; e3eF6TF! 28 May 2004 ORGANOVETAL COVPOUND CATALYST This invention is
related to the field of organonetal conpound catal ysts. The production of
polymers is a nufti-billion dollar business. This 5 business produces
billions of pounds of polyners each year. MIlions of dollars have been
spent on devel opi ng technol ogi es that can add value to this business. One
of these technologies is called netall ocene catal yst technol o®g mMav 2004

Met al | ocene catal ysts have been knomm S|nce about 1958, However, %elr | ow
productivity did not al IQRGAR YIGAEA Y'A‘.uut 1975) it was

di scovered o ihalL con t|n one t hyl al um num
to formnethyl alum §Wd Fﬁ%ﬁhé&@% 1@%58‘ Elkﬁgﬁﬁnlnoxane
with a netgi ngene conpound formed a netallocene catalyst t hat had
greater ac

V|ty However, it was soon realized that e .ampunt.s of
expensi ve nethyl al uﬁMwmtlmPépﬂ@Mﬂlstaan]éﬁ’Wﬁlm %‘Eﬁ"'irg U'Pll'“iz)cene

catalyst. Thi.s has been di?ﬂ&l oY yda®. MiflickR of dollars have
commer cf al PE%{P‘?SGW"%CP“C%P@W%CE Ohgﬁﬁ%ﬂﬂ sréFuoro organo borate conpounds
have been ysgfsier Hh asRIing ﬁabg@olagﬁslﬂta‘acmf addetdiye toghisriustdhe. However,
this is not satisfactory, since such barat

unds a itive to
poi sons and decorrpos@mmlfthaﬁﬁ’de@@ﬁlocﬁ‘isdsﬁ ?‘?ﬁépgggﬁﬁélﬁscfi{fglsy%ﬁx?cﬁgéﬁoul d
al so be no hat h ay r . HewevaoheaNMdw This is
because he ‘%6‘&1 -l Ve fé’g@ hI% Eée%a@g’%?gﬁﬁferﬁ%hfa})? st rpdem commer m(g
pol ymeri Zatp}&ﬁcﬁ(f@ﬁﬁmallerthdfmmbeeyythmlo@dnébgét k93t5al‘ly%%3§‘-°(98ﬁerf5 ad to
the formation of substanti al lé uni form F‘Ol Xﬁnﬁ] :gartl cl rrgl% nglve a high
bul k densi ttlya.thiht@@eng?ﬂmarb‘ﬂa Db’étlhaﬂ?telp& Ry, HEPINBER 9 e ar e desirabl e
pecause 1 ey Rol L Sy Pulch Sofital ity %haﬁylmﬁmm&mw afliatshesl-loche

transporta ‘Bﬂmoﬁ‘? o] ave made t o produce het erogeneous netall ocene
catal ysts; cBﬁifﬁMﬂd,foﬁﬁﬁS@nﬁﬁdl]@bgmGatﬂmlehmcht&d eaater aptyibe| Kowsysrsi ¥ or y.

Therefore, the inventors provi IS i nvent
probl ems. 3eonrewigedtat ‘%EWB%’H%BP?WS%F gﬁuh ES?I ugmgg%g]esvg%ﬁé?g&rr%ggfet i on

that can be used aEt?veDﬂle%ﬂBEér%%a?ﬂyslt e@ﬁis HaR BediDNSigRiIfichu 1prp©dun@’a)liblel ymer. A
catal yst conpositron 1s also provided. 2 28 May 2004 A process is

provi deg cmm{macngzaﬁmﬁancta@o@neIcefa!wtsone nononmer and the catal yst
composition under pol Yt ] &fsans Boratd Corhp St hevPRHNSEd iF1abos iR

amounts of methyl aluminoxane. However, this is not satisfactory, since such borate

compounds are very sensitive {0 poisons and decomposition, and can also be very
expensive.
20 It should also be noted that having a heterogeneous catalyst s
| important. This is because heterogeneous catalysts are required for most modem
commercial polymerization processes. Furthermore, heterogeneous catalysts can lead
1o the formation of substantially uniform polymer particles that have a high bulk
density. These types of substantially uniform particles are desirable because they
25 improve the efficiency of polymer production and transportation. Efforts have been
made to produce heterogeneous metallocene catalysts; however, these catalysts have

not been entirely satisfactory.
Therefore, the inventors provide this invention to help solve these

problems.
30 A process is provided that produces a catalyst composition that can be

used to polymerize at least one monomer to produce a polymer.

A catalyst composition is also provided.



" An article is provided that conprises the pol yrrér produced with the

catal yst conposition of this invention. 5 In accordance with one enbodi nent
of this invention, a process to produce a catal yst conposition is provided.
The process conprises (or optionally, "consists essentially of') or
‘"consists of') contacting an organonetal ; conpound, an organoal um num
conpound, and a treated solid oxide conpound to produce the cay@ahystioos
conposition, wherein the organonetal conpound has the foll ow ng general
formul a: (X~) (Xz) (X3)AX¥e)ddss istreowided bbmprising edrtadting st leam drieemgnangr and
consisting of titanium zjirconium. and hafnium. wherein (X=) i

i ndependentlh?/caé%‘w&@gwweﬁmﬁsr RAETEAoR coRdlifigny o E?E‘F‘i’y’ﬁéﬁ Paﬁmw s,
indenyl's, fluorenyls, AguRfid ireddcy BlaPPsRbALE eVictymetfolilddd wih mR

i ndenyl s, and substitute ?I uorenyl s; av\herlsei n subéstlyrpuents on the

substi t ut ecatalyst cpepestibreofthss ingeidmin t ut ed i ndenyl s, and substituted
fluorenyls of (X' ) are selected fromth rou nsisting of aliphatic

gr oups, ¥cyc| ic grpupsl,% a&‘a‘ﬁﬁi’%‘?’%gn%Fmﬁ?‘ﬂﬁﬁa{)‘?@g%iﬂa"we i%%"ﬁSﬁfﬁg, silyl
groups, al kybaRahicde @i Bsaposifiéh isqRevided JRROpRESs|chmpdis@@s bpabRiRphor us
groups, 20 nitrogen groups, silicon, ghospho_r us, boron, gernmanium and
hydr ogen; wWhenssitnessentiadlysit”, oncconshsss ¢ heontacsing @K oygangmetal camporndialg gr oup

S g 48P

substi t ut eQaalyspéahpssiiQups, cyclic groups, 25 substituted cyclic groups,
conbi nations of aliphatic groups and cyclic groups, conbinations of
substi tl0t ed al i phat i cvhfreinghe arggnexigial eoxgpmgéw,as thenfollpwindeenesd! famyiat i ¢

groups and substituted cyclic gro } iions of substituted aliphatic
groups and substituted cyclic gr ogggximgﬁgyoups, substituted am do

groups, phaeajehdisl b1 'l Qelested Froas thet bl casiptipg ofititagiumnpsrconiuly, aad ihdighoups,
substituted 30 al kyl oxi de grqups, aryl oxi de groups, substituted aryl oxide
groups, organonet al | i%hegeiaiss) isdnderspdentiyiselegigd Srogn s gseun F‘?@‘-’tjﬁ“&m&%s;

wherein (X I . LS4 : Aied 3 28 May
2004 i eny Lo FERRLEFAL SpdebOIF, HUGRLE RFAIRH TN faaienfs BN G

subst i tist edndenyldemd substistubedt fluareeyds;f | uor enyl s, ' hal i des, al i phatic groups,
substituted aliphatic groups, cyclic groups, sybstituted cycli r oyps,
conbi nations of al i pRdigreingpbitRuentsan gchﬁ“B%"tﬁﬁcelﬁﬁ%lf’P% F‘i%l%’isb‘ﬁg%lﬁ‘i‘eg .
substitute LRhat4 : } %;tp}{ba%b : i phatic
groups andq’é‘ﬁcl‘t}gltgrﬁdt%3%@@%%?"&&%@“’?&%%%@? tiegns o* s bg!? ié?ﬁlsetglgg%q phati c
groups and aliphsicigrospsdcwyic| grous; compbinationscd afipbatirsandsybBe gtoumpedsilyhi do
groups, phosphid roups, substituted phosphi do groups, .al kyl oxi de groups,
substi t ut ed* pﬁﬁgﬁ‘gilﬁﬁgﬁmﬁé’)h%‘jﬁ’&ﬂ %E’@Efp@PgE%l? P?Rh&’f‘é%grgf’%oxi de

gr oups oo Or 9 ufegﬁatdspls,csiﬂé&ggaﬁos;ﬁqm@,ﬁ&%s é&hﬁﬂiuﬁ%%@ﬁ?&b@kﬁ;‘ c groups; to

wher ei n subst i on (X2) are selected fromthe group “consisting of
al i phatic groups, cyo¥hereigroleastorecubititatntongXof caalbephtaridging gvnupsviank

cyclic groups, sity s, al kyl halide groups) halides, organonetallic
gr oups, ph88’b‘h°8$sdé( g?‘%{fﬁg’) ni trogen groups, silicon, phosphorus, boron,
germani um and hydr OGaRreitIR? PAdY @) hRARdepRAgentlyR8lelicd §Fm B grépp can be a
bridging group which t5 connects (X') and (X2); "wherein the organoal um num
conpound haensistiagfoflhiabidsésn glipfeiergapurisosuhstitied aliphatic groups, cyclic groups,
25 substituted cyclic groups, combinations of aliphatic groups and cyclic groups,
combinations of substituted aliphatic groups and cyclic groups, combinations of
aliphatic groups and substituted cyclic groups, combinations of substituted aliphatic
groups and substituted cyclic groups, amido groups, substituted amido groups,
phosphido groups, substituted phosphido groups, alkyloxide groups, substituted
30 alkyloxide groups, aryloxide groups, substituted aryloxide groups, organometallic
groups, and substituted organometallic groups;

wherein (X°) is selected from the group consisting of cyclopenta-



—_—

Al (XS)n(X6)3.n wherein (XS) is a hydrocarbyl having from 1-20 carbon atons;
20 wherein (XG is a halide, hydride, or al koxide; wherein "n"-is a nunber
.fromIl to 3 inclusive; and wherein the treated solid oxide conpound
* conprises at |east one hal ogen, zirconium and a solid oxide conpound;
wherein the halogen is at | east one sel¥cted fromthe group consisting of
~ 15 chlorine, bromne, and fluorine; wherein the solid oxide co gngo(hs

o

Psts

selected fromthe group consisting of alum na, alumnaopho a

al um nosi |diengiseindenplsnilyarenids, subdiusd FY‘E‘}P‘%"@‘%‘V&% ﬁ‘g’sflgﬁﬁqg%S

essenti al | f it ds inte t g : HeTolh | &yctipy further
step beyoﬁébgﬁ‘éteé ﬁiﬁ'ﬁﬁcl"'gtseggg%g’pdgﬁm[?%ﬁo%ﬁ?g&%\s‘ﬂﬁggléﬂ%nm%%és? af fect on
the desir qfo@R] amstifited HRlit Rraups) cmbinations obakiphatie gwiups and eYHr revedi nent

of this invention, a process is provided c 1sing._con ' t | east one
nononer aregmbirations af wStlBﬁ?ﬁ)@'mhﬂ"bﬁmui’ﬁmﬁg%ﬁ gﬂﬂ%ﬁ’ (ffﬁ%’gﬁ&?c)o :f?reri zati on
condi tions, 1o or ' cy2lid Prodif s QbABRGEACHE &NsudBntube alphtnddi ment  of
this i ﬁverﬂl‘ipg?‘ll,Pc %%Hg%:?dcﬁ@s%{%rc vllld 3. ﬁThe article conprises the pol ymer

produced ido@remddanaruwdichclidgmups)aeidd grougs, Testidutebp@edsgTodp ot her
objects, wll becone nore apparent .to those wth.ordi il l:in the art -
after readthegphie gfctl’ii’?xd“@?@ﬂ‘&d Pg"@ﬁi‘h 4ps- & oﬁﬁﬂ%dgr o{l}@gé%u?%h‘iltﬁ?s i nventi on
have the foll ow e r ; Pk 183de , bgahomtdallz f or nul a,
R S R e e

M is sele up consisting of titanium zirconium and
haf ni um Gubn@nahd Julistinited onganometellierratpsnvnen M is zirconium 1n this

formula, (X ) is independently sel ect fro ISk

(hereafter "G oup CNEfBFFe)“ e@é?{%‘é‘ﬁ%éﬁg’ﬁf? E‘?Pe‘lg‘%‘e&g%;ﬁo‘g? gf i goroz)%li;ﬁgg, of
substitut ed; ¢ ' Suhbidativhesr dliptieny boups mehcydic graupsexanpl e,
tetrahydr oglg%g&% %@E%’%@Fﬁgﬁﬁgﬁbsti ttj!tled fl ugb?e_nyl s, such as, for exanple,

oct ahydr of dilybgrenps,aikyBiatite groups,dabides; aganemeellic FTRPsc PRIBAINE KWy | s,
substituted indenyls, and substituted ft f rdochian be sel ected

i ndependen‘tﬂFf9gffDrgﬁPP%éﬁ&oBué’}‘oéB#ﬂ%rfl%t%loﬁogn’ g?&%{}%’dﬁﬁ’a%dcﬂygg%%ep’s, cyclic groups,
conbi nations of al i phRkicin aNastvat bbsGiueipsn (35 kyt bga bripgingarduyn whighi de
groups, halides, organonetallic groups, phosphorus 20 groups, nitrogen
groupsis si ¢dmmects (¥HosWHSi' s, boron, germani um and hydrogen, as |ong as

these groups do not s bset'a%aéﬁdalu%qgﬂ%g@?ﬁﬁd’hﬂtiﬁ%llm“@%'ewmlri zation

activity of the cata™PStERGNOSTT on. e exanpl es of aliphatic groups
are hydrocg;nlgmag, such as, for exanple, paraffins and olefins. Suitable
exanpl es of cyclic groups are cycloparaffins, 25 cycloolefins,

cycl oacetyl enes, and arenes. SubstiN@%H()éi)J"yl groups include) but are not

wherein (XS) is a hydrocarbyl having from 1-20 carbon atoms;
20 wherein (X(’) is a halide, hydride, or alkoxide;

wherein "n" is a number from 1 to 3 inclusive; and

wherein the treated solid oxide compound comprises at least one

halogen, zirconium, and a solid oxide compound;

wherein the halogen is at least one selected from the group consisting of

25  chlorine, bromine, and fluornne;
' _ wherein the solid oxide compound is selected from the group consisting
of alumina, aluminophosphate, aluminosilicate, and mixtures thereof.
By use of the term “consists essentially of” it is intended that the

process does not contain any further step beyond the enumerated steps which would

30 have an adverse affect on the desired object of the invention.

In accordance with another embodiment of this invention, a process is

provided comprising contacting at least one monomer and the catalyst composition



limted to, alkylsilyl groups where each alkyl group contains from1l to
about 12 carbon atons) arylsilyl groups, and arylal kyl silyl groups.

