Process- For Preparing A Metall ocene-Containing Catal yst System Useful In
A ef i n Pol;ysreréii zati on The present invention relates to netall ocene-
cont ai ni ng catal yst systens, their preparation, and their use in

pol ynerizing olefins. In the production of polyolefins, such as for 5
exanpl e pol yet hyl ene, an inportant aspect of fthe various processes and
catal ysts used to produce such polyners is the productivity. By .
productivity is neant the anount of solid polymer that is obtained by

enpl oyi ng a given guanti f catalyst. If the 10  productivity is high
enough, then the 5%8'{#&5 gﬁ'gﬁ’ﬁ’gﬁ% ’t@gtﬁg;@%e%ﬁ%ﬁ?ﬁ@wg atH¥spol ymer is
| ow enough that the prese¥&eHis n{dejd PehymeigaligBes not
significantly affect the properties of the polyner, and the pol ynmer does
not require additional processing 15 to renove the catal yst residues. As
those skilled in the art are aware, renoval of catal yst residues from
polymer is an expensive process. It is thus desirable to enploy a catal yst
whi ch provides sufficient productivity that catalyst residue renoval is not
20 necessary. Another inportant aspect in the production of polyolefins,
Is the rate of incorporation of conmononer during polynerization. Alowrate

of conononer incorporation r i th resence of higher, 25 .
concentrations of comononer gggiégéﬁﬁ?gni#Yiﬁgfﬁﬁ f?iﬁ#%ﬁhﬁgaﬁfiﬁﬁ¥ﬁﬁﬁne'
having the desiredeaahainjngunatalyst sysoenserthett dprepmrationdand
problenms in the CASEeis3438 in pg}%gg#ygfﬁgﬁgﬂeﬁ%%Qer production costs.

I ncreasing the rate of conononer gora d al low a | ower
cononomer concentration duri®B BBe\PEPFUekiem ofiipelvokefinge such |amcfor

cost in reactasts &kémpDeCPELP@tRylene, an important aspect of the
' various processes and catalysts used to produce such
polymers is the productivity. By productivity is meant
the amount of solid polymer that is obtained by
employing a given quantity of catalyst. If the
10 productivity is high enough, then the amount of
catalyst residues contained in the polymer is low
enough that the presence of the catalyst residues does
not significantly affect the properties of the polymer,
and the polymer does not reéuire additional processing
15 to remove the catalyst residues. As those skilled in
the art are aware, removal of catalyst residues from
polymer is an expensive process. It is thus desirable
to employ a catalyst which provides sufficient
productivity that catalyst residue removal is not
20 necessary.

Another important aspect in the production of
polyolefins, is the rate of incorporation of comonomer
during polymerization. A low rate of comonomer
incorporation requires the presence of higher

25 concentrations of comonomer during polymerization to
produce a polymer having the desired density.
Unreacted comonomer residue causes odor problems in the

CASE: 33239



5 renoval and/or recycling. It would therefore be desirable to produce a
catal yst system which provides sufficient productivity that catalyst

resi due rémval is not necessary. It would also be desirable to prepare a
catal yst system 10 that is capable of incorporating conobnoner at
efficient levels. The present invention proui ges catal yst systens having
relatively high productivity. The invention al so provides sinple and 15

i nexpensi ve procespetyhef RAGPRLYREr CPLo8NELLEN SE6HES Caphlitredding Othuei Ny
rel atively high connnoneE I ncor por at

on. The jpvention,fu iher ovi des
pol yneri zati on proEB58e8%; FORAR efh@“ﬁBF?ﬂE?“ ?Bdﬁﬁﬂgdc%% 37H§p%ﬂ"er-
catal yst residues comenomepuctneenbrabibncdtriygtpokpnevizationalwhich
e sy I PCaBhiaAEat! M 1blgr DUED! L8N 2aREREES Sphd BU

preparing a catalys M conprising_reacting a netal focene conmpound, a
solid 25 organoarempvakyapdéaucrecyndiing. or ganonmet al conpound represent ed

by the fornula [err], where Reigo@18Yehesatbye badaesiraBYe o lpiddule a
carbon atons; E is , Al : hyd erein

B, Ga; or.,Zn; X is_hydride, halide, -OR k6 wh
R is an al kyl radrabpl¥shk: a¥arey whighgpravidessguffieispt prodpekivity; s
1to 3; nis 0 to ghatndakaliyyst PeBiddbSreiovidl £8CRotf nécessasgcorance
w th ot her aspects of hge invgntion t he,cat al yst sxsten1agd1§r€cess§s for
the pol yrmeri zat i on"SPlfoRdE2. BEArALTER)R, Pnérﬁﬁﬁ BaRaPPER BB BXPETRm are
provi ded. Theloat akthat ipstapabliepofpinedrppratingi agmanamern| abcefificient

conpound, a solid Qrggigaluninoxy product, -3- and an organonet al
conpound. In one efBodi mént of the
The present invention provides catalyst

systems having relatively high productivity.
The invention also provides simple and
15 inexpensive processes for preparing catalyst systems
capable of producing relatively high comonomer
incorporation.

The invention further provides polymerization
processes in which the polymer produced contains

20 catalyst residues in an amount such that catalyst
residue removal is unnecessary.

In accordance with the invention a process is
provided for preparing a catalyst system comprising
reacting a metallocene compound, a solid

25 organcaluminoxy product, and an organometal compound
represented by the formula R EX,, where R is a
hydrocarbyl radical having 1 to 20 carbon atoms; E is
Mg, Al, B, Ga, or Zn; X is hydride, halide, -OR’
wherein R’ is an alkyl radical containing 1 to 8 carbon

30 atoms, or amide; m is 1 to 3; n'is 0 to 2; and m plus n
equals the valence of E.

In accordance with other aspects of the
invention the catalyst system and processes for the
polymerization of mono-l-olefins employing the catalyst

35 system are provided.

The catalyst system is prepared by reacting a

metallocene compound, a solid organcaluminoxy product,



i nvention the catal yst systemconsists essentially of the netallocene
conpound, .t he+solid organoalun1noxy product and the organonetal conpound.
By use of the 5 term"consists essentially of it is intended that the
reaction mixture does not include-: any conponent which would materially
affect the properties inparted to the catal yst3 system by the conponents
recited after the term Suitable netall ocene conpounds that can be 10

enpl oyed i ncl ude aaadnahabkgaaaﬁeeampeaﬁﬂaukaownzﬁnaﬁaeeﬁsédiﬁaaan$98tﬂ¢
sui tabl e netal |l ocepe conpound

g hei r greparatlon £F hei r usg
pol yneri zati on protBYSBEigR.t QSEFFBQU Ensyetem consipls ess 11Y of
5,091, 352; 5,057, 4the hmetallét8neatempbunds, 6R4 aubidsbﬁghﬂwlmﬂndﬁy 27,

199 MELal | 0cene LRGNt a® kSl L onS SRy g o EORREL
cycl opent adi en§l - t ypemr donslistsaesasntiadlyi af" 20t isntntendednthatithet ed
cycl opent adi enyl , ?HQ&E&E tﬁﬂx@&% Ogﬁgkaﬂbﬁnihcl éﬂ%@% ﬂ%€§n$€@eﬁﬂic

substi t ut ed |ndeny unsu stltu e uoreng < uoren{
The substituents cWaubd maserdadiy affeakto hebyropaatea§s1@5m¥ﬁ?ﬂu heo'

12 carbon atons, 25atagyhexgya%dmcaystaen&ahgbﬂené-teeéﬂteerbﬁeeatens, or a
hal i de. Typi cal hydrocarb Pg&cals |Eilude net g p g% but yl ,
amyl, isoanyl, hex¥ P:mISO RePEFR- BEPVP,cﬂﬂﬁ?Pn g%? ﬁﬁg
z-gphy:hexyl,lgnq ahpmpyedP&nb&uabl;nyhmeh;mnoeenbybonpdundbsknmwnaitytheo
radi cal s containin r

zh,' OpkAnBia00e?bATR AR nLRL 1 BLERE! Alinlodnd®, OchRIFON

atons. The netallo can con aln o
cycl opent adi enyl - t ppepaxdtians, apdetbein usewdn phiymezhzation neoeﬁssssa

Group VB or VB megal, QE@%?B@E!XnBEetaiitﬁﬂiP”b ZPEEO”NUWI h@§ﬂ'ﬂﬁ2
vanadi um and nore pre era zirconiumor _hafnium s alSo wtihin the
scope of the presefir05 475, 5,124,418; and EP 524, 624 published January

15 27, 1993.

Metallocene compounds, as used herein, are
compounds which contain a transition metal and at least
one cyclopentadienyl-type radical. The term
cyclopentadienyl-type radicals, as used herein,

20 includes unsubstituted cyclopentadienyl, substituted
cyclopentadienyl, unsubstituted indenyl, substituted
indenyl, unsubstituted fluorenyl, and substituted
fluorenyl. The substituents can be, for example
hydrocarbyl radicals containing 1 to 12 carbon atoms,

25 alkoxy radicals containing 1 to 12 carbon atoms, or a
halide. Typical hydrocarbyl radicals include methyl,
ethyl, propyl, butyl, amyl, iscamyl, hexyl, isobutyl,
heptyl, octyl, nonyl, decyl, dodecyl, 2-ethylhexyl, and
phenyl. Preferably the hydrocarbyl radicals are alkyl

30 radicals containing 1 to 10 carbon atoms, and more
preferably 1 to 6 carbon atoms. The metallocene
compound can contain one, two, three or four
cyclopentadienyl-type radicals, preferably two. The
transition metal is a Group IVB or VB metal, preferably

35 titanium, zirconium, hafnium, or wvanadium, and more
preferably zirconium or hafnium. .

