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-1- PROCESS FOR PRODUCI NG AN ORGANO- ALUM NOXANE
COVPCSI TI ON FOR OLEFI N POLYMERI ZATI ON This impvention is
related to the field of organo-al uni noxane conpositions. | °
Organo- al uni noxanes have been found tothe useful in a wide variety of

chemi cal processes. MRROCESSaRER ERODUSTNG IANCRREANG+ALAIMINOXANE noxane- cat al yst s,

whi ch can be forned by E@RE5ITHGNROR: BLiET INRCAYHTHEARENA t h certain
or gano- al um noxanes, have been .used to pol r.ze olefins. One of the
.earliest patents cont mg“t@adﬁreiats# ?c&ssfé@f%fg OSEI“%? € 3,242, 099.

Such-net al l.ggpBgeRHano- al um noxane- catal ysts have been used to pol yneri ze

ol efins using solution polynerization technology. Since such netall ocene-
or gano- al uni noxane- c {drghncsaluminosanes lhavd beenrfounsbtosts wsefud rin povidewaiietutafon

medi um it Bas. gﬁgn g§ner I I%;( observed t hat thea;es.ulti ng, Pa?l Xgrre .has a | ow
bul k densi CYFREALBIOCERES: T FAMR TRUATRe QrgANP 3 RINoXaneCatalysts, Whichy ¢ oyt 5
to use sucRaiBkEbHRKEDE et \@riainiibialocana- Wil adrissd SrdaboARIMIAGNIEE Hal&f i ns

using slurry polynerization technol ogy have not been satisfactory. In
slurry pol pRer pses odilymerizeplafinge (Oneafithh earliesipatents sonfatningsushieed so t hat

t he desiredg: r ' ete particles that are insoluble, or onl
sightly ,so?b%ﬁg?‘@% qﬁé%&t’%@?&/mri zation medium which is usually an
al i phati c hydr ocar borSuch et céneengmiosaburipdxdnsasataly’tsrhave bbers isedrty

pol ymeri zations are carried out, usi such et al | ocene-

or gano- al uP mws-f’é%fn&|t§§gs§°ﬂmﬁe _pa@%erwoa&ﬁmkgzo%@q%h mstallopene-
surface of orifhoSiisthingx Rl ARt SRR HR solutbnpotARtAfoR Inchlif, 3 tid ¥

pol ymeri zat1on vessel "s interior surface Is detrinenta I'S "because
such coat i regemagenarallyt gbsefvied dthas thetwesuiteg pelymeshasra fomobulk [densityuasrwell as

pol yneri zat i.on vgssek Adﬂé.éi onal ly, such coating results in the need for
periodic, i il {en S ¢l eani ng of the slurry polynerization vessel,

in order to prevent spldnptefos@e shélPmefalédenfBraano-aluminoxane-catalysts ths known
t hat het erogeneous catal ysts can be useful in slurry polynerizations.

Het er ogene @olynesrize| glefins using shuryapalymerization teshrologyt hassi nsibesn satistagtogy.
slhightly sq ubh& pdifmbfigaidf! %Q%Eiyﬁ%k'za Do hs are selected so that the desired

. polymer forms as discrete particles that are insoluble, or only sightly soluble, in the

slurry polymerization medium, which is usually an aliphatic hydrocarbon. It has been
observed that when such slurry polymerizations are carried out using such metallocene-
organo-aluminoxane-catalysts, the desired polymer coats the interior surface of the
slurry polymerization vessel. This coating of the slurry polymerization vessel’s interior
surface is detrimental. This is because such coating adversely effects the heat transfer
from the shurry polymerization vessel. Additionally, such coating results in the need
for periodic, if not continuous, cleaning of the slurry polymerization vessel, in order to
prevent such vessel from fouling.

It is known that heterogeneous catalysts can be useful in slurry
polymerizations. Heterogeneous catalysts are catalysts that are not soluble, or only
slightly soluble, in the polymerization medium.

It is known that a solid form of organo-aluminoxane can be obtained by
mixing an organo-aluminoxane solution with a counter solvent; however, this solid,

when used as part of a heterogeneous catalyst, has been found to cause fouling in a

y
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It is known-that a solid form of organo-al um noxane can be obtai ned by

m Xi ng an or gano- al um noxane solution with a counter solvent; however, this
solid, when used as part of a heterogeneous catal yst, has been found to
cause fouling in a - 2-
slurry polynerization vessel. Even when a counter solvent is used to

preci pitate the organo-al um noxane onto Zan

hydr ocar bon-i nsol ubl e-particul ate-carrier, fouling.s still a prohlem
o g st oYY FOINFERBS VERe: Tven when a coute iR et b, roBBUEdS o
produce or g%gﬂo-ﬁhﬂﬁ&kﬂﬁb %‘ﬁfH’ﬁ%ﬁrﬁ&?bon h&ﬂbl@fpﬁrdéﬁﬁ{d-lémﬁ&, PBE G 881 a

het er ogene catal ysts that can be used in slurry polynerizatrons w thout
f oul i ng t hpropteny duridg sluityrpolyaserizatiomr e greatly needed. Additionally, since

nmet al | ocene- or gano- al.unmi noxane catal ysts are expensive to produce
processes that reduc ?‘Wﬂ“?g@t pW%?%@ﬁP%t%%@@'@Wﬁd?mw&ﬁ%cesses
that incregmaphlHe ustaf il peascit hdtbdgtheo®d SdtMPitS thaPbsh BehdedaH slurry

In accordance with this invention, a process is provided for producing an

or gano- al upelymetirations without fawting ¢he pblymenization wessgh iatsi greatly needed. (a)
desiccatin fi m xt.ur where sai.d first m.,xture conprise

o gano. al uRIoRARY, siich ebftilocP bR amigine, Sy oft fre PRSI B aradueer | | o1
conposi t i Ofpockdiey thabfidbcd theJostCENPOGIcingOtheseOdtRily st &6t (RbERES thdt YAIrBRA¥ARE

nol ecul es; (b) mxing said first conposition with a sol vent
t o produceusefelaessof thesgcatalystsyarerdesized. d second ni xture conpri ses

or gano- al um noxane | ecul s _an I d_sol.vent . . ntacting
sai d second m xtur engﬂ Wéfafﬁesmqhgﬁfiu}vﬂu% aa%f8ﬁ“‘tss .Esoprﬁylga%g%r érgﬁ%fﬁx?g an

or gano- al ugigafis-aRenifexaRe TofpBiition, said process compridi@:i nvention al so provides a
pol ynmeri zation process that use a catal yst conprising the .

or gano- al uni noxane cahsiesicedtiog afinstmidere; where seiddfimtaixtpretropprises nvent i ons.

organo-aluminoxane molecules intermixed with a solvent, to produce a first

composition, where said first composition comprises organo-aluminoxane molecules;
(b) mixing said first composition with a solvent to produce a second
- - mixture, where said second mixture comptises organo-aluminoxane molecules and said
solvent;

(c) contacting said second mixture with a insolubilization agent to
produce said organo-aluminoxane composition.

The invention also provides a polymerization process that use a catalyst
comprising the organo-aluminoxane composition produced in accordance with-this
inventions.

The organo-aluminoxane molecules useful in this invention can be made
by various techniques are known in the art. For example, one technique involves the
controlled addition of water to a trialkylaluminum. Anocther technique involves
combining a trialkylaluminum and a hydrocarbon with a compound containing water of
adsorption, or a salt containing water of crystallization. Additionally, a solution
containing organo-aluminoxane molecules can be obtained from a wide variety of
commercial sources. Solutions containing organo-aluminoxane molecules obfained
from commercial sources are generally in the form of hydrocarbon solutions. In
general, these solutions also contain uidkylalumihum intermixed with the organo-

aluminoxane molecules and the solvent.



