; e3eeyej j kt oox"y6XyTy' 14 Novenber 2002 - 1 - * 166166* CATALYST COVPCOSI TI ON
FOR POLYMER!I ZI NG MONOVERS FI ELD OF THE | NVENTI BhNosemben2M2t i on i s rel at ed
"to the field of catal yst conpositions that can be used to polynerize
nononers into at Least one polyner. 5 BACKGROUND OF THE | NVENT] The
production of polyners is a nmufti-billion dollar business. Jmmﬁmmwu@ms
produces billions of pounds of polynmers each year. MIIlion have
been spent on devel opi ng technol ogi es that can add val ue to t hi*s6lsersi ness.
One of these technol o%i es is called netal |l ocene catal yst technol ogy. 10
Met al | ocene catdhlalbg AAMPOMTION FOR  BOI Y MERIZINGIHAONQAMERS . their | ow

productivity did not allow t#eng @Fbmgwﬁ% ahiyzed. About 1975, it was
di scovered that contacting one part_ water parts trinethylal um num
to form net hyl al unTimexavestiormisdretatesintoctbatfedd bhcatslysthcomgidsitionaltbati caox ane
with a nPbteaI '836”61 compound, for m;d g tall ocene catal yst that had greater
acti vi t y PoHBREJQ Pobmerize mariogiers Wiq gbleast opeRIIYMET, o0 aihpunt s of expensi ve
met hyls al um noxane wer e ESCOEAGROUNDIOF IHRENVENTIONl | ocene catal yst. This
has been a sigilificant inpediiment to the conmercialization of netallocene
catal ysts. Borate cbifppeduetionnfepabyaersisa myltidhiBioa dellar hugeesandhist s of

nmet hyl alwm A m@i L Sf ORYeri: SIN
corrpoundst;.'h:'%[l}rﬂg9‘%/@55 ?/u%%%é\gl\r@% P fbe 803&% %’r@%ﬁ gega%'on%%%(l? 5i o@ﬁc}&%&%hgvaen al so
be very ehepaRpeteon dédveldping @cldlotaliddethBioé@caddnailudavihidgbwinegs.er ogeneous
catalyst is inportant. This is because heterogeneous catal ysts are required

for nost modern confes &f fespinchnalpgishis Ghled lacgre catplystsehanlegy.
het f j b i if
ol yrice  naiRoRdl A aldlets GAR B ub i site sBOARACE nBhs e ok Phigthutin! T o

subst ant i titityydidridt atlowptherni to lbecoameerdialzedabAboliel®dG s wasadisdavpredvihat he

ef ficiency of .Bol mer product{,‘on and tran gﬁtation. fforté1 Ea]\ée.been made
to produc®nipst & ﬁﬁ’éﬁu‘gatﬁrg‘f"& IBe &RESs 8&’?‘5‘?‘& ‘g",“nﬂﬁ\/\)@\/‘g_ o Phggedd@tabyst s
have not peeNakiHehUoKtaddid §£ciﬁ%&h§'1- AI%%{W ﬁ/ithtehﬁxetaiﬂﬁé‘éﬁeoé%nﬁrtﬁx\éﬂ de this

invention to solve these problens.” 3 RY OF THE | NVENTI

i nvent i onfopmed iadestaliogene catalyst that hast grtatce sctivityonlJowevdrpit wiasatoonan be used
to palynerize nopers intg at | east on ol yner. *cooooz* 4. Novenber
2005 15 " el d BEn Bres ettt B stRaRLe SR ANEBG ke Hreded BLRR LA
further pidtivedfstalfodeh® eRaF st OTHS h¥§BEdnZ& sIFRITRARY Snpediferdtio B 8bmatee- pol ymer
usi ng said conposition. The invention also deals with a nmanufacture

conpri si n¢gjakizatioapftmesallocsne gatalypts! ymer and a machi ne conprising at | east
one said manufacture, |n accordan Lt h on e f I S.J [N, a
process to produce %05%%]3%3??‘{1@% hlgge géreélv‘ils elg.p%%giog‘tl%r%gcaégdsu%égo%ﬁégﬂs (or
opt i onal | ylundnncinet Hewsenthiglis gotodatisfactofyg irica thoraté compohradstdrayean

organgonmet al conpound, a treated sglid oxi de copmpound, and an organoal um num
conpotthd #@siivsdn peisons and deropwosition, Ip b Very XPEBHYosi ti on consi sts

essentially of (or ‘?Péﬂoﬁmaél%&’be ﬁglgait%%‘?lgg%g% ﬁha&%ﬁé%‘g%%%&%ﬁgt &y ganonet al

conpound, a post-contacted treat S i de co optionally, a
post - cont mpartantr Fhivil bevause ireeropeneoud .cataly sescare relquired for tdosamselennd aspect

of this inventiaon, conposi ti on of tter is provided. Said co sition
consi sts M?‘&I PQ?YIBFH%“_BBé’EQ“Géﬁ?P-a °‘6‘P‘§&n‘§°t?8g?ﬂ§"9‘éﬁ’r c%tBWﬁGLP%B,qe%‘{
post - cont ﬁphﬁdfohﬁa%xﬁef aiustaﬂtimcyoﬁﬁgﬁﬁgp&y&@r paidleR Ridt H33¢ bihigh bulk

post - cont act ed or ganoal um num ¢conp
25  density. These types of substantially uniform particles are desirable because they

A = ¥a%a%Re AL

improve the efficiency of polymer production and transportation. Efforts have been
made to produce heterogeneous metallocene catalysts, however, these catalysts have
not been entirely satisfactory.
Therefore, the inventors provide this invention to solve these problems.
30 SUMMARY OF THE INVENTION

The invention provides a process that produces a composition that can

I

*G00002*

be used to polymerize monomers into at least one polymer



In accordgnce with a third aspect of this invention, a process to

pol yneri ze nononers into at | east one pol yner 14 Noyember2@2position is
provi ded. Said process conprises contacting said conposition with nonomers.
20 In accordance with a fourth aspect of this invention a nmanufacture is
provi ded. Said manufacture conprises at |east one said polyner. In
accordance with a fifth aspect of thi,s invention a machine is provided.

Sai d nachi ne conprises at |east two said manufactures. These objects, and

ot her objects, W}, H@Eﬁﬁ&\ gggg,lr@‘gggsrgdrp& Cgﬂﬁggﬁgﬁ 25 with ordinary skill in
I's dis

the art after reading t osure. It shoul'd be noted that the phrase
"consi sting essenthalrdvgnidn fierthres prdvades heravebs/toopdigmetiten®némeshings, f or
exanpl etrjrgrgcess l(sgtg_%;gs,. and.cﬁt her conpounds) included within the scope of
the cl &' E®aPBC PR PRFSAK PSS have an adverse effect on the basic

and novel characterd siviefifohlsh HRale vtk 8 nimifEdttledbmptidet atgbaybde @l S0 be
noted that the phrase "consisting of nmeans that the no other itens (such

as, Sf orsaid pelymer apd eduaching egmprisingl abldast onsosaid oasfactrre i ncl uded wi t hin
t he scope of the gl ai except itens t .are npuritie rdinarily 14
Novenber 2002 -3 g’sgcggfdéﬁgﬁmﬁi%neaﬁgﬁp%ﬁ lgﬁ?ntégr% ’ Ftpé?r%e%f ﬁoaPmQPge Brocess

st.eps o¢ohhpwitidnyis pssvidedit 8didrobesa cpimpeiRes (orIplibhlEl) RESEPekEhlisly OF THE
| NVENTI Organonetal conpounds used in this invention have the following 5
gener al ©% OF sAnsists pOregntastiogan qrganomesshepmponnd; 2 trisatediselidoxidel a, M i s

| ect t St ftitani T COn L -
Qo r ent 13O 6 88 BHACRRRH Rih Minflophd 8 B dle SulardR oA ApBAMT U1
i s 1hdegxid dempbsitisre bansistal edsentiallyhef @t @ppiofdlly; woasistsiofiga pbst(doataesdit er " G oup

OMC-1") cycl opentadi enyls, indenyls, flugrenyls, substitute
cycl opeﬂ‘iéﬁ‘?‘ég‘?rg‘?mg‘f}li@t PtH?F%EP‘F%&%SFF%tFR%G% oxide CI"B?PC’@R;rﬁ!%e, tetrahydro
| ndeny! spricHafly St Bkl doifRtbd’ dryathiunb tslipdiid, f 07 exammpl e,

oct ahydrof l uorenyls. T tituents on the substituted cycl opentadienyls,
substitut ed i ndenyn s¢contrhce igh & tsedomd dspesrafrthisspverdionpe camppsition of gr oups,

Cyo ¢ BB o gB S S35 e SR Db THOUBR ey anc
adves sefetal *bipolind, epR@cyAREled HehRE Rk oKide/ cthpound, and optionally, a
post-contacted organoaluminum compound.

In accordance with a third aspect of this invention, a process to
polymerize monomers into at least one polymer using said composition is provided.
Said process comprises contacting said composition with monomers.

20 In accordance with a fourth aspect of this invention a manufacture is
provided. Said manufacture comprises at least one said polymer.

In accordance with a fifth aspect of this invention a machine is
provided. Said machine comprises at least two said manufactures.

These objects, and other objects, will become more apparent to those

25  with ordinary skill in the art after reading this disclosure.

It should be noted that the phrase “"consisting essentially of" means that
the only other items (such as, for example, process steps, and other compounds)
included within the scope of the claims are those itéms that do not have an adverse
effect on the basic and novel characteristics of the claimed invention.

30 It should also be noted that the phrase "consisting of" means that the
no other items (such as, for example, process steps, and other compounds) are

included within the scope of the claims, except items that are impurities ordinarily



the conposition. Additionally, hydrogen can be a substituent. Suitable

. exanpl es of aliphatic groups are hydrocarbyls, 1duNéveather2002 exanpl e,
paraffins and ol efins. Suitable exanples of cyclic groups are

cycl oparaffins, 20 cycl ool efins, cycloacetyl enes, and arenes. Additionally,
al kyl silyl groups where each al kyl contains 1-12 carbon atons, al kyl halide
groups where each al kyl contains 1-12 carbon atons, or halides, can al so be
used. Suitable exanples of such substifuents are nethyl, ethyI propyl ,

DUty hSRR  C5B08 s BRI s s oBUH DR L

chl or o, withaprocédd i odo. In this fornmula (X3) and (X4) are |ndependently

selected fromthe roup con3| st| nof (hereafter Grou OMC-11") halides,
al i phatic groups, cREIAILEDG {ONOF J3 ENTION i ¢ and cycllc
groups, and organ I

substantial ly, gﬂg{gﬂ@ést%l ‘3’ g%:ta %dh@r&ggﬁ&r%??’?g%a?%%gﬂg&l ity of the

conpr|gemnm1Bunuhble exanpl es of al i phatic groups are hydrocarbyls, such
as, for exanple, paraffll;n abl.g..exanpl es of cyclic groups
are cycl oparaffins, 141N Erls Qe =2 sol¥%i ns, cycl oacetyl enes,

and ar enes. Curr et kg foimls, 08 54 6015368 Wasmhe@u;ae&w(sﬁng AiRari@hect ed from
the group consisting of hal i'des and hydrocarbyls, where Such hydrocarbyls
have fr @irednitm, a@dbaﬁnimn Auorestly Hoie st prefertesd when Mirietziseordumnhen (X ) and

(X4) are select ed m consi s chl oro, and nethyl.
51In this fornul a g(‘ﬁt% gﬁgﬂ&ﬁfllgg?pgﬂa?xﬂ%rﬁeLeciﬁqetoor&'tB%S(HP/C | or Goup
OMC1b!1 . chhgginged (hbfeaﬁ@t' Gioaf drmnr 'gi' cotliopédhdiényls, linddigly, diubfenhif ed t hat
(X') and (XZ) can be joined with a bridging roup, such as, for exarrple

al i phat .sabssmxte@pn@ogqmqomylwebst&u@dm@qna& guqs\u@s forcexampla teterhy deg-

| i phat 1 d

or e A BNE B L PR SO o o PSRRI 1 0
adversely, aff ect Tﬂeesub@dxmem ionathé @ﬂbﬂﬁﬁtb&byg&opﬁntatdilﬁxydmmbmtmed)n Sui t abl e

exanpl es of aliphatic bridging 1gr oups ar.e hydrocar byI s, such as, for
exanpl e, Indenyls and substignted Bppreaylssean he piphatis gspuns, gycl %PPES’ bri dgl ng groups

are 4 ycl f e

Adai's) or Riop 3 at¥Eh % e efEeoRREb IR WoME i Rne 0s |
good br ithesengroups de not\aubstantdal by, and adearsely caffevotie palymekizatidnemevity of
pUh DML IO TR L

5, 399, 636; 5, 565, ARGdE&kby3, 426248

5 5b3. 284 5. S54. ?%‘gtabge éf%“g%g“’f%‘@%?c%%”% Hgd 579.) 50 5, 705, 478;

5 631, 2oega1®1e55uaxafﬁns ar] GRS 7 Snitabld eBaBPRS zg@ycl&ogzoups areeqy&}qpb-@fﬁtﬁa such

t f bi.s I d di.chl d
b1 5 (2l cl SRR P95 PEs: T LT GhraltongIS, HOYITALEIRF) SheLfhim
di chl ori giryl eontdidd ttnh(dafs&\rmbﬁlal alkyr Hﬂmel’gi‘b&bscxbﬂxété lel€hi alkyl contains 1-12
[ethyl (tetrahydroi ndenyl)2] hafni umdichloride; [ethyl (tetrahydroindenyl)Z]

zi r coni uearborcAtoms; dehalides, ¢eantalse be wsedopent adi enyl ) haf ni um di chl ori de;

b but yI cycl L de.
(I(Zi( et ﬁw) (Ui gggﬁgﬁ‘% %’”A’?ﬁ%')%ér? F S S AR b Eﬂg’? (I RIRYE Y ndeny )
silane) terd-butylmisdbaty, Qﬁhﬁ?lsoél&l@l Rkl lcy¢idhé:al,riepyd) octvid @opyl) dedyllane)

zi rconl ug1 di chl ori de;
odecyl, 2-ethylhexyl, pentenyl, butenyl, phenyl, chloro, bromo, and iodo.

In this formula (X*) and (X*) are independently selected from the
group consisting of (hereafter "Group OMC-II") halides, aliphatic groups, cyclic
groups, combinations of aliphatic and cyclic groups, and organometallic groups, as
long as these groups do not substantially, and adversely, affect the polymerization

30 activity of the composition.
Suitable examples of aliphatic groups are hydrocarbyls, such as, for

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



14 Novenber 2002 -S ((dinmethyl)(di(2-nethyl indenyl)) silane) zirconium
di-chl oride; and bis(fluorenyl) zirconium di chl ddiNevenear2002| unm num .
conpounds have the foll ow ng general formula. FORMIULA TWO Al XS)~, ~, 3 5 In
this fornmula (XS) is a hydrocarbyl having froml-20 carbon atons.

Currently, it is preferred when (XS) is an alkyl having from1 to 10 carbon
atons. However, it is nost preferred en (XS) is selected fromthe group

consisting of methyl, ethyl, propyl, butyl, and isobutyl. In this formula
(X6) is hal ide, . hydrid or_al koxi d rent | it s 10 eferred when
( X6) isc?%lggiﬁgﬁgecﬁtc ?ch%té{%gﬁi’ 8afarr%lr%s ‘t ﬁ?émgg#%dpﬁ:so rglfesf{eidn‘ﬁhe& ()%38 o and

chl oro. (Konae¢aelecietl frem RS prdupedonkictnt vhiealidexX@nd hediobhrdy e, wheretfuck f or nul a
"n" is a nunber froml to 3 inclusive. However, |t is preferred when "n" is:

3. Exanpérocarbylyhayedsomoutrgt0 sarbon atomsy | Gawever, 1 is moseprefersaduwherum |

triethyl i j j i ' oxl de:
tribut %%bﬁﬁmnm a&%kéjﬁ??{%@ﬁ’ )[He;gf gﬁrﬁ %ﬁsﬁ%?}f@o R%J Eh?)tsrg’b%itdsﬁg}ha’ %n num and
di et fiyl al uni num cHnahisdfermGla; (¥Htdag betseieetet itamh eitheruGrdup QMel-kBor ed. The

treated soli gy@g%ﬂe conpounds are conpounds that have had their 25 Lew s
aci dity 7THEP 1t is preferred when said treated solid oxide conpound

conprises oxygen Meﬁtt(xpgﬁa%ele%a R RBhp DMEAL RGhbLRAM e dHRHRX")
con5|stlagﬂg3l of groups 2, 3, 4, 5 6 7, 8 9 10, 11, 12, 13, 14, "and 15
(new notaadi (&) cast be jringsbwithh bridging @roupnsualicisn fprl exatminia ialipkatienbridging ni des

br of ef r oUPE ORCERTERe ERs un BhRlr AR slibuit dnd GRUE bbine VRS o' ' °
B) Be, Bind ésgandaetal(it bridgingSrouf®.as liéng Adthe MeidgiNg, grotip d&¢s ndtubstan- Th, Ti,

V, W P, Y, Zn and Zr. It is inportant that these treated solid oxide
conpoundisiivaaad afverselyraffct Hepr pelymerizasioniactivityaf the ¢RsapPasHioni ng to be bound

14 Novenber 2002 -§ . LE g B ' id
COfT'pO\l;ﬁd g[loul d haglélp%l%?g%egkf_é%maﬁ géh:lggh? gﬁ’g%@%%"?‘ggﬁg‘%&ﬁsg Ifdéa g)(;l sgl id
oxi de coaspformnekampbeypaedfiing tnd oldfias.d Suftalile exdraples vf opeubriddine gltorips s aci dity

of these treated, and untreated solid oxide conpoun S0 ot her et hods have
been usede Fsiopaafiing, cyelpplshinh Fyeioaceldenss; ?‘?‘ﬁ%gg?s- 52311‘@8’9@&’,’ “aﬂtﬁ’“ﬁfﬂt r eat ed

Solhd O ARoReRANNAS R YerGhilnl AL UVARRIERGI LR S preferred Treated

solid oxlde conpoun can be produce na varrety of ways, such as, for
exanpl e, by gel | i n§arious prdckssag arecknowmpmo agaict these afimmsaionsmSeanfdront o

another . LOMIQISS Bycal phOaLi on ) 0 ORRSIAL s ot 19, Bl ga5ed o contact
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,

20  5,705,478; 5,631,203; 5,654,454; 5,705,579, and 5,668,230.

Specific examples of such compositions are as follows:
bis(cyclopentadienyl) hafnium dichloride;
bis(cyclopentadienyl) zirconium dichloride;
[ethyl(indenyl),] hafnium dichloride;

25 [ethyl(indenyl),] zirconium dichloride;
[ethyl(tetrahydroindenyl),] hafnium dichloride;
[ethyl(tetrahydroindenyl),] zirconium dichloride;
bis(n-butylcyclopentadienyl) hafnium dichloride;
bis(n-butylcyclopentadienyl) zirconium dichloride;

30 ((dimethyl)(diindenyl) silane) zirconium dichloride;
((dimethyl)(diindenyl) silane) hafnium dichloride:
((dimethyl)(ditetrahydroindenyl) silane) zirconium dichloride;



such as, for exanple, alum na, zirconia, titanic, and m xtures thereof or
with mixture with other solid oxides such as, fléNovember200%i|ica al um na,
"with at | east one el ectron-wi thdrawi ng ani on source conpound and optionally
with at | east one netal salt conpound, to forma first m xture, followed by
calcining this first mxture to 1 S forma treated solid oxide conmpound. In
the alternative, a solid oxide conpound, an el ectron-w thdraw ng ani on
source conpound and optionally said nmetal salt conpound can be contacted
and cal cined sinultaneously. In another alternative, the netal salt
conpound and the el@imethyi)dithoietml mgleayl))osilapourziceonian dichlsride; sade
conpound. 20 The t é sal t.. compound,.i,s a conpound that increases the

¢ Ry ) ZERITIR ighlode!