Sui t abl e al kyl halide groups have al kyl groups with 1 to about 12 carbon
atons. Suitable organonetallic groups include, but are not limted to,
substituted silyl derivatives) substituted tin groups, substituted 30

ger mani um groups) and substituted boron groups. Suitable exanples of such
substituents are nethyl, ethyl, propyl, butyl, ten-butyl, i spb%WEY%Qﬂ*I ,
i soanyl, hexkr palymabsifution/conthtiphy to produgd 3 pelymet., decyt, 5 28 May 2004
dodecyl, 2-ethyl hexyl, pentenyl,. butepyl henyl | aro, .brono, .iodo,
trinethylsilyl, and plﬁéﬁij‘?rﬂf‘,‘?‘%}l‘gﬁﬂi‘ WQ‘@%"“T%%&B@#&F’&,m'(%fm’aﬂhmf&% Yre

i ndependent oy, i3gl epheshit QRO YR IFRATISAICRE iR heddp@irRaMif thisG oup
OMC-11") halides, aliphatic groups, substituted s aliphatic groups, cyclic
groups) subsventioned cyclic groups, conbinations of aliphatic groups and

cyclic groups) conbingtions. of supstitut.eq al. i l.ic

gr oups) %corrbi nati ons n@?“‘éf’ﬁ)ﬁﬁgt ﬂdjﬁlﬁgru%éecgﬁdv ’?%EH']? J?‘Ee"g%@éac’?ﬁg@r{%ﬁps,
conbi nat i ongipbrdsiuby siilluh @ At hfediakadingfids Gigbisbireut ed cyclic groups, am do
groups, substituted am do groups, phosphido groups, substituted phosphido
groups, al kyl oxi de gr@igssomeisl QQIDBWWt“é@ﬁmtglﬁl igxeiondiaye the folleying i de
groups, substit %Fd ryl oxi de groups, organonetallic groups, and

subst i t ut eoEeB?rég Mﬁal lic groups, as |ong as these groups do not
substantially, and adversely, aff Qxf)(xhexgpx%m‘ri zation activity of the
catal yst conposition. Suitable exanples of aliphatic groups at[e .

hydr ocarbyl s) such adin thigforpmla,ddnis slectas omithe stoyg copesingso! ARy o

exanpl es of .cyclic r j 10Srconium.

cycl oacet ylzérﬁé%l?maﬁ'gé ﬁ‘%ﬁﬁ%@ . %5%&%5 %%égtt B?esfer;?)ér((g#vg?’# géj l\E/]v%lé-(r:\o l)1(3 and (X4)
are sel ected from t hanghie femedasts) isigdefentaitlydetecanidirmdhogaupy| s, where
such hydrocarbyls have from 1 to _about 10 carbon a}soms. However, it i s nost

preferred vieesstnenf (hergafterd Grape %Céﬁl elanestadienyisg eepy e, re xlslné of
fluoro, Ch'g%ﬁ%@é%@%%&’@ﬂg%&gé/ 'sp?étm/&t?d Frﬂfeﬁ?fs?su&)g%fo‘? _@f‘arﬁﬁle?éh@ d&g- from

either Gou east one substituent on (X) or

l(o XZéI can ben@enlygsi dgjmg@uumgpﬂﬁdraﬁylﬁmnleas,fox(éﬁa)ngﬂqabc(a)hy)imf?gfrdwhghas t he
ridgi ng group does not substantjally, angd zhH adversely, atfect.tne .
activity of the catalypliisRIES P 6‘1‘}?5“3%}?‘51%?@55‘?‘1"6@3’% S‘Q‘?S{)‘Hﬁg‘s f'}‘fifflﬂ]ﬁ’e, but
are not | i mlyegh e hLBNAL SrGKOHOD beURbicR iAIGHATen:HORA RS kP Of

al i phatic groups and cyclit groups) phosphorous groups, nitrogen groups,

or gano net albohsistingreflpiphatid grioaps) cyplogiphps, combirations ofaliphgse anaicyehc Sui t abl e

exanpl es of aliphatic groups are hydrocarhyls, such for 3q exanpl e,
par af fi ns aMeHRS} bl agqupsmlhdmagcelggépgpéyi@ Sywﬁqogieéqﬁﬁéggugﬁ,éﬁlosghows

cycl opagaf fd i bl ORCHIPRES SRS afiuR1) 8Ad hyttobab)la€ lon
or ganoarr{gt aﬁf@@’sgﬁﬁﬁgﬁ%ﬁﬁﬁg‘&&t’ a?e not Iiprlr’i edl to, subs_?imftoﬁt ed si Igyl
deri vat i vess tisisb gtdupsiie dot substandalds, and adserselyt affect the polymenzation activity

of the catalyst composition.
Suitable examples of aliphatic groups are hydrocarbyls, such as, for
example, paraffins and olefins. Suitable examples of cyclic groups are cycloparaffins,
25 cycloolefins, cycloacetylenes, and arenes. Substituted silyl groups include, but are not
lhimited to, élkylsi]yl groups where each alky! group contains from 1 to about 12 carbon
atoms, arylsily! groups, and arylalkylsilyl groups. Suitable alkyl halide groups have
alkyl groups with 1 to about 12 carbon atoms. Suitable organometallic groups include,
but are not limited to, substituted silyl derivatives, substituted tin groups, substituted
30 germanium groups, and substituted boron groups.
Suitable examples of such substituents are methyl, ethyl, propyl, butyl,
tert-butyl, isobutyl, amyi, isoamyt, hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl,



- 6 germani um groups, and substituted boron groups. 28 May 2004 Vari ous
processes are known to make these organonetal conpounds. See, for exanple
‘U.S. Patents 4,939,217, S, 210,352; 5,436, 305; S, 401,817, 5,631, 335 ’
'S, S71,880; 5,191, 132; 5, 480, 848; 5,399, 636; 5, 565, S92; 5, 347, 026;
5,594,078, 5 5,498, S81; 5,496, 781; 5,563, 284; S, SS4, 79S; S, 420, 320;
-~ S,481, 649; 5, $41, 272; 5, 70S, 478; 5,631, 203; 5, 654, 454; S, 70S, s7 ; an
S, 668, 230. Specific exanples of such organometal conpounds arezgsM‘l%gq’Qﬁ/vs:
bi s( cycl opapaasl,ersthytheiyl pamtetiyt; bltenikl phenyk-cBlorbf bromp] iodg) trimethylsilyl,
bi s(cycl opent adi enyl ) zj.rconi um di chloride; 0 (~~yd zf C
1, 2- et hane@ng phenyloctylstyls _i ngenyl ) di - n- but oxyhaf ni um 28 May 2004

3. 3. pent aned yi bi s B B e Pt o 1 e
L ('le OrSiC:je?Bg%mirtggr&babﬁw;éﬁw&(;f%%%—iﬁ(méim,taéiphatrmrpsp&SP%EWW) zi r coni um
e, a y PERRHESBRPBYIUTHA TR SR ERSPRAP R °0F of alitlig o) 3
groups and cyclic groups, combinations of substituted aliphatic groups and cyclic
groups, combinations of aliphatic groups and substituted cyclic groups, combinations
of substituted aliphatic and substituted cyclic groups, amido groups, substituted amido
groups, phosphido groups, substituted phosphido groups, alkyloxide groups,

10 substituted alkyloxide groups, aryloxide groups, substituted aryloxide groups,
organometallic groups, and substituted organometaliic groups, as long as these groups
do not substantially, and adversely, affect the polymerization activity of the catalyst
composition.

Suitable examples of aliphatic groups are hydrocarbyls, such as, for

15  example, paraffins and olefins. Suitable examples of cyclic groups are cycloparaffins,
cycloolefins, cycloacetylenes, and arenes. Currently, it is preferred when (X?) and (X4)
are selected from the group consisting of halides and hydrocarbyls, where such ‘
hydrocarbyls have from 1 to about 10 carbon atoms. However, it is most preferred
when (Xa) and (X4) are selected from the group consisting of fluoro, chloro, and

20 methyl. |

In this formula, (Xz) can be selected from either Group OMC-I or
Group OMC-1L.

At least one substituent on (X]) or (Xz) can be a bridging group that
connects (X') and (Xz), as long as the bridging group does not substantially, and

25 adversely, affect the activity of the catalyst composition. Suitable bridging groups
include, but are not limited to, aliphatic groups, cyclic groups, combinations of
aliphatic groups and cyclic groups, phosphorous groups, nitrogen groups, Organo-
metallic groups, silicon, phosphorus, boron, and germanium.

Suitable examples of aliphatic groups are hydrocarbyls, such as, for

30  example, paraffins and olefins. Suitable examples of cyclic groups are cycloparaffins,

cycloolefins, cycloacetylenes, and arenes. Suitable organometallic groups include, but

are not limited to, substituted silyl derivatives, substituted tin groups, substituted



bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de; ~~' ~~~Cl 2t "C

di met hyl si |yl bi s(1-i ndenyl) zirconi umdi chloride; H3 H3C

octyl phenyl si |l yl bi s(1-i ndenyl ) haf ni um di chl ori de; ~Si ~ ~~~' ,avd Hf ~~ SCl
28 May 2004 dinet hyl silyl bis(~5-4,5,6,7-tetrahydro-1-indenyl)zirconi um

di chl oride; dinethylsilylbis(2-methyl-1-indenyl)zirconium dichloride;
H3C~~~.,,. SI H3C~ / \ 1, 2-ethanediyl bi 36(9 fluorenyl)zirconiu cklchl de

i ndenyl diethoxy titaniun(IV) chloride; Qi Ti_ ."",ul OCHzCH3 a¥@§§-’l&

|
to 28 May 2004 I sopropy d. | Si I ) cycl opent adi enyl titani um
di chl ori deBeTyan gp s ag.?su{)sﬁfﬁeﬁﬁ)o@' é

bi s(pent anet hyl cycl Ombaﬁgmyés)sz axreqmwwtbdmandaltmb deganphietalrdaippunds.

A T e o examale, U'S. Patents .0 15.217: 4270385 $436,305: 3,400 §T9! 63145507 U™
5.571,880; 5,191,132; 5,480,848; 5,399,636; 5,565,592; 5,347,026, 5,594,078;
5 5,498,581;5,496,781; 5,563,284; 5,554,795; 5,420,320, 5,451,649; 5,541,272,
5,705,478; 5,631,203; 5,654,454; 5,705,579; and 5,668,230.
Specific examples of such organometal coinpounds are as follows:

bis(cyclopentadienyl)hafnium dichloride;

Hf

%\m

10 bis(cyclopentadienyl)zirconium dichloride;

%\m

1,2-ethanediylbis(( ;75- 1-indenyl)di-n-butoxyhafnium;




tl 28 May 2004 bis-[1-(N, N diisopropyl am no) bor at abenzene] hydri dozi r coni um

trifluoromethylsulfonate r N(i-Pr)z ~~B _,,.~~~H Zr ~08OzCF3 ~B NU-Pr)z
Preferably) the organonetal compound is selected fromthe group consisting
+of bis(n-butyl cycl opentadi enyl)zirconiumdichloride; ,,,,C "C

- birs(indenyl ) zirconi um di chl oride; ~~C 2r SCi tz

di met hyl si |yl bi s(1-indenyl) zirconiumdichloride; hl . |

Z| SCl and net hyl octyl silyl bis(9-fl uorenyl ) zi rconi um d| chl ori dg ﬁW@?@G
~ S [/ zZf H3C ~C~ 28 z\lhtyxaﬁ@nyﬂbﬁc((a dlaindenyl)dimethylzireppinmis have t he
followi ng general forrmula:. A (XS)n(X6)3;n In this formula, (XS) is a
hydr ocar byl having from| to about 20 4:4)-.- atons. Currently, it is
preferred when (XS) is an al kyl havi 1 to about 10 carbon atons.
However, it is nost preferred when is selected fromthe group to
consisting of methyl, ethyl, propyl, b§tyl/ @l isobutyl. In this fornula,
(X6) is a halide, hydride, or al kigxide. lr‘rently it is preferred when
(X6) is independently selected fromdhe ”(m_—;,qaonm sting of fluoro and

chl oro. However, it is nost prefer en (X6) is chloro. In this formla,
"“n" is a nunber from1l to 3 incluive%;ever, it is

methylphenylsilylbis( ;75 -4,5,6,7-tetrahydro-1 ~indcny1)zir<;onium
dichloride;




- 15 preferred when "n" is 3. Exanples of such conpounds are as foll ows:
trinmethylalum num triethylalum num (TEA); tripropylal um num 20

di et hyl al um num et hoxi de; 13 28 May 2004 tributyl al um num

di i sobutyl al um num hydride; triisobutylal um num hydri de;
tritsobutylal um num and 5 diethylaluniﬁun1ch|oride. Currently, TEA is

- preferred. The treated solid oxide conpound. conprises at | east h gen,
B

zirconium and a soli.d aoxide co und. - - .l east cted
fromthe group consi%‘fﬁ"%@"%Fy@ﬂ?n%ﬁ"fdsg],ylﬁ}g%qﬁdg?ﬁ%ﬁgoﬁ?%ﬁe. General |y,
the solid oxide to conpound is selegted fromthe group consisting of

aium na, silica, alum nophosphate) @l um nosilicate) and m xtures thereof.
Preferably, the solid oxide conmpoufd is alum na. The solid oxide conmpound
can be produced by any net hod kno the art, such as, for exanple, by
gelling, co-gelling, inpregnatio ongNEStPalnd onto another, and flane
hydrolysis. t 5 Generally, the surfacgfarea of the solid oxide conpound
after calcining at 500C is from ﬁq% b *§$out 1000 nR2/ g, pretera bly,
from about 200 to about 800 nzl g; nns# g% %rably, from 250 to 600
n2/g. The pore volunme of the sol \d e conmpound is typically greater than
about 0.5 cc/g, preferably, greafer than about 0.8 cc/g, and npst
preferably, greater Zo than 1.0 6c/g. To produce the treated solid oxide
conpound, at |east ope,zjrconium cont aini.n LS contacted with the
solid oxide corrpoundb’éﬂf"gﬂ‘yP%@HgntEWSM%lﬁg?ﬁgln@?@gﬂ8é’pr oduce a

zirconi umcontaining solid oxide conpoyund. The zirconium can be added to
the solid oxide conmpound before calcinkng or in a separate zs step after
calcining the solid oxide conpound. 1y, the solid oxide conmpound is
contacted with an aqueous or organic ion of the zirconi um containing
conpound before cal ci ning. For exa heCrki rconi um can be added to the
solid oxi de conpound by fornming a slurryzgt the solid oxide conpound in a
solution of the zirconiumcontainin o) and a 30 suitable solvent
such as al cohol or water. Particul ay itable are one to three carbon
atom al cohol s because of their volahill and | ow surface tension. A

sui tabl e anpbunt of the solution is Ytilized to provide the desired
concentration of zirconiumafter drw ng. 14 28 May 2004 Any water soluble
or organi c sol uble zirconium conpound is suita?] that can inpregnate’ the
solid oxide corrpounddwl?thylﬂl)’léﬁgﬁﬁﬂen 2R ‘ﬁgl" & but are not linited
to, zircbniumtetrapropoxide, zirconyl nitrate, zirconium acetyl acetonate,
and m xtures thereof. Drying can be efferﬂﬁé),. any nmet hod known in the
art. For 5 exanple, said dryinghcan be chiy by suction filtration

fol |l owed by evaporation, vacuu ghMing, 3 drying, or flash drying. If
the zirconiumis added after cal ci nag;ion, peeferred method is to
i npregnate the solid oxide co B h a h ocar bon solution of a
zi rconi untont ai ni ng conpound, pPeferabI i rcd@i um al koxi de or hal i de)

such as, for exanple, to Zrda, Zr(
or aryl group having | to about 12 c
al koxi de i nclude, but are not |imted¥Q, zi\rconiumtetrapropoxide,

zi rconi um tetrabutoxide, and the Ilike. |1y, the amount of zirconium
present in the zirconiumcontaining.s Iis oxi de.c und is in a range of
about 0.1 to about 3®chépheaylsH¥ibEdhungsy Bﬂ%ﬁﬂ??mggaﬁgTe t he wei ght percent
is based on the weight of the zirconiumcontaining solid oxide conmpound
before cal cining or the anou dded to a pj =ned solid oxide conpound.
Preferably, the anmount of zirconi zi rconi um cont ai ni ng
solid oxide conpound is in a range o about 20 wei ght percent
zi rconi um based on the wei ght of the zi n&@i ning solid oxide
conpound before zo calcining or the a addegi it o a precal cined solid

oxi de conpound. Most preferably, of /zi T™eni um present in the

zi rconi um containing solid oxi a range of 1 to 10 wei ght
percent zirconi um based on the ght o oni um containing solid