It is also within the scope of the present



-4- invention to have two cycl opentadi enyl -type radicals which are bonded
t oget her gy assuitable bridging group containing a bridging el enent such as
carbon, silicon, germanium and tin. Some exanples of such bridged 5
l'i gands include bi s(cycl opent adi enyl ) net hane, bi s(i ndenyl ) net hane,
bi s(fluorenyl)ethane, (9-fluorenyl)(cyclopeptgdiLenyl)nethane,
(9-fluorenyl)(cycl opentadi enyl)di nmet hyl met hane, 1,2- bisindenyl ethane, and
COnL Al NENG LW0 CYCEBpeRt B0 Syl o Yo | S Lo o vher b o s ot Sty

ing two cycl opent adi enyl - e radi cals ere, onl ne of, such
radicals is bonded"?gcgh@rfrgﬁgﬁ"?ggﬁ"%%&é T by %@%ﬁ%’?f&)ﬂﬁ g group
fl g?r glnyl )(;:yf:: opeabnﬂ&ﬁn;‘zhggathnﬂﬁgﬁﬁgcomm&&uch ras htaorhake,. sidadmres of
suitabl e netal |l oce n N e bis(c ' ; | éég&lﬂn
di chl ori de, bi s(cyggﬁiﬁgﬁggﬁf e%?{i) E%#Fco%ﬁ%%%i& W B24
bi s(cycl opent aii en}igandscincindei bbalcrclopentadignyl tnethanepent adi enyl )
z!rconlunldlchlprlgF (Eh§gﬁ-ﬁy§¥£§¥£gppgf§ | §Veny Z) éCdne)m di chlori de,
bi s(cycl opent adi eny ? a nlﬂn1 I chl oride, bis(cyclopentadienyl) hafnium
di broni de, bis(cchapSAPaaPEn}Pfcna%ﬂpaﬂ¥ﬂ¢+eawiéweéﬁﬁne'
bi s(net hyl cycl openadigeaurbnbai tey6l6pehitadi 8yl pdiméthylmethane, 1,2-

bytylcyclopentadie I af ntum di chl ori,dg. _bj s{cycl opentadi enyl) titanium
di chl ori de, bis(negﬁﬁ% EFXBE Pendhst EP?a%f%ﬁfdich|oride, bi s(n-
but yl cycl opentadi enyl) titanMetalllobénei demp8ends batéayibhobude dchese| )

2y conum e chlgtudRs ) SUICHINDGHh ORBTLAGA SR ZAgtOi 4 VRLL
bi s(cycl opent adi enghiyhehei of suchyradiicalsdis beadedi k9| Ehe| panshtieny| )
haf ni um ethyl chl ogje@gy ,35an BikafB1BUihedchapegt adi enyl) haf ni um phenyi
chloride, bis(cyclopentadienyl) titaniumnethyl chlorid
£ uorenyl)(cyclopentadienlemethane zftconium
15 trichloride.

Examples of suitable metallocene compounds
include bis(cyclopentadienyl) zirconium dichloride,
bis(cyclopentadienyl) zirconium dibromide,
bis(cyclopentadienyl) zirconium diiodide,

20 bis (methylcyclopentadienyl) zirconium dichloride,
bis (n-butylcyclopentadienyl) zirconium dichloride,
bis (cyclopentadienyl) hafnium dichloride,
bis (cyclopentadienyl) hafnium dibromide,
bis(cyclopentadienyl) hafnium diiodide,

‘25 bis (methylcyclopentadienyl) hafnium dichloride, bis(n-
butylcyclopentadienyl) hafnium dichloride,
bis (cyclopentadienyl) titanium dichloride,

~ bis(methylcyclopentadienyl) titanium dichloride, bis(n-

butylcyclopentadiehyl) titanium dichloride,

30 bis(cyclopentadienyl) zirconium methyl chloride,
bis (methylcyclopentadienyl) zirconium ethyl chloride,
bis(n-butylcyclopentadienyl) zirconium phenyl chloride,
bis(cyclopentadienyl) hafnium methyl chloride,
bis (methylcyclopentadienyl) hafnium ethyl chloride,

35 bis (n-butylcyclopentadienyl) hafnium phenyl chloride,
bis(cyclopentadienyl) titanium methyl chloride,
bis (methylcyclopentadienyl) titanium ethyl chloride,



bi s(met hyl cycl opent adi enyl) titanium ethyl chloride, - 5-

bi s(n-but yl cyel opent adi enyl ) titani um phenyl chl-oride,

bi s(cycl opent adi enyl ) zirconi um di net hyl, bis(methyl cycl opent adi enyl)

zi rconi um di net hyl, bi s(n- butyl cycl opentadi enyl) zirconiumdinethyl, 5

bi s(cycl bpent adi enyl ) haf ni um di met hyl, bi s(umt hyl cycl opent adi enyl ) haf ni um
di met hyl, bis(n- butyl cycl opentadi enyl) hafni um di net hyl,
bis(cyclopentadienb&b(thanyu&ydlﬁpbhthdihhﬁiWethihﬁiﬁhoﬁﬁaﬁﬁﬂ'Sﬂibiidf,

titani um di met hyl, 4 bi - b | cycl opent adi en tjtani um di met hy
pentanethylcycIopeﬁ?ggggﬁ%%ngﬁaﬁﬁgﬁyﬁﬁ!EﬂFSPF o Xk%ethyi'
pen:ae%ﬂy:cyc:openbagKanyh¥§bzc¢npantgdirhvp)|dﬁrconium dimethyl, bis(n-
ent aet hyl cycl open ' ; . .
Eis(pentanethylcyc%gpgggggﬁeﬁyﬁyugkéékﬁzn?é#%ﬁ%ﬁ??,d%ﬁetﬁgl’

f1 uorenyl) (cycPopeht8dr¥rirpentadinnyi) r bafhivmddinethyle,

9-fl I I ] n ' N LR Of ) -
SRty o e kg i B
bi s(i ndenyl) zirco HEX#GYE&PBPPH@#inglkohafnlum dimethyl,
{/I uor enyl )(ﬁypl opehis(lbfalbbéfﬁthaﬁleﬁﬂlCemtﬂﬁlﬁ?i ahhethye, ancciht hte | ihk_E-
arious techni ques or _mak| ng, or gapoal unm poxapes. echni que
i nvol ves the cgntrB?FZﬂeggﬁgf¥8%°g?n&égéfn?gpath?%.ﬁ?l +ﬂﬁ¥h%£1_9§9(n'
Anot her technlfue butplopslopentadignyl) r thtagianudinethpbd a hydrocarbon
wi th a conpound COBEﬁtHhHEhgg%?E%ﬁégﬁ??ﬁigﬁgf”tfﬁ?giﬁﬂlErf%ﬁigfgégg vat er

of crystallization. The Ere on 1S considered a I"Cal to any
of the commerci al | PeR¥apFhBleygdopreptadienylnshosonivn tyhehioridehe

brganoaluninoxaneSpeﬁaaéha9ley&m9§eﬁ£5d1é59fanafﬂﬂﬁﬂftfyeﬁisrhaérOcafby'
éalun1noxanes haVIngiL?ng ngtﬂgicicggpgggaggggyi? titanium diphenyl, (9-
15 fluorenyl) (cyclopentadienyl)methane zirconium
dichloride, (9-fluorenyl) (cyclopentadienyl)dimethyl
methane zirconium dichloride, bis(indenyl) hafnium
dichloride, bis(indenyl) titanium diphenYl,
bis(indenyl) zirconium dichloride, (9-
20 fluorenyl) (cyclopentadienyl)methane zirconium
trichloride and the like.

Various techniques are known for making
organcaluminoxanes. One technique involves the
controlled addition of water to a trialkylaluminum.

25 Another technique involves combining a trialkylaluminum
and a hydrocarbon with a compound containing water of
adsorption or a salt containing water of
crystallization. The present invention is considered
applicable to any of the commercially available

30 organcaluminoxanes.

Typically the organcaluminoxanes comprise
oligomeric, linear and/or cyclic hydrocarbyl
aluminoxanes having repeating units of the formula

-(0-al) -
35
Rl
Typically the linear aluminoxanes are represented by
the formula:



[err] 35 Typically the linear alunm noxanes are represented by the formul a:
-6- [err] The;:oligoneric, cyclic alum noxanes can be represented 5 by the
formula: [err] [err] 10 wherein each [err] is a hydrocarbyl

radi cal, preferably an alkyl radical containing 1-8 carbon atoms, X is 2 to
50, preferably 4 to 40, y is 3 to 50, preferaly y. 4 to 40. Cenerally the

al um noxanes are nore active when x and y are greater than 4, nore 15

preferably 10 to 40. Typically [err]RFS(nledynann%Iy met hyl or ethyl.
Preferably at | east about 30 nole percent|of tfle repeating groups have

[err] which is nethyl, nore preferably arll east 50 nole percent, and stil

rore referably ol hgosh (Uil PELESEL o10nucDEEefl L' fe! epBegaREaH O

of an organoal um n Cyclic co
obt ai ned. OrgaSsoal by relvearfegmmla:conmercial ly available in the f or m of

hydr ocar bon sol utions, generally aromatic hydrocarbon solutions. 25

Sol i d organoal um noxy product is prepadé 8b§1 gitlng an or ganoal um noxane
and an oxygen-contai ning conpound sel ecte rofh the group consisting of
organo boroxi nes, organic borates, organic gérOX|des al kal i ne oxi des, and
organic carbonates. Organo boroxines are 30. preferred. Organo boroxine

Wherein sach A is sl act od SRR egFBL B o df PoERRE SR =R B2 di Bl
radi cal s cont ai ni ng:rhﬁeralﬂ.wa:bulkyl radical containing 1-8 carbon
atoms, x is 2 to 50, preferably 4 to 40, y is 3 to 50,
preferably 4 to 40. Generally the aluminoxanes are
- more active when x and y are greater than 4, more

15 preferably 10 to 40. Typically R! is predominantly

methyl or ethyl. Preferably at least about 30 mole

. percent of the repeating groups have an Rl which is
methyl, more preferably at least 50 mole percent, and
still more preferably at least 70 mole percent.

20 Generally in the preparation of an organcaluminoxane, a
mixture of linear and cyclic compounds is obtained.
Organoaluminoxanes are commercially available in the
form of hydrocarbon solutions, generally aromatic
hydrocarbon solutions.

25 Solid organcaluminoxy product is prepared by
reacting an organocaluminoxane and an oxygen-containing
compound selected from the group consisting of organo
boroxines, organic borates, organic peroxides, alkaline
oxides, and organic carbonates. Organo boroxines are

30 preferred.

Organo boroxine compounds useful in the
invention are represented by the formula (R230)3
wherein each R2 ig selected from the group consisting
of hydrocarbyl radicals containing 1 to 25 carbon

35 atoms, preferably 1 to 10 carbon atoms, R"0-, R"S-,
R",N-, R",P-, and R"3Si- wherein each R" is a
hydrocarbyl radical containing 1 to 10 carbon atoms.

