; <=>?@3eF@Fj | k, nns6sT@ Jal ORGANOVETAL CATALYST COVPCOSI TI ONS Thi s
invention is related to the field of organonetal catalyst conpositions. 15
July 2004 The production of polyners is a nmulti-billion dollar business.
Thi s busi ness produces billions of pounds of polynmers each year. MIIlions
of doll ars 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 ogy. Metallocene catal ysts have peen known since about 1$60ly2004
However, their |ow productivity did not allow themto be conmercialized.
About 1975, it was di BRHS gvi;tdm akt water with one
part trinmethylal um nunmto T e af ufit noxarie, and then contacting such
met hyl al um noxane WHiirventidalsd reesdaocchafieldd ordanbnteth] aataBkal | ocene

.catal yst that had greater activity. However) it was soon realized that

| ar ge ano@pRgoYilovkpensi ve net hyl al uni noxane were needed to form an active
met al | ocene cat al ysty, Thi tan fi.cant | [ t g the 15
.conmerci al i zation ofThe 8??%%%&2%?%@&5%5&?@ Oeﬂ %Bgﬁaglgﬁgésshg\%pbeen used
in plase ofsihaédcgRo@mRYbiIEoe ofMfRiulid ofpdlfinBeXatte yedlOMEiBhs of dbikrd Bavot
satisfactory, since borate conpounds are very sensitive to poisons and
deconposi PE&hsPeahen é&Wl%Hlﬁg)t%éﬂ%@BVS&@béﬁki‘q}ﬁ‘:’am‘? todHisl1UgingFso be noted t hat
havi ng a het erogene i | t This, i

het er ogeneous cat al 3%5' csggbgg%géhﬁoioe%gsfIg%slﬁ&tﬁg%%%%%%%@é?%?%ﬁggy'

pol yner i zatdisiModeh® 628568 haké bédgivesinfeiteu0 Piile disw eat ahyistev can | ead to
the formation of substantially uniform polymer particles that have a high
bul k densiptoductivigs didtnps eHowfthemtie baremalarsialineis dyhontl Pa it waseisepvered

desirapl e because.t hey inprove the efficjien f I r tion and

tr ansdor ¢ 40 Gt g gAY 2 el S8 rhb RO B R e

met al | ocelRngiabnéSifd theRWweMaEtingd HRE enSRYIAM IS x RweitN @ mdigisternt i rel y
satisfactory. Therefore, the inventors provide this_ invention to help solve
t hese pr olspapeundripmnddn@stallopensrcotal i shat hat eaiss a¢thaly. JFomIEsdt Watat al yst
conposition 30 t.hat.can be us I i l. to

pr oduce as%odnl Vﬁé??d %tglaﬁ?vaérr'ﬁu%gsn&g x@ gn%?%{;/lf@gls%gmég@%g{&%g%gggﬁi on. -2
15 July 2@84h dhgctiveveanhiledent uathlier THiOHEORSEna HEOEEES iripEdiieai togheont act i ng
at | east one nononer and the conposition under polynerization conditions to
produt® acpomensplizating of metalidcene edtdlystpr ovi des an article that conprises
the pol yner produceq,with the cat.alyst conposition.of this in thon. In
accordance with one%e%t&ff’ﬂjé)ﬁfm%fhﬁvﬁi%gelil H%/%ﬁflipg)aﬁf Og?aﬁ %%néégnttg é?gjrck)h uce a
cat al yst gRMNAS 4O M dvsevRf,ANis Gefbt sENEapbOE eimse BOMIRY dosfsounas arkplerpnal |y,
"consists essentially of', or "consists of') contacting an organonet ai
conpound, sensitbregamombosripdidscosmesitiod, antheinalsorheatesr exenFdeoxi de conpound to

produce the 10 catalyst osition, Wherein.the organo .conpound has
t he foll ow ng gener A?la}o&fcgﬁ?%ge F%G?Zligzt)hflyggﬂa X ﬁwgengous c@&l%t i€

20  important. This is because heterogeneous catalysts are required for most modern

commercial polymerization processes. Furthermore, heterogeneous catalysts can lead
to the formation of substantially uniform polymer particles that have a high bulk
density. These types of substantially uniformed particles are desirable because they
improve the efficiency of polymer production and transportation. Efforts have been
25 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.
This invention provides a process that produces a catalyst composition
30 that can be used to polymerize at least one monomer to produce a polymer.

The invention also provides a catalyst composition.




wherein M~ is selected fromthe group consisting of titanium zirconium
and hafniun 15 wherein (X~) is independently selected fromthe group
consi sting of cyclopentadienyls, indenyls, fluorenyls, substituted

cycl opent adi enyl s, substituted indenyls) and substituted fiuorenyls;
wherein substituents on said substituted cycl opentadi enyls, substituted

i ndenyl s, and substituted fluorenyls of (X~) are selected fromthe group
consi sting of 20 aliphatic groups, cyck2e groups, conbinations 1&fJulf 2Hat i c
and cyclic groups, silyl groups, alkyl halide groups, halides,

organonet al | i ¢ gr oupSThe RR@EABE Firtheg provides arprdcesgesmpriDuP sontgétinecas heast
phosphorus, boron, germanium and hydrogen; wherein at | east pone

subst i t uentneanoomyr anarthp eompPHHTieR AT HPETRFTRATTHC WIS P(‘S&%“&m (Xz);
25 wherein (X3) and (X4) are independently selected fromthe group
consistingmﬂynﬁﬁlides, al i phatic groups, substituted aliphatic groups,
cyclic groups, subst %gﬁmnﬁyﬁbisﬁgﬂﬁﬂm fuetbiratompssofthalpbhyheri ¢ gr oups
and cyclic groups, conbinations of substituted. aliphatic groups and cyclic
gr oups,s copioidneddi wits tiof cagdlysslsamipesiipn apSuBHYcIMst i t ut ed cyclic goups,
conbi nations of substituted aliphatic (A3 clic
groups, am do groups,ﬂéﬁ%EEF¥EF§"%ﬁfﬁ%gggéﬁgg?“gﬂggﬁﬁ?%%Eﬁﬁgﬁgiﬁy

subst i t ut ed ANASPBLEQ A AMRSitioRl ik BHVaKdd Tt@poskess canisics (ut etionallg 15 3ul y
2004 al kyl oxi de groups, aryl oxide groups, substituted aryl oxi de groups,

or ganonet afdonsisgressgmsialipnd’, subwnpisistodd cOPGaHbhE aﬂg@@nﬁtﬁg&%w%?‘éi n (Xz)

is selected fromthe group consistin f eycl. ?!g{%l i yl's,
f 1 uor enyl s?fgéﬂ?f’éw{rl}'cr’éa‘“@&‘l"ﬁgéﬂ‘?%Iieg[ﬁ@ls'%@lg)&gg? %g ed | npggtril{ﬁégﬁ@
substiﬁytegtgﬁgqb l.s;onhal i des, aliphatic goups, substituted aliphatic

groups, cycli ¢ groups, substituted cyclic groups, combinations Pf al i phatic
groups and cyclic gr oEscin dondrizasarngakcoptposnd bes thgdedowmgseaesat s and

c.:ic groups, conbinations of ali i land substituted cyclic
groups, conbinations of substitut g%%f?ﬁﬁ&gi@‘?@%gr oups and substituted cyclic
groups, ami do group: N U 88848 SR noihe WhSup dodisRliag phiitmignoups,
substituted phosphi dav}gj?éohps, al l?yl oxi de group?s, substituted al kyl oxi de

groups, ar yireonigle, gidgisiungubsti tuted ar- xide groups, organonttallic
groups, and substituted aorgamnonetal li ro ’ erein Cﬁgp [ on (Xz)
are sel%®cted fromthé”@"%ﬁgxc)dﬁé‘? F?f%ng¥ség‘§ﬁ$§/gpct%§|g5u s‘?otdg{/sgﬁ?%?gr oups,
combi nations of ald.aki g PHudkRgk 16 YeibitRu @R uaSpertadiersyls Wubgitamps, al kyl
hal i de groﬁ%cs}?peﬁlgﬁl?@%’?%(%%gﬁbﬁ%t aﬁlg’c groups,yph%sphorus groups, nitrogen
groups, si kddeafs, sicsbhertes lueeenis; ger mani um  and hydrogen; wherein at

| east one substituent on (Xz) can be a .bridgi rou ich,c X
and (X ): wherein théVW@i(aﬁBéﬁltW%ﬁﬂ‘F% ‘ébéguﬂ‘gd %Q:io € gafe&yﬂsog\nﬁgr%gﬁg%gral)

20 f | a: f~1 (X ) r . ! . f l
ormul a %&%ﬁbwdgﬁug%}s%é&%%ege%ﬁ%%ﬁ) Lr8QiebRd IRy ﬁ?ﬁ?ﬁé}ﬁ?ﬁbns@hgm rom

to about 28 | I's a halide, . or :, koxi de;
and wheg ei RiipKhtici FowpsNbylIR erbiipaitdmbinatorisndlaliphate; angdsyehe geipstsil t r eat ed
solid oxide conF and conprises f|uorine, chromum and a solid oxide
conpound. Byoupsealloy! hahide gequips: hadidss organguekathy férIOPE}SWS’?‘OS&PFU"? gt ended t hat

the process. does not inglude e y ahiléh, GRUERERIed; St eps which
woul d have "HFPERETEE %ﬁf%%tphgﬁ;ﬁoﬁg’ gcél??’r obj, ect o1|‘E9t he invention.
wherein at least one substituent on (X } can be a bridging group which

connects (X;) and (XI);

25 wherein (X3) and (X4) 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

30  groups and substituted cyclic groups, amido groups, substituted amido groups,
phosphido groups, substituted phosphido groups, alkyloxide groups, substituted




30 I n accordance with anot her enbodi nent of this invention, a process is
provi ded conprising contacting at | east one nononer and th'e catal yst
conposition - 4 -1 5 July 2004 under polynerization condition to produce
a polymer. In accordance with another enbodi ment of this invention, an
article is provided. The article conprises the polynmer produced in
accordance wth this nventron. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Organonet al conpounds used in this invedtion have tJ~e foll ow nig kydn2®l
formula: (X=)(Xz)(X3)(X4)M- In this formula, M- is selected fromthe group
consi st i ngalkflokideamnoups) arldbxide gronpy) substinded afyiixide giCups, engdnpmeitdllics nost
preferred when M-.is zirconium In this fornmula, (X~) is independently

sel ect ed fEOHPY AR Sriptinted AgaremAGlSIErPMRS eaf ter " Group OMC-1 ")

.cycl opent adi enyl s, i N 1 - I S,
substituted indenylsg%gﬁ%Légg?é#%%ﬁg¥%%%f%?gﬁgkﬁgﬁ§§% ?ﬁﬁ@ﬁ@%@ghgﬂﬁh

subst i t ut egdéhBQriRidYdSls, Suainasd cfdupearaplys, sustialydindehylarsebytitated 15

. Substituents on the substituted cycl opentadi enyls, substituted indenyls,
and sulst i fleareayls. | habdenplighasic groups, sbstipeeddnbatic ArquRacysHe 8F9PY> f rom t he
group consj stJ-n f .aliphati I ol TN j L ons of
aliphatic %%‘“%3%‘?%E%%%ﬁ§§f£€?¥§dﬁgﬁ8§%&}ﬁgf%§ﬁﬁﬁ§P?§238%%§%@$ hal i des,

or ganonet atdrhiin @i RF sulRlas B OF pieatig lePdPS anbict I.AgEBuLK, QURSInasiohs 60N,
phosphorus, boron, gernmanium and hydrogen, as 20 |long as these groups do
not subst adliphati¢ grouasdndenhshswed cychf BeaPst pantppations of ZalpstiseedetipRatcy of t he
conposition. Suitable.e les of aliphatic gro re _hydrocarbyls, such
as, for ex%ﬂﬂ?%?“ﬁ%&ﬁﬁPﬁﬁgggﬁaggPB%Fﬁ@?O§ﬁPPabW§§§%%%p“8§°§F“%§t|ic groups
are cygl opHApRiUO Frovpk Cudlimiddihosghigd eanpt iensside arshpsl @bestutdubst i t ut ed
silyl groups include, but are not 25 |imted to, alkylsilyl groups where
each al kyl algyloxide gomntpai arsiokidsrgroupsoseisbtted 2 c gadsogroups wegangmgtalli¢ y|

groups, and aryl al kyl si| roups. ,,Sui tabl e al kyl halide groups have al kyl
groups wi t#°1P BH%B%ﬁﬁgf%i8%?H%ﬁmﬁpﬁﬁ§?u@%itab!e organonetal | i ¢ groups
i nclude, but are notwhifid &bstiQenBORIKPY att 8dlesibl Wonfl@kl otailp M@ Sistipglst i t ut ed

tin groups, substituted germani um groups, and substituted boron groups. 30
Sui t abl e exiphpliegroops.suche gbps.icombimtasions ef flet e sraaphphd cpytlsprPupdhut yi |
tert-bytyl,. isobutyl, |, isoanyl.., hexyl) cygl ohexyl .. heptyl, octyl
nony! - Sdec B0UDE sl SaGe srsans dotisy premomEHicHaRin PRETPRIEr TN enyl
phenyl, chligr QD i1icBH Gh ol 51 FeS, BskeH, kimardn, SfueRd&ssy! silyl. In this
formul a, (*3)ggwgﬁ(§%§1greﬁfﬁhgpendenplygseﬁgqted fromthe group consisting
of (hereafter "G oupwthgin dt'iyashahd dbstitughi ph@f i camboapsdgivgleseun whed
al i phatic groups ycl i gz groups, substituted cyclic goups, conbinations of
ali phatic ﬁWﬁﬁg%t%ﬁdné§gﬂic groups, conbinations of substituted aliphatic
groups and cyclic groupsin depiRekiARsulco bp.ls@msqhgrfamn%@énéubstl tuted
cyclic groups, conbinations of” substituted aliphatic and substituted cyclic
gr oups0 anfodoulgr oups, substituted am do groups, phosphi do groups,
substituted phosphi do groups, alkyl @kﬁﬁ oups, 10 substituted al kyl oxi de
groups, aryl oxide groups, substitut 9€E%ide groups, organonetallic
groups, and substitug, QB R b daPo ATAVRS s 119080 @20l ABRR dbgups do
not substantially, anggggggiZely,ﬁ%éfeéﬁ theépolynerization activity of the
wherein (X ) is a halide, hydride, or -koxide; and

wherein “n” is a number from 1 to 3 inclusive;

25 wherein the treated solid oxide comp und comprises fluorine,
chromium, and a solid oxide compound.

