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Title: Stable Metallocene Cat aI yst Syst ens 5 10 Field of the
l.nventi on This invention relates to stabilized netallocene
catal yst systg HE met hods for their production apdrHefnisss
Specifically, these cat al yst syst ens conprise net al | ocene ang

al kyl al unoxane wherein the ratio of the alum numof the 15 al kyI al um)xane
to the transition netal of the netallocent used to prepare the

catl ayst systemis in the range of from about 80:] to about 200:1. These
‘catal.yst - systens retain t A be used directly in

.pol yneri zation after - “stor&§ P to two nonths or nore.
20 Background - - A wel I - knovvn pr obI em associ ated with
activated netal |l ocene catal yst systens is their inabili ty to remain

st-abl e and act. |_TAﬂgf itabloMetalinceme £afalyst Spestesnsor ~ hours particularly at
hi gh’ _t enper at ures. Consequently, netall ocene cat al yst o

5

10 Field of the Invention |

" This invention relatcs to stabilized metallocene catalyst systems and to
: methods for their production and use. Specifically, these catalyst systems comprise
o _metallocene and alkylalumoxane wherein the ratio of the aluminum of the
' .-15_ - alkylalumoxane to the transition meté! of the metallocene used to prepare the
' catlayst system is in the range of from about 30:1 to about 200: 1. These catalyst 3
“systems retain their activity and may be used directly in polymenmtton aﬁer

- 'storage for periods of up to two month.s_ or more.

- 20 - Backpround

A well-known problem assdciated with activated r_nétallocene catalyst ~
sYstems is their inability to remain stable and active for more than a few days ot_
~_ hours particularly at high temperatures. Consequently, metallocene cata.lyst__
25  systems must be used toon after ;treparation in order to take advantage of their
. maximum productivity, Using 2 catalyst immediately after its produiction can be
| quite difficult particularly on a commercial scale To date, attempts to alleviate this

' problem have met thh limited success.



25 systens nust be used soon after preparation in order to take advantage
of their maxi mum productivity. Using a catalyst imediately after its
" productiaon can be quite difficult particularly on a comrercial scale.
To date, attenpts to alleviate this . problem havé nmet with.limted
success. WD 97/ 32906

. PCT/ US97/ 0346 97732906 U s Patent No. 5, 308, 817 descrlggeoeuag
~particul ar syndi os.peci fic ~nmet-al |l ocene which, when activated with

met hyl al unoxane, is stable for up.to 3 days Wi t h ‘good activity. These
~aged catal yst systens, however, tend to cause pol ymerization reactor
~fouling-and this tendency increases with increased aging 5 . tine.

U S. Patent No. 5, 53;253 ft-t HESEi0nT dscibece pirtiatlasyndiospreific
net.al | ocene/ aI unox: SO t

i'on which may be stored faor ays.
Before . cthlfbcfe Wil veiwen agtivatedwith mehylpuBRx st © ?Uﬁgé”q’tﬂ]égd with
-addi tional aI unoxane. . Addi QEIH slg ﬁmgomf aénddo sasait i ons nust .
be stored .in adﬂyelwétbmg ﬂesg eénﬁw}%onnent in order to,retain

activity and the ﬁerfzggo@peaagrmmgaﬂdmmm inforeasesith increased aRing perc'ent
before the sol Bt econes stable The two patents

di scussed apovgmel | ustrate the need in the art for catalyst 15 system;l
and conponents that can be stored for |ong periods of time. In particular

there is a need for catalyst systems that can not onl f stored for |ong
periods of . t'UESbl!iteﬂth 539385} descebes A AOPERRITated %’[5’8 atures (including

hi gh te NpEY &% “;;)np o qnt'.efabwqa‘é%“cﬁ"ﬁl‘ﬁ‘g’s‘ w‘t.?d‘?\qnﬂ" BeSsdrbd for Fp@ hyeBsi Bafiron af ter

st or age unexpec roved active

met al | ocene catu?% ol ”aﬁxye?&emnt st sofutibn hﬁsﬁimbtbdamth grigition$] W"P‘é‘i’ﬁoer ature -

for as much as hs or nore. After stor Wl
system can 1be m&tuﬁnmsedtdsqcmemt@fsﬁ%‘%ﬁﬁ‘“i@?ﬁ %gtrlagét@!:at al yst wi t hout

envuonment in order to retain activity and there can be an activity loss of from 20

to 30 percent before the solution becomes stable.

The two patents r.‘hscussed above xllustrate the need in the art for catalyst

“ 15 eystems and components that can be stored for long periods of time. In particular

~there is a need for catalyst systems that can not only be stored for Jong periods of

o time but can be stored at ambient temperatures (mcludmg high temperatures) and

can be used dxrectly in polymerization after storage. This apphcanon descnbes an

| ed at
_ unexpectedly improved active metallocene catalyst system that can be stored al

20 high temperature for as much as two montbs or more. After storage, this catalyst _
| system can be used dxrectly as an eﬁ'xetent polymenzanon catalyst without

‘additional activation.

Summary
25 _ -
B Thxs mventlon relates to a method for polymenzmg olefins compnsing

'. polymenzmg one or more olefins under suitable polymenzauon condmons in the

- presence of an active metallocene catalyst system compnsmg metallocene and an’

- alkylalumoxane which active catalyst system has been stored for at least two days.



Maddltlonal'act vation. SUnnary 25 _ Thi s inventron
relates to a method for polynerizing ol efins conprising
pol ynerizing one or nore ol efins under suitable polynerlzatlon condltlons

in the - ' pr esence of an active nmetall ocene catal yst system conpri sing
metal | ocene a ~ .al kyl al urmxane whi ch active cataly has
been stored fg‘rJ at ﬁeast two. days. . WD 97/ 32906 féTlﬁyﬁk%

PCT/ US97/ 03486 - - - - Thi's invention also relates to st abi lized

net al | ocene catal yst systens conprising nmet al | ocene, al kyl al unbxane
~and optionally support- material wherein the ratio of ' -the al.um num of

the al kylal unbxane to the transition netal of the netallocene used
t.o prepare the dhisinvestionglse miatesdoistabiliped metalipsenst catalyshyatsms comprising o about

200: 1. 5> Addi g:} @té&é all:ﬂhlﬁmb %@%&8 Od'%ggo&&a&nm%j{\h%m J&parl ng a -

met al | ocene.- cat [ em sa conpri sing steps of

(a) comnbi ning athﬁlmﬁnm&mhmmdlmﬁcbxmetomeummnﬁamoMHehnaﬂm&w\ﬁwmxane
~wherein the ratio of the al um num of _th yl al unoxane to the

‘transition met afto BrePERdhe gAtalyst msas@a W’ﬁf@ﬁ‘&r"'@"‘!‘@@ I to about 208415 yst -
System s | nst NoAddRibgano thid mPdkioh Aithied almdifioBP Y Q:%a]metﬁﬂ%el(ebt)atﬁ}spr' ng -

10 the conbination for a time perio about two
" Detail ed Descri jgystem seﬁm@@n%ﬁg&xﬁmmf s(a) combunngametallocemwl Y,

the netal | ocene catal St of ntion rises

“netal'l ocene and 8&“2?'?%?%&%% %ﬁ#’ﬁ“{%}% r?}‘ ﬁgeh ‘%gﬁ"u of the
al kyl al unoxane h&ytahﬂ:ckﬁﬁd%%&héﬁﬂasﬁﬁh%lctﬂﬁfﬂﬁ%%é&dc@@ﬁ% the® prepare
t he - catal yst system.is in the range of from about 8 -t o about

200: 1. This cat &ptplyst system is igyhe mpgecefifraseaboub BRd te ahoup 200: bawsi &bsgtms o) days_
at rel ati velw hmo%m%if)ﬁ?& a%ine penod of at Jeast about two days.

: -Detailed Qesbﬁp_tion of Preferred Embodiments

- Generally, the metallocene catalyst systems of this invention comprises-
15° metallocene and _alkylalumoﬁc_ane wherein the ratio of the aluminum of the
: alkﬁalmﬁo_nne to the transition metal of the metallocene used to prepare the |
catalyst system is in the range of from about 80:1 to about 200:1. This cgtalyst
| system can be stored for at least about two days at relafivel)r. high temperatures
- without substantial ioss in activity. As used herein, ”stbring'_' or ‘_‘.stbred" means - .

- 20 ) - allowed to sit without being used as a catalyst system or component.

Preferably the ratio of the alugnihum_ of th_c' alkylélumoxane to the transitio_h_
. metal of the metallocene used to prepare ihc catalyst system is in the range of from
. sbout 85:1 to about 150:1, more preferably from about 90:1 to about 125:1. The
25 composition may be stored for at least about two days, or up to about 5 days, '
| about 7 days, about 14 days, about 21 days, about 28 days about 35 days, about
R 42 days, about 49 days, about S6 days, about 63 days, about 70 days about 77
'days about 84 days or even about 91 days or more. '



wi t hout substantial loss in activity. As used herein, "storing" or "st or ed"

- neans 20 allowed to sit without being used as a cat al yst system or

conponent . : Preferably the ratio of the al um numof the .
al kyl al um)xane to the transition = met al  of the netallocene used to
prepare the éy % systemis in the range of from about 85:1.to0
about 1501, %eferabl y fromabout 90:1 to about 125: 11’0}!”@'@@

~conposition may be stored for at |east about two days, or up to about 5
days, =~ about 7 days, about 14 days, about 21 days, about 28 days,
about 35 days,. about 42 days; abouﬁ'49 days, about 56 days, -about 63
days, about 70 days, about 77 - days, about 84 days or even about 91
days or nore. Preferably the/\@eight &?Egﬂﬁof metal on the finished catalyst system is in '
PCT/ US97/ 03486 eferably the melght percent of metal on
the finished d&%%f’f@%@éﬁlﬁoszqtﬁabw‘1°t'¥F§eP§FRj’Eblbf’°'PraBﬂ‘\“aPo%ﬁﬁ° 0.20 to
about 1. 0, - MOrpo @& aalnbs profabRitm B 0130 1o sbour 0FBOUT 0. 85, and most
preferably front out’ 0.30 to about The tenperature
during storage may be up -to 60[err]C preferably up to 45[err]C/ - ‘nore -

referably anbi ent erat re,or from abo bout err]C
_ thhough t/ﬁe cat aI gﬁ@ﬁf"n"é@“ﬁé OL3es Ry t“pﬁg’g{’f@aﬁfﬁtfgﬁayt‘g ?‘& ur!as _
hi gher = x?mentﬁmgt.ﬁmopeo&%at&@ftb abwﬁ 4ppptal yst sytemis
oI es ca

stored under t e Itions practi the catal yst
system may be Although theadtalyist wst#mmayﬂe()toreoml gxglpanhlemnmemues,dugﬁrl n nost -
. climates.: Any bl e. cont used for ool preserve
activity, theR 58‘?1‘{‘% ls(i‘ SHo ? ﬁe arr ‘pt?‘e ?'dy“r'f&tet“ﬁsm’ %r“agﬂa‘ﬂ“’”T

at nospher e shaishditibss ;irmttam& urmsgﬁﬁ oiﬁiysﬂfysmtrﬂy be warehoused outside or Af ter
storage the catal é St system retains at | east about,50% _ of |ts ori gi nal-

15 . prodd&ti \R“!SS/P EfSB? n ghost elimatesy Hayisuitaie coptgingt pRBPerRdIfor at | east
- about 70% gmevesate,r 3 Yortdinr SAoHid @ebmgh?ﬁx{a m%\sed?a re .