Lewi s acidity of t ( ( condi tions given herein for
producing the treatGgasalludingtl éEngRRBOHNE the tfollswiigticaerforligh sai d nmetal
in said nmetal salt is selected fromthe group consisting of groups 2, 3, 4,
5 6, 7, 8 9, 10, 11, 12, A J¥HO g\l tation) of the Periodic

Tabl es i ncl uding | i QGHHVAE S, : 8y’ ed

Chem féal Di cti onar 3%&‘%%%@13350%%Mlg(lr)wevéé%(a?ltn%%&gﬂe?%ﬁ%gggmﬁi he

el enent iCursatlgcit ésipfefared Wwaerg(CO) s awakkiyb havigg dford\l, toB,0 GeborBatonfsd, Co, Cr,
Cu, Fe, , La, .M, Mo, N, S$b, Si, .Sn, Sr, Th, T, V, W P, Y, Zn and Zr.
The ol ecERUHEGh hil BOR: Rietred FheB Kb o TRpisd oM Shé, et posiee phat

i ncr easesndih, k@YW, Sraii dbityl, Ghd i&Bus@! i d oxide under the conditions given
herein 30 for producing thé’treated solid oxide conpound. These

el ect ron-wi t hdr awi g thisi formula(X8eis colmbidanbiydridec pealkoxidee Cuvinglyaitiidi ty of

t he lid oxid tribytin o the faormation of an el.ectran w t hdraw ng
an o0 s JufteizEs whtp (. i utpeDhnt §, e BBt dr TR ub Breth ARsturi bf Bt anif
triflate.chidrosHewederb i9A&E piefdtedORRerO(X 04 ehidid.f erent el ectron

W t hdrawi ng ani ons can be used. Furthernore, it is believed that netal salt

conmpounds enhance tlnehisofoymule; “a3tis 8 mugber fomy 1 ¢ 3t MelusiyepHewevanit iFhe
acidity sql i d. @xi de conpound can be further enhanced by 5 using two,
or nor e,o*%%éegr?ds *t's naﬁ%lﬁbr el ectron-w t hdrawi ng ani on source conpounds in
two, or nore, separpkfnplenbpsichOmpotfds arbis dyldeps:e of such a process is
contacting at | east one solid oxide compound with a first

el ectlPon- wi t hdr awi ngmathyalugdaiieie conpound to forma first mxture, -
foll owed by cal cini ' [ Lst mxture, followed by contacting with a
second el ectron-w tﬁ%trhé}\;alﬁlamz#ﬁon source conpound to 10 forma second

m xture, followed byipesgytalomivgmgai d second mi xture to forma treated solid
oxi de conpound. It @‘2 uld be no%gd that the first and second el ectron
Wi t hdrawi ng anion s laluminyBLsaeXidsn be the same, but are preferably
different. Suitable . solid oxide conpounds include, but are not
limted to, Al1z03, téfz%é;mgg@&%l z03, CdO, Co304, Crz03, CuO Fez03, Gaz03,
Laz0R0 15 Mhz03, MoGisobhitytrlupdOin h@fad, Si Oz, SnQz, SrO ThQz, Ti Qz, V205,
W3, Y203, ZnO Zr Og.. %ng@' xtures tdhereof, such as, for exanple,
silica-alunmina and SPIUY 9 PEIRLY t shoul d be noted that solid oxide
conpounds that conpgiegfyidimfduapBslierigs.e currently preferred. It is preferred
that the solid oxide conmpound is also calcined. This 20 cal ci ning can be
conduct ed i n an anbCurrentdy,trsthilatuminpmas exefbirgd.a dry anbi ent at nosphere, at

a tenperature in thg,ran of ,.about 200C to about f ime in
t he range of about Thﬁl%ﬁgég spldc?%%é&tcowguwgsu%rs .°°8J’?’§§‘%t ﬁt@PH?vée(r)rﬁpaed?t gﬁfr es
f r om 260ouLewidMcidity mbrdicd30NGs preferfedt wheh sdid tiegted 30H€ offdeaddpriouhdhour to

about 10 hours, are preferred. 25 Treated solid oxi de conmpounds, should
have por eSUBPINeE Oxyeantnd at lsash one slement selected frompther group consistingt @ t han

about 0. 1.66000 8N4 &0ty B &f 8620 Mo, 95 eAF, Gha 133 Red Dthtich) ©F/tHe periodic
table, including lanthanides and actinides (See Hawley’s Condensed Chemical
Dictionary, 11th Edition). However, it is preferred when the element is selected from
30 the group consisting of Al, B, Be, Bi, Cd, Co, Cr, Cu, Fe, Ga, La, Mn, Mo, Ni, Sb,
Si, Sn, Sr, Th, Ti, V, W, P, Y, Zn and Zr. It is important that these treated solid

oxide compounds have electron withdrawing ability, while not wanting to be bound



Treated solid:-oxide conpounds shoul d have surface areas greater that about
1 ne/g, preferably greater than 100 nz/g, and Emmgmy greater than °

200 30 n2/g. The conpositions of this invention can be produced by
contacting an organonetal conpound, an treated solid oxide conpound, and an
organo-al um num 14 Novenber 2002 _g conpound, together. This contacting
can occur in a variety of ways, such-@s, for exanple, blending.

Furtherpore, each of these conpounds can be fed into the reactor
separ at BY Jheogy, 1, is beigyed Shapiarfadatesheolisk oxide sampewsbshawld baye dbighsnt act ed

t oget he f Ok { r C i t all e
conpoun %ggga%gcggbgdolﬁ%é% (Iia(%:l n% "t"gg%%eﬁlegr(ﬁge(#gcri% Q@BF‘E‘S@ ﬁ{{?gg ute é ]lls hgf)dat he
r eact or to &enrately lyeasoreathedichvisl acidity @f fthess ttreatedt acd uhieatat geiiboxitial conpound

and the treated solid oxjde conpound t her, for about 1 m.nute to about
24 hour §°,m59‘§%§|salﬂt§fr ‘%‘bﬁ‘% Ravg; é‘SF@gg%’G'i?E‘ﬂi’ fryuparing; the actllyiles R ure fromr
abows 1@att® &ﬁ%ﬂu&%@%li&r&ﬁ@é @&hﬂoﬁ?@%d@ﬁ&i& Qa@lRHd rdidfibns {0 forma

first mxture, and then contact this first mxture wth an organoal um num
10 conpprefeireds f orm t he conposition. During contacting, or after

tacti , th Xt {. Pt b | ci . hi | cini
can b conduct ed TR Soif e sPREBARS R by BRGPGAR S VARG e o "
at mos phetidh as forfexafifd€ '3t pllBng, Ncot fRlih@NGSinpreg@bivh of QAE chbMpalbnRP0C, and

for a tinme in the range O%Ble}bout %mm nute to about 100 hours. Currently,
t enper atbetker, foligwesbbyicalsmetion.o about 700C and a 15 tine in the range of

abo 1 hour to akout 10, hours..ar referyed rrent. R ferred
to #s’e dry nit roggﬂ g5aerg 1nét grﬁfF@ﬁ'iegatB ﬁggﬁaﬁggtet_eas%ﬁngrso%n{i)#g(gi&ﬁo@ﬂ e
conposi suchag; dnsézhepl€Saafinaaliryordl,, titadin, 80 slisttesahgreaf posithaanitaet ed

or ganonet,al conpound, a post-contacted treated solid oxide conpound, and
opt i onaMiip othensnlid exddesauch @sofay sxamplaisHiss dwnp8uiéh atdeasheig d be 20 noted
that th e . e, i j e i WLLty, by
wor ght | SPABRARBOREE Soldr S e A Sl o SRTRAY S & 1608 oB it Y
known, isalt cempeund; te dornh atfirshméxtuey follobabyy keksininge tdis fitse sniktuee to

co sition's conponents, The conposition of this invention has an activity
greater PR A teatedsobid Q’Q‘ancqlﬁﬁ?m@se@‘ é‘ﬁé‘l@%‘i’é‘v&r@é‘ﬂ%l%’ CE'E}RBB'Bfﬁcﬁn and the
same or ; 14 SRR S ' rade B al um na
(see co%gé;rggtg%g{déﬁ%lrggs 4, 5‘?@%%@%‘3&% ﬁgit %@gdng% t(g %gﬁﬁét%gfhé% sol i d oxide
conpoundsmpbunhican becemactod and lcakiredt simultsndonsiye daanothen alematve; rthy

pol yner i Zati%ﬂt condi ti ona, usf n% i SQ Létane as.the diluent, and with a

pol ymer DSl B FRoUR ARf dhe plegBonSrthdrapine ARion IR nRCWE Bt 400- 800
psig. Themmard or should have substantially no indication of any 30 wall
scal e, coating or other fornms of fouling. However, it is preferred if the
acti2dity i s great eFhe ingtal $800 compowndoisl anyt ¢oppovadgbat igergasesfthe Lewied sol i d

i d hour. (h t .14 No . 2002 -9 "gP
o et or 2GRy LB sollf fid A8 ine dandicions Y BiFip Y otk Pk Ly o ©
nore prabiddXide nfuat. Tha prb@fed Whéh 588 imdthleindapPdnétal saigiseselédied 2000.

This acti vi tK is measured under slurry polynerization conditions, using
i sobut arféomdhe Beoupi qonsisting af €raups 2, 3, foby bt & 16n Hehbel3atldr andilS90C, and

an et hyl s r . 550 1 0... [he reactor | d.. stantially
no i ndi c@? ?lo'go%?(’%zr?g ﬂ?ﬁa?%nos %I@,ﬁiec (l)'}ft]—'fcﬁn garn%%%%e?;%g ra(r%%m?}égl(%élﬁbi ng. These
comassi t Hawkyar Cofehssd Cheinichl Dictiodally d1 f0BditRA) Howevesisipreferiedr at e
conononers well, and usually produce polynmers wth a low HHM/IvlZ ratio.
10 One oWheththe; Wﬁtaﬁﬁela@p%ém the guomp consising ehAlsB BatBh&daGhiGoxane

needs to i.n r e I i .p TG ans that no
wat er iscﬁggﬁgﬁgtlg’ ﬁgﬁ’gﬁg)’oﬁ%%ﬁcﬂl gﬁu%ﬁo‘ggﬁ’eg’ l|)’s§}i gn?gﬁgﬁi al because
wat er can sonet i meFh elettren-mithdrewing ainicmsquree esapouhdds tanpratrippund t  shoul d
be noted_ that no borate conpounds need to be ysed i rder to formthe

) in
conposi t thghner is aeifty pf theselid exide upder thg ropditiops, gIvepMeLHn; s

het ge [ : I i Ad DRI R nbe
easie:f(§ a‘r?ngi??l%xp %ts“.@v“;%’g?ra’é‘ &%?%%%??o?ﬂﬁe&?&%gt ant 1 al agbés&gﬁce of any
al umi noxsousce coppounds imoredse the Eewimaaditylof thedshilidi axidé by contributipgte-their oni um
needs to,.be added, nor any .\pCl 2. needs to be ded to formthe j.nvention.
20 The. nEEIBPE of sn elfeuph wiNfLse Winkaion, pocB fs oh Saphpls: SR PBidHons
having from2 to 20 carbon atons. Currently, it is preferred when the
nmononer i s selected fromthe group consisting of ethylene, propylene,

1- butene, 3-nethyl-1butene, 1-pentene, 3-nethyl-1-pentene,

4- et hyl - 1- pent ene, 1-hexene, 3-ethyl-1hexene, 1-heptene, 1-o0¢tene,

1- nonene, 1-decene, and m xtures thereof. However, 25 when a honopol yner is
desired, it is nost preferred to use ethylene, or propylene, as the

o o o, Y Y




Processes .t hat: can pol ynerize nononers into polymers are known in the art,

. such as, for exanple, slurry polynerization, gast Nozgwberd0P2erization, and
30 solution polynerization. It is preferred to performa slurry

pol ymeri zation in a |oop reactor. Furthernore, it is even nore preferred to
use i sobutane as the diluent in a slurry polynerization. Exanples of such
technol ogy can be found in U S. Patents 14 Novenber 2002 - 10 4, 424, 341,
4,501, 885; 4,613,484; 4,737,280; and~3,597,892. It shoul d be noted that

under sl urry.poly. i ion. conditions the co sition ol yneri ze

ot hyl enctiid SitB%. W Shodif os bt andOF mofs ARG o HE ey el | - 1 n
parti cul @fions &0 HeOWRRAS IFuHBBINAELH id Belidved titt RQBISsal WMSRINAP ARl ity 5
pol yrer Fartlcles wi t hout substantially fouling the reactor. Wen the

conposi t th§rpolynerizatien aefisdty; of the [composiiaet or under slurry pol ymeri zati on

conditions, it is e . I S| 0. i ,xed oxi de
conpound is in theﬁ@%@gﬁgg f\zfa%oglhlfdrl]@u@%{:%]bgﬁﬁldl%o enfu(ggrh gxﬁgrﬁﬂ&: g erably 25
to 500 nusinghso, axnfonepfictah salteambboryelectinewvithdratvingaiidon s@ftde kbayponsds f or
best control during polynerization. 10 After the _polyners are produced,
they caniMBVe 5F MAIS, PHaleFanAcHng#iFRE o ALPEEPIE QF ﬁ“‘ﬁg? PiseSeleanyl e,

househol gofiaiinglah fdast S sdideRddd EoTﬂ&HﬂBwitﬁ W€first @l@&?on-WitB&?aLvysiggﬁ.ﬁB ranes,

and liners. Various processes can formthese manufactures.

addi t i vesowericomptiunidgo foom @ fadtmixttne, followed yyrealcinmgothifefirst miptuoe,i de
desired effect.s. It is beljeved tha usi,ng the invention described
herein, f@fwﬁ$yawc§§g é’ﬂh‘ %éecﬁf‘ac?ﬁf&gﬁf‘a‘w‘h?qi‘%\n&rané%f",“%??‘apw&} ©ai ni ng
nost 10 i f f6iat a 8dobnd hixtRE fANbWEE bP rARMihg 85d @bcdifdl MiBi% BIBFHGEFeated h

net al | ocene catal ysts. Additionally, these manufactures can be part of a

machi ne, seliftpxide compeuralx alisheuld becrnted that theafirst prd sgtogelestronhe car will be

| ess, with,t.he.attended benefits thereof,, 2 S e |.es

provi de ga%lldfﬁvgﬂ%FnﬁoﬂfSBH%tchwo%&sacaﬁe estgﬁ Sg‘%%‘g{%fgﬁ g -E%rélgg'r &fﬂa Se _
exanpl es are not ngapiblé @xh%pl@@ﬂﬁ%dilitﬁdxiﬁé cb!XFSbhmdﬂnblhaga,S&Q]%e @bt t he cl ai ns.
DESCRI PTI ON OF THE POLYMERI ZATI ONS RUNS 25 | polynerization runs were

conduct edimited40sAbEk, B.0acBe. Bh@k. GdQ, Goshl Gi®10£uD; ¥eiQs £3850,, B, Q51 eact or

was ui 1 I N r& i t o] i 2atk NS is stirrer
was Ty REEOMED, I R0E SR S0, BHOL M0, TR Iy S AR ViBis o

j acket t Za0, \#ad,.camdnaixt@eds thercvfssiuehlascfordeamele, silice-akimiah andskléda- cont ai ned

met hanol { hat, Wis bo boj.l i ng, poi nt of

cont rol | &FCpRay trihoﬁy é%ngbtﬁﬂf%geﬁd OXIeSomPouRds &‘%gg(r)rxgta%%n& qwgg’f‘ﬁg st eel

condenser,aggdoly jacket. This control nethod permtted precise
t enper attﬁe cont ?Jﬁ%ﬁ% 50). 14 Novenber 2002 First, a treated, or

untreated, solid oit ibeprefemed ubat the solichexige dpmpouied isalse cgjeinedt Thishe
22O o Koo S e i PR e TGRS L i 0o L
ir ggg L ?;n eaﬁauﬁﬁhbne, 8f & WNEratite Mthe PARRUThHIRE 2607t ABodVOYOLrdnddfot Be

time in the range of about 1 minute to about 100 hours. Currently, temperatures

from about 400°C to about 800°C and a time in the range of about 1 hour to about

10 hours, are preferred.

25 Treated solid oxide compounds, should have pore volumes greater
than about 0.01 cc/g, preferably greater than about 0.1 cc/g, and most preferably,
greater than about 1 cc/g.

Treated solid oxide compounds should have surface areas greater that
about 1 m%/g, preferably greater than 100 m¥g, and most preferably greater than 200

30 mYg.

The compositions of this invention can be produced by contacting an

organometal compound, an treated solid oxide compound, and an organo-aluminum



5 addition. Fifth, 0.6 liters of isobutane was charged to the reactor.

Si xth, ethylene was added to the reactor to equdlN i2002r essur e. ,
Seventh, the reactor was heated to 90C. This pressure was naintai ned during
the pol ynerization. During poly nerization, stirrirng continued for the
specified tine. Activity was determi ned by recording the flow of ethylene
into the reactor to maintain pressure, Eighth, after the 10 specified tineg,
the ethyl ene fl ow was st opped and t ite® react or sl owl y depressurized. Ninth,

t he reactor S.0 Q0 _recover a qgranul ar owder. In all
vent | GmpRia <HRERF o Ay POTiATE BaPeRRt HhaBRHY S arPon S Snforvai 1 scal e,
coat i Ngexmplé, ttﬂéndtﬂg ¥ upthefriote] 84h othﬁe@otdﬁstﬁtunawﬁte be &5 it& MRV d

wei ghed. Activity was specifi ed as grans of polynmer produced per gram of
tr eat edsepaspiely, anw@a'ﬁec@m@wtoas Ok tlapse @Qmuh@ %ﬂ@a‘?@@@t@@r‘vd tegether | n sone
cases t d wer e
first ppgog%ﬁ?ﬁ %ﬁé in t 'ée%figgg &g gﬁ?eﬁgﬁﬁ%ﬂ&hoﬂr&a |n one
litey otogtcﬂmbbeﬁmmabha"gon&oddwdontgaheaéacmmLmummm«mel nehodeishyIfese wer e
added to the eact or. PREPA OXIDES Silica, grade 952,
navi ng. SomRiahe Brastainstal compoundanhthesiretitd sl Srids ComPaNUIOESer. datar e
nmeters r [ is
mat er i alQ%V\t/gg %Fﬂdgggo ?ﬁ&g %elg%drlg %t&é(%%fa;ﬁ%t l'ﬁ?fﬁm}“ %ﬁab\%é‘gnf‘ﬂg { ey&at t he
bot t om tenpperatuss fromr abodut) AP 20 abdhit| 2000 Gepreiférably abmst 23Achor st d00tGe di sk,

dry air s bl 25 up thrqugh the di.sk at t ear rate of ,about 1.6 to
13 ot ariie s SR AR, b e dontiin s el ictie, IR aFGuRUSTIE R uar 1 2
t ubgg Wagompsihd t foRkh B8 e%ttq)otstt@nt IR AESHENBS of afteecbrMctinpemeat e of 400C
per hour to a tenperature of 600C. At that tenperature, the silica was

al | owed misturgsyordihg sompositionsan thg paleined. t Rhischalcining campbe sonducted inhan si | i ca.

a1 <o pr S5 B wRER PrortiifLe Sl wRbichf bR T st AR, " ©

conmer cnra{geaiﬂuﬂouﬁswtdoaboﬁ@@o@ napdnior astikielin i Gihaél of Bb&dtUninfiduite havi ng a
pore vol une of about 78 cc/g and a surface area of 14 Novenber 2002 -

12 ar ouriel aBos 199 kaves. n@tugtegtlnetpn@p@mrewﬁ@rrobb%t@Q°Cm@b@@ﬂ&9r@mﬂ@s used
t
I nI |1§lg Q{ ue?ﬂﬁt%%&kgﬁ © %f tﬁaﬁgﬁg tgétrlnmﬁt);ﬁ é’gace p?%%% W ??’t aini ng 13%

al um na pacferr& % asd d@at)ttro'glamas&td iribienl atiio3phdiad a pore volunme of 5 1.2

cc/g and a surface area of about 300 square neters gram This
si i ca- al um na wasAfeesniftactings thecommoskien; ‘H’“ﬁ‘ﬁ@ essmqt@ay tﬁ’fe@étca’t‘ﬁlﬁﬁ The

t enper at e _ 00C. A
silica- t a |§‘\%§1§&6 tgﬁgﬁhﬁﬂg&ﬁ(&%ﬂgoﬁ étttalmc?%t Sl escrlﬁg%gah Lﬁlgg Pat ent

3, _887 4Hmpdbidad,t anid) optibnaHyyd pssﬂcbaiaetevlmgahcmhnﬁmem compmmde rit slmwkdi bsul furic
ns 201 oL R T FowpgeR cireted splf SE BRI I (ST T oYt or m a
second Bthe! cmp mﬁ@nt W9ndeHihe fexhdi or@& CENEbnchY i€ nbCREVAL 1@Q%étlte53d this
second m xture g |T'ed i nto a honogenous, substantially-cl’ear first product.
Thi s fi rtbat thisddominolegy bdsedesyibels thatcoB(Osiion’ sacqrrpanentsor t hree hours, .

ol Loved by vesh g oagbh TFRut'san B f B D e R | S v
a gel, venpdsRidnaARAUses Fhé 8drhe/ offahGfietal cOmByind GaHahE saﬁt@ o‘f%hm a third
product This third product contained 8 titanium It also had a surface

ar e?of UBOiLsPPewd: tait Yees vgxtwmedri@etmmée Botlumina(se@ compatatjve Thi s
silica-t

The ¢ onpir SRR IS B RERRF S el Soie R JohRuiie o PPl 6o0c

This activity is measured under slurry polymerization conditions, using isobutane as

By

the diluent, and with a polymerization temperature of 50-150°C, and an ethylene
pressure of 400-800 psig. The reactor should have substantially no indication of any
30  wall scale, coating or other forms of fouling.
However, it is preferred if the activity is greater than 100 grams

polyethylene per gram of treated solid oxide compound per hour (hereafter



An al um no- phosphate was prepared according to U. S. Patent 4, 364, 855
(McDaniel). Alumnumnitrate (380 grans) and nohbNevemen200@hosphate (94
grans) was di ssolved in deionized water to forma first m xture. About 170
mlliliters of amoni um hydroxi de was then added to this first mxture to
forma 25 second m xture. At a pH of about 8 this second m xture gelled to
forma first product. This first product was then washed twice in water,
and once in n-propanol, before dryi ng9overni ght at 80C under a vacuum to
forma gecond product. This second Rrodu t contained a phosphorus to

al umi nun®EEhr)} & mgregpreéerably grepierathan Lafec Vs more Niefermblyapigatsr hanf ace area
of 2S0 3GYALRNTRER! Srefifiblg] L5 1600 HnBInGY pPeresBRAL Rt Sak HRRoPT epar ed
as descri tp’ed |nn t%eﬁrgfél %bcgggtgryéeégpgti on.” The ter%eyatur ?Jtseﬁ’iant}'?gg'

pr epar aflihonaasivity Hs sneabuneil nadgrhsismh poty mexiza8 00 Conditidus, Neiug ndobnta@e@ - 13
COVPARATI VE  EXAMPLES. 1-2 These exanpl es denongtrate that. an organonet al
conpoun "SR ViR R OF SR ERPRIFE SrB oy e PReRrE, | 1
any, 5polof F80ipsaY. | The adctoti shijuldhaRe lsib@Rartiadly indnindi¢atinnst amdealdscaescri bed
earlier. First, an 5 organonetal conpound was added to the reactor (2 m of
bi s( n- bisegting e1 ethge farmsdefefeyling.zi r coni um di chl ori de sol ution containing 0.5
grans per 100 m I s " I YG&s.st hen added
to the reactor. Tﬁft}%? cgﬁﬁﬁglg?rﬁi%%&g}eaﬁh%g?%é&npﬁér??ée}fﬁ{/dla{bgrreum Aum f or
Exanpl e idcorpéra® ¢dmeonddrs welighid paratigrnrodideypolphersiwitina dove HIAVII/NE ( EADC)
for Exanple 2, were added to the reactor. Fourth, the 10 other half of the
i sobut ad&%as added to the reactor. Ethylene was then added to the reactor
but ygo pol yneri zat j M inCdkiSh i Ul £Q@t acting,
t he 1rlaeact or was de%ggggﬁééllz d and&@%@%%&ﬁgdne&%ﬁéa%f hno uggp?/rrer was
found. Tieedeta ks usddsinasrdestoofonmi the tompatitien.| ThECAIRARETh\VBaEXAMRLIESS 3- 9

These exanpl es denpnstrate that contagfjng.a solid oxi de conpound, with an
or ganon EEReE B I BREM SHER APRMOARIEH QAMSAF DRSHHA ASHBISE TSRO PBET | | 1t |,
it any, @RLYREI4 ?Wiz@&&d Yide¥ss, 2RadR6RaIBS ift #RuRLbd HoteX kithe ne WaRRENdS
described earlier was added to the reactor, followed by an organonet al

conpounceofiponhds fiedsi & e bsedyihopdéraoformabic eompysition. c bnsummatiyc Hiisr i de

sol ution (0.5, grans per .1.00 . of. toJ uene and then the or 0 al um num
comisundnttis e S soReorbep. WhicBds hetetienaes. 3D widhet e FEA8, X The F i ot
two exanpilgseSHARY rhoimdrs daf Bel d3SilPAn@ iEXPeRENel pEaRiB&Y bébadse ofi the an

or ganoal um num conpound provides little, if an¥), pol ynmeri zation activity.
The si | | tbstantiaghsabsense of raw crluhinexanereoppaunds Or baralgFerapouRds.ch i s regarded

s ver ypaftofiala 4 GigpiEEopeBl R FEEs EE aBR N anMinch he KB

suppor t sadielitbiforenl teinventergi nal activity. Activity is expressed in Table-|
as gP/(gShr). 30 COWARATI VE EXAMPLE 10 A sol ution was nmade of 244 grans of
a um sul fat e dil§esenomeryuseiulein this igyentiong ate wasaturgtedhydragazhonsoo mi s of

thi's sol iR /RS2 1IP0GS0 RA! Qurrently, it is preferred when the 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-pentene, 1-hexene, 3-ethyl-1-
hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, and mixtures thereof. However,

25  when a homopolymer is desired, it is most preferred to use ethylene, or propylene, as
the monomer. Additionally, when a copolymer is desired, it is most preferred to use
ethylene and hexene as the monomers.

