WD 01/ 58587 PCT/ US01/ 04380 -1 ORGANOVETAL CATALYST COVPGCSI TI ON Thi s
invention is related to the field of organonetal catalyst conpositions.
The prodweooosssef polynmers is a nulti-billion dollar busiprepgSOTiIB® 5
busi ness produces billions of pounds of polyners each year. MIIlions of
dol l ars have been spent on devel opi ng_technol ogies that can add value to
this business. One of these technologrés is called netall ocene catal yst
technol ogy. Metallocene catal ysts have been known since about 1958.
However, their |ow pridRisx i 6 23T WMPRMTION)e commerci al i zed.
About 1974, it was discovered .10.th ont actd ng _ane, par ter wwth one
part trinmethyl al um HgeHeny ?ﬁg%ﬂﬁg%ﬁﬁﬁﬁ%&%ﬁnggﬁam%héﬁ contacting
such neth%bn?bgﬁbﬁgxane with a netal |l ocene conpound, fornmed a netall ocene
a

catal yst that had greater activity. However, -it was soon realized that
| arge ampunts of expéegiredictien hipolsingrsiis e wanie-biliewr dolies dusiness. Thir m an

15 confer SLEPPE R BED AL B PORRiAT BabaT et AL Ik gL P B o
conpounds yaay §AEER dtvetshindheBhRSsi e thhitdaadd MY GisHusiRENY! al uni noxane.

However, this is not satistactory, since these borate conpounds are very
sensitive to poi sonDmef thiese devbhoslogics is, calladi metatloadrsaatadyst tockmolegspensi ve. 20

It should _al s be noted that, haying a. heter oys catalyst is inportant.
This is bé\é%faﬁ%ceﬁ%f@?le@éﬁi%%‘%ﬂeegﬁla% Singe Zhapt 1t HEw STy B hogem

comrer cl a'pr&cﬂicﬁvﬁ%fx ot oW HREE BEGSconTHELRRLED " £ooul §D B4, GOREEANSvERRAl VST S
can lead "to the Tormation of substantially uniform pol'yner particles that
have aohi ghatkuhiactintemi payt. wattresith bypeat oinabyisitemuinakd formmétbylm parti cl es
are desirabl e because, they 25 jnpraove the efficiency of polynmer production
and t r ans FHEREEXHS, anck ‘i"é‘? fentpcting SB@EWG&WgﬂBmEIB’Xﬁ?%ﬁﬁEé Iﬂ%ﬁ‘i‘%&?ﬁ% neous

metal | OCe'?;%m%IfﬁdéBféﬁEéd AUENELene LAGRE tﬁ@t.tl‘%géﬁé&ert%@ﬁﬁty. rﬁ%w@@e?ﬂt ﬁﬁéi rely

satisfactory: present 1 nvention provi a process that produces a
cat al yst soon realized that large amounts of expensive methyl aluminoxane were needed to

form an active metallocene catalyst. This has been a significant impediment to the

15 commercialization of metallocene catalysts.

Fluoro organic borate compounds have Been used in place of large
amounts of methyl aluminoxane. However, this is not satisfactory, since these borate
compounds are very sensitive to poisons and decomposition, and can also be very
expensive.

20 It should also be noted that having a heterogeneous catalyst is
important. This is because heterogeneous catalysts are required for most modern
commercial polymerization processes. Furthermore, heterogeneous catalysts can lead
to the formation of substantially uniform polymer particles that have a high bulk
density. These types of substantially uniform particles are desirable because they

25  improve the efficiency of polymer production and transportation. Efforts have been
made to produce heterogeneous metallocene catalysts; however, these catalysts have
not been entirely satisfactory.

The present invention provides a process that produces a catalyst

composition that can be used to polymerize at least one monomer to produce a



conposition that can be used to polynerize at |east one nononer to produce

a WD 01/58587 PCT/ US01/04380 -2- polyner. The invention al so provides the

cat al yst wonpssssti on. The invention also deals with a proP€REFSTIONRPS Si ng

contacting at |east one nononer and the catal yst conposition under

pol ymeri zation conditions to produce 5 the polymer. In accordance with one

enbodi nent of this invention, a proce§§‘to produce a catal yst conposition

is provided. The process conprises (or optionally, "consists essentially

of ," or "cBAYISs of ') contacting at.|least one organonetal conpound, at

| east one organoal um id to produce 10

t he catal yst conpos??@%%?gﬁgggggﬂngﬁgggiég%%ﬁé%? cgﬁg%hnd has the

fol I ow ng general f oTiain@entiolhldodBhlsXaH XdovBsswhasipeising Mbniastiedtéedsed from

the group consisting of titanium zirconium_and hafniuny 15 wherein (X

i s i ndeperferinenons|and thecratal yhremposiiipndes pelysicriFjiopfecondifionsipaedeiceny | s,

indenyls,t Iug{ nyls, substituted cycl opentadi enyls, substituted indenyls,

and substitat ‘uorenyl s; wherein substituents on the substituted

cycl opent adi enyl s, smbgtdriaticeavit Gremyddlimantdf aubaivehtidied prbdees Nyl s of

(X') are selected fromthe group consisting of 20 aliphatic groups, cyclic

groups, cadnpilveets iy Pompegii isdrevdeds yBie poepsheqBprises Kgn ongieadps, al kyl

hal i de groups,. .halide r,ganonet al | 4.c oups hosphor us gr.oups, nitrogen

groups, si CPRBS CHRBEPNSILST  BOFR, olgeRiantias Easof theatemo®ner ei n at

| east one gyaisduhl US MasOhelofgaroaintifud cBipeahd)and holeRst Wh §8lid ere@res (X )

and (X2); 25 wherein (X3) and (X4) are independently selected fromthe

gr oup 10cortbe satalyst avinplesitiodes, al i phatic groups, substituted aliphatic

2l i phat gyg'r oups. gﬁgv%w@ﬁ.‘{ﬁés érlrg%ﬂ%ggta IS I WA RS o iR AR A e
XHEHE )M

wherein M! is selected from the group consisting of titanium,

zirconium, and hafnium;

15 wherein (X') is independently selected from the group consisting of
cyclopentadienyls, indenyls, fluorenyls, substituted cyclopentadienyls, substituted
indenyls, and substituted fluorenyls;

wherein substituents on the substituted cyclopentadienyls, substituted
indenyls, and substituted fluorenyls of (X') are selected from the group consisting of

20  aliphatic groups, cyclic groups, combinations of aliphatic and cyclic groups, silyl
groups, alkyl halide groups, halides, organometallic groups, phosphorus' groups,
nitrogen groups, silicon, phosphorus, boron, germanium, and hydrogen;

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

25 wherein (X°) and (X*) are independently selected from the group
consisting of halides, aliphatic groups, substituted aliphatic groups, cyclic groups,
substituted cyclic groups, combinations of aliphatic groups and cyclic groups,
combinations of substituted aliphatic groups and cyclic groups, combinations of
aliphatic groups and substituted cyclic groups, combinations of substituted aliphatic

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



conbi nati ons of substituted aliphatic groups and cyclic groups,

conbi nations of aliphatic groups and substituted cyclic groups,

conbi nat ivoms/ss8substi tuted al i phatic 30 groups and substPCTUSE/@ysYl | C
groups, am do groups, substituted am do groups, phosphido groups,-
substituted phosphido groups, alkyl oxide groups, substituted WO 01/58587
PCT/ USO1/ 04380 -3 al kyl oxi de groups, -axyl oxi de groups, substituted

aryl oxi de groups, organonetallic groups, and substituted organonetallic
groups; whalkdpxid¢ ¥eoupp.sarglekide geaiiphsr swhstithisd grdoide grovps torgegonietallic

cycl opent adi enyl s i ls, fl .enyl s, substituted cycl opentadienyls,
subst i t ut egopg%@%&sﬁ@%@érgm%ﬁgc\gf(o&B;,enyl s, halides, aliphatic groups,
substituted aliphatiGh&ERURS) isGYebied ﬁ%%@%mup%hﬁgﬁﬁg%ﬁ@cweﬁta&emgups,

conbi nations of aliphatic groups and cyclic groups, ‘conbinations o
subst i t ut eddenyilyp Hlavrenylyr sbpistutaddyclppéntadignds) sshstitsedindanyls sebssftutedl i phat i ¢

groups ,and_substit ut ed | i.c groups onbi pati.ons of supstituted aliphatic
o oubs Sanc BN bk, SRS egrBt RS AR 6LgAUG BLours DS BB am do”
groups, 10511@9%%'02&(2%% Qoxﬁﬂﬁ%ﬁbﬁs‘ﬁﬁﬂgﬂﬂ?ﬁ?@b QndcQLRSor %&fw oxi de

groups, substitute I de groups, aryl oxide groups, g Stituted

aryl oxi de gmdhipstions pfjsubstietal dlipbatiggoupsandanydlis glosps, tcotbthatiogsaefonet al | i ¢
groups; wherein substituents o 2) are selected fromthe grouyp .consisting
of ali pha@ﬁw 2l epRS am%ﬁtem&ﬁ&& , SRR PORIPIIBHRNS AL S qn&%& F‘](‘;pli'ﬁflﬁups and
cyclic gro, i I i de , i§g§§
or ganonet a Ielﬁ%S a&#%&%%ltuﬂgﬁgg‘gﬁ? 8‘%‘%%{1‘18}3? bﬁl%f %‘g%g{é&ﬁeﬁgarngig% 8 i con,
phospH@r usphospiidm groges, sabstitaed ahosphiddr oeps, alifilexgierpratps) ebstitutede
substituent_on (X2) can be a bridgin roup which connects (X ) and (X2);
wher ei n t Fakdp¥da8EURE Wl@swﬁoﬁugﬁgute arylerride gongs. gegremetaldy £ or nul a:

2 OO TR, R Ryl by iRGg o2 hevine (rom 120 cerbon
is selected from t hewhéreinsubstittéss om XY tard deledtidUfom the group consisting of
aliphatic groups, cyclic groups, combinations of aliphatic groups and cyclic groups,
15  silyl groups, alkyl halide groups, halides, organometallic groups, phosphorus groups,
nitrogen groups, silicon, phosphorus, boron, germanium, and hydrogen;
wherein at least one substituent on (X?) can be a bridging group which
connects (X!) and (X?);
wherein the organoaluminum compound has the following general
20  formula:
AIC),(Xs.,
wherein (X°) is a hydrocarbyl having from 1-20 carbon atoms;
wherein (X°) is a halide, hydride, or alkoxide;
wherein the solid is selected from the group consisting of titanium
25  tetrafluoride, zirconium tetrafluoride, and a treated solid oxide compound;
wherein the treated solid oxide compound comprises a solid oxide
compound having titanium tetrafluoride or zirconium tetrafluoride deposited on the
surface of the solid oxide compound; and
wherein the solid oxide comprises oxygen and at least one element
30  selected from the group consisting of groups ITA-VIIIA and IB-VIIB of the Periodic

Table of Elements, including lanthanides and actinides.



25 tetrafluoride, zirconiumtetrafluoride, and a treated solid oxide
conpound; wherein the treated solid oxide conpound conprises a solid oxide
conmpound wWwvi/feFst it ani um tetrafl uori de or zirconiumtetraPCosoda3sbeposited
on the surface of the solid oxide conpound; and wherein the solid oxide
conpri ses oxygen and at |east one elenent 30 selected fromthe group
consisting of groups I1A-VIIIA and 1BA1B of the Periodic Table of

El ements, including | anthani des and actinides. WO 01/58587 PCT/US01/ 04380
-4 By use of the terByuseasibstemeconpists gpsoptighy of”;if isiigtepdedsthaidhie t hat t he

process {OuBLAUHES oA aal ke SATBATLE AR DB o F ANAL BANN,LH L et

st eps beyopn enuner ave an adverse-aifect on

t he desi r el ehjBérhteafsteph &/hidhniveult have alViltvese affecttonehe deped iobjedtof the
t hus- produced does not incl ude ané@further 5 conponent whi ch woul d

adver sel y iavemsion. Mhereeiessi the qopperiéen thas pradyeed dags net inplade eanfisdiet i on by the
St SRR, Sl R SRELE0 et BRI ARG B ! e

i's THVE nMprising contacting

at | east ogenRARABY (BhEbmphetitradited aftePMBOSipkéseion. under pol ynmeri zation
conditions to produce a polyner. 10 In accordance w th anot her enbodi nent

of this invention, alimageeridatcs with ansiheyicobddimmmeotihis iyvantioanpprosess is he

pol ymer produ e(g i n_accordance Wit’?h tt his inventjgon. BFI F _DESCRI PTI ON OF

DR NG Fi RiaYEed compdig contacting it Iegsti ol el P B et o ion

di stributigfer dolydMBtioR cohdiBoRPloyFBAuce Jokana! € 1. 1t was obtained by gel
0

Bio
perneation chromatography (GPC). The nornalized weight fraction per
increnidnt of 1og M Indidet(ihmng Wil ariothes lembodignent ofthisuneerntion, af artiple isrol ecul ar

weight (M _in r.nole . ol | otted .on a l.ogari. ic (log)
scale. In @@H@g&agﬁﬂg%Fﬁémﬁmgf%gﬁPBB%@?%HF%mf n‘?%ﬁd%%epﬁ%hﬂklecular

wei ght of gaghiopection of the polymer while the y-axis represents 20 the
anount by wel ght of polynmer in the conposition at that nol ecular weight. A

process to produce a cat al F RIRTION OF . The process

Figure 1 is a graph showing the polymer molecular weight distribution
15 (MWD) of the polymer in Example 1. It was obtained by gel permeation
chromatography (GPC). The normalized weight fraction per increment of log M
[dW/d(log M)] is plotted as a function of the molecular weight (M) in grams per mole
(g/mol), plotted on a logarithmic (log) scale. In other words the x-axis represents the
log of the molecular weight of each section of the polymer while the y-axis represents
20  the amount by weight of polymer in the composition at that molecular weight.