oxi de conpound before calcining or the a dded to a precal cined solid
oxi de conpound. 25 Before or after the sol i de conmpound i s conbi ned
with the :

b the like, where Ris an al kyl
bdﬁ?x anpl es of the zirconium




zi rconi um cont ai ni ng conpound to produce the zirconiumcontaining solid

oxi de conpound, it is calcined for about | mnute to about 100 hours,

. preferably fromabout 1 hour to about 50 hours, and nost preferably, from3

" to 20 hours. Generally, the calcining is conducted at a tenperature in a

range of about 200C to about 900C, 30 PBreferably from about 300C to about

700C, and nost preferably, from 350C to 600C. The cal cining cg&
h

e .
conducted in any suitable atppsphere._ Generally, the calcini ﬁﬁ yggp4
conpl eted in an inerd@matéﬂa&ﬁslpﬂ%ﬁ(e.-%%W&SY‘@&M““F@?&%PEW ﬁ' @Eﬁebe 15
28 May 2004 conpleted in -an oxidizing atnggphere, such as, oxygen or air,
or a reduci ng atnosphere, such as, hydrr¢<) @1 car bon nonoxi de. After or
during cal cining, the zirconiumcontai ﬁgﬁ i d oxi de conpound is
contacted with at | east one héb%ggn-e- 3 g conpound. The hal ogens
cont ai ni ng conpound is selected frogrt he janelipe@onsi sting of

chl orine-contai ni ng conpounds, p®m 'Q%?ng conpounds, and

fl uori ne-cont ai ni ng conpounds.aThe hal £conté&l ni ng conpound can be in a
| i quid phase, or preferably, a vapo Optionalty, the solid oxide
conpound can be calcined at 100 to 0 ore being contacted with the
hal ogen- cont ai ni ng conpound. t0 Any t hod\known in the art of contacting
the solid oxide conmpound with the fluory ont ai ni ng conpound can be used

in this invention. A _.co n method j§.to.i egnat e L-he sqlid oxide
conpound with an aqL@&ﬁgg’g’tﬁ]lyﬂh‘?(gﬁn%i?ﬁ'al'\“Pﬁ’g‘ﬁfz&g%lgm %‘Fﬁ‘f’%‘gc’sm t before

cal ci ning, such as ammoni um fl uori de,d. NHaE ammoni um bi fl uori de [ NHaHFz],
hydrof luoric acid [HF], ammoniumsilico " 15 [ (NHa) zSi F~] > ammoni um
fl uoroborate [ NHaBFa], amoni um fl uorop [ NHaPF~] ; and m xtures
thereof. In a second nethod, tH€sf! uor ongai ni ng conpound can be

di ssol ved into an organic conpound?giuch ~-Anw@l cohol, and added to the
solid oxide conpound to m nim rNokage off_pores during drying. Drying
can be acconplished by an zo nethod kn i €lart, such as, for exanple,
vacuum dryi ng, spray drying, flashi " %and the like. In a third

nmet hod, the fluorine-containing conpgund be added during the cal cining
step. In this technique, the fluorin i ning conpound i s vaporized into
the gas streamused to fluidize the so i de conmpound so that it is z5
fluorided fromthe gas phase. In additiﬁn.to.sogr ?f. he .
f1 uori rfe- cont ai ni ng barasansdy iy ShuomrayDareari gl FSRIONAR at i | e or gani ¢
fluorides may be used at tenperatures abaye their deconposition points, or
at tenperatures high enough to cause ion. For exanple,

per fl uorohexane, perfluorobenzene, trigcpfuoroacetic acid, trifluoroacetic
anhydri de, hexafl uoroacetyl acet onat-e; .ﬁéynixtures thereof can be 30

vapori zed and contacted with the § 4!!igi'dacbonpound at about 300 to about
600C in air or nitrogen. Inorgani¢ flUQg Ewﬁpntaining conmpounds can al so
be used, such as hydrogen fl uorideé 3 enental fluorine. t6 28 My
2004 The anount of fluorine on the t solid oxide conpound is about 2
to about 50 wei ght percent fluorine e on t he wei ght of the treated
solid oxi de conmpound before cal cinin _HPhe amount added to a precal cined
solid oxide conpound. Preferably, it 1S about 3 to about 25 wei ght percent,

and nost preferably, .| I AR ok cent fluorine based on the
wei ght of the treateﬂu%gﬁfgag§¥%gmbonpodﬁg1%efore calcining or. the anount

added to a precal cined solid oxide y method known in the art of
contacting the solid oxide conpou chl ori ne-cont ai ni ng conpound
or brom ne-containing conpound can b€ used to in this invention. Cenerally,
the contacting is conducted during/gﬂianhprr@ghgining, preferably during
calcining. Any suitable chloriney onté?ﬁ%ég; ound or brom necont ai ni ng
conpound that can deposit chlorine or brof Hor both on the solid oxide
conpound can be used. Suitable chlorine-containing conpounds and

brom necont ai ni ng conpound i nclude volatile or liquid organic chloride or
brom de t 5 conpounds and i norganic chloride or brom de conpounds. Organic
chloride or brom de conpounds can be selected fromthe group consisting of
carbon tetrachloride, chloroform dichloroethane, hexachl orobenzene,
trichloroacetic acid) bronmoform dibrononmethane, perbronopropane, phosgene,
and m xtures thereof. Inorganic chloride or brom de conpounds can be

sel ected fromthe. group consisting of gaseous




zo hydrogen chloride, silicon tetrachloride, tin tetrachloride, titanium
tetrachloride, alumnumtrichloride, boron trichloride, thionyl chloride,
sul furyl chloride, hydrogen brom de, boron tribrom de) silicon '
tetrabrom de, and m xtures thereof. Additionally, chlorine and brom ne gas
can be used. Optionally, a fluorine-conwai ni ng conpound can al so be

i ncl uded when contacting the zirconiumcontaining solid oxide OéB& IS
wi th the chlorine-containing conpound or bronine-containingﬂcéﬁ?@gﬁ b
achi eve hi gher acti vi t(isopropsamededissthyldilyeyclopentadienyltighiven dielarsie ai ni ng
conpound or bronine-contaﬁninqugnpound i ed, such as titanium

tetrachl ori de, aIuninun1trichIo?ﬂdg,{pr<5§§§§:?richloride, it also can be
possi ble to contact the chlorine-cg¥faining compound or 30

br om ne- cont ai ni ng conpound w HiC he\girc umy,pont ai ning solid oxide
compound after calcining, either by vapor pﬁé&@h eposition or ‘even by using
an anhydrous sol vent. t~ 28 May 20 The anouht of chlorine or brom ne
used is fromabout 0.01 to about 107t s the weight of the treated solid
oxi de conpound before cal cining or the amount added to a precal cined solid
oxi de compound, pr eflelS(abmtymiethY?@cl‘Opemaélﬁwlﬂﬁm@@mdlcéilﬂﬂlﬁe;5 ti mes, nost
preferably from0.05 to 1 tines the wei ght
conpound before cal cining or the anoun
conpound. In another enbodi nent of t
ot her than zirconium can be added ed solid oxide conpound to
enhance the activity of the organo 9@§Round. For exanple, a netal,
such as, zinc, silver, copper, 1o .-‘Egi)u gallium tin, nickel, tungsten,
and m xtures thereof, can be added. Tr \)L especially useful if the solid
oxi de conpound is to be chlorided duringi\cal cining. The catal yst
conpositions of this invention can be produced by contacting the

or ganorfet al conpoundis(itdengh) girreriturdiphlerideinpound, and the treated solid
oxi de conpound, together. This contacting can occur in a variety of 15
ways, such as, for exanple, bl ending. rnmore, each of these conpounds
can be fed into a reactor separately, vallli ous conbi nati ons of these
conpounds can be contacted together eing further contacted in the
reactor, or all three conmpounds can bejc qﬁ@ed t oget her before being
introduced into the reactor. Currently,~ohe“nethod is to first contact the
organonet al conpound and zo the treated ;OFTUCpxide conpound together, for
about 1.mnute to about 24 hours, _pre bly, 1 mnute to | hour, at a
tenperature from about 10C to abo preferably 15C to 80C, to forma
first mxture, and then contact t
conpound to formthe catal yst conpo

f the treated solid oxide 5
ded to a precal cined solid oxide
Q;[ion, an additional netal

e\t re

methyloctylsilyl bis (9-fluorenyl) zirconium dichloride;
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Anot her nethod is to precontact the organonetal conpound) the z5

or ganoal um num conpound, and the treated solid oxide conpound before

injection into a polynerization reactor for about | mnute to about 24

hours, preferably, 1 mnute to 1 hour, at a tenperature fromabout 10C to

about 200C, preferably 20C to 80C A Jéight rati o of the-organoal um num

conpound to the treated solid 30 oxide conpound in the cataly ition
SRRl

ranges from about §:.1 Qut '%9@9 nvdrid¥%Re@un bout
| :100, and nost pﬁ’éf'éi'gm,gu °rp(%?‘ﬁ : l?%b%ﬁé%ﬁ%&%e%{ght ratio of the

treated sghhslofetiigsui@nReund to the organomnet al is 28 May 2004 conpound
in the catal yst conposition ranges fronbﬂﬁggt 10,000:1 to about 1:1,
preferably, from about1000:1 to about 4071,*and nost preferably, from 2S0:1

to 20:1. These ratios are based e anount of the conponents conbined to
gi ve the catal yst conposition. r contacting, the catal yst conposition
conpri ses a post-contacted org al c@hpound, a post-contacted

or ganoal um num conpound, and a postconticted treated solid oxide compound.
Preferably, the post-contacted ed\ag'cgc@g(i de conpound is the
majority, -by weight, of the ca conposition. Oten tines, specific
conponents of a catal yst are not , therefore, for this invention, the

to catal yst conposition is described asaﬁoggéising post - cont act ed
conpounds. A weight ratio of the post-conf ed organoal um num conpound to

the post-contacted freated salid i d <LRclehSrdma i prelip conposi ti on
ranges from about 5%“’a?ﬁwé%8ﬁ¥gﬁgégggF&%gggg?agly? fron1abd%i %1 to about

1:100,, ang,\0Rgho Breferably, from1:1 to 1:50. t5 A weight ratio of the
post-contacted treated solid oxide conpound. to.the .pnost-contacted
or ganonet al conpounbis(nbutyicyelepentydiendzasenim GoR es from about 10, 000: 1
to about 1:1, preferably, from about 00:1 to about 10:1, and nost
preferably, from250: | to 20:1. Thesk ratios are based on the anmount of
t he conponents conbined to give the ¢atalyst conmposition. 20 The cat al yst
conposition of this invention has an vity greater than 100 gramnms of
pol ymer per gram of treated solid cgﬁpound per hour, preferably
greater than 500, and nost preferab Qpater t han about 1, 000. This
activity is neasured under slung p ™at i on conditions, using isobutane
as the diluent, and with a polyneri n nperature of 90C, and an -
et hyl ene pressure of 550 psig. The\2 ctor should have substantially no
i ndi cation of any wall scale, coati/ng or other fornms of fouling. One of the
i nportant aspects of this invention is that no al um noxane needs to be used
in order to formthe catal yst conposition. Al um noxane is an expensive
conpound that great Ibjs(indenggirsonivgl gigblori@eoduct i on costs. This al so means
30 that no water is needed to help formguch al um noxanes. This is
beneficial because water can soneting aa polymerization process.
Additionally, it should be noted tha L;goro-organo borate conpounds

a

n

need to be used in order to formthe | yst 19 28 May 2004 conposition
The treated solid oxide conpound of th \@ntion is inoiganic when the
treated solid oxide 'conpound is formed, Rh&terogenous in a organic

pol ynmeri zati on medi um and can be cga_be eéEYMy and i nexpensively produced
because of the substantial absence ; al um noxane conpounds or

fl uoro-organo borate 5 conpounds.
conpounds and MgCl z are not needed der to formthe catal yst

conposition. Although al um noxane,. @=aor gano borate conpounds,

or ganochrom um conpounds, and MyC z are not needed in the preferred

enbodi ments, these conpounds can be used in other enbodi nents of this
invention. to In another enbodi nent of this invention, a process conprising
contacting at | east one nononer and the catal yst conposition to produce a
polymer is provided. The term "polyner" as used in this disclosure includes
honopol ynmers and copol yners. The catal yst conposition can be used to

pol ynmeri ze at | east one nmononer to produce a honopol yner or a copol yner.
Usual Iy, honopol ymers are conprised of i s nononer residues, having 2 to
about 20 carbon atons per nolecule, preferably 2 to about 10 carbon atons
per nolecule. Currently, it is preferred when at | east one nononer is
selected fromthe group consisting of ethylene, propylene, |I-butene, 3

met hyl - 1- but ene, .1-pentene, 3-nethyl-1-pentene, 4-nethyl-I-pentene,

| - hexene, 3

hd be noted that organochrom um



- ethyl-1-hexene, 1-heptene, |-octene, |-nonene, 1-decene, and m xtures

" thereof. zo When a honopol yner is desired) it is nost preferred to

pol ynmeri ze ethyl ene or propyl ene. Wien a copolyner is desired, the

copol ymer conprises nononer residues and one or nore conononer residues,

each having from about 2 to about 20 ckE bon atons per nol ecul e. Suitable

~conmononers include, but are not limted to, aliphatic 1-0IefiQ§y©$vi§ 4from
3 to 20 carbon atons per nol.ecul e, such asg 25,for,ex8g¥L§@epr p g% ?

HALEREnIUM » and ot her

ol efins such as 1, 3-but adi ene,
i ene, 1, 4-pentadiene,

i Xtures thereof. Wien a
nmerize ethylene and at | east

1- but ene, 1-pentene, 4- net dimethyldhtsd-nd
ol efins and conjugated or® nonconj ugat ed
i soprene) piperylene, 2,3-dinethyl-1,
1, 7- hexadi ene, and ot her such diol efi
copol yner is desired, it istpleferre

one conononer selected fromthe dggplp cosi/siidng 30 of 1-butene, 1-pentene)
1- hexene, 1-octene, and 1-de}q3 s e anoybf_of conononer introduced into a
reactor zone to produce a copol ynmer erar¢ly fromabout 0.0l to about
10 wei ght percent cononomer based otal weight of the nononer and

20 28 May 2004 conononer, preferably, a 0.01 to about 5, and nost
preferably, 0.1 to 4. Alternativel an apount sufficient to give the above
descri bed concentrations, by. weight, ™ he copgd yner produced can be

used. Processes that can polynerize at |east one nononer to produce a 5

pol ymer are known i methyboctylsijylbigtflaerenylizircentumpilishlosidar ry pol yneri zati on
gas phase polynerization, and solution polynerigation. It is preferred Lo
performa slurry polyneri ion in a | oop rgactjon zone. Suitable diluents

used in slurry polynerizati are well kno Zh the art and incl ude
hydr ocar bons which are liquid er react'éﬁ a;ditions. The term "diluent”
as used in this disclosure does not“%pecesdssd w \peadl an 10 inert material ;

it is possible that a diluent can contgii buf¥
hydr ocar bons include, but are not ligfte
n-but ane, propane, n-pentane, isofgntane, Wegp&€nt'ane, and n- hexane.
Furthernore) it is nost preferred to use ine as the diluent in a
M ()
=