Processes that can polymerize monomers into polymers are known in
the art, such as, for example, slurry polymerization, gas phase polymerization, and

30 solution polymerization. It is preferred to perform a slurry polymerization in a loop
reactor. Furthermore, it is even more preferred to use isobutane as the diluent in a

slurry polymerization. Examples of such technology can be found in U.S. Patents



14 Novenber 2002 - 14 33.2 granms of WR G ace grade 9S2 silica. The wet

m xture was dried in a vacuum oven at 110C f or 14 Nowember 2002 s i s equi val ent
to 12.7 mmol of sulfate per gramof silica. The dried nmaterial was ground
t hrough a 35 nesh screen, then calcined in air at 400C according to the
procedure described earlier. It was found to have a pore 5 volune of 1.22
cclg and a surface area of 223 square neters per gram A sanple of this
material was then tested for ethyl ené0pol ynerization activity as descri bed

earlier. It produced no polynmer. This experinment is shown in Table Il as
Exanpl e4.484.38K PO EBR 14,6 13.489% 45137.280; ahe Sa383v&92anmoni um sul fat e sol uti on

was i npregnated ontgq | 0, I f Ketjen,arade.B alum.na.  The wet
mxture was dri edﬂl %og%v ecﬁ%ﬁqggsagﬁmg ' Y49 pf)ggnef%aﬂ%%?gl}(mfﬂ’?ssthﬁe equi val ent

to 12. 7compdsitidnsspolyraéizepahylenantoné, stnahylehdeithal Laidhia, of peopiémed materi al
was then ground_ through a 3 S mesh screen and calcined in air at 400C
accor di KgYtell-nén prticiian the gamppsiiens Bisdva this progess produer gepdhavality pore

vol . f : et ers per
e AP baflich il S0l BRI IR0 T Wkl o b St F
mer i zat toobe asdd ini 4 Joopseawacundee dlvenyr polpmeriBampi doaditioas,vielis/ plefesrgabr osity it
still produced 33 g/g/h pol.yner. This experipent (s shown in Tahle Il as
Exanpl eWhen %p@l&%@z%&o%ﬁsail fpized Hé‘ﬁe&SF_E’PH%‘g%a‘@ P Tngeh abgut 1§pc as
descri beglapaiit! 1080 mi%ﬂﬂs,rﬁx‘e?éitﬁ? 25Qb 500! MiTRsdsZ akd RIdsesetathbly; addlitSsot | me it
provi ded 583 20 g/ g/ h of polyner. This is quite renarkabl e"considering the

very | ot sbout200 miceens, frebeglotontmot dueisg polymerizatidtave a nmelt i ndex of 0. 15
and hi gh | oad ne inex of 3.24. hia ﬁé%eri r}r)%gl i S sktlovvn .in Table Il as
Exahl e 12. EXAMPUHITIIAPORMEES Rig Rranuastafhvi AR BRdQrmped BYO ¢aiit¥hed in air
at 600ChamutRnatd, Rach 25 fBPELdnRlle, HdiBEhold cdnt@ineian@l utbANilS, ORLA ifgdl was
slurried with 30 m's of isopropanol mxed with 1.73 grans of sulfuric acid.

Thi s i s tanksi pigesraeomembranesrand lgters uVeeows procesgesa r@ghesened al unmi na. The

i soprop I h apgorat ed_ of f er_nity i t. T ry solid
was the%‘?%é'lf%ﬁg% ﬁﬁuﬁi/yr’ I%gélﬁg%t)@‘{ag’og@é f‘rﬁeaéidgcg?(?fh\eglréoq%&gg%?re&gftgt hi s
nat eri a:(prmae dearedidieced Kk o balidved eng bﬁ(lisiifg?ﬂlie 4iNdn€in detcribe@!iéeein1387 30
g/g/h of polynmer. This experinment is shown in Table Il as Exanple 13A. The

ear 19 er mandeciyres cxebs prrdeced aing kyvereest while maintainieg mast. df pokelle@C, t hen

5.9 gra -+ hi rl [ AYY) L sopropanol m xed
14 Nove %%%gﬁqﬂ%&ﬁe\%#fﬂ%&@%g%ﬁ@ﬁggo lmsé’llaﬁi}??ége}g?d .gt his is equival ent
to 1.6 mmol of sul Addidogedly, dieatmehufietcesnet lsd part nfia nidvhines oycipagrfot was
t hen evaporated of f under nitrogen with heat. The dry solid s then

cal ci ned*AmPHE, @ B> 9-thet the Wrightrofifhe %Wllfg? lesp,; with dhe %ﬁﬁ’de@\g%ﬂ%été a pore
vol une QhefoP3 cc/g and a surface area of 205 square neters per 5 gram A
sanple o tﬂls material was then tested for ethylene polynerization. It

yi eR8ed 324 g/ g/h of polyner. Thi EXeMREESent is shown in Table Il as

Bxarpl e 136, This ggterial wes, then calclhed again at, 800 Lo hfiree hours
the art. These examples are not meant to be construed as limiting the scope of the
claims. _

DESCRIPTION OF THE POLYMERIZATIONS RUNS

25 All polymerization runs were conducted in a steel reactor that had a
volume of 2.2 liters. This reactor was equipped with a marine stirrer. During the
polymerizations this stirrer was set to run at 400 rpm. This reactor was also
surrounded by a steel jacket that was connected to a steel condenser. The steel jacket
contained methanol that was boiling. The boiling point of the methanol was

30  controlled by varying the nitrogen pressure that was applied to the steel condenser
and the steel jacket. This control method permitted precise temperature control

(#0.5°C).



described.earlier. It was found to have a pore volune of 1.03 cc/g and a
surface area 10 of 236 square neters per gram l#iNgvemben200Xhctivity of 58
g/ g/ h polynmer. This experinment is shown in Table Il as Exanple 13C
EXAMPLES 14 A, B and 15 1' he procedure of Exanple:11 was repeated except
that 33.14 grans of Ketjen B alum na was inpregnated with 11. 60 grans of
ammoni um sul fate and then 15 it was cal cined at 550C. The results of
testing are shown in Table Il as Exanb e 14A. During this run the sulfated

al um na and netal |l gcene vverg &keco aﬁ]aq?t% n .the reawi or for 32 m nut es at
90C before ot her ihijiteditEAte PRITGalGd, SOMIE 8 dE GompgrRe Mae charged.pEIdgFrer
pr oducednitridgbits tﬁéﬂba%‘% %Hiéﬂ%éscﬁr?a\&c@ndv'or nere?a]r cof;‘h '6'&1}'4 s&lfx iGh Was9! Vi ng
a shear ratlo of 16. CGel perneation chrona %g fp e po yner

450

i ndi cat e#ddzd twhq@acmotby syrieg, J00dafé livess b tanAfwaércmaedltmthg t he

o am and i, BOutR ok SRRy NS Sunt AR FaRhy Alipg OESuRRS ° PO
angsts onaddifitee  Rifch @.6 Litdrabf ihobhitane mas chakdd) tohs rbktﬁdsr CBIxeh, ity 1éne al r at

650C for thrgq? hours and tested again for polyneriz |on Again the
sul f at edVaF affsdatodhe reastorts equdll RS BrefRiie %ﬁ”&’é@n thecieastor a«as beated nut es at

00s oot 8 Y0l THIS LU s SONANA (TR frel ol HerBAABR, Db paffl 1t er al

was foun ave ace area ers per a pore
vol ume omediz&tiarg Atrrirgncbntinued forahe smlfeedvmxhumwfvui ]sa@hsadegatmmdsby Anot her

e AR e Bl SRS &0, D © 10
excep Wi
anmopg u ”‘.éﬁé&hﬁéﬂt me, Gk GHRAL Mo WaRRas %Ttopééﬁ) Gnd kile of %Wily Td(‘?prIEQQﬁ‘?iz@d surface

area of 2 square neters per gram pore vol une 0.93 cc/g, and an
aver age pintd, their¢adtionvenadh eper@802 recover a goinudar gpolynds lzm’giﬁrrorrs Details of

t he pol yneri zation 12" .gi ven i n Tglgl e |l as arrpl.i-h 15. ARATI VE EXAVPLE
16 A solution of 2 g YETYF T8 ShPEPE S8 SR M IRIYPHIOIRY Vs of 5

| soproparalll wak, 6&Re or diRéd RmBobkailinga TRSpAIAhel pefidérnva fenitive§@BE as
descri bed earlier. ﬁen634 grans of this material was slurrled with 16
mMs of tN@lgmdum@mtyma%sneslf@qlm@mmf polymep pradused per grant af Beged. gr am of

cal CI ed al T anal aporated of f under nitrogen
Wi t h eatozf'1 #E@ag‘%foggl b&?&ﬁ?%ﬁ g@fggﬁﬁgghﬁir’{ air at 500C as descri bed
earl-ier. It was foufGoin@ dasescthd tieated sundmmew‘omyauﬁdaﬁdmd organemetakur f ace
area of 213 square neters per (%ram l e of this material was .then

t est ed f&pmwn@d wisee Hot prerontaqtedsrn the rewer deralou hglfranghoys it PG inThi s
exper i ment,e J&?rom T@é}t& thléer R tm gasﬁr@mﬁe&&neﬁewregaa@d uni na

was obt ai ne ace un € COomer Ci
to the reactor.

20 PREPARATION OF SOLID OXIDES

Silica, grade 952, having a pore volume of 1.6 cc/g and a surface area

of about 300 square meters per gram was obtained from W.R.Grace. About 10 grams
of this material was placed in a 1.75 inch quartz tube, which was fitted at the bottom
with a sintered quartz. While the silica was supported on the disk, dry air was blown

25  wup through the disk at the linear rate of about 1.6 to 1.8 standard cubic feet per hour.
An electric furnace around the quartz tube was then turned on and the temperature
was raised at the rate of 400°C per hour to a temperature of 600°C. At that
temperature, the silica was allowed to fluidize for three hours in the dry air.
Afterward, the silica was collected and stored under dry nitrogen.

30 Some alumina samples were also prepared by the procedure described
in the silica preparation. A commercial alumina sold by AKZO Company as Ketjen

grade B alumina, having a pore volume of about 1.78 cc/g and a surface area of



15 nanme of M5-°13-110. It's properties and activity have al ready been
described earlier. It was inpregnated w th sul ldNavembierd2882 descri bed above
in Exanple 16 to contain 1.6 nmol sulfate per gram It was then calcined in
air at 600C as described earlier. A sanple of this material was then
charged to the reactor along with the netall ocene and i sobutane and stirred
for 32 mnutes at 90C before ethylene was added. It 20 yielded 82 g/g/h of
pol ymer. This experinent is shown injfable Il as Exanple 17. EXAMPLE 18 A
solution of 0.5 granms of ammonium bifluoride in 30 mMs of nethanol was
added t erofind 3¢6 aguare fmdterdsj pen gyaradwaBobthineil Nl hehteaipelaadebasd iaahei ned in air

at 600C as described earljer. Thi i stened the alum na just beyond the 25
poi nt oPrqpﬁr@_f‘BT‘é’ﬁt‘h%_taﬁgg'é‘?sT‘fﬁ"s@%@&@bélaé‘r‘i’t&?(b%@. 90 nmmol of fluoride per
gram of cal cined @l HNcA3lunding Wit GBtaineS floRe W RVGRRE e R fo under

nitrogen with heat. The dry solid was then calcined in nitrogen at 500C as

descr i beentaimjng K% atumginapand 1% tsHice).ndhisrsiliga-sluminabad a poreeblme oft hyl ene

pol ygeri i Lt vielded f I r. This eriment i s shown
o X1 A28 B bt 28 ol 3ol MlolarE Bl br A0S THRSUA A mieq | n
Exanpl e wh8 préefarddeqeddseib@i ittie siliat prepeationairhe abipdratuteiseddn tgeconpl i shed
at 250C, 400C, and 600C. Each was tested for 14 Novenber 2002 - 17

pol yner iPreparabian of ithisisicaplumingewas800°Cs are shown in Table Il as Exanples
19, 20, and 21. E%@%ﬁg?-tﬁ%ﬁ%@f‘aﬁ?g&&gﬁ%gﬁc%%gﬁéﬁ&ﬁ% SRR 6 51 patis

repeat ed except tha unca um na was | npregnated wth
5. 80 mM3.88Tet94q'BeitgY). fTitany!l sdfatd\aedissalved i comsenatted GGIEunid asidstot est ed for

pol yneri zation activity and the result are shown in Table | as . Exanpl e

22, @m&éﬁaféstﬂ}wﬁ: cﬁﬁeréwggwesqw TGRS Bt QPHOHEddedgHHe | 1 ai

three 1QihpuSstirHhy) {Sgthfb ﬂ%& %Likt%}e, b £t }%@@oﬂ &@xt&fe@“%fex??ﬁ% élql@rtﬁe neters
ol unme of a 6 thi

per gramand pore out 2.8 cc/g. 3.36 grans o mat eri al was
heat ed wechnd mhixturd irzachgd mboutofethist sec@@iD@ixtiteegeledGntol 3 hadogamohis,uor ohexane
eamfromthe alumin er, the next 15

i nj d.int th it
s ot o Soanmally e Sl brhauGh HBF B Pradief B herhail AR08 p
nit rogew,mdxﬂg%ﬁa%&% Wakhidd' 9 weHe tru}ﬂ@s mhfW%HiaﬁhQ@oQﬁgesqfn al um na,

where it reacted. This exposure woul d be equival ent to about 55 mmol of
f1 udsi del“pammpnawmafitrateutn foam 4 sedond pkodues fThifosdcard pendducte whishhweh avwas

obvi ousl y, no he _case). JThe al.um na.turned, bl.ack resunabl y..due, .t o carbon
deposi t 1’o éslt%‘?n ﬁ?ozm?%ctaﬁ?’idéfedﬁﬁscﬁfbﬂgﬁe?%sfoeho%? t@&??f@f%a %‘ISEmé%ti vity

when a gao@ict coMmained B% tardiOm! NE alseantar sufdcb atdoMB3(Rsduaremetens p@0C. Af ter
30 mnutes of 20 stirring, triethyl alum num and ethyl ene were added and

t he sanfSramgnd & peradvolwme ob i Qlec/g2 Ghiysiljcartitania wiag tgn prepared pS are shown in
Table |1 - 223 Thi S qatef | . ' i neai:r at 600C
Tabl & ) s ATRL BT rclSigTL 00 WA R RSREpRLBRSY B L 21 200C,

whi t20. | dilicsatitaninewast 3°€d f or pol yneri zation activity when a sanple of it

was added to the reactor,along with 25 netall ocene and triethyl alum num
fol l owed i medi ate&) worphasphate was preparederrcarding to W3 \Pagnt2179 g/ g/ h of

ol yrrer 4,854,853 VDGO WiuindAlifate (b BrdRtd i f-aFRRLES 25-26

Ketjen Gade B alumna“‘was calcined 1n al ree hours at 600C as
descr i bephdsphafx (Hpgrants) veas2iissptvaedsn aleionived watemionformas ficdt anigeae.t Abautdr y

(rqﬂugr E)fZ ﬁ&(ﬁﬁlhﬁ%‘g of :Enlrjxg{aon%}g lIyld{'Jcix?&czsvgs ithrt]',nca%.rdgg rt]o t Q %étdrgix%}re ?(9 oCr'm ;Il'hen 4.5
25  second mixture. At a pH of about 8 this second mixture gelled to form a first
product. This first product was then washed twice in water, and once in n-propanol,
before drying overnight at 80°C under a vacuum, to form a second product. This
second product contained a phosphorus to aluminum molar ratio of 0.8, a pore
volume of 2.1 cc/g, and a surface area of 250 square meters per gram. This alumino-
30  phosphate was then prepared as described in the silica preparation. The temperature

use in the preparation of this alumina-phosphate was 600°C.



brom de was injected upstreaminto the carbon nonoxide. During the next 30
m nutes the nethyl brom de was warned with an 44 &Nuvembeh2082r causing it to
14 Novenber 2002 -18 evaporate and be carried by the carbon nonoxi de gas

t hrough the fluidizing alum na bed at 600C. After this treatnment the

al um na was bl ack, presumably from carbon deposits. A sanple was tested for
pol yneri zation activity and found to gl ve 223 g/g/h of polyner. In a second

simlar run it was found to give 180 g/g/h of polymer. 5 These two runs are
shown in Table IV as ExaﬁébﬁpgﬁAﬂdEZ@XAml\ﬂ_E 27 Ketj en Grade B al um na
was calcined in air for three hours at 600C as described in Exanple 5. 9.82

granms of this al uifbeee emnmmdgmareteathdtra}n qlgan@mefabmmmmd contaetednd
fluidized car bon nonoxi de_at | i quid was

ot oS SRR sSBadingh Previdsh Flevital BoBen R ae Iy dnd e

carried through thepblywicizaficional wad ﬂﬁdba@ldaécri@@@eamefterrsﬁ Bhs treatment
the alumna was white. A sanple was tested for nerization activity and

found t Br&gno@etabgoypeuRd wsséqle;dn@r the tegctor, (Grm| g utmycrlameetarv as

Exanpl e S : was

cal (r:ripneg?eZlX )al r%ﬂuﬁ’l %ﬁéogﬂq?ésﬁ%ugﬁgt%%éﬁkgs ngCI’I éi‘ %Oan "[l k. After

t hi s calSetoridppalftofphe isobufanie mseh&emdabuhermﬂ (T\hmdeﬁ mloof4m)C and 1.0 ni
of carbon tetrachl ori de was, inject tream an

evapor at¥iehl perqeahirathog aluminug &ﬁﬁ%@f@iﬁa? Sv%lls {27 peight Pﬁ’tCSmt?‘igylbed and
there r %ﬁﬁﬁlﬁgm%ﬁ:llﬂohaﬁétﬂém)r@r mmﬁe% ' ngretda@eé% tRCRactd Bowgth, tie

equi val ent to approxi chl oride per gram of dehydrat ed
al udd na othéf thalf dfithe 1$orbaamaavas ddded & thw reactoms white. A sanple was tested

for polynerizatio i Vi it ntothe et hyl ene, 50 m s.of

1- hexene was al sorl:ég?ﬂ{%et tth"é‘ ?‘gggt% %geagto&p%ngpéiymefﬁfigorhgggﬁym gave
939 9/ 9hbasUbsEIBA! YWIRSr RN of l0Bnth&Hing) Whé 1 E£aBloP RS IdeBRessuiRbd ahdidex of 0. 63,
high load melt index of 10.6, shear ratio of 25 16.7, density of 0.9400,

wei ght ®@penedge MW of 126, 000, nunber average MWV of 50,200, and

pol ydi spersity of 5..This run,in sho §,28: Thi s
chl ori ded al um na esacplfﬁs é’glﬁ?l)gﬂ?r \Aﬁ&np Iﬂ‘esﬁéasgﬁgag]%%e details are
shows i mabddi.e V as Exanple 29. It produced 1019 gl gl h of polymer having
the follow ng properties: nelt |ndex of 0 15 hi h | oad nelt index of 2.68,
30 shear ratio of 17.9, défIMPARS ¥e,C EShi-9aver age MWV of 202, 000,

nunber average MW ] ar
experinment, 7.3 gr'gﬂn%gtz)e?(él%g jenﬂ‘&ag}dﬁg?agl urﬁn{a%%ngg%rsglégdomdg {/Hénber 2002
-19 cal Gwhlednaatrgaﬁﬁﬁﬁtal rboai;founwaahdtWﬁhtaﬂdargmtohhﬁnﬁﬁrnrdommhnmaprbmﬂed

tetra-chl or| e vapor in nltrocgen at 400C. This is equivalent to
appr oxi mHtled i a8y ADQMETiZAiN AW Ier gram of cal cined al umina. This nateri al

provjded 146 o/ o/ headt by teYsoftdbudide SIS ddthibed Yarhier 54888 ©Ghe

reactor, followed by an organometal compound (2 mi of bis(n-butylcyclo-pentadienyl)

zirconium dichloride solution (0.5 grams per 100 ml of toluene), and then the organo-
aluminum compound (triethylaluminum). These examples are shown in Table-I.
The first two examples show that contacting an organometal compound
25  with an organoaluminum compound provides little, if any, polymerization activity.
The silica example produced almost no polymer. Alumina, which is regarded as
more acidic than silica, produced more polymer, but still the activity was very low.
The alumino-phosphate, silica-alumina, and silica-titania supports exhibited only
marginal activity. Activity is expressed in Table-I as gP/(gSehr).
30 COMPARATIVE EXAMPLE 10
- A solution was made of 244 grams of ammonium sulfate dissolved in

water to equal 437 mls total. Then 100 mls of this solution was impregnated onto



In yet another simlar experinent, the procedure of Exanple 29 was repeated
except that 6.2 grans of 600C cal ci ned al uni nd4Mevembex2802with 5.0 m s of
carbon tetrachloride at 400C, which is approxi mately equivalent to 37.6
mol chloride per gram This material yielded 1174 g/g/h activity and is
shown in Table V as Exanple 31. EXAMPLES 32-35 Three ot her sanpl es of
Ketjen Gade B alum na were also calcjned at 600C in air as described in

t he above exanples and then treated Wih various anounts of carbon

IOy | i .~Jrabl.e V sh he . I f th
ot Aot Pl AR G LIRSS LR RS S Ut e

done i mvearab@n0t® fsxxi XRowgas Thixsiseadivafennid lDQQﬂmoﬂbﬁsﬂ&E@Fé&%raﬁf ofxanpl e 33,
was reteiste for polynerization activity but with the follow ng variation.

| nst ead!i- cHbfr driecymaterial was @rueditiraughtant mesl seeem tken ealelaedhtrerly st arting
the ru L8 I C iyt i sobut ane
first as 00 BEAfndnl defroEARt deaRlRa Mg e it e B8 or o ' he
cocat alvpdumenfl 1&22hed/g and wenefacedates of @2B esgiare ininsters por giin. s Ar sample ofhown i n
Tabl e as Exanple 35. E LE 36 WR, Gace, G ade. HPV al ym pa was cal ci ned
inair \{hlgrm{ztﬁp@lew%&eg teﬁ%é’th@?x@ RRIKgetizatiopagtiyity, as dessribed sardier nmt el y
500 squaneodiRE®NS PRBIm& afﬂié@f?pé?in?éift%s VIR Phblalposd E)%arﬁpl@qlog- 5.94 grams
of this alumna was then treated wth 5.0 nls of carbon tetrachloride in

nitrogen at 600C. Results of pBRWMPLEStllel? testing are shown in Table V as

Exanmpl e 36. EXAMPLE 3 . ace x ade 3-110 silica-al um S
calcined in air ftﬁ F‘Isr é}é&mﬁ)ge a?‘%bk‘f‘héﬁ@fataéggﬂ’ﬁ"fie‘%asi‘Hlp_%?é‘ﬁ_gﬁ%eg%"above.
1113 9r4u16 gediftd of KeBeE gradtk B akinfind!l Thefwet Mikeie wak daied ivhivdeumidl dlehr 0ogen at
600C. Results of golyrrerl zation testing are shown in Table V as Exanple 37.