- prefereably at st a
; o atmosphere should be free of oxygen and/or watcr

After storage, the catalyst sy’stém- retains at least about 50% of its onglnal _
_ 15 productivity, preferably at least about 60%, more preferably at least about 70%,
even more preferably at least about 75%, even more prefereably at least about
80%, even more preferablj at least about 90% and most pfeferably at least about
95 percent of ts original productivity, i.e., its productivity when less than 1 day
old. | T - -
| 20 . : - : :
Th_e metaliocene and alkylatumoxane, are preferably combined with a |
support either before or after s'toragc,. pfeferaﬁly before storage.' For i)txrposcs of
- this pat'ent speciﬁcation the term "support” is defined as any material upon whichl
metallocenes and/or activators may be fixed. Preferably, the support material is a
| 25 porous pamaulate material, such as talc morgamc oxides, inorganic chiorides and
resinous materials such as polyolefm or polymeric compounds Such materials are

~ generally commercially available. -

The preferred suppon matenals are porous morgamc oxide matenals
30 whxch mclude those from the Periodic Table of Elements of Groups 2 3,4, 5 13



80% even nore preferably at |east about 90% and nost preferably at |east
~about 95 percent of its original productivity, i.e., its productivity
.- when less than | day . old. 20 - The netal | ocene and
al kyl al unoxane are preferably conbined with a - support either before
or after storage, -preferably before storage For purposes of- thi-s
- pat ent specWWPgHPPgh the term"support” is defined as any $93/034860n N
“which - net al | ocenes and/ or activators nay be fixed. Preferably, t he
support material is a 25 porous particulate material, such as talc,
i norgani ¢ oxides, inorganic chlorides al - =~ resinous materials such as -
pol yol efin or polynerrc conpounds. Such -nmateri-als are ~ ‘generally
~conmmercially ava4 mafal exides. Silica, a]umma, silica-Blunif, eﬁdammdesuhpmfiremerl als are
porous inorgani ¢ oxide materials, mhrch | Cl{g%mr ose fromthe

Peri odi ¢ Tabl @red¢eg; %ﬁt‘%‘”&i““@%‘éﬁﬁé@ may be gmpipye one of in WD

97/ 32906 bination with the silica, alumina o silica-al are magnesia, titania,

PCT/ US97/ 034g&0mmation with the siica, sldmina or SIica-alumina ol Inagnpsi, fitania,

si | i ca- al unmi naircomegand the likes t hereof are. m)st - preferred. O her-

i nor-gani c gxrdes that may be enployed either alone or in _ conbrnatron
with the stlica, alumna or silica-alumna, are nagnesia, titania,

zirconia, and the hhyﬁmauoénemaybeusedmtheﬂimﬁcaefabhﬁeﬁnﬁ nayske used in
the practice of the 1nvention. . herein unl ess ot herw se

i ndi cated, " né%“lwemﬁ%l‘%@é%“@%ﬁ?@“ perdes adipgle metallocenenposi ti on oF
two or nore mé&ﬂh SRIGRYF 168 gpfﬂﬁréb&%ﬁ@éd?#o?ﬁ > SMethffode)dd ag%%dphe

- bulky ligand transition neta S ge era represent
formula: 10 bulky ligand transition metal compou{mrge}nemﬂy repremmdd:yuhe ﬁormulaul ky. i gand; = .
Ais Ieavwg group, Mis a t[ﬁ‘ %on metal and m and n . are such that
t he tot al *'Yigand val ency cor i@% to the transition netal valency.

* where L is a bulky ligand; A is leaving group, M is a transitiori metal and m and n
are such that the total ligand valency corresponds to the transition metal valency.

The ligands L and A may be bridged to each other, and if two ligands L
15  and/or A are present, they may be bridged. The metallocene r:ompound may be
- full-sandwich compounds. having two or more ligands L which may be
cyclopentadienyl ligands or cyclopentadiene derived ligands or half-sandwich
| . compounds having one ligand L, which is a cyclopentadxmyl ligand or - |

cyclopentadxenyl derived ligand. The transition metal atom may be a Group 4 Sor

20 6 transition metal and/or a metal from the 1anthax_nde and actinide series. -
Zirconium, mamum, and hafnium are often preferred. Other l_igan'ds may be
bonded to the transition metal, such as a ieaving group, such as but not hmited 10

hydrocarbyl, hydrogen or any other univalent anionic ligand.

S 25 © Methods for making and using metallocenes are very well known in the art. -
| For example, metaliocenes are discussed in United States Patent Nos. 4,530,914,
4,542,199; 4 769 910' 4,808,561; 4, 871,705; 4, 933 ,403; 4,937,299; 5,017, 714'
5,026,798; 5 057,475, 5, 120 867, 5, 278 119; 5,304,614; 5 324 800; 5 350 723;

. and 5 391 ,790 each fully mcorporated herein by reference.



The liigads L and A may be bridged to each other, and if two ligands L 15
and/or "A are present, they nay be bridged. The netal |l ocene conpound may be
ful | -sandwi ch conpounds having two or nore |igands L which may be

cycl opent adi enyl |igands or cyclopentadiene derived |igands or

hal f - sandwi ch conpounds having one ligand L, which'is a

_cycl opent adi ¥RV P§and or cycl opent adi enyl derived | ?SB’HQ”W -
- transition nmetal atommay be a Goup 4, 5 or 20 6 transition netal and/or
-a metal fromthe |anthani de and actini de¥seri es. - Zirconium titanium

and hafniumare often preferred. O her |igands may be bonded to the

transition metal, such asa |eaving group, such-as but not linmited to
hydr ocar byl ,. hydr og?arthcn; theyetadiobae caua!yﬂadom;tonanioﬁﬁiednﬂemj;mm be a25

Met-hods for nmakin u net al | ocenes. are ver known. { n the.art
“For exanpl e, “ng?'cg @geﬁﬁé‘ k‘ﬁ% a'f“ﬁ CRATPBLET Sﬁﬁ?é‘g‘eﬁﬂ%fs Nos.
4,530, 914; acnvaﬂa@&?eula&%nﬁun?&&n&m;o sotiviier, ateldslackddora 4. 933, 403;
4,937, 299;. 5 017, 714, 79 98; 5,057,475;" 5,120,867; 5,278, 119;

. 5,304, 614: 5, Zomb@gven @e@sf)wfe@i an active palmeszagga catgipst system.§ Fhesy types

|ncorporat

PCT/ US97/ 0 48%%5“9“%5‘&'%; . ARtERbed i for example, P r?gtlz’i%cene?’ggt%ﬁ‘%t
conponent of WGQZFDDBBBIWEM‘V%&:deOQllommWﬂmDSamSertheteroatom
cont ai ni ng c'o oun | S o] vat ed ei t her an '
T Uroxane, an NeBnh OEHA S deorS O e 22 LB 254 405 2od BEAD R | on

- thereof to foﬂtﬁbaﬂl &%m&earmmym&%&%&%ﬂ&é&n@ﬂa@%o}mﬁée types 5
of catal yst systems are descri.bed’in, for exanpl e, PCT International

Publication metaliopgegatalyss 3sefulipthisiinpengios camindui@idyclogasadicapD 94/ 03506

5. 264, 405 ng AR BripsBett br fag il gu‘?haaﬁdfﬁ@%?f‘“?@tﬂﬂ?i#?nﬁcé‘fgo?‘!;?ed

~~herein by ref esmbinetion Witind thadisition, métile met al 'ocene cat al ysts useful -
“this invention can include non- cycl opent adi enyl 10 - catal yst conponents
. or anC|IIary | i gands such as boroles or carbollides in :

Inone embodxment the metallocene catalyst component is represented by
the general formula _(Cp)mMeRnR'p wherein at least one Cp' is an unsubstituted or,
15 preferably, a substituted cyclopentadienyt ring; Me is a Group 4, 5 or 6 transition
" metal; R and R' are independently selected halogen, hydrocarbyl group, or
hydrocarboxyl groups having 1-20 carbon atoms or combinations thereof, m=1-3,
0=0-3, p=0-3, and the sum of m+n-+p equals the oxidation state of Me. -

20 . In another embodiment the mctallocene catalyst component is represented
by the formulas: N _ | '
{CsR'm)pR” s(CsR'; m)MeQ3.p.x and
R"y(CsRp)MeQ
wherein Me i is a Group 4, 5, 6 transmon metal, at least one CsR'yy is a substxtuted
25  cyclopentadienyl, each R', which can be the same or dxﬁ'erent is hydrogen, alkyl
alkcnyl, aryl, alkylaryl or a:ylallcyl radical having from 1 to 20 carbon atoms or two
 carbon atoms joined together to form a part of a substituted or unsubstltuted ring
or rings having 4 to 20 carbon atoms, R" is one or more of or a combination of a
carbon, & germanium, a silicon, a phosphorous Or a nitrogen atom containing
30 radical bridging two (CR'yy) rings, or bridging one (CsR'm) ring back to Me,



conbination with a transition netal. ' I n one .enbodi nent the
met al | ocene catal yst conponent i s represented by ‘the general fornula
(Cp) MERNR p wherein at |east one Cp is an unsubstituted or, 15 - .
_preferably, a substituted cycl opentadienyl ring; Meis a Goup 4, 5 or _6.-
transition . metal; R and R are independently sel ected hal ogen, R
hydr oca¥8Y73Pup, or hydrocarboxyl ~groups havi nBCHYS0486 bon at ons
or conbi nati ons thereof m=1- 3, n= 0 3, p=0-3, and the sum of mn+p
equal s the oxidation state of Me. _20 " In anot her enbodi ment the
‘met al | ocene catal yst conponent.is. rgpr esented - - by the formulas:

o '-(C[err]R[err])[err]R'[err](C[err]R[err])l\/b(]err] and

'.-,germam um "a‘silico

" Rl err] (] whex gE@ranfl k[=el oihbiyise "x" is alwdysrequal tdv@, dach Q vhidu@nde tile, 6. transiti on
.nmetal, at |east,gne err err]m t t cycl.o entad enyl ,
" each R, mea%de%ﬁ%g 13& %l? lei’lﬁlél?‘é’ l%r:‘@’%g?éwvé e
- al kenyl, Riy/bo catbdifatbs, Halokn, BF Mkatilied Qfﬁ%ﬁm&hd%ﬂé’faﬂﬁ:ama%%ohp 20 car bon

atons or two. . car bon. at ons | oi ned- toget-her to forma part of a
subst i t ut 230 earbomstemst $ isGtosd anil men s is 0, mois Srapdgds hdvardand when20 car bon
at ons, R'ls'l mqua%ﬂrgofe of or a conbination of a carbon, a

a phosphorous or a nitrogen atom cont ai hi ng 30
~radical bridging two (Clerr]Rerr]) rings, or bridging one (Clerr]Rerr])

‘ring back to Ng, WD 97/ 32906 _ _

PCT/ US97/ 03486Preferably, the mﬁﬂ@ﬁ"ﬁ‘*@?ﬁﬂ‘@d@‘i‘e&% se "x" is always equal
to 0, -each Q whi.ch can be the same or different is an aryl, alkyl,
al-kenyl, al kylaryl, or arylal kyl radical having from . -1 to 20 carbon

~atons, hal ogen, or al koxi des, qRiQ,) an al kyl i dene radical having from
1-20 carbon atoms, s is O and\ﬁhen5|so m|55andp|so 1or.2
a_ndvx/nens 5 is.1, mi _

RBRY)

\/"

~CRER® )

':(R10 -

10 wherem M is a metal of Group 4,5 or6of the Periodic Table preferab}y, .

