WO 01/ 23434 PCT/ USO0t 26655 -1 ORGANOVETAL CATALYST COWVPOSI TIONS FI ELD OF
THE I NVENTION This invention is related to the field of organonetal

cat al yst wompessi ons. 5 BACKGROUND OF THE | NVENTI ON By PCTmsSei/28685ng
essentially of' herein it is intended-fo nean that the process steps,
substance or m xture of substances recited after this phrase does not

i ncl ude any further respgHGAROMERSL CATAYYSITEOLPOSITIONSwuUl d material |y

affect the functioning of the process or_the properties of the substance
or conbination of 10 subst’-’-aimwﬂbﬂmcess or recited after
thi s phrase. The progyationl i ROLUAT de h8iadr Blkddridhiilchiagiy do! | ar business.
This business produces FI ons o poun ofyners each year. MIlions
of dol | ars chapesitilisen spent on devel opi ng technol ogi es that can add val ue
to this_business. One of . d netal | ocene cat al yst
t'echnol 3gy 15 Metall ocemm@@éﬁm si nce about 1960. '
‘However, their |ow Bycdoisting tssertiatly 60therdin iviy infendadttoniean thanther ci al i zed.
About 1975 it was di scovered. that ontactlnﬁ ig éﬁ th t wo
S

parts tri mPFORFFSAEPS: FFF‘E“GWHFWW@?H stangcgs fegt 4?8?1“%0nt acting

such et hy linahdtnd GXARE rebhédiva stBid itlcbRpaidats vIRIDAsLMImafefiEMpatreet et al | ocene
catal yst that had greater activity. However, it was 20Q.soon realized that

| ar ge anpurfinstioning o thewecess Arthapropartionof hesubstanss er spmbiRadior 8t f or m an
active jget %ht&&egseprgal&hx?the ¥Jsee§s&}a§cn'e&sﬁeﬁm§bmaseflcant i npedi nent to the

commerci al i zat1on nmet.a ene catal ysts. Borate conpounds have been use
in place of |arge anBbeapredugtionsd polymers|ispmylikbiHion @BW&‘PCSS{'HPE i s not

sati sfact onyqnsic up&r lgnsc ngyﬁ‘e*%&@m u g&é HaQe sons and

deconposi tion, "and can ver nsi ve be not ed
t hat havi ndeen spenmmiya'nlepms tec&mdbg&ss thatscan addhvaluecta this esiness. s bec ause

het er ogeneous catal y r | I
pol ymeri zati on proce?r%sﬂ]ﬁ%ﬁrtfe’%'?mir’rggsEs %@%ﬁ@%ggéu%taé%?ﬁ yst s&can | ead

15 Metallocene catalysts have been known since about 1960. However, their low

productivity did not allow them to be commercialized. About 1975, it was discovered
that contacting one part water with two parts tnmethylalummum to form methyl
aluminoxane, and then contactmg such methyl aluminoxane with a metallocene
compound, formed a metallocene catalyst that had greater activity. However, it was
20 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
commercialization of metallocene catalysts.
Borate compounds have been use in place of large amounts of methyl
aluminoxane. However, this is not satisfactory, since borate compounds are very
25  sensitive to poisons and decomposition, and can also be very expensive.
_ It should also be noted that havmg a heterogeneous catalyst is '
- _ lmportant Thxs is because heterogeneous catalysts are requlred for most modern
| commercial polymenzatlon processes. Furthennore, heterogeneous catalysts can lead
to the formation of substantially uniform polymer particles that have a high bulk
30  density. These types of substantially unifonned particles are desirable because they
" 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.



to the formation of substantially uniformpolynmer particles that have a

hi gh bul k 30 _density. These types of substantially uniforned particles are
desirabl e bewglfé’é:"'?%ey i nprove the efficiency of polyner mﬁg&ﬁ'ﬁ@g and
transportation. Efforts have been nmadeg-to produce heterogeneous

net al | ocene catal ysts; however, these catal ysts have not been entirely
sati sfactory. WO 01/23434 PCT/ USO0/ 2668 -2 Therefore, there is a need in
t he pol yner industry%[}?fefﬁ’f%ﬂe(ﬁ%‘s&f‘ee Bb‘ﬁ%ﬁ?‘é!mﬁ%%“&ﬁ‘aﬁ‘°tp6°“é‘§w\/ate

met al | ocenecaphiit yhatesial @radiivdienetallocenk satalystnemd thedé is atdold e Rir

het er ogeneoys .net al | ocene catal ysts.. The inventqrs proyide .this invention
to hel p sol éCI"t‘\ﬁg%tgmﬁ?WBP%Wﬁt.aﬁggegﬁms' Gr'ﬂﬁ"'&ﬂﬁ?@ﬁﬁ‘l’%ﬁ\fg}st‘“‘feé‘“ﬂ‘ég’i rable to
provi de a mepPGORS thdieproplaagiices a catal yst conposition that can be used to

pol ynerize at |east one nongner .to produce ,ﬁr. It is also desirable
to proviSde the catal yst co@%@&ﬁﬁé&iﬁm&&. sirable to provide a
process conprising CRR asiraMe tprovRIBSlprocks (RNProRIReS R EatA c&:ﬂﬁ?sﬁﬂﬁ,a' yst
conposi tion under polynerization conditions to produce he polyner. Once
agai n it i $hajeas beaspdiapelypmerigecs lgst oae monprek lwarodusappplymert he ~ pol yner
produced with the ca A6&RIPRTS bio? dabbit & dogn- | n accordance

w th one enbodi nent %t?i%/lﬁg{a s&l nvezﬁ’ﬂgnf,&g{eproc%ss&ft{%&_g}_ilo produce a cat al yst
conposition is provi dgein ifTisdeprableds prayvisteprnracess ¢amprising eontecling at 1éasionsi st s
essent iyal | ' ' ' L) gont ' oo reYalely = |, compound, an
organoé umxﬁgkog%’ﬁ%roa&ggl?é%az%%ég{’?%%sﬁ e‘%ﬁélJJI |58 ox7|3 g%?corrp%ogﬁ&pr%u&ei n said
or ganonet altheqmigmeernd has the foll owi ng general formula: (X1)(X2)(X3)(X4)M
20 wherein ML is selected fromthe.group consi si.i.n f titani,um

zi rconium and haf ni chﬁ?&'ﬁf%&flﬁ’%ﬁosp??vﬁ%e%leﬁﬁ%lﬁﬁe\?c%i’%%f fromthe

group consipslyimegpdtuced with the catalyst composition of this invention.

In accordance with one embodiment of this invention, a process to

15 producea ca_talyst composition is provided. The process comprises (or optionally,
“consists cssentiélly of", or "consists of") contactirig an organometal compound, an
organoaluminum conipound, and a fluorided solid oxide compound;

| wherein said organometal compound has the following general formula:
&hHEAE3) ML

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

zirconium, and hafnium;

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

25 wherein substituents on the substituted cyclopentadienyls, substituted
indenyls, and substituted fluorenyls of (XI) are selected from the group consisting of
aliphatic groups, cyclic groups, combinations of aliphatic and cyclic groups, silyl
groups, alkyl halide groups, halides, organometallic groups, phosphorus groups,
nitrogen groups, silicon, phosphorus, boron, germanium, and hydrogen;

30 wherein at least one substituent on (X!) can be a bridging group which

comnects (X1) and (X2);



cycl opent adi enyl s, indenyls, fluorenyls, substituted cyclopentadienyls,
substitut egg iyl s, and substituted fluorenyls; 25 wherein substituents
on the substitut ed cycl opent adi enyl s, substituted i ndersdIyusoorsiss
substituted fluorenyls of (X1) are Zdrected fromthe group consisting of

al i phatic groups, cyclic groups, conbinations of aliphatic and cyclic
gLOUpﬁ silyl grown&cma(bd%yhnmt4)d@xﬂd@rmﬁntm§dlmh Sﬁr-]orﬁ)ilﬁagi‘&blﬁat allic groups,
phosphor us groups itrogen groups, silico phosphor us oron, germani um
and hydr mtlnsefbmé{é%@ﬁrﬂgﬂnqw sybrtituteral ?‘tfe&f?“ﬂ?n")(ckc EjoupRn be a

bri dgi ng sGHiRedWcEgroify) 88abiRarkohd bf ﬂﬂﬂaﬁ bips\4hd @Yciz3faths PCT/ US00/ 26685
wherein (X3) and X4§T are independent| ected fromthe group consisting
of hal i desm ’@P‘il%a’f sebstifutagialiphaticigseups GF%%VCHF BioMBS: icembingligns,ofcycl i ¢ groups,
Subst 5t Ufighafik Ehdubs Bt 113kdBE SoRbindlioRRA sttt d cyclic
groups, c%lnabl y sE)ns 0 !u stg?d u?{éd&lgal |°phlat |lc groups1 a&iam@ FI C groups,
conbi nat geawps erid @beﬂﬂl‘sﬁ quhg. ngrommbswmmgmmupsgr oups,

conbi nat t d cyclic

gr oups, gﬂ&ghﬁg rg?&{%§ s'u{)H g@ g%%a%sgmgﬂﬁldg%lﬁygﬁkén O&g r oups,

substit uh&dlopfdespdrupsl,carx}ondpggoups, Isgusumtedelr)gmodm&'ouw bsgambmttelﬁic al kyl oxi de

groups, aryl oxide subs} it ute aryIOX|de groups, organonetallic
groups, %&B‘gf" {)ge@oggaélgﬁ%%g{m%c groups; 10 wherein (X2) is selected
fromghe group CO”@h&LgQﬂ2PfsselQ%g RERMAHS ngstlﬁ%](gienyl s, fluorenyls,
substituted cycl opentadien , ostltuted I nde , Substituted

fl uoreny bsclomatadr@msls mqnp;haﬂuqselgl%wgnm@é qultmeutaétfnalm svhstituted gr oups, |
cyclic Ot sasthakid Hdithyid fliides ARQLAS groipl gmmt&ga mméz#rb atic groups

and cycli groups, ons d ps and cyclic
gr oups, cynhb |grm1ps,<snbstmﬁe¢)¢ycab gpluas, pmnyndtqns Oﬁald)hambgwp&md@ydyccl i c groups,
conbi nat i ons o m P cycl Ic -
groups, Em ’fﬁ%% %) S" tut Qﬁ? &f)& rou csy@ﬁgﬁﬁ) Hgss PL#"% mat}

substft ubﬁdxpmbmsgbupimng suhspmtecbdyklyd gmupiecaymhmmns eidmbktxtuﬂeﬂ elibhaﬁb kyI oxi de

groups, | oxi de u .substitut aryl oxi de groups, organonetallic
gr oups, %Wﬁqﬁ 8‘8 3{54 W&%?ﬁ‘l‘fl%" o ?%ute-g amidd groups;
phosphxdq groups, substltuted phosphido groups, alkyloxide groups, substituted

alkyloxide groups, aryloxide groups, substituted aryloxide groups, organometallic
groups, and substituted organometallic groups;

20 wherein substituents on (X’) are selected from the group consisting of
aliphatic groups, cyclic groups, combinations of aliphatic groups and cyclic groups,
silyl groups, alkyl halide groups, halides, organometallic groups, phosphorus groups,
nitrogen groups, silicon, phosphorus, boron, gennanium, and hydrogen;

wherein at least one substituent on (X2) can bé a bridging group which
25  connects (X!) and (X2);
wherein the organoaluminum compound has thé following general

formula:
AX3)(X6)3.p
wherein (X?) is a hydrocarbyl having from 1 to about 20 carbon atoms;
30 wherein (X6) is a halide, hydride, or alkoxide; and

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



20 wherein substituents on (X2) are selected fromthe group consisting of
al i phatic groups cyclic groups, combinations of aliphatic groups and
cyclic group¥001/334p4| groups, al kyl hal i degroups, halides PhSen tallic
groups, phosphorus groups, “nitrogen gfoups, sili con, phospﬁor us, ron,
germani um and hydrogen; \/\herel n at | east one substituent on (X2) can be a
bri dgi ng group whi chwhetbinQRO\NESHdRd 68ild oxidompdund vhrapides flbdrile@ngancal um num
conmpound has the foll owi ng general fornula: Al (X5)n(X6)3-n wherein (X5)

i s a hydr otlideHdetomPRY™tr om | to about 20 car bon atoms; 30 wherein (X6)
is a halide, hydridewh@tindhK&MiddRidedosh i isélec edfrmamegwaaaa,ﬁsx‘sﬁ@nl to 3
I nclusive; WD 01/23434 4 _ PCTIUS00/ 26685 wherein the fluorided solid

oxi de conp@ {mbicactiapia pad &iliF gFone and a  solid oxi de compound:; wherein the
sol i d oxi de conpoundyizz.SahfetAth dnb@g? érHl?od@ﬁ@MBf ﬂﬂ@ﬁﬂv&{tioﬂ‘,’a px@f:css is _
silica-titania and silica zirconia. 5 In accordance wi th anot her enbodi nent
of this i npronidedpomprigingeeacting at lgash onemanarperand diargtalysheqmnoritign at | east
one nonone : I o r polynerization conditions
to pr oduce['%&gg?l%ﬁglr'.gﬁtoﬁcéé%lg?%wg%%h?ﬂpg%gﬁer enbodi ment of this

i nvention, an arti cllaacsordgtroa\mtlxeeaipthfhenbudﬁmmtwf Chisrinwi:mi@n, dnragtigdo lig/ mer

produced in_ac ance W t h t 10 I.nventid o s, and ot her
obj ects, wlI* ‘%g ‘@}M? 8013%%56?? !ygletrﬁlbog‘em&m-gﬁ %gﬁg}hsi(l Il in the art
after neadhﬂgntidm s di scl osure DETAI LED DESCRI PTI O\I OF THE | NVENTI ON

0 ganoret al compounds, uestl L ik 0L AR GBENE KOS bRkl Rse 15 OCnerd

with ordinary skﬂl in the art after reading this disclosure.
DETAILED DESCRIPTION OF THE INVENTION

Organometal compounds used in this invention have the following

15 general formula:
EhEHE3HEHM!
In this formula, M1 is selected from the group consisting of titanium,
zirconium, and hafnium. Currently, it is most preferred when M 1 is zirconium.

