WO 01/51527 PCT/ US01/ 01029 PROCATALYSTS, CATALYST SYSTEMS, AND USE I N
OLEFI N POLYMERI ZATION Field of the Invention 5 This invention belongs to
the fiel dwofoigmgeanonetal lic chem stry. In particular, thirEKCT/USoenia2en
relates to certain novel supported organonetallic solid procatal ysts and
catal yst systens particularly useful for olefin polynerization or

i nterpolynerization. 10 Background of the Invention A particularly useful
pol ymeri zati on medi um for produci ng pol eth | ene polynmers is a gas phase
brotess. Exanpl es FROGASALEBES GLABALYST BYSTEMS: GMD NEE IN GLEFI, 853,

4,003, 712; 4,011, 382; 4,302,566, AOPIMERIZAT @[\882 400; 5,352,749 and 15
5,541, 270 and Canadi an Patent No. 991, 798 and Bel gi an Patent No. 839, 380.
Ziegler-Natta type catalyst systens for the polynerization of olefins are -
wel |l known in the art and have bgggR JHHMRAv&Hkioh€ast since the issuance of
U S Patent No. 3,113,115. Therearter, many patents have been issued
relating to new or inproved Ziegler-Natta type catal ysts. Exanples of such
patents areUST 4
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known as typically consisting of a catalyst systemco sI'ng a- (t ansi tion
nmet al - cont ai ni ng procatal yst, which typically contains titanium and an 25
organongt al | i ¢ cocatal yst, typbgg&qrgumf%@ﬁﬂ@ﬁwo%m num conpound. Optionally
used wth the catalyst are actfivators suc “Nnal ogenat ed hydrocarbons and
activity m)difiers such as el ectron donors. In the earliest patents
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Ziegler-Natta type catalysts. Examples of such patents are U.S. Patents Nos.
20 3,594,330; 3,676,415; 3,644,318; 3,917,575, 4,105,847; 4,148,754; 4,256,866;
4,298,713, 4,311,752; 4,363,904; 4,481,301 and Reissue 33,683.

These patents disclose Ziegler-Natta type catalysts (referred to herein as

ZNCs) that are well known as typically consisting of a catalyst system comprising a
transition metal-containing procatalyst, which typically contains titanium, and an

25 organometaliic cocatalyst, typically an organoaluminum compound. Optionally used
with the catalyst are activators such as halogenated hydrocarbons and activity
modifiers such as electron donors.

In the earliest patents involving 'Ziegler-Natta' catalysts for olefin

polymerization, titanium halides are treated with metal alkyls in order to provide a

30 reduced solid, consisting primarily of TiCl; and typically admixed with the by-products
of the reaction. In these systems, a solid which is primarily TiCl, is formed which is
used as the procatalyst for the polymerization of olefins. There are several families
of patents describing the generation of solid TiCls.

Soluble Ziegler-Natta catalysts have also been described. U.S. Patent



forns in the absence of the ether. U S. Patent No. 3,862,257 descri bes

hydr ocarbon solutions of Ti RCI3.AIC1l3 fromwhich AICI3 is renoved by
addition wow@/smsxdi fier, in 5 order to provide | ow nol ecul @aCcvesoghtozwaxes i n
a solution process. U S. Patent No. 4,319,010 describes a solution process
for olefin polynerization above 110 C using a soluble catalyst fornulation
conprising reacting a titanium(1V) conpound. with the reaction product of
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t he reaction of .Ti Cl
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2 WO 040 51foPvis N@O%@mﬁﬂéﬁmndaddﬁj PatemntiNoaB,665i81l § descrides usimilarof  a
carrier, V\értogec?‘unr% bry%%%ctariaﬁrrb &kl tlgmlum gpemes nq %n arene solvent and adding
a magnesium halide support to increase activity. U.S. Patent No. 4,409,126
describes a hydrocarbon soluble reaction product obtained by reacting an alkoxide-
containing transition metal compound with an organometallic compound which is
25  useful in the preparation of catalysts for polymerizing olefins. A variation of this is
described in U.S. Patent No. 5,320,994 wherein a titanium alkoxide is reacted with
an aluminum alkyl, followed by addition of a magnesium compound which forms
MgCl, under the reaction conditions. This case further specifies the importance of
an o, o -dihaloalkane in preventing over-reduction to TiCl,.
30 U.S. Patent No. 2,981,725 teaches the reaction of TiCl, with various
supports, e.g. silicon carbide, followed by treatment AIEt,Cl as a cocatalyst. The
supported catalyst shows an improvement of less than a factor of two over the
unsubported precipitated catalyst. U.S. Patent No. 4,426,315 describes generation

of a similar supported catalyst in which the titanium and aluminum compounds are



presence of said carrier. Certain soluble or "liquid"' Ziegler-Natta

catal yst systens are known which utilize titaniumchelates. For exanple,
U. S. Pat ewo (Nsas273, 737, 416 and 3, 737,417 5 describe the rreaetsoon1d
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cat al ysts and thergH zeo&leerlﬁ?xarrp es of corrpounds of the formAIR3 nLn (n

= 1 or 9), SRAMIXesS RGAaRAs: of hese gpldblegomIplgxgs @ PrRiBared, byg9, 736
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Pat ent No. 5337&37834podeaRs rbbﬁhbnllﬁﬁtanﬁfm HANRRY iR FOIMO BRI GenWohiBirfify acti vat or
whi ch may num al k am de, carboxyl ate,” or acetylacetonate,

anong ot hercg’m%{é“%su% InchRcifip | y@'ogg@ frdioweg by yin- §’é‘éacit'Hét'Qrb\&'€”l plgminsdduct  of
an or gapoaldkAstergives highiigasmel, DesupbRe @BlefiX b8FmeFizatioMeaftlys&l 32 6. Patent
PCT/ USO01/ OJI\?Z% ,840,646 reports Ti, Zr, or Hf dialkyl complexes of chelating bis(alkoxide)
ligands with a tethered Lewis base attached to the ligand backbone. These
compounds may be used for the polymerization of olefins in the presence of an
activator which generates a cationic complex, such as trityl
25 tetrakis(pentafluorophenyl)borate or methyl alumoxane. .
Aluminum alkyls are commonly used as activators or cocatalysts with Ziegler-
Natta catalysts, and there are some examples of compounds of the form AIR;..L, (n
=1 or 2), where each L is a monoanionic ligand. U.S. Patent No. 3,489,736
illustrates the use of various aluminum nitrogen compounds, including carboxylic
30  acid amides, as cocatalysts in conjunction with an aluminum halide as Lewis acid
with Ziegler-Natta catalysts such as TiCl;. U.S. Patent No. 3,723,348 describes use
of vanadium compounds with an activator which may be an aluminum alkoxide,
amide, carboxylate, or acetylacetonate, among others. U.S. Patent No. 3,786,032

utilizes the reaction product of an organoaluminum or organozinc with an oxime or



hydroxyester as activators. U S Patent No. 3,883,493 utilizes alum num
carbamates in conjunction wth another organoal um num conpound as

cocat al ysive 0159sy7ugat ed di enes nay be pol ynerized usi ng mctadkoloie@ni um or
vanadi um hal i des, an alum num trialkyl and a small anmount of carbon
disulfide, as reported in U S. Patent No. 5 3,948,869. U S. Patent No.
4,129, 702 di scloses use of alumnumor zinc salts of carboxylic acid
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cocatalyst o argiertiebefai PR Hie pohiet B LIRS 1 or "t he. pol ymer i zation or
i nt er pé? yneri zalh BriP@entdle (3,984,006 describes a catalyst comprising Groups 4 - 6
metal compounds activated with bis(dialkylaluminoxy)alkane compounds. It further
claims the use of additional external donors or promoters which include a wide
variety of nitrogen-containing compounds. U.S. Patent No. 4,195,069 describes the
interaction of a TiCl, complex with a complexing agent with an organoaluminum

25 complex with a complexing agent. This interaction results in reduction of TiCls to a
precipitate of TiCl,.