Hydrocarbyl boroxines and hydro?arbyloxy



35 atons, preferably 1 to 10 carbon atons, [err], [err], [err], [err],
and [err], wherein each [err] is a hydrocarbyl radical containing 1 to 10
carbon atons. Hydrocarbyl boroxines and hydrocar byl oxy -7- boroxines are
preferred. Exanples of hydrocarbyl boroxines include trimethyl boroxine,
triethyt boroxine, tri-n-propyl boroxine, triputyl boroxine, tricyclohexyl
boroxi ne, triphenyl boroxine, nethyl 5 diethyl boroxine, dinethylethyl

bor oxi ne, and ni xthomexines enfe phwferrednt |Branipdied oFd hpdttoeazbpl

E;Ei(r))c()icgregy?giyt [)L)g‘%g#eh{)eg ﬁcrf%&gogw%t i flol Plggﬁ% i neﬁﬁ;ggfggﬁ? wherein
each [err] can 10 boxaxire, darie-mipmbryfle beroxtipdy,ocaibyltydr bogpoxdneai ni ng 1
to 10 carbon ato Tl J_Nnes e ferr nd

tri met hoxy borsix?ﬁ;e?%*%s%’fﬁ #ﬁ%ﬁ%ﬂ g&?i%&%éé{'n;ﬁ" ofgﬁé'ciﬁ%%ﬁds

useful in the S5 diekhrk kareuine dimethydethyd oxdpes s endenibpuries
formula [err] 20 Wiifeds] S Mhd ldultidhh 14 i 3RIMRAN HyAS L URHLPLY BER R AT
sel ected fromthe group consisting of, [err], arylene; and [eir] wherein .
each R3 is indivi |'5“s¥9'§6fsled°%xiﬂ@ R RN 1o ROTRYAREC ar by |

ragi cals, preferably aryl oerhd_l lbernt dtiidrdcaribilioxsy %o&exagecaébeﬂ-saftarrs; S
and q are integers, pre in .t range of, 0 10; and each Y,is
i ndi vidual Iy sel ec‘f%&’%ﬁ%ék §IL,-° g"“@ﬁ' Iﬁi @%,J)Bn,wgﬁreg?, e&ﬁg gb ®BPh the
provi so that 18t | deesttisd sammery dif fiexten® hydroeaxbyli froupx aspitaining dde
catechol borane, o phendasint Heny dedil8 iy 1o RR1HILC 23NV dr i de,

cat echo

i
trinmethyl ene borate, net f’ bor ane, andm xeures thereof .
. currently preferred and trimethoxy boroxine is

especially preferred.

Organic borane compounds useful in the
15 invention contain a functionality represented by the
formula
o)
/ \ \ /
Z B- B-0-B

20 \/ / \

o .

where. Z .is a bridging unit between the two oxygen atoms
selected from the group consisting of (CR32)q, arylene,
and (YR3s)q, wherein each R3 is individually selected

25 from hydrogen and hydrocarbyl radicals, preferably aryl
or alkyl radicals having 1 to 20 carbon atoms; s and g
are integers preferably in.the range of 1 to 10; and
each Y is individually selected from C, Si, Ge, Sn, B,
Ga, In, P, As, and Sb with the proviso that at least

30 one Y is not C. Some specific examples include
catechol borane, diphenyl borinic anhydride, dibutyl
borinic anhydride, trimethylene borate, metﬁyl catechol
borane, and mixtures thereof.

Organic peroxides useful in carrying out the

35 invention are represented by the formula R4OOR5,
wherein R? and RS are individually selected from
hydrogen, hydrocarbyl, and hydrocarbonyl radicals
selected from the group consisting of alkyl,
cycloalkyl, aryl, alkenyl, and alkynyl radicals



Organi c- peroxi des useful in carrying out the 35 invention are represented
by the for,nul @ RAOOR5, wherein R4 and R5 are individually selected from
hydr ogen, hydrocarbyl, and hydrocarbonyl radicals selected fromthe group
consi sting of alKkyl, cycIoaIkyI aryl, al kenyl, and al kynyl radicals
containing 1 to 24 carbon at ons, preferably_lgcllB carbon atons and nore
preferably 1 to 12 carbon atons, with the proviso that at | east one of

[err] and [err] |scanh;dnﬂngrhyhooe4h¢dtbeﬁrhe&ﬁb rpéeeakabﬁyeietabhs bot h

gurfgg}eaggrgiraLsglnc ude 8g§ %9& %é%%ﬁ%%é?‘%ﬁé@%i§?L§é}gﬁﬁggto eFFqﬂﬁfyl

hydr oper oxi de, - with- they prpowiepi tbat2ak- leasthphe of R* and R is a
(2,5-di(tert- butyl géﬁg per

di -tert-anyl perox?'gla Eg%i F hga%§F§gxkﬂ}cro g%g%Q Qébggrably both
bi s(1-net hyl - 15 ph&nyRadn )aﬁéréﬂﬂéﬁidﬁﬁl&Urbydpecexbﬁé radicalsenzoic

acid, peroxyacetic acid, terhxbﬂblbspslffbaﬁleabﬁe %&EB:::.&SE' ifeihagzoat e,
peroxybutyrlc acid, %Pﬁgy0|nna C 13@ acid, ter peracetate, and .
the Iike and mixt ufd r88F°*g§eel ﬁFeFx}uPF§°ﬁaée'béeﬁtoBPSYﬁed Vi th
di- tert-butyl perhyﬂﬁepaaéxnaelSaneEQtLBdtySUpéﬁbkﬂdaLk!LB“&iﬁétﬂ?i-
contain the foIIovmgg8 g%lona

XI

-C -
Exanpl es of al kyl e eﬁﬁl%HE§P8e5§§V&IhFﬁﬁFﬁdetEFﬁy?ﬂﬁé oxi de,
propyl ene oxi @8, 2h8dr2§ero$udabhﬁhezeranamyl Pedoxridey| dibearoyll, 2-

di et hyl oxi r ane, %g &igme aibggtoagqegg¥°§¥§gohg{g@g caFg y.¢0d mxtures

t her eof . Alkylene es contal nin n atons are
preferred, nore pr Phep Pyhrlﬁopfzoséﬂbondéignsylsnerowﬁésy|pﬁsosxbeezpsc

especial |y preferradid, peroxyacetic acid, tert-butyl perbenzoate, tert-

G 0

amyl perbenzoate, peroxybutyric acid, peroxycinnamic
15 acid, tert-butyl peracetate, and the like and mixtures
thereof. Excellent results have been obtained with di-
tert-butyl peroxide and it is preferred.
Suitable alkylene oxides contain the
following functionality

20 -C - C-
\/
0

Exémples of alkylene oxides which are useful
include ethyléne oxide, propylene oxide, 2,2-

25 dimethyloxirane, 1,2-dimethyloxirane, 1,2-
diethyloxirane, cyclohexene oxide, l-methylcyclohexene
oxide, and mixtures thereof. Alkylene oxides
containing a total of 2 to 16 carbon atoms are
preferréd, more preferably 2 to 12 carbon atoms.

30 Propylene oxide is especially preferred.

Other suitable alkylene oxides include
glycidyl ethers. Examples of suitable glycidyl ethers
include glycidyl isopropyl n-butyl ether, glycidyl
tert-butyl ether, 2,2-dimethyl-1,3-propanediol

35 diglycidyl ether, and 1,4-butanediol diglycidyl ether.

Organic carbonates useful in carrying out the
invention contain the following functiocnality



O her suitabl e al kyl ene oxides include glycidyl ethers. Exanpl es’ of

sui tabl e glyci dyl ethers include glycidyl isopropyl n-butyl ether, glycidyll'

tert-butyl ether, 2,2-dinethyl-1, 3-propanediol 35 di gl yci dyl ether, and
1, 4- but anedi ol diglycidyl ether. Organic carbonates useful in carrying out
the invention contain the follow ng functionabkity 9 [err] Exanpl es of
sui tabl e organi c carbonates 5 include 1, 3-di oxol an-2-one (commonly naned
et hyl ene carbonate), 4-nethyl-1, 3-di oxol an- 2 one (comonly named propyl ene
carbonate), 4,5-dinethyl -1, 3-di oxol an- 2- one, |
4-(1-butyl)-1, 3-di oxol an- 2-one, 4, 5-di (1-0e®y05- 1, 3- di oxol an- 2-one,

di met hyl carbonate, diethyl ﬁﬁ&@&ﬂﬁﬁ A oY - arbonat e,
di benzyl carbonate, and_di phenyl™ car E%fnggft%%é zrﬁ%ye‘lsac{*eeﬁrge%%esbr eferred
organi ¢ car bordit estREEIdM k3 *9}antR-one bizsmmanby nannd Bthylene ached
to a termnal carbhedriésite)d 4 ke ORFDON, A£G ad IR L - (JBBHRF Shamed

carbonate is 15 eﬁg ally preferred. The .amount of oxygen-contal ni ng

conpound enpl oyed ¥%¥ &%%et Bt e dh Indinskhiel 11y 31 oRRAAR-2-0ne,
sufficient to producélcbwirl- Dy Jadiskolan 2yord 004E - dif Rpropy et 3-
parti odl ar conpourBo BT Fasy SRl e HadSIl A,
or ganoal um nddane ki (2 1methylalky ppracth o o), i bemayincarbqpite, taxd
e ot o "SRR AL UL A U e
mlliliter by 1000PEFRPIF FaFRRPakes Rrethesse wharain fheganhonyldinxy
alum noxy units, (tadicdB idratEddied !t H0x@ifinal tedrbdt &k hdd'alnd he
vacuum stri pping réﬁ?ﬁﬁ? éﬁ;&ggﬁéugﬁége é?tlégkgglene carbonate is

15 especially preferred.

The amount of oxygen-containing compound
employed relative to the organcaluminoxane is the
amount sufficient to produce a solid organcaluminoxy
product from an aromatic hydrocarbon solution and can

20 vary over a wide range depending upon the particular
compounds employed and. the results desired. The
molarity of an organcaluminoxane solution can be
approximated by vacuum stripping the solvent from a
known volume of aluminoxane solution, weighing the

25 recovered solid, and multiplying the waight of the
solid in grams per milliliter by 1000 and dividing by
the average molecular weight of the aluminoxy units,
(i.e. 58 for methylaluminoxane). It is presumed that
the vacuum stripping removes a substantial portion of

30 any free trialkylaluminum compound.

