0-7/030273 A1 |0 0 0000

—

=

Tiitle: OLEFI N POLYMERI ZATI ON CATALYST SYSTEM
Abstract: A catal yst systemuseful fin polynerizing
olefins is disclosed. The catal yst system conprises a
(120 DUERBAHONAIRARPLIGA TSQIDRICH I BEDIUNRRE [THE BATEING ICRIOPPR AN EREATY (PCT)

from a hal ogen- cont ai ni ng p 4-6 transition rretal

o PRG350, BLARANR) YEIBER ol e a2
Patl t i —]ﬂill,z,'
or ganoa m ni num CO[TpOUﬂ },_“Q‘ or ganomagneSI um

ICOr POr @f0§ Snt@nfldedl PublRGtion Number
des a neywigy 2007/080293 Al

(51) Ir@r@tlbm@aw&i@vgsﬂtch@n cat al yst sysBnPesigiaerd pmawm citl@rwzse indicated, for every
CHHYEBH) anddl ¢PZdE0eXpensi ve c’waﬂng@vale@ bie): AE, AG, AL, AM,
Cﬁgéﬁ&%(f?o?&}bv\m ol efin pol ymerizatidh é&é@ﬁ% G B WBY BZ, CA, CI1L CN,

1) TARGR8 Q%Kétl(PGEMHL@ZOOG/ 031513 88; . DZ, EC, BE, EG, ES, FI,
RI

HR HU ID, IL, IN, IS, JP,
POLYMERI ZATI ON CABALYSHodYSTEM  RuEk® b ki Hie Iiﬂ\M;E NAION K, LR, LS, LT,
5 The invention relates to a cat alyst Lsystemvesek BN, MW, MX, MZ, NA,

22) Itegpations) WrpPate | n guagt 40P 508200 he cgamygg g S@ggﬁ@ PH, %L%;Té gg RS, RU.3C
rates a chel ating | j,gand f ’ { s L L
2 th%g%[sl,éia%{ on metal mixture. ﬂ %@CKG?C%N SO YHE N RMVERTTYON

(26) PdiQcakinil@ngsade: i N cat al ySI S Togit | e]§e51£ngte8 tht\g (Lr[l]es}chgrwzse indicated, for every
(30) ng °| efin industry. Many ol ef i ngRot Yame bzalihORailable): ARIPO (BW, GH,

f %‘V’st s.ar ?mbe%m?mb%!s) ding ComMEH LON@, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
er-Natta  cata ysts.” To i npr@(/)eEupmnyMrAZ BY, KG, KZ, MD, RU, TJ, TM),

(71) AplmaamermlﬂsrARscm@u@Ass te [oatsy yst SE“fonﬁ“ FY CZ, DE, DK, EE, ES, I,

HBE
Oneti@itngBere 22 aMeKipegbini Higsdno e E i LV, MC, NL, PL, PT,
T?’fﬁﬂ%ﬂl‘}/@tsé. Single-site catalysts; E% ;BJ egSAP gjiCFTg)G CL CM, GA,

72) th @I IE %{R’%n‘szﬁld&f &X aEl%l)ev%?u?tCt ' Vat OVS SUCh as
NI Y nglod %A NR). AfsufiR Blirbar® IM.NOPubBuEd: eophi | i ¢ an| ons
4RbIP arsasivd, Clhcﬁ}h&n(yﬂld}.af &mb um —  with international search report
tetrakl scé&ent af | uorophen | )borate. It would be
Erg eéll(:tl §161ﬁ1-b &Ftwolléﬁ@r?él \?%fjiﬁz éégevlétfons refer to tl;le bGuld
mpan T _I'1IKE WI ance. son Lo a, reviation. ring at the begin
ﬁélné Il%ari?a 90 %5 'su gtﬁ ds ﬁévraerflc re uajlsésueoﬁeP% zgﬁ% ¢ ¢
|str| ution an good cononomer ‘i ncor porat 1 on,
the high cost due to the activators. 20 One useful
Ziegler-Natta catalyst is disclosed in U S. Pat. No.
4,464,518. A first conponent is made by reacting an
or ganoal um num conpound with a mxture of |inear and
branched al cohols. Separately, a second conponent is

@3) @RfonhBiAblidafich BiOdUCt
| iLg8ndeh 2007 Es.03m08my i on i nE

(74)