In this formula, (X1) is independently selected from the group
20 consisting of (hereafter "Group OMC-I") cyclopentadienyls, indenyls, fluorenyls,
substituted cyclopentadienyls, substituted indenyls, such as, for example,
tetrahydroindenyls, and substituted fluorenyls, such as, for example,
octahydrofluorenyls.
Substituents on the substituted cyclopentadienyls, substituted indenyls,

25  and substituted fluorenyls of (Xl) can be selected independently from the group
consisting of aliphatic groups, cyclic groups, combinations of aliphatic and cyclic
groups, silyl groups, alkyl halide groups, halides, organometallic groups, phosphorus
groups, nitrogen groups'-, silicon, phosphorus, boron, germanium, and hydrogen, as long
as these groups do not substantially, and adversely, affect the polymerization activity

30 of the catalyst composition.

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

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



In this formula, M is selected fromthe group consisting of titanium
zirconi um g gium Currently, it is nost preferred when M is

zirconium Int s formul a, (XI) |sd§2:dependently sel ect etTiusoiRepdse gr oup
20 consisting of (hereafter "G oup ) cycl opent adi enyl s, indenyls,

fluorenyls, substituted cyclopentadienyls, substituted |ndenyls such as,
for exanpieloolefins, cysigaretiangs ayd srenesnSubstitytsdisilykasenpsiineudanbitare saich as, for

AP RPN HAL I BB b Bere S BR05 SorRiind BEmaBSbbliibihvon enyl's of

cycl opent adi enyl s,” subst i ute and substitute
(XI) can mns@néﬂyéaoumelprbmbﬁwls;lylfgrma ﬁwt@#wbvl helidsgroupsigvef al i phatic -

groups, C [ ups, silyl
o oups, B iefudl RARS 1o SRR 2EkbAn Rofik Sl bRty LS gl BLTE. T
groups, rbut amgmnlixgitgchpssubsﬁlthted@dyl qshwp'hs) sufsstitutest tomgrogpes, subsiituad and

hydr ogen,_as_l.on as t L OUbs  do not substantially, and adversely,

af f ect tt%"B%rle‘rgﬁuf gﬁ&a‘f&l :’Hfron%'au Of the catal yst conposition.

Sui t abl e exarrpl es Giutﬂild: phaiples of sunhrmbmu&nhwhfmeﬁybydhgl pﬁipyhba@l for
exanpl e, | d olefins, .Suitahle e es of c C groups are
cycl opar a‘F s\ﬁ%’"@?{ﬁ% spamyt, h?’@llf/‘@g ég%l B?#g’z

cycl Oacetdbkl@dw&rctﬁﬁ x?r , pBitenyl, Bubeny), phensT) cﬁlb}oybroﬁld?m iriﬁi‘elﬂwﬂmyl but are not
Ilmted to, al kylsil groups vvhere each al kyl group contains from1l to

about1012 a8g phenyloctyl arylsi'lyl gr oups and aryl al kyl silyl groups.

Sui t abl e al kyl hal Qut 12 carbon
atons. Suitable orahﬁbs%:a ”ﬁ?l&?’g?@ﬁgﬁ Re eﬁéﬁ%%t%%?ecéedﬁo% “linmted to, .
subst i t utgeshpdohsibtingedf i(heréafiertGroap OMC-TIt) lmlides, mlqgtaﬁu poups; iksstinited ed

germani u ups, and substitute abI e | es of such.
substi tu g’é‘ tig EEOURS S/ ZrayRsy Fubs %P‘ng/?/" 1¢ “’tﬁ 1Pﬁl‘i@obut yl, amyl,
| soany!l , gaqup¥bknd EXelit gmgssz lcomb@ptiots ofmmhted mﬁpndtm ﬁa@y lami cyéﬁdecyl

2-eth Ihexyl penteny : tenyl phen chl br ono,
trinmd %hy |ZE}UP§. combyrgtiong of aﬁ mqy %uyf'ﬂtutﬁ%cx% pITIR matxm and ( X4)
are i ndepgasianiutes aﬁPm;étaﬁd s.iusﬁtmadfwcxmg%&w@ £A1A56 igfdubl GubdtinttbeaRAbt er " G oup
OMC-11") halides, hati c_ groups stituted :

groups, phosphido groups, substltuted pﬁosphldo groups, alkyloxide groups,

substituted alkyloxide groups, aryloxide groups, substituted aryloxide groups,

organometallic groups, and substituted organometallic groups, as long as these groups

20  do not substantially, and adversely, affect the polymerization activity of the catalyst
composition.
Suitable examples of aliphatic groups are hydrocarbyls, such as, for

example, paraffins and olefins. Suitable examples of cyclic gi'oups are cycloparaffins,

cycloolefins, cycloacetylenes, and arenes. Currently, it is preferred when (X3) and (X%
25  are selected from the group consisting of halides and hydrocarbyls, where such
hydrocarbyls have from 1 to about 10 carbon atoms. However, it is most preferred
when (X3) and (X4) are selected from the group consisting of fluoro, chloro, and
methyl.
In this formula, (X2) can be selected from either Group OMC-I or
30 Group OMC-II.
At least one substituent on (Xl) or (Xz) can be a bridging group that
connects (Xl) and (Xz), as long as the bridging group does not substantially, and



al i phatic groups, cyclic groups, substituted cyclic groups, conbinations of
aliphatic groups and cyclic groups, conbinations of substituted aliphatic
groups and CV@I 23434 5 groups, conbinations of aliphatic gr e¢pfsaiisss
substituted cyclic groups, conbinati oné- of substituted aliphatic and
substituted cyclic groups, am do groups, substituted amdo gr oups
phosphi do

substi t ut e%{ Q#E@I %fz#gg{égéfgﬁlgﬂ?ﬂg‘?%%ig %’g%drgg%gzs Sﬁistﬁagéstgﬁéj?ge%lbar yl oxi de
groups, oingldeytet atelriot ligrted s alighatic gwbps, cydicamouss.pembiratians ofc groups, as

pol yor | 20 IRTGEERDN £30 SPi AR Pifparo® ardens BB 11 & Xl o o

al i phatic g:rg@:mﬁetahe ghyqis cilizobyphesplenshbaey, apd germapump| e, paraffins and

ol efins, Suitable ex s of i.ns
cycl ool ®fins, cycloa @Pa& e%@g’pf%ﬂhalﬂ’lh @3&%{%%%?& 3 {’g'ljcs % erred when
(X3) and (éééb}np?& aﬁix&&ind(btlﬁ'dxsf&ﬁtﬁblbl&ﬁrgﬂm ogcin&rempsmge ofcidpataffilas and
hydr ocar byl s ere sPch hydr ocar

yle%qs

at oms. HoweYFlqoletjns, Gycloaprt e‘l‘r@raﬂ'@és s‘%ﬂ%ﬁ ?5@5‘0%%?}5’% ﬁrf)upﬁwﬁgg%é‘&t ed from

the group g@msi Bhitbdtd)bubfstithReddilyCdurioatdves,auBstinived fiy groups) stibititutédor mul a, (X2)
can be selected fromeither Goup OMC-1 or 30 Goup OMC-11. At |east one

subst i t uengermgniusgronps, andsubstititcd SORBEFMPSng group that connects (XI) and

(X2), long as therﬁé\fégh&Qs&E HeRXnGRE B MM tﬁe@%}@abmedai b’omﬁﬁqumo 01/ 23434
PCTI US00126685 -6 advers fect the activit he catal

conposi t i ofice, Swickample. US. Egientg 4@%3812[53, 5.2 1963536843 5 ér“é’lﬁé’i 3¢ §3éd to,
al i phati c 9”??%(?1 sl 135 91YIBs, 5%@5?36‘8.4563@205 34PbIRB ALk g7gr oups and

cyclic gr oups,” pHosphbdrols groups. nitroden %r oups, organonetallic groups,
silicon, pﬁﬂs&ﬁ&hlﬁ‘t%ﬂﬁﬂoﬁﬁﬁéﬂ%ﬂ GSSARAS; Lﬁ;ﬁ209 &8s, &%\M@ 8:84hBV2s of aliphatic

groups are fins.

Sui t abl e eg‘gﬁ%f@g &C@(?:’f ?ggg‘r‘%{sags%g’rs? 2‘?@?@83? 3?]?# %%Jtir9§1§@P o‘%le i ns,

cycl oagst yhzﬁibh&remebyanm?p&ate&bytahlemeor ganorret allic groups include, but
are not limted to, |tutei1| %JL erlv § hes bStIttLl ed tin groups,
substituted pecx ¢ examples of's organome compbun are as follows:

bls(cyclopentadxcnyl)haﬁnum dichloride;

Hf,

%\cx

bis(cyclopentadienyl)zirconium dichloride;

Zr

%\m
20

Q



ger mani um groups, and substituted boron groups. 10 Various processes are
known to nake these organonetal conpounds. See, for exanple, U S. Patents
4,939, 217WO91/28#8 352; 5,6 436, 305; 5,401,817; 5,631, 335, PCI/USPO268%0;

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; 5,554,795 420 320; 5,451, 649; .
5,541,272, b5, 705,h%ﬁ‘iha@%dég‘i',s201%;"“%?"3@91',"21@%?’?%‘?%6‘%‘?579; and 5, 668, 230; the
entire disclosures of 15 which arereby' i ncor porated by reference.

Speci fic exanpl es of such organoéa?‘ onpounds are as foll ows:

bi s(cycl opent adi enyl ) haf ni um di gb0ride; < @~ ~C Hf Cl1

bi s(cycl opent adi enyl ) zi rconi pm di EN of i de,~zr 1 ~cl4z~ 20 WO 01/23434
-7- PCTIUSOO 26685 | ,2-eth st 1 5- i -indenyl)di-n-butoxyhaf ni um
TH 1, 2- et hanedi yl bi s(275-1-1i

t hyl zi r coni um 1...~\CH3 Zr
",*WCH3 5 3, 3-pentanediyl bis , 5,6, 7-tetrahydro-1-indenyl ) haf ni um
dichloride; ~C H''4* Cl

met hyl phenyl si |l yl bi s(, 75-4, 5,
dichloride; H3C//,,O .,\\\Cl

1,2-ethanediylbis( 175'- 1-indenyl)dimethylzirconium;

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

| \\/C\\ Hf"“\\Cl
i
XK

0

methylphenylsilylbis( ;75-4,5,6,7-tetrahydro-l-indcnyl)zirconium
dichloride;



si SCI O WD 01/23434 . - g - . PCT/US00/ 26685
bi s(n-butyl %I gﬁﬁg‘{ adi enyl ) bi s(di -t-butyl-am do)hafnium NHC(CH3)3 Hf
NHC(CH3) 3 b s(" “putyl cycl opent adi enyl g zi rconi um di chl or i decT/ussorzedss 5
di met hyl silyl bi s(I-indenyl)zirconiunn dichloride; H3C+/~ Si <<~\\Cf
H3Covol " ZrSClI  octyyl. nyl si |yl bi s(1-indenyl)haf.ni di chl oride; Si
.,.~\d  FIf ~cl m‘u%%ﬁéwc%me%éw%ﬁ%?@%ﬂ@%% yl bis(rl
-4,5,6,7-tetrahydro-I|-indenyl)zircgniumdichloride; H3C//,,,1,. Si
, %~~\Cl H3C Zr"WCl dinethylsily)bis(2-nethyl-1- indenyl)zirconium
di chloride; H3C H3 H3C 000, Si

Q SNHC(CHg)s

HE

) % \NHC(CH3)3

bis(n-butylcyclopentadienyl)zirconium dichloride;

5 dimethylsilylbis(1-indenyl)zirconium dichloride;

H3C/I/,l’

HsC/Si ~ cl

octylphenylsilylbis(1-indenyl)hafnium dichloride;

L

Si —\ .“\\\C|

- “‘\\\Ci




Zr~Cl  CH3 5 1, 2-ethanediyl bi s(9-fluorenyl)zirconi umdichloride; Q
Zr' ~\Cl indenyl diethoxy titaniunmlV) chI oride; Tis 1iOCH2CH3 C OCH2CH3
WO 01/ 233802343¢US00126685 - 10 PCT/US00/26685
(i sopropyl am dodi net hyl silyl)cycl ofent adi enyl titani um di chl ori de;
,~., si "H3C\ /Ti" utCI N C

bi s( pent anet hy! cyglongst ﬁq.ﬁyﬂ 5) g,v.ltaﬁhyd:mldndéwl)mrceéﬂmzi“’hlsn‘éﬂ
bi s(i ndenyl) zirconi um oride; zr 1Cl net hyl octyl silyl bis
(9-fluorenyl) zirconium d| chl ori de; >Zr~Cl i SCI H3C and WD 01/ 23434
- 1 1 - PCTIUSOOi 26685 bis-[ 1

(N, N-di i sopropyl am no) borasca,penze
trifluoronethylsulfonate / N(i -8{ 2

HyC

indenyl diethoxy titanium(IV) chloride;