- Zirconium, hafnium and txtamum most preferably zircomum;

R1 and R2 are identical or dlfferent are one of a hydrogen atom, a C}-C 10
alkyl group, preferably 2 C1-Cg alkyl group, a C1-C1o alkoxy group, preferablya’ -
15 - C1-C3 alkoxy group, a Cg-Cj ¢ aryl group, preferably a C6-Cg aryl group, a CG-
Cio aryloxy group, preferably a C6-C8 aryloxy group, a Cz-Cm alkenyl group, -
. preferably a Cy-C4 alkenyl group, aC7-C40 azylalkyl group, preferably a C7-Cyp
’ allflalkyl group, a C7—C4o alkylaryl group, preferably a C7-C1 alkylaryl group, a
 Cg-Cyp arylalkeny] group, preferably a Cg-C]z arylalkenyl group, or a halogen
S 20 atom, preferably chlorine;



Preferably, the netallocene is represent éd by the formula: :
[err] 10 wherein Mis a netal of Goup 4, 5 or 6 of the Periodic Table

preferably, zirconium hafniumand titanium nost preferably
~zirconiun - - Rlerr] and Rlerr] are identical or different, are
~one of a hydrogen atom a Clerr]-(err] al kyl group, preferably a

Clerr]-C erWP%4P3¥% group, a CJerr]-(err] al koxy group, pPEfEswB4sca 15
Cerr]-Clerr] alkoxy group, a (Jerr]- Clerr] aryl group, preferably a

Cerr]-Clerr] aryl group, a Cerr]- Cerr] aryloxy group, preferably

Lta C[err] Cerr] aryoxy group, a C[err] ‘(err] al kenyl group,
“preferably a CJerr]-Clerr] al kenyo groug, a CJerr]-(ferr] arylalkyl group,

preferably a Cerr]- C[err] - arylalkyl -group, a (ferr]-(err] al kyIaryI
“group, preferably C[er C[err] al kyl aryl group, a derr]- C[err]
-aryl al kenyl group,R® 63p |hydragwé?mf- C[ err] arylal kenyl group, or a
hal ogen 20 - atom pref erabl y chlorine;- V\D 97/ 32906 - '
PCT/'US97/ 03486 o

_ RS> and R‘5 are identical or different, prcferably identical, are one of a
5 halogcn atom, prcferably a fluorine, chlonne or bromine atom, a Cl-Cm alkyl
group, preferably a Cl-C4 atkyl group, which may be halogenated, a C5-C1 o aryl
group, which may be halogenated, preferably a Cg-Cg a.ryl group, a2 C2-Cjp
al'kcnyl. group, preferably a Co-Cy alkenyl group, a C+-C4g -arylalkyl group, -
prefefably a C-Cy arylalkyl group, a C7-C4g alkylaryl group, preferably a Cy-
10 - Ci12 alkylaryl group, a Cg-C4g arylatkenyl group, prefera_Hy aCg-Cy2 a;ylalkcnyl
group, a -NRo15, -SR15, -OR15, -0SiR315 or -PRy!5 radical, wherein R15 is
. one of a halogen latom, preferably a chlorine atom, a C]-Cjo alkyl group, |
. preferably a C;-C3 alkyl group, or a Cg-C1 aryl group, preferably a Cg-Co aryl -
_group; | | | |

s RTs -
_Rﬁ . RjM RN . R11
'Iwz — M — M2 — . —M2 — (CRy1O)— .
CR1Z -,L12 ;Ivz'_ - ,L12
R11. ) Rr11 | ) o R
| B
0O—M2 —O0— . —C— . 0o—Mm2.

-BR1 1)-, 'Al(R“)— -Ge-, -Sn-, -O-, -s- -SO-, -805-, -N(Rl Iy, -co- -P(Rl Iy,
or -P(O)R! 1)—
wherein: . _

20 R11 R12 and R13 are identical or different and are a hydrogen atom a halogen
atom, a Cl‘CZO alkyl group, preferably a C;-C) o alkyl group, 2 CI‘CZO



Rlerr] and R err]- are hydrogen atons; Rlerr] and R err] are
identical or different, preferably |dent|cal .are one of a 5 hal ogen
atom preferably a fluorine, chlorine or br omi ne atom a (err]-Cerr]

al kyl group, preferably a CJerr]-Cerr] al kyl group;, which may be -
hal ogenat ed, awB[septope Cerr] aryl - group, which may be hatogswabad, :
preferably a CJerr]-Clerr] aryl group, a Clerr]-Clerr] - al kenyl group,

preferably a err]-Clerr] alkenyl group, a Clerr]-Clerr] -arylalkyl group,
" preferably a (Jerr]-Cerr] aryl al kyl groupg a Clerr]-Cerr] alkylaryl -
group, preferably a (Jerr]- 10 C[err] al kylaryl group, a Clerr]-Clerr}]

| al k I f bl | al k I :
?&é[irrf”y-s%[if rOuokgpy refrsRbia 1o drobpRy P, F i ARG b

‘Rerr] is raefyaacgleggﬂfwg)%ﬁm c@gb%@é& :gfoﬁplﬁamslyat@grcze Cerr]
-Cerr] alkyl group, erably a err]-Clerr] | group, or a
Cerr]-Cerr] arfiuoraarylgoouppa & b zAlkoxs BOpup; plest aFI&rml oxy grougroup; 15

Rert] are i genFESe0shent prepciemtly s a o Eplib.a SRl NG,

5 group, preferably a C3-C3q arylalkyl group, a Cg-Cqg arylalkeny! group,
 prefessbly a Cg-sz arylalkenyl group, a C-C4q alkylaryl group, preferably a C7-
Cy0 alkylaryl group or R11 and R12, or R“ and R13, together withtheatoms = =«

- binding them, can: form nng systcms

10 - M2is s:hcon, germamum or tin, preferably silicon or germanium, most

preferably silicon;
R8 and R? are identical or different and have the meanings stated for R11;

15 " -~ ‘mandnare xdenucal or different and are zero, 1 or 2, preferably zero or 1,

m plus n bmng zero, 1 or 2, preferably zero or 1; and

the radicals RTO are idenu'cal_or different and have the meanings stated for |
R11, R12 and R13. Two adjacent R10 radicals can be joined together to form a
20  ring system, preferably a ring_system containing from about 4-6 carbon atoms. .

Alkyl refers to straight or branched chain substituents. Halogen |
(halogenated)-is fluorine, chlorine, bromine or iodine atoms, preferably ﬂubrine or
~ chlorine, . o
25 | R I
- Particularly preferred metallocenes are compounds of the structures:



atom a (err]- C[err] al kyI group, preferably a (ferr]- C[err] aI kyl group,

a (Jerr]-Cerr]. WD 97/ 32906
PCT/ US97/ 03486 fluoroal kyl group, preferably a Cerr]-Cerr]
fluoroal kyl group, a Cerr}-Cerr] 'aryl .group, ' preferably a

Jerr]-d group, a (err]-Ceerr] fl uoroaryl grou referably a
-C[err]-._C[Fi&{’}y"g!’x4 fluoroaryl ‘group, a Jerr]-Clerr] al Msﬁm
preferably a CJerr]-Cerr] al koxy group, a - Clerr]-Cerr] al kenyl
group, preferably a (Jerr]-Cerr] al kena group, a (Jerr]-Cerr] arylalkyl
5 group, preferably a CJerr]-Cerr] yI al kyl group, a Clerr]-Clerr] .
aryl al kenyl group, - preferably a Cerr]-C(err] arylal kenyl group, a
~Cerr]-Cferr] algglar group, preferably a C75 Cerr] alkylaryl
group or Rerr] and{gs Rlerr]. and R[e‘? et her with the atons
. binding them can fo 3 systems 10 : |s silicon, -
~germani um-or tin, p¥ &#1 con-.or ger mani u : _ preferably
sil'icon; - R8R9C i R e ]os‘hnd R[err] are A dgnt .(R1°ql4fferent and
‘have the meani ngs Et atned/fﬁ)r R-err]; 1 R‘blentlcal or -

m agd. n 'ar
~different and are fer. or 2, preferably go or. J,!/ ‘mplus n bei ng
‘zero, 1l-or 2, pref 1 y~z8s0 or and the r cals
R err] are lm%ja or di ferentgAa)nd Iﬂi‘\?e/th rream n\ngtat ed’ ?)
‘Rerr], Rert N, R 19, Tvvo adj acent. R[err] adiic F@ can be 'j oi ned
together to forma ¢{ng system cont ai ni ng
from about 4-6 car box fers to straight or.-
branched chai n substi ed) is fluorine,
"~ chlorine, bromne or or . - -chl ori ne. .

~(R10)4

ts. Hal ogen . (halo
e atons, preferably qu

. (R"°)4

wherein:- -
M!is Zr or Hf, R1 and R2 are methyl or chlorine, and R5 R6 R8 R9 Rm

R11 and Rl2 have the above—mentloned meanings.

These clnral metallocenes may be used asa racemate for the preparation: of
- highly isotactic polypropylene copolymers. It is also poss'ble to use the pure R or
S form. An opttcally actxve polymer can be prepared with these pure | |
‘stereoisomeric forrns ‘Preferably the meso form of the metaliocene is removed to
10 ensure the center (i.c., the metal atom) provides stereoregular polymerization.
Separation of the stereoisomers can be accomplished by known literature

' techniques. For special products it is also possible to use rac/meso mixtures.