14 Novedbid0°@dor 12 houmxANps is gpivleas tgridnsmafol étspliate @endeanBod| uni na whi ch

had be .cinad_at C,l. i.r f ee r dry

acti vat(:a‘g}cgﬁcu%ég a%ﬂﬁégﬁgeddﬂ%dd%ra {errlnlaf Evgéglﬁ]ent %Q%@Ix\@%lg 2?5"96 %g Stsclpﬁel?icon

t et r achdm ¢dléingdiin hin@n 4009 adceedihg t® thidprotedui® desdribed pisdviee dinvfasom t he

alumna, As it evaporated it was carried up through thg al um na bed,
P

react i n¥puafdo dave aingrhyolnme of aniyn OS5 wWigand a sidaces ¥ea ghpphvets saaen

actyevi t i rial Vi i _nelt index of
0. 25 cHhelelh Beafl i sofipRLF ARk Bl Yottt RR T AT O Dot 16 of
t he pol yerizatiat aaivity estdeseribed learlieri Dékpine the\tern doviepangsite iB8ill 10 EXAMPLE 39
8. 49 grans, of tje ade B al.um na which had be al.ci ned at OCin air
for t hr Beoduesd gfﬁégéa @?&Pg’é‘&rt kﬁs grReTiment \%%P”“t 'lﬁ‘g'gabgﬁh_ ?fglg’[‘aéﬂplﬁn er
nitrogen to 300C. phiSsitleSmaferialas WenClilGhddipalitih 4ib@N750%Ce4t ed into the

ni trogen upstreamfromthe afum na. As It evaporated it was carried up

t hr oughdeseeibed eatlien, abd rotested fempolymgrizatibncactivity.diThis time isprovided. S8%hen
tested for, pal ri zati.on activit i S erial provided 764 qg/g/ h of
pol §frer g&é@l"g@g%@ ?‘tlpﬁtfe%lﬁffem%‘?fbi]%c‘fﬂg%"?%ilbe g@";{ow&&’éfﬂceo?gﬂi 48, and a
shear T ghe olfmdrSws fodall b havoh nidiCindek Wieriszaid #Rightsad alel inexwofi n Tabl e
VI as Exanple 39. EXAMPLE 40 20 7.63 grans of Ketjen Grade B al um na which

had beed.24al ThisexperimaniOis showniin Table I s dixample K2.was charged to a dry
activator tube and heated undWLE 13 A.B. C

Ketjen B alumina was first calcined in air at 600°C as described

25  earlier. Then 11.1 grams of this material was slurried with 30 mls of isopropanol
mixed with 1.73 grams of sulfuric acid. This is equivalent to 1.6 mmol of sulfate per
gram of calcined alumina. The isopropanol was then evaporated off under nitrogen
with heat. The dry solid was then calcined in air at 550°C as described earlier. A
sample of this material was then tested for ethylene polymerization. It yielded 1387

30 g/g/h of polymer. This experiment is shown in Table II as Example 13A.

The earlier procedure Ketjen B alumina was first calcined in air at

600°C, then 5.9 grams of this material was slurried with 15 mls of isopropanol mixed



air to 300C. 2.55 ms of sulfuryl chloride was then injected into the air
upstreamfromthe alumna. As it evaporated ovi4 Navemben2003f about 45

m nutes at roomtenperature it was carried up through the al um na bed,
reacting and chloriding the 25 surface. Wen tested for polynerization
activity this material provided 459 g/g/h of polynmer having a nelt index of
0.11, a high load nelt index of 2.83, and a shear ratio of 25.6. Details of
t he pol ynerization test are shown in-Table VI as Exanple 40. COVPARATI VE
EXAMPLES 41-43 AND EXAMPLES 44-45 30 2.6955 grans of solid al um num

trichl or & QA3 gramsdoft slfurie acidac Tbis iaraviyalantte 26 mmplsofosulboperrgramhy |

al um nu ; f (o) I j evi ou

experi rremr?? ggc\%g%gu nglﬁg' a—lﬁl1 q%&ﬁ% éﬁg%&g?{é&aﬁgw{égﬁﬁqﬁéﬁv’ﬁ%ﬁ o Wﬁ‘ﬁ Novenber
2002 - 21 heatnsTheHirwesold ,wasathet caleinky imas abl5S0TQ e desthibed earhiet. SItswgrari zed in

Table 6 as anpl e 41. The ex i nen s then repeated but with Less
al uni U HTCRITRF Ao Vo 8&@;93 <! agie s fQA FapaaBIelpy B ed.
This yas Ig;f‘aggnm gdr@ﬁ of S rfhe&didl WisSBbd téi%@sfof‘@ﬂlyféﬁ@%lﬁﬁbr%ti | gctivator

for neta ene ere 1s adistinct ditferencé 5 bet'ween al um num

tri chl or iyerddesndRdcg/gdr ofipalymicnnilinis. exparimient ischbeniind abkakiplsExamplé num
trichl orilgg was deposited onto the surface of dehydrated alum na in order
to give it-a higher surface area. 1.4 grans of anhydrous al um num

trichloride was di s34 Mfatbrial wh9QnéH Saléthedidait 81 SO Chred ModrsSialdit hON Was
then added to 6 grans of Ketjen Gade B al umi na which had been 10 cal ci ned

at 600C idgscaibed fearlier.h ltewas fanng, toTawe dinore velumet¢fah@3 gele andapwirtace dremder
it QC.. A l e of thi tenial. f o, .
ot v 38T o208 A S0 e Sy S BB S PRI B o s

t hen heateggeritfi€lfris Bhaw® @€ Table 1220 Exh@pleors.hour and retested for
pol ynmerization activity (Exanple 44). This tinme sone activity was detected.
Next the naterial was again Bepd v DDt Ageh 15 to 400C for one hour

obser ved.  oovPARATI W Bt L8 FRARRIS 1L vAriHER offln) 30 014 Mk oS

ex pﬁr [ rre%(et&n? ghmiiaa ﬁialsliﬁtlprmaﬁdaglﬁl Ell &0 lg(tjﬂimﬂoﬁamnidnﬁdn aulfﬁ@&fdwhm treated
with 10 s of 25% et al um num di chl ori de ( EADC C 20 for 10

m nutlés_, it Res CFlicH@(_)éd‘_t t5§ﬁ)€e_1€}t? ‘icé‘ﬂb“\/‘g teHipe Ae éé?;‘l”éé‘z Eg\%é%‘ﬁﬁé‘f%&t ed for

pol yner i ZﬁA.OﬁﬁEZ%ﬁs%&ﬁé& Edifatd¥ hl0Ra add RiBtaltbédhe GRGRTpRAbRtakted 1R IBe WaS

observed (Exanp material was then heated under nitrogen for 1
hour at 2@8Gomfrd emesitesdat(ICabgfbee etiidr. inSedientscwerei introduesd db deginethe 1 n a

oo treatth vamePRadedt AOBis e tsoRyt Kt 3 S ok AELYIET Sat g0c
for 30 m gyiRSa shele rfCES 6. PRGBSl p@metesielirethatpthphh ©f IR polynies irdicatbd ee

times in dry heptane. It was then dried at 100C under mtrg&;en and tested

for p¥l ynw=168i000, Mn=67i900 andddmiMa=2.8) After ealgining ttheisylfated aluming Wagi ¢ y.

COVPARATI VE LE 49 .30 A 2. | f J W whi ch
had previ %‘/’d‘é‘%@%{g‘éﬁmaéﬁfﬁ?“nﬁaa Pﬁﬁg?%&%?%{%; EP grr %@ﬁ%ﬁaﬁg pgf’eZ\t@BH&Cﬁas '
i mpr egnat 87tco/gt &R fPhVEragd poreGhdius bf 9MahFRDIMW th 3.4 s of
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2002 -22 was done uhbesbeye swifated alpminar(144) wasithen ealeined i aifas 68ROk xed

with 8.96 f tien j i [
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done in a,dry activator tube on a fluidized bed 5 in nitrogen. ng gn'xture
was heat el £8bledbes Examppler 4B+ Thisemptetizlsvasfound te bave & surfpcecies qE 30

trifluoros ' ' Y i fmRl ¢fM na,
whi ch mufﬁ?@{e&&eﬁépﬁ @Plo’{drag‘?%tg VoRnf GPODTS, g@?éf‘ﬁ"g’g’t&gﬁm&’q’%‘ {"? m11imole
per gram d#0tahgstmimsni na. It was then tested for polynerization activity as
descri bed above except that the ethylen [essure et at 450 psig

i nstead of 550 psi gAéWH‘°Z§aWPE° %fs“i%‘l’fg ﬁ‘é‘ggﬁe‘” a@eﬁﬁgihet PGB P or
Resul Bg aRg EXample 14A ERQIpE thét!26.9 ¢ of Ketjen B alumina was impregnated with 5.41 g

of ammonium sulfate. Calcination was at 550C. It was found to have a surface area

A=

& EHYC

of 352 square meters per gram, a pore volume of 0.93 cc/g, and an average pore



EXAMPLE 50 The solid oxide from Exanple 49 was then heated under nitrogen
to 400' C for an additional three hours to furtldNowmtber2082 di stribution
and reaction of the triflic acid. It was then tested for polynerization
activity as described above 15 except that the ethyl ene pressure was set at
450 psig instead of 550 psig and 25 m s of 1-hexene was added to the
reactor. Results are shown in Table VII. EXAMPLE 51 The solid oxide from
Exanpl e 50 was agai n heated under ni-trogen to 600C for an additional three
hours to further encourage distribution of the triflic 20 acid. It was then
t ested fradiupof YA rngstonmn Betaily of yheapolymsuzativadaralgiven mxEabid [t dsat t he

et hyl eneE)paEnzjes&Jge was set at 450 psig instead of 550 psig and 25 m s of

1- hexene™Was added to the reactor. Results are shown in Table VII. EXAVPLE
52 A solution of 0.5 granmsCOMPARATIVE BXAMPLEds was di ssolved in 30 25
m s of methanol and deposited onto a 4.5 gram sanpl e of Ketjen G ade B

al um na whi ch had héehtion|ofiZ@ grams eDomceFated sulfutie agid in 20Bimls ofhi s

br ought . i &k USty b ' J: NCd DI Jess.. The jqret hanol
wee. Eheri®ShiBBol ok de" AN 8 3urhil Sres Vel lEH B D'y ML eslted e

t r ansf ereaeliert (Then 634 grmisoof thidmateyiabwvas slurieds withal @ ehisiofithe sbivtioagen t o
500C and_hel.d 2 hours. 1,89 gra of this materi al, s 30 then treated at
500C ungewsm?% ‘?P%Pt%ﬁa)‘.‘ﬁ"%‘gs syHtate Rep gramp ﬁa@rwe\fsf?la@u}%j"@l&@a- into the
gas stregBhard] $ATRA % i i I Z &ty TR j th

met al | oceneang}\d 2. Oé?1 S ggﬂgrgqe?ﬁ;q/?‘ Hgﬁjﬁlﬁrﬁggﬁ?nwé%lgg‘{%l f/ftsﬂte% t% 8%%#3% gltléeﬂd 3132
g/ g/ h ofcalcinetl iNcaie abh£00°2082des23baiio¢arhiwr . It Desafiotsd 40 davé g pert volumalife VI 11 .
EXANPLE 53:54, 6. 18 grans of Grace ade HPV al umi na i .had been

cal i hed 35 gt flnfate afen Sh s 1vah MelFSPH H3Th A IRBOLHES of

appr oxi nhRHYl WadthenSesed for'BhRAESe PAYmBFiadiciNdita/iNdEe 6VPLMIBT plya&out 2. 8
cc/g, was transferred to a dry activator tube and heated under nitrogen to

600C. 0. Phisrexpershensds shown dhdabled] waExample i®j ect ed into the nitrogen
stream ahead of the furnace. The %M\,ﬁ}oor ated and was carried up

t hrough the al um na bed, fluoridi ace. Then 1. 5 5 nmls of carbon

tetrachl oride was An§iRed-giiniifd ab bbtaftetrfegRMWRIGIaEe aidér € comisleicidlo t he
alum na 10 bed at 600C. The tenperature was coqled to 25C and the resultant

f1 uokl deneme 6f MiEZ- bl Unitiapippertiss and activityehavsi already beemdessaibed sarhipl-e of

this mat erg.al: . . I i j : @]gga}ﬂg i Iﬁg},allocene
and tri eﬁhdﬁsl xﬁiﬁéﬁr%%nw#ﬁz.hgg{l%\%ﬁtd 5"9 %E%&%ea?éﬁoggéﬁp e ge?ll(y\/\w/aotsg%w te high,

at 4390 @.bgmhimol Fhifste pat granal Ivwvaas thearalcinedaigadinaeg@Gftt as deatribad emberal | oned
to stir in 15 isgobutane with the rretalloc&lge at 90C for. 30 mn Iies bef ore

the ot heA saReaf dHs matrrpal wagdaen chasged (o Bederfier ghons yath B guetallogepe
activi tyaﬁmw&ﬁeﬁg stiigégt rgigo@%wawﬂefﬁ?regéem RBnCwaohlididned by flane

hydrol ysi's, was cal ci ne inar for t ours. Then 2.74 grans of
t hi s2@al yielded 82 gigitnaf palyntvealhis expetithefd BGhiownain TablaibaswRkarhpld. 17. nl s of

per fl uorohexane was injected. As Mevaporat ed, it was carried up
by .the air through the al um na beé rds the gas streamwas swtched

fromair to nitrogepsaitod of 0 glinsCH ddfohiahd Bifftopideds 30aslsidl ected. After
all had evaporated, the solid was cooled to roomtenperature and stored

under dr ynethanobwas addedstoedt.5 gramploé Ketisn igeadedd alwninaowvhiok had be¢roealeined vi t y
25 with t al l d t al,yst i .. bed. Thi terial
ves T oundn el 4 ROF p3dasEReR pinieE, AR MORIER Y BRI Brond Be ™ L es
56. 08- 6poift Bf Gdcipitht WelRRAThiYEs BquivaibmStoH3/ 96 TambLof fiboréde per gram of

calcined alumina. The methanol was then evaporated off under nitrogen with heat.

The dry solid was then calcined in nitrogen at 500°C as described earlier. A sample
of this material was then tested for ethylene polymerization. It yielded 927 g/g/h of
polymer. This experiment is shown in Table III as Example 18.
30 EXAMPLES 19-21
The procedure described in Example 18 was repeated except that the
final calcination was accomplished at 250°C, 400°C, and 600°C. Each was tested for



A chlorided alum na was prepared identically to that in Exanple 33. 30 In
each experinent a sanple of the oxide was addelft Novemben 2002t or under
nitrogen, then 2 ms of a solution of 0.5 granms of bis(n-butyl

cycl opent adi enyl) zirconiumdichloride in 100 ms of toluene was added,
then 0.6 liter of isobutane liquid, then 1 14 Novenber 2002 -24 mmol of
the cocatal yst (usually froma hexane solution) foll owed by another 0.6
liter of isobutane, and finally the-éi/hyl ene was added after the reactor
reached 90C. Table | X shows the results of these experinents as Exanples 56
t hr oughP8YMERZRGR pefiviy ARdathe Jepnligrare showm iy, d plle tHsasngxpannles by 26k al uni na
whi ch 5ah@dibeen fluorided rather than chlorided according to the
preparation used in Exanple 21. These runs are shown in Table I X in
Exanpl es 63 through 66. EXAVPLESEXAMPLE\22ach run bel ow the fl uorided

chl orided al um na.ysed in EX |. 0 S C ed to the reactor, followed
by 2 nis of a sol tICAROEHE gen;éflgﬁ‘g"bﬁ?lﬁggﬁﬁggéf éﬁeﬁtﬁgﬁéf%ﬂt Rtene in 100
ns of uatdlsined Klegkh ®\BlnfYa Wab ihpfeBhated wiPbB8baRRol F&Ugrgm $fh@llorkded M s of
1 Mtriethyl alunmnumas cocatalyst, followed by another 0.6 liters of

i sobut addtezalcinatign|ay SPRXC it wed sated fonpelymerizatioreadivitdadahe 88alt dre ke all
previ ou s are sh in Table X TABLE | Ex.

A Cyeonmin 2{9@1%31'1{ 8s Bkimpid DY

aNoneNAO. 00002TEA061. 102NoneNAO EOOIPEADEX-28. 003Si | i ca6000. S6862TEA0D. 6S63. 0

14Al um na8000. 69481 TEA2. 730. 78SAl t uni na6000. 23612TEAG. 960. 9296Al ut ni na4000.
847S1TEAt r aceS7. 20% A -GageoRrpie EhYaglumina was calcined at 600°C in air three

(0. §)60 2427 . idLCcaz Al jqn : : ilica-Tit
i 8000 T30 SO PERD Ap e et frefr il OOl iTot idlh BEE | ¢

oxi de conhummdf atsed.2.cc/ghi»36 granmeof thichmateny! wanheated under fRuidikivigs i s t he
anount of solid i,de .conpound) i.n ans, being contacted with the other
conmpound&irogen t‘l’fﬁ%@ 83 thtf?é‘ iﬁaﬁﬁ@f He%i‘fﬂr?lﬁ’ﬂap? "@F"tﬁ‘? UR She Bii986™h conpound
used an@pkieant ¥iden He ALHRROADYE HiRent §5-mifliRs Tefpd@sodhdRngei ght per cent
solution of triethylalumnumin heptane. ¢ 5. This is the anount of polyner
pr oducedvapprgted g ro@n tdinperatwse fte therpitragenfandiwes theredarrind mpribtozigh the 7.

isedsundhBeEcnet iy sl ract. o TR e S AR RGN Dl o

but yl cyGibeesns atheinyt ﬂu@rjideclsaabgimlcufcdmxﬁmadﬁ;auwﬁ the PlBABO FRCRM (@Egound was
in a solution that contained 0.5 grans of bis(n- o butyl cycl opentadi enyl)

zi r coni UMIsoPRsiousty aet thercas)o The alpminastusnask blaek. Rseemahbiideg Onearb9n t hese
ie)s(glr:)rﬁlt Sndgﬁgﬁteﬁ%%}_ﬁ? lﬂgsc mager}ga? rwaéqgerp ?e's%d%p %loﬁ'?r?e’rizhtri"or}a&i\)itbt\%& £f

Ex. #A' S-saniplneSthdrgéd 108 teastod %ith4Be nctbdrenaat 90PCl AAfiiet Ba haindd @F. 525123
8.045. 03312Al uni nal2. 77500. 29942174, 560. 058313AAl uni nal. 65500. 34741385. 548.
013671 3BATIRg. Eothyt siminumgind sthylgne wropeadsiod aidi the s2replo OVASHOBRS 801 845. 05814

"55500. 9558 dRE MR ARG, Dial soyRg, MR R TRRIRT ) 6000

. 3318119. 042. 082 Tahisanatetitl Wad thenlrecal¢ihed imsait e 680AC fbrakiedehonemtwound used.
2. This |

t [ t of | f at di | | f.at f [id
L L R L R0 ot S O R B
sol i d oxfof @R Piatdn abfivity #iEn aibgtigili‘)ge Gg Pt@rﬁ@dﬁe&‘é& Iﬂllet Ractet Qﬁhg%@ﬂi’ounds-