/|

& ynerization. Suitable
e

,” xane, i sobut ane,

slurry polynerization. Exanples of such te gy can be found in U S
Patents 4,424, 341; 4,S01, 885; 4,613,484; 4, /3F, 28Q 15 and 5,597,892. The
catal yst conpositions used i.n this pro [O . go i pol ymer
particles without s peAnS ARy CPBW&PH%?%%%%@%@P% %5’% ﬁ]r'g{%%t al yst
conposition is to be used in a | oopXERCtYYL, zone under slurry

pol ymeri-zation conditions, it is, preferred when the particle size of the
solid oxide conpounth this formalae(2¢0 iy ahydroearbyhsyingifoorn d tagbent 2006090 cr ons,
preferably about 25 .t0q, abo 500. M f 160 to 200

m crons, %% S'bggfre?:tgﬁt"rlSIPTCgiﬁ??‘g‘g”hﬁ%Wﬁg?Fﬁgﬁggﬁwrﬁ%ﬂéﬁnﬁﬁﬁ?&ec@fi c

embodi Mendariin dtbing. HOWRREL, @Ms nbsPPREGESR] WhenDOY isdelicted frnmo thecgroap cat al yst
conposition, the process conprising éoptlonally) "consisting essentially
of ', ¥r "conpisiing phgetwl,cthyhpropyl. butybapddtobiylal unina with a sol ution
contai ning zi rconi u &l ARLKOKYS; o hEEdRIdHde, BhAKEife. EufitndfiipRatic
radi cal containing one to twelVe’carbons, 1o pfoduce a zirconi'um containing
al um na Ravfengd whem(X®} 8 iddeperdagily spRerdfron iteqpoupicosatieg ob flupteandei ght  of
the zirconiumcontaining alum na before calcining;, 30 (2) calcining the

zi r coni urihéasat dlayevgr.dl ismeshreaferzed Whe A it €08 hin a range of 350 to 600C
for 3 to 20 hours t P53k GRGDef AERPE I MRiusfvd) HeRRL&CHAg the

cal ci ned conpositi oﬁn\@\n{sﬁﬁ%‘glﬁbo’f\ %gtnr acﬁforl de in tﬁléc’ 21 28 May 2004
anounts eqreferied wheiSnt @& 3L ti nes the wei ght of the alum na before cal cining

for 10 minutes to Sg ninuteg %@cfroducg a Ch%ﬁhided’ zi rconi um cont ai ni ng
al umina; (4) conbi nERYTPIE LIS SORRPUNG; PESAIUREDONt ai ni ng al umi na and

bi s(n butyl cycl open %ﬁﬂm&?ﬁﬁhﬁponiun1dich|oride at a tenperature within a
range of 15Cto 5 8 of about 1 minute to 1 hour to produce a nixture;
and (5) conbi ni ng ttrethladtoima(BEAY et hyl al umi num to produce the catal yst
conposi tion. Hydrogen can be.used with this invention in a polynerization
process to control ﬁﬁFVHﬂ?mﬂBF%Eular weight. to A feature of this invention
is that the zirconiggﬁﬁgﬁﬁghﬁﬁ@gﬁﬁgkkg oxi de conpound is a polynerization
catalyst init's own ri'ght, providing a high nol ecul ar wei ght conmponent
onto the usually symretrical nol ecular weight distribution of the
organonet al conpound. This conponent, or skewed nol ecul ar wei ght
distribution, inparts higher nelt strength and shear response to the

pol ymer than coul d be obtai ned



15 from an organonetal conpound al one, Depending on the relative
contributions of the zirconiumcontaining solid oxide conpound and the
organonet al conpound, a bi nodal pol yner distribution can be obtained. After
.'the polyners are produced, they can be formed into various articles, such
as,” for exanple, household containers apd utensils, filmproducts, druns)
20 fuel tanks, pipes, geonenbranes, and liners. Various proces?ﬁﬁh_ﬁpoﬁorm
these articles. Usually, additives and nodifiers are added to e go yner
in order to provide ieknghfimets. It is believed that by using the

i nvention described herein, articles_can be produced at a | ower cost, white
mai nt ai ni ng nost, ifdﬁmﬂn&ﬂﬂpnﬂmﬂvﬁ@d%ﬁmque properties of polyners produced
with netal |l ocene catalysts.. 25. .Testin> Methods A "Quant achrone
_Autosorb-6 N trogen %3¥@”§¥%§#?§@§£ﬂﬂﬁﬁ%kﬂlInstrunent" was used to

determ ned surface agggoitglaR@igumobndre. This instmment was acquired from

t he Quantachrone Corporation, Syosset, N Y. 30 Melt Index (M) (gllO mn)
was determined usi ngdrttielpmpngngblondeigoc with a 2, 160 gram wei ght. Hi gh
Load Melt Index (HLM ) Wegradet erm ned using ASTM 22 28 May
2004 D1238) Conditi on&"é%aﬂﬁl 1 %Agge\ntheg 21,500 gram wei ght. Solid Oxide
Conpounds Silica was TokttRiarddolid onide/cRmBonadsomplisgs ablsast oRgRIgeR por e

vol ume of about 1.6 cc/g and _a surface.area, of ab
commer ci al zatemimaansh? epligsonide P@HP@F‘Qdéﬁﬁ%ﬁ]o&ﬁ? ﬁsaé?\l}l\é/aas?{g%gct %gec? ??I@rw?b\kzo

Nobel Chenical havipr gl dthiRe Odndarine 1 GéBeralty,ghasslidoxde f ace area
of about 3§WWP§¥IS%§€%§%§D#O cal gl ne the solid oxjde conpou bout 10

. ds,
granms Wer e chinpoest isteRctd flon? the grobp cRnaisting plipenng, seig2, G PP P?Rh@%'ed

quartz disk at the bottom, Wile th o] ] ' $Sidpported on
the di sk, a@lynigpsiligys 35'96’%’?‘%5ﬁﬁfec?(ggﬁmtf?{gblg’ixﬂslgg%t&p (tESEgUP?rggar rate of about

about 1.6 iR 3R0Uirnd s5icbAAERbMpGHRI GanfiRqiroduced bpany méthod ket ip theptiace
around the quartz uBe was then turned on, and t,he%tlt'errperaturfgﬁ)n s raised

at the rat guetf as) BGxpmpld) bygetlingt ¢ B¢ IHHZCEPEERPEFHRY ARE TP} s 600C. At
that 15 tenperature, thi] ?olli d oxi de conpound was allowed to fluidize for

t hree hour $opthet, 3ad dapedYero¥it-er war d, the solid oxi de compound was

col l ected and stored ggesiyine firfacosen of teaokd bkideasmpooneefierdalaivnst he

atnosphére until ready for testing. It was never, allowed t e ence any

exposur e t at50@°Qisnbephaboet 108t0yAReHY wpi%rﬁ&mﬁgﬁ?@’ 58@%@‘5?%@?( ?Ooélgor%ﬁ ns were

made in a 2.2 ljter steel reagto 04K i%h a marine stirrer namng at -
G S U

400 revol ut§o8re /BAndmoRl PE s surrounded by a steel
j acket contai ni ng boi ThegeRRNARObT thie sblidodidanenpowod is typicalbyesfatedfigenser .

The boiling point of the nmethanol was controlled hy varyin i n
pressure apghoutdstco/g, preforablyesrsater H1ag apautdh} cc/gh Hn?;gpﬁqffn%gg/, %{Bg%?se

tenperature 25 control to within half a degree centigrade, with the hel p of
electrotfi c ‘56‘?1111%&"}3'

To produce the treated solid oxide cdmpound, at least one zirconium-
containing compound is contacted with the solid oxide compound by any means
known in the art to produce a zirconium-containing solid oxide compound. The
zirconium can be added to the solid oxide compound before calcining or in a separate
25 step after calcining the solid oxide compound.
Generally, the solid oxide compound is contacted with an aqueous or
organic solution of the zirconium-containing compound before calcining. For
example, the zirconium can be added to the solid oxide compound by forming a slurry
of the solid oxide compound in a solution of the zirconium-containing compound and a
30 suitable solvent such as alcohol or water. Particularly suitable are one to three carbon
atom alcohols because of their volatility and low surface tension. A suitable amount of

the solution is utilized to provide the desired concentration of zircontum after drying.



instrunents. A small amount (0.1 to 1.0 grans nornally) of a halided solid
oxi de conpound or inventive treated solid oxide conpound was first charged
under nitrogen to the dry reactor. Next, 2.0 mlliliters of a toluene
solution containing 0.5 percent by 30 wei ght of

bi s(n-butyl cycl opent adi enyl ) zi rconi um dichl ori de were added, followed by
0.6 liters of isobutane liquid. Then, 1.0 mlliliter of a 1'Od¥ﬁg$§89%ﬂ

| uti f i i f
ool ut1 on ol bt bl SLUPHAR.CER)e Y5 Empl il st pp BT 08
up to the dmpeighhrdhé solidamadeicompdundiveieh kiyedddizn. Bxdmpleddhdiivde by irenet was

added to the reactor to equal a fjxed pressure of 550 psig unless stated
ot her wi se. imged teagirGoanmistzapraponhls, Zireamybritits, sireonipmraceylaceiopste, ansur . As

et hyl ene WagixaRESHER s -6 técdltﬁ%{} ' ]H?‘h - A ressure.
The activi tylxvvas 5 not'elg%yg%(i%% I ng the Idcl)gtvh%? e 9?@%‘%*’?‘2%& he reactor
t o mai ntai rexainplesedid dryésgseanche cdirtpdeted by sadtiont filedtidn fidlowddeyadviapbrationf | ow
was stopped, and, he reactor. was ﬂs'ﬁﬁﬁrﬁ depressuri zed and opened to recover

a granul ar BEYYRERYIng. sPLay drying,ar flag Bactor was clean with no indication

of any wall scale, cqafHentrcBhiuffBAEAELAMR cRicidatidh! A préfifreR HHRTT is4ES t hen
renoved and wei ghed. Activity was specified as grans of polyner produced

per gram ofimpeegnate thesssllidcxada abenpeaing ovitida bydrocahomsblsthbn df oxirasmiwanpound
charged per hour / g/ hr).. sGription .of Result cjfic exanmples of this
nventi on SPESURA SRR PRl b, & 2GR A QB Db ot FERBIEst o
are |isgped Zr@lJZﬂl?bﬁ_)J, and (R [EEAWREE R islarf ik HUMArA groudhaehé fefakdudibna)

Ketjen Grade B alumna was cafcined in dry air at 600C fof three hours. A
sanpl e of rchibonsrelExamples elethe hireaniem3lkmadsinehisie o aezinotdingi@@iGounder dry

nitrogen and hel d at that .tenperature gnother three hours. Then, 2.3
T rer e Shandids PR e o LNt o ¢ ne i ¢ ogen ;
stream bel ow t he al utidnasally e @micinV&¥SzilARRIM ?%exﬁﬁﬂﬂ%f&ﬁﬁnﬂﬁoﬁtﬂfuﬁ@h the |
alum na bed to produce a chlorided alumna. Arter all of the carbon

t et rachl or seléd exide exrapeinatie in a range of Ryt deldtoaabent 3 weeght perseridzitconingom

t enper at ur r nitrogen., .then,stqQred in, ap,ai r-tight glass vessel until
useq 13t o HEEIRE Mk PRIRChat PRRRRTRE Helu P v Aieniie R e T

or ganonet abxide kp@pbthdSefafttaltifing of theasndudy Bddddao\d tehldnePsllididxide Of 1066
grans of polymer per gram of chlorided alum na per hour. The pol yner -had a

M of 0.17cgmnpeyng Prefgraqlyvithepgmourg of £Ireomium preseait i the Rirtoniumsgoniining16. 5,

refl ecting I i inst ribut ] heh is typical of
ot al  oconsd RSB ERBARATEI #lanlE P Mol 03 daBh A0S Bt BB i ng
Al umi na) 3basédiohene weigteoRhakitodriamyantdifing isbRd okide doshpaund BéfoROOC f or

three hours. A sanple of this nmaterial weighing 19.7 grans was i npregnated
with a2@ol eRIFgHesibarmewy addgl 9ia precaleiapd solid @gdesomppundo iylgsh

tetrabut Oxbl%?erglﬂy,t}% %mmt(c;fz?r%gnium present in the zirconium-containing solid oxide _

compound is in a range of 1 to 10 weight percent zirconium based on the weight of the

zirconium-containing solid oxide compound before calcining or the amount added to a
precalcined solid oxide compound.

25 Before or after the solid oxide compound is combined with the

- zirconium-containing compound to produce the zirconium-containing solid oxide

compound, it is calcined for about 1 minuté to about 100 hours, preferably from about
1 hour to about 50 hours, and most preferably, from 3 to 20 hours. Generally, the
calcining is conducted at a temperature in a range of about 200°C to about 900°C,

30 preferab'ly from about 300°C to about 700°C, and most preferably, from 350°C to
600°C. The calcining can be conducted in any suitable atmosphere. Generally, the

calcining can be completed in an inert atmosphere. Alternatively, the calcining can be



24 28 May 2004 g/m) and 31 mlliliters of dry heptane to produce a
zirconiumcontaining alum na. The excess sol vent was evaporated off under a
~dry nitrogen flow at about 80C. The zirconiumcontaining alumna was then
cal cined at SO0OC under nitrogen, and during this process) 3.0 mlliliters
of carbon tetrachloride were injected thto the gas;streamto 5 produce a
chl orided) zirconiumcontaining alumna. After subst antial ly- abk ngim

carbon tetrachl oride had evapora ed %8% assed u 5 Iau&ng
zi r coni uncewAtetading OéFWﬁég'ﬁ RWOERS, ?’W@e%ﬁ' 8t cfedé1
zi rconi um,gon ﬂérlgl mh%qwdwge%?c%gﬁ%mmﬁr nitrogen. The chl ori ded,

zi rconi umcontai ni ng alum na was then tested for t o_pol )il’TEI’I ation
activity with triet Aftealonduringealpiming, the Zirogise-sepiapingsp net al

conmpound. |t ded 862 D r fal -

zi rconi unfB?i‘Pé‘r‘rfd ﬁﬁc’ﬁﬁaﬁtﬁfﬁﬁﬁbmtrl gﬁégﬁé mggénr)l n}%{x Wnbghgﬁgn? Beti vi ty
of the streghafimPtdbdinddesasedios the ghdub. coﬁhletmg)bglm’rdonmmmalmngof zero
and a HLM of zero, indicating the extrenely high nol ecul ar vvell%ht .I%bt ai ned

from such cnmlpomrdsuhnoc'an%ﬂcy@tﬂmmg epmpqunds,ARd rﬂ‘ioﬁé‘e‘m@fﬁf’ﬂﬁ gegpon
Zi t ~A , t
i rconi um,Con a'ﬁ%'ng nlmgé:rgﬁg%gunmﬁn %ggg?? Hhﬁ(ﬁh or?l’éf&%lw AvaSdiHatd. ng

al uniina GRIOEE reteste meri zation activity but in the
presence @ptRnally, IR Alid€ o, caﬂ&elc&kdlrrceltaedﬂﬂ to 0¥ Gbeferecheies
descri bed previ ous| y. It produced, |484 of polymer per gram of
chl ori ded coziaﬁféémlﬁrmébﬁloﬂFW%}a’é‘P‘LﬂﬁcP@g “hour, 20 indicating the

addi ti l;%nal contri butj A@Fm@ fholiiGondA MRt 8f consBRig ke solfiuskidebdmpouhed,

zi rconi“um cont ai nin umna exhibited an activity conparable to that of
the chlor 'vdiﬁﬂth@'ﬂhﬂhﬂ@»cﬁ@ﬂﬂirﬁ@ compdbrginpah e bsey intthisgngentione HEPPMOR was nuch

different. The polyner had a M. of .zero and .,a .HL ating the
h: gh ol ecmq:th@d x%épénpre@aﬁﬁﬁh%iﬂ 'iddﬁ‘1 «aqudz‘wﬂesmr%ﬁ%é&m{ﬁ{% 2I 2gA
(Control - ﬁﬁﬂlnﬁx#a‘iﬁﬁcf%vdamngﬁéﬁ a.@&%nﬁinln!lrﬁfﬂu\oﬁae @I&’HGF]ned in dry

air at 60 ree ‘hours. A sanplé of this materi al thn about 10
grans was zhmbxedmtmﬂﬁ@ﬁmz [lN’idd{del,r}wdmﬂuomlg@md [tHiﬂnaIZHB’ﬂFHm pilicPHgPRdef car bon