By use of the term “consists essentially of” it is intended that the
process does not include any step beyond the enumerated steps which would have an
adverse affect on the desired object of the inventiorn.

30 In accordance with another embodiment of this invention, a process 1s

provided comprising contacting at least one monomer and the catalyst composition




conposition. Suitable exanples of aliphatic groups are hydrocarbyls, such
as, for 15 exanple, paraffins and ol efins. Suitable exanples of cyclic
groups are cycloparaffins, cyclool efins, cycloacetyl enes, and arenes.
Currently, it is preferred when (X~) and (X4) are selected fromthe group
consi sting of halides and hydrocarbyls where such hydrocarbyls have from|
to about 10 carbon atons. However, |g nost preferred when (X3) and (X4)
are selected fromthe group conS|st|ng f fluoro, chloro, and 20 JobtHy¥. In
this fornula, (X2) can be selected fromeither Goup OMC-1 or Goup OMC-II
At |east oeespoymerigaian eandition togroques Y RO Te a bri dgi ng group t hat
connects (X~) and ( n

substantially, and 2 mﬁ@%@éé?Qﬂﬁ%P%ggtg% e g§§$§g§$@%§aﬁﬁg g%%%ggi#ion

Sui t abl e byrbdieagThE atRte tmﬁ]bmuﬂ:e thepdiyraeepmdbceldiimateddamme valth hat i ¢ gr oups,
cyclic groups, conbinations of aliphatic groups and cyclic groups,

phosphor ousvet®ips, nitrogen groups, organonetalllc groups, silicon,
phosphgrus bor on, anq)-- ! ST TS I‘L_phat|c groups are
hydr ocar byl s, such as, 3 g0 orefins. Suitable
exanpl es of cyclic gopstRSnRiA c@ﬂ@bﬂlﬁlﬁrtﬁﬁtﬁ Inﬂﬁus myeﬂltﬂﬁi iefvienbe following

cycl oacetyl enes, and arenes. Suitable organonetallic groups include, but

-6 15 Julwgm@ﬂﬂénanhﬁt limted to, substituted silyl derivatives,

substituted tin groups, subst|tut@§N?gﬂ%gE %@ﬁgroups and substituted bor on
groups. Various processes are kn e ‘these organonetal conpounds.

See, for exanple, U f§ nmRabantm, M 98%iaddd fbmake glhp; cobsidify 806tanmnd01, 8l 7;
5,631,335, 5,571,880; 5,191, 132; 5, 480, 848; 5, 399, 636, 5, 565, 592;

5. 3471026 zif050uy, GRE hafivmg Betentls, i gangs preferredwhepM is Zsfsam?gs

5,420,320 5,451, 649: 5 541 272 47
5,705, 579: and 5, 66805 O8HEE (¥ S § g%“@t“i%é%“o%?‘&g}ﬁ%%?“ conpounds
are as fol&&%tm@bﬁtﬁy&h@p%tﬁglm t--btawt,pmﬁmm@anmyts;tﬂumgy@ H ~d

bi s(cycl opent adi enyl ) zi rconi um di chl oride; , ~~~C Zr ~ Cl
1, 2- et hanegibytitoics(cyclopéntadigryly) Suttstitatedundsoylsasusbias for caamplea HbbTydST s (

ZEaR ndelrltl l:rzy(i]sl. e hgtlis%ll’ﬂ.ll’tg&) rt]llugrnc]nyls Gl s, as, for examﬁ]lgl élctazr%%roﬂuorenyls

15 Substituents on the substituted cyclopentadienyls, substituted indenyls,

and substituted fluorenyls of (XI) can be selected independently 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, silicon, phosphorus, boron, germanium, and hydrogen, as

20  long as these groups do not substantially, and adversely, affect the polymerization
activity of the composition.

Suitable examples of aliphatic groups are hydrocarbyls, such as, for
example, paraffins and olefins. Suitable examples of cyclic groups are cycloparaftins,
cycloolefins, cycloacetylenes, and arenes. Substituted silyl groups include, but are not

25  limited to, alkylsilyl groups where each alkyl group contains from 1 to about 12 carbon
_atoms, arylsilyl 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
germanium groups, and substituted boron groups.
30 Suitable examples of such substituents are methyl, ethyl, propyl, butyl,
tert-butyl, isobutyl, amyl, isoamyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl,



15 July 2004 -g_
3, 3-pent anedi yl bis(rJ~-4, " ,s, 7-tetrahydro- 1-i ndenyl ) haf ni um di chl ori de; ~Ce

[ Hf\ et hyl phenyl silylbis(r~"' ,6,7-tetrahydro-1-indenyl)zirconium
gichloride; 9 bis(n-butyl cycl opent adi enyl ) bi s(di -t -butyl am do) haf ni um
NHC( CH3) a bi s(n-butyl cycl opent adi enyl ) zi rconi um di chl ori de; ~~,,~~~Cl Zf

Cl 7 5 July 2004 -10 di net hyl silyl bi s(1-indenyl)zirconium dichl oride;
~'Si ~ vd FisC SO octyl phenyl silyl bi 3¢ i ndenyl ) haf ni um di chllgrulie2004~y g
S HL "C D 15 July 2004 -11 di net hyl si |yl bi s(
r/5-4,5, 6, dodeeil; 2leyithibexid iprdenyl, bricngh phenyl cihddrbpbiotss, iodo, timethylsilyl,
di met hyl si |yl bi s(2-nmet hyl -1-i ndenyl ) zirconi um di chl oride; H3C HaC ~n.,, -~
.S i wol adgdenylogtylsilyly
In this formula, (XJ) and (X4) are independently selected from the group
consisting of (hereafter "Group OMC-II") halides, aliphatic groups, substituted
5  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 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 organometallic groups, as long as these groups
do not substantially, and adversely, affect the polymerization activity of the
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 (Xj) and (Xé)
are selected from the group consisting of halides and hydrocarbyls, where such
hydrocarbyls have from I to about 10 carbon atoms. However, it is most preferred
when (XB) and (Xa) 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-IL.

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

25  adversely, affect the activity of the 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, organometallic 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




1, 2- et hanedi yl bi s(9-fluorenyl)zirconiumdichloride; vl "'Cl | S July 2004

-12 indenyl diethoxy titanium1V) chloride; C~ ~4ppf-i~CH3 15 July 2004

" (i sopropyl am dodi et hyl si |l yl)cycl opent adi enyl titaniumdichloride; / ~Q -Si

\ /Ti~~~~C H3C~- N ~Cl bis(pentanethyl cycl opentadi enyl ) zirconi um

dichloride; ~%~~~~C | Zr “Cl bis(indenyl) zirconiumdichloride; -~~~C Zr
13 nmethyloctylsilyl bis (9-fluorenyl) zirconiumdichloride; /| _wQZ~ ~

~-\7sC and 15 July 2004 bis-[ -6- 15 July 2004

I - (N, N-di i sopropyl anmi no) bor at abenzene) hydri dozi r coni um

trifluor Ong}em’clt%‘xlufté?in@t Sutfstiféd 1y derivaties, SERTHAd Enefreummbsubstitited

or ganonet al conpound 1s selected fromthe group consisting of -14

bi s( n- but ylgescdriynardracise apd jubistivsed POFOHICENPSEY i de;

Various processes arc known to make these organometal compounds.
See, for example, U.S. Patents 4,939,217, 5,210,352, 5,436,305; 5,401,817, 5,631,335,
s 5,571,880; 5,191,132; 5,480,848; 5,399,636; 5,565,592; 5,347,026, 5,594,078,
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 compounds are as follows:

bis(cyclopentadienylhafnium dichloride;

Hf

%\

bis(cyclopentadienyl)zirconium dichlonde;

zr

%\m

10




~~,vQ zZf C bis(indenyl)zirconiumdichloride; -~~~C SC 5

di met hyl si Iyl bi s(1-i ndenyl) zirconiumdichloride; Fi3Giii., ~Si ~-wd
Fi 3¢/ ~~zZi SCI and 15 July 2004 -15
met hyl octyl sl |yl bi s(9-fluorenyl)zirconiumdichloride ~ Z (' " v\C~ .~ S

H C 15 July 2004 Organoal um num conpounds have the follow ng general
formula: s s AL(X )~(X )3. In this fornmula, (XS) is a hydrocarbﬁé havi n
from| to about 20 carbon atoms. Currenthy, it is preferred wheh {8kg}0%

al kyl having from1 to about 10 carbon atons. However, it is nost preferred
when (XS) is selected,fr _ d |, ethyl, propyl,
butyl) and isobutyl. 5t¥ﬁ&&ﬁ§ﬂ9§ R)ﬁggghﬁﬁgqg#ﬁéngghﬂhydr|de or

al koxide. Currently, it is 10 preferrggiwhen (Xb) is independently sel ected
fromthe group consisting of fluoro j jjoro. However, it is nost
preferred when (X6) is chloro. Int la, "n" is a nunber from1l to 3
i nclusive. However, it is preferree is 3. Exanples of such
conpounds are as follows: 15 trilnethy ,.Jnyﬁﬁﬁfﬁfriethylaluninun1(TEA);
‘tripropylalum num diethylal um nt e; tributylalumnum 20

di i sobutyl al um num hydride; triisols al unfowm_ hydri de;

triisobutylalum num and - 16 1% !a‘ 2004 di et hyl al um num chl ori de.
Currently, TEA is preferred. Thegtrea egdhsol i d oxi de conmpound conpri ses

fluorine, chromum and a solid i de conpound. The solid oxi de conmpound
can be any oxi de conpound known in rt capabl e of being inpregnated
with chromium and fluorine. Exenplary solid oxide conpounds, include, but
are not limted to, inorganic oxides, either alone or in conbination,
phosphat ed ui organi ¢ oxi des, and m xtures thereof. Preferably, the solid
oxi de conpound is selected fromthe group consisting of alum na,
silica-titanic, alum nophosphate, silica-alumna, and mxtures thereof. 10
Wien a silica-titanic is used, the content of titanic can be about 1 to
about 15% by wei ght ti t adatharisdisdisQr- It indemdldameiRdzgRenBN t he
silica-titanic, preferably, about 2.5 to about 12% by wei ght, and nost
preferably, 4 to 10% by weight, with the remainder being primarily silica.
The silica-titanic can be produced by a met hod known in the art. Such
processes are disclosed in U S. Paten v, 494; 3,119, 569; 15 4, 405, 501;
4,436, 882; 4,436, 883; 4,392,990; 4,08 ; 1@, 152, 503; 4, 98I, 831,
2,825,721 ; 3,225,023; 3,226, 205; 3 1; /and 3, 625, 864. The
silica-titanic can be made by cog I atifon f w@eyleous materials, or by
cogellation in an organic or anhydfous Solat'i on, or by coating the surface
of silicawith a layer of titanic s , Hgxanpl e, by reaction of
silanol groups with titaniumisopt fol |l owed by cal ci ni ng.




20 Al um nophosphate can be made by any nethod known in the art, such as,
for exanple, those nethods disclosed in U S. Patents 4, 364,842, 4,444, 965;
4,364, 855; 4,504, 638; 4, 364,854; 4,444,964; 4,444,962; 4, 444,966; and
4,397,765. Silica-alum na can be made by any nethod known in the art. The
anount of alumna in the silica-alumna can range from about 2 to about 50%
by 25 wei ght based on the total weight of the silica-alumna, preferably,
from about 5 to about 30% by wei ght, and nost preferably, 8 to Z0Mbhyo04
wei ght. Commercial grade silica-alumnagds available as M513-110 from WR
Grace and comrercial grade alumna as Ketjen G ade B from Akzo Nobel. The

solid oxi de conpound .shoul.d . re 1nE; 0 about 0.5
cc/g, preferably greétgpe?tﬂ%ﬁlﬁﬁﬁlgﬁfptgfé"%% g,g a%(} %ﬁyl%{&g?g%abl y, greater
than 1.0 cg{@jorider 17 15 duly 2004 The solid oxide conpound shoul d have a
=face area In a range of about 100 to about 1000 m-/g, preferably from
about 200 to about 800 ni/g, and nost pref bly, from250 to 600 n2/g. To
prepare the treated solid oxide conpou::u ol id oxide conmpound S mnust
be i npregnated with a chrom umontai ni n npoynd to produce a

chrom untontaitung solid OXide‘ELkéEPOU . e/chrom um cont ai ni ng conpound
can be incorporas.-d during manufatxring

heﬁgolid oxi de conpounds such
as, for exanple, during a gellaL%gn/bﬁxspray Hﬁy‘ng process. For exanpl e,
ina first method, chronium can b“added } he sobi d oxi de conpound by
cogel l ati on aqueous materials, as 10 yeph ted in U S Patents 3,887, 494;
3,119, 569; 4, 405,501; 4,436,882; 4, 43§, 883; 392.990; 4,081, 407; 4.

81, 831; and 4,152,503. In a sec nd nmethQd, the chrom um can be added to the
sol i ~ oxi de conpound by cogellation an o #c or anhydrous solution as
represented 1,) U S. Patents 4,301,034; 4,547,-"7; and 4,339,559. Alternati
ly, the chrom um containing conpound can be applied after 15 the solid

oxi de conpound is produced in a post-inpregnation step, in which the

chrom um cont ai ni ng conpound i s dissolved in an aqueous or organi c sol vent
and used to inpregnate the solid oxide conpound. Exenplary nethods of

i npregnating the solid oxide caonpouf:~i with the chrom um cont.ai ni ng

i mpound can be found,mﬁbl’lpaﬁréf’lﬁb@b‘fsg’fn”t ’égmﬁ?a}lﬁg?' ﬁﬁ?%ﬁ’ﬁ&%?@"ﬂg, 632;
4,2248, 35ﬁf 297, 460; and 4, 397,766. 20 The chrom um cont ai ni ng conpound
can be any 5§#H55nd capabl e of being converted to chror - inn oxide during
calcining. Ca ping is discussed subsequently in this disclosure. Exanples
of chrom um cvvtaini ng conpounds include, but are not lime vl to, chrom um
trioxide (Cr03), .nnonium chromate ((NHg) 2Qf ammoni m f di chronmat e
((NH,)zCrzGQ,), chromic acetate (C (C2H30i) chromic nitrate,
(Cr(NG'"~.), chronmous chloride (Crd 2), bi e chromunm(0) ((C6HB)I Cr),
chronocene {(CSHS)ZCr), and m xtuges theree aﬂﬁunt of chrom um present
is in the rnge of about 0.01 to about-g}0% by—wei.ght, preferably about 0.5
to about 5% by wei ght and nost pr ab H$Q.§96to 3% by wei ght, where
the wei ght percents are based wei f the“'30 chrom um cont ai ni ng

sol id oxide conpound before c ng. - Be ding, or after contacting
the solid oxide compound wth -18 15 , TRy 2004 chrom um cont ai ni ng
conpound, the solid oxide conpound is céq{gE;Sd wi th a fluorine-containing
conpound. The order of contacting the soll i de conmpound with the

chrom um cont ai ni ng conpound and the fl uorine-containing conpound i s not
inmportant to the production of the treated solid oxide conmpound. Any nethod
known in the art for contacting the solid oxide conpound with the

fl uori ne-contai ning conpound can be used in this invention. One common
nmethod is to inpregnate the solid oxide conpound with an aqueous sol ution
of a fluoride-containing salt, such as, for exanple, amonium fluoride
(NHQF) ) ammoni um bi fl uoride (NHQHFZ), hydrofluoric acid (HF), ammoni um
silicofluoride ((NH,)ZSi Fb), amonium 10 fl uoroborate (NH4BF4), ammoni um

fl uorophosphate (NH4PF6), fluoroboric acid (HBF4), and m xtures thereof.