Generalfy, the metaﬂocenes are prepared by a multi-step ﬁrocess involviﬂg
15  repeated deprotonatipns/zhetallations of the aromatic ligands and introductien of
) the bridge and the central atom by their halogen derivatives. ';l'he following N
reaction scheme illustrates this éeneric approach: -
HoRC+Butylli ~ ~—————=~ ? HROLi
. '- |  X-{CRBR)-R7-(CRERO) X



25 ' ' A

Particularly pref erred netall ocenes are conpounds of the structures: : -
WD 97/ 32906 _ L PCT/ US97/ 03486
[err] : wher ei n: ' "Merr] is Zr or H Rerr] and

Rlerr] are nethyl or chlorine, and Rierr], Rerr] Rlerr], rr],
Rl err] and WP&¥3#2%ave t he above- rrentloned nmeani ngs. 5 &l%g}”oaﬁhese

~ . chiral netallocenes may be used as a- racerrate for the preparation of

5h|ghly i sotactic pol ypropyl ene copol yner E is also possible to use the:
--pure R or S form An opticaly act i poI ymer can be prepared with
- these pure Stereoi soneric forns. Preferablythe neso form of the
~ nmetal |l ocene i Begio 10- -eﬂs-trre-)t hgrdgnter (i.e., the netal atom
© provides stere e ul nmer n. o Separatlon of the stereoisoners
can be acconp g&f)ﬁr&%ﬂﬂ#ﬂzgénﬂg 2BuylLic .
 -'LiRc-(CR3R9)m—R7-(CR3_R9)n-RdLi- i - Moy
5 : . L . . __—___.___)-
- (RBRSC)py — e | | .'(RSRQC)m'.__'-Rc'- o
' ' ' Ct- fr1i i | Rl
R7 M‘l/ .———-—>R Li R7 M‘f/
5 ~ci AN
'(RBRgc)n — Rd | (RBREC), — RI
<R8R90)m——Rc
R2Li 1 - E- R2
—_— - RT M1/ '

_ -  Addifional methods for p'repaziﬁg metallocenes are fully described in the

10 lm_mﬂ_g_mgmﬂl@_gﬁm volumc 2._&, (1985), pages 63-67, and in EP-A-

| 320762, for preparation of the metallocenes descnbed both of which are herein |
fully incorporated by reference. '

o IMustrative but hon‘-limiting e:’camplés of these metallocenes _includg:; '

15 Dimethylsilandiylbis (2-methyl-4-phenyl-1-indeny)ZrCly
Dimethylsilandiylbis(2-methy}-4,5-benzoindenyl)ZrCly;
Diméthylé_ilandiylbis(Z—mcihYM,6-diisoprof>ylindcnyI)ZrClz_;



techni ques. For special products it is also possible to use rac/neso

m Xt ures. . : General ly, the nmetallocenes are prepared by a
mul ti-step process involving 15 repeated deprotonations/metallations of the
aromatic ligands and introduction of -~ the bridge and the central atom -
by their hal ogen derivatives. ‘The fol | owi ng reacti on schene
i |l ustrat eWoHi32%0§eneri c approach Herr]Rerr] + BMHEPWW [err]
HR[ err] Li '
X—(CR[err]R[err])[err] Rl err]- (CR[err]R[err])[err] X20 _ ' V\D_ :

g 97/ 32906 . -+ PCT/ US97/.03486

-'Dimethylsilandiylbis(Z-éthyl-4-phenyl-_1-ind_enyl)ZrCIz;

' Dimethylsilandiylbis (2-cthyl-4-naphthyl-1-indenyDZeCly,
' Phenyl(MethyDsilandiyibis(2-methyl-4-phenyl-1-indeny)ZrCl2, -

Dimethylsilandiylbis(2-methyl-4-(1-naphtiryl)-1-indenyl)ZcCla,

5 Dimethylsilandiylbis(2-methyl-4-(2-naphthyl)-1-indeny)ZrCl2,
Dimethsylsilandiylbis(2-methyl-indenyl)ZrCl2,
Dimethylsilandiylb'is(z-methyl-4,'S'diisopropyl-1--indeny1)ZrCt2,
Dimethyisilandiyibis(2,4,6-trimethyl- 1-indeny)ZrCly,
_Phcnyl(Methyl)silandiylbis(2—methyl—4,6-diisoprqpyl-l-indchyl)ZrClz,. :

10 I,2—Ethandiylbis(2&méthyl-4,6—diisopr6pyl-1-indenyl)ZrClz, '
' 1,2»Butandi_ylbis(2-methyl-4,'6-di_isopropyl-]'-inden'yl)ZrClz,
| Dimethylsilandiy]bis(2-méthyl-4—ethy1—l-inde‘nyI)ZrClz,
Dimethylsilandiylbis(2-methyl-4-isopropyl-1-indeny) ZrCl2, -
" Dimethylsilandiylbis(2-methyl-4-t-buty--1-indenyl)ZrClz,

15 Phenyl(Methyl)silandiylbis(2-methyl-4-isopropyl- 1-indenyZrClz,
Dimethylsilandiylbis(2-ethyl-4-methyl- 1-indeay)ZcClz,
Dimethylsilandiylbis(2,4-dimethyl-1-indenyl)ZeCl2,

. Dimethylsilandiylbis(2-methyl-4-ethyk l-indenyZcClz,
" Dimethylsilandiylbis(2-methyl-c-acenaphth-1-indenyl)ZrCla,

20  Phenyl(Methyl)silandiyibis(2-methyl-4,5-benzo-1-indeny)ZrCl2,
Phenyl(Methyl)silahdiylbis(2-methyl—4,S{methylbcnzo)-1-indenyl)ZrClz,-
- Phenylmemyl)snandiylbi's(2-methy1-4,5-(teuaxhe:hylbenzo)-1.indenyl)z_rciz,
Phenyl(Methyl)silandiylbis (2-methyl-s-acenaphth-1-indenyl)ZrClz, |
1 2—Etlmndxylbxs(2-—meﬂ1yl—4 S-bcnzo 1-indenyZrCl2,

25 1 2-Butandzylb|s(2—methyl—4 S-benzo-l-mdenyl)ZrClz,
Dunethylsxlandxyl_bxs(z-methyl-4,S_—benzo -1-indenyl}ZrCl2,
© 1,2-Ethandiylbis(2,4,7-trimethyl- 1-indenyl)ZrCl2, |
 Dimethylsilandiylbis(2-methyl-1-indeny)ZiClo, -
1,2-Ethandiylbis(2-methy}-1-indenyZrClz,
30 Phenyl(Methyl)silandiylbis(2-methyl-1-irideny)ZrCl2,



[err] Addi tional methods for preparing netall ocenes are
fully descrr bed in the 10 Journal of Organonetallic Chem, vol une 288,

(1985), pages 63-67, and in EP-A- 320762, for preparation of the

nmet al | ocenes descri bed, both of which are herein fully i ncor porated by
- reference. [Ilustrative but non-limting exa hese
“netal l ocene‘gogﬁg[ ude 15 Di et hyl si | andi yl bis nP&F'Bs’%"J“ :

(2-met hyl - 4-phenyl -1 -indenyl)ZrCl[err]

Di et hyl si | ani yl bi s(2- net hyl - 4, 5- benzoi ndenyl ) Zrd [err]

" Di met hyl si | andi yl bi s( 2- et hyl - 4, 6-dii sop3 opyl i ndenyl )ZrCI [err]
WD 97/ 32906 .

 PCT/ US97/ 0348Dlphenylsdandtylbls(zmcmyll-h-rﬂdexl}dDZyChl s(2- et hyl

T Ry < | 001
"Phenyl ( Met hyI )ﬁ;hbﬁﬂﬁlﬁh@lb&(ietﬁﬁtlhmhexﬂd)ﬁ(g@yl 1-i ndenyl )Zr CI [err]
Dimethylsilandiylbis(2-methyl-5-isobutyl-1 -indenyl)ZrCl2,
S Phcnyl(Methyl)sﬂandxylbxs(2-methyl-5—|sobutyl- -indenyl)ZrCl2,
Dimethylsilandiylbis(2-methyl-5-t-butyl-1 -mdeny!)ZrClz, | _
Dunethylsxlandxylbxs(z 5,6-trimethyl- l-mdenyl)ZrClz, and the hke

| Thesc preferred metallocene catalyst components are described in detail in |
10 U.S. Patent Nos. 5,145,819; 5,243,001;'5,239,022; 5,329,033; 5,296,434; -
5,276,208; and 5,374,752; and EP 549 900 and 576 970 all of which are herein

fully ineorporated by reference.

Any allqual_umoxane may be used as an activator for the metallocene.
15  Generally alkylzslumoxanes contain a_bbut 5 to 40 of the repeating units:

R
~R- — (—— Al—O09x—AlRy- for linear species and

20

R

=) | {——Al—0Jx- for cyclic species

where R is a C{-Cg alkyl including mixed alkyls. Particularly preferred are the
compounds in which R is methyl.- Alumoxane solutions, particularly

30 methylalumoxane solutions which are preferred, may be obtained from commercial



Di met hyl si | andi yl bi s(2-met hyl - 4- (1- napht hyl)-1-indenyl)ZrCl[err], 5
Di et hyl si | andi yl bi s(2- net hyl - 4- ( 2- napht hyl )-1-i ndenyl ) Zr Cl [err]
Di met hyl si | andiyl bi s(2-methyl -indenyl)ZrCi[err],
D net hyl si |l andi yl bis(2-nethyl -4,5-dii sopr opyl - 1-i ndenyl ) zr d [err]
Di et hyl si | wiodi7shdss(2, 4, 6-tri met hyl -1 -indeny]) ZrC [err], pcriusein3ase
Phenyl ( Met hyl ) si | andi yl b| s(2- nmet hyl - 4 6-diisopropyl- 1 -i ndenyl ) Zr [err]
10 1, 2- Et handi yl bi s(2- et hyl - 4, 6-di i sopropyl -1 -indenyl)ZrCl[err],
1, 2-But andi yl bi s(2-met hyl -4, 6-di i sopr opx[] ]-indenyl.)ZrCl[err]
D met hyl si | andi yi bi s(2- met hyI 4- et hyI - ndenyI)ZrCI[err]

- .Di et hyl si | andi yl bi s(2- et hyl - 4- ZCI
D methyl 51 1 anveafeR 'aié%zuﬁ‘éeﬂé g VeI F%rtrrtwa&niﬂ el S ooss
Phenyl ( Met hyl ﬁﬁm’ baapy desaib I
- Di ang%/hill si | gnﬁﬁfk I'S % eth I-4 met huIAg- &BYMUC&ud ¥ 1708 [err]

-indenyl)zrCl[err],
" Di et hyl si | anﬂmﬁﬂg(@“ﬁ&ﬁsnﬁﬁﬁrﬁo 3, wﬂﬁé%r@?‘)ﬁzlr%élf -804 ;19 4,874,734,

D net hyl si | an y Z :
Di met hyl si | ang géf"g i’&drg{%y{'g ar rT%gggﬁé%Wd %% éﬁd]l %f?&lofe’r rl, 20
Phenyl (Metfiyl }35and7.y3, 1035033 -2 ERYA-04563 406 EBB1D z79rmngr)qzoeg4.eu] .
Phenyl (Met hyl )sr | andrl){l bi.s(-2- net hyl - 4, 5- (et h){)l befn .

-indenyl) zr le-‘!ﬂ’ 94/10180, each fully incorporated herein by refen

- Phenyl (Met hyl ) si | andi yl bi s(2-met hyl -4, 5-(t et ranet hyl benzo)
~-indenyl)ZrCl[err], Phenyl ( Met hyI )silandiyl bis _

(2- net hyl - a- acenapﬁoine MA@ddnym)sZcr@tpém:qme cloudy and gelatinous over time. It

.12Ethand|ylb|52rret b e

1, 2- But andi yl fﬂagé’ % §% @%ﬁz%cﬁsoluqﬁ)g é+“}é58{ An}‘mb&%fmcmods
~ Di net hyl si¢ angicylshd ﬁ{aeaega;&eemetsemiens Jr to Ireiﬁtw&)debslfoﬁl the soliitions.
1, 2- Et handi yl bi s(2,4, 7-trinethyl - 1-indenyl)Zrd |

Di metyl sil andﬁ]ﬂlﬁ %’@‘EI%W&FESWEY SFF Z?’@éf’é‘? gd)to separate the gels from the
1, 2- Et handi yl I f - -
‘Phenyl ( Met hyl $'ST angf B sf%“ﬂw - 1)3;-"%{85‘{?;] pr%‘%%ﬁéf"rﬂ]m"g clear, gel- |
97/ 32906 -  free solutlons of a]kylalumoxane by treating a solution of alkylalumoxane vnth an

 PCT/ US97/ 03486.

