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DERI VATI VES OF ALUM NATES The invention relates to new catal yst
conpositions for olefin polynerization. In particular, the invention !
relates to new cocatal ysts for activating netall ocene conpl exes of
transition netals as ol efin polynerizatlion catal ysts. Catal yst conpositions
conpri sing netall ocene corTEI exes activated by io al kyl al unbxane activators

(or cocatal ysts), were QkFEMNPOI-YNMERIZAHON GATALYSEri zation catal ysi s &i n
the m d-1970s. Al kyl al Lhi ' probl ens in use, |
such as a need for hi gﬂ%ﬁﬁﬁéwjﬁgymﬁgéqmﬁ?%s to produce highly
active cat alan PERMOJORINATEDOLIGORY DERIVATIGES émmgmﬂré@i stur e}
al cohols, etc.) and flanmmability. Accordingly, some of the devel opnents i’n

this area of catalysis involved a search for alternative cocatal ysts
capable of agiivating rnetal]ocene ¢ | exes. . The cl ass. of al kyl al unoxanes
compri ses. of TOBHRYSEONRIELES it colhat cOMROSARSJh e P UmENERkS by I he
for mul apaffclifdr{ e iRbentirTTeIdies 16 nBRAocaldIARERer SotRlalifE HitERocHHb.

I C - al kyl

[-AI(R-O]n tor cyclic oligoneric alunoxanes where I's a

group. tomplexestafitransitionimefatauas olefie podymernizationscatalystsd net hyl al unoxane or
MAO. MAO hascbﬁn t he m)at Wi del%’. used fat al yst iln meta&k)l ?c(fige cat al yst
systens. TheCRIRIESHICOIPISEARSFOm '%%95195(@0%8%6’&‘?%’6?%3? ¥ARH &Y n

pol yiTer pR@ldlGoRshe?Bctivaitdrsi(oF BScatlysls) Ansretnfrodtéx f5thd gt epvel cocatal ysts
bel onging to the group of perfluorinated oligoaryl al um nates,

per f | uopplymesigation gatalysis in thel mid-7340ss | Alkyilalyseexangesrexhilib deveral inherent

et ol 1 obeg i ek ABlcfas RERYES! IR OHENaDR! PoRtaldebbSaeRas piadiisn
react i oRghtf activeydRalgsecsmpdsitiens) dh rsactivinetowadrdlivnpuritiesp@distired may be a
honogeneous catal yst or a supported heterogeneous catal yst which takes the

f or m of alcpbels; eten) and flammabiliy. Ascendinglysane ohinedevelepmantsdndhisareae

ori Bt Bt c4fpRsRhyBled ASRETI SR AR gich S R ARR o iafflg " oo

met al | ometallocenplcomplentes. a pol yneri zation reactor. Metall ocene conpl exes

used in the catal yst conpositions of this invention have the fornul a

CpxMAyBZ i n TRe Slasepfiakylzlumexanes FompegesPligemeric lineaand/or aydlicy N e2002 s

cycl ope ' Y ' ' ' iehal L | U . A and B

bel ong. o Rp e o A o A R A For i oA "2l ky!

group. alumdxanaband [{Ai(R)10a], 6dr ¢yctic mligerineric ahenoxanesumderet Rds areE€;s r ed
Mis.zirconi

t it t al In th b I f th
e LML, ROV e G, YR b B S s  ut e,
di subst \Mad adADY has Peér st Md#ﬁl G¥&d epeaREH ﬂ%ﬁtdll@c&ﬁ@%@ialgﬂd X I's at

|l east 1 and preferably is 2. The substituent$ on the cycl opentadi enyl group
can be pystémsably |inear or branched C -Cs al kyl groups. The

cycl opent adi L. graups n als e, a part..of bicyclic or.a.tricyclic
i ety such SOSIRERERN releles G gRnueGRBreiige Br SIS o VasizRpa )
hydr 0ogeggmpélsingmétansterit SotRplexss WAlIno¥el Sod2Ralsebeddhgihglsteé gralisr
bicyclic or tricyclic noieties. In the case whéen x is
20 perfluorinated oligoarylaluminates, perfluorinated oligoaryithioaluminates, and
perfluorinated oligoarylaminoaluminates. Catalyst systems containing these
cocatalysts and metallocene complexes are active in polymerization and
copolymerization reactions of ethylene and alpha-olefins. The catalyst composition
may be a homogeneous catalyst or a supported heterogeneous catalyst which takes
25 the form of free flowing particles which comprise an activated metallocene catalyst.

Contact of the cocatalyst and the metallocene complex can occur prior to, or
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i*'s equal to 2) the cycl opentadi enyl groups can be al so bridged by !

- pol ymetgaghene or dial kyl silyl groups such as -CH2-, -CH2-CHz-, -CR ®R&-JUNRH0L
-CRR'-CRR'- where R and R' are alkyl groups of 1 to 4 carbon atons ort
phenyl groups or hydrogen atons, Si(CH3)2-, -Si(CHs)2-CHz-CH2-Si (CH3) 2-,
and simlar bridge groups. If the A and B substituents in the above fornula
of a metall ocene conpound are hal ogen &tons, 20 they bel ong to the group of
fluorine, chlorine, bromne or iodine, andy + z is 3 or |ess, provided
that x cengurentiywith itroductien efithe wetaliocene ERmplanibto BRalTEeTZaon B i n t he
above fgé },a of the nmetall ocene conmpound are al kyl groups, they are
prefera[ y T'inear or branched C, -C8 al kyl groups, such as nethyl, et hyI)

n-propyl, i 9aetalioydne cdrbipiekes used i YHe cétal}@ﬂbdﬂnbo@rtnbﬁﬁﬂfﬂﬂé uWe@ﬂibM' 2s
Sui t abl e netal | ocene conpounds incl ude: bis(cycl opentadi enyl)net al

di hal | deye the §pryuin SpaMAeRi BrWhishiRis ary nsusiiited &y substituted

bi . I

oi 5 oy CHERERN NN oyt B i ERRURE, wBRARAE, HefTum: and A png B pelong o

bi s(t Etthefgvdnmlnmdmhyd hmaﬂdgerdatbai iallgdrogen ato:ﬁo?%?ﬁalhylsgrbbpowmd ab&e|

di hal ides) wherein the nmetal is titanium_zirconium or hafniun halide |

at oms  dPENWRLE the mefallacepeicespaung, fﬂﬁap‘@f?@?d gepsitiondpetatatam lv'&111"7kyl groups.

bi 5. oy GSQHRs fn S HAATEILAR AR flatdfipdBetorESi, IR dRRPIg BN TE! >
et bt i oy

t hy@roUpio apfl (18 3k [east A 2Rg RISJRTRDIY I8 i Lin AlyStHBRIS AT thee,
b| s(cy ye%'%h(fﬁa é‘r‘ﬁ}ﬂ p}cﬂiﬂe S %ngérgﬂgjfhi Ct}ﬁ?branched C4-Ce alkyl groups. The

bi s(n-butylcy I'rconiu orid
bi s(n- mycyjpe;ntadnnymmupsrgar) alabrbajapartmﬂa)blcml)c or a tricyclic moiety such as