Generally the amount of organocaluminoxane is
in the range of from about one mole to about 1000 moles
per mole of oxygen-containing compound, preferably
about 2 moles to about 500 moles, and more préferahly

35 from 5 moles to 200 moles per mole of oxygen-containing
compound. When employing propylene carbonate as the
oxygen-containing compound, a particularly preferred
range is from about 20 moles to about 200 moles of



30 any free trial kyl al um num conpound. General | y.the anount of
or ganoal ugi noxane is in the range of from about one nole to about 1000
nol es per mpl e of oxygen-contai ni ng conpound, preferably about 2 noles to
about 500 noles, and nore preferably 35 fromb5 noles to 200 nol es per
nol e of oxygen-contai ni ng conpound. When engpoyi ng propyl ene carbonate as
t he oxygen-contai ning conpound, a particularly preferred range is from
about 20 nol es tg abgandﬁfnmdnb:anafperfmol@ ofopgappahﬂaieexaaﬁagg[ nol e
of propyl ene carbonate. The | R or. cont act gen-
con?angng conpound and t he orghnogﬁ %ﬁﬁ&?a er aF@n#ﬁggingugﬁgc?ﬁﬁge?o
produce a solid preentaining: gompoupdsanddehe degandalumimoxrahbcapear thesear
conpounds enpl oyedsu@eaar;@utvtbh rroaggsr LHBT 1N blro f&cwaﬁ{a chfny r,?f from
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about [err]. tq aboyt [err pre era roma err| err],
and nore prefeFabIV L ding P@Pﬂ]theeneraicy gnecgneggnde will be in
10 the range of bn@&bghaut Gbﬁ&bﬁll? fheut PQrQEﬁQe Gifieﬁébiﬂ ﬁﬂQUt 0
psig to about 50 psi |ne of reaction w general |y be in the range
of from about 1 n1ﬁﬁg§ OR5uPsC-pEer aPaBFy1980Gt - cPReferaklyo

about 30 hours. 15from about 107Ue teaabbat QOOPbe,Oaudeﬁoﬁénﬁﬁeﬂéﬁﬂbly
conpound and the o 0 Iu a an e car I n an Ssui

manner. Typically ?%gﬂigactangé 3§|? Sﬁﬁfgé? gﬂ B?gﬁ?Y |%‘#?3%?d=n
di l uent. A préPerr &het xangeqod ﬁn@mlabgucoﬂtpstgngoaahydtotﬁﬂbpazgplutlon
of 20 the al um npxagaribily ﬁbSﬁH“beg§?éVE8t 8u9r99“§§1 ?%Eytxme of

conpri sing sol ubl e al um noxane_and um noxa
contacting the resEPFFﬁQ°§|HFF} ﬁPPHrﬁléUlhﬁléﬁ Ehetﬁ%nﬁﬂygﬁnftgmtébﬂﬂhgl

conpound. One exanpifute to &b%ud 72'Héﬁ95$0bﬂéfaﬂaﬁiy25bout 5 minutes to
met hyl al um noxane thh hgéagg to forn1a slurry and then

15 The reaction of the oxygen-containing
compound and the organoaluminoxane can be carried out
in any suitable manner. Typically the reactants will '
be contacted in a suitable liquid diluent. A preferred
technique involves contacting a hydrocarbon solution of

20 the aluminoxane with a countersolvent to produce a
slurry comprising soluble aluminoxane and insoluble
aluminoxane and then contacting the resulting slurry
with a solution of the oxygen-containing compound.

One example is to mix a toluene solution of

25 methylaluminoxane with hexane to form a slurry and then
contacting the oxygen-containing compound and the
slurry.

It is also within the scope of the present
invention to carry out the reaction of the oxygen-

30 containing compound and the aluminoxane in the presence
of a particulate diluent so that the insoluble product
becomes deposited upon the particulate diluent.

Typical particulate diluents include such inorganic
materials as silica, alumina, aluminum phosphate,

35 silica-alumina, titania, kaolin, fumed silica, and the
like.

The amount. of soclid organocaluminoxy product



contacting the oxygen-containing conpound and the slurry. It is also within
the scope,of tthe present invention to carry out the reaction of the oxygen-
30 cont ai ni ng conpound and the al um noxane in the presence of a
particul ate diluent so that the insoluble product becones deposited upon
the particulate diluent. Typical particulate gl uents include such

Il norganic materials as silica, alumna, alum num phosphate, 35

silica-al umna, titrediakiveadia rt,he‘ metd 1diokienia, caaﬁohha bakevaFpeb2BRENY O
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E. Many suitable organometal compounds are

15 commercially available. Examples of suitable
organometal compounds include dibutylmagnesium,
butylmagnesium hydride, butylmagnesium chloride,
diethylmagnesium, dioctylmagnesium,
dihexadecylmagnesium, dimethylaluminum bromide,

20 diethylaluminum hydride, diethylaluminum ethoxide,
diethylaluminum chloride, ethylaluminum dichloride,
triethylboron, trihexylboron, dibutylboron chloride,
triphenyl boron, triphenylgallium, triethylgallium,
methylgallium hydride, methylgallium dichloride,

25 dimethylgallium amide, diethylzine, diphenylzinc,
methylzinc methoxide, ethylzinc iodide, and phenylzinc
chloride. Organocaluminum compounds are preferred and
trialkylaluminum compounds wherein each alkyl radical
contains from 1 to 10 carbon atoms are especially

30 preferred. Typical examples include, ‘
trimethylaluminum, triethylaluminum,
triisopropylaluminum, tridecylaluminum,
trieicosylaluminum, tricyclohexylaluminum, 2-
methylpentyldiethylaluminum, and mixtures thereof.

35 Trimethylaluminum and triethylaluminum have produced
excellent results and they are most preferred.

Tye moles of organometal compound per mole of



met hyl.gal | i um hydri de, nethylgalliumdichloride, 25 di met hyl gal I'i um

am de, diethylzinc, diphenyl zinc, nethylzinc nethoxide, ethylzinc iodide,
and phenyl zi.nc chl oride. O ganoal umi num conmpounds are preferred and

trial kyl al um num conpounds wherein each al kyl radical contains from1 to 10
carbon atons are especially 30 preferred. - Igpi-cal exanpl es incl ude,
trimethylalumnum triethylalumnum triisopropylalum num

tridecyl al unmi num mna}ldmdnﬁ wempound (cany Gaxye bricaldly depending on the

net hyl pent yl di et hyl ?19“ E? Sy rinethylalu num
and triethyl al um mﬁ ave pro uc excel HI °§§ﬁ'ﬁd§5°§ﬁdgfﬁ gr
preferred. The nol m@%mmgmmmﬁemﬂl be— pr2sent in

nmet al | ocene conpourgh Gadbust! yg_,prmdl ﬁ%q,mogbtol&@ Raioh Uk aggmounds
enpl oyed and the desired _results. Generally or ganonet al conpound W | |
be present in a @qles per mole of metmldiosene) coppound. aprefesably

mél es 28{) m): e of rfxcnd laberite mmgla.w&d,topMS talsloy m%gbggP %r_jﬁ_ﬁ' es to
about nol es refera S nol es e

net al | ocene corrpou%&l rg) “’[siaﬁ “‘3"°5'r &i’n 3"85("?5 * and the
organonetal conmpound 10  caThee medalliocate momppuﬂﬂdelthe Boatidrably thg
net al | ocene conpou a@;ﬂ: al i roduct aLg cant act
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active catal yst system and can vary w dely depen n the parti Cul ar
conpounds enpl oyed P¥© afe wontactes, prios, §°\/vi°I°PtB§tF-ﬁ9t Withathe of
fromabout [err]. lorgihometaluicompoidnd.preferably fromabout [err] to about

The conditions for contacting the metallocene
15 compound, the solid organcaluminoxy product, and the
organometal compound are those sufficient to produce an
active catalyst system and can vary widely depending
upon the particular compounds employed. Generally the
‘temperature will be in the range of from about 0°C. to
20 about 200°C., preferably from about 10°C. 'to about
150°C., and more preferably from 10°C. to 125°cC.

When employing bisfluorenyl-type metallocene
compounds, such as bis(fluorenyl)ethane zirconium
dichloride, especially preferred temperatures include

25 the temperature ranges of from about 35°C. to about
200°C., preferably from about 40°C. to about 150°C.,
and more preferably from 40°C. to 125°C.

The contacting time for contacting the
metallocene compound, the solid organocaluminoxy

30 product, and the organometal compound can also vary
broadly, but generally will be in the range of from 1
minute to about 48 hours, preferably from about 10
minutes to about 24 hours, and more preferably from 30
minutes to 15 hours.

35 A variety of olefin compounds are suitable
for use as monomers in the polymerization process of
the present invention. Olefins which can be employed



[err], and nore preferably from[err] to [err] \Wen enploying

bi sfl uorenyl -type netal | ocene conpounds, such as bls(fluorenyl)ethane
zirconiumdichloride, especially preferred tenperatures include 25 the
tenperature ranges of fromabout [err] to about [err], preferably from
about [err] to about [err], and nore preferablyy from40[err] to [err] The
contacting tinme for contacting the netall ocene conpound, the solid

or ganoal umi noxy 30 inqmuwmipmtﬂmw&awraﬂhscomﬂi &R ihb%%nt\e&%
broadl y, but genersimé1 be i.n the r%ﬁgsﬂﬁb froml n1n%Fe to about— 7
hours, preferably l?@l?t 3t 50 ha & Foronseowish any pddphatic
preferably from 30 manartleoliefin; [those olefins having 2AtbalPeE!rBBn9|ef'nf
i 0 rocess o
conpounds are sui t afldmd %rr B\ﬁu ] ”ﬁ{s‘}g ngé merl %%pecgﬁi

the present |nvent|on r¥de
al i phatic nono-1- o[Péqut‘P?reﬂn I Ofitlen ian wecondn mono-- d.-aﬁlpéan t(cohenanah:abl e
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Often a second non oMo FIFe Pe H@nlﬂyeﬂronP!eﬁsrrgdcsnbonaaewss
preferably from 4 umcm&dhaubﬁnt%hﬁﬂﬁ1@%&n&%nﬁ”ph0*ﬁ@h Etgtsghggn%ongnoners

I ncl ude 1-butene, ten th pentene, 1- hexene hept ene
O these 1-hexene §§&%§ fﬁd 1n$§P%FP§U PE thesseinbexene Pﬁa?°&tcatalyst
syst em conpri 40ng Uﬂanrmadylcyclopentadlenyl) zi rconi um di chl ori de,
triethylalumnum and nethyl&%ughQ0£ggg_Eg%%te@Hg:gﬁeggkagxgﬁgégﬁ QSTLZ

especially effective 15 for copol ymeri zing e
reaction condltlon§°F@Flééﬁﬂabﬂﬁdg-bh&Y@b&ﬁmnpandadhenyabah;:bon;ahen1can

vary broadly dichloride, triethylaluminum, and methylaluminoxane
reacted with methoxyboroxine is especially effective
15 for copolymerizing ethylene and l-hexene.