Summary of the Invention

30 A solid procatalyst prepared by reacting at least one transition metal
compound of empirical formula MX,, where M is titanium, zirconium, or -hafnium and
Xis fluoride, chloride, bromide, or iodide, with at least one alkylating agent in at least
one aprotic solvent to provide a soluble species which is subsequently contacted



5 Detailed Description of the Invention A solid procatalyst prepared by
reacting at least one transition netal conpound of enpirical formla Mx4,
where M iwaadtsasa7um zirconium or hafniumand X is fl uorAcdajSochinyi de,
bronmi de, or iodide, with at |east one alkylating agent in at |east 10 one
aprotic solvent to provide a soluble species which is subsequently
contacted wth a support. Contacting the sol Ebl e spec![ espvm]'Eh t‘BF SUIF\)/IE)(ZUS
i ncl udes de iLtin the sol.ubl e speci n the support. Preferably, i
TiO 4. The PELBRUPRYt o GOMe SBRroRTEy e win S coeRaNE pravicens Gl a
catal yst sysystam suitabéebioe tHequolyninerizafian ymirterpodirh@zadién ofd&ngo!l yneri zati on of
olefins. 15 All nention herein to elements of Goups of the Periodic Table
are made in reference to the Periodic Table of the Elenents, as published
in "Chem cal and Engineering News", 63(5), 27, 1985. In this format, the

nmbered 1 to 18, . Th bbrevi ations Me (for nethyl group), Et

(GgglerSEt %;/F Slrjoug), T™VA (for%ﬁ%ﬁ@gﬂﬁmﬁgﬂ@ﬁ!ﬁé TEAL (for
triethylalum num are used herein. 20 The present inventi f)n conpri 3esfa
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i d pizsalibinodia MX, swiere Qi Brtitaniurd OAtcaRiLAT ohafRiuth aisdppoOrt .
P;orhgeeseﬁm{m(fnugg;pemgm ?)i tation SS"}; n@.mftuhei %e}'neraa}i i)n of tt}elusolaubl e
corponent () ° [Uﬁe pr Eﬂ ISP QPR ’8['05 e Wi adgesioge th[aIRg @gentdt abeastr wi se
el i mi naltted or@Sappoticosoltent tooprbwdé 'alsglubleesp%gilevNh&:h&@@@b@&uéwtﬂyrboﬁta%wap?’g t. The
nol ar ratiqQ,, | at i.ng.agent, .to the t. sition netal conpound is
pr ef er abl yq'f"ﬁ{)ar'ng%%’&ﬂ %@a%tlggéq%?ﬁluqﬁﬁpe%se‘?'g}a}gﬁISVPF_’%'BCIHB?%?eﬁoét“PS of the
al kyl at i ng theigelnbletspetiae oh tansiippbrPretdrably, MXPIE Ui $he reelLiA@8slig 0. 25 to

ransi t1on HeeiPohEL & datsrab CeBpioEt Bl Srem o o e a1 east one
transition pmﬁrx&rizetmpmumérqua}im’mf cf)éfﬁiscl\a/f(z of ';he_ Xpr rezgnt hlep\e/g][ltl gnv\fzoan
o1/ 51525 per Usdl Bae e TR € Prmianlecet el uit eing PErti 65 SUmaendt st i ng of
B oo o T e R e e
o See Rl el SHI om0k e, i S ke
18. The abbreviations Me (for methyl group), Et (for Ethyl group), TMA (for
trimethylaluminum), and TEAL (for triethylaluminum) are used herein.
20 The present invention comprises a solid procatalyst prepared by reacting a
transition metal compound of empirical formula MX, with an alkylating agent in an
aprotic solvent to provide a soluble species which is subsequently contacted with a
support. In the event of any precipitation during the generation of the soluble
component(s), the precipitate must be redissolved, filtered, or otherwise eliminated
25  prior to contacting the soluble species with a support.
The molar ratio of the alkylating agent to the transition metal compound is
preferably from about 0.1 to about 100. Preferably, the molar ratio of the alkylating
agent to the transition metal compound is from about 0.25 to about 15. More
preferably, the molar ratio of the alkylating agent to the transition metal compound is
30  from about 1 to about 5.
The at least one transition metal compound used in the process of the
present invention can be any compound of the empirical formula,
MXa,

or mixtures thereof,



5 halides and m xed halides such as TiF4, TiCl4, TiBr4, Til4, TiFnCl 4-n,

Ti FnBr4-n, TiFnl4-n, TiClnBr4-n, TiCinl4-n, TiBrnl4-n, where n is greater
t han zer owoamdisdie | i ke, or m xtures thereof. Most preferncadsooninse
herein as the at |east one transition nmetal conmpound (MX4) is TiCl4. 10
The at | east one al kylating agent used in the present invention can be any
organonetal I i ¢ conpound which al kyl ates MX4. Preferred for use herein as
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Peri odi c Tahl.e.of  El enents .such as boron, alumnum gallium or indium 20
each Y is’i ﬁ?@b‘%n&@rﬁ?'?% aepdrf%(ﬁg ni oni ¢, nonodentate |igand; and

n>0 m O p_O and RiefentenBr useThereinexsithe brpdsitiarambial cgnhpaund, ar@shekgasiumer ei n,

denot es val ent .. |jnear r anche C I C,. Qf |y i C up which
cont ai ns?cgﬁ%@ﬁggﬂglhm%}r%ag@ﬁé 5?%@%Eﬁq-ﬁ@)ﬁcﬁéfd’mbgf'ﬁw4@&ﬁE“ﬂaﬁ%ﬁti onal |y
cont ai n at ol Bn.,adidil1i,oMiBr M, cehdem @nreaténtdanged, sed ®etirg drneiRiuf@soups 13,

14, 15, 16,,and.17 of the Periodic Table. Exanples of nobnoval ent

hydr ocar byl ¥[%1 ude the fol | owi ng: CL1-C30 al kyl; CL1-C30 al kyl substituted
with one or noreMgstrperedlieaisethetainas Gl 3¢hstbhy transionGhbtabysthgainky! or

aryl; C3- Cl@1| cl ekaI; C3-C15 cycl oal kyl substituted with one or nore
groups 30 s %“if eﬁ rom Cl- C20 al kyl, C3-C15 cycl oal kyl or aryl; C6-C15
aryl; amd C6- Cl5The s leastwbstalkylatingl apéritlusen i e pra:srea} igr/ém?a csg:bec‘atgstd from
Cl- C30 al ky C3-Cl5 cycl oal . or tyl.. where aryl preferably denotes a
substitutedJ)rg?ncﬂmé{a@gtc¥?189%r6cj<%h'8“?|k}'%%d¥%yI, or anthracenyl group. 6 WO
01/ 51527 PCT/ USOR/efkfitifor tseaimrkbidasdhe hhleamewtkyw%g ag&gzﬁ@dglﬂ\l'z g’; ERIZI gand Y
i ncl ude the | i L -OR - -SSR, - ON -OPR2, -NR2, - ,

“N(R) OR -hﬁ@%@‘k@&mﬁﬁ?mﬁﬁw@%ﬁ?ﬁ?ﬁﬁcalw&)2, _NECR2, -N=NR, - N=PR, - SR,
-SBR2, -SOR - SNREYHPR2, -PR2, and the like. Each Ris independently a
hydr oca{goyl gr Ou@r’m&?urgsetfh'epe%, above.

wherein,

each R s independently a hydrocarbyl group;

E is an element of Group 13 of the Periodic Table of Elements such as boron,
aluminum, gallium, or indium;

20 each Y is independently a monoanionic, monodentate ligand; and

n>0,m>0, p=0, and

nFrm+p=3,

The term “hydrocarby! group”, as used herein, denotes a monovalent, linear,
branched, cyclic, or polycyclic group which contains carbon and hydrogen atoms.

25 The hydrocarbyl group may optionally contain atoms in addition to carbon and
hydrogen selected from Groups 13, 14, 15, 16, and 17 of the Periodic Table.
Examples of monovalent hydrocarbyls include the following: C4-Cs alkyl; C4-Cs alkyl
substituted with one or more groups selected from C4-Cy, alkyl, C5-C;5 cycloalky! or
aryl; Cs-Cy5 cycloalkyl; Cs-Cy5 cycloalkyl substituted with one or more groups

30  selected from C4-Cyq alkyl, C3-Cys cycloaikyl or aryl; C¢-Cys aryl; and Cg-Cys aryl
substituted with one or more groups selected from C,-Cy alkyl, C3-Cys cycloalkyl or

aryl; where aryl preferably denotes a substituted or unsubstituted phenyl, napthyl, or
anthracenyl group.
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Preferred for use in the process of the present invention as the alkylating
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di chl ori de; ori “1soprenylindi um di chl ori de;
n- hexyl i ndlhﬂ?ntydind.ﬂﬂeodi-ﬂ@ctymda@p@lﬁppmvlmd? cdi'ﬁ@li’qtﬂ@da'f’ﬁ octyl i ndi um

Loy conexyi e EAEGHERYHEaAD b Shiigane et henphdaent or ! de
pent af | or afimetnylindieh @hiodﬂ@,ml@ihvlmdrurrtmlm%nétqumhndﬂm eBloRdsidire:-
chl or omet héﬂfuteﬁ.ﬂa Shbag. Qﬁe gﬁ&km{oﬂﬁﬁ B@b{a@w&ﬁémﬁam Mickha-A-i ke.

Furt her pr or use as al { at'in Wgents are trial kyl al um nuns
such as triheylingiush Ghlpﬁdt?nda-ﬁdwtpmhn@b@é}h ojida] dirfi-erivhindisticieridecy ! al um num

hal i des 30d||§%gﬂ'ﬁﬁgﬁng§ﬁlg%c?é‘ld Urlncbrh\o(?%e Qé@?leyﬂé&mtw&tﬂﬁor' de,

di butyl alumn I'sobut um num chl ori d di et hyl al um num
br oni de ancbmnr@lewpaemmnwumchlqmed sn@flmrraph\%yuwﬁwmﬁ@@rm| hal i des such

as met hyl aldfé'fhﬁ] @\L&?ﬁ%ﬂﬂ%hhﬁéigﬁﬁdlum%%}%lhéj &l&h?tﬂmuﬁﬁ’ﬁﬂwec h:lnﬁét'hglﬁvdlum

n- but yl'al um num sesqu ori 1 SO um hum 11

PCT/ USOl/ o1me©oxnd@sd1me&mImlum@thogtdwdl&?/hymmwmeﬁ&qﬂm meﬂb'ﬂm%m digh¥gFidgl umi num
sesqui brom da ARk, GEA%EE; WHBHheRAAMER IS B-butylindium dichloride; n-

pentylindium dichloride; isoprenylindium dichloride; n-hexylindium dichloride; n-
heptylindium dichloride; n-octylindium dichloride; isopropylindium dichioride;

25  isobutylindium dichloride; (cylcohexylmethyl)indium dichloride; phenylindium
dichloride; pentafluorophenylindium dichloride; chloromethylindium methoxide;
chloromethylindium ethoxide; chloroethylindium ethoxide and the like.