5. This is"the anmount, tTn"mll1l use t was a 15 wei ght
per czént wmotalibtawe aid triethyl alunsinum, feliowed inmpediately by effiylenei dt proyvidedoamt  of

b This FANEHET2UA FeB T polimen sRelals srosomL m Rt IIE HRgIbAS ol

conmpound used was 25 mi cronol es gXARPIEEL29H60r ganonet al conpound used was
bi s(n- butyl eycl opent adi enyl) zitconrumdichloride. This organomnetal
compound was in a XstjeniGrade Baalumina was ealcined igairrfor diree hours at 600°C

bi s{n-bu opent.adi enyl ) oZjor coni um di chl ori de r 100 mkliliters of
ol tene. EREIbERIT EsmBlRla,) o129 iAms 4hubis irhina Westirgiddol¥ deystlskfEy
et hyB@nejctivatct. tdbé ah& ARidited MOBGANMonoxide at 600°C. Then 4.5 mls of methyl

bromide was injected upstream into the carbon monoxide. During the next 30

minutes the methyl bromide was warmed with an electric heater causing it to



TABLE 111

Ex. #A~SC3S40ACSP6T' Ag189Al ut ni na3. 905000. 8284229 No82@be 20D Al uni na3. 902500
. 254227. 640. 04520Al um na3. 904000. 2358288. 160. 037421Al um na3. 906000. 2253228l .
. 660. 0125022Al um naS. 805000. 25b31243. 960. 095223Al um na555000. 22121280. 060. 0
126624Al ut ni na556000. 08551187. 560. 52179 Table - 111 Notes 1. This is the
solid oxide conpound used. 2. This is the anount of fluoride used in muols
fluoride per gramof solid oxide. 3. This is the calcining tenperature. 4.
This is the anDunt of solid oxide cofSound, in grams, being contacted with

t he ot her co Thi is the amount, i milliliters, of TEA used. It
hoe o eV aparaiR ehD B catticdl thel bl mOPRah e MuHe e i1 diieiumina 6 Thi &
is the gapunso®L. p,qhwﬁﬁs &e&ﬁ%?%el ANuRfAWas Black! rﬂr@su!n?bhhﬁo n@it'%n of tinme

used in mnutes. 8. 'this is the activity in gP/ The amount of
or ganonrdepasits.o fpsample ysasdested fQSPQWmmmmasactmtﬁean@'ﬁamdftocglgaab}mt al

or ganonteZl SE Ny o st s RS B ke BRI PGRERRSRES™ T

bi s(51- bThydectwd AmeArAShEAY in Table TVNASUPX 1 25 aa@2per 100 mil || Ilters of
tol uene. Additionally, these exagl e were tun at 90C, under 550 psig
ethylene, in 1.2 liters of isobu a ANOON TABLE IV

4 18127A um naco0t SHACHA T ARG 8% chPRed 0 R R R AR RERC o T
oxi de casesoribed s ExaRipleThi 9.825gtahe afahisi ahiminatveaspehagdedrte.a &y quarte i s the

anount of solid, oxide conpound, in grans) being contacted w h t he ot her
conpoundstivaior tahe and dluidiged; ipeasbon pongxide jaf ﬁp‘é%s %gqm ToOmifsfgbromingas a4 15

wei gt t t he
armggt gffahpo yrr\eﬁ{r?éf“liléd gﬂ‘q [ ﬁt@?ﬂ?ﬁiﬂ%&}ﬁ%ﬁ?s (&E{é}%l u%{apg tfc} hrrlgd used in
m nut es.wasa. caﬁimcbthrmghh«heathndmrigyalumugme(dgﬁrﬁO}PCB Affrehiammatmensfthor ganonet al

d d I | d d
b1 2 - DOVRES B OFBIC ST AT i R SPRAG SR BFpaNGHCal

conpoundywasod p/gh SP by, 114 nﬁpmtsﬁbaﬁ%@ra%l&m% EQBm le 27.
bi s(n-butyl cyclopent adi"enyl ) zirconium di chl ori de per O mlliliters of

tol uene. Additionally, these eXMMEAE_S_é_Elh at 90C) under 550 pSI g

Eihéieggsm&éséalfr aimﬂﬂ?ﬁ kr%a‘%ﬁd’g ’E%’@é%sfé‘ué%ﬁo'ﬁﬁb%%% BOMT% 54000,

1166212 1at 590°G b9 48steibed Th BXAmpOS0 Adtdr (iR Galkling bt f 3th8l fuffiab@37. 64000. 102121
23.962. 0117432Al umi nall. 72500. 4878239, 260. 08033Al unmi nall. 76000. 20582351. 563

0162734mam;98va289wewd498499& ead 15808 5 spthenatrachiaistsovassSmseeiasy. 062. 0257
236Al 09271260, 26 0 671147. 860.
52l 98u‘rIT'1a %\ﬂg%tn&f}“z%hl S %opat%%)zéz%% ﬁiéygléﬁnﬁ%%.%gﬁugtg 9“'62 This is

t he anmougdrried imé ki betbant tdrd mmlmﬂcﬂieculmdmmerchmrmthé swfdded Thisde. 3.
This is the calcining tenperature. 4. This is the anount, of S?|Id oxi de

conpdundis qqﬁwgkahto aprEpwignatelitlae Baneli chipridecpes BRI O éﬁmma alyningy g | s
t he anoug r d

_solution o§ tri et“'hJ }1{ fh%n?%%{ai% gtﬁgné l-,é ﬂ@?ﬁ[&% té%et er t{Sﬁrfti:ﬁg@hpol yner
pr oducedadtivityr drfmddilmnTtbl the iethyldne, S0miniof dihebcemems eldo |added toutbes. 8. This

s the act t n gShr
| rea}:t\cl)lr alcom%no er. 'I')hls material gave 939 g/g/h of copolymer having the

following properties: melt index of 0.63, high load melt index of 10.6, shear ratio of
25  16.7, density of 0.9400, weight average MW of 126,000, number average MW of
50,200, and polydispersity of 2.5. This run in shown in Table V as Example 28.
This chlorided alumina was run again but without the hexene and the
details are shown in Table V as Example 29. It produced 1019 g/g/h of polymer
having the following properties: melt index of 0.15, high load melt index of 2.68,
30  shear ratio of 17.9, density of 0.9493, weight average MW of 202,000, number
average MW of 62,400, and polydispersity of 3.2.

In a similar experiment, 7.3 grams of Ketjen Grade B alumina already



9. The anmount of organonetal conpound used was 25 m cronoles. The type of
organonetal conpound used was bis(n-butylcycl oé Noxvdimbey 2§02%i r coni um

di chl oride. This organonetal conmpound was in a solution that contained 0.5
grans of bis(n-butyl cycl opentadi enyl) zirconiumdichloride per 100
mlliliters of toluene. Additionally, -ti9ese exanple were run at 90C, under
580 psig ethylene) in 1.2 liters of isobutane. N~Oz 0 C~s NOO N
TABLE VI Exalgited rab @00R€hinSZONCSPuTEAL #8h Al 3ihinia 8f Girbon tetra-chloride vapor in

40000. 20131116. 560. 0579394 uni nascd 2 - . .
30000. 0793 1HIOEER 218@&91 i:ﬁllfnlﬁ ﬁggangtzto appayEmately 5 f18moh gbloride 9en ARE A1 C13

i d2. 695 A
ggolo 42642§?g§l§1ﬂ8§§%ﬁ?§m¥%§? %9%&1993‘%%%%%%2135 tg%g% I rablecis -

400C0. 2335¥74s Bgmpl8 BR46Al uni naEt A1C12 - 60C0. 88552030. 0047Al um naEt A1C12 -
200C0. 89432122. 949. 01b848Al naE - 0% 426314. 912é 0290 zgabl e - Vi
Notes 1. This is the &P, #O rFﬁfBEWHeIEfs procedyirg of Fxamp Mt  of
sol i d oxi deez@RReUA: tHah 62 &4 s o?%boq: eaﬁahe&aﬁﬁnm 'FVQS &B@te@mrs GHﬁPeﬁ“dS

3. This is the anount) in m liters, used was a
per cent sokarbpotetrchloridetah &0@1@ ihichnisi apptmqlmaﬁely eqiuva‘l'ént g0 i33.6t llnmozhrm unt of

pol ymer pra din ra nt.aof tine tes

6. This is EIHES%B? Wf?ﬁgﬁ’re;d%dﬂqs‘]'ﬂgé}gﬁ%‘myﬁdlﬁﬁ %H%{llétfrpeg}]onpound
used was 235 Bkt 1es The type of organonetal conpound used was

bi s(n-butyl cycl opent adi enyl ) zirconiumdichloride. This organonetal
conpound was in a solution that JOXAMMES 8285granms of

bi s(n-butyl cycl opent adi en zi reoni dic | qri er 100 ilit rs of

t ol uene. Additionall 3’% h‘éﬁ% Eﬁ‘? ‘?‘iﬁ‘ﬁ gtdelﬁ'g@a Uit 5‘58‘60’15‘%‘?

et hyl ene, 600°C # dit ds@deScrifediif BRUIINE exn esNa.nd th@BlEatdd With various amounts

Ex. #A' S2C3S40ACSP6T' A849Al um nal. 0200. 086811. 580. 51350Al um nal. 0400. 1530195

. 160. 56165 0f\carhon fieinacblooide G §ANGUS tenmstatlzmg(‘rabiabv eshowy/the NsuldssofltheFhi s i s

e 3% R RS, B o B B U Bl i oRER

t enper at ur garbdn mddbgide gak Mstead VI Hitrédens0l i d oxi de conmpound, in grans, being
contacted with the other conpounds. 5. This is the anount, in mlliliters,

ﬁf TEA used. It was ahqsaba}efstgoﬁE)@mpé@m “@@mi@stqﬁwfoopotyme@zmomaqumtﬂbm in )
7. T
eptane.  Cwiithe hbfilf IR BlioR@ b g RO GER-AMAE segfror il 15 1M

anmount of tine use he a IVI 9.

The anount nﬁxfnemg@naaieﬁlglth@ﬁimwdxlds afd %m%ﬁllﬁbdhemé eﬁarg'efmevlﬂaytﬂ@ of
organonetal conpound used was bis(n-buiyl cycl opent adi enyl ) zirconi um

di chl or i delsowpre frshandatewed tn @a%bagt Phiog 3yominutesriit 93¢ betwe thened 0. 5
grans of b m i

milliliter gé&&]w%ﬂ#% ggeﬁg%hk@ghfl ona eéh{ ﬁltgﬁjgge I‘eilllggm lé Sag‘ylg%ﬁ Er%gétv 90C,
under 450 psEgampleydsene, in 1.2 liters of i sobutane, and in 25 nms of
1-hexene. z 0 a NOON TABLE VI | |

EX. #A' Tr eat ment SZOAC3P4RSA652' Al urrﬁhfa@@b@é_ﬁ&

Cl / SOOCO. 28222294. 62 3 ”,(T‘a

0160000 67675338, 268 3‘45%%3(% e naF/ filtihe fas calcined in air for three hours at

Cl / 600C0. 0660PL3 QikldiBf a0mPfA8S svkh tmmapplﬁkﬁﬁmﬂycgﬁomsqﬁﬂ@@ﬂetm%ig?m 2468221383

Table - V| cl’:re vo&u%sle olof al;rc:rl]llta é gc/ é h(g %Oglr!argls %)é It}gse aﬁlmngowa]l(sj tlije% treated with 5.0

mls of carbon tetrachloride in nitrogen at 600°C. Results of polymerization testing

are shown in Table V as Example 36.
EXAMPLE 37

W.R. Grace Grade MS13-110 silica-alumina was calcined in air for

three hours at 600°C, as described in Example 8 above. 11.2 grams then treated with
2.8 mls of carbon tetrachloride in nitrogen at 600°C. Results of polymerization

testing are shown in Table V as Example 37.



2. This is the anount of solid oxide conpound, in grans) being contacted
with the other compounds. 3. This is the anountdN eters, of TEA
used. It was a 15 weight percent solution of triethylalum numin heptane.

4. This is the amount of polyner produced in grans. 5. This is the anmpunt
of time used in mnutes. 6. This is the activity in gP!'(gShr). 7. The
anount of organonetal conpound used was 25 m cronoles. The type of

or ganonet al conpound used was bi s(n=Rgt.yl cycl opent adi enyl ) zirconi um

di chloride. This organonetal conpound was in a solution that contained 0.5
grans of bis(n-butylcycl opent adi BKAIMPEEr38ni um di chl ori de per 100
mlliliters of toI ene ifion ese ex mpl e wer~c run at 90C) under
550 psig ethyl ene® 6ngf$m£°| ‘{ %‘P@% whichohad bgencalgined@tN ~ TABLE

I X 400°C in air for ¢

Ex. #A Tr oat ront 5o ooy TeARE 2as charged 19 7 dry Sgté‘()atofsté’geAaE? 2538d Bade51 5005741 um
i naChl oRitersgn ta 4886 VB 30milr ODSBednuictrackdntide M@edm:.nmmmdﬁmme 0&EMN uni naCh
| ori ged 0. 01460A um nachl.qri ded0..196 Et 2 660..026861Al um
naCh orgﬂyfg@%&%&a %5%29%6’6 TR WS oS B 16 SRRiEE 060 0065A
| uni naFbed; reakidg. ASHN R Bie GBMACE) W&b&mfﬂﬂﬁéwﬂfehdﬁdﬁx %8&?&%}.3154 260
. 070765Al um naFl yori ded0. 2307Al Et 2C1040. 00, 66Al um naFl uori ded0. 2465BEt 3030.
00 Tabl &wateriak preyided 379 gigfl of golymsr baving someH dnéexnelodn® aibigh load mel s i s

t he ano h.the

ot her clg)@pxogfd}S 5 fg' d%iéh%gr &?%ﬁmu%jt}tﬁﬁn&fn&nf lﬁ:ﬁ}}{ﬁ?ee.;zg{,?&gfetsfé%g‘gpéwst used.
4. Thi sin FableeVhanBrimpit 380l ynmer produced in grams. 0 5. This |Is the anount
of time used in mnutes. 6. This_is the activity in gP/(gShr). 7. The
anol¥t of organonetal conpound uESAMREESE ni cronpl es. The type of
organonet al conpoyg x%ﬁ% dﬁaﬁegé S&fhdglﬁ Xixﬁ%ﬁé%ﬁéﬁ RS BEBA dalghdacgni um
dichloride. This orga onet al npound was 1nh a solution that contained 0.5
grans of60BPE (m alyuby tioye hows waadiherggt Jto 2i dry aactivatod tublel andi Inbeted @nddi0 0
mII|I|tersoftIun.Ad| i,anal.| ese | e un..at 90C, under
550 poi UETHRA 'RrR0%En 218 B f LR ehlarids pe BE8 Phrfied T ke itften

Ex. #A' Troatremn toaMaleIh san AP R TAREIAtdd. 1@Wa%t&ﬁ4e@1§9ﬁ@u tha Ahflind63. 363186
8Al um nakF/ C1600C0. 0l 70B31. 166. 3165669Al t uni naF/ C16 30 5. 864. 269370Al
um aF/ @éomiﬂ@mﬂoﬁémgabqw@bl eWherx tegtsrdefor Pplymﬁrgiatlgn adtviyothisd oxi de
conmpound se unt, of solid oxid oung, , i ns)

bei ng CJH?SB? OWdFﬂ 7??‘:@?%{{’}?2@0%%%3@ ?q‘rwﬁi" gggqﬁp Mh%ﬁ’f‘aﬁélgol yner
producedntiéx of 248; arfti a $héa$ ratfo b €8.8MIDEAIIOGS tHeNfdlpaedzdtidnes0atecshovn Thi s
is the acti V|t in gPl'(gShr). 6. A = bis(n- butyl cycl opent adi enyl) zirconium
di chl orlléeTﬂb& hiag (e 2ht adi enyl ) zirconiumdichloride C =

bi s(cycl opent adi enyl) haf ni um di & Ko~ bi s(n-butyl cycl opent adi enyl)
zirconiumchloride tri rrethylmly% Oa.~NOON
20 7.63 grams of Ketjen Grade B alumina which had been calcined at

400°C in air for three hours was charged to a dry activator tube and heated under dry
air to 300°C. 2.55 mls of sulfuryl chloride was then injected into the air upstream
from the alumina. As it evaporated over a period of about 45 minutes at room
temperature it was carried up through the alumina bed, reacting and chloriding the

25 surface. When tested for polymerization activity this material provided 459 g/g/h of
polymer having a melt index of 0.11, a high load melt index of 2.83, and a shear
ratio of 25.6. Details of the polymerization test are shown in Table VI as Example
40.

COMPARATIVE EXAMPLES 41-43 AND EXAMPLES 44-45

30 2.6955 grams of solid aluminum trichloride was added to the reactor

along with 2.0 mls of 15% triethyl aluminum and 2.0 mis of the metallocene solution

used in previous experiments. Isobutane and ethylene were added as in previous



14 Novenber 2002 -35 COVPARATI VE EXAMPLE 72 Ketjen Grade B al umi na was
calcined in fluidizing dry air as described i nlgNoyvember 288hpl es at 600C
for three hours, and stored under dry nitrogen. Then 9.3 grans of this

mat eri al was again heated under fluidizing nitrogen to 600C. At 5 this
tenperature 2.3 ms of carbon tetrachloride was injected into the nitrogen
stream ahead of the alumna. It evaporated over a period of several m nutes
and was carried up through the al um n&2lbed, where it reacted to chloride
treat the surface. This material was then, stored under dry nltrogen and
later tedtBY HEMVeWs) oraretivih Wan obsaryed: + Jhispus iy pummadzedhgRable 6Babl e X1 . 10

COVPARAT'WEL%F t%‘ﬁ;h&ﬁ ALHED Bealll 1R WIS 163 Hiubdififn ') 1&18@8{ gpanol

al cohol , acid was a cec i n an anount equl va 0 2.5%
of the altbcrirmtwvebtghtgaanmeaaivmtghaas crmmekienTlas'a\psrfa;aWIMI dhuabdql3 100C

under vac ver ni A sa |l e was.then cal cin in.dry.air descri bed
Sbove at RS ROl fbior at L BRI ok Mg lAREags. et o disBb el Tiateaes dry
ni trogen Ridednddl@hidufP tefhidrfe 2 MHIBdEPAILRAMACT I Vity. Results are shown in
Table XI. EXAMPLE 74 A 24.68 gram sanple of vi I‘?I n Ketjen G ade B al um na

was i npregnat ed wi tlh the §ollawing example. uminurg tréh @u@ﬂrwes dépositedientdithgdr at e

vacuum - peeaor b ABEESREl otdr KERelFR HE I Re0r) Fhamticsi ng ai

at 600C faihytfousaluniiig thibhlofide ivds Aigovéarih 100Ghls of diélﬁioﬁhieﬂfahée Thes @ m xed
oxide. 16.53 granms of this material was then calcined under fluidizing

ni t rogen selutpmovas thew addadcly @ emms of Ketiembnle B afyminn vdrchibadybeen nj ect ed,
as_dege %gné”lpﬁ °Cri' UG 1th:Re RGuh! ﬂFé @1 $£§h§&€ WQS?S“Vanggthp c%e';mt erial
ater fested for

was t en stored ry nitrogen and ymeri zati

acti vi ty. nitrogsti al @ed Lﬁlka@pm mis mteyxet hmkm tested higr ;aolmbmzau@dex of 0.17,
a high | oad melt I ndex of ratio of 23.6. Results are
shown in Sty E(¥amll’i$(ﬂl%’?>ll_)Et ‘H‘aédlfld\esg fﬁtmﬂﬁr‘@fwﬁ @‘C@rhﬁﬁﬁd Snderpkpeens ul f at e

pent ahydr gt g5gea fépoﬁ@ﬁo&f %&@iea%r%mgﬁe“e orl BRIV @‘%&ﬁ’lgfé”‘i 20 grans

of virgin Ketjen G ade um na vacuum at
100C, pustmnd sbme(aughtyawﬁﬁ)ﬁem& Naxe ¢lne matetidl Navagharheﬁ@ﬂmnd%nmgemal ci ned

st or ol unfPel0sEyr PR b Ardhige PRt PG G RO WAEF SRS 20 ity
Resul ts azRivithvd} dodertad! e Xl .
COMPARATIVE EXAMPLES 46 AND 48 AND EXAMPLE 47
In another experiment 3.5 grams of Ketjen Grade B alumina calcined
at 600°C was treated with 10 mls of 25% ethyl aluminum dichloride (EADC) at 60°C

20  for 10 minutes, then rinsed twice to remove any unreacted EADC. When tested for

polymerization activity (first without, then with cocatalyst), none was observed
(Example 46). The material was then heated under nitrogen for 1 hour at 200°C and
retested (Example 47). Some activity was observed.
In a similar experiment 4.31 grams of Ketjen Grade B alumina

25  calcined at 400°C was treated with 30 mls of 25 wt% diethyl aluminum chloride
(DEAC) at 90°C for 30 minutes. The excess DEAC was decanted and the solid
washed three times in dry heptane. It was then dried at 100°C under nitrogen and
tested for polymerization activity (Example 48). It exhibited 29.g/g/h activity.