A process to produce a catalyst composition is provided. The process
comprises contacting at least one organometal compound, at least one
organoaluminum compound, and at least one solid.

Organometal compounds used in this invention have the following

25  general formula:
XHEHEHXHM!

In this formula, M' is selected from the group consisting of titanium,
zirconium, and hafnium. Currently, it is most preferred when M' is zirconium.

In this formula, (X") is independently selected from the group

30 consisting of (hereafter "Group OMC-I") cyclopentadienyls, indenyls, fluorenyls,
substituted cyclopentadienyls, substituted indenyls, such as, for example, tetrahydro-



conprises contacting at |east one organonetal conpound, at |east one

or ganoal um num conpound, and at | east one solid. O ganonetal conpounds used
in this iwoensssenh have the followi ng 25 general formnula:PCT/US01/04380
(XI)(X2) (X3)(X4)M In this formula, ML is selected fromthe group
consisting of titanium zirconium an(éi hafnium Currently, it is nost
prfaferred when M is zirconium In thi's Tornula, (X) is independently
selected fromthe group 30 consisting of (hereafter "G au -1 "
cycl opent aBfEWE, §I}CP$‘}1P(§ wdsluorenyds, swh as, fm%%%@ﬁt‘lﬁ?éﬂ pbeggﬁ adi) enyl s,

substituted indenyl I

PCT/ ulso 1/ 04%88 i 5E§S§§’é§ﬁyy§%§ﬁ%€%§§?ﬁ%‘; %@@%‘g%@?&%dﬁ?g&ﬁ%r

exanpl e, ogidaaydaiatd gasenylk s (X Jeas be bdledtédindepentient itheigre

cycl opent adi enyl s, substituted indenyls, and substituted fluorenyls of
(X') can trensisfirgefadiphaiiregrenpre AY¢lie SPwm earebigtigs of aiphatisapdgydic al i phatic
groups,. cyclic ups...C i I i.p I L.C s, silyl
o oups. ol ot ST dRge R 1aRk; Plges bRk Gl Bl piRgPIANEC.
groups, nidrb@SehiteEen Boups istlicefphosptasi) Boivs, gdraaium,aad hediogen, aand
hydrogen, as |ong as these groups do not sui)stanti ally, and adversely,

af fect t heloppps/trese graupsole noisubsiantipllyfand pdversalnl afioet the ppbysmerizalion Sui t abl e
exanpl es of ..ali tic groups are hydrocarbyls, such as, for 10 exanple,

par ?ffi nsf?ﬁ&lt%gg egf.ag'fgcﬁ_'}%qsgm@xznpl es of cyclic groups are )
cycloparaffins, cycdigabrfdxamplds kBt QDS Sre BRGNS SuchSsbri t ut ed
silyl groups include, but arepnot. T m t)egg to, alkylsilyl groups where each
al kyl 1§r ougxaophe, panagirfsrapdholefing. Suitable examplastod ayclistgsenps ase gycsepagatting. oups,

Wih 1 to bisplents SaRBb et st il I R G i Joe. "7
but are nofmlkdvol Stylsly] FolRtwiidls 85EhSILY rodBIcoM@lrs\iRsn 136/ BBtYBcabohi N

groups, substitufed’ -germani um groups, and substituted boron groups.

Sui t abl e eatomplaegsitfl gsaupl, auEsylakkylsylgrans. buithlyle alkyl halide grouns\haye but yI |

ﬁ,g[&” ?“gg L&i}k}lfl%%?ulf)ts Yith P about T2 on atoesY SuitSAS bansaetanie s indGd

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

germanium groups, and substituted boron groups.

Suitable examples of such substituents are methyl, ethyl, propyl, butyl,
tert-butyl, isobutyl, amyl, isoamyl, hexyl, cyclohexyl, heptyl, octyl, nonyl, decyl,
dodecyl, 2-ethylhexyl, pentenyl, butenyl, phenyl, chloro, bromo, iodo, trimethylsilyl,

20  and phenyloctylsilyl.

In this formula, (X®) and (X*) are independently selected from the group
consisting of (hereafter "Group OMC-II") halides, aliphatic groups, substituted
aliphatic groups, cyclic groups, substituted cyclic groups, combinations of aliphatic
groups and cyclic groups, combinations of substituted aliphatic groups and cyclic

25  groups, combinations of aliphatic groups and substituted cyclic groups, combinations
of substituted aliphatic and substituted cyclic groups, amido groups, substituted amido
groups, phosphido groups, substituted phosphido groups, alkyloxide groups,
substituted alkyloxide groups, aryloxide groups, substituted aryloxide groups,
organometallic groups, and substituted organometallic groups, as long as these groups

30  do not substantially, and adversely, affect the polymerization activity of the catalyst

composition.



dodecyl, 2-ethyl hexyl, pentenyl, butenyl, phenyl, chloro, brono, iodo,
trimethylsilyl, 20 and phenyloctylsilyl. In this fornula, (X3) and (X4)
are i ndepeodesstsBy sel ected fromthe group consisting of PaeUsaiteso " G oup
OMC-11") halides, aliphatic groups, substituted aliphatic groups, cyclic
groups, substituted cyclic groups, conbjnations of aliphatic groups and
cyclic groups, conbinations of substit'uted aliphatic groups and cyclic 25

groups, conbinations_qf aliphatic groups and substituted cyclic _groups,
combi nations of sub¥itabla@amplss o atiphatig grows BEs idiecabydys sishasgfBups, ami do
groups, substi.fu 1 URS; i J t osphi do
o oups, ol TarBs BEAEAE A8 oG, B 0RO P ol AR YL R
groups, sulgsloolefingtyalopterylenks, gidatpses. CuigatyitisrdfetedvhenEx’) andl(X*)
substituted organonetallic groups, as |long as_these groups 30 do not

subst ant i 2'¢ felecderhirarntbe seup consistng ofthplidgssng ﬂ?ﬁdlio,@aibwénwgelﬁswh y of the
catal yst ¢ Qsl ti,0n, 8 PCT/ 0 -6 .Sult anpl es of
al i phat% iC hg}raﬁr%ﬁrzoy%rheaqfﬁﬁggér %iﬂ%gzo é’%crl‘f’-ﬂﬁ%%?i{sf %foweggﬁ%pl?g{msg@re gefl%l)&ns and

ol efins. SuhdnatXP partiXATPhRSeRbted Y thePr@ipRonsikEnLyCHaRa didrband
cycl ool efins, cycloacetyl enes, and arenes. Currently, it is preferred when
(X3) and (Methyl. are sel ected fromthe group consisting of halides and

hydr ocar byl s, where h hydr rbyl s _have . from,1 ab Q_carbon

atons. However, it i@%ﬁﬁﬁﬁ%ﬁ%’f(gffceaa%e 13%6%%511%& r%p§%oi8fect ed from

the group geasioNicng of fluoro, chloro, and nethyl. In this formula, (X2)
p

can be selected fromeither Goup OMC-1 or  Goup OMC-IL. 10 At |east one
substilluent on (X) ohtleastoneawbstitneat on Clyong<ycaupe 2 hrdging grovpdha (X) and

(X2), as lon S e L. Qgi roup, does not substantj al | an adversely,
af f ect thecoﬁg‘?q%“){lga%‘f{*ﬂeasgg?g?vggpegﬁﬂ%§T°[upélﬂ.es Wh%?%t}/ iﬂgii ng gr oupsy
i nclude, bigleRES, TRt tHeMHctifRly bOthe @hth 0HiBHP SuitBI6 biidgidl SHRDs

conbi nati ons of " aliphatic groups and cyclic groups, phosphorous groups,

ni trogen gndugks bubargawdlitbteds, aliphatic@roupsseychc giaups, copthisasions o€, bor on, and
ger mani um

aliphatic groups and cyclic groups, phosphorous groups, nitrogen groups, organo-
15  metallic groups, silicon, phosphorus, boron, and germanium.

Suitable examples of aliphatic groups are hydrocarbyls, such as, for
example, paraffins and olefins. Suitable examples of cyclic groups are cycloparaffins,
cycloolefins, cycloacetylenes, and arenes. Suitable organometallic groups include, but
are not limited to, substituted silyl derivatives, substituted tin groups, substituted

20  germanium groups, and substituted boron groups.

Various processes are known to make these organometal compounds.
See, for example, U.S. Patents 4,939,217; 5,210,352; 5,436,305; 5,401,817; 5,631,335,
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,

25  5,705,478; 5,631,203; 5,654,454; 5,705,579; and 5,668,230.
Specific examples of such organometal compounds are as follows:

bis(cyclopentadienyl)hafnium dichloride;

Hf

%\CI



Sui t abl e exanpl es of aliphatic groups are hydrocarbyls, such as, for
exanpl e, paraffins and ol efins. Suitable exanples of cyclic groups are
cycl opar @ 0ns8s87 cycl ool ef i ns, cycl oacetyl enes, and ar eneBCT/Ba1/Ebdoe
organonetal lic groups include, but are not limted to, substituted silyl
derivatives, substituted tin groups, suypstituted 20 germani um groups, and
substituted boron groups. Various processes are known to nmake these
organonet al conpounds. See, for exanple, U. S  Patents 4,939, 217,

5,210, 352; 5, 436, 30FisEydonentedenybzigepnivmdichlatidsy 1 8go; 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; 5,42 0; 5,451,649; 5,541,272; 25
5,705, 478; 5,631, 203; 5, 654, 454; 5%@9; and 5, 668, 230. Specific

exanpl es of such organonetal conpo \are\\\cas fol | ows:

bi s(cycl opent adi enyl ) haf ni um di chl ori dezz7ZHf  14Z | WD 01/ 58587

PCT/ US01/ 04380 -7 bis(cycl opent adi ZN.coniumdichloride; 6\ %~\C Zr
"Cl 1, 2-ethanediyl bis(r/ - 1-inden \- n-but oxyhat hi umy THf ~"

1, 2- et hanedi yl bi s(r/ -1-indenyl)di net irconium \\\\CH3 Zr -*4WCH3

3, 3-pent anedi yl bi s(ri-4,5,6, 7-tetrahydro-I|-indenyl)hafniumdichloride; C ~

H- \/ ~d 1,2-ethanediylbis(77- 1-indenyl)di-n-butoxyhafnium;

3,3-pentanediylbis(79-4,5,6,7-tetrahydro-1-indenyl)hafnium dichloride;

\\> C\\ e,
e
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WO 01/ 58587 PCT/ US01/ 04380 -8 net hyl phenyl silyl bis(
-4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride; H3C///"" SI Zr SCl
bi s( n- butwo oysdsepent adi enyl ) bi s(di -t - but yl am do) haf ni um PCT/NBIG(EBR) 3 Hf

Z~\ "NHC(CH3)3 bis(n-butylcycl opentadienyl)zirconiumdichloride; Ilocl Zr
"Cl WO 01/58587 PCT/ US01/ 04380 -9 dingethylsilylbis(1-indenyl)zirconium
dichloride; H3C,,," Si A- "OC H3 o,, Zr SC

octyl phenyl silyl bi s(1-i ndenyl)hafniumdichloride; ' Si C _
di met hyl si | yl bi s( 7~-ms%@yl@,llvn}tl%}yﬂaﬂyﬁﬁé,@71t¢ttfbn«}llo)lzmd@@mwmu@h| oride; H3

H3C Zr  Yichloride;

bis(n-butylcyclopentadienyl)bis(di-z-butylamido)hafnium;

NHC(CHy)s
HF,

% \NHC(CH3)3

bis(n-butylcyclopentadienyl)zirconium dichloride;

écg \\\\\CI
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SCI WO 01/58587 PCT/ US01/ 04380 -10 di nethyl silyl bis(2-methyl- |
-indenyl)zirconiumdichloride; H3CH3C///"" H3CS zZr''~0Cl CHC

1, 2- et have@oybdsBs( 9- f | uorenyl ) zi rconi um di chl oride; Q ZpPCT/AHS@I04380~ Cf

i ndenyl diethoxy titanium(1V) chloride; C A °~ OCH2CH3 OCH2CH3

(i sopropyl am dodi net hyl si |l yl ) cycl opentadi enyl titani umdichloride; H3C//
iSi ~ H3C 1a C WO 01/58587 PCT/ USeP/04380 -11

bi s( pent anet hyl cycl opent adi enyl ) zirconiumdichloride; ~10 4zr "C 114
bi s(i ndenyl) zi r coni dimetliyblythis(&éndenghzirq@@ium dichloride;

dimethylsilylbis(77°-4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride;

H 3 C//, ey
*,, )
Si , ‘\\\\\C’

Zr
HsC
3 \Cl



met hyl octylsilyl his (9-fluorenyl) zirconiumdichloride; 2zZr\\Cl si ~Cf
H3C/ and WO 01/58587 PCT/ US01/ 04380 -12 bis-[

1- (N, N- diwaopsssgyl am no) bor at abenzene] hydri dozi rconi um  PCT/US01/04380
trifluoromethylsulfonate / N(i-Pr)2 H Zr' "OSQ2CF3 N(/-Pr)2 Preferably,
t he organonetal conpound is selected fromthe group consisting of

bi s(n-butyl cycl opent adi enyl ) zi rconl unT él Chlori.de; 4~6002\ Zr SC

bi s(i ndenyl)zirconi um di chl.orid Zr  SCl. WDO.01/ 58587 PCT/ US01/ 04380 -13
di met hyl si |yl bi s(1- |@a@ﬂws)ﬂ%lﬂ%wt%w@ﬁm}memm@@0 . Si ,~-\\C
H3C**,0*, Zr SCI and nethyloctylsilyl his (9-fluorenyl) zi r coni um

di chl ori de; HsC

indenyl diethoxy titanium(IV) chloride;

i
CI/ \ OCH,CHs
OCH,CHj

(isopropylamidodimethylsilyl)cyclopentadienyltitanium dichloride;