(54) Title: OLEFIN POLYMERIZATION CATALYST SYSTEM

(57) Abstract: A catalyst system useful for polymerizing olefins is disclosed. The catalyst system comprises a cocatalyst and
a supported transition metal prepared from a halogen-containing Group 4-6 transition metal compound and an organoaluminum-
siloxane containing mixture. The latter mixture, which is prepared from an organoaluminum compound and an organomagnesium-
siloxane reaction product, incorporates a chelating ligand. The invention includes a method for making the catalyst system and a
process for polymerizing olefins using the catalyst system. The process is convenient and avoids expensive catalyst components
used in known olefin polymerization processes.
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al #r¥l EB9pESeHM NAhddlBy reacting an organoaluminum compound with a
mixture of linear and branched alcohols. Separately, a second component is
made by reacting an organomagnesium compound with a silicon-containing
compound. The first and second components are combined and then further
reacted with a halogen-containing vanadium or titanium compound. Reaction of
this product with another organoaluminum compound gives the final catalyst.
The catalyst is described as being useful for ethylene polymerizations and
ethylene copolymerizations with alpha-olefins such as propylene, 1-butene, 1-
hexene or 1-octene. Single-site catalysts are not used. No chelating ligands are
used. The catalyst is reported to yield polyethylene powder with a high bulk
density. ‘

Single-site catalysts typically feature at least one polymerization-stable,
anionic ligand that is purely aromatic, as in a cyclopentadienyl system. All five
carbons in the planar cyclopentadienyl ring participate in n-56 bonding to the
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(Rohann &d. ’M(IO(E) 837). The catalyst is combined with trusobutylalummum
and ethylene to give polyethylene with a low polydispersity in this single-site
catalyst system. Neither a polymethylhydrosiloxane nor an organic magnesium
halide is used, and the aluminum compounds used do not contain chelating
ligands.

Transition metal complexes containing chelating ligands are known. U.S.
Pat. No. 5,637,660 describes transition metal complexes containing chelating
ligands based upon pyridine or quinoline. U.S. Pat. No. 6,204,216 describes
single-site transition metal complexes based upon amine derivatives such as
alkoxyamines. Science and Technology in Catalysis (2002) 517 describes

transition metal complexes based upon phenoxyimines supported on
magnesium chloride.  While transition metal complexes containing chelating
ligands are known, apparently polymerization catalysts incorporating a chelating

ligand into an organomagnesium halide or an organoaluminum compound have
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reaction rate, the reactlon conditions, and other factors. Generally, however, the
amount used will be within the range of about 0.01 to about 100 moles,
preferably from about 0.1 to about 50 moles, and more preferably from about 1
to about 5 moles, of cocatalyst per mole of transition metal.

The catalyst system also includes a supported transition metal. The
supported transition metal is the reaction product of a halogen-containing Group
4-6 transition metal compound and an organoaluminum-siloxane containing
mixture. The transition metal compound does not contain chelating ligands or
polymerization-stable, anionic ligands such as cyclopentadienyl ligands.
Suitable transition metal compounds include titanium tetrachloride,

diisopropoxytitanium dichloride, vanadium(V) oxychloride, vanadium trichloride,
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or polydentate ligand. Preferably, the chelating ligand is bidentate.

Exemplary organoaluminum compounds containing a chelating ligand:
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One convenient way to prepare organoaluminum compounds containing a
chelating ligand is to treat an alkylaluminum compound with an amino or a
hydroxyl compound and liberate an alkane. For example, treatment of
triethylaluminum with 2-ethoxyethanol incorporates the chelating ligand, liberates
ethane, and produces diethyl(2-ethoxyethoxy)aluminum:

o
- Et o
EtbAl + \/\O/\ _— ~a” \/\o/\ + ethane

Et

Preferred hydroxyl compounds are hydroxylamines, 2-hydroxypyridines,
8-hydroxyquinolines, hydroxyimines prepared from 2-hydroxyanilines, and
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The organic magnesium halide preferably has the formula RMgX, where

X is chlorine or bromine, and R is C4 to Cg hydrocarbyl, hydrogen, alkoxy,

15 aryloxy, or a chelating ligand. Exemplary organic magnesium halides include
ethylmagnesium chloride, isobutylmagnesium bromide, phenylmagnesium
chloride, ethoxymagnesium chloride, and phenoxy-magnesium bromide. Alkyl-

and arylmagnesium halides can be conveniently prepared by reacting the
corresponding alkyl or aryl halide with magnesium metal. Alkoxymagnesium

20  halides can be prepared from the corresponding alcohol, magnesium metal, and
HCI or by reacting an alkylmagnesium halide with an alcohol.