Al ternatively, the fluorine-containing conpound can be dissolved into an
organi ¢ sol vent, such as an al cohol, and used to inpregnate the solid oxide
conpound to m nimze shrinkage of pores during drying. Drying can be
acconpl i shed by any method known in the art such as vacuum dryi ng, spray
drying, 15 flash drying, and the like. The fluorine-containing conpound can
al so be incorporated into a gel by adding it to one of the aqueous
materials before gellation. These agueous nmaterials




were disclosed in the first and second nethods for preparing the
chrom um cont ai ni ng solid oxide conpound di scussed previously in this

di scl osure. 20 The fluori ne-contai ni ng conpound can al so be added to a
slurry containing a gel before drying. Formation of a gel was disclosed in
the first and second nethods for preparing the chrom umcontaining solid
oxi de conpound di scussed previously in this disclosure. The

fl uorine-containing conpound can al so begadded during cal ci ni ngl152bly00thi s
techni que, the fluorine-containing conpound is vaporized into a gas stream
used to fluidize the ﬁgﬂ%@%%egp&mg 180 A i@ adnidd)Bafhlier i ded fromthe
gas stream In addition to So the t'l uori ne- contalnlng conpounds

descri bed above, volatile organic fluorides may be used at tenperatures
above their deconposition points, or at tenperatures high enough to cause
reaction. For exanple, perfluorohexafne) 30 perfl uorobenzene)
trifluoroacetic acid, trifluoroacetit anhydride, hexafl uoroacetyl

acetonate, and m xtures thereof can\hb aporized and contacted with the
solid oxide -19 15 ,Tuly 2004 co or the chrom umcontaining solid
oxi de conpound at about 300 to a OQGNﬁﬁﬁﬁﬁh or nitrogen. Inorganic
fluorine containing vapors may also béﬂUsed such as, for exanple, hydrogen
fluoride or even elenental fluori s Kﬁf |d oxi de conmpound or
chrom um cont ai ni ng solid oxide d can %o be calcined at a
tenperature in a range of about 190 t 00C before being fluorided. The
anmount of fluorine present is abqut 1 to about 50% by wei ght fl uorine based
on the weight of the solid oxide tonmpound before calcining. Preferably, it
is about 3 to about 25% by wei ght, and nost preferably, it is 4 to 20% by
wei ght 10 fluorine based on the weight of the solid oxide conpound before
calcining. Generally, calcining is conducted for about | mnute to about
100 hours, preferably for about 1 hour to about 50 hours, and nost
preferably, from3 hours to 20 hours. The calcining is conducted at a
tenperature in a range of ahou 200 to bout .900C, ferably, in a range
of about 300 to aboutP¥FoRutylg g?’é?%‘l‘? dl%‘? ‘ﬁe 'a range of 350 to
600C. Cal cining nust be conducted in an oxidizing atnosphere, such as, for
exanpl e, oxygen or air, where at |least a portion of the chromumis
converted into a hexaval ent state. Optinally, a reducing atnosphere such
as, for exanple, hydrogen or carbon nonoxi de, can be used during cal cining
as is known in the art. A final calci step in carbon nonoxi de at about
350C can be used to 20 convert the chy mto a divalent state, which
produces a catal yst that can be use rogiice hexene during

pol ymeri zation thus allowing in-situ progutti on of comononmer and thus the
production of copolyner froman eth fwed. This process is described in
U S. Patents 4,735,931, 4,820, 785, 98§:657 The cal cining can al so be
acconplished in a reduci ng at nosphefe tenperature in the range of
about 250 to 25 700C) preferably frgm 300 to 500C followed by calcining in
an oxi di zi ng at nosphere, which prodiuces a catalyst that will yield a
polymer with an increased nelt index. This process is described in U S
Patents 4, 1S1, 122; 4,177,162; 4,247,421; 4,248,735; 4,297,460; 4,397,769;
and 4, 460, 756. The conpositions of this invention can be produced by
contacting the 30 organonetal conpound, the treated solid oxide compound,
and the organoal um num conpound, together. This contacting can occur in a
vari ety of ways, such as, for




-20 15 July 2004 exanple, blending. Furthernore, each of these conpounds
can be fed into the reactor separately, or various conbi nations of these
conpounds can be contacted together before being further contacted in a
reactor zone, or all three conpounds can be contacted together before being
introduced into the reactor zone. Currently, one nethod is to first contact
t he organonetal conpound and the treated solid oxide conpound together, for
about 1 minute to about 24 hours, pref é?bly, 1 minute to 1 hous Jubt2(®4
tenperature from about 10C to about |00C  preferably 15C to 50C, to forma
first mxtwe, and then contact this fjrst m xtur { th an organoal um num
conpound to form t hdipghyjsyxibigs DFEﬂ?“TB‘WHﬁ? > nmethod is to
precontact the organonetal conpound, the organoal um num conpound, and the
treated solid oxide conmpound before injection into a polynerization reactor
for about 1 mnute to about 24 hours, pre ably, 1 mnute to | hour, at a
tenperature fromabout 10C to about 200 rably 20C to 80C to produce
the catal yst conposition. 15 IQ& wei ght iol f the organoal um num
compound to the treated solid 8Xf4e c d ¥n the catal yst conposition
ranges from about 5:1 to about | : 1§00, Lrably, fromabout 3: | to
about 1:100, and nost preferah)y frbqkéh} f 1:50. The weight ratio of the

treated solid oxide conmpound to the or orfet alt@onpound in the conposition
ranges from about 10,000:1 to about .1: preferably, from about 1000: 1
to about 10:1, and nost preferably, i1 to 20:1. These ratios are
based on the anmount of the conponent fconbiyned to give the catal yst
conposition. After contacting, the cat conposition conprises a

post - cont act ed organonetal conpound, a post-contacted organoal um num
conpound, and a post25 contacted treated solid oxide conmpound. Preferably,
the post-contacted treated solid oxide conpound is the majority, by weight,
of the composition. Oten tinmes, specific conponents of a catal yst are not
known, therefore, for this invention, the catal yst conposition is described
as conprising post-contacted conpounds. The weight ratio of the

post - cont act ed or ganoabetwiphemylsiytpis(intdeny faninm ¢eldendesnt act ed treated
solid oxide conpound in the catal yst conposition ranges fromabout 5:1 to
about 1:1000, preferably, fromabout 3:1 to about 1:100) and nost 21
preferably, froml:1 to.1: 15 July 2004 Thg weight ratio of the
post-contacted treated soli i de conpoun post - cont act ed
organonetal conpound in the cata onlranges from about 10, 000: 1
to about 1:1, preferably, from abou 0 apout 10:1, and nost
preferably, from250:1 to 20:1. The cat: \égtion of this invention
has an activity greater than a catal i'on that uses the sane
organonet al conpound, and the s r gangal umsnu pnpound, but uses
silica, fluorided silica, sili tani a, ja&bdm na, or silica alumna, as an
activator for the organonetal §§§u in conparative 10 Exanples
1-3, 5 and 7. The activity is neasured Yunder "®urry pol yneri zation

condi tions, using isobutane as the dilue d with a polynerization
tenperature of about 50 to about 110C, and an et hyl ene pressure of about
400 to about 800 psig. Wien conparing activities, the polynerization runs
shoul d occur at the sanme poly nerization conditions. The reactor should
have substantially no indication of any wall 15 scale, coating or other
forms of fouling. However, it is preferred if the activity is greater than
about 500 grans of polyner per gram of treated solid oxide conpound per
hour, nore preferably greater




t han about 1000, and nost preferably greater than 2000. This activity is
measured under slurry polynerization conditions, using isobutane as the
diluent, and with a 20 polynerization tenperature of 90C, and an ethyl ene
pressure of 550 psig. The reactor should have substantially no indication
of any wall scale, coating or other forns of fouling. One of the inportant
aspects of this invention is that no al um noxane needs to be used in order
to formthe catal yst conposition. Al unm.ngxane is an 25 expensi véd3>dohpiigdd
that greatly increases polynmer production costs. This al so neans that no
water is needed to hQhﬂmﬁgﬂﬁbmﬂg@faﬂﬁGﬁﬂ@ﬁﬁﬂ@ﬁy1Iﬁhéggﬁkgﬁﬁ@&jCia| because
wat er can sonetinmes kill a polynerization process. Additionally, it should
be not ed t HWathlereddhor at e conpounds need to be used in order to formthe
catal yst conposition. In summary, this nmeans_that the catal yst conposition
whi ch i s heterogenous, and which 30 can b ed for polynerizing nonomers,
can be easily and i nexpensively produced of the substantial absence
of any al um noxane conpounds onﬁbgrate July 2004 com ~~unds.

Addi tionally, no organochroni um cofpol G2 need to be addeu to form
t he i nvention. Although alum'noxagg,rb gnﬁbunds, organo chrom um
conpounds, or MygCl z are not ne in %ﬁ; d enbodi nents, these

com :ounds can be used in other enbodi of thi's invention. 5 In another
enbodi nent of this invention, a procéss i sing contacting at |east one
nononer and the catal yst conposition e at least one pot; ~r is
provided. The term "pol yner"” as used iM™g hi s\ disclosure includes

honopol yruers and copol yners. The cataly nposition can be used to

pol ynmeri ze at | east one ononer to produce a honopol yner or a copol yner.
Usual Iy, honopol ymers are 10 conprised of nononer residues, having 2 to
about 20 carbon atons per nolecule, prel . zbly 2 to about 10 carbon atons
per nolecule. Currently, it is preferred when at |easi :;ne nononer is
selected fromthe group consisting of ethylene, propylene, 1lbute:~: v,
3-net hyl - 1- but ene, 1- =4I l1-4_: 4- B | -.L- pent ene,
1hexe:xe, 3-ethy|-1-ﬁ§§§%§gﬁrﬁﬁégﬁéﬁﬁ$'Hyggﬁgﬁgﬁmf-non%ﬁ%ﬁdfigecene, and

m xtures 15 thereof. When a honopol yigr_is desired, it is nost preferred to
pol ymeri ze ethyl ene or propyl ene. Wen a er is desired, the

copol ymer conprises non::ner residues anf nore conononer residues,

each having fromabout 2 to abﬁd@mﬁZO A ons per nolecule. Suitable
conononers include, but are not 20 T¢;m ted o/ aCiphatic 1-ol efins having
from3 to 20 carbon atons per bcﬁﬁl such s, for :unple, propylene,

1- but ene, |-pentene, 4-nethyl-17penten - Me; 1l-octene, and : : her

ol efins and conjugated or nonconj uga °ns such as 1, 3-but adi ene,

i soF ;ze, piperylene, 2,3-dinmethyl-1\3-bu ne, 1, 4-pentadi ene,

1, 7- hexadi ene, and ot her such diol efi andym xtures thereof. Wen a

copolyq?r is desired, it is preferred to\pr pol ethylene and at | east
one conpbnoner selected fromthe group consisting of 1-butene, 1-pentene,
| - hexene, 1-octene, and 1l-decene. The amount of conononer introduced into a
reactor zone to produce a copolyner is generally fromabout 0.01 to about
10 wei ght percent conononer based on the total weight of the nononer and
conononer preferably, about 0.01 to about 5, and nost preferably, 0.1 to 4.
30 Alternatively, an anmount sufficient to give the above descri bed
concentrations, by we2ghharediitine(SeBpokyyiprirconmdudetioren; be used. -23 15
July 2004 Processes that can polynerize at | east one nononer to produce a
polynmer are known in the art, such as exanpl e, slurry polynerization,
gas phase pol ynerization, and sol utiofp-fagl ynerization. It is preferred to
performa slurry polynerization in ”4é$ﬁ reaction zone. Suitable diluents
used in slurry polynerization are e awn(hn the art and include

er WCondi tions. The term "dil uent"
avd]y mean an inert material; it
© pol ynerization. Suitable
to, cycl ohexane, isobutane,

is possible that a diluent can co
hydr ocar bons i ncl ude, but are not

n- but ane, propane, n-pentane, isope neopent ane, and n-hexane.
Furthernore, it is nost 10 preferred\ Q5e i sobutane as the diluent in a
slurry polynerization. Exanples of such technology can be found in U S
Pat ents 4, 424, 341; 4,501, 885; 4,613,484; 4,737,280; and 5,597, 892.