Further preferred for use herein as alkylating agents are trialkylaluminums
such as trimethylaluminum and trineopentylaluminum; and dialkylaluminum halides

30 such as dimethylaluminum chloride, diethylaluminum chloride, dibutylaluminum
chloride, diisobutylaluminum chloride, diethylaluminum bromide and diethylaluminum
iodide; and alkylaluminum sesquihalides such as methylaluminum sesquichloride,
ethylaluminum sesquichloride, n-butylaluminum sesquichloride, isobutylaluminum
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Most preferred for use herein as al kylating agents are trial kyl al um nuns
such as trinethylalum num and dial kyl al um num hal i des such as

di et hyl alvgg1sasn75 chl ori de, diethylal um num chl oride, di pgtydahigigzoaum

chl oride, diisobutylalum num chloride and al kyl al um num sesqui hal i des such
as net hyl al um num sesqui chl ori de, ethyl al um num sesqui chl ori de,

n- but yl al um num sesqui chl ori de and i sobutyl al um num sesqui chl ori de.

M xtures of the above al kylating agents can also be utilized herein as the
1o al kyl at isegquﬂq&diﬂde ethglatimiherasesquituonige odthylalsminuemsesagibroraidk e@dt  whi ch

does not caontain h ogen. ons which may be renoved by any of the species
di ssol ved i yi‘%ﬁ"&”? ?F%HP'("&@ under the conditions used, in the formof a

prot on. Exanpl edMaest pseierlnecﬂmlrue@h@relri ascalkydatingl dgehstdare 1na&kwmmhomsand1

hal ogenat ed C Q opt i.0 con n t | enents from

G oups 13, ng’ @FB'\m’.nL‘ém ?'ﬁ%‘?@%ﬁ?@lfg é%lfc% ggmaagnééylgiu%&%, S®2 and
the |ike. Rnhetideadiéthyalueisuh mblbtldwdlbutykl@ummum chdrixde, dusmum‘mmmumor

hal ogenat ed roc Nor e ref the SQ t Wi | i phati c,
ar omgatl c, Blyﬁﬁlalﬁ@ﬁ%([% HRYG S 8%‘#'?)%% ?%mﬁ{s'yg uS?WW“tSSS%%%ﬂ on at ons,
opti onal I y etodattiainoimgesapichiorid€) mlmltyelaluatlmmms seddquithigpide faa ddalbytylalumsinaml vent

i s pentane, hept e 20 hexane, benzene, tol uene, dichloronethane, or

1, 2-di chl oFSg?LH%Iﬂ%” Any i norgani c or organic support(s) may be used in the
present inventi dvixturdsxafite elsovef allglating lagentsrvan gésoi be Wilipgbhérsinasehe! ays,

nmet al |de qet al droxi des, netal hal ogenides or other netal salts,
such a su|33$¥5% B8 98 bonat es, phosphates, nitrates and silicates. Further
exanpl es of i norTgmratdeasUpmamrstussdlvmbiaea saveni sdhidnedozis moREordair hgdioperminds  of

rretalsfromGrouslad of the _of EIerrents
such as saﬁ{%“%vvg%d‘i‘%ﬁ? Fe"b%’?g& |aU¥n°g{E‘§ SBXF'ﬁgglsg?N%g\n S@'J ?Ot'\@ﬁgﬁem um or
cal ci um f anhdenihtaoaditidreeuseh| orthel ésm cﬁnlmﬂaheﬁxamakeb@mm(&ssohphmsphat es or
silicates of pot assi u ne m cal ci um .axi des or
v oxi des Teudt aiptnte BRORER. HER ROt e ik AR P RE oy Dee
ar e i nasgantieer@dntkegs FomGasps 38, B4, b car, 16t |nbaguna:, scmemm sueh asidzoni a,
chroma, b L de il.ani ze Ilca SI|I si,lica xerogels,
11§ ca ner oty S P URF R BbY ot Withe SN SIPRE: Rroai &
silicalchr Mc@éhaueamydrocatblonc Mozt preferably shé sahedrt willkve an alfdhlatic aromgtitesi a,
S|I|ca/magne ym num ica c |s and the

kel e R abidted haraBurBih B ARG AR Fo, 06 o Bl oBBARRLS) Tt et and
oxi des sucfmoatmnﬂrig VD010 BetbidatdrisST/ MISE b éfa by, tHeasbEat tslﬁ@ﬁﬁ&e, N‘eﬂm l\/gCCB

Na2804,20AI %gxane) 3benze§ O4folu r|1\|eO:3 dlchl\gg%g@ané or 1,2-dichloroethane.
Any inorganic or organic support(s) may be used in the present invention.

Examples of suitable inorganic supports are clays, metal oxides, metal hydroxides,
metal halogenides or other metal salts, such as sulphates, carbonates, phosphates,
nitrates and silicates. Further examples of inorganic supports suitable for use herein

25  are compounds of metals from Groups 1 and 2 of the of the Periodic Table of the
Elements, such as salts of sodium or potassium and oxides or salts of magnesium or
calcium, for instance the chlorides, sulphates, carbonates, phosphates or silicates of
sodium, potassium, magnesium or calcium and the oxides or hydroxides of, for
instance, magnesium or calcium. Also suitable for use are inorganic oxides such as

30  silica, titania, alumina, zirconia, chromia, boron oxide, silanized silica, silica
hydrogels, silica xerogels, silica aerogels, and mixed oxides such as talcs,
silica/chromia, silica/chromiaftitania, silica/alumina, silica/titania, silica/magnesia,
silica/magnesiaftitania, aluminum phosphate gels, silica co-gels and the like. The
inorganic oxides may contain carbonates, nitrates, sulfates and oxides such as
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Al (NO3) 3, Na20, K20 and Li20. Supports containing at |east one conponent
selected fromthe group consisting of Mgd 2i Si 02, A1203 or m xtures

t her eof awoenirm$x1 conponent are preferred. 5 Exanpl es of muitsabb&29r gani c
supports include polyners such as, for exanple, functionalized

pol yet hyl ene, functionalized pol ypropyl ene, functionalized interpolyners
of ethyl ene and al pha-ol efins, polystyrene, functionalized pol ystyrene,

| g - e >
P opmorts i i KR Sl el0: He o hhid oL RO MatREda bybr i d
mat eri al s sAKNOas, mr?jm@@/aa:j quoasby;hrrriscts)ntairil?}ﬁgaéﬁéésiGbng@bmﬁsgedﬂ%élgbt@dar eh

i i i d Skl i i al um. na n xed oxi des such as
talco i | | EOmaRs SRR cO3Rinous MathySkot AGh CMbE e e ama

silicaltitacimporentaf@meferrddhal ogeni des such as magnesi um chl ori de, _
magnesi u brom de, calciumchloride, and calcium bronide, and inorganic
oxi de supports 15% B'F%PL?W@B ST Eqﬂpgﬂpmc#l.@'g p&b’ﬁ&??%@"% Preci pi tated
on the surfecammé, fuhaionalzedeolyetyieps finetitndized\SadprépyRine! fupdtidralizdtse herein

are inorgani¢ oxide supports cqgntainin esi um chl oride deposited or
preci pi t at e'&g%ﬂéi'rﬂgrss#reﬂ'ﬁ'ieé’e %taﬁfg‘aé%%’%@ ﬁ@%f&ﬂ%@n%‘a‘@w tygene,

magnesi um cpdigairhides and polyesters. 20 I n adf urt her elnbodi ment dof thg grezent
invention it has_been found at ,soli rocat al ysts a escri bed above can
be produced corrpﬁ‘%?ﬂﬁs 8fsq'tgh@tp°yﬁ%e”i°ﬁ[fcg$m{? SURR t"?%‘f?_sedi?ﬁ%‘?s."o’ﬁ@ﬁi i d
procat aloyst phasphazipes, sibbxayes, emdthybdd alatdriaissduchiae polyaresisilichybriget al conmpound
of enpirical forlgul ere. Mis titani Zi El%oni.um or. hafnium and X

fa I\§><f4 wh ur% titdhia o .
is fluoride, chlo/E BF U RSN OIS oXidsssusp ap slice. thaNia. AWYNat i ng 25
agent and aand mast oxites isutreaslailcsehiécaﬂdsmandﬁBma/ém?)mta/ﬁteraa,]tsilmﬁlllﬁﬁihé,t ijC h
solvent to _.provide a | ubl.e eci es ich is subseqguent contacted w
a support. S'%?m{%@?’i ?{Es{’)rﬁé’pgﬁ'l? © 'dgﬁéﬁ? 2 egheY e Cgﬁﬁg%rr%{aqnﬁé'l”ﬂﬁes
deposi ti ng bromid kcalsiuen cidprixsi, esd oalciuebromizeo aihd inbRganicasdide supgoss! | d
pr ocat al yst '

i.th a cocatal yst. provides a catalyst system suitable for
the. pol Jror 8RR TaOMERH Y Sl ilepysiter e Parc iR QTS $BTaROT R ar ratio of
t he i nt er nadbakeend¢ntionedoride. to the transition netal conpound is preferalbl y
fromabout 0.1 t bout 100. Preferably, the nplar ratjo of ., .the interna
el ectron donor t@ogtt%eﬁepgag?rt%ﬁ‘e%? 35*@@%8’8%“??“??%% RN$. 25 to
about 15. Mna_gne_m‘rwﬁ ehlahitiey dejidsétedrot mecip'@zité@ onthd fefaceoetheadboed-adntionedlonor
to the -tr%@ltlon net al %gi%o%r‘lgrids fromabout | to about 5. 13 WO

01/51527 PCHIUSFHRD A5 5daan eon silica.