The reaction conditions for contacting the
olefin and the catalyst system can vary broadly
depending on the olefin employed, and are those
sufficient to polymerize the mono-l-olefins. Generally

20 the temperature is in the range of about 20°C. to about
200°C., preferably in the range of 50°C. to 150°C.
The pressure is generally in the range of from about
0.5 MPa to about 5.0 MPa (70-725 psi).
The polymerization processes according to the
25 present invention can be performed either batchwise or
continuously. The olefin, metallocene compound,
organometal compound, and solid organocaluminoxy product
can be contacted in any order. The metallocene

compound, the solid organoaluminoxy product, or the

30 organometal compound can be charged to the reactor
first or they can be charged simultaneocusly or they can
be contacted in any order prior to charging to the
reactor. In one embodiment, the metallocene compound
and the solid organocaluminoxy product are contacted

35 prior to contacting with the olefin. After closing the
entry port, a diluent such as isobutane is added to the
reactor. The reactor is heated to the desired reaction



depending on the olefin enployed, and are those sufficient to polynerize
the nono-1-olefins. Generally 20 the tenperature is in the range of about
[err] to about [err], preferably in the range of [err] to [err] The
pressure is generally in the range of fromabout 0.5 MPa to about 5.0 MPa
(70-725 psi). The polynerization processes acggrding to the 25 pr esent

I nvention can be perforned either batchw se or continuously. The-ol efin,
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contacted 35 Sori GeaFicshmaniady dzationpreactippsisg t he
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reactor is heated to the desired -reaction - - tenmperature_and ol efin,
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within a range of fyeorecllladtdd adRn frecrFldwingOwiitte( $01id5apd drfied lkest
results. At the end q:@.thﬁ:lfleS' Cﬁt}g'tS reaction period, the polynerization
reaction is termn ed .olefin and diluent can be vented.
The reactor c&® be opened and‘hm@qudepterimmtli@nco.lsl m@dcaiaxly useful

free-flowng white ld bRk tt:%e
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pol ymeri zati on i NvVQlasRfmdi TAHE 1 S Qird1RRIB 'a° ¥0nintidush 1odpC 2@hictel which
charged with suitab) e uant I ties of
is continuously charged with suitable quantities of

15 diluent, catalyst system, and polymerizable compounds
in any desirable ordexr. Typically the polymerization
will include a higher alpha-olefin comonomer and
optionally hydrogen. Generally the particle form
polymerization would be conducted at a temperature in

20 the range of about 60°C. to about 100°C., although
higher and lower temperatures can be used. The
reaction product can be continuously withdrawn and the
polymer recovered as appropriate, generally by flashing
the diluent and unreacted monomers and drying the

25 resulting polymer.

The following examples will serve to show the
present invention in detail by way of illustration and
not by way of limitation.

' Example 1

30 Example 1 demonstrates the effectiveness of
an inventive catalyst system in incorporating
comonomer. The catalyst system comprised bis(n-
butylcyclopentadienyl) zirconium dichloride,
triethylaluminum, and solid methylaluminoxy product.

35 Solid methylaluminoxy product was prepared by
reacting methylaluminoxane (MAO) with
trimethoxyboroxine. MAO was obtained from Schering



15 diluent, catalyst system and pol ynerizable conpounds in any desirable
order. Typically the polynerization will include a higher alpha-olefin
comononer and optionally hydrogen. Generally the particle form

pol yneri zati on woul d be conducted at a tenperature in 20 the range of
about [etr] to about [err] although higher gngslgmer tenperatures can be
used. The reaction product can be continuously w thdrawn and the pol yner

recovered as ‘approgorporationcaal 1y Quibhas gggeﬁggngg:#ﬁ”EOEHQnE”reaCted

nmononers and dryin he .25 esul ting polyner. ) ow ng exanples w ||
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the effectiveness an.lnwertive catal yst systemin incorporating
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35 Sol § hyls a4, U r od ) epar e reac
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10 gallon gl ass |i pedtiecevePhaylte’ £RA6ES" hefald! QLS &d%@dk@é | bs
MAO wer e added and nixgd.for oigdgour. About 32 g trinmethoxyboroXxine

di ssol ved in 300 ntP3+H2RT &R dieteovRehed (whih 1 (g2l ien hexane i whike.
The resul tingl@l ur sgivaingt forell houran Bfdess ORakate oAl Sdeddifre®! 4§ Vere
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Excess hexane was #e€arbed.anThree batshes cdficeolid| MAD M@ fsiSirdd@sas
transferred to a capBe¥ibdl' 86obat £H8ScGhnEgbdd MAO were prepared as
The metallocene compound bis(n-
15 butylcyclopentadienyl) zirconium dichloride was
prepared by reacting n-butylcyclopentadienyllithium
with zirconium tetrachloride. The n-
butylcyclopentadienyllithium was prepared by reacting
0.6 g n-butylcyclopentadiene (0.0049 mole) dissolved in
20 ether with 3 mL (0049 mole) n-butyllithium/hexane
solution (1.6M) at 0°C. The milky-white viscous
mixture was stirred for about 2 hours. Then 0.57 g
ZxCl, (0.0024 mole) was slowly added to the slurry with
vigorous stirring at 0°C. The mixture was stirred for
25 about 2 hours and then the solvent was removed under
vacuum. The solids were extracted with two 100 mL
portions of hexane and filtered. The hexane volume was
reduced and the resulting solution was cooled to -10°C.
and allowed to stand overnight. The colorless
30 precipitate was collected and dried in vacuum. Three
additional batches of metallocene were prepared as
described above using the same relative amounts with
the exception that different absolute amounts were
used. The yields were 25 % to 41 % bis(n-
35 butylcyclopentadienyl) zirconium dichloride. The thus
produced metallocene compound was combined into a
single sample of 5.8 g.




descri bed above and conbi ned. The netal |l ocene conpound bis(n- 15 .

butyl cycl opent’adi enyl ) zirconiumdichloride was prepared by reacting -

n- butyl cycl qpent adi enyl lithiumw th zirconiumtetrachl oride. The n-
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cooled to [e\rN(%. and allowed to stand&gver nlza%dg Jﬁﬂ;‘éﬁﬂél eru;‘é%lii&w
precipitate cHeRR (2L ewrd ok %P?W%a%‘!ﬂnnﬁh%rmﬂnﬁam at ches of

nmet al | ocene were pigdtpged as described above using the sane rel ative
anounts with the exceptlon t at dlf erent_ absol ute anounts were used. The
yields were 25 %to 41 % bi Liidiaad inadl %ﬂ“&dﬁ%ﬁ‘)epﬁ%rﬂ%m
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carboy. A second cat aI yst é/stem was prepared a one
gl ass bottle, 500 3] et FRPM (C PR ILNTRY es@h%cﬁqleidma%mlwd

0.835 ¢ on a f:.lter and dried in a dry box. The yield was 60 g
catalyst system. The second catalyst system was
15 combined with 140 g of the first catalyst system and
the combined catalyst system was employed in

polyethylene polymerizations.
Polymerizations were conducted in a l-gallon

stirred autoclave reactor under particle form

20 conditions. The polymerizations were conducted at
80°C. in 2 liters isobutane in the presence of hydrogen
for one hour. The total pressure of ethylene and
hydrogen was about 403 psig and the partial pressure of
the hydrogen was about 15 psig. The polymerizations

25 were conducted employing 70 mg catalyst.
Triethylaluminum was added as indicated in Table 1.
After the polymerization was complete, the iscbutane
was removed and the polymer collected as a dry flufEf.
The results are tabulated in Table. 1. In Table 1, mm

30 TEA is the millimoles triethylaluminum. Hexene is the
g l-hexene. Productivity is g polyethylene/(g
catalystehour). Density is in g/cc run according to
ASTM D 1505.



10 (0..0027 nol es) hi s(n-butylcycl opentadi enyl) zirconiumdichloride in
100 nL hexane 'were added and stirred for 3 hours at roomtenperature. The
solids were collected on a filter and dried in a dry box. The yield was 60
g catal yst system The second catal yst systemwas 15 conbined with 140 g
of the first catalyst systemand the combined catalyst systemwas enpl oyed
I n pol yet hyl ene pol yneri zati ons. Polynerlzafltﬂs were conducted in a
l-gallon stirred autocl ave reactor under article form 20 condi tions.
The pol yneri zati ons|[were conducte err rters 1sobutane 1n e
presence of hydrogepp_for one hour. The tota?bg?e%sure of ethvlene and

hydrogen was about #03 psilgpgRd t he 2bhkal pr§§ Hheebitpe e
about 15 psig.gThe po i g ramb¥' § (§° g 95

cat al yst. Trlethyla RUF (iﬁéigz as |nd| g 2 V?% TgEIPL? A??

pol ynmeri zation was gofgghetie, gt he ilsobupane Wyas reggygd and th¢ ogbyggr
collected as a dry fluff The resiilts are tdbulated in Table ln Tabhlelll,
mm 30 TEA is the I bkl @sstri et hyl @l umi pum Hazgpe is thejgolobgkene
Productivity 16 g pgyethylene/{glcatalystehour) Denpsit-y—ig—i-R—gi-ce—iin
according to ASTM DJ|1505. - 17]- Table 1|TEA Hexene Product|V|ty
Density 5 Run |Hwret-r—tgrasr—tg—PEftg—eatohrr—fgrctr—16% B

0 1930 103 {0.9651 102 90.5 @70 23909556
0.9644 10 103 0 56 270 8—9556—1%

0.5 9015 1041400.5 0399352 |Tabl e6168enonst r afe8 -PRE2
effectiveness of a

able 1 demonstrates the effectivenéss of a
catalyst system containing triethylaluminum in.
incorporating l-hexene, as indicated by the relatively

20 lower density, compared to a catalyst system where
triethylaluminum was absent. Table 1 also demonstrates
a significant improvement in productivity in the
catalyst system containing triethylaluminum.
' ample 2

25 Example 2 demonstrates increased activity for
a catalyst system prepared by reacting a bisfluorenyl
metallocene, a solid MAO product, and
trimethylaluminum.