The catal yst conpositions used in this process produce good quality pol yner
particles without substantially fouling the reactor. Wen the catal yst 15
conposition is to be used in a | oop reactor zone under slurry

pol yneri zation conditions, it is preferred when the particle size of the
solid oxide compound is in the range of about 10 to about 1000 m crons,
preferably about 25 to about 500 m crons, and nost preferably, 50 to 200

m crons, for best control during polyrerdzation. In a nore specif gy 2004
enbodi nent of this invention, a process is provided 20 to produce a

cat al yst conposi ti onindehfl di¢theesstatmlV séhdgridept i onal 'y, "consisting
essentially of', or "consisting of'): (1) contacting a solid oxide conpound
selected fromthe group consisting of alum na, silica-alumna, and
silica-titania with an aqueous sol ution centajning chrom c acetate and
ammoni um bi fl uori de to-produce a 4:--'-@’ chrom um cont ai ni ng solid
oxi de conpound having fromO. 8%t y-wel ght chrom um per gram of
fluorided, chrom um cont ai ni ng SO|Id DXIde conmpound before caicining and 4
to 20 @6by wei ght fluorine based o Iﬁ;; pof the fluori ded,
chrom um cont ai ni ng solid oxi deCtonpou éﬁgre cal cining; (2) calcining
the fluorided, chrom um contai ning sol i d% s 30 conpound at a tenperature
within a range of 350 to 600C for 3 to 20 hours to produce a cal ci ned
conposition; -2415 July 2004 (3) conbining the cal ci ned conposition and
bi s(n-butyl cycl openta dienyl) zirconiumdichloride at a tenperature within
the range of 15C to Q&@Grépylpniiddoecthylsil¥)cyciepeendiciyl)itaaiune didhédrideen 1

m nute and 1 hour, conbining the nixture and 5 triethylalum numto produce
the catal yst conposition. Hydr&ges can with this invention in a

i

pol ymeri zation process to control peg % ecul ar weight. The main
feature of this invention is t ffh trea d solid oxide conpound is an
active catalyst, and it also aCfivate aormet al conpound. Thus, 10

The treated solid oxide conpound pr des a high nol ecul ar wei ght conponent
onto an otherw se symmetrical nol ecul ar wei ght distribution of the pol yner
produced by the organonetal conpound. This high nol ecul ar wei ght conponent,
or skewed nol ecul ar wei ght distribution, inparts higher nelt strength and
shear response to the polyner 15 than could be obtalned fromtypical

or ganonet al conpounds., One_s f eat.ur ..0f th jon, therefore, is
t hat pol ydi spersiti cei%'s(é’FmﬁBlgﬁfﬁ lg)pglatagrgg mﬁfoﬁl E}I%%M val ues from
about 25 to about 50 can be produced from ganonetal conpounds that woul d
ot herwi se give pol ydispersities of ab .1 to about 2.~ and HLM /M

val ues | ess than about 20. 20 After Brs are produced, they can be
formed into various articles, such as/ f r&éxanple househol d cont ai ners
and utensils, filmproducts, dorns, nks pi pes, geonenbranes, and

| i ners. Various processes can for @mles. Usual |y, additives and
nodifiers are added to the polyner in to provide desired effects. It
is believed that by using the invention §escribed herein, articles can 25

t he pol yner produced can be conS|ddL§fTa dual conponent or bi nodal polyner

be produced at a | ower cost, while maintaining nost, if not all, of the

uni que properties of polyners produced wth organonetal conpounds. EXAMPLES
Standard Tests and Procedures A "Quantachrone Autosorb-6 N trogen Pore Size
Distribution 30 Instnunent” was used to determ ned surface area and pore
vol une. This instrunent was. acqui.red,fromthe Quantachrome Corporation,
Syosset, hl,Y ”5@P§D %%nunldthéﬁQ




Pol ymer density was determned in grans per cubic centineter (g/cc) on a
conpressi on nol ded sanpl e, cooled at about 15C per hour, and conditioned
for about 40 hours at roomtenperature in accordance with ASTM D 1505 and
ASTM D1928, procedure C. High load nelt index (HLM, g¢g/10 rains) was
determ ned in accordance with ASTM D1238 at 190C with a 21, 600 gram wei ght.
Melt index (M, g/10 rains) was determ ned in accordance with ASTM D1238 at
190C with a 2,160 gram wei ght. Description of Polynerizations RfEkll0004

Pol ymeri zation runs were made in a 2.2 f3ter steel reactor equipped with a
marine stirrer running at 400 revolutions per mnute (rpm. The reactor was
surrounded by a steemqtadretylsdyiiia(flnerend) vircogiure divdvatiden t h a connecti on
to a steel condenser. The boiling point of the_ methanol was controlled by
varyi ng nitrogen pressur plied to the cof Ber and j acket, which
permtted precise tenperatu fhin half a degree
centigrade, with the help of e instrunents. Unl ess

ot herwi se stated, first, a snall L 70 0,30 grams normally) of an
oxi de conpound or the inventive treate #” oxirde conpound was char ged
under nitrogen to the dry reactor. (a i'Glters of an organonet al
20 conpound sol ution containing Gg,b"grans g y‘g.nonetal met al conpound
(usual l'y bis(n-butlycycl opent adi enyl) zircoﬂ!ﬂy di chl ori de) per 100
mlliliters of toluene were added by syri ~m en, 1.2 liters of isobutane
liquid were charged, and the reactor heatetmypto 90C. One mlliliter of

or ganoal um num conpound (1 nol ar triethylaluninun1inaﬂ%ptane) was added

m dway during the isobutane addition. Finally, 25 ethylene was added to the
reactor to equal a fixed pressure, nornmally 550 psig, which was naintai ned
during the experinent. The stirring was allowed to continue for a specified
time, usually about one hour, and the activity was noted by recording the
flow of ethylene into the reactor to maintain pressure. After the allotted’
tinme, the ethyl ene fiioyu-(asV-siiappadianind)iohaatieda&iePhyB3Ros redtivm
depressuri zed and opened to recover a granular polymer. In all cases, the
react or wéfleqremgthylsublongtei ndi cati on of any wall scale, coating. or other
forms of . -26 fouling. The pol yner was &ﬁg@zrennved and wei ghed. Exanpl es
Wt hout Chrom um 15 July 2004 These exaﬁpfe were perforned to determ ne

suitability of a particular 5 oxi npound for use as a conponent in the
catal yst conposition of this in n. EXAMPLE 1 Control (Silica) This
experiment shows that silica, i s cqironly used in chrom um oxide
catal ysts, does not serve as an act?bgﬁﬁ? for an organonetal conpound when
used with an organoal um num co ng’ Innfg§r de 952 silica was obtained
fromWR G ace having a pore v of about?1%6 cc/g and a surface area of

about 300 ne/g. About 10 grans O silica were placed in a 1.75 inch
quartz tube fitted with a sintered quaktz disk at the bottom Wile the
silica was supported on the disk, dry aiNi-R@&s bl own up through the disk at
the linear rate of about 1.6 to about 1.8 standard cubic feet per hour. An
el ectric 15 furnace around the quartz tube was then turned on, and the
tenperature was raised at the rate of about 400C per hour to a tenperature
of about 600C. At this tenperature, the silica was allowed to fluidize for
three hours in the dry air. Afterward, it was collected and stored under
dry nitrogen having _ng exposure to the atnosphere. The silica was then
added to the react ofTe§8PIyolRe dTEFORIS A coraRewsh g sclpered diam thsrerampl a
triethqu&Mg%@M€65TEA) solution as described previously. These runs are
shown in Table 1. The silica produced al nost no polyner. EXAMPLE 2 Contro
(Fluorided Silica) Simlarly to Exanple 1, this exanple shows that
contacting the silica 25 with a fluorine-containing conpound still does not
make it suffice as an activator for



an organonetal conpound, and this excludes it fromuse in the catal yst
conposition of this invention. A 50 gram sanple of the grade 952 silica
descri bed previously was inpregnated with 100 mlliliters of an aqueous
solution containing 5 grans of 30 dissol ved amoni um bi fl uoride to produce
a fluorided silica. This gave the sanple a wet sand consi stency whi ch was
then dried under half an atnosphere of_ yacuum at -2715 July 2004 110C
overnight. Then,.the fluorided silica was calcined in dry air ats®QQCoby
t he procedures described, previousl.y.. This gave a. f|luorided silica having a
surface area of aboubm§§E&W$W§BBﬂ3&%EB§>QK5BWBhgmgL”%%out 1.29 cc/g. A
smal | sanple of the fluorided silica then tested for polynerization
activity with an organonetal conpound.}{As shown in Table 1, it provided no
activity. EXAMPLE 3 Control (Silica-Tkrtanial A silica-titanic was prepared
by cogellation as described in Deitz 10 3,887,494). Titanyl sulfate
was di ssol ved in concentrated sul fup I dgrto which a sodiumsilicate
sol ution was added slowy with vigor p¢rring. When the pH reached about
6, the mxture gelled into a honobge ar mass. This was then aged at
80C at pH 7 for three hours, then nige tines with water and two
times in 1 % by wei ght amoni um ni t{ a his gel was then azeotropically
dried in ethyl 15 acetate to producg a silica-titanic. The silica-titarua
contained 8% titaniumand had a sur{ace area of about 450 nez/g and a pore
vol une of about 2.0 cc/g. A 10 gram sanpl e was then cal cined at 600C for
three hours in fluidizing dry air. Afterward, a small sanple of the
silica-titanic was tested for polynerization activity with an organonet al
conmpound solution. As shown in Table 1, it exhibited no appreciable
activity. 20 EXAMPLE 4 Invention Conmponent Control (Fluorided
Silica-Titanic) The foll ow ng exanpl e denonstrates that fluorided
silica-titanic is arbigfiddeaiBfitcontinh daihdsrideor or ganonetal conpounds and is
t hus useful as a conponent in the inventive catalyst conposition. 25 A
sanple of 8.51 granms of the silica-tit c from Exanple 5 was cal ci ned by
fluidizing in dry air at 600C for thr Uyls to produce a cal ci ned
silicatitania. Then, the cal ci ned silfi iyani c was i npregnated with 35

g 2.50 granms of ammoni um
v s brought the cal cined
tituted 30 the equival ent of
f cal@ined silica-titanic to

t hanol was then evaporated off,
Lbica-titania was again calcined in

oD

bifluoride in 100 mlliliters of metha
silica-titanic to incipient wetness and
about 3.9 mllinoles fluorine per g
produce a fluorided silica-titanige:
and t he 28 15 ,Tuly 2004 fluo
air at 600C for three hours as de previously. 0.1166 grans of the
fluorided silica-titania were first ed under nitrogen to the dry
reactor. Next, two mlliliters of an organonetal conpound solution were
added by syringe containing 0.5 grams of bis(n-butlycycl opentadienyl)
zirconiumdichloride per 100 mlliliters of toluene. Then, 1.2 liters of

i sobutane liquid were charged, and the reactor brought up to 90C. One
mlliliter of 15% by weight triethylal um numwas added m dway during the

i sobut ane addition. Finally, ethylene was added to the reactor to equal 550
psi g ptessure whi chdiwaethpailybel hewleoub izirgoniha dicllogdperi ment. The stirring
was allowed to continue for one hour, and_ the activity was noted by
recording the flow of ethylene into th or to maintain pressure.

H 3C!/, e

and




After the allotted tinme, the ethylene flow was stopped, and the reactor
slowy depressurized and opened to recover a granul ar polynmer. The reactor
was clean with no indication of any wall scale, coating or other forns of
fouling. As shown in 15 Table |, the polyner was renoved and wei ghed,
yielding 137.5 granms. Thus, the activity was found to be 1164 grans of
pol ymer produced per gramof fluorided silica titania charged per hour. The
pol ymer had a nelt index of 0.04 g/10 mi:-and a high | oad nelt ilsdek w04
1.72 g/ 10 min giving a shear ratio of 42.5, which is higher than the usual
16 to 20 17 rati o obmathiattflelylms{®ailacepesrcoiitven dichloekleaver age nol ecul ar
wei ght was found to be 66,000, and the wei ght average nol ecul ar wei ght was
178, 000, giving a pol ydi AMPLE 5 Cont rol ~Al um na~
25 Alum na sanples were als gcedur e descri bed
previously. A commercial alum grade B al um na was
obt ai ned, having a pore vol une of y and E surface area of
&rm&@ u

about 340 ne/g. The sanples were cal“i nee re di scussed

npl e of the cal ci ned

5 nd and
triethylal um num for polynerizatiHgCactivit pFrna, which is regarded as
nore acidic than silica, produced a little
activity -2915 July 2004 was very low T
shown here woul d not be suitable for use in
this invention. EXAMPLE 6 I nvention Conponent Control (Fluorided Alumna) A
10 gram sanple of Ketjen B alum na, which had been previously cal cined at
600C, - was inpregnated with 20 mlliliters of an aqueous sol ution containing
1.0 gram of anmoni um bi fluoride to produce a fluorided alum na. The sanple
was then dried under vacuum overni ght and agai n cal ci ned under flow ng dry
nitrogen at 600C for three hours. The fluorided alum na was then tested for
poly 10 nerization activity with an organonetal conpound solution. It

yi el ded an acti vi t y Wgangaomyraheorspoyss’s Pees thedelleyiamgenert] feominthed al uni na
per hour: This exanple shows that fluptrided alumna is an efficient
activator for organonetal conpoundéuggaﬁ-s%$hus useful as a conponent in

the inyentive cat al y§thig &A%, (KOs a kfoy¥ hahdnRBE Olo dbohut b6 BarBblM na~
Silica-atunina was obtained fromWR Gace as M5 13-110 contai ning 13% by

wei ght al awinsa @wengdyod bypresinegH twhsin (X pis antadaod hkyioa fmhubitmabhadOa por e

vol une of _about 1.2 ec/g and. a surface area ofs about 3 ne/g. A sanple of
the sili c%arg%?‘rtioﬁg‘ Ve F’C‘Fﬁé’aosgé’r%g‘g‘éfﬁ‘@%&&)é%,?e_gi‘féff_ o tggﬁmghlpr at 600C
for t hr eecm;ggigo of nedB/ 1 V@Byil yp,ggfﬁ,ddnqugoaaghy_rrerl zation activity in
conbination with an organonet al “gonpound and ‘triethylal um num As can be

seen in Table 1, thén thes formuie, W9 ipadalideyhiidnde, o hikosidal Whirreatlynsis t abl e

for u in the catal . conpositipon of this invention. K EXAMPLE 8 | nvention
@npof]@nt P'é_% ePo"?he(lp‘?‘ﬁPi ‘ag‘g’esﬁ?l}‘@éﬁ%cmmﬁ%l thserppy poRsiORGOf dfuorhand
Si | 1 ca-al sTbiva KihwaLESER MbQ Pratety whsf(H)3scilfBol3 110 by WR Grace
Conpany) was inpregnated with 100 mlliliters of an aqueous sol ution

contai ning 5 grans bfthandeomilumiwi Slavombze ffoor 1 2o 3 0lsyvardiaphdvet,aadi ng t o
pr oduce aIf uor.i ed‘sLLiga-alunina. This resulted in a wet sand
consi st en®GEFAS RIS itdd silica-al unina was then placed in a vacuum oven

and dried overni ght g@fmples of such compounds are as follows:

15 trimethylaluminum;
triethylaluminum (TEA);,
tripropylaluminum;
diethylaluminum ethoxide;
tributylaluminum;