20 in a further embodiment of the present invention it has been found that solid
procatalysts as described above can be produced comprising at least one internal
electron donor. A solid procatalyst is prépared by reacting at least one transition
metal compound of empirical formula MX,, where M is titanium, zirconium, or
hafnium and X is fluoride, chloride, bromide, or iodide, with at least one alkylating

25  agent and at least one internal electron donor in at least one aprotic solvent to
provide a soluble species which is subsequently contacted with a support.
Contacting the soluble species with the support includes depositing the soluble
species on the support. The resulting solid procatalyst, with a cocatalyst, provides a
catalyst system suitable for the polymerization or interpolymerization of olefins.

30 The molar ratio of the internal electron donor to the transition metal
compound is preferably from about 0.1 to about 100. Preferably, the molar ratio of
the internal electron donor to the transition metal compound is from about 0.25 to
about 15. More preferably, the molar ratio of the internal electron donor to the
transition metal compound is from about 1 to about 5.

13



Exanpl es of the internal electron donor are carboxylic acid esters,
anhydrides, acid halides, ethers, thioethers, aldehydes, ketones, im nes,
anmnes, wodess27nitriles, isonitriles, cyanates, isocyanacagyso1/01029

t hi ocyanates, isothiocyanates, thioesters, dithioesters, carbonic esters,
hydrocar byl carbamates, hydrocarbyl 5 thiocarbamates, hydrocarbyl
dithiocarbanates urethanes phosphi nes, sulfgdes, phosph:pe oxi des, 4
hospham des, s X|de f ones, sulfonam de rganosilicon conpounds
Eont gi ning at - p'Sﬁé’?ﬁB?y@swaé?'SFﬁm ﬁ?i‘%?fer%é%yﬁ‘bgggﬁﬁW%s, arsenic or
ant i nony cammlmdels achitrides ctiieds, ahiosthg &N aldie Bydeid Pkdtbrmedl Ghinds, Gafiksy) or oxygen

| ect d
e any OB, RO e aetre KBRS e antieer SRR ncl wded

Wi t hi n t hethigeséars, drmrqeewrsjsameucmtmamydmcamyt@arbarngtebaﬁ;@rmtwrs, whi ch are
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Per i odi b TH G, Hiioed By Eisp e P L B yP SR PO NEIES. i ar )
et hers, di phésphire cettdmer}shosbﬁaldidaﬁ auifgkides, I?.elfclmkesaédiﬁbhat?rcﬁéb &g&%sﬂlcoﬁgri I .

I | k | t ar a e ar ar y
cthor & andcanRaEr bt SrarEpas ofinsh AR S HiPesrh eneHERS. deenc
conpounds  suattinasydiompohyds edrinected b ah brganiztdreup thedughaPddroei Bredxygen
dii sopropy%]tn ther di butyl ether; diisoanyl ether; di-tert-butyl ether;

er

di phenyl dlbenzyl et her; d|V|nyI et her; butyI met hyl et her; butyI
ethyl & her; seExduplgs ofrethiansl usetihhereirt 5 the ntéibl €l6ctrort durlor ety

h | h
e o y&erﬂﬁé% sEpaTirg SIS ot Apr EvAge: 1neRhea NSRS eihee myt
met hyl et hesmpousids atre cqirﬁpmwdsmbyﬂamiﬁdhén téroetohtsr whtahae@a@n&—cttnérfthawr oet hyl)
T emoybiR Ry kAR ot 4, 3B it 7 PR i oo o
2, 3-di hydr Bleoreats, Egalﬁnpdbdﬁgtdgrefaue dralkytahétah&'dfy?éthé&ndna&aryzéthle;s ‘an
u ;
SFLQtyLy ¢ LD EHEAD i S ih S S BE R iy TRt e

2- et hyl f urethers, eyaamalkgt ethers, a@d@ﬁ@t}yl aradkye ethaérs} - Idcmdiéd)wm'n&ﬂ'?e ﬁﬁéﬁé)d@élt ane;

171 i et RE RN bRy o S RetRey Siner, SRProRUateety of hane:

i, i di met hdlhytplrejpemdusohnﬂll Sfed divettiany ptrepadishens| éhek ﬂlbbhﬁ?ﬁﬁﬂ%ﬂ?ane

b et BRE B bl TR BhRR Ny S ETER R, ) e

gl ycol 20di neetinyl etbéerth eyglopethiy( etelthMl ether; glyyiolhdxy gtlhmaﬁﬂli?fl t:ﬂtﬁé}?ﬂ ,naqih)(, ?F\Hflylaﬁ ge

0 o) 0 Ml OB ST o
bis(trimethylsilylmethyl) ether bis(2,2,2-trifluoroethyl) ether; methyl phenyl ether;
ethylene oxide; propylene oxide; 1,2-epoxybutane; cyclopentene oxide;
epichlorohydrin; furan; 2,3-dihydrofuran; 2,5-dihydrofuran; tetrahydrofuran; 2-

25 methyltetrahydrofuran; 2,5-dimethyltetrahydrofuran; 2-methylfuran; 2,5-
dimethylfuran; tetrahydropyran; 1,2-epoxybut-3-ene; styrene oxide: 2-ethylfuran;
oxazole; 1,3,4-oxadiazole; 3,4-dichloro-1,2-epoxybutane; 3,4-dibromo-1,2-
epoxybutane ; dimethoxymethane; 1,1-dimethoxyethane; 1,1,1-trimethoxymethane;
1,1,1-trimethoxyethane, 1,1,2-trimethoxyethane; 1,1-dimethoxypropane; 1,2-

30  dimethoxypropane; 2,2-dimethoxypropane; 1,3-dimethoxypropane; 1,1,3-
trimethoxyprobane; 1,4-dimethoxybutane; 1,2-dimethoxybenzene; 1,3-
dimethoxybenzene; 1,4-dimethoxybenzene; ethylene glycol dimethyl ether;
di(ethylene glycol) dimethyl ether; di(ethylene glycol) diethyl ether: di(éthylene glycol)
dibuty! ether; di(ethylene glycol) tert-butyl methyl ether: tri(ethylene glycol) dimethyl
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WO 01/51527 PCT/ US01/ 01029 ether; tri(ethylene glycol) di et hyl ether;
tetra(ethyl ene glycol) dinethyl ether; 2,2- diethyl- dlnethoxypropane
2- met hyl - ®oatiksyg$271, 3- di net hoxypr opane; 2- nethoxyfuran 3-raarsexyioas an;
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1;1_ 1'?h 16 and éPreiérrémethEecomprmdiaﬂrlwednbre;}rEheﬂmnhts‘rndEelenﬁodareéom are
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such ;s 19 rra‘m‘ﬁ?h OXYBI9PPER: *%dé?ﬁs xygbc?/qapa,epb f@%%ﬁé)?ybﬂyﬁ% s%a i dg edlcloggglrjgpfll
su: ]1:! ge, g! bm’ﬁetho?bhu‘anfd_m 4<eﬂnrpeth?Wbtutamlef antetetrdnyoeogyirarsul f i dle di octyl ~
sul fide; diisoa syl fide: e |
di benzyl sulfid ?‘a'HP{?Fﬁgﬁ”%eg’!’?rFHéefug"t’j%{%'f’ﬁg{é |"?§Ba'de'ég°m§5§83§% F aﬂgl fide;
di CKCl opr ;)]Pybmsowﬁdsdnlantalrdmg:wam@nep -Sduithioetieer lidkagec [lodledad wihih fhe;:le thI yl I
met su sy
sul 11 des al ISt enftpch pribmigeiigs BB YElef it it biGaross ofter e
su: ]1: I ge;ls be trayl carm;}]myéleetetﬁr}:nodecardn?sgw 143t1l5yn? audi ﬂT dfethelf@mmghlc Tabt&aofyl I
sul fi de; i de /
phenyl sul fgﬁ%:)\erg%ngwm{fes oythwgﬁmr%?e dﬁﬁﬁ?ﬁgtﬁ%@h@ rl?ﬂ(%noe % o ka'ﬁ'ﬁ? |Zée
but yl brr;st Pythn@&ihérsdﬁfl%almdyt thioettieany, | allglibfyl tﬂ\e:;ethessacalktyumyéryhlhtolejhers talkfyi de; o
tert-bu 1 de t
sul fide; Y 87%%#“%%%1%}' 4 %%%fﬂf"aét%e%p%yo%'@@h% ﬁ"%f's QHC{ ¥lkdél ar%ﬂ&f{)ggxyly
30 vi nyl sutrfmedeerst érdludeddre nnmbylhncmsluf:h de;ﬂmsﬁbyllsuh‘(ylé digthyllsulfidef i de;

st 3253 bi tpggpgyglﬁﬁ%éed,ﬁ%c;pnﬁﬁg,%yl?g% q&&ﬁ%h@éé‘ neé??.@f' sfiki Sé,%%%@dmdé“ hy