HGy, /@
“sj

- \ / \"\"'HIC|

HaC
N

D



I Zr AA\Cl isi SCI H3C Organoal um num conpounds have the foll ow ng general
formula: AL(X5)n(X6)3.n In this formula, (X5) is a hydrocarbyl having
from1l t w@bosgss20 carbon atonms. Currently, it is preferrpdriuRem468¢5) i s an
al kyl having from1l to about 10 5 carbon atonms. However, it is nost
preferred when (X5) is selected fron1thf group consisting of nethyl,
ethyl, propyl, butyl, and isobutyl. Inhis formula, (X6) is a halide,
hydri de, or al koxide. Currently, it is_ preferred when (X6) is

i ndependent | y sel ect @8Periametnlcygoperadiond)zaconymghichlorids o and  chl oro.
However, it is nost preferred when (X6) is chloro. 10 In this forrmula, "n"
is a nunber from1 to 3 inclusive. Ho it is preferred when "n" is 3.
Exanpl es of such conpounds are as fol

trimethyl al um num
triethylalum num (TEA); WD 01/5858 SQ&ﬁO4380 -14- tripropylal um num
di et hyl al um num et hoxi de; tri butyl al/um

A  diisobutylal um num hydride; 5
triisobutylalum num hydride; triis

um num and di et hyl al um num
chloride. Currently, TEA is prefe

he'®olid used in this invention is
sel ected fromthe group consisting-of itaniumtetrafluoride (TiF4),

zirconiumtetrafluoride (ZrF4), and a tregated solid oxide conpound. The
treated solid oxide conpound conprises a solid oxide conpound

bis(indenyl) zirconium dichloride;

and



having titaniumtetrafluoride or zirconiumtetrafluoride deposited on the
surface of the solid oxide conpound. Generally, any high surface area,
hi gh por ®00y5858Dl i d oxi de conpound can be used. The sol pdT/@Réda3swonpound
conprises oxygen and at |east one 15 elenment selected fromthe group
consisting of groups Il A-V11IA and IB-VIIB of the Periodic Table of

El enents, including |anthani des and act?ni des. However, it is preferred
when the elenent is selected fromthe group consisting of A, B, Be, Bi,
cd, Co, O, Cu, Fe,bighl-(WA-diiggprapylanypo)bexstabgpzenglhydgoziregnivy = v, w P,
Y, Zn and Zr,. Preferabl the solid oxide conpound is selected fromthe
group congpgpgﬁﬂxgpﬁgﬁﬁﬁéﬁa, 20 silica, silica-alum na, alum nophosphate,
al um noborate, silica-zirconia, silica-tNgRnja, thoria, and m xtures

t hereof . Most preferably, the solid fde conpound is alumna, silica, or
silica-alum na. The solid oxide und can be produced by any nethod
known in the art, such as, for , by gelling, co-gelling,

i npregnation of one conpound o énpth@¥1 and flame hydrolysis. 25
Generally, the specific surface area«ﬁ{{ﬁe solid oxide conpound is from

y

D

about 100 to about 1000 n2/g, p abl yYososnm;about 200 to about 800 n2/g,
and nost preferably, from 250 n2/ g after calcining at 500C. The
specific pore volume of the soli gle conpound is typically greater than

about 0.5 cnB/g, preferably, greater fhaN:?ﬁout 0.8 cnB/g, and nost 30
preferably, greater than 1.0 cnB/g. Calc § g is conducted at various steps
in the production of the treated WO 01/58587 PCT/US01/04380 -15 solid

oxi de conpound. GenePrafdrahly,dh¢ aiganorgetal contpmund ks s¢lesseddeons thregow i s
conducted at, a tepperature in the range of about 200" C to about 900' C

pr ef er abl yeqngising @hge of about 300 to about 700C, and nost preferably in a
range of 350C to 600G/, I LRgAh dichRpduct ed for about 1

m nute to about 100 gﬁﬂgﬁﬁ%$§@§¥§€%@&§%?!5 abgﬁk 1 Ebur to about 50 hours,
and nost preferably, for 3 hours to 2/ hours. , Calcining is perforned
typically in an inert atnosphere. Altgrnatively, an oxidizing atnosphere,
such as, for exanple, oxygen or air, reduci ng at nosphere, such as, for
exanpl e, hydrogen or carbon nonoxi de be utilized.

“\\\\CI




When the treated solid oxide conmpound is utilized to produce the 10

catal yst conposition, the TiF4 or ZrF4 can be deposited on the solid oxide
conmpound wy1/s8%97 means known in the art. Generally, the TPEWUSe1/MB$64 can be
deposited on the solid oxide conpound by a process of inpregnation,
subl i mati on, or deconposition of a salt. For best results, the solid oxide
conpound cont ai ns between about 0.01 aht~ about 10 millinoles of TiF4 or

Zr F4 per gram of solid oxide conpound before calcining 15 or contained on a
precal ci ned sol i d oxdiaethyinhyBuisitindengh areeniymuichleiede; about 0.1 and about 5
mllinmoles, and nost preferably between 0.5 and 3.0 mllinoles. Wen an

i npregnation process is utilized, the progess conprises first calcining
the solid oxide conmpound to renbve nois produce a cal cined solid

oxi de conpound. Cal cining maskg'scusseo usly in this disclosure.
Secondly, 20 TiF4 or ZrF4 is @Ms0l ve aprotic polar solvent, such
as, for exanple, acetonitrile, %;éhg tetﬂge wo®li de, di net hyl sul foxi de,

et hyl ene gl ycol al koxi des, gI,_y3 , d m xtZages thereof, to produce a
netal fluoride solution. The netal fl i sotution then is contacted
wi th the cal cined solid oxide conpo A roduce a netal fluoride/solid

oxi de conpound m xture. Then, the apyoti ar solvent is evaporated 25
fromthe nmetal fluoride/solid oxide npouRd m xture | eaving the Ti F4 or
ZrF4 deposited on the solid oxide co t her eby, producing the treated

solid oxide conpound. Optionally, for best results, the treated solid

oxi de conmpgound can be dried thoroughly, even calcined up to a tenperature
in a range of about 30 t 0. about . .aces of the aprotic
pol ar solvent. 30 V\Vfé‘ﬁt?lglogﬁ'tlﬁlgﬁgltsi@%ﬁﬁrgggt szisrg?lislﬁﬁt}ﬁ{%lé%%’t o produce the
treated solid oxide conpound, the process conprises depositing TiF4 onto
the solid oxide WO 01/585 conpound by gas phase
deposition. ZrF4 cannot be sited by subbNaafion onto the solid oxide
conpound. In this process, Ti FA—which subl/@ed at about 284C at anbi ent
pressure, is evaporated in the presgpace of aoli@noxide conpound and
then condensed onto the solid oxide”&g' NG *iZh@r t hrough adsorption, or
in sone cases, 5 through reaction wtph°khe s oXCtle conmpound. Typically,
the solid oxide conpound D

H;C

Organoaluminum compounds have the following general formula:
AlXD)(X s

In this formula, (X°) is a hydrocarbyl having from 1 to about 20 carbon

atoms. Currently, it is preferred when (X°) is an alkyl having from 1 to about 10
5  carbon atoms. However, it is most preferred when (X°) is selected from the group
consisting of methyl, ethyl, propyl, butyl, and isobutyl.

In this formula, (X°) is a halide, hydride, or alkoxide. Currently, it is
preferred when (X°) is independently selected from the group consisting of fluoro and
chloro. However, it is most preferred when (X°) is chloro.

10 In this formula, “n” is a number from 1 to 3 inclusive. However, it is
preferred when “n” is 3.
Examples of such compounds are as follows:
trimethylaluminum;

triethylaluminum (TEA);



is calcined to produce a cal cined solid oxide compound. The cal cined solid
oxide conpound is dry mxed with TiF4 to produce a Ti F4/solid oxide
conpound wo xt/6858€7 The cal cining of the solid oxide conpor@aUUS&/m@esvduct ed
as discussed previously in this disclosure. This TiF4/solid oxide conpound
m xture then is calcined at a tenperature 10 in a range of about 250C to
about 600C, preferably 300C to 500C. G%ﬁerally, calcining tine is in the
range of about 1 mnute to about 10 hours, preferably, 1 hour to 5 hours.
The process of depostiprenylalupinugy, zr F4 by deconposition of a salt

conprises inpregnati t sol 1 d oxi.de conpound with a solution conprising
15 annnniun1hexafludﬁ%ﬁygﬁﬁgﬁgnk?ﬁwﬂ%ETiF6) or ammoni um hexaf | uorozirconate
((NH4) 2Zr F6) and a s@ibusMludtugs;oduce an amoni um netal fluoride-contai ning
solid oxide conpound. The solvent is evaporated, and the amoni um net al
fluoride- contai ni ngdissebiiglabwnigenclydpidend i s cal cined at sufficiently high

tenpergture to deconpose e ammoni um salt to Ti F4 or ZrF4, thereby,
rel easi"ng anmoni umfﬁ%’ p’ariaq%mmm_ﬂ dieh the process to produce the treated

sol i d oxi de conpoundgijdgbutyMismiftibediment, the solid oxide conpound can be
virgin or previously calcined as discussed previously in this disclosure.
The sol vent can be wdicdylabimminumoihderidst gani ¢ sol vent, such as, for exanple

al cohol or acetone. The calcining of the amoni um netal

f1 uori de- cont ai ni ng éﬁ??ﬁgbihgésggﬁﬁﬁ dis in arange of about 250 to 600
, 25 preferably 300 Tﬁ@soﬁfaqlse@ﬁﬂthﬁ\ﬁﬁceﬁohIw@d&tedomﬁn_rméﬂgtbﬁ? bOhsk@nBowr s,
preferably one to five hours. The catal yst conpositions of this Invention

can bel(pr aitemiach tograflwaritesTil h gircoevortigaatuoesida (Zdompodia theated eolit eridoal um num
conpound, and th lid, .together. This contacting.,.can.pccur in.a variety
of ways, s‘i?éqlpoélél& fsrg? _tréitﬁﬁirﬁ‘? L 0Xp° B‘?%Wﬁ?@ﬂ?‘?%&’#@roé‘}‘%e%’m%ﬁt hese
conpounds gaf, mﬁjﬁﬂbﬂe{}mu&icfe%gireéniﬁﬁ&é&ahﬁhne defsité@bh QieSupREMMAL i ons of
t hese conpounds can be contacted together before beling WO 01/58587

PCT/ US01/ OsbBid@xidelconipouhthe Genanlip ahyg Highrsutfhee aremq bighrporosityakdlid dwide

conpounds can be contacted toge%her, bef ore peing.introduced into the
react or. compound can be used. Thesolid oxide compound comprises oxygen and at least one

15  element selected from the group consisting of groups A-VIIIA and IB-VIIB of the
Periodic Table of Elements, including lanthanides and actinides. However, it is
preferred when the element is selected from 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.
Preferably, the solid oxide compound is selected from the group consisting of alumina,

20 silica, silica-alumina, aluminophosphate, aluminoborate, silica-zirconia, silica-titania,
thoria, and mixtures thereof. Most preferably, the solid oxide compound is alumina,
silica, or silica-alumina. The solid oxide cbmpound can be produced by any method
known in the art, such as, for example, by gelling, co-gelling, impregnation of one
compound onto another, and flame hydrolysis.

25 Generally, the specific surface area of the solid oxide compound is from
about 100 to about 1000 m%g, preferably, from about 200 to about 800 m*/g, and most
preferably, from 250 to 600 m*/g after calcining at 500°C.

The specific pore volume of the solid oxide compound is typically
greater than about 0.5 cm®/g, preferably, greater than about 0.8 cm®/g, and most

30 preferably, greater than 1.0 cm’/g.

Calcining is conducted at various steps in the production of the treated



Currently, one nmethod is to first contact the organonetal conpound and the
solid together, for about 1 mnute to about 24 hours, preferably, 1 mnute
to 1 hourwOobsss87 a tenperature from about 10' C to about 2POT/CSopwuasoer abl y
15°Cto 80'C, to forma first mxture, and then contact this first mxture
wi th an organoal um num conpound to formthe catal yst conposition. Another
met hod is to precontact the organonetaldconpound, the organoal uni num
conmpound, and the solid before injection into a polynerization 10 reactor
for about sblidionideeomponinduGeretallo galsining ofithe sdlidyoxide ¢rmpevadiocondigad, at a

t t f bout 10C t L C, cably .20' C.to 80'C,. A
wel Bht r a8 ORPERSbIngAn GRER AT A Ao rAor e EhE B At EFFEe 0L, al yst
COMPOSI t1 0ol @R Sq LEQN ABO! uft hodt Bralliauly i o HR o BEG*CLbrC. 1 T OM about

3:1 to about 1:100, an st preferably, "fromT:1 to 1:50. 15 A wei ght

rati o of thpicblyj chldininghecardgeied fetahbuiclompoianth dbout H) lvatrs ipyeerablydnposi ti on
ranges from about 10,000:1 to about 1:1, ferably, fr about 1000:1 to
about $0: 1@bouhhersde aB?‘Eberhé’Hsty?n WB%PZ%P*‘E?& g“%’ot.‘gi'?s WStios are based
on the a - Qf; i L Padhokshetd Va1 ASH &N ah¥sidisasaposi ti on.
After cont@%@?ur?%fs%%gocat afrk\s}getmyzlg%g%tiﬁglr? I(S:horrp'rlgses é‘%}t]o’st-corllt a%rfed 20
or ganonet altmosphets)sukh @&, furskaraple; @oized ondig an aatduringamospheos) sach @nfbra post -
contacted solid. Preferably, the e{g@t-cont act egresol idis the majority, by
wei ght, ofexemple, bydraegser PRAX3E, o} PeWilizCfes, specific conponents of a
catalyst are not Knowe, i VRLEIWRd okfie cBHl{pﬁuﬁ(ﬂé%ﬁﬁikéH‘to B@uc@"ﬂg@l yst
conposition is described as conprising post- contacted conpounds. 25 A

wei ght1or atdatalyd cémposiet, teoTiE of EEF, @iy b dejosinedermhe olid uxide tompoend
post-contacted solid in the catal yst conposition_ranges fromabout 5:1 to

about 1: 1000y meass Knawn i theasim Gaseiailydhe Tik oggaki canbesigposiisd opis

preferably, .from 1:1 t . 50, | k 2. DO :1: reat ed
or i d to 1o 58Re ohelnd 7 rnltelsttbrdo i h, SRR £ ORRBL G of

conposi t i ofsalta e bedt keyiliahe tolilibx8@Iccmpoand Qomtbial betivetn abselerladundy, from
about 1000:1 to about 10:1, and nost preferably, from 250:1 to 20:1. These
rati os ar eabasEmilimotes effidbiner ¥, pes @ras pbnlid ixédcemmonad befsreplgninggsg7

PCT/ U%%]'/ Ocﬁ%%gtained on a precalcined solid oxide compound, preferably between about 0.1 and

about 5 millimoles, and most preferably between 0.5 and 3.0 millimoles.