The organo-al um noxane nol ecul es useful in this invention can be nade by
various techni ques are known in the art. For exanple, one technique

i nvol ves the controlled addition of water to a trial kyl al um num Anot her
t echni que invol ves conbining a trial kyl al um num and a hydrocarbon with a
cofrpound cont ai ni ng water of adsorption, or a salt containing water of
crystallization. Additionally, a solutioﬁ'tontaining or gano- al um noxane

nol ecul es can be obtajyhed ffoma wde variety of co reial sources,

Sol utions cont ai ni ng orysRs: SHYFHIERS a;gén%\eu@%m)@ge H{Sr’ﬁ%‘f?éds p oWhisFti al
SOur Ces ar CoftflieH Msbission telWech QLRI ARG Bectplolt thf Be olglingioner al ,
these solutions also contain trialkylalumnumintermxed wth the organo-
al umi noxanealwninszamemolesdles Are aligomerit,. linear and/or cyclic molecules having repeating

- 3- . "i{hf %@Qt structure of organo-al um noxane nol ecules is
often the s%ﬁseo(ft BrOY di scussi on between schol ars. It is generally
accepted that the organo- al unm noxane nol ecul es are oligoneric, |linear
and/ or cyclic nol ecul es ha¥ g o e ————— || 3

Typi call'y, linear organo-al um noxane rBAl)es are sai dtofit the
foll owi ng formnul a: l

Rl
h

Typically, linear organo-aluminoxane molecules are said to fit the
following formula:

“
(R),A-0-AL),R!
l
R!
Oligomeric, cyclic organo-aluminoxanes are generaily viewed as having
the formula:
m
| .
. R!
“
In the above formulas, R' is a hydrocarbyl group, typically a C, -C, alkyl
group, n is typically 2 to 100, preferably 10 to 35, and m is typically 3 to 50.
Typically, in metallocene-organo-aluminoxane catalyst used in the
polymerization of olefins, R is predominantly methyl or ethyl. Preferably, about 30
mole percent of the repeating groups have an R' which is methyl, more preferably
about 50 mole percent, and still more preferably, about 70 mole percent of the
repeating units having methyl as the R! group.
The insolubilization agent useful in this invention is any molecule that

can react with an organo-aluminoxane molecule to produce an organo-aluminoxane-



[err] A igoneric, cyclic organo-al um noxanes are

general ly V|evved as hawngtheforrmla [err] In the
above formulas, R err] is a hydrocarbyl group, typically a CJerr] -Cerr]

al kyl group, nis typically 2 to 100, preferably 10 to 35, and mis
typically 3 to 50. Typi cal vy,

net al | ocene- or gano- al un noxane cat al yst dsed | n the pol yneri zation of
olefins, Rerr].is predom nantly me or ethyl. Preferably, about 30 nole
percent of Pﬁ@“b’é‘ﬁﬂéﬂ -5k gles eaféﬁ ‘raEape- WW? @%ﬁ?%@qna‘

f bl I 0 nol
Dercont of Ir-ggﬁgatl ng uni fcgﬁhosxﬁ&gls% Jo tﬁégﬂﬁerr salifRbriod 0! €

per cent of avin group
The i nsol ubtakeazplhceoin a@:mmnplelsﬁfmulitabla md@hﬁlllzaﬁanagem msludunMeemtllﬂnﬁd&tht

can react with an or noxa e nol ecul e to produce an
or gano- al urﬁ%&%@ﬁ ox1 os d ene oxides, organic cat! %onates, organic compounds
containing boron, and dihydrocarbyl Group IIA metal compounds.

For example, oxides useful in this invention are those molecules where
the oxygen is free to react with the organo-aluminoxane molecules. Examples of such
oxides include but are not limited o carbon monoxide and carbon dioxide.

For example, peroxides useful in this invention are represented by the
formmla R*0OO°R, wherein R* and R® are individually selected from hydrogen,
hydrocarbyl, and hydrocarbonyl radicals selected from the group consisting of alkyl,
cycloalkyl, aryl, alkenyl, and alkynyl radicals containing 1 to 24 carbon atoms,
preferably 1 to 18 carbon atoms and more preferably to 12 carbon atoms, with the
proviso that at least one of R? and R® is a hydrocarbyl or hydrocarbonyl radical.
Preferably both R? and R® are individually hydrocarbyl radicals. Examples of suitable

- peroxides include diethyl peroxide, diacetyl peroxide, tert-butyl hydroperoxide, di-tert-
butyl peroxide, 2,5-dimethyl-(2,5-di(tert-butylperoxy) hexane, tert-amyl hydroperoxide,
di-tert-amylperoxide, dibenzoyl peroxide, dicrotonyl peroxide, bis(1-methyl-1-
phenylethyl) peroxide, dilauryl peroxide, peroxybenzoic acid, peroxyacetic acid, tert-
butyl perbenzoate, tert-amyl perbenzoate, peroxybutyric acid, peroxycinnamic acid, tert-
butyl péracetate, and the like and mixtures thereof. Excellent results have been
obtained with di-tert-butyl peroxide and it is currently preferred.

For example, alkylene oxides useful in this invention are represented by

the formulas:
. |

(R),C-CR?),
\/
0
. or
(R),C-CRI(CRY,)R'C-CRY;
\/ \/

0 0
R R



-4 - insolubilization-agent nol ecul e (hereafter "organo-al um noxane
conposition") where said organo-al um noxane conposition is |less soluble in
the solvent that said reaction takes place in. Exanples of suitable

i nsol ubi lization agents include, but are not limted to, oxides, peroxides
al kyl ene oxi des, organi c carbonates, organi c conpounds contai ni ng boron,
and di hydrocarbyl Group Il A netal conpoorfds. For exanpl e,

oxi des usefu] in is, laventi.on e those_nol ecul es where the o en is
free to real’Perf khi‘?f’ekg ?‘ﬁdﬁ@-"éjlugﬁﬁ 5 fram) tg‘é §TUR CORSISHAG ‘ééhyéffggéé}&?d

oxi des i ncl r bt : ind di oxi de.
For exanpl e%{ﬁgle@g{ffgecgnﬁgg?%F% %QS I gn%ﬂ({/n%g&lg?r}g)rqg’ ?éﬁ}gglgﬁ{ggﬂby t he

for mul a R} eExdniileeof hutablehadkydiradiegie includemietiRfleethyl, aropyl, istbutydyuabdnyylsel ect ed

o oup. Sons: SATERLISERF | BB ot e alense oxided Sefite esfelett RS 1 aci cal s
contai ni ng. grobfledd ofRELDD dhARGloRER! St Id el 1CRGRAKIALARE, and ror e

preferably 2 carbon atons, with the proviso that at |éast one of Rerr]
and Rl err] ¢wlohenontr axide, dyinethylchisiohexene bxide, andadixtmes thBreof. e Otlielr suitakild

Cut bl o et oiiEe Y i) gt R ol GRGB PRI RTBof 1wt

hydr oper oxi giedrostirbylGhdical Hakitly PR %Eé&lﬁm}]atoms, yis 1 or 2, and G is the glycidyl
2,5-dinmethyl™(2,5-di(tert-bu yltper oxy) hexane, tert-anyl hydropéroxi de,
(o

di - t er t - anygrospothie dermula o€ mhinhl foflewssxi de, di crotonyl per oxi de,

bi s(1-met hyl - 1- phenyl et W per oxybenzoi c
acid, peroxyacetic acid, tert- buty QD te, tert-anyl perbenzoate,

e
per oxybutyric acid, peroxycinnam c & 1‘{\‘%3 butyl peracetate, and the
i ke and m xtures thereof. Excellent resulfs have been obtained with

di-tert-butyl peroxide and it is currentlyy preferred. For

exanpl e, al kyl ene oxi des invention are represented by the
formul as: err
Examples of suitable glycidyl ethers include glycidyl isopropyl n-butyl ether, glycidyl
tert-butyl ether, 2,2-dimethyl-1,3 propanediol diglycidyl ether, and 1,4-butanediol
. diglycidyl ether. Alkylene oxides containing a total of 2 to 16 carbon atoms are
preferred, more preferably 2 to 12 carbon atoms. Propylene oxide is currently
preferred.
For example, organic carbonates useful in this invention are represented

by the formulas:
]

o
i

A
R7

R),C-CRY),
or

0
[
(R°0),C
]
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-5- wherein R err] ‘and Rlerr] are individually selected fromthe group
cansi sting of hydrogen and al kyl radicals containing 1 to 12 carbon atons,
Xx is 0to 12, preferably 0 to 8. Exanples of suitable alkyl radicals

i nclude methyl, ethyl, propyl, isobutyl, isoanyl, octyl and decyl. Exanples
of- suitabl e al kyl ene oxi des include ethyl ene oxide, propylene oxide,
2,2-dinethy|oxirane 1, 2- dinethyloxirane§‘1,2 di et hyl oxi rane, cycl ohexene

oxi de, 1-net h I ene m.xtures thereof, Oh UI t abl
al kyl ene. ot 0 P oNAL e B o i GG FORSIING SREETPEHESNE
wherein R %[H}Jl raﬁcé}s B&%ﬁ roy 10 é’éi‘b(ﬁ?ét?ﬁ‘@‘éh ®°% 54 &%cﬁ%&ﬁbﬁ%xcﬁf QEetedy 15 |