COMPARATIVE EXAMPLE 49

30 A 2.26 gram sample of Davison 952 silica which had previously been

calcined in dry air for three hours at 600°C was impregnated to the point of incipient

wetness with 3.4 mls of trifluoromethane sulfonic acid (95.7% pure). The procedure



EXAMPLE 76 A 13.35 gram sanple of the material described above in Exanple
75 was then cal cined again under nitrogen at cbfilNovember2M2 gas stream
ahead of the sanple was inj ected 3.4 nls of carbon tetrachl oride which
vapori zed and was carried through the sanple bed where it reacted. This
material was then stored under dry nitrogen and |ater tested for

pol yneri zation activity. Results are shown in Table XI. EXAMPLE 77 A 9.0
gram sanpl e of Ketjen Grade B al um na which had been previously calcined in
air at 600C for three hours was then 32mregnated with a solution 4.77 grans

of anhydrou alliumtrichlorjde dissolved in 24 ms of carbon

t et rachl"Yﬁ‘rsid%@‘.g'J upder igEgehin M@S'&viﬁi&'aﬁ'éaabwa%ﬁh?atmw‘atvétmaérgramw ng

ni t r ogeRs KAtita- i f {rSvi | : L N@fkegai n
under air attjééc%%d?gfgth r eebﬁbﬂrgﬁ[ﬁoré\élgﬁ%}gpka{nﬁ%yﬁﬁgé ﬂ?ﬁg}ﬁgﬁgﬁl um chl ori de
to a m heursonti6de C.TAbegasulsng eclid materiahwas JA QMg byl woghti dluropen2@nth ahead of
the sanple was i.njected 3.4 s_of ,carbon tetrachl qri de i ch vaporized and
wns car RS HEBEHTT KB alngrdivd ufe REE B°F e ReiRly b P AW RBEL T he
sur f ace in hittdpeABt el MixtuRSwhdRéatéd @ BJ3 Ondsy° Cfoy thiek MREANnHIdogent @ t est ed
for polynerization activity. Results are shown in Table XiI. EXAMPLES 78 &
79 A soiallpwothe driflagronmsthene selfanieacid e eyapasate agd reach with thg@lumsinade | i qui d
was i npr, i - } . | ym he
ampl o BOROTNRHCIVE B BbRR AR fig Mo SRiRE ol bR of |

moi St ur ehé aluniiga, STt was thef. tedtbd YarSpdlraerigitior dctiviey as déscribedisioveaxoepn at 100C
and pushed hhrou h a 35 nmesh screen, A portion of this materjial_ was then

cal ci nedhatihgethyisne nressgrrowas st at Hp@ Psigdnptead ef oofpaigiand Jiemisiofi e tin

chl gqpi d i i i his material was

cal gpneglegg%g%vg%aé%dgp ;?h ?\?%cgagéﬁg?sﬁg%%gﬁn%hﬂ%é?i’%r bon tetrachl oride
was inj ected in order to re-chl EXAMBRLE 5@ surface. This material was then

stored under dry njitrogen and later tested for I rization activity. In
one experinent it nlﬁ"e?‘ﬂ_hcgo’é‘g? fﬁ’t"éﬁéaﬁplsepﬁ Vas Hvﬁgﬁégﬁém%ﬁbmémﬁ%fr i ndex of
0.16, a wog@fftpagzamhbnmﬁf‘ee Rursto?futher Ed¥litdie disttib@id ardlredetich sl ght

average MNo Novermber 2002 -37 174,000, a nunber average MN o
57, 500, thedriflie/doid. oft Wad theRgeuttd forapodymsérimation activiy & ddstribd@@idPEE 80 A

| yti f 6 f dei oni zed wat 6. O. i itrate 5
" oprsondestponaahE ey parrea et sctor Rl e imeEATRe S50 phe R Bilfns then
dried OVS nhettne WHieIdd¥aqs e ?éactlalp.oﬁeané £63heen ihmapghva, 35 mesh screen. A

12.6 gramportion of this nmaterial was then calcined in dry air at 600C for
three hours to convert the silverEXAMPIE S0 a nmi xed oxide. Then the gas
stream was change o_nktrogen wide i 1. car bon
tetrachl ori de \/vasd-[%e F(rr’}ilé 85@53“?% Ej&‘?ﬁ@re %(%w?aﬁﬁggggﬁgﬁ{égt nggrsr@r? %’LFO Thi s

mat er i al 60026 foherm additioasl trstchows Yo furthep grddusdpd distiibutidresf 8@ tfiflic

pol yneri z@i on activity. Results are shown in Table XIlI. EXAMPLE 81 A

sol Y orpsid- &t wagthepdesied forapplymenzationacivity awdessribed apayveggxcentdhatdbanol was

thon dr' SAehE btk et 88 BOUST AL Spiéad R 450 ol BAIE 25 ol 4 1 et wh? 1S
screen. aided.t6 thegreasiopOrResolts ade shbiva iftllablel WII. was then calcined in dry air

at 600C for three hours to convert_the_ niobiumspecies to a m xed oxide.
Then the gas stream was changed tw while still at 600C and 1.6 m's

of carbon tetrachl gt dfguyinge 41 gakebeiahuiiilah HRuGHOLA Bl aPLPY f ace.

This material was en store O nitrogen a ater tested for
pol y2fer i mis obmethanolvard/depesited pstoar €.5granvsaimpleTabKetjefl GradeXBleRinging2 To 20

f a. | ut,i .50% dipitrate, i dded th
96 s ConBishi i Bedh caleind s RRSC IS s, Roua R Bine TR brghE e oA 20- 0
gr am sanBeyon@fthpbin€ 0f hAPRNBWAINESE. "Phe IethARS] WhE thefl'dvapbratéa off iderender 25

vacuum at '100C and pushed through a 35 mesh screen. A 9.61 gram portion of
t hi s mat Bitfogen purgetdnea hotpliteend thendrapsfgimed 40 a6 Gotivdtor tubouwherst ¥as o

convert nganese Spec) fo l xed oxi Then e ga m was
changed %l%&?’ll_ ‘%@é\\"%ﬁ’f@ i@gﬁa"é‘taheg%geéogﬁd g‘ﬁg s 8?%@1?{@%5&% Pachl ori de
vas 30 etientréatedodtFBOC Gnded I mirbgbal With DS MW dRERbor RtachBEAE irfectédintd hen
stored under dry nitrogen and later 30 tested for polynerization activity.

Results asfEAM; nA saniple was themxdesied forgmlymerization astivity Yot ni s of

dei oni zegl, ,'aggj . @gﬁ ; Vv 2002, - nj

met at ungste\g?fé)%\%\%s |rr%'r%e'g’}lsg§e é'ﬁ{‘c‘}‘“é‘%‘éﬁ‘l.kg“g?% %a#ﬁgege%? Ee{ ] eé{g@%fde B
alumna. It was then dried overni ght under vacuum at 100C and pushed

t hrough a 35 nmesh screen. A 15.43 gram portion of this material was then

calcined in dry air at 600C for three hours to convert the tungsten species
to a mxed oxide. Then the 5 gas streamwas changed to nitrogen while still

o, NN~ P v B -




Tabl e XII.. EXAMPLE 84 10 A solution of 100 mls of deionized water and 25.0
grans of lanthanumtrinitrate hexahydrate was I4iNoemnre®02nto a 50. 0 gram
sanple of Ketjen G ade B alumna. It was then dried overnight under vacuum
at 100C and pushed through a 35 nesh screen. A 9.38 gram portion of this
material was then calcined in dry air at 600C for three hours to convert
the | anthanum species to a m xed oxide. Then the 15 gas stream was changed
to nitrogen while still at 600C and 2,4 m s of carbon tetra chloride was
inj ected in order to chlorinate the surface. This material was then tested
for pol ypagineat m&@%\ﬂs{aﬂ mh%fe Yirpproduced 94.5 grans of pol yet hyl ene
having a nelt index of 0.14, high load nelt index of 2.43, and a HM /M
ratio of 17.6. Results are shOV\n‘I_K&MHbEﬂﬁ 20 EXAMPLE 85 A sol ution of

hoxahydrat e vis | nrgRRTEoN G O died SRRtk ke pER & ade
al um na. cditinv@ st 56T ﬂdﬂ BEbe NREInOdE ymﬁﬁlaVﬁﬁfaIééna?éa &%&&nﬂatewsmﬂ

t hrough a 100 nesh screen. A portlon of s material was then calcined in
dry alr EquaspUCterdpengramh peckalporh wolumecfrabont 2t8h@/$be‘&%wtmﬂ§fm§§é@|9e@yto a

m xed ox [ I gen to
5000 agararai iR e Befbd WhadtnifPheh BPURECT, 0 R pS B LEEMRIAIY bo00

i nj ect edtheln iajedeed ihto the- tﬁhb@’nl aehm dHead &Iﬁmﬁ@.ﬁﬁ’nac'ﬂ"ll Fherhifped |ea:hpomadt hen
stored under dry nitrogen I?ter te ag r pol riz |on l(saqﬁt

Resul ts &P Vs Samiedupriiseus a aRRgTidiRg age. 8 sarrpl e
of Ketje r ir for
hr 6. hous SPARARERBIHE Da gﬁén‘eﬁ’dth@ FHOBE feaRE 9%@%“3%‘ I‘Iﬂ?ﬁ%%% 39
di chl®r olred a6 6@0°CTh&he 2erfiperamirovas cdoled It@QS%IbIaud ithmrasﬁltamﬁ'iunndgd

pent achl Oéi? ﬁlin di.chl oronet hane was adde orm a z (BuLT TIlle sol vent
Was t hen SBUPEGT AlERInG RS HRIEH PR IGER ﬁ’éﬂ Srmple e thig aterial fas

mat eri al (W&@sStebtb® ToShé ?ﬁfém&ﬁtﬂﬁ adiivity RIEH @8N oRBsE bt Bletly? ShBdnd@l The

pol ymeri zati on acti vi Results are shown in Table XII'. EXAMPLE 87 A 1.55
gr am sanpgrevisf, shh*emnatfa@anmle £3 owaEyeitephighs® 44 galtci ned at 600C in air for
one hour to convert.sone of .the gntl m)n%a oxi de.. Then the

gas stream was chanjélga ng%erhalltvyagé I ¢ %Fﬁqp?gt%attéb}y@ gﬁdwﬁ‘ 93 rsmof

carbap t esdbacik avitidl themstalloterRGlt 90°C FoL B 0l dinti@s befazd ki@ éthat ifigieldngur f ace.
This material was then stored under dry nitrogen and |ater tested for

pol yner i 2ére gddetet Thistgroceduse vielded G298 st ack vityKEsanple S4BOVPARATI VE
EXAMPLE 88 Ketjen Grade B al uni na%?wﬁﬁ,ﬁ'ﬁed at 600C in air for three

hours. Then 10.42 grans of this agai n cal ci ned under 600C

nitrogen. 2.6 ms ODe@asdAurhiokRICO) Sbtained Wysflaré dedidtysish was deleined at
chlorinate the surface. This material was then stored under drx}&ni rogen

and | at er000RG R AT SF thise\horrs: 7 Hastoh 74 &rams of this calgined aluningvag
I hyl I f hi h | oad
pol y&phy @@g?hg‘ég;%ta gﬁ II‘}I}_ ?{/?P?&ﬁqlgro %\ga.é %i?&ido AQtI@]h @dhrgh loa

nelt 1 ndex atio ts are ownln Tabl e
X1, COdvaphdicdFitExa\erfied Bip byAhS agrthmughrthé ahmmnKétjiemf@rwatds Bhegasri na

Sl ur i oa SRS S SlRIcRon Bt o Birebdinih A Qnbof CadPn darathiosge Has of
net hanol m@‘.&ds OAR&NAI WRE etli‘;ﬁ)‘i’até‘d’ QH@"S@I‘I&@MQ%OHHQ@ robth Qnpétatikd a@Pen on a

hot plate.” The resultant solid was then calcined in nitrogen at 500C for
t wo hour §t°f¢ﬂl®d¢m.dlefr mlaIngas At $ra3ll samople dvasrtdsted dcmypqiympozﬁnn agdvitat er
I[E)6(Zt = 8%1‘.8 é‘aqﬁ)rc'erzxea %:'1 A tl'ys\.{'ats rev'?g Slfy Ejgsc%{beed 18 mia erla?was fgﬂnldl to
yield 1383 g/g/h. Details are recorded in Table VIII.
EXAMPLES 56, 60-61, 63-64 AND COMPARATIVE
EXAMPLES 57-59, 62, 65-66.

A chlorided alumina was prepared identically to that in Example 33.

30 In each experiment a sample of the oxide was added to the reactor under nitrogen,
then 2 mls of a solution of 0.5 grams of bis(n-butyl cyclopentadienyl) zirconium
dichloride in 100 mls of toluene was added, then 0.6 liter of isobutane liquid, then 1



A solution of 40 mMs of deionized water and 2.0 grans of zinc dichloride
was made. A few drops of nitric acid had to bd4dNerembey 2002s0| ve all the
zinc. This solution was then inpregnated onto a 10 gram sanpl e of Ketjen

G ade B alum na. Thus the zinc chloride | oading was 20% of the alum na. It
was then dried overni ght under vacuum at | 00C and pushed t hrough a 100 nesh
screen. A portion 14 Novenber 2002 -40 of this material was then cal cined
indry air at 600C for three hours t-2«envert the zinc species to a m xed
oxide. This material was then stored under dry nitrogen and |ater tested
for pol ynmpl Q&themocatatyisv[usyall)R&Qm 2 hexang whuian) follobedd ler Midther (EXAMRLE 91 5

made. acdnstnag i ofeu e g B8 Aoghndiale RRE L B0 of T

zinc. TI‘ITa$)leSIX hows theegesil et mmr@@aahﬁdtscmtm(ampl& SHotgowin eanpl e of Ketjen
Grade B alum na. Thus the zinc, chlqgride | oading was 10% of the alum na. It
was then dried ovefriimgHer mmmnsmeﬁ&ﬁ?aa@lmewmewmﬂe@ tlming Which 00 mesh
screen. I y air at 600C
For Ty ABdRREh RidebB Dk Wy SRR ac ik W Febbilfioh Wby L1 11,37

gr ans ofExample @bt €Tliea¢ rvaSaré dhdvenl 1mfl‘dbl|e IX ir Bgenpleo 65@cugtgab.n and whil e

still at 600C 2.85 nls of carboE t&tﬁféglggide was injected in order to
chlorinate the surface. This nm nd to have a pore vol une of
0.90 cc/g and a supfags ﬂﬁ%w@f ﬁ?e%&mear&mraesram&a WA EkimpPRss¢ hen 15

stored under dry nitrogen and later tested for polynerization activity. It
yi el ded w&clglrmtootﬂlepcaoym folloaved Hyaimlg o ad‘@hglotnyOfcﬂ 5@anoef tiResul ts are

B R e

I rrpr egnahedl 2@ds 8f 1NOurietiny] A@iingdh sPcaRhRLRE, fKﬂéWét[l bifanetfeB0 8l [wetngE Thus
the zinc chloride | oadi ng was 20% of the alumna. It was then dried

over ni ghisoliare andafinaliy me efigdeneanbhgsa SHes were Badhata?0°80 like H nrevieun. A
portion &hmtﬁBé%l terb wa &Fgg calcined in dry air at 600C for three
hours to convert tHe SRR %3@ €s'to a m xed oxide. Then 25.96 granms of
this material was heated under nitrogen to 600C again and while still at
600C 2.4 nls of 25 carbon tetrachloride was injected in order to chlorinate
the surface. This material was then stored under dry nitrogen and | ater
tested for polynerization activity. Results are shown in Table X I
EXAMPLE 93 A solution of 100 ms of deionized water, 13.03 granms of zinc 30
chloride) and a few drops of nitric acid was nade and i npregnated onto
64.84 grans of Ketjen Grade B alumina. Thus the zinc chloride | oadi ng was
20% of the alumna. It was then dried overnight under vacuum at 100C and
pushed through a 100 nesh 14 Novenber 2002 -41 screen. A portion of this
material was then calcined mdry air at 600C for three hours to convert the
zinc species to a m xed oxide. Then 35.94 grans of this material was heated
under nitrogen to 600C again and while still at 600C, S.5 ms of carbon
tetrachloride was injected in order to chlorinate the surface. This
material was 5 then stored under dry nitrogen and later tested for
pol ynmeri zation activity. Results are shown in Table XiI1. EXAMPLE 94 A
solution of 43 ms of deionized water, 7.3 granms of zinc chloride, and a
few drops of nitric acid was nade and i npregnated onto a 17.24 gram sanpl e
10 of Ketjen Grade B alumi na. Thus the zinc chloride | oading was 40% of the
alumna. It was then dried overni ght under vacuum at 80C and pushed through
an 100 nmesh screen. A portion of this material was then calcined in dry air
at 600C for three hours to convert the zinc species to a m xed oxide. Then
12.47 grans of this material was heated under nitrogen to 600C agai n and
while still at 600C 3.1 nls 15 of carbon tetrachloride was injected in
order to chlorinate the surface. It was found to have a pore volume of 0.89
cc/g and a surface area of 217 square neters per gram This material was
then stored under dry nitrogen and |later tested for polynerization
activity. It yielded 157.8 granms of pol yethylene having a nelt index of
0.69, a high load nelt index of 11.4, and a HHM/M ratio of 16.5. Results
are shown in Table 20 Xill. COVPARATI VE EXAMPLE 95 A solution of 50 m s of
dei oni zed water, 4.0 granms of zinc chloride, and a few drops of nitric acid
was nmade and i npregnated onto a 20.0 gram sanpl e of



WR G ace Gade 952 silica. Thus the zinc chloride |oading was 20% of the
25 alunmina. It was then dried overni ght under 1hNovemher H2 and pushed

t hrough an 100 nesh screen. A portion of this material was then calcined in
dry air at 600C for three hours to convert the zinc species to a m xed

oxi de. Then 19.08 granms of this material was heated under nitrogen to 600C
again and while still at 600C 4.8 nms of carbon tetrachloride was injected
in order to chlorinate the surface. This material 30 was then stored under
dry nitrogen and |l ater tested for polynherization activity. Results are

shown in Table X I1I. 14 Novenber 2002 -42 EXAMPLE 96 A portion of the
material created in Exanple 90 was cal cined in dry air at 600C for three
hours to converft Z4 ALV 1911 I S a|m xed oxide. Then 4.4 grans of this

mat eri al was hqgatp
of perfl uorohexan
material was th 0
pol ymeri zati on {ac i
melt index of 9 a

o]

f

)0(: gain and while still at 600C 2.9 nls
Qider to fluoridate the surface. This

Mi f’rogen and J ater testeff for

E 124. 5 grans gpf pol yet hyEene having a

t li fdex of 15, a HM/W ratio of

re showtin Tabl e &XEI | . EXAMPLE 97
ed in Ex;@rrple 96 @5 calcined in
600C 0.7 ml of c& Yon

chloringie the sgrf&ce. This

gen and Jater teSted for

16.5, and a densify

A 3.0 gram portifi op

dry nitrogen at?§1g
P
S

tetrachl ori de S|V
materi al was thlen _

00
= 53 0

pol yneri zati on elide 8 grans d¢f pol yet ¥l €éne having a
melt index of O 5%, la high d jrelt lindex of 9.8, a HLMAME ratio of 17.0,
and a density of .940p. |Refuljts] aje |shown in Table XI 118§ JTABLE X
Ex. #Met al Atti on@, ba % g &0P0. 20582351, 563. 0§. 5
&773noneS04600 2 77492p>45b q000. 06531§6@. 060. 029 E5CuS046000. 2045
1 89.171. 636576 & Sp4400p. ¢5 311283.460 34528 %‘abl e - g'ﬁ @ot es |. This is
t he cal ci ni ng tpenperet -ts1 i S theea:emunt of 5sDki d oxi de
conpound, |n gr ;ﬁ e < -E.éuh t he ot:h%r conpog Mlss 3. This is
t he anount, i I% i num c@rtpound usEdC @nd the type of
or ganoal um num o ki ght p&rgent sol Bt% &n of
triethytatum nufs o isl the anBufit of po§y§T§r produced in
grams. 5."This ed in nﬁrﬁﬁltes 6. g Higs is the
activity 31 gb/ Df orgaigomet al cof—t‘rﬂ)@nd used was 25
m cronol e The pound UgeE was & g?g
bi s(n-but ¥ cycl Z di chl @r?de Thi g lsganonet al
conmpound was in ed 0.5 @rams of 5§§
bi s(n-butyl cycl ’6 Hi chl orludg per 106 e liliters c of
tol uene. Additi e run a;t°900 unde® d 50 psig
ethyl ene, in 1. 5 N O OENE  TABLEQK 8
Ex. #Met al CSzPC 3 1200g36 3,;%5788&@9@)0 036011202. 071
. 1473579Sn6000. [34¢ DOO. 665 4 6 060205155981Nb6000. 0657
111 39. 162. 42036 7 1. 41 b078§WB(§)E _§$2§)11§05’§61 0328684La60
00. 8681 194. 561. 0 55) 8b1. 1215% E8E w23
Sbnone4. 331 9110 0 %i|1166} 461 522 2 B bEe g% Notes |. This
is the calcinin r S gl pERs T EEESR
DExcEgos gEEE
2l8|le| BEEEZE24:-E8%2
I ER g E&E?E;bg@%.g.g-ﬂ
lelels|EIEIE(RIEIS| ZESEEEERESNG
<lelels g sl<ls o mEEESSEER S
“lzl@lzlz15 e sl8] gegdsgzapiss
él=1= £E522c8232 88w
& |2 SEEEEEER 2857
sowuegeue S B8E
EEEE25EE3800 ¢
< nvoeuEvnanERRE
Evoveduun o 2>
~ SEEEEREELEREES
il=lafm|cln]oj=]eo|a] o
K % . Coe
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2. This is the anount of solid oxide conpound) in grans) being contacted

with the other conpounds. 3. This is the amur$N gters of
or ganoal um num conpound used and the type of organoal um num used. The TEA
was a 15 weight percent solution of ~i triethylalumnumin heptane. 4. This

is the amount of polymer produced in grams. 5. This is the anount of tine
used in mnutes. 6. This is the activity in gPl(gShr). 7. The anount of
organonet al conpound used was 25 m crggpl es. The type of organonet al
conmpound used was bi s(n-butyl cycl opentadi enyl) zirconiumdichloride. This
or ganonet al corrpound was in a solution that contained 0.5 grams of

bi s( n- but yl gygtopentapgqny ra T§I‘IT chl oride per 100 mlliliters of

)
toluene. o Addit{oral|y,| thede pxqnp] e re run at 90C, undegr 550 psig
ethylene, inIf . P _llid Bsdwol _ilsopu ndition 1l ) or 459_;333|g and 25
m|d|-hexeré1(%n?m%r@. %&)m S 2=
if 53nonkc 600.
5

o0
wy
Ex. #Met al AnijonC BZRC PAG3PRT
0. 200521 280.[0dL. $1d62B9rfonkFdo0p. §28k12296. 823. 2927902n