15 aryloxy, or a chelating |igand. Exenplary organic
magnesi um hal i des i ncl ude et hyl magnesi um chl ori de,
wo s&obqummgnesi um brom de, phenyl nagnesi um ckPdDUSTHE6/031513

e %\gﬁ Ephl ori de, and phenoxy-magnesi um

g al i
sz'lf)r%pare R PRRER P e A dksita e and

aldnelnobr aryl halide with magnesi um net al .

Al kox nesi,um 20 hal i des .ca ared fra
cor r 6 CRUHARN JE AL R erIGE halran BBy 4 pa{io igane.
1A dedst Doe of thl drgameEduramunmedmpdute thhél oegandd mabnésiumthalide
WO 2007 030275 ET 2006/ 0%1(513 Iyl oxy rra nesi um

5 HOTRANEeEaR 50T al e 1 o SHPE X y? ﬁa@'ﬁ el falides
abptainingphenektingiddnanal |y the organic magne3| um hal i de
i ncorporates a chelating ligand. At |east one of the
or ganoal um num conpound or the organi c magnesi um
halide 5 incorporates a chelating |igand. Exenplary
organi ¢ magnesi um hal i des containing a chel ating
ligand: 7 WO 2007/030273 PCT/ US2006/ 031513 o\ CM

M/ Cd 8/ MO~ ~/ DO Co 1 My,O PPhz CM_5
Bra9 O/ OCNy \ D




V C\ Br\ OMp_ CONCHB)z M_O N Br\ C\ Mo_ M_C O
NN C\ MpCcCOC\ NM 0 o S W 2007/ 030273
worah/As2006/ 031513 One conveni ent way to preper/es2006/031513
c..ragnesi um hal i des containing a chelating
g e iwgghﬂ 8% Leébat an al kyl magnesi um hal i degwi th an

am no okya-hydroxyl conpound and |iberate &n al kane.

For exanﬁge, treatnent of-“butyl magnesi um_ et ori

wi th 2-ethoxyet hanol | i Derat &s but ane and " ncor por at es
the chelating 5 ligand: 0. BuMga + CTMy "O + butane
Preferred hydroxyl conmpounds ar hgdroxylanines,

2- hydr oxypyri di nes, 10 8-hydroxyqui nol i nes,

hydr oxyi m nes prepared from 2- hydroxyanilines, and
hydr oxyi m nes prepared fron12-hydroxybenzaldehydes.
The am ne coul d be, 2-am noet hanol N, 1- di et hyl|
ether. Preferably, the onganlc magnesi um hal i de is
preparged in an ether sgkven or an et hers-Hydnocar bon

nfxed dol vemt,. Suitabl e sol odincl ude di eth o
et her, \\\(::7
, O,
cl Br,
\
}/Ig o/ N(CHg)a Mg\o



10

15

20

25

30

15 tetrahydrofuran, dioxane, hexane, heptane, toluene,
and the like, and m xtures thereof. Preferably, the

W(mz@a/ﬂj;(mmgnesi um halide is used in-situ and PEBEUS2006/031513

mat hy oxane i s added portionw se to a

I Qsi |
%r! ! nl{l % i d
sol v e.glfr% % ngwﬁytt? ﬁéeopgg?a A c;%%gﬁ?%@ﬂ Iﬁ%?spr:j:’(alnlng a
atidrting ligand Brtodiebt Hio a&ylvrmgme?nhﬂhgalrdatwm af afind er aydroxyl
ef era

&pngoupé a,Qa I%&ra]lte AN %Iﬁala)e 1&0&,%@@@3% rﬁa@qq{go of abutylmagneswm

hloridet Wi [2ysthogdiitarh dibarmteso bg@nk Carfth icegiorated ahe ddelating
are stirred at a tenperature fromabout 10C to about

d68"%'or about 0.5 to 10 hours after addition and the
solvent is then renoved by vacuum Optionally, before
sol vent rempval, the reaction product is diluted wth

@y qearbor Sejvent havipg a peT™t higher
than the ether and then a porti %ﬁ'g/gf t he sol vent F“g‘a
removed by vacuumto renove nost of the ether

conpo nogagnesi um si k oxane. r eact,i on .-
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uct .is dilute n i,nert r bon._sol vent