I
/ Tl;-..,mmOCHcha

cl OCH,CHs



B Zr"% "\H **0OS5 02CF3 NQ Pr)2 5 Preferably, sai d organonetal conpound is
selected fromthe group consisti ng of ©

bi s( n- but yl ¥Q8LZ¥Nt adi enyl ) zi r coni um d| chiori de; Zr **PETUSOPZ6685

bi s(i ndenyl ) zirconi umdichl ori de; 28011 WO 01/ 23434 -12- PCT/ USOO/ 26685
di-met hyl si Iyl bis(l -indenyl) zirconiumdichloride; HBC//ﬂ] . ~t~C

H30401, Z.r. SO 3@ oropikhidoarhathytiilyhbimloncatafienyFipipm gic BB Um di chi or i de
Si  H3C 5 Organoal um hum conpounds have the follow ng general formula:
AL.(X5)r6(X6)3-n In this fornula, (X5) is a hydrocarbyl having from1l to

about 20 carbon atoms. Curremsty, |’L6@erred when (X) is an al kyl
having from| to 10 carbon at on®. is nost preferred when (X5)
is selected fromthe group consus’t lof net hyl , ethyl, propyl, butyl,

and isobutyl. In this fornulal 3(X() /f'Sle, hydride, or al koxide.
Currently, it is preferred when |s in Gbendently sel ected fromthe
group consisting of fluoro and

bis(pentamethylcyclopcntadienyl)_zirconium dichloride;

Zr

nyl) zirconium dichloride;

methyloctylsilyl bis (9- -fluoren;

-\—\_\_,,, «Cl
II,"- Zr,
HyC

and



chloro. However, it is nost preferred when (X6) is chloro. In this formla,
"n" is a nunber from1 to 3 inclusive. However, it is 15 preferred when
"n" is 3WENHRes of such conpoungs_are as follows: PETHBIRGES] umi num
triethylalum num (TEA); tripropylalumnum 20 diethylal um num et hoxi de;

tributylal umi num WO 01123434 -13- P 00n6 AL tyl al umi num
hydride; trii soblbﬁsy[ladMNidﬁmmPYéﬂW@@gﬂr‘{aglﬁﬁrfzﬁﬁﬁﬁgdnqdhél roiﬁ e; and

di et hyl al um nu jde. 5 Currently, TEA is preferred. The fluorided
solid otk‘iﬂﬂgm&?%gst%fgﬁdéonpri ses fl uor, q?r and a solid oxide conpound. The
solid oxide conpound is selected f,r/o%' IlFe group consi sting of
silica-titania and silica-zir iBa. Silicais the majority conponent of the
solid oxide conpound. 10 Th ani a content of the silica-titania

general ly ranges from about 5% t Q‘\\ﬁbout 30% by wei ght titanium

preferably, from about 2.5%to abgal 15% by weight titanium and nost
preferably, from4 to 10%Db i ght TO8@MFam The zirconia content of the
silica-zirconia generally r \f rom about 1% to about 40% by wei ght
zirconium preferably, froma BQB/O'[O about 30% by 15 weight zirconium
and nost preferably, from8 to 20% Dw¢we, ght zirconium The solid oxide
-conpound shoul d have a pore volune greater than about 0.5 cc/g, preferably
greater than about 0.8 cc/g, and nost preferably, greater than 1 cc/g. The

solid oxide compoung ot onganomatal Snfbffia 'sERetbd RBHARDHouH 00

consisting of | -
bis(n-butylcyclopentadienyl)zirconium dichlonde;

10




20 n2/g to about 1000 nR/g, preferably from.about 200 n2/g to about 800
n2/ g, and nost preferably, from 200 nR2/g to 800 n2/g. The solid oxide
conpound canVBé@1/g¥e by any nethod known in the art. In apfiusordiEhod,
the solid oxide conmpound can be nmade by“ctogel | ati on of aqueous rials,
as represented in U S. Patents 3,887,494; 3,119, 569; 4, 405,501; 25

4,436, 882; 4, 436, 883dimetR@sihlos(]-indedsl) zitComjum dBBlorig81; and 4, 152, 503; the
entire disclosures of which are hereby incorporated by reference. In this
procedure, a titanium or zirconiun1sa|t,/‘l bh as titanyl sulfate, is

di ssolved in an acid, such as sulfuric 59% 0 which sodiumsilicate is
added until gellation occurs afh%thra By Xgi ng for several hours at
about pH 7 to 10 and at about 60 tQsa !5\_M&§lfollomed 30 by washi ng and
drying. Drying may be acconpli by\any known in the art, such as,
for exanple, azeotropic distillation, dry®©hg, flash drying, vacuum
drying, and the |like. WO 01/23434 - USO00Il 26685 I n a second net hod,
the solid oxide conmpound can be nade | ation in an organic or
anhydrous solution as represented.. . Patents 4,301, 034; 4,547,557;
and 4, 339,559; the entire disclosures o I ch arﬁm%ereby i ncor porat ed by
reference. By these [RaRMNAHERILIRD-RbAAPHArcShiubCRtBoriduch as, for 5
exanpl e, tetraethyl orthosilicate, and an organic titanate or organic
zirconate, such as, for nple, titanium prconi um tetrai sopropoxi de,
is dissolved in an organic ution, such for exanple, an alcohol, to
which a smal|l anount of water i*s~added ith an acid or base to cause
hydrol ysis and gellation of the sOr#g oy
i ntroduction of these ingredients can“ge Vv 2.0 Eaeg the 10 addition of
each can be divided into stages to qzﬁi- e sPegiNgl “properties. Aging and
drying often result in a high por8stty sol r‘de conmpound. In a third
nmet hod, the solid oxide conpound can be coating the surface of
silica wwth a |layer of titania or zirconia exenplified by U S. Patents
4,424,320; 4,405, 768; 4,402,864; 4,382,022; -47368,303; and 4, 294, 724; the

entire 35 discl 05“b?@g&gﬂﬁi@l;@%&ﬂ&i@%&gﬁ%@%g%rfegal?éfn{uﬁ:erence- Any
) 6

t echni que known in e used. arl'y comon nethod is
to treat a silica, which has AlX )X )30

In this formula, (Xs) is a hydrocarbyl having from 1 to about 20 carbon
atoms. Currently, it is preferred when (%) is an alkyl having from 1 to 10 carbon
atoms. However, it is most preferred when (Xs) is selected from the group consisting

10  of methyl, ethyl, propyl, butyl, and isobutyl.

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

In this formula, “n” is a number from 1 to 3 inclusive. However, it is

15  preferred when “n” is 3.

Examples of suéh compounds are as follows:

trimethylaluminum;

triethylaluminum (TEA);

tripropylaluminum,;

20 diethylaluminum ethoxide;

tributylaluminum;



been dried at about 200C to renove adsorbed water, with an organic sol ution
of a titaRkyppRfaszi rconi um al koxi de, such as, for exanple, titanium

i sopropoxide, or a titaniumor ziredfium halide, such a®Ccriseoessanpl e,
titaniumtetrachl oride. Subsequent 20 drying and calcining in air at high
tenperature convertg; L6 l%ixﬁé:ﬂﬁﬂﬁ&cﬁ{d zirconiuminto titania or zirconia,
whi ch remai ns substantrally di sperseg’. This reaction can al so be

acconpl i shed in a ddisopgleluniipumhe titani um or zirconi um conpound is
vaporized into a : r - Whi j,s. then allowed to contact the silica.
Any met hod known igﬁ’t’§ @%@?@%Wﬁ@?i%ﬁng the solid oxide conpound 25
with a fluoride- coriethylalngimonghdonide. can be used in this invention. One
CONMDIN Wagy, mi,n?l t'PEAj Efnay e the solid oxide compound with an aqueous

sol ution G & 71 ucri"des eant ai ni ng salt, such as, for exanple, anmmonium
fluoride (NH4F), armiedluoridedsolil oide dempdvind kb:Aprisch fldowidd andraisélia@ci d ( HF) ,

anmmoni um si.li cof | uorigde ((.NH4)2Si F6 .a i,um fl uor oborate (NH4BF4),
amoni um ¥ o‘f"gl?ﬁ!i‘é%h&eesgilf{lﬂi éfglp%qnﬂésr%{éfl f°§b4h5§f°a‘l’(°%54'}1,g %find mi xt ures
t her eof . sifidaatitids hividilica-dikvondal Silich fathe MajositydongposaTpothRdolicandbe di ssol ved
into an organic, solvent, such as an al cohol, and used to inpregnate the.
sol i d oxi®&PCWbound to mininize shrinkage of pores during drying. Drying

can W9 01/ 23434 - 15he RiahiASMRE6Re silieu-masie BRletaleshdey framabgt hod known in
the art such as vacuum dryin spray dr drying, and the like. -

, drying, flash ,

The 11 uordS#6 SR EhEAR 0%y Wetshs Bimmbims are Tl i 1hosbi At wabent 1aVeba gel by
addi ng i tydight @mih, anll SnROPERISHITRLR! 4 B!19%P8f WeightGRAdigth! On. These aqueous
material s were disclosed in the first and second nethods for preparing
solid oxi de conpourés zirefiniaepateatioffhesilieagairopnia genasally rapges ffiomabeut The
fluoride-G I o,GONt Al Ni Ng a
el bef o 2o ar PR BF NEHEAnEfitar pfertiy A EAhEoR o o0 “na ” ©
second nevdight giréaninm,rangd amastprefepdblyd froxi &ito 208nipoweight ziicomwmmsed previously in

this 10 discl osur eﬁhﬁE?ﬁ?éJ‘iHQ% 5“38%%.?1@%@?&%?{33@%%‘%%{%50 be added

during cal cining. tec que, 't %n conmpound is
vapor i zeabouttOss /g peefertbly graaten thad abant DI8urcd] amsl mbst pedérally,greate thamnpound so
that it ilSchl uorided fromthe gas stream ' :

The solid oxide compound should have a surface area from about 100

20 mzlg to about 1000 m*/g, preferably from about 200 m?/g to about 800 m’/g, and most
preferably, from 200 mzlg'to' 800 m/g. .

The solid oxide éompound can be made by any method known in the
art. In a first method, the solid oxide compound can be mad_e.by cogellation of
aqueous materials, as represented in U.S. Patents 3,887,494, 3,1 19,569; 4,405,501;

25  4,436,882; 4,436,883; 4,392,990; 4,081,407; 4,981,831; and 4,152,503; the entire
disclosures of which are hereby incorporated by reference. In this procedure, a
titanium or zirconium salt, such as titanyl sulfate, is dissolve& in an acid, such as
sulfuric acid, to which sodium silicate is added until gellation oé_curs at neutral pH.
Aging for several hours at about pH 7 to 10 and at about 60 to about 90°C is followed

30 by washing and drying. Drying may be accomplished by anS( means known in the art,
such as, for example, azeotropic distillation, spray drying, flash drying, vacuum drying,
and the like.



In addition to sone of the fluoride-containing conbounds descri bed above,
vol atile 15 o%ﬁgnic fluorides may be used .at tenperatures above their

deconpositio 4 or at tenperatuyges high enough to Cmsﬁﬁ?ﬁ%ﬁsi on.
For. exanpl e,. perfluor ohexane perfl uorobenzene, trifluoroacetic acid,

trifluoroacetic anhydrid hexaf | uor acet | acet onat-e, an he |ike may be
vapori zed and contac W‘idﬂ“‘(’tﬁ@ -4} $oltd oxide gampoRI AR B aBbut 300 to
about 600Cchgri@iién ﬁranrﬂr%a{nﬂg&fhnhirdi@ﬁsgaﬁﬂﬁnﬁi HBfck  USNPakMENg vapors nmay
al so be used, such as

le, hyd fl | |
1 uori ne. gAsOLPRE 4HA P ormdiS Shriss thrmbmmilissiosty oL} BBy o oM

t enper at ur ghdofporated B iEerstce 2 B9 thesd REhiQued PRLIrs MROMi &30S, @iich Lefor g f | uori ded.