or 2, and Gi's the egC|d group, ornmul a of |ch

[err] Ercamtheegroup csmmtmgloé' a@tﬂ,mydbolall@t haeylsaratkyl, wid atityyaryldsalicalsopr opy!|

n-butyl |l yc tert-but i met.,hyl -1, 3 propanedi ol

di gl yci dyl q‘éi”ﬁégly *fﬂ%bﬁn B9Rsn e(ﬂ?kYE 9‘% ca%/ge strgjgtt hmelp%‘ﬁ’g“%si des

cont ai ni ng aaﬁ@uélomm&xe alkyPraaralRaRcIRAO IR IR, R, %@?iieﬁobmf $soafugi,er ably 2

to 12 carbon ons. Propyl ene oxide Is currentl y preferred

For exanpl ectybrgddecylc dixaomplased suitable brganic icarbonites/mclude 1, Jadioxolep2ement ed by

the formul 6(commonly named ethylene carbonate), 4-methyl-1,3-dioxolan-2-one kcomxlxonly named
propylene carbonate), 4,5-dimethyl-1,3-dioxolan-2-one, 4-(1-butyl)-1,3-dioxolan-2-one,
4,5-di(1-propyl)-1,3-dioxolan-2-one dimethy! carbonate, diethyl carbonate bis(2-

methylallyl) carbonate, dibenzyl carbonate, and diphenyl carbonate, and mixtures

thereof. Preferred organic carbonates are those wherein the carbonyldioxy radical is
attached to a terminal carbon atom and the carbon adjacent thereto. Propylene
carbonate is currently preferred.

For example, organic compounds containing boron, include organic
boranes, organic borates, organic boroxines. As used herein “organic boranes” will

. include all the following compounds'which are useful in this invention. Organic

boranes that are useful in this invention are those that are acidic hydrogen free (the
phrase “acidic hydrogen free” as used herein is intended to refer to borane compounds
free of acidic hydrogens such as hydroxy hydrogens, acid hydrogens, and phenolic
hydrogens) and that contain the following functionality.

or /

B——0——B




-6 - wherein Rlerr] and Rlerr] are individually selected fromthe group
consi sting of hydrogen and al kyl radicals containing 1 to 10 carbon atons
and R[err] is a hydrocarbyl radical selected fromthe group consisting of

al kyl, cycloal kyl, aryl, aralkyl, and al kylaryl radicals having 1 to 12
carbon atons. The al kyl radical can be straight chain or branched. Exanples
of suitable aIkyI radicals i ncl ude net hyl7,- et hyl , propyl, isobutyl,

i soamyl, oct Exampl es of suitable organic carbonat es i ncl ude
1, 3- di oxol a th 13 ééﬂ‘i’ﬁ‘ﬂ% VIHhetveen: thip| axyger alPBsnat e) |

4 5 dli et hyi - ‘i" 3 i opSANEs, S AT bt e PinRGIE S MR TG

4,5-di (1-propyl)-1, 3-di oxol an- 2- one di net hyl carbonate dleth | carbonate
bi s(2- methylallyl) carm-m car bonat e,
and m xtures thereof. Prefer % or gani ¢ car bonat re those wherein the
carbonyl di oxy radical is to a termnal/carb aton1and t he carbon
adj acent thereto. Propylmmgzgr bo QRSO)QH-Fo-@tIy pr ¢C@®

For exanple, organic conp taining boro |qﬁyade orgdhlc bor anes,
organi ¢ borates, organic bo es. As used here| rgani ¢ boranes” will
include all the foll ow ng congounds whi ch are useful in this invention.
Organi c boranes that are useful in this invention are those that are acidic
hydrogen free (the phrasesissmsiesesmsammay——————————— | S | Nt ended
to refer to borane conpounds_free of acidic hydrogens such as hydroxy

hydr ogens, aci d hydrogens, Mﬂ‘ﬂt contain the
fol l owing functionality. [err]

-7 - wherein Zis a bridgin it befween Qmo oxygen atons.




Exanpl es of such conpounds include'conpounds of the formula
0

[err]
[err]

and (Rlerr])[err]BOB(Rerr])[err], wherein [eSE:L]R[err]

i ndividually sel ected from hydrogen and

-8 -
and (R'%),BOB(R'®),, wherein each R is individually selected from hydrogen and
hydrocarbyl radicals, preferably aryl or alkyl radicals having 1 to 20 carbon ato;ns; n,
m, and r are integers preferably in the range of 1 to 10; each E is individually selected
from C, Si, Ge, Sn, B, Ga, In, P, As, and Sb with the proviso that at least one E is not
C; and X is selected from hydrogen, hydrocarbyl radicals having 1 to 20 carbon atoms,
halides, hydrocarbyloxy radicals having 1 to 20 carbon atoms, and -N(R'), radicals.
Some specific examples include catechol borane, diphenyl borinic anhydride, dibutyl
borinic anhydride, trimethylene borate, methyl catechol borane, trimethylboroxine and
the like, as well as mixtures thereof.

For example, dihydrocarbyl Group IIA compounds useful in this
invention are represented by the formula (R'"),M" where R is a hydrocarbyl radical
having from 1 to 20 carbon atoms and M' is a Group IIA metal preferably selected
from the group consisting of beryllium, magnesium, calcium, and mixtures thereof.

Further information concerning some of these insolubilization agents can
be obtained from U.S. Patents 5,354,721 and 5,436,212.

_ The solvents that can'be used in this invention can be any suitable
hydrocarbon solvent, such as, for example, aromatic and aliphatic solvents. However,
it is currently preferred if the solvent is aliphatic, more preferably paraffinic.
Additionally it is preferred if the solvent is a liquid at a temperature between about
0°C. to about 175°C., more preferably 50°C. to 150°C., and a pressure from about 0
psia to about 1000 psia. -

The first step in the inventive processes to produce organo-aluminoxane
compositions is to desiccate a first mixture that comprises organo-aluminoxane
molecules intermixed with a solvent to produce a first composition that comprises
organo-aluminoxane molecules. This can be accomplished by several different
methods.

One method is to take a mixture that comprises organo-aluminoxane
molecules and a hydrocarbon solvent, and drying this mixture until substantially all of
the hydrocarbon solvent is removed.

Another method is to take a mixture that comprises organo-aluminoxane
molecules and a hydrocarbon solvent, and precipitating the organo-aluminoxane

molecules, followed by filtering the precipitated organo-aluminoxane molecules from

is



hydr ocar byl radicals, preferably aryl or alkyl radicals having 1 to 20
cdrbon atons; n, m and r are integers preferably in the range of 1 to 10;
each Eis individually selected fromC, Si, G, Sn, B, G, In, P, As, and
Sh with the proviso that at |least one Eis not C, and X is selected from
hydr ogen, hydrocarbyl radicals having 1 to 20 carbon atons, halides,

hydr ocar byl oxy radicals having 1 to 20 e&rbon atons, and N(R[err])[err]

radi cal s. Sone specific exanples i ncl ude c cha di phenyl borinic
anhydri de, 8¢ M@Sﬂ"’a@SPlsﬂ vents nHs methed cap b ?%’Y gﬁ&’é’f éeS“FFéPF%flsuﬁléP%c hol

borane, trigpe g@#@g Eﬂﬁ the |like, as well as mixtures thereof.

For exanpl e, rocar up Il A conpounds useful in this invention are
represented by the fo@unnd:mly( Rpcmnm] Jriyimgrih Kiecpreferrath enathdd eff ddsiccating the first

hydr ocar byl radical having from1 to 20 carbon atons and Merr] is a G oup
1A netal p‘PBWJFabI y selected fromthe group consisting of beryllium
magnesi um cal cium ands i, n%&dﬁ?x?ﬁ; ﬁ&@ﬁﬁ?(whfle a substantial portion A thd'Sdivent is

i nformati on concerning so these 1 nsolubil1zation agents can be
obt ai ned f rremoledsfroRabeing sn Soraot withithe orgahp-4BfiniadRme molecules, during thisTfiest

sol vents that can ed.in thi venti on can be any suitabl e hydrocarbon
sol vent, s utep. 20t aﬁ&f% eé’lss&?rgf’lr?,m Y?a al i phatic sol vents. However, it
i's currently preferrevlzmtaptr&ﬁx 'm@ﬁ}sﬂcs ﬁw&é%ﬁmﬂﬁm@&%@wa{d

paraffinic. Additionally it is pre erre the solvent is aliquid at a
t enper at ur einpestioncn catryout ¢ds firsd steb duthelptéence aba W&h@rm&ﬂw&@[@aﬂh@ to