ES??EE'EQW“ o ?1 e e eiels (R BEAGH o BTGRP’
silica beqeht}g f‘elgltﬁé’rb(gifed silica. After all of the carbon 25 28
ac?1]ror|

May 2004 t had evaporated, the chlorided silica was COP ed to
room t enperature undlara secondyethodt ﬁl@rﬂl@ﬂaﬁéﬁnﬁaﬁ‘laﬁc‘%{FW‘HW b@dé%sg Wssel

until used for a palyneriza | est M\ﬁdh an
or ganonet aMtCBHPFEEHE c%rﬁaoqré_,\ ag,\ﬁlsal?oy ?r?fl ?%ﬁ%g&;% trgg s&nlgc? Fo)fé @%E\Qﬁ)o

(I'nventive-..Ch9E 'sﬁ%ﬁcagg'oﬁ“gefé's‘dﬂh@ﬂfﬁhg“ Deyise tarchy ao%omﬂnpﬂmi byfaIDaw son
grade 952 SIIPI ca wei ghing 50 grans was hine
20  method known in the art, such as, for example, vacuum drying, spray drying, flashing

drying, and the like.
In a third method, the fluorine-containing compound can be added

during the calcining step. In this technique, the fluorine-containing compound is
vaporized into the gas stream used to fluidize the solid oxide compound so that it is

25  fluorided from the gas phase. In addition to some of the fluorine-containing
compounds described previously, volatile organic fluorides may be uséd at
temperatures above their decomposition points, or at temperatures high enough to
cause reaction. For example, perfluorohexane, perfluorobenzene, tri fluoroacetic acid,
trifluoroacetic anhydride, hexafluoroacetylacetonate, and mixtures thereof can be

30 vaporized and contacted with the solid oxide compound at about 300 to about 600°C
in air or nitrogen. Inorganic fluorine-containing compounds can also be used, such as

hydrogen fluoride or even elemental fluonne.




inpregnated with 75 milliliters of a solution of 80% zirconi um butoxide in
butanol to produce a zirconiumcontaining silica. Then, another 50-
-mlliliters of a solution of 25 mlliliters of water and 25 mlliliters of
propanol were added to hydrolyze the to_ zirconium butoxide. This m xture
was dried under vacuum for 16 hours at 1%20c. A sanpl e of the

zirconi un“]: cont aihni ng si Ihi ca wei ghi lnlg I15. 90 grams was heated toz&ﬁ%ﬁ?zbéh dry
nitrogen for 2 hours._Then, 1.0.mlliliter of .caf il S
injected into the ni t%@&?“PfL%ﬁﬂ‘f"d‘"&h‘?“o‘?‘Faféa{ esozl'ls)gggg%@?g@l&t)%ian?%ﬁé@si lica
to produceaiit 96 Wissht peiceAOMicHie Gasédomihiagyeipht ofahe el silidspade i al |y al |
the carbon tetrachloridé 1> had evaporated, the chlori deﬂ, .

zi r coni um cempeing rforsi dalcaning asthe grasat adrrdrto dmpecHinegFoRd oXile chi ori ded,

zi rconi um cont ai ni I 140 ' ' REdbiy it Y
with triet ﬁwg?‘m%- g&ﬁfeéﬁb&ﬁ}n%%rﬁagm%bgﬁ %%vn%%ﬁga]ggﬁg%ﬂgﬁ)%gge Pr ev%/ousl y.
It yi el dedisl?@ Ty weRhoperpalt erfing bisedroarthe fveigit of thddrbatedgolid oxide
zirconiumcontaining silica per hour. Wile this mlmg% ha low, it is a
consi der abkemp prerpalcaniag of Hie amugt pdRsy 193 RTER LR PUP oY i n Exanpl e
2-A, which %/i ellg%d no polynmer at all. This indicates the ability of the

chl ori ded $Y'PREM“um cont ai ni ng silica to activate the organonetal conpound.
Again, this polynmer hasy melibd khoweirotherit of ddnMttiog theenobid oxiigwiompouneé
contribution of the zirconjum zs 2-8 g_bnventi ve - .Chlori dl?n%canbe used

Zi r coni um ithithe ARSI NEERINRANNG O QLIS OB T AT TBRY A TR H5FT ca of
Exanpl e, 2- : iafy f rik hfededidringiolr Mfted ddicifihg,
organo(r?r%t aﬁ' é@%ﬁg&%ﬁﬁrﬁgﬁﬁpé’ttﬁgfgﬁhﬁlﬁ%}h}ééiicept_ th\gt 20 psig ofg hydrogen
was al so ageiéetably dunmgreakririing. Any switibbechlihdneroprtaining coppioyAt obPrami@epol ymer

produced. The run produced a conparab act i vi 3 { l.ar
wei ght di dC%ﬁlnH@c&e%%Bf&mgrﬁ%gﬁ“ H%’%ﬂl?b? ew%%‘%&%#éﬁ‘. °&r@g SWH Baide” o
zero, and thg caABeYusedCE ARG HIOHRe-08ntadid Fomidunds Sehbrostinat es t he

contri bution ; the zirconium 26 28 May 2004 2-D (I nventive-Chlorides,
Zi r coni um Gombiaing conSgpunidlindede volatile of ligaid erganic £hlog8n PUMOEYAE ai ni ng si | i ca

of Exanple 2-B t ested agajn_for_ polvner] j L\ i an

or gano taFo@BﬂﬁﬁgéﬂﬂgW‘?ﬁwypegfﬁ?ﬁ“ﬁgﬁl&@%g‘%{}'t g%ﬁ{%gmg}g}dgggf hydr ogen
was added bhhiae cbﬁxﬁﬁhﬂds daf beuElebed fropdltiresrbup barsiming ofitabonvetgihlogtics he
pol ymer produced. The run again produced a cc‘)_irggar abl e acéi Vi t;{)ﬁand t he :
mol ecul ar wkiogiformedicklanethasadirgachieropergcgeqtnehlogeacgtio 2eid, RICTOITE of 8. 94.
Thi s gives br oad .nol ecul ar ' [ i.but | hidi ga cthe

HLM / M rafi?béo’?}f’méﬂ‘.ag?’ %‘?f8ﬂ“°\§§d*’%gu%ﬁ’q‘8§%ga“§e&‘i ﬁa&ﬁa%ﬁgﬂégérog'a%?gl conpound
control in E%AEPbLEbide EBRphiMREabLecleted fivmi dietgroipstanisisting ofigasgouhe
result of contributions to fromthe organonetal. conpound an 1t he chl ori des,
zi r coni20m bpdrogemétgride. silisen tetrachlaridgetin tefeachlonideJitagipm tetrachlonide,

Zi rconi um Cpnt.ai ni.ne, Si.li T rj i j Rk Ngydségenca of
Exampl e 2. BNEUPGBENE gy blon BENEH AR, D) Ik RgRLER ShidrT i Res

or ganonet alyr&RiRObLen afistoiide kilicbn adtrabromide, anttinngurss theseod. siddiyenaliyen
again as in Exanple 2-D. The run again 15 produced. a conpara jvity,
and t he m)chl@wlala“@\br‘gﬁ’tncdé%?@a@e‘éfe@ﬂ&P@'ﬁ“gw’ﬁ OEnﬁ'cﬂ‘t%“%Eﬁ@pgﬁ{ a HLM
of 10.9. This gi FoL:ToN | icshainng é0did Bsde compbwdt ed by
the HLM/ M%??altg!?égg?&g@% 6, Wgﬁi&?{ééghuéé&ﬁk%ﬁiguégg?ﬁt.r@ﬁé the or anomrrpet': al
conpoung CavitH ik chidrimsaptatnifg compoaidygr trbmity-cedaininesemPaHNg D teve
distribution is the result of contributions fromthe organonetal conpound
and t he chihighepadivignsPPESAFSm cont ai ni ng silica. EXAMPLE 3 3-A (Control -
Fl uori des Al um na) Key Eho%ﬁﬁ@clﬁoﬁﬁ&%rﬂﬂin‘i‘@g%&ﬂﬂ;&inﬂ@ﬁ bigmigheycoatainiag 600C
for three hours. A sanple of the alum na weighing 12.3 grans S

i npr egnat edowipblin®fs @6d,nuch i$ fitapiusn tetraghlosidecduminig: wichiprideodft 2™Alng 1. 25

granms of dissaol ved anmmoni um bi fluoride and dried i : Edoover ni ght
at 120C to t'ﬂ?'ﬂﬁﬂb‘g“e italsq ¢a%y etfé%gs‘hrelfﬁicﬁﬁt.acp&'e\ﬁ&loqq?e(%nﬂaé53%5%9%00% under
dry ni tg,q,ogq,rpmﬁn,q-éaﬂkﬁqln-ﬁg cbRRbul EWRB M M@ @h-dohfadeng selidsoxid eompowrd des

al um na then was cool ed”to room tenperature under ni t,rogegpﬁg stored in an

ai r-ti ght giftasesalviege kitharthylvaperphase deppsHinn ofetvien By USRS A8 8"%hen
charged to the reactor with an organonetal conpound and TEA) it was found
to yield arf® EPY vi ty of 1250 grams of polyner per gram of fluorides alum na
per hour. The polyner had a M of 0.21 ) a HLM of 3.48, and a HLML/M

rati o of 16. 6,



27 28 May 2004 reflecting the narrow nol ecul ar weight distribution which is
typi cal of netall ocene produced polyner. ' 3-BControl- Fluorided.
_Zirconium Containing Alum na) Ketjen Gade B alum na was calcined in dry
air at 600C for three 5 hours. A sanple of the alum na weighing 19.7 grans

was i npregnated with a solution containgng 9.0 mlliliters of 80 w %
zirconiumtetrabutoxide in butanol (1.049 g/m) and 31 mllil iise]](ﬁ QI}OEW
hept ane i 0 produce a zirconiumcontaining alumna. The excess SolV was

evapor ated of f underTe ginountiof chigeine bt brorzine udsdus freozabont 6.8 abeft 1Phe
zi rconi umcontai ni ng al um na wei ghi ng, 16. 80 e | at to
600C undertimgsithowys taﬁ@\ed{ﬁﬂc\%"gHP 9‘}&%&‘5’?3}?‘56&%\,\% ?“it‘ﬁ“geq’r‘ g@o‘?hm

per f 1 uor ohgxa i 1iak QotRBudB preFérabig is drapm alskut ©.05 tblabonti ded,
zi r coni um‘@é%‘?% %\ﬁ'%galgﬁ%(?ngﬁggoifte? ?u%stgnti al ?y atl of t

h .
per f | uor ohexmes rhe peferpblydtan OLfdogatimesitha preight 8fiHF tiggted sofid oxide
zi rconi umcontai ning aluym na bed at 600 € : d\V@gdsWwi tched to
dry airs f crompyupd ﬁﬁgé"s?ﬁ@f‘ﬁ’él ‘?r)}ﬂe ?Wgu?(lagg?ﬁs Q)ead‘?‘fé %@%gﬁgﬂlm cont ai ni ng
al um na vvat%nﬁ?%gd under 15 nitrogen. The fluorided, zirconiumcontaining
al um na was en tested for polynerization activi tg '.tthE,?\ but in the
absence of an or ganomednather smbodinpent of this BYERED: 3% Wgﬂ%a &€ ?Hcﬂ%% Mher
gram of fluorided) zjrconi cont.ai ni L L AR td\@ikancd theiag@dit t hat
the acti vi%§FOBRM FAM 4 ?fgi:gpg% ,etf‘%a?éc&(;érﬂﬁ@r??{g%mogﬁjﬁi ng al u_r?nnna is 20 y]rrgch | ess
than the at‘ﬁ{e oYdahymefal EB@pSid@rFstastample, a amitalpsuchas,aiimd, sigver] ¢APAR i n Exanpl e
1-B. The polyrer obtained had a ML of zero andr{ﬁ I-éLM of. d%grqhii -gi cating
that the famsoninyedallinin GormiokelcoResrhi g MK APt SALPOAIARE *8% Fenel v

hi gh nol ecul ar. yei ght, .pql f. ' ; d ~<hfdrided ddeAg caicining.

Zi r coni um@@ﬁ‘f‘éﬁF%&”Mﬁﬁﬁ%ﬁﬁ? oféﬁﬁgé%?ﬁﬁgﬁ tég)g,c}lzi rconi un%gont aigni ng

al umi na of Exanpl e 37Re wmslyseiaspmitidnenf fus inventionseand preduceiby but this
time in the presence of an organonetal conpound.as descr.i ! he

pol yrer i zatdnsartipg deeengreometal orppeHnd; s OFE%‘B? '“H’é?i‘fmzf"rn@éﬁl?agqmn%@h% ai ni ng

al um na prodyced mJ i ek t YhRfcodid&ihedfaacifinpolayieprofper gram
of fluori dBg* ecgforlgdo?ﬁ’g%% aldh?q%{h\gf u%‘lhnac? i ndi%ti ng the ability, of 30
the flypri gag, sadi £0MreRamphy, blemdmg. dlumtiiermaore.ceagh ebthaes GayaRungpgan be

or ganonet al conpound. The pol ynmer had a of zer, = f 1.74
which is i feddniesaiicacter sAPRTREH; ?%‘@“8?’58??8%?5 “5c°§rtr%ec§§ggl“?%‘l“gs§ﬁ%plbg 3-A and

the fluorided, zirconl .28 o Ve 20Q4ct60M (BE Feab@r ralii theeeicomipoangsl e
3-B. Thus, C%gﬁ?tgégg&ﬁ%%fgﬁ%%&%ei gh{' di stribution was obtai ned. EXAMPLE 4
4- A (1 nventiyse corfrhdied fogettier FfordmingrinGodueadrintadhe 1R¥F19k) 5 Ketjen grade B

al um na (100-200 nesh, uncal ci ned S, 1 myr i hinbbhiad #igs of a
sol ution made from 26-umentlyy ‘i"fce‘Pgt)hB&% ?&ﬁ?‘o"g’gp‘%{aﬁ’% #Bgﬁ&g&l g]zlllnhlbl liliters

of an §0 A2 gl &ONITA RS AREAS EetRa i bdutilmivutatoaboyt 24 8s.g/ )t 0
produc€ a zircont umcontal ning alumna. The_zirconiumcont ai ri'd'om% ai um na
was dried preferblat minuiatto 130Cr.c etemperatura Fomabghlhfs (ol 3004 '

zi rconi um cont ai ni ng _al umg_na re calci a J liisFHrst thixturehr ee
hours. Themreferablyndy (G tot rg’ Eﬂmieoﬁ@rﬂ‘ ﬁﬁgpﬁ%eah%@%ggb@ﬁﬁetg?ed into the air

flowto fl %{r{ﬂ%ﬁgﬁﬁo LrhRR LomBSRdALTbRY thl catslysacampqritesuce a f | uori ded
zi rconi um contal ni-ng al um na. ce all of the perfluorohexan

e
evapor at ed and passedAngthetmethgtl it ieeprecantash theArganqmet icﬁﬁlpg?‘fﬂﬁr@;\eg bed, the

fluorided zirconjumcontaining aluni i@dcfsbunt Gegsle Ufjectionl> dry
ni t r ogéeA. 'Pﬁéa"PPh‘HP‘ﬂ%d’P"‘BOPBg’nif"t‘}lr{nH%%%%tgﬁg?]%&a{ﬁm' M2 was t he?lﬂjt ested for

pol ymer i z-aghgrh ;ﬁﬂ%ﬁ\t‘ﬁia\fio\%’ir&&t@f\fo@ algandmainate toabpadcharns prafe@bhyl al umi num
It produced an ‘activity of 924 grans of pol r per of I ,

zi rconi um aoimigd toi Inkypuz) almi tempprAFUTR Gigm 3W1ég$%&”uﬁgw’lﬂrc%#aﬂg 8ge§md a
HLM of 2. 26, g8 providing an HLML/M ratio of 83.6, which is considerably
hi gher t harfoe pure organonetal conpound control in Exanple 3-A. The

hi gher shear ratio ingiap®sraio B ardREanalmtinimcompioyhd tod streptsdsplich,
caused by the additional contribution of the fl.uoride