When an impregnation process is utilized, the process comprises first
calcining the solid oxide compound to remove moisture to produce a calcined solid
oxide compound. Calcining was discussed previously in this disclosure. Secondly,

20  TiF, or ZiF, is dissolved in any aprotic polar solvent, such as, for example,
acetonitrile, carbon tetrachloride, dimethyl sulfoxide, ethylene glycol alkoxides,
glymes, and mixtures thereof, to produce a metal fluoride solution. The metal fluoride
solution then is contacted with the calcined solid oxide compound to produce a metal
fluoride/solid oxide compound mixture. Then, the aprotic polar solvent is evaporated

25  from the metal fluoride/solid oxide compound mixture leaving the TiF, or Z1F,
deposited on the solid oxide compound, thereby, producing the treated solid oxide
compound. Optionally, for best results, the treated solid oxide compound can be dried
thoroughly, even calcined up to a temperature in a range of about 300°C to about
500°C, to remove traces of the aprotic polar solvent.

30 When a sublimation process is utilized to produce the treated solid

oxide compound, the process comprises depositing TiF, onto the solid oxide



-18- give the catalyst conposition. The activity of the catal yst
conposition of this invention is greater than about 50 grans of polyner
per gramvod ogsi58d per hour, nore preferably greater than Paboee1/0A380 and
nmost preferably greater than 100. This activity is measured under slurry 5
pol yneri zation conditions, using isobutane as the diluent, and with a

pol yneri zation tenperature of 90C, ant an et hyl ene pressure of 550 psig.
The reactor should have substantially no indication of any wall scale,
coat i ng orcoptpeund by gasphase denokition. Zdheasnotbraeposiisd by sublisioamantothet hij s

[ ti I s.that | um L. ' ° f th
catalyst cOMERREBRPOR Nt areh T YBicBuRE M BB 6% 21 or ea

i ncr eases JaiviTRiesBir@did Ghhttate@ st the pldtbifcef St JttiddXidetdoaiponnd wad geni
needed to hel p formsuch al um noxanes. This is beneficial because water

can sonet iavederised pnta thesoliderxideednpeupd sithes dhrongly pdsomtion gr injsomeicasasd be

Form t e e e bt ibaRe i idE Cofpe. TPt Dl pal el Ve,
conposi ti g8 c ¥k b prddiR NEIQhQDRINAWKideadethpsihE NTEAEIBiBed IS dxade

pol ymeri zing nononers, can be easily and inexpensively produced because of
t he subst awhipeundsbpoexed withyi) ta rptmbmané“lFﬁ@ﬁ‘é@md@slompoﬂndjmﬂw gani c

VG 2 not | HeidiRaing o5 aap it 6XEs phe A ear e i SERER POt
al umi noxange.1dduk0 " Phi® THANLAA BRIGR LEmpORRANNGSre tRinG8 0RcARd Ghi RmipMtgemounds,

or MJC1l2 are not needed 1 n the preferred enbodi nents, these conpounds can
be usdd i nnatraege cfrmbouki 2680 Cao @boutt 1608 ° € prefietabln300°F taddhEr Generelly.nent of

this inventign, a pr.ocess conprisin contact i t | east. one nomer and
the cat al yHCTRBEHBEI 1§ ity eF@%?Pé&ﬁ%qam&BFefﬁ@%’oﬁﬁgmq}ﬂuﬁ% PERLEr ?’hgﬁ?%rg&

"pol ynmer" éﬁﬂlﬁged in this disclosure includes honopol yners and 25

copol yners. € catal yst conposition can be used to polynerize at |east one

monomer to produce TBhdywiaogse oy depositingd 1E,op i ey decospakitipn ofiesalpol ymers are
conprised of nonomer residues, having 2 to_ab UtSBE.\?' carbon atons per

nol ecul e, (ETEFREIRICENAIHS thasolid 016136813}5’8]%11%‘{"8 ORSPRRUFEE Currently,
L S oA A Ry St i A o7 Oup
((NH,),Z1F,) and a solvent to produce an ammonium metal fluoride-containing solid
oxide compound. The solvent is evaporated, and the ammonium metal fluoride-
containing solid oxide compound is calcined at sufficiently high temperature to
decompose the ammonium salt to TiF, or ZrF,, thereby, releasing ammonium fluoride
20  (NH,F) in the process to produce the treated solid oxide compound. In this
embodiment, the solid oxide compound can be virgin or previously calcined as
discussed previously in this disclosure. The solvent can be water or a polar organic
solvent, such as, for example alcohol or acetone. The calcining of the ammonium
metal fluoride-containing solid oxide compound is in a range of about 250° to 600°,
25  preferably 300° to 550° and over a time of one minute to 10 hours, preferably one to
five hours.

The catalyst compositions of this invention can be produced by
contacting the organometal compound, the organoaluminum compound, and the solid,
together. This contacting can occur in a variety of ways, such as, for example,

30  blending. Furthermore, each of these compounds can be fed into a reactor separately,

or various combinations of these compounds can be contacted together before being



30 net hyl -1 -butene, 1-pentene, 3-nethyl-I|-pentene, 4-nethyl-I-pentene,

1- hexene, 3- ethyl- 1 -hexene, 1 -heptene, 1-octene, 1l-nonene, 1 -decene,
and m xt wes1/5456T eof . WO 01/ 58587 PCT/ US01/ 04380 -19 \WheRCHUR@M@ps® yner is
desired, it is nost preferred to polynerize ethylene or propylene. Wen a
copolynmer is desired, the copol yner congrises nononer residues and one or
nore conononer residues, each having f#O0m about 2 to about 20 carbon atons
per nol ecul e. Suitable conobnoners include, but are not 5 limted to,

al i phat i c furthey eoptagtedrin thavgaqtei a7 3l theecxpnangupdnca kerrontstedpgdlsil e, such
as, for ey e, PRI | ene -h e, l-pentene, 4-nethyl-I|-pentene,

1- hexene, e%-%%:gh’gwg,mt%g(ﬁl&e@flﬁ%r eorgéecg(ig}hs and conjugated or nonconjugat ed
diol efins such as 1,@uhettRdbs@ethol SOPBITRRGONACDBE Wr@MBmetal compound and

2,3-dinethﬁl-lzB-butadiene, 1, 4-pent adi ene, 1, 7-hexadi ene, and other such
di ol ef ms athelselidtogether, feraabewt | minnia tosabebipdt horss, preferbly, A aginuietto 1 hopk.ef er r ed

10 to polynerize ethylene.an | east e~Conpn e he
group 50nsarr{gltt?lﬂﬁeratgfgﬁombq}?f)gﬂ]efhl@ ﬁgﬂ?te’@@ , Cipr-%ﬁeé%(e g,ss(iltq g@:ﬁgﬁé I,’f&g}n% 1

- decene. Tg; ANBLAL arf theR BRI fikdd IMiRMHEREHh i bBzadosl@ALHah ca@peurddaopr oduce
a copolyner is generally fromabout 0.01 to about 10 wei ght percent

conononer foasdlt amlysicomposiiiomei ght of the nononer and conononer,
preferably, about 0.01 to about.5, and S refera 0.1to 4. 15
Alternatively, an angﬂ?#le%’%}?t&’a i‘setﬁtprffc(?ng&/tbe BW&@S@LX%@%W%@&
concent r atdrgé}ﬁyaméﬁnuwo undl, ol 1% SBRYIOTE njBARH 46O A Fynbezaused.

Processes that can pol ynerize at | east one nbnoner to produce a polyner

are kridwn teactoihfer abdyt 1guininteats abbwr24ehomrsp prefergblyy ¥ ynimue ymehpuastion, gas
phase polynerization, .and sgl ution ynerizatian, lt is~.preferred to
perform a %WPW?@O%?%‘E@%N Byt {E&L%ﬁer?@a?@i Grio §hng Sui t abl e
diluents used in sl Ul PR YE®R5T @abE IashEbdmBARNRo ik ddNg iRfe and

i ncl ude hydrocar bonsA\/%?@ﬁrgﬂri%B{t?qui ?ﬁ]der reacntal on 8ondi ti (;ns. The term
“dil uent " @salys edmpaositibin sangdesrdmaboe dbasabtoat 1:7160¢ pseficrably, feanatwunt 3ilner t

material; it is possible that a diluent cari. ontribute to pol ynerization.
Suitabl e teyhewicki¥baad mest rgEradyrom &:148t130 it ed to, cycl ohexane,

| sobutgne, n-butane, \25..pKQRANEs 1B sRRMOANE ordaRREE AR AR ARSst and
n- hexane. Furthernore, It is nost preferred to use | oobut ane as ﬁw
di | uent i ncomnpssitiony-amgds Yroat atait i1 0,000:Btaapdued : 1 preferably, from about 1000:1 to
about 10:1, and most preferably, from 250:1 to 20:1. These ratios are based on the
amount of the components combined to give the catalyst composition.
After contacting, the catalyst composition comprises a post-contacted
20  organometal compound, a post-contacted organoaluminum compound, and a post-
contacted solid. Preferably, the post-contacted solid is the majority, by weight, of the
catalyst composition. Often times, specific components of a catalyst are not known,
therefore, for this invention, the catalyst composition is described as comprising post-
contacted compounds.
25 A weight ratio of the post-contacted organoaluminum compound to the
post-contacted solid in the catalyst composition ranges from about 5:1 to about 1:1000,
preferably, from about 3:1 to about 1:100, and most preferably, from 1:1 to 1:50.
A weight ratio of the post-contacted treated solid to the post-contacted
organometal compound in the catalyst composition ranges from about 10,000:1 to

30  about 1:1, preferably, from about 1000:1 to about 10:1, and most preferably, from

250:1 to 20:1. These ratios are based on the amount of the components combined to



technol ogy can be found in U S. Patents 4,424,341; 4,501, 885; 4,613, 484;
4,737,280; and 5,597,892. The catal yst conpositions used in this process
produce goodi/sgsat ity 30 polynmer particles w thout substanCT/akéyosgoul i ng
the reactor. Wien the catal yst conposition is to be used in a |oop reactor
zone under slurry polynerization WO 01/?8587 PCT/ USO01/ 04380 -20
conditions, it is preferred when the pé ficle size of the solid oxide
compound is in the range of about 10 to about 1000 microneters, preferably
about 25 t@vaissetabFbcompesiitfet ers, and nost preferably, 50 to 200

m croneters, f b ] I ' ' L Qn 0. i fi
b o RERI G or B BT oyl b B0

enbodi nent of this i nvenvtl

conposi ti ofbout mg@ﬁ@czﬂwﬁmr}%i StaO S0 bartauk ymoregaeteiablyi grgatercament i al |y
of ", or "consistl ng of"): (1) calcining silica-alumna at a tenperature in
a range ofabmbbid, aBdmasbprefisehly sspBctianrl08hdils Btivdyiisaneasursd yaderslyreal ci ned

ange B e v _ . . o
20 5 by velrrperigtiop ebadifgey fpk 2PpEGRT HuRE Bl BBy e ® ° O
cal ci ned sfelipemnab UIDORC tRdRh @HyRe preskirt @R SMHEiS! ThE kdaotor soutdhdval ni ng

silica-alumna; and (3) calcining the titaniumtetrafluoride-containing
si | i ca- al usvbstantallyano indicpdomofany wall ssaleaengéing or atheuforgeof faylinBout 500 C for

about 1 hour to produce 15 t t ed | i.d .oxi de,. d; d
contacting an or ganoﬁ@? afthééméﬁﬁ‘&%spfﬁgo‘%fg‘&ﬁ)ﬁéﬁeﬁ?ﬁ%ﬁﬁﬁﬁa 218%‘%%1ﬁ8,£§2aend t he
treated soldods Rybheificq PBRIPRD fofin PEOHIAE:t LhRpsatiad. YAlnEiasRAsHs &dN.  Hydrogen

can be used w t_h this invention in a polynerization process to control
pol yneld nodxpendiee commpayimil. th2 @re@tly indreashepdlpatuprodudiiontdosts. Thisedroimoernss t hat

catal yst 1R BONYREISTESTUR TR G0 S h PRGN * BB GO ¢ ¢ ends
to producegyer ¥, NoghiRk §avh 8oy eI onRbIIE! Additibadliy & sheulR®kyidRd Produced
by an or ganonetagll conpouz(?. ?hus when ‘'t he Ti F4,
that no fluoro organic borate compounds need to be used in order to form the catalyst
composition. In summary, this means that the catalyst composition, which is
15  heterogenous, and which can be used for polymerizing monomers, can be easily and
inexpensively produced because of the substantial absence of any aluminoxane
compounds or fluoro organic borate compounds. It should be noted that organo-
chromium compounds and MgCl, are not needed in order to form the catalyst
composition. Although aluminoxane, fluoro organic borate compounds, organo-
20  chromium compounds, or MgCl, are not needed in the preferred embodiments, these
compounds can be used in other embodiments of this invention.