Solid MAO product was prepared as follows.

30 To 3.785 L (1.67 M) toluene solution MAO (6.32 moles)
'in hexane from Ethyl Corporation was added 48.7 g
(MeOBO) ; (0.84 mole). The mixture was stirred and the
solids were collected on a filter and dried. Yield was
about 328 g. The thus prepared solid MAO product was
35 screened through a 60 mesh screen.

The ligand bls(fluorenyl)ethane was prepared
as follows. To 0.2 mole fluorene in 200 mL ether was
added 0.2 mole butyllithium (1.6 M in hexane) at a rate
of 0.15 mL/min. at room temperature. The reaction

40 mixture was stirred for one hour, and 0.1l mole 1,2
dibromoethane was added slowly and stirred for 3 hours.
The volume was reduced to 150 mL, filtered and the pale



I ncor porating 1-hexene, as.indicated by the relatively 20 - | ower density,
conpared t.0 a catal yst systemwhere triethylal umnumwas absent. Table 1

al so denonstrates a significant inprovenent in productivity in the catalyst
system containing triethylal um num Exanple 2 25 Exanpl e 2
denonstrates increased activity for a catal ysggsystem prepared by reacting
a bisfluorenyl netallocene, a solid MAO product, and trinethylal um num
Solid MAO product Wedlewemolid amsf waished 23@1me§0w§ti8§0LmﬁldQZthlkﬁ|Uene

I O (6.32 ls or,a n s added 48.7
?(l\)/egc; 3 ?Ag 54 o g;ii@ Fo TR BRI YRITR RO g FeB Pt ol ntd prabed withel
on a filter and dril®8 ™4 @fipsatameote yield. whhtet byu2-prepared solid MAO
product was 35 sgﬂgg&aﬁogbhgqggtgaﬁg ne5ﬂ3594gf§ ggger%gand

bi s(fl uorenyl)et hane was prepared as e fluorene in 200
m. et her was agded 0.2 mole % F‘FtPIln"-BﬁPPQ big(fhunsenvd) ethaner at e of

0.15 nml/nin. at roaucrcennamaabmo}‘haerﬁastpeapéged HbeUifowES S-i-bfbegﬂor
y and stirred 3

h d 0. 1 br onpe sl ow
ﬁgﬁrséu;heaColune was ré&géggu95°f EpﬁEEaPPI%%r%a S5RY hekane was agdedow
solid was washed 20tP3emolet mekbyillithstunl I(Ed4v\nt£i|ide§£6rpaie yetheow sglid
was dried and washgdq mL e to e te
bi s(fl uorenyl ethage éﬂﬁﬂ/ﬁﬁﬂld ﬁgé ggg&@g &n’ Bidtire wa?h%thﬁfﬂﬂlﬁﬁﬁnéo
bi s(fl uorenyl 9thaﬁénBFpéoﬁFuRpamchempedetuae gnéd ppeflured f 61 03shodes ). 01

mol e bus(fluorenylrnbhaﬂan B +éd ELBBGKQES?WQQEaggffeQ ggTﬁg M oction

methyllithium (1.4 in ether) at a rate

m xture was stlrreae?BP §5u58 ang; . Pismale, 26l cvperadded siowlyfanded
for 3 hours. The othegmikxedreuwagnstOPre@SE6904SUnitute®" The reaction

mixture was filtered and dried in vacuum. The red

15 solid was extracted with CH,Cl,. The extract volume
was reduced and cooled down to crystallize red colored
bis(fluorenyl)ethane zirconium dichloride. The yield
was 85%.

The metallocene, solid MAO product, and

20 trimethylaluminum (TMA) were combined in the
proportions shown and heated for the time and
temperatures indicated in Table 2.

Polymerizations were conducted in a l-gallon

stirred autoclave reactor under particle form

25 conditions. The polymerizations were conducted at
about 70°C. in 2 liters iscbutane in the presence of
hydrogen for about one hour. The total pressure was
about 341.2 psig and the partial pressure of the
hydrogen was about 7.45 psig. After the polymerization

30 was complete, the isobutane was removed and the polymer
collected. The results are tabulated in Table 2. In
Table 2, MAO Al/Zr is the ratio of Al in the MAO solid
produdt to Zr. TMA Al/Zr is the ratio of Al in the TMA
to Z2r. Temp. is the temperature at which the

35 metallocene, solid MAO product, and TMA were reacted.
Time is the time the metallocene, solid MAO product,
and TMA were reacted. Activity is shown in g



tenperature and 0.01 nole [err] was added slowy and the m xture was
stirred far 45 mnutes. The reaction mxture was filtered and dried in
vacuum The red 15 solid was extracted with [err]. The extract vol une
was reduced and cool ed down to crystallize red col ored bis(fluorenyl)ethane
zirconiumdichloride. The yield was 85% The ggtall ocene, solid MAO
product, and 20 trimethylal um num (TMA) were conbined in the proportions
shown and heat ed fpblybehylsnedgdcheamysatuﬁdsQIﬁdlfatnﬁléﬂe7§bhg 2.
Pol yrmeri zations were _conducted in a 1--a||on stirred autoclave reactor
under particle forifh 25 conditions. ?o
about [err] in 2 |jiters |sobutane in the p

O
Rc of hydrogen for about

hour. The totak prgssurne s abo i g p u 0
the hydrogen was aljout 7Ai?zESI §E %d é po 1y§£ g?éi&i he gvify
conpl ete, the isob f aneg \Was rel i he olvherjc ec?ed resul §s
are tabul ated in Td#bhe[220bn TTquoz MAQ Al fZrgis {he ¢gapio of @glggsth:
MAO solid product o—Zd TMNA AL/ Zr isithe rafliao of A _in the TMA tQ [
Tenp. is the tenpe €100 whilchgapghe | 351 gftgbbbcanelzgpgld ,
and TMA were react ¢ ' ' ebne solid ,
and TMA were reactud3 AcLOOi ty|i s4ehoyn Vn g 0- 19 -1pebyet hyl zoe/ 821
catal yst and g pol fry-efrerg——tabire—2—5 MAO——— —H
TMA. Activit Al t§0Bl /Zt 40[efr]?7 1 100 | Al2888 g/ § Ca84,548/
Zr 1 100 15 4 t B 726 #9—996—+0—
40 1 100f 5 |129€03 11084923 3 | 100 1749 7121,1440
1445 100, 321(= 100 40 T 166 2658 84545
100 110 1 100 4179 284,615
20 100 110 7 0 1695 117,666
8 100 110 7 100 3077 213,638
" 9 2550 75 4 50 410 655,600
25 '
10 2550 75 4 50 335 536,278
11 | 2550 75 4 50 313 501,093
30 12 5000 40" 1 0 69 220,657
13 5000 40 1 100 135 432,040
"14 5000 40 7 0 109 347,612
35
"15 5000 40 "7 100 163 519,981
16 5000 110 1 0 65 199,231
40 . 17 5000 110 1 100 309 987,837
18 5000 110 7 0 99 . 314,995
19 5000 110 7 100 165 528,291
45
20 550 75 4 50 1392 495,861
21 1550 75 4 50 637 633,497
50 22 2550 75 4 50 345 561,957
23 3550 75 4 " 50 251 539,126
24 4550 75 4 50 167 483,600
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was complete, the ‘reaction mixture was stirred for two

hours. The reaction mixture was filtered and the
filtrate washed with 100 mL of distilled water. The

15 organic phase was dried with Na,80, and the solvent was
stripped under vacuum. The residue was washed with 150
mL. pentane to remove unreacted fluorene and dried under
vacuum to yield pale yellow colored (bromo) (fluorenyl) -
methane. The yield was 80%. The (bromo) (fluorenyl) -

20 methane was dissolved in 20 mL ether and 19 mL (2 M in
THF) cyclopentadienylsodium was added at a rate of 0.15
mL/min. The reaction mixture was stirred for two
hours and washed with 50 mL distilled water. The
organic phase was dried over Na,S80, and the solvent

25 removed under vacuum to yield pale yellow
(cyclopentadienyl) (fluorenyl)methane. The yield
was 70%.

The metallocene (cyclopentadienyl) -

(fluorenyl)methane zirconium dichloride was prepared as

30 follows. To 0.01 mole (cyclopentadienyl) (fluorenyl) -
methane in 125 ml: hexane was added 0.02 mole
methyllithium (1.4 M in ether) at a rate of 0.15
mL/min. The reaction mixture was stirred for 30
minutes ét room temperature and refluxed for 3 hours.

35 An orange-red suspension was formed and was cooled to
room temperature and 0.01 mole z:c14 was added slowly
and the mixture was stirred for 45 minutes. The



was conpl ete, the reaction mxture was stirred for two hours. The reaction
m xture was filtered and the filtrate washed with 100 nL of distilled

wat er. The 15 organi ¢ phase was dried with Na2SO4 and t he sol vent was
stripped under vacuum The residue was washed with 150 nL pentane to renopve
unreacted fluorene and dried under vacuumto ggeld pale yell ow col ored
(brono) (fluorenyl)- nethane. The yield was 80% The (brono) (fluorenyl)- 20
met hane was di ssol wesadtiod) miktairecwaandilteiod( anl Bﬁr'ﬂsﬁad to dryness

cycl opent adi enyl sodi,u mmadd a of 0.15 ni/ Th ctlon
mxture was sti rreg' ?ra ) hoet'};is? ke g \Agé'ﬁ'g‘dwﬁft ﬁxgﬁaﬁghg ‘;ﬂ'H‘Iéﬂ

The organi ¢ phase wae Gﬁhgecﬁv&ple@S@asawédubedsahdeuboIéd toennveﬂ undelrd
vacuumto yield palcg-!,)églallqw Qcy._ggog. % % yhe yie
was 70% The netal |l oCene (c;cl opentg wn{??&’ ﬁ%greéﬁ %rg?% §£¥+ coni um
di chl ori de was>pre zigco. Tide. 01Ynelld was 60%.