%ﬁgcf [ rg?ds‘? rqe- U e f rogl}??bo : B ‘E?DSI ety agouhﬂé’e a&f@ﬁ%n&f% noxane

conposi ti OnPypl&ltﬁrtiHﬁﬁdt&ﬁﬁie?laﬁ ihéladd, bﬁ% e Hof Iﬁ'rﬁ‘l%& t&%@l‘i irR@Sanic materials as
or gano- al umi noxane nol ecules intermxed with a sol vent to produce a first

conposi t i orﬁlhmahumnp,ralwamum phosphate, silicaakumioa, tishnie, Kaokin, foimed silina, blays,

acconpl i shed By SEVE r al t&fer nt met hods. One nethod is to

take a m xt¥PE*thdt or gano- al um noxane nol ecul es and a

hydrocar bon sol vent, Wsdébﬂd&ﬁpiﬂ‘th’é ifentivé ﬁrdé&iséd tos;sfbaﬁ@rthe dfdavoal | of the

hydrocarbon sol vent is renoved nethod 1s to take a

m xture th umm%mese@nmsgtmeaalt@mm&mﬁ@t emnmsmoew@na salvnxytcmmradmra

sol vent, 1 I d by

filtering t n‘%e prec %lﬁllteta%]% m gané&gﬁ%%%wgm %8%8@% E'g&lfaqgﬁ? ek MR
second mixture can be a slurry or a gel depending on the desired consistency.

r-»_)

Currently, the preferred solvents are linear, branched, and/or cyclic alkanes which are
liquids at temperatures from about -80°C. to about 175°C., more preferably 50° to
150°C., and pressures from about 0 psia to about 1000 psia. Suitable example are
pentane, hexane, heptane, octane, nonane, decane, isobutane, isopentane, isohiekane,
isoheptane, isooctane, isononane, isodecane, and mixtures thereof.

The third step in the inventive processes to produce the organo-
aluminoxane compositions is to contact said second mixture with an insolubilization
agent to produce the organo-aluminoxane composition.

It should be understood that steps two and three can be conducted
sequentially or they can be conducted simultaneously. These steps can be conducted
simultaneously by mixing the solvent to be used in step two with the insolubilization
agent before mixing the solvent with the first composition. '

While contacting the second mixture with the insolubilization agent, it is
within the scope of the invention to carry out this third step in the presence of a

particulate material so that the organo-aluminoxane-insolubilization-agent-molecules



-9 - the hydrocarbon solvent. This nethod can be followed by further

desi ccating, such as, for exanple, vacuum drying. Currently,
vacuum drying is the preferred nmethod of desiccating the first m xture.

It. is inportant to note that while a substantial portion of the solvent is

renoved frombeing in contact with the organo-al um noxane nol ecul es, during
this first step, not all of the solvent- Hbeds to be renoved.

Whi | e producing the first conposition, is within the scope of the

i nvent i on thgceme intenmixed with the pgqtlcglg@gnatﬁnqlh elypicak pardigulate materials iwawldit e

mat eri al es becone interm xed with
the parti Cﬁp&lpgé nﬂé“?gfei (ﬁqﬂﬁlm@g}h% &[@S%%gt aterials incl ude, but are
not limted to, such Thofegeivncofthé ﬁfsbmbﬁlzaﬁoxsagencmthahmmm aRiminoanen

phosphate, silica- al um na, tltanla kaol i n, ilic ysS, zeolltes
and m xt ur €apihercagried out m any suitable manyes. élt&mﬂ 8&54%%“% Etff ¢ isipaply

processes tﬂv@?%%@%hgg 8 en%m@Siﬁ&Q ﬁigesomﬁposmlons is to mx the

first conposi 0 pro uce a second mixture that conprises
or gano- al um noxane er'I‘Imcaxhamt@Iﬁdmsmsaluhhkatmntageﬂﬂmlﬂepdnéianwa(tmthe can be a
slurry or a gel che endi ng on the desired congi stency. rrent t he
preferred sBBWN ang F@hYafY@F’%Fn%  TARER ACNENE [Upen Wﬁeélﬁtsare

| i qui ds at f - ‘%K?A

preferably %egi Ffe#érg%ot[ler r , aoﬁ reiel"gsdgﬁr é%gflgﬁ%bou gfgéllgaabtoo about
1000 psia. dugi mablte abmimiﬂOé moles panhalae;,f ﬂmekmdmandxepgmu,qxeﬁmb@neboundnane
decane, i sobutane,

i sodecane, BAWS iR ;ﬂftmtggst pseapcli%)oggig?e erably,sggepér fepﬁ?iﬁfg A qur{slﬁgonane

i nventive quﬁ&ﬁ Pioeguce the organo- al um noxane conpositions is to
contact sai secong m xt L%Qe with an insolubilization agent to produce the

or gano- al um noxane co%qnhsorgammlummoxane coriipositiond wilk ho shithbleeinusharey st ood t hat
Shops V0 A e £9 e, COLNEl R, SRauenl al L at ey can be eopgiet o
sol vent to fgameed chtaly%i Eap MRt vhifh A}t o e tr&iti R metal-containing
olefin polymerization catalysts. Some examples of such transition metal-containing
. catalysts are disclosed in the previoﬁsly mentioned U.S. Patent 3,242,099. The use of
more than one such catalyst is also possible. It is preferred if the catalyst portion of
the catalyst system is selected from transition metal compounds of metals of Groups
IVB, VB, and VIB. Examples of the transition metals thus include zirconium, titanium,
bafnium, and vanadium. Such compounds can be represented by the formula M*X_
wherein M? represents the transition metal atom and X represents a halogen atom or an
organo group, and n is the valence state of the transition metal. Some illustrative
examples of such transition metal compounds include vanadium dichloride, vanadium
trichloride, vanadium tetrachloride, vanadium pentafluoride, vanadium triiodide,
titanium tribromide, titanium tetrachloride, titanium trichloride, titanium tetrafluoride,
titanium tetraiodide, titanium tetrabromide, zirconium trichloride, titanium tetrafluoride,
titanium tetraiodide, titanium, tetrabromide, zirconium trichloride, zirconium
tetrachloride, titanium tetraethoxide, titanium tetrabutoxide, zirconium tetrabutoxide,
dicyclopentadienyl titanium dichloride, dicyclopentadienyl zirconium dichloride,
cyclopentadienyl dimethy! (t-butyl amido) silane titanium dichloride, and the like.
It is more preferred if the transition metal catalyst component comprises

a metallocene. Examples of metallocenes include compounds of the formula ML,



agent before mxing the solvent with the first conposition.

Wii |l e contacting the second m xture with the insolubilization agent, it is
within the scope of the invention to carry out this third step in the
presence of a particulate material so that the

organo- al um noxane-i nsol ubi | i zati on- agent.- nol ecul es

- 10 - becone internmixed with the particulate material. Typical particulate

materi al s [ . I 4T] 1 04 : tdoBREh ve.

The reacti %tﬁgﬁggfgﬁ?@gpﬂ% I%aé{eqﬁéeegml%%hg%{g?g%%-dgﬁum rﬁ%gg)ne can

be carri ed tiutransiticinnetal compherdiraihRas anQilkylfizayli skelletonl thecwhérrIalblcan bechni que
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or gano- al um W dj : kcul ar
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range of frenRaarhon aoes,talegehcordiydudgen Al xrid the vplencenaf the dfansition metal.

i nsolubilization agent, preferably about 2 poles to about, 50Q, nol es, and

nore pref e%?ry‘?xaﬁi’i‘?ﬁ inclyde the W%@%P%E@Srmﬁ%‘i@e%s supks 8% disclopedain; on

agent . UF' Patent No. $H§P4® 9ano- al um noxane conpositions wll be suitable
y

in slurry polynerizatidn reactions. Accordingly, the organo-al un noxane
conposi tions shoul d IEhesterm &hlkpldienyksiteletorS'tis nterged do irscludetsuclnigandsrdser  of

the transitigon netagl-co i ning ol ef ol yirer| zation, catal ysts, .Sone

exanpl es ofcy'(é)lﬁE?Pt?ﬁﬁ‘Héi f‘%ﬁ?"hﬁﬁ‘éﬁe@&% Pi%"r‘l%‘lﬁ‘ﬂ:ﬁ?‘%?%f% s'é??‘(?\gcﬂlgtéylos ed in the
previ ously | . P : , D! MRt an one such
catal yst i g%a@%&%:ggnﬁ b%e\}.'l %ﬁ)?tsmtg‘?gég’rgggtyll y‘?@?@%&%&/st ep%%‘t ion of the
cat al yst syytlepentadiem] cpintaindthyd roytiopersadienyh, andtthd likonPthendsamplesrof atch of

G oups | VB, VB, d VI B. ampl es of .the transition metals thus include
zi rcgni um W?]Pﬁlrlf?@ﬁ?nyhgs?ﬂ%ﬁ{‘ng‘é%ds‘\% Wﬁd'ﬁfl %ﬂﬂ’ﬁ@%ﬂﬂ%@%@* Kot uoaguy(fs,
repr esent edetpinytifiindeay bt HeQike] MaaiplesIanel RetiSdehbs HRRHRERBA tn US

transition netal atoniand X represents a halogen atomor an )
Patent 5,091,352. Some specific examples include bis cyclopentadienyl zirconium

dichloride, bis(methylcyclopentadienyl) zirconium dichloride, and bis(n-butyl
. cyclopentadienyl) zirconium dichloride.