; : 1000, .
zi r coni 1om caxid@caThpapndlin haeatalYHEoPNesiondanees P |°H$rjr§‘éotﬂtag?l#i 1nlg()oal um na

i ntroduces a |1 but extr J LeCiba hraveiabhit, fival Y:ieo 1c@nponent
25 whi ch ac%'ﬁf?ﬁnfﬁ’éy’f ‘fmgﬁ% tﬁ'gﬁé %?Jl{tﬂgldg\’[/)era.l {Dﬁgol ymepx’ mol ecul ar wel ght
distribution in this axespheratié-obtifd meated solid oxide qepHOYRE 1o the organometa
Zirconium Containing Alumnal To further |ower the nol ecul ar weight of the
pol yner obtai ned, the fluorided, zirconiumcontaining alumna of Exanple
4- A was tested again for




30 polynerization activity with an organonetal conpound and

triethylalum num except that the ethyl ene pressure was reduced fromthe
usual 550 psig to 450 psig, and 25 mlliliters of 1-hexene was al so added
to make an et hyl ene- hexene copol yner. Under 29 28 May 2004 these
conditions, the fluorided, zirconium cdAtaining alum na produced 523 grans
of - pol ynmer per gram of fluorided, zirconiumcontaining alum nazlgpfglg11 586'4'
The activity is | ower when conpared to Exanple 4-A due to the oWer

et hyl ene compound an thercatadisticorTpasiting fpnRgss e abewin.0Y:higgbaptiil.of 0.30 and

a HLM of 6, i VAN ] ti | 10, I .ghear
ratio i ndipcfgégasbgya %oflggg'édrfitl% '(I}aﬂé%??igr‘ﬁ\}\giqg%{‘d ﬁ#éﬁﬁegﬁﬁlgnﬁ%ﬁgzr?@ t ﬁg)?zoégt ai ned
fromthe origsgediisake baspon it dnoubik afiflecothpanente combined tagitiet the nathlyst
contribution of_ the fluorided, zirconiumcontaining alumna. The fluorided,
Zi rconi um<EBIAIUMNg al uni na introduces a small but extremely ‘high -

ol eculgar vei ght  COMRABERIaciil G PAEBM S AllcHHpk apositoreacesd! |

pol ymer io nol ecul ar" weight diStribution in this exanple.

TASLEI ExanphabesdtalGompaund @ gancomeaatd empafod ymiruRy gompound, and a post-

T(8) () 1 Ul TS R HIRCUB IoE PRI PLrPEERIoS 08 Pooct st ROBhESe SR 6 8, 57
Control G ﬁ%%&&@?%r& gﬁ%ﬂgy %gghﬁaﬁ‘zﬂe %ﬂgﬂ%@:position. Often times,

| nventive m naYesO0. 0874110. 050. 914840. 000. Q02A . .

Cont r ol O -spktiffic a¥eponentd afa c3dyg@pmnot known, therefore, for this invention, the

| nvent 10V GRISYS SPTPEAVELD BII0R0 B E0 PSR s SUBPYESD

| nventived -Zr/Sili Cg%%ﬂ%éﬁhégast%%&mgmdﬂlﬁnﬁﬁ&) SethgoBidHo the

I nventived -2Zr/SilicaYes0.450343. 260. 09650 psig Hz0. 1810, 9059. 63%

Cont r ol F- Alostcontiesdtrested sdid Gad: @ramp0din haueidyy sempesttopranges from

JZ0] AL ULt Unanonq0a1p2a T e, 430u00 48R 460l $ LUGHT 17 AI0, £ha oA YesO- 0832
-Zr/ Al unt ir;}gfgmygﬁ;,g?,auoqa@_0924o. 032. 2683. 64B | nventi veF

- Zr/ Al um naYes0. 096050. 560. 3523450 psi g et hy] eneO, 306. 3821 al25 tnls hexene
"Activisty = grams of Apwrightaatioef thg papreamiacied reater, Woo’ﬂé‘?‘:%%‘?“.nd&fjo N DD N
OO0 31 May 2004 \Mhi iS5 .l ' S dibgdsbdrrsigt ai | for
the pur pogtge 8f tfﬂ“%&%?#%r?%%c#@éﬁgéd ﬁﬁthg%gtgggf%brﬂe i m ted ther eby but
i's intendeghohp16,008N t&kbout han peserably, frodi fional 0@ tavelditdOtlhendpiost t and

scope thereof. 32 Clains 28 Ma_‘y 2004 1. A process to produce a catal yst
conposi t i orefesatily fprnddad tedhr i ﬁcﬁ@raé'ﬁﬁtaﬁ?ctquﬁ‘goréf q ARG ganonet al
conpound, at |ea ne.or | 441007 Wihn. and at | east: one treated
solid oxi dceomcpoo‘%rrlﬁﬁgﬁﬁgn}%gpeggggﬁ%yg%#%}%%?a yst conposition, wherein said
or ganogmet al  conpoundThesathlyst doalposivion @f tfén enahtifmhandmactiviygreaterdlpo 4) M-

&nd hat ni uHO SRS RORTF PSRBT R R KB AT LD EFE R p sy
cycl opent g%je&@é/hl%n sbﬂ,dagxr"d; gsagféf&%l b ater thid abdut utood, THR feny adi enyl s,

substi t ut Indenyl’s, stituted fluorenyls; wherein substituents on
sai d substintasuest mydep plant polyemyizstiorscbstitionst wsing iebntans as gedikigBs #pd ut ed
fluorenyls of X —are. selected fromthe-gro consi st i f } tirg,
groups, cy¥ithe PQFW‘“‘E%FPE‘?W&FW&?; ggf Caﬁ%ﬁhf‘ﬁgﬁ%am&% i°£§g? @Eigst Si | yl
Or 0upSy; al feybiol B duiten e AiPsiandilyinddAdic Al SPOPTAI sl g costisg otbaphor us
groups, nitrogen groups, boron groups, and gernmani um groups; wherein at

| east one fomnsbif fadm. on X' is optionally a bridging group which connects
X' and XZ; wherein X3 and X4 are independent | C: f Lo xSEoup
consisting of halideS & f}EHB“tpPEalblraéB °§S °§@Bss%f§lﬁlogld'tsgﬁtaﬁgﬁc gfoups,
cyclic grogRas ieHOgiddlit bRfr 8 FIrinth@ EREREL coifpbzitial | Aluminbxameiiphmt i ¢ groups
and cyclic groups, conbinations of substituted aliphatic grgupaj and cyclic
groups, cosipensivé oompaindthatgraatlycneneases olmaerAuediationcastsc Y &1 LSYP6UPs,
conmbi nations of substituyt aliphatic, arou f bk HifRda1Deehise gr oups,
ami do _6°rouﬁ5‘§t, "%‘C(Bgelri‘st'Eﬁegﬁ‘fg’rhe&%%&w&dlﬁ}sl,%{uﬁﬁl@ﬁ | gb%‘é&?’i‘ﬁp‘)’; Supst it ut ed
phosphi do GhRHBS scrhdih&¥ila éﬁl}%&i’fzati&ubﬁddeis.lt&dhiﬁbkwwm steulgrtsupsed

aryl oxi de groups, substituted aryl oxi de groups, o.rgagomet | 1i.c gartqyﬁs, and
substit ut eﬂnabngan@mramq l@orgtre(;:ggg)punds need to be used - order to form the cata




33 28 May 2004 wherein XZ is selected fromthe group consisting of

cycl opent adi enyl s, indenyls, fluorenyls, substituted cycl opentadienyls,

_'substituted indenyls, substituted fluorenyls, halides, aliphatic groups,

substituted aliphatic groups, cyclic groups, substituted cyclic groups,

conbi nati ons of aliphatic groups and cyclic groups, conbinations of

substituted aliphatic groups and cyclic groups, conbinations qj&gl @%
th'p atic

“groups and SUbt?«%xh%ﬁJtﬁﬁj t?é(aﬁ%d &lﬂr&&@m%h%‘?%Q%cﬂim s | t{ﬁ”m

groups and QB tted cyc roups 0 groups

groups, phaspidatka tidwride csuip@undl wtfednpchd&mhmgbmogs numex;gaaiclgolimcmimtlgnoups,
substituted aIkyIOX|de rou , __aryl oxi de group tltute ryIOX|de

gr oups, or GgHRaad caR b easaﬁéngmgp?&\feiﬂ 3’?‘?@%?3?‘3 @r oups;
wherein s Ulaﬁtsédmhﬁmb%em af%n%mnﬁﬁb@&lte%ﬂpbeﬁast&mwrawga%rbﬂra&I ng of

al i phatic groups, cyclic groups, conbinations of aliphati cl\géciups and
cyclic gr oupmpomdsyﬂt shooldde, noatid@}\m orghnathrgnisapeompeiniddasd Megasesneatal | i c

t d
o oups: nnareied morte B R B LHBSR et En Rl SRR A 195 g1 ng
group whi cfe,r@%%pd&@caﬂxpcﬁms @gmomﬁum (ﬁ)ﬁiﬂuﬁﬂﬂ%ﬂ@ﬂ%?b@%&@%@dﬁdﬁﬁ has
the followi ng general formula: Al (XS)n X6)3-n wherein i s a hydraocar byl

havi ng f r onhd preferat embodiments; Biase aeropeundsican bf Hsodkiniather emadimentipéite, or
al | coxi de; amg wherein n is a nunber froml to 3 inclusive;, wherein said
treated sol?c? -de conpound conprises at |east one hal ogen, zirconium and

a sol i dgoxi de conpoungansthé@rephbodsatst dfahie gesention,al ploeastcompeisigl ected from
the group consi sti ng;@gf chl orine, bromne, and fluorine; 34 28 May 2004
wher ei n saicanigefingat u@ledamnwnﬂéh%@t@wéeﬂm%mw% PERAYGH 2 PORERE(IF ng of

al um na, - Al AGPAGSANAL Soldhth 09dd HARR di@NSlufE Kb hHaeShoMBpAiershar &l N

there is aPsubst um noxanes. proces cording to

claim 1 whebpdlpmsri d"h'&:m&aly@dccﬁﬂﬂ)dsdlmwaﬂ@cama@mmWﬂmﬂtlamede wicnbmet
| east one additional netal. 3. Ap cess &ﬁﬁpﬁg) claim?2 wher ig sai d
at | east on@PEdHFe 7 BOTEPPYHENET OF %C‘?Q ¥Rte p@ sé’é?rfﬁ“%ﬂ‘?sﬁg f

zinc, skl v%onoﬁfépp.%[duxé%bfﬁgﬁyto Baht 20‘6Hrbc§d Qom@'ﬁkﬁ{decﬁwggﬁ@bﬁ olid

m xt ures thereo ss according to claim1 wheréin sai
oxi de conpebogt llwmhmtmdpatmalcttﬂerp@matnm;a ifig paefmn@wh@ﬂ ablgasiton200 C. to

900 C. and for a tine in nge of about 1 _.m.n out haur s

bef ore or ARTEOMEE %I@Eﬂdléo'%i?et@%%ﬁ%ﬁwgl% eﬁ’é’ c?@ﬂa@PFhl guten =

zi reoni U”B%'é:ﬁ‘y ni. meﬁeofiﬁ%&l&ﬂe ﬁmeﬁly@floﬁéﬁélea%%tﬁlﬁngp&rﬁe@ alyBxénaMier ei n
u

said solid oxi e conpo i's calcined at a temperature in a range of about
300 C. to akioii-lie@eneC]-teptine, t-derend,rl -roneandedaienarodimikturetitheragiabout 50

h bef ft id sol d
211 conitimont ai ni ng. CORGUAMISORREH SR Aot Brot At P I eher o n

sai d sol i d ¢pxiidR of prRgIne. Whendd & @lis AeiiREPBE *bpSIgmieRcdmpAnge of 350 C.
to 600. C a d aotlﬁ%gln a range ggﬂgnhour to 20 hoﬂ??ﬂbeforg or after said

sol i d oxi denoomeymsives acboneawtmaragomenamer rasshicarach hewngifiom aepHisdAd. 7.
A process g Corzg) t%&gb&gﬁ%’g@(%fﬁpﬁ%%gorﬁﬁké}%@r@, mcﬁu&‘é’%%{’%&% otai d solid

oxi de conp rocess according to claiml
wherein Sailﬁm&rdgarﬁﬁﬁﬁhﬁé 1-oRTR hading Fednd 3tt6 Q&h%oﬁ@iérﬂs per molecule, such as,
25 for example, propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene,
and other olefins and conjugated or nonconjugated diolefins such as 1,3-butadiene,
isoprene, piperylene, 2,3-dimethyl-1, 3-butadiene, 1,4-pentadiene, 1,7-hexadiene, and
other such diolefins and mixtures thereof. When a copolymer is desired, it is preferred
to polymerize ethylene and at least one comonomer selected from the group consisting
30  of I-butene, 1-pentene, 1-hexene, 1-octene, and 1-decene. The amount of comonomer

introduced into a reactor zone to produce a copolymer is generally from about 0.01 to

about 10 weight percent comonomer based on the total weight of the monomer and




- oxi de conpound, and sai d organoal umi num are conbi ned by 1) contacting said
organonet al conpound and said treated solid oxide conpound for about 1

m nute to about 24 hours at a 35 28 May 2004 tenperature from about 10 C
to about 200 C. to forma first mxture; and 2) contacting said first

m xture with said organoal um num conpoupg@ to form said catal yst conposition
9. A process according to claim8 wherein said organonetal conpg 2008l d
treated solid oxide conpound, and said organoal um num are conbined-by 1 )
cont act i NgegiRbrbrRdIIpRIFEbIY| atwrDOUnd about 5% and mastpreéerablyl 0.4 @i de conpound

for 1 mnute to 1 hour at ;a tenperature fraom 15 C .t . ma first
m xture; afdfematively; 2 ANARNtSHIGFIENLLQ BIVE; ?%?%ve\/ﬂetg?flbs% 02’93%?&%3{’ 3’541 num

conmpound tQ f i g},‘ﬁlé $RIRsht ussd. 10. A process according to
claim1l V\h\évrgﬁ?‘ﬁiq}s'z@édgoo[’% anorryé%’%l conpound, said organoal um num conpound,
and sai d treated sol iRdoesiedahaicappalythenze apleasinneaReRAmrde PIOdERat e to 1

hour at a tenperature in a range of C.1tg.8 ' be: CESS

accor difg P@‘Yﬁlcéﬁ?ﬁ@%ﬁbﬁ"épﬁarsrasiuﬁgﬂ%llzfgb%)hwf@ct%?%P%& (#}Q }(g{ netand t he

amount of LD& ' trafisn. iINispréfengd toperkiyoud sl0rd5 t o about
égl\lxg{egz?tu%;, a?ﬂ@@?uﬂ@n elé'ﬁgkgql afli isgr pe