B ings Serdtsd goM AhyaREvberalrutcs  TBS Ane coyd be,

®.64 2Jfalml‘i@etﬁaﬁﬁlwe-dﬁﬁeththlﬁatlﬁ)érganom umi num corrpound in

nglaﬂ Sﬁh Eﬁ?ﬁl Cea é&%@gﬁrﬁgér?%%% u%i% lsgé)rl éarelq ig an ether solvent

W@n@ﬂéb@fﬁ@éﬁrﬁ@@hn%ﬂjsélb@rﬂ tditable solvents include diethyl ether,

or ganomagnesi um si | oxane reaction product is added

detrydrefurape dioxangpiiexangs hepfang, ioleneoand e like, and mixtures
W@%ZOWé@?ébW&het &@aﬁkgﬁﬁsﬁééﬂ%nwﬁdéoﬁpw|n-SItu and the

cont ai ns an al y group, precursor al um num
@@h@@ﬁlhﬂhwﬁsma@@ is a@tpdmmprtvwée ta 8 GHBINGiMixyre of the organic

W r%%ﬁfnp%héé"é/rﬁ“solv@mj tB@Rerbbg, the onmeththdeosnoxane is

anona nesi unt si | oxane reacti on pro uct
deled tin y:mt @moyielor give e Briariratieicé Si ke MeehBlY te28:1. More

gpesi [ e Ct A0 dygty i s
m s il o TS| 38U R, TP BB -\ g RAER0y. he
trolyngghyilhydrivsilosape eérd adiggnict neagmebiam rlzahde afe Agtinted at a

Conkéra%urg f;lorh b%%t ]10° thtﬁ BARBRACUY %%?'0'5@{@% hours after

ainin en reacted
addition and the solvent IS then removed by vacuum. Optionally, before solvent

removal, the reaction product is diluted with a hydrocarbon solvent having a
boiling point higher than the ether and then a portion of the solvent is removed
by vacuum to remove most of the ether component.

The organomagnesium-siloxane reaction product is combined with the
organoaluminum compound. Preferably, the organomagnesium-siloxane
reaction product is diluted in an inert hydrocarbon solvent such as hexane or
toluene and added in portions to a stirring mixture of the organoaluminum
compound in an inert hydrocarbon solvent. Optionally, the organoaluminum
compound is made in-situ in a hydrocarbon solvent and then the

organomagnesium-siloxane reaction product is added directly. For example, if
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hal ogen-containing G oup 4-6 transition netal. The
reaction is preferably carried out in an inert

W(SQﬂOVBSIINSUCh as hexane or toluene. Preferabl ypCt/ti82006/031513

IQ[]$§Q ,,,,, t,, nperature is from about O to about 150C,

g f u to a
efe o#og noaﬁ EO%%MSSFPOQ g'%ﬁ gi r{tlh%gprecursor
miumluum compmumb tard bai stilretl heitth ﬂie)glenh@lontaalhydnmga@oo ugolvent

48, heR a5t lorghaiadesiufh-Slshaht festihi miHc: b B Tely to
g ereactdmn”phuatw@n Hrefehably, e &g @gandm@rmlumsmmper teetdtion
BIHELIS S A8 % 8 el LB P 0o
mcﬁe@réfe@m;wm@hom ratiousT Al td vy i€ atai 1@20 syst em

th talyst and the sup
C T ahs 17 GRORBT NG PIBEnS BeriegmeoT g s dnen apacied with a

fuiogahlcentihd Gsola-6tthmsition YeTBr, 'ﬂﬁﬂe@@tlcﬁf i8 prefefedB carried
ch

a-ol efins such as ethyl ene, propylene, 1-butene, 1 20
REk&h@n iARE 0wt etveh %%zéﬁ@%péftqﬂhgn%uc?fez@gably, the reaction

@é&ﬁb&hﬁ?ﬁér@froﬂﬂébdi@@@@@bwﬁt%b thi’dr‘@%re%n%'blyaﬁom about 25°C
ene norbornene, and m xtures thereof.” Preferred

gPWs60 *% e PeelRiAbbh dhe prasppRlsminumasHorane: eandaininaapibire is
\“ééd'ﬂecﬁwﬂh @he Héloﬁléﬁjaoﬁ‘l%m%gbékﬁ]beti -6 rar3fioh Wﬁ?tafii'ﬂda ratig of from