The amount of fluoride present before calcining is about 2 to about 50% 25
by wei ght examepie.detrasthyd artepsilicais, 30 agipreasic HtARALE Pr ASEANIREICOBRIE Suplk asde

conpound b gér%gm pleaki ?dnmrﬁ‘ Gr debﬁfuﬁ{ é{?blxoprbgoxh& RRNbIvad fnQandddtlic 25% by

wei ght , most prefe 0% by wei ght fluofide based on
t he wei ght sglfatiorh gudh @ofordveednpialan@lqomld@ wlelpe small arnelmpéwe@r iaddedg. It is

portant bigk wildGn'aHOrd80o 30k Ay BELAR o8 BRANBS oA S FLARS . 30

General ly, C|n|ng 'S con a“tenperature 1n the range of
about 200Ccompomdoamc9ﬁ®€pf mtrdddogion af tlmsasngmdlemcmabvg@mﬂ aaithet 1 minute to

about 0 h ferab r|d ' onpound .i s

cal ci nig a 8‘#@%8? ef ! I%C%Wg%{tl‘lg v§9 fu%{ Sz%g%egng‘%é{l &3 ﬁe in the
range of ah%gdﬁdﬁ&uﬁulﬁﬂa&ighﬁorﬁkyh@hﬂ&nd%m\dﬂl01/ 23434 -16-

PCT/ USO0/ 26685  pr ef a es. . from350C to 60 and atinmein
the range of 3 to 20&&)‘3‘?’% dc&ﬁ ﬂlé‘{@ﬂﬂ HRORO f’aé’ttéedn?‘% é’rﬁ?até'lﬁ"i"%bl e

at mosphere su@%rﬁhba/wnh Reayefed tithnih agzlfoanﬁpﬁwxe:h plifidd by, Si Pakidts at mosphere.
Al ternati Velfé I ni ngz can be 5 | et n an OXI di zi ng at nosphere,

such as, éﬁzgn“ %951’7680’?' 402,864 6&33822 aﬁ H4ate eRiRr ogen or

car bon1§Dna;sbﬂsme§@dﬁmmMheﬁeymcsﬂomem&dﬁ%ed Ab esmgﬁﬁm Al exanpl e,
conducting the fluori d| |n phase at_ a Iovver tenperature, then

further caﬂtﬁ%ﬁ‘itﬁgb&ﬂm# @P@F}?Pénetmdtléqu&‘%#%éﬂhy&%@bhﬁﬁl ng can be

been dried at about 200°C to remove adsorbed water, with an organic solution of a
titanium or zirconium alkoxide, such as, for example, titanium isopropoxide, or a
titanium or zirconium halide, such as, for example, titanium tetrachloride. Subsequent
20  drying and calcining in air at high temperature converts the titanium or zirconium into
titania or zirconia, which remains substantially dispersed. This reaction can also be
accomplished in a gas phase if the titanium or zirconium compound is vaporized into a
gas stream which is then allowed to contact the silica.
Any method known in the art for fluoriding the solid oxide compound
25  with a fluoride-containing compound can be used in this invention. One common way
is to impregnate the solid oxide compound with an aqueous solution of a fluoride-
containing salt, such as, for example, ammonium fluoride (NH4F), ammonium
bifluoride (NH4HF2), hydrofluoric acid (HF), ammonium silicofluoride ((NH4)2SiFs),
ammonium fluoroborate (NH4BF4), ammonium fluorophosphate (NH4PFs), fluoroboric
30  acid (HBFa), and mixtures thereof. Alternatively, the fluoride-containing compound
can be dissolved into an organic solvent, such as an alcohol, and used to impregnate

the solid oxide compound to minimize shrinkage of pores during drying. Drying can



conducted first in an oxidizing atnosphere, then in a reducing atnosphere
at a 10 dighgial, tenperature, or vice-versa. Optionally, a small anount
of chloride can be included in or afi®&r the cal cining trexsBIssgs0 achi eve
hi gher activity in some cases, or to increase the contribution of the
titani Um&racéddé;ﬂi%ﬂédjw anbRethéd Riowitin GRIPQREH 4sQRSmiHh d%ﬁHg?sﬂrSV@x’}H on can be
produced by 15 contacting the organonetal conpound, "t he organo§1 um num
conpound, flashdringe and thgdike.ded sol i d oxi de conpound, together. This _
contacting can occHteieRofde/adrthikg LmpARY San AL jAH &%aﬁﬁéaga& bl'endi ng.
Furthernore, each of these conpounds can be :fed 'nto a reactor

separ at el by adding\ttp icoeof de punacus matenals befprecasBativonbesecquenan materiatsont act ed

t oget her i faret har ' l,.t hree
corrpo[}ﬁds\p%g{csg‘ﬁ %gﬂ%mgﬁ%tﬁ@y{o@éﬁe&%o?%oé? roe})e esﬁﬁgt"?ﬁf’ rc% (gjen Sinto the
react or. dixemssedpieyjousiyian this dieclosuge.t o first contact the organonetal conpound
and the fluorided [.d.oxide . ﬂdn ge : t 1 minute to
about 24 hours, p@ggpg%ﬁ%%oﬁmﬁggg ﬁgﬁg %Jl}?),rcagéé)%m’?%ﬁlp rature from
about 10Gohniniipige]l Befofe dryinge Fomadtioy ofl Hgdlwiae di3€losdd ih ¢heffostrand i rst m xture,
and then contact, this first mxiure .25 wih.an ofganoal.um pum conpound to .
For m t ne ORI STt e g aempalid dir et BRPPRRY MBEL ¢ he

or gan@retdadcigze@pound, the organoal um num conmpound, and the fluorided sol i d
oxi de conpound befgre_injection_.  into a polynerizatiopn reactor for about 1
mnute to about 24%%8?%1]};%?0@{8&}!%?%?}9%"3%%#1%&%3 é?“Vt’)"ﬂg,"“Ialtm".ﬁ'terrperat ure
f rom abouh pkfechliq RPN fudABE cortiifthg bapoind AGrapSzctantBAGas WRaR1/ 23434 - 17-
PCT/ USOQO 26685 A wei ght ratio of organoal um num conpound to the fluorided-

sol i d oxiued edlwlizahe Folid exddecompopnd sothahilis firprded frgny the 2ps sreambout 5:1 to
about 1. 319Q@diﬁoxp&%ﬁgﬁtagmle:ﬂéxfgﬁe%b&h@mh§ ééxég&ﬁd@&@éﬁbeaialﬁ% vélafte MOSt

preferably, from 1: : wei g io of the fluorided solid oxide
conpdiénd organictfinosides maxlemised iat iemnpretures abovertheir degpmpositionnoigasiret on ranges

1 hom abolm a0 hteﬁ%‘f@%g%ugggn rehotidd Fof&aRple, pbiafloRlaiE, 10001 to about

10: 1, an prefera ) )
perfluorobenzene, trifluoroacetic acid, trifluoroacetic anhydride,

hexafluoroacetylacetonate, and the like may be vaporized and contacted with the solid
oxide compound at about 300 to about 600°C in air or nitrogen. Inorganic fluoride
20  containing vapors may also be used, such as, for example, hydrogen fluoride or even
| elemental fluorine gas. _
The solid oxide compound can also be calcined at a temperature in a
range of about 100 to about 900°C before being fluorided.
The amount of fluoride present before calcining is about 2 to about 50%
25 by weight fluoride based on the weight of the fluorided solid oxide compound before
calcining. Preferably, it is about 3 to about 25% by weight, and most preferably, it is 4
to 20% by weight fluoride based on the weight of the fluorided solid oxide compound
before calcining. '
It is important that the fluorided solid oxide compound be calcined.
30  Generally, this calcining is conducted at a temperature in the range of about 200°C to
about 900°C, and for a time in the range of about ! minute to about 100 hours.
Preferably, the fluorided solid oxide compound is calcined at temperatures from about

300°C to about 700°C and a time in the range of about 1 hour to about 50 hours, most



250:1 to 20:1. The ratios are based on the anbunt of the conponents
conbined to give the catal yst conposition.. After contacting, the catalyst
conposition 81%(??4%5 a post-contacted;¢ 10 organonet al conmperidsndess

post - cont act ed or ganoal um num corrpound and a post- contacted fl uori ded
solid oxide compound. It should be noted that the post-contacted fluorided
solid oxi d&%@'ﬁﬂ&dﬁﬂ”@‘“ﬁﬁé‘%ﬁf?ﬁ@ 6005C ard gfime iptherange 068 &2 94+

conposi ti ORoursOfFten times, speC| fic conponents of a catalyst are not known,
therefore, for this _invention, the catalyst conposition is described as
conprising post cont Gelcimingicsn bs spwplsted. inAnysitabic atmpsnberss Generally, the

post - conta t fluorided
solid oxi dgalggrﬁgggﬂﬂﬁk%ﬂ%lggg?yst conplglst%l??t%egfg{r?gcggﬂ?%ﬁ%gbout 5:1 to
about 15 10@0mpbtedfm pmbridizingratmespbenst sugh s, toxsygeneunirjorageducingd nost

pr ef er abl Yt h t nt.act ed
fluorided SO TJ Hére i %ﬁ %oﬁ%d?g%eg%(%éb?ﬁggﬂé,g?g tﬁf é‘tgegg?)‘?gg%%?%’@t ‘éthcorrpound
in the cat aigtsges;:forrwmm;ﬂe oonduatingethe fluoriding boaigas phade( a lowed tahpedturt; 1,

preferably, fr abagut . 10 0 1 to abou ref rably, from
250:1 to Z&Tf% g‘f tg?lpfr&{‘l’r%fAff?{Pglve}’Y\’/%ﬂ?‘f‘ E an activity
greater thadnducted Zﬁsteraﬁaw&“fzmg@mhém Ofiert ihad redhecisy dti@sphereatar ganonet al

conmpound, ggng t he sane &Fnoal um num conpound, but uses silica or titania
that ha® b Y?W’@?fﬁé‘fréfr %rVert uori de as shown in conparative exanples 4
and 5. This activi tyOpﬁoﬁﬁﬁzSHrs%HLH}H&fnt of cHIorideRah YERAEAL RorGRdi ti ons,
usi ng i sobutane as the diluént, and with a pol ynmeri zation tenperature of
about 50 t&QMMImmamoanhwhwgh@eam‘esssmrs@mﬁfca’sas, abtwincud@Bet o about
800 psig. tor ‘}}B d have substantially no indication of any wall
scal e, coa ‘btf%? B HIAMYR O SHPPRY™ However, it is preferred if the

activity is greater Tﬁmtaaﬁwsmé&mnabmmémibﬂbw rB@icegbgm of fluorided
solid gxi de conpound per aklrﬁ nor e ‘gre erably, WO 01! 23434 PCT/ US00/ 26685
,f

- 18 gr dat eFORARAIRE SHREANQRT! F QFRap0%) %@P@rcwaﬁndz andthe This
activity | gupBaasbRa oxide compound, together. This contacting can occur in a variety of

ways, such as, for example, 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 further contacted in the reactor, or all three compounds
20  can be contacted together before being introduced into the reactor. |
Currently, one method is to first contact the organometal compound and
the fluorided solid oxide compound together, for about 1 minute to about 24 hours,
preferably, 1 minute to 1 hour, at a temperature from about 10°C to about 200°C,
. preferably 15°C to 80°C, to form a first mixture, and then contact this first mixture
. 25 - with an organoaluminum compound to form the catalyst composition.
Another method is to precontact the organometal compound, the
organoaluminum compound, and the fluorided solid oxide compound before injection
into a polymerization reactor for about 1 minute to about 24 hours, preferably, 1
minute to 1 hour, at a temperature from about 10°C to about 200°C, preferably 20°C
30 to 80°C. '



under slurry polynerizatibri conditions, using isobutane as a diluent; and
wth a pom{z’uagtion tenperature of 90C, and an et hyl ene pressure of 550
psig. The reactor  should have substpntially no indicati prB8oenEsss ol |

scal e, coating or other forns of 5 fouling. One of the inportant aspects of
this invention is that no al um noxane needs to be used in order -to form
the catal yst conpod Veight ratg of fraandalyminuin eompoundtortbe flaoridsdselichd t hat

greatly loRfieR8RHSurdith YHElatdlysPEtiidsitidn ¢%EStront Bbsut 31150 aBB@NSI00bhat no water
i's needed to he E@fgorm such al um noxanes. This is beneficial because 10

wat er cambreferably; 2Royt 3:latopbpytiel 00z 2ndirenst prefsssbly fromybrlte %81 Iy, it should -
be noted that no R%ﬁ%ﬁmﬂaﬂ%ﬂ%&%ﬁd%xnﬁcUx?]ﬁguﬂ&OQﬁéjer to formthe

catal yst conposition. _summary, this nmeans that the catalyst
conposi t iorganomptabeenipoundincthe getaliysi sompoerstionTrrgss fremrabput 19:tor pol yrreri zi ng

nonomnmers n el easi |y and
inexpensiagéﬂtggbp%gbelg’ éggﬁ%@l%@{ﬁégg‘gggﬁgggﬁqg%g&g ﬁl hoxane 15
conmpound25@&i th0:4t Fhe mtiooamdesedaddhe imvat ¢fithe enmpongsts oathbinad tongieeo npound
needs t(&lbe dged Jugrany MyCl z needs to be added to formthe invention.
Al t hough Ein Sn%%e, Bor at e conpounds, organochrom um conpounds, or Md z

are not needed i nAfteecontaefing, tiectatiysockimpesitisn cdriysrises & pogieumadgeL an be used
in ohBer enbodigEnts of this ipvegtion. 20 | n anot hed(; embodi nent of this
i nvelPi oRfEARORstAtSompound, 3 PostGogtacied AiaznqalymInum cpmpayn W¥brer and t he
cat al yst cem#giasilidrided bsliduxidctnpatind. Bahbuld Benotpdihwtie pbst-cBh@sedied. The term

"polynmer" as used.in this disclosure include ymopol ynmers and copol yners.
The cat aferdedsapderis B?T“E%‘i‘ab%‘gﬁg’&?"%%bﬁ’leﬁgﬁépg g’é Qatél%‘i OHPOSIEAR nononer to

produce aHRRNTRAGY MEEHicRbmBodBUf Y ERthlystldsd hidt ifowrs InIOBRD QI YHEr S are

conpri sed of rnonomer residues, having 2 to about 20 carbon atons per

nol ecul einveatigne thgisatalyst mpeBitigr ‘sﬁsﬁg%ﬁff‘%’@&ﬁ‘ﬁgﬁ@ﬂ’%?a@éﬁl e. Currently, it
is psef gahadngbien at least one nononmer is selected fromthe group

consi sting of ethyl ene, prqulene,'l-butene, 3-net hyl -1 - but ene, 1-pentene,

3- met hyl - | - pent eneA weight ratip| offthe posirpoaiseted ergqusedyainum comppnd toifescene,
bt g B o SR s 0 Gl sl B Ve 2
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. '
20 A weight ratio of the post-contacted fluorided solid oxide compound to
the post-contacted organometal compound in the catalyst composition ranges from
about 10,000:1 to about 1:1, preferably, from about 1000:1 to ﬁbout 10:1, and most
preferably, from 250:1 to 20:1 ' '
The catalyst composition of this invention has an activity greater than a
25  catalyst composition that uses the same organometal compound, and the same
organoaluminum compound, but uses silica or titania that has been impregnated with "
fluoride as shown in comparative examples 4 and 5. This activity is measured under
slurry polymerization conditions, using isobutane as the diluent, and with a
polymerization temperature of about 50 to about 150°C, and an ethylene pressure of
30 about 400 to about 800 psig. The reactor should have substariﬁally no indication of any
wall scale, coating or other forms of fouling.
However, it is preferred if the activity is greater than about 1000 grams
of polymer per gram of fluorided solid oxide compound per hour, more preferably



et hyl ene or propyl ene. Wen a copol yner is desired, the copolymer conprises

nmononer residues and one or nore conbnoner residues, each havi ng f rom about

2 to WO 01/ 2¥Q@u234¥9- PCT| US00/ 26685 -,about 20 carbon at opgy 29%3 fecul e.