E: :EE B@%}yﬁ%’}%h@ﬁgﬁtpa e@M lﬂa.uZ' 0yl a umqpbgﬁyﬁ}/dfogenated fluorenyl group, as
bi s (- RLEIVASE ¥ PaPRSTELREY QJBQtllLRé& ‘Efi’é}}d&ﬂbﬂ’ c}lcﬁ@%l@l" idsl€In the case when x is

bi s(n-butyl cycl opent adi enyl ) haf ni dm hydri dochl orid g
bi 9161, Bqtiahta awhewcl@pentammﬂgrqms gamberalsn ridged by polymethylene or

cyel op SRR A BIFFLBF 16 Bl G R R OB R Z BRI MIERRY 1 e

bi s(4, arl R* a4t anamgibepslof md@mde)raon @tgths! ot ghehyigrodps ofh drogen atoms, -
ethylene{bls(45 -tetrahydro-1-i ndenyl )] zirconiumdichloride. o a ~uN |

2002 | rSi CHéa)z'at%!(@'ét)z-&Htp@;'rﬁ'@f&)nf a'ﬂ%é'"f" é’(ﬂqgérgféhlﬁsoﬂf therﬁeami Bt hese
metal | %%Qﬁttl.a%gtscﬁrme%%e%r‘?mﬁ 'gf%%gg[llﬁ’bérlﬂe eoﬁ@?a{\ étha oI |t§}5'%9r| c

perfl uorinate enyl™ groups one 0 ese cocC s ar

pr qducttaejobétmgltoghé graupeofciiuasting, ehloritien t;rqmnélomodmet and gwt@d Brojrn@etses
.e., the conpounds which can be re resent b)l-/ﬁ# f or mul a CH3)-O | a-
[ Al (O@!P%'Feﬁ)ﬂl‘%u By *’péPﬂPﬁ@rthﬁa\’la&Iﬁc&r?fIMhlfdQF ﬁﬂ't'-@gtsf\aé‘ t'rlh Q:orrpounds

whi ch cyg Bofrfila ot B ffbtdibcene compound are alkyl groups, they are preferably

linear or branched C,-Cs alkyl groups, such as methyl, ethyl, n-propy|, isopropyl, n-
butyl, isobutyl, n-pentyl, n-hexyl or n-octyl.

25 Suitable metallocene compounds include:
bis(cyclopentadienyl)metal dihalides,
bis(cyclopentadienyl)metal hydridohalides,
bis(cyclopentadienyl)metal monoalkyl monohalides,
bis(cyclopentadienyl)metal dialkyis,

30 bis(indenyl)metal diahalides
bis(tetrahydroindenyl)metal dihalides, and



the .formula F-7976 0 4 JUN 1002 4 [-AI(CH3)-O]P [-AI(SCsFs)-0O1q; and !
‘per f | uoF-79vat ed aryl am noal unm nates) i.e., the conpounds which can b@4 JUN ?ggz
represented by | the fornula [-AI(CH3)-OIP [-Al(NHCsFs)-Ojq; s where the
g:p ratio varies from1:10 to 1: 0. These oligoneric cocatalysts are
produced by any of two alternative synthetic nethods. In the first nethod,
the cocatal ysts are produced by reactifg al kyl al unoxane [Al (R -OQ") where R
is an al kyl group such a nmethyl) ethyl, n-propyl) n-butyl, isobutyl,

n- hexylb'ée/ﬂq‘f’f%fi*)(I etg} diglid@s.t h pent af | uor ophenol , CBF50H; i o i
pent af | . D P - ' afl uar il |
11 ust r\gﬁlé'\%téﬁgﬁlﬁon‘%gﬁll? %ﬁ?ﬁﬁgﬁ ezkrg&nrﬁm rb(g?% ﬁgmahagﬁﬁtdnﬁigﬁee@?nc de i
met hy| achionnerend e dikgldgroaps greaCyvByaiiyd grolipsyolteisirativee byt monlimtiting e

products containing both nethyl and isobutyl groups), is isobutylal unoxane)
and n-o%’ﬁ%’?%!?ﬁr%ﬂ'ﬁ@'.'ocﬁﬁ@ eXehINGMdRen” t he al kyl al unpxane and any of

t he Ssai &s%@g%ﬁédgg@ﬁﬁ&gﬁmd@&r% carried out in solution in any

nonpol ar as a paraffini ¢ hydrocarbon, a cycloal kane or an
ar onat i bis{oydtopentddienyl)titaciubr dighloridege of zo tenperatures) from sub-zero to

el evated tenperatures. The optipum reaction tenperatures are from10 to
70C. ThRIs{Qyg tadieryl haiaiu Q'SBIJ%'QP;/ with the formati on of an al kane RH.

In the gﬁl@&o VRtéd?@nﬁ)z@rchHRﬁrﬁ Birﬁ&ﬁxf"l kyl al unoxane is nmethyl or ethyl, the

al kane es aS a gas. It can bé assuned that the reaction i can be
descr i bigid(dyglapeatddiehylyiaigiueydiatetbyls: 2s [-AI (R -Oj + CsF50H ~ '

|- A9 Ry Besdyclpriesfadipny bRk @deeFIoNE. . iy 11 an extess. of the
per f | uopisRcRIbeRtRAIENyIfhathitth hydriddepisrrieat al yst synthesis, it can be
neutralized 1n a post-reaction with trinethylalum num (TMA). The products
of so this(rpbetylayelopentadienyljritconiumpdioidoridées, phenot hi oxi des or phenoni des,
Such  asy;e n-butylcyclopentadienyl)hafnium dichloride,

bis(n-butylcyclopentadienyl)zirconium dimethyi,

15  bis(n-butylcyclopentadienyl)hafnium dimethyl,
bis(n-butylcyclopentadienyl)zirconium hydridochloride,
bis(n-butylcyclopentadienyl)hafnium hydridochloride,
bis(1,3-dimethylcyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,

20  cyclopentadienylzirconium trichloride,
bis(indenyi)zirconium dichloride,
bis(4,5,6,7-tetrahydro-1-indenyl)zirconium dichloride, and
ethylene[bis(4,5,6,7-tetrahydro-1-indenyl)]zirconium dichloride.

In the catalyst compositions of the invention one or more of these metallocene

25 complexes are contacted with a cocatalyst containing perfluorinated phenyl groups.
Some of these cocatalysts are oligomeric products belonging to the class including
perfluorinated arylaluminates, i.e., the compounds which can be represented by the
formula
[-Al(CH3)-O-}p- [-A(OCéF 5)-O-]s;