1- oct ene. pre erab |l ene 1S copo
i fon2@, mleszm‘ transdfiasf metal NRRSt mpleeﬁ%ﬁhmlpumet hipreferablys after

%Qtﬁ’@le‘f‘ iBRT b Bk %E{l\oﬁ bll:jqé ?bgd g‘udb%’f‘t%ﬂ etrari?grl]tlc%rﬁZnetal mixture is

tene. Option gen used
pengratad mdl washed rw@ulat@dmﬂwmmfsmenhdbeMQve unreacted

g@hgﬁgn mg%caﬂﬁldph of hydrogen needed depends upon the
e 6]

sired ol I'n nmol ecul ar wei ght and fl ow
pr opefhé eeatal@&inesyaﬂehy carsprigieg athe unocaiblysth pddo gen suﬁported

' : ppl yal efin | ecul a ig cr
BRSA et "5 Bh S0 o BB BB s SR o e
pplyhietiattioare CheCjpad-ylefied isnctreaktethylone, r;arbaymhél 1-|batene 1-
hoo | ow i f thepgol nmerijzation is Eerformed in

515 &8¢ 1RGE NIC-AIRNINS REh A%, SYCInexepe Ak conjugated

diehesfsbyh 5 dthﬁldﬂﬁé m&t‘drﬁ@dé @’mdrrﬁﬁ(ﬁlr% tH b6 ePre@érred olefins
ition nmetal m xtur

S by, Mol SRS bt oo B T L e, -
hetres ah8 8 -Saennr Motk prefrably ictiyidretialcopSipinenrad With al BLCy
%—%Iefin. Most preferably, ethylene is copolymerized with 1-butene, 1-hexene, or
1-octene.

Optionally, hydrogen is used in the polymerization to regulate polyolefin
molecular weight. The amount of hydrogen needed depends upon the desired
polyolefin molecular weight and flow properties. Generally, as the amount of
hydrogen is increased, the polyolefin molecular weight decreases and the melt
flow rate increases. For many applications, the polyolefin melt flow rate will be
too low if the polymerization is performed in the absence of hydrogen.

The cocatalyst can be added directly to the polymerization reactor before
or after adding the supported transition metal mixture. Preferably some or all of
the cocatalyst is added before the supported transition metal. Optionally, the
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WO 2007/ 030273 PCT/ US2006/ 031513 cocatal yst is
prem xed with the supported transition netal prior to

W(mdmwm(nm t o the polynerization reactor. \Whenpd1®S2006/031513

em xed, preferably it is added to a
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More preferred is the range from about 0.2 MPa to about 10 MPa.

Catalyst concentrations used for the olefin polymerization depend on
many factors. Preferably, however, the concentration ranges from about 0.01
micromoles transition metal per liter to about 100 micromoles per liter.
Polymerization times depend on the type of process, the catalyst concentration,
and other factors. Generally, polymerizations are complete within several
seconds to several hours.

The following examples merely illustrate the invention. Those skilled in
the art will recognize many variations that are within the spirit of the invention
and scope of the claims.
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Pol yneri zation times depend on the type of process,
the catal yst concentration, and other factors.
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30 seconds to several hours. The follow ng exanpl es
nmerely illustrate the inysg Those skilled in the
art will recognize many varll\ggp%ﬂs that are within the
spirit of the Qatalgsttirom Allsmgnegepsivof Chlbkde |1ai ns. 11
WO 2007/ 030273 PCTI US211116/ 1131513 EXAMPLE 1

Cat al yst From Al koxymagnesium Chloride 1 00 v v O

viMmC 1 5 et ne 0 e (1 nole) is
added over (mmomxtumoof 1 nole

of n-butyl magnesi um chloride in 500 nL of dry

tetrahydrof uran. Butane evol vés and stirring continues
for 1 hour at room tenperature.