It is also preferred to have two of the L groups be cycloalkyldienyl-type
groups which are bonded togethef by a suitable bridging group. Some such
metallocenes are referred to herein as sandwich-bonded metallocenes. The term
“sandwich-bonded metallocenes™ is used herein to indicate that the metal of the
metallocene is sandwiched between two opposed cycloalkyldienyl portions of-the
bridged ligand. Some examples of bridged sandwich bonded metallocenes include 1-
(9-fluorenyl)-1-(cyclopentadienyl) methane zirconium dichloride, fluorenyl
cyclopentadienyl dimethyl methane zirconium dichloride, 1,2-bis-indenyl ethane
hafnium dichloride and the like. Metallocenes also include so-called “half-sandwich-
bonded”. Suitable examples would be (1-fluorenyl-1-cyclopentadienyl
methane)zirconium trichloride, cyclopentadienyl zirconium trichioride, and indenyl
zirconium trichloride. |

It is also preferred to employ the solid organo-aluminoxane-
insolubilization-agent-composition in combination with the third generation supported
high activity transition metal containing olefin polymerization catalyst. Some examples
of typical high activity solid transition metal containing olefin polymerization catalysts



"organo group, and n is the valence state of the transition netal. Sone

i 'lustrative exanples of such transition netal conpounds include vanadi um
di chl oride, vanadiumtrichloride, vanadiumtetrachl oride, vanadi um
pent afl uori de, vanadiumtriiodide, titaniumtribrom de, titanium
tetrachloride, titaniumtrichloride, tié niumtetrafluoride, titanium
tetrai odide, titaniumtetrabrom de, zifcobniumtrichloride, titanium

tetrafl uor t n L ol O de, zirconium
trichlori diell%ﬁiidlerticlé%l %&U@&ﬁ%ﬂ,ﬁ%& ?’g?ﬁj%ﬁ %Igc%gg{ %Tfm de, titanium
tetrabut oxi de, zircomiymlsogirefelred foxpxdpme dﬁygdlﬁﬁ&ﬁﬁeadbﬁmthtalysﬁ ani'um

di chl oride, dicyclopentadienyl zirconiumdichloride, cyclopentadenyl

di met hyl ( EoBpesHon By gembiaingthe tensition metadicompeentiand tis preane-alyminoxane

ret i 1 acent st oionopnnai il el Bt B A e O R § il 2

M err] L[ er ptepolymerized solid, which can be sued later.
wherein Merr] is the transition netal, at | east one is a |gand WhICh
is coordinated to thdhepasichlar pelymerization sepditians eraplewdw%ﬂw Xﬁenyl

skel et on, I nyl
skel et ons, Lﬂ?ﬁﬁ o‘@gr B%aﬁa'rag'gllﬁga séﬁgx\% é\%gﬁst 0 1%2&%@%@2 \gk’ ‘?)]Igrrsﬂi% ﬂ% ﬁ' Y
radi cal s heesultgdésifed. Theaatid ofthetteansition imdtal @utalystth thalselidasgang 6 to 12

carbon atong, .hal o hydr ogen, .and x is, the val ence qf th transition
met al . ahmgégmﬂ%v%@qwmw&edep SPHYCHRE 9lBEenes such

as discl Osgéﬁ sgdelf.dét OePr@é\ﬁ@t ﬁ?czaﬂ?h&]e atomig ra jo falum A€ it BleBrgano-

"al kyl di en n" 1S intende suc |gan S as

cycl opent adluemmxanalchmbesmmw mumdsui(yxc hmtuhliﬁ mche pyrige od rabomtn]dk te dbdutas
met hyl cycl eth cy nt en n- bu cycl opent adi enyl ,
di net hyl 9@‘5@2@ Pbo%ﬁﬁﬁléﬁék’ﬂ 096&1 ﬁﬁn’ﬂ’ﬁfﬁ ablSéﬁBOLF RO/ foxe.

Q her exang, ﬁ_ﬁ 1@50@/‘1'Ch cycl oal kyl di enyI | i gands i ncl ude substituted and
unsubstituted indenyls or fluorenyls, tetrahydroindenyls, and the |ike.
Exanpl es of such net &xkmplesef seme mbnememsSerpolpmeriftion include ethylene and

alpha-olefins having 3 to 20 carbon atoms, such as propylene, 1-butene, 3-methyl-1-

: butene, 3-methyl-1-pentene, 3 ethyl-1-hexene, 1-hexene, 4-methyl-1-pentene, 1-octene,
1-hexadecene, cyclopentene, norbornene, styrene, 4-methyl styrene, vinyl cyclohexane,
butadiene, and the like and mixtures thereof.

The present invention is particularly useful in slurry type polymerizations
since it allows one to carry out such polymerizations more effectively than has
heretofore been possible. A particularly preferred type of slurry polymerization
involves the continuous loop reactor type polymetization wherein monomer, feed,
catalyst, and diluent, if employed, are continuously added to the reactor as needed and
polymer product is continuously or at least periodically removed. Generally in such
processes, ethylene is polymerized in the presence of a suitable liquid diluent, a higher
alpha-olefin comonomer, and optionally hydrogen. The polymerization temperature can
vary over the range which will allow for slurry polymerization. Often the slurry
polymerization would be conducted at a temperature in the range of about 50°C. to
about 110°C., although higher and lower temperature can be used.

EXAMPLES
A further understanding of the present invention and its objects and

advantages will be provided by referring to the following examples.



Patent 5,091, 352. Sone specific exanples include bis cycl opentadi enyl

zi rconi um di chl ori de, bis(nethylcyclopentadienyl) zirconiumdichloride, and
bi s(n-butyl cycl opentadi enyl) zirconium dichlori de. It is

al so preferred to have two of the L groups be cycl oal kyl di enyl -type groups
whi'ch are bonded together by a suitable g%idging group. Some such

met al | ocenes are referred to herein as Sandw ch-bonded netal | ocenes. The
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methylaluminoxane and the 0.15 grams of methoxy boroxine.

A slurry was obtained by mixing 502 mg of the final white solid with 20

mL of toluene. This shurry was then agitated for 30 minutes. The resulting slurry was

. then mixed with 10 mg of (n-butylcyclopentadienyl)2 zirconium dichloride. This
mixture was then stirred for 60 minutes and then dried under vacuum to obtain the
catalyst system.

This catalyst system was then evaluated for activity in the polymerization
of ethylene under sturry polymerization conditions. The polymerization was conducted
at 90°C. in two liters of isobutane in the presence of hydrogen in an Autoclave
Engineers reactor. The partial pressure of isobutane and hydrogen was about 225 psi
and the partial pressure of ethylene was about 225 psi. The polymerization was carried

out for one hour. The activity was 2.61 x 106 grams of polyethylene per gram of

zirconium.