20%0ne6000.1247S 1 7. $39. 4L 1491 n | 10pA 00. 056721 158. 060. BA78792Zn
20%C 6000. 037621% n {20pC16000. 0 t 201114 | .560D. 01 180094Zn
40%C 6000.05»-&_7‘ V8 | 20PN 6000. 286021 0. 376. 9I§@n

s

) zircon
100 mill

2094-6000. 0671 1°35% 4~ 6000. 02402168. 568'&32718 Tabl e -
XI'll Notes ' Ci i ng enfperature. 2. Th|S>.| t he amount of
solid oxi de jcopng bdi ol _dont acted with the o‘Eher conpounds.
3. This is tjhe| agoynt } i iljli}itlerp ¢f Jrganoal um num coﬁ'@und used and
the type of lorpa gw i The TEEé’ was a 15 wej ght perrcent sol ution
of triethyl alfama i<t | Sl ;;}i Sk he anount §)f polly@r produced in
granms. 05. THi s} i ijlmel‘dqet] i n mi nut et asb. TRiS is the
activity in|gH (¢ purlt  pf Jorpanonet al conpoung figed was 25
m cronol es. ey : § p-di—bopelind used wes 3 §_§
bi s(n-butyl qyc] ogen n i fcdni pmidi chl ori deLT Fhis oE@ggorret al
conpound wageip 4 cdnt hi rfed| 0. 5 gr ang Hf 8.-"3-. °
bi s(n- but yl cygt]wor odui fen|ei £hl ori de B&2 100 GiZlG liters of
t ol ueneAddi tf®hal Dl werd nun at 90CE =inder éS@:ps
ethylene, in 1} 2 i sjob@it gnej (qonfition 1) °o‘§ 450 g.ﬂ@ and 25 mld
1- hexene ¢ Tt pveToET120P2 ., Vv a6=CLAI Mg 9. A process to
produce & c agst 0 51 1 o, Isq d]prlocgss corrprlosang co@’t cﬁl ng at | east
one orga o] Sqent d] S | S48t %r\g &% bat ed sol £d8 oxi desg @ound and at
| east ong or FafedEUiR S S dBE4® | |Brl&ilice sald Sogposi tisoh S wherein sai d
organonet al [cofpdohiPH&s]|PHE [II|Fo i@ Geper al forguﬁa ( X~B(XB ~Xs) ~Xa) M~
wherein M ip_titlanjuh Fircopi ymj o f hi um -andgv@'erel nﬁ(ﬁ(a i's
independentlg b dycl ofi adqi ehyll, Bn|i ndehyl , axfl gogenyl , maowbstl tuted
cycl opent adi gnyl ,| a] su i tfut pd inEe yll ¢r a sgbstu Fut ed f;l (ﬁenyl and
wher ei n eachips #§ q Ncspp desig$t i t ut gd | openteagicenyl
substituted S,% m§ taiq% g % §U'ﬁ A g enyl &s %Eal i phaggcggroup a
cyclic group onpi rfat for] of 4n hl ijphat fc andga EI lc glogps or an
or ganonet al | | ub _dor!bvdrbgdn-! and rein &§x3)= E (X4 zage
i ndependent | al dq, an fal | pflat] c jgrpup, a ccl £ edhoupS g @Oﬂbl nation
of an alipha}i ~ ndja [cy¢lijc grqup] qr_pBn organ@rret‘:aﬂlj@ gripBps and wherein
(X2) is a Gy -ﬁ&@mhcm-mlﬁ_aﬁlcalvﬁh ng €ai & grganoal um num
conmpound has| t ke fFroltdw §F IGe e Tﬁﬂr S) I x@ﬁ n ZvBeEein (XS) is
a hydrocarby| havi n§ flrop 4 29 dar por a : %1 E\/fﬁaigef@g)@ $s a halide,
hydride, or pife , Attt nurbergfé &ng B && g §ncl usi ve,
wherein said|tf]eae | §d box§dd cproupd |i s 1§ SdBceg Dy X DEGTess
conpri si ng copntjack & I 1 sqld PEgxi deg (go&ﬁg)!gnﬁé’\@tggaa
el ectron-wi t hdi & g - pg g g > r;% d; arglzwBel @i b 3% EAE | east one
sol i d oxide :‘Srg) bEQre | <duri §0§_ 2Bt 8r3 gQhifaft i ng sai d
el ectron-wi t hdjaw'<d " Pafred | el bB thed &cBifiEt § B $& € conposition
is greater tha 2b0|gr olyefhyl efig |per HEathSE Erbétag ol i d oxide
conpound per Ladur 0 erbin thete i sta lsufist anki@le abs@nié &f
al um noxaneslarld pr danpbqrafeq. B. |A Jpr )cesszqgg)gcﬁ & qug 0 1, wher ei n
said conposit’ﬁcn cany ppl ynefi 3e -

Al -l SRR $ Flale |~ =




14 Novenber 2002 -47 ethylene into a polymer with an activity greater than

250 (gP/ (gS~hr)),
oxygen and at

and wherein said treated sol 14Noxémber2M2ound conpri ses
| east one group 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

or 15 element of the periodic table, i ncl udi ng | ant hani des and actinides.
3. A process according to claim2, wherein said activity is greater than
500. 4. A process according to claim3, wherein said activity is greater
than 1000. 5. A process according teX1aim4, wherein said activity is
greater than 2000. 6. A process according to claimb5, wherein said

or ganomet

bi s(cycl operjt a
di chl ori d¢;
(ethyl (tefg

(ethyl (tet
bi s( n- buty
bi s(n- but y
((di met hyl
((di met hyl
((di net hyl
((di net hyl
bi s(fl uor 4

2|rcon|un1d|chlon

mpound _is bis(cycl opentadi enyl)haf ni um di chl ori de;

m di chl ori de; (ethyl(lndenyI)Z)hafnlum

rconlun1d|chlor|§e~

I)S|Iane)2|rconlgpgdlchloride

yl ) si | ane) zi r coni ugdi chl ori de; or
pri de, and wherei @ §ai d or ganoal umi num

conpound i
di et hyl al
triisobuty
oxi de conyq
Ga203, Laz
V205, W3,

trlethylalurnlnﬁhg tripropylal um num

i pbutyl al umi num trig-5obutyl al uni num hydri de;

y| al uni numghl ori @& and wherein said solid
BeO, Bi z(, CUC% £0304, Crz03, CQuQ Fe203,

i B P205, SH?OS SEGE”“SHOZ SrO, ThQz, Ti Oz,

a m xtur e of any Ewp or nore of sald SO|Id

oxi de congol

cont act ed
one of the

of cont actii

and said d

(@ =]
=)

I

—
oo

°3

accordin

oxi de coﬁ%
oxi de co
to form

o
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<
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treat ed

precedi ng |cl

is a sulf

t he precedin

to about 1

11. A proc
solid oxid
| east one

source co

produce a f

with a sec

m xture; alfd

oxi de conp
wherein sa

§m587'o 5
T E%63 5

i =S

'$9 A Brogefis acc
s
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jab)

400 3
® _600,
o 500~ S

o

ai d treat gl solli-éxﬁde conpound has been
ori de ormdbth 72 B'process according to any
consi sti ng £ 14 N&VEnber 2002 -48 essentially
conpoung€ sai d FTqued sol id oxi de conpound,
ind to pr@dEice saigdZconposition. A process
ecedi ng Ialns her®in said treated solid

a proces gorrprl ﬁﬁg” 1) contacting a solid
bne elactﬁoﬁ mﬁthdiﬂMEng ani on source conpound
P) calnlnﬁmg saidJ rgt m xture to formsaid

cﬂ:gl Aag to any one of the
el ecgr of- i t hdr 5@ ani on source conpound

iflates 1@ wA pro gshaccordlng to any one of

sai d Eal i 8i ng |%g0§duct ed for about 1 hour

qture fn tE ranges @fdabout 400 to about 800C.
y one &f ﬂglﬁﬁ 1-%7 & zwnereln sai d treated
rofduged byua

polind wi t hga fa+ el n w t hdrawi ng ani on

cess cbmpEising: 1) contacting at

A S 75 D DS

2 4o 0B

- 399

3t mxﬁurég calm‘—’n ng said first mxture to

Alumina
Alumina
Alumina
Alumina

Alumina

Ex.#
18°
19
20
21
22
23

tyre; 3E c@Bagty ndB $h&€d cal cined first mixture
4w ng; &ni ca:lgsggg cef’, epepound to forma second
] secbpd rﬁ tEree t@g_grmsald treated solid
accof @ iy c-og@m\ gregof the preceding clains,
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conposition is produced by a process conpri sing:
or ganonet al
about 1 mnute to about 1 hour at a tenperature of about 25 to about
to forma first mxture;
or ganoal um num conpound to formthe conposition.

1) contacting said

conpound and said treated solid oxidNovember28D2 oget her for

| 00C.
and 2) contacting said first mxture with an
13. A process according to

any one of clains 1-7, wherein said treated solid oxide conpound is
produced by a process conprising: 1 )-zglcining alum na for 3 hours at

600C.

wi th carbon tetrachloride to produce a

alum na; a

bi s(nbutyl ¢

t enper at ur

to produce a calcined alumna; 2) contacting said cal cined alum na

14 Novenber 2002 -49 chlori ded

wherein salg

conposi tion.

subsequent
conpound,
conpound a
1, wherein
conpound,
consists e

dl opent adi enyl ) zi r coni um @Iichl oride for

wherginf said chlorided alumna is conbined with

1 mnute to 1 hour
ahge of about 25 tpZabout 100C. to produce a m xture;
B is conbined withEtri et hyl al um num to produce said
\ process accordi n@ fo claim1, wherein said conposition
acting the organone?al conmpound, treated solid oxide

at a
and

| um num corrpourgd gconsi sts essentially of organonetal

edl solid oxide cogpdund. 15. A process according to claim
sition subsequ%lﬁ to contacting the organonetal

id oxide corrpo@nﬁ and or ganoal um num conpound

fy] of organonet al gcgrrpound treated solid oxide conpound,

and or ganofl ym hum cprpound. 16. A grBcess according to any one of claims
1-7, conprisilogl cdntjacti ng an oxi de.al\ﬁl ch is alumna, silica-alumna,
al um nophogphat e, Jor{ a m xturg of a@y"’two or nore of said solid oxides with
at | east ope{trpatli ng agent ich i®® sulfating agent, a fluoriding agent,
or a chlor|dijegjagent to prodBce a -%aJ ed oxide and calcining said treated
oxide to p"bg@;‘: a—=hl ci ned tFeat ed”aoméje and wherein said organoal um num
conmpound i & trikthyl gl um num =tr| [ S(?o&tgll al umi num or a m xture thereof.
17. A procesq akcqrdjng to cl ;—_u m 16,5 gﬁ%rel n said organonetal compound is
bi s(n- but ylreyctprgmtadi enyl Ez-Er coni cﬁ chloride. 18. A process according
to claimilp qr 47, erein iabdtre@tﬁrgg agent is a fluoriding agent and a
chl ori di nglsageng . }191 A proéeﬁs acc@ Bi-ng to claim 18, wherein said
fluoridi &g %gen ~3uadi chl ori éﬁ*gg ager&;‘i@e contacted sequentially with said
oxi de. @prpcgss accord:ﬁng to clgaﬁrn 18 or 19, wherein said fluoriding
agent i s&perfll upr ghexane ang Haid ci b Bri di ng agent is carbon tetrachloride.
21. A pratesd akcdrding to §n§ one (zf""(é‘alms 16- 20, wherein said oxide is
cal ci ned ef dre] sqdi d contac®i §g and 3c<a|.£| ned after said contacting. 22. A
process acgoidi t o] any ong@ gf cl ar’zhg &6-20, wherein said oxide is
cal cined dysi %é 0| cont actj_gg 23E& fpr ocess according to any one of
clai ns 16- P2, &’ n said GoBtacti rz;gulzs carried out by inpregnation and
the resul t{nd9 Eignat ed ogﬁe i's @g@ before said 14 Novenber 2002 -50
cal ci ni ng. | 24. rocess ac@fdi ng tgo any one of clainms 16-23, wherein said
treating a noni um l@fate §OA process according to any one of
clainms 16- ip said a,;l ngmgemt is trifluoromethane and sul fonic
acid. 26. A ccor di rmg,__,gg) ¥ Br@ of clainms 16-23, wherein said
treating a furic ac an’gtmlumsulfate 27. A process
accordi ng ife| of clai g 2% erein said treating agent ammoni um
bi fl uori de cesy aggrg:lgng'ag-&ny one of clains 16-23, wherein
said treat s tBi o®ys &&l 0g gﬁ)or sul furyl chloride. 29. A process
accordi ng mhgr%'rgng’@ig@cﬁo sition consists essentially of said
at least o tal SchEpgUhE g at |east one treated solid oxide
conpound, Iegsg%ﬁﬁ%‘ﬁgg a":[‘um num conpound. 30. A process to
produce a ¢ WpO%IinOE«;% grdcess conprising contacting at |east
one organo und® gt Jgegagts.@ng’great ed solid oxide conmpound, and at
| east one nung @E?gogﬁ; dduce said conposition, wherein said
or ganonet a o hasﬁtug Bod & 'Ené Yeneral fornmula (X )(X2)(X3)(X4) ML
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wherein M

i ndependently a cycl opent adi enyl
cycl opent adi enyl ,
wherein each said substituent on said substituted cycl opentadi enyl,
substituted indenyl,

and substituted fluorenyl,
cyclic group, a conbination of an aliphatic and a cyclic group,

is'titanium zirconium or
an i ndenyl,
a substituted indenyl,

haf ni um and wherein (X') is
d4Navendey 20022 substit uted

or a substituted fluorenyl, and

is an aliphatic group,
or an

a

organonetal | ic group, or hydrogen; and 2¢herein (X3) and (X4) are
i ndependently a halide, an aliphatic group, a cyclic group, a conbination
of an aliphatic and a cyclic group, or an organonetallic group, and wherein
(XZ) is a odip -1 o opp adi cal, and wherein said
or ganoal um hu oundl h S he ng general fornula Al (XS)n(X6)s-n
14 Novenber|2 8= i eRgich B hydr ocar byl havuglg from 1-20 carbon
atons, and rgn|T i 4—a ?‘H dride, or al kox@l% and wherein "n"
is a nunber| fqom 11td 3{incl psi ein said treatedugplid oxi de
conmpound i s p O B | i aas i sing contactlng:al | east one solid
oxi de conpoun ith gt |edgst]orn on wit hdraw ng ammon sour ce conpound
and at |east ¢aqAeedls pallis FaN nd wherein said §ch i d oxi de conpound
i's cal ci nedthe¢&dee |\ aq e Rl e tacting said el e@@on Wi t hdr awi ng
ani on sourc r lsal d el al| S hT't ound. 31. A procességccording to claim
30, whereinfsgi d cpngosftijon}cg ymerlze et hyl ene |W§% a polynmer with an
activity grga an—Iyo COP 7 wherein said traaied solid oxide
conpound co i esjoqygén Janfl gt | edst] one el enent of g?Qmp 2, 3, 4, 5, 6,
7, 8, 9, 10k 1R1%080 B3 M orfApgRe t he peri odlgc tabl‘zec i ncl udi ng
| ant hani des| ", lae &ficditS) | wf@r|& [S4& [ netal of fsaid mdgal salt conpound
is a group P, {3,] 4 5, 17,18,1017107 ] 11, 12, 1&8 14, »E 45 el enent of the
periodic tapl i n¢ Ng Ia1tHan dds hnd act|n|Q?s 32§5¢gprocess
according tp ¢l & m whgrefnjfsaljdlactivity is greater @han 250. 33. A
process accgr di nlg hi 3, mharﬁin sai d act¢uaty |s=ggeater t han 500.
34. A pr oce% cQ ailm B3, wherein s § act | gyml S greater than
1000. 35. A@irodess o Fl gin 34, Wner%%h saldsacﬁlwty is greater
t han 2000. B6 p prdi np o kcl ai m 35, owherel rgzamd or ganonet al
conpound | Slhidsdcyy L [ h'fnﬁun1d|chI@Eude ”'Eyclopentadlenyl)
zi rconi UVTE chl ari i depyl haf ni urg @ chl or %eg
[ethyl (in y’T i pei [ et tyl 2 %t rahycﬁ’ & denyl ) 2] hafnium
di chl ori d& [t ¢ F[8l zi r gonigid di chl®
bi s(n- but i1 cy¢&des s &n chl ord desI 5 §$
bi s(n-butyl cy¢l peJm ijrc di chigprig& (dlmﬁtfryl)(dllndenyl)
silane) zir T ¥ e |) (did nde&yl )SI Ii-an:e:)‘, haf ni um
di chl ori de;{ (gdijnre hy enyl )g sid &n e) zi$ @o.gl um di chl ori de;
((di et hyl ) Rl 84S 18 zi r conidm di chlﬁ)@ fe; or 14
November  2002|~942" e ium dich@{@s ride, :argjc)\/\herel n said
or ganoal um et m nui tg §et hyl af ﬁn&num
tripropyl al nym | di ilnu Xi de;_'g tr§ Bukyl alié ® Rum
triisobutylfl ijuk& des |aurlid | al uff nung gr d|§ﬁhylalun1num
chloride, affd]¥aH&R ¢ % i ot conp@Indg igs ;A1208,3 Bz03, BeO, Bi 203,
CdO, Co304, z(ds3, 20B, |G az03,E M2 "“a\/bo%,z Ai O Pz05, Sb205,
Si 02, Sn02, , OS2 1-vtoo YZ9F zgh,gﬁczg SOE a mixture of
any two or jrofe lof |sdid|sqif dxi oy ou@ﬁ‘s ; zlr?_dEvar&lgngsal d treated
solid oxide| cdnoubd fhal Heeh don} adised V\ngrgﬁl?.@r?q;hf“og Bl oride or both;
and wher ei nf sqied SOE|E & |2 | EQBPE|E has Bl TEEglegd 3Eth a netal salt
conpound whigg, t#] B E, EE@ Bi ,8@@'@&,'2(5% p%,“-Fe Ga, La, M,
Mo, Ni, Sb,| Stz || 3 1 r{:‘t, WE P B ZLsErsH e 35 FA process
according tp any] ope |of jcljar s |3 §E;§ consﬁsgﬁ@‘g‘é'g%@t %’Ey of contacting
sai d or ganopefal| condouhd, saj)ﬁ tfedted s niﬁ%%p&(@ig %@W@Jﬁd and said
or ganoal um aTll [aTel Klfe BNe} uck daj co $idioh.o . 5 <
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38. A process according to any one of claims 30-37, wherein said treated
sol i d oxi de conmpound is produced by a process Qﬁﬁﬁﬂngﬂmgz_gg contacting a
solid oxide conpound with said at | east one el ectron w thdraw ng ani on
source compound and said at |east one netal salt conmpound to forma first

m xture; and 2) calcining said first mxture to formsaid treated solid

oxi de conpound. 39. A process according to any one of clains 30-37, wherein
said treated solid oxide conpound is ggoduced by a process conprising

si mul t aneously cal cining and contacting said solid oxide conmpound; said at

| east one neta conpound, and said at | east one el ectron-w thdraw ng
ani on soufc nd.] 4P. cording to any one of clainms 30-39,

wherein sgj DNVY t source conpoundgs a sulfate, a

hal i de, o . . cordl ng to anyEcme of clains 30-40,
wher ei n sai [ q i about 1 hour -Z & about 10 hours at a
tenperatu i o about 800C. 8o14 Novenber 2002 -53
42. A progeds [ | ai ms 30- 37, vﬂbqreln said treated

solid oxi
acidity offg
el ectron-\

rocess conpriskrig increasing the
two or nore né& sal ts and/ or
unds in two org @)re separ at e steps.

43. A proge [ erein saldtre&tged solid oxide
conpound ST pd = ising: 1) con‘g\aactl ng at | east one
solid oxidge co i g $ bctiron wi t hdr awi anl on source
conpound {p nla i i K ¢ gl cining said f-? r‘est m xture to
producea?:* g0 i ¥ ¢ }qnt act i ng saldxaﬂcmedflrst m xture
wWith a seq i i gn source corrpogmi to forma second
mxture; a i i ig $ ixture £o forms $aid treated solid
oxi de conp . to anyZ Sone of 8 & di ns 30- 43,
conpri si ng i et al cogpound @@’%al d treated solid
oxi de conpaund N ute tg about htgogr at a tenperature
of about 2 ' ijr st m’§<‘tjure ag’@ 2) contacting said
first m xt i 1 rrpounc&%‘o forr18§a;ﬁd conposi tion. 45.
A process |4 i i iin sai (gﬁreat ed sa)_l”_l d oxi de conpound
is produsg i $i tactirggsal um rgc..mﬁt h zinc chloride
to produtd @aqal ci nighg said iléng cont ai ni ng
al um na 'neouslg/Econt acki w th carbon
tetrachl ild oxi dye"’corrpotmcﬁ: sand wherein said
treat ed , d witf Bis( nb%@ #ycl opent adi enyl )
zi rconi um{cH ofi a randeZof abdlitf 25 to about 100C.
to producg ; 1 m d@ige and "l51§'|'our conbi ni ng said
m xture anpd sai d&:Enpom tﬁo’n-c 46. A process
accor di ng EhE $b |2 vher ei # &her e i® & Ssubst anti al
absence off § accordﬁ RO to cﬁ@ﬁrh 30, wherein said
corrp05|t|(o§ e org §rret al %(ﬁmound treated
solid oxi( m comgpyng cormvsﬁs essentially of
or ganonet & oxi de.xcg ouno§ E14 Novenber 2002
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51. A process according to claim49 or 50, wherein said treating agent is a

chloriding agent. 52. A process according to cldNevemiben®2ei n sai d
treating agent is carbon tetrachloride. 53. A process according to any one

of clainms 49-52, wherein said metal salt is zinc chloride or zinc nitrate.

54. A process according to claimb53, wherein said oxide is alumna. 55. A
process according to any one of clains 49-54, wherein said contacting with

sai d netal

salt is carried out by inprgonation and the resulting netal salt

i npregnated oxide is dried before said calcining. 56. A process according

to claimb55
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material was then stored under dry nitrogen and later tested for polymerization
activity. Results are shown in Table XI.

10 COMPARATIVE EXAMPLE 73
Ketjen Grade B alumina was slurried in isopropanol alcohol, to which
sulfuric acid was added in an amount equivalent to 2.5% of the alumina weight. The
alcohol was then evaporated off at about 100°C under vacuum overnight. A sample
was then calcined in dry air as described above at 600°C for three hours. This
15  material was then stored under dry nitrogen and later tested for polymerization
activity. Results are shown in Table XI.
EXAMPLE 74
A 24.68 gram sample of virgin Ketjen Grade B alumina was
impregnated with a solution of 4.2 grams of cupric chloride dihydrate in 55 mlis of
20  deionized water. It was then dried overnight at 100°C under vacuum, pushed through
a 35 mesh screen, and calcined in dry fluidizing air at 600°C for three hours in order
to convert much of the chloride to a mixed oxide. 16.53 grams of this material was
then calcined under fluidizing nitrogen at 600°C into which 4.3 mls of carbon
tetrachloride was injected, as described above, in order to re-chlorinate the surface.
25  This material was then stored under dry nitrogen and later tested for polymerization
activity. It yielded 164 grams of polyethylene having a melt index of 0.17, a high
load melt index of 4.02 and a HLMI/MI ratio of 23.6. Results are shown in Table
XL
EXAMPLE 75
30 A solution of 5.0 grams of cupric sulfate pentahydrate in 50 mls of
deionized water was impregnated onto 20.0 grams of virgin Ketjen Grade B alumina.