Trinmet hyl silyl-term nated pol y(met hyl hydr osi | oxane)

(300 dpieihglend (glydo! atipd cthenatiemol€)3iB0addesi adered0 oviautedOto a

Th
(R D RS 01 8 o R S s (8 o Bl of ary
rtbtréhyd%ofumiﬁecsutarhm aevolesrand stisihgr cedinuesdov dchaan Bk room
BBty . TERRR SRl REted RLFR LRG8O grams;
S‘lr?l],lk ébpr’@gmméltytzwl)) & ?@cidnlJb\@ K1) ] mgiﬁmyWaé uiikiokenis heated one
or n 0 ol uene. ) e .
Ty o 6o A Pl i s vefg iy acutime Talugpea0g mb)is

fledea hegr mix@irer Bf btvted, 80O @tulifm r@@ﬁp‘l@(ﬂrﬂ@f %rﬂd‘:\% residual
and mol es of_ titanjiumtetrachloride is

dP%W%@UWEr TokengddPO mhk isnpddesh é‘ﬂds”l?em"@dfef Sraddgd to a
haikHrRy %Iuﬁ&poﬁ@dmolé@%fe&ethgra\‘ﬁ?ﬁﬁﬁﬁ érloride Irﬁ3@@dﬁ@,of addene.

the mxture is filtered. The solid is washe
t ey ggRPIuRinUN-plaxene sentaing rvdere: is h@aieéﬂ. fﬁr gihwurs at reflux,

LOBRRY 1 Hodrh aBsipklAe, and 2 moles of titanium tetrachloride is added
dropwise over one hour. The mixture is heated for two hours at 70°C and
cooled. n-Hexane (1 L) is added, and the mixture is filtered. The solid is
washed thoroughly with n-hexane and dried to obtain the supported transition
metal mixture.

EXAMPLE 2

Polymerization
A 2-L stainless steel polymerization reactor is pressure purged with dry
nitrogen three times at 70°C. The reactor is completely vented and hydrogen is
added as a 1.7 MPa pressure drop from a 7-mL vessel. A solution of 100 mL 1-
hexene, 1L isobutane, and 1 mmol triisobutylaluminum is added to the reactor
followed by 6 mg of the supported transition metal mixture from Example 1.
Ethylene is added to give a total reactor pressure of 2.4 MPa. Temperature is
maintained at 70°C and ethylene pressure is fed on demand to maintain 2.4 MPa
for 30 minutes. The polymerization continues for 30 minutes and the reactor is
vented to remove the volatiles. An ethylene-hexene copolymer with narrow

molecular weight distribution is the expected product.
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reactor is conpletely vented and hydrogen is 25 added

as a 1.7 MPa pressure dr%lg%% 7-mL vessel. A

solution of 100 nL 1- he i sobut ane, and 1 mmol
trii sdibet ybmlcaaitixreunoﬁ sEzatdple tﬂ) tibe rea@é@r smﬁmitltubmd N,N-

b .SURPOT {. tran ure fro

BV rox Be Be EhubbE hich! gvEEle oF APiafh G pfbred

freesiionenetal 2miktidaathal espexprictéde td e BRI Bff&dtive dpalyméfitation

,\ﬁggal thyI ene pressure is fed on demand to nmaintain 2.4
¥% for 30 minutes. The pol ymeri zati on conti nues

for 30 mnutes and the r ga@AMPLE® vented to rermve

th til h - h _ |
i 1 OSSRl PCSRLISIoN XTI s MOPEAIS THbSHdag e imine
g(AI\/PLH from ZAQ/&’r@QWé?QQﬁéﬁy&CEhHJ%IWﬂﬂ&@%%e glycol ethyl

E 3 The procedure of Exa I S repeated
iRt for ehtaiRga Nuwom%ﬁwtlmmwmrﬂéh%w QKpecieg tonke an
ggfﬁé@ﬁ»\,be &g?yﬂer,%th@,rcaqé;ygbt ain a supported transition
u

nmetal mxture that 1s expected to be an effective

pol ynmeri zation 5 catalyst EXANPLE 4 The genera
procedure of Exanple 1 ig substituting the
imne prepared from 2- drox enzaldehyde and aniline
for diethyl en&a@alwcﬁrorﬁtémxyaémmmwmdrz a
supported transition netal m xture that is expected to
be an 10 effective polynerization catalyst. EXAMPLE 5