In another embodiment of this invention, a process comprising
contacting at least one monomer and the catalyst composition to produce a polymer is
provided. The term "polymer" as used in this disclosure includes homopolymers and

25  copolymers. The catalyst composition can be used to polymerize at least one monomer
to produce a homopolymer or a copolymer. Usually, homopolymers are comprised of
monomer residues, having 2 to about 20 carbon atoms per molecule, preferably 2 to
about 10 carbon atoms per molecule. Currently, it is preferred when at least one
monomer is selected from the group consisting of ethylene, propylene, 1-butene, 3-

30  methyl-1-butene, 1-pentené, 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.



ZrF4, or the treated solid oxide conpound is utilized with an organonetal
conpound, it 25 tends to produce binodal polyners. After the polyners are
produced,wohe§ssean be forned into various articles, suchrapysécu3sxanpl e,
househol d containers and utensils, filmproducts, druns, fuel tanks,

pi pes, geonenbranes, and liners. Various processes can formthese
articles. Usually, additives and nodi f1ers are added to the polymer in
order to provide 30 desired effects, It is believed that by using the

i nventi on described Waeephomapelyaieais desifed, fds prostpretsared to ROVBREES cost

o Cna/ GHBUEE S B henst whSE 2 Bty it BRAMA! BUERIARE GhERUD 1 58587

PCT/ US01/ Oei pol yners ced Wt ene catal ysts.

EXAMPLES  figsdmdvatdians afd o aniatd voniBhofiet esitubs, Gath havbgefiomabeutd oe
Distribution 5 Instrunent” was used to determ ned the specific surface area
("sur f ace ooak2( caiben atemes vt melegvlee Sutithlpgorponmmes inglusdeebyt aF nethe sol i d

i d ds, Thi,S,.i ) i
oS Somp, s SR ol B 30 50y ST SO ST,
M nut es wegy gengiaipaesk1éde, 1%@1&%%8&%1% o ABIM PSR, 10eRelel 10teh90/ 2, at

190' C with a 2, 160 ‘gram wei ght . Hi gﬁ | oad nmelt index (HLM, g/10 m n)
was det er rndadhérolefos and angugated ernorsmyngtabdiolafinn gieh asrl . 3buadiens, at 190C

ith 21,.600 i ght.. | | |.ght d | i gh
0 st e but [T PRebRTT fa Py s Lag s L denr o
chromat ogr 3Rl LA Bioldinkhhe HARRREGRG AT WBherPSco &4 H?sﬁ‘kd, Wstireferrbd ow rat e

of 1 miIliliter/mnute at a tenperature of 140C." BHT 1 )
(2, 6- di0- t etotpolymbarize4thybinieyrng hlvadt ona tomonmnaealectetifiom tie stowp epnsisiing t er was

d t abil i TCB.. An inj i ; i .
e R T
t tur; - - . P _

e hen et Py R gt oo SRlE bl by sBbs oo o oul

occasional, "gentle agitation. The
col umm  wasationdl Wéveizhs piderfi Comohemeshagdd @nthextotaDwigbnefjthe Toaomet amns wer e
cal i brat Edcovﬁnlgngmaer,lgrg e1qab|1}if, ggc%t OF.)OC)lI t%%}) hl}(tl 5? gr?d ﬁfo?tn&gfegably, 0.1to4.
15  Alternatively, an amount sufficient to give the above described concentrations, by
weight, in the copolymer produced can be used.
Processes that can polymerize at least one monomer to produce a
polymer are known in the art, such as, for example, slurry polymerization, gas phase
polymerization, and solution polymerization. It is preferred to perform a shurry
20  polymerization in a loop reaction zone. Suitable diluents used in slurry polymerization
are well known in the art and include hydrocarbons which are liquid under reaction
conditions. The term "diluent" as used in this disclosure does not necessarily mean an
inert material; it is possible that a diluent can contribute to polymerization. Suitable
hydrocarbons include, but are not limited to, cyclohexane, isobutane, n-butane,
25  propane, n-pentane, isopentane, neopentane, and n-hexane. Furthermore, it is most
preferred to use isobutane as the diluent in a slurry polymerization. Examples of such
technology can be found in U.S. Patents 4,424,341; 4,501,885; 4,613,484 4,737,280;
and 5,597,892.
The catalyst compositions used in this process produce good quality

30  polymer particles without substantially fouling the reactor. When the catalyst

composition is to be used in a loop reactor zone under slurry polymerization



(Phillips Marlex(r) BHB 5003) for which the nol ecul ar wei ght had been
determ ned. Solid Oxide Conpounds Silica was obtained fromWR G ace,

grade 952y0Ohasss8y a pore volume of about 1.6 cc/g and a BOrAsci@4asoea of
about 300 nR/g. 25 Alumina sold as Ketjen grade B al um na was obtained from
Akzo Nobel Chem cal having a pore vol of about 1.78 cc/g and a surface
area of about 350 nR/g. Silica-alumn vvas obtained fromWR Gace as M5
13-110 containing ., 13% by wei ght alum na and 87% by .wei ght silica, The
silica-al Lﬁﬁlﬁﬁloﬁ&d“épﬁ‘?f%e‘%wh%mﬁﬂéﬁ@ie S&%fo‘%ﬁth‘is@‘%‘é‘l@e %mg?ap%méa% mdhe area of

about 450 / al ci ne the
solid oxi d!rgg é%cr’wfpa\(?dgﬁtgpd %ﬁ%ﬁﬁ fi@é‘ﬁ g%s}lée\a%?g)q%ﬁeacéd@ lrlllF%ﬂdl]g)?g{r?%d:ch quartz
tube fitt egdictbrhéted, Sidvhesteeraablyl 20 t 300 icréthetelspior best cohirblaluting sol i d

oxi de conpound was supported on the disk, air or nitrogen that had been
dried by PPEBEIA§ORhr ough a 13X nol ecul ar si eve col utm was bl own up

throughy the di sk at £l e8lisebaMbarbch SANRYnaba% SEEOA ot C 1 oct

per hour. An electriC furnace arou turned on,

and the t efgpeédicd h@atiBst oxhsoRtiont thbgb@odeﬁd @r@nsﬁigo(oﬁlaﬁuy, feousisting t he
i ndi cated tenperature, typical lffl)J C. At that tenperature, the solid
i di

oxi de commaﬂmgf'amt tppgisting g |ze for three hours in the dry air.

Afterward, the 10 so s coII cted an er dry
ni trogen, where it vgg %?18{1%51?18%%0 rr?g g?’l?l %H]ypf or
testing. |fpowes00reVRF adut IWRErs!te gr&?&@@ébﬂ@ﬁﬁd@ﬂﬁéa@lﬁmﬁﬁwe to the

at nrosphere. Pol ynmerization Procedure Polynerization runs were made in a 2.2

liter ¥t eel reactor @ wpb@lthmcal@meglsll@awhnnm@ and mixiag Srig ﬂﬁl%\by Aeighdo

| ut t | K
Cont et ni uo e iobiR Phoe DR tod FERELEHE R B SOPRER SRy iRl Tho
boi |'i ng poamanf«ainfeﬁgﬂﬁ@ﬁdé%ﬂtal sﬂaealran@fhh@canby varyi ng mtrogen pressure

applied to the condenser and jac whi ch pernitted precise tenperature
(3) calcining the tltamum tetrafluoride-containing silica-alumina at a

temperature in a range of about 300 to about 500°C for about 1 hour to produce a

15  treated solid oxide compound; and

(4) contacting an organometal compound, an organoaluminum
compound, and the treated solid oxide compound to produce the catalyst composition.

Hydrogen can be used with this invention in a polymerization process to
control polymer molecular Weight.

20 One of the features of this invention is that the TjF4, Z1F,, or treated
solid oxide compound is itself an active catalyst for polymerization without the
organometal compound, and it tends to produce very high molecular weight polymer
relative to polymer produced by an organometal compound. Thus, when the TiF,,
Z1F,, or the treated solid oxide compound is utilized with an organometal compound, it

25  tends to produce bimodal polymers.

After the polymers are produced, they can be formed into various
articles, such as, for example, household containers and utensils, film products, drums,
fuel tanks, pipes, geomembranes, and liners. Various processes can form these
articles. Usually, additives and modifiers are added to the polymer in order to provide

30  desired effects. It is believed that by using the invention described herein, articles can

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



control to within half a degree celsius, with the help of electronic
control instrunents. 20 Unless otherw se stated, a small anpbunt (0.01 to
0.10 grameonosssel | y) of a test conpound (Ti F4, a solid orCO®ScioEpsound, or
a treated solid oxide conpound) was first charged under nitrogen to the

dry reactor. Next, 2.0 mlliliters of a toluene solution containing 0.5
percent by wei ght of bis(n-butyl cycl opéhtadi enyl) zirconium dichloride was
added, followed by 0.6 liter of isobutane liquid. Then, 1.0 mlliliter of

25 a 1.0 rofipalynsod ptodoeedofith metllogéneadatalpistsam i n hept ane (TEA) was added,

foll owed by another 0.6 liter of mpliquid. Then, the reactor was
heated up to the specified tenper ; ically 90'C, and finally

et hyl ene was added to the reactor tQguegu@bde fixed pressure, generally 550
psig to produce a reaction mxture. The reaction mxture was allowed to
stir for usually aroAtiQuantechhame Avfssost-bNirogeniase Staedlistediptior e 30
ethylene flowed in to maintain the pressyre. The acfivity was noted by
recor didng TasfEiment OW%‘Fseétt%QFtéH@nF‘if}@ SPF\‘EHF Swfacg read aﬁ%/%‘ieﬁ%taﬁg set
pressure. YO, " 280 the?sdlidlok e cofipohdsO titfdinkiriBent! he

et hyl ene f O%ﬁéég%g&g%ggg}ﬂ%%ﬂ@ﬁﬁr eact or1 Os gv?A gﬁgepr essurinzed earhd opened
to recoverwas gyained fompahd QuedtachromalCormastim, Sydsset, Neict or was clean with no
i ndication of any wall_ scale, coating qor other forns of fo%l in The

pol ymer then was ren¥oldndsxdMidmysams ohpelyer per jeR MimHes Vs t%qﬁedg‘iﬂarrs of
| f . : h i pti
bF Rooul | SRR 453 P23 Exbp BRERTS00, GIN0C HRALY 100 bram WEREL BLLOTY.

The r@sults of thesgighabsdmelk ek (HLMISEA O atif) Wasdaeminedimbicesrdinend 2.
| NVENTI VE EXAMPLE 1 = 10 Titanium Tetrafluoride In Exanple 1, 0.1397 gram of
anhydr ous WitlEASTM RI133% Gangiition /% ko, achmcyith e dersmveasir ged to the

reactor under nitr Otglglg}ecgfgf?fb%%ts%d!&&l%%ﬁ%rﬁyég%n (lstributions were obtained

bi s(n-butyl cycl open eny rconi um e solutiron 1n heptane (0.5

W% was adgedwagrt 150 Cagd pernidatibe vedniayogtaphi with trichrolednzénen@ICB) as
triethylalumnumsolution in 15 heptane. One liter of isobutane diluent was
added. Thethe sotpentawith e floxeratreel brpillitep/aninute at a temperature of 140°C. BHT

15 (2,6-di-tert-butyl-4-methylphenol) at a concentration of 1.0 gram/liter was used as a
stabilizer in the TCB. An injection volume of 220 microliters was used with a nominal
polymer concentration of 0.3 gram/liter (at room temperature). Dissolution of the
sample in stabilized TCB was carried out by heating at 160-170°C for 20 hours with
occasional, gentle agitation. The column was two Waters HT-6E columns (7.8mm x

20  300mm). The columns were calibrated with a broad linear polyethylene standard
(Phillips Marlex® BHB 5003) for which the molecular weight had been determined.

Solid Oxide Compounds

Silica was obtained from W.R.Grace, grade 952, having a pore volume
of about 1.6 cc/g and a surface area of about 300 m?/g.
25 Alumina sold as Ketjen grade B alumina was obtained from Akzo
Nobel Chemical having a pore volume of about 1.78 cc/g and a surface area of about
350 m*/g.
Silica-alumina was obtained from W.R. Grace as MS 13-110 containing
13% by weight alumina and 87% by weight silica. The silica-alumina had a pore

30  volume of about 1.2 cc/g and a surface area of about 450 m?/g.