30 perfluorinated aryithioaluminates, i.e., the compounds which can be represented by

the formula



1

F-7976 s Me2Al (OCsFS)) MeAl (O CsF5)2, etc., are, by thenselves, inert in !
‘the pol §#¥Fi zation reactions. 0 4 JUN 2002 The second nethod for prpdughngy
cocatal ysts of this invention consists of two consecutive stages. In therﬁ
first stage, the said perfluorinated agent is reacted with a s

trial kyl al um num conpound. The trial kyl] al um num conpounds used for the
preparation of the cocatal yst have the general forrmula of AIR, wherein R

are al k 1Sy SU thyl. athyl, n-propyl) n-butyl, isobutyl) n-hexyl
or n- ocefé‘(&gwlég?;]? %Esgf"gﬁse(?)rj‘bénﬁri al kyl al um num conpound is TMA. The ,
react i operfladringtedadrylaffinGaluminates) ils.| e dompourds- whichlcaptbe Adpiresamteld RS a

paraffinic hydrocarbon, a cycloal kane or an to aromatic hydrocarbon, i'n a
broad rtedermelat enperatures, from sub-zero to el evated tenperatures. The

opti w%{,‘géﬁs*?}k} gﬂg@&%ﬁ)gﬁ_]are from 10 to 70C. The reaction proceeds

Vi gor o h %f an al kane RH. In the case when the R group

i n the whénd thieunp natio vangofrooh f:90M0HD.AIRS is nmethyl or ethyl, the al kane
RH evol ves as a gas. It can be assuned that the reactions can be descri bed

by the is folN@SA plgaserris coratalyaisrate pregdycgs by anykohtwoeliemativergyntnets + [
CsFsSH = ol gfﬁll\:é I[SJf r%ihﬁ%,ﬁﬁ%?&g@%{% ?r% %&Mg@ﬁ%@acﬁn& and produces

al kyl al um num pent af’l uorop es m num

pent af | aikylapimodreuAl(R)<0], (wheraR isthh alikyd ghouppbeciob ahethyl, stind, aipkapyd) umi num

pent af l uoroanj | i des) respectively. The ratios _between AIRS and the

per f | uofbibitl gobigtyh -aexy! o pyoatyl groump. with pentaiuorgpheneliCebisOHtr r ed rati os
are.fro ' = cQong ; 0 :

oo o GRtatubitiopherd, EifiSHE S Wity bERRNEbracHRIRY TFLH P MRretilB bur,
st age onmorilimeiting @xampiescafithelatiylddamoxanesohatude i n a 2s broad range of

t enper at u&g,ié fromsub-zero to el evated tenperatures. The optinmmreaction
t enper SGHYEIYMOXENR 1 10 t o0 70C. The reaction is relatively slow and

requir eﬁodﬁfé@ﬁﬁéthgaéaﬂo%@gzgiggﬁteﬁc lﬁﬂam%xhﬂeﬁ?o%éls%ﬁtéiﬁing%ﬁht 0

conpletion. It can be nonit y observing a slow di sappearance of drops
of wat emethyl ahd isalnutyligrofips)he reacti on vessel. The total anount of water
can_be ad o the reaction vessel 30 in one step or in several

ed
conEecu'lsps‘étyLa{"é'Bg’.(a'ﬁ' qrgi bel i eved that these reactions proceed as shown:
F-7976 QobtylalimekERe s RzAl (OCsFs) + HzO ~ [Al(OCsFs)-Qm + 2RH

The reaction between the alkylalumoxane and any of the said perfluorinated
agents can be carried out in solution in any nonpolar solvent, such as a paraffinic
hydrocarbon, a cycloalkane or an aromatic hydrocarbon, in a broad range of

20 temperatures, from sub-zero to elevated temperatures. The optimum reaction
temperatures are from 10 to 70°C. The reaction proceeds vigorously with the
formation of an alkane RH. In the case when the R group in the alkylalumoxane is
methyl or ethyl, the alkane RH evolves as a gas. It can be assumed that the reaction
can be described by the following equations:

25 [-Al(R)-O-] + C¢FsOH —» [-Al(OCgF5)-O-] + RH
[-AI(R)-O-] + C¢FsSH — [-Al(SCeFs)-O-] + RH
[-AI(R)-O-] + CeFsNH, — [-Al(NHC¢Fs)-O-] + RH

If an excess of the perfluorinated agent is used for the cocatalyst synthesis, it
can be neutralized in a post-reaction with trimethylaluminum (TMA). The products of

30 the post-reaction, aluminum phenoxides, phenothioxides or phenomides, such as



RZAI (SCsFs) + H20 -+ [AI(SCsFs)-Q m + 2RH R2AI (NHCsFs) + 1-120 -~ ‘

[ Al ( NH -O m + 2RH Depending on the ratio between AIRS and said 4 JUN 2007
perfluorinated agents in the first stage s of the catal yst synthesis and

the rati o between the products of the first stage and water, this nethod
produces conpounds whi ch can be repressnt ed by the fornulas: [-AI(R-O]P
[-Al (CCsFS)-O]1q (perfluorinated arylalum nates); [-AI(R-O]P

[ - Al ( SGgss (pehlddier & Rat It hh jaa - - R).-0-1P
[ e ERAY Ot BEANCHEat 5. BE. i BRI it iy R et "o,
rati o vegactiens.rom 1:10 to 1: 0. Another type of a cocatalyst of this

I nvention containing perfluorinated phenyl groups is a solid materi al

produced i n Theseepndetipdiaspepdiciad CPO%}affYéé%P iissinventiorsgpngistaiqfeMp3 in a

Tl ky P lATebes i e etstale, R el B BFRRRA a0 i od R VR 4" ©

descy i bgidilgialiuminubh eompachd o ITheatrialkgidlamiriueal cotpounts Gisad Yor®a- pol ar
solvent) such as a paraffinic hydrocarbon, a cycloal kane or an aronatic
hydr oc aPiggaYatian ¢f the sagatalirsl bave the ggaeral ferawla of MRswherain R are alkdvat ed

t enper ) | e ' r far CrIhe
renct 1 N OuPS suE @ R TuhyiTArbpi, hBURE, RoBUAT Fhex iR dovt ol TS
case whpreférned fRigikydalpminum tdompouinal i YIIMA U Theureagitore cam berchrdaéd ogeinhy|  or
ethyl) the al kane RH evol ves as as. It_can bg assuned that the reaction
can be SRR KL NEP-R Q%Yq’f&mﬂ‘&' gﬁ&aﬂﬁ’éﬁ‘.ﬂ'w reFACPoR RSYclogiifane. onaw + RH

The,f e Wolr I VA a A\ r als. To
[ nc}({eaggrro e'°f®$€é?’a§§°@$hsau§r§ag’[’%ﬂ9§ #%ﬁ&??@i&g&s ﬁﬁ@égﬁémlé\ﬁﬂg can be
in a_dvaﬁml ei‘atums_.)u}iﬂe aptimlwhgméctiedltbmp_eratumstér_edrmi1}08(b|Zi)crbpr'lr']m Télﬁitibg sgft
particular materials, including pulverization in urry with ultrasoun
equi preRECcBedsVigrrenshn withdbe f@f?‘?ﬁtﬂn@f *Hb%"‘@@% .R"Exﬁ'é%er@ﬁeswhmm%\?ng t he

i ' ' d that
appr oxi Srap g YR i el ebifpblind et QRIS Is el il dnd MkaRBHAT | 10
above revalvésoas aigds. At & balassumedtthahntheaeactions3caribé AesdribedI bAtHiRS can be

carried oqut.at the [AIRS]:[AI(OH)3] ratio ranging from1:1 to F-7976 7
0.21%. fPﬂ°WmQ%‘a@z' en this ratio is above 0.3:1, the excess of free AIRS

shoul d_pmar_,eggysgmt_;ﬂ |@C%#§?Ar;mﬁy any suitable neans. (ii) The slurry of

step (i) I's treated w tluori nated agent belonging to the group
i ncl udi AliRspeBiESHIos RaAKBOLFs) GCEARAH, pent af | uor ot hi ophenol , C6F5SH; and s

