42985A | ONI C COVPOUNDS FOR CATALYST COVPONENTS,
DI SPERSI ONS AND SCLI D ADDI TI ON POLYMERI ZATI ON

CATALYSTS CONTAI NI NG THE SAME ield of the Invention
X . THI BET HAS 8E

5 WO 9F2113% | nventi on rel atgs tSoSH‘ﬁétZ@:’y%EtE"\t nmponen®PCAUSHH BTN

conprising an ionic ' C | o1 I rm to a nonsupported

solid catalyst CONDATALNSECOMPONENIDIBFERSION COMPRISING ANIMNIC an i oni c
conmpound, and an organonet al cor‘rgound, to a@&lﬁgorted solid
LD ¢ ,

catal yst conprisin A0NIA SRR R ALIRRY L¥MERIGAIIODhpound, an
or ganonet al CO@R‘?%@%S’I@@O&}%HN f il , to a nmethod for
preparing the catal yst conponent ®3§gﬁ§m@ to a nethod for
preparing the solid catalysts, to a nmethod for activating a

cat al yst sui t abFéeld of thednlyentiom pol yneri zation, and to an addition

pol yneri zati on process using the solid catal ysts.

Background of the.l.nvent| nopgeneous . onic transition
nmet al cgt al yst S@}sgﬂﬁ%ﬁ:\%?&gtrgs {%%?:artal Istgcgmgg¥%r‘1|t§d,{§$%rs1%n COTPRSING AR 4905 ¢ y in
addi ti on pebmpsiuridziatsohd forng &PL adupportddashd edtalpitabhmﬁsia?d tehinSitich hidga) and
are capabl e of providing ol efinic polymers of narrow nol ecul ar
wei ght di sEPMBeHNdsAR igpigicompound, and an qrganogietahEeTBDMRAntoc Yappertad solid

copol ymeri zag édéln ishiY 4 &fsitRnRhdaUonid AR &&J};}P mer
di stributi o%s.yWUn e@lsﬁor%lr ymsrsll zat | 0?1 80?8???’0%6 \A%Q%?n%poﬁlgfiy%?rgl S EI(gfgmad
as solid peompaoimsl and asuppogmdterialj to agasthpdfos preparisg the cytaplsasenponent

pol yneri zatj ons, these 20 honmogenequs (sol ubl e) catal ysts form
pol ymaﬁb de fBBST NP 3 B5hed for\lgé?ga,gmgﬁlge Sa"f‘ﬁtci’“é sts,toa mgtho‘ﬂ%@%‘ﬁnﬂé Bosits

shoul d be tanRVEdihbRISCdN6onADI NGRS YRR o AadditdnPoBtheaAb process
exchange neceSsary for cooling tthe reactor contents, prevent the regular or

cont i nuous using the solid cataimstsal of pol ymer fromthe reactor, and cause
excessive wear of the noving parts in the reactor. The pol yners

produced by t heﬁgcﬁorl hllpci S'ftﬁ@#n%)(t%ns further have undesirable 25
particle charac | ow bul k density which limts the
commercial utility of both the polyner and the process.
Ther ef ore, t her &ansoganemms dortiotrprsitiandrectabdatdlyssst e known for theit kigh cavalytid
over Cof? S_lz{gtpvi yrig l?alclgirtri%h polymerizations, especially those of olefins and diolefins, and are
capable of providing olefinic polymers of narrow molecular weight distributions and,
for example when ethylene is copolymerized with a further alpha-olefin, narrow
comonomer distributions. Under polymerization conditions where polymer is formed
as solid particles, for example, in gas phase or slurry phase polymerizations, these
20  homogeneous (soluble) catalysts form polymer deposits on reactor walls and stirrers
which deposits should be removed frequently as they prevent an efficient heat-
exchange necessary for cooling the reactor contents, prevent the regular or continuous
removal of polymer from the reactor, and cause excessive wear of the moving parts in
the reactor. The polymers produced by these soluble catalysts further have undesirable
25  particle characteristics such as a low bulk density which limits the commercial utility

of both the polymer and the process. Therefore, there is a need to provide catalysts

that would overcome such problems.

1 This Sheet Has Been Replaced
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WD 98/ 27119
PCT/ US97/ 21875 Several supported catal ysts have been

proposed w@®sgaigg i n particle formng pol yneri zat i onpphRcEHHBTs
Support materials in the prior art are typically enployed in

conbi nation witd catalytic,c nents to obtain the formation of pol yner
particles of §gvera§iseu§)¥f’%%qc %‘325?% F% eZoegr? Q@PSWSQ%?SSHBPB’QW!G foaningd| v,

support napoBimezatiat prou&sesh. tNUppsrt makdMalsSiAIRe Sridrakidid @pﬁ%lg\é}r%ﬂoagﬁrin uni t of
active conmponents by depositing such . conponents on support materi al
havi ng a c8MRinatian Withi gialdigcoapeneite e obtaip thecformation of polymerypapimids ofat eri al s

I ' t VAN t id
The pr osencarole R fapplee M RORERY. e Yok ARERARAReeB 11 clo

form n§ increaspohtylyeiciazthtityqrer anindf 4dtive solpomiBShyS@pubitihy Z&%h and gives rise
to particles of undesired 10 size and norphol ogy, said particles
cont ri but CRGPPBENSRN # SHARPRTLMACTA hRYiNg Adslativehphigh surface area tFurdgonaere, wal | s

and ot her ggmy ' r . . EP- 327649 and
EP- 725086 %@%ﬁ%ﬂéﬁ?féd&é%?’gﬁdy@??cﬁé?%mgf cgn the caulyteomifoheig (210 yst.

EP- 327649 areidabepresance ohs gisifipp amednis o€ tatalypodhioke b de pheidl ot aingst

conposed ofl a tratnsiti(aq. meéal corrgﬁqu @nd an al unoxane_ havi ng an average
15 part i EPETETZaNY} canditions Beropies sRIRIZPd anghgives rissde pprticles of padesitad ea of 20
to 1,900 wizemhd hidrphology, sdiPpartiefes oftaBetiH i &?f@?ﬁﬂ its®

catal yst for et hylr%ne °gnd anha-oI efins @6%@{(0?3%‘%0 yrrerd zgﬁegﬁgltéorrpri si ng
a net al | oékigectauyply anspthar mgvingpartsanithe readtod carri er, where a car bon
atom of one of the [err]-cycl opentadienyl rings coordinated to the

transition nmet gp_4 It t O, atom of the inorganic
solid carrier. @5032376%%%@ §g|7|b§°g§§c)f§rfk§§’ﬁbe°n{6“?§ gt?‘b%*scuéinla@lﬂg%’ﬁmﬁﬁ ¥ an organic
al um num osgatalesti ERtI2764Nel20ds to a nonsippottsdialetiy palyrEpans: catalyst -

Support ed nonal an?xane .cat al éﬁt s are disclosed, for exanple, in EP-418044,
EP- 52258 $O™BR5°6 £f §$8BILORBCGAFYRRYE MDD APTHRIGNC BN 027, These
describe puPRRIGRLIGAL20Y lisroRfRicdd ARtk §ecERTRINNTe LoriJARS (Sdoqufg.Et al
conmpound, an 25 activator conponent conprising a cation ¢apabl'® of
reacti ng WEt712588¢ deasribes aslidwomponent of a catalyst for ethylene and alpha-olefins

(co)polymerization comprising a metallocene supported on an inorganic solid carﬁer,

where a carbon atom of one of the ns—cyclopentadienyl rings coordinated to the

transition metal is covalently bonded to a metal atom of the inorganic solid carrier.

20  This solid component is typically used with an organic aluminum oxy-derivétive which

is usually alumoxane.

Supported nonalumoxane catalysts are disclosed, for example, in EP-418044,
EP-522581, WO-91/09882, W0-94/03506, W0-9403509, and W0-9407927. These
describe supported catalysts obtained by combining a transition metal compound, an
25 activator component comprising a cation capable of reacting with a transition metal
compound and a bulky, labile anion capable of stabilizing the metal cation formed as a
result of reaction between the metal compound and the activator component, and a
catalyst support material. In EP-522581 and WO-9407927 additionally an

organometal compound, typically an organoaluminum compound is employed.



conpound and a bul ky, | abile anion capable of stabilizing the nmetal cation

formed as a result of reaction between the netal conpound and the
activator conponent, and a catal yst support material. In EP-522581
and WO OWS¥271%ddi ti onal |y an or ganomet al conpound PqTWW&!W? an
or ganoal um num conpound i s enpl oyed.

2 WEPOBZ 7443 Hi®scribes an olefin polymerization catalyst obtainable by contacting

PCT/ US97/ 21875, EP- 727443 (illescrl bes .an ol efjin meri zation
catal yst S8R M) rompReng: £ qpganometallic ¢qmppun 1%4%%’3‘&"3 ound, an

or ganomet @bmip6ndi? EBRPASNg aRerRr 8 hflichdledliymt compound%ﬁ%@%morﬁﬁ@ﬂ' sing a
carrier and an ionized ionic conpound capable of form

ani on on sablerandon oi reactécn With szid slansiton mtaék:ompmrwm{lerammlémmzcdl d i on| zed
5 i c.comp rises.a.cationic co an_ani oni c LLomponent

ond sapy’ ISHEBSHEREATRIRRES, Gullld B ron e B N RicB s Br aSafelr T oy

WO- 96/ 043 EBhiHR6 6dp@fendistilea oy She S0fHRO BF tHe@Arrfe@NPri sing a netal oxide
support haV|ng covalently bound to the surface thereof directly through the

oxygen m of the netal oxide, an activator anion that is also
i oni cal |y bound’vpo95<3{0‘i3d9 desriey Fetamsycmqswntqomnsm gmetal exide onpound.

Moncuor di SGpudt RlvER: LRy B8 RNoI Ricfibh B ARELE BfadnBhe bl O (¢

noncoor di nat’l ng ani-oni ¢ groups pen rom an m ca
conponent atohinef themeetglongden embctivator deion thatds sisod imkcmﬂyp:oby&twd ene or

pol ydi yi nyl benzene pol yner.i.c core or a ol yanionic Lewi s basic core

subst rlét eci@%“CE‘ng‘ﬁﬁ'ﬁx@“W‘?'ﬁ"’&taI_EW’B"‘H& d. The pol yanionic noieties are
used in a noncoordinating association with cationic transition netal
conpounds. WO-93/11172 relates to polyanionic moieties comprising a plurality of

noncoordinating anionic groups pendant from and chemically bonded to a core
component. The core component may be a cross-linked polystyrene or
polydivinylbenzene polymeric core or a polyanionic Lewis basic core substrate

15 reactable with a Lewis acid. The polyanionic moieties are used in a noncoordinating

association with cationic transition metal compounds.

Copending U.S. Application Serial No. 08/610,647, filed March 4, 1996,
corresponding to W0-96/28480, describes supported catalyst components comprising
a support material, an organometal compound, an activator compound comprising a
20  cation which is capable of reacting with a transition metal compound to form a
catalytically active transition metal complex and a compatible anion having up to 100
nonhydrogen atoms and containing at least one substituent comprising a moiety having
an active hydrogen. When combined with a transition metal compound, the resulting

supported catalysts are very useful addition polymerization catalysts.

25 It would be desirable to provide a solid catalyst and solid catalyst dispersions,
and components or precursors therefor, which do not require an alumoxane component
and which can be used in particle formation polymerization processes without

requiring a support material.



Copending U. S. Application Serial No. 08/ 610,647, filed March 4, 1996,

correspondi ng to WO 96/ 28480, describes supported catal yst conponents

conpri si Yo osr27119 & SUPPOrt material, an organonetal conmpoypgdysefhgsd i vator

conpound conpri'sing a 20 cation which is capabl e of reacting wth a

transition net co grma 3\ t|c I%/activetransition
Sﬁg din

met al conpl ex B"t‘ﬁaﬁV@b 87 RV 8 HEing Precuhy dr ogen
atoms and GERtG Whi&g Vﬁ{enlu@ﬁﬁh wﬁaﬁﬁhbﬁ Fx%@éssﬁ%bhtﬂé (313) ﬁdﬁ@hgty havi ng

an active hydrogen. Wen conbined with a nsition neta? conmpound, the
resul ti ng polymersaiipprstaatadyst effigiopsies. are very useful addition pol ynerization
catal ysts. 25 It would be desirable to provide a solid catal yst
and solid catal 0 t her ef or,
ahi ch do not et 3 rEPt IS erovide o 808 SERTRORERR YpMERRASRES. 00”1

particlse fwhightwhen upead inrmararticdd foominy tpaatation plooess give reducequibuig a

support material .
VO 98/ 27119 particles of undesired size and morphology. Itis yet a further object to provide a

PCT/ US97/ 2 hibRat yst, mc]udm recﬁﬁo%r&oﬁlvﬁf?cmh&%hﬁﬁm artlae%tar\ﬁh%e a solid

catal yst, |ncI I'ng precu ors erefor en use
pol yner i zapolpmepz(mma:’,)socasqeprc\eqn&stnréargélyprcmdm|tlrr:gproblem ofpfontn)amngf at good
catal yst effici er ect to provide a

sol i d cat 2RYEEr $"1£’8F‘Efd"}‘ﬁ‘ga"5’|’é"éﬁﬁ and athpipRplpar W RGeS, L0 PLOVI e 2

particle form ng polynerization process give reduced anmounts of

particjes of Unﬂ%*ét%%ﬁ]h@%bﬁﬂdo@di\mwi S calalyst SndyRilyrfledizatibigroceddj ect to
prOV|de a id catal i ncl udi ng precursors therefor, which when

used in a {harisicapable offgimigs polymerapwt%&fmzoétfwesﬁlommtdep%mﬂée or largely

renmoves the problemof formation of pol ymer deposits at reactor walls
and other novi ng ;pafdieroBiebi 18 pré&3d £Mmethod for making a solid catalyst without

requiring recovery or purification steps.

It is a further object to provide a solid catalyst which further comprises a

15  support material.

One or several of these objects are accomplished by the embodiments of the

present invention described hereinafter.

Summary of the invention

In one aspect of this invention there is provided a dispersion of a supported
20  catalyst component comprising (a) an ionic compound comprising (2)(1) a cation and
(a)(2) an anion having up to 100 nonhydrogen atoms and the anion containing at least
one substituent comprising a moiety having an active hydrogen, and (d) a support
material, wherein the supported catalyst component is in solid form dispersed in a

diluent in which both (a) and (d) are insoluble or sparingly soluble, and wherein,

25 (i) the support material is a pretreated support material and in the supported

catalyst component the anion (a)(2) is not chemically bonded to the support (d), or

-



10 It is yet a further object to provide a solid catal yst and

pol ymeri zation process that is capable of formng polymers in the
formof free fl ow ng powder or particles. It is another
obj ect tWOMBBIHEe a nethod for making a solid catal yst wiRFEH$I721875
requiring recovery or purification steps. It is a further

obj ect to prov{itjetha is:dbbatnpmixﬂltmshsmﬂubﬂiﬂy fnuibhiess acdOrdfacRa® 016 support
mat eri al zgver of these ob;&qcts are acconplished by
the embod™gight BErGEnt the s“Pp‘)“ miBFré I8 A ERRTbRGHaLGON RN g dstherings t er .

Summary Ofrdup€addiand iPfported catalyst componén® tl’f?:rh‘?n(ﬁ‘rs(ﬁﬁﬁf 1sQf1fﬁlll'aﬁy bOYSAL | on

there is provided a dispersion of a supported catal yst conmponent
conpri si ntp thapupperti(dhi ¢ conpound conpri si ng (a) ( 1) a cation and
(a)(2) an anion havi ng up to 100 nonhydrogen atoms and the ani on containing

ﬁ; d:’ ggsz; and {ra')\ P atéc&' E%Eétttﬁ'éarg fs 1%80’8{:& %dﬂ?ers: o é) n{]u%\éoré%p%ga}l?%y \é:t al yst

conponent céf ¢ﬂ%n6&im151'1§in§m gh PRRY @AthouRd 8omprising (in)dwa@hudmamﬁb) apth (a)
and (d) are |nsoluble or sparingly soluble, and wherein, 25 (i

t he suppoRRioRBREPE 4P tq éooa“%hé@rt"é%ﬁ #ams GB‘E)S‘reta"%Pé‘t(‘@mﬂé}m&ﬁ‘de@&ﬁ opte support ed

ooy St SRIBARAMNorIRIAY Abicl i diaclfl niREICBhlriPAIAI sty L e support
WO é8/ 27 148m in the absence of a support material and is dispersed in a diluent in which (a) is

P 71 2187
T U kS or sparingly soluble.

Desirable embodiments of the aforementioned dispersions are those wherein
the catalyst component further comprises (b) a transition metal compound and wherein
the catalyst component is a substantially inactive catalyst percursor; or wherein the

~ catalyst component further comprises (c) an organometal or metalloid compound
15  wherein the metal or metalloid is selected from the Groups 1-14 of the Periodic Table
of the Elements and the catalyst component is a reaction product of (a) and (c), while
in other desirable embodiments the catalyst component excludes (b) a transition metal
compound, excludes (c) an organometal or metalloid compound wherein the metal or
metalloid is selected from the Groups 1-14 of the Periodic Table of the Elements, or

20  excludes both (b} and (c).

In another aspect of this invention there is provided a nonsupported catalyst

comprising, in the absence of a support material, (a) an ionic compound comprising
(a)(1) a cation and (a)(2) an anion having up to 100 nonhydrogen atoms and the anion
containing at least one substituent comprising a moiety having an active hydrogen, (b)
25  atransition metal compound, and (c) an organometal or metalloid compound wherein

the metal is selected from the Groups 1-14 of the Periodic Table of the Elements.

In another aspect of this invention there is provided a supported solid catalyst
comprising (a) an ionic compound comprising (a)(1) a cation and (a)(2) an anion

having up to 100 nonhydrogen atoms and the anion containing at least one substituent

5



(ii) the ionic compound has a solubility in toluene at 22[err]C of at |east

0.1 wei ght percent, the support material used is a support materi al
cont ai ning _tethering groups and in the supported c é.t. onent
t he ani oﬁg?aﬁ’f"é}g is chem cally bonded to the suppor rg?&”ﬁ%p

In a related aspect there is provided a di s;;er5| on of a_nonsupported
cat al yst comprxsmmn@mhadmmmawmhxda«ygean(h 8iiapsiiommnstshecrepeidi € ng (a) (1)

a cation aﬂx %ﬁ)o@f?elal%’? eltallmdtcao%ﬁn%ﬂnﬁ'%'e Qrﬁe?al%pﬁxemwg sQd&dy ?rrb%m; and

the ani on Contalnin titu sing a nole

havi ng an tﬁéGrMﬁashydft ofhe Penidie Talile ()ﬂ)heIE’.emdmts(ahd ) asupporf oateria) t he
absence of a support material and is dispersed in a diluent in which (a) is
10 i nsol uBM&eigr sparingly sol ubl e. Desi rabl e enbodi nents of
t he af orenenti oned di spersions are those wherein t he catal yst

conponent furt hey gl ﬁPﬁérﬁﬁ@eﬁbﬁlsap&é@a&utsuﬁpbrmﬁtahancaatmoma@ugmteuher ein
the catal yst conponent is a substantially inactive catal yst percursor; or

wher ei n t heatalyst companeat thetaniopfpé2)an not dhemically bongsdite the S@EDOYé@)dPFganonet al
or netalloid corrpound 15 wherein the nmetal or nmetalloid is selected from

the G oups 1- 1 of . the. Peri odi ¢, Tabl . f t he

cat al yst corrpon i1} the Lonjc ?oé’ént?ﬂlp‘gﬂasar%o 'ﬁ%l[“y ?“?uﬁnteq %EJ{'E &ﬂéﬁ%‘s f('}"?l

ot her desi W@&Ehﬁpe@éﬁh@dhmbsrt hh@erﬁatxs’tld%ﬁ sxﬁipﬂﬂommal esmhiitgSethbling

transition netal corrpound excl udestg an o angonetal or netalloid
de

conpound wgreres andsinhenspportegicatalyst corppangny PR (as) echepisaliyhonged o oups

1-14 of, t Tapte of the Elenents, or 20 excl udes both (b) and
(c). IfO t.&%t'.:')eeg’"lp?)ghﬁ(rin) gﬁ%t her aspect of this invention there is provi ded a

nonsupported cat al yst conprising, in the absence of a support
material, (a) awhéreimtbe scdiﬂlpxammt Bavbrinesi ygrombining ¢eparents (@atBlow).and (a) (2)

an ani on havj ng. to,100 and th cont ai ni ng
at | east o?'ﬂéi @gﬂ‘s%yt%gﬁta@o%%/ ‘ﬁ%‘“& aﬁ%ar%% 50ihg© zgrrlepgﬁtnf)\r}é’f hf/adr ogen, (b)
25 atr W?dtda&ﬁysmbﬁlpoﬁé?ﬁp&wﬂ@ssm ib @)dilaent O %&ﬁﬂ'ﬁ'ﬁlakolﬁblemt alloid
corrpound wherein the netal is selected fromthe Goups 1-14 of the

Peri odi ¢ Tgmiqgakby irt the preisenee of gne or more of componenis{b} ek M(d&gb@aco@fictt hi s
;2\/?2; ég ncgbrrégu& of ?%) R %Yéqu gné”‘insr;‘@%)dff éﬁ)d éc?oz{r{dqdﬁgﬁ? I%? onvertetﬁ‘ﬂfg)r ising (a)

0 ni on
havi ng up &gkdiefinnonhydr ogen atons and the ani on cont ai n| ng at | east one
substi t uent 5

In the aforementioned aspects relating to a nonsupported catalyst and to a
supported catalyst, desirable embodiments are those wherein the anion (a)(2)
corresponds to Formula (II):
20 [M"™ Qu(Gy(T-H)9.] " (I
wherein:
M’ is a metal or metalloid selected from Groups 5-15 of the Periodic Table of
the Elements;
Q independently in each occurrence is selected from the group consisting of
25  hydride, dihydrocarbylamido, halide, hydrocarbyloxide, hydrocarbyl, and substituted-
hydrocarbyl radicals, including halo-substituted hydrocarbyl radicals, and hydrocarbyl-
and halohydrocarbyl-substituted organo-metalloid radicals, the hydrocarby! portion in
each of these groups preferably having from | to 20 carbons, with the proviso that in

not more than one occurrence is Q halide; G is a polyvalent hydrocarbon radical

6



WD 98/ 27119

PCT/ US97/ 21875 conprising a noiety having an acti ve hydrogen (b) a
transition nmetal conpound, (c) an organonetal or %C% g7 ound
wherein K@M or netalloid is selected from t he @5 ’211814 of the
Periodic Table of the Elenents, and (d) a su _ggort mat eri al , wher ei n,

5 ' hav(ng)rﬂw@eggqubmdemylp|aaqir|g§)uaspT r eat ed support materi al and

in the support e anl n emcally
bonded to the stgfjﬁ{)%p (?*};lﬁs rrgm&ﬁq':ﬂ]%rel p("s?s) ?{?ﬁ)féﬁ B?r@oﬁglg has a
sol ubi i t Yorifatbml dfextfictais baaasartb]h?dmfgemﬁtoheﬂs\theﬁbm Rn a hydrov@bglithdie@r cent ,

the support material used is a port material_ containing tethering

groups anct tirnhyméa@mbﬂb‘rrﬂ@aalcetr&wsigqcaf@ash%%h@d%’emémitﬂse'e,a) (2) is

chem cal ly bon ort (d); and, wherein the
solid ?at al yst qﬁgsérg mé%eﬁjaﬁ’ ﬂégpﬁbl ni ng conponents (a), (b), (c), and
(d) in any ordansaaridtegheﬂ‘cﬁnﬂtodurl ng at |east one step in the preparation
of the soljd catal yst, conponent (a) is dissolved in a diluent in

which (a) is so‘lllftﬂ“é“tege“’fo%dtl onally in the presence of one or nore of
conponent s (b),“%%)”? floh 1 ¢ 3t he contact 15  product of (a) with such’
(b),

one or nore of and (d) and then is converted into solid
form z is an imlegertﬂ'mnzhﬂ@Benentl oned aspects relating to a
nonsupported ca aI st _an supported catal yst, desirable
enbodiPent s ar ¢ JBISGE f‘?:ﬂ’r\t?ﬁea’gm on (a)(2) corresponds to Formul a
(11): 20 n+z-m4w,ﬁrr1qerr1(qerr1n Hlerr])[err]][err]

(rr) wher ei n: M is a netal or netalloid
selected from G oups 5-15 of the Periodic Table t he El enents;

Q i ndependent | ywheredbgceatign €altl) of imig %O%I&“éél(%?dg TePEﬁW‘ltPFebbthGlfﬁn%‘ﬁgl sting of

general formula: [L*-H]*, wherein:
L* is a nitrogen, oxygen, sulfur or phosphorus containing Lewis base
15  containing from one to three Cj-40 alkyl groups with a total of from 12 to 100

carbons.

When the catalysts of the present invention include a support material (d) the
versatility of the catalyst is improved. Employing a support material allows the

particle size of the solid catalyst to be varied between wider ranges.

20 In another aspect of this invention there is provided a method for preparing a
dispersion of a supported catalyst component comprising (a) an ionic compound
comprising (a)(1) a cation and (a)(2) an anion having up to 100 nonhydrogen atoms
and the anion containing at least one substituent comprising a moiety having an active
hydrogen, and (d) a support material, where the supported catalyst component is in

25  solid form dispersed in a diluent in which both (a) and (d) are insoluble or sparingly
soluble, the method comprising converting a solution of the ionic compound (a) in 2
diluent in which (a) is soluble in the presence of the support material into a dispersion

comprising component (a) in solid form, and wherein,



25 hydri de, di hydrocarbyl am do, halide, hydrocarbyl oxi de, hydrocarbyl,

and substit ut ed- hydr ocar byl radicals, including hal o-substituted
hydr ocar |cals and hydr ocar byl - and
halohydrgﬁgr6§ﬁ'substltuted organo-netal | oi d radical s, thécﬁugngggﬁbyl

portion in each of these groups preferably having from1 to 20
carbons, with (hehePpprEanaterial upsd is a pretregisd spppast magHalgmd, tiober rence is Q

2a| i de; sﬁp};o%&’g%;ﬂggtllc%g{-poné’ﬁrt% 3hiBRTa)(BY fict chemically bonded to the support

PCT/ US97/ gl)3a&5 having r+1 val enci es bonded to M and r groups (T-H);
the group (T-H) is a radical wherein T conprises 0, S, NR or PR the 0, S,

N or P at.am,of. which is bon dto Qgen atomH wh Ris a
hydr ocar byl ho)c € ionic comp‘é“”[drqsﬁ ?3&%’}% it SWQ“‘?“&& 35’ Co ?4Sﬁ9dr ocar byl
gernylsr aWng%lt p%exﬂ)’l‘ﬂé @ﬁ!ﬁﬂ:ﬂ maerial used is a suﬁibdrﬁmﬁ@nhm(ﬁx%ﬁm rtélﬂérilngt o 7

nis an integer fromoO I S an i nteger

r is an i grougeand, umtheﬁupmpr@d catalyst component, Qle|asloar(a)(21)tlegb¢mi‘cabyrbdncted 8; 10
dlsanlptt«ierfro l1to 7; and n+z-m = d; and

where the'% @1) of ioni c conmpound (a) is represented by the

fol |l ow ng general formula: [L*-H +, wherein: L* is a

ni trogen, oxygénandhdrfasgecos! thizdsyenabm thefOis pedvidedth tethbs fhgsepatig a
cont ai ni ng fromone to three, C 10 40 al kyl groups with a total of from 12
to 1 00 dispersiogofamgnsupported catalyst compppgt tHBPTEMEFopYeRing 2 soRkiopoésent

I nvenyé onyh il didinbuit PBYompriig (hl) A Kliok B (2)(2) an anion having up to 100
nonhydrogen atoms and the anion containing at least one substituent comprising a
moiety having an active hydrogen, in a diluent in which (a) is soluble in the absence of

a support material into a dispersion comprising component (a) in solid form.

In another aspect of this invention there is provided a method for preparing a

15  solid catalyst comprising combining, in any order, (a) an ionic compound comprising
(a)(1) a cation and (a)(2) an anion having up to 100 nonhydrogen atoms and the anion
containing at least one subs_tituent comprising a moiety having an active hydrogch, (b)
a transition metal compound, (¢) an organometal or metalloid compound wherein the
metal or metalloid is selected from the Groups 1-14 of the Periodic Table of the -

20  Elements, and, optionally, (d) a support material, wherein during at least one step in
the preparation of the solid catalyst, component (a) is dissolved in a diluent in which
(a) is soluble to produce a solution of (a), optionally in the presence of one or more of
components (b), (c), and (d) or the contact product of (a) with such one or more of (b),
(c), and (d), and then is converted into solid form, optionally' followed by recovering

25  the solid catalyst in dry particulate form, wherein, when a support material (d) is

present,

(i) the support material used is a pretreated support material and in the

supported catalyst the anion (a)(2) is not chemically bonded to the support (d), or



versatility of the catalyst is inproved. Enploying a support material

al tows the particle size of the solid catalyst to be varied between
wi der rapges,...20 I n anot her aspect of this invention there is
provi ded HAREY for preparing a di spersion of a swst’gﬁl%?at al yst
conponent conprising (a) an ionic conpound conprising (a)(1) a cation

and (a)(2) an aii) che fanid cognpomnt] esé&DiRasraovohyhility de rolednents 22°C of atdegbt 0He ani on
containing at, | east one substituent conprising a nojety having an active
hydr ogen, ﬂaht(nfycegté@rpwpeﬂ materal yped ’\Rﬁéﬁ‘epﬁtfﬁ@a@ﬂﬂlp‘iﬂ"ﬁféepns a&tﬁ«rw

component grSudshnd ' 4 4l L Akt ' | both (a)
and (d) argeéi%ssgl 3?)Itheess‘g?bgbégﬁanméﬁ;mﬁ&gg?)?ﬁggl%Fhﬁg& r?g?%é(?;bggbrrpri si ng
converti nguapdld)ti on of the ionic conpound (a) in a di luent in which
(a) is soluble in the presence of the support material into a dispersion

(7:orrpr i %i ng CO&%@%@&%&%I@ e%\%loidfjmén romhi? r%%th‘é‘& %re;;rgparing a solid catalyst is

PCT/ US97/ 2R&Rbherein the support matdrial ubdiis ayipfdatedsbpsurt AlatediaP@ith  pdrdr €t r eat ed
support material _and, in the supported catal yst conponent, the anion

(a)(2) is Youmepbfrmd | {o Hemdieanddn fhfgs%@aﬁwqatalym the gndgn (a(2) is not

B)1e) s i Lty i 22 C of at
eabt o 1 AEmEcaERAMINo BEERE (B 36 Whkicht e LBt RS- Fhudefel ' °
mat eri al  capribaalhy ingh¢ piebarck pfione or botlybb() and ), isifront Be velupegier@d: @At al yst

conmponent,_the anion (a) I s. chem cal | onded . to the support (d).
In _angﬁherZOé?sVﬁé‘e{*e B?rm%rmOi aeﬁ%M’ﬁﬁerOfw & t?% SURROT, RRErial used. B wherein

preparing (fe solid catdlys REFroLRRA DYy ABARSNRLPNNIES (GRbALYSintkATRARENt
conprising converting a solution of

pretreated support material, followed by removal of the diluent.

An alternative embodiment of this method for preparing a solid catalyst is that
wherein during the at least one step in the preparation of the solid catalyst, a dispersion
15  comprising component (a) in solid form is generated by cooling a solution of (a) in a
diluent in which (a) is soluble, by contacting a solution of () in a diluent in which (a)
is soluble with a diluent in which (a) is insoluble or sparingly soluble, by evaporating
diluent from a solution of (a), by adding one or more precipitating agents to a solution

" of (a), or a combination of two or more of these techniques.

20 In another aspect of this invention there is provided a method for activating a
substantially inactive catalyst precursor to form a catalyst suitable for addition
polymerization wherein a substantially inactive catalyst precursor comprising (a) an
ionic compound comprising (a)(1) a cation and (a)(2) an anion having up to 100
nonhydrogen atoms and the anion containing at least one substituent comprising a

25 moiety having an active hydrogen, (b) a transition metal compound, and, optionally,
(d) a support material, is contacted with (c) an organometal or metalloid compound,
where the metal or metalloid is selected from Groups 1-14 of the Periodic Table of the

Elements, to form an active catalyst.



10 an ionic compound (a) conprising (a)(1l) a cation and (a)(2) an anion

havi ng up to 100 nonhydr ogen atons and the anion containing at |east -
one substj conprising a noi ety having an active hydrogen, in a
di | uent ﬁh6§ﬁgéﬁ’(a) is soluble in the absence of apgﬁé§8 18t eria
into a dispersion conprising conponent (a) in solid form In

anot her aspect fanoHiesaspacia thip inveniorsthiees ip providgd dn addisibhpdlyherizpd@par i ng a

15 sol i . j Sl oni_nj . 1.0_any order a jonic
compound dACarT eieteif S8 4By RRER pBl kel Ao RSR S clrlad WO PHG up o
100 nonhy dsfabeafosdmetioasdisdlideanhisarunder addittdrfoliriéribatian coRBGdnsOne
substituent conprising a noiety having an active hydrogen, (Db) a
transition mataf comnpound, Ogc}g an organonetal or netalloid conmpound wherein
t he met al IGPOTRSE &3PPYiod Uhe INVept it Berers Biovidsd atienipeompamdds) t he

Peri odisc TahhRisis (alt®) £8ation Bh& (BN Sn aﬂi&q’haﬂﬂ%'uﬁ@é‘llbfy dhYlirdies 4RRAT U
material, wherein during at |east ‘one step | ??’ue préparation of the
sol i d cat sndghe anjomporiaining(aleastondisgstitueaticomprising 4 meiety havingaicattive (a)

is soluble t.o produce.a solutian.of (a tio ly in the presence of one
or nore o?hy drogen, WHGHs e Gapen EEB@) ‘i%?{(eséfh‘a‘f)@dﬂ‘eg&l%"fyiag gesraldermiidduct of (a)
wi th such [fiedpr, wrefegn:0f (b), (c), and (d), and then is converted
into solid form,optionally followed by recovering 25 the solid catal yst
in dry parti cullat i araregenyproigen.sulfunerphesphoppoontaminglewis bast) i s

pr esent,, - i erial .us i S r eat ed
sup.popp nactogtral"gpg zfirr?{:.i1 il t%%{gwé]g‘ﬂBgﬁ{HE)g@éﬁwggtaé%g% tjf‘ﬁléqaﬁ‘?g (a)(2) is
not chem catbonshmddettrd the tahion $alPaotredbhds @ Formula (I1): -

8 WO _98/,27119 d-
PCT/ UsS97/ 21875 M7 Qu(Gy(T-H),):] (i) the iGhi ¢ conmpound used has a solubility
in toluene at 22f&Lk] C of at least 0.1 wei ght percent, the support -

material used is a support material containing tethering
M’ is a metal or metalloid selected from Groups 5-15 of the Periodic Table of

15  the Elements; .

Q independently in each occurrence is selected from the group consisting of
hydride, dihydrocarbylamido, halide, hydrocarbyloxide, hydrocarbyl, and substituted-
hydrocarbyl radicals, including halo-substituted hydrocarbyl radicals, and hydrocarbyl-
and halohydrocarbyl-substituted organo-metalloid radicals, the hydrocarby! portion in |

20  each of these groups preferably having from 1 to 20 carbons, with the proviso that in
not more than one occurrence is Q halide; G is a pdlyvalent hydrocarbon radical
having r+1 valencies bonded to M’ and r groups (T-H);

the group (T-H) is a radical wherein T comprises O, S, NR, or PR, the O, S, N

or P atom of which is bonded to hydrogen atom H wherein R is a hydrocarbyl radical,
25  atrihydrocarbylsily! radical, a trihydrocarbyl germyl radical or hydrogen;

m is an integer from 1 to 7,

n is an integer from O to 7;

q is an integerof O or 1;

r is an integer from 1 to 3;

30 z is an integer from 1 to 8;

10



groups and in the supported catalyst the anion (a)(2) is chemcally bonded
to the support (d). 5 A highly desirabl e enbodi nent of
this method for preparing a solid catalyst is t hat wherein the
support meWem®saT118sed is a pretreated support material witHPE/BH7R1875
volunme of fromO0.1 to 5 cnerr]/g and in the supported catal yst the anion
(a)(2) is not d is aic imeegec &bhy! toohded to t he 'support (d), and wherein the
vol une of the solution of (a), optionally in the presence of one or
both of (b) and P¢¥MFL-from 20 vol une percent to 10 200 vol une percent
of the total pore volune of the support material used, and wherein

the solid catal ySurgrisindhp s Bedtyforad tHabthei6nie 8brpoiia (9{ cdn®e 1O
substantially dry pretreated support material, followed by renoval of

t he di | uent advantageously used in asplidfaraydispersegd inaddentimwhish (2)Hs insplubleoat f or

G ep i n Pnosiringth SRIGRYES olfort UEhrian coyis AR Sl ialfbidls 26807 TS: g

conponent ( gdferréd &alsi“dohgdivent’s tgahkeatia /hich @PBIsbhibleds ab éfeBd Rfas(@) iNn a
diluent in which ,E)a) is soluble, by contacting a solution of (a) in a

di | uent in wilant’(a)By use of thedisnsrseB saliduonic coMPORYE(R) in assogindon wvith i s

i nsol uble o i I i I t froma

sol ution of Ere g‘g%%‘w’gg%é‘?rﬁéag‘ﬁgb%%n‘%@%@FE‘?‘P g‘t“}dn(&) gré;lé&r#@é >p %ﬁ a solution
of (a), or paciounhienmiditiom plyrhevization cmalgstoésulthgsefetabhhinidigpessed fath. Such

I n anot her aspee¢t. of this invention there is ovi ded .a_nethod for

acti vat 19g ésg“‘?d‘sf’%r %%W&ﬁaytﬁgﬁ%"?xw%&Fgffy’sﬁpaﬁ?@ea?fwgto forma
catal yst sui ik iQ8h lurrP 8} YAEIHa At d] ' ntially
i nactive ca{pgsglse?izét?&enc rgéoS%’ Sgorr?)srzil%}“rﬁg (%ﬁﬁgﬁaﬁ %e%ﬁ?@b@gﬁsp%%&@t

conpri si ng fanfring @ ahlitiowl sapdort aatedial tnpradicspolyandr of theplesioed Plticle size
nonhydr ogen _at ons .and t anj.on. cont ai ni.n | east .one _substituent

Conphi'si g ARG EOrPHagEy . e 30l P g s bt SRR RGO PP Eitsn et a
conpound, apglym¥pd intR@kdrih of free flowkifld pSwadHdR BhrticBvAitHoRk causfgGABéasied W th
(c) an organonetal or netalloid conpound, where the netal or

met al | oil® | okymicsderasits powpatpovyls and Pthes Mavig MRE e deartls| Erestflavniag

gl ements, t &h&%@‘b’%‘&d%‘i}#é% i f?:ke\fﬁc;lymers preferably have bulk densities of at least

about 0.20 g/cm3 , and more preferably of at least about 0.25 g/cm3.

In another aspect of this invention there is provided a compound which is the
reaction product of (a) an ionic compound described above and (c) an organometal or
20  metalloid compound wherein the metal or metalloid is selected from the Groups }-14
of the Periodic Table of the Elements. A desirable embodiment is that where the

compound corresponds to the formula
[L™-HJ*+ [(CgF5)3BCgH4-O-MORCy_1X3y T,

wherein MO is a metal or metalloid selected from Groups 1-14 of the Periodic

25  Table of the Elements,

RC independently each occurrence is hydrogen or a group having from 1 to 80
nonhydrogen atoms which is hydrocarbyl, hydrocarbylsilyl, or
hydrocarbylsilylhydrocarbyl,

11



WD 98/ 27119

PCT/ US97/ 21875 I n anot her aspect of this invention there is”.
provi ded addi tion polynerization process wher ei re

addi ti onvﬁgwﬁ%ﬁ zabl e nmononers are contacted with one r}’&%%%ﬁqg

af orenenti oned solid catal ysts under addition polynerization conditions.

I n anot her aspe¥f ivd notinteriéringegronphavingiremilgo §0Q nonhydragan pwmsovidanzound ( a)

5 conpri si;n 1 cat,l n a)(2) a ni aving, up to 100

nonhydr ogeﬁdlgg%éfglmcah)% r%‘%%]by?’E’ﬁ%‘%?‘g’x?agﬁ%‘f'ﬁq%ﬁﬁwbegg’tygfogﬁ@ Lone substituent

conpri si ngh;mrmmwxynamkmgteamymbwﬂ, hydrocarbW4Hhiag edi¢hydhRa®yl)Rgineat i on

(a)(1) is re(Present ed by the follow ng general formula: [L*-H +

wher ei n;  hydrocarbyloxy or halide;s 3 njtrogen, oxygen, sulfur or phosphorus

containing Lewis base 10 containing fromone to three (ferr] alkyl groups

with aXotal ofXissomnzeroiiptegayovhich may magefrom ! torea inkegerequiddo thei on (a) (2)

correspond E la (11):

[M[err]n+ lée"%?]o?geérr](T-H)[err])[err]][err] (1)

wher ei n: . M is.at mst‘ﬁ}lg or netal Loid selectedfrom?oups

5-15 of the PerY SHEE FbiWZyP nigeer Yichmay fapgg from | to an integer equghto

i ndependenfskyshhmtRaalnecsuvoesee i s selected fromthe group consisting of

hydri de, di hydrocarbyl am do, halide, hydrocarbyl oxi de, hydrocarbyl, and

substituted- .y (MdikAATRke bAGIocal s, i ncludi ng hal o-substituted

hydr ocar byl radi cgl s, and hydrocar byl - and

hal ohygy ocar byl 1.s i 5 i i ; .ocar byl

por t1 o i 20" TRt dpR P AARGEE Mer s A Pbabilly WARE D

car bons, wdidiydtpeecprsoy caroprisivat (a) m ionic compotindeseritiddaaboenyandur rence is Q

halide; Gis a. polyval ent hydrocarbon radical having r+ 1 val enci es

bonded to WANSHipH TREtalompOURdr. 1) - the group (T-H is a radical
S, . NR or PR the O, S, N or P atom of which

i s bonded to hyBRUZZREGCRIFTIONQFIHE HGURES hydr ocarbyl radical, 25 a |

tri hydrocar byl st/I radi cal, a trihydrocarbyl ger nzl radi cal or hydrogen;

mis an integerF¥F-diy andiiJGy1B are scanning electrongnicepgzaphs pf dejey prodeesdo to 7;

15  polyethylene at a magnification of 50 times.

FIG. 2A and FIG. 2B are scanning electron micrographs of slurry produced

polyethylene at a magnification of 200 times.

FIG. 3A and FIG. 3B are scanning electron micrographs of slurry produced

polyethylene at a magnification of 1000 times.

20 Detailed description of the invention

All references herein to elements or metals belonging to a certain Group refer
to the Periodic Table of the Elements published and copyrighted by CRC Press, Inc.,
1989. Also any reference to the Group or Groups shall be to the Group or Groups as
reflected in this Periodic Table of the Elements using the IUPAC system for

25  numbering groups.

The term “nonsupported” as used in the present application means in the
absence of a material which typically may be used as a support or carrier in an addition

polymerization catalyst, more in particular as an olefin addition polymerization
12



gis an integer of 0 or 1; r is an integer from1l to 3; 30
z'is an integer from1l to 8§;
WD 98/ 27119

10
PCT/ US97WOP872119 dis an integer from1 to 7;FCHIFs721875
n+z-m = d. Surprisingly, it has been found that the ionic

conmpound (calysnCoaversely, thedgrmarisuppeded a3 useibis theypreseno kpplickbommaassiar sed i n

a diluent jn_which S| . 5 sparingly soluble, (the diluent
o (8 PR of A ddtiol DBERUDb R mapbe wRB 3 b Bnor S Ae idtr 04 Lo as
"nonsol venidditidn il gihérifation taalyét] @bre(inpaitRukebil Slefis addifgn referred to as
"solvent"). By use of the dispersed solid ionic conpound (a) in association

with polyraerizatipn fatalysta| Wheseimihs prespyt applicasion shedaen dsolideatalystidis (c) an
i M : M0 gahor Lol ™
e ve sE ol et DR MR o BRI TR AR S0 BRLEL Koo <

advant ageddiffeyentipfrobethuseextn a particle formng pol yneri zati on
process, such as a slurry or gas phase pol ynerization process, wthout

requiring an additianal support material to ptoduce, polyner, of the desired

particle size Whire 13%& %@BH&}I"?{BVH ngp%'ﬁf’g%&g‘ﬁﬁ‘? B%H?’/&tﬁf‘%i‘lgysts of the

present i rypkponefts @aﬂa@i?gduﬁgounds_opu&% MR ESmbiatidiew iR &R ngifo(:%% flow ng
W r de

powder or particles, out causing substantial 15 poly posits at
react or westeps, sueh ap forexampigicagtaping andjcembining sieps, 8ris meagehdtitieni ng

et hyl ene based polynmers and_jinterpol viers preferably have byl k densities of
at Ieggt composgll%{?fm%ﬁ%peg/g{éﬁnér ,;}Ggﬁlgs ﬁg?%“‘ﬁ?g?‘@ig%‘ﬂ]%ﬁ%&ﬂg‘{ theeast about
0. 25 g/ cnireiidijon product or reaction préducBnFtitestartifP esthpdifentsidr StattheQdimipgdndere is
provi ded a conmpound which is the reacti on product of (a) an ionic

conpound desks s agerstian Aactaken plase- or ganonet al or
The dispersion of (a) of the present invention is preferably characterized by an
average particle size of (a), as measured by laser diffraction, in the range of from 0.1 to
15 200 wum, more preferably in the range of from 0.5 to 50 pm. The dispersion of (a)
preferably contains from 0.00001 to 10 mole of solid compound (a)/l, more preferably
from 0.0001 to 1 mole/l. The particle size of the dispersion of (a) was measured using

a Malvern Mastersizer particle size analyzer.

Some ionic compounds (a) to be used in the present invention and their

20  methods of preparation are described in U.S. patent application No. 08/610,647, filed
March 4, 1996 (corresponding to WO-96/28480) which is incorporated herein by
reference. Other ionic compounds are more nearly related to those disclosed in U.S.
patent application No., filed [42808A], some of which may be useful in various
aspects of this invention. Preferred ionic compounds of this invention have not

25  previously been disclosed, and have the advantage of being highly soluble in the
solvents and diluents used in various methods utilizing these ionic compounds, while
at the same time the preferred ionic compounds contain a moiety having an active
hydrogen. The term used in the anion (a)(2) of the ionic compound “at least one
substituent comprising a moiety having an active hydrogen” means in the present

30 application a substituent comprising a hydrogen atom bonded to an oxygen, sulphur,
13



20 metalloid compound wherein the netal or netalloid is selected fromthe
G oups 1-14 of the Periodic Table of the Elenents. A desirable ’

enbodi e | t where the conmpound corresponds t ormul a
[L*-H + [Q‘E(%:fszzr”trlﬁ[ err])[err]Blerr]Herr]-OMerr]R err] x?%ﬁ‘??’{”&ﬁﬁ ,
wherein Merr ispg metal or metalloid selected from G oups 1-14 of the
Peri odi ¢ ZHrogep gy pRosphoroys afgm nbbg Rresence of at'least one m@ewyt hdvingaepeivdent | y

each occurg Iig i | 0. .
monnydr oger s (NG IR Rrialfy g jn e
hydr ocar bydatilysy atiy, domit érdapable of entering intoW@rid8d 24dtidds primarily through

PCT/ US97/ 2187 . Xerr] is noni nterfering group having froml
to 100 nonﬁ?yﬁllggtgkéoﬂdé{’tgoﬂtch\i&ﬁ'ifeﬁ‘["f"é“‘he' b°"$H&F%@§%¥’8tgﬂQ%SWcﬁso®ar byl ,

hydr ocar bydxafiplt) a SiPsdel HydioRg1 g}xgﬁs (ep@mbbn mate ax,mﬁf&ﬁﬂ@x}% spubstituted

hydr ocar byl , hydrocarbylam no, hydrocar bylr5 am no ocar byl oxy
or hal i de;Prodwt with an organogetad onmatatigisrepnipotiedjer informingvagyornplager f rom | to
an integer I h ...val ence of err]; y i's zero or
a nonzerorlcnctqg’gé’rré%ﬁlEchﬁhrarérf'n?lg%gmpﬂ?%’f’ﬁm{ "an integer equal to 1

| ess than the val ence of Merr]; and x + y equals the val ence
of Merr]. 10 When varidus cherhigaltfoanulas pre asedHer¢ihits rdprasemtvagiBus Sh8cd]S

provi ded a substanti al labi nactiyve catal yst precursor conprising (a)

I
an ioni c COMPSURL §shou eaecgg%ig%q thaithe (qﬁnuga 1s emperical and not necessarily

10 molecular. In particular, with regard to various organometal or metalloid compounds,
especially those containing aluminum, and to the various alumoxanes, it is understood
that a single emperical formula may be used as is conventional in the catalyst arts to
represent what may be various dimers, trimers and other higher oligomers, depending
upon the physical environment including various solvents or diluents in which the

15 compound is employed.