5 tinmes th e trea i d oxi de_conmpound before cal cining or

the anount pelytedzatiomina koplreictiod zent.i ShitabledilatpEEAdn sSHTY PPRENHIEHeR S

according to clajm 1l wherein sai ' IR &0E uhderReRSRAL 1N an
anount i n ArEPERIGERIYN éfbﬁﬁta’%‘ant dn%g@%‘{;ﬁg‘é{;}érhémfmgﬁgﬁtap@l er e t?{e wei ght
percent is c&?cﬁﬁ&.so PR WOl NN tOs w2l th thi ediseldswoldods notinteessaniiy oueatt aef or e
calcining or the anount added to a precal cined solid.oxide .corrgo q)(c)i. 13. A
pr ocesso ac amrdnatgriak icis gossiiiewhas palilyerinag conETULG lORATYHEIZAUGE 3#% Gind is
cal cined a tepperature in . a.r . 3 GeibutanediBunti e in a
range of SE‘M%BF“ "?Bwﬁ'&ﬁréuq Q%Pagg%]}%{ctgég%a@éeﬁgf'ng to clai mt_13 V\ger ein
sai d or ganghak, f-pemany) tsopeitatie, neepdneahes ahd o-hoxante Kuthsouerd, it #modai d

or ganoal umBnum areﬁconbi neg by 1 ). contacting said organ Il cm&ynd and
sai d treat peefentd @ usgiisnbutang s throdiuspt 10 %leﬂ'gé’O?}S"Wgﬁ?'% Fenper at ur e
from15 C .t 0 C. . &l 'gugagz;Iangoi)ggquﬁa;;;uszng,mi,ncti rst

m xture w tt??%ggliogyg?%gﬁfgé{n?%ﬁrgjﬁﬁ %%?rrg%)uhd to form said catal yst .
conposiyti opd 5,586,828 May 2004 1 S. A process according to claim 14 wherein

sai d organonetal conpound, said organoal uxni num conpo Lek treated
solid oxi de conmpound HF%C%#I&&H{"QB?‘EHH?W f“ﬁﬁ?lﬁﬁf%@%ﬁ%gﬁ% %g?f&%ﬁt) -

tenperature in a.r 141289 SulidbiheAesctdraiseh thooqalgstt | on
produced b>?° y%er&aﬁcﬁzcggssmé?&glsg?% 11.a ?7. Aﬂggtat al yst conposition according to-
cl ai m 6 ‘Whebgipdsitioh ds Rbetsed in a doqposattpororeamndgnsiyay POIIRETEREMR er than SO0

under slurry polynerizatjon_ conditions,, using., tar hidgnhe W th
a pol ymer i £andigans. dhsareierd when 45 R‘Ert,lélgr‘ci&eé’% dé%%? e%&pﬁg@ﬁge]of 530

psi g. ]z?' Wp%tﬁa\ééﬁt Paskt | 60 RSO bRderablycdboun2 L ib abloet E0misadws,
catal yst co sition has an activity greater than 1Q00 under. slurry

Q
pol ymer i zatandmasoprhiferabiys 50 tes26ymicront ferrkesheoniral duias poLyjjeppaupn-

pol yneri zation tenperature of 90. C ] BoR! £5roHEs8 i roxaed psi g.
19. A catal yst conpost®? BRSPS '&ieﬁgmt%ﬁg% %ﬁﬁ%%ﬁe?e’l n the V\ﬁ;ght ratio

of said or 4ty EDRPAEtisR (Bepdctssedigrlisary (ogdtionallye "consipangd in .
sai d cat al 3@?@5@0& {QI)}COSEI) ragges fromabout 3:1 to about 1:100.
essentially of", or "consisting of"):

25 (1) contacting alumina with a solution containing zirconium
tetraalkoxide, (Zr(OR)4), where R is an aliphatic radical containing one to twelve
carbons, to produce a zirconium-containing alumina having from 1 to 10 weight
percent zirconium based on the weight of the zirconium-containing alumina before
calcining;

30 (2) calcining the zirconium-containing alumina at a temperature within

a range of 350 to 600°C for 3 to 20 hours to produce a calcined composition;

(3) contacting the calcined composition with carbon tetrachloride in the



20. A catal yst conposition according to claim19 wherein said weight ratio
of sai d organoal um num conpound to said treated solid oxide conpound in
~said catal yst conposition ranges from1:1 to 1:S0. 21. A catalyst
conposition according to claim 17 wherein the weight ratio of said treated
sol'id oxi de conmpound to said organonmet@ conpound in said catalyst

~conposi tion ranges fromabout 1000:1 to about 10:1. 22. A catayyRfay 2004
conposition according to claim2l wherein sai d-We]!, t é?t.io % ﬁ;\i d treated
solid oxi donatragasird 005 al dmes therreiehtafl e aBmiBA LTRSS ARG M Vst

conposi tion ranges. from ’ it : Sinig@aRafind;i on accordi ng
to claim ﬂnmg’eﬁf“%t?fztsgééqutggas%g}dlnéieg%ue gﬁﬁn—ggﬁt_nd lg%rrpr,i ses, alumna, | |

to 10 wei ght perceni4y combiningnhpehlogidad) Zfcopimtcontamingalupnnaayl1§a-

conpound before calcining, from4 to 20% wei ght - idrq skassd on
the wei ghﬂ)ut}'lc)’shipdntadiswlg8“%9“‘2(5@‘33‘?‘? ‘Eté"‘cfe'glgﬁagﬁ%)%ﬁ g'gn écr) gce):uhd bef or e

cal ci ni ng, IS C [ ¢ deotindxtate; and enperature from 350 to
600 C. 524.80,%83%%109@ %Llﬁ&ntgéé?tqog%{og‘ggglrldi ng to claim16 wherein said solid
oxi de conpound is cabricombirihg thetraixper and rtoeihylauminggetogiro ‘lb?MBCBO(? C. to
about 700 C. and a tine in a range of about 1 hour to about 50 hours. 25. A
cat al yst cethestampaiitidcording to claim 24 wherein said solid oxide
conmpound i s cal ci neg{ﬁmg‘mt&mr@&@mhimisamp@ﬁgﬁ ik p3hneTization pOGeB.oand a -
time in a range of ours to 20 hours. 26. A catal yst conposition
accor di ng coarsl ilymdrtmuleculer weight.d sol i d oxi de conpound is alumina. 27. A
cat al yst conposition accordi to cl.ai FATJeoNagofF @blid bxieni um
present® in a zi rconi%%@%‘ﬂfﬁt"é?ﬁ?Hbvcgé??g]tg%%ggﬁgonl%%nd |sﬂl?lﬁ a range of 0.1
to about 30 n%%hﬁé‘is ﬁ%lﬁﬂgﬁzﬁioﬁlqﬁmﬁmm@b%tﬂ-@lgvgbgiﬂing@hlgbrinolﬁ@llﬁased on
t he wei ght™"0f The zirconi um containing solid oxide c%g*g&.ugnq)g f%rfqa]
cal ci ni ng @ﬁgﬁtmnmmemtonmﬁ@dlsudlhsmétﬁlpéli‘ﬁ%‘&c‘élﬁf Vaegk e %Bouncf 28. A
catal yst conposition accotding t i WER AR distributionc oni um
present irPf&aI@FTF‘?EQJrYP%%B‘ir?&I%f?{gp%O%L@%%' de cglrfc%gﬁad is in a range of 0.5
to about %gjggﬁg E{ghepﬁai@&&ng&h nf@shearrespense tb hize peiymbr thee cevldibe ebtyaedd on

; ) .

the wei ght € zirconiumcontaining solid oxjde c ' th
cal ci ning fom zhergavomstal sompgurdalgng - BERFANELP g"glrﬂ&ggg?%@gggﬁn%%un 29, A

catal yst canposition_according: ukd kAd Whes @hfbr@hcdnapagdnai s 1 uorine
and is preQERPYmC 13%%?1@%1%@%0%1'14?&6 of aboutx%?% to about 25% by weight,

g
where the yeiahi pdiheedibtribatibreatboobtained e ght of said treated solid oxide
conmpound betore cal cining or the anount added to r PYoy . 0l 1 d oxide
conpound. 30. A cat aAﬁS}t%m%@?fﬁﬁmraéﬁﬁgdﬁﬁéc?%g%rogﬁl %af@eov\qk%glro glgn sai d

hal ogen is chl orine or. b ' NEcHIRHEE 208 uthkits, ifite modiots drares,
present i sAPReE PENGR f%rfé’%glﬂ‘?’ hgﬂgegltot o about & tines the wei &Gt of. %Qe

t r eat egy SOhjeptaké, Popes OgoaEMbrandsoarel kindrei Vrings proqeres £B {1 B 'f§ a

precal ci ned solid oxide co nd. 8 4 Ao GRbAbY 8ésired

conposi ti OHS@Péb’QP@ﬁlh‘gestB@dan&ﬁ ol %‘g&gﬁﬂ ‘*2@?’"&3’&%’3‘:‘%‘%& a:_iﬁ?:orrpound is
effects. It is believed that by using the invention described herein, articles can be

produced at a lower cost, while maintaining most, if not all, of the unique properties of

polymers produced with metallocene catalysts.

25 EXAMPLES
Testing Methods
A "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution
Instrument” was used to determined surface area and pore volume. This instrument
was acquired from the Quantachrome Corporation, Syosset, N.Y.
30 Melt Index (MI) (g/10 min) was determined using ASTM D1238-95 at

190°C with a 2,160 gram weight.
High Load Melt Index (HLMI)g/10 min) was determined using ASTM



selected fromthe group consisting of bis(cyclopentadienyl)haliiium

di chl oride, bis(cyclopentadienyl)zirconiumdichloride, '

1, 2- et hanedi yl bi s(r~s-1-i ndenyl ) di - n- but oxyhaf ni um

1, 2- et hanedi yl bi s(ris-1-indenyl)di nmet hygkzirconi um

3, 3- pent anedi yl bi s(~5-4, 5, 6, 7-t et rahydr o- 1i ndenyl ) haf ni um di chl ori de,

met hyl phenyl silyl bis(ris-4,5,6,7-tetrahydro-1-indenyl)zirconi Uiﬁl@fa?'ib@zii de,
bi s(n- but \DX238) Cpmrditianl Ecatyl9P T withou2 1;600Etam watght.i um

bi s(n-butyl cycl opent adi enyl ) ziégo@ 1y (E chl or ilde,
di met hyl si lyl bi s(1-indenyl) zir i L)
nonyl (phenyl ) si | yl bigfjdi R4eBY¥lalfdaffion W.B.GRIce) ¢réde 952, having a pore volume

di met hyl silyl bis(ris-4,5,6,7-tetrahydro-1-indenyl)zirconiumdichloride,
di met hyl sidfpbdits(@cefgtang la-surfperrsed of) 3hout 304 mhigdi chl ori de,

1, 2- et hanedi yl bi's- (9, fl uoren I Econi [We L O8, 1l Xy
titani 5m( | ~ chlori de’} C?Fg%cﬁ‘rz%ipzyﬁgﬁﬁmo%y %ﬂh@ﬂ?‘?%&?ﬁ%‘%ﬁ%&%@%ﬁ
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The chlorided, zirconium-containing alumina was then ested for
10  polymerization activity with triethylaluminum, but in the absence of an organometal
compound. It yielded 862 grams of polymer per gram of chlorided, zirconium-
containing alumina per hour, demonstrating the inherent activity of the treated solid
oxide compound itself. The polymer had a MI of zere and a HEMI of zero, indicating
the extremely high molecular weight obtained from such zirconium catalysts.

15 1-C (Inventive - Chlorided, Zirconium-Containing Alumina)

The same chlonded, zirconium-containing alumina of Example 1-B
was retested for polymerization activity but in the presence of an organometal
compound, as indicated in the procedure described previously. It produced 1484
grams of polymer per gram of chlorided, zirconium-containing alumina per hour,

20  indicating the additional contribution of the organometal compound. Thus, chlorided,
zirconium-containing alumina exhibited an activity comparable to that of the chlorided
alumina control in Example 1-A, however the polymer was much different. The
polymer had a M1 of zero and a HLMI of zero, indicating the high molecular weight
contribution from the zirconium.

25 EXAMPLE 2

2-A (Control- Chlorided Silica)

Davison Grade 952 silica was calcined in dry air at 600°C for three
hours. A sample of this material weighing about 10 grams was heated to 600°C under
dry nitrogen, then 2.3 milliliters of carbon tetrachloride were injected nto the nitrogen

30  stream below the silica (as in Example 1), where it was vaporized and carried up

through the silica bed to produce a chlorided silica. After all of the carbon
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2-B (Inventjve - Chlorided. Zirconium-Containing Stlica)

A sample of Daﬁson grade 952 silica weighing 50 grams was
impregnated with 75 milliliters of a solution of 80% zirconium butoxide in butanol to
produce a zirconium-containing silica. Then, another 5O milliliters of a solution of 25 -
milliliters of water and 25 milliliters of propanol were added to hydrolyze the

10 zirconium butoxide. This mixture was dried under vacuum for 16 hours at 120°C. A
sample of the zirconium-containing silica weighing 15.90 grams was heated to 600°C
in dry nitrogen for 2 hours. Then, 1.0 milliliter of carbon tetrachloride was injected
into the nitrogen flow to chloride the zirconium-containing silica to produce a
chlorided, zirconium-containing silica. Once substantially all the carbon tetrachloride

15 had evaporated, the chlorided, zirconium-containing silica was stored under dry
nitrogen.

The chlorided, zirconium-containing silica was then tested for
polymerization activity with triethylaluminum and an organometal compound as
described previously. It yielded 123 grams of polymer per gram of chlorided,

20 zirconium-containing silica per hour. While this number is low, it is a considerable
improvement over the chlorided silica confrol run in Example 2-A, which yielded no
polymer at all. This indicates the ability of the chlorided zirconium-containing silica to
activate the organometal compound. Again, this polymer had a M1 of zero and a
HLMI of zero, showing the contribution of the zirconium.

25 2-C (Inventive - Chlorided, Zirconium-Containing Silica)

The chlorided, zirconium-containing silica of Example 2-B was tested
again for polymerization activity with an organometal compound and triethyl-
aluminum, except that 20 psig of hydrogen was also added to the reactor to reduce the
molecular weight of the polymer produced. The run produced a comparable activity,

30 bul the molecular weight did not decrease enough to make much of a change. The Ml

remained zero, and the HLMI only increased to 0.02. Again, this demonstrates the

contribution of the zircomum.
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again for polymerization activity with an organometal compound and tnethyl-

.

aluminum, except that 50 psig of hydrogen was added to the reactor to further reduce
5  the molecular weight of the polymer produced. The run again produced a comparable

activity, and the molecular weight decreased enough to yield a MI of 0.14 and a HLMI
of 8.94. This gives a broad molecular weight distribution as indicated by the HLMI/MI
ratio of 64.8, which is much broader than the organometa] compound control in
Example 1-A. The broad molecular weight distribution is the result of contributions

10 from the organometal compound and the chlorided, zirconium-containing silica.

2-E (Inventive - Chlorided. Zirconium-Containing Silica)

i The chlorided, zirconim-containing silica of Example 2-B was tested
again for polymerization activity with an organometal compound and triethyl-
aluminum, adding 50 psig of hydrogen again as in Example 2-D. The run again

15 produced a comparable activity, and the molecular weight decreased enough to yield a
MI of 0.18 and a HLMI of 10.9. This gives a broad molecular weight distnibution as
indicated by the HLMI/MI ratio of 59.6, which is much broader than the organometal
compound control in Example 1-A. Again, the broad molecular weight distribution is
the result of contributions from the organometal compound and the chlorided,

20 zirconium-containing silica.

EXAMPLE 3
3-A (Control - Fluorided Alumina)

Ketjen Grade B alumina was calcined in dry air at 600°C for three
hours, A sample of the alumina weighing 12.3 grams was impregnated with 25
25 milliliters of an aqueous solution containing 1.25 grams of dissolved ammonium
bifluoride and dried in a vacuum oven overnight at 120°C to produce a fluorided
alumina. It was then heated to 600°C under dry nitrogen and held at that temperature
for three hours. The fluorided alumina then was cooled to room temperature under
nitrogen and stored in an air-tight glass vessel until used for a polymenzation test.