Catal yst From Al kcg)xyal um num Corrpoundoz 2
\/ 0 ~ /\

) AI\/

Trimethylsilyl-terminated poly(methylhydrosiloxane) (300 grams; My
approximately 2300) is added over 30 minutes to a stirring mixture of 1 mole of
n-butylmagnesium chloride in 500 mL of dry tetrahydrofuran. The mixture is
heated one hour at 60°C and tetrahydrofuran is removed with vacuum. Toluene
(500 mL) is added, the mixture stirred, and vacuum is applied to remove residual
tetrahydrofuran. Toluene (750 mL) is added, and the mixture is added to a
stirring mixture of alkoxyaluminum compound 2. The aluminum compound is
prepared earlier by adding diethylene glycol ethyl ether (3 moles) over 2 hours to
a solution of 3 moles of triethylaluminum in 300 mL of toluene. The
organoaluminum-siloxane containing mixture is heated for 2’ hours at reflux,
cooled to room temperature, and 2 moles of titanium tetrachloride is added
dropwise over one hour. The mixture is heated for two hours at 70°C and
cooled. n-Hexane (1 L) is added, and the mixture is filtered. The solid is washed
thoroughly with n-hexane and dried to obtain the supported transition metal

mixture, which is expected to be an effective polymerization catalyst.
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15 Trimethylsilyl-term nated pol y(nethyl hydrosi | oxane)
(300 grams; M1 approxi mately 2300) is added over 30
worR@ober7i 0 a stirring mxture of 1 nole of PCT/US2006/031513

n-@%;ylgﬁgge%i;n1chloride in 500 nL of dry

ey LiteE iy dh bfadla. The mixture is heated one houy a :
60C dhe preceding camplemaiesMeaRoRY 3R filit(iEngm e ollowing
J&hﬁﬁﬁﬁn%QhéﬁﬁgnﬁkiAis added, the m xture stirred, and
vacuumi1s applied to renove residual tetrahydrofuran.
Tol uene (750 nL) is added, and the mxture is added to
a stirring mxture of al koxyal um num conpound 2. The
al um num conmpound is prepared earlier by adding
di et hyl ene gl ycol ethyl ether (3 noles) over 2 hours
to a solution of 3 noles of triethylalumnumin 300
nmL of toluene. The 25 organoal um num si | oxane
containing mxture is heated for 2 hours at refl ux,
cooled to roomtenperature, and 2 noles of titanium
tetrachloride is added dropwi se over one hour. The
m xture is heated for two hours at 70C and cool ed.
n-Hexane (1 L) is added, and the mixture is filtered.
The solid is washed thoroughly with n-hexane and
dried to obtain the supported transition netal 30
m xture, which is expected to be an effective
pol ymeri zation catal yst. 13 WO 2007/ 030273
PCTI US211116/ 1131513 The precedi ng exanpl es are

meant only as illustrations. The follow ng clains
define the invention.. 14 WO 2007/030273
PCTI US211116/ 1131513 ~' We claim 1. A catal yst

system whi ch conprises: a) a cocatal yst selected from
the group consisting of trialkylal um nuns,

di al kyl al um num hal i des, and al kyl al um num di hal i des;
and
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5 b) a supported transition nmetal conprising the
reacti on product of: 1) a hal ogen-containi ng G oup

wmzfmwm(}amsiti on netal conpound; and 2) an PCT/US2006/031513

,noal u zm si | oxane containing m xture conprising
% S edctior é‘r oduct of: 10 (a) an organoal um num
orrpound and (b) the organomagnesi um si |l oxane
r eadt i onAmatalysttsysterawhipblcompriggs:hydr osi | oxane and an

or oA et AL ot e HabEoRsRiind STyt
haIt |diiﬂk){laiomﬂmmn atal%amslaamdheﬁﬂalmngmﬁxhalngaﬂcﬁnd_z The
ca St S or..cl al .|

rages SRR trsithe el el s bR es gh
3 The cay al yslbgey-edraamiviy Gloap A& trahgtien metdte

chel atin [ s derived froma hydroxyl conpound.
20 4. Thgoﬁ‘ﬁgﬁ‘f‘ :&9system of claim3 wherein the

hydr oxyl 2¢ @ﬁﬂﬁﬁﬁﬁ’oél@mmﬂﬁi _siokane tontiriie mittorepcomprising the
consi sting of é%(goxyhlam nes, 2-hydroxypyridines, 8-
hydr oxy qUif3IPN RELAUChPHr oxy | m nes prepared from

2- hydr oxyani | {d)esn orfafoalDbiiuex tompoesd; pingpar ed from
2- hydroxybenzgapdehy?w o