The anion (a)(2) comprises a single Group 5-15 element or a plurality of .Group

5-15 elements but is preferably a single coordination complex comprising a charge-
bearing metal or metalloid core. Preferred anions (a)(2) are those containing a single
coordination complex comprising a charge-bearing metal or metalloid core carrying

20  the at least one substituent containing a moiety having an active hydrogen. Suitable
metals for the anions of ionic compounds (a) include, but are not limited to, aluminum,
gold, platinum and the like. Suitable metalloids include, but are not limited to
elements of Groups 13, 14, and 15, of the Periodic Table of Elements, preferably are,
boron, phosphorus, and silicon. Ionic compounds which contain anions comprising a

25  coordination complex containing a single boron atom and one or more substituents
comprising a moiety having an active hydrogen are preferred. Examples of suitable
anions comprising a single Group 5-15 elément are disclosed in EP-277 004 and
examples of those having a plurality of Group 5-15 elements are disclosed in

EP-0 277 003, with the proviso that at least one of the subsituents in the anions

14



transition netal conpound. BRI EF DESCRI PTI ON OF THE FI GURES
FIG 1A and FIG 1B are scanning el ectron m crographs of slurry produced 15

pol yet hyl ene at a nmagnification of 50 tines. FIG 2A and FIG
2B are scYPPHE Y ectron micrographs of slurry produced  PCTYRNBERY| ene
at a magnification of 200 tines. FIG 3A and FIG 3B are

scanni ng el described thecaim grsapsiguted by lawsnbstitpand doropdsing a moigig lhyeingvh actveat a
magni fi cati RndOf 1 0(}0 {ﬂi r&s ﬁo Det ai | ed description of the
i nvention nydrogen, preterably, (o (Tl onces herein to el ements or netal s

bel onging to a certain Goup refer to the Periodic Table of the

El ements publ i shegfemblycapyis @LEhapbe (¥reRnRE By alsitfils coordinatidid&nplél SO any
reference to the Group or Goups shall be to the Goup or G oups as

reflected i Af theifellewing ggnerahfigsmeladiDi he El enent's using the | UPAC system for

25 nunbering g W’R 3 d- The m "nonsupported” as used in the
pr esent ngz;ppl i catFon SGn‘éTi@')f]he absence of a material which

typically my bewhesdn:as a support or carrier in an addition

pol yneri zati on catal yst, nore |{1_(5)art icular as an_olefin addition
pol yneri zati on M’ is a metal or metalloid selected from Groups 5-15 of the Periodic Taple of

WD 98/ 27119 1 ts:
PCT/ US97/ 21éh75E ements; catal yst. Conversely, the term "supported" as used in
t he present appl irmtiependengbnis each occurrendetie sgleaskirom thd gmupronsistalg ofhi ch

typical &(y nﬁydrlx) e, Hﬁ'&gro%grbglla?nlilgg%E'etfm%[)lyccﬁgl[(;l%rrni&orj hgl?de, hydrocarbyloxide,
| preferably alkoxide and aryloxide, hydrocarbyl, and substituted-hydrocarby! radicals,
including halo-substituted hydrocarbyl radicals, and hydrocarbyl- and halohydrocarbyl-
substituted organo-metalloid radicals, the hydrocarby! portion in each of these groups
preferably having from | to 20 carbons, with the proviso that in not more than one
15 occurrence is Q halide;
G is a polyvalent hydrocarbon radical having r+1 valencies, and preferably a
-divalent hydrocarbon radical, bonded to M’ and r groups (T-H);
the group (T-H) is a radical wherein T comprises O, S, NR, or PR, the O, S, N,
or P atom of which is bonded to hydrogen atom H, wherein R is a hydrocarbon radical,
20  atrihydrocarbyl silyl radical, a trihydrocarbyl germyl radical, or hydrogen;
m is an integer from 1 to 7, preferably 3;
n is an integer from O to 7, preferably 3;
q is an integer O or 1, preferably 1;
r is an integer from 1 to 3, preferably 1;
25 z is an integer from 1 to 8, preferably 1 or 2;
d is an integer from 1 to 7, preferably 1; and

n+z-m=d.

When q is 0 and polyvalent hydrocarbon radical G is not present, T is bound to
M’. Preferred boron-containing anions (a)(2) which are particularly useful in this

30 invention may be represented by the following general Formula (III):

15



addi tion polynerization catalyst, nore in particular as an olefin addition
pol ynmeri zation catal yst. Were in the present application the term"solid"
catal ys used, it enbraces both nonsupported an solid
cat al ystvgo'9§/z-pgyss it foI | ows differently fromthe %8? ex?"r“tﬁf'CI

Where in the present |nvent|don a conposition is defined by its starting
conponents or @QH?%T unds o rTBonaI ly in conbination with certain
process SheRSpH: such as for exanple contacting and conbining steps, it
is neant that the conposition enconpasses starting conponents or
starting conpodnddbotuntin alvelentdstate of 3; reacti on product or reaction products

of the starting, conponent.s o starti ounds to the extent a
reaction has tgk ”bﬁ“ﬁ%"éfmm 14, preferably 1'of F reMgsidpEe@bbnliof (a) of the
presend inventgqayismdpreferably characterized by an average particle

size of (a), as neasured by laser diffraction, in the range of fromo0.1 to
15 200 [ er r G, FoHe gpandfrarcats definad fcné’orranl@éllﬁ)f Prefepahlf). 23 is bobh qierr] m

The di spers ; 2 (a) preferably contains from0.00001 to 10 nol e of
solid conmpo cff )/ nore preferably fromO0.0001 to 1 nole/l. The
particle size of the di spersion of (a) was neasured using a Mal vern

Mast er si zer pali ihelaiosi (Z)€2)am@lay Bast.one substituent comprisifgodmoletyhavig@apounds (a)
to be used in _ the present .invention and their 20 met hods of preparation
are descr pEg hyArogespreferally cougsprpdstoitorang ' 08/ 610, 647, fil ed Mar ch
4, 1996 (corresponding t@; 6/ 28480) which is incorporated herein by
reference Ot her ionic coffp ou ds a nore nearly related to those discl osed
in US whereup@trempobrpﬂbmtdmiranarbuo:adiéa’l,lthelg{oﬁﬁ%ﬂ&ﬂ]is a saiieal efhewdii Th may be

useful in vari.ou e inventjon, Preferred ionic :

conpounds® ‘Uf‘p’t"WFz) S D& O gﬁ 'ﬁﬁg)e Bl;"’z am"b?e\‘/*“Sﬂésl g%‘g?‘? hydeegeBsed, and

have the a@dwant ageeﬁfkneamr@am}h yamll tahhﬁydracatrm silyl radic®i0h Vent s and

di luents used in various nethods utili zi ng t hes€ i oni ¢ conpounds, while
)

at the saﬁﬁ!yﬂrmrbwheerpwéfaérqab@r hbcifpgernbh'p fpger; qris apnl.aan#mrefpspbmm ng an,
actives o g RATIROER 1rolP o SRR, | Pedi0SaR ot AbER Rl G O ©

conpound Pead onprisrng a
active hydﬂe@:ﬁéﬁ' ofi@adlendybeingtasfichaeitd @ metdl [P hicCiloidDsY the Mﬁ%lst uent

ggrrpr sl ngf t%e ; egcr)((i)l% %‘gbgto?%ebé)lggggtstn? th%gng))x(lyg)e othe? lr:”vale:ncxes of G bemg
attached to r groups (T-H). Preferred examples of G include di- or trivalent
hydrocarbon radicals such as: alkylene, arylene, aralkylene, or alkarylene radicals

20  containing from | to 20 carbon atoms, more preferably from 2 to 12 carbon atoms.

Suitable examples of divalent hydrocarbon radicals G include phenylene, biphenylene,
naphthylene, methylene, ethylene, 1,3-propylene, 1,4-butylene, phenylmethylene
(-C¢H4-CH,-). The polyvalent hydrocarbyl portion G may be further substituted with
radicals that do not negatively impact the effect to be achieved by the present

25  invention. Preferred examples of such noninterfering substituents are alkyl, aryl, alkyl-

or aryl-substituted silyl and germy! radicals, and fluoro substituents.

The group (T-H) in the previous formula may be an
-OH, -SH, -NRH, or -PRH group, wherein R preferably is a C,. 3, preferably a C;_;,
hydrocarbyl radical or hydrogen, and H is hydrogen. Preferred R groups are alkyls,
30 cycloalkyls, aryls, arylalkyls, or alkylaryls of 1 to 18 carbon atoms, more preferably

16



WD 98/ 27119

PCT/ US97/ 21875 nitrogen or phosphorous atom The presence of at
| east one goi e_LIé havi ng an active hydrogen in the ionic conpound
inparts an dipretedented versatility to it in the c REYSXT248%s | f or

it is capable of entering into various reactions primarily through
coval ent bbasi ofgl tosi?otarkon atgros. Akemptiesly,bngiionp (T-6)aotmpkisey im®Ky-SHY, such

as, for 5 X a surface hydraoxyl group.of. a support material, or in
formng a ?I\Ie%lgt%gﬁhﬁ group B’Pb‘%@é? ‘%ﬁt“g aéﬂgg’rfgﬁ‘ﬁlﬂ%l @P'GBF fl’rﬁ’Bt“é’l f06i d conpound,
or in for ngxagple, CIONCH, ©(S)-OH, C(S)-S&K T(ONSHY, a@gﬁvmﬁ}dtswm%hti on net al

a

conpound. When various chem c ornmul as” are used herein to

represent GEORHE, anGSIAIRH. Most prefemblindke growp Ehdi)lisia bpdrory gomipzed t hat
t he forsnulgHi §r£{r£,g{ni0?(lmrpam1{ﬁot necessarily 10 nol ecular. In particular,
¢

with regard to various organonetal or netalloid conpounds, especially
those containing alumnum and to the various al unoxanes, it is understood

that a single eWpgrprefatred substituansy,(DE) is etomea)(2) indmieatydiekyaknd n t he
catalyst arts to, . rgpr Eﬁnt whiat rTEy be various diners, trinmers and
ot her ~ hi gHERIngrspRyitued ary, é'fﬁg i pllary! or alkyl gronps randdngss praferreshare e ment

i ncl udi ng bpReid, L ERL R khe! [ | conpound is
enpl oyed. HydhéxYphenyh §}‘Q;E:I'helg)anﬁidjonalﬁ(gg)}?%r6!((yg{r?réi)l-'&!i.'glteo}sasfag"rgil 2n’lg"l e Goup 5-15
el ement ordibygrbxyphenylyhysirox@talyis, hydroxybBrzyds (@i énvepathiplphenyd), pr ef er ably a

gl o ! | A . " bea |
net ol 16 o e e R TR AR S Py S R aleh s bydraeumails. S ngl o
coor di nat i i P9k, GRIIDE icBirEpoadiap amtits-adsiidiRa JIBIR! esPbcily a'nlohé)i d core

carrying 20 the at |east one substituent containing a nol €ty having an
active hydweginted giih A wherein Ripamplkyk esrarylvadieaihevisg dfon dné ¢0 caibpounds

(a) inclu Ao 1 t 1.nu . gold | ati hum and t he
li ke. Sui '?%%Tg%h%féﬁog?%@l’ él%eﬁﬂé,’e df}krg%,xﬁ%r}bpylr Pﬁ’{'egr tt'lbdtyll? Pentyh| enent s of
G oups 13, hekgl, hepgll, detyl, abnylnandRizeyio ghenyl,aeh£1,ablyEIxg Iy Haphthpr, @h@r.abl y are,
bor on,, _phaos horFs, and silicon. lonic conpounds which contain anions

n

p
corrpriléi gb‘ %! coordi nati on conpl ex containing a single boron atom and
one or nore substituents conprising a noiety having an active

hydrogen are prigh§ifdiRe; burhsihRmgOéx attpids At afi 2) 3R { S c RIS 19 a
single Goup 5-15 el enent are di gclxoa?gjd [ n.a.E'I(D)-nSZ(ia%( 604 and- nhg(d;rrpl es of
t hose havibggsad p ihe @rasest inYentpo afs BraGeeitainipgtagioas eudhi sscl osed in EP- 0

2;?0223’ Vﬁi&ﬁentyﬂﬁy(li)rro%\llfnh%gyle}}:e}gte,%ipL&eﬁ(tZ,49£Eycggx§prﬁgnyﬁ%%%tg,uent UL

tri(p-tolyl)(hydroxyphenyl)borate,

20 tris-(pentafluorophenyl)(hydroxyphenyl)borate, tris-(2,4-
dimethylphenyl)(hydroxyphenyl)borate,
tris-(3,5-dimethylphenyl)(hydroxyphenyl)borate,
tris~(3,5-di-trifluoromethyl-phenyl)(hydroxyphenyl)borate, tris(pentaflucrophenyl)(2-
hydroxyethyl)borate, tris(pentafluorophenyl)(4-hydroxybutyl)borate,

25  tris(pentafluorophenyl)(4-hydroxycyclohexyl)borate, tris(pentafluorophenyl)(4-(4’-
hydroxyphenyl)phenyl)borate, tris(pentafluorophenyl)(6-hydroxy-2-naphthyl)borate,
and the like.

Further preferred anions (a)(2) include those containing two substituents
containing a mojety having an active hydrogen, for example:

30  diphenyldithydroxyphenyl)borate, diphenyldi(2,4-dihydroxyphenyl)borate, di(p-toly!)
17



14 WD 98/ 27119

PCT/ US97/ 21875 described therein is substituted by a substituent
conpri si Lety having an active hydr ogen, pr &
Ferr] (1@&)9 %?}ri}’ Preferably, anions (a) (g %hrrfa%?/;l%lg’s

represented by a single coqQrdination conplex of the follow n
9 eger al F@Ew%l%ypmr)y%borata\;’ x(pentaﬂuorophenymr—(hydroxyphenyl)borate, di(2,4- J

[M [err] QhigfefyigHeRyH h((ﬂ%ﬂdf%i[@hg,l%t%fa&&hi @fﬁ%%iiérﬁt}gilgpegéll) (11)

wherein: etal or ected from G oups 5-15
of the Pedi{lhydraxypbériydbofate, di (3,5-ditthiflustoarethyiphenyl) di(hydroxyphenylfRotacgependent | y

i h ' ect ed f he gr i sting.. 10  hydri de,
i hydr oc SRR EEY SER o HepPE PR e G ar byl oxi de.
pr ef ersabl pydabls®iutyihBori] dapetkAiobhe PRI Ay dYkycy ABEE:GYRSatd Ut €d- hydr ocar byl

radicals, i ncluding hal o-substituted hydfiocarbyl radicals, and
hydr ocar bSi(pentafiyorephenyotiGcf bydroxyphenyl)phenpisharatetdipentafjaoropimayhl | oi d
radi cal s, ;th rQc [ | n..each of these groups preferably
havi ng fr%&ﬁpﬁy({}ég&g “%é%@%"%%‘%m"?‘ﬁ dt"%‘ékepr oviso that in not nore than one 15
occurrence is Q halide; G is a polyval ent hydrocarbon radi cal

havi ng r+1 val ether peferrddnjone hrenthdseibave-mentionedibarales Wheltytithehgdtoap radi cal ,
bonded to. M _and r. group T-H) ; . he group (T-H) is a radical
wher ei n ﬁueateﬁﬂaﬂgve@g@?acs{? b&nﬁ{l g%f“thfH’éC”@Pa‘éY %,eremereferaPlyps atom of whi ch
i s bojde 4 )M High | i | .20 a
tri h%drj ogrg%@gp!gliyﬁ%? ELP g‘giptr?él ’g a r%gr@gﬂgiﬁ%ﬁﬂﬂﬂéﬁ?%{x@?ﬁ%@%@ﬁg hydr ogen;
mis an imdegephémdnbatateo 7, preferably 3;

The cationic portion (a)(1) of the ionic compound is preferably selected from
the group consisting of Bronsted acidic cations, especially ammonium and
phosphonium cations or sulfonium cations, carbonium cations, silylium cations,

15  oxonium cations, organometallic cations and cationic oxidizing agents. The cations

(a)(1) and the anions (a)(2) are used in such ratios as to give a neutral ionic compound.

Bronsted acidic cations may be represented by.the following general formula:
(L-H)
wherein:

20 L is a neutral Lewis base, preferably a nitrogen, phosphorus, oxygen, or sulfur

containing Lewis base; and (L-H)* i_s a Bronsted acid.

Illustrative, but not limiting, examples of Bronsted acidic cations are
trihydrocarbyl- and preferably trialkyl-substituted ammonium cations such as
triethylammonium, tripropylammonium, tri(n-butyl)ammonium, trimethylammonium,

25  tri(i-butyl)ammonium, and tri(n-octyl)ammonium. Also suitable are N,N-dialkyl
anilinium cations such as N,N-dimethylanilinium, N,N-diethyl-anilinium, N,N-2,4,6-
pentamethylanilinium, .

N,N-dimethylbenzylammonium and the like; dialkylammonium cations such as di-(i-

propyl)ammonium, dicyclohexylammonium and the like; and triarylphosphonium

18



nis an integer fromO to 7, preferably 3;

gis an integer O

r -1, preferably 1, r is an integer froml to 3, preferably
1, 25 zis an integer froml to 8, preferably 1
dis an iWP&8R711Prom 1 to 7, preferably 1; and PCT’VéZ'z’rWs- d.

to

dMtionPswthers tgphdngipbosphominian, hi(ngthedpheng)hppl®dniwhi ch are

particul arly usef

following §

15

PCT/ US97/ 2

wher ei

n:

gﬁxgpeélpyLip}belrngm{)léosmqunjm élmeei)nssu phomu%m taleethry?&lﬁlso%]&n%dangy the

B is boron in a val ence state of 3;

is an int eger f Frowrhighly, preferre@embodiment theBropgied agifie pasionpif 1 1may be

Wien q is 0 and pol yval ent hydrocar bon radical Gis not present, T is bound

[B Qerr](G[err](T H)[err])[err]][err] (III)

dis 1;.an and r are as defined for Formul a
(rr). Fﬁref %elpéeﬁmlt?d?y tr}csfogox(%nggené;al fomla: 1, and r is 1. I n
the ani on (a)(ZIL, -Hye, at | east one substituent conprising a noiety having
active hydrogen preferably corresponds to Fornula I: 10

G[err] ( T- Hypesein: (1) wher ei n G i s a pol yval ent hydrocar bon
radi cal, the grou - ' adiisdl o 1S5 S, NR
or PR the 0, S?‘ ﬁfgglrnl%er}'ﬁt% éﬂ%e(rr)lfgjvl\ﬁl? %rg%jgo tammﬁ%%r ogedrﬁéﬁlcq} atom H,
wherei n R tSmprideydt maarobylrembzdlydahg claain alikjnlygtomall’xbtjckabéy buch Li¥egtoul , a

1, and

trihyds Of?égnxgm%rom one troatgllfe%%lo_a,o alk)X ?;?a% grv]\/nh a tl)t%ll (f)l%/ td om3216 180 carbonsor

pr ef er Hh

15

20

25

30

more preferably two Cj0-4¢ alky! groups and from 21 to 90 total carbons. It is
understood that the cation may comprise a mixture of alkyl groups of differing lengths.
For example, one suitable cation is the protonated ammonium salt derived from the
commercially available long chain amine comprising a mixture of two C14, Cyg or
C1g alkyl groups and one methyl group. Such amines are available from Witco Corp.,
under the trade name Kemamine™ T9701, and from Akzo-Nobel under the trade name
Armeen™ M2HT. These preferred cations are described in U.S. provisional
applibati011 No. 60/014284, filed March 27, 1996, which is incorporated herein by
reference. Ionic compounds (a) comprising the cation [L*-H]* can be easily prepared
by subjecting an ionic compound comprising the cation [L-H]" and the anion (a)(2), as
prepared in U.S. patent application No. 08/610,647, filed March 4, 1996

(corresponding to W0-96/28480), to a cation exchange reaction with a [L*-H]" salt.

Generally, the preferred ionic compounds have a solubility in toluene at 22°C
of at least 0.1 weight percent, desirably, of at least 0.3 weight percent, more desirably
of at least 1 weight percent, preferably of at least 5 weight percent, more preferably of

at least 10 weight percent and in some instances even more than 15 weight percent.

Illustrative, but not limiting examples of the highly preferred cations (a)(1) are
tri-substituted ammonium salts such as: decyldi(methyl)ammonium,
dodecyldi(methyl)ammonium, tetradecyldi(methyl)ammonium,

hexaadecyldi(methyl)ammonium, octadecyldi(methyl)ammonium,
19



15 and r is an integer froml to 3, preferably 1. Polyval ent hydrocarbon

radi cal G has r+1 val enci es, one val ency being associated with a
net al id of the G oups 5-15 of the Perio e _aof the
El ement s“}zﬁ’sﬁh{ﬁani on, the other r valencies of G being dﬂ&ﬂ&é{haﬁhed tor

groups (T-H). Pref erred exanpl es of Ginclude di- or trivalent
hydr ocar beicosydi(mathyDemotonig, mthyldiédesylamyibeimel, ar al kyl ene, or al karyl ene

radi cal s %Qethyl g&gd@c%%&gw tagllrhg]dzgwﬁgfmg r&g&ﬁogﬁlns nore preferably from 2

to 12 carbon “a Wy ent hydr ocar bon

radi cal s G\dtmﬂwmaaétgr}yﬂnmmnbInﬁﬂﬁl@ﬂ&ﬁk@iﬂa&i&cyi)ammorﬁﬂx}%ht hyl ene, nethyl ene,
et hyl ene, propyl ene, 1,4-butyl ene, phenyl net hyl ene

(-d err] He&t lP>] d@‘f‘éﬁyf)}‘mfﬂompﬁh trﬂéﬂcy\?mwumwﬂe@&v mPGRMi on G may be

furtheg s H% vel y i npact t he
effectStolll"tfi))r((;éHM‘i evex#rh tﬁhexadégﬂ ﬁ%@uwﬁo\?gan %Irl\ g@ érred exanpl es of
such noni Mcacdsgramgomuﬂnsdacyldq{ntWt)d)amrmbdwm daleyyidi(@bltylyammoniumor

aryl - substlt te and errryl radicals, and fluoro substituents.
The group % ?41?11 wﬁél) Bﬁ’s formul a may be an -OH, -SH, -NRH, or

- PRH groupy Nvmg&fec?xal%hlaru@rmﬁ#a{w l\ﬁd@de@ﬁﬁmkmnpref erably a Cerr],
hydr ocar byl radi ca drogen, and H1s hydrdgen. Preferred R groups are

al kyl's, 3ONN- d;gactag!amwép tanwtrylarmmyurab leytishexyldialolgdydmyringonddm) artdo 18
car Do, at oriy IS RSEEr ARl Y.

PCT/ US97/ 21875 those of 1 to 12 carbon atons. Alternatively, the

group (T-H) comnttalsl631rmmtly@abstrtlﬁéﬂ sulfomumﬂf\ﬁhbspmmmrl?lahh(gﬁ@uﬂ\ wd)i ch are part
of a larger functlonal Mo| et such as, exanple, C(O-0OH, C(S)-0H,
C(S)-SH, Cildgeybsuifen &"éﬁ Onalﬁbl mdecylph@!(r)@ympmﬂ and C(S)- PRH.

Most pref %ﬁa&wecyb%tmmepﬂoﬁmﬁ) ahd it Qéé}l()ég&ﬁyﬂb'rﬁum ma xsogﬁ or .an am no

group, - Very preferred’s Ituents err](T- H) in
ani on (a) (M@med.ncl ude hydroxy- and am no-substituted aryl, aral kyl,
al karyl or al kyl groups, and nost preferred are the

15 Preferred ionic compounds (b) are di(octadecyl)methylammonium
tris(pentafluorophenyl) (hydroxyphenyl)borate, octadecyl dimethylammonium
fris(pentaﬂuorophenyl)borate and di(octadecyl) (n-butyl)ammonium
tris(pentafluorophenyl)(hydroxyphenyl)-borate, as well as the amino (-NHR) analogueé
of these compounds wherein the hydroxyphenyl group is replaced by the aminophenyl

20  group.

A second type of suitable cation corresponds to the formula: ©", wherein ©" is
a stable carbonium or silylium ion containing up to 30 nonhydrogen atoms. Suitable
examples of cations include tropyllium, triphenylmethylium, benzene(diazonium).
Silylium salts have been previously generically disclosed in J. Chem. Soc. Chem.
25 Comm., 1993, 383-384, as well as Lambert, J.B., et. al., Organometallics, 1994, 13,
2430-2443. Preferred silylium cations are triethylsilylium, and trimethylsilylium and

ether substituted adducts thereof.

Another suitable type of cation comprises a cationic oxidizing agent

represented by the formula:

20



hydr oxyphenyl s, especially the 3- and 4-hydroxyphenyl groups and 2, 4-

di hydr oxyphenyl, hydroxytolyls, hydroxybenzyls (hydroxynethyl phenyl), 10

hydroxybkgaggxgﬁg hydr oxynapht hyl s, hydroxycycl ohexyl s, hydroxgneth | s, and
pyrg: 59724

hydr oxypr and the correspondi ng am no-substituted gr dcially
t hose substituted with -NRH wherein Ris an alkyl or aryl radical
having from1l to 10 carbon Ox"atons, such as for exanple nethyl, ethyl,
propyl, i- VA POW . P SR o g ¥ L, exyl,. heptyl, 6 octyl,
nonyl , and\piciiée}%él (:)x pﬁseanéf/ tron e°r’f§z‘§}19% t)%ﬂ}lmg%% F;?P‘}’g%é’%%{]’r?\?f‘,e 15y nidger

bi phenyl . from 1 to 3. Illustrative, but not Iimting, exanples of anions
(a)(2) of ionic conmpounds to be used in the present invention are

bor on-cont ai ni n i ons such as: . tti phen hydr oxyphenyl ) bor at e,
triphenyl (2, 4- d’ga@gw&&%ﬁg WG)OESP%Q%?omprlse an ox@lgomyetalhc >c/:aﬁ)tion}ss/ur?h as, for
tri (- 150! Ydxhrfp¥es] AR S430 Uhete IIGE @h9drodbby] or substituted hyd - |
tris-(pentaf Ifdgor oph?r??l ) (hydr oxgghenyly bor at éu et r Prs{o(c%r, Xl-havmg f’°“? l

di net hyl pHerdPP ponlxsiregepsiems oy SoAR'E, where S is & suppoft3naterial or other
, 5-di net hyl .h | t . . .
e s (3, o aPa Y biBY SRR RSTRATR A sty mrigpey defined.

tris(pentafl uorophenyl) (2- hydr oxyet hyl ) bor at e,

tri SE pent a]t | uorlﬁxﬂm@;ﬂyd[ (;f(oﬁtigryig bRyAing ?@eﬂbﬁﬁfi?%z fetPocenium, hydrocarbyl-
tris(pentaf]| uorophen 4- roxycyel ohexy or at e,

tris(pent a‘PLﬁBF‘GEE%‘ﬁ%HCF li-‘!'(“’}flg  and Pb™. hydr oxyphenyl ) phenyl ) bor at e,
tri.s(pentafl uorophenyl) (6-hydroxy- 2-napht hyl ) bor at e, and the |ike.

Furthao pref er rgetoddihgisa hitthePdspeOr atteprb a8 fvERTndh &tk ri@?;fowaggubﬁ i tuents
npl e:

containing a noiety having an active hydrogen, for exa
di pheny| diroR§eapexied hatalysy ¢oorpaising the jsinéangdmetiopad fa) dibh g thansitiprheetal ) bor at e,

S\L)( Bé} (2)|7>i| mpound, and (c) an organometal compound wherein the metal is selected ﬁ%m the
PCT/ US97/ Z3:%4ps 1-14 of the Periodic Table of the Elements. The nonsupported catalyst may be
formed from soluble components (a), (b) and (c) and used in a diluent in which it is
15 soluble, such as, for example, in a solution polymerization process, or it may be
recovered as a solid in dry particulate form. In one aspect of this invention, the
nonsupported solid catalysts are preferably dispersed in a diluent in which the solid

catalyst is insoluble or sparingly soluble.

The present invention furthermore provides a supported solid catalyst
20  comprising ionic compound (a), transition metal compound (b), organometal
compound (c), and a support material (d). Suitable ionic compounds (a) have been

described hereinabove.

Suitable transition metal compounds (b) for use in the present invention
include any compound or complex of a metal of Groups 3-10 of the Periodic Table of
25  the Elements capable of being activated to olefin insertion and polymerization when
combined with components (a) and (c) and optionally (d) of the present invention.
Examples include Group 10 transition metal diimine derivatives which are described

in WO-96/23010.
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di (hydroxyphenyl)borate, di(pentafluorophenyl)di-(hydroxyphenyl)borate,

di (2, 4- di net hyl phenyl) di (hydr oxyphenyl)borate, di
(3, 5-di gy, gyl ) di (hydroxyphenyl ) borate, di '
(3, 5-di -tr| 2#uor onet hyl phenyl ) di (hydr oxyphenyl ) bor at e, PCT/USIT21875

di (pent af | uor ophgnyl d| (,2 yet hyl ) bor at e, d| (pent af | uor ophenyl ) di (4-
5  hydroxybut y} ‘f léﬁfé‘éh{‘éﬁmﬁﬁuﬁ’ﬁﬁéﬁ Group 3, 4,5,01 6 or Lanthanide

di ( 4- hydrwaywhmeswlmeaét 4 forrfld Q,?z r
di (4- (4' - hydr oxyphenyl ) phenylyBorat e, "S’éﬁ?’% %o?ggﬁ%&%‘}mp"““ds

di (6- hydrM@mapl*ﬂdmyﬂlé:bslcamtemmgﬂomhetola 7k-Bonded anionic or neutral®gagd preferred
ani ons are those agove nment | oned borates wherei n the hydroxy

f uncti onal®ft4psi whi B]aé{é’ééfyfﬂf‘ I oRRY S qﬁlﬂ?“k%ﬁﬁé"r‘?%‘i&‘l‘ F%W%@FI& n R

f bl
5701 kg G4 o o b O e

The cati ompccypbc ticop! grajgs, )ll)dfgrd:dps baratabenzensgrongs, isd ﬂéﬁé gioahd. yBypeect ed
from roug consi s zlf Bronsted acidic cations, especially
h

amoni um éeer‘ "1-Bonde Eé?fﬁ‘ﬁh eanshgronp ishianderhiothe trarsiéamsmetabbponi um
cations, sid um cations, organonetallic cations and
cationic oxﬁﬁ% gfrj&r%&%gg%ﬁele%ﬁmség%?@ns (a)(l) and the anions (a)(2)
are used in such ratios as to give a neutral ionic compound.

Bronst ed aci di Eaclaatoonia thea@eldnmhzapn%ed&degimhynmymdkpd:ddémlilﬂe gmiRefsdd

fornmu Lis a

rein:
neut rgﬁ? L &iihe rpdica! sew&&%% g&"‘fﬂ fansistirg Ofpt%‘é?ﬂ‘?ﬂrf%?éo%e@x?)@’éwarw sul f ur
cont ai ni nﬁal'eﬁyur%ci?ﬁﬂeh){cﬁﬂéirﬁﬂ‘sﬁas[nﬁftéd n{ef%llaldgrlﬁ'aﬁ;cg@ é,d
[llustrative, but not Timting, exanples of nste acidic cations are
trihydr océr*wylroca@utﬁnpn@,f\@r@a@nyhetmptaﬂmlns salissed frrom &ttospnib of thmPesibdions such

i met hyt AanE Y s oA e bl orRERRN AREIR L b For eSS TR

Al so sui t adilielafuethds si‘db@klitaieawlth a Groupald dri llﬁlhéfarﬁaaém%ﬁtaﬁkhféknaﬁty .
N, N-di et hyl ani I inium N, N- E di et hyl ”anl linium N, N2,
pent ah®t h}ﬂ“é‘?ﬁ diwithimhe term “hydroqahyieam ﬁlb’mﬁw%‘nhﬂﬂcbﬁd anticychie alkyke;

di al kyl a aidn& aﬁ&'ﬁxlam]%l kel7 7_& %k){l snbstmﬁgzcﬁg% aﬁmﬁéaﬁgnand C7.20

di cycl ohexy amm rar osphoni um
18 aryl-substituted alkyl radicals. In addition two or more such radicals may together

form a fused ring system, a hydrogenated fused ring system, or a metallocycle with the
metal. Suitable hydrocarbyl-substituted organometalloid radicals include mono-, di-
20  and tri-substituted organometalloid radicals of Group 14 elements wherein each of the
hydrocarby! groups contains from 1 to 20 carbon atoms. Examples of suitable
hydrocarbyl-substituted organometalloid radicals include trimethylsilyl, triethylsilyl,
ethyldimethylsilyl, methyldiethylsilyl, triphenylgermyl, and trimethylgermyl groups.
Such hydrocarbyl and hydrocarbyl-substituted organometalloid radicals may be further
25  substituted with a Group 15 or 16 heteroatom containing moiety. Examples of Group
15 or 16 heteroatom containing moieties include amine, phosphine, ether or thioether
moieties (see for example the compounds disclosed in W0-96/13529) or divalent
derivatives thereof, for example amide, phosphide, ether or thioether groups bonded to
the transition metal or Lanthanide metal, and bonded to the hydrocarbyl group or to the

30  hydrocarbyl substituted metalloid containing group.
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PCT/ US97/ 21875 cations such as triphenyl phosphoni um
tri(nmethyl phen phosphoni um tri (di net hyl phenyl ) phosphoni um
di net hyl sYYp ﬁ*‘zﬂm di et hyl sul phoni um and di phenyl suPERESPURSTS

In a hi ghly preferred enbodi nent, the Bronsted acidic cation (a)( 1) may be

5 represented Haganq)m oﬁ‘ otijkabld adoige il aalifl Bbbided groups include  [L*-H +,
wher ei n: nitr oxygen, sul fur or phosphorus

0

cont ai ni ng CP_’%'\RP%‘“%%‘B/I’VW?W' %uor"'"&bg‘ﬁ?a?%@?‘ nyleleyehysisellyasemtli vel y | ong
chai n al kyloc@hoaBflusieryie fromone to three
Cerr] al k)?lc S)(?)}dl?plsl V\Aﬁ% ﬁéﬂ(ﬂe@p%@?k??%%%gﬁdmg ogﬁcar%hﬂé nor e
preferably hF&%'Y@t@Nhrafamdyﬂnghxrle@tbmderfyi grous, and b@ﬁtdbenzelnecg&ﬁdp@m It is

der st god t f
i rer 1 R 1Etgpel-To PR T nSARA. GF o6 sisbetibl-Shefuietissd] fbSiugriona ea
amoni um sat | @ﬁydr&i@ﬂbyflrs@tfhh@d germyl a&m{v@s ﬁale}e)éf AN aidhl n?d{:ra{h%vgé‘é# n amne

conprising a mxture of two Cerr], (err] derr groups and
one net hyl thg %’m@ll&ﬁ@hstamnﬁ%sﬁ&feered\ﬂaldnmeéodahmd Abbrded@oups, are under

the trad the trad
e R Bl e b AT ey Gl A PR b B bed | n UL S,
provi si 0na|tetramethy]ﬁ@ﬂﬂycﬁ)@'éht@dﬁeﬁﬂ, xnﬁ%ﬁlﬂ%ﬂnetﬁylhrﬁﬂnwﬂﬁ&eg , 21996, which is

i ncor por ated herein reference. lonic conpounds (a) conprising the
cati onlfPL* mqth )émﬂf")dairﬂlﬁ@%‘ésﬂhlewlmdépﬂr strapoiroflusyenylitsiceaty drefluerenyband
conpound c%(%lhg&'lome;] e cation [L-H [err] and the anion (a)(2), as
prepared in pat e ht application No. 08/610,647, filed March 4, 1996
(corresponding to WD 96/ 28480), to a cation exchange reaction with a
[L*-H [err] sal tThe boratabenzenes are aGemér liganys whivh aps edren cestainiiy makgapounds

have a sol Ubl)cl,nlztc e I'Fhegl(gllréj grggioggly irzl[)&,; rnl t%e art having been described by

G. Herberich, et al., in Organometallics, 14,1, 471-480 (1995). Preferred

15  boratabenzenes correspond to the formula:

)\
. IBR
—/

wherein R” is selected from the group consisting of hydrocarbyl, silyl, or

germyl, said R” having up to 20 nonhydrogen atoms.

A suitable class of transition metal compounds useful in the present invention

20 corresponds to the formula (V):
LIMX X’ nX"p, or a dimer thereof (V)
wherein:

L is an anjonic, delocalized, n-bonded group that is bound to M, containing up
to 50 nonhydrogen atoms, optionally two L groups may be joined together forming a

25  bridged structure, and further optionally one L. may be bound to X;

23



of at least 0.1 weight percent, desirably, of at least 0.3 weight percent,
nore desirably 25 of at least 1 weight percent, preferably of at least 5°
wei ght percent, nore preferably of at |east 10 wei and in
sone i nsW¥ 1¥ven nore than 15 wei ght percent. VB3 f8
II'lustrative, but not limting exanples of the highly preferred cations

(a) (1) are M it nimesal tof Groupt 4of therRenddienl sle pEths lidemends in the +2, +3 or

decyl di (et hyl Ri UM . dodecyl di (et hyl ) anmoni um

tetr adecyl’tf{]%’ﬁ%‘?ﬂ%lﬁlaé’rﬂ%mt%m 30 hexaadecyl di (net hyl ) amoni um

oct adecyl di (net hyl ) ammoni um

19 WX 984r2dptioal, divalent substituent of up to 50 nonhydrogen atoms that

PCT/ US97/ 21875 ei cosyl di (net hyl ) amoni um net hyl di (decyl ) amoni um

met hy! di ( degrshsn yishhdamsa meatlesyeli Wit adecyl ) ammoni um

met hyl di (hexadecyl ) anmoni um net hyl di (oct adecyl ) ammoni um

met hyl ai (el cosyk);aaneptisHi nélﬁﬂaﬂﬁgamhmmvmyupttwd%ﬂgwlr R 5
ade

tritetradecyl ammoni u tri hexadecyl amoni um "tri oct cyl ammoni um
triei cosyl ammoni um decyl di (n-butyl)anmonjum dodecy] di (n-butyl)anmmoni um

oct adecyl di ( n-XUegdh)eeamnerics if 2 monovajgniagiondBeigly 2aVing pp terft0

N- et hyl - N- dodecyl ani | i ni »

N, N- di (oct?&gzgﬂoéfﬁ?tﬂ%’- ?pﬁlji%n%]{yﬁ)f%%ﬁ B RPEHY bgnga(])%né]%ybIOH?? %&’58‘88% ) ammoni um
and 10  nkhilgdi didaeRciiniaitmdiethaving both valences bouidi to bl o2, sptishalay | y
substituted sul fonium or phosphoni um cat i on{sﬂﬁsuch a

di (decy! ) sttor &FiginypsAue SPV3IaRbeRaAnd Hracisr imiore rai“aé‘évi ERBEAifa e um
O (0! RS Ak BB JREP L Whor B8 1, L RHREERY A AR RRKR ofiFY 2l SO e

naned. ~ 1 Fred ionic conpoun
di (oct adecye)drehdre Dergroswmy be bonded together thereby forming a moiety that is both

covalently bound to M and coordinated thereto by means of Lewis base functionality;
1is 0, 1 or2;
misOorl;
15 n is a number from O to 3;
p is an integer from 0 to 3; and

the sum, I+m+p, is equal to the formal oxidation state of M, except when two

X groups together form a neutral conjugated or nonconjugated diene that is 7-bonded

to M, in which case the sum l+m is equal to the formal oxidation state of M.

20 Preferred complexes include those containing either one or two L. groups. The
latter complexes include those containing a bridging group linking the two L groups.
Preferred bridging groups are those corresponding to the formula (ER*3)x wherein E
is silicon, germanium, tin, or carbon, R* independently each occurrence is hydrogen or
a group selected from silyl, hydrocarbyl, hydrocarbyloxy, and combinations thereof,

25  said R* having up to 30 carbon or silicon atoms, and x is 1 to 8. Preferably, R*
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tris(pentafluorophenyl) (hydroxyphenyl)borate, octadecyl dinethylamonium
tris(pentafl uorophenyl)borate and di (octadecyl) (n-butyl)amoni um

tris(pentafluorophenyl) (hydroxyphenyl)-borate, as well as_th ] (- NHR)
anal ogueg"% sar21 f these conpounds wherein the hydr oxyphe @?%Qﬁs
replaced by the am nophenyl 20 gr oup A second type of

sui t abl e dedepentleady eedyrsRusence xqrnethfbpml aropybbepzylipbutyh, ghenyl} | s a
st abl e Car:tﬂﬂl'ﬂd ion containing up to 30 nonhydrogen atons.

Sui t abl e xwg%(tgﬁpfbx!sﬁg*’&%tl ons include tropyllium triphenyl methylium
benzene(di azoni un). Silyliumsalts have been previously generically
di scl osed i n JEx@nps obtie. coGipdaxes esntfiomgtyo 1988yups388 e@dgournis wel | as.
Lambert, J.B., eéi. al ., Ogangnetallics, 1994, 13, 2430- 2443.

Pr ef er r ed “8FSpeR e Lo fHedAaily WF‘F%{Y@'Q lylium and trimethylsilylium and
et her substituted adducts thereof. Anot her suitable type of
cation conprises a cationig OXI d| zi ng agent represgnt ed by the

formul a: 20 - WD

98/ 27119 )

PCT/ US97/ 21875 (VI) 7 X[ er rer) wher ei n
Ox[err] is a cationic oxidrzin Mg,gent havi ng &*@ arfye of, e+, and e is an

i nteger froml to 3. n [ suitabe type of cation
conpri ses an organomnet aﬁallﬁﬂaon, such as, for Sp anple, AIRerr],
where R err] is a hydrocab r substituted hydrogardy rR*having from1

to 100 nonhydrogen atons r YAIRerr], where S i upport material or

ot her substrate having tethered to it an AR group, where Rlerr]
is as previously defined.

wherein:

M is titanium, zirconium or hafnium, preferably zirconium or hafnium, in the

+2 or +4 formal oxidation state;

R? in each occurrence independently is selected from the group consisting of
10 hydrogen, hydrocarbyl, silyl, germyl, cyano, halo and combinations thereof, said R®
having up to 20 nonhydrogen atoms, or adjacent R? groups together form a divalent
derivative (that is, a hydrocarbadiyl, siladiyl or germadiyl group) thereby forming a

fused ring system, and

X” independently each occurrence is an anionic ligand group of up to 40
15  nonhydrogen atoms, or two X” groups together form a divalent anionic ligand group of
up to 40 nonhydrogen atoms or together are a conjugated diene having from 4 to 30
nonhydrogen atoms forming a -complex with M, whereupon M is in the +2 formal

oxidation state, and
R*, E and x are as previously defined for bridging groups (ER*3)x.

20 The foregoing metal complexes are especially suited for the preparation of

polymers having stereoregular molecular structure. In such capacity it is preferred that
25



Exanpl es of cationic oxidizing agents include: ferrocenium hydrocarbyl -
substituted ferrocenium Ag[err], and Pb[err]. 10 According to a
further f the present invention there is provided a :
nonsuppé’?‘lﬁg@%‘ﬁal yst conprising the ionic conpound (a),  ¢HPS¥ A %hsition
met al conpound, and (c) an organonetal conpound wherein the netal is
sel ect ed ¢ BPPPIR% Possesses Gy gygyBety. arpossesien e chispl, geicorigidistuctufe.t he El enent s.

(by and: (BRI Al be BB EoHReunds opt B BrikAha0edr Sattombelin as. f or

exanpl e, systemssnthitd ot dyclopemridiedl igRitpRho 08S HuorehylighouPR)SiRflar systems’ €cover ed
as a solid in dryl};)articul ate form 1n one aspect of this invention, the
nonsuppori2et! ¥uTiY)caallys weresditclosed ferpienagation 9 syndéiactic odefin | uent i n whi ch

the sali : IS Al b i | e.
The p?esg)r?t]y[?enr\s/énﬁgllﬁ)é? gr%@%ﬁ%?ﬁ? ggé)glﬁt% gg“@’&ﬁ’?ﬁesc%ft al yst 20
conpri si reirabstiuctucesripdudickaé bjs-inderghssrhplexesnSirmailarcospny Baseloh, Tigvyanonet al
conmpound (r(‘z)d ¥Snd a_s#&'%grt mat er | al gd). .Suj tabl e ionic_conpounds (a) have
been or Z5d¥3 Mepedis fofpeRAzation of isotactic olefin pajymespineWildghal-t) on net al
conmpoundsplehlorh@! CHEE., b, bBR4pr@9gnt i nvention i ncl ude any conpound
or conplex of a netal of G oups 3-10 of the Periodic Table of 25 the

El ements capabl e of being activated to olefin insertion and pol ynerization

when corfixemptarwbridgeddigaudrerontainiag tvent-bondedgroumspré:onal |y (d) of the
present inventioQ . anpl I .ncl ude., G0 O, transitjon netal diimne
Do 9B 1 VBRI E-tisoson AR, (ARLIG R B dS pRREI ST

% éf/ USQ7/(giﬁe;lglml—%%félﬂﬂ&ﬂlopemadieny])), (dimethylsilyl-bis(t-

butylcyclopentadienyl)), (dimethylsilyl-bis(tetramethylcyclopentadienyl)),
(dimethylsilyl-bis(indenyl)), (dimethylsilyl-bis(tetrahydroindeny!)), (dimethylsiiyi-
bis(fluorenyl)), (dimethylsilyl-bis(tetrahydrofluorenyl)), (dimethylsilyl-bis(2-methyl-4-
15  phenylindenyl)), (dimethylsilyl-bis(2-methylindenyl)), (dimethylsilyl-
cyclopentadienyl-fluorenyl), (dimethylsilyl-cyclopentadienyl-octahydrofluorenyl),
(dimethylsilyl-cyclopentadienyl-tetrahydrofluorenyl), (1,1,2,2-tetramethyl-1,2-disilyl-
bis-cyclopentadienyl), (1,2-bis(cyclopentadienyl)ethane, and (isopropylidene-

cyclopentadienyl-fluorenyl).

20 Preferred X groups in formula (VI) and (VII) are selected from hydride,
hydrocarbyl, silyl, germyl, halohydrocarbyl, halosilyl, silylhydrocarbyl and
aminohydrocarbyl groups, 61‘ two X" groups together form a divalent derivative of a
conjugated diene or else together they form a neutral, m-bonded, conjugated diene.

Most preferred X groups are C|_p( hydrocarbyl groups.