Sui tabl e conobnoners include, but are not limted to, ali phatlc f efins

having. from3 to 20 carbon atons per nolecule, such as, for exanple,

propyl ene, gfpawu&enéﬁﬂmapénmmefembbmrb@ﬁthambﬁﬁ(bﬂbls agtivitndemeasutedoct ene,

and ot her e ch as

13- but adi glﬁ%} s@?rygﬂgng gié'%btﬂ%aéo%ﬂu%s ’&&ﬂg?&&b@ﬂ@é &4 «ﬁiu%h L@[}fxggé‘ene

1, 4- pent ad pehymenZatRmhenmlatemf 9¢Qﬁ6 andtahethyiane hredsm of $50PsignBhaicattor es

thereof. s_desi.r t |s fe ri.ze ethyl ene

and at I.V\hﬁouk? i ﬁg?%n%aggofndacaf?%ﬂ# e HPSS% crggn'%értg&%?@% k‘1 but ene,

1- pent epe, faulingxene, 1-octene, and 1- decene The anmount of conononer

I ntroduced into a re cto zon ucg.a .co erally from

about 0.01 to 10 abo Pc‘i ?f%anbgﬁpgtgma @Eﬁﬂh&ﬁ@‘?’”ﬁ@%é‘& g"ﬁ‘?‘?@"fot al

wei ght of ub&ist®bORRE 1@&derto-foﬁﬂmrmﬁg@t cqmpaﬁmbﬁbhy;mlﬁ&nué isGn01 to about 5,

and nost preferably,. 0.1 to 4. -- -- ernatlvel%1 unt sufficient
H’PStS|

to give théx%W%cﬂBWPB@dgE%HX&ﬂWlPGL}?‘“BSP T
produced cCafhit RE wdRe i need¥dd6 BEHISmh ith ahihinOkUNYIIETHI R bokeficRPBica@dte MONONEr
to produce a 15 polyner are known in the art, such as, for _exanple, slurry
pol ynmedf z atyatss catyrosiqimes kill pRelymer7aion PEsessa hddiionsliy B5howd hemated at i on. It
| s preferr af hOpiialelcd gﬁsb@n&'deé&eeb LY Rl &R r&ﬁmacaaadrs@e&n Gftfdnl @R Zone.
Suitabl e diluents used'in slurry pofymerization - - are well known in the
Cart and i n@mmrmwmewm&mmw mqsitqw whigh isdweteraggrqusosnd vdueli t i ons.

The term "] y mean an
20 inert %H%% |s posf% rg{ﬂ %fegg gsez{rilltg %ggﬁp%gﬁt% ?F%ﬁ%%ljs
t 0- pol ymer icarabé eamly@mnaineeswﬁydrcdueadﬂmmse qf;thqd@enctmﬂf agy gumintoxhneri t ed t o,

cycloh ane I SQ e pent.ane

neopen necmgﬂo "ﬁsﬂr 05%8""“'. r% #85&“’953’ ﬁooﬁgﬁl pre e?g,%lun[dgn e

i sobut ane a&sbd dided|inorianyt MigClaiesdsto byamkiymﬁmnzthémsmtmﬁxammm of such

t echnol ogy gcan be f%und in U S, Patents 424,341; 5[@ . 5 4 613, 484;
4, 737, 280; 2luminoxane, beraieeompoynds, Qrgan w“m?&PBB‘EﬂSe%‘ 2 tare hereby

i ncor por at geeded irl @ié prefitfed embdQiricits) (Hehé coniRAdd dah 68 Gisddin Bthien thl S process

roduce good qualit
P g g]dlments%f this invention.

(

20 In another embodiment of this invention, a process comprising
contacting at least one monomer and the catalyst composition to produce at least one
polymer is provided. The term "polymer" as used in this disclosure includes
homopolymers and copolymers. The catalyst composition can be used to polymerize
at least one monomer to produce a homopolymer or a copolymer. Usually,

25 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-methyl-1-butene, 1-pentene, 3-methyl-1-pentenc, 4-methyl-1-
pentene, 1-hexene, 3-ethyl-1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, and

30  mixtures thereof.

When a homopolymer is desired, it is most preferred to polymerize
ethylene or propylene. When a copolymer is desired, the copolymer comprises

monomer residues and one or more comonomer residues, each having from about 2 to



pol ymer particles wthout substantially fouling the reactor. Wen the

cat al yst wpypgQggosition is to be_used in a |oop reactor zone under slurry
pol ymeri zation conditions, it is prigf-erred when the pargdied /ﬁfée of the
solid oxide conpound is in the 30 range of about 10 to about 00 mi crons,

Pr o1 o 211 44,38 Ubor Boh 80 MO S N5 Wono B IR B SESLRO! Y, 50 to 200

m crons, est meri za
PCT/ USOﬁhﬂﬁéaﬁ aliplratig lsqiefmsﬂmamng frbmdi tm?ﬂ fcarbbn htlons penmelecilessuciaagr ocess i s

d
Pontt ool RbEHERuR EARlSl FABRR Y AR i RAST GRS 1)
cont act amgotaexscﬁtﬁmk aod cdgugmmmmnnhomu‘gatemmme suvhais 1| 3Aputadigneni um_5

bi fl yoride to uce u de o d: wherein the solid

oxi d b‘r‘PBrd’Hﬁ %’éel’ %?t‘%’&eﬁ?’foﬂ?gﬁté‘& i3 pe&‘%ﬂ "ﬂgc’@fmg?la?‘ﬂa titania and
silica- Zihéﬁmhdloldfﬂ))s afidinixtides theteof Whetpd ¢<£i>etymhs desived, Gieis pefgRaNd at a .
t enper at ur Wt hi ra‘g%% of 350 to 600C to Prrodﬁce a cal ci ned

conposi 9 VYRR FHYAFRE 40 eafb"'fﬁé’f’ﬁ'ﬁf‘mﬁgrsﬁi@ﬁ?d PRIPF BOUB SeRSIFiBS the wei ght

of the bfueniessd-peatend 10Nxefe, 10RERE) UMl 1 laedant.e mlaﬁiouhnﬂ'co{:éﬁoxﬁ&”b' ning the

cal ci ned conpasition and bi s( n- butyI cycl opent adi en zi rconi um di chl or’i de

at a t efyeruted irioRireastan zprrtopEgeyes Heorplymef 15 agnerally gf"ﬁ‘r”@ﬂwlaﬁom xture; and
15 ¢¢) ?ﬁ&u@ﬁo Reiphestceht @aﬂ%&ea%eémh@,u otal ANt Dif B &.&f‘ongréﬁ&" e and.

triethylalumnumto Bro uce the catal yst conposition rogen can be used
i n t hi scomenomer.daeierbly, fhﬂuy%l FWPW&@%@@%@E@f?@bIYe@hW # pol yner nol-ecul ar

wei ght . sQasatily, U8 ahiBRHEARIA toldNctnt ISP ULLRbL odatyalifls, b UOT i ded sl i d

oxi de conpound acti vates organonetal conpoun re efficiently
t han si weight, in &e coprdyméripaeduged ean beiupdde a- zi r coni a al one. Thus, the titania

or zirconia cont rp@g&glﬁagemﬁ%%ﬂ%@%@&%@ Q5 pora%reei al conmpound. A

second feature of anl Zlrconia i sa weak
pol yﬁerpqlmemekm\m»psheam su¢lsasoﬁmexarrg>llﬂ, sluwpvlythmgatmnhgagfphasml ecul ar
wei ght cq omet 9ng erw s SYTIBLE erkecul :ilr wei-ght

polymeriza on, an Qotfio npo ymerization. 1t is prefe; to p

polymerization in a loop reaction zone. Suitable diluents used in slurry polymerization
are well known in the art and include hydrocarbons which are .iiéuid under reaction
conditions. The term "diluent” as used in this disclosure does not necessarily mean an
20  inert material; it is possibie that a diluent can contribute to-pé}y:neﬁzation. Suitable
hydrocarbons include, but are not limited to, cyclqhexane, isébutane; n-butane,
propane, n-pentane, isopentane, neopentane, and n-hexane. Fﬁ:thennore, it is most
preferred to use isobutane as the diluent in a slurry pbly:ncﬂiatibn. Examples of such
technology can be found inU.S. Patents 4,424,341, 4,501,88_5; 4,613,484; 4,737,280,
25  and 5,597,892; the entire disclosures of which are hereby inqoi'borated by reference.
The catalyst compositions used in this process prbduce good quality
polymer particles without substantially fouling the reactor. When the catalyst
composition is to be used in a loop reactor zone under slurry polymenzatlon )
conditions, it is preferred when the particle size of thc_sohd_o_xxde compound is in the _
30 range of about 10 to about 1000 microns, preferably about 25 to about 500 microns,

and most preferably, 50 to 200 microns, for best control during polymerization.



25 distribution of the polynmer produced by the organonetal conpound. This
hi gh nol ecul ar wei ght conponent, or skewed. nol ecul ar wei ght distribution,
i mparts hi gh¥POVRM4B4 strength and sheaw.response to the POb¥RGac8@8 coul d
be obtained fromtypical organonetal conpounds. These polyners nmay vary in
nmol ecul ar wei ght distributi-oni. dependi rgaponet al. .c tr;r)'pound used

. > on th .
and the relative cor;f‘raisBiﬁ‘ﬁ‘bﬁ“B‘Pd‘F‘ﬁ’ét@(g\%f}"t"ﬁ'ﬁpgn?o S5 ISIRYIERY ©one speci al

feature of piolice d At botnostilbl B Ricbesd comiptifing (pabydliysnensisiiges of -about
2.5 to about 4.0 and HLM /M val ues from about 25 to: about 50 can be

produced f9ssertiglyaf P cansistdgesinds t hat woul d ot herwi se gi ve

pol ydi SDersitiE(? of RBkfinga dolidbxaRAénpduil Rt wileMdrkaiNiag dRimdnags t han
about 20. WO 01723434 -21-" PCT/ US00/ 26685 After the polynmers are produced,

they cah be formed ibifteoridertp srnstuces flpended solid @decompogpdiexanpl e, househol d
contai ners and utensi | Swlice&imh%rsgﬂ&‘ﬁiﬁecorﬂﬁdﬁﬂﬁis skldsled Haftkde gRUBES |

geonenbr anes, and Iiners. arious processes can form these articles.
Usual | y, achdisistingef sihiva-titenia indsiicaaziecoaidled to the polymer in order 5 to

provi de desired.effe . i ' ' | Ll on
described her eﬁz , a%?%fl%{shecfglr? Rgéd ;g)b\rﬁg &%%SB%,P X%ddfag\?\/ge rn‘i IJ(gega}sdt“@%ﬂ\/\g’ls ‘H;
mai nt ai ni ng nost, i frangdof 38DIto 600°C th@raduceuicrlgineixonpositionhaying 4 e20s

pr oduc wi th organonetal coppounds. EXAMPL Test .Net hods

" Quant E(ghr ome Aut oso‘?’?}g@ Hﬁfﬁ?g@‘é%“gi’ﬁseeggf% ‘E?S‘él%tso ?f}"ueteflﬁx 85&@4 snogqroﬂc%é"nt " was
used to determ ned tdompound Beforedakiniagld pore vol unme of the supports. This
I nstrunent was acquired . fromthe. Quantachrone rporatiqn, Syosset, N Y.
Pol ymer densi t y(has @8RS &aﬁw%ﬁawe%'é?“%‘&g%@ﬁg%ﬁh‘ﬁﬁ@%(e&r c) 15 on
a conpressi on nol dedy;igafRhfdicieRiSs aadbmphatite wiftin B rarlye Wf 154 gpegdi ti oned
for .about 40 hours at roomtqnﬁ%ature i n accordance wi th ASTM D1505 and

xtires

ASTM D 1928, Pr ocedue@rducep gy édelt index (HLM, g/ 10 nins) was
deternjgled in ag§or AFNRE Gerwibd P nfimkY il £ RGurAombARREHEniiktuge 2k 600 gram

et ght. triethylaluminum to produce the catalyst composition.
Hydrogen can be used in this invention in a polymerization process to
control polymer molecular weight.
. One of the features of this invention is that the fluorided solid oxide
20 compound activates the organometal compound much more efficiently than silica,
siliéa—titanié, or silica-zirconia alone. Thus, the titania or zirconia contributes to the
activation of the organometal compound. A second feature of this invention is that the
titania or zirconia is a weak polymerization catalyst in its own right, providing a high
molecular weight component onto an otherwise symmetrical molecular weight
25  distribution of the polymer produced by the organometal compound. This high
" molecular weight component, or skewed molecular weight distribution, imparts higher
melt strength and shear resj)onse to the polym_er than could be obtained from typical
organometal compounds. These polymers may vary in molecular weight distribution
depending on the organometal compound used and the relative contribution of the
30 titanium or zirconium. One special feature of this invention, therefore, is that
polydispersities of about 2.5 to about 4.0 and HLMI/MI values from about 25 to about
50 can be produced from organometal compounds that would otherwise give
polydispersities of about 2.1 to about 2.5 and HLMIMI values less than about 20.