It was dried overnight under vacuum at 100°C, pushed through a 100 mesh screen,
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through the sample bed where it reacted. This material was then stored under dry

nitrogen and later tested for polymerization activity. Results are shown in Table XI.
EXAMPLE 77

A 9.0 gram sample of Ketjen Grade B alumina which had been
previously calcined in air at 600°C for three hours was then impregnated with a
solution 4.77 grams of anhydrous gallium trichloride dissolved in 24 mls of carbon
tetrachloride. The solvent was evaporated on a hot plate under flowing nitrogen. A
12.74 gram sample of this material was then calcined again under air at 600°C for
three hours to convert much of the gallium chloride to a mixed oxide. The gas
stream was then changed to nitrogen and ahead of the sample was injected 3.4 mls of
carbon tetrachloride which vaporized and was carried through the sample bed where
it reacted to re-chlorinate the surface. This material was then stored under dry
nitrogen and later tested for polymerization activity. Results are shown in Table XII.

EXAMPLES 78 & 79

A solution of 50 mls of heptane and 25 mls of tin tetrachloride liquid
was impregnated onto a 50.0 gram sample of Ketjen Grade B alumina. The sample
became warm and evolved HCI gas, indicating some reaction with moisture in the
structure. It was then dried overnight under vacuum at 100°C and pushed through a
35 mesh screen. A portion of this material was then calcined in dry air at 600°C for
three hours to convert some of the tin chloride species to a mixed oxide. Then 4.9
grams of this material was calcined at 600°C in dry nitrogen into which 1 ml of carbon
tetrachloride was injected in order to re-chlorinate the surface. This material
was then stored under dry nitrogen and later tested for polymerization activity. In one
experiment it yielded 202 grams of polyethylene having a melt index of 0.16, a high
load melt index of 3.27, a HLMI/MI ratio of 20.7, a weight average MW of
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10  injected in order to chlorinate the surface. This material was then stored under dry
nitrogen and later tested for polymerization activity. Results are shown in Table XII.
EXAMPLE 81
A solution of 9.0 grams of niobium pentaethoxide in 40 mis of
isopropanol was impregnated onto a 20.0 gram sample of Ketjen Grade B alumina. It
15  was then dried overnight under vacuum at 100°C and pushed through a 35 mesh
screen. A 10.68 gram portion of this material was then calcined in dry air at 600°C
for three hours to convert the niobium species to a mixed oxide. Then the gas stream
was changed to nitrogen while still at 600°C and 1.6 mls of carbon tetrachloride was
injected in order to chlorinate the surface. This material was then stored under dry
20 nitrogen and later tested for polymerization activity. Results are shown in Table XII.
EXAMPLE 82
To 20 grams of a solution of 50% manganese dinitrate in water was
added another 35 mls of deionized water. This solution was then impregnated onto a
20.0 gram sample of Ketjen Grade B alumina. It was then dried overnight under
25  vacuum at 100°C and pushed through a 35 mesh screen. A 9.61 gram portion of this
material was then calcined in dry air at 600°C for four hours to convert the
manganese species to a mixed oxide. Then the gas stream was changed to nitrogen
while still at 600°C and 2.3 mls of carbon tetrachloride was injected in order to
chlorinate the surface. This material was then stored under dry nitrogen and later
30 tested for polymerization activity. Results are shown in Table XII.
EXAMPLE 83

A solution of 100 mls of deionized water and 20.0 grams of
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5  gas stream was changed to nitrogen while still at 600°C and 2.35 mls of carbon tetra-
chloride was injected in order to chlorinate the surface. This material was then stored
under dry nitrogen and later tested for polymerization activity. Results are shown in
Table XII.
EXAMPLE 84
10 A solution of 100 mis of deionized water and 25.0 grams of lanthanum
trinitrate hexahydrate was impregnated onto a 50.0 gram sample of Ketjen Grade B
alumina. It was then dried overnight under vacuum at 100°C and pushed through a
35 mesh screen. A 9.38 gram portion of this material was then calcined in dry air at
600°C for three hours to convert the lanthanum species to a mixed oxide. Then the
15  gas stream was changed to nitrogen while still at 600°C and 2.4 mls of carbon tetra-
chloride was injected in order to chlorinate the surface. This material was then tested
for polymerization activity where it produced 94.5 grams of polyethylene having a
melt index of 0.14, a high load melt index of 2.43, and a HLMI/MI ratio of 17.6.
Results are shown in Table XII.
20 EXAMPLE 85
A solution of 35 mls of deionized water and 7.29 grams of neodymium
trichloride hexahydrate was impregnated onto a 23.53 gram sample of Ketjen Grade
B alumina. It was then dried overnight under vacuum at 100°C and pushed through a
100 mesh screen. A portion of this material was then calcined in dry air at 600°C for
25  three hours to convert the neodymium species to a mixed oxide. Then 10.2 grams of
this material was heated under nitrogen to 600°C again and while still at 600°C 2.5
mls of carbon tetrachloride was injected in order to re-chlorinate the surface. This
material was then stored under dry nitrogen and later tested for polymerization
activity. Results are shown in Table XII.
30 COMPARATIVE EXAMPLE 86
A 2.9 gram sample of Ketjen Grade B alumina which had previously

been calcined in dry air for three hours at 600°C, was moistened with 7.5 mls of
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dichloromethane. Then 2.9 mls of a 1 molar solution of antimony pentachloride in
dichloromethane was added to form a slurry. The solvent was then evaporated off
under flowing nitrogen on a hot plate. This material was then stored under dry
nitrogen and later tested for polymerization activity. Results are shown in Table XII.
EXAMPLE 87

A 1.55 gram sample of the material from Example 85 was calcined at
600°C in air for one hour to convert some of the antimony species to a mixed oxide.
Then the gas stream was changed to nitrogen while still at 600°C and 0.4 mls of
carbon tetrachloride was injected in order to re-chlorinate the surface. This material
was then stored under dry nitrogen and later tested for polymerization activity.
Results are shown in Table XII.

COMPARATIVE EXAMPLE 88

Ketjen Grade B alumina was calcined at 600°C in air for three hours.
Then 10.42 grams of this material was again calcined under 600°C nitrogen. 2.6 mls
of carbon tetrachloride was injected in order to chlorinate the surface. This material
was then stored under dry nitrogen and later tested for polymerization activity. It
yielded 280 grams of polyethylene having a density of 0.9410, a melt index of 0.61,
a high load melt index of 9.87, and a HLMI/MI ratio of 16.2. Results are shown in
Table XIII.

COMPARATIVE EXAMPLE 89

A 4.5 gram sample of Ketjen Grade B alumina which had previously
been calcined in dry air for three hours at 600°C, was slurried in a solution of 0.5
grams ammonium bifluoride in 30 mls of methanol. The solvent was then evaporated
off under flowing nitrogen on a hot plate. The resultant solid was then calcined in
nitrogen at 500°C for two hours. This material was then stored under dry nitrogen and
later tested for polymerization activity. Results are shown in Table XIII.

EXAMPLE 90

A solution of 40 mls of deionized water and 2.0 grams of zinc dichloride
was made. A few drops of nitric acid had to be added to dissolve all the zinc. This
solution was then impregnated onto a 10 gram sample of Ketjen Grade B alumina.
Thus the zinc chloride loading was 20% of the alumina. It was then dried overnight

under vacuum at 100°C and pushed through a 100 mesh screen. A portion



OG OWZ#)G 2 eK170 T 310 T 31 T 310%0% ()- T 310%0% ()- T 310%% ()-
T-310%08 ()- O T 310%0& ()- T 310%0& ()- ")z[l4NoyemibeB2002r 310%08 ()- T
310%08 ()- O T 310%08 ()- O T 310%08 ()- OG] OW Z#) G 2) +/ 49; <eK170 T 310 T
31 T 310%08& ()- T 310%08& ()- T 310%0& ()- T 310%0& ()-

- 40 -
of this material was then calcined in dry air at 600°C for three hours to convert the
zinc species to a mixed oxide. This material was then stored under dry nitrogen and
later tested for polymerization activity. Results are shown in Table XIII.
EXAMPLE 91
5 A solution of 35 mls of deionized water and 1.9 grams of zinc chloride
was made. A few drops of nitric acid had to be added to dissolve all of the zinc.
This solution was then impregnated onto a 18.35 gram sample of Ketjen Grade B
alumina. Thus the zinc chloride loading was 10% of the alumina. It was then dried
overnight under vacuum at 100°C and pushed through a 100 mesh screen. A portion
10 of this material was then calcined in dry air at 600°C for three hours to convert the
zinc species to a mixed oxide. Then 11.37 grams of this material was heated under
nitrogen to 600°C again and while still at 600°C 2.85 mls of carbon tetrachloride was
injected in order to chlorinate the surface. This material was found to have a pore
volume of 0.90 cc/g and a surface area of 248 square meters per gram. It was then
15  stored under dry nitrogen and later tested for polymerization activity. It yielded 158
grams of polyethylene having a density of 0.9406. Results are shown in Table XIII.
EXAMPLE 92
A solution of 435 mls of deionized water, 34.65 grams of zinc
chloride, and 2.5 mls of nitric acid was made and impregnated onto a 170.35 gram
20  sample of Ketjen Grade B alumina. Thus the zinc chloride loading was 20% of the
alumina. It was then dried overnight under vacuum at 100°C and pushed through an
80 mesh screen. A portion of this material was then calcined in dry air at 600°C for
three hours to convert the zinc species to a mixed oxide. Then 25.96 grams of this
material was heated under nitrogen to 600°C again and while still at 600C 2.4 mls of
25  carbon tetrachloride was injected in order to chlorinate the surface. This material was
then stored under dry nitrogen and later tested for polymerization activity. Results
are shown in Table XIII.
EXAMPLE 93
A solution of 100 mls of deionized water, 13.03 grams of zinc
30 chloride, and a few drops of nitric acid was made and impregnated onto 64.84 grams
of Ketjen Grade B alumina. Thus the zinc chloride loading was 20% of the alumina.
It was then dried overnight under vacuum at 100°C and pushed through a 100 mesh
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screen. A portion of this material was then calcined 1n dry air at 600°C for three
hours to convert the zinc species to a mixed oxide. Then 35.94 grams of this
material was heated under nitrogen to 600C again and while still at 600°C, 5.5 mls of
carbon tetrachloride was injected in order to chlorinate the surface. This material was
then stored under dry nitrogen and later tested for polymerization activity. Results are
shown in Table XIII.
EXAMPLE 94
A solution of 43 mils of deionized water, 7.3 grams of zinc chloride,
and a few drops of nitric acid was made and impregnated onto a 17.24 gram sample
10 of Ketjen Grade B alumina. Thus the zinc chloride loading was 40% of the alumina.
It was then dried overnight under vacuum at 80°C and pushed through an 100 mesh
screen. A portion of this material was then calcined in dry air at 600°C for three
hours to convert the zinc species to a mixed oxide. Then 12.47 grams of this
material was heated under nitrogen to 600°C again and while still at 600°C 3.1 mls
15 of carbon tetrachloride was injected in order to chlorinate the surface. It was found
to have a pore volume of 0.89 cc/g and a surface area of 217 square meters per gram.
This material was then stored under dry nitrogen and later tested for polymerization
activity. It yielded 157.8 grams of polyethylene having a melt index of 0.69, a high
load melt index of 11.4, and a HLMI/MI ratio of 16.5. Results are shown in Table
20 X1l
COMPARATIVE EXAMPLE 95
A solution of 50 mls of deionized water, 4.0 grams of zinc chloride,
and a few drops of nitric acid was made and impregnated onto a 20.0 gram sample of
W.R.Grace Grade 952 silica. Thus the zinc chloride loading was 20% of the
25  alumina. It was then dried overnight under vacuum at 80°C and pushed through an
100 mesh screen. A portion of this material was then calcined in dry air at 600°C for
three hours to convert the zinc species to a mixed oxide. Then 19.08 grams of this
material was heated under nitrogen to 600°C again and while still at 600°C 4.8 mls
of carbon tetrachloride was injected in order to chlorinate the surface. This material
30  was then stored under dry nitrogen and later tested for polymerization activity.
Results are shown in Table XIII.
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EXAMPLE 96
A portion of the material created in Example 90 was calcined in dry air
at 600°C for three hours to convert the zinc species to a mixed oxide. Then 4.4 grams
of this material was heated under air to 600°C again and while still at 600°C
2.9 mls of perfluorohexane was injected in order to fluoridate the surface. This
material was then stored under dry nitrogen and later tested for polymerization activity.
It yielded 124.5 grams of polyethylene having a melt index of 0.99, a high load melt
index of 16.5, a HLMI/MI ratio of 16.5, and a density of 0.9408. Results are shown
in Table XIII.
EXAMPLE 97
A 3.0 gram portion of the material created in Example 96 was calcined

in dry nitrogen at 600°C and while still at 600°C 0.75 ml of carbon tetrachloride was

injected in order to chlorinate the surface. This material was then stored under dry
nitrogen and later tested for polymerization activity. It yielded 68.5 grams of
polyethylene having a melt index of 0.54, a high load melt index of 9.2, a HLMI/MI
ratio of 17.0, and a density of 0.9401. Results are shown in Table XIII.
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.610%; & ()-.610%; & ()-.610%; & ()-.6109%; & ()-G 8p2"' -)36hoqv{~_CB7 10
*. B6109E; & ()-.610%; & ()-.610%; & ()-. 6109%E; kﬁ!p_wve ()-.610%;
&,()-XX8CB7 10 .610% & ()-.610%; & ()-.610%; & ()-. 6109 & () -G
8p2"'-)36_CB7 10 ..610%; & ()-.610%; & ()-.610%; & ()-.610%; & ()-.6109%;
& ()-.610%; & ()-xX8CB7 10 .6109%; & ()-.610%; & ()-.610%; & ()-.6109%;
& ()-G[ 8p2"'-)36_CB7 10 ..6109E & ()-.610%; & ()-.610%; & ()-. 6109%E;
& ()-.610%E; & ()-.610%; & ()-XxX8CB7 1@6- 6109E; & ()-.610%; & ()- . 6109E;
& ()-.610%; & ()-G 8p2"'-)36 _CB7 10 ..610%; & ()-.610%; & ()-.6109%;
& ()-.610%; & ()-.610%; & ()-.610%E IBA(DM SXX8CB7 10 .610%; & ()-.610%;
& ()-.6109%; & ()-.610%; & ()-G 8p2"' -)36&(-256_CB7 10 ..610%;
& ()-. 6100, & () - Aonweessdo pyoduea @ogtalyst(cpmpegitions; sgid(process COMpPRsiLg - 67;
DHLx X8 C%th%tgting at least one organometal compound, at least one treated solid oxide compound,
and at least one organoaluminum compound to produce said composition,

wherein said organometal compound has the following general formula

EXHEHEHXHM!

wherein M! is titanium, zirconium, or hafnium, and

wherein (X') is independently a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl, and

wherein each said substituent on said substituted cyclopentadienyl,
substituted indenyl, and substituted fluorenyl is an aliphatic group, a cyclic group, a
combination of an aliphatic and a cyclic group, or an organometallic group, or hydrogen;
and

wherein (X*) and (X*) are independently a halide, an aliphatic group, a cyclic
group, a combination of an aliphatic and a cyclic group, or an organometallic group, and

wherein (X?) is a Group OMC-1 or Group OMC-II radical,

wherein said organoaluminum compound has the following general formula,

AIX®), (X5,

wherein (X°) is a hydrocarbyl having from 1-20 carbon atoms, and

wherein (X is a halide, hydride, or alkoxide, and wherein “n” is a number
from 1 to 3 inclusive,

wherein said treated solid oxide compound is produced by a process
comprising contacting at least one solid oxide compound with an electron-withdrawing
anion source compound; and

wherein said at least one solid oxide compound is calcined before, during or
after contacting said electron-withdrawing anion source;

wherein the activity of said composition is greater than 250 grams of
polyethylene per gram of treated solid oxide compound per hour; and

wherein there is a substantial absence of aluminoxanes and organoborates.

2. A process according to claim 1, wherein said composition can polymerize



. 610%E; & ()-.610%; & ()-.610%; & ()-.610%; & ()-G{ 8p2"' -)36LSUY\ab_CB7 10
6109E; & ()-.6109%E; & ()-.6109%E; & () -. 6109E; 44 Novembep@I® () - . 6109,
* & () -bcgpt xxX8CB7 10 . 6109%; & ()-. 6109 & ()-. 610%: & ()-. 6109E: & () - &
8p2"' -)36x_CB7 10 ..610%E: & ()-.610%E & ()-.6109% & ()- . 610%E:; & () - . 610%E:
& ()-.6109E; & ()-xX8CB7 10 .610%E: & ()-.610%E & ()-. 6109 & () - . 610%E;
& ()-G 8p2"'-)36_CB7 10 ..610%; & ()z,610%E; & ()-. 610%; & () -. 610%;
& () -. 610%; &' ()- . 6109%: & ()-xX8CB7 10 610%E & ()-.610%; & ()-.610%E;

& (00 1088 s Lo v B sEiuies BRI APl B ey S o
& () - . 6108 o QMRigkubd c&h;i@&@'bky eAnERrIcad one f@%ﬁ%&iﬁ B,

& ()-.610%; & ()-.610%; & ( 0%; & 610%; & ( 10
10, 11 12, 13 14, or 15 element of the penodlc table 1nc1ud1ng lanthanides and actinides.

3. A process according to claim 2, wherein said activity is greater than 500.
4 A process according to claim 3, wherein said activity is greater than 1000.
5. A process according to claim 4, wherein said activity is greater than 2000.
6 A process according to claim 5,

wherein said organometal compound is

bis(cyclopentadienyl)hafnium dichloride;

bis(cyclopentadienyl)zirconium dichloride;

(ethyl(indenyt),)hafnium dichloride;

(ethyl(indenyl),)zirconium dichloride;

(ethyl(tetrahydroindenyl),)hafnium dichloride;

(ethyl(tetrahydroindenyl),)zirconium dichloride;

bis(n-butylcyclopentadienyl)hafnium dichloride;

bis(n-butylcyclopentadienyl)zirconium dichloride;

((dimethyl)(diindenyl)silane)zirconium dichloride;

((dimethyl)(diindenyl)silane)hafnium dichloride;

((dimethyl)(ditetrahydroindenyl)silane)zirconium dichloride;

((dimethy1)(di(2-methylindenyl)silane)zirconium dichloride; or

bis(fluorenyl)zirconium dichloride, and

wherein said organoaluminum compound is trimethylaluminum,;
triethylaluminum; tripropylaluminum; diethylaluminum ethoxide; tributylaluminum;
triisobutylaluminum hydride; triisobutylaluminum; or diethylaluminum chloride, and

wherein said solid oxide compound is Al,0,, B,0;, BeO, Bi,0,, CdO, Co,0,,
Cr,0,, Cu0, Fe,0,, Ga,0,, La,0,, Mn,0,, MoO,, NiO, P,0s, Sb,0,, Si0,, Sn0,, SrO, ThO,,
Ti0O,, V,0,, WO,, Y,0;, Zn0, ZrO,; or a mixture of any two or more of said solid oxide
compounds, and

wherein said treated solid oxide compound has been contacted with fluoride
or chloride or both.

7. A process according to any one of the preceding claims, consisting
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and at least one organoaluminum compound to produce said composition,

wherein said organometal compound has the following general formula

XHXHEHXHM!

wherein M' is titanium, zirconium, or hafnium, and

wherein (X') is independently a cyclopentadienyl, an indenyl, a fluorenyl, a
substituted cyclopentadienyl, a substituted indenyl, or a substituted fluorenyl, and

wherein each said substituent on said substituted cyclopentadienyl,
substituted indenyl, and substituted fluorenyl, is an aliphatic group, a cyclic group, a
combination of an aliphatic and a cyclic group, or an organometallic group, or hydrogen;
and

wherein (X*) and (X*) are independently a halide, an aliphatic group, a cyclic
group, a combination of an aliphatic and a cyclic group, or an organometallic group, and

wherein (X?) is a Group OMC-1 or Group OMC-II radical, and

wherein said organoaluminum compound has the following general formula,

AKX (X
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bis(cyclopentadienyl) hafnium dichloride;

bis(cyclopentadienyl) zirconium dichloride;

[ethyl(indenyl),] hafnium dichloride;

[ethyl(indenyl),] zirconium dichloride;

[ethyl(tetrahydroindenyl),] hafnium dichloride;

[ethyl(tetrahydroindenyl),] zirconium dichloride;

bis(n-butylcyclopentadienyl) hafhium dichloride;

bis(n-butylcyclopentadienyl) zirconium dichloride;

((dimethyl)(diindenyl) silane) zirconium dichloride;

((dimethy!)(diindenyl)silane) hafnium dichloride;

((dimethyl)(ditetrahydroindenyl) silane) zirconium dichloride;

((dimethyl)(di(2-methylindenyl) silane) zirconium dichloride; or
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organoaluminum compound to produce said composition.

38. A process according to any one of claims 30-37, wherein said treated solid
oxide compound is produced by a process comprising:

1) contacting a solid oxide compound with said at least one electron-
withdrawing anion source compound and said at least one metal salt compound to form a
first mixture; and

2) calcining said first mixture to form said treated solid oxide compound.
39. A process according to any one of claims 30-37, wherein said treated solid
oxide compound is produced by a process comprising simultaneously calcining and
contacting said solid oxide compound; said at least one metal salt compound, and said at
least one electron-withdrawing anion source compound.
40. A process according to any one of claims 30-39, wherein said electron-
withdrawing anion source compound is a sulfate, a halide, or a triflate.
41. A process according to any one of claims 30-40, wherein said calcining is
conducted for about 1 hour to about 10 hours at a temperature in the range of about 400 to
about 800°C.
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tetrachloride

53. A process according to any one of claims 49-52, wherein said metal salt is
zinc chloride or zinc nitrate.
54. A process according to claim 53, wherein said oxide is alumina.
55. A process according to any one of claims 49-54, wherein said contacting
with said metal salt is carried out by impregnation and the resulting metal salt impregnated
oxide is dried before said calcining.
56. A process according to claim 55, wherein said treated solid oxide compound
is produced by a process comprising:

1) impregnating alumina with an aqueous solution of zinc chloride, said
solution also containing a small amount of nitric acid to give an impregnated alumina;

2) drying said impregnated alumina to give a dried impregnated alumina;

3) calcining said dried impregnated alumina to give a calcined impregnated

alumina;
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-55-

4) treating said calcined impregnated alumina with carbon tetrachloride at an
elevated temperature to give a treated alumina; and wherein said organoaluminum
compound is triethylaluminum and said organometal compound is bis(n-

butylcyclopentadienyl) zirconium dichloride.