. Diphenyl si | an 8PP ‘?fﬁ‘tﬁ%d{?ﬁ)'{yd’l‘d? ?fc?@rﬂ/‘?’s 9% gkglime e metal. 1

, 2- But andi§! bi s(2- et hyl -1 - ‘ndenyl ) ZFCl [err] .
_ The metallocene, alkylalumoxane and support material may be combined in - -
anjr manner or order. Examples of suitable support tec_hmques are descnbed nU.
S. Patent Nos.; 4,808,561 and 4,701,432 (each fully incorpoxrated herein by
- reference). | Preferably, however, the metallocene and alkylalumoxane are

20  combined first and their reaction product combined with the support matenal.
Suitable examples of this technique are described in U. S. Patent No. 5,240,894
and WO 94/28034, WO 96/00243, and WO 96/00245 (each fully incorporated

 herein by reference).

25 | ~ Preferably, a porous support such as silica is used and the vphxmc.of |
metallocene and activator combitied with the support is less than about 4.0 times
~ the total pore volume of the support, moré preferably less than about 3.0 times the
total pore volume of the support, even more prcferably less than about 2.5 times
' the total pore volume of the support. '
30



Di net hyl si |l andi yl bi s(2-ethyl- 1 -indenyl)ZrCl[err],

D et hyl si | andi yl bi s(2- et hyl - 5-i sobut yl - 1'-|ndenyI)ZrCI[err], 5

Phenyl (Met hyl ) si | andi yl bi s(2- net hyl - 5- |sobutyl-1-indeny{)ZrCI[err]

Di et hyl sil.andi yl bi s(2-nmet hyl -5-t-butyl-1--indenyl)ZrC[err],

D net hyl.sil andi yl bis(2,5,6-trinethyl- 1 -indenyl)ZrCli[err], and the 1ike.
These preV¥8#%et al | ocene catal yst conponents are descPCBE8YWeMsset ai | in
10 U S. Patent Nos. 5,145,819; 5,243,001; 5,239, 022; 5,329, 033; :

5, 296, 434; : 5,276, 208; and 5,374, 752; and EP 549 900 and 576 970 aI

of which are herein . fully mcorpﬁrated by reference.
Any al kyl al unoxane - may: be used as an-activator for the netall ocene. 15

General Iy al kyl arpipsanss @pﬂ&ﬁhﬁn@@:@w&a@,&@v&%emB&onse&%a&h%9 uni ts:

[err] . for |linear species and
[err] for wylknewmipdhs ast Details of one oﬂ\ﬂaesea:rﬁchareaué[dmnise@ewuxmal kyl

'mﬂflﬁdk”?s”‘m%ﬁ*'%%@%é"?ér REFREARHGFERACI58) ot hy 8l unoxane
~sol uti ons wWpedifioallPseR pagsI675s). mpmrféatpabéwdrefxﬂmes SHORE 6f 2 B |
' 5 classical BET apparatus for nitrogen absorption. Another method well know in the

art is described in Inncs Total porosity and Particle Denstfy of Fluid Calalysts By |

qumd Trtranon Vol. 28, No. 3, Analytical Chemistry 332-334 (March, 1956)

When the volume of solution combined w1th _porous support material is less
| 10 than one times the total pore volume of the support the support appcars
N completely dry and free-flowing and is consequently easy to mix and transfer.
_ thn volumes abo#& one times the total pore volume of the porous support are
- used, the support becqmes progressively more difficult to mix and transfer as
volume increases b_ecause' it has the consistency of dam-p or wet mud. At greater |
15 volumes of solution, a slimy is eventually formed. such that one can observe

separation of the solution and support as the silica settles, At the slurry stage, the |

o support is easier to mix and handle, These factors should be consadered when i

choosmg solution volumes. -

20 | Regardless of the amount of splution' used, it is pre_ferable. to corhbine the
support and solution such that the solution is evenly distﬁbutéd among the support
paxncles Thus it is preferable to add the sotution to the support slowly either as a

 'spray or drop-wise while the support is mixed.

25 Ifthe catalyst system is suppoﬁe‘d, it is preferably dried at least 10 a free
: flowing powder prior to Stér_age. Heat and/or vacuum may be used to dry the
 catalyst. Typically,. temperature in the range of from about 25°C to abbdt 100°C is
used for a time period ranging from about 4 to about 36 hours. It may Be
_ advantageous to dry the catalyst without vacuum or with a flow of warm inert gas |
30  suchas mtrogen



WD 97/ 32906 _ '_

PCT/ US97/ 03486 : vendors as sol utions having various
concentrations. There are a variety of methods - for preparing

al uroxane, non-limti ng exanpl'es. of which are described in U S

~ Patent No. 4,665,208, 4,952,540, 5,091,352, 5,206,199, 5,204,419, _
4,874, 758'2#97/32906 4,924, 018 4,908, 463, 4,968, 827, - 5, 30BCHBUS7/08548829, 032,
5,248, 801, 5,235,081, 5 - 5,157,137, 5,103,031 and EP-A-0 561 476, . EP-B1-0
- 279 586, EP-A-0 594-218 - and WD 94/10180, each fully incorporated :
herein by reference. ' Some MAO sol utions tend to becone

cl oudy and gel atinous over tinme. It‘o - may be advantageous to clarify
such solutions prior to use. A nunber of nmethods 10 are used to create
gel -free MAO sol utions or to renove gels fromthe sol utions. : Gel | ed
sol utions ar emuamnympﬁyﬂhvdagmmﬂoﬂhdaﬁmnhm@fﬂ&ﬂqmnﬂdﬁné he gels from

t he ear . Patent No. 7,137 d| scl.ose process for
for m ng 6‘? gﬂﬁ%" meﬁ"’c gg'ﬁf'ﬁ‘!‘?‘g%g PRI IS B Ibip treating a
sol uti Ontefm@e@fh%hrmamo%m B0, mre prembw&ymkb t@m{,fochyd“ de of

an al kali or alkaline earth neta he net al ene
al ' kyl &l ukdd sven moxe psefppbmﬁqm@@ur &q)tm%bPUbb'ZS(:onbr ned in any manner or
- order. Exanples of suitable support techniques are descri bed in U. o S.

Pat ent Nos. ‘4, 808,561 and 4, 701, 432 (each fully incorporated herein by

ref erence). Pméﬁtﬂﬁtyyst&mm/ﬁ\tﬁg;m&hﬁbnmyaﬂm@c?am al kyl al unoxane are 20
combined first and their reaction product conbined with the support
mat er i al polymenzatiop aRtefistorage of tht eatalyst systrmsmay. by preprlmenzed helsts | bed in - U s

d /
Pat ent NPﬁy mcorpg‘rﬁg?encfmmgmnm‘%ﬁ m%g%%an WO 96 00245

(each f her el y re erence
Pref &9 abPISCPOlamWSDaB, mﬁpmxt Stgtes Rataat Nod. #,933,833 um’e‘ﬁ9&h825t EB Ovol une. of

met al | oc Wi 1he su 1S | £35S t han about 4. 0
tines E;bes ﬁ{)gg gtf)’twgd%fs ‘{‘ﬂ”"%‘f{a °¥?B‘r%¥f FEPETabl y | ess than
about 3. Phé waﬁsttsim of this inveionfifdyealseWeleoRbIAED bﬁEreSdtﬁﬁerrimra en nore -
preferably | ess than gbout 2 5 tines the tqotal pore_volune of ‘the
‘support . with one or more additives such as scavengers. Examples of suitable scavenging - _
. compounds include triethylaluminum (TEAL) tnmcthylalunnnum (TMAL), tn-

15 xsobutylalutmnum (TIBAL), tri-n-hexylaluminuim (TNHAL) and the hke

- After 'storage, rhe_ catalyst eystem of this’_ invention may be used in ﬂie o
polymerization of any monomer and optionally comonomers in any procees | _
including gas, slurry or solution phase or }ugh pressure autoclave processes._' (As .

20  used herein, unless diﬂ’erentiaied, *polymerization” includes copolymerization and
"mbnomer" includes comonomer.) Prefer_ably, a gas or slurry phaSc process is )

used, most preferably a bulk liquid propyiene polymerization process is used.

In the preferred embodiment, this invexrtioﬁ_ is directed toward the bulk
‘25 liquid polymerization and copolymerization of ﬁropyllene or ethylene, ﬁarticularly
| pr Opylene, in a slurry or gas phase polyrﬁeriz_dtidn _process,' particularly ashmry .
polymerization process. Ano"cher embodiment involves copolymerizatioh r_eactions
of propylene or ethylene, particularly 'pro;rylcne, with one or more of the alpha-
_ olefin monomers having from 4 to 20 carbon atoms, preferably 4-12 carbon aioms,
30 for example alpha-olefin comonomers of ethylene,_butene—l, pchtene—l,‘ 4-



WD 97/.32906 : S .
PCT/ US97/ 03486 : - ~ The procedure for measuring the total

pore vol une- of a porous support is wel'l known 'in the art. Details of
one of these procedures are discussed in Vol une 1, Experinental '
" Met hods in Cayélysiesss Research (Acadeni ¢ Press, 1968) - pEDESYossel | Y

see pages 67-96). This preferred procedure |nvolves the use of a 5
cl assi cal BET apparatus for nitrogen absorption. Another mnethod well know

in the ~art is described in Innes, Tgtal porosity an_d Particle
Density of Fluid Catal ysts By - Liquid Titration, Vol. 28, No. 3,
Anal ytical Cheni st ry 332-334 (March, 1956) . \Wen the

vol une of sol ut ™% ﬂB?ﬁS‘F‘We’thF"PPr pRRteRssl. Qﬁ‘f?BBTJt%l@“Fé‘fChlaém 10 than
one 'times the t%ﬁﬁ&ﬁ&%&ﬂsﬂwﬁé s SABHE omofnl IRMRR Yy ARMIRE Such

conpletely dry ree-flow ing and 1's consequently easy t0 m x and
transfer.  as\(epes, \fcmc:xampleahb-batadnee,thmamm nerbaimagienecorvol une of the
. por ous support ar.e used, th ort becone rLogressively nore .
GiTTicult o m ERProarase; arenisoe, ekl orbirpens i aliue MORUMES | has the
con5|stency gf danp or wet nud. At greater 15 vol unes of solution, a
slurry is eventually forned such that one_can observe - separation of
the sol ution and supﬁ)ﬂc%mtar@sBMSFB@Y@E’P@PE%PWAFSS@WEH@“GP?‘;’E’C?tl&ge t he

ort ea pﬁ&e el Qgrleﬁgn der ed
\?\Hgﬁ IS- cﬁggeé'f&rl\% SO utlon vg@uﬁfe%g %tfa ‘S‘S“S'm&ég“ essSIOf t he

amount of sol ut mlmrme(hownassrepydéﬂrmhlwﬂxmfmﬂwdmtmbmtcdmthmart and

- solution such t t e s on |s nl |str|bu d among the support
particles. Thus “f)P ?‘g}"'ﬁ %ﬁg sgﬁ‘?“&f’? PR AL R FFE sl owl y

either as aip momaycdhhn@k@prw&mwghe flulieze8 BRP B the préseiick 8k catalph
If the catalyst systemls squ ported, it _is preferably dried at |east to a

free ~ flow e’ﬁ@%@’fnﬁ‘? itgns.; Shis heat igremoppdsin apetherart,of th F¥FledY abe used

bbout 25 ¢ to aSHEin el WPt Yeack PR REMIEnin D EEARGE oBR SET,

about 4 to aboutfiuifizedded snd tecyqiabable into the rembra&mgwuw)t, polymer pth:duc:at al yst -

Wi thout: vacuum of iR, kol SocitP Ll hFS! 5l ctOmer S UEIRA3S ik BES
15 polymenzed monomer. (See for example U. S Paxcnt Nos. 4,543,399, 4,588,790,

15,028,670; 5,352,749; 5,405,922, ‘and S 436,304 all of which are fully mcorporated

_herein by reference.)