e
20 Melt index (M, g/10 mns) was determ ned in accordance with ASTM D1238
at 190C W i d11443460 gram wei ght. Description of Polynerizations Runs

Pol yneri zation runs were made in a 22R-liter steel react oeT@ssiasd With a
marine stirrer running at 400 revolutions per mnute (rpm. The reactor was

25 surrounded by a Lacket containi boi | i net hanol_w th-a
connection to a st(@?eﬁ‘%&%ﬁ‘ggﬂ?ﬁz."efﬁ%du%g{f’%b%c%ggfowgt’ﬂtg V#EPHS N0l was
cont r ol | egtiblgs,\sacly as)Fonetanmsle houbélefis vomtampRl drlutbasils il pretieaer and
jacket, which permtted precise tenperature control to wthin half a
degr ee cedwmsrg'ebt,an%ﬁﬁ,tmp%scqmrpbr@ﬂes@ aBd Lingrs; Vagpigus Pcessehgan fmmnt s. 30
Unl ess ot ] tI%sIu% | & : {0 :

nor mal | y)tﬂgs;cvggr?lag;i e ggh%)dgﬁjﬁf S%P 8t ed 'fli%\gteaﬁl%ﬁl/‘{eegftpﬁ%% ﬁ?}gﬁéggﬁrgg%xi de
conpound topsovidddesired effedes: [tns beliged that by wing the aneention Nexdribedwo

mlliliters of an orgaponetal 01/ 23434 -22- PCT/LTS00/ 26685 conpound
sol ut i on heBHRATHFISY cgr.- ge awaﬁs«?frg aaéw;rgaﬁowgﬁamm&woemﬂm y bis(n-

but | ycycl gp ' LLOOI | | ki | 1t ers of toluene
was addecfm bgﬁggﬁnﬁzggé&%g{;}@%?gh%ﬁﬁ@%&gﬁ@@s‘gﬁf é%go |e(ladt}i d were charged to
a react orconpodndhe reactor heated up to 90C. One milliliter or two
mlliliters to TEA as a 15 wei ghL_ %. I’; g nol ar) solution in heptane or

et hyl al um num di chl ori de { EADC) wei ght % (1.5 nolar) solution in
hept agge was added mi dway during fheMsaRéu4t ane addition.  Finally, ethylene
was added to the reactor to equal a T1xed pressure, normally 550 psig,

whi ch was mai nt ai ndd'Quantackgomp dutoserbrti Niswegen Bere SizeiDistribgtionas al | owed t o
conti nue A | i J , the activity
vas not edymeht S 856 b BB me ML wéa BHEHE VO tR e il "7

mai nt ai n Thisdastument wae ssquirddefrerh et Quadtachnome Gomgoratidmy Syoseet f YW was st opped,

and the reactor b, SSB RS R R BRRRE R SRR B T
wal | 15caloft.a conpidssion mioldet kanpleQobkd ef abohinl HeCrpgr holitcand @bydifdneddsy t hen
removed B hINS %t oo eaperani in secdriane with ASTRIDISHS a8 P MPOUNY)
| D1928, Procedure C. o
High load _ine]t index (HLM]I, g/10 mins) was determined in accordance
with ASTM D1238 at 190°C with a 21,600 gram weight.
20 Melt index (MI, g/10 mins) was determined in accordance with ASTM
D1238 at 190°C with a 2,160 gram weight.

Description of Polymerizations Runs
Polymerization runs were made in a 2.2 liter steel reactor equipped with

a marine stirrer running at 400 revolutions per minute (rpm). The reactor was

25 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 centigrade, with the help of électronic control
instruments.

30 Unless otherwise stated, first é small amount (0.01 to 0.10 grams
normally) of an oxide compound or the inventive fluorided solid oxide compound was

charged under nitrogen to a dry reactor. Next, two milliliters of an organometal



Thi s exanpl e denonstrates that an organonetal conpound solution added to a
reactor w th_an organoal um num conpound but with no oxide compound does
not provide yrﬂt‘"&é fvi ty. A polynerizafion run was nade as l‘éﬁ“ﬁfs;l)b/%%gs
previously. First, 2 nmilliliters of bi¥(n butyl cycl opentadieny coni um
di chl ori de 20 sol ution (0.5 grans of bis(n-butylcyl opentadienyl) zirconium
di chl ori decqmoum®solm10to¢ontmmhgngo&mmmefﬁhmpmﬂ (usyally bis(none |iter

Beaimpl o 1 ARl Bl s daforabl po 100 bR R grlatapblil [ 11

Exanpl e 2.byléyeinge. h'éhenththtu"s of isebutmﬂlmlaiwelwabarmﬂded reagtod, anfditheal | y,

et hyl ene was _adde 1iv observe n I rring,
the 25 rea’i?f‘%t?dkﬁégedd"\lg? gg (JEJ ¢9%5‘V\®ﬁ§ bR ﬁlmB EoekEgaag gal}j{&sel trﬁs)hpol yner
was f oud. méhesselution $nhémarricr etlyDaiominumldibhleride (E@d)ﬁ:)asatzls\xmﬁx%rpl e 3
(Silica) nstrat es as & activator for an
or ganonet a{l i'ﬂi‘ﬁg@%h‘“\%éﬁ s ‘Vﬁstaﬂa'glrf“@v@&a %fhﬂ‘f E‘ben%gm?&} 30 Silica
was obt ai neglafiy, @RylbhBwabadded to BleatRtd? 3¢ equaby fikdl predd@ietnotRlalliis50 pfig about 1. 6
cc/g and a surface area of about 30Q square neters per gram About 10

grans of tYhichwas mpmipined firinedhe prpegmenty g hFﬁEW"&&fi‘F ?Eow%te cppiinuedorni t h a
sintered qm@rsﬁamﬁéa'tﬁke @Eua@%r&aatosa@howmd%éxw ﬁ,b w@%é\a&aﬂm on the
di sk, dry air was blown up 3434 -23- PCT/US00/ 2 t hr 6u t he

di sk aiOthﬂo‘lvloﬁe@b’len%ltﬂ@@Pr@bmmma@tﬂﬂbp@@’%tandard cubi ¢ feet per hour.

An electric furnace Eﬁ{gg tognd the

t enperature was ralégé Qg{‘ﬂ% rug{tégﬁ%%thgﬂoégg wgzvragﬁt%g?éto a terrperature of
600C. At t$lowlydepresuized and apeacd wirkiover agranuldrpolyoetrt In 41 easesi the for t hree
hours in t t . gfell I R T the silica
was coll ec ﬁg%%%s%%a"rvg&{) %gfbgté&y ni ? b’%ggﬁﬁé {)ﬁglﬁ??n@[& aveogny exposure
to the at nfm&hbgr'ﬂmeﬁhmmraﬂrmﬂmdemﬁedmdmghe&en added to the reactor,

foll O‘Aﬁj by an or gangr ( ol ution as descri bed
previously. These rur 18 o ' i Sts the anount of
calcined silica charnﬁﬂexaiﬂpeedaﬁbnlﬁatésmanmrganameﬁsconmwnabauﬁdmunt of

ol ymer pro ed. The cal cined silica produce
oty P d%eg to a reactor W?f organoalummumpcompoundqmt with no oxide compound

does not provide any activity. A polymerization run was made as described
previously. First, 2 milliliters of bis(n-butylcyclopentadienyl) zirconium dichloride

20  solution (0.5 grams of bis(n-butylcylopentadienyl) zirconium dichloride per 100 ml of
toluene) were added. Then, half of the one liter of isobutane was added followed by 2
milliliters of 15% by weight TEA in Example 1 or 2 milliliters of 25% ethylaluminum
dichloride (EADC) in Example 2. The other half of the isobutane was added, and
finally, ethylene was added. No activity was observed. After one hour of stirring, the

25  reactor was depressurized and opened, but in each case, no polymer was found. These
results are shown in Table 1.

Comparative Example 3 (Silica)
This example demonstrates the use of silica as an activator for an
organometal compound when used with an organoaluminum compound.

30 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 square meters per gram. About 10
grams of the silica were placed in a 1.75 inch quartz tube fitted with a sintered quartz
disk at the bottom. While the silica was supported on the disk, dry air was blown up



al nost no pol yner. Conparative Exanple 4 (Fluorided Silica) A 50 gram
sanpl e of WpafigePp2 silica described previously was inpregnated wth 100
mlliliters of an aqueous sol ution cmuaining 5 grans ofPCEUSUV/Zsg8 Ved
ammoni um bi fl uoride to produce a fluorided silica. This gave the sanple a

Vacuum atiuptsie SRk ke 108 of AR P 68 Ml Pl 2B ARG Ty

air at 66BGrgfunhes arquddhdqum tateswasithemduimiad &ix,an kie (Empekhitarefwagor i ded silica

had a surf.ace. are t uar e net r and a pore vol unme
of about r%_?e‘égu glr%?%gﬁ%&@s‘?%wm%%al""m Fpute ﬁféosof &‘%H%? FIAYS Was ¢ hen
t est ed asilismwacillonatido flufdize fanthesegame irethaldrcamoaguiodhca ndaldinedsigegroal um num

o hobi viA ek i 5 kiR ARE o e BT e 5 ASHRYF B sanpl & of

Aer osi I ekposiedo WratrAbdpheraed from Degussa I nc and 25 calcined in dry air
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It deconposed, thus_Ilaying down fluoride onto the surface of the titania.

Thi's pr ofHRE&e showp i, Gable éoWkNF@ lsts the amgunt of gelpined silipn charged.tthe minf | uor i ded

titagpha esjdasl r hpound in a
pol i 1 S o o P e P et o

act i vi t y2lmass 01ofgug4 - 24- PCT/ US00/ 26685 Conpar ative Exanple 6
(Silica-Titania) A sil Iéﬁ%‘%ﬁ@@? w@‘%@gﬁ&g&l@/@cogel | ati on as descri bed

in Deitz, U S. Patent was di ssolved in
concentr at ed sul fuﬂuS@gaamneh:nplc)oﬂgmwsmﬂsmdmnbsﬂprewaens@msl uti on was added

slowy w h VI I ched about. 6, the m xture
gel l ed | i 8V‘Pg]enousﬂl(l:l g Ofwaeqlsﬁe&;%%fwm?c&?&é'ﬁ g&%ns o 80C at pH 7 for
t hreds hodussnlveﬂfaammnhbdlmndetdpmﬁse unﬂuh-ndﬁtsﬂrcaaﬂ‘ﬂxstgme the sasplen 1% by

wei ght a\ggos%&j égnsstem% %mﬁ%? tHef ldng\@l?néep fdlf a?nzzﬁmtogp%g % d [ I ed in ethyl
110°C overnight. Then, the fluorided silica was calcined in dry air at 600°C by the
procedures described in Example 3. The fluorided silica had a surface area of about

192 square meters per gram and a pore volume of about 1.29 6¢/g.'

20 A small sample of this ﬂﬁon'ded silica was theﬁ tested as an activator
for an organometal compound and an organoaluminum compound ina polymenzatlon
experiment. As shown in Table 1, it provxded no activity.

Comparative Example 5 (Fluorided Tlﬁnia
A 5 gram sample of Aerosil titania was obtained from Degussa, Inc. and

25  calcined in dry air at 600°C for three hours as described in EXaIriple 3. During this
calcining, one milliliter of perfiuorohexane was injected into e gas stream upstream
from the titania bed. As the perfluororhexane vapor rose into .the. 600°C bed, it
decomposed, thus laying down fluoride onto the Surface of the titania. This produced a
fluorided titania.

30 A small sample of this fluorided titania was then tested as an activator
for an organometal compound in a polymerization experiment. As shown in Table 1, it

provided almost no activity.



acetate to produce a silica-titania. The silica-titania contained about 8%
titaniumand,_ _had a surface area of about 450 square neters per gram and

pore vol une UMt 2.0 10 cc/g. A LOzzg.ram sanpl e of the %idrivateidsdsani @
was then calcined at 600C for three hours in fluidizing dry air.

Afterward, a small sanple & id.ica t WaE, t ested for :

pol yneri zation activity w o arxlﬁw% é ﬁ&OTGT%UUTTB solution. As shown in
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per gram to 20 produce a fluorided silica-titania.  The net hanol was t hen

evapor at ed 1459, Weight amyaonipm pifrate bhis gelivas thenazeatopically dhed it el ci ned in air
at 600C f Okedidit BFpI@MeR MfcadfRfs.| PRAILANANRA coitffed Dol PR 1AM 21 t he

fluorided silica-titanic were first charged under nitrogen to a dry
react or. NBsd 2 syrigse penjof Bhaub 20 sspuargrmelery aefcarers and porApyelvme dfBbew|2N i on

contai Rhng, & [ | ori de
per 100 m oI Gl dniAAE) SRPRLACUSIU & SpIC I D o O
i sobut ane fn demngm aigh &ifigovkrd, arshallisemplsad thersilivaditeiia waptesfcd &@C. One
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whi ch was rrmtaxtabmmmraogbldwnmgperl ment. The 30 stirring was allowed to
continue for one ! 51 ] A5 b ding the flow of
ethylene into the % a4 e—e|l otted tine,

t he efjmsl ene flow vvaAsaingfmm Sléyﬁdnédff&hf]ﬁﬁﬁ-ﬁlﬁmaﬁoﬁvﬁxhniﬁﬂémﬂe%ugl /zgg gnd
opened to r v nu, The reactor, was cl ean 1 434
-25- PCT/ US% E‘gg‘ég“%ﬁ“} %&’gﬁﬁﬁy@tq:éﬁ‘fﬂé’@ﬁ \A;{équn L gs ampregaatedhg or ot her
forns of f Qithiz3anilliiliers ROk YoIBfion MBf ByRIIRYRhedISh Mg besn¥biigi Ny 137. 5
grams. Thus, the activity was found to be 1164 granms of pol ymer produced

per gram oPifiupHde inddg féllulllt%faﬂf methangl. Thisbgaghttbe mllfearﬁtama to incipient

wetness and constituted an equivalent of about 3.9 millimoles of fluoride per gram to

20  produce a fluorided silica-titania. The methanol was then evaporated off, and the
fluorided silica-titania was again calcined in air at 600°C for three hours as described
above.