EXAMPLE TWO: COMPARATIVE EXAMPLE THE USE OF
ORGANO-ALUMINOXANE IN POLYMERIZING
ETHYLENE

To 6 gallons of hexane, 7.3 Ibs of a mixture of 10 weight percent
methylaluminoxane in toluene was added, the resulting mixture was stirred for one
hour. Then a 300 mL solution containing 48.7 grams of trimethoxyboroxine was added

over a one hour period. The resulting mixture was allowed to stand overnight. The



The particul ar polynerization conditions enployed using the catalyst
conpri sing organo-al um noxane conpositions can vary dependi ng upon the
particular results desired. The ratio of the transition netal catalyst to
t he solid organo- al um noxane conposition can vary w dely dependi ng upon
the particular catalyst selected and the sesults desired. Typically, the
atomc ratio of alum numin the organo- 5{um noxane conposition to the

transition AGEmaS r rably
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the Ii kfa alrtdeﬁhybalummel _xadelan daoifiene was add?d the resulfing npkmsenas _sﬂweﬂlml?drmmel s
particul ar useful in slurry type polynerizations since allows gne to
carry out ek %ﬁeﬁ%ﬂ ﬁ@ﬁﬁp@m&%ﬂ?mqfﬁame PEIng s Adgekn
possi bl e Aapldet ot biridd oThE &@Qu{.% fixfifo ShillinedIBl $ITB AR LOraildRea ves
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optional ly hy rogen he pol ynerization tenperature can vary over the range
which will allow for ”Ehmcatylyptodyyu&mrwmﬂxemnvam}&ccbfortah'em i thy pobyimyerizatierat i on

woul d be co t.ed at.a {enpe ure.in t an of ., about .50[ e rr
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EXAMPLES gt 90°C, in two litefs éﬂirséﬂﬁ%elh@@férﬁr%s%ﬂdé Bﬂhﬁrogdﬁein%emeélawvent ion
and its objects and advantages w || rovided by referring to the

fol | owi ng cbimgiptessreactor. The partial pressure of isobutane and hydrogen was about 225 psi

and the partial pressure of ethylene was 225 psi. The polymerization was carried out
for one hour. The activity was 1.03 x 106 grams of polyethylene per gram of

zirconium.



- 13 - EXAVPCE ONE SYNTHESI S OF ORGANO- ALUM NOXANE | N

ACCORDANCE M . ION AND I TS USE | N
, A 200nmL m xture that conprised
s ht percent)- agd trinethylal um num and tol uene,

POLYMER! ZIf (S TR
met hyl al um*noxane

was dried under vacuumto obtain a solid. A 3 gramportion of this solid
was slurried in 25n. of toluene, un gen, to obtain a

met hyl al unj noxane m xt ¢ ' f 5 - Of oﬁ?ﬁo xi ne and
6 nL of tol'uene was écﬁéae%sst @rﬁq@Uﬁgtaﬁyqrgﬁ%d%ﬁgﬁ%&rﬁ Xt urgi(e%ﬁ’vg@[cg time
peri od of domigrisesti nutes. After this time period, the resulting conposition

was stirred at room erature for one hour ang hen filtered, A white
solid was obtai ned, (\[ibﬁir%ﬁmw&@gt At %ﬁ%dw&ﬁ”lrpﬁa tfH‘Et THXTHEEOMPTISEHd t hen

dried undegro¥@fiuitdxaf@ moldehie int ity xiss{vémpio PRdR& ek vas obtai ned
based ont hé wei ght of the 3 granms of methylalum noxane and the 0.15 grans
of met hoxycompositionewhere said first compositios lcompyisesasgaiotaumaxxine moleculgs;502 ny
of the final white f@il d.with.%g nL of toluene. Tpis slurr% was thcfn
agitated for 30 m nuPbsTiHE LG Ermpotian ViR aaoleRch P 2eredo my of
(n-butyl cygixeenivaeieand seéondl mB@Rt ¢Bingtisds| RgdndluntitbRan® MbleEey\aR] $diEN
stirred for 60 m nutes and then dried under vacuumto obtain the catal yst
system second solvent; amiihj s cat al yst system was then eval uated for activity

in the polynerization, of ethyl ene under .sl urr ol. nizat.i on conditions.
The pol yneri zati on V\@% @ %ﬁ%i@b‘?ﬁ co F’é’fﬂ@@ﬁ“%&bﬁzghgn%eﬁ%but ane in
t he presengedede smdjét(gg@aamﬂﬁmdﬁﬂ@mn_ﬁgi neers reactor. The parti al
pressure of isobutane and hydrogen was about 225 psi and the parti al

pressure od ethyl eneAwaeceshisgerdmestorsdaim fhshesein yaid rsteps (bban aarri ed out

21 cont um CAPSRT sty ittt il st dp R e B0 R o
ORGANG- AL LhéfddertiiNing did$dcond-blvant\Grith the first composition. ETHYLENE

To 6 gallons of hexane, 7.3 Ibs _of a mxture of 10 wej ght percent
met hyl al um-noxane i P PBPEERSCORINgtaHaim | pe2, wherrin; saigl FAIACHPE has stirred

for one ho ﬁqJ |- .ning 48.7 grans of
trimet hoxy OF%%%EI %5}9%8% ov@hgﬂ%%%%iuag period. The resulting m xture

was al | owetl to st andA eveess gobrdinghe any one of claims 1-3, wherein said desiccating

comprises vacuum drying.

5. A process according to any one of the preceding claims, wherein said
desiceating is conducted in the presence of a particulate material.

6. A process according to any one of claims 3-5, wherein said particulate
material comprises silica.

7. A process according to any one of the preceding claims, wherein said
insolubilization agent is an oxide, a peroxide, an alkylene oxide, an organic carbonate,
an organic compound containing boron, or a dihydrocarbyl Group ITA metal compound.
8. A process according to any one of the preceding claims, wherein the

solvent used in step (a) and/or step (b) is aliphatic.

9. A process according to claim 8. wherein said aliphatic solvent is
paraffinic.
10. A process according to any one of claims [-7, wherein.the solvent used

in step (a) and/or step (b) is a linear, a branched. or a cyclic alkane which is liquid at a
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n decanted and the solid material was washed and
then dem m E\.TSG percent was obtai ned based on the wei ght of the
331. 4-9 um noxane and the 48.7 granms of methoxy boroxine.

To 6 gal I orrs of hexane, 7.35 Ibs of a pgxture of 10 weight percent

met hyl al um noxane [ toI uene was added, the resulting m xture was stirred
for one ho&mPerRNER of fepmabaut $$0°[: taspbaub h{ HiCaiong a@es;urgro&‘ﬁgor%pbout psia

tri met hoxy, Oib%ﬁt'i'@() aadded over a one hour period. The resulting m xture
was stirred for 3.75 hours and allowed to stand overnight. After
re-agitatihlg for 15 Aiprotessaccardid@tondlailek@neheseihuhd solvendid péntineghekad, gr anms
(n- butylcycl ent d|e |rcon| m di ¢hl ori de s added over about a 1
hour peri o ”%?‘g‘“'j ARG S ?“%t‘?‘?ﬂ‘é@“‘? qu’leﬁ"t“}?e i Beptane

This catal mcmes iseaamg i%&B%BarﬁV&l & @i Qdrd &Fax@cmovartmoferbftéam &%ﬁ&er | zati on

of ethyl ene under sl urry pol ymeri zation condi'ti ons. The polynerization was
conduct ed B 90[ err]&. primss ﬁcm plulmegfam clefintwitich comptises prergiag oat tfe

hydr ogen in Au ocl. a n i nee reactor. The partial pressure of
i sobut ane %1 88&\ Bubt 2 %%’éﬂ“’mw{%ﬁ‘p%ﬂ T 8% e of
ethyl ene V@mpzﬁﬁloaspmd&a@ b @l progsd gctbokdiy Véﬁ&ycé’deréﬁﬁe Rkdcediff ciy@s.hour . The

activity was 1.03 x 106 grans of polyethylene pe ram of zrrconium
13. A process according to claim 12, wherem said olefin is ethylene,

propylene, 1-butene, 3-methyl-1-butene, 3-methyl-1-pentene, 3 ethyl-1-hexene, 1-
hexene, 4-methyl-1-pentene, 1-octene, 1-hexadecene, cyclopentene, norbornene, styrene,
4-methyl styrene, vinyl cyclohexane, butadiene, or a mixture of any two or more of
said olefins.