25 A further class of metal complexes utilized in the present invention
corresponds to the preceding formula (V) LIMXmX’nX”p, or a dimer thereof, wherein
X is a divalent substituent of up to 50 nonhydrogen atoms that together with L forms a

metallocycle with M.
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Addi ti onal catal ysts include derivatives of Goup 3, 4, 5 or 6 or

Lant hani de nmetals which are in the +2, +3, or +4 fornmal oxidation
state. Pr Bg%_glg conmpounds i ncl ude netal conplexes containing froml
to 3 [err]- 8 anionic or neutral |igand groups, REFEE$PTR/She

cyclic or noncyclic delocalized [err]-bonded |igand groups. 5 Exenpl ary
of such [err] - b8rdfeded digalank X sahspisuearsdnelody glgapebninin@Rseoigat ed, cyclic
or non%cl i c_di enﬁyl roups, .allyl groups, borat abenzene groups, and
arene gr oupgrhYE[PgeRgtoms comprisita at least gn dept 15 oxygemsulfem heropies al | gand
group i s baprdedr bOGE tqr | P calized [err]
el ectrons thereof. &% Hctite f’ér%xg%[ﬁé gﬁg%ﬁleﬁﬁ%@%%gg?%gégo ﬁgr r]-bonded
group nmay feldeglisad srivdngedgrosplrmtliatdiffetnddiom, seldctedarom dieCarburs edrfstingl f rom

the graup censisting of hydrogen, halogen, hydrocarbyl,

hal ohygljrjoc%fﬁirpge%?g?%’i‘ﬁp%y?xy%ﬁ%gf f“?h’t’gﬁ‘t Wéi"ﬁP]F’é)‘i'ﬁE‘?“dﬁ%‘?%ar byl oxy,

di hydrocar byl am no, wherein the netalloid is selected from G oup 14 of the
Peri odi c Tabl e of the El ements and hydrocarbyl radicals or

hydr ocar byl - substituted netalloid ragjscal s further substituted with a
G oup 15 or 16 heteroatom containing noiety., 15 Included within the term
“hydrocarbyl" are C[err] straight, branchedand zZxclic al kyl

radicals, C6 20 aromatic radicals, substituted aromatic

radi cal s, and C7 20 aryl - subst it ut\¢ H-Madecal s.wvimm addition two
or nore such radicals may together farifya fused ring system a

hydr ogenat ed fused ring system or a netallocycle with the net al .

Sui t abl e hydrocar byl - substituted organoRetal | oRd radical s include nono-,
di- 20 and tri-substituted organonetalloid radicals of Goup 14 el enents
wherein each of the hydr ocar byl groups contains froml| to 20 carbon
atons. Exanpl es  of fsui %a{;ﬂl e . hydr ocar byl - substi tuted organonetal | oi d
radi cal s i ncl ud® RFieet Agrsefispeh Grouns metakedagdination complexey uedret hyl si | yl |
met hyl di et {bsi , i | Ml groups. Such
hydr ocar byl ané’h%%*r’%g*a"r@ﬂgWS&%@W‘%%?SE‘%@S?%Q’%@Q?%% radi cal s may be
further 25 substituted with a Goup 15 or 16 heteroatom contai ni ng

moi ety. Exanpl e¥heseing oup 15 or 16 heteroatom containing noieties

i ncl ude am ne, phosphine, ether or thioether noi eties (see for

exanplyy the co ?ﬁi;m ' j / 29). or  di val ent

derivatives thgﬁr@g ) lg?%g%gﬁoglﬂ’e&’}ﬁ%a%ﬁypﬁgéﬁ '521,’6 g%’ﬁ:’r °5T4 f‘?{{“&bt her

gr oups bonukedhtion state; the transition nmetal or Lanthanide netal, and bonded
to the hydrocarbyl group or to the 30 hydr ocar byl substituted netalloid

contai nin roups . . . 22
9 9 OURs i each occurrence independently is selected from the group consisting of

hydrogen, hydrocarbyl, silyl, germyl, cyano, halo, hydrocarbyloxy,
dihydrocarbylamino, and combinations thereof, said R* having up to 20 nonhydrogen
15  atoms, or adjacent R* groups together form a divalent derivative (that is, a

hydrocarbadiyl, siladiyl or germadiyl group) thereby forming a fused ring system;

each X" in formula (VIII) is a hydride, halide, hydrocarbyl, hydrocarbyloxy or
silyl group, said group having up to 20 nonhydrogen atoms, or two X" groups together

form a neutral Cs_30 conjugated diene or a divalent derivative thereof;

20 Y is -O-, -S-, -NR*-, -PR*-, -NR*, or -PR*,; and
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PCT/ US97/ 21875 Exanpl es of suitable anionic, delocalized
[err]-bonded groups include cycl opent adi enyl , inden yl,
tetr ahydr‘%?ﬁ?fgﬂ , tetrahydrofl uorenyl, oct ahydr of | ﬁ{g:rr 9?’9{8%1

pent adi enyl , cycl ohexadi enyl , di hydroant hracenyl

hexahydr oant hr aZenWR*zc@B’édﬁd%"b&tﬁ*lzr @Bé@*zgﬁBﬁﬁ@R*aﬁB*ﬁbRﬁm abGeRéne
groups, as rocar byl -substituted, Cerr]

hydr ocar bywherﬁﬁ‘sgﬁf& atsg(ﬁevgﬁ%y?[éef& gt i tuted, d er r] hydr ocar byl
substituted gernyl derivatives thereof, and di val ent derivatives of

t he foregoi ng shbedrdingaotis.prédeaf iawer&hbnanérelafecprdﬁﬂectﬁietaze&n{)lercés] - bonded
groups are ycwﬁent adi e?)yl , pent anet hyl cycl opent adi enyl

t et r amet hyFRsPoRsing tedpefeymula ()X et ranet hyl si | yl cycl opent adi enyl

i ndenyl , 2, 3-di net hyl i ndenyl, fluorenyl, 2- 10 met hyl i ndenyl ,

2- met hyI -4- phenyl i ndenylg tetrahydrofluorenyl, octahydrofluorenyl, and
t et r ahydr oi ndenyl . The bor at abenzenes are anionic |igands

whi ch are borongge \Ng anal ogugyp to benzene. They are previously
known in the ar een descri bed by G Herberich, et al., in
Organonetal |1 cs,~ @x(1995). Preferred 15 bor at abenzenes
correspond to t he forrm 2. [err] wherein R' is selected
fromth® group consistifig of hydrocarbyl, silyl, or gernyl, said R'
havi ng up to 20 nonhydrogen atons. A suitabl e class of

transition netalwheRMGstiagiunsgefrobninm drihefnpum sete H20¥86f #9fordfdl  corresponds

to the fornula (V):
oxidation state;

R’ is an aryl ligand or a halo-, silyl-, alkyl-, cycloalkyl-, dihydrocarbylamino-,
hydrocarbyloxy-, or hydrocarbyleneamino-, substituted derivative thereof, said R’

10 having from 6 to 40 nonhydrogen atoms;

Z is a divalent moiety, or a moiety comprising one ¢-bond and a neutral two
electron pair able to form a coordinate-covalent bond to M, said Z comprising boron,
or a member of Group 14 of the Periodic Table of the Elements, and also comprising

nitrogen, phosphorus, sulfur or oxygen;

15 X is a monovalent anionic ligand group having up to 60 atoms exclusive of the

class of ligands that are cyclic, delocalized, ®-bound ligand groups;

X’ independently each occurrence is a neutral Lewis base ligating compound

having up to 20 atoms;

X is a divalent anionic ligand group having up to 60 atoms;
20 pis zero, 1,2, or 3;

q is zero, | or 2; and
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Llerr]MXerr] X [err]X"[err], or a dimer thereof (V) wher ei n:
L is an anionic, delocalized, [err]-bonded group that is bound to M

cont ai ni to 50 nonhydrogen atons, optionally two L groups may be
j oi ned tg)g%%‘ﬁze-’ru? ormng a 25 bri dged structure, and furt BHal |y

one L may be bound to X; 23
WO 98/ 27119 ris zeroor I. :
PCT/ US97/ 21875 Mis a netal of Goup 4 of the Periodic Table

of the Elenents,in,the +2. +3 or +4 formal oxidation state;

X is an opti onaﬁ,"o%‘le(/éf‘sér?? pé‘%‘ffé‘iq ‘E‘ﬁ@h?omleﬁﬁfﬁ%b“‘%’d“ MREIGENG YeNtkerons t hat
t oget her vsartesporfdimgno the foemala ocycle with M 5 X is an optional
neutral |igand base having up to 20 nonhydrogen atons; X"
each occurrence is a nonoval egt®, anionic noiety having up to 40

nonhydr ogen atons, optionally, two X' groups may be coval ently bound

t oget her form ngBa_fli va iZAni oni ¢ noi ety having both val ences
bound to M or, optiondlly two X  groups may be coval ently bound

together to forma neutral, u r 10 nonconjugated diene that is
[err]-bonded to M or further ope]'#xmnal FMEpL'pr nore X' and one or
nore X groups nmay be bonded together thereby formng a noiety that is both

covalently bound to M and coordi nated thereto by nmeans of Lew s base
functi dnality; where M is a metal from one of Groups 3 to 13 of the Periodic Table of the

Elements, the lanthanides or actinides, which is in the +2, +3 or +4 formal oxidation
state and which is n-bonded to one cyclopentadienyl group (Cp) which is a cyclic,
delocalized, m-bound ligand group having 5 substituents: RA:; (RB)J--T where j is zero,
I or 2; RG; RD and Z; where RA, RB, RC and RD are R groups; and where

10 T is a heteroatom which is covalently bonded to the Cp ring, and to RB when J
is 1 or2,and whenjis0, TisF, Cl, Br,orI; whenjis 1, TisOorS, or N or P and RB
has a double bond to T; when jis 2, T is N or P; and where

RB independently each occurrence is hydrogen, or, is a group having from 1 to
80 nonhydrogen atoms which is hydrocarbyl, hydrocarbylsilyl, halo-substituted

15 hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl, hydrocarbylamino-substituted
hydrocarbyl, hydrocarbylsilylhydrocarbyl, hydrocarbylamino, di(hydrocarbyl)amino,
hydrocarbyloxy, each RB optionally being substituted with one or more groups which
independently each occurrence is hydrocarbyloxy, hydrocarbylsiloxy,
hydrocarbylsilylamino, di(hydrocarbylsilyl)amino, hydrocarbylamino,

20 di(hydrocarbyl)amino, di(hydrocarbyl)phosphino, hydrocarbylsulfido, hydrocarbyl,
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
hydrocarbylsilylhydrocarbyl having from ! to 20 nonhydrogen atoms, or a
noninterfering group having from 1 to 20 nonhydrogen atoms; and each of RA, RC and

25 RDjs hydrogen, or is a group having from 1 to 80 nonhydrogen atoms which is
hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl,
hydrocarbylsilylhydrocarbyl, each RA,RC orRD optionally being substituted with one
or more groups which independently each occurrence is hydrocarbyloxy,
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1is 0, 1 or 2; mis O or 1; 15 nis a nunber from

0 to 3; pis an integer fromO to 3; and t he
sum 1+mtp, is equal to the formal oxidation state of M except when two
X" groupsMO§BFHEr form a neutral conjugated or nonconj ugd@FHRES that is
[err]-bonded to M in which case the suml1l+mis equal to the formal

2)3 'n?Z.t in;)2g%giéf:oﬁggﬁllg%xydg?drocarky]si]ylamﬁb?élj yﬁﬁﬂaﬁ?ﬁ?hﬁ?ﬁ%oj ncl ;Jde th_osel g
r.. rroups. e atter co exes | nCl ude

t hose cont Qp'ﬂqo%r%&la ?Qj&?(hgé)rﬁ?aé%ﬂ)all‘ﬁﬂ%iqﬁ y?rﬂﬁarPWthlﬁP%ps.np Preferred
3}:} i dgi ngEg hgdpsarby Bulfidosieydearartys halvdiubgtithed hipdroéabyllhyirgdaiBylenyr] ) [ err]

erein . , ' L ' tl
each: occur sttt Eh LRl AR o sislunfla FRIRAy), FyaloBppRan’ | ¥
hydr oca? by hydiegarbylslylbydresarbylhading dramm hir 2Qpenphydregerbdtome®ra saj d R* havi ng
up to 30 cabm&ﬁiniiﬁli&gmvm@qm 12020 HorhydrbgbPat8msBrebgionblly, twBor

24 gor ¥, RBTRC ang R ar goyalsndinfed et oer PR RS Bk 1

PCT/ US97/ 218678 0F
propyl, bemxyt fuseéringbot §ig systessyaying from 1 mefthmapydregématyme forphemBxy .
E)(;??gls Sz ngrgﬁ%]ﬁggh%ﬁglofgrﬁn% ﬁ\‘g&i @fll %l' dggiéltg‘(’ég?dlﬂ??EQHgﬁns@lBﬁitﬁt@H’BPé{ﬁgﬁmted
1 with one or more groups which independently each occurrence are hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbylsilylyamino,
hydrocarbylamino, di(hydrocarbyl)amino, di(hydrocarbyl)phosphino,
hydrocarbylsulfido, hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-
substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
15 hydrocarbylsilylhydrocarby! having from 1 to 20 nonhydrogen atoms, or a

noninterfering group having from 1 to 20 nonhydrogen atoms;

Z is a divalent moiety bound to both Cp and M via 6-bonds, where Z comprises
boron, or a member of Group 14 of the Periodic Table of the Elements, and also
comprises nitrogen, phosphorus, sulfur or oxygen; N

20 X is an anionic or dianionic ligand group having up to 60 atoms exclusive of
the class of ligands that are cyclic, delocalized, n-bound ligand groups;

X’ independently each occurrence is a neutral Lewis base ligating compound

having up to 20 atoms;

p is zero, | or 2, and is two less than the formal oxidation state of M, when X is
25  an anionic ligand; when X is a dianionic ligand group, p is 1; and

q is zero, | or 2.

Another class of preferred metal complexes for use in the present invention

corresponding to the formula:
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[err] R3 R3 wher ei n:

Mis titanium zirconiumor hafnium preferably zirconiumor hafnium in

t he + +4 formal oxidation state; | ach
occurrengg)ﬁﬁgggﬁndently Is selected fromthe group consig%?éél%#gf%

hydr ogen, hydrocarbyl, silyl, gernyl, cyano, halo and conbi nati ons thereof,
said R3 having up tQ- )ponhydrogen atons, or adjacent R3 groups

t oget her form a dival ent derivative (that is, a hydrocarbadiyl,
siladiyl or gernadiﬁgzgr reby formng a fused ring system and
X" independently each O nceNs an anionic ligand group of up to 40 15
nonhydr ogen atons, or t together forma divalent anionic |igand
group of up to 40/nonhydpogen MiXpX or toget her are a conjugated

di ene having from 4 t RS0 R™ nonhydrogen atoms forning a [err]-conpl ex
with M whereupon Mis in the +2 formnal oxi dation state, and

R*, E and x ar eyiere M R\ stal fYord ©hé BEdrdus 36 i1 6t g P&fieﬂiresra%l%%f[tfgé ‘ 1)[err].

) ) specially suite or the
FZJ? epar at i (ﬁ.}elaxyn]tg, tLg ia%g-x%lmr?igs gP zgc%lm eg, lxcez\l)\( Fssm t ree+2e,+ or +% fo%nal ox%dation

state and which is n-bonded to one cyclopentadienyl group (Cp) which is a cyclic,
5  delocalized, n-bound ligand group having S substituents: (RA)j—T where j is zero, | or
2; where RA, RB, RC and RDP are R groups; and where

T is a heteroatom which is covalently bonded to the Cp ring, and to RA when j
islor2,and whenjis0,TisF,Cl, Br,orl; whenjis I, TisOorS, or N or P and RA
has a double bond to T; when jis 2, T is N or P; and where

10 RA independently each occurrence is hydrogen, or, is a group having from | to
80 nonhydrogen atoms which is hydrocarbyl, hydrocarbylsilyl, halo-substituted :
hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl, hydrocarbylamino-substituted
hydrocarbyl, hydrocarbylsilylhydrocarbyl, hydrocarbylamino, di(hydrocarbyl)amino,
hydrocarbyloxy, each RA optionally being substituted with one or more groups which

15  independently each occurrence is hydrocarbyloxy, hydrocarbylsiloxy,
hydrocarbylsilylamino, di(hydrocarbylsilyl)amino, hydrocarbylamino,
dithydrocarbyl)amino, di(hydrocarbyl)phosphino, hydrocarbylsulfido, hydrocarbyl,
halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsily! or

20  hydrocarbylsilylhydrocarby! having from I to 20 nonhydrogen atoms, or a
noninterfering group having from 1 to 20 nonhydrogen atoms; and each of RB, RC and
RD s hydrogen, or is a group having from 1 to 80 nonhydrogen atoms which is
hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-substituted hydrocarbyl,
hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl,

25  hydrocarbylsilylhydrocarbyl, each RB, RC or RD optionally being substituted with one
or more groups which independently each occurrence is hydrocarbyloxy,
hydrocarbylsiloxy, hydrocarbylsilylamino, di(hydrocarbylsilyl)amino,
hydrocarbylamino, di(hydrocarbyl)amino, di(hydrocarbyl)phosphino,
hydrocarbylsulfido, hydrocarbyl, halo-substituted hydrocarbyl, hydrocarbyloxy-

30 substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl, hydrocarbylsilyl or
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pol yners havi ng stereoregul ar nol ecul ar structure. In such capacity it is
preferred that 25

WD 98/ 27119

PCT/ US97/ 29827119 the conpl ex possesses (err] symet rRFEPSBd8Esses a
chiral, stereorigid structure. Exanpl es of the first type are

compounds NgaRGSE Al HybIRA0! ARSI 13590 biibkiGeR IRy org | SYSLME,  such

as one cyclopent | en ou oreny
based on Ti r(q"\f)tc‘%?“".grg gh‘W@'Egefa ‘Eﬂlé 29(98“ yélfoﬁﬁf‘ég’é?saf’% Sntigiallyy iyt ont act i c
olefin 5 mpelof®ek KRB R mRDeltreaiva}cnﬂy liAked ¥hieeach Boieer td Adm R2e- 6256

g éﬁgﬁ)exes argyﬂeerﬁseafnnfs or nng sfe% tﬁ&z{#ﬁﬁ}@?% wmgﬁr e(}fx{g,n V@gga%gx{d osed

for prepar &Peh ths onesqstrmrs ﬁtsed) Flég“r F T SYRBMS bpmgmtdps@mtedl or suljstituted
O ganomet . iebhe or2|§3rc g?é’u%s‘ﬁmch(xﬁ hdently each occurrence ardhyRAFRlafiyloy, | dged

(ot hy | STSr BT Ry Rieb Ry By e, Kby dRbciibylilybamino,
(di met hyl silygiedarby{aneinb,ydidydicogbylpaminedi(hyyrocarbyl)phosphino,
(di met hyl siy mkocg@is%fr;agd Ryd&bQPSL %gmehagl : Qto?%ngyh%xjoéqr?

butyl cycl op (d) met’hyl si tadlenyl))

(di met b sis ﬁupwtmeé bvweemyl) 9ydr?farmﬁrﬂvpsspw uteq @(dtr%qartawwﬂmcﬁﬂyww) 9r,

Eg! n‘e': Ey: SlHy}d{*ocgrbylstlly{l@dﬁkﬁﬂb Y@ gl ffom 1 to 20 gonhytdroglen atlorr}s %r_ a (2-methyl -4- 15
i me si - bi etr i e si is(2-me -4-

pheny! | %denrﬁﬂ\é et f"(’éﬁgr%? ‘“"Wgyfjf lg%bhé? SrRetRaS) . (i ot hyl si 1yl -

cyclopentadlenyl fluorenyl),

(di met hyl si | yl - &islagiuslerianaistybosrd triadh 67 podMevip onbonds where Z comprises

(di et hyl sidoyém, @yalrmwr aflG Imt&ma%mﬁmmw&nué Elendedts, dnd also
, 2, 2- t rarre s-cycl opent adi enyl ),

t h
(1 2- bi (cfé’l”ﬁ%‘é?ﬁ'ﬁgf)ﬁﬂﬂlpﬁ%ﬁ)ﬁ%{ﬁ%sug?irdor(ox opyl i dene-
cycl opent adi enyl -fl uorenyl). Preferred X' groups in fornula
(V1) and (VI1) aXés anednd@tiesr CflaramlmhaamQjEOUP having wpy@rGScaterby exclesivesf, gernyl

hal ohydr ocapbylass dralgandd Mhrarééyoyit NebcanAdb¥ bodittlligand groi@dl nohydr ocar byl
groups, or two X' groups together forma di val ent derlvatlve of a

_ X' independently each occurrence is a neutral Lewis base ligating compound
having up to 20 atoms;

20 p is zero, 1 or 2, and is two less than the formal oxidation state of M, when X is
an anionic ligand; when X is a dianionic ligand group, p is I; and '

q is zero, | or 2.

Specific examples of some of the transition metal compounds of the types
described above can be found in EP-0 129 368; EP-0 277 004; EP-0 416 §15;

25  WO0-93/19104; W0-95/00526; W0O-96/00734; WO-96/04290; WO-96/08498; while
others, especially constrained geometry metal complexes and methods for their
preparation, are disclosed in U.S. Application Serial No. 545,403, filed July 3, 1990;
U.S. Application Serial No. 547,718, filed July 3, 1990 (EP-A-468,651); U.S.
Application Serial No. 702,475, filed May 20, 1991 (EP-A-514,828); U.S. Application

30  Serial No. 876,268, filed May 1, 1992, (EP-A-520,732); and U.S. Application Serial
No. 8,003, filed January 21, 1993); as well as U.S.-A-5,055,438; U.S.-A-5,057,475;
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conjugated diene or else together they forma neutral, [err]-bonded,

conj ugat ed di ene. Most preferred X' groups are C 1-20 hydrocar byl
groups. wa9asn7119 A further class of netal conpl exeg,(.]q:,(h in the
present invention corresponds to the preceding for ?\éﬁqs

Gt vl ot - Shbshr O3 S A e i soor 3wl BhEb % et ner with L
f2 gr e a Wo- 97\5\%525331 %J%ngipﬁcélﬁotnksel}'ﬂal No. 08/689,163 filed August 7, 1996; U.S.

PCT/ US97/ ZAewiisation Serial No. 08/818,58(:filed Marchiil 4,198 WR-81/BS893; WeSit s i ncl ude
groups C°N§ At‘}%é‘e%a Ro 90/017 147@@8&15‘%0'{'}’95@6 mgﬁmggo@b”g at |east one

at om t hat oxygen Bor up 14 of the

Peri odsc Pﬂn/esgwosms ﬂe@mytss doyBEHATY ApplicacbeNol PCTNES97/08466 fiilgd ocal i zed
[err]-bonded gcigg? and a different atom selected fromthe group

consi st i néAay WSt Agpligatiop Redaite. $8/034,8) § EitpddPecsmibeul9,t1R3E; | s
coval ent | y; BORAGH atiB8n Ybrial No. 60/023,768 filed August 8, 1996; PCT Application No.

Lerr] PCT/US97/13170 filed July 28, 1997; PCT Application No. PCT/US97/13171 filed
July 28, 1997; and U.S. Application Serial No. 08/768,518 filed December 18, 1996.
10 Also to be found therein are teachings related to various olefin polymerization
processes and the products produced in those processes which are relevant to the
processes described herein for the use of various aspects of this invention. The
teachings of all of the foregoing patents and the corresponding U.S., EP, and WO

patent applications are hereby incorporated by reference.

15 Suitable organometal or metalloid compounds (c) for use in the present
invention are those comprising a metal or metalloid of Groups 1-14. In one aspect
component (c) contains at least one substituent selected from hydride, hydrocarbyl
groups, trihydrocarbyl silyl groups, and trihydrocarbyl germyl groups. It is desirable
that this at least one substituent be capable of reacting with the moiety having an active

20 hydrogen of the anion (a)(2)of the ionic compound. Additional substituents preferably
comprise one or more substituents selected from hydride, halide, hydrocarbyloxide,
dihydrocarbylamide hydrocarbyl groups, trihydrocarby! substituted silyl groups,
trihydrocarbyl substituted germyl groups, and hydrocarbyl-, trihydrocarby! silyl- or
trihydrocarbyl germyl-substituted metalloid groups. Desirable organometal or

25  metalloid compound (c) corresponds to the formula:

MORC, X3y,

wherein MO is a metal or metalloid selected from Groups 1-14 of the Periodic

Table of the Elements,
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A preferred class of such Goup 4 netal coordination conpl exes used
according to the present invention corresponds to the forrmula (VII1):

wherein: 10 Mis titaniumor zirconium prefer jtanumin
the +2, W998371124 f or nal oxi dati on state; 984%8%&[18%] in

each occurrence independently is selected fromthe group consisting of
hydr ogen, hydr ok@indgpendsrtlydach gecumence syydmgeiat o grouy dhaving iyt dxy 80

di hydr ocar byl am no, and conbi pations thereof, said ., rr aying up to 20
nonhydr pge?P“PBdrOg%!i yREs \@?CE&F& QFﬁ’gﬂ[ EA’P“@"H?IB@ L_flg%‘g'f’ﬁJéPyF 1fm_ a dival ent
der | vat i Ve iidtarbSieefiny! or hydrbuaiBIGRIRARbyLST | adiyl or ‘germadiyl group)
thereby fornfng a ﬁseJ ring system each X' in fornula
(VI11) 1 @ Ty deh 8 ndihibieting ﬁé\ri{i’%/ﬁ'omhb’@rl%q{ohﬂ}l/d?éé’enq{to whichS! V!
group, said group having up t non rogen atons,” or two B'e groups

t oget he¥ halo-suliseitunedhydeodartsyl, Hyideocatbytammpogabstithtet! yzocarbyd, di val ent
derivati th f; 20 is :O,. -S, - -, -PR*-, -NR*

- EE{L \[/Zr Ir }/?h)&fqura(rat?yloxy-substituted hydrocar{yi, %ydrocarbylammo, %ydrocarbyl)ammo, [ er2r7] or

10 5L gpony e

X is a nonzero integer which may range from | to an integer equal to the

10 valence of MO,

y is zero or a nonzero integer which may range from 1 to an integer equal to 1

less than the valence of M©9; and

x +y equals the valence of M©.

Preferred organometal compounds (c) are those where M° is selected from
15  Groups 2, 12, 13 or 14 of the Periodic Table of the Elements, more desirably, Mg, Zn,

B, Al, Ga, Si, Ge, Sn, or Pb, with aluminum and magnesium being preferred and’’

aluminum being the most preferred.

Examples of organometal compounds (c) include organolithium,
organosodium, organomagnesium, organoscandium, organotitanium, organovanadium,
20  organochromium, organomanganese, organoiron, organocobalt, organonickel,
organocopper, organosilver, organozing, organoboron, organoaluminum,
organosilicon, organogermanium, organotin, and organolead compounds, and mixtures

thereof.

Examples of preferred organometal compounds (c) include organolithium,
25  organomagnesium, organozinc, organoboron, organoaluminum, organosilicon,
organogermanium, organotin, and organolead compounds, and mixtures thereof. More
preferred examples are compounds represented by the following formulae: MgR 1o,

ZnRls, BRlszy, AIR! szy, wherein R independently each occurrence is hydride,
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Z.is SiR[err], CR*[err], SiR*[err]SiR*[err], CR[err]CR*[err], CR*=CR*,

CR*[err]SiR*[err], or GeR*[err], wherein R* is as previously defined.
Accor di Rgo bg#1le present invention there are provided netgdr/EesiR§x%es
corresponding to the formula (1): [err] where Mis

titanium _zirconiu [ af.i +3 or oxrdatron

stare @ nyareRa hadcal! 3y oot iy el a Bhyfpenrtl By ragice)

cycl oal kyh trsihyilir6adh S il attyP silyl-, or trithdd6 A Eb’r‘n@i}éubstﬁﬁted metalloxd

hydr ocar byl enean;h‘;r/ld substituted derivative t her eof, said 10 havi ng
PREE

from 6 toladicahdh dentlytipthe;same as R1, xis 2 or 3z isd o ld#nﬂdhenmmmﬁmety, or a

bl
[0 Tor m alRbb IS el el L ARANSHIR hdBeapymfeBitAg e " %0,
merbers of hé¥iag frokft! f 20 brbdieatdbnd iicthEalgltocaibyl pertibh @REfSsuchad a0

conpri sing nrtrogen hosphorus, sul fur or oxygen; 15 Xis a
nonoval enfryaAlasyls or arghky %F@Hﬁdﬁﬁv?ﬂ@"\%’dﬁéﬂwle&t neetdtaTePYlen-os- t he

% ndeperieatyt shagh %@%&??@L%’Eefr@@d RS Ot b RN Sonpouna
havi ng upntagn@@uratcomppunds, and especially t§¢ alwniaundicoaipeutdsarfrefietabiy, itigand gr oup
havi ng Upatu?nrggm%%?ng%nent%soan aluminum cgmpounds of ghe%ormu?'ia AR, wherein R! in
10 each occurrence independently is hydride or a hydrocarbyl radical having from 1 to 20
carbon atoms, and x is 3. Suitable trihydrocarby! aluminum compounds are trialkyl or
triaryl aluminum compounds wherein each alkyl or aryl group has from 1 to 10 carbon

atoms, or mixtures thereof, and preferably trialkyl aluminum compounds such as

trimethyl, triethyl, tri-isobutyl aluminum.

15 Alumoxanes (also referred to as aluminoxanes) may also be used as component
(c), or (c) may be a mixture of one of the compounds mentioned in the preceding
paragraphs and an alumoxane. Alumoxanes are oligomeric or polymeric aluminum
oxy compounds containing chains of alternating aluminum and oxygen atoms,
whereby the aluminum carries a substituent, preferably an alkyl group. The structure

20  of alumoxane is believed to be represented by the following general formulae (-Al(R)-
O)m, for a cyclic alumoxane, and RoAl-O(-Al(R)-O)y-AlR3, for a linear compound,
wherein R independently in each occurrence is a Cy-C hydrocarbyl, preferably alkyl,
or halide and m is an integer ranging from 1 to about 50, preferably at least about 4.
Alumoxanes are typically the reaction products of water and an aluminum alkyl, which

25  in addition to an alkyl group may contain halide or alkoxide groups. Reacting several
different aluminum alkyl compounds, such as, for example, trimethy] aluminum and
tri-isobutyl aluminum, with water yields so-called modified or mixed alumoxanes.
Preferred alumoxanes are methylalumoxane and methylalumoxane modified with
minor amounts of other lower alkyl groups such as isobutyl. Alumoxanes generally

30 contain minor to substantial amounts of starting aluminum alky]l compound.
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gis zero, 1 or 2; and 28
WD 98/ 27119 )
PCT/ US97/ 21875 r is zero or 1. Anot her cl ass
of prefeW@82Mihl conpl exes for use in the present invenPCHHS97/21875
corresponding to the fornmula: [err]

5 wheTae May $n evhithtiled alfimoxanenepebar€d (s cidtidad WheAhrdphRdBgr i odi ¢
Tabl e of the El enents, the | anthani des or actinides, which is in the

+2, +3 or WETEtion betyygen Jtafegand aluminwp gikyl thedwater epY becqrabipgd wishehed to one
cycl opent agh ' ' : lJ . pealii

[err]- bounglklﬁ?aé%%gr]g‘rﬂg)u‘éa a@%g’gugﬁg‘i‘?%ﬁe‘)ﬁ 3 ° otlalrd’rf]%?l:( %];r: ﬁa@fer r]-T
wher e j i sfaerd,crystallizatibnovat2; PRGcuRDieghniqis fohthe prephmtion of Ahmoxdne R err]
and err] are R groups; and.wher 10 T is, a heteroatomwhich is
coval erd | ¥R AREOT N oRB AR Sumiopbake CRABRLT Widh &1 fosganie Sl

containing water of crystallization are disclosed in U.S. Patent 4,542,199. Ina

particular preferred embodiment an aluminum alkyl compound is contacted with a
regeneratable water-containing substance such as hydrated alumina, silica or other

substance. This is disclosed in European Patent Application No. 338,044.

10 According to a further aspect the invention provides a supported solid catalyst

comprising (a), (b), and (c) as described hereinbefore, as well as (d) a support material.

Suitable support materials (d), also referred to as carriers or carrier materials,
which may optionally be used in the present invention include those support materials
which are typically used in the art of supported catalysts, and more in particular the art

15  of supported olefin addition polymerization supported catalysts. Examples include
porous resinous materials, for example, polyolefins such as polyethylenes and
polypropylenes or copolymers of styrene-divinylbenzene, and solid inorganic oxides
including oxides of Group 2, 3, 4, 13, or 14 metals, such as silica, alumina, magnesium
oxide, titanium oxide, thorium oxide, as well as mixed oxides of silica. Suitable

20 mixed oxides of silica include those of silica and one or more Group 2 or 13 metal
oxides, such as silica-magnesia or silica-alumina mixed oxides. Silica, alumina, and
mixed oxides of silica and one or more Group 2 or 13 metal oxides are preferred
support materials. Preferred examples of such mixed oxides are the silica-aluminas.
The most preferred support material is silica. The shape of the silica particles is not

25  critical and the silica may be in granular, spherical, agglomerated, fumed or other

form.

Support materials suitable for the present invention preferably have a surface
area as determined by nitrogen porosimetry using the B.E.T. method from 10 to about
1000 mzlg, and preferably from about 100 to 600 m?'/g. The pore volume of the

30  support, as determined by nitrogen adsorption, is typically up to 5 cmslg,
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iIs 1 or 2,and when j is O, Tis F,d,Br,or I;when j is 1, Tis Oor S,or N or

P'and Rl err] has a double bond to T; when j is 2, Tis Nor P; and
wher e Rl err] independently each occurrence_is hydrogen, or,
is a grolPREMg from1 to 80 nonhydrogen at ons M%W?%’ms

hydr ocar byl , hydrocarbyl silyl, hal o-substituted 15 hydrocarbyl,
hydr ocar bypi¥saagaeusly ibetyesa OHy@do?ccmg%gf,mrefngau}ycfm Bhydu 9l io-Serti¥g.i The ed

hydr ocar b ryl.st Lyl hydr by, - Dy dr ani no,

a (hydr oo eEy BaREh e S hbveantal s Bipmany e ol aiterapiisomg
subst i t ut gctoVBODNY Meore préferablydb A0P aimMi ch i ndependent |y each
occurrence i s hydrocarbyl oxy, hydrocarbyl sil oxy,

hydr ocar byl si | I nQ, di (hydrocarbylsilyl)am no, hydrocarbylam no, 20
di (hydrocar byl )yﬂégﬁyﬁsig S‘éﬁl’(’%ﬁ?’d@%% P PRedaRYeREOn Highide dighby parais i do,

hydrocgr byljicas, alumin?laﬂm%lpﬁﬁ&attég &l AREHRE RSk ’g};@’ﬁé@?ﬁ%ﬁ@%ﬂ}ﬁpg}{bﬂ I tuted

hydr ocar byl , ydrocar byl am no-substi t ut ed

hydr ocar byhasériatlis sitica. The suppeit oeteriplingy by irhgrdnweraagptdbmematednpelfetioed, 1 t o 20
nonhydr ogen ato or.a interfer.i roup having from1 to 20
nonhydr og&h#&¥ 8{{’%* physirabiorm- &Pﬂ%\? "ﬁ&rﬁﬁsd"'ggd‘g P SOkl nsiliess i s a
group haviangildioffor GRcSDanenimisesbr & RMSratkiIECHs ) Snder the d%%'g%ﬁ 4oyl
hal o- substi tuted hydrocar bé:m, ydr ocar byl oxy- substituted hydrocar byl ,

hydr ocar byln3z ke3G& Payison Sykeid H2d6 oloaviben 948rand Mryasob P62, dnglfrom Crosfield
hyd byl sil.yl hyd h 3 ' I 1y bei
SHETR AT ereie coN TR

occurrencemg 8 Ry @LRGALAYAVENAble from Akzo Chemicals Inc. under the designation
29 WD 98/ 27119

PCT/ US97/ Ke®s™ Grade B.hydr ocar byl si | oxy, hydrocarbyl silyl am no,

di (hydrocar byl silyl)am no, hydr ocar byl am no, di (hydrocarbyl)am no,
di (hydr ocar byl YHeaappornmaterial may bey slivgezaaday la iehiftied Snenb yad/oc e Rital

gr ocarb

hal o- substituted h | , hydrocar byl oxy- substituted . ‘
hydr ocar bﬁeetmﬁﬂa%{e BERAG aWBPQ's/}B‘é‘t"irt%Eﬁ%’dh?ébF%‘a‘r‘BW’F sHpRATbBAteHgh si |yl or

5 hydr ogrkidyddr e INHB Ridtlal @ SUBpdrt Atetialk Lot AinHY UNA HESHAICTS, or a

water can be used. Typical, chemical dehydration or dehydroxylation agents are

reactive metal hydrides, alkyls and halides such as aluminum alkyls, alkyl silicon

halides and the like. Prior to its use, the support material can be subjected to a thermal

treatment at 100°C to 1000°C, preferably at about 200°C to about 850°C in an inert
20  atmosphere or under reduced pressure. Typically, this treatment is carried out for

about 10 minutes to about 72 hours, preferably from about 0.5 hours to 24 hours.

The support material, optionally thermally treated, may preferably be combined
with a further organometal metalloid compound, more preferably an organoaluminum
compound, most preferably a trialkylaluminum compound in a suitable diluent or

25  solvent, preferably one in which the organometal compound is soluble. Typical
solvents are hydrocarbon solvents having from 5 to 12 carbon atoms, preferably
aromatic solvents such as toluene and xylenes, or aliphatic solvents of 6 to 10 carbon
atoms, such as hexane, heptane, octane, nonane, decane, and isomers thereof,
cycloaliphatic solvents of 6 to 12 carbon atoms such as cyclohexane, or mixtures of

30 any of these.
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noninterfering group having from1l to 20 nonhydrogen atons; or, optionally,

two or nore of Rlerr], Rlerr], Rlerr] and Rerr] are covalently
| i nked vm‘g@ h other to form one or m)refusedrings or ring
systens h ﬁgf fom1 to 80 nonhydrogen atons for each R P TfUS97g?r16'l§p t he

one or nore fused rings or ring systens being unsubstituted or substituted
10 with one oﬁhmwogmmlmmlnmmnﬂmgdnpmmbomp@mwa@ace are

hyd b I Y, ylsilyl am no,
d?/(L;g?:)cgr Q@Im T r:n?? }rﬂﬁge@)f’wd %é‘éﬁ?ﬁj |¢§,§8 &he poriRcs simetiy nytari no,
di (hydr ocactiyd from 5 b

hi’i|( oyngst | t%ta?agmﬁf/dglr S‘?’grrﬁrﬁ mﬁl;drocggggl gxa?!-dl b ﬁxaﬂ‘%g#;oﬁctfﬁpé%s to 36

hydr ocar byf‘o“rf‘ryélg%%ﬂﬂwpéﬂﬁ‘irhﬁyggﬁmdbtut ed hydrocarbyl, hydrocarbylsilyl or
15 hydr ocar byl si | yl hydrocar byl having from1 to 20 nonhydr ogen atons, or

a 5 noni nte dro en at ons;

Z is a divalent M%‘itéu?x%u%{)@’éﬂeM}%ot rtll];er(%ggn(tjk%f "f’% ZH{’j‘g" Wikre z
conpri ses alumoxangorke, alwnoxaneemah e cofitadted with tife smbpéﬂflﬁ]aﬁ,@fal RAh&é mhakde of the
El emrents, and Q ri ses njtrogen, phosphorus, sulfur or oxygen;
20 esc&g‘?dza 2KE ghihg ﬁﬁ‘g‘P OFANSIINEK P B TEET 4t?fbf&rferu@ﬂétmoﬂmmrt myterial by 60

at onms excl ysitm@in®han alkylalurhid€mC | c...del ocal i zed,
[err]-bound |tl gg%(zjmélr guapus i bé?éam, tﬁd]mag&"g@geon ent y Jé%l?:lslupc?((,)f:turrence

is a neutrmateﬂébﬁ@tMQg\Mategatl ng conpound having up to 20 atomns;
pis zero, | or 2, and is two less than the formal oxidation state of M

when Xids 25 #he RIGREEsdphORNertil RrdfelaBly el 2R Bof i b HAMRRALOL", P 1S

preferred netal conplexes for use | n the present invention
cor respondi ng tBretrbated suppuit anaterials do not contain the tethering groups, such as, for

example, surface hydroxyl groups, which are typically found in various support
materials, especially silicas and silica containing support materials. Pretreated support
materials may contain terminal residues of a material used for pretreatment, such as,
15 for example, an alumoxane residue or the residue of a trialkylaluminum compound,
-such as -AIR2. Certain of these residues, in particular an alumoxane residue or the
residue of a trialkylaluminum compound, are capable of reacting with the moiety
having an active hydrogen of the anion (a)(2) of the ionic compound. However, if a
pretreated silica is used in a process, and at some point in the process a compound
20  which is the reaction product of (a) an ionic compound and (c) an organometal or
metalloid compound, or a substantially inactive catalyst precursor are brought into
contact, reaction to form a covalent bond with tethering to the support is not possible,
since all potentially reactive groups which could enter into a reaction resulting in

tethering have been blocked or capped.

25 In various aspects of this invention where a support material is employed,
including catalyst components and catalysts, as well as corresponding aspects which
are nonsupported, whether as homogeneous solutions, solids or dispersions, an
alternative expression of each of those aspects is one that is essentially free of

alumoxane.
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30 WD 98/ 27119

PCT/ US97/ 21875 [err] where Mis a
nmetal fro f Goups 3 to 13 of the Periodic Table of

El ement s Q’Féﬂllgnt hani des or actinides, which is in the +§E¥’i’§91ﬁls % f or mal
oxi dati on state and which is [errk bonded to one cycl opent adi enyl

gr oup (Cp) whi ¥rcprdiag tothe presentanventien.d mqnmmqoemd](amm fbrrgfahmttgroup

hovi 19 SRR s RIS a8l iR drtioncan v V1

i s a hetenged mwohmcmelpsepamnah@nhlsymbond@d st:aambeorcaadmdmgaolﬁﬂéniaﬁoﬂ err]
when | is 1 or d when j,is O, Tis F, d, Br, when j is 1,

Tis O or Procsssesy ‘BFTCP’Y H}?H“R["é‘lgrﬂ]‘e d'SPersedH%“fS M@Bg%oﬁfdlﬂé}blpd’aﬂt*d%\ﬁé‘?ﬁ j is 2,
T is Nsor g5 th@@glxd\@ﬁégsed]t%tal stc be obtﬁ'ﬁeﬂ BQE&E&H@@M ﬁ’o]@@rgbar?cf currence is

hydrogen, or, i's a group rom 1 rogen atons which
i s hydr oc aobydlyenhs; deropeaatoye csmﬂmlons b mespd:mmc taidlest componerhy dNecar byl ,

hydr ocar byl o ubstituted hydrocarbyl, hydrogcarb m_no ubs i tuted
yelr ocar by PTG S SF SRR SISay BIR oA Db apoiig caialys,
di (hydr ocgy-&¥tabBdtiMtin dispersed FeRY, Bfa rb'B)éhﬁ%ched%@%thﬁ‘ aﬁ%ﬁﬂﬁ’i’&ﬁl l'y being

substituted with one or nore groups whi ch 15 i ndependently each occurrence
i s hydr ocaolyrhaieptiompracessaiiiginativelyythe particulatesiliddar dngl the bolidaeritalpst,

di ( hyqboc%gxméln? IscLl}l(J i)n?ergng&hterygc{u%ﬁ%rar? )éle ?engoverbd from the diluent in which it is
dispersed by removing the liquid or nonsolvent employing techniques such as
filtration, vacuum drying, spray drying, and combinations thereof. Prior to its use, the
particulate solid (a), the solid catalyst, and any solid intermediate product, may be

redispersed in a suitable liquid diluent.

15 The catalyst component dispersion of the present invention can be prepared by
converting a solution of the ionic compound (a), in a diluent (solvent) in which (a) is

soluble, into a dispersion comprising component (a) in solid form.

It may be desirable to use a method wherein the converting is done in the

presence of (b) a transition metal compound and wherein the catalyst component is a

20  substantially inactive catalyst percursor; or wherein the converting is done in the
presence of (c) an organometal or metalloid compound wherein the metal or metalloid
is selected from the Groups 1-14 of the Periodic Table of the Elements and the catalyst
component is a reaction product of (a) and (c), or, alternatively, it may be desirable to
employ the method such that the catalyst component excludes (b) a transition metal

25 compound, exc]hdcs (c) an organometal or metalloid compound wherein the metal or
metalloid is selected from the Groups 1-14 of the Periodic Table of the Elements, or

excludes both (b) and (c).