A slurry polymerization process generally uses pressures in the range of
20  about 1to about 500 atmospheres or even greater and temperatures in the range of -
. ~60°C to about 280°C. Ina slurry polymenzanon a suspension of solid,
_ particulate polymer is formed in a liquid polymerization medlum to which ethylcne
and comonomers and oﬁen hydrogcn along with catalyst are added. The liquid E
employed in the polymerization inedium can be, for éxample, an alkaﬁe ora
125 cycloslkane. The medium employed should be liquid under the conditions of
polymenzatlon and relatwely inert. Non-lnmtmg examples of hquld mediurns

include hexane and isobutane.



WD 97/ 32906

PCT/ US97/ 03486 - . After drying, the final weight ratio of
t he al um num of the al kyl al unoxane: to the netal of the netall ocene
as determ ned by elenmental analysis is preferably in the range of
from about 15 to about 170, nore preferably from about 50 to about 5
150, eWEWTRRME preferably from about. 80 to about 125. PCTUS97/03486  The |
catal yst systens of this invention may be used directly in :

" polynerization after storage or the catal yst. system.may be prepolyrrerl zed
before or after storage usi n\gethods well known in the art. For
details regarding 10  -prepol ynenzati on, see United States Patent Nos.

4,923, 833 andpfe f&%&gz&ﬁ tﬁfst%stcm er 465 §§§§sgggd§g’nﬁy§§g“ each of whi ch

s fully incorporat er € n "by re eren catalyst systens of
this i nveh@utmmmgl@etﬂymmefaubbbaﬂeasemum a.‘oQOegptﬁymertme : wi t h one

‘or nore addjtives, su sui t abl'e scavengi-ng
conpoundémf’hﬁtl' st Bl Ff“é‘\bﬁﬁzﬁ‘%ﬁsﬂ%ﬁ°?‘fé&°fﬂ&{&°ﬁ@wy| al uni num (TMAL), tri -
15 isobutylalumn (TIBAL), tri-n-hexylalum nuim (TNHAL) and the i ke.
After storage, the catal yst systemof this invention may be used in the
pol yrré Eé@&‘ﬁiof -any nononer and optionally conobnoners in any process.
“including gas, slurry or solution phase or high -press,,_u.r'e aut ocl ave =

~ processes. (As 20 used herein, unless differentiated, "polynerization"
i ncl udes copolhyunhrme;immdcahctterundersthnﬂnrgcnfﬂhépnemt mdemoﬁormnorrer )

Pr ef er abl as_or Jur has used nost preferably a
bul k |iqb‘?/°8‘dmggﬁ%‘ﬂ‘ ‘BSF@%E a‘g?'g?foﬁ}%@é"é’g“ﬂx offered. . In the
preferred enbodi nent, this invention'is directed tomerd the bulk 25 'liquid™—
polynerlzatlon and copolynerzatlon of- propylene or ethylene particularly

10 Catalyst Preparxtmns
Example 1

_ In an inest N, g’love'_box 0.50 g of _dimethyl#il'anediyl—bis(2-methyl4 :

15  phenyl-indenyl) zirconium dichloride and 18.50 g of 30 wt% DMAO-25010
solution in toluene (Albemarie Corporation, Baton Rouge, LA) were _c‘embined' '
under stirring. AVZr moler ratio in the solution was 110. The resulting deep red

_premksor was added slowly while "stixfing to 10.0 g of MS948 silica (Davison
Chemical Division of W. R, Gracé,_Balﬁmore, MD) previously dehydrated to 600_°
20 Cina stream of Bowing Ny, The mud was dried at 28-29 inches of mercury
vacuum until 15.56 g of free ﬂowin'g,. finely divided solid was obtained. Testing
showed that the amount of volatiles in the solid was reduced to 1.1% by weight.
 Elemental analysis showed 15.41% Al and 0.55% Zr. - |

25 Exampie 2

~ Inaninert N, glove box 0379 g of dimethylsilanediyl-bis(2-methyl-4- -
phenyl-indenyl) zirconimh dichloride and 14.10 g of 30 wt% DMAO-25010
solu;ien in toluene (Albemarle Corporatio_r;, Baton Rouge, LA) were combined -
_30 under stirring. AVZr molar ratio in the solution was 110. The resulting deep red



propylene in a slurry or gas phase polynerization process, particularly a

slurry pol yneri zati on process. Anot her enbodi nent invol ves

copol ynmeri zation reactions of .propyl ene or ethylene, particularly
propyl ene, with one or nore of the al pha- - ol efi n nononers haV|ng from
4 to 20 carban_at preferably 4-12 carbon atons, 30 for
alpha-olefin'%8ﬁ3ﬁ%§@rs of ethyl ene, butene 1, pentene- 1 4- r@ﬁﬁgﬁmﬁam

97/ 32906 o

PCT/ US97/ 03486 "~ nethyl pentene-1, hexene-1, octene- 1 decene- 1, and
ol efins such as styrene, cyclopenten@\or norbornene Clher SU|tabIe
nmononers include vinyl, diolefins such - as dienes, for exanple,

'1, 3- but adi ene, eéurb&xﬁﬂlaﬁﬂéﬁsl ?bﬂﬂé&ﬁi‘hﬁﬁﬁbWOgofMSNBIMhﬂ(DMbﬂene
acetyl ene, ethylidene norbornene and al dehyde nononers

Typi.cal ly in a GhemigDidsignp{WeR Qatqeoﬁﬂﬁme@ew)a’rwwmmmew €00°s |
enpl oyed wher e t%?@:@:ﬁ?&éqo%rg £ ﬂ{eCJnS g gnédeéi%% dﬂeﬂ/tﬁhérﬁngggas stream .

- otherwi se known~as a rec ‘am or I'ZI ng nE|um ted in the -
r eact or byaching uhﬁlaIS 36g Wwﬁdvnﬁgatﬁndpdwﬁedl sblailzw?dbrtfiﬁerdezhmemfl Iljy .
contains one or npre 10 nomers continuously cycled through a fluidized
bed in the pres é‘sét‘wéedclzﬁ*%ﬁ‘yg/é’t and 0.29% {54er reactive conditions. This
heat - is renoved in another part- of the cycle by a cool i ng system
‘external to the reactor. The recycle streamis wi thdrawn fromthe 1 _
f1uidized bed afdmpscatpiedaamplédinto the reactor. Sinultaneously, polymer -
product is withdrawn fromthe reactor and new or fresh nonomer is
added to replace the 15 pol ynmeri zed nononer. (See for exanple U S Patent

Nos. 4,543, 399; 4, 58@ an%Ert N, glove box02285 §39dm’éﬂ@rﬁﬁan’ééi9!—bz§(24ﬁ&hﬂ22 and
5, 436, 304 all of V\/nlch are. fully incaqrporated % reference.) -
A slurry pol%nephenyrindmnyh) 2erun dichignds and Lisiee aﬁ@s‘gtﬁ'%wﬁ A¥ range of 20

about 1 to aboumﬁmzﬁwmelaﬂbaﬁmwc sat.? %t&tm%@ LEyRekebmbisd i N the
range-of - O[err]C to about 280[err I'n a urry polynerization, a

. suspensi on of swldedstlmns Al/banolmnatrethpe@lpm was21f7o r'l‘hedesuhnedtqpqud d
Pyt ogen ai ong VERRATSS Bk i0) DHERTrng 10 10 GRS FRSRERIE @ 2§§%°T nthe
pol yneri zati on ommwmﬁﬂobefwf RI GedeamamnonnW)@mumy dehydrated to 600° -
15 Cina stream of ﬂowmg N,. The mud was dried at 28-29 inches of mercury
vacuum until 15.61 g free flowing, ﬁne!y divided solid was obtained. Testing
- showed that the amount of velatilcs in the solid was. rcduced.-to 0.7% by weight.
Elemental analysis showed 15.77% Al and 0.19% Zr. |

20 Example4

In an inert N, glove box 0.26 g of tlixnethylsilanediyl-Biﬂﬁ-methyl—indenyl) '
zirconium dichloride and 13.25 g of 30 wt% MAO solution in toluene (Albemarle |
Corporation, Baton Roug'e,.LA) were corhbin_éd under stirring and 5.60 g of -

25 toluene added. AVZr molar ratio in the selution was 126. The resulting deep red -
precursor was added slowly while snmng to 10 0 g of MS948 silica (Davxson _
Chemical Dmslon of W. R. Grace, Baltimore, MD) previously dehydrated to 600°
C in a stream of ﬂowmg N,. The mud was dried at 28-29 inches of mercury

~ vacuum until 14.94_ g free flowing, .ﬁncly divided solid was ebtained. Elemental
30 analysis showed 16.49% Al and 0.45% Zr. - o



25 cycl oal kane. The nedi um enpl oyed shoul d be |iquid under the conditions

of polyneri zation and relatively inert. Non-limting exanpl es of
l'iquid medi uns i ncl ude hexane and i sobut ane. - WO 97/ 32906
PCT/ US97/ 03486 _ . Preferably the catal yst system after
storage has a productivity of at |east. about 2000 g polyner/g

cat al yOY"@R¥ber abl y at |east about 2500 g pol ymer/g PCI/USIEBMEE yst, nost
preferably at |east about 3000 g polymer/g catal yst 5 Examples -
In order to provide a better understanding of the present invention
i'ncluding representative advantages thereof, the followi ng exanples are.
of fered. 10 Cat al yst' Prepar.at S - Exanpl e | i In
an inert N2 glove box 0.50 g of dinethylsilanediyl-bis(2-nethyl-4- 15
phenyl -i ndenyl ) zirconiumdichloride and 18.50 g -of 30 wt % DVAC-25010 -
sol ut i on GompasatienBxymplednar | e Cor poration, Baton Rouge, LA) were conbined
under stinting. Al/Zr nolar ratio in the solution.was 110. The resulting
deep red - precursor was added slowy while stirring to 10.0. g of Ms948
silica (Davi s®fan inert N,@hntsphere 850 gios disetinisiliiedivl-bisi2atethylBaddniylyor e, MD) .
revigusly dehydr at to 600.20, ., Cin a streamof flowng Nerr]. The nud
Was db earyr%&nite%d@h%gwe%wh%m&ﬁ gallons toluene and 165 1bs of 30 MLA g -
| _ methylalumoxane solution in toluene (Albemarle Corporation, Baton Rouge, LA) -
was added to form the precursor having an Al to Zr ratio of 210. Scparatcly' 150
Ibs of MS948 silica (Davison Chemical Division of W. R. Grace, Baltimore, MD)
previously dehydrated to 600°C in a stream of flowing N; was added to a 200 -
10  gallon reactor. The precursor was added to the silica while stirring. Then 28-29
| inches of mercury vacuum was applied to the reactor while the reactor jacket was
heated to 160-165°F. After 7.5 hours thé catalyst was collected as a free flowing
powder. Testing showed that the amount of volatiles in the solid was reduced 1o
~ 3.35% by weight. Elemental analysis showed 9.28% Al and 0.17% Zr.
15 ' ' '

Catalyst Stability Evaluation

" An oven filled with N, and thermostatted at 100°F (34°C) was used to
heat stainless steel cylinders of catalyst for the_stability study. The cylinders were
2d charged wnth catalyst inside a N, purged glove box. Before sealing the cylinder 15 o
psi of N, pressure was applied to prevent"contﬁnﬁnation of the -caialyst during |
 cylinder handling in air. At preset times a cylinder wns removed from the oven,
transferred to the glove box and the contents sa:hpled. The cylinder was returned
_ to the oven and heating continuéd. The aged catalyst samples were tested for
25 polymerization activity as described below. - |



vacuumuntil 15.56 g of free flow ng, finely divided solid was obtai ned.