30 When charged to the reactor with an organometal compound and TEA, it was found to

yield an activity of 1250 grams of polymer per gram of fluorided alumina per hour.
The polymer had a MI of 0.21, a HLMI of 3.48, and a HLMI/MI ratio of 16.6,
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Ketjen Grade B alumina was calcined in dry air at 600°C for three

s hours. A sample of the alumina weighing 19.7 grams was impregnated with a solution
containing 9.0 milliliters of 80 wt% zirconium tetrabutoxide in butanol (1.049 g/ml)
and 31 milliliters of dry heptane 1o produce a zirconium-containing alumina. The
excess solvent was evaporated off under a dry nitrogen flow at about 80°C. A sample
of the zirconium-containing alumina weighing 16.80 grams was then calcined at

10 600°C under nitrogen, and during this process 3.0 milliliters of perﬂuorohexané were
injected into the gas stream to produce a fluorided, zirconium-containing alumina.
After substantially all of the perfluorohexane had evaporated and passed up through
the zirconium-containing alumina bed at 600°C, the gas stream was switched to dry air
for 40 minutes. Finally, the fluorided, zirconium-containing alumina was stored under

15  nitrogen.

The fluorided, zirconium-containing alumina was then tested for
polymerization activity with TEA but in the absence of an organometal compound. It‘
produced 35 grams of polymer per gram of fluorided, zirconium-containing alumina
per hour, indicating that the activity of the fluorided, zirconium»containiﬁg alumina is

30 much less than the activity of the chlorided, zirconium-containing alumina in Example
1-B. The polymer obtained had a MI of zero and a HLMI of zero indicating that the
fluorided, zirconium-containing alumina also produced extremely high molecular

weight polymer.
3-C (Inventive - Fluorided, Zirconium-Containing Alumina)

25 The fluorided, zirconium-containing alumina of Example 3-B was
retested for polymerization activity but this time in the presence of an organometal
compound as described in the polymerization procedure. This time the fluorided,
zirconium-containing alumina produced a much higher activity of 1382 grams of
polymer per gram of fluorided, zirconium-containing alumina, indicating the ability of

30 the fluorided, zirconium-containing alumina to also activate the organometal
compound. The polymer had a MI of zero and a HLMI of 1.74 which is intermediate

between the organometal compound in Example 3-A and the fluorided, zirconium-
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produce a zirconium-containing alumina. The zirconium-containing alumina was
dried under vacuum at 120°C overnight. 11.17 grams of the zirconium-containing

10 alumina were calcined at 600°C in dry air for three hours. Then, 5.0 millilters of
perfluorohexane were injected into the air flow to fluoride the zirconium-containing
alumina to produce a fluorided zirconium-containing alumina. Once all of the
perfluorohexane had evaporated and passed up through the zirconium-containing
alumina bed, the fluorided zirconium-containing alumina was cooled and stored under

15 dry nitrogen. |

The fluorided, zirconium-containing alumina was then tested for
‘ ~ polymerization activity with an organometal compound and triethylaluminum. It
produced an activity of 924 grams of polymer per gram of fluorided, zirconium-
containing alumina per hour. The polymer had a MI of 0.03 and a HLMI of 2.26,

20  providing an HLMI/MI ratio of 83.6, which is constderably higher than the pure
organometal compound control in Example 3-A. The higher shear ratio indicates a
broader molecuiar weight distribution, caused by the additional contribution of the
fluorided, zirconium-containing alumina. The fluorided, zirconium-containing
alumina introduces a small but extremely high molecular weight polymer component,

25 which accounts for about 4% of the overall polymer molecular weight distribution in
this example.

4-B (Inventive - Fluorided, Zirconium-Containing Alumina)

To further lower the molecular weight of the polymer obtained, the
fluorided, zirconium-containing alumina of Example 4-A was tested again for
30 polymerization activity with an organometal compound and triethylaluminum, except
that the ethylene pressure was reduced from the usual 550 psig to 450 psig, and 25

milliliters of 1-hexene was also added to make an ethylene-hexene copolymer. Under
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wherein said organometal compound has the following general formula:

XOHEH)E XM
wherein M is selected from the group consisting of titanium, zirconium, and hafnium,

wherein X' is selected from the group consisting of cyclopentadienyls, indenyls,
fluorenyls, substituted cyclopentadienyls, substituted indenyls, and substituted fluorenyls;
wherein substituents on said substituted cylopentadienyls, substituted indenyls, and substituted
fluorenyls of X' are selected from the group consisting of aliphatic groups, cyclic groups,
combinations of aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides,
organometallic groups, phosphorus groups, nitrogen groups, boron groups, and germanium

Eroups,

wherein at least one substituent on X' is optionally a bridging group which connects X!

and Xz;

wherein X and X* are independently selected from the group consisting of halides,
aliphatic groups, substituted aliphatic groups, cyclic groups, substituted cyclic groups,
combinations of aliphatic groups and cyclic groups, combinations of substituted aliphatic groups
and cyclic groups, combinations of aliphatic groups and substituted cyclic groups, combinations
of substituted aliphatic groups and substituted cyclic groups, amido groups, substituted amido
groups, phosphido groups, substituted phosphido groups, alkyloxide groups, substituted
alkyloxide groups, aryloxide groups, substituted aryloxide groups, organometallic groups, and

substituted organometallic groups;
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wherein X* is selected from the group consisting of cyclopentadienyls, indenyls,
fluorenyls, substituted cyclopentadienyls, substituted indenyls, substituted fluorenyls, halides,
aliphatic groups, substituted aliphatic groups, cyclic groups; substituted cyclic groups,
combinations of aliphatic groups and cyclic groups, combinations of substituted aliphatic groups
and cyclic groups, combinations of aliphatic groups and substituted cyclic groups, combinations
of substituted aliphatic groups and substituted cyclic groups, amido groups, substituted amido
groups, phosphido groups, substituted phosphido groups, alkyloxide groups, substituted
alkyloxide groups, aryloxide groups, substituted aryloxide groups, organometallic groups, and
substituted organometallic groups;

wherein substituents on X are selected from the group consisting of aliphatic groups,
cyclic groups, combinations of aliphatic groups and cyclic groups, silyl groups, alkyl halide
groups, halides, organometallic groups, phosphorus groups, nitrogen groups, boron groups, and

germanium groups;

wherein at least one substituent on X’ is optionally a bridging group which connects X'

and X :
wherein said organoaluminum compound has the following general formula:
AIX)a (X3
wherein X’ is a hydrocarbyl having from 1 to about 20 carbon atoms;
wherein X® is a halide, hydride, or alkoxide; and
wherein n is a number from 1 to 3 inclusive;

wherein said treated solid oxide compound comprises at least one halogen, zirconium,

and a solid oxide compound;

wherein said halogen is at least one selected from the group consisting of chlorine,

bromine, and fluorine;
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wherein said solid oxide compound is selected from the group consisting of alumina,

aluminophosphate, alminosilicate, and mixtures thereof;
wherein there is a substantial absence of aluminoxanes.

2. A process according to claim 1 wherein said treated solid oxide compound is contacted

with at least one additional metal.

3. A process according to claim 2 wherein said at least one additional metal is selected from
the group consisting of zinc, silver, copper, antimony, gallium, tin, nickel, tungsten, and mixtures
thereof.

4. A process according to claim 1 wherein said solid oxide compound is calcined at a
temperature in a range of about 200° C. to 900° C. and for a time in a range of about 1 minute to
about 100 hours before or after said solid oxide compound is contacted with a zirconium-

containing compound.

5. A process according to claim 4 wherein said solid oxide compound is calcined at a
temperature in a range of about 300° C. to about 700° C. and a time in a range of about 1 hour to
about 50 hours before or after said solid oxide compound is contacted with a zirconium-

containing compound.

6. A process according to claim 4, wherein said solid oxide compound is calcined at a
temperature in a range of 350° C. to 600.° C. and a time in a range of 3 hour to 20 houss before

or after said solid oxide compound is contacted with a zirconium-containing compound.

7. A process according to claim 1 wherein said halogen is added to said solid oxide

compound during or after calcining.

8. A process according to claim 1 wherein said organometal compound, said treated solid
oxide compound, and said organoaluminum are combined by 1) contacting said organometal

compound and said treated solid oxide compound for about 1 minute to about 24 hours at a
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temperature from about 10° C. to about 200° C. to form a first mixture; and 2) contacting said

first mixture with said organoaluminum compound to form said catalyst composition.

9. A process according to claim 8 wherein said organometal compound, said treated solid
oxide compound, and said organoaluminum are combined by 1) contacting said organometal
compound and said treated solid oxide compound for 1 minute to 1 hour at a temperature from
15° C. to 80° C. to form a first mixture; and 2) contacting said first mixture with said

organoaluminum compound to form said catalyst composition.

10. A process according to claim 1 wherein said organometal compound, said
organoaluminum compound, and said treated solid oxide compound are precontacted for 1

minute to 1 hour at a temperature in a range of 20° C. to 80° C.

11.  The process according to claim 1 wherein said halogen is chlorine or bromine and the
amount of chlorine or bromine present is in a range of about 0.05 to about 5 times the weight of
the treated solid oxide compound before calcining or the amount added to a precalcined solid

oxide compound.

12.  The process according to claim 1 wherein said halogen is fluorine and is present in an
amount in a range of about 3 to about 25% by weight, where the weight percent is based on the
weight of said treated solid oxide compound before calcining or the amount added to a

precalcined solid oxide compound.

13. A process according to claim 1 wherein said treated solid oxide compound is calcined at a

temperature in a range of 350° C. to 600° C. and a time in a range of 3 hour to 20 hours.

14. A process according to claim 13 wherein said organometal compound, said treated solid
oxide compound, and said organoaluminum are combined by 1) contacting said organometal
compound and said treated solid oxide compound for 1 minute to 1 hour at a temperature from
15° C. to 80° C. to form a first mixture; and 2) contacting said first mixture with said

organcaluminum compound to form said catalyst composition.
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15. A process according to claim 14 wherein said organometal compound, said

organoaluminum compound, and said treated solid oxide compound are precontacted for 1

minute to 1 hour at a temperature in a range of 20° C. to 80° C.
16. A catalyst composition produced by the process of claim 1.

17. A catalyst composition according to claim 6 wherein said catalyst composition has an
activity greater than 500 under slurry polymerization conditions, using isobutane as a diluent,

with a polymerization temperature of 90° C., and an ethylene pressure of 550 psig.

18. A catalyst composition according to claim 17 wherein said catalyst composition has an
activity greater than 1000 under slurry polymerization conditions, using isobutane as a diluent,

with a polymerization temperature of 90° C., and an ethylene pressure of 550 psig.

19. A catalyst composition according to claim 17 wherein the weight ratio of said
organoaluminum compound to said treated solid oxide compound in said catalyst composition

ranges from about 3:1 to about 1:100.

20. A catalyst composition according to claim 19 wherein said weight ratio of said
organoaluminum compound to said treated solid oxide compound in said catalyst composition

ranges from 1:1 to 1:50.

21. A catalyst composition according to claim 17 wherein the weight ratio of said treated
solid oxide compound to said organometal compound in said catalyst composition ranges from

about 1000:1 to about 10;1.

22. A catalyst composition according to claim 21 wherein said weight ratio of said treated
solid oxide compound to said organometal compound in said catalyst composition ranges from

250:1 to 20:1.

23, A catalyst composition according to claim 22 wherein said treated solid oxide compound
comprises alumina, 1 to 10 weight percent zirconium per gram of said treated solid oxide

compound before calcining, from 4 to 20% weight percent fluorine based on the weight of said
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treated solid oxide compound before calcining, and is calcined for 3 to 20 hours at a temperature

from 350 to 600° C.

24. A catalyst composition according to claim 16 wherein said solid oxide compound is
calcined at a temperature in a range of about 300° C. to about 700° C. and a time in a range of

about 1 hour to about 50 hours.

25. A catalyst composition according to claim 24 wherein said solid oxide compound is
calcined at a temperature in a range of 350° C. to 600° C. and a time in a range of 3 hours to 20

hours.

26. A catalyst composition according to claim 16 wherein said solid oxide compound is

alumina.

27. A catalyst composition according to claim 16 where the amount of zirconium present in a
zirconium-containing solid oxide compound is in a range of 0.1 to about 30 weight percent
zirconium where the weight percent is based on the weight of the zirconium-containing solid

oxide compound before calcining or the amount added to a precalcined solid oxide compound.

28. A catalyst compesition according to claim 16 where the amount of zirconium present in a
zirconium-containing solid oxide compound is in a range of 0.5 to about 20 weight percent
zirconium where the weight percent is based on the weight of the zirconium-containing solid

oxide compound before calcining or the amount added to a precalcined solid oxide compound.

29. A catalyst composition according to claim 16 wherein said halogen is fluorine and is
present in an amount in a range of about 3 to about 25% by weight, where the weight percent is
based on the weight of said treated solid oxide compound before calcining or the amount added

to a precaicined solid oxide compound.

30. A catalyst composition according to claim 16 wherein said halogen is chlorine or bromine
and the amount of chlorine or bromine present is in a range of about 0.05 to about 5 times the
weight of the treated solid oxide compound before calcining or the amount added to a

precalcined solid oxide compound.
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31. A catalyst composition according to claim 16 wherein said organometal compound is

selected from the group consisting of bis(cyclopentadienyl)hafnium dichloride,
bis(cyclopentadienyl)zirconium dichloride, 1,2-ethanediylbis(n>1-indenyl)di-n-butoxyhafnium,
1,2-ethanediylbis(n’-1-indenyl)dimethylzirconium,  3,3-pentanediylbis(n’-4,5,6,7-tétrahydro-1-
indenyl)hafnium  dichloride, methylphenylsilylbis(n’-4,5,6,7-tetrahydro-1-indenyl)zirconium
dichloride, bis(n-butylcyclopentadienyl)di-t-butylamido hafnium, bis(n-butylcyclopentadienyl)
zirconium dichloride, dimethylsilylbis(1-indenyl) zirconium dichloride, nonyl(phenyl)silylbis(1-
indenyhafnium dichloride, dimethylsilylbis(n’-4,5,6, 7-tetrahydro-1-indenyl)zirconium
dichloride, dimethylsilylbis(2-methyl-1-indenyl)zirconium dichloride, 1,2-ethanediylbis-(9-
fluorenyl}zirconium dichloride, indenyl diethoxy titanium(IV) chloride,
(isopropylamidodimethylsilyl)cyclopentadienyl titanium dichloride,
bis(pentamethylcyclopentadienyl)zirconium  dichloride, bis(indenyl)zirconium dichloride, -
methyloctylsilylbis(9-fluorenyl) zirconium dichloride, and bis-(1-(N,N-

diisopropylamino)boratabenzene)hydridozirconium trifluoromethylsulfonate.

32. A catalyst composition according to claim 31 wherein said organometal compound is
selected from the group consisting of bis(n-butylcyclopentadienyl)zirconium dichioride,
bis(indenyl)zirconium dichloride, dimethylsilylbis(1-indenyl)zirconium dichloride, and

methyloctylsilylbis(9-fluorenyl)zirconium dichioride.

33. A polymerization process comprising contacting at least one monomer and said catalyst

composition of claim 16 under polymerization conditions to produce a polymer.

34. A process according to claim 33 wherein said polymerization conditions comprise slurry

polymerization conditions.
35. A process according to claim 33 wherein at least one monomer is ethylene.

36. A process according to claim 33 wherein at least one monomer comprises ethylene and an

aliphatic 1-olefin having 3 to 20 carbon atoms per molecule.

37. A process according to claim 34 wherein said contacting is conducted in a loop reaction zone.
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(5)  combining the mixture with triethylaluminum to produce the catalyst composition.

et 4

40. A process according to claim 39 wherein said process consists essentially of steps (1), (2),
(3), (4), and (5).

41. A catalyst composition produced by the process of claim 39.
42. A catalyst composition produced by the process of claim 40.

43. A catalyst composition which is substantially free of aluminoxanes comprising a post-
contacted organometal compound, a post-contacted organoaluminum compound, and a post-

contacted treated solid oxide compound;
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