A solution of ionic compound (a) in a diluent can be obtained by using an
appropriate solvent in which (a) is soluble. The diluent in which (a) is dissolved is not

30 critical. Preferably, the diluent is compatible with the other catalyst components and
39



di (hydrocar byl )am no, di (hydrocarbyl)phosphi no, hydrocarbyl sul fido,

hydr ocar byl , hal o- substituted hydrocarbyl, hydrocarbyl oxy-substituted
hydr ocar byl , hydr ocar byl am no- substituted hydrocar byl

hydr ocar@/q%slwv or 20 hydrocarbyl si |l yl hydrocar byl haviﬁﬁ*@fﬁﬂmlﬁﬁo 20
nonhydr ogen atons, or a noninterfering group having from1l to 20
nonhydrogemdatmmmeamlios&omitibnSRB} thRGtalnes not need RbDeirsmhyddrpripeno iter i s a

group haV| from 80 .,nonh i S drocar byl ,

ol o subst HHFREeHaRRICTUHRE tho b S AoRat ChlosePomms sy o Riskrgy |

hydr ocar bydeagéneOethyibehdehsl iR @M&Wb%eni%g I BeHeb)dhfdrbbdnzer and the

hydr ocar byl si | yf hydr ocar byl , each RB or RD optionally being substituted

with one like. or nore groups which independently each occurrence is
hydr ocar byl oxy, hydr ocar byl si | oxy, hydrocar byl silyl am no,

di-Chydrsocar byl sygny), ) 3BiBkis used in v)Px cf‘i‘nr(gfi%r B?’éxf'f‘ﬂ%@@ by ﬂihuﬁtgé’ Q)rr?r?g{(#g,y{o) am no,

dl(hydrocarbyl)phosphlno ocarb rocar by
hal o- substastist iadr Isyehdmpahstsylunoinpﬂ(ﬂ)dwabyg oiay be aﬂplxedtdnsblmbﬂrtzﬂg dggnksocar byl ,

g)]/_dr ocar byI )ﬂ)% sggr% txr?zgtxonyo?%oﬁxarﬂ% so]ulg hdzlinogcafagrer?y to%lclu)s/.éd is
PCT/ US97/ %&J;"aubne with th@lé%%ﬂ{ kbt udeReaniy ddammv&rsaglalffekﬂhgo

nonhydr ogen noni nterfering group having f
nonhydr ogelwnahmaispropsmemqeftth@m&lw Hemng)rs preferablyrdone abtfenﬁ{:raturq:s nd® err],

N e i ochiphet shan R S BuEph omperiR ot bR A e or ¢ or

each R 5 g a8V REeobsieagilRdOr nore fused rings or ring systens being
unsubstituted or substituted wi th one or nore groups which
i ndependent|y each occurrence are hydrocar byl ox ydrocarb Isiloxy,_

hydr ocar byl si | yPrafarshly, the saNHAnRE {a)Apntains irgr 95981 to 100 mole ) (a) fani no,

di (hydroc (v dissolved WSS g,rp% ul fido,
hydr ocar b)a/'F’B%'ﬁ) Fﬁg}%&fgﬁnt ut ecig c‘i’wo%g?@?‘p%%"é’c‘as?% 0(2{135: S% Il bstituted
hydr ocar bylemolydibp,dar éramaie, rﬂidtrzsmhstmtmmsi pknybdtocfmathtxyi%mghy@lsdummgﬂ silyl or’
hydrocl%r by(la)si | yl hydr ocar byl having from1l to 20 nonhydrogen atons, or a

The solution of (a) is then converted into a dispersion comprising (a) in solid
form. The conversion of the solution of (a) to a dispersion of (a) can be carried out, for
example, by a process wherein the dispersion comprising component (a) is generated
by cooling a solution of (a) in a diluent in which (a) is soluble, by contacting a solution

20  of (a) in a diluent in which (a) is soluble with a diluent in which (a) is insoluble or
sparingly soluble, by evaporating diluent from a solution of (a), by adding one or more
precipitating agents to a solution of (a), or a combination of two or more of these
techniques, to achieve a controlled precipitation or solidification such that a dispersion
of (a) is formed. It will be clear to a person skilled in the art that the distinction

25  between a solvent and a nonsolvent for a particular ionic compound (a) will primarily
depend on the nature of the particular compound (a), on the temperature, and relative
amount of (a) to be dissolved. For a given ionic compound (a), the skilled person can
easily determine what solvent and temperature conditions are to be used to obtain a

solution of the desired concentration. On the other hand, given the solution of (a), the
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noni nterfering group having from1l to 20 nonhydrogen atons; Z
s a divalent noiety bound to both Cp and Mvia [err]-bonds, where Z
conprlses boron, or a nenber of G oup 14 of the Peri odi ¢ Table of the
El enent sWYoM¥#HPso 15 conprises nitrogen, phosphorus, sYFFUPIEA8Hxygen;

X is an anionic or dianionic |igand group having up to 60 atons excl usive

of skibed persen cin dabipyadrierntiinathe apeditiyrs 4nd, mehak acebthinekl digperbionnd | i gand
gr oups; endent|ly each occurrence is a neutral Lew s
base IigaPﬂ?&hﬁ‘BF’r%gl?anS“d s"?sg%‘?ﬂcﬁ@mﬁé’"to 20 atons; 20 pis
zero, | or 2, and is two less than the formal oxidation state of M when X
is an anmncprémgmﬂg apdiear ubéd, thelfispdpreftrdbly b&ﬂﬁﬂnﬁé R I's 1; and
g is zero, Specific exanples of some of

transiti oﬁatf\’é‘f"eﬂ""w%&ﬁé@ hat tpﬁbex@eﬁg@épropernes gEthe crlislyst aloaob can be found
in EP- 1 277 004; EP-0 416 815; 25 WD 93/19104; WD 95/ 00526;
WO 96/%07%@‘(&%5@6%290; WO 96/ 08498; whil e ot hers, especially
constrai ned geonetry netal conpl exes and nethods for their

prepar ati on, afke dossolveseenploydd fBr géippdtingahé dispeSeion af (a)is ndb4htidd)3, fil ed

July 3, 1 l'i catl. Ser| al 47,718, filed July 3, 1990
( EP- A- 4688%‘%"”1‘?‘5” @°§°"S°'VCAPRRBBHPP%‘§! 30 the pisy cq@ystm@pm@ts and wdefmy 20,
1991 (EP- fpi9dfrids calg | ed May 1,
1992, ( Epﬁ%?523§7§ﬁ2")°°gg§°n&9 .t“aAf} piouegc]réfi?%%d g Binoli pethto %gg’eég‘gé filed

J anuar y 2Erefqm®8)onsalyem pie, fps exangple /peBaD81eATE:;, heptahe, dedan@5odddame,

T €, z?nsc( hzxgk:xLe%%h hatic hydrocarbons of up to 30 carbon atoms.
PCT/ uS97/ 21878 P

The dispersion comprising component (a) is preferably generated by contacting
a solution of (a) in a diluent in which (a) is soluble with a diluent iﬁ which (a) is
insoluble or sparingly soluble. The diluent in which (a) is soluble is preferably
selected from the group consisting of toluene, benzene, and xylenes, and the diluent in
15 which (a) is insoluble or sparingly soluble is preferably selected from the group

consisting of pentane, hexane, heptane, and octane.

In contacting the solution of (a) with the nonsolvent, the amount of nonsolvent
is usually 10 to 10,000 parts by weight, preferably 100 to 1,000 parts by weight per
100 parts by weight of the solution of (a). The contacting temperature is usually from -

20 100 to 300°C, preferably from -50 to 130 °C, and most preferably from 10 to 110°C.

‘When the solvent, in which (a) is dissolved, needs to be removed after
contacting with the nonsolvent, the solvent is preferably selected so that it has a lower
boiling point than that of the nonsolvent. The solvent can then be easily removed by

heating the dispersion or by applying reduced pressure.

25 The solid catalysts, either supported or nonsupported, according to the present
invention can be prepared by combining, in any order, components (a), (b), (c), and
optionally (d) in case of a supported catalyst, wherein during at least one step in the
preparation of the solid catalyst, component (a) dissolved in a diluent in which (a) is
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U S -A-5,096,867; U S. -A-5 064,802; U S. -A5,132,380; WO 96/ 28480;

WO 97/ 15583; U. S. Application Serial No. 08/689,163 filed August 7, 1996;
U. S. Application Serial No. 08/818,530 filed March 14, 1997;

WO- 97/ 35%9882731% Application Serial No. 60/017, 14PCT{USEH2I8Ey, 17,
1996; PCT Application No. 5 PCT/ US97/ 08206 filed May 16, 1997; PCT
Appl i cat i ssluble, ofiGhAISEIAKE BrebbicE of enk or more 'd%ymﬁ@ncnﬂsqsy (c)Uarﬁi (dhep! i cation
Serial No. 60/034,819 fil cenber Application
Sor 2l NoBEGOPESPoReter (4 RIGOSE THore 9560, Chend (ol convered o sohd

PCT/ US97/ 7 : ti 13171
filea  fodp lf’d"lfg,g oo redlfing m°f‘2§%‘?@ﬁ ks b Ha i i e
Decenber g@ppqms (b).@c) andloptionadiylid), m)tjlnd:XtehEMey hawarmet bemchided/befor), at ed to

various ol efi n rjizati [ ses and t. roducts produced in
t hose %r 03r§s°§8 X‘@Hﬁ’ dﬁf Eaé?fahep’%fg’ B’Igféismpersegmpﬁoﬁfggg‘g‘és descri bed herein
for the use of various aspects of this invention. The t eachi ngs of

all of the for agobrdihghatas aiecestdhisitventon esPRBdbadios) & whiehis sfdaMNO
pat ent appl | catl ons are hereby incorporated by reference. 15

Sui t abl e BPVHIOF H1S RIFRAIRLRRS fipsrsians of eptalysieomponends, friesent

i nvention 14. In one
aspect désr"%‘c’%ﬁgi‘ﬁdé‘%? _E?gze)aizz%%t(gﬁe%g# ﬂfgepag?ﬁ%ir?é%sfﬁb {Oh%g% tsijéll ected from
hydri de, bgsﬂemmarcbmpnsmg comporenpé) in salidyfdrm dsegehyratediby\ooliiga psluti@nd

trihy gr ou esirabl e that this at |east one

b
subst &5 323{ %én %g’d‘é%‘i‘ iy BFICFZ%}&% M@eﬁwwwenm slutionRfi (AyinaAilient ipe 20
hydr ogen Shidhg) RRbRBIAK 2iRfent FEWhRR(H i€ RRPALIEY, S‘?ﬂﬁ%@’t %We ybstituents

preferably conpri se one or nore substituents hydri de,
hal i de, hydhpovaingydilosatdemm a soluuordvﬂ(y);hbwddxbg bamdeonmca)maatinglaggmups

tri hydrocarbyl, sub uted s drocarbyl substituted'
germyt - or Bbtondini ok P8 SrBbiHioTo iy ot pf e RS
trihydrocarbyl gernyl-substltuted nmetal | oid groups. Desirable organonetal |

or 25 netal | dicdordtigno ampeefércdd emhscrdémamrfdsmhprdpbzanbmbmhbaonsupported
Merr err] X is anetal or netalloid

sel ec{%d Py W@%&'dfa%‘hysbfiuﬂﬂétm&t 1638, Oé’el\/!eg thePé‘FP@"B'IO“tqiiéheliﬂoé‘ﬁent s,

catalyst, a dispersion comprising component (a) in solid form is generated by
contacting a solution of (a) in a diluent in which (a) is soluble, optionally in the -
presence of one or more of components (b}, (c), and (d) or the contact product of (a)
with one or more of (b), (¢), and (d), with a diluent in which (a) is insoluble or

20 sparingly soluble.

In all the process steps subsequent to the dispersion formation step, it is
preferred not to use temperature conditions or types or quantities of solvents that
would redissolve compound (a). The methods that can be used to generate the
dispersion of (a) are essentially those which have been described above in relation to

25  the formation of the catalyst component dispersion.

In the method for preparing the nonsupported or supported solid catalyst, the
dispersion comprising component (a) can be formed first whereupon the other
components (b), (c), and optionally (d) can be combined in arbitrary order. Further,

the dispersion comprising component (a) can be formed in the presence of one or more
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33 WO 98/ 27119

PCT/ US97/ 21875 Rl err] i1independently each occurrence is

hydr ogen up having from1 to 80 nonhydr ogen atons_which is
hydr ocar b‘?}F’,’g’ﬁ%?ocar byl silyl, trihydrocarbylsilyl, PCT/US97121875

tri hydrocar byl gernyl or hydrocarbyl silyl hydrocar byl ; Xerr] is
a noni nterPE? eihegicOmponaIls (e (£ ih optiopalh0@) nBremrlpnygenbodiroerss meigiveni s 5
hal o- subst iyLjst,ed hydrocarbyl, hydrocarbyl am no-substituted hydrocarbyl,

hydr ocar byl oxy- substi tuted hydrocarbyl, hydrocarbyl am no,

di (hydrocar byl ) am no, hydr ocar byl oxy or hali de; X 1s a
nonzer o i nt eger Imbneé¢mbedimestfgepepaing the comsupportedge supmunal sélid éddy k0
val ence of t}hl\:/tlcf:rrel_l'. - n[Y. i(s zero or a nonzero i nt eger V\%ich may
range fromit $FPCEHOR FYRYLInECRIAOnER! (1) is Tirst qoptagted writh coppopent dghe M err];

and 5  resulting prédutt 3 s@Bééghéntly@niadlc8NG dmp¥hett’d). C i
Preferred or anor?et al corggdggndsty(c) are those IJv%iiﬁleré )IV[ eorﬂrllioniers“(g?afsect ed from
1S

15 G oup@®referably empoyse dissolyed inesubablesdivenTsitshes athytitvearBbe seine, nor e
desirably, 9@3 Zn B, A, G _ Si, .Sn, ,or Pb, wifh al um num and
magnesi um Be) MEEsPEILP Fag odhighatic or cgﬂgaﬁﬁ@m B%‘?rﬂ%‘“g%‘_’rrﬁ)_éﬁ-lﬁraéqrﬁ?"rced.
Exanpl es ohydiogabemeTie contip ipdfantie)is hatehitiea ppdwddeaat {stdeldwihe
or ganosodi um or ganonmagnesi um _or ganoscandi um organotitani um
or ganovan agq:qmposmon temperature of the transition metal. Component (c) can be used in a

10 neat form, that is, as is, or dissolved in a hydrocarbon solvent, which may be similar to

the one used for dissolving component (b).

In a further embodiment for preparing the nonsupported or supported solid
catalyst, components (b) and (c) are first contacted, preferably in a suitable solvent,
and then contacting the resulting product with the dispersion comprising component

15 (a). The solvent or solvents used for contacting (b) and (c) are of such nature or are
used in such quantities, or a combination thereof, that when the resulting product is
‘contacted with the dispersion comprising (a), component (a) is not substantially

redissolved.

In some of the methods of preparing a supported solid catalyst, including the
20  precipitation methods described above, the manner in which component (d) is added is
not critical. Component (d) can be added during one of the steps in the preparation of
the solid catalyst. The support material (d) can be added after the components (a), (b),
and (c) have been combined with each other, or (d) can be combined with at least one
of the components prior to combining the resulting product with the remaining

25 component or components.

According to a preferred embodiment for the preparation of a supported solid
catalyst, component (a) dissolved in a solvent is first combined with component (d),
whereupon a dispersion of (a) is generated in the manner as described above in relation

to the generation of the dispersion of (a). The combining of component (d) with the
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20 organochrom um organonmanganese, organoiron, organocobalt,

or ganoni ckel , or ganocopper, organosilver, organozinc, organoboron,
organoaég(g organosi |l i con, organoger mani um orlg&[}% I7Bi and
or ganol rrﬂ?ounds and m xtures t her eof . ? 8é'?arrpl es of

preferred organonetal conpounds (c) include organolithium 25
or ganonagfrisiamef C@ﬂmnem(ﬁdnayobegmmltwhﬂerfqanwa glmrmmm isnugangasi | i con,

o 920" SR o B 8RR e B0V AA BRI G S Lher o'

erre ES are undas repr

f or nul ae: (dylihsed tHat no slurry lsZﬁbRiled r Advaa]getushRrethe ]a,tteﬁélﬁl'aﬁéri R ®dltihe Wherein

Rerr] i nde%endently each occurrence is hydride,
utyan ofrqomponent (a) does not exceed substantially, and is preferably about

PCT/ US97/ d c

radi ci‘? g&@ryﬁ]m&por%r@%m! %&%ht 'dZ' bﬁg]l mlsacowahmaﬁd {tgp % ’%%g%cg L%I -
trihydr ocardoy{/ermdhydo-sphd)forml; piefedatdy by byinbinargngie emhﬁtprdmtt&ﬂ (Fedndl(ipi d

radi cal i ndep entJy [ he sane .as is 2 or 3, yis 0 or
| and theRE‘E eqtn heh (@hs ‘@F"T‘g’ °3°r53ﬁ’d"%’r¥§?1t%]§s ﬁé’i“@’t‘)‘?“’fal&#’pl es of

sui tabl e RyArReAIHYMdMRL 6 dcBSol iR id AR SAtica? but Qﬁ\éhmg.sfffméoifbf& car bon

atons in the hydrocarbyl portion thereof, such as "al
al karyl, wr:lgaraﬁfmt Preferred radicals include met hyI et hyl, n- or
|-propyl n-, or t-butyl, phenyl, and benzyl. Pref erred conponent s

(c) aje the al b\mgg%gegem%ﬂs coRRRHARNk &&F@ourﬂm NAoGRRSG] By Lhe

al um num conpoun n al um num

conpoundsafedr it e bee pgtreatéy lﬁ[remb\}e siibeta st Ol yRilepdtgr dnd svlﬁace Igdedxybccurrence
i ndependently is hydrjde or a hydrocarbyl radical havin rg from 1to 20
carbon at &PEPs: éﬁ@ewef”é‘”%by Eﬁtf‘lﬁﬁq with an plhEgEealeg mete R BERYCBpHUNds are

LY SO S5 OMTARRAT S IS 018 R g o
pr ef er abl gpmporahk@[) pad:fambiyum}c@wpouiads;uswi:dnt af(c), prior td ¢dntretihg the tr| et hyl,
tri-i Y bUta¥ne tH component (d). A highly preferred support material for use in these

embodiments is pretreated silica.

Typical, yet not critical, temperatures for any of the steps except the dispersion
formation step are -50 to 150°C. Preferably, each of the contacting steps is carried out
while stirring or agitating. All steps in the present process should be conducted in the

20  absence of oxygen and moisture.

In an alternative method for the preparation of solid supported catalysts, it is
desirable that the support material used is a pretreated support material with a pore
volume of from 0.1 to 5 cm3/g and in the supported catalyst the anion (a)(2) is not
chemically bonded to the support (d), and wherein the volume of the solution of (a),

25  optionally in the presence of one or both of (b) and (c), is from 20 volume percent to
200 volume percent of the total pore volume of the support material used. Preferred
embodiments are those wherein the volume of the solution is from 70 volume percent
to 130 volume percent of the total pore volume of the support material used, or
wherein the volume of the solution is substantially equal to the total pore volume of

30  the support material used. Some aspects of this method may be similar to various
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15 Al unoxanes (also referred to as al um noxanes) may al so be used as
conponent (c), or (c) may be a m xture of one of the conpounds
mentioned in the preceding par agr aphs and an al unbxane. Al unbpxanes
are ol i §®¥3d1%r pol ymeric al uni num oxy conpounds RGHYIRIHG chai ns
of alternating alum num and oxygen atons, wher eby the al um num
carries aas;pteblstoif preengses fnrdiequapﬂryticanofaduppcbrt@lraambyst'Naaoaslyuﬁbtté@to?ﬁ of

al unoxane, i s .bel.i eved to resent e'dﬁ”g% the follow g 8en%r al fornmul ae
(-A (R)- mc1plentd-55npéqufuqnoqr lgmggeﬁ VEIESS | S, aéﬁl closed atents

Rierr] Al - Ror8ls(d8k;08)| £623,018; Rhé pdr aﬁpﬂEatﬁmk W@agymowm%/zmos wherein R

i ndependently 1 n each occurrence is Jerr]-Jerr] hydrocarbyl, preferably

al kyl,  WO- %ﬂﬁﬁ%iw&)ﬁ?{@ﬂﬂ"ﬂ 9“‘&W®T9t7é9gj‘éf75,r?é1r@flwigcif arerhetebyo about 50,
pr ef erf ﬁ}c%f;eg{ag?gém?%ﬁn Al unoxanes are typically the reaction

pr odu % uni num al kyl, which 25 in addition to an al kyl
group may contain halide or al koxi de groups. Reacting several

di fferent al umimateeratioglaspeennduiig embsdizhend s niedtiofetifith€twd paraBriaplyd
al um num and tri-jisobutyl alumnum wth water yields so-called

nodi fi ed SPMAdiRiedy aqyRoik B9 Oe desirable ipating spluton ol (3 le4reducsd én the
met h IaI u nor anounts of
y RGNS oR ), BERN ﬁﬂeﬁéagg aﬁggﬁg;yl }mee,qu%wof (©)and @.

ot her Kyl “droups s unoxane rally 30
contaln nlnor to substantial amobunts of starting alum num alkyl conpound.
35 WOepdrlly,lin this aspect it is desirable that the solid catalyst is produced by

ot o1 1 BARAE heahpipn g cbpmspnan Boeyin btk dy bif BRI S, o

al um num amﬁwnuammrwmmawmupp@c fratEHangollVdd by Rehoval of thaliiengum al kyl in
various forms, such as liquid, vapor, or solid, for exanple in the

form of crystal | zatl on water, Particul ar technl ques, for, the preparation of

al unoxane 5 17 Jpsherlipmativsiopiheqsrraationnyf tasupparrdeatddstidf iS conpound wi t h
an i nor gagiGr Bl that the sué)gﬁﬁ %@érml 'ﬁged"@ta‘?retfgat&rs‘ﬂﬁ St #n'a?e?ltal Qﬂh% ydi sclosed

in US. Patent 4,54 rticular erred |rrent an
al um num abllumc crfcfrmmﬂridoﬁ&m%gnﬂmi:ttﬂﬁempﬁmr@d cata]yst thegmnel(aa)fabis got

waterycontal il ng SARRARNGE Stk &5, AMWST o8 WTln2or F'sbifon or G ET
-optionally in the presence of one or both of (b) and (c), is greater than 200 volume
percent of the total pore volume of the support material used. In alternative aspects of
this embodiment, it may be desirable that the solution of (a) is produced in the
~ presence of (b), or in the presence of (¢), or in the presence of (b) and (c). In this

20  aspect it may be desirable that the solid catalyst is produced by adding the solution of
(a), optionally containing one or both of (b) and (c), to substantially dry pretreated
support material, followed by removal of the diluent, or it may be added to a slurry of

(d) in a diluent, followed by removal of the diluent.

The nonsupported or supported solid catalyst may be stored or shipped in free

25 flowing form under inert conditions after removal of the solvent.

The combining of components (a) and (b) in equimolar amounts does not result
in a catalyst composition that has substantial activity in addition polymerization

processes. Upon combining this composition with component (c) an active catalyst
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substance. This is disclosed in European Patent Application No. 338, 044.

10 According to a further aspect the invention provides a
support solid catal yst conprising (a), (b), and (c) as described
her ei nb 2’0%8371133 wel | as (d) a support material . r( ‘)’U SOTRE}TSt abl e

support materials (d), also referred to as carriers or carrier materials,
whi ch nafoém’plﬁ@ﬂallﬂ mewmbﬁbrmndtTﬂbe!pfoetsetrfurthm\bm’mdmmmt poovidks at hose support
are t used i.n the art of supported catalysts,

material s C

and rore THOSHF| rac" agpg?ﬁgb%zﬁt aﬁ%"}éc%‘fc AR PRESHrsey ‘83?““ a&aitisbn

pol yner i zaitatde fcfrtaﬂambh polyaRtiahtysil Wherks anRbasntiallg linkdGve catalystﬁﬂé&vs%rr esi nous
materials, for exanple, polyolefins such as pol yethyl enes™a

pol ypr opyAoBIRESINgrandenie FompewIdde) ad4 ansitionynaiglicompeent(b) and, sol i d i nor gani ¢
oxi de tals, such as
sili cg ao p&ﬁ{ﬂ@%mg&ﬁnp@gﬁqg&ﬂ&t&a &gﬁ) O?%angré]ﬁﬁ%h?ﬂ"ggﬂuﬂg (gﬁﬁge YU oxi de, as
wel | as nictiedcaalysiedn ode mpdtgaefefibiy, am@ba@nummxmdv@mﬂga fécuddoriLa

i ncl ude t.hose é)%R;SI lica and one or nore Group 2 or 13 netal . oxi des,

such as SPRiSRUd FRIH&ithes spppogted PEROISPPRATTSY: WPSFéHEfGE@PB’e@SP%qu&a al unmi na,
and dllﬁbﬁﬁeﬁhﬂéhﬂzﬁﬁalﬁina%'vé hﬁﬁc@\pﬁergﬂ%ogﬁ%ﬁmf ugcpzﬂpﬁhg rr?art dags et &l oxides

are preferred upport materials. Preferred exa 65 0f Such mi xed
oxi des arused hleﬁomtiom(famhmdmhnasuvatmn proc$seprodiged phemegesrmds solppion bf 4t eri al

Is silica. the s artcheS|s not 25 critical and the
sili ég ‘%é?f%ggfeiﬁﬁ’f"é‘ﬂ“"" é?errtzg “-aggl onerat ed, fumed or ot her
form Support materi aI S suitable for the present invention

preferably haweeferably, hesweding to thiskict fatig H@h&d, mdﬂ%@rsmﬁ dflatrfdﬂg%oﬁeﬂ osimetry
using the B.E.T. nethod from 10 to about and

pr ef er abl%y SYRRSEA BRNift Subsigntiallydnrrtivp ehtalysiprecpeor ﬁ@ﬂﬁ’“e?@‘lodﬁ‘lz( #nd he 30

i‘é{’ﬁﬂ} @ao%rﬂasﬂaﬂs%e%fgm e 8BmBARAT (B 48 Bach! sSpdiiiRlyClakY, up.te =

WO 98/ 27]p1@°erably directly, into an addition polymerization reactor containing addmon
PCT/ l{§97/ 2i|.875. s .
polymerizable monomer or monomers, preferably under addition polymerizable

conditions. The catalyst components can be added separately to the reactor or to
specific locations in the reactor which enables the catalyst to be activated only in the
reactor or in a specific location in the reactor, which offers a more controllable
polymerization reaction. This is especially advantageous where the addition

20  polymerization reactor is operated under slurry phase or gas phase polymerization

conditions.

The relative amounts of the components to be used in the compositions and
processes of the present invention will now be described. The relative amount of ionic
compound (a) to gramatoms of transition metal in compound (b), is not critical but

25  generally is in the range from 0.1 to 500 mole of (a) per gramatoms of (b). Preferably,
0.5 to 100 mole of {a) per gramatoms of (b) is used, most preferably from about | to 3

mole of (a) per gramatoms of (b).

The ratio between organometal compound (c¢) and the ionic compound (a) is

not critical, but generally lies within the range of 0.05 to 1,000 mole of (c) per mole of

46



advant ageously between 0.1 and 3 cnferr]/g, preferably fromabout 0.2 to 2

cnferr]/g. The average particle size is not critical but typically is
fromO0.5 to 500 [err]m preferably from 1to 200 [err]m nore
preferabl YWO88AUY [err]m Preferred support FGIGSIB7$n t he

present invention include highly porous 5 silicas, alum nas,

al umi nosi | i ¢t @scfermbly, extitio BrdnhO15a0f100 Ride () pér RORT(RY, Rt SreRPAYIY from
material is silica. The sypport material may be in granular, aggl onerated,
pel | eti zed, about1togP r%‘ﬁ? (étpﬁémok?r{ﬁ‘)si cal form Suitable materials include,
but are not limted to, silicas avai l abl e from Grace Davi son

(division of W RThGhaaantofCRtidndl R8QHokdhe (88 be Bald iR e invehtione: 30,
Davi son Syl oi d [err]al245fl ng\?ilson 94goand((%avi son 9152, %ﬁ%ﬂen lr":?%of osfield 10

under the debbgateritinal, BeWeveratydichl wiuBagngeSromAG lynialrto Rhremdesf igniat i on

Aer osi | err]812; and alum nas avail able from Akzo Chem cals | nc.
under t ha dégg”gﬂ‘ﬁ{di éipﬁr gram of@{pggﬁ[rgqt?r}algg teferalply, from 10 to 17000 umolpiie support
mat eri al MayoRecSHbREaiEHs Ll dpdd 8Akm bf SRbOR RiardfAfl/ or cheni cal

treatnment to reduce the water ‘content %?bt he hydroxyl content of the
support material. 15 Both dehgdrat ed support materials and support
mat eri al s cont ai Fhagoliheatalyseeuhe ysedfas such or afiat being subjéstedtsed. Typi cal ,

hem cal dehydrat | | ' [ I
hyari des, - aprgramistiafly. | ARAERHE:0 B Cufidrn by anih RO el -

hal i des and siidheaslbyRsingtig 2¥mdlDarhdisit 0B 6ne driifors PPROIerizABE fidndneesintde
subjected to a thermal tregtnment at 100[err]C to 1000[err]C,
preferabPy sentagovith Dooplid caiysto The manomses vahieh eani be usgdimbet 20

at nosphere Bq[g : i : i {s carried
out for BFepg outnz%wr;&gﬂ? géa??%ﬂl% o’ﬁrﬁx%ﬁﬁi&h%ﬁg?é g’lre Z’#égngglflg‘a@%ﬁr# about 0.5
hours to 24nfemtiosed hereinafter. It is preferdiiie tesuspior the prepelynadrizatipt the8aht y

thermally treated, nay preferably be conmhi ned wth a further
or ganonet al ™MAPCHET & eeb‘i‘rgﬁdﬂhﬁeq%&‘ Bolymefization; yIhs prepobaRIHRtAR num

conpound, ' K ' ' saitabbe diluent’
o BauN o iipcRiiEicthAPhotally MM BDATIN IR €O fofl Tl ABbe A T

sol ubl e15 Ty miaz@preferably feomt 0 enfG°@r e hydrocar bon sol vents having from5 to
12 carbon atons, preferably aromati c solvents such as tol uene and
xyl enes, or aliphatic splvents of 6 such as

to 10, car bog . atomsél
hexane, hept ane, & PERRIYMESFANN ™ b rRsiicd o balchwise or cRRKmuGpsly under
cycl oal i phabirfospRérkepteSsufd or@ldvated PrésdirbO TR REFol FEfization 4y LRGN R At OF
m xtures of 30 any of these.
37 in the presence of a molecular weight controlling agent such as hydrogen. The
prepolymerization is carried out in the absence or presence of a solvent or diluent.

20  When a solvent or diluent is used it is preferably an inert hydrocarbon, such as the ones
described hereinafter with réspect to the polymerization process. Preferably the
solvent or diluent used does not substantially redissolve the solid catalyst comprising
ionic compound (a). The prepolymerization is typically carried out to form a
prepolymerized catalyst, that is polymer is formed on the solid catalyst particles,

25  having from 0.1 to 100 g of polymer per 1 g of solid catalyst, preferably from 1to 10 g
of polymer per g of solid catalyst. Typical particle sizes of prepolymerized catalysts

are in the range of 1 to 200 um, preferably in the range from 10 to 100 pum.

The solid catalysts of the present invention, optionally prepolymerized, may be

* used in an addition polymerizition process wherein one or more addition
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WD 98/ 27119

PCT/ US97/ 21875 The support material is conbined with the
or ganomnet C ogund at a tenperature of -20[err]C ] C
pr ef er abl Oasfs%ﬂngl[yerr] Cto 100[err]C. The contact tine is n%ﬁgw%g%ﬁys

critical and can vary from5 mnutes to 72 hours, and is preferably from
0.5 hours tpoig@erizable momwuers areAgntaatedovith the polef eatalpdtyof trphvagion undd

An alternatiyve.pretreatnment of,.the support material involves a treatnent
with a %R%&PEHB?“WB“&?M%%G; may be contacted with the support
material in the manner descri bed above or the al unoxane may be

generated in sitsuitibld ARitfoaRheriFabRhétontdys include eth§ RAIANY LRGHRRed
al kyl al umi num preferably trial kyl al um num conpound, w th a support
materi al cOMPRYAFIHGACREHIGNC comppunds, conjugatedppnaicaringaeddienssppelyenaseandr i al i s

preferahjy éa‘?ﬁ&ﬁ/ﬁﬁ GillL | Befel@d irﬁo?loh‘léfstiggl%délﬁl%ﬁns for examples a hg-oﬁ)éffr%{ eat ed

support materials do not” contain t tethering groups, suc S,

exanpl e, sulidvageiromd® wxapbutPOopreierabif froim atoat 2 wpatoat 13, nhae pekferablydfdnous
support terialg, especially silicas and silica containing support
material s. MEE&gwtgﬁggngtoms and ¢ @W'&F%&r’rﬂﬁ o mraphsucBatadal resi dues

of a materigbppsesh f@llark) ﬁ%tﬁ?l?}afaﬁﬁglo’lcfﬁﬂQEbI@&, f&%xa&l%, SRABR, g,aocpﬁﬁkg@,' umoxane

residue or the residue O yl al um num conpou s -Al R2.
Certain of i-lberecriepimenesd-nethybpentdnedll, drheaeneal unoxane resi due or the

resi duemof f trialkyl ?I un]' num cojrgound, arcﬁ capable of reacting with the
noi ety HERIFNG 129708 |09 BERE Ao UR9FE° % hi on (&) (2) of the ionic
conpound. HpWeY&Ene, ittridecene, 1-REr@EdcOAE, Gdpentddesene] & cofiPthakiOnathBfedg eSS, and at
sonme point in the process a conpound 20 which is the reaction product of

(a) an i oni Brefasahipihel2lphatoledips aiie cidrnsomepylens -butene, 4-methylipsntene-drmpound,
O a2 SIS B8RS NGRS R U it 1«
not possi bl éne or more o biheotiadr lalphatodsfinsalMost preéaibly etigrlaiens prdpyddnedoul d enter
'nto a lrSeacltlsieg rzlxs E)ges g} tthierf]x diitign polymeritza tlet] r%roingr%erg.a %Sitabb‘?ee Qier?és%gci:(lgge t%rosg apped.
having from 4 to 30 carbon atoms, especially those having 5 to 18 carbon atoms.
. Typical of these are o, -dienes, o-internal dienes, including those dienes which are
typically used for preparing EPDM type elastomers. Typical examples include 1,3-
butadiene, 1,3- and 1,4-pentadiene, 1,3~, 1,4-, and 1,5-hexadiene, 1,7-octadiene, 1,9-
20  decadiene, and lower alkyl substituted analogues of any of these. Other preferred
monomers include styrene, halo- or alkyl substituted styrenes, tetrafluoroethylene,
vinylcyclobutene, dicyclopentadiene, and ethylidene norbornenes. Suitable addition
polymerizable monomers include also any mixtures of the above-mentioned

monomers.

25 The solid catalyst can be formed ir situ in the polymerization mixture by

introducing into the mixture the catalyst components (a), (b), (c), and optionally (d).

The solid catalysts of this invention, both supported and nonsupported, as well
as the homogeneous catalysts, may be used in various catalysts systems, either alone or

with other catalyst components or other catalysts, where the catalyst of this invention
- - - - f . XS . -, - ~e _ ... P
30 s an integral part of the catalyst system.

48



25 I n various ~aspects of this invention where a support materi al
I s -enpl oyed, I ncl udi ng catal yst conponents and catal ysts, as well as
correspondi ng aspects which are nonsupported, whether as honpbgeneous
sol uti onsWaHVITHY or di spersions, an al ternative expPeHUBHRIZB each
of those aspects is one that is essentially free of al unoxane.

38 WO 9B 2atdly& may be used in the polymerizatxon reaction in a concentration of

PCT/ US97/ 21 3_5 A Accor di r}g B present invention, the ionic
conpound (a§3 citnl Hemplss-rhaged ofy trnsition %Ea]dp%r ?rémcb‘ﬁ"'d%’ regstiph Ve, butds ( a)
by a controﬁﬂe?gdm gedqhta%hsyamm &l@éﬁﬁﬁf%’b?r&éﬂbl Srom 107 48@@eas such in
the preparation o a solid catalyst suitable for addition pqymerl zation
processes, m&sepbyhmdrhmwztmmgcttdnelmm@ersed nature. A range of suitable
particle sizes for the solid di spersed catal yst can be obtai ned by
sel ecti t he so ents 1 n ven rature conditions and

t he specrglgflc cat }{ qlidga agvsffecrii‘{lge aﬁ‘k‘) gcoutI){ F\TB@&E‘&r‘d’tl@gﬁg?ﬁﬁ?y or
separation sdiggs, sfufryl SkHs bﬁﬁe?ﬁ@rﬁé&ﬁaﬁ@ﬂﬁw&@' For £adl@ohSolymerization
preferably still in dispersed form may be enployed as such in an addition
pol ynmer i zat PioRessiloe dasira lqtpé?qa%fmv\f;éhfysoludwetabaﬁ o4 togmpley kasneggneens and t he
solid catal | n be.recqvered
fromthe di ﬁ‘té‘% anQ)f t%%%ﬁ?%’orﬁ@&r)eﬂts 'A@;Hgﬂérsgg P yggg%%uaﬁgc?rﬁ'ed PPl d or
nonsol vent &m;ieﬁymxﬁgfrbmcqutteé;O()é‘(IczimdasPressures dbolé 5G0 bayn A élmylpfﬂcéﬁsyl ng,

ray dryin and conbi natjons ther Prior toits
pgr t ?/cula;t eg’é’&ﬂa, Iy ugesyan ipgygh 35{.‘: éf g‘F?/ts*i“d t%fHBCrQ‘HSFsé’SF‘PH‘ 4}%‘1‘%9 TretR @t

product, ma & bv%ﬁé‘(e%ﬁfé drdte@s FHich@aR
The cat al ys%é o%%rﬁé%qtt'bd?sper Si onr (gf et he %r ese%?d]flﬁgﬁyﬁg}nb%gﬁm%e pr epar ed

by cosubetahiiaig/ lhid mtthomectfpd)rmerlz@mmmcdwpn URrelfe(rad fenmperatuds hreent
(sol vent) Pro; %%Qb:}((?éf Prgfeﬁiilbly from aboul gO°d to 801% qu5§@ %rrgfjeragly tgnggﬁtSI ng

conmponent (
100°C. The solution process is carried out at temperatures from the temperature at

15  which the resulting polymer is soluble in an inert solvent up to about 275°C.

Generally, solubility of the polymer depends on its density. For ethylene copolymers
-having densities of 0.86 g/cm3, solution polymerization may be achieved at

temperatures as Jow as about 60°C. Preferably, solution polymerization temperatures
range from about 75°C , more preferably from about 80°C, and typically from about

20 130°C to about 260°C, more preferably to about 170°C. Most preferably, temperatures
in a solution process are between about 80°C and 150°C. As inert solvents typically
hydrocarbons and preferably aliphatic hydrocarbons are used. The solution and slurry
processes are usually carried out at pressures between about 1 to 100 bar. Typical
operating conditions for gas phase polymerizations are from 20°C to 100°C, more

25  preferably from 40°C to 80°C. In gas phase processes the pressure is typically from

subatmospheric to 100 bar.

Preferably for use in gas phase polymerization processes, the solid catalyst has
a median particle diameter from about 20 to about 200 um, more preferably from
about 30 pm to about 150 pm, and most preferably from about 50 pm to about 100

* 30 ° .um. Preferably for use in slurry polymerization.processes, the suppott hasta'median . G
. - ' ~
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It may be desirable to use a nethod wherein the converting is done in the
presence of (b) a transition netal conpound and wherein the catal yst )

corrponeru( 9§,2%130 substantially inactive catal yst percygi%%ﬁg_{V\herel n

t he conve tlng s done in the presence of (c) an o
nmetal | oi d conpound wherein the nmetal or netalloid s selected from
t he G oup®attick/diameiehromeabpeidl umte pbeut 200 pifne morepreferably from #wut dpal yst

b st rafs 2y 1606, 854 BpQATLBh. 1 1888 R uslbprEd BB S ponent

excl udes (dr)usa i scimsort cbrdﬁlgmﬁ‘bﬁhreaﬁ)lymemﬁﬁom prbcesd¥s; ihd:Cberdrﬁhas&ﬂm@dlﬂxﬁno et al
or netalloid conmpound wherein the netal or netalloid is selected from

the & oupgari‘cféfh%?’e‘teﬁg"??earb%‘dﬁ Kkm-fo gbeut 4w anaes pesssplly figm about 2 payc| udes
both () @@%&Eb%#m, and most preferabfy f8hmtbbR™ 1951 tb w26 pAPOUNd (@) in a

di l uent can be obtalned by 'using "an ropriate sol vent in which (a)
is soluble. The diluent in which (a) is di ssol ved is not 30 critical.
Pref erably, thdn tielnedymerizgtiaroprpegssds| of the prisenhiavertivarimpartitylsgatenganponent s
82?27 119 ™ay be used which serve to protect the solid catalyst from catalyst pglgsons such as

PCT/ US97/ 3&8FSoxygen, andlpﬁliEEorﬁgﬂiquﬂﬁrTﬁc%é s@ReRAtahigefsallBle ddRatn i t does not
need to be renoved prior to its further use. Suitable solvents for

(a) i ncl udsoHnts dependingrrthe ampys of npumitias Txnicadfravengers inclydnzene,
et hy' 'i’@”z%Po%no%&PX&@ﬁ&ﬁxﬁ?%m P&?&LQ?@ﬁaﬁﬁsﬁaxu}%Xrlu%ﬁ‘SP?]or§$‘§8£§&%'a§% and t he

| vent TS use suff|C|entIy
soI ubI e, alunioxangsdéfurther, antistaticageants inaly e drtresipestidnisphelieastot tit prevenof (a),
heating may be applied, or solub|I|2|n may be used, or a

agent s
conbi nat i BBBIGMCHGOR O FEENSHT PIYIMeS O g2 %@j\%ﬁ? thegeagtor el | s conpati bl e

with the catal yst conponents, in a sense that it does not adversely affect

the benef meé}ired@mqnwrﬁér&aum pob&ssedl MsleculiiaddipMGoh&olizehgr abl y done
at tenperatures not 10 hi gher than the deconposition tenperature of (a),

During t heajbeussdyusichgs bydrpgep osofher phajn transfer agents. The polymers that are
15  prepared according to such polymerization process may be combined with any

conventional additives, such as UV stabilizers, antioxidants, anti-slip or antl-blockmg
agents, which may be added in conventional ways, for example, downstream of the

polymerization reactor, or in an extrusion or molding step.

Upon or after removal of the polymerization mixture or product of from the
20 polymerization reactor, the supported catalyst may be deactivated by exposure to air or

water, or through any other catalyst deactivating agent or procedure.

Suitable solvents for the various polymerization processes are inert liquids.
Examples include straight and branched-chain hydrocarbons such as isobutane, butane,
pentane, hexane, heptane, octane, and mixtuares thereof; cyclic and alicyclic
25  hydrocarbons such as cyclohexane, cycloheptane, methylcyclohexane,
methylcycloheptane, and mixtures thereof; perfluorinated hydrocarbons such as
perfluorinated Cy4.) alkanes, and the like and aromatic and alkyl-substituted aromatic
compounds such as benzene, toluene, xylene, ethylbenzene and the like. Suitable

solvents also'include liquid olefins which may act as monomers or comdffomers

50



I s advant ageously appli ed. Preferably, the solution of (a)
contains fromO0.0001 to 100 nole of (a) per liter, nore preferably
from O.Qg to 10 nole per liter. Any nondissolved (a) is lF)referabilij}/

r enoved é,gs'?'ﬂrwexarrpl e, filtration techniques, prior to ¥eHV$ERI§S| ng t he
solution of 15 (a). The solution of (a) is then converted
into a dirspsiing ahyleoepromyileng, $uddiene, d dhutahe, cyclopefilnen 1 -Hdxenes, Qivepisneon of t he

| ut i f t di i f b ied out, f
Svannl o 4t e LB R IR BE Bl LT G ey Tssahent (a) i s
gener at eq 4-hexadiehd, IC6@breN O-dBcete] drehs) @Jinﬁxﬁénieﬁe,%lsilgkﬁf‘e% Jiﬁ#}l%e%@ (a) is
0 of (a) inadiluent’i

sol ubl e, by contacting a solution 2 en ich (a) is
sol ubl e {in¢indingaillisamers alonei intadfaixture), andstbe like.eMoxtures of the foregbinggl v

sol ubd e, ax%yals%vs%ﬁ r]ati ng diluent froma solution of (a), by adding one or
nor e pre g‘??ating agents to a solution of (a), or a conbination of

two or nore otr t hese tecn)nig_ﬂtf.es .tongjchi eve a controlled

preci pi tation by Cgtgﬁyﬁtcﬁyﬁeglagl?ag ediilized HefompIeRtiopetish Yreastone of (a) is
formed. hdditbdal hBRo§eRBEs biheferBSneONs St théEMtibh cﬁt@?sﬁﬁ%eﬁﬂﬁ& rf%aﬁ?or o
distinction 25 befween a solvent and a nonsolvent for "a particular -ionic
conpoundcqrarctad k1 sqgies prin payallel to prepasp @nlymsn biends mating desrhbiehe parti cul ar
conpound_(a)... on,the te rat.ure, and relative unt . o a) to be
ool vapoB ISl AP I RioGER ds Pisgi0sed iR %Qr%%%ﬁ‘gﬁeqng%%éw

easi 1y detRISetiBENUMBEr GRHOLETTO, A Wlell RITDES. SeHAENGABEO8Y WI88 184t O be used to
obtain a solution of the desired concentration. On the other hand,

given t hianggy A% éﬂQ?oﬁhe( tg}ghing@f which are hereby incorporated by reference herein.
40 WO 98/ 27119 )
PCT/ US97/ 2187Htilizing the egtalydt syistgras gbihe peasemtdpydnyiotgiaetiqularly fohsolotiomdi t i ons

and meansoil ReRDh ANl RS Rikh comonoks bt gnd e desired sol ids
correspondingly low density, yet having a low melt index may be readily prepared.

15 That s, high molecular weight polymers are readily attained by use of the present
catalysts even at elevated reactor temperatures. This result is highly desirable because
the molecular weight of o-olefin copolymers can be readily reduced by the use of
hydrogen or similar chain transfer agent, however increasing the molecular weight of
o-olefin copolymers is usually only attainable by reducing the polymerization .

20  temperature of the reactor. Disadvantageously, operation of a polymerization reactor
at reduced temperatures significantly increases the cost of operation since heat must be
removed from the reactor to maintain the reduced reaction temperature, while at the
same time heat must be added to the reactor effluent to vaporize the solvent. In
addition, productivity is increased due to improved polymer solubility, decreased

25  solution viscosity, and a higher polymer concentration. Utilizing the present catalysts,
a-olefin homopolymers and copolymers having densities from 0.85 g/cm3 to 0.96
g/cm3, and melt flow rates from 0.001 to 10.0 dg/min are readily attained in a high

temperature process.

The solid catalysts of the present invention, also when used in a slurry process

30 or gas phase process, not only are able to produce ethylene copolymers of densities - .

«
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When precipitating agents are used, they are preferably conpatible with the
cat al yst conponents, such that the beneficial properties of the catalyst

are not versely affected. The nonsol yyed for
generat i Xg"?”ﬁ%g‘c?u spersion of (a) is not critical. #@f’@?%é% t he

nonsol vent is conpatible with the other catal yst conponents and under
pol yrrer i z@Picehfos bredi dengityspolysshylenss inj the thnge oh@ P8¢ @ 94bg/bm riatoved prior to

further u . 7 £ ent ane, hexane,
hept ane, %’ggrallsr%%g,]yféi%&ﬁ%,tﬁéiﬁggﬁlﬁgb ?22%@",‘%%‘8 h%ﬁéﬁg‘?b%%#lﬁ%[) V‘(’:erhydr ocar bons
of up to 3érsitesbGopaelymess.of densities lower than TB40 glesPand egircialyivweithg conponent

(a) is preferably generat y scontactin a soluytion of (a) in a
di l uent i ﬁ‘z’%ﬁ SQbCH‘ njtQ %5838 @21"@ il werLay g? fede while REgvading fipe flgwing

i nsol ubl e afeh | LR Al ( ' eis
prefe ?gbl E}&&“’m’ Féé%lgigg tggga ‘f’“rq‘cc) %3?53112 %‘?Bc? ht?)&ca g(ri\ g)lﬁ g?ﬁlﬁlgg‘éﬁg %IJI Ség%gm{@& nzene,

and xyl enelsminatiog telaetodfduliegyt Thenpré€ent invkntidn i§ ajpabke ofpsaduchigeolefin spari ngl y
soluble is §refer selected fromthe consi sting of pentane,

bl ro .
hexane, hBPYfEs an ﬁagﬁmﬁ aving weight avera mi%ﬁgc‘ei’fn‘t’%lélﬂtﬁﬁ MOFRthap| ut i on of

(a) with $6800)pRSa¥E herele 5DV préfeRABRI MERlthan 100,000up8ual Iy 10 to
10, 000 parts agq)wel ght, preferably 100 to 1,000 parts by wei ght per

100 part s 1890080 gt even higher. shypical owlesuilar seightHistributioaciiig, tangpéoat ure i s
usual f ~ <20 1 0 r fer y from-50 to 130 [err]C,
and rrioés(t %'S??é?'a"&ley“‘? S%rr}%rlﬁ%?eglbﬁb%tgfre?f%ﬁ dﬁd%m‘ When t he sol vent,
in which (a) is dissolved, needs to be renoved after contacting with
t he nonsol vent Thd baalgsilsysterhs ofsthp pekan ableyticeidre phnidulndy taedntageotiafora | ower
boiling point than that of the nonsolvent. The solvent can then be easily

renoved bipe Prw““‘%%ﬁ_ ‘?thﬂe‘ifﬂé’“&ﬂpgb'é’?%‘f Hid ShyIeRE/ st Gegoly BRERRAY I essur e.
25 1RR o?%dsggch?ﬂ'nt BB, Ssgah{:ﬁg% irSeoRR atpg,gyr%zaga@ua%%&dz

high

accordi ng 1tgo t he presen In [ can @e epar e y conBining, in
any or der phase pplymenizaticngiroceédsy., Thehse ainlae catalyst sygemooiathe preeljt i n case of a
suppoF ed. cat all{is Wnerei(gydur.i ny east one ste

pr epatat i BYCHto H%bgtb‘?‘ﬁoas PYYIFUEAT "%%?F:ﬁﬁsﬁﬁﬁﬁpefﬁlycﬁog@éﬂ\?%’?f%ﬁﬁioa diluent in
which (a) pJ)l§merization processes, allows for elevated reactor temperatures which favor thé1
formation of vinyl terminated polymer chains that may be incorporated into a groWing
polymer, thereby giving a long chain branch. The use of the present catalysts system
advantageously allows for the economical production of ethylene/a-olefin copolymers

20 having processability similar to high pressure, free radical produced low density

polyethylene.