90C, and ethyl ene was supplied on demand at 550 psig for 110 m nutes.
Afterward the reactor was depressurized, opened, and 16 grans of white
pol ymer poowessssere recovered which yielded an activity PET/ER01grases of

pol ymer per gram of TiF4 per hour. The polynmer was found to have a nelt

i ndex and a high load nelt index 20 of zero. The wei ght average nol ecul ar
wei ght (Mw) of the polynmer was found t & be very high at 2,866,000 g/ nol.
The nunber average nol ecul ar wei ght El\/h_)_ was found to be 243,000, and the
pol yﬁi sg_ersi_t% (Mv Mn) was found to %BUMEEy broad at 15.9. The nol ecul ar
wei ght distribution | STl . | r :
different active cor%%‘?%%bgMe%%ilhéxgggﬁgé?n&égﬁ%%?:oﬁr %ﬁgwie%eé 1%&%8%‘%%,[ al
conpound 25751 Gk tubb EittelPithi asdiriteted tquaitz disk ahibemottomFiVghilethi soliCONTROL
EXAMPLE 2 No titaniumtetrafluoride In Exa , the sanme procedure as in

le 2
Exanpl e 1 oxide cospmmang wvas seenerted ondhe disle ap @gnpm%némtﬂlﬁ@é?eweﬁcmyner was

d d. WD.01/58587 / - ' '
of " Ti £ orEcP S8 IRRRE e 25 s o Sy oqfphav Py NE RO Egty bR O0) U

ver e cal cigradoitn.¢ & ot 1 BegRadicuBRAGetiRF hédil @ dledtis filrBadeai®ue thei St ur e
to produce a calcined silica. 5 Then, the calcined silica was cooled to

r oom t enpeuattatwbeanas thén /ineed] dny and thedempsyatuteygasogised g4 the ratg of #0Q°kepadr y

state, with 0,1 Ti F4  t Ti F4 lid id d
it ar e g e SR eBperss B TRRION e PR e R agai n
under ni trogencipHa vashaObwad 8} MeHi BT thicR hoffdiif thd Y. WiRrivhidatieum

tetrafluoride through sublimtion to produce a treated solid oxide
conpoufd. sphidmxide.ceBPound was ofllet®diand storeshursldr diyl iidogen, whersdhwaund was

charged to the reactgor along with . th or onetal co nd .and .t he
triethyl a|mmeﬁiﬁﬁ$§>8} g’@i%‘ﬁo e?%éﬁ?g}’éorffg&n - g new%t‘l’é‘éedg?
gp: ymer i Zaéép@ﬁenc%%n?%%éﬁf‘e%%ﬁe AfRSFherl. POl ymer powder. CONTROL EXAMPLE 4
ilica

Polymerization Procedure

Polymerization runs were made in a 2.2 liter steel reactor equipped with
15  amarine stirrer running at 400 revolutions per minute (rpm). The reactor was
surrounded by a steel jacket containing boiling methanol with a connection to a steel
condenser. The boiling point of the methanol was controlled by varying nitrogen
pressure applied to the condenser and jacket, which permitted precise temperature
control to within half a degree celsius, with the help of electronic contrbl instruments.
20 Unless otherwise stated, a small amount (0.01 to 0.10 grams normally)
of a test compound (TiF,, a sélid oxide compound, or a treated solid oxide compound)
was first charged under nitrogen to the dry reactor. Next, 2.0 milliliters of a toluene
solution containing 0.5 percent by weight of bis(n-butylcyclopentadienyl) zirconium
dichloride was added, followed by 0.6 liter of isobutane liquid. Then, 1.0 milliliter of
25  a 1.0 molar solution of triethyl aluminum in heptane (TEA) was added, followed by
another 0.6 liter of isobutane liquid. Then, the reactor was heated up to the specified
temperature, typically 90°C, and finally ethylene was added to the reactor to equal a
fixed pressure, generally 550 psig to produce a reaction mixture. The reaction mixture
was allowed to stir for usually around one hour. As ethylene was consumed, more
30 ethylene flowed in to maintain the pressure. The activity was noted by recording the

flow of ethylene into the reactor to maintain the set pressure.



15 In Exanple 4, the sane silica used in Exanple 3, calcined at 600C, was
charged to the reactor along with the organonetal conpound and triethyl-

al um numwov1/msetduced essentially no pol yner. | NVENTI VE EXANVBEER43806

| rpregnation of TiF4 onto Alum na 20 In Exanple 5, 1.64 grans of TiF4 were
dissolved in 50 mlliliters of dry acgonitrile (CH3CN) to produce a netal
fluoride solution. This netal fluoride*’ Solution was then inpregnated onto

9.6 grans of the alum na described previously, which had been calcined in
dry nitrogen at 600 Adfterdhe aligticd tivers the ethylene,fqvs was stogpsdiand 5 16861 was

evapor at ed, t ' . | aw i i.t.h mng to 25
produce a S&V@Y%S%gsﬁ&%gﬁ oé%gﬂ%c%%%&%ﬁg%% Pg‘?qp%esrs’ﬁ%er fl ow ng

nitrogen raict@ORaslémrwidingo Rekidatiba opfOnsiesald, ceaingbr dedr dorasiofe conpound.
When tested for polynerization activi ta/ wi th the organonetal conmpound and

tri et hyl alfoming:Thepdlymen then pes yemavied and welghed cAdlivit Waswgedied apr evi ousl vy,

the treated sol }d . oxide Q % gg f ymer per gram of
treated sotfg® 8&?9}1@8%%% p%ggraﬁg%ﬂg&%gp% ah%%?eg%&rff? e treated solid
oxi de conpound of Exanpl e 5 was Ddsthigth@rof®esgiek at 300 C for one hour to

help further distribute the Ti F4. Wien tested for WO 01/ 58587
PCT/ USO1/ 04380 - 25 Spskificeaxamates of thastniventiop ar¢ desgtibediapsedyendy.i Vhey of 68

grans of pol r..per gram.of. treated. sql.i i de npound per hour.
CONTROL. EXANIE £6 Hesepotyrigsion st Weg&?%ﬁﬁ?i%%ﬁgf‘n‘g% y the alunina, devoid
of TiF4, was charged to the regagtNTWE AxXANPIOE ganonet al conpound and
triethylal um num The alum na had been calcined at 400'C, 600'C, and 806' C

rlespedtOi vely, but as can be seeditemumghgteaflnorideictivities derived fromthe
alumna without TiF re sli o _none. .| NVENTLVE,EXAMPLES [1Q0-.16 10
Deconposi tion of An#ﬁﬁf’iﬁ‘mpi%L’gﬁ%?gr%?rptogﬁ%qygy%ﬁ%%/@'ﬁ“%%wﬁﬂméégﬁ%ﬁle 10,
silica waschdiREAdiahsahy Wdsthafded BHEBO tackP ilddr@tré¥en. Then, 2 milliliters of

bis(n-butylcyclopentadienyl) zirconium dichloride solution in heptane (0.5 wt%) was

added to the reactor followed by 1 milliliter of 1 molar triethylaluminum solution in
15  heptane. One liter of isobutane diluent was added. The temperature was heated up to
90°C, and ethylene was supplied on demand at 550 psig for 110 minutes. Afterward
the reactor was depressurized, opened, and 16 grams of white polymer powder were
recovered which yielded an activity of 62 grams of polymer per gram of TiF, per hour.
The polymer was found to have a melt index and a high load melt index
20  of zero. The weight average molecular weight (Mw) of the polymer was found to be
very high at 2,866,000 g/mol. The number average molecular weight (Mn) was found
to be 243,000, and the polydispersity (Mw/Mn) was found to be very broad at 15.9.
The molecular weight distribution was distinctly bimodal, probably due to the two
different active components in the catalyst composition, the organometal compound
25  and TiF,. The GPC distribution is shown in Figure 1.
CONTROL EXAMPLE 2

No titanium tetrafluoride

In Example 2, the same procedure as in Example 1 was repeated except

that the TiF, was omitted. No polymer was produced.



ammoni um hexaf | uorotitanate, (NH4)2Ti F6, to incipient wetness to produce an
ammonium titanium fluoride-containing silica. That is, each 10 granms of
silica meaei/sss87 20 grans of an agueous sol uti on cont ai ni PQT/BSewd4Bgonol es of
(NH4) 7Ti F6. The 15 amoniumtitani um fl uori de-containing silica was then
dried in a vacuum oven overnight at 100'C. A ten gram sanple of the
ammonium titanium fl uoride- containi ngZ‘ET | ica was then cal ci ned under
flowng dry nitrogen at 250C for three hours to evaporate ammonia to
produce a treated solid oxi de INOENLYE EMPLESt ed  fol | owi ng t he

pol ynmeri-zati on procedure use% iﬂ Eﬁ%g@éfwlont%“si@%i vity of 156 grans of 20
pol ymer per gram of treated er hour was observed. In
Exanples 11 and 12, TiExahipges e gahs of 9iédeseitbadqiedoadly Weanplidnedlil was

cal cined further under flow ng nitrogen for three hours at 3 50'C and 400' C

respect i vedry nitragey pedG07 4t foo threchquys toyremaye meigterctie pindugoa selgined silige.ans  of

pol yner r gramof treated solid,. oxide co und per  howr . .r ctively.
25 1n aﬁﬁ?e ,%,ca][?:ﬁgdgﬁ}%vg}sg(g%lgg?;oerogfnt&lg% efﬂgﬁg%mrae &3t g‘?ﬂ?’?’except
that 2.0 njibdioliPiiBanein METBNstHE WEK Of1l0UR4A LI tTanab pridite 8MaFyLlidokideca were

i mpregnated onto the silica to produce a treated solid oxide conpound.
Af t er cal cdompoynd atixt260' This TiF 4sphd deide sempennidanixjurgfwasglrernygadgimedodgapol yer

per gram of treated solid i de_.compound r.. hour . .l n. Ex es.l1l4, 15, and
e het rusebRog & 40 605" S5 RS Rt BB s e RiRGRGE"

t enper at Urtﬁﬁougﬁéﬁ’&imﬁf&% pRotiice 2 Geated @@R?&ﬁiﬂé’@étﬂpowd?|I@ieﬁ90.@§31'(§thﬁ1'di’s of 5,
94, and 140 gramnms of polyner per gram of treated WO 01/58587 PCT/ US01/ 04380

-26- ddl i dhexkated salithanidelcqepoumdiwas chitgehm WE réaxialvRIcES viith 48  Deconposi ti on
of Ammoni um Hexaf |l .uorozi r¢conat e on Sil.ica I.n.Exanple 17, th

procedur e ‘Hﬁm%%lcgmi?@ an ’i‘ﬁg?ﬁéﬁ?l%?omgo’? Ak Ei?ﬁ‘ﬂp_r]l? ﬁJmIen §E5°

hexaf | uor %in'h‘c‘e@g?ggl %%&Eit'f)%diﬁéd 48 SRR A& podsieRNi um

hexaf | uorotitan 0 produce "an anmoni-um zi rconi um fl uori de-contai ni ng

silica. 0.4 mllinole of (NHACONERQLURSAMPMEegnat ed per gram of silica.

The ammoni um zirconium fl uori de-cont gjl.ni ng silica then was calcined in dry
nitrogen at 250 for one p11ca

15 In Example 4, the same silica used in Example 3, calcined at 600°C,

was charged to the reactor along with the organometal compound and triethyl-
aluminum. It produced essentially no polymer.

INVENTIVE EXAMPLES 5-6

Impregnation of TiF, onto Alumina
20 In Example 5, 1.64 grams of TiF, were dissolved in 50 milliliters of dry

acetonitrile (CH,CN) to produce a metal fluoride solution. This metal fluoride
solution was then impregnated onto 9.6 grams of the alumina described previously,
which had been calcined in dry nitrogen at 600°C for three hours. The metal fluoride
solution was evaporated to dryness under flowing dry nitrogen with gentle warming to

25  produce a dry powder. Then, the dry powder was dried further under flowing nitrogen
at 200°C for one hour to produce a treated solid oxide compound. When tested for
polymerization activity with the organometal compound and triethylaluminum as in
the polymerization procedure discussed previously, the treated solid oxide compound
produced 78 grams of polymer per gram of treated solid oxide compound per hour.

30 In Example 6, the treated solid oxide éompound of Example 5 was
further dried at 300°C for one hour to help furthef distribute the TiF,. When tested for



hour to produce a treated solid oxide conpound. The treated solid oxide
conpound 10 was tested for polynerization activity and yi el ded 666 grans of
pol yner peoogssast of treated solid oxide conmpound per houPCT/UROIEM3SHPl es 18
and 19, the treated solid oxide conmpound was cal cined at 350 and 400.
Activities of 168 and 77 grans of polyner per gramof treated solid oxide
conpound were obtai ned respectively. T%SEaane 20, the ampbunt of anmmoni um
hexaf | uorozirconate was ,Z 15 increased to 1.9 mllinoles inpregnated per
gram of sinolyacrizatioe pcthaiyn i viclded aneagtisity oDGbgramsof palymes per sremeott r eat ed
solid oxide nd. yi el ded an gctivity of 236 grans of polynmer per gram
of treategﬂaﬁﬁggﬁgfﬁg%(ﬁgﬁﬁ dﬁgmbéélhour. In Exanples 21, 22, and 23,gthe
treated solid oxide conmpound CoONGRROPRIBXALZOPMES @l ci ned at 350, 450, and
550 , and activities of 105, 217, and 193 grans of polyner per gram of
treated 20 solid oxide conpound per Afminaespectively were observed.

| NVENTI_VE EXAMPLES 24-25 AND MPLE, 26. imatipn of, Ti F4 onto
Silica”A umna In a@pé% ;%’hoél%ﬁﬁ%flﬁ’%?vgrdpoiﬁt‘? & 381"8%_5%147&9” °3 was
repeat ed @xg46Pkith BRlorfardndifl oAb B dESthY BB InGSY R Dimkalhb€ Beenl he
silica-alumna had been 25 previously calcined in dry nitrogen for three

hours at S@thadet466D0.0008Cs and 300°6 psnediiready.dut as esnrtecsesi n ‘Eablal.uni na. The
cal cined sil.ica-aglumn s then coal e d dry. mxed with 11 %of its own
wei ght of %?Yﬁﬁ?aﬁ?Y?ﬁﬁﬁﬁﬁﬁﬁﬁqWHP%a ° gF?ﬂﬁgﬁe L0490 500C for one hour
to produce a treated solid oxpgentpRExAMPIVBenolgsted for pol ynerization
activity per the polynerization procedure discussed previously, the 30
treatdd solid oxi ddDecomposition nhAsmicrliurg Heixdfiebrafitangieionta Siligd 8148 gr ans of

pol ymer per gram of_treated, solid oxide céhb un pér hour. |.n Exanple 25,
the treated solid V\dnfﬁﬁagég% -SEIER 85 1preesee y?t%%&qﬁﬁo%éﬂmﬁgigwas t est ed

agai n and yj Y3 0, I ARBinhnt BB prb & am of treated
solid oxidé cé%pﬁ%u%aggéﬂoﬁ%ahﬁe’ Q‘ﬁg‘ézg%?%gu tlgggr EJQ{ST%OV\AQ A fable 2. The
pol ymer of anmamiphetitddivnefudridendntainihgvitica Tidttis,icadel0 gfan3.of #icd grans/ 10

mnutes and a high load nelt index of 2.8Q grans/ 10 m Vi a shear
recetved 20 grams of an aqueous SOllltcl)Ol’l contagnj g5 m1/111moles ort1 &ﬁf)ﬂglh ’Pl‘?e

15 ammonium titanium fluoride-containing silica was then dried in a vacuum oven
overnight at 100°C. A ten gram sample of the ammonium titanium fluoride-
containing silica was then calcined under flowing dry nitrogen at 250°C for three
hours to evaporate ammonia to produce a treated solid oxide compound. When tested
following the polymerization procedure used in Example 1, an activity of 156 grams of

20  polymer per gram of treated solid oxide compound per hour was observed.