Then, 0.1166 grams of the fluorided silica-titania were first charged
under nitrogen to a dry reactor. Next, two milliliters of an organometal compound

25  solution containing 0.5 grams of bis(n-butlycyclopentadienyl) zirconium dichloride per
100 milliliters of toluene was added by syringe. Then, 1.2 liters of isobutane liquid |
was charged, and the reactor brought up to 90°C. One milliliter of 15% TEA was
added midway during the isobutane addition. Finally, ethylene was added to the
reactor to equal 550 psig pressure which was maintained during the experiment. The

30 stirring was allowed to continue for one hour, and the activity was noted by recording
the flow of ethylene into the reactor to maintain pressure.

After the allotted time, the ethylene flow was stopped, and the reactor
slowly depressurized and opened to recover a granular polymer. The reactor was clean



The data are shown in Table 1. 5 The pol yner had a broader nol ecul ar wei ght
di stri but ivp‘gmzﬁ pol ynmers produced by typical organonetal conpounds. It
had a nelt 1ndex of 0.04 g/10 mn aR$- a high | oad nelt pcmasewséssl. 72 g/ 10
mn, giving a shear ratio of 42.5, which is higher than the usual 16-17
ratio obm%dnélemhwmwéu R BORR 8t otBE TR W Foulilie TR BOGMer 2VEr age

nol ecul ar wei ght was found to be 00, and the wei ght avefage was 10

178, 000, Wmmvg%%wehssbeﬂémﬁ(’m Tops, zhe7actwﬁb§fes foanditodree shown i n
Tabl e 2. 1144 WERt bFgIEIRbER B pd ark bt MR dB@ LTSI bilaG ol cined at
4500 Anotdrjlégr sa ﬁoﬁﬁmt he&?f}uogr%li ded Slr1 | ca- l?dli %lgm act:i;dlgsc t?tt)le I n Exampl e -
7 was cal'ﬁierﬁe@aaqShQBfB@lTn@Péad of 600C. It too was tested in a

pol ymgri zation runy Vi 1834 grans of
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(Tabl e 1prodécedipyltypi&) orghhidmethl compiouads. itlhadeanetlﬂmdm of 0L01ag/10/\mm adl ci ned at
450C was t .. ac th the TEA
and the 8?“ arll%a(rée'?éﬂ%h& oﬁlﬁ%% g%"qg(%}"}l%x\%&ﬂgc gyf g‘ h‘g\#ﬁ”t es before
et hyl eneﬁmaﬂ;eaxdahﬂdﬁ-l‘l?hatm cﬁteqned ﬁomegﬁaﬁotgamrﬁ@alrmmuumﬁ Thé hothbey tO 2837

grans pol yor i, ded silica-titani hour (Table 1,
Dol o s}t Mebk e fbad e .0ph ot PR A FoenrE A

sili¢e@- 2178600 g’iviﬂ@&ﬁb ele,clyl(vanm 6.7, omegdm @eeHoWein Tabkdd. i ca obtained
fromWR G ace as gr a 528 vvaso talned ‘. surftage area of about 25

300 square o o (Bingnide igac 1itanis gc/g. A 26.3 gram
sanple of silica Aﬁﬁh&réaﬁfbl@,Gftﬂe*'ﬂtﬁﬁldéa'dﬂﬁzaﬁﬁtaﬁg%sdﬁbetﬂ ifi di zi ng ni trogen.
Afterward, 50 mlliliters of a heptane solution containing 11.72 grans of
zi rconi qugn;ﬂp&MaBacalened abdoRAC insteadh of 600RE!. dt tothwahtestedrin anas t hen

evapor at e

under..nitro de unt i anple was dry to
pr oduce ngpé%f%?’gb ﬁ°§w&¥“%ﬁz “éictf’éﬁ“f{gﬁse'tﬂqgﬁg M8 600C for three
hour g5 |§bl§dﬂ@r bsained thgnmbmabnaa $iREa-Bfahid/éHay, em‘pérmoar Erdbl$ - zi rconi a
was found produce 35 and 78 grams of polyner per gram of silica-zirconia

per hourExampledt i ve Exarrpl e 12 (Fluorided Silica-Zirconia) WO 01/ 23434
-26- PCT/ U800126681§ns fluorided silica-titania that was calcined at 450°C was tested

again, except that it was allowed to react with the TEA and the organometal compound

at 90°C in a reactor for 20 minutes before ethylene was added. This step increased the
20 measured act1v1ty to 2837 grams polymer per gram of fluorided silica-titania per hour
(Table 1, Example 9).
Comparative Examples 10 & 11 ( Silica-Zirconia)
A silica-zirconia was prepared by the following procedure. A silica
obtained from W.R.Grace as grade 952 was obtained having a surface area of about
25 300 square meters per gram and a pore volume of about 1.6 cc/g. A 26.3 gram sample
of silica was dried for three hours at 200°C in fluidizing nitrogen. Afterward, 50
milliliters of a heptane solution containing 11.72 grams of zirconium propoxide were
added to the sample. The heptane was then evaporated under nitrogen at 60 degrees C
until the sample was dry to produce a silica-zirconia. It was then calcined in air at
30  600°C for three hours. In tw6 tests, the polymerization activity of this silica-zirconia
was found to produce 35 and 78 grams of polymer per gram of silica-zirconia per hour.

Inventii/é Example 12 (Fluorided Silica-Zirconia)



The silica-zirconia used in Exanples 10 and 11 was then fluorided by the
follow ng procedure..' 14:3 grans of the silica-zirconia, which had already
been cal ci neG¥#348boc, were saturat ethgd th an aqueous sol wtToBo0RgLEsal Ni Ng
0.82 grans of ammoni um bifluoride, which yielded a fluorided

sil'i ca-zirconia havi a,.wet. sand 5. cqnsi stengy.  Fhe fl uorj de '
silica-zirconia was ﬁﬁ‘"f %‘B%ﬂ&@ﬂl%&%ﬁ%{“ﬂ%@%lpmaamef‘ ﬂ“?ﬂ‘ger‘il Yal cined in
dry air at tkém\ibigg pt‘d’i:b&uﬁG ehoyp %rziﬁ?fdﬂtiﬁe bi@ibilirédciiﬁd, Wcliii_d_'hﬂfad anéddyib]g:em The
activity ingrease 0.465 grans of polymer produced per gram o
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silica-zir gafoRivaPbifiRbAdd) Svhich YEIHEY IRAHded Bllicd ziredHid Mivindeswat'sgar ed by
anhydrous gellation _as detailed by the follow ng procedure. One nole (about
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conpl et e hyelivetly yadreasediol 465 guarnt ¢fmolymess psaducedper et of siidarzinconiapaut es t o

al l ow for ction. It warnmed slightly, indicating that hydrolysis was
taki ng place,  Then, 71 milliliters of zirconium propoxi de were added, but
no precipitation of zircQomga 8 fitaZatcomig) t hat substantially all
of the ter had beegn.consuned by .reaction th the tetraethyl
orthostTcate.  The sBINIERaRCTRE RtspiRa] 0 wesetlprirh Srooriym Mre PitReRfier S0

m | 1711t er by adhydriue geNtidn as dediledbit thedlowing frodad0 On2 nZdle Qibeed 300t at ed,

Indicating that it d hecone inco rated ipto the silica. The sol ution
was al | omeﬂ‘aﬁ)a}g‘i“ia?‘gglrﬁaﬁé‘ﬁcﬁg_‘”ﬁf ﬁ‘{i{‘)’gé", SQ%HHQWMEPEHWWBI? dMede was added
until  gel milliliR oD /BG4 Thddthdde 168 wHEBO hillilifrsiof Wdier, #8chw@s dried in
a vacuum oven at 120C overnight, then a sanple was calcined in dry air at

600C for t RhaBEEHEf the amquat reguives for prrapieie bydialysiac thisiselption wasgirdans of

pol ymeys pefor @iiaYniiutsd ol B wZbf ©8Hon. RSlarded Ql@é!ﬁly}"ﬂﬂ&i&aﬁfgsth%yﬁﬁﬁysis .

pol ynmerization activity wth an _organonetal conpound and an” organoal um num
conmpound. Wavakingplacex dhen, 48 mililigers of Zixconym preppxaie werg addedciting) Two
sanpl es of (St Ga- 71t ' : | I ned

Dot or o boi Pt F3irEbrif BRKR)4EE AR i oL dfor RO fmePhE) 30
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cont ai ni NYys minutes, and the another 50 milliliters of water was added, but again, no zirconia

»

20  precipitated, indicating that it had become incorporated into the silica. The solution
was allowed to stir another 15 minutes, then ammonium hydroxide was added until
gellation occurred causing a clear gel to form. The gel was dried in a vacuum oven at
120°C overnight, then a sample was calcined in dry air at 600°C for three hours. This
sample produced an activity of 230 grams of polymer per gram of silica-zirconia per

25  hour when tested for polymerization activity with an organometal compound and an
organoaluminum compound.

Inventive Examples 14 & 15 (Fluorided Silica-Zirconia)
Two samples of the silica-zirconia described in Example 13, one
obtained before being calcined at 600°C (Example 14) and the other obtained

30 afterward (Example 15), were impregnated with a methanol solution containing
enough ammonium bifluoride to equal 10% of the weight of the sample. Both samples
were dried at 120°C overnight under vacuum, then calcined at 500°C for three hours in

air. When tested for polymerization activity with an organometal compound and an



enough amoni um bi fluoride to equal 10% of the weight of the sanple. Both
sanples were dried at 120C overni ght under vacuum then cal ci ned at 500C
for three N33 air. Wien testedsfor polynerization FEHUPMASERR t h an
organonetal conpound and an WO 01123434 -27- PCTI USOOI 26685 or ganoal um num

corrpound both yielded a high actiyi.t f grans of
pol y argxah:mxomeP'aB?lffﬂeW&Yﬁ“{eﬁ ?\g“c%% per “ﬁ%ﬁ?’o 01/ 23434 - 28-

PCT/ USOC)’%r gf ;HQEQEP& i bR dliEdkiRaBlalpethdscanpl e Test* Cal ci ni ng
Test Orga P Run Time Activity* Conpound Tenp. Conpound Al um num .
(g) (mn) (g/g/h) (© Charged Conpound (mmol) 1-Control No Oxide 0.0000 2
TEA 0 61.1 0 Conpound 2-Control No Oxide 0.0000 2 EADC 0 28.0 0 Conpound
3-Control Silica 600 0.5686 2 TEA 0.7 63.0 1 4-Control Fluorided 600
0.4350 1 TEA O 24.5 0 Silica Fluorided b5-Control Titania 600 0.1461 1 TEA
0.2 34.1 2 6-Control Silica-Titania 600 0.1392 2 TEA 0 60.0 0 7-lnventive
Fluorided Silica-Titania 600 0.1166 1 TEA 135.7 60.0 1164 8-1nventi ve

Fl uori ded 450 0.0090 1 TEA 17.0 61.8 1834 Silica-Titania 9-Inventive

Fl uorided 450 0.1893 1 TEA 179.0 20.0 2837 Silica-Titania 10-Contr ol
Silica-Zirconia 600 0.1663 1 TEA 13.0 60.0 78 11-Control Silica-Zirconia
600 0.2493 1 TEA 6.0 41.5 35 12- Fluorided 500 0.2108 1 TEA 98.0 60.0 465



I nventive Silica-Zirconia 13 - Control Silica-Zirconia 600 0.2229 1 TEA
67.8 58.0 230 14- Fluorided 500 0.0277 1 TEA 98.0 70.0 3033 Inventive
Silica-Zirg@g1assa- Fl uorided 500 O. 11%9 1 TEA 257.0 30. CTAXDO/26688/€Nnt | Ve
Silica-Zirconia Polynerization at 90C &5 psig, and 1.2 liters of

i sobut ane; Organonetal Conpound = 25 micronol es bis(n-butyl

cycl opent adi enyl ) zirconi LlranB:hImDU Organoal um num
Conmpound  =—e+—2—ir-s—ofFEATRF ,_ ) ERiE m und = 1
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fl uorided folid OX|dg'8%|‘i‘B und ”g d)f I pér ra of
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descri bed a(dﬁtrdll gg&p ¢ furpose| 00080 | REMIGY i oh, i t288 pot Oi nfended
to be lim 3 ;.onfrﬁ' eby S, TS [ ”60*6””"‘50.5686(' DVETEA! @T:,arigeao and
nodi fi cati AS—m-THimt AP oL rt—amd{scope {Hhereof 11723434 =30~
PCT/ US00/ 2 aaafpnum_Al E: ro@@ss t @435 oglut €EA (at%ll yist 2¢dnpgosPti gn; said

process cofpttstngr— yor ||g T O garnonet at—_conpound, [ an_or ganoat gn num
conpound, aseCoatréll ju “ﬁijﬁ-ga sql i 6Mox| de146bmpolBAL ¢ Soduc#-Laild @at gl yst