(cycl opent adi enyl ) (f1 uor enyl )I‘henﬁhlﬂaﬂ.?sltns%&@eﬂ‘—:.ﬁei@ﬁ%ﬁ‘@swﬂgdﬁgeﬂaggdm)l e
methyl lithium (1.4 _Min gther) &8 % te_o - The reaction
s &3

m xture was stirre85t §PLI8¥Riny r BOnPLEREEr 9f Ut 9 MO rRFeciRitabed]
hours. 35 An or adgehesxdnsu{pe0i7omola} wasnmddaadisemgcedoled to room

t d 0. | R d d the, m xt
StiTred for a5 m nqr¥eropgatathetfh) e RerEnthihethne "F1EFRE, oq - and
stripped to difPnesdichlezdidenn The pedesvkddslmsrpxwaacstirredh [The]. The
extract volune “ﬁSSBQQHSEQeQQdaQQQb@a EB §E¥§i§||%£§h%|§ regm%a with o oo

(cycl opent adi enyl ) (fl uorenyl) - hane zirconi um | ori
60% The catal yst §F€ﬁ1PHdR9H19é1 w&§ BuepdPid 8s0673 | gvef Yhessebidl

slurry of 1 g MAO patailpetabodten WaxaeapiBy8d7iA0tRe YEPyReFesadfony solid
Solid MAO product in Run 302 was prepared as
15 follows. To a stirred 20 mL toluene solution of 1.7 M
MAO (0.034 mole) from Ethyl Corporation was added 100
mL toluene. To this slurry was added 2 mL (0.189 g)
toluene solution of (MeBO)3 (0.00453 mole) dropwise.
Initial vigorous reaction was evidenced by considerable
20 fuming. Addition was completed over a 1/2 hour period.
The slurry was stirred for 2 hours. The solids were
collected on a filter and dried. The yield was 0.64 g.
The catalyst system in Run 302 was prepared
by reacting 0.5 g of the above prepared solid MAO
25 product (8.6 mmoles) slurried in 30 mL hexane and 1 mL
of 2 M toluene solution MejAl (2 mmoles). The slurry
was stirred overnight. The solids were collected on a
filter and dried. The MAO solids were re-slurried in
30 mL hexane and 2.5 ml toluene solution of
30 (cyclopentadienyl) (fluorenyl)methane zirconium
dichloride (2.5 mg) was added. The slurry was stirred
for 1 hour, the purple solid was collected on a filter
and dried. Yield was 0.40 g. In Run 302, 0.0978 g of
the solid catalyst system was employed in the
35 polymerization.
Solid MAO product in Run 303 was prepared in
the following manner. To a stirred 20 mL solution of



(cycl opent adi enyl ) (fl uorenyl ) net hane zi rconi um 10 di chloride. The pale
red slurry was stirred. The solids were allowed to settle, washed 3 tines
wi th hexane and dried. In Run 301, 0.0673 g of the solid catal yst system
was enpl oyed in the pol ymerization. Solid MAO product in Run 302 was
prepared-as 15 follows. To a stirred 20 nigigol_.uene solution of 1.7 M MAO
(0.034 nole) fromEthyl Corporation was added 100 nmlL tol uene. To this

slurry was added 2 MHO (fichBEthyl Wdiisratdlod 1o tdluedeBWad @AW 1Y 0TRIIE)
dropwi se. Initial :*ih%?r ous ;fa} i,on \@s evi dence C(}nsi diiﬂ bl e 20

fum ng. Addition sl St SLUTEY) WRE, A 842 P was
stirred for 2 hour$omﬁ.ldﬂs(mm)c‘aoldm¢e1n A fuigomouwsndtedicitddn The
yield was 0.64 g. st £m | r cting
0.5 g of the above%&o‘%%&dys&ﬂfyﬁ% %%&é&@ﬁg@&ﬁgﬁhghﬁfn ed in
30 nL hexane arid 1pmrisido \Thethimk sdiihe alusyawas ahigized) forn@ siurry
was stirred overni gurshe naad 14 MBS Quedal |RANRL YA Qard |dx8lediNd vild1e0 wakhe.

MAO solids were re-slurried in 30 nL hexane and 2.5 nlL tol uene sol ution of.
30 (cycl opent adi émA3 &4 uor enyl ) met hane zirconi umdichloride (2.5 ng) was
added. The slurry was stirredriércatdlotst syt i RuDI303 wWas on

a filter and dried._Yigld ) 40 I n 2,.,0.0978 of t(yeilslid
catal yst system wadd %ﬁ%}?‘ﬂﬁ%q{%@ %%IV%& ithe i&xee 6'1°|nd '%3(5 duct
in Run 303 wasl®r epokidl iMAQ prddiid towas) prepesred Be aesidnibed 2bavie
sol ution of - 22.- o} |  CorRorald | n el Tl .
nmL hexane. To thi S%S*%r % :\I/%s(%é?c#g:’d 2 12{) % ?g)r?e' SOI)'IcHut | o% \?[ errfsq,l]l%)
dropwi se. A vi gor oieatakiat @Y was] enplained invthe: madiyment zakdons 1/ 2
hour 5 period. The thick whi i fiulrdediony wdr¥ ddilaucted as described
in Example 2. The results are summarized in Table 3.
15 In Table 3, MAO Treatment represents the millimoles
reagent used to prepare the solid MAO product. Yield
is the yield polyethylene in g. MBO represents
methylboroxine. MOBO represents methoxyboroxine.

20 " Table 3 ,I

MAO Treatment| TMA Yield

Run (mmoles) {(mmol) {(g)
25 301 hexane . 0 9.6
302 8.6 MBO 2 29.5

8.6 MOBO 56.9

30



hours. The solids were collected and dried. Yield was 1.45 g“"]m
systemin.Run <303 was prepared as described for Run 302 with mlmm "ﬁl‘]”“,
that the 10 solid MAO product was prepared as described above &nptow *

[err]. In Run 303, 0.0947 g of the sol icpscatal yst system was enpl oyed |n

the pol ynerization. Polynerizations wede, gonglygtgd as descri bed in Exanple
2. The results are summrlzed in Table 3. 15 'n Table 3, MAO Treat nent

represents the millino ?%F%sé’&'%’%ﬂgp&r metallogeng- FRBEALBARG: .
Yield is thecatallgstolsysiten mﬂul dn WBefiep poivileridatiphbehoshne. MOBO

represents nethoxyboroxine. Tabl MAO
I vent . TOREBFLAdE Feasring GrifftadLocens cagppund,, a5golsd 301
hexane orgaﬁuoalummcﬁtx?»@ﬁodudtﬁ ahB:)an organdmetal 2émpo8BE8 8.6 MOBO

2 56.9 3
re seng:%d' ?al yst syst em E % wﬁeg'reoﬁeiﬁ faoﬁ a-684 Ibgg a

nmet al | ocene- coﬁ’t alning c in ole

rizat
whi ch conpri Fadicadchavdng detts 120c sachomasoms, E 46| WroﬂéanBal @8 noxy

product, and za) %a@mﬁaecomwa& r CRIROS Ghiez 1Y RV N 8F thih.&yh.ei'hhical
where Ris a hydro qrbal radi cal hawnegiel to 20 carbon

tons )
B, Ga, or zZncSortad ilde&o ByiqaFbon @honf e OF; n“ﬁz'l?g %I i'é?l 3|'aH g0
cont a} ni ngI 1 o0 28 &'hi’dJ(ﬁhhe'itdiﬂf,oﬂ)ﬁn sl nvm@dnﬁllh the3valenseOof0EZ, and the
sum of m plus n equals e val eng erein.sai.d solid qgrganeal um noxy
Product |15 preparad- by YRR PRI Fetie SERRRRLiRIneRY RiogkiRiRs
cont ai ni ng cpreparedV/iy [rdaz ting aga rrdancadumd noxane: gad anbomsn-an
organi c pero@o@ﬁ:aﬁﬁﬁ W' ol 10 'dtYno boroxine, an organic
borane, an organic peroxide, an alkylene oxide, or an organic
carbonate; and wherein said organcaluminoxane is represented
by the formula:

R!- (a1-0) -a1Rr?

Rl or

_L(o-m)y—'
l
Rl

wherein each RY is a hydrocarbyl radical containing 1 to 8
carbon atoms, x is 2 to 50, and y is 3 to 50.

2. A process according to claim 1, wherdin said
organometal compound is an organocaluminum compound.

3. A process according to claim 2, wherein said
organocaluminum cqmpound ig a trialkylaluminum compound
wherein each alkyl radical contains from 1 to 10 carbon
atoms.

4, A process according to claim 3, wherein said
trialkylaluminum compound is trimethylaluminum or
triethylalumiﬁum.

5. A process according to any one of the preceding
claims, wherein said organometal compound is present in an
amount in the range of from about 1 mole to about 500 moles

CASE: 33233



carbonate; and wherein sai d organoal un noxane is represent ed“muﬂulﬂr'u" lmmlll
formula: [err} or wherein each Rl is a hydrocarbyl radical

8 carbon atons, x is 2 to 50, and y is 3 to 50. 2. A process
according to cIa|n11 wherein said orga taI conpound i s an

or ganoal um nperc mspeudd. ﬁ&talloceneAcaﬁE aﬁa according to claim2, wherein
sai d organoalun1nun1cog$ound IS a 3

Ialunhg n1gon30und mhereén each

al kyl radical*contains FﬁﬁFstoafﬁ°E‘FB n*Qt 6 herein saidess
accordi ng toorbahmm&taWhenmpounﬂldstprabh;taiunaﬂuamcuupoﬂmdthe range of
trinmethylalu bult 2%t BvhalugL,n o aggording to any
one of the p?gggg%%b Elzsn§¥l egélﬁgéa?ds ogﬁﬂ%ﬁ%té%géﬁﬁgouﬁg IS present

i n an anount metalfocenegcompoundm about 1 nole to about 500 nol es CASE:
33239 per ool e of Myt allyaeERe aceBRAYH t@ cla;m AWHEPGEESsﬁfﬁord'ng to
claim5, wherein said organoneta? npou d resenf I'n an anount in the
range of froﬁFSBE&FefﬁlnGP@?°F§daBSuPrSSGHHDi@saﬂeﬁmﬂﬁﬂé ir therangenef

conpound. 7. from 50 foledCesS 280CAbIRIPLe BbBhTHE, mubelEbBesdi Sompound.
or ganonet al onpound [ in an nDunt in the ra of froné 0 nol e

resent ge
to 250 nol es per mol e §f ﬁ?F&FPo@&ﬁ@rébﬁHoﬁﬂdang cne' o£ ¢ °pPBE%§ ing
accordi ng tocaajimsne whiertelin paﬂdedxygenkeoaka;nhngecumpauﬂd zs an organo
oxygen- cont aj 0f.OX d
the formul a g#% g?%“ﬁgggéhgggglggggﬁa b gﬁ% ?8 g?%a con |ﬂ%§ge?xto
25 carbon at each RErdp, af dydrocasbyl, rPdupplocopbai?inghbr90n2§aghrhbn|s a
hydrocar byl padheal pe@lt,aigkiglg ket §-10RE2BRONAI AIES19, whereinfeREACRSS
according to cIa|n18 wher ei_n sai of ga né borOX|ne3co ound I's a
hydr ocar byl ggraxpmgqgcquyl radical contain:ng to 10 carbon atoms.