14. A process according to claim 12 or 13, which is conducted under shurry

polymerization conditions.
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CLAI M5 1. A process to produce organo-al um noxane conpositions,
sai d process conprising: (a) desiccating a first m xture,
where said first m xture conprises organo- al um noxane nol ecul es i nterm xed
wth a solvent, to produce a first conposition, where said first

conposi tion conpri ses organo-al um noxane nol ecul es and where said first

conposition is a solid,; -17b) mxing said first conposition
with a solvent to produce am:ﬁ , r jjd second m xture
conpri ses organo-al um noxan nt; (c)

contacting said second m xt ure Wi th an insolubilization agent to produce
sai d or gano- al uni noxaPRICE R AROBHEING AN ORGANO-ALUMINGXANEqcess according to

claimi, wherein said i/fS% BﬂquEﬁR QWFé@‘e?\qugRr&FﬂF%drocar byl Goup I1A
Tetal oomRound. 8. Progesses are RoRBAPGAEpRAGY - NAnElAME domyliRIRLD, al ¢

solvent is aliphatic ocess dccording to Wwher ei n
sai d sol veiSaid propessed ¢dmprise: desiccating a ﬁrst muﬁumr whessadcﬁ:nst hiixtgret contdrizesn 1,
wherein sai d desiccatin i ses _vac in A process
accor di ng P&Wﬁ%ﬁ’“ﬁe‘fl&nﬁﬂ?ﬂmg‘?% 7?% 2 RS &LIh ¢ he presence
of a parti ¢Hpbstis®twhdrékaid first composition conﬁ:rﬁh&@@&%ﬁo—&ﬁﬁﬁﬁ&hﬁs nidleculadi M 6,
wherein said particulate material conprises silica. 8. A process

accor di ng mixingasaid first gprapesitionswitiia selvensrie preduse aéecmé mixse.t wherg saidp

Femer at ur S0pE gARSss sPEBRGE SeepE s RehE SRS A U ool chbkitR, 01
about 0 psissidtsecdridomixtire GAtPs ndolubilization agent to préduee Gaidgawelttinogarde cI aim

1, wherein said sol vent | s selected fromthe %iougaconm $t| ng of pentane,
hexane, heﬁP@ﬁ%sm%‘E,st M POITRFFEAROD RTECSAH ESING 358 t CIBPRAEE AR OT84%phexane,

i sohept ane 414nSA ﬁgwmvﬂbﬁgg@cane and m xtures thereof. 10.

A process accordi ng topg erein said steps (b) and (c) are




conduct ed simultaneously by mxing the solvent to be used in stepgghi-pateh
the insolubilization agent before m xing said solvent with the first
conposition. 11. A process according-to claim1, wherein said

contacting is conducted in the presencqsof a particul ate npterial—32—

A process according to claim 11, wherein said partlcul ate ma

conprises silica. 13. A process accordi ng ;‘!ﬁu @A“ﬂ‘e

said insolubilization agent is an oxide, where said o t hose
nol ecul es wher e oxygen is free to ¢egactMgth the organo al um noxane _

mol ecul eg. 14. A process according to claim13, wherein said

oxi de is{del ected fFbRfachs t@rnsesbxce@r&amgtai%n@xane&pmﬁmmﬁmd@rmas car bon
di oxi de. ch A process according to claim1, wherein said

i nsol ubi i g{p Slﬁgagent is a peroxide where said peroxide is represented by
the formyl a R err] OQR @dsickatingadirtinixtad, dh&e@ﬁdh@ﬁ&t&i&bﬁﬂpnaés%rgaa@ vidual l'y
sel ected|fromthe group consisting of hydrogen, hydrocarbyl, and ;
hydr ocar ca&t;mmpame@mlgm%@ intereiged wile solEenito n@de@m%ﬁr& qomogmomvmere

w e o | PGS coRsSi rordified on%m?%%?dﬁ?@ana F Rl PR SRR R D1 o

hydr ocar Eﬁm)ﬂposmﬂnd:saisolﬂiﬁ process according to cI aim 15,
wherein gaid R[err] d R[errg1 ontain carbon atons.
. A procesg accor di ng ’E‘P‘é‘i‘%r? %nﬁ’%@mé?ﬁu% R otyept B’nEFW{“'é’r% f“@%‘ht ain 1

to 12 car Q erein

said R err bl?&t&govg?err dg?cgn tut% gﬁlgﬁ%é%fﬁg ‘gfugg%&rnby 163,3%% a.\M119.

A procesg sabent;ding to claim 15 wherein said peroxide is sel ected fromthe
roup corsi sting of diethyl .peraxide, .diacetyl. peroxi tert-but

ﬂydr 8per dxi de, gi - téﬁt‘-"ﬁ%"f?ﬁg }%‘ﬁo‘f? mixtre wit] & “‘S"H‘%lhzaﬂon agent}{o

2, A metiyloahce sﬁi@dr@in%@nﬁ%ﬂﬂ%%%&h&&% ane, tert-anyl

2. A process according to claim 1, wherein said insolubilization agent is a

dihydrocarbyl Group IIA metal compound.

3. A process according to claim 1, wherein said solvent is aliphatic.

4, _ Aprocess according to claim 1, wherein said solvent is paraffinic.

5. A iarocess according to claim 1, wherein said desiccating comprises
vacuum drying. _

6. A process according to claim 1, wherein said desiccating is conducted in

the presence of 2 particulate material.

7. A ﬁrocess according to claim 6, wherein said particulate material comprises
silica. g
7 8. A process according to claim 1, wherein said solvent is selected from the

group consisting of linear, branched, and cyclic alkanes which are liquids at femperatures
from about -80°C to about 175°C and pressures from about 0 psia to about 1000 psia.

9, A process according to claim 1, wherein said solvent is selected from the
group consisting of pentane, hexane, heptane, octane, nonane, decane, isobutane,

isopentane, isohexane, isoheptane, isooctane, isononane, isodecane, and mixtures thereof,

10. A process according to claim 1, wherein said steps (b) and (c) are
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hydr oper oxi de, di-tert-anyl peroxide, dibenzoyl peroxide, dicrotonyl

per oxi-de,.

per oxybenzoi ¢ acid, peroxyacetic acid, te¢ _
“perbenzoate, peroxybutyric acid, peroxyg.hnamc a
and m xtures thereof 20. _

sai.d insol
-17< al
0

Rl err]

atkyl rad
A process
fromthe ¢
octyl,
said R ert
of hydr ogg
8. 23.

oxide is {
oxi de, 2,73
cycl ohexer

ducted simult8neously by mixin
ar aciorrllc}licvi dfjal 'y soels gctyegmflr%

43

angl ¢

bi s(1- nethyl -1-phenyl ethyl) peroxide,
tert-butyl

di | auryl peroxide,
per benzoate, tert=anyl

c ] I ger acet at e
LA
ubilization agent is an O“*muc m nl s %

wherein
kyl ene oxi de, . where al kyl ene oxide is represented by the fgnnulas
' 0 rein:saj . nd . o
rﬁh i ﬁoelvg?tott?\;)\ggéﬁéscpé’?i%{r\eg @%%&/ﬂd}%geh and
érsobilization agamntbdforeanikhigsaidisolvest witts the)ﬁr&'t&o&gbﬁti?;ﬁ. 21. I |
cording to claim?20, wherein said_ alkyl radicals are selecte
up consi S PRREESS ACRERiRg fo claimnl, mhef%wf( contagimgy eondpeseding | ,
KEsdence 8f a particulate matefiaPr 0Cess according to claim 20, wherein
] and Rlerr] are individually selected fromthe group consisting
pi2and al kylA paebiessabeonting & mlaig 11, twhetéincsaid partizhiaftSmaterikls 0 to
. A.1 rocess according to claim20, wherein said alkylene "
SPERTEE 5 B’&m the group consisting of ethylene oxide, propylene
-191 met hy | 0X $rR8&s adoordinglio BBl Rhkfed\Giid ﬂasrﬁﬁﬁ’ﬂi?&tf%lagédt"i e
e oxi de, 1-methylcycl ohexene oxide, and m xtures thé&reo
oxide, where said oxide consists of those molecules where oxygen is free to react with the

A process acc

organo-aluminoxane molecules.

14. A process according to claim 13, wherein said oxide is selected from the

group consisting of carbon monoxide and carbon dioxide.

15. A process according to claim 1, wherein said insolubilization agent is a

peroxide where said peroxide is represented by the formula R*OOR?, wherein said R? and
R? are individually selected from the group consisting of hydrogen, hydrocarbyl, and
hydrocarbonyl radicals selected from the group consisting of alkyl, cycloalkyl, aryl,
alkenyl, and alkynyl radicals containing 24 carbon atoms, with the proviso that at least one
of R? and R? is a hydrocarbyl or hydrocarbony] radical. .

16. A process according to claim 15, wherein said R? and R® contain 1 to 18
carbon atoms. h

17. A process according to claim 16, wherein said R? and R? contain 1 to 12

carbon atoms.