"ot e AlodnCorsiHomMACHRs) hShol ar rati o between the agent and t he.
o) A G R BRI RIS RAR L 10 51 These
par 2f f i pentafiyahophenyisulfides (yropertbftaorethiophenclateshtand aikgliabmainbon [ nost
of ten, ;ggrﬁaﬁgor%aﬁl ild\ég.nrtesggcttw%?)t'. Ifﬁg?agigs between AlR; and the perfluorinated
agent can vary from 10:1 to 1:2; the most preferred ratios are from 1:1 to 1:2.
In the second stage of the preparation of the cocatalyst, the product of the first
stage is contacted with water. This stage of the reaction can also be carried out in a
25  broad range of temperatures, from sub-zero to elevated temperatures. The optimum
reaction temperatures are from 10 to 70°C. The reaction is relatively slow and
requires, depending on temperature, from 15 to 60 minutes to come to completion. It
can be monitored by observing a slow disappearance of drops of water on the bottom
of the reaction vessel. The total amount of water can be added to the reaction vessel
30 inone step or in several consecutive steps. It is believed that these reactions

proceed as shown:



o step (i)]) in a broad range of tenperatures, from sub-zero to el evatedI
't enper aF-@9%s. The optinumreaction tenperatures are from 10 to 70C.g FheN 2002
reaction results in the formation of an al kane RH and is assuned to proceed
according to the equations: >Al-CGAIR2 + CsFsXH --~ >At-0O A((R) (XCsFs) + .
RH, or >Al-O AIRz + 2CsFsXH -~ >Al-O Al (XCsFs)z + 2 RH, ~i s depending on
the ratio between the perfluorinated afent and the >Al-O AlR2 groups, where

Xis O_S or NH forzcgent af | uar ophenol , §ent af | uor ot hi ophenol, and
pent af | BeAgRRsT4) nt)Hr@ spe AHOEERs)-Glve +p2BHluct s of step (ii) and the

catal ys At] Qns, bas a ,r-stable and are not flammabl e.
The progffg'fgeﬁsst*]g-l’é e_ﬁ ﬁiﬁ)eil:téﬂ% ‘ﬁm‘ either as slurries in inert

hydr ocaqumHCng)ai.tﬁ;od_r_yimwNHtggpgq)%oLpi grRH as cocatal ysts for netall ocene
conpl exes of transition netals in olefin pol érreri zation reactions. The

cat al ysDepengliogian thegatio betweemAtRy anshsaidp rinateg agentsonithafiest stage

Parr oot et nuees and B56 otk PasERdne Peddia BLBia irst stapeand er abi y
from 5, Q8fer! tis Mdthatbprodaices campalings WeRsH EarPbé repnesBatedbyBé fofmalast O

their introduction into a poléirrerlzatlon reactor or in situ in the reactor

by cont BAHRIO4hEANQCH a)-Psk (Rerfluarinated spdalumingtgslex. |f the catal yst

o For meHE St R Cda- Ao R Tegi R 4w AUREGR: ¥l dcene conpl ex to
for m t hEARR;OU- CANNMC.FRJ-O1}Clperfioririited appaminoaiimip@tel); contacted with
the netal | ocene corr&laex and then with the cocatalyst. Alternatively

F- 7876 wheregthe gpratmuariesFogul:dPyetl:@onponent s, the netal | ocene conpl ex

dth t 4 ; s ed.

pport. onchRolEH et 2Foditdy PO A AleRlh LIRBINR B Rdiad RRdye

cat al ysgroups is alramliiisﬁagagagﬁrgmcédﬁh wltel fo%wmgeéethl cg O?M?] readtidhstt . % of a

transition neta oVl de a neta ocene CO ex t etran,S|t|on

metal. G Seld A ima PaRIGHAedaBE is SRR Nt 81k INeR P YIRRCHDORI ANSLiS TEaEi8R! ex
Lumi c . i i

o ovat oyt A RIRRS EbmpBHAE AR AnUR NSR GERUE ArothebahBiad | On &

f edis 0 desmwibed abovee dtHeoreaction lcantbe careied out using anyuiali-peldr isetvegs ssychase

t f i zati di | i zati | f ethyl d
o A% A RS Y AERPAn, R EYHalkane s A P IHS Pyro St B PABREd o 125¢
but m)rPan@%%?ﬁéﬂn?&réiﬁﬁé@?%nf’&ﬁ&?r&f%vﬁbdﬁéﬁﬁék&t@és‘.—"fm@gﬁtiﬁwhﬁﬂ. 10000

psi. The Catal ysts can be used, for exanple, to produce hi density
pol yet hgdaetion demperatanes| are frbem 4 Ditg 700Cy dineyrieastiompradeeids vigaropslyywith of

if Eg;:ﬂ&;@?@gﬁ&iﬁ gp gri a%ﬁ?%%%ﬂe \%/5%8 _tr‘;ies Rlér%ldtpg i thelt'rpa?l?ytlaelﬂﬁ'iinum
20 compound are methy! or ethyl, the alkane RH evolves as a gas. It can be assumed
that the reaction can be described by the following equation:
>Al-OH + AIR; —» >Al-O-AIR; + RH
The reaction invoives only OH groups on the surface of Al(OH)s crystals. To
increase the fraction of such groups in Al(OH)s, this solid material can be in advance
25  ground or pulverized by any method suitable for grinding soft particular materials,
including pulverization in a slurry with ultrasound equipment or with high-speed
grinding devices. Experiments involving the measurement of evolved methane in
reactions of Al(OH),; with TMA showed that approximately 20% of all Al atoms in weli-
ground Al(OH), participate in the above reaction with AlRs. The reaction between
30  Al(OH); and AIR; can be carried out at the [AIR3]:[Al(OH)s] ratio ranging from 1:1 to



Exampl e 1 Pent af | uor ophenol (0.218 g, 1.185 mml) was dissolved in 5 cc o
‘purifiepydmgl uene in a 25-cc glass bottle sealed with a rubber septum and .
met hyl al unoxane 20 (MAO, 2.38 mmol, 0.5 cc 4.75 Msolution in toluene) was
added to it at the (OH groups in phenol]:(MAQ ratio of 0.5. Vigorous
reaction (ca. 5 mn at roomtenperature) with nethane evolution (the gas
was released fromthe bottle through a7syringe needl e) ensued resulting in
the formation of colorless solution. Based on known structure of MAO the

reacti o@ 2p1 oliuthe case whendbiscratiods abova®.311i Hnexcess of dracaAlRarsihouwid be of two

chs. ) TR OB R TR Tt ) O oups | < doter m ned by the

ratio b gmmam%ﬁ Pt(r)es %th‘li w.tFF @hedﬁnaéecagantmmﬁglﬁﬁg ﬁﬂtr%Sgr%up

cocat aly i n conbination with a bridged netallocene cog&:l
C2HA( i nmlehsdlr)gzzemaﬂuqr@pbemaﬂ Gaﬁ:ﬂ)bi peataflueratpiophenal, Kek

ol yneri,zati on he co ol | on reac i.on s,.carried out
CoPos L opertaRionAniingc et BT T aG900s SRR3R G AIRES -*nt?wﬁﬂ
t her nocamBliRY carrsspond %ab the maol8r fatf mwte&nftﬁé ag@dt aad m@f:iAlcm-AqR onents.
Prior to polynerization) the reactor was purged with nitrogen at 105-110C

for 1 h@@upsnthesysiagesf ASH ) rangingfiosm 1ihte 23 rThaserigactienselsoigan

ol ut 1 opE SAed S s iy B s Bveflt 3uEM o barslifE FOGSARRT 4 "5s°C '
mol )  vWekcledlkask bpah aforfiatid ydroeiridre{nsast viteh, thedsamb @si/eat as tiedat usElihi t Yy
scavenger. The anmount of the above cocatal yst (expressed as mmol of Al) was