9. A process according to claim 8, wherein said organo

boroxine compound is a hydrocarbyl boroxine or a
hydrocarbyloxy boroxine wherein each hydrocarbyl radical
contains 1 to 10 carbon atoms.

10. A process according to claim 9, wherein said organo
boroxine is trimethyl boroxine, triethyl boroxine or
trimethoxy boroxine.

11. A process according to any one of the  preceding"
claims, wherein said organic borane compound contains a
functionality represented by the formula:

o
/7 \
Z -
\/
o]
or
\ /
B-0-B
/ \

where Z is a bridging unit which is (CR 2) , arylene, or
(YR3 )q' wherein each RS is individually hydrogen or a
hydrocarbyl radical having 1 to 20 carbon atoms; s and q are
integers in the range of 1 to 10; and each Y is individually
C, 8i, Ge, Sn, B, Ga, In, P, As, or Sb, with the proviso that
at least one Y is not C;

wherein said organic peroxide is represented by the



hydr ocar byl.oxy boroxi ne wherei n each hydrocarbyl radical ﬂmmmﬁu““m Bm
carbon atens. *10. A process according to claim9, wh '

boroxine is trimethyl boroxine, triethyl boroxine or trlnethox§ bor Jxi fie.

11. A process accordlng to any ond5o0f the preceding clains, wherein
sai d OrganICfbeﬁﬁma R abnﬁodwﬁaﬂbihnaaéhfHECkﬁoﬂﬁh'i5 iﬁpﬁgéfaéé? byrtge
arylene

formula: [er % g wher e Is a uni t
or [err] mheﬁ fRog Eﬁ OFs VﬁHPGFHHSFY} ﬁ?ﬁgﬁgénwh$°h.h?dﬁ%cﬁihvl:r%dlcal
having 1 to agcmeamnylataﬂsar?landnqamkenym;eeﬁrsnlﬂ1k9@y1aﬁﬂ&iaill to 10;

and each Y i a I C,,Si Sb, with the
provi so thatég?ggé g& h Fé fi8 g%? ﬁﬁengnciﬁkdgb?gaﬁ?glﬁﬁrER?Eean
represented bgpasheone of28 afdr RUl| &s[ arhjdrobarbyd ernchydiod¢&ribdéngld [err]
S hydrogen,rgalgaﬁydrocarbyl or hydrocarbonyl radical which is an alkyl, a
cycl oal kyl, an ary an_al kenyl, or an al kynyl radical containing 1 to 24
carbon atons, with theWBP§9F§05Ph§ta&le@EStOEﬁdeo¢°¥ba¥$Ba%dt?e16]casben
hydr ocar byl aeohudaﬁaaEBQEiLnaadheatolmeﬁiﬁgnfﬁﬁeéiaﬁkyi e oxide contains
2 to 16 carbon atons and contains the follow ng tfunctionality [err] ;and
wherei n said organi c carbonate contalns the functionality [err] 12. A
process according to any one of the p ?Hlng clains, in which said solid
or ganoal um noxy conpound is prepared b eacglggdnethylaluninoxane and
trimethyl boroxine 4

wherein said organic carbonate contains the

functionality
o}
I
-0-C-0-.
12. A process according to any one of the preceding

claims, in which said solid organcaluminoxy compound is
prepared by reacting methylaluminoxane and trimethyl boroxine
or trimethoxy boroxine.

13. A process according to any one of the preceding
claims, wherein said solid organocaluminoxy product is present
in an amount in the range of from about 50 moles to about
10,000 moles per mole of metallocene compound.

14. A process according to claim 13, wherein said solid.
organocaluminoxy product is present in an amount in the range
of from about 100 moles to about 10,000 moles per mole of
metallocene compound.

15. A process according to claim 14, wherein said solid
organocaluminoxy product is present in an amount in the range
of from 100 moles to 7,500 moles per mole of metallocene
compound.

16. A process according to any one of the preceding
claims, wherein said metallocene compound is
bis(cyclopentadienyl) zirconium dichloride, bis{(n-
butylcyclopentadienyl) zirconium dichloride,
(cyclopentadienyl) (fluorenyl)methane zirconium dichloride, ox
bis (fluorenyl) ethane zirconium dichloride.



or trinmethoxy boroxine. 13. A process according-to any one of the
precedi ng «cl ai'ms, wherein said solid organoal um noxy prod\mmu,ﬂu wﬂm,”m
an anount in, the range of from about 50 noles to about 10, . 4 !
nol e of metal |l ocene conpound. 14. - pgprocess according to claim 13,

wherein said ®plid orgam%lié@WWcéHiﬂf? 01%% %&Pw anﬁée%%ié the

range of fromabput 100 npD] es tp_about es per . . al”l ocene
conmpound. 15.°fa&s' A ?5%&5’%&&%&#&‘!% sqmprundiande st idaiseldd i d

or ?anoal umi nma;ggnmmiﬁaqr)rmf ic&t rglmlem ot dEdd 4&(}@ rlt%nees ,@‘tufrrgog?égggs
noles to 7,5 €Se P o me ocene conmpound. 16.

according to an éon%f og?‘ﬂge) %rcg‘ce%‘? r?}‘ﬂ’r%iqrbso, Grher ei n sai d metal | ocene
conpound i s B&{ cycl opehtpxieens Jaciombinigiredliclaliar ile, whierein said

butyl cycl openigyi eiydend | &bt Cﬂfé"éﬁiﬁ&iesolr%ddioaﬂagﬂa&g,mi&pxy product

(cycl opent adi enyl ) (Tl uor enyl”) net hane zirconiu
bi s(f1 uor eny|3% IRAREATHRI A®A hempenatire in thet range of fromA3Sracess
accordi ng to g\2oorcof the preceding clains, wherein said netall ocene

conpound and id solid organoal unm noxy product .are contacted at a
t enperat ure if?a‘t he rand® °°a9ﬁﬁjta‘["é?‘%/i% tehsd@ime 18, wherein saddprocess

according to ﬁﬁﬂhdﬂeumﬁ’&nﬁdﬁ;ﬁﬂiﬁ%@?!d @f{iﬂﬂ.@. ‘Hi‘:t@&%%(iu&{iﬁo&? Qrsah%b@f
or ganoal um n e .contacte a tenperature in the range of from
[err] to [er (r%&.ye 15. Eiété&ﬁtgr%cte??? G e FArge1 8L FRemeAl °Cai d
met al | ocene &MPIARFEand sai d solid organoal um noxy product are contacted
at a tenperatdyge in theg r%rwe ] {Q ler . A _RpLocess
according to any one qQf the prée?;:el{ﬁér?g?c{(:ﬁ%gr?ﬁ ng‘n%%aFEenEFgFf@&Eﬂe
conpound and & ideyo Wheraim faid met@dlosensy compoundo andc saddpspdidt o
contacting organcaluminoxy product are contacted prior to contacting

with said organometal compound.

21. A process according to any one of the preceding
claims, wherein the catalyst system thus produced consists
essentially of the reaction product of said metallocene
compound, said solid organcaluminoxy product, and said
organometal compound.

22. " A process for polymerizing an olefin which -
comprises contacting said olefin under polymerization
conditions with a catalyst system made by a process accordin§
to any one of the preceding claims.

23. A process according to claim 22, wherein said
polymerization conditions include a temperature in the range
of from about 20°C. to about 200°C.

24, A process according to claim 23, where said
polymerization conditions include a temperature in the range
of from about 60°C. to about 100°C.

25, A process according to any one of claims 22-24,
where said polymerization is conducted under particle form
conditions.

26. A process according to any one of claims 22-25,
wherein said olefin comprises ethylene.

27. A process. according to claim 26, wherein said
olefin further comprises l-hexene.



with said .organonmetal conpound. 21. A process accorm i Hmﬂmtmnmm
the precedi ng clainms, wherein the catal yst systemthus pr

essentially of the reaction product of said netall ocene cor‘rT)ou‘nd sdid® *

solid organoal um noxy product, and sai d,.0r ganorret al conpound. 22. A

process’ for zml yner i Zizn prvesdse ior ﬂagpal &%&a&i&béﬁhl-aan%ahﬁiﬁbe“ n

under pol yrre n _co d|t| S W cat al ste process
according t r?g'ycfne sarfs sﬁ'?’&?@ﬁ‘lttﬂﬁ‘ ¥, 28 hes descgggﬁflo%é@:? accordi ng
to cl ai m 22 refiesregice 4 ¢qm|qﬂ¢ﬂ:hez&mp1mnd| t| ons i ncl ude a tenperature
in the rangeqf from ] 0 e

accordi ng t%sgl aim 23%)\%#‘:41%% yrreu'he%a Xl c ndi Plrgﬁgsl n%ﬁ%%gd&ng
terrperature‘7|°naﬂ!’i‘éqﬂémg:&iE (ﬁla‘imnlaﬂéuﬁnﬁeﬂﬁ] to about [err] 25.

process accapdi Ng t0o aNpyiesy oo e p nis
conduct ed u%o(l)ceir parti ﬁe for rﬁ:ondl %ﬁﬁéln@% oi@ﬁn gégggégé d:tﬁg to
any one of GQi&im 22 sybshantially.ps bezein é@ﬁﬁFP-?éé wikb| zeference to
A process aeegr dEHe Bxdadiplesi, Wherein said olefin further corrprl ses

1- hexene. A process for preparing a netall ocene-containing
cat al yst system substantially as herein described with reference to any of
t he Exanpl es. 29. A catal yst system when nade by a process according
to any one of claims 1-21 and 28. 30. A process for polynerizing an
ol efin according to claim 22, substantially as herein described with
reference to any of the Exanples.



