufpprtaclvitofis@rdngbond (111) a
colloidal particle size content of fromabout 2 to about 60 w.% based on
t he constituent iTdigabaut20&ilde wei ght. 10 62. The process of C aim 40
wherein the support-activator agglonerate and pre-catalyst are agitated in
the liquid hydrocarbon at a tenperature of fromabout 0 to about 80C for a
period of fr3gn abDiw proedss bOCEMALT wHASA the stidctise cldPpistd leadidnefocess of
Claim40 wherein the liquid hydrocarbon of Step Ill is _separated fromthe
m xture &f suppormorEriignte andhlgcinrite.dhe waight ptie of inprganjeexidg® The process

of Claima4l wher eril& {n[}ge (L)l%;ﬁ)f&gtgicméﬁrop&fgﬁ%ﬁ&a%fi? E{ogg%ﬂou 0581 102BoEPAr at ed

fromthe m xture 0Of" supp Ivators- pre-ca and” "organonetal lic
conpound. 65. The2(pt,cmdske ratio Gf alicnohblestud iped-catdlisg to poamoofesuppdri-c conpound

Is contacted with pre-catal yst prior to ntract wi.th the
support - acti vat oraCtlﬁgoéﬁgﬁl‘b"ﬁé‘iaEﬁ‘gfrogﬁ.b"?ﬁi&ﬁrt%g]é@g\ggi‘l' C ai m 40 further

conprising including in the inert 1iquid hydrocarbon of step Ill, at |east
one organonetal lic conpound represented by the fornula: 30 M (R2), (VIII)
wher ei n 10 r ¥ es eFhespratess efiSlaimd wheseip ke mbra@nisugxidelis S§Q2 the 13 of t he

Periodic Table. t},n.r.2h0FsiGld SR8 FRelifs RSBk bk GRgesent s at - 110
agglomerate is from about 1:1 to about 10:1, and the ratio otf
micromoles of pre-catalyst to grams of support-activator agglomerate

is from about 20:1 to about 60:1.

15
60. The process of any one of Claims 42, 43 and 44 wherein the support-
activator comprises spray dried support activator agglomerszte particles
comprising constituent particles of at least one of said inoréanic oxides
and at least one of said layered materials wherein:

20 (D at least 80% of the volume of the agglomerated partﬁcles
smaller than Dgg of the entire agglomerate particle sjize
distribution possesses a microspheroidal morphology;

(II)  the support-activator agglomerate particles possess
(A)  an average particle size of from about 5 to aﬁout 250
25 microns, and ‘
(B)  asurface area of from 20 to about 800 mzfgrjn;
(III)  the constituent inorganic oxide particles from whicH the support
activator agglomerate particles are derived have an éverage
particle size, prior to spray drying, of from about 2 {o about 10
30 microns and the constituent layered material particl{q:s have an

average particle size, prior to spray drying, of from about 0.01

to about 50 microns.



| east one of hydrogen, hal ogen, or hydrocarbyl group, and "s" is the

oxi dati on nunber of M said organonetallic conpound being in intimte
contact with said pre-catal yst, wherel® the anount of organonetal,ld
conpound present is sufficient to provide a ratio of '3 SEP 20@5@ 2003
mllinoles of organonetallic conmpound to grans of suppo t-activator

aggl onerate of fromabout 0.001:1 to about 100:1. 67. The process of Claim

66 wherein sgi d rgld f08ks 8F 8RR ERt elré'ﬁthecé%ﬂgtgt'ld&ﬂ:' RReLkigact i vat or
aggl onerate iIs fromﬁa}gog% 0.11 to‘gtoult 10 1. l%%ﬁ Tﬁg&bdr%ocess of Claim

40 further conprimrtigescadmiwlichytht sepmutgetivator aggiomeraterpanticjeoarer at e at a
t enper at ure of f[ﬁ%m about 100 to aboubgsoo C for a period of fromabout 1

to about 600 mi nfeBYed PEOEY SPIRCINMEBRE of O ai m 40 further conprising

recovering the SUppOr tan AeidsY Bhitilc A4 STTRIALBouI 4 BBl amREiseat al yst

irrpregnaged herein from the ['iquid hydrocarhbon.

(I}  aparticle size Distribution Span of from about 0.5 to about 3.0
microns; and
(III)  acolloidal particle size content of from about 2 to about 60

wt.%, based on the constituent inorganic oxide weight.

10 62.  The process of Claim 40 wherein the support-activator agglomerate
and pre-catalyst are agitated in the liquid hydrocarbon at a temperature
of from about 0 to about 80°C for a period of from about 0.5 to about

1440 minutes.

15 63.  The process of Claim 40 wherein the liquid hydrocarbon of Step III is
separated from the mixture of support-activator agglomerate and pre-

catalyst,

64.  The process of Claim 41 wherein the liquid hydrocarbon of iStep I is
20 separated from the mixture of support-activator, pre-catalyst and

organometallic compound.

65. The process of Claim 41 wherein the organometallic compdund is
contacted with pre-catalyst prior to contract with the suppoﬁt-activator

25 agglomerate.

66.  The process of Claim 40 further comprising including in the inert
liquid hydrocarbon of step I1I, at least one organometallic compound
represented by the formula:

30 M (R?); (VIII) -
wherein M represents at least one element of Groups 1, 2, or 13 of the

Periodic Table, tin or zinc, and each R independently represents at



10

15

67.

68.

69.

-110- =3 SEP 2003

least one of hydrogen, halogen, or hydrocarbyl group, and #s™ is the
oxidation number of M, said organometallic compound beipg in
intimate contact with said pre-catalyst, wherein the amount of
organometallic compound present is sufficient to provide a\ratio of
millimoles of organometallic compound to grams of suppoﬁ-activator
agglomerate of from about 0.001:1 to about 100:1. 1

The process of Claim 66 wherein said ratio of organometal“ic
compound:support-activator agglomerate is from about 0.1 11 to about
20:1.

The process of Claim 40 further comprising calcining the sij.lpport-
activator agglomerate at a temperature of from about 100 to about 800°

C for a period of from about 1 to about 600 minutes.

The process of Claim 40 further comprising recovering the isupport—
activator agglomerate having the pre-catalyst impregnated ljtherein from

the liquid hydrocarbon.