2. 3% metep4ili in Bdrpad range of temnesatuses, fewn suwﬁ@m &elavateptamprratiresyer a

15T R S B2 B IR

17 000 mriiktiomof azralkahemﬁraﬂdeis%s’s‘hme@qaqarawéd aw@rd ekqatidAscr i bed
in Exanple 1 and was tested in conbination with CzH,, (1 ndenyl )2Zrd 2

(0. 00022AACAIRzI h GsFsXHhy> erAIFQ-AERKXEEDptI Rheprzati on reaction under

conditig The alyst was 1.9 mmol and the
[ Al]: [Z>€I Qdmﬁé ﬂ%&é:}z‘ﬁﬁ M%Pg%ﬁ"’ %aﬁ)ﬁ 'i's reaction produced, over a
60- 1§ N @épeariing A the gatm‘ bétWe@hhMb Wﬂldorhfawdl agerPand ty >APTLAIRY greups 4

nol . %of 1-hexene with a nelt index of 7.6. Catal ¥st productivity was over

67, 000 Whems X0, ﬁortlkhmp@ntaﬂn@mmnwraﬁmgﬂw hjopeng), and 15 mol ) was

d | v Ex le 1,
55! BB e | BUER P e B A BRelRatiadi T, B
1.13. Tésmpesitidns based o tﬁe&ﬁbﬂ@laircstabletﬁnwaﬁmt\ﬂatrﬂimwldll(I'hechrbuhdtzbfﬂ 2
(0.00029 rrrml) in an et %I enel 1- hexene c %Yrrerl zation reactlon under

condi t | 8 Lep ELAR ke used eithgrap SHHIieRpi | drogatbons. phafterdying the The
Al )
iy oy e B A S R U, 1

. % opol¢meeization rézatiahy.st product|V| ty was over 116 000 g PEl mol Zr.

tEf)fiLrE'ng and ﬁlaaﬂﬁaiiﬁ?ggfen%%'ﬂ% s & e invétian SR cenisis perfiqas e i215m(§§| 3
for 1 h e JuH'ﬁ'atEQéné?n éBorHP@Sk@Hn tHRbid ﬁkﬁmnfu 27 AN

reactio uct was co | nert when expose ﬁ'md”‘c?’ not react
wi t h i srgmgingafroim. 20[6@0 tmttzﬂ, arqfetammsﬁromesma torilOO F- 7976
25 The catalyst compositions may be formed prior to their introduction into a

polymerization reactor or in situ in the reactor by contacting the cocatalyst with
metallocene complex. If the catalyst composition is supported, the support may be
contacted with the cocatalyst to form the first contact product and then with the
metallocene complex to form the second contact product; or the support can be

30 contacted with the metallocene complex and then with the cocatalyst. Alternatively



10 0 4 JUN 2002 conbi nation with C2H4(indenyl)2ZrC12 (0.00029 mmol) in an%
et hyl enesdre hexane copol yneri zation reacti on under condition of Exau‘/g“a i’!;
(2.7 nmol of TMA was present in the reactor). The (Al]:[Zr] ratio S ‘7‘ 6].02
The reaction produced) over a 20-min period) 14.1 g of an ethylene/1- hexa’ne
copolymer containing 1.6 nol.%of 1 s hexane. Catal yst productivity was

over 48,000 g PEI mmol Zr. Exanpl e 5 Peftafl uorophenol (0.591 g, 3.2 mol)
was dissolved in 3 cc of toluene and was reacted for 30 mn with TVA (2.4
mol ) nihregtalystcaneenaits.: theueetalloegns: gomplexanththerraeatalyst, ean beare: ons

ai ot yrataet A B ARG ERE BIE3 4B RBH R s o) i s “expect o i n thi s
reaction. Tha/menahe catdlpst ofahe asldetionhds BlsuppehetiipaiticulacaAaNe0t of 46 ul
(2.56 mol ) for 30 mn to achieve anﬂl[ﬁét%odéln% ratio of 0.8 and apparently

to proceRiBPsesdpdne 40 wér bpresferably %epha ignsitiepdnetehmrpyided

Cr D rstBloddts Cames s B LERRBRIREL SF5 | SoTT hexane o o M
copol yner i zaAftérinpraghatioh ondepositistsbf thenarid thexnaswiecéné toinpfex Alimirate]

rati o of 6800. The reaction produced, over a 60-mn Eeri od, 20.1 g of an

et hyl eniglotheessupperi exessmEoiverinisiemougdibyseyanoration at eleyrtastenparaluye:

ductivit . g P : .
Pentar | uor of THosAENEH cfimgshiofs o i Sveftion Sk BR fediod solution reactgr. 4 o) ene
and wasslugqpcéactor esa dleidized bdd igastptasel readtor fort golydierizaticrbanaol ) for 1 hour

at the [SH groups. in thjophenol]:(MAJQ ratig of 0.51. The cocatal yst was
t ested ¢PAbERENizAiANRf QM‘Y'R”@EQ&’}#'HB@%@@@HW%%’GP%@MQ ahpelymerization

et hyl e = bzt | R, | ki hoRe®f ,Exanpl e 1.
The (Alnfg:rfrfrp ?Qﬁ' o%.\j\géx?go%. %h@8$%§%r3W5§ pr gdﬁ@ﬂ%& Ié‘)\?gr@'a‘:“tlzo- m n
peri od, pré8sires afflessnthan0000gpsi- hexane copol yner containing 1.7 nol. % of
1- hexane. al yst productivity s over 36, 00 E | .Zr. Exanple 7
ent af | uor oafie ERERLS 533 beyusebp o aBRIe. 0 Aodurk BB dPnsity SayelRgPugne and
was 30 E@g\a ' | dopolé Méth xR r 1 hour
at the (%'EI\II 2 g?%%ggn?ﬁ?ggﬁylgﬁﬂéﬁﬁ%%ﬁgﬂkgt i cP d(‘)\%rh(%r. 55. g‘%géc%ocat ngﬁsef[? was

t estsed alphawoidfimswétoas Wrhutene Fl-pefitene] 1dmehen flaciens; 2-@ethy(a -paitaae mol )
in an ethyl enel 1- hexane copol yneri zati on reaction under condition of
Exanpl €% The [AI]: [Zrj ratio was 7550. The reaction produced, over a
90-m n pPgdrheid.1 16. 2 g of an et hyl ene/ 1- hexane copol ynmer 0 4 ~uN 2aot

containrng I.6 nol.%of 1-hexane. Catalyst productivity was over 55,000 g
PEl mol s ZrPemtaflugnopheneie(®. 218 got J88immal was dissolyed in § caefpurifieds

di ssol Vt%ﬂ.lein% iﬁ acfs-%];: gtlé’ésug&ﬁe%%gled with a rubber septum and methylalumoxane

20 (MAO, 2.38 mmol, 0.5 cc 4.75 M solution in toluene) was added to it at the [OH
groups in phenol]:[MAO] ratio of 0.5. Vigorous reaction (ca. 5 min at room
temperature) with methane evolution (the gas was released from the bottie through a
syringe needle) ensued resuiting in the formation of colorless solution. Based on
known structure of MAO, the reaction product can be described as an oligomer

25 containing units of two types, [Al(CH,)O] and [AI(OR)O] where R is a perfluorinated
phenyl group C¢Fs. The ratio between the contents of both groups is determined by
the ratio between MAO and the phenol.