In another aspect of the processes of this invention, a preferred process is a
high temperature solution polymerization process for the polymerization of olefins
comprising contacting one or more Cp.p( o-olefins under polymerization conditions

25  with a catalyst system of this invention at a temperature from about 100°C to about
250°C. More preferred as a temperature range for this process is a temperature from
about 120°C to about 200°C, and even more preferred is temperature from about

150°C to about 200°C.

The present catalysts system may be advantageously employed to prepare
30  olefin polymers having improved processing propertieé by polymerizing ethylene alone
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WD 98/ 27119

PCT/ US97/ 21875 sol uble, optionally in the presence of one or nore of
conmpone (c), and (d) or t he contact product o ’#f i th one
or nor erl{éég%@l,w(c), and (d), is converted into solid PC]I’V%? s

optionally followed by recoveri ngﬂéhe solid catalyst. After this step the
ot her or ethydangohelefiy mikures(with nvlesels obm4HI prandh induoinghlierex sumhtast hey have
not been oL &, . ar ntacted.wth. (a) in solid form

or ef er ablny Fg%{é?rgeééﬁr%ctagiéﬁnfdorﬁdg- Oc4diens” THe umq(m 2:0%81@8}1@? ﬂfgelf:@t%pn aspect

of this ireacerte@peratudes, iizhhesledudgyvaghiubs 16 mélt FidiBekPét high reacthbP t hat
descri bed above for the preparation of dispersions of ca% al yst conponents,

it is  tempefalygsanddightomangmen pacthtiaadvariageouglyallows for thet he preparation
of the sql. . | S] kst n nponent (a) in solid
form ;Ss ;gé’ﬁﬁej"r‘g‘?é@‘é?}‘;"é‘é’%f Pn%]y ra{‘egokfdﬁﬁgoér’\&%&%?&g{m !31 X%Pg'll%ﬁ 8% uent in which

(a) is sqiroddssabilby. Peefdralyisiih polgabigicomprisd 2 C3) ol oRfl IndRAing N whi ch
(a) is soluble with a diluent in which (a) is insoluble or sparingly
sol ubl e, S¥ylene, and pyH shragching cempunper. Hrefaiahlys spclitnobymers ateeprodusgd anidi ng one

or nore [t at i L1 O . conbi nati on
of too Oirjars‘?n)gdrt%'n ﬁ&%eﬁ% ggﬁ?@fg&ﬁb&% a é:f)lt:@mﬂ)u? it ;B}QQJS f; ?(l)t}a@%%braybsug oref erred
enbodi nertolymers tivg berpeqikced inangasfphtdecproasns oppsinire Procéss, aOdisclugyaqnt ed sol i d

cat al yst, ring the at, | eas ne step in the preparation of the solid

cat allg’st ,U'gycﬁ EALQNOPrI@ ﬁﬁfé%&@lié htlé('a?géﬂ 5 ARPHCAEMNG.s gener at ed
by, CBRHTRES iRkl May® 960D PP P hpblafiof Not! PR/ S0 0453 ffl@t% M sol ubl e,
optionally in the presence of OR or nore of conponents 7 (c), and
(d) or thié, ¢t ald of phiiues heyéby imporporated byireferowe. or nore of (b), (c), and
(d), with a diluent in which (a) is insoluble or 20 sparingly sol uble.

In all the protessvistdpmentitnselthepresent datubysd syspen & pantidubdriyaiseain ist ep, it is

preferred, not to use e conditions or es or quantities of
sol vent s [PHBfEparation 0%%%%%%%&@%6%%%81‘3&%%’& PFA us@@t%oa@ct hat can be

used y0 Qﬁs&gﬁéﬁgfop@d may be citte? ARbRIAION opgxu&gbr&eg vBoRs 6 Whidhlaye 1 hose which
have been described above in relation to 2 the formation of the catal yst

conponentpreiigysdy kinwwn in the art. Kaminsky, J. Polvt 8., et H23d pp.32 1 5p el @dP85)g t he

nonsu pporrggoqfte%rthes 3§%po?ratsgglbﬁ:qalié(gycqgge%lt d?ény])tzﬂgonium dimethyl-alumoxane
catalyst system for solution polymerization of EP and EPDM elastomers. U.S.
5,229,478 disclosed a slurry polymerization process utilizing similar

20  bis(cyclopentadienyl) zirconium based catalyst systems.

In general terms, it is desirable to produce such EP and EPDM elastomers
under conditions of increased reactivity of the diene monomer component. The reason
for this was explained in the above-identified ‘478 patent in the following manner,
which still remains true despite the advances attained in such reference. A major

25  factor affecting production costs and hence the utility of an EPDM is the diene
monomer cost. The diene is a more expensive monomer material than ethylene or
propylene. Further, the reactivity of diene monomers with previously known
metallocene catalysts is lower than that of ethylene and propylene. Consequently, to
achieve the requisite degree of diene incorporation to produce an EPDM with an

30  acceptably fast cure rate, it has been necessary to use a diene monomer concentration .

which, expressed as a percentage of the total concentration of monomers present, is in
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di spersion conprising component (a) can be formed first whereupon the other
conmponents (b), (c), and optionally (d) can be conbined in arbitrary order.

Fur t herwo gg;27119t he di spersion conprising conponent (a) cp@r,gggﬁﬁgfged in the
presence of one or nDre

géT/ US9 7f‘ébfé"7‘§VRXCCSS °°8¥pa{eﬂé° rersrecengh oh dishe desied 19 bs incRepossed il 1y (d).

Exenpl ar yhesfid0 PV pfodRE® S3haéabstantial aR@LMWof unreacted diene monotBr l‘ﬂﬂf}
enbodi ment for preparing the nonsupported or supported solid catalyst,

t he di sp&f &comeres fiom We RelymsHpdinaTeaqter efflyent forgecyedm thectastiofni t h conponent

(b) and I s subsequently contacted wi th conponent
(c). n%rb%u éo?%lﬁéwsgdmeeésgwgrabl y enpl oyed di ssolved in a suitable

sol vept, such r va ousl err]

i prat ¢ or  EDEnEAeTE M Y dedkibis R ted ittty e

hydr ocar Bﬁ);fbsufEm 28 QNfRCHol1RCTRALIaN batBlybioRQkent! édpb&ially Bedyided it is bel ow
t he deconposition tenperature of the transition netal. Conponent (c)

can be uS@efentatipns®f diefe moneweniedrined toj prodyss th@cqwsxt@iwsmeeu n a

hydr ocar mgrcp%%}/o?m] the‘ﬁ“&%a‘f BPDRY pRALE, Uhér?xfeldﬁ&s the rat ér%m?r’bg gu %@ﬁj}? h\“’or

di ssol vi ng
preparin gat’allyet mbhsmsqapmymehzanos upgbylerdasbprogylene mon@ﬁé:@ hyy ploceg@ionponent s

b d are f act ed ferably . in a t abl e sol vent
fatnzj &g%fﬁfpé’c?m“:g Sﬁ Qﬂﬁllﬂuf'?g;) ﬁ%‘bﬁféfe"ﬁﬁ"lf%“?’ﬁé}l‘%’e@ﬁéﬁ‘ Efisqélﬁgfborrprl si ng

corrponeneor% are&?ame}ﬁ?duémnv(ﬁ% era{y:&wréaﬁénélaﬁgxmr ei;%h?c%k Bflef D) and (c)

are of such nature used 1 n such quantities, a conbination
t her eof , otdlefin vdpmiyhéreelaseandrt i ng product is cont act ed with the
di spersion conprising (a), conponent (a) is not substantially
r edi ssol ved. The present catalyst sybters@iventagedubly alieive dslSncrbased @fsaei ng a support ed
solid cat ale( I ncl udi ng the
reacfivity thereby preparing EPDM polymers in high yield and productivity.
15  Additionally, the catalyst system of the present invention achieves the economical
production of EPDM polymers with diene contents of up to 20 weight percent or

higher, which polymers possess highly desirable fast cure rates.

The nonconjugated diene monomer can be a straight chain, branched chain or

cyclic hydrocarbon diene having from about 6 to about 15 carbon atoms. Examples of

20  suitable nonconjugated dienes are straight chain acyclic dienes such as 1,4-hexadiene
and 1,6-octadiene; branched chain acyclic dienes such as 5-methyl-1,4-hexadiene;
3,7-dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and mixed isomers of
dihydromyricene and dihydroocinene; single ring alicyclic dienes such as
1,3-cyclopentadiene; |,4-cyclohexadiene; 1,5-cyclooctadiene and

25  1,5-cyclododecadiene: and multi-ring alicyclic fused and bridged ring dienes such as
tetrahydroindene, methy! tetrahydroindene, dicyclopentadiene; bicyclo-(2,2,1)-hepta-2,
5-diene; alkenyl, alkylidene, cycloalkeny! and cycloalkylidene norbornenes such as
5-methylene-2-norbornene (MNB); 5-propenyl-2-norbornene, 5-isopropylidene-2-
norbornene, 5-(4-cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2-norbornene,

30  5-vinyl-2-norbornene and norbornadiene. .



20 precipitati on nethods descri bed above, the manner in which conponent
(d) .is added is not critical. Conponent (d) can be added during one
of the steps in the preparation of the solid catal yst. The support
mat eri alWPA$2MA! be added after the conponents (a), (b), FCIUSYTRIS (¢) have
been conbined with each other, or (d) can be conbined with at |east one
of the corrpone@tf shepdieres typiczdlgrds&d]ﬁorpgepdneEPBmL thenpgrijputadlyqirefeirtd t he

remai ni ng,2 nponent o opponent s. According to a
preferr edd'é%soad? iéﬁl?exFﬁ‘F“et {"B%)pgp @HbYﬁ‘éiFPed%'“Sfboé“%‘ﬁ @Hgﬁ’eﬁv@bﬂ‘ﬁ“d‘e%

catal yst, n&QH}?BH@WNé?)S -Ab®Rh¥2hororAersQUVIEeB) ah&dlfcbéxag erftffiflened with
conponent (d), wher eupon a di spersion of enerated in the
manner as(IGRD).i Beespbually preferrel dicngnare 5-cthyliden- -Reogemaenat(EDB)ahdt he

d| sper i on .qf conbi ni ng of conponent (d) with the
5" °F e G

PCT/ US97/ 21875 i on of conponent, (a) be carrjied out while
forming a slurfjep ‘Eeﬁeéfe%gisﬂﬁ seﬁ]‘ﬁ&"%ﬁﬁs 2y conté‘%@gg‘ét%ﬁ‘?tab@?t 90 Weigkt or

al t er nat .%4 &hant effiehe SRoftiétefibly ABussd wssqoexgﬁt p%%ﬁpaﬁmne most () 1s used
that no sfurry i$ formed. Advantageously in latter” situation, the

vol ume  prefergly nheut 36t abawh 80 veightrpencenttethyddnedoes not exceed
substantially, and is preferably about 5 equal - to, the pore vol une of
conponent (d). Théul@ha-bleifimmﬂmbbd’orus;isumrepmmpnmmﬂas(cm)ersthh is converted

nto lid form pr.eferabl nbi ni t.h t act ct., of (a) and (d
wth i ke et GRS e erbly Facia BRe-OF sy dlisighy SO TBES The ampunt
of  sol i dSexamples &eshat A ﬁa-beﬁhbﬁewyﬁneof.baenéql Iy&@nelﬁh&@newtlcal but

typically is fromO.0 wei ght per’cent. When
conponent m(eth)yl-llsmomcalchmﬂem t-ectgns di-decenm and !(da9iece(rd)'1‘lnqsalplnaeblsﬁahﬂ y used

after it has en retreate 1gﬁm)esu s t surface
hydr oxyl genera %ra ﬁ'&ogté péct ¥ %ﬁy'ﬁf % raé%'fqr‘}rlgg? %“?Il%b%el%h QFﬁcﬁ mal kyl ,
nore pref ﬁfo@&ﬂ)ﬁéfe}ﬁ&m? aBdbout 20 to aBbLBIWEERY prbdeyl. TIRTRALAJugdidd disnlddyant ageoys
to contact the solution of (a)_wth
15  generally incorporated into the EPDM at about 0.5 to about 20 weight percent; more,
. preferably at about 1 to about 15 weight percent, and most preferably at 3 to about 12
weight percent. If desired, more than one diene may be incorporated simultaneously,

for example HD and ENB, with total diene incorporation within the limits specified

above.

20 At all times, the individual ingredients as well as the recovered catalyst
components must be protected from oxygen and moisture. Therefore, the catalyst
components and catalysts must be prepared and recovered in an oxygen and moisture-
free atmosphere. Preferably, therefore, the reactions are performed in the presence of a

dry, inert gas such as, for example, nitrogen.

25 The polymerization may be carried out as a batchwise or a continuous
polymerization process. A continuous process is preferred, in which event catalyst
components, ethylene, a-olefin, and optionally solvent and diene are continuously
supplied to the reaction zone and polymer product continuously removed therefrom.
Within the scope of the terms “continuous” and *‘continuously” as used in this context

30, are those psocesses in which there are intermittent additions of reactants and removal
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conponent (c), preferably with one nolar equivalent of (c), prior to
contacting the 15 sane with conponent (d). A highly preferred support
mat eri alywhQkn4ge 1 N these enbodi ments is pretreategcg) "ﬁﬁs'/s
Typical, yet not critical, tenperatures for any of the steps except the
di spersi on formation step are -50 to 150[err]C. Preferably, each of
the cont aff Proguds é‘p%“%egaf“r’i“?&"%%lso that, over jime.dhe;pYersl] prgeess ismgi t ati ng: Al |
steps in thRinpbgsent process shoul d be conducted in the 20 absence of
oxygen and noi sture. In an alternative nethod for the

preparation of ' Y LinaliSarian e Lrabl e that the
support materi éﬁhisegeﬁagﬁ ﬁ{n%fg%g%gﬁﬁgg %]g%]f h?%ogr]? %nqgmaf’él%aa pore
vol ume of céntimaoGs sbldtnpolyrheizaliomgsiateth comprisingswppeact@s comiealey & t he ani on

a)(2).is not chem cally bonded, tq the, s ort (d and wherein the
Vol untS of SRS OE BHAFG AN GRS EASIor SRtnGl I gHEb e5e Rkt TSP AdE BAmone or
bot h of (B)o,60Fa(60D,000SmbfeGiRRRALKPAGHIR) oaers@oznctm)lti@fomd wlgrﬁQ& e! 3”9 percent

of the total pore volume of the support material used. eferre
enbodi nengesond eeacten 8 raduet afiatelatively ddw molasfilar eighb(Mwise00030 80@HOA0 vol une

percent . t 30. vol u per ¢en the tofal_pore volune of the support
mat eri al lfsfgg?cagr]]he ﬁna?p(/‘\ﬁg?téf ﬁgﬁﬁé °€gﬁedﬁs gt ﬁgﬁ’%‘r‘ m‘ﬁ*%ﬂf?s substantial |y
equal to tdmbined plioPeidevoletiiaHoRfo Beult inhAunsfeRR Blend BRER W lpolsRd. Sone

aspects of this nmethod may be simlar to various
44 10 produgss) §eglpgdual reactor process allows for the preparation of products having

PCT! USO7/ gdfEDed propenie@SREThSreRbd BRBEARRATN RlcblrPLERELEL 040l supported
catal yst, arlougl{/) reterr to as I nciprent T npregnaflgrf or

i nci pi ent thaetsreéBgent Gohinthe) fiess reaa®r th chatged esithe BeddnGrealbk @md fresh No."'s
5,602,067, 5,625, 015; an?‘ PCT qa&ol i chxt i ons WO 95/ 12622, WO 96/ 23005;

WO- 96/ 160T9NOES: §91vemt2g¢ hydiggen ifagdedin shassecond regton,ieaptorcondiiignggie 5

i ncor por ahgdstby sUchltBLtSREReight ratio of polymer profiitedid GE TR réRiASPRGL S Of this
enbodi nent,” as nentioned in the two paragraphs \
15 produced in the second reactor is from 20:80 to 80:20. In addition the temperature of
the second reactor is controlled to produce the lower molecular weight product. This
system beneficially allow for production of EPDM products having a large range of
Mooney viscosities, as well as excellent strength and processability. Preferably the
Mooney viscosity (ASTM D1646-94, ML1+4 @125°C) of the resulting product is
20  adjusted to fall in the range from 1 to 200, preferably from 5 to 150 and most

preferably from 10 to 110.

The polymerization process of the present invention can be employed to
advantage in the gas phase copolymerization of olefins. Gas phase processes for the
polymerization of olefins, especially the homopolymerization and copolymerization of

25  ethylene and propylene, and the copolymerization of ethylene with higher o-olefins
such as, for example, 1-butene, 1-hexene, 4-methyl-1-pentene are well known in the
art. Such processes are used commercially on a large scale for the manufacture of high
density polyethylene (HDPE), medium density polyethylene (MDPE), linear low
density polyethylene (LLDPE) and polypropylene.
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I medi atel y above, it may be desirable that the solution of (a) is produced

in.the - presence of (b), or in the presence of (c), or in the presence
of (b) and (c). Generally, in this aspect it is desirable
that the SPP4R7 al yst is produced by 10 adding the sol CTORHHISTY)
optionally containing one or both of (b) and (c), to substantial ly

dry pretreated Supgasphasapexealempfloyddamar e lfpr examplalof dfe typewtlichuent .

In another alternatiye f the preparatign of the s orted catalyst, it is
desirabl e Fﬁ‘&ioytsﬁé“?éﬁ'ﬂﬁﬁ{y ﬁ’r‘é{eglr%feglorﬁ%ﬁg udi db?‘g?sr‘gg&é'%ﬂ&?"t mat eri al

W th a por&acion zonk? | PedRred isftﬁ@?i'o%gs]s »L&rén%@ydaé&ageﬁréaetiémﬁ cakHgor ted

catalyst the anion (a)(2) 1s no chem cal |y bonded to the support (d),
and wher ei nutine weoficaheylofdrickiepodyherizatian ofacfoayontaining adfiidizedbédofi n t he
presencg of one or both of )._and , .S greater than 200 .vol une

Per cent> of PoREr Srcueles dpipoptit Gr SRBr det el SBTTo s el Dutaier
alternativ rig%eﬁlgwqg‘f fluidizatfoRig8s.embodi ment, it may be desirable that the
solution of (a) is produced in the presence of (b), or in the presence

of (c), or int iz@ ) | 2SR ' y be
desirabl e that ?ﬁxg%&%ﬁﬁgﬁg?{)ﬂg @/‘g%izi smé pﬁéﬁﬁgsﬁghiﬁﬁﬁ‘é‘et he gﬂcﬁr{lj‘%rlsgaﬁ of

(a), optiobapblymeoiztdianidatyoservenas dbray exdhaige) madidm(toyemoe hebsatafiti al |y dry

pretreated . suppor t terial, followed rempyal of the diluent, or
P et eat o0 e ARG TR Bas e e 8 TR Rl BB IRF o1,
of thejdi | 4qRhquilization zone, also knoWdcasHORIsHRP EdRHoP Lo RDAAE 8Hi&e! | d catal yst
may be stored or shipped in free 25 flowing formunder 1nert conditions

af t er renpvimeadr thareths fluidizad bed and wherein fine partiples erjrained inghegassuaponent s
(a) and ( b)na{/eﬂ%ﬁe S‘;f‘j;g,”?{’x'rsn / tot nﬁ&tgfs bﬂ:%qﬁtonﬁé b Sﬁ"é}dxl %l?oo%e ?)dv? t%%&o%g?t% Xs%ta

conposi tion uns activity in a 0 § rizatiron
processes. cldl6fe Radiont GratfivepaciuipoBomitiehotighisteamheghs ithenan active
cat al yst 45

VO 9 8>/27 11 @ormally recycled to the bed by means of a blower or compressor and one or more heat

PCT/ US4/ 2%§Zl‘§mgers to strip the gas of the heat of polymerization.

A preferred method of cooling of the bed, in addition to the cooling provided
by the cooled recycle gas, is to feed a volatile liquid to the bed to provide an
evaporative cooling effect, often referred to as operation in the condensing mode. The
volatile liquid employed in this case can be, for example, a volatile inert liquid, for

20  example, a saturated hydrocarbon having about 3 to about 8, preferably 4 to 6, carbon
atoms. In the case that the monomer or comonomer itself is a volatile liquid, or can be
condensed to provide such a liquid, this can suitably be fed to the bed to provide an
evaporative cooling effect. Examples of olefin monomers which can be employed in
this manner are olefins containing about three to about eight, preferably three to six

25  carbon atoms. The volatile liquid evaporates in the hot fluidized bed to form gas
which mixes with the fluidizing gas. If the volatile liquid is a monomer or
comonomer, it will undergo some polymerization in the bed. The evaporated liguid
then emerges from the reactor as part of the hot recycle gas, and enters the
compression/heat exchange part of the recycle loop. The recycle gas is cooled in the

30  heat exchanger and, if the temperature to which the gas is cooled is below the dew

point, liquid will precipitate from the gas. This liquid is desirably recycled '
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conposition is surprisingly formed. Therefore, a further enbodi nent
provi des a met hod for activating a substantially inactive catalyst

precur s@lp dgB7{;9"r m a cat al yst suitable for additi o Ra95] d7§at| on
wherein a subst antially inactive catal yst pr ecur sor conprising an

ionic conpound (a) and a transition netal ound (b) and, 5
opti onal Eg"‘m?:’ﬁ\ﬁsdbﬁéﬁ‘? ﬂ(“!‘ﬁlzed bed.c it Bessidie ‘\WAT?CH’ rtg%lﬁ@ﬁﬂtaleddlamtmmhh (c) to -

forman ped as hcﬁﬁé Hl‘é}?l&@éaﬂltéﬁsﬁx the ﬂgcﬂ:r"@%%%g@%.i Fﬁ{s?{zﬁe& H}e substantially

i nactive catal yst ecursor 1s Hel supported or
nonsuppod@@dbedxﬂmeemn@ieénﬁ’l-wéeil s{er. 4643 309,aW0- 94/254115Iandr11t S.while in an

| t ti t. wh dall terial
Dsed i n SovaT o High RELRIOY REOGEPRULRY IierHiee AR dabBB A Bomogenous
sol ut§on nQiho@ ofec é/cﬁﬁé ﬂ)EYQ&Jd%’ tHeal2ligs foQEpaatk ‘Eﬂe‘ 1%:@@5%%& F&ZEIE%?

Preferably, accor his activati ng met hod I spersi
nonsuppofiream and to rel@wcsmpﬁmuub@r@dy o ﬁwﬂxﬂmfcaﬂbﬂwusm@ameﬂmdmmam yst

or ganone ESiABT A HARet Y iedlauf i s ek P e i oSl i bemtie

directlyin Bnmemﬁbaasdch/umamgt,ymmbm ﬁakrebp ifRAIrREd BPRfaleRtdlg addi tion 15
pol ymeri zabl e nononer or nononers, preferably under addition polymerizable

conditions. Thege ga@a{eyﬁnoﬁ%ﬂeaaﬁaéc%r&@nbﬁe 2AIRCHiSRNRAas eitmyiﬁi pyre reactor
or to specific locations in the Teactor which enables”the catal yst to

be at®i vHec@nbryapsjonsamiecontinuous additemef eatalyss &u@pmﬂlyat can b@amponed n the
reactor, ffers n i on _.reaction.
ox\'hﬁ %Q) g i€or cPvg qnpgugggﬁ 'ieriai (#] scnb&&la{)? % l f]‘?ﬁa?lf ation

This is especl a Where™t

reactor bsspestat @d\ psqdﬁymaiwmrystpms&mmpgaasy pél ﬁ@n@mb)é.@{aﬂlz ation
conditions. . The rel ative _amunts or the corrponents to be used

in the cORPGSY of Jpln megomer in alw&cxagréé@uw tp REoVisleaseatalyst GOWARSIGN Wil | now
be d d t t

of 1 ansEiErsilE e “*fe&gﬂ?g‘%ﬁ?ﬁ oleR pBlymer parEBEPOLIC,6  onaral Ty is
e 1 an0e hom ke KO, A0IB R0 (B BRTI LR R (D). Proferably,

0.5 to 100 nol preferably from
about | tepcbymerizationof the @ionomer mﬁf orgroamairomnmfon(ebé on the fluidized The

rati o bet vveen org onet al corrp@iy and the ionic corrpound i's
not crit PEHFIes By ataéﬁe%uapvrgﬁd| B apt e il &hedtedp Sgrt-pp of ¢ 800 ol & of
(c) per B&lyﬁeﬂfzatlon reaction is achieved using a bed of preformed polymer particles, which
are preferably similar to the target polyolefin, and conditioning the bed by drying with
20  inert gas or nitrogen prior to introducing the catalyst, the monomers and any other
gases which it is desired to have in the recycle gas stream, such as a diluent gas,
hydrogen chain transfer agent, or an inert condensable gas when operating in gas phase
condensing mode. The produced polymer is discharged continuously or

discontinuously from the fluidized bed as desired.

25 The gas phase processes suitable for the practice of this invention are
preferably continuous processes which provide for the continuous supply of reactants
to the reaction zone of the reactor and the removal of products from the reaction zone
of the reactor, thereby providing a steady-state environment on the macro scale in the

reaction zone of the reactor.

-
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46 WD 98/ 27119

PCT/ US97/ 21875 (a). Preferably, the ratiois fromO0.5 to 100 nole
(c) per nole (a), nost preferably from about 1 to 50 nole (c) per
mol e (a) WO98/27119 The anount of optional conponent ®OTYWIBEETEsed in
the present invention is al so not critical, however, typical val ues

range from 0.1 Twicdllypthetfmidizetimdd offthé gasiphase frocess (ymRIdIE 4ra¢mpeangéam of
support material. Preferapbl from10 to 1,000 gerr nol of ionic

conpound (a";atprstha%é@%mrefaﬁaéfry\fmm@bwﬁépfc haplqut 410°C, more preferably fromhe sol i d
cat al yst c;b%uf)%ag&%ﬁ)%ﬁt IS]l(I)Ge or after being subjected to
ep

pr epol ynerizati on. repol yneri zation can be carried out by any known

net hods such bringing. a small anmount of one or nore
pol yneri zabl e nﬁ%ﬁﬁfystggm%arfg’o chmoggfneg\fo[rﬂog%ersxgpqiax &t al yst. The
nonomerss Whighe 24t ol Aep&id upsh thB@esired denBIfyERP M RINpLaTioR Be g Hroficed

particularly limted and include the olefins and di'ol efins ment i oned
her ei naf t eand is ebous Ogy eiflegsaBlesiratdy . hkenf pspduding peigpals with 4 dasitp ranghef sane

nononer as;used | ub nt _pol rjzation. The.prepol rization
t enper at ur féorﬁﬁgoﬁts%%rfoy%ro 8@‘82”‘] o] r%glofé rrgF iroj '&g’?ocgnfdbt"f gﬁ?ﬁs%“,"&gﬁef erably
from-10 tgefatlflds than D5, evearop pedferablyl Issithai.02,ta@d $0ayl veh bEless

The prepolynerization may be carried out batchw se or continuously under

at nospher i ®apP&ds Jypicaly.dhesptip of hydregenoaBonomas ipleapdpy reait 9% i on may be
carri efb Ouéﬂp%eéaebr%)f lelﬁq{e}ltan%zc,) %E&?@x%%rg%?&s aﬁ%ﬁ?%vé’){eﬁggté)égg%uyﬂﬁlssltﬁ n agent

such as hy rirzatron s carri absence
or presenc@0pandmaglvande less tlad @6ht. 20  When a sol vent or diluent is used
it is preferably an inert hydrocarbon, such as the ones descri bed

herei nafter wi thd fsRedesdrided hihgpObfiTBEdsZ RriAblesRi O & H6pridt Riraliag@dsy t he
sol vent or diluent used does_ not substanti al Ify redi ssolve the solid
cat al yst Cg}ﬁaﬁqg PECRY of this invention and may be suitable for other processes adaptable to the

practice of this invention.

15 A number of patents and patent applications describe gas phase processes
which are adaptable for use in the process of this invention, particularly, U.S. Patents
4,588,790; 4,543,399; 5,352,749; 5,436,304; 5,405,922; 5,462,999; 5,461,123,
5,453,471, 5,032,562; 5,028,670; 5,473,028; 5,106,804; 5,556,238; 5,541,270;
5,608,019; 5,616,661; and EP applications 659,773; 692,500; 780,404; 697,420,

20  628,343; 593,083; 676,421, 683,176; 699,212; 699,213; 721,798; 728;150; 728,151,
728,771; 728,772; 735,058; and PCT Applications WO-94/29032, W0-94/25497,
W0-94/25495, W0-94/28032, WO-95/13305, WO-94/26793, W0-95/07942,
W0-97/25355, W0-93/11171, W0O-95/13305, and WO0-95/13306, all of which are

hereby incorporated herein by reference.

25 For the preferred polyolefin polymer compositions of this invention, which
may be produced by the polymerization processes of this invention using the catalyst
systems of this invention, the long chain branch is longer than the short chain branch
that results from the incorporation of one or more t-olefin comonomers into the
polymer backbone. The empirical effect of the presence of long chain branching in the

30  copolymers of this invention is manifested as enhanced rheological properties which
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ionic conpound (a). The prepolynerization is typically carried out to form.

a prepol yneri zed catal yst, that is polyner is fornmed on the solid
cat al yst Ies 25 having from0.1 to 100 g of poly

solid cat‘g(?‘%%[%ﬁ pr ef erably from1l to 10 g of pol yne?%rgé‘p@;!{z%’#ﬂsm i d
catal yst. Typi cal Jz)art icle sizes of prepolynerized catal ysts are in
t he range ¢ indigaiedpphipberfiqy agiivatien ensrgies. gnd geeares fagl: theo axpestaddraro 0

[err]m the other tructural é&gpéﬁké&tﬁé‘tc%ig&tlﬁorﬂf the present invention,

optional | y pr epo YITer | in an addition polynerization

ggocess wher el g&eﬁ%&@? ?eﬂ?rr%ﬁo!?or]eﬁn copolymer compositions of this invention
PCT/ US97/ 24 B/8%everse molePalhiyareliicamind, €h4TR4) @586 B Ah6le68lnt WelgROmWkikdunt he solid
catal yst of the invention under addi ti on pol ynmeri zation conditions.

Sui t abl® atfhlctnogﬁlrpm U peagsng byrinsighs o§ the compasitien wpichriiag ghe highast at ur at ed
MONOITEr S,

ol yenes,  SefghYpibint cGRERAHE SnichE BT pilie PN SEBOUBRITBOTBRE s
exanpl es ad:q3h;a)si1lcaﬁ iwhsch also havhdxmgl‘tglafrﬂmmdbet moagmtpdﬁnerpfaemmabl y from
about 2 to abau re preferablg 2 to about 8 carbon

12,
atons and ES(BH%P]:‘?&WPS‘P\EWSF“FV%‘% Caigt %‘séifm%‘tﬂfﬁhlél”ﬁ’ﬁa“"“ having igglens.
Parti cul arWtaﬁHéén@Qbﬁlp?éxm%lﬂrﬁEh% itk reabRF ﬁﬁf&&&foﬁ&by' ene,
propyl ene, batene, | -pentene, 4-nethyl pentene-1, 1 -hexene, 10
1 hept(BnepolStmenzzttmne)f ail Ol.—O'ldﬁIEﬂBnoﬂ]eF itk eneor thorelnief&c estaonomers, moredodecene,
1 -tridecene, tetr ecene gent adecene, or conbinations thereof.
Pr ef er abl ye‘pF‘Hé”%P"'gﬁ%i Ipé?‘ieﬁss‘sércg WRYRPE BFRESSor opyl ene, 1- but ene,
4- et hyl - pentene- 1, 1 pentene 1 hexene 1 -octene ang
conbi nati ons of MEAHFS LERINCE Jecul: ghidyy GBEEIIR sych
ot her al pha-ol efins I\/bst preferabl et hyI ene or propyl ene is 15 used as
one of the addlTh@@fpmoymﬁéﬁpff%laéar%miwer%moﬁﬁuﬂaéb‘r%%}m@h@@dﬁww b¥e t hose
having from4.to car | car bon
arom. | Coubha Ephar ARl Mye FERRLL Relol (IR o AWM 30 GhE T2
di enesis i npdridatich Cheteutshrsdh(GP@)| dihedEing up, calibration and operatlon of this

system together with the method for data treatment has been described previously (L.J.
Rose et al, "Characterisation of Polyethylene Copolymers by Coupled GPC/FTIR" in
"Characterisation of Copolymers”, Rapra Technology, Shawbury UK, 1995, ISBN 1-
85957-048-86.) In order to characterize the degree to which the comonomer is

20  concentrated in the high molecular weight part of the polymer, the GPC/FTIR was
used to calculate a patameter named comonomer partition factor, Cpf. My and Mw

were also determined using standard techniques from the GPC data.

Comonomer Partitioning Factor (GPC-FTIR)

The comonomer partitioning factor Copf is calculated from GPC/FTIR data. It
25  characterizes the ratio of the average comonomer content of the higher molecular
weight fractions to the average comonomer content of the lower molecular weight
fractions. Higher and lower molecular weight are defined as being above or below the
median molecular weight respectively, that is, the molecular weight distribution is

divided into two parts of equal weight. Cpf is calculated from the following equation:
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typically used for preparing EPDM type el astonmers. Typical exanples include
1, 3- but adi ene, 1,3- and 1, 4-pentadiene, 1,3-, 1,4-, and

1, 5- hexadi ene, 1, 7-octadiene, 1,9- 20 decadi ene, and | over I

subst i t utWe@ 98EHIDgues of any of these. Other preferred PCT“ﬁ%ﬁ%#Eﬁ

I nclude styrene, hal o- or al kyl substituted styrenes, tetrafl uoroethyl ene,
vi nyl cycl obut ene, dic clopentadlene and et hyl i dene norbornenes. Suitable
addi tion polyne; I'Zabl e mononers include al so any m xtures of the
above-nent i oned "qononers 25 The solid catal yst can be
formed in situ in therp yneri zation m xture by I ntroducing into the
m xture the catalyst nﬁonents (a), (b), (c), and optionally (d).

The solid catal ah th Lvshelrm\terstth@moletfmdtlosgp!pgmqre@ congnhandswpipthet ed, as
wel | as the honggeneous catal ysts, may be used in various catalysts
systens, either alonerpH Wi th ot her catalyst conponents or ot her

catal ysts, where the catalyst of this invention 30 Is_an _integral part of
the cataly gtprrgglg{eé yeight fraction as determined by GPC/FTIR for the n FTIR data points 48

WO 98/ 27119 b le. fract ,
PCT/ US97/ 2 fg‘?\f)e the median molecular vﬁ‘l%ht’c %{ 1sa } ; Smo e rac l)og cSrsné)gome, C(f!.] ent and wj

pol yreri zatd @8 nbﬁaﬂtdeﬁmeﬁgmt fractomcs rieteahined bp’GPC/FTIR oo [iler mJFTIR da6@y| err ]
nol es, based on transition rre al uent ? reacti on vol une, but

i s 5 pivefny baley theswgdipmme E‘GBHE@ﬁtqhét @BIH ‘gcrs‘al“é‘%g}“ REHOFOV &7 ¥
preferably Hlm;gv%[ag&fc]atéﬂn&e)fratl.%r?écfr]tonomer colteht8a1uRs hrel dst€fo @iduygt or

reaction vol he solid catal ysts can be advant a%eousl y
enpl oyed i ICg. Fogh vaiccsdaniation, it is requ:mdmtxtomndgn arergreateyythgmer qghakte

pol ymeri za rocess. For n it is
desirabl e ttpkﬂﬁéﬁ ascsocsxic‘s/%onpwg ' 8"0? u art aell%‘?erg? s%@ltokwo_f'ooo jre no nott %Qﬁg?g
sol utions gf etaIGiiRh Sk tCPERAGSAIMiIes Presérlin Archiatar € process is usually
carried out at tenperatures from 100[err]C to 400[err] C and at

pressungs above RO AHiyolérisldpolnd? cBRPSSHd of tMPirf8htioh, C3paestablyner t ,
hydrocarbon di | uent ané tenpé#geﬁtes g? f rom about O[errF§ to a
equal to or greater than 1.10, more desirably is equal to or greater than 1. 1 , even more
desirably is equal to or greater than 1.20, preferably is equal to or greater than 1.30,
-more preferably is equal to or greater than 1.40, even more preferably is equal to or

greater than 1.50, and still more preferably is equal to or greater than 1.60.

15 ATREF-DV

ATREF-DV has been described in U.S. Patent No. 4,798,081, which is hereby
incorporated by reference, and in “Determination of Short-Chain Branching

Distributions of Ethylene copolymers by Automated Analytical Temperature Rising

Elution Fractionation” (Auto-ATREF), 1. of Appl Pol Sci: Applied Polymer

20  Symposium 45, 25-37 (1990). ATREF-DV is a dual detector analytical system that is
capable of fractionating semi-crystalline polymers like Linear Low Density
Polyethylene (LLDPE) as a function of crystallization temperature while
simultaneously estimating the molecular weight of the fractions. With regard to the
fractionation, ATREF-DV is analogous to Temperature Rising Elution Fractionation

25  (TREF) analysis that have been published in the open literature over the past 15 years.
The primary difference is that this Analytical - TREF (ATREF) technique is done on a
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tenperature just below the tenperature at which the resulting polyner

becones substantially soluble in the inert polynerization nedium .
Preferr atures are from about 30[err]C, pr J‘ f r om about
60[ err] g‘g{)tg a oét 115[err] C, preferably to about 1%&?@? 'é.s"s]'he

solution process is carried out at tenperatures fromthe tenperature at 15
whi ch t he smadlpceliesgd faryons arg rRot semally isolatedafnsteads a typishldéntid up t o about

275[ err] C r S il J f_the pal depends on jits
density. chrmneutuﬁ%/rlgﬁﬁg @%{%‘F%ﬁ%&% R dub aﬁ%vﬁ"ﬁréregéﬁéﬁﬁ;%%’e 14 ‘g.“%%org‘ﬁcrr[ err],
sol ution pskqd mequandfy the cryatallinityaliduileutidd a8k function of SUREH RnpeARrASThRW as
about 60] (rH,rEC. . Pref egabl y, solution polynerization tenperatures

range fr orfiiStHBYonRsndhem be transtosmed tor any aymper ofpkernstve dendins sucttas and

typi cakl y hER By . r e preferably to
about 170[err]c % tf%g?%l}cé%%%%ﬁoﬂegﬁ%g}bgpﬁgt& paRk:Ty &%"%it%fn?é?bﬂﬁ\l%n process
are bet wedranafoowned 8B{fributipCeanttied bOinerpred adsording td s spdtiBaltwighiial | y

hydr ocar b s and preferably E“l i phati.c ,hydr(rz‘lgi_gr?t%ons are used. The solution
and sl urr3’ © comon WB%%@_%%"&‘IQ v Gﬁﬁ"Fey“SE_QF i F IOt coppasisersefrvasoret ween
about | 't qQII90E"R3 oftehyddné @lrectly in th@ARGH Adea@RidhaRs for gas phase

pol yneri zations are from20[err]C to 100[efrr]C, nore 25 preferably from
40[err] C to 80[Ry &Hikin ATRIEIRHWHAS S ARG L Sediyip) cally from
subat nospheric to fOB bar . 2 b a§@$@%@?§gP&éég%gU?ém%ﬁﬂgas phase
pol ymdPi zadeped fordd2smdysis, suvh as @l Viskatek™ sy tpled svith the IR masEdbitestorparticl e

di aneter ftrom abﬁlgt 20 t@ about Zog‘FLerrim nore preferably from

about 30 [TOEFYT PESHBOT" IHBCIPERT Re BsdO Aesylals s isirsioyiscog efsbut 50
[err]mto ApREk DhdOuam0 The VRESSH av@fa?tf: RlofRlir {vgfgh% gilerStrititioN can

pol ymeri zati on processes, the support has a nedian

49 then basggaEAMbmg appropriate Mark Houwink constants, the corresponding

PCT/ US97/ 21875 . . article dianmeter fromabout 1 [err]mto about 200
Corrim  man@rge aisepsb B AP ESBHRRNRep perfiaee the HapdorhgoiderkatoT o r] m and
nost psef gaiad)l A if paases @reugh the dbetolyNThas, aoptal JOrREF-DViepBR &igr abl y

for use in saolution_or high pressure polynerization processes, the support
has a mediPRevide the weight fraction polymer and viscosity average molecular weight as a

function of elution temperature. Mps is then calculated using the equation given.

Molecular Weight Partitioning Factor

The molecular weight partitioning factor Mpf is calculated from TREF/DV
20  data. It characterizes the ratio of the average molecular weight of the fractions with
high comonomer content to the average molecular weight of the fractions with low
comonomer content. Higher and lower comonomer content are defined as being below
or above the median elution temperature of the TREF concentration plot respectively,
that is, the TREF data is divided into two parts of equal weight. Mpf is calculated

25  from the following equation:
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particle dianmeter fromabout 1 [err]mto about 40 [err]m nore preferably
fromabout 2 [err]m 5 to about 30 [err]m and nost preferably from about

3 [err]mtggﬁbout 20 [err]m In the polynerization processes
of the pPYRI¥AT nvention inpurity scavengers may bd T4 h serve
to protect the solid catalyst fromcatal yst poi sons such as wat er,

oxygen, and pol ar co#paynds. These scavengers can generally be used in
anmounts dependi ng on=the anpunts of inpurities. Typical scavengers include
10 organonet al conpbgnds, and preferably trial kylal um num or boron
conpounds and —,g-f—'umxanes. Further, antistatic agents may be
introduced intQsthe Ieaget O\ pr- . . aqal oneration .or sticking of
pol ymer or cat §ﬁ§f§t ifi”e—fe-h’glfhrﬁ ;eeac ‘d?ﬁ%;\fl?cgélty aved molEcutar W%gqtﬁ@a%&ent

pol yneri zati on processes al so nol ecul ar wei ght control agents can be
used, such as hydrogéd or other chain transfer agents. The polyners that
are 15 BeARARERAC0AER MiibaodabmBRky BPATREFIV (B MEGSBL iR COTDI ned
wi th any conventronal additives, such as UV stabilizers,

ant i oxi dattesfractinns bgpwpheomediar elubbo tdmprgature. M; iagfertisosinhawdnageny be added
D o onvent ool al b B Ry SRR AR o Biermined P GpFIEE! 2211 O

r eact or, Br after

removaj oDV fif tROMWEES potith iDthe Hiaxtioiseabove M @Al SMitidol ©fptfARire Oonly
pol yneri zation reactor, the supported catalyst may be deactivated by

exposur e thesaweight fractions, ypgray; Witieh hayeousseriated visedsiy averagd melecelemct i vat i ng
agent or [ € 3 e.various

pol ymer i zg{el%gln r%(e:retggrégergraree l|Jsr€;'ce{ruf “ﬁ?%‘?ﬁhspf %w%lgj%;rlr%{]aei&ﬁ’ H& ude strai ght
and br anchedired aiann hydwograghartes tismadr egsalits 8but ane, but ane, pent ane,
hexane, heptane, octane, and m xtures thereof; cyclic and alicyclic 25

hydrocarbons s gehthapobMtdfiphssRther E¥aboIMeRTs b Enis ﬁﬁ?rﬂﬂn@%@@ﬁiﬁ%ﬂei’s
met hyl cycl ohept ane, and m xtures thereof; perfluorinated 6\}%grocar bons such

as 107 petdl [ graderdan] 49 o desinetdy ispqgaktper Brerier then 1ai0pavani rorgnd

al kyl - subst J: i ldpene,
xyl gne, ueta %ﬁagéﬁggﬁ&eﬁgﬁg@ %terl ?ﬁ%?g'gﬁﬁégg:ﬁ)y H%Gug§%§f%§t? Igthg\ggb%i ncl ude
| i qui d ol aforsprefdratslip ivennakbotor gseated micanel. S0, evercmorzweferably is equal to or

50
greater than 1.70.

Having described the invention the following examples are provided as further
15  illustration thereof and are not to be construed as limiting. Unless stated to the

contrary all parts and percentages are expressed on a weight basis.
EXAMPLES

The bulk density of the polymers produced in the present examples was
determined according to ASTM 1895. All experiments were carried out under the
20 exclusion of oxygen and water under a nitrogen atmosphere, unless indicated

otherwise.

Preparation of the hydrochloride of Kemamine ™ T9701

Kemamine ™ T9701, (NMe(C1g8-22H37-45)2 (13.4 gram, 25 mmol), available

from Witco Corp. (Kemamine is a trademark of Witeo Corp.) was dissolved in
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WD 98/ 27119
PCT/ US97/ 21875 i ncl udi ng ethyl ene, propyl ene, butadiene, 1 -butene,:

cycl openygignrikeo - hexene, 1 -heptene, 4-vinyl cycl oh
vi nyl cycl ohexane, 3-nethyl-1 -pentene, 4-nethyl-1-pent eng',é‘i"rb"asg-"‘a1875

1, 4- hexadi gne -0 n - decen st yrene, divinyl benzene, allyl benzene,
vi nyl t ol ued‘li:eéhy]et}l‘er (%58({1‘}10’1:}&%?% Ci‘i“f” eéﬁﬁ%%b‘a‘?b&i’éxmugh H\%@iﬁtmlfgre; , and the
like. M xtnsihe@s,¥ntil ihe pHOWRORIDITas shown B g1 ?éﬁ%ﬁa?ﬁg TR E was stired for o

The catal yst systens may be utilized in co Ion wth at

addi t i onall>HeiRBige Aebibs vdiitelpeacipivtpemacnilegod hyrfiltratiah ] washed vith iee 50 Separ at e
reactors . ot i rries or in pargllel to prepare polyner

bl ends ha\??lr?é)rtl é‘gﬁ?g%ﬁ’g‘?gherqnégﬂ?‘ﬁb@%{V%?P%Arﬁ@%é%Pgﬂ’ﬁf such a process is
di scl oSed NHCIM2(24500580.4sp0WasviB @fant, 0 10  U.S. Serial Nunber

07/904, 770, as well as U S. Serial Nunber 08/ 10958, filed January
29, 1993, the teachings_aqf i e herehy incorporated by reference
her ei n. tPrcparauo Ofﬁﬁfﬂ‘%ﬂcﬁ%l%%%&]ﬁﬁlw (§y80eHg7ai)2lhe present
invention, particularly for solution pol ymeri zati on, copol yners

havi ng hi gh comm(ci,g.ggngp.z;}jb(assagmn, Symmol) &;&rdéﬁéﬂ,%@ﬂi ngly low density,

yet havi n%_ a low nelt index ma e readily prepare That is, high
mol ecul ar dighjogemethana/(3enml).af gethyanimopivan tra(peathiloyropbenyd)ii4-t he present

cat al ysts,eyep. at V@ K tor. r.at ures. is result is highly
desi r abl ehg(égé Sgn%%oﬁee[?%%l% }%c?g{%}%i@% .‘ﬁﬁ%&sm’ I®Ph copol ymer s
can beor epshiphiedrae dutssemhiblyy ddderibisian Bxample 1B o YS! PAGH aﬁ{,lié{tm hgr chain
transfer agent, however increasing the nolecul ar weig of

[ elr r1-ol e];)(; {ﬁ‘%@ﬁ?}&i}%i@f‘i@’ gf%(qoifgﬁw;t%mat@ WOrR6/28481)) wasludderg t he

pol yrmeri zadicdd e : ctor : anf ageous| vy,
operation of0 a LE%I ynrgr@ggfe?onﬂ%reggt (IJTE1 rd S }agltdlyr%i%%ggort%ﬁ%gf M%Ures

si gni f idc?ﬂmhyhdhwatcehsesvztshemovgitby(ﬁyriogﬁr'BItei dcjifhlsngméﬂqahe_ﬁ@eﬂwﬁ wikBed

whi Lo i 1RE trmes iR 8 pofioB® AEARH ke isdushvomeRen syet s 61 | ent (o
vaporigze BA& &®@ir\¥6ditim shilphate, filtere®SH $4c0fm dﬁ@&)ﬁfﬁEﬂd\ﬁinthL IeheloiGhfased due to
i nproved pol yner SO|ubI|Ité, decreased 25  solution viscosity, and a

hi gher pofxtrasteddaiedehenatZ00 mb), thd resuliingysaliteonpr esdd e dcaidahy filtmte was

[err]-olefin ho | nd . copol rs having densities from 0. 85
g/cnferr] L%cgugx.cg%%%wﬁf §'8?§fﬁme?fa] ?(}iglr‘ri?fs ﬂ& t flowrates fromO0.001 to 10.0
dg/mn are readily attained in a high t enper at ure process.