20 diisobutylaluminum hydride;
tniisobutylaluminum hydride;

triisobutylaluminum, and




30 110C under half an atnosphere of vacuum Then, 10 grans of the fluorided
silica alumna was calcined in dry fluidizing air at a required tenperature
for three hours -30 15 July 2004 The fluorided silica-alum na was then
stored under nitrogen until a small quantity was charged to the reactor
wi th an organonetal conpound and triethylal um num as descri bed previously.
The fluorided silica-alumna yielded 5537 grans of pol ynmer per gram of
fluorided silica-alumina per hour, maki hg-it an excel |l ent choi ce fuby 205 as
a conponent in this invention. 10 -31 15 July 2004 Tabl e
1Exanpl eOxi deCal ci ni dgOxilde®igemehPoidgner RunAct i vi t yTypeTenp. Char gedAl uni nu
m(g) Time(g/ g/ h)(C (g)Co u i.n) 1-Control Silica6000.568620. 6563. 012- Contr
ol Fl uori ded6000. 4350250‘5%&5%&1&%%@ rol Silica-6000.139220600Ti t ani a4- Com
ponent Fl uori ded60001 : Lo i} @kd r i 00. 236
126. 960. 9296- @monegtﬁg%rﬁgégégg%%lg.@%% gg@q@%%%ﬂﬁg%lo %r‘ﬁ n%%%??gl Silic
a- 6000. 3912183 4ir. GB2phwndl A38-sGhdperienpipeond dedBOL);: @887 ddMSLMIANORASI | i ca
- Al ununaPal yperi zation at .90C, 550 i .2 liters_of  isqbutane; )
Organoget ar 1%%8@?&’?9:03}3‘“% Wﬂﬁﬁmﬁggb’g@f LSRR HIPEn thaGmeiaFY polid
zi rconi um di I o : | .y ng = r.2: of 1
mol ar tri e%ﬁg{gﬁﬁubn%qﬁlg %01 ‘?’%E\)g’%ltéf © Igtg%“%kﬁ?%& dr?\?g%f }C'il\t/lzaﬂlr 4‘5" N [ 5 Iu{;ﬂ2004
Thi s exanplomlshoiss, phesphated dfiorbhniopixiies, sidlmcairtd thardof, Be:fanblacthe validr for
two catal ysts, a chrom um oxi de and an organqnetal conpound, .
bi s( n- but YPEYCFEHRANLF efgFtsd HopBiRigivHEBIrIsHpE ghalurpes, silsantane,
or ganoal um d.is, | - hi ctivate the organonet al
conmpound a@%%’d{ﬂg\f,ivﬂe gg{g%hﬂrll% Eﬁgﬁlgg’i%gr{ﬁ{}ﬁ}efgﬁhtg%togd solid oxi de conpound. The
or ganaget al conpoundwaied o i k@t wenadb uskdokied@neanpOiiadiaaag be apaitl etoof
si mul taneouslgyg/r oduci_.ng what becones a unique con‘g&s’i_te polymer. 10 The

i}

same sili cRot by wrigkittpaymphased ew dhoytofah viekdiaf the sshcarjgtaniayprgferably,

i npr egnat i o i - ghr.om l1i ut J. f
chrom c agag? ﬁ%%géok%&gaﬁggwig&%@ &@gﬁé@é%ﬁaﬁl& %:uﬁ%rqyg‘ga nt’ xryrdlét?'ﬁ}éér)lol to
produced aeche@dtestingbiithadikt sicLompounida-tithea taced pddaedd ¥, ayigehe@npound
was then calcined in dry air at 600C for three hours. The treated solid

OXi del conpaara indy aresbeeh pioetsses are tsclosed it YIS Fetemsntif 149484)] l@sﬁfg; id n
EX 9 ) - i . . i " i
Sl SFELARES o ek tha e kRt PR eatie TS E

speci fi cal2gps461psizasforens 228,282; 3 k2EF2Staeel3 608SR! - ThENiIfca¥denid @B bk O
separate the nol ecul ar weights of the two catal ysts, since organonetal
conpounds Tads byrsegpllatipned agpeeusgasisiitlsiva hyoggldatgdn anorganipdranbydiousei ght

regul atin ent. .ln 2 ampl e 9B, . ol.ynmeri zation .run was_.conduct ed
Using a T FOBARed CofioRlas i Teee il sebe N brin i SR AR eneral
conpound Qe A0R ¥ k3] RHUP SR tithkARint BSMchexiAE S0kl by fhidiARke 2. Use of
the treated solid oxide conpound al one in Exanple 9A gave a very high

mol ecdPar wei ght polAdusrinophipsphdtetin bhmate batmdmstioddknorinde tharpeuetd and an
or ganonet al conpound re esent 25 (. e 90, 0 Lyity was
obser ved, aﬁtrfgr gfpaﬁbqq?ﬁggsetﬁ%ﬁ"ﬂés QIS%IPB%E‘;&?'%F %tﬁ’ﬂltlsé‘rl%'%cg}hgﬂggé# ibution than
expect ed Yr@msan.; HKOABAREL ka8 OPNLUNMoG; ANRIVRS: RI4Qd WeEdaiU 390Y6 s broad
as the treated solid oxide conpound. This is useful In producing film
pol ymer s possessi ng Sthea-pluefies cacbeamadd byamsmethod dnhwa it kreoart. ubheoxi de
catalyst %Irx]l%ur?t oqg%th?nlnlng%g ee s(i lg:ﬁl Stir')a can r%ggeS ﬁ%l% a ?)u’t2 8 to about 50% by
25  weight based on the total weight of the silica-alumina, preferably, from about 5 to
about 30% by weight, and most preferably, 8 to 20% by weight. Commercial grade
stlica-alumina is available as MS13-110 from W R. Grace and commercial grade
alumina as Ketjen Grade B from Akzo Nobel.
The solid oxide compound should have a pore volume greater than

30  about 0.5 cc/g, preferably greater than about 0.8 cc/g, and most preferably, greater than
1.0 cc/g.




25 15 July 2004 Tabl e 2Exanpl e9A9BI9CCr Content (wt % 1 %Cr Nonel

%Cr Or ganonet al None21Com ound (ml ) Organoal um nuntO mM (5 wt% m (I Mol ar10
m (5 wt % Conpound (m ) Tl BATEA) Tl BA) Hydr ogen Added ( si)46046Activity
(g/g/hr)l 401164151 2Melt I ndex (g/10 m n)00.040. 22H.LM (g/10

m n) 0. 121. 725. 3Mw74l , 000178, 000172, 000Mn73, 900660051 , 400MM Mn10. 02. 73. 3Pol y
merization at 90C, 5S0 psig, 1.2 |i ters_gf]_i sobut ane; Organonet al Conpound =
bi s(n-butyl cyclopentadi enyl) zirconium dichloride; Organoal um num Gop@MNd:

TEA = triethyl al um nurfye Sl del | umi pum Actjivity = grans of
pol yner per ér am of frifjhc,}})ﬁé\‘g%{s#f’|°?’§§?% g‘h‘i“@?ﬁfaﬁnﬁ C@B%BF“%FW@@ solid
oxi de conpoulrut (| BR aorpbes 1980 &1 BCprasatblyEdm (ShEAD0 1o Myt s%gﬁrg}gl g Rioee

nol ecul ar wei ght.; Mh_ = er _averaee nol ecular wei t. EXA

(I nventive) P’ﬁ?ﬁrf?*g}}’gff%w&%ﬁaoﬁﬂﬁnsrg-i ca-al um na described above, M 13-110,
was inpregnated with 1L of. ;an. agueous sol ution containing 7.5
gr ans of5 zinc chlori dif,g qjgg%alrnléhn% t%e?[eiﬁﬁ%ﬂ.oeﬁﬂ%%mpew,a@ sodlcPradeyhpamdon um
ni trat et o Bysdle iinpBeenayedweitiy Bt ML Ak BRink REMShd £3- i.na. _The zinc
chloride was added tQ enhance activity. Aft_g% belﬁ%%ﬁcg@i% &H{gﬁ: AR oven
over ni ght at°"P1E8e sphe oxile sy woungh sThexttepmatnicontdiny. @ omedundQ@s bk Gedihr ee

hours. It Lhainh for. pol.ynerization activity in three runs, which
are shown Y}%ﬁaﬁabl e Zgﬁ%ﬂfaio,&ngﬁg eﬁolt]f Of‘écgetﬁofnp(?f“ polighrat ifeneramplai t hout an

or ganornet aldudihg agelatioglor pie N RbedE OfYL - d,solid oxide
compound had a very high rrp_!)(/ag‘g,lh ar wei ght and g%?@éﬁ%&&%@%‘?’ﬁ%‘%’i‘lﬁht
di stri buti 67 CRAAIADB B ell txide ephponddiy agdilapna: SBsdus MRS Of

or ganonpt al qran n h t ddition of nore organonetal
corrpougg. 'F?%Q%%%H ?ﬂ&-%ﬁé&%ﬁé%@ﬁﬁ' gﬁg’ﬁg&tf‘i‘%@@i6&3ﬁ538ﬁc#éé§,§63;as t he
contri buti @m%w%he,oengl@m,omaggmp,camqulrgq,ﬁggq?gSg r g ethoc},gli‘l%l#gfnﬁmzo 25

15 July 2004 Finally, Run 10D shows the Use of only the o i
conpound f 67" BoAtHad i skt sofabixédammpano Ay @BEAGLORCT afConta it dklahRoREe(WT

9% Or . Cong te)or Luminumd mi4 nmil mif nl Co ound
AR i e s L A G By T T W B el o
Sol i d0. 09840. 14480. 11489 289%0K - ound (. _ 2] 3134149Yi el d
(S) ::zun1 Time (mi.n) 75801018Act %ﬁ%‘%?%%@%%%%@é@éﬂ 7 ﬁHﬁlel(a%fB
m n) 00171 | Bre39Bd p8ideromporod is prp@uc2G4n @ péstlidihrdetialiMh bivh 4889 the o
|19.ommegggrg)gn;_,c%gglli26$0091m6n70i0 9, 90050, 200M Mi54. 75. 82. 5Pol ymreri zati on
at 90C, 550 psig, LrSPRE SPAPYNGIS JselXad ryaaveat efl orgutip seindst Md5 Wt %
bi s(n- but yhiscays inpeehadiienyii & ' i i de: | uni Co d:
TEA L Lri ot M ) RS DRy e Ghtng o
pol yrer pethe §elahpuide chmppimdedithithd cetitraribataliixAMhSoukARBhn Bk f&&ﬁ%ﬁﬂ

ght

sol i doxi de und es 10A_& 10Q) per_hour (g/g/hr); Mv = wei
aver age mﬁrggu é{Pﬂ\‘?\%ﬁogﬁ%i@tﬁgﬁ%ﬁ%v%?g@w}%r4' 1440); sval 4RP7,7680 Whi | e

this i20vention has begNc8s%EhREH: 4k 1L for the purpose of

illustration, it is not int endeggttagﬂggg(%?hé necFaP%&P&gﬁoﬁﬂ?u’?c&@ﬁk’]@ﬁﬁed to

cover al | beHgrigoscrertiombdor upabkidagusihg baloinihe i idg idAcsGepe t her eof .

35 CLAI MBS July 2004 A process to produce a catal yst conposition, said
SubRaLHHly Bl

process cONprisrH SosyreatEyamples offbrgriganonstiaingoomgounds and at

| east one iylga)8al MEHRUTGON [1Jo N . one treated solid oxide
conmpound to produce saylgqnga?g(ﬁ &st clgﬂrrlgtggjl&fcieg?rb%khé?@loﬂméléf’l&roﬁ’ra@%norret al

conpound K&¥1K&0olhmmeni: dishasmadte (@UY)G0,), Ehro (XRL4ARY %@z?!iad\ﬁirei n M-
is sebected fromti tzﬁlmzl rconi um or hafnium wherein (X~) i g
i ndependent 1y & BI"EE d6TFY S SPep R thdenidakiir€l,)imdeengess clitondumg) s,

((C¢Hy),Cr), chromocene {{CsH;),Cr), and mixtures therec .

The amo: . of chromium present is in the railge of about 0.01 to about
10% by weight, preferab., about 0.5 to about 5% by weigi.i, and most preferably,

from 0.8% to 3% by weight, where the weight percents ar ased on the weight of the

30 chromium-containing solid oxide compound before calcining.