The above product was tested as a cocatalyst in combination with a bridged

metallocene complex C.H4(indenyl),ZrCl; (0.00147 mmol) under ethylene/1-hexene

30 copolymerization conditions. The copolymerization reaction was carried out in a 500-

cc stainless-steel autoclave equipped with a stirrer, a thermocouple, and several



[

was.reacted) as described in Exanple 1, with MAO (2.19 mmol) for 1 hour it
*the [ NH279g6 oups in aniline]:[MAQ ratio of 1.1. The cocatal yst was teste
in combination with to C2H4(i ndenyl)2Zrc 2 (0.00029 mmol) in an '
et hyl ene/ 1- hexane copol yneri zation reaction under condition of Exanple 1.
The [AI]:(Zrj ratio was 7550. The reaction produced, over a 50-m n period,
21.5 g of an ethyl ene/ 1- hexane copol yn®r containing 0.8 nol.% of 1-hexane.
Cat al yst productjvity was over 73,000 PE/ ol Zr. is Conparative Exanple

. 9 AN
1 Pent Rartsiop gAdingi reggtianscomponentsisior tapslvmarizatieagthereacias was t ol uene,

th LUt i _ ) A . o 2!
ol ass. SERd IBHIRET B 5 T gRETOL A BRUF, ThaRGBobffzabtntedgiiiinag §, =5 ©
sol ut i erarhéd diai B0t RAGPENESB3DIdch a8 a0solvdnt! at 404 HRIN ¢3ExehBe

[ phenol ] : (Allmratl o of 3.0. Avigorous reaction 20 resulted in a rapid

met h?m,coman ﬁi@hir(soi@tiqagnd@é artet%a?mimmmsws a®at p@otﬂsi@tJEMﬁaﬁs@E i ngg
_ \ \ PR Bt

on RnolPmBlAR<AAER Redhkflse i Soninfodd 1D 8ME e AR RE nds and

phenol sscal/engér i Ths amoahtiof theraboveioeatiysl ¢exiireSEsdB tnrhsl PNIFW_D 88 this

reaction. The reaction product was tested in conbination with

C2H4( i Hamey and thedAll:[Zo] mtiessas:#820. Thereactionpnegduend) avera t9mmin period,

nact | oo 6 B hFRRSH Aai Compiel baeRind A RoF agofThelBia bt |
ol ) whaslt fHdexaf\7eT, Catdlystrofudtivityavs cvet 17600 garE AiolaZr. descri bed in
Exanple_ 1, wth MAO (2.41 mmol) for 1 so hour at the [OH groups in

phedfol ].E_’@M atio of 0.5. The reaction product was tested in conbination
Copol yrror 1 2 Tt EEAst s Hrebiapéd s TRsLBe FEGIMIECT Bnd wes tebietfin {771
Phenol T an-ampunt. a0 268, & (2 158 tenl ) ves 01 Seoved i n 3 ce of tol uene
s and tqveogvmrﬁaaﬁnmgctsqrwmerm@&'qrbofa*l:%ﬁ@e 1g|'§'§% apgwunt ef thea) ed with a
rubber o%%agéﬁgetgg% f‘.b%r‘ﬁal é‘néﬂﬁ&é &bgg[czﬂ ra%oné‘scsﬁﬁo.lTﬁ?tcighB%&riz%Boﬂf TMA i N

hept ane an tol uene. on ensued resu g’in a rapid nethane
evalsut ireactiddapradiuced koverra 80wenin peripdp19.8anot am pthyteneld dvexene adopplymherni num

() 2RPrisiang 1 Tl shiof cheenenyt » il FERX oF R A PTatk v e dded
to the mhg?%grﬁqqﬁlﬁwps first in an anmount of 24 ~. 1 (1.35 nmol) to

achi eve a ratio of 0.5 and apparently to produce
met hy| [Exampied al unoxane (CsH50) (CH3) Al -O- Al (CH3) (O CsHs) and then, in the

Croor A rertaiBaReRd 6ag s, 4,15 st MBS sl PER b 3 1015888 8nat  on
Wi 193 CIyHY feadst) lasZdaseliBed in EQRa@BliAT, Wit MAQ (1. 8"meidiyfof N eHobir e Re fOH

copol yneri zation reaction under condition of Exanple 1 at the [AIF:)[Zr]

rati o croussin ehenalbliMAQLradiodf hid.c Thecorgtaluss wasctestad ip, cambinatigowity/ mol

(" a1 ( oicabefindp R (OB Fogtof] 17 4R ByHine/d:H iR BOPEN B fish, o™ = ™ 19
per f | ugehdidredndércsdndition@SEdrmpieot (.7 anhoMsf TMAwapsieat i the rekefor))
pol ynerizati on and copoli/ﬁra?rl zation reactions w th netall ocene conpl exes

wher easThs Pdli€rbragie wassB2R0. drheseanplymetdzation reagtion predused, qver a&0ddimphenol s
( Coggpar @doif 3PPYBE &f ethytBRer hél@nBYopBRiferddntSihing®1 8381 ! & St-fiexene.

Catalyst productivity was over 116,000 g PE/mmol Zr.

Example 4
Pentafluorophenol (0.565 g, 3.07 mmol) was dissolved in 5 cc of toluene and

was reacted, as described in Example 1, with MAO (2.41 mmol) for 1 hour at the [OH
30 groups in phenol]:[MAQ] ratio of 1.27. This reaction product was completely inert
when exposed to air and did not react with isopropanol. The cocatalyst was tested in
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Exanple 9 2s Solid AI(OH)3 in an anmount of 0.10 g (1.28 nmol) was slurrled
in 15 c&78h n heptane and was ground using a tissue tearor (Bi ospch4JUN ZUUZ
Products) Model 985-370) at a stirring speed of ca. 30,000 rpmfor 15 m nl
The slurry was placed in a 50-cc serumbottle, sealed with a rubber septum
flushed with purified nitrogen, and 0.90 cc of 1.42 Msolution of TMA in
hept ane was added to it. The reaction resulted in evolution of 30 nethane

7070 SHPBEESHE0 CALTNER kel ch oo d dnBaih andipPEBE/ Ghetlie &' Al (0 5.
The sl ugdpbiyiériZtion rabetbr UAded Eshdifbibf ERampId R(2T7TNHEMNbETMAERad VA and was
washed wi'th purified n-heptane. Separatel pent af | uor ophenol (0.152 g)

0. 82 nmwesenkis the seantoRdThe [Al]:b&] oath)was 7?/469 The ueactiomprodusedcovgras s

) SRRt A R 0 ik i A
react i Giexehey Cataldtipro@udtivity wasbwer 48000 g REMTHSEZr. >Al - O Al (Me) ( OCsFS)

speci es on the surface of ?(C]—I)S The above-descri bed solid product was
t est ed Exampledrat al yst in conbination with a netall ocene conpl ex

CEA() 9501 e o 10 L) STy BB 5 e Pbuced

over a W&dradoted firi3nmindwith TMAR (2. ameiorhixed/witt8 xerst t6laeakY Base@ @t ai ni ng
2.2 mol. %of 1-hexene with a nelt index of 1.3 and a nelting point of ca.