Testi ng - showed that the anount of volatiles in the solid was reduced-

. to 1.1% by wei ght. El emental anal ysis showed 15.41% Al and 0.55% Zr.
25" Exanple 2 I'n an inert N2 glove box 0.379 g of y _
di met hyl si | anedi yl - bi s( 2- net hyl - . phenyl i ndenyl ) zi r(:P i QI oride
and 14.10 g‘%‘” M % DMAO- 25010. 'solution in toluene :
Cor por-ati on, Baton Rouge, LA) were conbined 30 under stirri ng. Al/Zr
molar ratio in the solution was 110. Thezjesultlng deep red WO

© 97/ 32906 _ _ :
PCT/ US97/ 03486 precursor was added slowy while stirri ng to 10.0
g of MS948 si | iCualfidPeiynirrization Evéloetiocal Di vision of W R Gace,

"Baltinore, MD) previously dehydrated to 600[err] - Cin a stream of
flowwng Nlerr]. The nmud was dried at 28-29 inches of nmercury - ‘vacuum

until 15.56 g of frqe kO efréaeﬁir rébiotky @dstiea vith NAmd @Bivainfigd. El enent al
anal ysi s showed 16. 55%AI andv ? s Conpar ati ve Exanple 3

In.an inert N @@y@mﬁ@%gizﬁagl Msomtmtmmd)mm@lmbpénmpﬁmdﬁ | - 4-
10 phenyl 5l nden I rconi un di and 18.5 of ,30 wt % DVMAC- 25010
sol-ution in tol"f?éﬁg?dz BfgREa (f%? t?ﬁ?m%m %&8 ‘éam{sg\)‘"eﬂfe conbi ned
under stirringprephredand®edlas amivb@vablluhr@ i 21t bﬂmm&nalﬂargéafmmml ting:
deep red - - “precursor was added slo Aépwhlle stirring to 10.0 g of V5948

si lica (Davi somL of propyisae#q eiat thereactipnn ABer ghe hqur the seastor s coqleshe
~previously deh%&lt@&,wwﬁiﬂ% for 20 minutes and then opened. The granular

polypropylene was transferred t_d a ceramic dish and allowed to dry in a fume hood

10  overnight. The next day the polymer was further dried in vacuo at 75°C for one
- hour. The final dried polymer was weighed.

Polymerization Results

15 “Table I summarizes stability of catalyst activity after aging at 100°F (34°C).
“Table 1
Catalyst | . Productivity after heat aging for hours shown‘®
Example |AVZ/™ | o [ 40 8 | 157 | 250 | 325
1 10 | 3144 | nd® | ad | 3115 | 3056 | 3105

Comp.3 | 217 | 2680 | 1895 | 1811 | 1672 | 1736 | 1540

(a)hmmrmohrnﬁh
20 '(b)GtunsI’Pp:rgutalysthealagedal lOO'F(34'C) for time shown.
' (c)notdetamned.

. - - The data show that the catalyst of Example 1 having a lower Aluminum to
' Zirconium molar ratio was stable to heat aging at 100°F (34°C) while the cﬁtalyst



15 Cin a streamof flow ng N2. The. mud was dried at 28-29 inches of

mercury =~ vacuumuntil 15.61 g free flowing, finely divided solid was
obt ai ned. Testing showed that the amount of volatiles in the solid
was reduced to 0.7% by weight. - .El enental anal ysis showed 15.77% Al
and 0. 19% Zrwo 9788b0s Exanpl e 4 In an inert NgcohRyfosiaex 0. 26
g of dimethylsilanediyl-bis(2-nmethyl-indenyl ) zi rconi um dichloride
and 13.25 g of 30 wt % MAO sol ution in toluene (Al bemarle Cor por at i on,

Bat on Rouge LA) were conbi ned under stir izng and 5.60 g of 25 toluene
added. - Al / Zr nol ar ratlo in the solution”Was 126. The resulting deep red

precur sor was a sl oW y. whi | rri o 10,0 f M5948 .silica _
(-Davi son “E’éﬁv" W%’Fgﬁt@’f %t%@E%k’ngrfi‘:ﬂﬁiﬁ'ga afleEvi ousl y
dehydrated to %qloursand ot 458 Sier 8BdHt @fwdak@W Ng N2. The’ rrud was dried at
28-29 inches of mercury vacuum-until-14.94 g free flow ng, fi nely
~divided solid was obt ai ned. El emental 30 anal ysi s showed 16.49% Al ‘and .

0. 45% Zr. o 9 Q

hCT Usey] 0346 The 100°F 84%¢) gﬁ%ﬁﬁ’f’%f‘“"%"%‘?ﬁﬁ%ﬁ’@s@f Example 1 was continuphasyy  ner ¢
N err] at nosphehewsiT#biof. di net hyl sil anedi yl - bi s(2 met hyl -i ndenyl) 5
zirconiumdi chl oride was conbined with 15 gall ons tol uene and 165 | bs of 30

W% ‘met hyl al unoxane sol-ution in toluene (A bemarle Corporation, Baton
Ro_uge_, LA) .~ was added to formtmﬁgecursor having an Al- to Zr ratio
of 210. Separately 150 | bs of silica (Davison -Chem cal Division
of W R Gace, Baltinore, M) _ : S '
Days Productivity*®
214 3017
284 | 2813
344 ' 2704
42.3 | 2723
56.3 . 2696
65.2 2873
90.2 _ 2109
o ‘(a) Productivity (g PP per g catalyst).
10 . A ' _
The 1000F heat aging study of the catalyst of Example 2 is shown in Table
o Table 3
- 18
Days. " Productivity'®
0 = - 3216
58 2819
187 2443
326 2480
43.5 - 2528
53.4 2647
68.4 ' 241_9

- (8) Productivity (g PP per g cataiyst).



previously dehydrated to 600[err]Cin a streamof flowing N2 was added to a
200 10 gal l on reactor. The precursor was added to the silica while
stirring. Then 28-29 i nches of nercury vacuum was applied to the
reactor while the reactor jacket was - heated to 160-165[err]F. After
7.5 hours .t | yst was collected as a free flow ng ' '

Testing sho{gfﬁ%%?yt he anmount of volatiles in the solid vvals’c'ir)’g%@é‘ éto
3.3 5% by weight. Elenental analysis showed 9.28% Al and 0. 17% Zr. 15
Cat al yst Stability Evaluation o An oven filled with N err]
“and thernostatted at 100[err] F (34] er_r]C;)7 was used to - heat stainless
steel cylinders of catalyst for 'the st abiPi ty study. The cylinders were 20
_charged with catalyst inside a Nferr] purged gl ove box. Before sealing the
cylinder 15 = P& - ' Hale Ly faiRdnat i on
of _the catal yst- dur ?‘h%%a%w%f?%g@rm\ﬁiﬁ%iphg%?%&gftg.tﬁ%??%)rﬁset tidrqres a
‘cylinder was r effentivd adtivityforiraore vien two monthstat 300SF€34°€) t o t he gl ove box and
~ the contents sanpled. The cylinder was returned to the oven and '
heating continued. The aged catal yst sanples were tested for 25

pol ymeri zatkon actiw ORI E4  agir ; '

PCT] USO7/ 03386 Thé kﬁéﬁ?ﬁ%st Polllégrre_e?ﬁl heal agns omb pristhl i §&%Q‘@m

A 2 liter autoaletaliocaneace showpreVable| y fl ushed with N2 and cont ai ni ng
triethylalumnum (0.25 nL of a 1 Msolution in hexane) and 1000nL of :
propyl ene 5 -was. heated to a tenperature of 70[err]C. A 75 ng sanple of

the catal yst sanple prepared ancdrapgiegl as above was slurried in 2 nL
of .hexane and charged wi.th 250 . - L of propylene to start the
reaction, After one. houp—the—+eactor—wps—ceoteth——
o Days ' Example 3 - Comp. Examplc4 _
' SN < : - 1788¢H? '
3984 : -
77 . 3903 . -
10 : - 1560
157 3863 -
21 | - | 1353
226 3589 -
281 - 1197
338 3180 -
35 - - 1140
42 - | 1141
436 647 | -
535 | 3677 -
60 | . 869
L 68.4 3373 o -
10 : ~ (a) not determined.

(b) Productivity (g PP per g catalyst).