Before, d.-ing, or after contacting the solid oxide compound with the




substituted cycl opentadi enyls, substituted indenyls, or substituted
fluorenyls; wherein substituents on said substituted cycl opentadi enyl s,
substituted indenyls, and substituted fluorenyls of (XI) are selected from
al'i phati c groups, cyclic groups, conbinations of aliphatic and cyclic
groups, silyl groups, alkyl halide groups) halides, organonetallic groups,
phosphorus groups, nitrogen groups, silicon, phosphorus, boron, and
germani um wherein at | east one substitugnt on (X' ) can be a brilddulg@og4oup
whi ch connects (X ) and (Xz); wherein (X3) and (X4) are independently

sel ect ed f ¢igohiie-@heining ebsipsind) theodolidalxidtoompunahatbRade@WhG a
substituted aliphatic groups, cyclic groups, substituted cyclic groups,
conbi nat i of8oRe-SATtHAES ©MPHIRS Taﬁar%yef fentaftivgphe selshoride compeunsk
substituted.alj G qr . I r .conbi.nations of al.iphatic
gr oups andglétgil%f%{)la% gu E:C%P“?“égg?%‘ﬁé‘g“{%fg%ﬁﬂﬁ@?‘ P%ﬁ%g%?ta%ﬁ FIPREEE AP ohat i ¢
groups andinspitint touthe @radietibs oftheuRatedadiid @ x ic@eRpousdbd AlniytriétBed RAGWwH
groups, phosphi do groups, substituted phosphido groups, alkyl oxide groups,
subst i tut et th REf Iforgaaeacying trssoldraxidseanepgind wpsh t%@db@nn@moedmangl oxi de

, t.al | i .and.subst it ut ed |1 :
Mher o h (XOTMHamg den bE S8CE PORI Rl e R ae T R TER S e IO ERt LAyl s
i ndenyl's, {Jidaedycimpsunasiikt st 6lcoms baReRt a0 ARV o-csibipldd dliedichndeny! s,

substituted fluorenyls, halides, aliphatic groups, substituted aliphatic
groups, cykr exagplsupamonuiys fiupndedVNidyo] ammgnwapbifluoodbNELHENs of aliphatic

ic. nbi_nat i f i tut | i phat i d
dvelTe or anpeshidgiaRkiim, SRgndfh st aBon e ORLL LTS B friied SyolTe 36
1 ~ Juloy 20840868t SH, BITP atdldrdns fRborssHesiHatditad, pa . hatdior@relps and

substituted cyclic groups, am do groups, substytu?ea am do groups,

phosphi do {¢fBupsind substires eesdf.pAdispiaiidely gtho dipsrineak tayth vl gleorgpaundsan be
substituted al kyl.oxi de graups, aryl oxi de groups, ,substi.tuted aryl oxide

o oups. _orbsabia oD elve e s o Aok 269 BEbiH T AR A

wherei n 5%%§&éédﬁ$ﬁdidQBnﬁﬁ%ﬁ'é%ﬁﬁﬁk% 8&F BGreh UBAN 9 OBRify {§ding of

al i phatic groups, cyclic grdﬁps, co%bingtfons o%ag??%ha??cggégips and
cyclic gr cwpsmpkshedbygnympshodkiomn hethe de sgeloapeacuhal dtes, sprgdnangt al | i ¢
groups, phosphor.us gr.o ni trogen groups, silicon, phosphorus, boron, and
gernaﬁ?unﬁﬂﬁﬁgﬁﬂF%‘gptﬂgﬁg? one substituent on (XZ) can be a bridging group
whi ch connects (X' ) Alfine-cME RS oSfod ] as the
general formula: A (XS)n (X:%?n mhe?ef%ﬁ%xg?6?28§@h§§¥% af@%?mﬁgeﬁﬁg from1
t o about 2 addmyanteatrensf;thehquesusnmakiiald sefarchellbden. Tydeiadecowsmathaxi de;
and wherein "n" is a nunber from1l to 3 inclusive; and wherein said treated
sol i d oxi d¥Te SHESEHITCHRPITARE SEFRGNFEOEHIop RISRATING Hif GromBHacoRaEIaG)| | d
oxi de co - i ' ant . al ce of
fIuoro-oggggggggg?ﬁgﬁmgﬂ%9&%@?3?Hﬁ?ﬁgggﬁgghg%%ﬁggﬁggtiaI absence of

or gan@bor at es and al Tha Poxaresintanind cpmpoesd cdroalps bel ddedaoaaihahy st

conposition conprising: 1) contacting a solid oxide conmpound sel ected from
the group EBIIHNLE 7 gg) Reforg| dnpnga Foanationofa grkiveg dissknsed i thedirgtandni a with an
aqueous s i i.0i : ] K g ! j oride to
produce 1 Fuarale i s Bk o B A L From 4
to 20% by dwetgsl ptdvieusiyia thiassctiesurd.he wei ght of the fluori ded,
chrom um cont ai ni ng solid oxi de conpound before cal cining, and having 0.8
to 3% by weight chr GHHeiiHBRSCENEINIEsoMePYid cagralshie sddeddugiag calcning.

chrompum -aj_ni ' ' u Le CLRhiNng; | ci ni ng
saidn??uo??gé%#gkﬁg%%ﬁh%ﬁggﬁ%g?ﬁﬁﬁgﬂggﬁﬁagﬁég1ewﬁghggﬂﬁggggégg%%ﬁgerature
within a nsaue Mfidizbéthd HHEARGES @Wmpbund s3@hd19LiE Tubfided BAHLBeFas akdinned
conposition; 37 15 July 2004 3) conbining said cal cined conposition and
bi s( n- but ¥ additierp entoaes @f)r};aﬁ flupnpe-epRtaining ermpmingds degcriped ehpvs 0@kl wit hin

t he range 15€ t o, 50C t.0 nr 1 ; d.4) after betwee m nut e
and 1 hoatbaal e Prve el Bt EhuRa ot} B APDaRchai i BlomgaiSetd 4
catal yst cofmesifdsieh hodpREE65usaecatifh Yo xadlplé, Peefivdiehélanesai d process
consists essentially of steps (1), (2), (3), and (4). 4. A catal yst
conpod? t i verivprihgaeanehiyiftuescgseaeaad, eiflueragceiclanhxdode. dieyaflueropgstdi t i on
accordi ng claim4 .wherein said.catalyst,copposition. an. activity

o oat er ¢ Austorih o OGRS G etals S PIGER IR ARG e
per hour under slurry polynerization conditions, using isobutane as a
diluent, with a polynerization tenperature of 90C, and an ethyl ene pressure
of 550 psig. 6. A catal yst conposition according to claim5 wherein said
catal yst conposition has an activity greater than 2000 grans of polymer per
gram of treated solid oxide conmpound per hour under slurry polynerization



38 15 July 2004 ranges from about 1000:1 to about 10:1. 10. A catalyst
conposition according to claim9 wherein said weight ratio of said treated
solid oxide conpound to said organonmetal conpound in said catalyst
conposition ranges from250:1 to 20:1. 11. A catalyst composition according
to claim10 wherein said treated solid oxide conmpound conprises a
silica-titanic, from4 to 20% by wei ghtyd1 uori ne based on the wei ght of
said treated solid oxi de compound before calcining, 0.8%to 3%l§yduie?@Ht
chrom um b ' I ' [ efore
cal cini ng,&a ulﬂg o&%ﬁﬁ?ﬁ%ﬂﬂh?@g&%&%@lﬁ?ﬁ% (20?4]% g)rgtpgg%@g’r%gqgrg %%9350 to
600C. 12. @ocatiakirsk nitaygeas irdrgic AUPrins tdigaifingosbokanivslke te sgnBaKREt al
conpound, a post contacted organoal um ni um conpound, and a post-contacted

‘treated solsi ¥rexERlechydsegmdlEsAsar sveR clemsntal AEOTIRHEHRi um and a solid

oxi de conpound. 13. - | | r CONMPL IS t ing at | east
one nononer and sai df%é;%gé?é% a%(ggrrdﬁgéshlntﬁi og%ﬁgcﬁmgﬁg?%@hg%dséﬁaﬁgﬁ%mri zation
condi t isonsohfpoRhd daC&ls@ bpohlyited at 4 emprruAciaSSaAECON Mion g1 0®tCIGm 13
wherein said polynerization conditions conprise slung polynerization

condi t i onsbefars beimgdluorided according to claim 14 wherein said contacting is
conducted in a | oop feaction ne.. 1 proce accordipng.to claiml5
wherein said cont actf%egarflcél_mé ﬁ &g Ié%g€ersléftﬁ£ea p°r“Z§e‘%€ © tgoagngﬁégh% t hat
conpri ses, fhiofineWad ddetht weidR YR WIid bkideAdRifued DeAl€ BaIdinke t Brefdraiiyn 13
wherein at | east one nononer is ethylene. 39 15 July 2004 18. A process
accor di ng 1t i abpul hiotabake? ¥ bysedight prmedt elcrablosi Wt todWobnaveightcal ci ned

at a tenperature in a range.of .about..300C to abo 00C., and a tinme in a

range lgf Sfi)ué’&fle%aﬁe@frn_ ti’%“%b%ﬁff%_Sﬁ%ﬂroémlgncogﬂ’oblﬁé’f%’lrﬁﬁalglt“%phere where at
l east a portion of s@imclly eilbibiid § coRMyREd BF abouta MENAY R Mt sd@te. 19. A
process according to claim 18 wherein said treated solid oxide conpound is

cal ci ned dwugs. p latforr aboph 1 Aovnategdont SBBOEs.tandGOORE peafarahly, fiom 3 howrsr ange

of 3 hour 20 hqurs jn.an. oxi di Zi at nosphere where | e a portion
of said i A 9 A EHER Y SE kRE AL STERCEar & o S ADBF bRl

accor di ng zheutdoaPM Jrafaphiay.eh A radd o tabaal 85 ©Abbet RV B asPRRURE b1, Ur t her
calcined in a reducing atnosphere. 21. A process according to claim?20
wher eilfi sain d rangeaif §80 swb O Cox Cdirimpgposhbe fendvalediimen okniizing amhespherenoxi de
at nosphere g{ ahout SS&C to convert a portion of. Saiiﬁl c(g]rjoni umto a

di val ent St & '‘TZXURPE, BLESE Oég?bro?‘vé‘?’??gattl??sﬁflla?rﬁﬁoﬁ} . AMYEN & or ganorret al
conpound, csa{&iclilif@latxatditd 0 d6pROMMBURedRNE AL HRIOARAELUF UM ar e
conbined by 1) contacting said organonetal conpound and said treated solid
oxi de conpeamplef bydregroutr chrbmnnudrextde, abobit u@d domgsabiniag e maroatume f rom

about 10C to ab 00Cto forma first m.xture; and 2) cqontacting said
first mi _xéfaﬁ%rtwgﬁlwaL HBIRFATORI GFR AP wﬁﬁoyb?f%aﬁag%edﬁe fl yst
CONPOSHt I @Bnyeptihe Chid BRSS RRCAE | e toniCh gf&&h@% Mg%ﬂha@aﬂ Kahganet al
conpound, said treated solid oxide conpound, and said”organoal um num are
conbi ned lpyodiipe benenaduiing psiyirctriangantie kibwiognpaunpreadidtisaiod comeadmer sol i d

oxi de conpound for 1 mnpute to 1 hoyr at a tenperature fiom 15C ta 50C to
forma fi fuﬁj Hmsilmreeiueim %FOE@M&&OH@%%IM“"P? ??3- Mk RFPEESRiE HessEpeft
or ganoal um Q r i y b L 40 7 5 July
2004 24. A g@%%g%aﬂzgr’%ﬂﬁg’@%élﬁ% %’9\?\%&5?& ?ngg?g& %?gg%dr?gﬂn%qt%? conpound,
sai d or garo@mpiishethincorpoting atrasgphemi atl a terepdrenirs ol the rangedd abonrpisind ar e
precontacted for 1 mnute to 1 hour at a tenperature in a range of 20C to
80C t & pr dtie Pefrablydrem oy te SHP dsfaliogisd bysalcanipe s a3 8X18&418 di ng to cl ai m
1 consi st I f i i r id
treated S%F%éﬁg%g’&gmg% %%dl}ﬁ%s,cé’g%tgﬁéﬂat?gt \2@ aﬁ@a um nu{n@i:t B%H%gﬁﬁg%;g 8 IIf)e{rlltloduce
sai d cat aindsk. Tai¥IRsddss BiesctbedAnU.8CRasntadcion di2zng411674k2j AL2h4erei n sai d
treated solid oxide conpound
4,248,735, 4,297,460, 4,397,769; and 4,460,756.
The compositions of this invention can be produced by contacting the
30  organometal compound, the treated solid oxide compound, and the organoaluminum

compound, together. This contacting can occur in a variety of ways, such as, for




is calcined at a tenperature in a range of 350C to 600C and a tine in a
range of 3 hours to 20 hours in an oxidi zi ng atnosphere where at |east a
portion of said chromumis converted to a hexaval ent state. 27. A process
according to claim 26 wherein said organonetal conpound, said treated solid
oxi de conpound, and sai d organoal um num are conbined by |I) contacting said
organonet al conpound and said treated solyj,d oxi de conpound for 1 mnute to
1 hour at a tenperature from 15C to 50C to forma first m xture;1samtly 2)04

contacting saj i m X i ' oal um,num coppound to form
sai d cat al ysthg%lfﬁb%%%“thi n. ggﬁrg’r%gggg%g%% |°nl§‘df8mbﬁ%1 190 thALFSIR sai d

or ganonet al sepmpelynok, varaivd combimutiahsiof these cRiRuad carfedided fosahgd sol id

oxi de conpoun re precontacted for | mnute to 1 hour at a tenperature in
a range of g@%r%’%g@wrﬁia’é‘éﬁ@é 13 3 Fepcton zans; or al dhweo spmnpoumds2@n bA cat al yst
conposi ti on.aGeqL i Lo rein said treated solid oxide conpound
is calcined at a tg%%g{reg%) gf;ogé %ﬁ%%r%gcdow?%%ﬁgﬁcgorgﬁﬁé and atime in a

range of5 3 hours to 2@ureeuely, b BBthed iioZirBtortAPaREE H1oMes) a

portion of ﬁ’?td chromiumis converted to a hexaval entéstoate. %Oﬂﬁ)fhﬁgﬁ%dul y
2004 30. A BstEPiFdsobd il wommeuad éegethangfor ebawit dimintitathebeit24 heurgrount  of
Lot me, P Eealnl AARSLROMAROUL . Meks AR, B el gft, Bgged on the

wei ght of said tr sol 1 d oxrde

catal yst coprefsitily 08°@e€ S0UT, NG fbieh & Fidt MiZRrdGa Sheh ddAG i orine
present ranges from4%to 20% by wei ght based on the wé:?gﬁgt’jﬂ%{%glm treated
sol i d oxi deV&BrpsgfopbmBRemcamponnd i fo@. thacatallys gomiposiionosi ti on accor di ng

to claiym 4 wherein sai rgangnet.al conmpound, is selected fromthe grou
consi stlir@ng of bi s(cycﬁ%ﬁ%?? gmqﬁf_/ﬁf%aﬁeg?ﬁmfdbwg&{we&a? compound, the Iroup
bi s( cycl opestatiaBiinhai EGaRiu Sheih rehea ,solljr% in{?tr-:@gﬂl%Qhﬁ(A Lt mRection

- 1-i ndenyl ) di - nbut oxyhaf nium 1, 2-et hanediy S

- 1- i ndeny| )I@iERHymeTizatsm gagtoBcd abeutt lamédite/loxbe(r 24 hours, preferably, 1
4,5,6,7-tet ra-.1-indenyl)haf ni um di chl Qride, nethyl phenylsilylbis(r~5
-4,5,6, 7t etlilg‘%cgtf)g-llqulrha éhy ’?fWB#W‘Eﬁ‘EﬁP%F?F‘U@?OM 2009 préferably 20°C oS

bi s( n- but ylg0yclte pastiuas endataightcbnldbivibgm do haf ni um

bi s(n-butyl cycl opent adi enyl )™ zi rconi um di chl ori de;

di met hyPsi | yi bi s(1-i nbenykiehtratioadithewganddloninde; compound to the treated solid

nonyl (phenyl) silyl bi s¢1-i.ndenyl) hafni.um dichloride, dinethylsilylbis(ris
-4,5,6, 7-t &X%dZ ) 1’8-“‘11&#‘?18’&&?}%{%% FRBRPHHPRFEEEDITPRReabout 5:1 to about 1:1000,

di met hyl si Ipydbias(,2 /e skl i i i i d . )
L 3 et hancar by L SOr] e ARl E1 06 2l AREp R Ram k-t 8 L5Roxy
titani un(1~ chloride, Tid waghompyib afitadiamet doyiliwixidd Jeypsduapesirrdi enyl titani um
di chl ori de, _bi s%} t amet hy] cycl ogent adi enyl ) zi rconi um di chl ori de,

bi s(i ndenyJ&P gf‘ﬁ? GawaP ’6‘rt§‘88, MREHAYE FEEGY Spmyabopt K0,060:4 teislantytil)

zi rconpuim dkaihpryi 86 éﬂoﬁtiéod:?‘t b : : .

di i sopr opy?am’ no?bor?t abenzene h%rciu ooitt %%dn?lﬁ’?ﬁRrre{eﬁb&%rf&c’r?élzﬁg}'lléﬂIZP&nat e.
33. A cat alfjsse reooqasibusaiorpthe dieeet biytht RempoOaRs Sorfbined & Fyv 2 theldtaldyt
cat al yst con%osi.ti on produced by the process of claim3. 35. A catalyst

corrpositiof’:i0 d by the process of claim25. /NN/NNNN/N%N/N
g3#/ N'/ NJ . . .
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conr‘wounds( )Adcfltlonal&'y, no organochrornmm compounds or MgCl need to be

added to form the invention. Although aluminoxane, borate compounds, organo-

chromium compounds, or MgCl, are not needed in the preferred embodiments, these

compounds can be used in other embodiments of this invention.