18. A process according to claim 15, wherein said R? and R® are both
individually hydrocarbyl radicals.

19. A process according to claim 15, wherein said peroxide is selected from
the group consisting of diethyl peroxide, diacetyl peroxide, tert-butyl hydroperoxide, di-
tert-butyl peroxide, 2,5-dimethyl-(2,5-di(tert-butylperoxy) hexane, tert-amyl
hydroperoxide, di-tert-amyl peroxide, dibenzoyl peroxide, dicrotonyl peroxide, bis(1-
methyl-1-phenylethyl) peroxide, dilauryl peroxide, peroxybenzoic acid, peroxyacetic acid,
tert-butyl perbenzoate, tert-amyl perbenzoate, peroxybutyric acid, peroxycinnamic acid,
tert-butyl peracetate anq mixtures thereof,

20. A process according to claim 1, wherein said insolubilization agent is an



-

24. A process according to claim1, wherein said insolubilization
agent is an al kyl ene oxi de where al kyl ene oxide includes glycidyl ethers—
.having the fornmula Rerr](GQ[err] wherein said Rerr] is a hﬁdrocarb |

‘radical having 2 to 12 carbon, and G isjdhe glycidyl gI‘OLHﬂ “ﬂu!“ﬂm&llﬁf

whi ch foll ows, [err]

25, - A process accordi ng to ¢laim24, wherein sai'd al kyl ene oxi de
-cont’ains 2 to 16 carbon atons. A process according to claim

25, wher ei llé%i Y n atons. 27.
A process %c I’gl ngd%t Jgﬁ% a&ﬁeﬂ?oﬁ\ﬂﬁ&% ?\Seégef%gtﬂ{f F‘ﬂ-mggom de is selected
ifromthe group consisti ng of glycidyl isopropyl n-but yI et her, glycidyl
! i1 .

'tert- butyl ether, et her, and
-1, 4- but anedi ol di &

ocess
according|to claim1, erefn said insd ut |I|zat|on 2/,|s an organic
;conpound gont ai ni ng boro where said o ni c conpoun ont ai ni ng boron

“includes arganic boranes oorganl c borate®, and organic Gur oxi nes. '
IA process jaccor di n i m.2 ani ¢ _baranes..are those
that are gcVRFreipd g}%ﬁn &?eéreaﬂgmmg\f ifﬁieiafwr%ﬁ'@ P ORI R ETO8RA ity

and alkyl radicals containing 1 to 12 carbon atoms, x is 0 to 12.

),

21. A process according to claim 20, wherein said alkyl radicals are selected
from the group consisting of methyl, ethyl, propyl, isobutyl, isoamy}, octyl, and decyl.
22. A process according to claim 20, wherein said R* and R? are individually
selected from the group consisting of hydrogen and alkyl radicals containing 1 to 12
&7 | carbon atoms, xis 0 to 8. _

23. A process according to claim 20, wherein said alkylene oxide is selected
from the group consisting of ethylene oxide, propylene oxide, 2,2-dimethyloxirane, 1,2-
dimethyloxirane, 12-diethy10xirane, cyclohexene oxide, 1-methylcyclohexene oxide, and
mixtures thereof.,

24. A process according to claim 1, wherein said insolubilization agent is an
alkylene oxide where alkylene oxide includes glycidyl ethers having the formula R‘(G),
wherein said RS is a hydrocarbyl radical having 2 to 12 carbon, and G is the glyciciyl "
group, the forn;ula of which follows,

——OCH,CHCH,

andyis 1 or2.

25. A process according to claim 24, wherein said alkylene oxide contains 2
to 16 carbon atoms.

26. A process according to claim 25, wherein said alkylene oxide contains 2
to 12 carbon atoms.

27. A process according to claim 24, wherein said alkylene oxide is
selected from the group consisting of glycidyl isopropyl n-butyl ether, glycidyl tert-
butyl ether, 2,2-diméthyl-1, 3-propanediol diglycidyl ether, and 1,4-butanediol




[err] wherein Z is a bridging unit between two oxygen atons. 30.

+ A process according to claim?29, wherein said organic borane is selected
-fromthe group consisting of the follow ng [err]

-19- and (R[err])[err]BOB(R[err])[err_8-wherein- |

‘individually selected fromthe group consisting of’ 0 RINEAI Al
‘radicals; n, m and r are integers; each Eis indi vlmﬁmﬂﬂﬂlmlr
Si,/G, Sn, B, G, In, P, As, and Sb with the provisc thatl. ats

15 not C g ' | ected fromthe group consisting of hydrogen,
“hydr ocar bylad? ﬁeé?{tdgefl%ghavi ng 1 to 20 carbon atons, halides, hydrocarbyl oxy
radi cal s ha8ing 1 to Aprocas havvsdingioctlaiii( Rweereln) fad inkolubitizatmhnaged is

. A process jaccording to claim30, wherein said hydrocarby] radicals are aryl
or al kyl wa:;mmc ¢asnpoynd sensyAing beves, where said organic camppwidcoRtaREg i ng t o

clai m 30 WRRLE! A RifbchrPaniTborknes BrEadibGHRE Sl Yrdal buroxines.

29. A process according to claim 28, wherein said organic boranes are those

ocar byl
fromC,

that are acid hydrogen free and that contain the following functionality

N\ AN e

zZ B—— or B—0O0—B
AN 0/

/ AN

wherein Z is a bridging unit between two oxygen atoms.
&7 |30 A process according to claim 29, wherein said organic borane is

selected from the group consisting of the following

@)

/ N N

CR™ B—O(CR'%,)—0—B C(R",),.
(s)z)/ (CR ™)) O \O/(( ')2)
o)
®'%), Q
\B——'X,
O
o

saskt one E -



range of 1 to 10. 33. A process according to claim 30, wherein said
organi ¢ conpounds contai ning boron are selected fromithe group consisting
of catechol borane, diphenyl borinic anhydride, dibutyl bori ni c anhydri de,
trimet hyl ene borate, nethyl catechol bO{ ne, trlnethyiﬁﬂﬂﬂﬂu

m xtures thereof. 34. A process according to g'"mﬁn!"unsald
I nsol ubilization agent is an organi c Carbonate havi ng thefo | di fg *or mul a
[ errf] wherein R err] and R err] are i ndi vidual ly sel ected

fromth , J f .hyd i ni o
R L e L A R
group cons béﬁdléiﬁngffh?dlrﬁg an@y@h@adrtswmdlaﬂylu, nf;lmd Katt mtegwls ahdtyE &r y|

radicals {having 1 to 12 carbon atons. ocess for

ol yier | 7| imglvidageelenied oS, Sofn S Bs Geols i gy 1% 85 e the proviso hat
| atleast one E is not C; and x is selected from the group consisting of hydrogen,

hydrocarbyl radicals having 1 to 20 carbon atoms, halides, hydrocarbyloxy radicals
having 1 to 20 carbons, and —N(R'"), radicals. _

1 31, A process according to claim 30, wherein said hydrocarbyl radicals are
aryl or alkyl having 1 to 20 carbon atoms.

32. A process according to claim 30 wherein said n, m, 1, are integers in the
range of 1 to 10. |
33. A process according to claim 30, wherein said organic compounds

t‘:«”- " | containing boron are selected from the group consisting of catechol borane, diphenyl
borinic anhydride, dibutyl borinic anhydride, trimethylene borate, methyl catechol
borane, trimethylboroxine, and mixtures thereof.

34, A process according to claim 1, wherein said insolubilization agent is

an organic carbonate having the following formula

A

(R7)2,6——C(R%);
or
0O

(R%0),C

wherein R” and R® are individually selected from the group consisting of hydrogen and
alkyl radicals containing 1 to 10 carbon atoms and R’ is a hydrocarbyl radical selected
from the group consisting of alkyl, cycloalkyl, aryl, aralkyl, and alkylaryl radicals

having 1 to 12 carbon atoms.

L 35. A process for polymerizing an olefin, which comprises carrying out the



- 20- pol ymeri zation in the presence of a catal yst conprising an
or gano- al um noxane conposition produced by a process according to any one
.of the preceding clains. 36. A process according to claim 35,

wherein said olefin is ethylene, pr O% ene, "Hmum - but ene,
3-net hyl - 1- pentene, 3 ethyl -1-hexene, hexene "r ene,
1-octene, 1-hexadecene, cycl opentene, ‘norbornene, * styrtend, 4-nethyl

styriene, vinyl cyclohexane, butadiene, or a mxture of any two or nore of
sai d ol efjns 37, . A process, accot I ﬁ! m 36, which
i s conducz SQlymEERIQ i the presepeq ‘%eﬁ"fi&f FBIPIE g?‘ﬁ]g}érgan% abRafl

composition produced by a process according to any one of the preceding claims.

36. A process according to claim 35, wherein said olefin is ethylene,
propylene, 1-butene, 3-methyl-1-butene, 3-methyl-1-pentene, 3 ethyl-1-hexene, 1-
hexene, 4-methyl-1-pentene, 1-octene, 1-hexadecene, cyclopentene, norbornene,
styrene, 4-methyl styrene, vinyl cyclohexane, butadiene, or a mixture of any two or
“t more of said olefins.

37. A process according to claim 35 or 36, which is conducted under sharry

polymerization conditions.