The catalyst of Example 4 having an AVZ molar ratio of 126 was more
- stable to activity loss than the catalyst of Comparative Example 5. The latter
15 having an AVZr of 210 lost about 50% activity after heﬁt aging for 2 months while
" the catalyst with the ratio of the instant invention maintained about 85% activity in

about the same time period.



vént ed, purged with Nferr] for 20 m nutes and then opened. The granul ar
pol ypropyl ene was transferred to a ceramc dish and allowed to dry in a -
fume hood 10 overnight. The next day the polynmer was further dried in

. vacuo at 75[err]C for one hour. The final dried polynmer was wei ghed.
Pol yneri zat Resogl t's 15 - Table | summarizes s
cat al yst ac%-’ty after agi ng at 100[err] F (340). - S%QHSHM
Table 1 Cat al yst Productivity after heat
agi ng for hours shownCb) : ExaerLe[ AI/Zr[err] : 0 .40
85 157 250 325 110 3144 . ' nd
[err] - nd 3115 3056 = 3105 Conmp. 3 - 217 2680
1895 . 1811 1672 - 1736 1540 (a) Precuraor nolar ratio

20 (b) .G ans PPp t 00[ e E err]C) .for _
time shown. tﬁ?h%?ﬁﬂv@@n 139 Ben ‘?esm%cg)g‘m{rﬂémag%ﬁys how t hat the
catal yst of Exmh&tbﬂmngeﬁbMtsMwm& feSiated by thofk bESRindAp oI ar
ratio was stable.tqQ heat atgl ng at 100[ erEt] F (34[err]C) while the catal yst .
WO 97/ 32906  Skill in the art that the invention lends itself to many different vanatlons not .
PCT/ US97/ 0448 6gjustrated herein. For these reasons, then, reference should be made solely to the |

appended claims for purposes of determining the true scope of the present

mventlon

 Although the appendant claims have single appendencies in accordance |
10 with U.S. patent practice, each of the features in any of the appendant claims can

be combined with each of the features of other ap_pendant claims or the main claim.



of Conparative Exanple 3 at three tines the ratio |ost 30% catal yst
activity after 40 hours and about 45% after about 2 weeks.
The 100[err] F (34[err]C) heat agl ng study of the catal yst. of Exanpl e 1 was

i nued as- _ :
% arme 1] II|||IIIII o0 b
2813 2704
42.3 2723 . | - I3 .
2696 - 65. 2 -?_5 | THIS SHEET BAS SEEN
90. 2 2109 . - _(a) RBPUMRRRY i vityl (g PP per g
catal yst). 1Qlaims ~ The 1OOCF heat agi ng study of the catal yst of -
Example 2 is- shovvn in Tabl e 3. . '
- Table 3 15 : Days : Producti vi- ty[err]
(2)8 19 1. A method 3’6:6polymenzmg oleﬁns compnsmg contacting one 202 ng olefins
' 32.6 under su:tablqwgmenzanon condmons with an active metallocepg cgalyst system
2528 '
68 4 5 compnsmg mfﬂgcene and an ﬁéylﬁumoxme whic aaf"vlsrcaﬁ'?c ( g PP per g
catal yst).  been stored for at least two days.
2. The method of claim 1 wherein the time period is at least 14 days.
10 3. The method of claim 1 wherein the time period is at Jeast 35 days.
4. The method of claim 1 Wherein the time period is at least 56 days.
5. The method of any of the preceding claims wherein the ratio of the aluminum of
15 the alkylalumoxane to the transition metal of the metallocene used to prepare the
catalyst system is in the range of from 85:1 to 150:1. '
6. The method of any of the pr'eceding claims wherein the catalyst system further
comprises a support material.
20 | | |
7. The method of any of the precedmg claims wherein the catalyst system has been
stored at a temperature in the range of from 20°C to 45°C.
8. The method of claim 4 wherein the catalyst system productivity is at least 75%
- 25

of its original productivity before storage.

9. A method for prepaﬁng & metallocene -patalySt' system, comprising the steps of:
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PCT/ US97/ 03486 - —TFhe-dat a show that except for a small

| oss-in activity, t catalyst mai nt ai ns . effective activity for nore

than two months at 1 ‘fe]‘C) 5 The results of

another 1 Q0[err F (3 ag| ng corrparlson with a different .
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. %iGO - (a) combining ametallocenééatZlyst comgonent with an alk;}ﬁﬁﬁmxane

22. 6 o whereu@gggtm of the aluxmnum of the alkyl alumoxane toﬂ&tmnsmon :

1197 ' . 31

35 _ metal of thc_rqetalloccne is m%hqrang_elnlt;fbom 80:1to 200}, a.ng

42 : S 1141 '

43. 6 : 3647 . i ) - 53.5

3677 S (b) storing the combinatigy for a time period of at least two days.

869 68. 4 3373 10

(a) not determ ned
10. Thc method of cla.:m 9 wherein the time period is at least 7 days

11. The method of claim 9 wherein the time period is at least 21 days.

10
12. The method of claim 9 wherein the time period is at least 49 days.

13. The method of claim 9 wherein the time period is at Jeast 56 days.

15 14, The method of claims 9 - 13 wherein the ratio of the ahuminum of the alkyl
alumoxane to the trensition metal of the metallocene is in the range of from 90:1 to
125:1. | o |

15. The method of claims 9 14 further comprising the step of combmmg the
20  metaliocene and alkylalumoxane with support material.

© 16. The method of claims 9 - 15 wherein the support material is a porous
inorganic oxide and the metallocene and alkylé]umoxane are combined first and
their reaction product combined with the porous support.

25
17. The method of claims O - 16 wherein the combination is stored at a
temperature in the range of from 20°C 1o 45°C.
_ 18. A metallocene catalyst system prepared by the method of claim 9,
30 : . e
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(b) Product|V|ty (g PP per g catal yst) The catal yst of
Exanpl @ 4 haviggean Al /Zr nolar rati.o of 126 was nore stable to
activity loss than the catal yst of Conpagal. Ve Exafplte 5., The l.atiter. 15
having an Al/Zr of 236-10st about 50% acttvity aftér *heat .Agi'ng sf.or. 2

nmont hs whi |l e ~ the catal yst wi Th the rafTo of tfe instant iAvertion
mai nt ai ned about 85%activity in ‘about the sarre time period. :

WD 97/ 32906 g -
PCT/ US97/ 0343_@'%@_ L Wi | e the' pr esent i nventi on has been -
descri bed an ustrated by reference to particular embodinents, it
w Il be appreciated_by those of ordinary skill in the art that the

i nvention lends itself to many. di fferent variations, not 5 - illustrated

herein. For theddnetiad frpolymesiang olsfins samansipg coniagiag oae er Boreplpfing t he

B e L e A
-appendencies dompHsig Hétalceddand ﬂlﬂ(lélhtﬁoxmt\ﬂ{&etﬂﬂﬁ%m& 6f theakimifimt he

‘features in any ‘of the appendant clainms can. be conbi ned with each of
the features oaliglalumozanaiiarthe transition wetal ¢fshermetallotesie used to prepare the

catalyst system is in the range of from 85 1 to 150:1 and wherein the active

catalyst system has been stored at a temperature in the range of ﬁ'om 20°C to 45°C -

for at least two days. - - 3 .
0 . | |

2. The method of claim 1 wherein the time period is at least 14 days. -

_ 3. The method of claim 1 wherein the time pex'lod is at least 35 days.
15 4. The method of claim 1 wherein the time period is at least 56 days.

| -5 The method of any of the preceding claims wherem the catalyst system further :

compnses a support matenal

- 20 6. The method of claim 4 wherein the catalyst system productmty is at least 75%
ofits ongmal productmty before storage.

7. A method for preparing a rhetallocene eatalyst Systenu, eomprising the steps of:
25 (2) combining a metallocene catalyst corrtponent thh an alkylalumoxane .
| wherein the ratio of the alummum of the alkyl alumoxane to the transition
~metal of the metallocene is in the range of from 80:1 to 200:1 sald
combination excluding a stabxlmng olefin hawng-the general formula
R1R1R3CCH—CH where R, R, and R; are alkyl groups with carbon ' '
30 - numbers ranging ﬁ'om 1-20; and | ' o
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" Cl-ai s ~1.. A nethod for polynerizing olefins conprising contacting
onhe or-nore fins under suitable polynerlzatlon conditions with
.an active ne “Btene catal yst system ,5- conprising, et al | ocene and an
]alkylalunnxane whererm the ratio of the“al'um num - - - +0f the-.

‘al kyl al unoxane to the transition fetal of fhe metaliocené.used 0 prepare

- the - catalyst systemis in the range of from85:1 to 150: 1 and
wherein the active catal yst system has been stored at a tenperature
in the range of from20[err]Cto 45[err]C .= for at -l east two days.

10 . 2. The nethod of claiml1l wherein the tine perlod is at least 14

. days. - 3. ofR b at | east
35 -days. - 15 4. Tﬁte n%t 3&{ Fﬁh% tle%fea?‘g?r@?ﬁ rre peri ogtl%s at
| east 56 days. 45°Cfora&;maﬁglmhoﬁaﬁftwawygf t he pr ecedi ng cl ai ns

- wher ei n-the cat aI yst system further ~ conprises a support material.
: 20 . 6. The method of claim4 V\/nerel n the catalyst systemproductivity is .

ok east 75‘V : n roductiv st orage.
| _7. A net ﬁod ofh P?ﬁhoﬂdi?ftgc rje‘?léq’ 6&*@“&3‘?’%‘?%% g@%‘%éﬁ}’ -conpri sing the
st eps of: 25 - (a) conbining a nmetallocene catal yst coriponent with
-an al kyl al umoxane '- wherein the ratio of the al uminumof the
al kyl al unoxan®hé mettivd diickaim I7twimeein the time period is anledsaR1 dhys. he netal | ocene is
in the range of from80:1 to 200:1 said _ : corrblnatlon excluding
‘a stabilizing olefin having the general forrrula :

'R.[e.rrl-ﬂer-rlgg%ﬁgggﬁ%fmmmmh Itﬁu ek i8R0 B8 ghyeor @ 21101 oroups

w th carbon nunbers” T an

10
11. The method of claim 7 wherein the time period is at least 56 days.
12. The rr_ieth‘od_of claims 7 - ll'whgiein the ratio of the aluminum of the alkyl
alumoxane to the transition metal of the metallocene is in the range of from 90:1 to

15 125:1

. 13. The method of claims 7-12: further compnsmg the step of combxmng the
metallocene and alkylalumoxane with support material,

20 14. The method of claims 7 - 13 wherein the support material is a porous
inorganic oxide and the metallocene and alkylalumoxane are co_r'ribined first and

their reaction product combined with the porous support_;

15. A metallocene catalyst system prepared by the method of claim 7.
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-26- (b) storing the conbination at a tenperat U(&i n.,
the range of from20[err]Cto ~ 45[err]C for a tine perio W

at | east two days. 5 8.7 The method of claim 7 wherein the tinme period
is.at |least 7 days. 9. The nethod of claim7 wherein/gg&\tinme
period is at .I'eﬁb,ﬁl days. o 10. The nethod of claim “-“qg'i;?f’ ein the
“time period is ast 49 d¥J&° CIUAL PROTERTY ORGABATI®G hod of Wke¥ m 7
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from 9D: 1 Co8F 4/562, 10@5: 1. YAl {The nethod of clains 7 - 12 further | -
conpriking the step of conbining thd (43) Intpnefionpl Publicsfier Datety 14 IRFDUENED |

wth sy rt paterial . 20 14, 'The” tlhod_of clains 7 - 13 wWwhere{n. the
 suppor fE TR Apetgin popler, Foroieite | () efpmint Smis AU G G G i e
al kyl ahmmeamﬂmﬂmnxgwbi ned 4 'yuammmdoam) "t het, BE/BADE, iDRNES) F10 Gﬁ@k%bﬁ’fﬁﬁd

Wi th.the porous support. - ~15. A ndtal | M&eNbPESBRI yst system prepared

by the| sEbhad Rbclaim7. 25 - N o
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'| (54) Title: STABLE METALLOCENE CATALYST.8YSTEMS
(57) Abstract . ' ' ' _
* 'This invention relates' to stabilized metﬂlpcenc catalyst systems and to methods for their production and use. Specifically, these
catalyst systems comprise ‘metallocene, alkylalumoxane and optionally support material wherein the ratio of the aluminum of the alkyl
-alumoxane to the transition metal of the metallocene vsed to preparc the metallocene is in the range of from about 80:1 to about 200:1.

:hese c:]talysts retain their activity and may be used directly in polymerization afier storage for up to two months or more at ambient
mperature. _ ’ o . ' . .