In another embodiment of this invention, a process comprising

contacting at least one monomer and the catalyst composttion to produce at least one

pol. -er is provided. The term "polymer” as used in this disclosure includes homo-

polymers and copolymers. The catalyst composition can be used to polymerize at least

one :~.onomer to produce a homopolymer or a copolymer. Usually, homopolymers are

comprised of monomer residues, having 2 to about 20 carbon atoms per molecuie,

prei . ibly 2 to about 10 carbon atomns per molecule. Currently, it is preferred when at

leas: sne monomer is selected from the group consisting of ethylene, propylene, 1-

butene, 3-methyl-1-butene, 1-pentene, 3-methyl-1-pentene, 4-methyl-1-peniene, 1-

hexere, 3-ethyl-1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, and mixtures

thereof,

‘When a homopolymer is desired, it is most preferred to polymenze

ethylene or propylene. When a copolymer is desired, the copolymer comprises

morn:mer residues and one or more comonomer residues, each having from about 2 to

abov* 20 carbon atoms per molecule. Suitable comonomers include, but are not

limited to, aliphatic 1-olefins having from 3 to 20 carbon atoms per molecule, such as,

for = ample, propylene, 1-butene, 1-pentene, 4-methyl-1-pentene, 1-hexene, 1-octene,

and .iher olefins and conjugated or nonconjugated diolefins such as 1,3-butadiene,

isop ae, 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 p«- vmerize ethylene and at least one comonomer selected from the group consisting

of 1-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

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

com..nomer; preferably, about 0.01 to about 5, and most preferably, 0.1 to 4.

Alternatively, an amount sufficient to give the above described concentrations, by

weiglt, in the copolymer produced can be used.




10 U k/ #10988& ()-19-1109B& ()-=) +109B& ()- 10* 109B& ()-c("10% & ()- 1%
109B& () - " HTHHHHH#U] @10 UL0% U& ()- 108 108 108l : 109B& ()- S8SH109B& () -
| Y71098& ()- !k/#10% 8[ 8& () - ##Y$&&9' ' aBj @10 U s10% U& ()-1!10% U& () -,
10% U& ()-11j110% U U& ()-glj!10% Q& ()-g 9%40% U& ()-''"' ((~))aBj _@ 10

U(, 10% U& ()-PY9d0% U& ()-P#10% & ()-! @f #L109UMU& ()-) 10% U& () -1 #10%
U& ()-)))*p**&+dEj _@10 UP2! 10% U& () -,,1#10% U& ()- P/ 10% U& ()-Z V-10%
Ug ()-ZP, 10% U& ()= *P10% U& ()-=&+z+E%., ., ., dYNC 10 U 10 U 15 July 2004

Processes: that can polymerize at least one monomer to produce a
polymer are known in the art, such as, for example, slurry polymerization, gas phase
polymerization, and solution polymerization. It is preferred to perform a slurry
polymerization m a loop reaction zone. Suitable diluents used in slurry polymeﬁzation

5  are well known in the art and include hydrocarbons which are liguid under reaction
conditions. The term "diluent” as used in this disclosure does not necessarily mean an
inert matertal; 1t is possible that a dilu:nt can contribute to polymernization. Suitable
hydrocarbons include, but are not limited to, cyclohexane, isobutane, n-butane,
propane, n-pentane, isopentane, neopentane, and n-hexane. Furthermore, it is most

10 preferred to use isobutane as the diluent in a shurry polymenzation. Examples of such
technology can be found in U.S. Patents 4,424,341; 4,501,885, 4,613,484; 4,737,280;
and 5,597,892.

The catalyst compositions used in this process produce good quality
polymer particles without substantially fouling the reactor. When the catalyst

15  composition is to be used in & loop reactor zone under siurry polymerization
conditions, 1t is preferred when the particle size of the solid oxide compound is in the
range of about 10 to about 1000 microns, preferably about 25 to about 500 microns,
and most preferably, 50 to 200 microns, for best control during polymerization.

In a more specific embodiment of this invention, a process is provided

20 to produce a catalyst composition, the process comprising (optionally, "consisting
essentially of", or "consisting of"):

(1) contacting a solid oxide compound selected from the group
consisting of alumina, silica-alumina, and silica-titania with an aqueous solution
containing chromic acetate and ammonium bifluoride to produce a fluorided,

25  chromium-containing solid oxide compound having from 0.8% to 3% by weight
chromium per gram of fluorided, chromium-containing solid oxide compound before
caicining and 4 to 20 % by weight fluorine based on the weight of the fluorided,
chromium-containing solid oxide compound before calcining;

(2) calcining the fluonded, chromium-containing solid oxide

30 compound at a temperature within a range of 350 to 600°C for 3 to 20 hours to

produce a calcined composition;
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dienyl) zirconium dichloride at a temperature within the range of 15°C to 50°C to
produce a mixture; and
(4) after between 1 minute and 1 hour, combining the mixture and
5 tnethylaluminum to produce the catalyst composition.
Hydrogen can be used with this invention in a polymerization process to
control polymer molecular weight.
The main feature of this invention is that the treated solid oxide
compound is an active cafalyst, and it also activates the organometal compound. Thus,
10 the polymer produced can be constdered a dual component or bimodal polymer. The
treated solid oxide compound provides a high molecular weight component onto an
otherwise symmetrical molecular weight distribution of the polymer produced by the
organometal compound. This high molecular weight component, or skewed molecular
weight distribution, imparts higher melt strength and shear response to the polymer
15  than could be obtained from typical organometal compounds. One special feature of
this invention, therefore, is that polydispersities of about 2.5 to about 4.0 and
HLMI/MI values from about 25 to about 50 can be produced from organometal
compounds that would otherwise give polydispersities of about 2.1 to about 2.5 and
HLMI/MI values less than about 20.
20 After the polymers are produced, they can be formed into various
articles, such as, for example, household containers and utensils, fitm products,
drums, fuel tanks, pipes, geomembranes, and liners. Various processes can form these
articles. Usually, additives and modifiers are added to the polymer in order to provide
desired effects. It is believed that by using the invention described herein, articles can
25  beproduced at a lower cost, while maintaining most, if not all, of the unique properties
of polymers produced with organometal compounds.

EXAMPLES

Standard Tests and Procedures

A "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution

30 Instrument" was used to determined surface area and pore volume. This instrument

was acquired from the Quantachrome Corporation, Syosset, N.Y.
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on a compression molded sample, cooled at about 15°C per hour, and conditioned for
about 40 hours at room temperature in accordance with ASTM D1505 and ASTM
D1928, procedure C.
5 High load melt index (HLML, g/10 mins) was determined in accordance
with ASTM D1238 at 190°C with a 21,600 gram weight.
Melt index (M1, g/10 mins) was determined in accordance with ASTM
D1238 at 190°C with a 2,160 gram weight.

Descripiion of Polymerizations Runs

10 Polymerization runs were made in a 2.2 hter steel reactor equipped with
a marine stirrer running at 400 revolutions per minute (rpm). The reactor was
surrounded by a steel jacket containing boiling methanol with a connection to a steel
condenser. The boiling point of the methanol was controlled by varying nitrogen
pressure applied to the condenser and jacket, which permitted precise temperature

I5  control to within half a degree centigrade, with the help of electronic control
instruments,

Unless otherwise stated, first, a small amount (0.01 to 0.10 grams
normally) of an oxide compound or the inventive treated solid oxide compound was
charged under mitrogen to the dry reactor. Next, two milliliters of an organometal

20 compound selution containing 0.5 grams of organometal metal compound (usually
bis(n-butlycyclopentadienyl) zirconium dichloride) per 100 milliliters of toluene were
added by syringe. Then, 1.2 liters of 1sobutane liquid were charged, and the reactor
heated up to 90°C. One mulliliter of organoaluminum compound (1 molar triethyl-
aluminum in heptane) was added midway during the 1sobutane addition. Finally,

25  ethylene was added to the reactor to equal a fixed pressure, normally 550 psig, which
was maintained during the experiment. The stirring was allowed to continue for a
specified time, usually about one hour, and the activity was noted by recording the
flow of ethylene into the reactor to maintain pressure.

After the allotted time, the ethylene flow was stopped, and the reactor

30 slowly depressurized and opened to recover a granular polymer. In all cases, the

reactor was clean with no indication of any wall scale, coating or other forms of
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5 EXAMPLE 1

Contro} {Silica)

This experiment shows that silica, which is commonly used in

chromium oxide catalysts, does not serve as an activator for an organometal compound
when used with an organoaluminum compound.

10 A grade 952 silica was obtained from W.R.Grace having a pore volume
of about 1.6 c¢/g and a surface area of about 300 m%/g. About 10 grams of the silica
were placed in a 1.75 inch quartz tube fitted with a sintered quartz disk at the bottom.
While the silica was supported on the disk, dry air was blown up through the disk at
the linear rate of about 1.6 to about 1.8 standard cubic feet per hour. An electric

15  fumace around the quartz tube was then turned on, and the temperature was raised at
the rate of about 400°C per hour to a temperature of about 600°C. At this temperature,
the silica was allowed to fluidize for three hours in the dry air. Afterward, it was
collected and stored under dry nitrogen having no exposure to the atmosphere.

The silica was then added to the reactor, followed by an organometal

20  solution and a triethylaluminum (TEA) solution as described previously. These runs
are shown in Table 1. The silica produced almost no polymer.

EXAMPLE 2
Control (Fluorided Silica)
Similarly to Example 1, this example shows that contacting the silica

25  with a fluorine-containing compound still does not make it suffice as an activator for
an organometal compound, and this excludes it from use in the catalyst composition of
this invention.

A 50 gram sample of the grade 952 silica described previousty was
impregnated with 100 milkliters of an aqueous solution containing 5 grams of

30  dissolved ammonium bifluoride to produce a fluorided silica. This gave the sample a

wet sand consistency which was then dried under half an atmosphere of vacuum at
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10 3,887,494). Titanyl sulfate was dissolved in concentrated sulfuric acid, to which a
sodium silicate solution was added slowly with vigorous stirring. When the pH
reached about 6, the mixture gelled into a homogenous clear mass. This was then aged
at 80°C at pH 7 for three hours, then washed nine times with water and two times in
1% by weight ammonium nitrate. This gel was then azeotropically dried in ethyl

15 acetate to produce a silica-titania. The silica-titania contained 8% titanium and had a
surface area of about 450 m’/g and a pore volume of about 2.0 cc/g. A 10 gram sample
was then calcined at 600°C for three hours in fluidizing dry air. Afterward, a small
sampie of the silica-titania was tested for polymerization activity with an organometal
compound solution. As shown in Table 1, it exhibited no appreciable activity.

20 EXAMPLE 4

Invention Component Control (Fluorided Silica-Titania)

The following example demonstrates that fluorided silica-titania is an
efficient activator for organometal compounds and is thus useful as a component in the
mventive catalyst composition.

25 A sample of 8.51 grams of the silica-titania from Example 5 was
calcined by fluidizing in dry air at 600°C for three hours to produce a calcined silica-
titania. Then, the calcined silica-titania was impregnated with 35 milliliters of a
solution made by dissolving 2.50 grams of ammonium bifluoride in 100 milliliters of
methanol. This brought the calcined silica-titania to incipient wetness and constituted

30 the equivalent of about 3.9 millimoles fluorine per gram of calcined silica-titania to

produce a fluorided silica-titamia. The methanol was then evaporated off, and the
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& ()-F 1166 grams of the fluorided silica-titania were first charged under
nitrogen to the dry reactor. Next, two milliliters of an organometal compound solution
5 were added by syringe containing 0.5 grams of bis(n-butlycyclopentadienyl) zirconium
dichloride per 100 milliliters of toluene. Then, 1.2 liters of isobutane liquid were
charged, and the reactor brought up to 90°C. One milliliter of 15% by weight
triethylaluminum was added midway during the isobutane addition. Finally, ethylene
was added to the reactor to equal 550 psig pressure which was maintained during the
10 experiment. The stirring was allowed to continue for one hour, and the activity was
noted by recording the flow of ethylene into the reactor to maintain pressure.

Afier the allotted time, the ethylene flow was stopped, and the reactor
slowly depressurized and opened to recover a granular polymer. The reactor was clean
with no indication of any wall scale, coating or other forms of fouling. As shown in

15 Table 1, the polymer was removed and weighed, vielding 137.5 grams. Thus, the
activity was found to be 1164 grams of polymer produced per gram of fluorided silica-
titania charged per hour.

The polymer had a melt index 0f 0.04 g/10 min and a high load melt
index of 1.72 g/10 min giving a shear ratio of 42.5, which is higher than the usual 16 to

20 17 ratio obtained for metallocenes. The number average molecular weight was found
to be 66,000, and the weight average molecular weight was 178,000, giving a
polydispersity Mw/Mn of 2.7.