. Th t t
cl ai m 4 wher efth ihﬁ’eofﬂ?ﬂPWf‘e%e 7 aﬁ%?q §g%5ﬁ0§5product of a
hydroxyl am ne ol?meﬂ%)@?és%yaﬁ{e SsaeBrgahicrhagmasium halide;

wherei n the organoal um num conmpound incorporates a

chel at i ngvhergjaséileast orgnel (8@ CEIaORIUSYRYBIROBIPOLNE P 6
wher ei n tﬂtﬂ:? n@%ﬁlcﬁ%é@%s&drﬂﬂgﬁﬁé ifcordBfdides chélati
ound.

hydr oxyl he catal yst systemof claim
7 wher ei Higtima hydr oxyl conmpound is seI ect ed fromthe

group CORGJS : r QX n
21518, Conbe L AT R ho omanic masnesi

h*‘mﬂwpmaﬁ@sthpméﬁhﬁwl@am 2- hydr oxyani lines, and

3. The catalyst system of claim 2 wherein the chelating ligand is
derived from a hydroxyl compound.

4, The catalyst system of claim 3 wherein the hydroxyl compound is
selected from the group consisting of hydroxylamines, 2-hydroxypyridines, 8-
hydroxyquinolines, hydroxyimines prepared from 2-hydroxyanilines, and
hydroxyimines prepared from 2-hydroxybenzaldehydes.

5. The catalyst system of claim 4 wherein the hydroxyl compound is a
hydroxylamine.

6. The catalyst system of claim 1 wherein the organoaluminum
compound incorporates a'chelating ligand.

7. The catalyst system of claim 6 wherein the chelating ligand is
derived from a hydroxyl compound.

8. The catalyst system of claim 7 wherein the hydroxy! compound is
selected from the group consisting of hydroxylamines, 2-hydroxypyridines, 8-
hydroxyquinolines, hydroxyimines prepared from 2-hydroxyanilines, and
hydroxyimines prepared from 2-hydroxybenzaldehydes.
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hydr oxyi m nes prepared from 2- hydroxybenzal dehydes. 15
WO 2007/ 030273 PCT/ US2006/ 031513 9. The catal yst

waymves2of claim 8 wherein the hydroxyl conmpourdr/is2086/031513
S I

pol ymst hyI | ‘arF%@%E%&ﬁ%ﬂ\ﬁ?aﬁ%ﬁ%ﬂ?ﬁﬁ'ﬁitﬁe Rygioxyicompognd is a

trydraxglatrongar oduce an or ganonmagnesi um si | oxane; (b)
reactipg t nesi um si | oxane with an
or gan3§1 un?‘ Lﬁ'ﬁ:‘g(il } GalglshRNsteacOmMprising:

or gan@s| urdauny sa |Mﬁﬂ&hﬂﬁ?ﬂr@§|wxaﬁe Mhith W orgdrid magnesium
react t he or ganoal um num si | oxane cont ai e ng

P rpres R Rrg A S S GE98D. 4. &

transipyi 0_su .
1) ) ST W 8 1S
tr ansP?WB‘PP%*P&WOWW%O@@@@QIQMM-S"@(@DS@pe@lrﬁmg)mmmre

gr oup(cy OpsEkihd r‘tﬂe%rg&hbéhhﬂﬂﬁ E‘.E&){ég}gs containing | mixtute with a

di al kgl al um num hali ["um num

wher eh@jogen- P@&@mlr@r@r%@4ﬁ§aO$lg@‘mmeta‘m;gn®9uudrtdwairmﬂ.&e a
or th f u onmpound i ncorporates a

chel atgliJ r?lﬁ 8tr%ﬂ§|93ﬁw3t% %ﬁrogcess conpri sing

pol yntshi ppn‘@lmmg othﬁ‘ i supportad titaesitiah alnyettl witst Emc@f_:atalyst

clai meocrdd- ceess rﬁépd ralg%% %\M;Ierg : nHIt laluminums,

olefiniTs selece rom

et hyl @a&ylamnmpwmbdeslabdtaﬁ«ymlurﬂlmhamheudek octene, and

20 m s t.h f. 13. slurr olynmerizatio

proce\éé&gﬁ] :%t ?%ges? onelg he org¥n|8 n¥agnesﬁ1m haﬂide or the
organoaluminum compound incorporates a chelating ligand.

%qﬂ yl@ng ne, 10. A method for making a catal yst

11. A process comprising polymerizing an olefin using the catalyst
system of claim 1.

12, The process of claim 11 wherein the olefin is selected from the

group consisting of ethylene, propylene, 1-butene, 1-hexene, 1-octene, and
mixtures thereof.

13.  Aslurry polymerization process of claim 11.
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