Example 1 Preparation of catalyst

I ml of a 0.031M solution of [(p-HOCgH4)B(CgF5)3]INHMe(C g-22H37.

20 45)2] in toluene was treated with 18 ml of n-hexane by adding the n-hexane yielding a

cloudy suspension which was stirred for 5 minutes A solution of titanium, {N-1,1-
dimethylethyl)dimethyl(1-(1,2,3,4,5-eta)-2,3,4,5-tetramethyl-2,4-cyclopentadien- 1 -
yl)silanaminato))(2-)N)-(m? -1,3-pentadiene) (C5Me4SiMepNtBu)Ti(n4-1,3-
pentadiene) (0.33 ml of a 0.0925 M solution in Isopar™ E; Isopar™ E, a trademark of
25  Exxon Chemical Company, is a mixture of Cg saturated hydrocarbons) was added to
generate a red-brown colored suspension. After 5 minutes while stirring a 6 ml aliquot
of this mixture was treated with 0.2 mmol of triethylalominum (2 ml of a 0.1 M
solution in n-hexane) and the mixture was stirred for a further 15 minutes before using

as such in a polymerization reaction.
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The solid catalysts of the present invention, also when used in a slurry
pr.ocess 30 or gas phase process, not only are able to produce ethyl ene
copol ymers of densities

51 WO 982714 98/ 27119 PCTIUSIT2187S
PCT/ US97/ 21875 typical for high density polyethylene, in the range
of 0.980 to 0. Blorrgbbageamohimerization surpri singly, also enable the

production of copol yners havi ng supstanti all nsities.

Copol yrer s of d‘éﬁ%i"?‘fngé"elf(‘i%FortQ‘f?éﬁE@‘g9 ¥i /@ﬁ{l‘éﬁ’c\f??)férﬂd"t&gﬂéﬁ‘i"ﬁi“l“? 3 over

t han r / lol r de
while pr ovlljt?ir %ﬁ %‘g%ﬁgﬁ nr?gﬂ m"t’%ﬂr yrr%eg bgfdétggfaﬁf’ﬁfggzg Eﬁﬁ ngg]ag?t y
properti eSthanakldﬁ/dltb mepemmnmangnmnmsamlﬁﬁd;namtto &tihg the total peessure fat0 bay. r eact or

syl Al el el RIS S Er SRR o
t han |y nore than
100, 000 up ?ﬂh&?%deﬁﬁ&ﬁ%ﬁ%% WJH eer:lliea g%qu/gféé%‘% er%lgie(c | ar wei ght

di stributi a;aeanywﬂs/tMt by cﬂmtmaljyefa‘erlmgnen@lene]gnaie(rrmnmﬁpnog theven hi gher,
preferably between 2. of the

t
present i anéYﬁ‘FW“&PéeaﬁH?'ﬂ i ﬂlﬂ t&mpﬁméLHQé‘fﬁséf@%tc?ﬂESt%P%y COXSta‘Et%{S egs%cti on of

et hyl ene héﬂg?%fa o B Feuied Rh@b&tsem{&&rmé @l Rhé e ORRIsHAESS arlftﬁme ng
hi gh | evel ong chain branching, especially in solution polynerizations

and i nlQyascontents ofphamacq@owmranz@rreémo psuopls par. Aftgediying. 825 gieéadieal yst

systens of _.the p nvent Lon

pr ocesses, ﬂ‘é‘g‘ﬂé eﬁiytl%‘&?to?ﬂrqﬁroﬁgs &% (? fﬁé‘éﬁ;@%ﬂ&wfiﬂ&f@{ggﬁl’ﬁ processes,

al lows forjes pv@a ggoryemgte@e PEﬁngﬂfrﬂttHé Bolk Wehgity . zevgwcmt h8canning eléaromat i on of

vinyl term nat’ed pol ymer chains that nmay be incorpaorated jntg a grow ng

pol yner, t mégregraples ofitheypelymenppvedsainfigtedhiep preseree o éPlEﬁ“c?Héarb‘F Bsent

catal ysts st em ly allows for the econom cal production
i %grf”;m g Tsu&&'c‘é%&rﬁﬂ&B?i L

of ethylen havi ng processability simlar to .

hi gh pressure, free radical pr oduced I ow density pol yet hyl ene.
15 Example 2 (comparative)

The slurry polymerization procedure of Example 1 was repeated, yet without
using triethylaluminum in the catalyst preparation step, without adding
triisobutylaluminum to the reactor, and while using an amount of 30 pmol of titanium

for the polymerization reaction. No polyethylene product was obtained.

20 Example 3
1 ml of a 0.031 M solution of [(p-HOCgH4)B(CgF5)3][NHMe(C1g.22H37-

45)7] in toluene was treated with 10 mi of n-hexane yielding a cloudy suspension and
the mixture was stirred for 5 minutes. A mixture of a solution of
(C5MC4SiMethBu)Ti(n4-l,3-pentadiene) (0.33 mi of a 0.0925 M solution in

25  Isopar™ E) and 0.3 mmol of triethylaluminum (3 m! of a 0.1 M solution in n-hexane)
was added and the mixture was stirred for 15 minutes. An aliquot of this mixture

containing 10 micromol of titanjum was used as such in a polymerization reaction.
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I n anot her aspect of the processes of this invention, a preferred process

Is a hi gh tenperature solution polynerization process for the
pol ymer i | f olefins conpri sing contacting on err]
[err]-ole %éﬁgqhg(r)lder pol ymeri zation conditions 25 wth gc?é{sgﬁﬁgsqsyst em

of this invention at a tenperature from about 100[er%]ﬂC t o about
250[ err] C. Mor &hppelygicFiggionconditionpwerstidersicpldn grost of Exminplepr exceptsthits a

tenperatu t t rr nd even nore
preferr ednﬁs&u{r %r?ﬂe“r’zgtﬁ rneﬁ%2 @(y)'mAg%g%l?Hé’ b3 gragg%efrr %]Q%[‘?lgg %@(ﬁﬁ'y i33(516[ err]C
The pr esepowdeatvadsydtainesly sthe rffiigndyevasdakniaszgeao bs 1y77¢ 1580 @yRRIgtTy. pr epare 30
ol efin polyners having inproved processing properties by poFynerizing

et hyl ene al oneg le 4 52

WO 98/ 27119  =kampes

PCT/ US97/ 218750.5 ml of a ®03 BV Rylue b€ bf RpHOCLRABICRFIL NGBVIMicE evel s of
a "H' branch_inducing diene, such asp : Jcr‘1orb?)]r:‘)’ri)g%j[i ene,w 1&7’*—% adi ene, or

1, 9- decadisiadin tphieng Hiag treated ish ol ofin-bexane wigldingia cloudy suspemsiar and

temper at Uil TR ERDS MIBLED 0695 kA oFEIcnINGLEES (@Y B gF r eact of

tenperatures an conbnoner reactivi advan or the 5

econoni cab. ipviedlitioh dnn-hExqme) waeaddedavd g mikest Wap btiléy/ o SahinRle9PAr t i es and
processability. Preferably such yners conprise a Clerr] [err]-olefin,

Dol .

i ncl udi ngsolution of((sMcagiMen N ‘b)T"?(P‘ﬂ:b?'@ﬁfémlﬁ@)&%ﬁd £ 0.0928MMr abl y, such
poly S : M | most, _pref.erably a

cant Fmougélg% u@ﬁgﬁspr o%})evé%s. ad/if: ?gﬁéﬁé }r@g{ﬁﬁj&gﬁe@ﬁ%r > mmutf)‘(gl %%Xtﬁé\y be
produced mas asegas spinine polyoatation reactsdrur ry process, as disclosed in 10

U S. Application Serial No. 08/857817 filed May 16, 1997; U.S. Application

No. 08/ 857816 fil.ed. May 16, 1997;. and PCI Application No.
PCT/ US97/ 08466§g? P‘g’é(“]%l? ion 0\6“‘}’1‘%‘,‘3 YogFdenyeq! thhﬂﬁﬁBth"%{P@eﬂeﬁ%w that
i ncor por atRAubaioh&¥Rr38NHKiAutes. After drying, 630 gram of a free flowing polyethylene
powder was obtained. The efficiency was calculated to be 888,675 g PE/g Ti. ’

15 Example 5
40 gram of silica SP12 (Grace Davison) which had been heated at 250°C for 3

hours under vacuum was slurried in toluene (400 ml) and then treated with 40 ml of
triethylaluminum in 250 ml toluene. The mixture was stirred for 1 hour, filtered and
the treated silica was washed with toluene (100 ml, of about 100°C) and dried under

20 high vacuum.

10 ml of a 0.031M solution of [(p-HOCgH4)B(CgF5)3][INHMe(C1g.22H37.
45)72] in toluene was treated with 40 ml of n-hexane yielding a cloudy suspension. The
mixture was stirred for 5 minutes. 3.1 mmol of triethylaluminum (15.5 ml of 2a 0.2 M
solution in n-hexane) was added and the mixture was stirred for 5 minutes. An aliquot
25  of this suspension containing 40 wmole of the borate was treated with 40 pmole of a
solution of (Cs5Me4SiMej NtBu)Ti(m#4-1 ,3-pentadiene) (0.43 ml of a 0.0925 M
solution in Isopar™ E). The resulting suspension was added to a slurry of 1 gram of

the silica treated as described above, in 20 ml of hexane. The mixture was stirred for 5
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As previously mentioned, the present catalyst systemis particularly useful

in the preparation of EP and EPDM copol yners in high yield and
product | yi he 15 process enpl oyed may be either a ion or slurry
pr ocessw@o{%"&g whi ch are previ ously known in the gﬁ%’%#@’ﬂ?ﬁsky, J.
Poly. Sci., Vol. 23, pp. 2151-64 (1985) reported the use of a soluble
bi s( cycl oFEntescAndripen ansaliquerefihs ailxtarctppntainingrbx pmele of titanigmtvedsysed syst em
for sol Utésoﬁcf?% Xﬁﬁf%%@%n?e?iz&ﬁon‘zp and EPDM el astoners. U. S 5,229, 478
di scl osed a slurry polymerization process utilizing simlar 20

bi s(cycl opent adi enyl ) zirconi um based catal yst systens. In

gener al terns, The polgmeéesitioalbeditionsowed udemtisalab thoke aNBx e/ @kas: iR’ S

under con%i ti Pns of .increased reactivity of the di ene nonomer conponent.
The r easoife Polymerizgtion $ime was <0 gupyiss. RA9 grams pla Gerlevingpelvethydane' 478 pat ent
inthef ' BRI ' i1 L0S. t ' t he
advan?es Og(%\?%!ir %g I r]1 gj?:fhburl%?%nrsﬁg gh gz(t'%j ’I(‘)Hre%lg&fy a‘?:‘l'f%(;ecra Qg?“?%{:tt%ibﬁg

product i 093504 gPEfgdlihence the utility of an EPDMis the diene

nmononmer cost. The diene is a nore expensive nononmer material than ethyl ene

or propykene., BEurther, the reactivity of diene nononmers wth
previ ously knogvgz—l-'ﬁp‘]iﬁ net al | ocene catalysts is |lower than that of ethyl ene

and propyl ene. 2 gains efietiylafumingm treated sﬂiﬂﬁi(g&ﬁar’é@ﬁs eI §) Jegr ee of diene
i ncorporation to produce an EPDMwith an 3 acceptably fast cure rate, it

has been Plaeaddaara) miflarke Ima srnarate nesneiredd mbefcermiutiniah(p-HO-  whi ch,
expr efgs ede g, B PLFSATINERQ | ol -0 8L VRS LA e é’Jnéagr‘%RE%r S present,

is in WO
98/ 27119 micromol of the borate was diluted with a further 1 m! of toluene. 0.13mlofa 0.6 M

PCT/ US97/ 21875 ) uhstant|al excess, conpared to the percentage of
di ene desiHPHQ tHethy REMIBYP 48 aekaps pgs added and jhe PixgHE SEIDE& ABduct. Since
subst ant i @lpuagount s of unreacted di ene nononer nust be recovered from

t he polynerization reactor effluent for recycle, the cost of

production is increased unnecessarily.
The borate/TEA solution, the volume of which about corresponded to the pore

15 volume of the support material, was added to the treated support material and the
mixture agitated. 8 ml of hexane was added to the dry powder to give a slurry
followed by a solution of (C5Me5SiMeoNtBu)Ti(n4-1,3-pentadiene) (0.86 mi of a

0.0925M solution in Isopar™ E) to yield a green colored supported catalyst.

The polymerization conditions were identical to those of Example 1 except that
20  the polymerization time was 36 minutes and an aliquot of catalyst containing 15
micromol Ti was used. 260 gram of free flowing polymer powder of bulk density 0.25

g/em’® was obtained. The efficiency was 361,860 g PE/g Ti.

Example 7
1 m} of a 0.031M solution of [(p-HOCgH4)B(CgF5)31INHMe(C18.92H37.

25  45)2] in toluene was treated with 10 ml of n-hexane to yield a cloudy suspension. In a
separate vessel 0.33 ml of a 0.08M solution of (n-BuCp)2ZrCl, in toluene was treated
with 3 ml of a 0.1M solution of triethylaluminum in n-hexane followed by 2 m! of n-

hexane. The zirconocene solution was added to the borate suspension and the mixture
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5 Further adding to the cost of producing an EPDMis the fact

that, generally, the exposure of an olefin polynerization catalyst to
a dieney, 52?%9 I ly the high concentrations of di epg,tR a required
to produce e requisite | evel of diene i ncorporation In € final

EPDM pr oduct, @&H 2 reduces éhe rate_or activity at which the

catal yst weitftedinradeyamippies.i Aaaligert of thercaipxshereaad as #hoye enrtainingolfer s t o
proceed. Ve r action tines
have been %eocl] d ﬁ?ﬁéd e Hgéd D |P(3 ﬁer& ‘grp%? %g)tnc t5 % (Jf? r}g:% ﬂoR\ﬁ

et hyl ene- pobygtHytme pomded wmbta&haisafmméﬁ nanuted. HEte effxcnency[ﬂsrdamla@a‘d to

copol yner el The present catal yst system
advant age&ﬁg‘ﬁtgggg@\%g £br increased diene reactivity thereby
prepari ng EPDM polynmers in high yield and productivity. 15 Addi tional ly,

t he cagal yst sygs&,ﬁl@é)g the present invention achieves the econom cal
producti on of mers with diene contents of up to 20 wei ght percent

or hi ghe0:43mi efn %6?%9%“19@%KB@Q?@‘HMP(@&ES)BHNW&@Sg 20bi3g. r at es.
Th { hed ch
The nonconLuae ol RRET A0S B0V Ay il BBRRRES, o

Exanpl es edlud. 1034l éfabh@;aﬁ@ﬂ'ﬁs)mjd&@aé ?ﬁ]d?h fieprecipieats t0. 3 Mhbf £0a8K acyclic
di enes such as 1, 4- hexadi ene and 1, 6-octadi ene; branched chain

acyclic disedsn efi(FsMesSMepNBWTHN- 1@%@%@) in Isopar™ E was added and

3, 7-di 1,.6-qct n 1= di nd soners of
di hyd|J§E S c@#turgﬁélt%%% ‘r?’()f%»glnr’fggtgs ﬁijﬂ“"‘ Pl f Q‘ }ygg%ﬂf‘i?aé“‘ag‘%ﬁé‘?‘ éuch as

1, 3- cycl opettaadingRas uaed4n aspalw%bem@brﬁla@cnoa M@meﬁﬁxﬁm m&ee?aﬁlw%

1, 5-cycl ododecadi ene: and nulti-ring allcycllc fused and bridged ring

di enes su¢hedand 0.3 hterpébxdamrwwéé% 4208 A ffftee’iqvﬁﬂs'ﬁ?‘dF‘hM]éh%POde
di-cycl openfadye eepyﬂn%%% 21111: pﬁ&]ﬁ& dy’-wasozz /cR3HnA efﬁkﬁéﬁéy'
and cyc ene nor a

al kyl i dene, cyc eny ornenes suc
5- et hyl emsZahnmtatndrtubaéMWNBQ PEFe P openyl 2- nor bor nene,

5-i sopropyl i dene- 2- nor bor nene, 5-(4-cycl opentenyl)-2-norbornene,
5-cycl ghexyl i d(—i:?e- Zi nQr bornene, 30 5-vi nyl - 2- nor bor nene and
nor bofRadi ene, £xample? 54

0.43 ml of a 0.092M solution of [(p-HOCgH4)B(CgF5)31INHMe(Cig.22H37.
45)2] in toluene was treated with 10 ml of n-hexane to give a cloudy suspension. 0.31
ml of a 0.13M solution of (C5Me4SiMe2NtBu)Ti(n4-1,3-pentadiene) in Isopar™ E
was added to yield an orange-brown colored suspension. An aliquot of this suspension
20  containing 20 pmol Ti was used in a polymerization reaction. 500 pmo] of
triethylaluminum was added as a preload to the reactor. 120 g of a free flowing

polyethylene powder was obtained after 15 minutes. The efficiency was calculated to

be 125,260 g PE/g Ti.

Example 10
25 1 gram of triethylaluminum treated silica (prepared as in Example 5 but using a

45 micron silica gel, Grace Davison) were placed in a 20 ml flask. In a separate
vessel, 0.43 ml of a solution of [(p-HOCgH4)B(CgF5)31INHMe(C18-22H37.45)2] in
toluene was treated with 0.40 ml of a 0.1M solution of triethylaluminum in toluene.

The resulting solution was added to the treated support material and the mixture
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WD 98/ 27119
PCT/ US97/ 21875 O the dienes typically used to prepare EPDMs,
the particularly preferred di enes are 1, 4- hexadi ene

HD
5- et hyl i"&‘éﬁ%@-‘%or bor nene (ENB), 5-vinylidene-2- n rc%&f%g'ﬁ’é”f VNB)

5- et hyl ene-2-nor bornene (M\B), and dicycl opentadi ene (DCPD). The
especi al | \agjtateflel} ml ofin-bpxave avas agded toyshirgethe s@ppoarfobowmehby § EiBliomold 5 1

about 20 SOTcE BbsMers e+ PR R IR 2L AR A esF by
about 30 t® Bbof¥ehetineper cent et hyl ene, nost preferably about 35 to

about 80 wei ght percent ethyl ene. The al pha-ol efins suitable

for use in the Xre_parat;i on of elastoners with 10 et hyl ene and dienes are
preferably C erpptigehpiitesreaciavas chpiged wighi vlitgesafinnhexppgyand 1.4 litessefpl es of
such alpha- i ne,. 1.- - t . £1 <.hexe 4-

ot hy1 S0 e he ORI & aindiied € Wncluu R B3 ad iR Bie. e

al pha- ol efdathlyss prepared ag @b@iealohpirifng 20 paiohbEDr Wi i9jebee MDA RadyREngt about
10 to about 80 wei ght percent, nore prefer aial y at about 20 to about
65 wei ght wigh 4@hml ofiprdeexansc dNE RS Gotlicria svereaheateriZo 70¢fe ard afitdrynoldimgr por at ed

into the EP bout 0.5 to about 20 weight percent. nore,

pref er abl Y 2&1 @E%rﬂ?n T’qugesatg%ﬁ ag}i%n et %ﬂ?‘?e’s&y é@ﬁfﬁérr%&hﬁﬁ?{te'ﬁ? Wrlerably at 3
to about Xdmple contdiirgAlftepafyaeN$ss ¢ bf ﬁ@ﬂéﬁiﬂF pB@BR)pSIfE%@ 8ngerdifne may be

i ncor porated sinultaneousl for exanple HD and EIEIB, with total diene

i ncor p8r atdbtained efhutk density )l;#ﬂt%cmiae"ﬁherqf@dency was calspiated todg 320,723 g At all
ti'mes, 'thepéég%vi dual ingredients as well as the recovered catal yst
conponent s St" be protected from oxygen and noi sture. Therefore, the

cat al yst conponents and catal ysts nust be prepared and recovered in
an oxygen and noi sture- free atnosphere. Preferably, therefore, the

reactions are rforn?F in the presence of a dry, inert gas such as,
for exanple, nﬁgﬁﬁgﬁ%r— 25 The pol yrerization may be carried out

as a batchw se gy grﬁm(‘cff_rixtiét%l@l&%xinum treaﬂé@'ﬂlﬁ@r(ta?eiﬁﬂeeﬁs R Refste 5Ywaont i nuous
process is preferred, in ich event catalys conponent's, ethyl ene,
[ err] -8l efcharged tela apssclohARIm of ¢l OS5 Vh priutipreefd(mr e cont i nuousl y

Cher ef romAOCoRa s FIPRIVELG oo 81 A5 Bl R sht ye PrUBEEAS g e
" cont i nuousi M soffionoF tridthylalnirSnitR i ®Xiene and the mixture briefly stirred. A further
10 ml of toluene was added to give a total volume of 36 ml. This solution was added
to the dry triethylaluminum treated silica and the mixture was rapidly agitated. 400 m]
20  of n-hexane was added and the resulting slurry agitated for 10 minutes. 6.15 ml of a
0.13M solution of (C5Me4SiMethBu)Ti(n4-1 ,3-pentadiene) in Isopar™ E was added
and the mixture agitated for 1 hour. This resulted in the formation of a dark green

colored supported catalyst.

Isopentane, ethylene, 1-butene (if required), hydrogen and supported catalyst
25  were continuously fed into a 10 liter jacketed, continuously stirred tank reactor and the
slurry product formed was continuously removed. The total pressure was 15 bar and
the temperature was maintained at 70°C. The slurry withdrawn was fed to a flash tank
to remove the diluent and the dry, free-flowing polymer powder was collected. Ina

first run the following feed rates were employed. Isopentane (2500 g/hr), ethylene
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30 are those processes in which there are intermttent additions of

reactants and renoval _ 55
WO 98/ 27449827119 PCT/US97/21875
PCT/ US97/ 21875 of products at small regular intervals, so that, over

tine, the 9’6@%/31-) b rQ&e?lS@ Nlﬁl sup;g&fyd'cgfdﬁ)g?o 368 g/hr. Polwarﬁrcgoevécle? H«%é

preferred man perat | o meri“zation
cont | nuoupraduced atam qﬁb¢1yrm5rqfsa3 Dﬁ@rgsl’ﬁg Tinanciomigr uhsrquigmxwpfdpaﬂie@rﬁ connect ed

| el .. I.n one reactor reI trvely hi gh nol ecul ar
vei ght pr?dﬂc? %fagﬁghﬁﬁm In 3 §8c393uR Hed g eetsnis? HP@r%’PI&BYEﬁ 400, 000
to 500, 00Q3opes Bezsed kfylen n% /hr), 1-BRE&ERNG7 Qgiaqy of a
relatively 0Ip'({;v&am) ecuf'm) ye e? Or) 000 toqgogﬁﬂ:h?&mgﬂp(l ?or med. The
final prododsupporigd patelyst (61325 Bé\rl valyreamomdeewas predm®dwhambffmmecy of

pol ymor - 10-O90bG 7Y B B Blob BaaFaitiso Bl Ber oD BB e, " 1"

prepar at i aoménedr. PEpsiténthavi ng i rrproved properties. In a preferred
enbodi nrent the reactors are connected in series, that is effluent

fromthe first reactor is charged to the second reactor and fresh
nmonomer, sol vekXamRle Y drogen is added to the second reactor. Reactor

conditions are 15 gram oﬁgleﬁﬁzﬁﬂn%ﬁhtréd?@é qﬁx@ﬂ)&%ﬂ&uc ed 1@?&?%@“ isiotmtYJEI’FEgeact or

produced in the I rst or to tha secon
is frdfth 2@ LEOn'tcmr&Eerﬂc sieqsilicalgdli Grace Pavisempersahanged of a vessel 2trileofaecond

react or | . ed ecu roduct. This
system be??e?(f\g(gg* ﬁ@?&o%?g[&ﬁb%%{f%5b§ﬁgg%tﬁvﬂ %)BV\E)Qg HQ{REAYWAS | ar ge
range of eated WROORY oV 6 38BidliteH ofdfeMPhlumdsu (R0 bnd the RigiuRe and
processability. Preferably the Mooney vi scosity (ASTM D1646-94, M

1+4 @ 125[bsiefly &jrred: Mﬁetheéwlmﬁ ofgolpersdwes added mpgive aaqt%lsfpémqqf ¥l in the
g b vy TS s8fifon WafhloR B theld:D el ud bnf Rehidi0Shcn and she RLFLET 20|

from10 to rrzation process of € present . ,
i nventison vaanagielyeignhtey.e4d0 Ml of n-hexane was added and the resulting slurry agitated
for 10 minutes. 4.61 ml of a 0.13M solution of (CsMe4SiMesNtBu)Ti(n4-1,3- .
- pentadiene) in Isopar™ E was added and the mixture agitated for 1 hour. This resulted

in the formation of a dark green colored supported catalyst.

n-Hexane (2500 g/hr), ethylene (1025 g/hr), hydrogen (3.5 Nl/hr) and

20  supported catalyst (0.5875 g/hr) were continuously fed to a 10 liter, jacketed
continuously stirred tank reactor. The total pressure was 12 bar and the temperature
was maintained at 65°C. The slurry withdrawn was fed to a second identical reactor
along with n-hexane (2500 g/hr), ethylene (950 g/hr), 1-butene (4.7 g/hr) and
supported catalyst (0.5875 g/hr). The total pressure in the second reactor was 11 bar

25  and the temperature 75°C. The slurry withdrawn was fed to a flashtank to remove the
diluent and the dry, free flowing powder polymer powder was collected. The overall
efficiency was calculated to be 750,000 g PE/g Ti. The polymer powder had the
following properties. Iy 0.47, density 0.9679 g/cm® and bulk density 0.373 g/cm®.

70



advantage in the gas phase copol yneri zation of olefins. Gas phase processes
for the pol yneri zation of ol efins, especially the honopol ynerizati on
and copgl ynerization of 25 et hyl ene and propyl ene, and_t he

copol yrré‘@l%sé:’t"i"(?n of ethylene with higher [err]-olefins FCTURIRKEs for
exanpl e, 1-butene, 1-hexene, 4-nethyl-1-pentene are well known in the

art. Such procésymingElscuereMicrognaphsi Saniplesodf sturtyaprgducedgiodysttinyleriche

manuf act u gh d  t | |.en HDPE) .. i um density

pol yet hyl Qﬁﬁe}?{i 2 ) Expmpls 47 %ﬂ%\,‘b %d%gcygéelﬁ)sé?ﬁ?gﬁ%f@ﬁﬂ%ﬂwﬁgy {PrHBE) and

\F/)\g gg/r g?{?lgaﬁon micrograph using a Philips model SEM505 operating at an accelerating 56
PCT/ US97/ ¥altegs of 6 kV, with results agghown in Bithd& #dddes dBarpimagaification B350 f or
exanpl g, { ' (Sugoll C ~cal hhted bed or a
gas flﬁi d?é’ggr}ggdxgganmébh%}? ja/trrzeorol tzat |’%§Fﬁ}'% reac |'c?ribyazt39g&' Bferred is
t he proce%he phatomicrogriaphsindigare that #id mafacemotphologyds eafylsidth and thatout in a
verti cal | indrical pol ri.zati o_? reactor containing a fluidized bed of
5  polym ‘%%I?PFP’C‘P&_%U%N BHTEFIS L UAEEEy S Iarepepardrias 6 D e, t he
fl ui di zat §@8 range of agfrb&imally 80 Tli@Wn®fn dibMb€t A h@BmAAS particles are inthe.  11'€
gas enployed to fluidize the bed conprises the nononer ‘or nononers to

be pol ynesize emge afidprbsimatady § evcress in diemetesxchange nedi umto renove the
heat of reaction fromthe bed. The hot gases energe fromthe top of

the reactor, n | i a tranquilization zone, also known as a
vel oc?@y reduc l\as\éE\./,a ge(gl ng a w der di aneter than the fluidized
bed and wher ei Thé bolgnfakitionlexamls wetiictefblloW Wwdie ca@ied St BN 3 liter garave an
opportunity to gravitate back into the bed. It can al so be advantageous to
use a phasg yeacky dayige pdagviachudlinmgter tgy pichtlpng Buidizatden zone andtangas st ream
The gas 1 &igh{f3h diamoter i B |oe VBROLRY Fébiukfod BheRAlcPireTB Y byfa P! OVET OF
conpressor “and one or nore hea

transition section having tapered walls. Typical operating ranges were 40 to 100°C, 6

15 to 25 bar total pressure and up to 8 hours reaction time. Ethylene, comonomer,
hydrogen and nitrogen entered the bottom of the reactor where they passed through a
gas distributor plate. The flow of the gas was 2 to 8 times the minimum particle
fluidization velocity. See Fluidization Engineering, 2nd Ed., D. Kunii and O.
Levenspiel, 1991, Butterworth-Heinemann. Most of the suspended solids disengaged

20 in the velocity reduction zone. The reactant gases exited the top of the velocity
reduction zone and passed through a dust filter to remove any fines. The gases then
passed through a gas booster pump. The polymer was allowed to accumulate in the
reactor over the course of the reaction. The total system pressure was kept constant
during the reaction by regulating the flow of monomer into the reactor. Polymer was

25 removed from the reactor to a recovery vessel by opening a valve located at the bottom
of the fluidization zone. The polymer recovery vessel was kept at a lower pressure
than the reactor. The pressures of ethylene, comonomer and hydrogen reported refer to

partial pressures.

The mode of reactor operation which was employed is referred to as semi-

30  batch. The catalyst was prepared and loaded into a catalyst injector in an inert
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15 exchangers to strip the gas of the heat of polynerization.

A preferred nmethod of cooling of the bed, in addition to the cooling .
provi ded by the cooled recycle gas, is to feed a vo(]ffl,hile liquid to
the bedMA8FWi de an evaporative cooling effect, BIYEW P& arred to
as operation in the condensing node. The volatile liquid enployed in
t hi s caseaueasphere giayebex abhsl injectar web eemdved ifroar thelgiayebol arfdoinséted inexanpl e, a
sat ur at ed hydrogarbon havi ng about 3 to_.about 8 refergbly 4 to 6, carbon
atoms. 1 ntenep BERE Wi Ar belaB Amotal S Sl bR S Py drtetaand ar | o

l'i quid, Ohit&)?en Bere introduce@MI6 Beadadtr tBIbaMp B 1oH4¢ Predsulrd RMhE dedifeliS can
suitably be fed to the bed to provide an evaporative cooling effect.

Exanpl es &achdretemperasnenthecaiplystivasdhenajeetep ang 8¢ polymer was uskdlly manner are
olefins c i nJ i r b three . to six 25
car bon§ at gfrl:é@dyﬁgg {/rg?%ﬁo I ttéepi?'gﬂ‘lstgs'g\gtge&%?g%%gé? Rpef ﬁ'fégh%f wqtﬁlo%sl Y8d ped to
form gas during thel¢ationby egulsiting tliehfow bfimdharmerdn@ake rdattot.nbpwol atile liquid

i'sS a nononer or. conononer, it w Il updergo sonme pol ynerization in the
bed. The &UmplsHaR altheiref,ihg reactor wag ﬁgwtlemcg@s PPREYT PRWdsrakasicoleded-par t  of

the hot recycle gas, and enters the conpr essi on/ heat exchange part of
the recycle | ogRamdfa€i3r ecycle gas is cooled in the 30 heat exchanger and,
if the tenperature to which the gas is cooled is bel ow the dew poi nt,

liquid will pr€&efalyst/suppoftpepatatiengas. This liquid is desirably recycled
57 WD 98/ 27119

PCT/ US97/ 21875 i e f L Wi dl S ¥ O i bl
CT/ Ug§ 15.9 s gﬁ@{okgéd? weéE%?@Ytspﬁca (LME%E%%‘J =b§§um d/g éhé apossible to

recycl e the precCi a I e as [1qui roplets carried
in the redysvern gasickt siw{S0TRIIS6.Byperon) was heasatise0°C for 4 hbagdiniaped, for
exanple in EP-8969 1; U. S._4,6543,399; WO 94/25495 and U. S. 5, 352, 749,

whi ch ar elm%%xsywiqﬁé&r%f*a{%s‘w Vet dherrddo coolja e tnmpcrajusieferred 5
met hod of jrecyeling nﬁttb;gteh.' GHe Qngzp(t;mﬁatmquﬂ,éwslﬁméﬁlgamﬁﬁ bgéﬂeenhg g d from

t he recyclle gas ream an oreinject this liquid directly into the
bed, pr ef dralghyintssamiged atmegshbate ghivebox. The silipaneasatrosvdd fnemdhicopl et s of t he

90 G 0o o Ul ted MG ol B E5RR o SR8 B aperont L &
silica. To the slurried silica was added 2.93 grams of a 93 weight percent solution of
| triethylaluminum (TEA) which corresponded to a treatment of 1.5 mmoles TEA/gram
silica. The slurry was allowed to sit for 2 hours with gentle agitation by hand every 15
to 20 minutes. After 2 hours the silica was filtered and washed twice with a total of
20 100 ml of hexane to remove any soluble aluminum compounds which may have
resulted during the TEA treatment step. The silica was then dried at room temperature

under vacuum to give a free-flowing powder.

To 100 mi of a 0.036 M solution of [(p-HOCgH4)B(CgF5)31INHMe(Cyg.
29H37.45)2] in toluene was added 0.0036 moles (0.383 grams) of TEA. The mixture
25  was stirred at room temperature for 18 %2 hours. 0.278 ml of the preceding solution
was added dropwise to 1.0 gram of the TEA treated ES70Y silica described previously
followed by vigorous shaking for 15 minutes. 0.0427 ml of a 0.234 M solution of m>-
C5Me4SiMethBu)Ti(n4-l .3-pentadiene) was then added dropwise to the silica

followed by vigorous shaking for 15 minutes. The catalyst loading was 10
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The pol ynerization reaction occurring in the gas fluidized bed is catal yzed
by 10 the continuous or sem -continuous addition of catal yst. Such

catal ys supported on an inorganic or organic_support materi al
as desch’@g@zﬁﬁove. The catal yst can al so be subj e(‘ff:yd]s? 1875
prepol yneri zati on step, for exanple, by polynerizing a small quantity

of ol ef i n /merwn@fgram sdichi daithe forriatedicktabyst was aided 30 ndeof Aexaiedby@ied
conposite . conpLi si cat al.yst. pacticles enbgdded in ol efin polyner
particl es.bY Borous sHaking 0?%}%’6%‘35‘%%?’%( i"f OB fﬂ(‘j‘? QEW Va5 thepfdterad,i di zed
bed by cataalywaked twice withReIBIT1I0ZAl dfGRx&He. TG FORRQAEL cANYst AR thdy MOT €
conononers_on the fluidized particles of catalyst, Supported catalyst
or prepol \isd aqom mpsratye yndegivaeyunytp give & free-flowing pawdemer i zat i on reacti on
i s achieved using a bed of preforned polymer particles, which are
prefergbly Simﬂ&Nnéﬁh&QF target polyolefin, and conditioning the bed by
drying with 20 I nert gas or nitrogen prior to introducing the catal yst,

t he nonomers artdl graynsaffter formulatedgambst ddscitedi dboveswdesdded tb the sbake i n t he

et of St PSSl BBy o S8 fdne "
condensi NG,rsRER-of Ba H&E,gdpfla%geﬁ%ggmé of .04 ibﬁﬁzi]@rsﬂﬁﬁogégrﬁrieﬁﬁx%‘b?lz}’fs or

di scontinuously fromth uidi zed bed as desired. The gas
phase prodessEhke sniperdire of pelymhdzgioadhriovghayt thetris wan¥@i6t i H6°Gr e

eact aft s oxSRem DR R BB R RSB TP i, dB DA B B RPNl o

products freqvetddafte£a0 hifiteszone of the reactor, thereby providing a

st eady-state environment on the macro scale in the reacti on zone of

the reactor. 58
Example 14

0.075 grams of the formulated catalyst described in Example 13 was added to
the semi-batch gas phase reactor which was under an ethylene pressure of 6.5 bar, a

15 1-butene pressure of 0.14 bar, a hydrogen pressure of 0.04 bar and a nitrogen pressure
of 2.8 bar. The temperature of polymerization throughout the run was 70°C. A 6°C
“exotherm was measured upon injection of the catalyst. 15.9 grams of polymer were

recovered after 30 minutes.

Example 15
20 0.05 grams of the formulated catalyst described in Example 13 was mixed with

0.415 grams of the TEA treated silica described in Example 13. The mixture was
added to the semi-batch gas phase reactor which was under an ethylene pressure of 6.5
bar, a 1-butene pressure of 0.14 bar, a hydrogen pressure of 0.04 bar and a nitrogen
pressure of 2.8 bar. The temperature of polymerization throughout the run was 69°C.
25 A 5°C exotherm was measured upon injection of the catalyst. 5.4 grams of polymer

were recovered after 18 minutes.

Example 16
0.05 grams of the formulated catalyst described in Example 13 was mixed with

0.4 grams of the TEA treated silica described in Example 13. The mixture was added
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WD 98/ 27119

PCT/ US97/ 21875 Typically, the fluidized bed of the gas phase’
process ted at tenperatures greater than 50][ ferably
from abo&tﬁ)%gz[%er r]C to about 110[err]C, nore preferably f?é?nkgg'”ﬂg%
70[err]C to about 110[err]C. Typically the nolar ratio of

conononer OhFEHBITRACHISPIASE repor which wr prdariap sthylame pegssurd of GiSdrartzhe
e T e e T Halohe bRYsl:bSr 6IMBARI B LR RE BEEP o ana AL SrERON O-2 Of

| ess. Desirab en produci ng ensi t from
about 0. 9lofb3’abmut'rr@ cﬁ&l;tshwas:mgmcmlmrareamm'mmpaﬂmfeadﬂm“d:sx\lm than 0. 2,
preferably Iess t han 0. 05, even .nore refe | ess than 0.02, and may

even be | efXotherm wagmpasgred #1pon Rjegtonq )‘/he ¢ grt aF‘PlH""Gf‘g HYERSHS theo nononer
i s | essst hanagRan tepnplératﬁlrg in m@@éa%m%ée tb EXe Bm?shegczo%gsr?gs%@% nfeS g?by | ess

than 0.05, evéen nore preferably |ess may even be | ess

t han 0. 01. grams of polymer Werémeomtemégmmnmn ranges of process variables -
are appropriate for the gas phase process of this invention and may be
suitable for ot rggesses adaptable to the practice of this

i nvention. E% 7 A nunber of patents and patent applications

descri be gas ph@salypfp:epﬂsm: whi ch are adaptable for use in the
process of this invention, particularly, U S. Patents 4,588, 790;

4,543 399: 5, 35 5 436 5 405 462, 461, 123

5. 453 471: 5, 03 05831“15"“6%@33%50'@“&?9 %Eé*ogﬁli@@(%eﬁmm@ée@a&
5 541 270 BB

692 505(;7 7%61,{%15%8{7)(%2%9“'5%3@%%28 343&&%9 g “’@ac’tfﬁ;; @gé’mﬁ:gm
699 212- 6995 211(8Ned7t215$i7980017i28n1165@m1’67®81&5’21_hou15 0.4VD8) Bi7the prRBATE?:

e b S B P RIS RSO s et 25

WO- 93/ 1117 previdasI95h E&&%Le 1arfdnmrﬂ5j &@8&63 statking@br YWiGhutey. €.0641 mh&T eby
i ncorporated herein by For the preferred

rence.
pol yol ef i na Qéll39ﬁéﬁobbﬁlpogﬁéﬂsﬁ@ﬁfM@M‘ﬁuﬂ"ﬁﬁﬂﬁrﬂ |3cmntaﬁunnehwas then added be '

produc f b L L.on, processes i nventi t he
catal ys é{mpw‘seggtt%ensshcazfa{ wed 'P Vent1o rslha?(f of i% ‘ﬁasi n r ﬁ%‘ﬁgl s | onger
than the shadingGhails rbircwmh/gram sﬂlca_t matherieﬁuxhlh&dfcmamat W& ddaed@npedlafi on of
one or nore [err]-olefin conononers into the

hexane followed by vigorous shaking of the resu]tmg slurry for 20 minutes. The sharry

was then filtered and washed twice with a total of 10 ml of hexane. The formulated

catalyst was then dried at room temperature under vacuum to give a free-flowing

20  powder.

Polymerization
0.033 grams of the formulated catalyst described above was mixed with 0.35
grams of the TEA treated silica described in Example 13. The mixture was added to
the semi-batch gas phase reactor which was under an ethylene pressure of 6.5 bar, a
25  1-butene pressure of 0.14 bar and a nitrogen pressure of 13.7 bar. The temperature of
polymerization throughout the run was 72°C. No exotherm was measured upon

injection of the catalyst. 5.8 grams of polymer were recovered after 15 minutes.

Example 18
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pol ymer backbone. The enpirical effect of the presence of |ong chain
branching in the 30 copolynmers of this invention is manifested as

enhanceg,g &Ly poi cal properties which PCT/US97/21875
59 b%g%/ 27119
PCT/ US97/ 21875 are indicated by higher flqow activation energies, and

greater I[err]?PLErrmsqfthe Blated Fapalyshiescribed inkxampie} was miad vig)

properti 6§39 dnCortRIPRAl thdaRASilica described in ExampI¥1t ARE mimug{:ln){s Rgferred
pol yol efin copol ymer conpositions of this invention ave reverse

mol ecul artoghe benieatelr gas phisgtreactor witielh was snder anbthylehe presmirgbf 6. 6wat,mum 5

whi ch occurs in that 5 cen wei ght of conposi.tion which has the

hi ghest - Bute"@v@?@?ﬂrc Bg?@‘ghf‘rﬁbﬁg%éﬁé?gwﬁ% %fn(i'&fﬁfélﬂn'gﬁd’ﬂté%ﬁf‘é’feéﬁ‘f%d are

pol yolsef i 6F 10PBArY Mk catalyst waOmRRE Ll @ RdackhitsiipetdtaR V.| §BGx&Hai br anches
al ong the pol yner backbone, especi al |y 'when produced with a catal yst

syst em of Wahingasursdanondnjesiton of gheacatalygyl 2.5 grams efgrodyrhercesre resompreéx of thi s
inventiona!}e@fgﬁﬁimgg'e reactor in a process for the 10 polynerization of
an [err]-olefirn nonomer with one or nore ol efin conmononers, nore
especially when the process is a continuous process.

Measur enent of Exanpiad@er content vs. | og nol ecul ar wei ght by GPC/ FTIR

The conononer content as a function of nol ecul ar wei ght was neasured by
coupling a Fou&?té]ryswrﬁl’fg?‘&"m infrared spectroneter (FTIR) to a Waters
150[err] C Gel 15 Per nmeati on Chromat ograph (GPC). The setting up,

cal i bygat i on ango 9p@HALF 20.086 M BbiSition of [(pmgqgebg@gpﬁg[mmaqge met hod for

data treatnent has been described (gsew ously é Rose '8t al,
" Char act exitan-apnl of tolens wanhyddsd &.403p ang)ereOs3 83 g ramon) of SEAGTTeRTixRire | n

e 2t o S B RN g 1 5 RGP 09 PIRHO N M, 1005, | SN
conononersoh&ion was added d_ropwise to 1.0 gram of a TEA treated Crosfield type ES70Q silica
(surface area = 289 m?/g and a Malvern particle size [D50) = 35.2 micron) followed by
15  vigorous shaking for 15 minutes. The Crosfield type ES70 silica had been calcined
and treated with TEA in a manner analogous to the procedure described in Exarhple 1.
0.0427 ml of a 0.234 M solution of (n5—C5Me4SiMethBu)-Ti(n4-1 ,3-pentadiene)
was then added dropwise to the silica followed by vigorous shaking for 15 minutes.
The catalyst loading was 10 mmol/gram silica. To the formulated catalyst was added
20 10 ml of hexane followed by vigorous shaking of the resulting slurry for 20 minutes.
The slurry was then filtered and washed twice with a total of 10 ml of hexane. The
formulated catalyst was then dried at room temperature under vacuum to give a free-

flowing powder.