114C.  Esnaws eherpistryof rerctionshetwaas trirlkyalumingm crmpeunssiand pheaeisl e 9,

o (1 seofhefiolf onERisthyafhu Lo RGN MEABCRS) 5 SpEaREIn s
sur f acereattidn.( Thd neat water Wadadded U thecsti@ionTincars amolinnos 46 §: $f2356 as a
cocatal yst in combination wth C2H4 |ndenyl 2Zr C12 (0.0015 mmol ) in an

et hyl errampl)rfekaﬂmeé@@ppmm%mz@l[ B 5etiq eh Brand aprarently & perducanpl e 1.

The re e

nexane JI9SBRpfICH ey B EOaEingEre domingiu [ANO G- ENEE e 27
and a nreltiioryproduet wab tested Id sémbirhation with € Hiiradetiyl), Z4Cl3 (0.08029 hnsolpeen
provided, in accordance with the inyention a synthesis that fully satisfies

t helSobj ip@nsethyteng/1 ‘BWW‘HQB@ZQQ” Feactipn é@@@émWF'PE quEé‘amN%ﬂtq on has
b d t t t

ovi dent P A Ter rENEBUAS YOO bclortpRBlbbd, Wor ERMITRREd 26 pran" ' ©
appar emthylenehehe(m ¢opmiymer ¢cdrdaining ﬂrﬁ ot ofof-hekené.oCatalysty descri pti on.

Accordin i.t is int all such alternatives,
nodi f i d?;{gpé#é it d’?‘ﬁfs%ﬁreéﬁj&g%gq:aélm'y fithin the spirit and broad scope of
t he app@,_tiﬁﬂ ai ns. 0 4 JUN 2002 14 What is clainmed is: 1. A catal yst

T on

conposi or pol ynerization of alcgha ol efins conprising the contact
pr ozduct of P&nwhmrounmmr@bfﬁ;lza& g fl.QGl mmoiywas sisseived ing3 ce bétalwenaiand

0P, iad e R b T RRBRR B T FERE R PRSI an il '
group, groBBY % tHué';SI%i‘\dFMMAIDP{@h@CBf@S’l qhatuacafalﬁstwem@aieaﬂhedwb.ﬁémm t hat

is a part of a |CC|coratr|ch|cm)|et when x is 2, the two

cycl Opewttlwuldx(mdegwbzzf&leboeoma ramnl) in an ety en!bh@aene@pn@wmqﬁau@tach of A

tom dvaBfie RGP oo SR P oThe Tz ra KBS0, “tileRtud; 12"

equgy tﬂo&lb@eﬂadv%ﬁ@ﬁzﬁ-nﬁﬁ afied awec%bﬁéryéthymﬁémméhy@bpaw phenyl

groups of the general forrrula -- sub --[Al (EC. sub. 6

F. sub. 5eantaining 4.7-mol.%tafrlehexame. Qaatalyat R@ﬂdughwtypwagowgr 286 900raPE4n®®l or an
NH gro i and the p:q ratio varies from10:1 to 0:1. 2. The catalyst
conposiTion of claim1, wherein x is 2. 3. The catal yst conposition of
claim ZEXMF eefn Mis Zr. 4. The catal yst conposition of claim3, wherein A

and D are
Pentafluoroaniline (0.204 g, 1.2 mmol) was dissolved in 3 cc of toluene and was

!

30 reacted, as described in Example 1, with MAO (2.19 mmol) for 1 hour at the [NH;

groups in aniline]:[MAQ] ratio of 0.55. The cocatalyst was tested in combination with



5. The catal yst conposition of claim4, wherein Cp is

'n- but yIE3836 opent adi enyl . 6. The catal yst conposition of claim4 whefe& S UNII0?
is a tetrahydroi ndenyl group and where the two tetrahydroi ndenyl groups g?e
| i nked by an ethyl ene bridge. 7. The catal yst conposition of claim4
wherein Cp is an indenyl group and where the two indenyl groups are |inked
by an et hyl ene bridge. 8. The cat al yst”corrp03| tion of claim4 wherein Cp is

' nkedr 6y ingRnBg B PoBB e i sveiavEReLirhe m‘ic'epﬂde“éaaa%{ °3PZ. m1
uher ei ebBfforilir Edriitforot ExhpIEIEN Thal Aﬂgzméﬁ%%stﬁ%owﬁ?é

sel ecte romthe group consi st ng of propy |sopropyl
n- but yl prodsom;thder arS(anin pbnod.stﬁl@rg of an ethytend/]-hegehexppolymerept yl

hept d t . 10. T at al t
ci o mr AR BibolRptBiette, SalNRY prodiaViER Sief S5 ARTBERIER O ai m
1 wheren the g:p ratio is 0.1:1.0. 12. In a process for act|vat|nga

met al | ocene conplex with a reaction product of a trialkylal um num conpound
and watEamplee nodi fi cati on corrprl sing contacting the trial kyI al um num

pentat | uor GEMGIRERBRIER 0 F151d, 2 41 rOR) Wesdlistvr i 26 of fufveeieng.

pr oductwag RactédiGs d!l@sc'nbb@ﬁﬁ‘ﬂ*bﬁt&e 1 GAHMAD! o0y AR foaﬁctwaﬂrﬁtq\ﬁé Ng,the

above hydrol ysi s product with said metall ocene conple ~uN 200z is
13. Thegroupairy8nilioelMAC] ratie off 1.1 dihe cpcatatyestewas teﬁteqolmqm@nahem adthpheny!

t I f t Al C.sub. 6 F. b.
PO Rz Eh B pPoze shingh WanelnBeng holesictialanedRial ol ng an
al kyI al ragBtia an@ér édiRditic BﬂEﬁam?[eAl (Rh&I[AR:{Lr] Patib was Wi5E50. The reaction
pent af | uor ot hi ophenol , or pentafrl|uoroaniline, respectively, in the amounts

requi r quodaced, svee @ dvain aeaod.l 256 giof amettwlemlh-mem eapalymerto 0: 1. 14.

B N

cocatalzst of the formula -[AI (R Q.sub.p - [AI(EC sub. 6 F.sub.s)J.sub.q

, Wherein Eis a sulfur atomor an NH group, is produced in steps
comdr i eorppaiativeExamle 1a tri al kyl al umi num corrpound of the fornul a
Al R sub. 3 MR I ctively,
in the armunettnlgacorééépon e%bc%@g@%ﬁglrag%féf %lc:rdlf@t eg&;tggnt] ratio
from 2:sblutiornlwas fl(:slnéd Ruhcpurlfedtmmgemdndtslmﬂysddpd to a 28-tb glasscsottlé t he
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ethyl, propy I sopr opy i'Sobut n- pentyl, pentyl, n-hexyl
i sadoex yesultedh ipa yapidinsethape evolutiondthe gaawaswel@aseq frogn mmbottlﬂhroﬂgh a

aroup. SEaRTead); he Tasligh FrodhetBariall dReiefatel ooth seRutin, radsdT or ) s
conpr i Sirdvet &?erﬁ@&?@ﬁ?eé’ét%ﬁé%etﬂ%eﬁ tﬁ@kgbld?ﬁﬂﬂﬁl Wlﬁﬁﬁﬁn@ghéﬁéﬁ' tion

nmetal of the for b.z wherein x is Mis
titani tfnnnailmoﬁakumuwmnaphemudml drshye expreted i thiy reagtionp, The

b i . .
A g e O A R A L VA
g1 O4PS Al Sthlyiepea héxéﬁé 886slyierieatidh Fidtebn unddr easditioh of Es@fhpie Hsand

sel ect ed fromthe group consisting of a halogen atom a hydrogen atom an

al kyl gwasifounahivactivebi nat i ons t hereof; providing that X+y+z is equal to the
val ence,of M _.and-a saligf cocatal yst cont ai ni ng perfluorinated phenyl

groups%ﬂ@gﬁ e eps conprising (i) reacting solid Al (OH).sub.3

withatri alﬁdﬂaatlrﬂnbmﬁmﬁwmehaﬂ(ootm be1 fzq*ﬁml)awé% Hssoled in@e@s6in Ris an
al kyl group, at a nolar ratio of .2:1 to forma product having