In Examples 11 and 12, the treated solid oxide compound of Example
10 was calcined further under flowing nitrogen for three hours at 350°C and 400°C
respectively. Polymerization activity was found to be 79 and 155 grams of polymer
per gram of treated solid oxide compound per hour, respectively.

25 In Example 13, the same procedure of Example 10 was repeated, except
that 2.0 millimoles of ammonium hexafluorotitanate per gram of silica were
impregnated onto the silica to produce a treated solid oxide compound. After calcining
at 250°C, it yielded an activity of 107 grams of polymer per gram of treated solid
oxide compound per hour. In Examples 14, 15, and 16, the treated solid oxide

30  compound was calcined at higher temperatures, 350°C, 450°C, and 550°C
respectively, yielding activities of 5, 94, and 140 grams of polymer per gram of treated



ratio (HLM /M) of 24.2. This is considerably broader (higher) than usually
obtained from pol ynmer produced by this organonetal conpound when activated
by ot her waonpssends, such as MAO which generally yields BCBpUS@Ero4s%t i 0 of
16. The higher shear ratio is probably the result of a contribution to the
activity fromtwo sources of 10 polynerization sites. The main contribution
comes fromthe organonetal conpound, -®ut another, higher nol ecul ar wei ght
source of activity cones fromthe TiF4 itself. To denonstrate this, the
treat ed sablid ovidedemponqbperdiowas tested again in Exanple 26 except that

the organonetal conpound MM%MQSN I d oxide conpound
still yielded an activity of . E ~“ger gramof treated solid
15 oxi de Conpound’Déc%ﬂl%@itti'o*j.gf%m&ﬂ%%xaﬁ%ﬂo‘ﬁr&%aﬂgoﬂt& 8iiggn. The pol yner
produced by the tTeated solfid oxlde compound was found to have zero nelt

iS_nFIex ag‘ld zer o hi gh IniBxachpiel 7, thenchene. prooiiRQ S BxdAlIRt EEwayrepbide® 8xcept

ilica-Alum na 20 In Exanples 27 an 8, the ed f EX le 24

lr3 epeat édl vﬂi@twmm@nmxgﬂmre@r%p@m?ﬂ\gﬁ})&@ as@%?ﬁc‘glﬁt%&ﬁ@town i ; eAf t e\rNalS

ei ng ca . 0 j: | ' : I gigt f
g‘leggﬂtéoﬁé%fég%%tcgﬁﬁgu& zglcétﬁlﬁ&'ﬁﬁﬁltiﬂ/c?k}sﬁlnr ﬂﬁoﬁde@édﬁ?ﬂmﬁg gﬁl@ lylty o

only 3 an mer per gram o I ca- al um na our
activity imfligald oTYNHAJZF h&vad idprepsatep@span wf tibica.hThhanmoantn vity. 25
Control Examples 29-31 Fluorided Silica-A umna Finally in Exanpl es 29,
3o|, and 3Xzirconivat flpgridsrontaneing gdige dhepewes ealaped ingdsy aijiogbrat o 3%%3
silica-aluymna for, co i . 2 1l doE anmoni um
bi fl uori dé%?oep ﬁo%cree%ﬁ%tt%{%%g&g rog(gghrega%ﬂﬁahgﬁi'l ?%%&%ﬁ%ﬁdmggr%lg,d% ‘%gl\ﬁggjl%y 30

cal ci niong s 8Q8ECHor lpdlymxaiTplion adivitk afd vidliédedcegras afipalpmenper gram of

hexaf | uorosilicate per gramof silica-alum na was inpregnated followed by

ca: f)l ni Ing tma]feﬂas@@d O?CideEflmmll@d o howy. Sledimipesti {1 V% tpgrratedsglig oxide g0
mllinoles of a ni u t . ol | '
i npr egnat XPEFRSPORES © m(?ggé n?rr"?‘gldgtto 82‘[36%{.1%% ﬁ%ﬁégg thn[ ?g%wﬁéﬁ%%grat nent s

per gram of treated solid oxide compound were obtained respectively.

In Eample 20, the amount of ammonium hexafluorozirconate was
15 increased to 1.9 millimoles impregnated per gram of silica. After being calcined at
250° for one hour, the treated solid oxide compound yielded an activity of 236 grams
of polymer per gram of treated solid oxide compound per hour. In Examples 21, 22,
and 23, the treated solid oxide compound in Example 20 was calcined at 350°, 450°,
and 550°, and activities of 105, 217, and 193 grams of polymer per gram of treated
20  solid oxide compound per hour respectively were observed.
INVENTIVE EXAMPLES 24-25 AND CONTROL EXAMPLE 26

Sublimation of TiF, onto Silica-Alumina

In Example 24, the sublimation procedure of Example 3 was repeated
except that a silica-alumina was used instead of silica. The silica-alumina had been
25  previously calcined in dry nitrogen for three hours at 500°C to remove moisture to
produce a calcined silica-alumina. The calcined silica-alumina was then cooled and
dry mixed with 11% of its own weight of titanium tetrafluoride and calcined again at
500°C for one hour to produce a treated solid oxide compound. When tested for
polymerization activity per the polymerization procedure discussed previously, the
30 treated solid oxide compound material yielded an activity of 8148 grams of polymer
per gram of treated solid oxide compound per hour. In Example 25, the treated solid



succeeded in producing good activity, the shear ratio was unfortunate
narrow (lower) in each case, as shown in Table 2. WO 01/58587
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The polymer of Example 24 was found to have a melt index of 0.116

| grams/ 10 minutes and a high load melt index of 2.80 grams/10 minutes giving a shear

ratio (HLMI/MI) of 24.2. This is considerably broader (higher) than usually obtained
from polymer produced by this organometal compound when activated by other
compounds, such as MAO, which generally yields a shear ratio of 16. The higher
shear ratio is probably the result of a contribution to the activity from two sources of
polymerization sites. The main contribution comes from the organometal compound,
but another, higher molecular weight source of activity comes from the TiF, itself. To
demonstrate this, the treated solid oxide compound was tested again in Example 26
except that the organometal compound was omitted. The treated solid oxide
compound still yielded an activity of 67 grams of polymer per gram of treated solid
oxide compound, indicating an inherent activity of its own. The polymer produced by
the treated solid oxide compound was found to have zero melt index and zero high
load melt index.

CONTROL EXAMPLES 27 AND 28

Silica-Alumina

In Examples 27 and 28, the procedure of Example 24 was repeated with
the same silica-alumina, ekcept containing no TiF,. After being calcined at 350°C and
600°C respectively, it yielded an activity of only 3 and 32 grams of polymer per gram
of silica-alumina per hour activity indicating that the TiF, is necessary for higher
activity.

Control Bxamples 29-31
Fluorided Silica-Alumina ‘

Finally in Examples 29, 30, and 31, other fluoriding agents were also
impregnated onto the silica-alumina for comparison. In Example 29, 1.75 millimoles
of ammonium bifluoride were impregnated per gram of silica-alumina, followed by
calcining at 500°C. In Example 30, 1.0 millimole of ammonium hexafluorosilicate per

gram of silica-alumina was impregnated followed by calcining at 450°C. In Example
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in each case, as shown in Table 2.
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PCT/ US01/ 04380 -31 Wiile this invention has been described in detail for
t he purpow@oo$sssi| |l ustration, it is not intended to be |ipCT/@dodassoeby but
is intended to cover all changes and nodifications within the spirit and
scope thereof. WO 01/58587 PCT/US01/04380 -32 CLAIMS 1. A process to
produce a catal yst conposition, said prdlcess conprising contacting at

| east one organonetal conpound, at |east one organoal um num conpound, and
at |east one solid, ’Wmﬂbdﬁehwemhmdmebqantmaﬂaﬂiudﬂ@ddhﬂﬂhamnxheOfoIIomﬁng

O o o R AR L BBl b A
quorenyIq%&¥ﬁé£§@£hgm&p%mm%@ﬁg&fgkggﬁﬁﬂ*k, a substituted indenyl, or a
e erein e

substi t ut uor enyl ch substituent on said substltuted

cycl opent adi enyl, said substituted indenyl, and said substituted fl uorenyl
of (XI) is an aliphatic group, a cyclic group, a conbination of an

al i phatic and a cyclic group, a silyl group, an alkyl halide group, a
hal i de, an organonetal | ic group, a phosphorus group, a nitrogen group,
silicon, phosphorus, boron, germanium or hydrogen; 15 wherein at | east
one substituent on (Xl) can be a bridging group which connects (X) and
(X2); . wherein (X3) and (X4) are independently a halide, an aliphatic
group, a substituted aliphatic group, a cyclic group, a substituted cyclic
group, a conbination of an



al i phatic group and a cyclic group, a conbination of a substituted
aliphatic group and a 20 cyclic group, a conbination of an aliphatic group
and a sulywobt/s856d cyclic group, a conbination of a substP¢Tsa/@Bsphati c
group and a substituted cyclic group, an am do group, a substituted am do
group, a phosphido group, a substltutedaghosphido group, an al kyl oxi de
group, a substituted al kyl oxi de group, aryl oxi de group, a substituted
aryl oxi de group, an organonetallic grou or a substituted organonetallic
group; 25 wherein (X2) is a cycloped@éd&@h&ﬁ, an indenyl a fluorenyl, a

substituted cycl ope&gﬁdc' sﬁxﬁa?cﬁlcéﬂ%itta L}%Héo%qusgijoﬁ‘ glggwg%ébc%h*g%%‘%d

fluorenyl,”"a halide a su rc-group, a
cyclic gr QiéﬁtacﬁngSathééslt bk &@amfﬁétmc:cog{pwﬁd o leagioota di@élﬂo@hhnﬁﬁmﬁmoﬁlbbmlftﬁt ic
group and a cyclic gro 8 a conbination of a substituted aliphatic group
and a cyclang aglessipnegoidnbi nati on of an aliphatic group and a substituted

R g s Dl

phosphi do group, a substituted WORLFHGBY PRI US01/ 04380 - 33 phosphldo
group, an al kyl oxi de group, a substituted aIkyIOX|de group, an aryl oxide
group, a substitut e&&lhqemll‘dkisdéargmmrcoanmméﬁwal lic group, or a

T phat Lo groupa cYERFE G0 Bienegh s bR Pk AR A ROFhebd ana
a cyclic gf,8kRuted c§élbﬁléntzgﬁ&i-ylp .2 SABstalited lind¥ayl, dfa SitRited Audtahyfide, an

organonmetal i c group, a phosphorus group, a nitrogen group, silicon,
phospHérus, boron, gehereimicach substitupotrageid subkidutsdeyalopewadienydsaids ubst i t uent

on (X2) col beRabrid) 10, 9Lun AL shy, Compecte (0, 10 LX2) 0. Wher ol
N ol A e T i e 2
wher ei n " rgroiys adatidertzarorganomefalliog@up, m:plwsphmus group, a nitrogen group, silicon,
phosphorus, boron, germanium, or hydrogen;
15 wherein at least one substituent on (X*) can be a bridging group which
connects (X') and (X?);
~ wherein (X%) and (X*) are independently a halide, an aliphatic group, a
substituted aliphatic group, a cyclic group, a substituted cyclic group, a combination of an
aliphatic group and a cyclic group, a combination of a substituted aliphatic group and a
20  cyclic group, a combination of an aliphatic group and a substituted cyclic group, a
combination of a substituted aliphatic group and a substituted cyclic group, an amido
group, a substituted amido group, a phosphido group, a substituted phosphido group, an
alkyloxide group, a substituted alkyloxide group, an aryloxide group, a substituted
aryloxide group, an organometallic group, or a substituted organometallic group;
25 wherein (X?) is a cyclopentadienyl, an indenyl, a fluorenyl, a substituted
cyclopentadienyl, a substituted indenyl, a substituted fluorenyl, a halide, an aliphatic
group, a substituted aliphatic group, a cyclic group, a substituted cyclic group, a
combination of an aliphatic group and a cyclic group, a combination of a substituted
aliphatic group and a cyclic group, a combination of an aliphatic group and a substituted
30 cyclic group, a combination of a substituted aliphatic group and a substituted cyclic
group, an amido group, a substituted amido group, a phosphido group, a substituted



wherein said solid is titaniumtetrafluoride or zirconiumtetrafluoride,
and a treated solid oxide conpound; wherein said treated solid oxide
conpound wonpsss8es a solid oxi de conpound having titani uPCT/@801af4B800r i de or
zirconiumtetrafluoride deposited on the 20 surface of said solid oxide
conpound; and wherein said solid oxide %ﬁnprises oxygen and at | east one
group I1A- VIIIAor IB-VIIB el enent of" e Periodic Table of El enent s,

i ncluding | ant hani des and actinides. 2. A process, according to claiml,
wher ei n s @hesphidosgrawp, g8/afialesidasrorppibstiuied nlkyvloxdegropp AnyIgXige SEuPs
conpri sing: . 1R i I I Q . i ned
ol d oxi A2 oHisHBLEhEG, BHE Sk e ERIR A R RRE MO
tetrafl uorg@lgp;in any aprotic polar solvent to produce a netal fluoride
sol ution; 30 3) contacting said metal flyoride solution wth said calcined

solid oxi de conpourvdherein grchrubaitaenendK s apaliphatic SIew, 3 £Vdie FMhéund

bor ar So JEPHEIGE LAY Bnehd etdip st A SHMhic orif, WSV ARED U NGBS A0S ©
produce saidlilis aatoRshndAletQliOZiods, acmsgpl;ugldsi gréup,A ifrog@sgoas,slifcdhng to claim