EXAMPLE S

Control {Alumina)

25 Alumina samples were also activated by the procedure described
previously. A commercial alumina sold as Ketjen grade B alumina was obtained,
having a pore volume of about 1.78 cc/g and a surface area of about 340 m*g. The
samples were calcined by the procedure discussed previously at 600°C to produce é
calcined alumina. A sample of the calcined alumina was then tested with an organo-

30 metal compound and triethylaluminum for polymerization activity. Alumina, which is

regarded as more acidic than silica, produced a little more polymer, but still the activity
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containing 1.0 gram of ammonium bifluoride to produce a flucrided alumina. The

sample was then dried under vacuum ovemnight and again calcined under flowing dry
nitrogen at 600°C for three hours. The fluorided alumina was then tested for poly-

10 merization activity with an organometal compound solution. It yielded an activity of
1250 grams of potymer per gram of fluorided alumina per hour. This example shows
that fluorided alumina is an efficient activator for organometal compounds and 1s thus
useful as a component in the inventive catalyst composition.

EXAMPLE 7

15 Control (Silica-Alumina)

Silica-alumina was obtained from W.R.Grace as MS 13-110 containing
13% by weight alumina and 87% by weight silica. The silica-alumina had a pore
volume of about 1.2 cc/g and a surface area of about 350 m*/g. A sample of the silica-
alumina was calcined as described previously in dry air at 600°C for three hours. It

20 was then tested for polymerization activity in combination with an organometal
compound and triethylaluminum. As can be seen in Table 1, the activity was poor,
making silica-alumina unsuitable for use in the catalyst composition of this invention.

EXAMPLE &
Invention Component Control (Fluorided Silica-Alumina)

25 Fifty grams of the silica-alumina discussed previously, sold as MS13-
110 by W.R. Grace Company, was impregnated with 100 milliliters of an aqueous
solution containing 5 grams of ammonium bifluoride for a 10% by weight loading o
produce a fluorided silica-alumina. This resulted in a wet sand consistency. The
fluorided silica-alumina was then placed in a vacuum oven and dried overnight at

30 110°C under half an atmosphere of vacuum. Then, 10 grams of the fluorided silica-

alumina was calcined in dry fluidizing air at a required temperature for three hours.
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1-Controt Silica 600 0.56806 0.65 63.0 1
2-Control Fluonded 600 0.4350 1 G 245 0
Silica
5 3-Control Silica- 600 0.1392 2 0 60 0
Titania
4.Component Fluorided 600 01166 1 135.7 60.0 1164
Silica-
Trtania
5-Control Alumnina 600 0.2361 2 6.9 60.9 29
6-Component Fluonded 600 0.2253 2 281.6 60.0 1250
Alumina
7-Control Silica- 600 03912 1 8.3 40.0 32
Alurnina
10 8-Component Fluorided 600 0.0897 1 149 18.0 5537
Stlica-
Alimina
Polymerization at 90°C, 550 psig, 1.2 liters of isobutane;
Organometal Compound = 25 micromoles bis{n=buty! cyclopentadienyl) zirconium dichloride, or 2.3
mg Zr,
Organoaluminum Compound = 1 or 2 ml of 1 molar triethylaluminum (TEA)

15




101i,) 10% & ()-)|' 109%& ()-i% 10%& ()-i$0! 10%& ()- i"0! 10%& ()- &
s10%& ()-"| dEnb@ 10! 8ni 10%& ()- L1 10%& ()-)/" 10%& () -

C10%<& () -y, J10%& ()-i* 10%& ()- XYZ[ mbWA 108l 10l

10$1 Vj ! 10981 & () - YOdOusl & () - PLO%$I & ()- 10< 10< 10<i 9 10%& () -

i CBbWL! 109& ()- !109& ()- !109& ()- !109& ()- Vv9AO0%& ()- 109%& ()-I

109& ()-[ <5SbW.! 109& ()- ;cm]b@!109% ()- !'109%& ()- !109% ()- !109%& ()-
& 2eF5bW.! 109%&' ()- m 109%&' ()- ! 109& ()32+10%& ()- !109%&' ()- ! 10PABIuly 20
<=BHPI M 5b! 109& ()- !109%& ()- !109%& ()- !109%& ()- :cm]b@! 10%& ()-

PY] bj kI H. 5b! 109& ()- ;cm }b@ ! 109%&EXNAMPLERR ()- ! 109& ()- ! 109& () -

| nmvnOBb! 109&' () - !109%& ()- !'109& ( E]}wentive
| This example shows the use of fluorided silica-titania as an activator for
two catalysts, a chromium oxide and an organometal compound, bis(n-butylcyclo-

5  pentadienyl) zirconium dichloride. The amount of organoaluminum compound is kept
high enough to activate the organometal compound and low enough not to poison the
treated solid oxade compound. The organometal compound and treated solid oxide
compound are capable of simultaneously producing what becomes a unique composite
polymer.

10 The same silica-titania described previously in Exampies 3 and 4 was
impregnated with 1% by weight chromium from an alccholic solution of chromic
acetate and also 10% by weight ammonium bifluoride in methanol to produced a
treated solid oxide compound. The treated solid oxide compound was then calcined in
dry air at 600°C for three hours. The treated solid oxide compound was tested with tri-

15 isobutyl aluminum (TIBA) only in Example 9A, then it was retested with the organo-
metal compound added in Example 9C. In both cases, a small amount of hydrogen
was also added, specifically 46 psig from a 0.12 liter steel vessel. This was done to
separate the molecular weights of the two catalysts, since organometal compounds are
known to be more s;ensitive to hydrogen as a molecular weight regulating agent. In

20 Example 9B, a polymerization run was conducted using a fluorided silica-titania
without chromium and an organometal compound for comparison purposes.

The results are shown in Table 2. Use of the treated solid oxide
compound alone in Example 9A gave a very high molecular weight polymer. When
both the treated solid oxide compound and an organometal compound were present

25  (Example 9C), a good activity was observed, and a polymer having a broader
molecular weight distribution than expected from an organometal compound alone was
produced but not as broad as the treated solid oxide compound. This is useful in
producing film polymers possessing the preferred attributes of both a chromium oxide

catalyst and a metallocene catalyst.
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. Table 2
Example 9A 9B 9C
Cr Content (wt %) 1%Cr None 1%Cr
Organometal None 2 1
5 Compound {ml)

Organoaluminum 10 ml (5 wi% 1 ml (1 Molar 10 ml (5 wt%
Compound (ml) TIBA) TEA) TIBA)
Hydrogen Added (ps1) 46 0 46
Activity (g/g/hr) 140 1164 1512

10 Melt Index {(g/10 min) 0 0.04 - 0.22
HLMI (g/10 min) 0.12 1.72 53
Mw 741,000 178,000 172,000
Mn 73,900 6600 51,400
Mw/Mn 10.0 2.7 3.3

15 '
Polymerization at 90°C, 550 psig, 1.2 liters of isobutane;
Organometal Compound = bis(n-butyl cyclopentadienyl) zirconium dichlonde;
Organoaluminum Compound: TEA = triethylaluminum; TIBA =
tritssobutylaluminum;

20 Activity = grams of polymer per gram of fluorided silica-titania (Example 9B)
or treated solid oxide compound (Examples 9A & 9C) per hour (g/g/hr);
Mw = weight average molecular weight;
Mn = number average molecular weight.

25 EXAMPLE 10
(Inventive)

Fifty grams of the silica-alumina described above, MS13-110, was

impregnated with 100 milliliters of an aqueous solution containing 7.5 grams of zinc
chloride, 5 grams of ammonivm bifluoride, and enough chromium nitrate to equal 1%
30 by weight chromium on the silica-alumina. The zinc chloride was added to enhance
activity. After being dried in a vacuum oven overnight at 110°C, the catalyst was
calcined in dry air at 600°C for three hours. It was then tested for polymerization
activity in three runs, which are shown in Table 2.
Run 10A shows the result of polymerization without an organometal
35  compound. The polymer produced by the treated solid oxide compound had a very
high molecutar weight and a broad molecular weight distribution. Run 10B shows the
effect of adding a small amount of organometal compound, and Run 10C shows the
addition of more organometal compound. The activity and the high load melt index

both increased as the contribution of the organometal compound became larger.
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Finally, Run 10D shows the use of only the organometal compound for comparison.
Table 3
Example 104 10B 10C 10D
Cr Content 1 1 1 none
5 {wt %)
Organometal Compound None 0.5 2 2
(ml)
Organoaluminum 4 ml 4 ml 1 ml I ml
Compound (ml) (0.5 wtbe TEA) | (0.5 wit% TEA) [ (15 wt% TEA) | (15 wt% TEA)
10 Treated Solid 0.0984 0.1448 0.1148 0.0897
Oxide Compound (g)
Polymer 76 213 134 149
Yield (g)
Run Time (min) 75 80 10 18
15 Activity (g/g/hr) 618 1103 7003 5536
Melt Index (g/10 min) 0 0.11 0.22 0.18
HIMI (g/10 min) 0.20 4.95 4.12 3.44
HLMIMI 45.8 19.1 16.0
Mw 376,000 177,000 126,000
20 Mn 6700 29,900 50,200
Mw/Mn 54.7 5.9 2.5
Polymerization at 90°C, 550 psig, 1.2 liters of 1sobutane;
Organometal Compound= 0.5 wi% bis{n-butyl cyclopentadienyl) zirconium dichloride;
Organoaluminum Compound: TEA = triethylaluminum; TIBA = triisobutylaluminum;
25 Activity = grams of polymer per gram of fluorided silica-titania (Example 10B) or treated solid
oxide compound (Examples 10A & 10C) per hour (g/g/hr);
Mw = weight average molecular weight;
Mn = number average molecular weight,
30 While this invention has been described 1n detail for the purpose of

illustration, it is not intended to be limited thereby but is intended to cover all changes

and modifications within the spirit and scope thereof.
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1. A process to produce a catalyst composition, said process comprising
contacting at least one organometal compound, and at least one organoaluminum
compound, and at least one treated solid oxide compound to produce said catalyst
composition,

wherein said organometal compound has the following general formula:

XHEAXHEM!

wherein M' is selected from titanium, zircomium, or hafiium;

wherein (X') is independently selected from cyclopentadienyls, indenyls, fluorenyls,
substituted cyclopentadienyls, substituted indenyls, or substituted fluorenyls;

wherein substituents on said substituted cyclopentadienyls, substituted indenyls, and
substituted fluorenyls of (X') are selected from aliphatic groups, cyclic groups,
combinations of aliphatic and cyclic groups, silyl groups, alkyl halide groups, halides,
organometallic groups, phosphorus groups, nitrogen groups, silicon, phosphorus, boron, and
germaniums;

wherein at least one substituent on (X') can be a bridging group which connects (Xl)
and (X°);

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;

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
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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,
silicon, phosphorus, boron, and germanium; wherein at least one substituent on (Xz) can be
a bridging group which connects (X') and (X%);

wherein said organoaluminum compound has the general formula:

AL (X%)3n

wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms;

wherein (XG) is a halide, hydride, or alkoxide; and

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

wherein said treated solid oxide compound comprises fluorine chromium, and at
least one solid oxide compound;

wherein there is a substantial absence of fluoro-organoborates; and wherein there is a

substantial absence of organoborates and aluminoxanes.

2. A process to produce a catalyst composition comprising:

1) contacting a solid oxide compound selected from the group consisting of
alumina, silica-alumina, and silica-titania with an aqueous solution containing chromic
acetate and amtmonium bifluoride to produce fluorided, chromium-containing solid oxide
compound having from 4 to 20% by weight fluorine based on the weight of the fluorided,
chromium-containing solid oxide compound before calcining, and having 0.8 to 3% by
weight chromium based on the weight of the fluorided, chromium-containing solid oxide
compound before calcining;

2) calcining said fluorided, chromium-containing solid oxide compound at a
temperature within a range of 350 to 600°C for 3 to 20 hours to produce a calcined

composition;
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zirconium dichloride at a temperature within the range of 15°C to 50°C to produce a
mixture; and
4) after between 1 minute and 1 hour, combining the mixture and

triethylaluminum to produce said catalyst composition.

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

4. A catalyst composition produced by the process of claim 1.

5. A catalyst composition according to claim 4 wherein said catalyst
composition has an activity greater than 500 grams of polymer per gram of treated solid
oxide compound per hour under slurry polymerization conditions, using isobutane as a

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

6. A catalyst composition according to claim 5 wherein said catalyst
composition has an activity greater than 2000 grams of polymer per gram of treated solid
oxide compound per hour under slurry polymerization conditions, using isobutane as a

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

7. A catalyst composition according to claim 5 wherein a 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,

8. A catalyst composition according to claim 7 wherein said weight ratio of said
organoaluminum compound to said treated solid oxide compound in sad catalyst

composition ranges from 1:1 to 1:50.

9. A catalyst composition according to claim 5 wherein a weilght ratio of said

treated solid oxide compound to said organometal compound in said catalyst composition
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7. A process according to claim 13 wherein at least one monomer is ethylene.
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chromium is converted to a hexavalent state.

19. A process according to claim 18 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 hours to
20 hours in an oxidizing atmosphere where at least a portion of said chromium is converted

to a hexavalent state.

20, A process according to claim 19 wherein said treated solid oxide compound

1s further calcined in a reducing atmosphere.

21. A process according to claim 20 wherein said treated solid oxide compound
is calcined in a carbon monoxide atmosphere at about 350°C to convert a portion of said

chromium to a divalent state.

22. 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 temperature from about 10°C to about 100°C to form a first mixture; and 2)
contacting said first mixture with said organoaluminum compound to form said catalyst

composition.

23, A process according to claim 22 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 50°C to form a first mixture; and 2) contacting said first mixture

with said organoaluminum compound to produce said catalyst composition.
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M 10%p$péiifite B 1 hour at a temperature in a range of 20°C to 80°C to produce said catalyst

composition.

25. A process according to claim 1 consisting essentially of contacting said
organometal compound, said treated solid oxide compound, and said organoaluminum

compound to produce said catalyst composition.

26. A process according to claim 25 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 hours to
20 hours in an oxidizing atmosphere where at least a portion of said chromium is converted

to a hexavalent state.

27. A process according to clarm 26 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 50°C to form a first mixture; and 2) contacting said first mixture

with said organoaluminum compound to form said catalyst composition.

28. A process according to claim 25 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 to produce said catalyst

composition.

29. A catalyst composition according to claim 4 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 hours to 20 hours 1n an oxidizing atmosphere where at least a portion of said chromium is

converted to a hexavalent state.
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cata yst composition produced by the process of claim 2.

34. A catalyst composition produced by the process of claim 3.

35. A catalyst composition produced by the process of claim 25.