3- cycl ohexadicetyesulfidayetidndntyhsolfide; @@tbmw@uﬁdeedlahenyhmdﬁdmdtblwtyl met hyl
sul 1% CPLOGREE N B o el AL, L e
2, 3- di hydr odhiycppenty;suffidd; dicyclohexyl sulfide; allyl methyl sulfide; allyl ethyl sulﬂde allyl
cyciohexyl! sulfide; allyl phenyl sulfide; allyl benzyl sulfide; allyl 2-tolyl sulfide; allyl 3-
25 tolyl sulfide; benzyl methyl sulfide; benzyl ethyl sulfide; benzyl isoamyl! sulfide; benzyl
chloromethyl sulfide; benzyl cyclohexyl sulfide; benzyl phenyl sulfide; benzyl 1- .
naphthyl sulfide; benzyl 2-naphthyl sulfide; butyl methyl sulfide; butyl ethyl sulfide;
sec-butyl methyl sulfide; tert-butyl methyl sulfide; butyl cyclopentyl sulfide; butyl 2- I
chloroethyl sulfide; cyclopentyl methyl sulfide; cyclohexyl ethyl sulfide; cycl“ohexyl
30  vinyl sulfide; tert-amyl methyl! sulfide; sec-butyl ethyl sulfide; tert-butyl ethyl sulfide;
tert-amy! ethyl sulfide; cyclododecyl methyl sulfide; bis(2-cyclopenten-1-yl) sulfide; 1-
methylthio-1 ,3-cyclohexadiene; 1-methylthio-1,4-cyclohexadiene; chioromethyl
methyl sulfide; chioromethyl ethyl sulfide; bis(2-tolyl) sulfide; trimethylsilylmethyi
methyl sulfide; trimethylene sulfide; thiophene; 2,3-dihydrothiophene; 2,5~
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25 bis(methylthio)propane; 2,2-diethyl-1,3-bis(methylthio)propane; 2,2-dipropyl-1,3-
bis(methylthio)propane; 2,2-diisopropyi-1,3-bis(methylthio)propane: 2,2-dibutyl-1,3-
bis(methylthio)propane; 2,2-diisobutyl-1,3-bis(methylthio)propane; 2-methyl-2-ethyl-
1,3-bis(methylthio)propane; 2-methyl-2-propy|—1‘,3-bis(methylthio)propane; 2-methyl- |
2-butyl-1,3-bis(methylthio)propane; 2-methyl-2-benzyl-1 ,3-bis(methylthio)propane; 2-
30 methyl-2-methylcyclohexyl-1,3-bis(methylthio)propane: 2-isopropyl-2-isopentyl-1,3-
bis(methylthio)propane; 2,2-bis(2-cyclohexylmethyl)-1 ,3-bis(methylthio)propane and
the like.
Any amine may be used herein as the internal electron donor. Included are
amine compounds containing heteroatoms, which are atoms other than carbon,
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am ne conpounds contai ni ng heteroatons, which are atons other th
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ethylpiperazine; 1-propylpiperazine; 1-isopropylpiperazine; 1-butylpiperazine; 1-
isobutylpiperazine; 1-amylpiperazine; 1-isoamylpiperazine; 1-octylpiperazine; 1-

25  cyclohexylpiperazine; 1-phenylipiperazine, 1,4-dimethylpiperazine; 1,4-
diethylpiperazine; 1,4-dipropylpiperazine; 1,4-diisopropylpiperazine; 1,4-
dibutylpiperazine; 1,4-diisobuty|piperaiine; 1,4-diamylpiperazine; 1,4~
diisoamylpiperazine; 1,4-dioctylpiperazine; 1,4-dicyclohexylpiperazine; 1,4-
diphenylpiperazine; pyridine; 2-methyl pyridine; 4-methyl pyridine;

30  hexamethyldisilazane; morpholine; N-methylmorpholine and the like. Preferred for
use herein are pyridine, 4-methyl pyridine, N-methylmorpholine and N-
methylimidazole.

Examples of carboxylic acid esters useful herein as the internal electron
donor are any carboxylic acid ester compounds containing at least one C(=0)-0-C
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Exanpl es of carboxylic acid esters useful herein as the internal electron
donor are any carboxylic acid ester conpounds containing at |east one
C(=0) - O Cowolid/"701/ 51527 PCT/ US01/ 01029 ester |inkage. BEcanmsoesimnd
carboxylic acid esters are saturated or unsaturated aliphatic, alicyclic,
or aromati c conpounds containing an ester |linkage. Included wthin the
carboxylic acid esters are conpounds contai ning heteroatons, which are
atonms ot her than carbon, selected from G oups 13, 14, 15, 16 and 17 of the
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m chl Orobe%@ﬁw&nze%yhemyl ghharbaRa et @thyl'&%tﬁy)ﬂen%&@'ﬁrb gnzoate; anyl
m chl or obenzoat e; i soanyl chl'or obenzoate; - octyl mchloro enzoate :
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chl or obenz RtRYIbsnzaBE: 9?“7331 ﬂﬁ?%’?%ﬁ%"&t @eﬂ%(hsgrph'ﬁt@ﬁnmaé%eq%at e; isoanyl
p- chlorobenzoate; propyl o-chlorobenzoate; isopropyl o-chlorobenzoate; buty! o-

chlorobenzoate; isobutyl o-chlorobenzoate; amyl o-chlorobenzoate; isoamyl o-
chlorobenzoate; octyl o-chlorobenzoate; cyclohexyl o-chlorobenzoate; phenyl o-

25  chlorobenzoate; benzyl o-chiorobenzoate; methyl m-chlorobenzoate; ethyl m-
chlorobenzoate; propyl m-chiorobenzoate; isopropyl m-chiorobenzoate; butyl m-
chlorobenzoate; isobutyl m-chlorobenzoate; amyl m-chlorobenzoate; isoamyl m-
chlorobenzoate; octyl m-chlorobenzoate; cyclohexyl m-chlorobenzoate; phenyl m-
chlorobenzoate; benzyl m-chiorobenzoate; methyl p-chlorobenzoate; ethy! p-

30  chlorobenzoate; propyl p-chlorobenzoate; isopropy! p-chlorobenzoate; butyl p-
chlorobenzoate; isobutyl p-chlorobenzoate; amyl p-chlorobenzoate; isoamyl p-
chlorobenzoate; octyl p-chlorobenzoate; cyclohexyl p-chlorobenzoate; phenyl p-
chlorobenzoate; benzyi p-chlorobenzoate; dimethyl maleate; dimethyl phthalate;
diethyl phthalate; dipropy! phthalate; dibutyl phthalate; diisobutyl phthalate; methyl
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pht hal ate; nethyl propyl phthal ate; nmethyl butyl phthal ate; nethyl isobutyl
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14, 15, 16 and 17 of the Periodic Table of Elenents. Exanpl es of

th| oest er s kfe net hyl 20 thiol acetate; ethyl thiolacetate; propyl

thiolacetate; i S%rnmysl oftthiogstaraisahe her@iﬁ é/si thenﬂnéMaa@le&tadredorios aRut y!
t hi ol acetate; anyl thiolacetate; isga hi ol acetate; octyl . thiolacetate;

cycl oheyl GORIROUAGS ceRtaining|at iRpst eng 6= %eﬁ -Grtbioester ikape dPIAMPIAASI acet at e:

3- chl or opr apwirafeBidRlupsstiRk&d alrp%hy laliéyeli® e BrPMR; coﬂ{damhdé cdrhIgiRg @at e;
propyl thiobenzoate; i Sogroﬁﬂﬁfétnetl obenzoat e; but t hi obenzoat e; i sobutyl

t hi obenzoat B‘Oegﬁ&'l'“kfset H he *@%%ﬁ%%f B af"h?%%%ﬁ@étcen agingy |
t hi obenzoatRtersehrhaKith atrélamr&ﬁ@rttﬁan cé}b@mslaetc{f@dqhﬁﬁe@@ﬁg 113214 M1 oet hyl

t hi obenzoate; 3-ch t hi obenzoate and the || ke anpl es of ami des

I
usef ul here|6r?r}§’s17t ﬂo[’gﬁﬁégﬁéﬂ-aglﬁé’éﬁ%%n@@%'%s ofdBiepRiaITRe 8MiEi ni ng at
| east ope GhiofEAcettatBHetHidIAAaE: prEy tMbiBsetaleCissplopyidhidfhceBt:; BLtyHnsat ur at ed

aliphatic, tﬁlloia%gtalte (l:sobutyl thrlocl)artrc‘iettatg acngmﬁglgggtat%og%gﬁlgll tﬂ%laacgtatemoctyl
thiolacetate; cyclohexy! thiolacetate; phenyl thiolacetate; 2-chloroethyl thiolacetate;
3-chloropropyl thiolacetate; methyl thiobenzoate; ethyl thiobenzoate; propyl
thiobenzoate; isopropyl thiobenzoate; butyl thiobenzoate; isobutyl thiobenzoate; amyl
25 thiobenzoate; isoamyl thiobenzoate; octyl thiobenzoate; cyclohexyl thiobenzoate;
phenyl thiobenzoate; 2-chloroethyl thiobenzoate; 3-chloropropy! thiobenzoate and
the like.
Examples of amides useful herein as the internal electron donor are
compounds containing at least one C(=O)-N amide linkage. Exaniples are saturated
30  or unsaturated aliphatic, alicyclic, or aromatic compounds containing an amide
linkage. Included within the amides are compounds containing heteroatoms, which
are atoms other than carbon, selected from Groups 13, 14, 15, 16 and 17 of the
Periodic Table of Elements. Examples amides are formamide; acetamide; .

propionamide; isobutyramide; trimethylacetamide; hexanoémide; octadecanamide;
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25  trifluoroacetamide; N,N-diisopropyl-2,2,2-trifluoroacetamide; N,N-dibutyl-2,2,2-
trifluoroacetamide; N,N-dimethyl-2,2,2-trichloroacetamide; N,N-diethyl-2,2,2-
trichloroacetamide; N,N-diisopropyl-2,2,2-trichloroacetamide; N,N-dibutyl-2,2,2-
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trichloroacetamide; N,N-dimethyl-2-chloropropionamide; 1-acetylazetidine; 1-
acetylpyrrolidine; 1-acetylpiperidine; 1-acetylpiperazine; 1-acetylpiperazine; 1,4-
30 diacetylpiperazine and the like. Preferred for use herein are N,N-formamide, N,N-
dimethylacetamide and N,N-diisopropylformamide. ,
Examples of anhydrides useful herein as the internal electron dohor are
compounds containing at least one C(=0)-O-C(=0) anhydride linkage. Examples are
saturated or unsaturated aliphatic, alicyclic, or aromatic compounds containing an
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25 chloride; 3-cyclopentyl propionyl ch | or opr opi onyl chloride;
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are acetyl chioride; acetyl bromide; chloroacetyl chioride; dichloroacetyl chioride;
trichioroacetyl chloride; trifluoroacetyl chloride; tribromoacetyl chloride; propionyl
chloride; propionyl bromide; butyryl chloride; isobutyryl chioride; trimethylacetyl

25  chloride; 3-cyclopentylpropionyl chloride; 2-chloropropionyl chloride; 3-
chloropropiony! chloride; tert-butylacetyl chioride; isovaleryl chioride; hexanoyl
chloride; heptanoyl chloride; decanoyl chloride; lauroyl chloride; myristoy! chloride;
palmitoyl chloride; stearoyl chloride; oleoyl chloride; cyciopentanecarbonyl chioride;
oxalyl chloride; malonyl dichloride; succinyl chloride glutaryl dichloride; adipoyl

30 E:hloride; pimeloyl chloride; suberoyl chloride; azelaoyl chloride; sebacoyl chloride;
dodecanedioyl dichloride; methoxyacetyl chloride; acetoxyacetyl chloride and the
like.

Examples of aldehydes useful herein as the internal electron donor are

compounds containing at least one C-C(=0)-H aldehyde group. Examples are
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methyl-2-butanone; pinacolone; 2-pentanone; 3-pentanone; 3-methyl-2-pentanone;
4-methyl-2-pentanone; 2-methyl-3-pentanone; 4,4-dimethyl-2-pentanone; 2,4- k‘
dimethyl-3-pentanone; 2,2,4,4-tetramethyl-3-pentanone; 2-hexanone; 3-hexanone; 5-
methyl-2-hexanone; 2-methyl-3-hexanone; 2-heptanone; 3-heptanone; 4-heptanone;

25  2-methyl-3-heptanone; 5-methyl-3-heptanone; 2,6-dimethyl-4-heptanone; 2-
octanone; 3-octanone; 4-octanone; acetophenone; benzophenone; mesityl oxide;
hexafluoroacetone; perfluoro-2-butanone; 1,1,1-trichloroacetone and the like. .

Examples of nitriles useful herein as the internal electron donor are
compounds containing at least one C-C=N nitrile group. Examples are saturated or

30  unsaturated aliphafic, alicyclic, or aromatic compounds containing a nitrile group.
Included within the nitriles are compounds containing heteroatoms, which are atoms
other than carbon, selected from Groups 13, 14, 15, 16 and 17 of the Periodic Table
of Elements. Examples of nitriles are acetonitrile; propionitrile; isopropionitrite;

butyronitrile; isobutyronitrile; valeronitrile; isovaleronitrile; trimethylacetonitrile;
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Examples of thiocyanates useful herein as the mternal electron donor are
compounds containing at least one C-SCN thiocyanate group Examples are
saturated or unsaturated aliphatic, alicyclic, or aromatic compounds containing a

25  thiocyanate group. Included within the thiocyanates are compounds containing
heteroatoms, which are atoms other than carbon, selected from Groups 13, 14, 15,
16 and 17 of the Periodic Table of Elements. Examples of thiocyanates are methyl
thiocyanate; ethyl thiocyanate; propyl thiocyanate; isopropyl thiocyanate; n-butyl
thiocyanate; t-butyl thiocyanate; s-butyl thiocyanate; pentyl thiocyanate; hexy!

30 thiocyanate; heptyl thiocyanate; octyl thiocyanate; nonyl thiocyanate; decyl
thiocyanate; undecane thiocyanate; benzyl thiocyanate; phenyl thiocyanate; 4'-
bromophenyacyl thiocyanate; 2-methylbenzyl thiocyanate; 2-chlorobenzo
thiocyanate; 3-chlorobenzo thiocyanate; 4-ch|orobenzo thiocyanate; o-toluyl
thiocyanate; m-toluyl thiocyanate; p-toluyl thiocyanate and the like.
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25  bromophenyl isothiocyanate; 1,4-phenylene diisothiocyanate; 1-isothiocyanato-4-
(trans-4-propylcyciohexyl)benzene; 1-(trans-4-hexylcyclohexyl)-4-
isothiocyanatobenzene; 1-isothiocyanato-4-(trans-4-octylcyclohexyl) benzene: 2-
methylbenzyl isothiocyanate; 2-chlorobenzo isothiocyanate; 3-chlorobenzo
isothiocyanate; 4-chlorobenzo isothiocyanate; m-toluyl isothiocyanate; p-toluyl

30 isothiocyanate and the like.

. Examples of sulfoxides useful herein as the internal electron donor are
compounds containing at least one C-S(=0)-C sulfoxo group. Examples are
saturated or unsaturated aliphatic, alicyclic, or aromatic compounds containing a
sulfoxo group. Included within the sulfoxides are compounds containing
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(trans-4-propyl cycl ohexyl) benzene; 1-(trans-4-hexylcyclohexyl)-4-

| sot hi ocyanat obenzene; 1-isothi ocyanato-4-(trans-4-octylcycl ohexyl)
benzene; WO (mesuseyl benzyl i sothiocyanate; 2-chlorobenzo i sadcsvyanaye;

3-chl orobenzo isothiocyanate; 4-chlorobenzo isothiocyanate; mtoluyl ’

i sot hi ocyanate; p-toluyl 30 isothiocyanate and the |ike. Exanples of

sul foxi des useful herein as the internal electron donor are conpounds
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unsat ur at efetatdafdhid, ivihichbdre@yarhs otheoirhaalcerfmm seleterhbom@rournt ilfi g a

sul foxo group. | pncl ARGAH S e G

\/\oI 01/ 515276 Paﬁ%gbﬁyegg%%’g'ch‘t @?M%&gx\tﬁggﬁﬁég%@%&om g@?ﬁer t‘ﬁiagl car tz)gn

Eleererg'ﬁl teg f ggfﬁeggﬂmlsm@omdbggo%bulfd)éﬁabdﬁ%}%ﬁokldrgﬁﬂﬁc’éﬁp'&ﬂ@ replle of

or opy! sul f 84 ﬁW‘ BYige Zs&)‘o id |Flf|§)'7{d 0Xd Psufpkiak! QuénfprI de;

gegb ly:c 05335%5&?" Q@IWslulﬁfsleé -awitalg; sulﬁm(gd osfalyt sufioride; !a@f@yh P@lﬂyf ogrhge phenyl

0 0

met hyl pheﬁylroxw%o ey Bl StokaeP iy -y T pupr vl sdcberc fer )

g m Fgﬁeﬁs?;gmn}:q;m;%fd;%ie?%mgmbhmyhymiwm;] mﬂtws(phan\dwmy(%%ﬁ%ﬂ suI £ oxi de;

sul f oxi de; PRBEAFHITGRAEH R y%ﬂensehﬁﬁ%ﬁ %i Y'gﬁét ;ﬁfulﬁﬁrﬁﬁﬂﬁl Juriceqe .