Polymerization
25 0.05 grams of the formulated catalyst described above was mixed with 0.35
grams of the TEA treated silica described in Example 13. The mixture was added to
the semi-batch gas phase reactor which was under an ethylene pressure of 6.5 bar, a
1-butene pressure of 0.14 bar, a hydrogen pressure of 0.04 bar and a nitrogen pressure

of 13.7 bar. The temperature of polymerization throughout the run was 72°C. A 3°C
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20 concentrated in the high nolecular weight part of the polyner, the

GPC FTI R was used to cal cul ate a paraneter nanmed conononer partition
factor, f. err] and Merr] were al so determ ned using standard

t echni &SRBt t he GPC dat a. Comononer PEFUSPEHARY Fact or
(GPC-FTIR) The conononer partitioning factor Cpf is

cal cul atetifermmwER@aFdtkRupkat injection @the cathlysta@68rgraes of prymat weeof t he

aver age cononoyer nt.ent of the higher nol ecul ar wei ght fractions to
t he averrﬁﬁ%"eé‘?ffr%%%@fmﬂ‘ﬁ?ﬁent of the | ower nolecul ar wei ght

fractions. Hi gher and | ower nol ecul ar weight are defined as being above or
bel ow t he Il Pelgppylend Ecuhples Wei ght respectively, that is, the

nol ecul ar wei ght distribution is divided into two parts of equal

wei ght. Cpf is calculated fromthe foll ow ng equati on:

60 Viexagaple 29 1 9

PCT/ WS97/ 2187, : normal i zed wei ght fraction as determ ned
by GDL%/ FTIR féd?ta]lyht?r%ﬂalgaﬂolg data points above the nedi an nol ecul ar
weight, cj is the nole fraction comononer content and werr] is the

nor mal i zed weRegardifig ¥aridus aspests @€ therprepaeationyol GRCL4RTiiIBN fretal chapoordd] | R dat a
See Organomet 13, (1994), 954 at page 962; see also U.S. Patent No. 5,278,264 hereby

incorporated herein by reference :

Me,Si @©
\

24Dn
Me,Si bis(2-Me-4-Ph-Indenyl) Zr diphenyt butadiene

10 rac-Me,Si(2-methyl-4-phenyi-indenyl)ZrCly (4.00g, 6.36 mmol) and diene
(1.312 g, 6.36 mmol) were weighed into a 250 mL flask and slurried into 150 mL of
octane. 8.9 mL of nBuLi (1.6 M, 14.31 mmol) was added via syringe. The reaction
mixture was stirred at room temperature over the weekend. The reaction was then held
at 80 - 85 °C for approximately 6 hours followed by 2 hours at reflux, then cooled to

15  room temperature. The octane solution was filtered after cooling and the insolubles
were washed with hexane until colorless. The solvent was removed in vacuo. The
product was slurried into 10 ml fresh hexane and placed in the freezer at -30 °F for 1
hour. The cold slurry was filtered and the solid product dried in vacuo, giving
rac-Me;Si(2-methyl-4-phenyl-indenyl)7Zr(1,4-diphenyl-1,3-butadiene) as a red solid

20 (yield = 2.182 g, 45 percent; 82.3 weight percent 24DN, 17.7 weight percent free
diene). 1H NMR (CgDg, ppm): 7.8 - 6.5 (multiplets, aromatic protons, and free diene
protons), 5.6 (s, 2H, indenyl proton), 3.45 (multiplet, 2H, PhC4H4Ph), 1.7 (singlet
overlapping multiplet, s, indenyl methyl; m, PhC4H4Ph, total 8H), 0.9 (s, SiMes, 6H).
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5 poi nts bel ow t he nmedi an nol ecul ar weight. Only those weight fractions,
werr] or wWerr] whi ch have associated nole fracti on conononer content
val ues are used to cal cul ate Cerr]. For a valid calculation, it is
requi r eV R and mare greater than or equal to 3. PCTHEIM2E a
correspondi ng to nol ecul ar wei ght fractions bel ow 5 000 are not included

i n the cal cul ®tdtratroene of thetsizaufoer. @g 0o silpndGent DavisntPOa4e2, 10

For the l.yol efi n copo| yner conposjtions of this invention, C[err]
desi r abl $~%i'é1%ad preyig L%l%‘ CBF"&H@&S@‘{’L h¥is added 50y tolernsi Laghe i s equal to
or great gfixhRAB nlr, of Reat &Ry IARfnum (T Eﬂ?@bfe%'flé%baﬁd URIxhQ Wi greater than

1.20, preferably 1s equal to or greater than 1. nore preferably is
equal t ostredyfor @hehowr drhe midire wagfiltered everamediahi fyitj sdaheisilicd waor

01E818" LR 5% o 80 it BT b A a8 S o T

U.S. Pat gih f¥enped dfPBy BRdure WhinelTrit ®pReitiePopper. AfteR 8 RoRAI A Bfhul # ef er ence,
and in "Determnation of Short-Chain Branchi'ng Di stributions of

Et hyl ene veaoobierof tipptedisilisakbi€lp/ TRA) yas eabveTedper at ure Ri si ng
El ution Fractionation"” (Auto-ATREF), J. of Appl Pol Sci: Applied Polynmer 20

Synposi um 45, A2§o]‘§gqn((}ﬁ)9§)me%¥Bﬁ%|\f r{&ﬁ}@@gﬁ@?gﬁéﬁgé K po%/:yt i cal system

that is capabl'e of fractio sem 8rs 1ike
Li near LgyHBRNRS)ANN toluene (PDlumoldiy WaseortibihéPm)th 257 ALfdfmelub i arn@f0.91
crystallization tenperature while si mul t aneously estinmating the

nol ed@l amlnef ¢hiM gicthHalumingen (HRA. O Mitnples)apdrtbe suti¢rewith a totaf yelemeonat i on,
ATREF- DV i 5 angl uke. Risi: fan Eractionatjon 25
(TRER) asiyans " aied for 1BERALAL, FhishRlinh vy dn WrBE bhABR 670 ver ¢ ne
past 15 pesreof the pretredise Sil) prepyredibderiaace mE flablat Thdunsxtdveakast i cal - TREF

g?_\TREF) 'tgg{(]:t{lyniv\%ljegé;z);sp%%g?m?nr‘lng with a spatula to evenly distribute the liquid over the
PCT/ US97 838l a free flowing powder was obtained. 20 mL of hexane was added tb the .
15  solid, mixing the new mixture with a spatula for 2 minutes. The pretreated silica was
filtered and pumped dry for one hour. 2.33 g solid product was obtained and placed in
a 100 mL vessel. A solution of 85 mg of 24Dn transition metal compound prepared
above was dissolved in 3.6 mL of toluene (91 umoles) and added to the vessel in 3
portions of about 1.2 mL each, gently mixing thoroughly after each portion had been
20  added with a spatula to ensure homogeneous distribution of the catalyst solution on the
solid. The solid material was rinsed four times with 40 mL hexane. The grayish-blue
solid was dried in vacuo one hour. A sample of 127 mg of this finished material was

submitted for Zr analysis by neutron activation. The analysis showed that the loading

was 23 pmoles of Zr/g silica.

25 Example 21
Preparation of the pretreated support. Crosfield silica ES70 was calcined at

250 °C for four hours with nitrogen flow through a fluidized bed. After cooling,to S ¢

of the calcined silica in a 4 oz bottle were added 50 mL hexane and 5 mL of neat TEA.

The bottle was closed and rocked for an hour on a rocker type mixer. The sample was
30  vacuum dried for one hour to give 5.3 g of finished TEA-treated silica.
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smal | scale and fractions are not actually isolated. Instead, a typical

liquid chromat ogr aphi ¢ (LC) mass detector, such as an infrared single
frequengyo@gbfags or, is used to quantify t he cr yst alplornisoyriss
di stribution as afunction of elutionterrperature Thi s di stribution

can then be trRUSLALHEEh |k hu2ibo IIBPIp Hoclipetiugipias such as 5

short branchlng uenc cononoirer pOSS Iy density.
Thus, thlsz37_45)2}f1hQ6ll&f:1§H(ﬂB@ndﬂé‘s1) kiab Ubhbined aith DIBEMLAS tolaéwy 4Hided.@¢d accor di ng
to sonme structural variable | i ke conobnoner content, although routine
use of AmRERf ﬂderontbmlalmnmnéTEAaW pmeles) and the sqipgonswith agetakyolumae

WREE- D e R el afERyRn et indiper el ol 6 2 adaptec

for LG a@bﬁ/tﬁé §retr‘éhl@H|Sﬁ$2 Preph rs&x@m@k[xeanbommwl'e@b bitliretviis gefflya
det ector. Toget her these two LC detectors can be used to cal cuI ate

the intrimixes fer S§lf§‘6§i mipuges Wither spatula togyepdy disirityte, thedliquidevey theswlifit y aver age
nmol ecul ar using -
appr opr 1 AT ke ifl PV @D ik Bblra, f ihich point BB TEERIEE, |21 0

Vi scosi t ywitiapol nﬂupdrabﬂxceofdﬂﬁdrfel Ghe rptarahmdeﬂien,nmﬁsd’ﬂtelnﬁi dndguimped siry for

concentration 15 (dl./g).as it passes u h th ctqors. Thus, a
typical AR ”DVT*P"e‘i%‘FltPr‘bﬂuF?waSp] Cedd?ﬁ\}bgé“cit %ﬂgm BiQh pol yner and
Vi Scog tyco%Ya?W%%O F.mo?ecéLHﬁQEIDWaQBFoﬁﬁleé} com unﬁl'bv'lﬁtahﬁ)éh Bfth&latsdion
tenperature then cal cul at ed usi n t he equation given.

Mbl ecul argewdy giikinBahdrotghdyivith alspatibarto ensure homogeneous digtebutizinefubar wei ght
partltlonl fact qr I\/lngrr;”ks cal cul ated from TREF/ DV 20 data. It

char act er‘i stepiutien.eh iesplidhe average ol ecul ar wei ght of the fractions
W th hi gh conononer content to the average nol ecul ar wei ght of the
fractions w t hgémaaal PolymerZ@iiHSioesdueont ent . H gher and | ower conononer
content are defined as bei ng bel ow or above the nedian el ution

tenperature of the TREF concentration plot respectively, that is, the
TREF data i s dfrepyeee.ilsopat Ko hylipgen. Bexaag and “Wgﬂh‘f’e"f!@i&é%“lr‘f‘ei@y cal cul at ed

25 f5r Or%&s?a%e&ﬂoh%ﬂe& &H%hg) 5f activated Q-5 and alumina. The supported 24Dn

catalyst was slurried in the glove box with about 20 mL of hexane.

Polypropylene prepared with Supported Catalyst from Example 20

A two-liter stainless steel reactor was dried by vigorous stirring of 1 m1 0.1 M
tri-isobutyl aluminum solution in toluene added to 1 liter Isopar™ for one hour at
20 70 °C. The reactor was washed with Isopar™ at 70 °C. It was then charged with a
mixture consisting of 351 g of propylene, 40 g of hexane, and 26 delta psi hydrogen

by differential pressure expansion from a 75 mL tank.

The mixture was heated to 70 °C and then a slurry prepared with 100 mg
(2 pmoles 24Dn catalyst as Zr), 10 pmoles TEA and 5 mL hexane was added to the
25  reactor. The reaction was allowed to proceed for 30 minutes. The contents of the
reactor were then collected in a nitrogen purged stainless stee! container. The
polymers were dried overnight in a vacuum oven at 130 °C. Yield 48 g. Standard 13C

techniques showed that the polymer was 96 percent triad [mm] isotactic, with 0.95
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62 WD 98/ 27119.

PCT/ US97/ 21875 [err] the normalized
wei ght fraction as determ ned by ATREF-DV for the n data points:in ’
the fra®A%#8el ow t he median el ution tenperature. M er'?%mgwfzﬁg’svi scosity
aver age nol ecul ar weight and wj is the nornmalized weight fraction as
det er m npetcdny inVEREERRsertionB\VThe polyimer hadidvaMei320,600/82.00@-3.9.a8t i ons above the

medi an el uti an fenper at I t hose wei ght fractions, werr] or
werr] mﬂ?‘?ﬁ“ﬂ%‘{/léyngfg’%‘gﬁéﬁgd%\%%§i ty average mol ecul ar wei ght's
greater than zero are used to calculate Merr]. For a valid calculation, it
i's req uP@l?g@gmhe Prepardd i I Suppbeat @magyhaffbrﬂsxmgrélzlt o 3.

For the polyolefin copolymer conpositions of this invention, Merr]
desirably is 10 equgl to,or ,gre%t er than 1.15, nopre desirably is equal to
or greater thamepmyedisandsspried above wagtsprated, psing 384 g0 prepyéne#®at er t han
1.40,c pr J . ; : eferably is
cquai | oE o NERLY, b8 2B ol Bloglh BBty cxpansion BB B T,

gr eat er tofiaank.. Afler 35 minutes of reaction time, the polymer was collected and dried as

described above. The yield of polypropylene was 45 g.
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further
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NHCI Me(Clerr]Herr])[err] (4.58 gram 8 mml) was dissolved in
di chl oronet hane (50 m). Triethyla —pent-affjuor ophenyl ) (4-

hydroxypheng/l‘) borate [ (p-HCOC err] Hilegy ,h)ﬂ:@['(ew] Efej eréJSH{z HEt [err]]
(5.66 grady , 10 prepared a subspanLA@IDy desicr BBnple 1 B
of U S. patent appl I cation No. -
(correspondi ngWIRAWS GH/AMEID]Y: was added foI I ovved by 40 m distilled

water. The m xture was rapidly agitated for 4 hours and t hen t he
wat er |ayer was re hl or orre hane. was , washed
three tines wi t? h 4(r)rR mpe?é(?l%f%? i %“$¥S§a°%?'é°f‘ CW‘%’F%@B B BB hane

| ayer vvascdrhpdhnﬁ&ompdi&ingda)omefcaaedlahkl!r(as(lzb pWakién hhvihg 6p efl1gnd vacuum dri ed
to yield an oil. The oil was extracted into toI uene (200 nl), the

resul ti ngn@Hydragsn alpass and|theanien eaMaiping as lepstone substigient comprisingium dri ed t o
yield 33 814{109&]5‘%\%5; &n 9&{@%8&?69' éd 6%)121'\7@1ug8?rt materlal uﬁlé?é@lh% S{lp J.Raration of

cataly ut1 on

[ (p- HOC[ ecatpliyftarordppBértliemrspifl éormd Jifparsed]ip hllthe(r{E[uewhicH[betH fa) 268 (d) hteer r]] in

t ol uene was eated n- hexane by adding the n-hexane yielding
a cl“éﬁldg eﬂﬁ%@'ﬁ% b?PJI\?M?C’I’?g WHE™ i rred for 5 minutes A solution of
titanium (N 1,1 - dimethylethyl)dinmethyl ( 1 -(1

,2,3,4,5-¢eta)- 3},1&,4s bﬁtrﬁmil hs%l préuréat€d/sippere RfabliaCind ihthe supported

yl ) si | anam nat o 3- pent adi ene)

(derr] mfealwftaowpemt]tmﬂﬂ Q<Pér5rr]01c®mwally bondesbiettheisuppedt (0083 nl of a

0.0925 Msolution in Isopar[err] E; lIsopar[err] E, a trademark of 25

Exxon; ghen cal GEOIR I clripGugliit LB Bl A e ALPE: idhqcer Dons) was

added to brown co suspensi on er 5 mnutes

whil e sti Weigmgpﬁc@tMe abppgriahaterial usedi atsbp;ﬁ)rmmhtlﬁl&bom&mﬁg edfegidgWi th 0.2
nmmol of triethylalumnum (2 mM of a 0.1 solution I n n- hexane) and
the m xt uB®URRAndinithe gpppised %i‘tﬁliiﬁttcﬁ@f’o'lﬁ?t Hierrntoada)edris chempigaliiybonded 35 such

| n a pol y{ge&,%@%%w eaction. _ ,

PCT/ US97/ 21875
2. A dispersion of a nonsupported catalyst component comprising (a) an

15 .ionic compound comprising (a)(1) a cation and (a)(2) an anion having up to 100
nonhydrogen atoms and the anion containing at least one substituent comprising a
moiety having an active hydrogen, wherein (a) is in solid form in the absence of a
support material and is dispersed in a diluent in which (a) is insoluble or sparingly

soluble.

20 3. The catalyst component dispersion of Claim 1 or Claim 2, wherein the
catalyst component further comprises (b) a transition metal compound and wherein the
catalyst component is a substantially inactive catalyst percursor; or wherein the catalyst
component further comprises (c) an organometal or metalloid compound wherein the
metal or metalioid is selected from the Groups 1-14 of the Periodic Table of the

25 Elements and the catalyst component is a reaction product of (a) and (c).

4. The catalyst component dispersion of any of the preceding Claims,

characterized by an average particle size of (a), as measured by laser diffraction, in the

range of from 0.1 to 200 pum.
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Slurry phase pol yneri zation ,__Asi.ﬁrred 5 liter reactor was

e e

charged with 100 [ err] nol oﬁ?rr,?:d‘ﬁ?&;fﬁ[fa:@é@ m 3 liters of hexane
and 0. SuRpsdiBlql i ter of hyd ﬁ\@_ﬂbeati ng to 60[ ergd ,&g I;;Z{M%ene was
t hen added to Ithe react or | i unt-suffieient to bring %e

pressure to 10 bar. 5 i quot of the catalyst prepared as descri bed
above cont ai nihg 10T’Pee‘ra|“]]¥ﬁ5F°IBP°‘tei"E ginpagsipn of any\gf she precedigdeldinese i niti ate

t he pol yn@g**@ttkg&dogﬁﬁ@?e&?@s Bn&grtg%%lgé“gﬁr kept essentl al Iy constant

by conti nua eding’e e on denan ing the ymeri zation

{he r eact OT“SS‘?Z‘ES?“%WA’??Er @8 mnutes the L%Sf’QﬁﬂWﬂUﬂilﬂﬁﬁﬂlﬂﬁﬂLf :

and the 10 coXP¥FPs of the reactor were transferred to & s anpl'e pan' After

drying, 925 g Qf ica ;nEﬁ?or metallérh@&'e&gd %W@&h:ﬁ{é?@? opﬁl\é%ﬁoﬁi@%‘agﬁt i ned. The

efficiency was cal cul ated to be 100 g polyethylene PE/g Ti and
t he bul k tdieﬁénmgnm 29 g/cnjerr]. Scanning electron mcrographs of the
pol ymer pomder |ca t he resence of .spheric articles, havi ng a
snmoot h surface "’8§¥/"‘ eaf occtirrence 15 se]&%ﬁf %e 588%3‘?%%“685

The sl ur rwda@bydrwdra@rrbmniaqudarr@dﬂfcaﬁymeehﬂdrmsbyr eRaatRdmuyet W thout
using triethylalumnumin the catalyst preparation step, wthout adding

triisobutBdapcarayhadisals, inclidingha{rubstited\kiiTasany ragicals, anddidrocabyB0
[errlapl 9 hag{hgﬁro‘ég%yr %,smtférd om%oprgéxté(ﬁ@ﬁi ra%rgtalso{r‘reﬁﬁ&%kér%r poj %rf‘ﬂ' yethyl ene

product was o of a 0.031

M sol uti csachbf fhepe £IOTheprefetdby lﬂz]v)ﬂﬂ;mrlrtb BD esirbbnd, evith]thd phobist €Haein | H[ er r]
Y[err]] in toluene was treatedtq\;\i!]th 10.mM of n-hexane g?el dln a cl oudy

suspensi diPt&ge than one peurrencs 1y hafide; Qs § pAYvAIGY hydraes ’e”é‘dlc m xture of a

sol ution u)Ti([err]-1, 3-pentadi ene)
(0.33 m lﬁ%vmgrgldfgalfgx%§2%r%d%|k§¥}aﬁ&Vgio‘ﬁfaﬁs'fgﬁggr[err] E) and 0.3 mmol of

triethylal um rthcr‘g(cﬁlpr(ﬂ‘-ld))hsarimda] MheodinuT icomprises O TS XN PR, the Oy N added and
tirre or 15 m nutes ure

cont Aoni 1 ErHOR BN PP TR T P ok 7 e s at | on
reacti on.a trihydrocarbylsilyl radical, a trihydrocarbyl germyl radical or hydrogen;
m is an integer from 1 to 7,
n is an integer from O to 7;
q is an integerof O or 1;
20 ris an integer from 1 to 3;
z is an integer from 1 to 8;

d is an integer from 1 to 7; and

n+z-m=d.

6. The catalyst component dispersion of Claim 5, wherein in the anion
25  (a)(2) the at least one substituent comprising a moiety having an active hydrogen
corresponds to Formula (I):
Gq(T-H), @
wherein G is a polyvalent hydrocarbon radical, the group (T-H) is a radical
wherein T comprises O, S, NR, or PR, the O, S, N, or P atom of which is bonded to
30  hydrogen atom H, wherein R is a hydrocarbyl radical, a trihydrocarbylsily] radical, a
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65 WO 98/ 27119
PCT/ US97/ 21875 Wn conditions were identical
to those of Exanpl e | excep't ]E §13 ET

he ation was 48 m nutes. After -
dryi ng, 5Bt m of a free f ﬁ: a poREI/USRER 1835 ai ned.
The efficiency was cal cul at ed to be ‘“1 7 PE/g Ti.

Exanpl e 4r1h381rocarbyl germylQoadicatior bfydmgen, G-Bilsl\ﬂydmgqn,lq)is Codr 1, and r is an

[(p-HOC[ertEL rr] BC[err]F[err])[err]][NHI\/E(C[err]H[err] Y[err]] in
tol uene WASSTr oaﬁ’éci th 5 m of n-hexane yielding a cloudy suspension and
the m xture was stirred for 5 mnutes. 0.075 mml of triethylal um num (0.75

m of a 0.1 M'}&Qiataﬂysﬂﬂ)mpbrftnh&i&ﬁeiﬁbnbﬁ&ﬁﬁdﬁﬁp%@éﬁlﬁ@@lam@(t ure was
stlrredfor 5 m nut sol utj on of

(Cerr] w[*mxpﬂ?q\f@[cm K‘Pkk)B‘iﬁeﬁc(‘f[deﬁf?‘P the grogp gensiftian ©f Bronsiw! agidiof a 0. 0925 M
10 sgl utch@phs Qariaérﬂgﬁarc{a%l'iJ s@nu\e@éatgﬂk e(g(oﬁﬂﬂn &ﬂﬁnwhmo%e%ag”ed f.or
a C Jli¢ cafon Feact i on.

mnutes. This mxture was used as su I'n a ’pofFymeri
The pol yrmed catidriooxidiing 4geoiss were identical to those of Exanple 1 except
t hat the duration was 30 m nutes. After drying, 630 gramof a free

flow n ol yethyl e owder s oht a he effl i en
Ll ol ot ba Y R e eyt BRAES et BRagmor of Eftim 7 Bipkien Begaton (0h

40 gram of it t&apﬁlﬂazta)(@&@ﬁ&eMM by AR folBveY geaérabﬁﬁnmlihe%’e@u&t 250[err] C

for 3 hours under vacuumwas slurried 1n tol uene ( and t hen
treated WHeFRiZ0 m  of triethylalumnumin 250 m toluene. The m xture

was gpirred f qr 1} a%?t%genf&ytggﬁ,%qlfgpgr phosphorus containing Lewis base

containing from one to three Cg.40 atkyl groups with a total of from 12 to 100

carbons.

0. The catalyst component dispersion of Claim 8, wherein the cation (a)(1) .
of ionic compound (a) is represented by the following general formula: [L*-H]*+,
15  wherein: |
L* is a nitrogen, oxygen, sulfur or phosphorus containing Lewis base
containing from one to three Cg.40 alkyl groups with a total of from 12 to 100
carbons, and

the anion (a)(2) is tris(pentafluorophenyl)(4-hydroxyphenyl)borate.

20 10. The catalyst component dispersion of any of the preceding claims,
wherein the ionic compound (a) has a solubility in toluene at 22°C of at least 0.3

weight percent.

11, The catalyst component dispersion of Claim 10, wherein the ionic

compound (a) has a solubility in toluene 22°C of at least 1 weight percent.

25 12. The catalyst component dispersion of Claim 11, wherein the ionic

compound (a) has a solubility 22°C in toluene of at least 5 weight percent.
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the treated silica was washed with toluene (100 nm,
dried under 20 hi gh vacuum..

[ (p- HOC[err]H[err])B(C[err]F[Tem;g}‘LETH}\B[BﬂM(C[err]H[err] : Y[err]]
t ol uene W 8stNEthted with 4

The

(15.5 M of a (8.2 Mhe catalyiﬁebmf)dar&ﬂt dx@p@sxh@&ﬁﬂ@)oﬂ@@px@@k&dg
was stirred for 5 mnutes. An aliquot 25 of this suspension containing

di ng a cl BUES8UMBENsi on.

of about 100[err]C) and
10 nl of a 0.031M sol ution of

in

(“ ORERLASEDNE Vi ql
m xture was stirr 1 mmol of triethylalum num

40 [ err] misherewthe AisPesion isestgnsially Era% ebalymerango [err] nol e of a

solution of (Cferr]Me[err]SiMe[err] NtBu) Ti ([err]-1,

of a 0.0925 M4, Ths&his 8AmphehBARSYrsib féﬂ}%frtﬁé Lddi nsion was
added to a slurry of | gr%m b @ﬁé’rsx s I li"ca trgjgt ed(}%as escri bed
above, i nwh@ein thotathbmqmpomemludasdb) a/\raamsx;tomrm@d doopoBnd, excludes (c)

dafind he m xture

3- pent adi ene) (0.43 nl

66 WO 98/ 2711 . ) .
PCT/ USh7/ Yy gFganometal or "i’ﬁ%ﬂl?ﬂ%%"“éﬁ?dmf‘ Rehgredm the meta] s mptallaiisseleetsA dromynt ai ni ng

15 [err] nipk@&rehipst i-1 £6F hePBASIIE TEBle of the Eléferits! O ckdludesHot

The pol yneri zatlon conditions were identical to those of @arrpl e |

t hat

fl owi ng pol yet

10

15

20

25

the polynerization tinme was 30 m nutes. 600 grans of a free

| enhe catalyss somBINeRRdispaHPR PRV Ui PRCedEIEFIRimSGn slyy
g/ cnf err] parfi8a® it hRAkkd W Se ol 4 bF HeRflubR. Pe

16. A nonsupported catalyst comprising, in the absence of a support
material, (a) an ionic compound comprising (a)(1) a cation and (a)(2) an anion having
up to 100 nonhydrogen atoms and the anion containing at least one s.ubstituent -
comprising a moiety having an active hydrogen, (b) a transition metal compound, and
(c) an organometal or metalloid compound wherein the metal is selected from the

Groups 1-14 of the Periodic Table of the Elements.

17.  The nonsupported catalyst of Claims 16, wherein the anion (a)(2)

corresponds to Formula (II):

[M"™ Qu(Gy(T-H))l" an

wherein:

M’ is a metal or metalloid selected from Groups 5-15 of the Periodic Table of
the Elements;

Q independently in each occurrence is selected from the group consisting of
hydride, dihydrocarbylamido, halide, hydrocarbyloxide, hydrocarbyl, and substituted-
hydrocarbyl radicals, including halo-substituted hydrocarbyl radicals, and hydrocarbyl-
and halohydrocarbyl-substituted organo-metalloid radicals, the hydrocarbyl portion in
each of these groups preferably having from 1 to 20 carbons, with the proviso that in
not more than one occurrence is Q halide; G is a polyvalent hydrocarbon radical
having r+1 valencies bonded to M’ and r groups (T-H);

the group (T-H) is a radical wherein T comprises O, S, NR, or PR, the 0,S,N

or P atom of which is bonded to hydrogen atom H, wherein R is a hydrocarby] radical,
84
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Exanpl e 6 2 gramof triethylalumnumtreated silica (prepared
as in Exanple 5) were ptaced-dn_a 20 nl _flask. In a separate vessel
1.23 i of a solution of [(p-lHOHISLOHEET Hag BE.:W?’

Clerr]H &YO¥WBI err| F[err])[‘er.r]]ﬁﬂlﬂm@gﬁerr m'err])[err}’FTM?mﬁM in

t ol uene containing 80 r*' ' te was diluted with a
further 1 adihpdrotarbyieid radical3 mihyddocabyl gerivlyl radical @ dlydidges, of

triethylalum numin hexane was added and the m xture stirred for 10

m nut es. m is an integer@MmydP s o/ TEA sol ution, the vol ume of which about
corresponded t%ggﬁiﬂg%g.fgo%my@.l une of the support nmaterial, was added to

the treated support material and the m xture agi xane
was added to thgisdnyntpgeadéf ord; gi ve a slurry fo!u’lmg!ﬁmnﬂuﬂﬂl on
of (C[ﬁlrr] Me[ err.] Si l\/t?ése?ré_l)l\ltfg%;i ([err]-1, 3-pentadi ene) =( 0¢ dbL NMu Ofs a~*

0. 0925M sol ut i 3 FAMESPEPer I91”°E) to yield a green col ored supported

catal yst. z is an integer froA€1 RPS;yNeri zati on conditions were identical to
those of Exanple | except that 20 the polynerization tine was 36 m nutes
and an al i quot is agantagerdromt bin Fiandng 15 mcromol Ti was used. 260
gram of free flciy%/i_rp]g_&).ol ymer powder of bulk density 0.25 g/cnferr]
was obtai ned. Th&EfiTci ency was 361,860 g PE/g Ti. Exanple 7

1 mM of a 0.031M sol ution of

[ (p-HOC err] H es:]) BHe[ rnsyppbaed ¢acdlestrof KA Wherein]ifrfier anfor2@)(2) the[ err]] in
toluene was treated with 10 ml of n-hexane to yield a cloudy suspension. In
a 10 s lgaty aue\subKyeng campriging,3 moichy gW%ﬂ)‘} {ftivg Hygrogen corresponds to
(n-'Bqu)[qforn]ngfaC@[)I;err] in toluene was treated with 3 mM of a 0. 1M
solution of triethylalum numin n-hexane followed by 2 ml of n-

hexane. The zi r@fidtene sol uti on was addBd to the borate suspension and the

m xture wherein G is a polyvalent hydrocarbon radical, the group (T-H) is a6rZ1dical

wherein T comprises O, S, NR, or PR, the O, S, N, or P atom of which is bonded to
I5  hydrogen atom H, wherein R is a hydrocarbyl radical, a trihydrocarbylsilyl radical, a
trihydrocarbyl germyl radical or hydrogen, H is hydrogen,qis O or 1, and r is an

integer from 1 to 3.

19.  The nonsupported catalyst of one of Claims 16-18, wherein the cation
(a)(1) is selected from the group consisting of Bronsted acidic cations, carbonium
20  cations, silylium cations, oxonium cations, organometallic cations and cationic

oxidizing agents.

20. The nonsupported catalyst of Claim 19, wherein the cation (a)(1) of
ionic compound (a) is represented by the following general formula: [L*-H]+,
wherein:

25 L* is a nitrogen, oxygen, sulfur or phosphorus containing Lewis base
containing from one to three C .40 alkyl groups with a total of from 12 to 100

carbons.

21. The nonsupported catalyst of Claim 20 wherein the cation (a)(1) of
ionic compound (a) is represented by the following general formula: (L*-H]+,
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\Ié\gT??J/SEZJ;/l%?S?S agitated for _a_few Wi nutes. An al |’(:I|!Jl<’)"”wuuull,” m’

catal yst prepared as above contaf n| @‘1@‘ \ [err]nol of zirconium was
used i n VO P MHEri zat i ops reao{4 o1, .580 a free flow AGTUSYT2IETS

pol yet hyl ene powder was\\obt'si wed\-3ft m nutes. The effici ency was

cal cul at egthémein: be 317,.9 P PE/ g Zr. 5 Exanpl e

0.43 mM of a 0,092M sol uti o

[ p- HOC] or 1] H{ 1 19 B0 PEASEr 15 €F Psphomb peatepingipars s )[err]] in
t ol uene Py tiayl al um num i n
t ol uene. mﬁ%t%ﬁg?ﬁ% m%(%r%gm\%vg:sﬁh@q néi)qtggmf/#ylgﬁ g,l a@?%%ﬁag %I ]{0 gte 0.31 nm
of a 0.1 &vbons, and soI ution of

(%S Si.Me t adi I E
added Tnd 10 SRR Ure kgt e g ORI AR el P GLot ot the

cat al yst contai ni ng 20 [ err] nol of titani um was used in a

pol yneri zati onaz. eacrh@ﬁonsh%maiemchalymbmammgesnzuvas,erem (b)is&sd and 0.3
liter of hydrogen was adde 420 g}of a free flow ng _polyethyl ene powder
was obt ai prEP@der compier ol e sctal RETBIRSS-HRAGE Feradic d able of thelementsand t he

effici encgapable of bifdE agﬁvag tgtoﬁe{q'ﬁ Jﬁsé}ﬁ%ﬁl g‘g“zﬁ?ﬁg’“gﬂﬁ%g n cothBined with

Exanpl e tion
[ (p- HOC[eécsdwbﬁnﬁhrs](hﬁ(rﬁ[(EIr]F[err])[err]][NHMB(C[err]H[err] ylerr]] in
t ol uene was treat ed with 10 of n-hexane to give a cloudy suspension.

0.31 3M soI uti o

(d er 9 Me[ er r] %1% Me[ &F‘? PRRSEBBGHCE[CélP“MS- Qf ong of S \6n%d Whs e liSar [err] E

vas addedoFanMhétk\ﬂoﬁﬂetanﬁﬂg&ngbwﬂ(cwéredsp@hcﬁm@p@?&hﬁﬁla: An aliquot of this
suspensi on ~ 20 containing 20 [err]nmol Ti was used in a polynerization
reaction. 500 [err] nol OMORC xa triethylal um num was added as a preload to
the reactor. 120 g of a free 1 dwi ng pol yet hyl ene powder was obt ai ned

after 15 m nut %ere?@éﬁ%%gr@i%%g)énc\f‘ﬁﬁ)xcpf’él&‘tﬁdqfr&g GrBups 1-14 oP@e PRAe&E0 9 PE g,

Ti . gramof triethylalumnumtreated
silica (pmTeplaréthedlemantExanpl e 5 but using a 45 mcron silica gel,
Grace Davison) were placed in a 20 m flask. In a separate

15 R¢ independently each occurrence is hydrogen or a group having from 1| to 80

nonhydrogen atoms which is hydrocarbyl, hydrocarbylsilyl, trihydrocarbylsilyl,
trihydrocarbylgermyl or hydrocarbylsilylhydrocarbyl;

X@ is a noninterfering group having from 1 to 100 nonhydrogen atoms which is
halo-substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl,
20  hydrocarbyloxy-substituted hydrocarbyl, hydrocarbylamino, di(hydrocarbyl)amino,
hydrocarbyloxy or halide;
x is a nonzero integer which may range from 1 to an integer equal to the
valence of MO,
y is zero or a nonzero integer which may range from | to an integer equal to |

25  less than the valence of M9; and

X + y equals the valence of MO.

86 is Sheet Has Been Replaced

T




vessel, 0.43 nl of a solution of

[ (p- HOC[err] Herr])B((err] F[:epq':];az[ﬂ’—_a]:ﬁgll:lwegqerr] Herr])[err]] in

tol uene_was treated with O. Oﬂrﬁocb)f"'aaﬂghéMr,gpl ution of trieth I alum numin-
t ol ueneWO9271The rasyl ting sol uREShARES adde}c}i to the tF¥eHV¥E288por t
material and the m xture

68 2D 98/ThE rm@supported catalyst of Claim 23, wherem in the organometal or

spglpgrs'? 7{:r32ﬁ zﬁgq%ao%go%déég[h ﬁ'ﬂ& ;'noetarl?oidolfs 6&9 ci( 8 o%psfj1 d 15 81 gpurry the
rac- IVE[el’oflh'élP(e%maﬁtMledhﬁbEraﬂentsndeny|)[err]Zr(l 4-di phenyl -
, 3-but adi ene) in m of n-hexane. A stl rred 5

liter reactor was charged W|th 1.6 liters of n-hexane and 1.4 liters of 5
propyl ene andZfhe rhigingrePRRcd Rty chChin24awherpindn shaorgansimetdjoerr | C. An
al i quet e taimng 20 . J.err]nol of
Zr vvag I%{eé%itbz%comg%un{i ﬁgﬂhgg%?%P pﬁ%%ﬁéﬁﬂsyg’%% @ﬁ%gx,ﬁe,gp, H-*Fexane. The
reactor contents were heated to 70[err]C and after hol ding at

70[ err] C for 26n niThenessuphertadoatdlynof CGémopheredinby ther @psdeenatalig t he

tents t . t L After dryi 585 f f fl ow
b0l ypr op g CHE S 6RER LS S Bels oY 5PN BEEERS 084 g cf err] . The

ef ficiency was cal cul ated to be 320,723 g PE/g Zr.
Exanple 11  27.  The nonsudPordadi0yst bf caﬁrhmba\bhﬁfbmumﬂer&gﬁmneﬁaxldrca
(prepared as in Exanple 5) was 15 charged to a vessel. .2 mM of a

0. 0465M mtﬂ{ql@ﬁompowF{c) the metal or metalloid is aluminum.
HOC[err]H err])B(Cerr]Flerr])[err]][NHVe(C[err]Herr])[err]] in tol uene

was fheat ed wikh 8 1k n8hsi@ported catalyst of Claim 27, wherein the organometal or
metalloid compound corresponds to the formula AIR9y, wherein RO independently in
each occurrence is hydrogen or a hydrocarbyl radical having from 1 to 20 carbon

atoms, and x is 3.

29. The nonsupported catalyst of one of Claims 16-22, wherein the
15  organometal or metalloid compound is an alumoxane or a mixture of an alumoxane

with the compound of one of Claims 23-28.

30. The nonsupported catalyst of one of Claims 16-29 in solid form

dispersed in a diluent in which the solid catalyst is insoluble or sparingly soluble.

31. The nonsupported solid catalyst of Claim 30 in dry particulate form

20  produced by removal of the diluent.

32. The nonsupported solid catalyst of one of Claims 16-31, wherein the

catalyst is prepolymerized.

33. A supported solid catalyst comprising (a) an ionic compound
comprising (a)(1) a cation and (a)(2) an anion having up to 100 nonhydrogen atoms
25  and the anion containing at least one substituent comprising a moiety having an active

hydrogen, (b) a transition metal compound, (c) an organometal or metalloid compound
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0.1 Msolution of trlethylal um numln toI uene and the mxture briefly

stirred. A further F@ } Y\as added to give a total vol ure
of 36 N wqldhs O utlonn‘{/tﬁ' ‘ '“\ ‘-'t'ol he dry tri ethydressazisysm
treated silica and the ure hk“‘Q‘a%l dly lagl tated. 400 m 20 of
n-hexane vas added andot e [eaul L0 ih e GRLBAL 54 of fle RO UBRS. 6 15

(C[ err] Me[g¥ikd @lemh%r add\NdBe sdppokahstkridl, whaein adi ene) in Isopar[err] E was
added and the m xture agitated for 1 hour. This resulted in the

formati on of a dark green col orgﬁ ported ca )

| sopent ane, et H{) BReUPROL! PpategiAkis @ipretied SP%%}tm?fﬁH’?‘d‘Q i ﬁd“%ﬁ?ﬁ‘}ﬁerted

cat al yst I bbhde o HRRGY nti nuously
stirred té%ﬁa]ﬁég@?‘ §%§%gﬁ%ﬁ% (X)(i)qgng{%h??@caggoduct ? o@%egﬁ(\%g(sd ggntl nuously
renoved. The total pressure was 15 bar and the t enperature was

mai nt aisned at 7@, thd imxicsctqmpo;andh&iﬂkdﬂbiliwis tdheahetad 220G ¢fa keastdhk to
renove the di]uent and t . free-f.low ng po yas col | ect ed.
e it erosning HIPPSMAE G d B SR L e RS pent ane
(2500 g/ hrgpyy, V%[:mﬂl 19% supported catalyst component the anion (a)(2) is chemically bonded

69 98/ 27
PCT/ US97/ 2b8i&support (d) @MSO g/ hr), hydrogen (1 N/hr) and supported catal yst
0.368 g/ hr. Polyner powder was produced at an efficiency of 823,000 g

PE/g TF and Wt (oLt | 0L OB PLAREERAS, corbining compbrbh (BERSI £ O- 9638

g/cnferr]. Inasecon | Towm ng "feed rates re enp
| sopenteaneadd2@pth ghiyturder, mdlyﬂxeeae dukihzGat tpaktrone step linuthe peep@Bfiog bfithe, hydr ogen

1 N/hr 5 and supported catal / Pal r. powder was
E)r oduced) atoligreaiafyst, é’log?%@?e'ﬁﬁa) 1s diss ‘.’Fdéég ‘@66“3" BCB (s g(ﬂeblﬁnpt h the
fol | ow ng «%t%@fl)rr irfihe p}e[s@ﬁcre]of éndés an%Qﬁ'cbx\ﬁaneﬂ%QB) gé)Cdff{quF b5 the contact! - but ene

1.72 pe anpl e 15 gram of
triet hyI aI protuctof (2)ewittesiich iohé Qamémclfrﬁb} éa). angl () apk B ksecony vestad inti ng
solid form.
I5 34.  The supported solid catalyst of Claim 33, wherein, during the at least

one step in the preparation of the solid catalyst, a dispersion comprising component (a)
is generated by cooling a solution of () in a diluent in which (a) is soluble, by
contacting a solution of (a) in a diluent in which (a) is soluble with a diluent in which
(a) is insoluble or sparingly soluble, by evaporating diluent from a solution of (a), by
20  adding one or more precipitating agents to a solution of (a), or a combination of two or

more of these techniques.

35.  The supported solid catalyst of Claim 34 wherein, during the at least
one step in the preparation of the solid catalyst, a dispersion comprising component (a)
in solid form is generated by contacting a solution of () in a diluent in which (a) is
25  soluble, optionally in the presence of one or more of components (b), (c), and (d) or
the contact product of (a) with one or more of (b), (c), and (d), with a diluent in which

() is insoluble or sparingly soluble.

(N R s
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10 a 45 mcron particle size silica gel G ace Davi son) was charged to a

vessel. 2 m of a 0. 298M|p q}r‘}fj%b' \é

[(p er err])B(C[err]F[er (! N@Fﬁ‘@[ r"r]H[err #y

t ol u%&al treated with jb_m (f“ soLutlon SP“{‘FSIQ@% y? al umi num
in toluene and the m xture briefly stirred. A further 8.5 ml of

tol uene was adifed tTBheiupporied wlidicatadysy peonsfof Kgalns 33-35, whereiifities sol uti on
was added I I .4 ted silic he m xture 15
was rapi aqli/“%'é[tg‘gtq" Iﬂw(a)i‘b%tlwé %fslé%‘c exaorgéﬁ’% S ‘é%"é’a‘sﬁﬂ EW MP8&sulting slurry
agi t at ed benzene, A xyllEne¥] aditRe dilden® in Whlchf(a)als OnsbRMIesSE] sphrigly Sluble is
(Jerr]Me[err]SiMe[err]NtBu)Ti([err]- pentadi ene) in Isopar[err]
E was addslcigddram erﬂrsz'emf@sagpgaf B%ntm hqxanweptzmm@droé@upted in the
formati on of a dark green col ored supported catal yst.
n- Hexane (25003g/ hr n r:)..and 20
suppo?t ed cat g'?l’??/st %‘}(!)e %?thhﬁ%ggé};ﬁe;orﬁ%gﬁ% i %Jh%nglll%%[lu er,
j acket ed compoun(t()a)tﬁaa(sulsbyxt)sm tlohredc hfza:lﬁ%CrcffacteaﬁtO Fveighopeaterpr essure was 12
bar and the terrper ature was mnai ntained at 65C. The slurry w t hdrawn
was fed to a s d.Bhdent n- hexane (2500

(95

g/ hr), ethyle g?"l???r?edlmhgtfféﬁye“ 4C17‘“B%hr‘)vg%fﬁ‘d‘ e 10niC COMPOYR ed

cat al yst GPnR%/1eHiliy)in tdiiéhela@0AC Bf RISALE ¢ weiH: Bercefcond reactor was 1 1
bar 25 and the tenperature 75C. The slurry withdrawn was fed to a
flashtank to renove the di luent and the dr free fl ow ng powder
pol ymer powder3%/as Tlast supperes solideatplist af Claim 38, wgfrrf:mdh@myc ceaepoyad cul at ed

orondSt: car PR efiE B b o R BRGSO P8y bt Genet ty 0. 373

g/lcnferr]. 70

WO 98/ 27119  40.  The supported solid catalyst of one of Claims 33-39, wherein the anion

PCT/ US97/ 21875 %iannl ng El ectron M crographs: Sanples of
slurry pr@dgtetreseasstte fpapa (I (HDPE), from Exanple 1, which had been

gol d coated mflﬁ"%f@{(‘?%)@ﬂ" scanni ng

wherein:

15 M’ is a metal or metalloid selected from Groups 5-15 of the Periodic Table of
the Elements;

Q independently in each occurrence is selected from the group consisting of
hydride, dihydrocarbylamido, halide, hydrocarb);loxide, hydrocarbyl, and substituted-
hydrocarbyl radicals, including halo-substituted hydrocarbyl radicals, and hydrocarbyl-

20  and halohydrocarbyl-substituted organo-metalloid radicals, the hydrocarbyl portion in
each of these groups preferably having from I to 20 carbons, with the proviso that in
not more than one occurrence is Q halide; G is a polyvalent hydrocarbon radical
having r+1 valencies bonded to M’ and r groups (T-H);

the group (T-H) is a radical wherein T comprises O, S,NR, or PR, the O, S, N

25  or P atom of which is bonded to hydrogen atom H wherein R is a hydrocarbyl radical,
a trihydrocarbylsilyl radical, a trihydrocarbyl germyl radical or hydrogen;

m is an integer from 1 to 7;

n is an integer from O to 7;

q is an integer of O or 1;
his Sheet Has Been Replaced
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el ectron m crograph using a Philips nodel SEMb05 operating at an

accel erating vol t &g oo KV, WA TRsults as shown in FIG I A and
FIG | B at a magnifi caali ﬁH%oEi%%H'\f U“t‘i\l

s, FIG 2A and FIG 2B at 200

times, aOP¥EZLIBA and - = S. The pPEEES7T@A8KGr aphs
indicate that the surface norphology is very snooth and that t here
appear to be parisiagligsg@ffropi 1603 |y two size ranges. The larger particles
are in the _size range of approxinmately 50 microns in dianeter and the
smal | er particl2i aripteger fignel o8, sjze range of approxinmately 5 nicrons in
di aneter. 10 : : GRsin e, Fxampl es The pol yneri zation
exanpl es whi ch ?(ljﬁno‘\?vte&gre cgtﬁ??’ea out in a 13 liter gas phase
react or havi ng m+d-ouxdi nch dianeter thirty inch long fluidization zone and
an ei ght inch dianeter ten inch Iong velocity reduction zone which

are connected by, a transit.i.on sectjqn _havi tapered walls. Typical
oper at inﬂg r ange?’ wer ChUBIPPYT EIQF?t]aE‘f‘t‘éjccllg‘m Jof ?‘%&mFﬁﬁ@P(ﬁﬁ@ssure and
up to 8 hoest [c83@nk YMbstitudBr collpgr¥éingemoie G IRVRBRA active hydrdhed 88

nitrogen entered the bottom of ﬁt?hg%r eactgr whg‘rée tr’1eey ypéiéséeé: tﬁ%gﬁg a
gas distritwdismup@e. The flow of the gas was 2 to 8 tines the m ni mum

particle H@ﬁd% zation velocity. Se(g) Fl ui di zati on Engi neering, 2nd
Ed., D. Kunii an add Levenspi el , 1991, Butterworth-Hei nemann. Most of

the suspended s@hidm Gisepgpataht Ridrotdibéhadicsl deigroup @dHyisiadgane. The
reactant gases exited the top of the velocit reduction zone and_

. . y JUC]
passed! @ hr yhefsinal aeraprises O 8r NRoot BRhe OaflyN+ ¢rifeatommd avhighsis ondaso
passed thr r -agcunul ate in
the R R I St e S LR
pressur e wasykeptrbgbgestghtadical or hydtogemd isthgdrogacigiion oby, amigub ad i ng the fl ow
of nonomer,into.the reactor. Polynmer was 25 renoved fromthe reactor to a
recovery viIEEET B 1i9ehi ng a val ve | ocated at the bottom of the
fluidization zone. The polyner recovery vessel was kept at a |ower pressure

than the reacto42. Thendduppsiddasiiaicatiysydfone of CRIMNINRI, WRteiEE O4RA
reported refer to partial pressures. The node of

react of5 op@@dd isoslepted dremniis seaupl copsistingsof Brprstadagidiocaiipns,@atbon8an  bat ch.

'7I'P]1-e catal yga&io\’x‘@,%ilplrilﬁgggt?oq\s%}%niu%gaqgng,r&'gangmgﬁhﬁlc\é'a&nsi zmdec%{igrqici n an inert

oxidizing agents.

43, The supported solid catalyst of Claim 42, wherein the cation (a)(1) of
ionic compound (a) is represented by the following general formula: [L*-H]+,
20  wherein:
L*isa nitrogen, oxygen, sulfur or phosphorus containing Lewis base
containing from one to three C(.4¢ alkyl groups with a total of from 12 to 100

carbons.

44.  The supported solid catalyst of Claim 43, wherein the cation (a)(1) of
25  ionic compound (a) is represented by the following general formula: [L*-H}H,
wherein:
L* is a nitrogen, oxygen, sulfur or phosphorus containing Lewis base

containing from one to three Cj(.40 alkyl groups with a total of from 12 to 100
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WD 98/ 27119

PCT/ US97/ 21875 at nosphere gl ovebox. The injector was renoved from

t he gl ovebox and inserted I‘[&B' f the reactor. ropriate
anount sWO98@THJI ene, 1 -butje ]r;{ 'Sﬁ BFOYAR Bt | ni t r oBEHU (5 8%5nt r oduced
into the reactor to bring t I”ﬁ‘é@sureiothe desired reaction

t enper at wagbonghmndcat al yst was then nj ec‘t &dand the pol ymer was usually 5
allowed to formfor o 90 tes stem pressure was kept
const ant twﬁﬁ??ﬂggfﬁés V’égﬁ’f HOB"Fh g&%gy&ﬁéyg heaybbaieof monomer into

the reactor. Upon conpletion of the run the reactor was enptied and
the polyner poygler Passup d)rlté%pioﬁdcatalyst of one of Claims>3814%, §/hdiin the

Cat al yst/ support prepara i on 15.9 grams of Crosfield type ES70Y
silica (s@gamtdmm&ﬂMgcmwﬁ@ epnigspends to the fermupdain particle size [D50]
= 106. 8 m cron) was heated at 500[err]C for 4 hours in an i nert
strear of nitrogen. The MPRFx‘)ﬁa s allowed to cool to roomtenperature in
an inert streamof nitrogen. The silica cal cination tube was then
seal ed at bot hwherein MAds a metal obmetaljbitd seletwd froni Geoups 4t MosdthePerigliovebox.
The mhc_gﬂ)ila % Elyved fromthe 15 calcination tube then slurried wth 80
m of hexkiee gfthg & of 5 n hexane/ gram silica. To the slurried

silica was added 2.93 grans of a 93 weight percent solution of
triethyl al um nRAindeEsRAenif cash @%W%ﬁ%d’éér%én ar 2 groNp havipg drom ] © 8ol es

TEA/ gr am S urs with
gentle aglotng drggé‘tgngﬁlgr‘%l evxgwéx’%arﬂﬁhf’&r{)%‘ﬁ%m%?&ﬂb%%@@iﬁﬁer 2 hours the
silic® vva:sm;m‘hbt:ﬂbyﬂgemm onbirechrbywisibghydradartyylit ot al of 20 100 m of hexane

to renmove any sol ubl e al um num conpounds whi ch may have resul ted
during the TEAX® rseaﬁdmnérfahgpgro{rmba\sﬂxg from Wwed 00 henhydirogah addms @hith is
t enperat ure nder vacuumto give a free-flow ng powder.