>Al - otomaaesand wagreagedoas dﬁéCfthﬁCf @d@(ample He With(MAD. Q.41 ;xrmolfon1r eact i ng

the duct { h aniline in
it dop TQBrblabs ) PRGNV DERAR ot €8 FH e REi BT i@ He et oo

agent bi Q]ovaRh nEERHRZroOR (0. be1471htrﬁ@| nroéntémwléhé@d) sub. 3
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15 (0.00147 mmol) in an ethylene/1-hexene copolymerization reaction under condition of
Example 1 at the [Al]:[Zr] ratio of 1860 and was found to have a very poor activity, ca
1,500 g/mmol Zr in a 120-min run.
Examples 1-8 show that aluminum derivatives containing [-Al(OCeFs)-O1-,
[-AI(SCeF5)-O-] and [-Al(NHCeF5)-O-] groups with perfluorinated phenyl rings are
20 effective as cocatalysts in olefin polymerization and copolymerization reactions with
metallocene complexes whereas products of a similar structure derived from
nonfiuorinated phenols (Comparative Examples 2 and 3) do not make effective
cocatalysts.
Example 9
25 Solid Al(OH)3 in an amount of 0.10 g (1.28 mmol) was slurried in 15 cc on n-
heptane and was ground using a tissue tearor (Biospec Products, Model 985-370) at
a stirring speed of ca. 30,000 rpm for 15 min. The slurry was placed in a 50-cc serum
bottle, sealed with a rubber septum, flushed with purified nitrogen, and 0.90 cc of 1.42
M solution of TMA in heptane was added to it. The reaction resulted in evolution of
30 methane (which was released from the bottle though a syringe needle) and produced
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with a metallocene complex C.Hy(indenyl).ZrCl, (0.0015 mmol) under ethylene/1-

10

15

20

25

hexene copolymerization conditions described in Example 1. The reaction produced,

over a

180-min period, 28.7 g of an ethylene/1-hexene copolymer containing 2.2

mol.% of 1-hexene with a meit index of 1.3 and a melting point of ca. 114°C.

Example 10
The cocatalyst was prepared as described in Example 9, except for the amount

of pentafluorophenol which was increased to 0.288 g (1.55 mmol). As a result,

formation of >Al-O-Al(OCeFs). species on the surface of Al(OH), is expected in this

case. The solid was tested as a cocatalyst in combination with C,H«(indenyl),ZrCl,

(0.0015 mmol) in an ethylene/1-hexene copolymerization reaction under condition of

Example 1. The reaction produced, over a 180-min period, 28.9 g of an ethylene/1-

hexene copolymer containing 2.0 mol.% of 1-hexene with a melt index of 1.7 and a

melting point of ca. 116°C.

Thus it is apparent that there has been provided, in accordance with the

invention a synthesis that fully satisfies the objects, aims, and advantages set forth

above.

While the invention has been described in conjunction with specific

embodiments thereof, it is evident that many alternatives, modifications, and

variations will be apparent to those skilled in the art in light of the foregoing

description. Accordingly, it is intended to embrace all such alternatives,

modifications, and variations as fall within the spirit and broad scope of the appended

claims.
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4. The catalyst composition of claim 3, wherein A and D are CL.

5. The catalyst composition of claim 4, wherein Cp is n-butylcyclopentadienyl.

6. The catalyst composition of claim 4 wherein Cp is a tetrahydroindenyl group and where the two
tetrahydroindenyl groups are linked by an ethylene bridge.

7. The catalyst composition of claim 4 wherein Cp is an indenyl group and where the two indenyl groups
are linked by an ethylene bridge.

8. The catalyst composition of claim 4 wherein Cp is a tetrahydroindeny] group and where the two
tetrahydroindenyl groups are linked by a dimethylsilyl bridge.

9. The catalyst composition of claim 1 wherein the alkyl group R in the general formula of the cocatalyst
is selected from the group consisting of methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, n-pentyl,
isopentyl, n-hexyl, isohexyl, n-heptyl, isoheptyl, n-octyl, and isooctyl groups.

10. The catalyst composition of claim 1 wherein the q:p ratio is 1.1.

11. The catalyst composition of claim 1 wherein the q:p ratio is 0.1:1.0.

12. In a process for activating a metallocene complex with a reaction product of a trialkylaluminum
compound and water, the modification comprising

contacting the trialkylaluminum compound with a compound selected from the group consisting of
pentafluorothiophenol and pentafluoroaniline to form an intermediate product, reacting the intermediate
product with water, and contacting the above hydrolysis product with said metallocene complex.
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(i) reacting a trialkylaluminum compound of the formula AIR.sub.3 with pentafluorothiophenol, or
pentafluoroaniline, respectively, in the amounts corresponding to the molar [Al]:[perfluorinated agent)
ratio from 2:1 to 1:1;

(ii) Reacting the product of step (i) with water at the molar [AIR.sub.3 reaction product]: H.sub.2 O ratio
of 2:1to 1:1.

16. The catalyst composition of claim 15 wherein the alkyl group R in the trialkylaluminum compound is
selected from the group consisting of methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, n-pentyl,
isopentyl, n-hexyl, isohexyl, n-heptyl, isoheptyl, n-octyl, and isooctyl groups.

17. The catalyst composition of claim 16 wherein the alkyl group R is a methyl group.

18. A catalyst composition for polymerization of .alpha.-olefins comprising the contact product of a
metallocene complex of a transition metal of the formula Cp.sub.x MA.sub.y D.sub.z

wherein x is 1 or 2; M is titanium, zirconium or hafnium; Cp is a cyclopentadienyl group, a substituted
cyclopentadienyl group, a cyclopentadienyl group that is part of a bicyclic or tricyclic moiety or, when x
is 2, the two cyclopentadienyl groups are optionally bridged to each other;

and each of A and D is selected from the group consisting of a halogen atom, a hydrogen atom, an alkyl
group, and combinations thereof; providing that x+y+z is equal to the valence of M; and

a solid cocatalyst containing perfluorinated phenyl groups and produced in steps comprising

(1) reacting solid Al(OH).sub.3 with a trialkylaluminum compound of the formula AlR.sub.3, wherein R
is an alkyl group, at a molar ratio of 1:1 to 0.2:1 to form a product having >Al--O--AlR.sub.2 groups on
the surface of the Al(OH).sub.3 ;

(ii) reacting the product of step (i) with pentafluorothiophenol or pentafluoroaniline in the amounts
corresponding to the molar ratio between the perfluorinated agent and the >Al--O--AlR.sub.2 groups on
the surface of the AI(OH).sub.3 ranging from 2:1 to 1:1.