2, which includes rying said treate d oxide compound to renove
subst ant i @hbsphatus, biros.gedmampoy, prhysisogen; sol vent. 5 4. A process accordi ng

to claim1, wherein said treated sqli.d oxid Q ung - (. by a
process conprising: ‘Yﬁffelﬁé{ﬁﬁﬁioﬂﬁsqbségﬁe @%@fﬁga?@en%grﬁ%ﬁ% g{ 08‘%@’3%% a

cal ci ned sghh&diQKi fignd @@Pound; (2) dry mxing said calcined solid oxide
compound and titanlium 10 tetrafluoride to produce a titanium

tetraflDuori de/ sol i d voherde said opgrmnaluminuny cempeynd has thecipllewinagenedl d tit ani um
tetrafluorjde/solid oxide conpound mixture at a tenperature in a range of
about 250TY&hout 500C for about 1 minute to about 10

AIX)(Xsn
wherein (X°) is a hydrocarbyl having from 1 to about 20 carbon atoms;
wherein (X°) is a halide, hydride, or alkoxide; and
15 wherein “n” is a number from 1 to 3 inclusive;
wherein said solid is titanium tetrafluoride or zirconium tetrafluoride, and
a treated solid oxide compound;
wherein said treated solid oxide compound comprises a solid oxide
compound having titanium tetrafluoride or zirconium tetrafluoride deposited on the
20  surface of said solid oxide compound; and
wherein said solid oxide comprises oxygen and at least one group IIA-
VIIIA or IB-VIIB element of the Periodic Table of Elements, including lanthanides and
actinides.
2. A process according to claim 1, wherein said treated solid oxide compound
25  is produced by a process comprising:
1) calcining said solid oxide compound to produce a calcined solid oxide
compound;
2) dissolving titanium tetrafluoride or zirconium tetrafluoride in any
aprotic polar solvent to produce a metal fluoride solution;
30 3) contacting said metal fluoride solution with said calcined solid oxide

compound to produce a metal fluoride/solid oxide compound mixture; and



hours to produce said treated solid oxide conpound. 5. A process according
to claiml1, wherein said treated solid oxide conpound 15 is produced by a
process owoprssS8Ng: 1) inpregnating a solid oxide conmpounBCWUSH/@3&O0Il uti on
conprising anmoni um hexafl uorotitanate ((NH4)2Ti F6) or anmmoni um

hexaf | uorozirconate ((NH4)2ZrF6) and g solvent to produce an ammoni um
netal fluoride-containing solid oxide 3(flcfrrpound; 20 2) evaporating said

solvent from said anmoni um netal fluoride- containing solid o>_<iegseQ .conpound,;
and 3) cal ci ni ng safd cYAPRIAMERaHbAEPUG P sodvent Brmasaii metak Bnorideselide

conpound at..sufficientl i t d . > i d ammoni um
hexaf | uor 8?*%53@?811%41&]1&#%&? ﬁgldﬁgggaf@ﬁgértgdz%o&dgogg?e Ct%?)&tu;f1 ani um
tetrafl uogide or 25 Azproc@Riabebrdial tatlhinen] Weich iddidbryifigbfaatargd sotiboni um

fluoride (NH4F) in the process to E)roduce_ said treated solid oxide
conpound. ogidesompowukte remope shgteatialleall of spid apgefigRalat sobrent-sai d process

conprising: (1) cal,cining sili.ca-alum tur-e | of
about 300t o about Aot ar-orbES et alA il ol 2ebBHRRL O,
cal ci ned ﬁéﬂog@cealbgrgip}aéesggmﬁgﬁsiﬁ%ol ing said calcined silica-alum na and

m xing sufficient titanium tetrafluoride to yield about 0.1 to about 5
mllinoles of titanilincaleiningfd sodidiogelesompgradiogirodusesugabgsgtisopdpridsol/ 04380
-35 calcined silica-alumna to produce a titaniumtetrafluoride-containing
si li ca-al ﬁﬂ?ﬁ‘é‘j‘n‘fand (3) calcining the titani umtetrafluoride-containing
silica-alumna at ay gRRALMINRA tdlcifled HHIDKe RRPHNSARd tidmARout S00C for

about 1 hour to about” 5"hours”to produce a treated solid oxide conpound;
and 5104) teteafinexde togpraducsragiacmet tetrafbomdo/selid oxide oomypoival mixtwerandonpound,

T A brocess accor dith SR PRI Genru R ke foli uld bR CRgRe ' o
essenti al |,y Bérat%}eeiﬁsalﬁﬁ e ofl@bbut 259°C 82H01t400° 8 forrhbBLOL RSutBES Mot NG t O

claim 6, sald process conprising:
hours to produce said treated solid oxide compound.

5. A process according to claim 1, wherein said treated solid oxide compound
15  is produced by a process comprising:

1) impregnating a solid oxide compound with a solution comprising
ammonium hexafluorotitanate (NH,),TiF,) or ammonium hexafluorozirconate
((NH,),Z1F,) and a solvent to produce an ammonium metal fluoride-containing solid
oxide compound;

20 2) evaporating said solvent from said ammonium metal fluoride-
containing solid oxide compound; and

3) calcining said ammonium metal fluoride-containing solid oxide
compound at sufficiently high temperature to decompose said ammonium
hexafluorotitanate or ammonium hexafluorozirconate to titanium tetrafluoride or

25  zirconium tetrafluoride, thereby, releasing ammonium fluoride (NH,F) in the process to
produce said treated solid oxide compound.
6. A process to produce a catalyst composition, said process comprising:

(1) calcining silica-alumina at a temperature in a range of about 300 to

about 700°C for about 1 hour to about 50 hours to produce a calcined silica-alumina,
30 (2) cooling said calcined silica-alumina and mixing sufficient titanium

tetrafluoride to yield about 0.1 to about 5 millimoles of titanium tetrafluoride per gram of



10 (1) calcining silica-alumna in dry nitrogen at 500C for about 3 hours
to produce a calcined silica-alumna; (2) cooling said calcined
silica-awebnssand m xi ng sufficient titanium tetrafl uorpdeusa/omsssl d 0.5
to 3 mllinoles of titaniumtetrafluoride per gram of cal cined
silica-alumna to produce a titaniumtetrafluoride-containing
silica-alumna; and 15 (3) cal cining e ti tani um tetrafl uori de- cont ai ni ng
silica-alum na at. 500C for about 1 hour to_produce a.treated sqlid oxide
conpound; cdpigcq silicealmanaa fopyodnes @ditarpyy telafiunsidgcantainyg silisa-plugnng; gnd

di chloride, triethy}al ym - Sa] e | >4 : nd to
produce the catal ys(é) %:%%B%gﬁel ggr%gl@g{eg?hi&g&reb%gg%hgg8@?%%?16&9%3@%& m 8,
wher ei n s ainthepdtD@EE 8 r&RIFAbSUtSHO & tibdilt 590 ° ©forsbems! fdur to BJut 5(tdurs tand (4) .
10. A process according to claim1, wherein the catal yst conposition thus-
produced hepduega teated salid qiidaearpauidna®0 grans of pol ymer per gram of solid
per hour under slurpy | yireri zation ndi L 1.0ons I i t a

Gl uent. wi'th a 25 FOYsRBITE e SRR BT A n LB an BERSy SR AR g
pressure gfd tedRal¥Raoki®8RidpsbMpoundlid prétiuiet GeAmtalRe 6OhPbdigord.0 cl ai m 10,
wherein said catal yst conposition has an activity greater than 100 grans
of pol ymefl. per gr amAafrosess iaecosding toelpiny Adehersin spidyprogrss gonsisty essensiglly

condi ti ons tusi@g @s? ut a{g{i4 as a diluent, with a polynerization

t enper at uPESEHS ©h (B @Y et hyl ene pressure of 3.89 MPa (550 psig). 30
12. A progess accor di figcds8 abdordifl o cIMAEE Salll Sro¥&k binpfigihpo of said

or ganoal um num conpound to said Solid in said catal yst conposition ranges
from dbout WO 01/ 58687cadmingSilicacdBaina in 86~ niBogdent ab SH YU foriaboe(3 hags tn

process accaording to claim12,. wherein said weight ratio of said .

organoalUHFWHW?%gﬂﬁﬁﬁﬁﬂﬁfﬁaéﬁﬁﬂasolid in said catalyst conposition range
from1:1 to  1:50. ByldyoleRERERIAGARENIRink Ang nfkiis butf¥ieh Btdhidn Wei ght
ratio of said solidto sau% organonet al conpound in Said catal yst

conposi t i taraflacgdestofyielhOzbiolk mili0le of titaabou tetrafluoride per gram of calcined

silica-alumina to produce a titanium tetrafluoride-containing silica-alumina; and

15 (3) calcining the titanium tetrafluoride-containing silica-alumina at
500°C for about 1 hour to produce a treated solid oxide compound; and
(4) contacting bis(n-butylcyclopentadienyl) zirconium dichloride,

triethylaluminum, and said treated solid oxide compound to produce the catalyst

composition.

20 9. A process according to claim 8, wherein said process consists essentially
of steps (1), (2), (3), and (4).
10. A process according to claim 1, wherein the catalyst composition thus-

produced has an activity greater than 50 grams of polymer per gram of solid per hour
under slurry polymerization conditions, using isobutane as a diluent, with a

25  polymerization temperature of 90°C, and an ethylene pressure of 3.89 MPa (550 psig).
11. A process according to claim 10, wherein said catalyst composition has an
activity greater than 100 grams of polymer per gram of solid per hour under slurry
polymerization conditions, using isobutane as a diluent, with a polymerization
temperature of 90°C, and an ethylene pressure of 3.89 MPa (550 psig).

30 12. A process according to claim 1, wherein a weight ratio of said

organoaluminum compound to said solid in said catalyst composition ranges from about



10:1. 15. A process according according to claim 14, wherein said weight
ratio of said solid to said organonetal conpound in said catalyst
conposi t ivomor/s83ges from 250:1 10 to 20:1. 16. A process BCTOR@i/03g80t 0 cl ai m
1, wherein the catal yst conposition thus- produced, subsequent to
contacting said organonetal conpound, said solid, and said organoal um num
conpound, consists essentially of organo¥etal conpound and said solid. 15
17. A process according to claiml, wherein the catal yst conposition thus-
produced, Sub®edpeent:10@ contacting said organonetal conpound, said solid,

and said r.ganoal um hum conpound consi s essentially of arganopetal
conpound, (s)lél d solid® pgﬂggssg(p?fg&gégﬁ%gpi}% Wﬁ?ﬁem?@oﬁ%@&ﬁt rfg‘?%isalge

pol ymer i zaty O RLAGERS 6RAPBAAEINGACBNH & bdif Batdllyst! RATosHi0R RO WM Rdy 20 a
catal yst conposition produced by a process according to claim 1, under

pol yneri zatlid¥h conditions to produce a polyner. 19. A process according to
claim 18, erein said polynerization conditions conprise sl.yrr .

pol yrer ?zam‘lpn condi t't Bﬁ?.eg’s?ﬁf’orémﬁrt?)&@ggqag gt hy© @Itlﬁi%silé,soﬁﬂilg)r%f%

sai d_cont acki Bk CORBUGIEE shid-cafhlys? Sorh ARRiduGAds Fock BBt 180:1 % REREESS

according to claim erein sald contacting I [

conducted 1n the

presence ofl0d.di |l uent that conprises, in major part, isobutane. 22. A

process accaording to claim18, erein _at | east one nononey is. 6 ethyl ene.

30 23. A prldcess accdtBIFE5Ha5° axg_rﬁc_@@silwgf@m 14 Whe AU A ECRBEHE T

(p:)ce) ;rp :ri)ls 2§ J lsgitdr%ii& 1850 Or ARoRba PO Sund 12568 bAal)8doRbositioR rafhes BoRPISRE OB
10  to 20:1.

16. A process according to claim 1, wherein the catalyst composition thus-

produced, subsequent to contacting said organometal compound, said solid, and said
organoaluminum compound, consists essentially of organometal compound and said
solid.

15 17. A process according to claim 1, wherein the catalyst composition thus-
produced, subsequent to contacting said organometal compound, said solid, and said
organoaluminum compound consists essentially of organometal compound, said solid,
and said organoaluminum compound.

18. A polymerization process comprising contacting at least one monomer and

20 acatalyst compbsition produced by a process according to claim 1, under polymerization
conditions to produce a polymer.

19. A process according to claim 18, wherein said polymerization conditions
comprise slurry polymerization conditions.
20. A process according to claim 19, wherein said contacting is conducted in a

25  loop reaction zone.

21. A process according to claim 20, wherein said contacting is conducted in

the presence of a diluent that comprises, in major part, isobutane.

22. A process according to claim 18, wherein at least one monomer is
ethylene.
30 23. A process according to claim 18, wherein at least one monomer comprises

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