To 100 mho&q-s@sgt%hm%rwg,le[rngr ylamino-substituted hydrocarbyl,

ot A A O SIMB S R )L

stirred dtydraarbyeypehatidese for 18 1/2 hours. 0.278 ml of the preceding
sol ution was added dropwise to 1.0 gram of the TEA treated ES70Y
silice descri bei sereraustyer which may edrigefiath byo a gagetsquahaikthelg for 15

m nutes. 0.0427 m_of a 0.234 Msolution of ([err]-
valence of MO;

y is zero or a nonzero integer which may range from 1 to an integer equal to 1

less than the valence of M©9; and
X + y equals the valence of MO,

20 46.  The supported solid catalyst of Claim 45, wherein in the organometal or
metalloid compound (c) the metal or metalloid is selected from Groups 2, 12, 13 or 14

of the Periodic Table of the Elements.

47.  The supported solid catalyst of Claim 46, wherein in the organometal or

metalloid compound (c) the metal or metalloid is Mg, Zn, B, Al, Ga, Si, Ge, Sn, or Pb.

25 48.  The supported solid catalyst of Claim 47, wherein in the organometal or

metalloid compound (c) the metal or metalloid is aluminum or magnesium.
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Cerr]Mef[err]Si Me[err] NtBu) Ti ([err] -1, 3- pent adi ene) was then added dropw se
to the silica f ol I@*&Qﬁ%&hakl ng for 15 mnutes. The .

catal yst | oadi ng was 103 TS SHEET 1PAS RErN |

75 WO 98B/ 2711011 Rep '_AQLD i PCT/US97/21875

PCT/ US97/ 21875 = ““ To the fornul ated catal yst was

added 10 m of 4Eexaﬂ‘®efsqb}iomt=kdohdcatalyh)ﬁf@laﬁﬁrm&h&hﬁkirﬂﬂeGfgah&ﬁetﬁﬁéxu't' ng
slurry for % S urr was . then filtered and washed tw ce

with a tof™H? QB,FL} ‘i‘U“?ﬂ“"gl‘ksﬁB?(HW? TRstElgld is pYRIgURat ol yst was t hen

dried at roomtenperature under vacuumto give a free-fl ow ng powder. 5
Pol ymeri zati on50.  The supporte® sdlidiéa®dTHst F Cldif 490 Witkiedt B of odescri bed
above was added to the seni - batch gas phase react ogradtnv\kg&& was under
an et hyl efetailoideampousd cer@p@ads toghe formutachiRO, whergin 895ndapendenly it bar, a

{ermor gt uPsr o contoltlor IR AR R RHRR PATRIES 130 Pipeon a oy orrjc 10

exot hermmsnmaisxli‘seﬂ upon i nj ectlon of the catalyst. 16.0 grans of polyner -
wer e recovered after 30 m nutes. Exampl e 14

0. 075 grans of he rnul at e t al escrjbed in Exanple 13 was added to
the seni - bat ch? éﬁﬁé‘é"proétﬁgf(gﬁ‘iﬂﬁ Re Of{efaims3i-at.1wheasia ther essure of

6.5 bar, Braliﬁomeﬂal oMt@Nsd I@Bﬁi%&&ﬂdels(ﬂfl aﬂrrﬁ&xat?@[)p -3 iy 296 rlhﬂlrx&saﬁyr e of 0.04

bar and a nltrogen pressure he tenperature o
pol yner i z&tithdhe edmpangd@fne pkClaims 4\%§070[ err] C A 6[err]C exot herm
was nmeasured upon injection of the catalyst. 15.9 granms of polynmer were

recoveged aft €k, 30 ILﬁ'ng' E'ﬁp%%rted solid catalyst of one%ngn% 513550, wherein the

supported solid catalyst is essentially free of alumoxane.

53.  The supported solid catalyst of one of Claims 33-52, wherein the

catalyst is prepolymerized.

54. A method for preparing a dispersion of a supported catalyst component
15 comprising (a) an ionic compound comprising (a)(1) a cation and (a)(2) an anion .
having up to 100 nonhydrogen atoms and the anion containing at least one substituent
comprising a moiety having an active hydrogen, and (d) a support material, where the
supported catalyst component is in solid form dispersed in a diluent in which both (a)
and (d) are insoluble or sparingly soluble, the method comprising converting a solution
20  of the ionic compound (a) in a diluent in which (a) is soluble in the presence of the
support material into a dispersion comprising component (a) in solid form, and

wherein,

(i) the support material used is a pretreated support material and, in the
supported catalyst component, the anion (a)(2) is not chemically bonded to the support
25  (d), or

(i1) the ionic compound used has a solubility in toluene at 22°C of at least 0.1

weight percent, the support material used is a support material containing tethering
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20 0.05 grans of the forrrul ated catalyst described in Exanple 13
was m xed with 0. 4%5-gra EA treated silica described in

Exanpl e 13. The mxture VARAIS sﬁ”ﬁ&d@ﬁﬁ_é@ Ii he sem -batch gas phase reactor
whi ch w30 98127819 an et hyl gne pressurezmf 6. 5 bar, aPQT/UBIW2$®B pressure
of 0.14 bar, a hydrogen pFessure-of- g=04=far and a nltrogen pressure

of 2.8 bagmu‘prh@nd enersappored ehtalyel qomgion@t the Anioh (AU HOeKertiBA1Y BURIUES
69[err] C. 25 A 5[err] C exot herm was neasured upon injection of the

cat al yst . 15tha sgpRs(ddf * pol ymer were recovered after 18 ninutes.
Exanpl e 16 0.05 grans of the fornul ated catal yst described in

Exanpl e 13 was Xe silica
XDl © i nass81 Xe b for prepafind'a AsBaioh or b AgnsTRoridAlaAh:

73 compai®nO8imaptisiity convertmg a solution of an jonic compound (a) comprising

PCT/ U 7/ t he sem - bat ch ase reactor ch was under
an et Eféﬁgfléég?ﬂ %“doé’?(% zg\m?n aying up tog@Blﬁ‘EP éoﬁff‘ég"é?ﬁr‘g’\gg @A har, a
hydr ogen BE RS Hgeht qe‘as&n@f&umEuean@bxﬁprmﬁgrmsiatyn{a@ﬁfg%eacuve hydr@fenldh 4 Dar.

The catal yst was i]‘r&ecte at a reactor tenperature of 70[err] A 4lerr]C

exot her m dideentriwhich dalipsniublajredeiabsenes of huippent aajesial inFoh Hispénsigni nj ect i on
of the comgrzxi%gégém %n@ﬁt&agﬁqpsgﬁxﬁtf&ﬁne in the reactor rose to 75[err] C over

the coursé o grans of polyner Were recovered after
-?-g ?Lnogu';nesof a56 OBEhW&OEé?gﬁaXB’fSJA or Claim 55, wheremt%%con ertm {se ogé ?r;[ on
[(p- Hmeme]ﬁs%ﬁeé offbLh &aﬁshF&n%éthD Lhd MdRA&ERthd caJeerst cofpBidntid err]] in

do®igo
t ol uene was added 0.0036 noles (0. 38:? rans) of TEA. The m xture was
al | oned t ®swhsiantiglly ingotive: cafabst a@rewréom rwmgem/ttze mnyﬂgmg@s darig initheof t he

Erssgsdls P?Presen&gs ?C) angrgan%gtaﬁg l%glaﬁi(l;lg %%Bguntdowﬁlbrem %e m&t?l]( or meta]TEé treated

is selected from the Groups 1-14 of the Periodic Table of the Elements and the catalyst

component is a reaction product of (a) and (c). ¢

15 57.  The method of one of Claims 54-56, wherein the dispersion comprising
component (a) is generated by cooling a solution of (a) in a diluent in which (a) is
-so!uble, by contacting a solution of (a) in a diluent in which (a) is soluble with a
diluent in which (a) is insoluble or sparingly soluble, by evaporating diluent from a
solution of (a), by adding one or more precipitating agents to a solution of (a), or a

20 combination of two or more of these techniques.

58. The method of Claim 57, wherein the dispersion comprising component
(a) is generated by contacting a solution of (a) in a diluent in which (a) is soluble with

a diluent in which (a) is insoluble or sparingly soluble.

59. The method of one of Claims 54-58, wherein the diluent in which (a) is
25  soluble is selected from the group consisting of toluene, benzene, and xylenes, and the
diluent in which (a) is insoluble or sparingly soluble is selected from the group

consisting of pentane, hexane, heptane, and octane.
60. The method of one of Claims 54-59, wherein the anion (a)(2)

corresponds to Formula (II):
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previously in Exanple 13 foll owed by vigorous shaking for 15 m nutes.
0.0641 m of a 0.234 k EH:GTF*’ETT{-- == ~
([err]Clerr]Me[err]SiM[err ‘!NﬂBQ)'TT( ler 4§ BEEN- )pent adi ene)_was_ then added 15

dr opwi seWOP8E2AHIs| | i ca fol | biEGHyeEBus shiaki ng for BEHYRHRHES The

cat al yst | oadi ng was T cronol /gramsilica. To the fornul ated

catal yst was ad@d™ @(GY(Ta),)]" hexaneIfol | owed by vi gorous shaking of |
the resulting sIHrr for 20 mnutes. The slurry was then filtered and
washed twice wi VA® otal of 10 m of hexane. The fornmul ated cat al yst
was then dried g i PRRI BFREaRbid seletiR BonVGRuPE5 118 dlithePeRioliiceRibid i ng 20
powder . Pol yneri zati on 0. 033 grans of the

f or mul at edthe &emhsnds; described above was nixed with 0.35 grans of the

TEA treated sily Cﬁdeﬁ: §&cnhp?rge o o'évémﬂ'% EiskBrectl %ﬂom tﬁ:g cﬁxy%ﬁsxﬁ&g%q to

the sem -batch ase reac was un I"'ene pressur e of

6.5 bar, ahybide, d;h#utbmeylmﬁmswlmepﬁycﬁochﬂayhasﬂdeahyhracanb)tlra)gleslubsmms&ure of
13.7 bar. The tenper ature of meri zatign t hroughout the run was

o erirC Mbreseghn et incidia haler sTSHHRES hydrocriy biadicalt B RGESCaYE o

Ex 2rrg Ir eri 88Id r&%ﬁ?&%ﬂ@i&tﬁﬁ&?&&%@& Phb&loid Padidl iShydrocarbyl porti %fm

WD 98/ 2711éhch of these groups preferably having from 1 to 20 carbons, with the proviso that in
PCT/ US97/ 21875 r of  the fornul ated catal yst
descrifbd 1Pt MSrg NSNS Wﬁ%?@o{g &H‘% &3 powvggntd’ryéi%a’gf’"ﬁﬁ% EA treated

silica deSHJJng%drllmelﬁmngﬁea to Mraandivghatips (1ap; added to the
sefm - bat ch gas phase reactor which was under an et hyl ene &essure of 6.5
bar, a 1- thetgeoup [@rBhiswrradigtl wherain fagompaisesy B 59@3 o4 ©. 8fN0. 04 bar

A tor § LROE RGBT SRIER is tondeda heceeh Bom Hthedh RiY & hydiRarb Y -ElbAT 20 2

reactor te ESE
a trihydrocarbylsilyl radical, a trihydrocarbyl germyl radical or hydrogen;

15 m is an integer from 1 to 7;
n is an integer from O to 7,
g is an integer of 0 or [;
r is an integer from 1 to 3;
z is an integer from 1 to 8;
20 d is an integer from 1 to 7; and

n+z-m=d.

61. The method of Claim 60, wherein in the anion (a)}(2) the at least one
substituent comprising a moiety having an active hydrogen corresponds to Formuia (I):
Gy(T-H), M
25 wherein G is a polyvalent hydrocarbon radical, the group (T-H} is a radical
wherein T comprises O, S, NR, or PR, the O, S, N, or P atom of which is bonded to
hydrogen atom H, wherein R is a hydrocarbyl radical, a trihydrocarbylsily! radical, a
trihydrocarby! germyl radical or hydrogen, H is hydrogen, q is O or 1, and r is an

integer from 1 to 3.
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was neasured upon injection of the catalyst. 12.5 grans of polymer were

recover ed after 90 m Hgl_-_e;s; . Exanpl e 19

Cat al yst preparation 10 o THIS euEg 100 oAt jﬁ a 0.036 Msolution of

[ (p- H@@r%ﬁ%@rrns(qerr]F[err]scter:wmﬂ (ﬂerr] PCTYSEFHBIY err]] in
t ol uene was added 0. 0036 np —gransr-of TEA. The mixture was

allowed to stie. at Theamthicigfamnaiof Caifis 5418, wheteirsthe @aiZorB(andl) af t he

precedin Iutlon was added dropwise to 1.0 gram of a TEA treated
Crosfi el gel’f‘i}f)%fr °§W“P<98“S‘S““g °f(1%r8?~°r‘%4:@'%‘Féét“mSQ‘B@b(Pf{"éer}lVl@flSand a Mal vern
particle RQL haki ng for 15
m nut es. gl‘ﬁ%gﬁncé osfi eclsxéljgtﬁl %g&ﬂg&%ﬁ%ﬁoﬂ%ﬂﬁg atB%egtﬁdc Cdln%g%a&'iimﬁ and treated
wi t h TEAagemtsa manner anal ogous to the procedure described in Exanple 1.
0.0427 m of a 0.234 M solution of

o e = gl 8l ST bprnn 5, L

The cat a(4)s¢ repRaehie@byar f&ﬂomsglgegéxamwmhlacp;, -Fipt WhRrdigr nul at ed cat al yst
was added 20 _,10 ml of hexane followed by vigorous shaking of the

resul ting sl ukrys & BHIoOZen.pXpgene sulfur or phospherusicanteipingkewisdase i | t er ed and

vashed t W Ginile! doft ch@tdhddic 10, M o BEXANh o L8 of rom 158 i At &0 catalyst

was t hen roomtenper r*“vacuum o giv
fl ow ng pabohey. . Pol yneri zati on 25 0.05 granms of the
formul ated catal yst descri bed above was mxed W|th 0.35 grans of the

TEA treated silica,descr.i ure was added to

t he g m - bat cA*gas gﬁg?éhq%égéjfl%’fn%%%r%g 8’? (aaﬁs&f IRAIGTRMBAYEds ur e of
6.5 bar, (8 is represerte by %Qo%@ﬁ@%ﬁerﬁffo@m&lﬁ R&H]Fa\\mépéﬁ’gen pressure of 0.04
bar and a nitrggen pressure | of 7 bar he tenperature of

pol yneri zat i o tih DURPSERI{OXY BRR, ﬁ@ﬁlnm@hmenx%]cwmlxa leewip Base

75 containing from one to three Cj.4¢ alkyl groups with a total of from 12 to 100

carbons, and

15 the anion (a)(2) is tris(pentafluorophenyl)(4-hydroxyphenyl)borate.

65. The method of one of Claims 54-64, wherein the ionic compound (a)

has a solubility in toluene at 22°C of at least 0.3 weight percent.

66. The method of Claim 65, wherein the ionic compound (a) has a

solubility in toluene 22°C of at least 1 weight percent.

20 67. The method of Claim 66, wherein the ionic compound (a) has a

solubility 22°C in toluene of at least 5 weight percent.

68. The method of one of Claims 54-67, wherein the dispersion is

essentially free of alumoxane.

69.  The method of one of Claims 54-68, wherein the catalyst component
25  excludes (b) a transition metal compound, excludes (c) an organometal or metalloid
compound wherein the metal or metalloid is selected from the Groups 1-14 of the
Periodic Table of the Elements, or excludes both (b} and (c).
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WD 98/ 27119
PCT/ US97/ 21875 exot herm.was--reasur-eg=wpon injection of the catalyst..
26. 3 granms of pol yner wefjer:iaa racoveeed after 90 m nutes.
111. PolWRPEEltne Exanplies ASED Exanpl e 20 5 PCT/US97218%8at al yst
preparation —Regartifg—various aspects of the preparation of
the transitiomoret afheaReRed!done of ClaiSRS4@oFaARTIRbmbAsink 1904 o?@é at page
962; see also U S Patent No. 5,278, 264 hereby I ncor por ated "herei n by
ref er encéjlluePtép,pfoduce the catalyst component in dpepastied!®e fayims ( 2- Me- 4- Ph- | ndenyl ) Zr
di phenyl but adi ene 10
rac- Me[err]Si (8- nmet - - ] Lerr 4.00 6. 36 mMmmol)
and di ene 72)( 1. SI?L%ACST]M@E%%X%%%%?gl‘t\%{gl&gﬁéﬂ% IFIE‘FSL?%%?P'%HW ask and
sl urri ed drdero(2) 50 iovlic edfmpound camp@Esieg (a¥(19a vhtionfand Rayd) dnlanforMavikg.upl nmol)
was a deﬂ éb@ S%’t{ idn%. The rgal%]i on ..mxture was stirred at room
t enperat uP é " oURFIRBRALARS e BILCAMAIRIAS figast passubstigent compsising) - 85
[ err] C f armaieps i lckvédh e, o9kl &%ﬁ t | ux, then cool ed
to 15 room ?rerrpeﬂr%nure_. #tﬁb%ctgbget@g?ﬁ?r?%’ﬁ%{/\as QI% fae(rcfe after cooling
and t he i9igasogistad or metalloigeqomparnchwhierin; the iesehnemetatloid icsdlanddom The
sol vent g L), VAU, roduct, was slurried into 10 m
fresh heﬁgiggog'ﬁg\{gﬁaé:@h ?er{%t%hce{q‘%?ee f1bg E?l?"epgoa'[def’?t]‘qf‘ahbr(dia support

material, wherein during at least one step in the preparation of the solid catalyst,

i s e

10 component (a) is dissolved in a diluent in which (a) is soluble to produce a solution of
(a), optionally in the presence of one or more of components (b), (c), and (d) or the
contact product of (a) with such one or more of (b), (c), and (d), and then is converted
into solid form, optionally followed by recovering the solid catalyst in dry particulate

form, wherein, when a support material (d) is present, ' .

15 (i) the support material used is a pretreated support material and in the

supported catalyst the anion (a)(2) is not chemically bonded to the support (d), or

(i1) the ionic compound used has a solubility in toluene at 22°C of at least 0.1
weight percent, the support material used is a support material containing tethering
groups and in the supported catalyst the anion (a)(2) is chemically bonded to the

20  support (d).

72, The method of Claim 71, wherein the support material used is a
pretreated support material with a pore volume of from 0.1 to 5 cm3/g and in the
supported catalyst the anion (a)(2) is not chemically bonded to the support (d), and
wherein the volume of the solution of (a), optionally in the presence of one or both of

25  (b) and (c), is from 20 volume percent to 200 volume percent of the total pore volume

of the support material used.
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hour. The cold slurry was filtered and the solid product dried in vacuo,

gi'ving rac- Me2Si ( 2- mt%—ﬁpﬁewt:q:rf &yl ) [err] Zr (1, 4-di phenyl - 1
, 3-but adi ene) as a red sol |'ﬁ SHEYT el@ B Jﬂ82 g, 45 percent; 82.3 wei ght
per centWOABRI17 7 wei ght ﬂgr centri: Freets  dilene). | HW%QZMS ppn :
7.8 - 65(rru|tip|ets, aro =pT Ot ONS, ~4nd free di ene protons), 5.6

(s, 2H, indeny3. pr'diha)m)ethoa of\ Bl il2; thhteﬁn th2 Molubfe@HHEkglutidn 18 fisrh gl et
g}lﬁélzapghqgm%e}ckgt 16 130 vblulmrg:dp%rf.yent g}E the ¥ota1 pore v q%ﬁ?g\e stugi[)grlt yglterial 0-9 (.S’
WO 98/ 274¢kS.

PCT/ US97/ 21875 Pretreatment of the silica: To 5.00 g 50[err]m
silica (G ace_Davi son XPO- 2402, whi ch had previously been cal ci ned at
500 [err]C) wébs addamsthogof Cliinidide Whyrsin the volume of thesalvtéon 5 ni of neat
trietdyl t stirred for
one hsguréub Pﬂmﬁgﬁ})\%ﬁ%ﬁd &% @%gﬁ&lpﬁ%@gﬁuﬂtﬁ’%seﬁnd the silica was

5 washed twice with 50 nL boiling toluene, followed by 50 nL hexane. The

silica was 75. t'ﬁhmmpl}nnpeﬂcwnyn My whkresuthe safportheaterialtusedfz aM t h a st opper.
After 3 hours 45 ni nut of tr ated silica

(Si O er r]FHEagd ngrté%a&f&l (\_ydthapore vGliime’ Of?m"hogé derbfesidinme i of 0.1 M
of [ (p- HApb&hed éﬂtﬁwt]taeain%ﬁ(ay]zﬂs%i Laefrﬁwu MH@%%@%@ (d),anbil €rrl)ferr]]

in toluene (91 [err]nol es) was conbi ned w't uene and 0.91 10
m. of 0 whmmrthGVWyMIQﬁmmmﬂ(olf@ﬁ\(a)%m{@nﬂ)] inothe piesenve Otfhae enbaethiofn with a

tota S stirr his sol ution was
adde bbj At gc) el(%(?ﬁgha? 25 VB meZPef%e“gc’f{h ttc?_}alopotr%yéjlggteeoéﬁg WPPBFepar ed
above Inmateﬁﬁ)] u‘sbdflask. The m xture was gently m xed for several
mnutes with a spatula to evenly distribute the Iiquid over the solid

until a free ovm' ng po@w?r was obtained. 20 nl. of hexane was added to the
15 solid, m % ng ThemaBes Af %erﬂwnﬂw1a7%¢*§te£ﬁl&“feoﬁ°héwﬁ1qﬁ&%)és The

pr etreat&qd@ehllga] ‘(’)}%@senceof(b filtered and punped dry for one hour. 2.33 g
solid product was tal ned ‘and placed in a 100 mL vessel. A solution

of 85 ng of 24Dn transition metal conpound prepared
77. The method of one of Claims 71-75, wherein the solution of (a) is

15  produced in the presence of (c).

78. The method of one of Claims 71-75, wherein the solution of (a) is

produced in the presence of (b) and (c).

79.  The method of one of Claims 71-78, wherein the solid catalyst is
produced by adding the solution of (a), optionally containing one or both of (b) and (c),

20  to substantially dry pretreated support material, followed by removal of the diluent.

80.  The method of Claim 71 wherein during the at least one step in the
preparation of the solid catalyst, a dispersion comprising component (a) in solid form
is generated by cooling a solution of (a) in a diluent in which (a) is soluble, by
contacting a solution of (a) in a diluent in which (a) is soluble with a diluent in which

25  (a)is insoluble or sparingly soluble, by evaporating diluent from a solution of (a), by
adding one or more precipitating agents to a solution of (a), or a combination of two or

more of these techniques.
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vessel in 3 portion ,of about:* il \%\T@" ach, gently m xi ng thoroughly
after on had been 20 F&ddédSith a spatul a topepfisef geneous
distri bﬁ%%’gﬁ #d t he cat al f}st Sol utl on on the solid. The so %m
material was rinsed four tinmes wt nL hexane. The gr.ayi sh-bl ue

solid was driéd-in 'U&dﬁ%} erhef Glsirp 80A“’§%(Fr’ﬁl‘%¢ disPersion GEMBFISIpG FAMPPRANS hed
materi al ta Rlutfh F1R M alddiubt iN Sidhod) RSbhpf AR The
anal ysi s (\gﬁﬁo\ﬁeﬁer?ﬁgt%yt ﬁ%d?I jeen ra&B\/{/as 2§ elrr rmo(g}s o%uér/g silica.

25 a diluehixianyilieh Qa:)xs msolub]eorspann@lyeqohxbﬁl on of the pretreated support.
Crosfield silica ES70 was cal ci ned at 250 C for four hours with

ni trogen flow hro h a ter. ool i .10 .5 ¢ of the
cal ci ned silid € %tg ‘gg{j{: \%@oécéa@a‘e YO TR tﬁg]%l?%m%d 5 nL of neat
TEA. conB?ﬁ,u#g%Hp@nama)q!; fisst doracted @irk edmborient(b)haad rth&f&su’:mﬁg)c ker type

m xer . The sanple was 30 vacuumdried for one hour to give 5.3 g of

fi ni shed presuct fscxubsaguent]y goatacted with component (c).
77 WD 98/ 27119

PCT/ US97/ 21875 I f

[ (p-HCOC err] H[err] )’Bte&q%tp?t]i %f[girafrﬁ 8\[[jt(;}rrr@']nz]u{f?lmOWﬁﬂénn c@fnpgnént%b?glr}? c))[err]] in
t ol uene (60 cmndtidrrdehy resaking pndduatis centaticd withithe disparsibnieomprasidg 0. 0. 6

mL of 0.1 Mtriethylalumnum (TEA, 60 [err]noles) and the solution with a
total vol§RePonent(aht 1 5 ni was stirred for 10 mnutes. This sol ution was
added in three portions to 1.0 5 g of the pretreated Si Q2 prepared above
in‘a {00 nL bog4 | e. THhGeHb&X bR oFaai@@yTtil, B0-83, wherkmerhdnetippoereesalid Ni nut es
wth a spatula to evenly distribute the I|qU|d over the solid until a
free flovialysidvereparofhin thpebsenesdl L uPRpit B8l nt it was washed three times
with 20 nL portions of hexane. The pretreated silica, was filtered and
punped dry for p C & 100 nL
vessel. A 1.5 8 soT%gﬂge%ng%ﬁt(gl?imﬁ; BQQFe‘?V??@n%Ideaﬁﬁglﬂa transition ,
met al  conpiied dusies omedafable stepstin¢hevprepashtion of the sQjidrmatalysti xi ng t horoughly with
a spatula to ensure honbgeneous distribution of the

86.  The method of one of Claims 71-85, wherein the diluent in which (a) is

above was dissolved in 3. G=rEs e‘f’ftefueﬂej‘g‘.{‘%err] nol es) and added to the.
!

15  soluble is selected from the group consisting of toluene, benzene, and xylenes, and the
diluent in which (a) is insoluble or sparingly soluble is selected from the group

consisting of pentane, hexane, heptane, and octane.

87. The method of one of Claims 71-86, wherein the anion (a)(2)
corresponds to Formula (IT):
20 [M" ™ Qu(G(T-H)D.1" (I
wherein:
M’ is a metal or metalloid selected from Groups 5-15 of the Periodic Table of
the Elements;
Q independently in each occurrence is selected from the group consisting of
25  hydride, dihydrocarbylamido, halide, hydrocarbyloxide, hydrocarbyl, and substituted-
hydrocarbyl radicals, including halo-substituted hydrocarby! radicals, and hydrocarbyl-
and halohydrocarbyl-substituted organo-metalloid radicals, the hydrocarbyl portion in
each of these groups preferably having from | to 20 carbons, with the proviso that in
98
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catal yst solution on the solid. General Polynerization

pr ecedur e Propyl Ingm o, sopar]ne_rrJ I, hydrogen, hexane and
nitrogen were all purified byl 15"~ 'pass_ “h‘rm?gh packed col ums of

acti vat ewodsB7e19d al uni na. The_supported 24Dn._ cat al BGHUSELIEPurri ed
in the gl ove box with about 20 nL of hexane. Pol ypr opyl ene
prepared whi RoRURRPbAEEEcHREMNSQ Haliaen GEisanidlevalidt hydrocarbon radical A two-1iter
stainless steel reactor was dried by vigorous stirring of 1 m 0.1 M

tri-i sobuthyvmalfthwﬂeﬁ*ﬁ@d?%@‘l’fbwMnm% 1 grepes @ddsd to 1 liter Isopar[err] for
one hour at 20 OpAal at 70
[err]C. It was t%%r%uéﬁg%ed W img&mT%& u???o%%&rﬁgggfé%ﬁg of
propyl ene or #Qitdin of mwnamonchddo Rﬁirdgdmaomﬂ whereindRyism hydrocartiyy ratiidaler ent i al
pressure expansion from ‘@? cg (p m xture was heated
to 70 Ferﬁ]t@%ﬁc%fhﬂﬁlyér%ql rAtripydpeathy sxipy radiep! pghy fogen; (2 [err]nol es
24Dn cat al yst qﬁlszz{n)mt\%grf{r@rﬁrl]tgql es TEA and 5 nL hexane was added to the 25
reactor. The reaction | owed to proceed for 30 minutes. The contents

of the r exis o integer érorh@te Lol | ected in a nitrogen purged stainless
steel contai ner lymers were dried overnight in a vacuum oven
at 130 [err]C. WPéPb‘“ﬁ@rﬁmgFg’ndard 13C t echni ques showed that the
pol yner was 96 rq@gﬁmfe;frbﬁd] oyl isotactic, with 0.95

78

PCT/ U$07/ 21875 z is an pegeafion higelise i nsertions. The pol ymer had

MN/. Mh=320, 000/ 8d2 s?xg(gntegcrfro?ﬁsl to 7; and

n+z-m=d.

88. The method of Claim 77, wherein in the anion (a)(2) the at least one
substituent comprising a moiety having an active hydrogen corresponds to Formula (I): B}
5 G4(T-H); @O
wherein G is a polyvalent hydrocarbon radical, the group (T-H) is a radical
wherein T comprises O, S, NR, or PR, the O, S, N, or P atom of which is bonded to
hydrogen atom H, wherein R is a hydrocarbyl radical, a trihydrocarbylsilyl radical, a
trihydrocarbyl germyl radical or hydrogen, H is hydrogen, qisOor 1, and r is an

20  integer from 1 to 3.

89. The method of one of Claims 71-88, wherein the cation (a)(1) is
selected from the group consisting of Bronsted acidic cations, carbonium cations,

silylium cations, oxonium cations, organometallic cations and cationic oxidizing

agents.

25 90. The method of Claim 89, wherein the cation (a)(1) of ionic compound
(a) is represented by the following general formula: [L*-H]*, wherein:
L* is a nitrogen, oxygen, sulfur or phosphdrus containing Lewis base
containing from one to three Cj(-40 alkyl groups with a total of from 12 to 100

carbons.
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determ ned by standard GPC techni ques. Pol ypr opyl ene prepared
W th Supported Catal yst from Exarrpl e 21 Sanme procedure as

descri bed above was repeareﬁr—”ﬁsrn;g‘%fg""’r"r propyl ene, 40 5 g of hexane,
and 26 cedvsRpsd hydr ogen!lby ditTer enti}at—b ssure expanBcouséTnsIsa 75
m. tank. After 35 m nutes: lOf reqctron~“tine_lt he pol ymer was col |l ected and

dried as dsscr i bdmahoy 6 CHER ob! Ghétefl thd AR QRN F96niBSmisund:

(a) is represented by the following general formula: [L*-H]*, wherein:

L* is a nitrogen, oxygen, sulfur or phosphorus containing Lewis base
containing from one to three Cyq.40 alkyl groups with a total of from 12 to. 100
5 carbons, and

the anion (a)(2) is tris(pentafluorophenyl)(4-hydroxyphenyl)borate.

92. The method of one of Claims 71-91, wherein the ionic compound (a)

has a solubility in toluene at 22°C of at least 0.3 weight percent.

93.  The method of Claim 92, wherein the ionic compound (a) has a

10 solubility in toluene 22°C of at least 1 weight percent.

94, The method of Claim 93, wherein the ionic compound (a) has a

solubility 22°C in toluene of at least 5 weight percent.

95.  The method of one of Claims 71-94, wherein the catalyst is essentially

free of alumoxane.

15 96. A method for activating a substantially inactive catalyst precursor to
form a catalyst suitable for addition polymerization wherein a substantially inactive
catalyst precursor comprising (a) an ionic compound comprising (a)(1) a cation and
(a)(2) an anion having up to 100 nonhydrogen atoms and the anion containing at least
one substituent comprising a moiety having an active hydrogen, (b) a transition metal

20  compound, and, optionally, (d) a support material, is contacted with (c) an organometal
or metalloid compound, where the metal or metalloid is selected from Groups 1-14 of

the Periodic Table of the Elements, to form an active catalyst.

97. The method of Claim 96 wherein one or more of (a),(b) and, optionally,
(d), and the organometal or metalloid compound (c) are separately added into an
25  addition polymerization reactor containing addition polymerizable monomer or

monomers.
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98.  The method of Claim 96 wherein a dispersion of a solid substantially
inactive catalyst precursor, comprising (a),(b) and, optionally, (d), and the organometal
or metalloid compound (c) are each separately added into an addition polymerization '

reactor containing addition polymerizable monomer or monomers.

99.  The method of one of Claims 96-98, wherein the addition
polymerization reactor is operated under slurry phase or gas phase polymerization

conditions.

100.  The method of Claim 99, wherein the addition polymerization reactor is

operated under slurry phase polymerization conditions.

101.  The method of Claim 99, wherein the addition polymerization reactor is

operated under gas phase polymerization conditions.

102. The method of Claim 96 or Claim 97, wherein the addition

polymerization reactor is operated under solution polymerization conditions.

103. The method of one of Claims 96-102, wherein the organometal or

metalloid compound (c) corresponds to the formula:
MORCx X3y,

wherein MO is a metal or metalloid selected from Groups 1-14 of the Periodic

Table of the Elements,

RC independently each occurrence is hy'drogen or a group having from 1 to 80
nonhydrogen atoms which is hydrocarbyl, hydrocarbylsilyl, trihydrocarbylsilyl,
trihydrocarbylgermyl or hydrocarbylsilylhydrocarbyl,

X2 is a noninterfering group having from 1 to 100 nonhydrogen atoms which is
halo-substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl,
hydrocarbyloxy-substituted hydrocarbyl, hydrocarbylamino, di(hydrocarbyl)amino,
hydrocarbyloxy or halide;

X is a nonzero integer which may range from 1 to an integer equal to the
valence of M9;

101
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1. A conpound that is the reaction product of: (a) an
i oni ¢ conmpound conpri sin (1) a-eatign and (a)(2) an anion having up-to
100 5 nonhydrogen Hi-oms -andreont aFm'r“g at | east one substituent
conpr i sWAgSATHBI ety halii Ny an-active " hydrogen,  PCI/US9721875 wher ei n
the cation (a)(1) is répresented=phy=tRe=Tol | owi ng gener al
fornul a: [ L*- Hyie#eld or a nonzero i8I Klch may range from 1 to in"inte‘gmae_qr'%lh}tt?qgem

g

oxygen, sul fur or phosphorus containing Lew s base contai ni rom 10 one
t o t hr eelesy tap thegyaigpce gf MQpandni th a total of from 12 to 100 carbons, and
the anion (a)(2) corresponds to Formula (11):

[ M e[ rr]+q er kHyFquels|tiervalprceof MJ.err]] (I1) wher ei n:

M is a nmetal or netalloid selected from Groups 5-15 of the Periodic Table
of the 15 El @renThe method of Claim 103, €héraiidRFein ciemhdry than opaobcu@ieatd r ence i s
sel ec ed.frﬁn1the arauggconsisting of hydri de, di hydr ocar byl am do,
hal i d®, FYWASEERAPRENS 880 hydrocarbyl, and substit ut ed- hydr ocar byl

radi cal s, including hal o-substituted hydrocarbyl radicals, and hydrocar byl -

and hal oy dr PE@meitbod STt 108 &6 COMAA; WRSSH!iR ik drgﬂioﬁf&a'i orthe
hydr ocar byl portion in each of these 20 roups preferably having froml

to 20 cafgtatieid sompeund () Hieouetalortmetelloid issgiecied feom Grovpsdel2, 13 or Iéccurrence

is Qhaljgde; . I I drocar bon radi cal having r+1 val enci es
bonded t%’dﬁ)éPgnb(iw%gﬁgo?%grﬁg%ﬁlpesﬁ%ﬁH); the group (T-H) is a

radi cal wherein T conprises O, S, NR, or PR the 0, S, Nor P at om of
whi ch is bondégb.t oThydhethge of Gtadmn IS yakereinnin Rel sgamomedht ocmetalibidr adi cal , a 25

tri hydrocar byl si | radi cal , trihydrocarbyl. gernyl radical or hydrogen;
m i s}/(gn F?ﬂ’%‘é’é’f’ (?N}?ﬁr‘ftaﬂ gt W‘Ftaﬁo‘d 18 Mg, zn, 8, E’ansg‘aﬁ}éi $it-@58P- from 0"t 07;

gis an integer of 0 or 1; r is an integer from1l to 3; 30

z is an integen7.f rome theth@d 8f Claim 106, wherein in theictgdmeti 88@Etaflo@m 1 to 7; and
n+z-n¥ d, an organonetal or netalloid conpound

and (c), a !
cor r espofRIMPRENddC) the mety pimeatalloid is aluminum or magresi@sn- SG
81

108. The method of Claim 107, wherein in the organometal or metalloid

compound (c) the metal or metalloid is aluminum.

15 109. The method of Claim 108, wherein MO is Al, Rc is hydrogen of a

hydrocarbyl radical having from 1 to 20 carbon atoms, and x is 3.

110. The method of Claim 103 or Claim 104, wherein the organometal or

metalloid compound is an alumoxane or a mixture of an alumoxane with MORC, X3, .

111.  An addition polymerization process wherein one or more addition
20  polymerizable monomers are contacted with a catalyst of one of Claims 16-53 under

addition polymerization conditions.

112. The addition polymerization process of Claim 111 which is a solution,

slurry phase or gas phase polymerization process.

113. The addition polymerization process of Claim 112, wherein the addition

25  polymerization reactor is operated under solution polymerization conditions.
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Merr]R err] Xerr], wherein Merr] is a netal or netalloid

sel ected from Groups 2, 12, 13 or 14 of.the-Pesiodic Tabl e of the

El enents, Rl ef }..4 rdepengentisn éach occurrence is hydrogen

or a grod¥popaving froml to § 5 memordymr ogerny| at ons WhPCTYUB27/21875

hydrocar byl , hydrocar byl sil yll =y yl,

trihydrocar byl ges,nmyirh@hdditie POmBYLonYprEoedd SCARRY 112, wherein the addition X €' ']

is a noninterfering group having from1 to 100 nonhydrogen atons ichis

hal o- polymgripasiontrgacser ik gpRraiea bhger shipphasapdlymarizaimnsobditionsit ed

hydr ocar byl , hydrocar byl oxy-substituted hydr ocar byl ,

hydr ocar byl am di : 1+2Q, rhylioxy or halide;. .10

X is a nonzeroﬁ]lpsﬁt egé%]){%?@ﬂﬁﬁg%ﬁgaﬁ%g B Q%?n{% §S%A?T'n"¥}é%%‘r“%e\%ﬁ§q“‘?'b t he

val ence opollyfrerizdtion reactor is operated under gas psse olytnetizadiiz&imditidgiseger whi ch may

range from1l to an integer equal to 1 less than t he val ence of

Merr], and . X+ equal s the val en of Merr]. 15

2 he compblfid Bhe eddifion RORBERELR8PRGHE PIERS Glgmd: 115, wherein

[L*-Hl [ er tHe dnk Gk #okd Kddptidd pdiphediZbieanoddh&s Edmphidd syt 1]

3. The conpound of Cllaieniz%hcorrespondi ng trggtihe f'orrru@raérl)ﬁs[lgﬂ

[L*-H [err][(Cerr]F[err])[err]Bderr] H[engrgJ-OAl Rlerr]][err]. 20

4. The conpélihd & ienigcempouns(abeqsoprenitaad(d) & hetidnema(e}2) an anion

[ENCH o1 T hith 208 1 ddoh bbb Btk khd e hich doflaihink & A RSheLduflugny 1 - O A (C
comprising a moiety having an active hydrogen, where the cation (a)(1) is represented

.-T

10 by the following general formula: [L*-H]*, wherein:
L* is a nitrogen, oxygen, sulfur or phosphorus containing Lewis base

containing from one to three C(g_4( alkyl groups with a total of from 12 to 100

carbons, and where the anion (a)(2) corresponds to Formula (II): :
[IM"™ Qu(Gg(T-H)).1" 419)
15 wherein:

M’ is a metal or metalloid selected from Groups 5-15 of the Periodic Table of
the Elements;
Q independently in each occurrence is selected from the group consisting of
hydride, dihydrocarbylamido, halide, hydrocarbyloxide, hydrocarbyl, and substituted-
20  hydrocarbyl radicals, including halo-substituted hydrocarby! radicals, and hydrocarbyl-
and halohydrocarbyl-substituted organo-metalloid radicals, the hydrocarbyl portion in
each of these groups preferably having from 1 to 20 carbons, with the proviso that in
not more than one occurrence is Q halide; G is a polyvalent hydrocarbon radical
having r+1 valencies bonded to M’ and r groups (T-H);
25 the group (T-H) is a radical wherein T comprises O, S, NR, or PR, the O, S, N
or P atom of which is bonded to hydrogen atom H wherein R is a hydrocarbyl radical,
a trihydrocarbylsilyl radical, a trihydrocarbjl germy! radical or hydrogen;
m is an integer from 1 to 7;
n is an integer from O to 7;

30 q is an integer of O or 1;
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5. A conposition of matter conprising the conpound of any one of clai s
1-4 25 and (b) a trang d. 6. A

llolefins are polynerized by
fromo0 to 4OU'€',’Y THEHE er i zed

pol ymeri zati on process -
cont act WMPSATHA a catal yst_at’
in that the catal yst

30 1 is an infeger frol lcior3p03| tion of matter conprising:

(a) a conpound .according to any one of clainms 1-4, and (d)
a support whi (?HSF‘%'%C%?B&BG’SI Pe%i nous material or solid inorganic oxide,
wher ei n d is an integer frofi?P&OA20® 82

(i) the support material is pretreated so as to renove tethering groups and
t he ani on ntz-m&)d.2) is not chenically bonded thereto.

8. A conposition of matter conprising: 5 (a) a conpound

accorgl ng to CII §' m’ﬁfe c@{hﬂgund of Claim 117 w ﬁe‘?) V{ﬂthégl?gg 3)(Mhegtleasta porous

resi nous materlal or gani ¢ 6x (i) the
support rmtaenubsaluenchmm&tsi‘rgadmdxee}ohmgem zrcﬁm)hﬁirb@n%ﬂ-ﬂemngﬁ aups and the

ani on 2) is not chem cally bonded thereto. 10 9.
A pol yrrerFoirﬁPliacS process wherein one or nore ol efins are pol ynerized by
Gy(T-H), @

wherein G is a polyvalent hydrocarbon radical, the group (T-H) is a radical
10 wherein T comprises O, S, NR, or PR, the O, S, N, or P atom of which is bonded to
hydrogen atom H, wherein R is a hydrocarby] radical, a trihydrocarbylsilyl radical, a
trihydrocarby! germyl radical or hydrogen, H is hydrogen, qisOor I, and ris an

integer from 1 to 3.

119. The compound of Claim 118, wherein the anion (a)(2) is
15 tris(pentafluorophenyl)(4-hydroxyphenyl)borate.

120. The compound of Claim 119 corresponding to the formula:

[NHCH3(C18-22H37-45)21H{(CF5)3BCgH4-O-H]~.
121. The compound of one of Claims 117-120, wherein the compound has a

solubility in toluene at 22°C of at least 0.1 weight percent.

20 122. The compound of Claim 121, wherein the compound has a solubility in

toluene at 22°C of at least 0.3 weight percent.

123. The compound of Claim 122, wherein the compound has a solubility in

toluene at 22°C of at least | weight percent.

124. The compound of Claim 123, wherein the compound has a solubility in

25  toluene at 22°C of at least 5 weight percent.

125. A compound which is the reaction product of (a) an ionic compound of

one of Claims 117-124 and (c) an organometal or metalloid compound wherein the
104
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contacting wth a catalyst at a tenperature fromO to 400[err]C,
characterized in that the cat ajsst= conprises the conposition

according to any one of clai rrBiIH—BS 8
WO 98/27119 i

PCT/US97/21875

metal or metalloid is selected from the Groups 1-14 of the Periodic Table of the

Elements.
126. The compound of Claim 125 corresponding to the formula
[L*-H]* [(CgF5)3BCgH4-O-MOR; 1 X3y I,

5 wherein MO is a metal or metalloid selected from Groups 1-14 of the Periodic
Table of the Elements,

R¢ independently each occurrence is hydrogen or a group having from 1 to 80
nonhydrogen atoms which is hydrocarbyl, hydrocarbylsilyl, or

hydrocarbylsilylhydrocarbyl;

10 X4 is a noninterfering group having from 1 to 100 nonhydrogen atoms which is
halo-substituted hydrocarbyl, hydrocarbylamino-substituted hydrocarbyl,
hydrocarbyloxy-substituted hydrocarbyl, hydrocarbylamino, di(hydrocarbyl)amino,
hydrocarbyloxy or halide;

X is a nonzero integer which may range from 1 to an integer equal to the

15  valence of M9,

y is zero or a nonzero integer which may range from 1 to an integer equal to 1

less than the valence of M©; and
X + y equals the valence of MO,
127. The compound of Claim 126 corresponding to the formula
20 [L*-H]*[(CgF5)3BCgH4-0-AIRC]" .

128. The compound of Claim 127 corresponding to the formula

[NHCH3(C18-22H37.35)2]11(CgF5)3BCgH4-O-AIRC) ]~ .

129. The compound of one of Claims 126-128, wherein R® independently
each occurrence is alkyl or halosubstituted alkyl having from | to 40 nonhydrogen

25  atoms.

130. The compound of Claim 129 wherein R¢ independently each

occurrence is alkyl or halosubstituted alkyl having from 16 to 40 nonhydrogen atoms.

105
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131. The compound of Claim 129 wherein RC independently each

occurrence is alkyl or halosubstituted alkyl having from 1 to 15 nonhydrogen atoms.

132.  The compound of Claim 131, wherein R€ independently each

occurrence is alkyl or halosubstituted alkyl having from 1 to 8 nonhydrogen atoms.

5 133.  The compound of Claim 132, wherein R¢ independently each

occurrence is methyl, ethyl, isopropyl, n-propyl, isobutyl, sec-butyl or t-butyl.
134. The compound of Claim 133, wherein RC is ethyl.

135. A substantially inactive catalyst precursor comprising (a) an ionic

compound of one of Claims 117-124, and (b) a transition metal compound.

10 136. The substantially inactive catalyst precursor of Claim 135, wherein the

substantially inactive catalyst precursor is the reaction product of (a) and (b).

137. The substantially inactive catalyst precursor of Claim 135 or Claim 136

further comprising (d) a support material.
138. The substantially inactive catalyst precutsor of Claim 137, wherein

15 (1) the support material is a pretreated support material and in the substantially
inactive catalyst precursor the anion (a)(2) is not chemically bonded to the support (d),

or

(ii) the ionic compound has a solubility in toluene at 22°C of at least 0.1
weight percent, the support material used is a support material containing tethering
20  groups and in the substantially inactive catalyst precursor the anion (a)(2) is chemically

bonded to the support (d).

139. The substantially inactive catalyst precursor of one of Claims 135-138,

wherein the precursor is essentially free of alumoxane.

140. The substantially inactive catalyst precursor of one of Claims 135-138,
25  wherein the precursor excludes (c) an organometal or metalloid compound wherein the
metal or metalloid is selected from the Groups 1-14 of the Periodic Table of the

Elements.
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