CoONpPOSi ti OMmem e Sitica-Titania | 600 | 0.1392 | 2 TEA 0 60.0 0

9/ g/ h)

I

; . Fluorided
i . 60. 1164
7-Inventive Silica-Titania 600 0.1166 1 TEA 135.7 0
Fluorided
- i X . 1.8 183
8-Inventive Silica-Titania 450 0.0090 1 TEA 17.0 6 4
Fluorided
- i . . 20. 28
9-Inventive Silica-Titania 450 0.1893 1 TEA 179.0 0.0 37
10-Control | Silica-Zirconia 600 0.1663 1 TEA 13.0 60.0 78
11-Control | Silica-Zirconia 600 0.2493 1 TEA 6.0 415 35
12- Fluorided

. vrs . . 500 0.2108 1 TEA 98.0 60.0 465
Inventive | Silica-Zirconia
13 - Control| Silica-Zirconia 600 0.2229 1 TEA 67.8 58.0 230

14- Fluorided | o0 | 90277 | 1TEA | 980 | 700 | 3033
Inventive | Silica-Zirconia
15- Fluorided

500 0.1129 1TEA | 257.0 30.9 4420

Inventive | Silica-Zirconia
Polymerization at 90°C, 550 psig, and 1.2 liters of isobutane;
Organometal Compound = 25 micromoles bis(n-butyl cyclopentadienyl) zirconium dichloride, .
or23mgZr
Organoaluminum Compound = 1 or 2 mis of TEA or 2 mis of EADC
Organoaluminium Compound = 1 or 2 mils of TEA or 2 mls of EADC

*Test Compound = oxide compound or fluorided solid oxide compound

* Activity = grams of polymer per gram of oxide compound or flucrided solid oxide compound
5  perhour (g/g/h)
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groups, conbinations of substituted aliphatic groups and cyclic groups,
conbi nations of aliphatic groups and substituted cyclic groups,

combi nat i om0 @f234dbst i t ut ed al i phatic _gyoups and subst i tRATABIYIESS c
groups, am do groups, substituted am do groups, phosphi do groups,
substituted phosphi do groups, aryyooxi de groups, substituted 5 al kyl oxi de
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connects (Xl) and (32%%%%‘?%%%&5‘ %r%%ﬁ%@flﬁgns %ﬁ?ﬁgﬂg%giaﬁ%gm kt“ﬁé

fol |l ow ng general formula: 15 Al@XgKBIXG)Fdmbherein (X5) is a hydrocar byl
having from1 to about 20 carbon atons; Wwherein (X) is a halide, hydride,
or al koxi de; and wher aiheréinMl is sdlectadritvms the geovp konsistidgiofititaniminge; and wher ei n
said fluorided solid i de conpound conprises fluoride and a 20 solid

oxi de conpoufEFerie solid oxide compound is selected fromthe

group consisting of | \Lani ﬁg& Ly ' ' A ess
conprising: 1) cont acfv!'}%%&g@(}fl%h%m eﬂg(%ér%c(q)ﬁdn%&é\nﬁ% t%fméb tda?icni ng 25
ammoni um®i f tyetopenteditnyls, insldnys; flmofehylssioitithtebdyclhpentadienytsosybstitntéd wher ei n

said solid oxi,de,conpound is.selected fromthe group consisting of
silica-ti tan}“gerﬁ'rlﬁda%rqjﬁui%rﬁltﬁ{fﬁﬂ%rﬁ?%’ 2) calcining said fluorided solid oxide
conpound at a tenper atwhegein vibistiluentsion eaid)smbstituiad Cydlapefiifienyls spbstitivek a

cal ci ned conposition having 4 to 20 30 wei ght percent fluoride based on the
wei ght of sainderfyls,end substituts flsorsnyleief (X rprs selected from the group consisting of

aliphatic groups, cyclic groups, combinations of aliphatic and cyclic groups, silyl

15  groups, alkyl halide groups, halides, organometallic groups, phosphorus groups,

nitrogen groups, silicon, phosphorus, boron, germanium, and hydrogen;

wherein at least one substituent on (X1) can be a bridging group which
connects (X1) and 2y,

wherein (X3) and (X4) are independently selected from the group

20 consisting of halides, aliphatic groups, substituted aliphatic groups, cyclic groups,
substituted cyclic groups, combinations of aliphatic groups and cyclic groups,
combinations of substituted aliphatic groups and cyclic groups, combinations of
aliphatic groups and substituted cyclic groups, combinations of substituted aliphatic
groups and substituted cyclic groups, amido groups, substituted amido groups,

25 phosphido groups, substituted phosphido groups, alkyloxide groups, substituted
alkyloxide groups, aryloxide groups, substituted aryloxide groups, organometallic
groups, and substituted organometallic groups; '

wherein (X2) is selected from the group consisting of
cyclopentadienyls, indenyls, fluorenyls, substituted cyclopentadienyls, substituted

30 ' indenyls, substituted fluorenyls, halides, aliphatic groups, substituted aliphatic groups,
cyclic groups, substituted cyclic groups, combinations ef aliphatic groups and cyclic
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before calcining; I 1L EE trerer reerr teeer 1r 1l CL MS W 01/ 23434
-32- PCT/ US00/ 26685 3) conbining said cal ci ned conposition and bis(n

but yl cycIS@&8HE34# enl ) ziirconium dichhpride at a tenperRETIUSH26685N t he range
of 15C to 80C to produce a m xture; and 4) after between 1 mnute and 1

hour, combining sajd m xtyre and triet al um numto produce said
cat al yst c@Fﬂb‘Bgi“f’ﬁn ipations °£"§F §E B%F%“FSY@F&FWPQ comfhinations sal d
process CoRghlfphatiCsoaRtandbhétified c§éiRFPopd,)combihtions 3f subdtiliedAliphafic A

catal yst conposition produced by the process of claim1l. 5. A cat al yst .
conposi t i o8roNee sdFubgitated eyche &§°EPSs %@P@F‘ﬁ‘%ﬁ?‘&“@ﬁ%ﬂ“}l@? IoUPs, conposi ti on has

an acti v yhapfidh foypllanbsfiiaphd Qio%?&fiﬁ By ips ARbatfifedn Of  f | uor i ded
sl urr

sol i d oxide conpound per hour nerlzatlon condi tions, using

i sobut afie alkylexife|gtaups, arylgxide gorpngi Wtzrb@ry nlds 67PYRY; arasnemeallio0C, and an

et hyl ene al yst conposi tion according to
claimb5, Wﬁf&g&%ﬁgzl g“@%?a%h(?m@gc °ﬁ€%5| tion has an activity greater than
about 2500 gram; of \phﬂrglmbspe:mtgomfxaﬁresélbuqiﬁm&lewupcboomtdeocfonpound per
hour under rizatian - 1.S .ane as a diluent,

W eh a pol RIS B, SEBE sfohby, SPubBRtsh bPAbRalt et P OHEE RS T, C of o
psig. 7. Asﬂ,)dtgﬁiups,talkybms gtoiupsr; halédes rotigangmetailic gmups, 5hosphmegmum wei ght

t d d t ded lid d
comoul) i ARy S1kye: PRORFDLT B SPamBes FHORCHR 51 o aboul

1:100. 8. A catal ysty, & i 411 6 d Briliein gfé% I d wei ght
ratio of said organoa umgﬂhﬁk%mgﬁﬁifqt%g(ﬁg fblﬂéua(r)’ﬂrl g‘e @@ngﬁl de
conmpound |eolﬁﬁ¢t§l(xt,)a.},atx2,)t conposi tion ranges from1:1 to 1:50. 25 9. A

catal yst conposition according to claimb5, wherein lght ratio of said
fluorided solid oxi d@%ﬂﬁ%ﬁ@%@%ﬂl&nm@m&% @é‘mﬁn sai d

catal yst  formula:

15 A (X0

wherein (Xf) is a hydrocarbyl having from 1 to about 20 carbon atoms;
wherein (X°) is a halide, hydride, or alkoxidé; and

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

wherein said fluorided solid oxide compound 69mprises fluoride and a
20  solid oxide compound; : |
wherein' said solid oxide compound is selected from the group
consisting of silica-titania and silica-zirconia.
2. A process cdmprising:
1) contacting a solid oxide compound with water containing
25 ammonium bifluoride to produce a fluorided solid oxide compound;
wherein said solid oxide compound is S§i'é§ted from the group
consisting of silica-titania and silica-zirconia;
2) calcining said fluorided solid oxide compound at a temperature
within a range of 350 to 600°C to produce a calcined composition having 4 to 20
30 weight percent fluoride based on the weight of said ﬂuoﬁdéd éolid oxide compound

before calcining; .
R —
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conposi tion ranges from about 100071 to about 10:1. 10. A catal yst
conposition according to claim9, wherein:said weight ratio of said
fluorided gRdiBaf¥i de conpound to said 85ga-n=omat al conpowpotAise/z6Es5
catal yst 30 conposition ranges from 2501 to 20:1. 11. A catal yst
conposition conprising a post-contacted organonetal conpound, a

post - cont act ed or ganoal umi3)combiaingsaiddalcinadicamppeiivn endibia@t ed f | uori ded

solid oxide conmpound. I LliJli 111111 J1L11 11111 -.}L: =LI| 01/ - 33-
PCTI USOQY 266@58?%21@%‘#67@1%&1?%‘{’? ishlopide. & adempsATEYiHyD g‘%%“a%??ﬁ%%t | east
one nononer t@g@t@@ipgo@ag AydhreCa@posi tion of claim4 under polynerization
conditions to produce at | east one 13. A process

Eol_ymer. .‘gccordi ng to
clai m 12, wherein said pol4)aBFrPLRSH miBute gpdf P?‘B’n@%faé myEe Ap _

pol ymer i Z%“%e&pﬂﬂhﬁih&ﬂ%op.%duc_e/éaiarcas@&%oaﬁss;ﬁatng to claim 13, wherein
said contacting s conducted in a |o0Op reaction zone. 15. A process
accordi ng to 3l ai b pracesqprspring ta slaim 2 oWeeein said Progess spRpiRty essentially of e
presence of ' rises, in major part, isobutane. 10 16. A
process acco(r’j‘l'lt %lgﬁ’?@’g)g?ﬁn‘%@g ‘wherein said at | east one nononer is

et hyl ene. 17.4.A proces4 catatyst ehimpgsition plodiged by thegivegess of olaiind. at | east one
nononer co I ses ethyle nd an..aliphatic 1; 0l af] L 20 carbon
atons per nolYecul e. 1é‘.ca§?y6€‘f°§}1r?§?mﬁ?gﬁ%‘#?%‘%%?b#ﬁ%%@éh@m%ﬁly%ﬁe process
of clai mb2. chmpdStionhdsah yerivitypreatir than abeut 3000 grams of milymenptPgramiodr ei n sai d
pol ymer has | ydi.gper,sity rangi fro bout 2.5.t0 4.0 an ear
ratio (HL IVUM%“"B&?%@#‘PB oxidg ﬁ?‘X&%ﬁge@%’“{ 8“@53‘&?3'86‘?“’5’6@ iR NG ’Zhsglgoduced

pressure of 550 psig.
6. A catalyst composition according to claim 5, wherein said catalyst

15  composition has an activity greater than about 2500 grams of polymer per gram of
fluorided solid oxide compound per hour under slurry polymerization conditions, using
isobutane as a diluent, with a polymerization temperature of 90°C, and an ethylene
pressure of 550 psig.

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

20  said organoaluminum compound to said fluorided solid oxide compound in said
catalyst composition ranges from about 3:1 to about 1:100.

8. A catalyst composition according to claim 7, wherein said weight ratio
of said organoaluminum compound to said fluorided solid oxide compound in said
catalyst composition ranges from 1:1 to 1:50.

25 9. A catalyst composition according to claim 5, wherein a weight ratio of
said fluorided solid oxide compound to said organometal compound in said catalyst
composition ranges from about 1000:1 to about 10:1.

10. A catalyst composition according to claim 9, wherein said weight ratio

of said fluorided solid oxide compound to said organometal compound in said catalyst
~ 30 composition ranges from 250:1 to 20:1.

11. A catalyst composition comprising a post-contacted organometal

compound, a post-contacted organoaluminum compound, and a post-contacted

fluorided solid oxide compound.
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12. A polymerization process comprising contacting at least one monomer
and said catalyst composition of claim 4 under polymerization conditions to produce at
least one polymer.

13. A process according to claim 12, wherein said polymerization

conditions comprise shurry polymerization conditions.

14. A process according to claim 13, wherein said contacting is conducted
in a loop reaction zone.
- 15. A process according to claim 14, wherein said contacting is conducted

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

16. A process according to claim 12, wherein said at least one monomer is
ethylene.
17. A process according to claim 12, wherein said at least one monomer

comprises ethylene and an aliphatic 1-olefin having 3 to 20 carbon atoms per molecule.
18. A polymer produced in accordance with the process of claim 12.

19. A polymer produced according to claim 12, wherein said polymer has a
polydispersity ranging from about 2.5 to 4.0 and a shear ratio (HLMI/MI) ranging from
about 25 to about 50.

20. An article produced from the polymer of claim 18.
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