ﬂlar g;h;gn;ﬁhu@ﬁgﬁ@&ﬁdﬂldﬁ\? damétmdvrgd $utfexinirge @@hﬁffplllé% of SLF?I()Egssﬂlsfe]?ﬁ: e
ernal, SlLepian AR S HIBALNGIScEANALPiRY at | east

s doshl e cid

one C-30=0)2-C és are saturate unsat ur at ed
al i phatic, Rhipeusdd contammgraoteasumedbsﬁem)ad%swf@nesrwpndf@mmla*@me gr oup.

I ncl uded within the f f
are atons CeHERt ef’l‘?éHﬁl%J%W'%g%Sal é?té ? @QW%a@ﬂ%@gBlgguﬁ}ﬂcﬁfnﬁﬁ ﬁ)%rﬁandeln7cgf
étSh';llhe spﬁlr :cégggﬁe Jr@bbelr&iudléﬂg\nﬂamtthe s%@plae%C@ﬂP%ﬂdﬁéﬂ@fé'W%Pﬁgﬂm%ul f one;
ne

Vinyl sul ToMush aRAtep ot A Earul dolofitd HARFaoE} 14 By &g Tpoes ethy]
zul( f g gﬁlS| C'tlﬁ? Pedodit S’éplbedﬂjzlamérft@ r@(hmtels;df emh‘enes are methyl sulfane; ethyl
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sul fone; phgiwromethyl p-tolyl sulfone; N, N- bls(p-tolylsulfonylmet yl)—e%llwylamme one; benzyl
methylthiomethyl p-tolyl sulfone; 2-(phenylsulfonylyacetophenone; methyl
phenylsulfonylacetate; 4-fluorophenyl methy! sulfone; 4-chlorophenyl 2-chioro-1,1,2-
trifluoroethy! sulfone; tosylmethyl isocyanide; phenyl sulfone; benzyl sulfone; phenyl

25  trans-styryl sulfone; 1-methyl-2-((phenylsuIfonyl)methyl)-benzene;1,—bromomethy|—2-
((phenylsulfonyl)-methyl)benzene; p-tolyl sulfone; bis(phenylsulfonyl)methane; 4-
chlorophenyl phenyl sulfone; 4-fluorophenyl sulfone; 4-chlorophenyl sulfone; 4,4'-
sulfonylbis(methyl benzoate); 9-ox0-9H-thioxanthene-3-carbonitrile 10,10-dioxide;
tetramethylene sulfone; 3-methylsulfolane; 2,4-dimethylsulfolane; trans-3,4-

30  dichlorotetrahydrothiophene 1,1-dioxide; trans-3,4-dibromotetrahydrothiophene 1,1-
dioxide; 3,4-epoxytetrahydrothiophene-1,1-dioxide; butadiene sulfone; 3-ethyl-2,5-
dihydrothiophene-1,1-dioxide and the like.

Examples of phosphorous compounds useful herein as the internal electron
donor are saturated or unsaturated aliphatic, alicyclic, or aromatic phosphorous

25
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at | east ohelunbeygéthirathe mrganosiitardemnpaunts aret deenpmugds osnthingn conpounds are
Copouc ARl Bl P8 e Ml R BTS00
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di chl or odi bichloxgisaHubmgsilane; dichlorodimethoxysilane; dichlorodiethoxysilane;

| dichlorodipropoxysilane; dichlorodiisopropoxysilane; dichlorodibutoxysilane;

dichlorodiisobutoxysilane; chlorotrimethoxysilane; chlorotriethoxysilane;

25  chlorotripropoxysilane; chlorotriisopropoxysilane; chlorotributoxysilane;
chlorotriisobutoxysilane; dimethylmethoxysilane; diethylmethoxysilane;
dipropylmethoxysilane; diisopropylmethoxysilane; dibutylmethoxysilane;
diisobutylmethoxysilane; dipentylmethoxysilane; dicyclopentylmethoxysilane;
dihexylmethoxysilane; dicyclohexylmethoxysilane; diphenylmethoxysilane;

30  dimethylethoxysilane; diethylethoxysilane; dipropylethoxysilane;
diisopropylethoxysilane; dibutylethoxysilane; diisobutylethoxysilane;
dipentylethoxysilane; dicyclopentylethoxysilane; dihexylethoxysilane;
dicyclohexylethoxysilane; diphenylethoxysilane; trimethylmethoxysilane;
triethylmethoxysilane; tripropylmethoxysilane; triisopropylmethoxysilane;
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di chl or odi i sobut oxysi | ane; chl orotri net hoxysil ane; chlorotriethoxysil ane;
25 chl orotri propoxysilane; chlorotriisopropoxysil ane;
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propyltri m%/ﬁnr}ﬂﬁ%éf.hlo ns‘?léni:;Sp(?géy?tﬁPﬁleh{cjx{/rgltaﬂg;xlgospir!)gy?t%ﬁethoxysilane;
butyltrimethoxysilane; isobutyltrimethoxysilane; tert-butyltrimethoxysilane;
phenyltrimethoxysilane; norbornanetrimethoxysilane; methyltriethoxysilane;
ethyltriethoxysilane; vinyltriethoxysilane; propyltriethoxysilane;

25  isopropyltriethoxysilane; butyltriethoxysilane; isobutyltriethoxysilane; tert-
butyltriethoxysilane; phenyliriethoxysilane; norbornanetriethoxysilane; 2,3-dimethyl-
2-(trimethoxysilyl)butane; 2,3-dimethyl-2-(triethoxysilyl)butane; 2,3-dimethyl-2-
(tripropoxysilyl)butane; 2,3-dimethyl-2-(triisopropoxysily)butane; 2,3-dimethyl-2-
(timethoxysilypentane; 2,3-dimethyl-2-(triethoxysilyl)pentane; 2,3-dimethyl-2-

30 (tripropoxysilyl)pentane; 2,3-dimethyl-2-(triisopropoxysilyl)pentane: 2-methyl-3-ethyl-
2-(trimethoxysilyl)pentane; 2-methy!-3-ethyl-2-(triethoxysiIyl)pentane; 2-methyl-3-
ethyl—z-(tripropoxysilyl)pentane; 2-methyl-3-ethyl-2-(triisopropoxysilyl)pentane; 2,3,4-
trimethyl-2-(trimethoxysilyl)pentane; 2,3,4-trimethyl-2-(triethoxysilyl)pentane; 2,3,4-
trimethyl-2-(tripropoxysilyl)pentane; 2,3 4-trimethyl-2-(triisopropoxysilyl)pentane; 2,3-
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butyl tri met hoxysil ane; isobutyltrinethoxysilane;
tert-butyltrinmethoxysilane; phenyltrinethoxysil ane;

nor bor nanerdairses2toxysi | ane; met hyl tri et hoxysil ane; et hyl thdTatSeonyed | ane;
vinyl triethoxysilane; propyltriethoxysilane; 25 isopropyltriethoxysil ane;
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di met hyb -.3-1i sopr opyl - 2- (tri propoxysilyl)pentane;
2, 4-di net hyl - triisopropoxysilyl)pentane;
hexaret hyl di si | 353%8“30 é’mig@'yg { mayorEk ARk IAGHER a7 Interarleleation doner, bs ke.
Preferred tlescribveg hbmirei n are cycl ohexyl met hyl di met hoxysi | ane, 10 tetraethyl
orthosilicate an ope | di et hoxysi | ane. The present invention al so
provi des a catal g{noi%)/- técg?fgé%ﬁ?‘?aé?')‘ﬁ to E/*‘R)tr%ﬁ't'%ﬁﬁa'dh@es&@!l@ grasetadyst al yst
as descri bamfabkﬂwarm@bo(uﬁhadaﬂacmsbowrlt@refé?ﬁlﬁy Ethélﬁi‘-olaﬁa 6 150! ' d

de_an internal el ectron donor,

t
greggﬁll %e&?ﬁﬁ& torﬁ‘gy‘%‘ls PN mﬁt A e sofid prosatalyst is dtom abquid te ﬁb@l&il%ﬂon met al
in the sol Mdsmrefmmy \tsd mowreétﬁarabrhe/céc%taws@m AR Yghsiflor! refal AL 0P 00

the so i d’ BPbREMAT5dor] S0f 53 abBdi09. to aboul 250, Nost pref te} by, the |
nol ar ratio of Tiheatleasttonbystathyst redtin therédePPintBhtRIn dah I:ieh.aer'wysOI id
organometallic compound, or mixtures thereof, that can activate the solid procatalyst
25 in the polymerization or interpolymerization of olefins. For example, fhe cocatalyst
component may contain an element of Groups 1, 2, 11, 12, 13 and/or 14 of the
above-referenced Periodic Table of the Elements. Examples of such elements are
lithium, magnesium, copper, zinc, boron, aluminum, silicon, tin and the like.
Preferably, the cocatalyst is at least one compound of the empirical formula,
30 RaEYmH, or (QER),,
or mixtures thereof,

2,
(t

2
2
2-
2-
2-
t

2,
t

e

wherein,

each R is independently a hydrocarbyl group:

28



procatal yst is fromabout 5 to about 100. The at | east one cocatal yst used
In the present invention can be any organonetallic conpound, or m xtures
t her eof , Woatl/sas21 activate the solid procatal yst 25 in trETpcdoynsnd zati on
or interpolynerization of olefins. For exanple, the cocatal yst conponent
may contain an elenent of Goups 1, 2, 11, 12, 13 and/or 14 of the
above-referenced Periodic Tabl e of the El enments. Exanples of such el ements
are lithium magnesium co zinc, boron,_alumnum silicon, tin and
the like. PrefeEdppy elamgnte &M’I 1%0ef the Paiodic Bahle ghEleaenisoaraierablyt he

enpi ri cal bgfgMbradumid@mRNEYnHp or (QER) g, or mixtures thereof, wherein,
each R is independently a hydrocarbyl group; 28 WO 01/51527 PCT/ USOl/01029
Eis an el enent €a¢h lér‘%lﬁ‘ﬁe&@@ﬂ”! ﬁé"qﬂé‘?'f“@ﬂpcm‘l’%‘?ﬂe@t%$ ligandyent s, preferably

boron or alunmn -On qu@ﬁ R nt at e
ligand; Qis seg?gtsgt%%bardz)ﬁdrﬁ Sl NI%DRJ) N Nm‘ﬁ?émmyﬁl\l( NR2) -

-N(PR2) 3, -BRIPERQR)- (feﬁiy,-a d-tft(fslﬁ)e) and P(NR2) n> 0, m>_0, p>_0O and

n+mtp=3; and q%_,le r‘,l,'f;q)&) Aay,g;ﬁpabgyé SEoup”, as used herei n, denotes a
monoval ent, linear,” bra dhe cyc or polycycllc group whi ch contains

carbon and hydragae‘n atons. 1o The hydrocarbyl group may optionally contain

atom i add ti et 4 BRRANbrol¥Ib00en: ARLACHERUL OMTEAUER Harld 15

16, and 17 of the Peri od nonoval ent car Byl S
i ncl ude t hérdnohedwiyniiy, oOtelB3eliagiopup which-aoBGirsl deybon andoisytdrogeneddomst h one or

I | ; C3-C15
Cyel oat Byt TEEkERy S ks B Eomalr iy iEEHER Gt agBlY' 1
sel ect ed f hpino@an &6ctal Krph G@p@]lB iy dbotd, lept 16)’rofme,lﬂ’er|0@8:rtatﬁe ar yI and
C6- C15 I t -sel Cl: 30
05 1> 20 s gl (GE BEAURRIRE SR ot T 5
subst i t ut esubntltwia@ whibtonelmrmrqagmupis selactpd ﬁytn Coso atityl, tﬁsdhenyﬂloajkymp - - -

R L R T L U
-N(R) NR2,  selsCiRpRRE) Cq-NeBRR) 2G-S Negbgalkyl Nr bR, CorE-PRYI -8, C-CRRRYI - SOR, :
- SNR2, SPRabstltuted with one or more groups selected from C4-Cs alkyl, Cs-C4s cycloalkyi or
aryl; where aryl preferably denotes a substituted or unsubstituted phenyl, napthyl, or
anthracenyl group.
- Examples of the monoanionic, monodentate ligand Y include the hahdes

20 -OR, -OBR;, -OSR, -ONRg, -OPR;, -NR;, -N(R)BR;, -N(R)OR, -N(R)SR, -N(R)NR,
-N(R)PR;, -N(BR3),, -N=CR;, -N=NR, -N=PR, -SR, -SBR;, -SOR, -SNR;, -SPR;,
-PR,, and the like. Each R is independently a hydrocarbyl group, as defined above.
Examples of halides are fluoride, chloride, bromide, and iodide.

Examples of alkoxides are methoxide, ethoxide, n-propoxide, i-propoxide,

25  cyclopropyloxide, n-butoxide, i-butoxide, s-butoxide, t-butoxide, cyclobutyloxide, n-
amyloxide, i-amyloxide, s-amyloxide, t-amyloxide, neopentoxide, cyclopentyloxide, n-
hexoxide, cyclohexyloxide, heptoxide, octoxide, nonoxide, decoxide, undecoxide,
dodecoxide, 2-ethyl hexoxide, phenoxide, 2,6-dimethylphenoxide, 2,6-di-i-
propylphenoxide, 2,6-diphenylphenoxide, 2,6-dimesitylphenoxide, 2,4,6-

30  trimethylphenoxide, 2,4,6-tri-i-propylphenoxide, 2,4,6-triphenylphenoxide, 2,4,6-
trimesitylphenoxide, benzyloxide, menthoxide, and the like, halogenated alkoxides
such as trifluoromethoxide, frifluoroethoxide, trifluoro-i-propoxide, hexafiuoro-i-
propoxide, heptafiuoro-i-propoxide, trifluoro-t-butoxide, hexafluoro-t-butoxide,
trifluoromethoxide, trichloroethoxide, trichloro-i-propoxide, and the like.
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-PR2, and the |ike. Each R is independently a hydrocarbyl group, as defined
above. Exanples of halides are fluoride, chloride, brom de, and iodide.
Exanpl es oo @lssxi des are net hoxi de, et hoxi de, n-propoxi decepropaxi de,

25 cycl opropyl oxi de, n-butoxide, i-butoxide, s-butoxide, t-butoxide,

cycl obut yl oxi de, n- anyl oxi de, i-anyloxide, s-anyloxide, t-anyl oxide,
neopent oxi de, cycl opentyl oxi de, n- hexoxi de, cycl ohexyl oxi de, hept oxi de,

O " oS i ee SRl STl 9=

2, 6-di ph_enprq;jyemolmajeyclaprfspyhnmbtrybpﬂymmamedebutalthnolstesabwylmerate/ kphenoxi de,

2,4,6-tri-|-pro %4.2t I n '% NoxX IOP

trinesityl BHEAY ‘é lgtgen Wé”f' gt Gamyiga gaquyil{tg Yaltogenat ed

?I k]?i(i des amytthoase tneogbérugat‘rmmbh@mlo@entynmolfa{el,lnmgh?{?tldeorO o oboxi de
rifluogo-i 0 e 0 : -1 - :

trifl uo% cg eﬁ‘%%@af%ﬁ%w"ht?ﬁ% = 2 %ﬂmﬁyﬁenngﬁf‘eﬂgﬁé €t hoxi ge, P

tri /chl or ;)epkupylpﬂenylwdlatbj 21B%pmpylpp@)yltdelatea,%—ﬁ%sit?lbi@eny&ﬁio}éﬁé,Qu,&lllszz

PCT/ US01/ 0102 t t thiolate, -

- pr opy! t hEGTEAPUREREbERT 2 Bt BoPRpRetRB IR i b env Rt Bt of ot e,

i - but ly![ L hi ?l?ﬁ;m&thphgmylmIddtatbﬂnzylthldbatﬁyltédglmloaﬁte ootwmloﬁﬁ!elt yl t hi ol at e,

iola
neopont i + APONGIEE ey SRR, Foefuflele. Hosdifhiokie pratan Redifictte,
cycl ohexyl t’dlunﬁiwmlelatmlwuylhé ﬁkeohalbgenazecﬁalflylﬂ‘i&ilétgf phehyd t hi ol at e, 2,6-di-i-
| ph thio n ol.ate

> o i most Pk BRI RIote U SSGRIRIRE bR Rty toinets fegatuoro-:

2,4,6-tri- prqmylﬂmmbtmeayﬂﬁfhhniroh@mpyltﬂplé;@;c]rtflupi’oemﬂtwnmmllatHg]m@fladre-t-

2,4, 6- t t t

occyla hi of rwIRBRS MBS B it bt idhist Efhiers-spplitiorate

dodecyi t hi eh@tlmhké et hyl hexylthiolate, 10 nenthylthiolate, and the |iKke,

hal ogenat ed al kyl t hi trifluor.o

trifludtoethylt ?‘8?“8@:3?’%?‘?\' %f?g? g'meﬂb‘ﬂ VFt‘FI‘ %‘Fﬁl t ﬁéﬁé\%f)@“&'d? di-i-

propyl t hi obmlammmbbprapyianm@whmtwﬁmae dlli-bun‘ylanﬂd@d-stthwérmheol ate,

{1 el or ooProPTHFAIds 8% o Funbids. HERBETIAN - of-Sr ey Bty ot hamyjapice. 5

Exanpl es ofii-rarmygasics ehcgldzimdmbmmedeme@bemywhﬂm diev-haliytamige,opy| ani de, di-i -

Ry s T R Tt L A

di -i - apy! adiuddecy\ﬂamISe adigddunyidmide, di- 2-te’ff@h§fé>@!ﬁnﬁi&e dibl@ﬁqlaﬂmibjsl-aei de,

ol meopent YLD ol 2 o RALALIE B EueBtf Bl

di dodecy! ahisdx6- ddmesﬂylehéryylamelley!bla-m:t;l@&mmbtpwamdywmld@ bidp &62tri6-
propylphenylamide, bis-2,4,6-triphenylphenylamide, bis-2,4,6-trimesitylphenylamide,
dibenzylamide, dihexylamide, dicyclohexylamide, dioctylamide, didecylamide,

25  dioctadecylamide, diphenylamide, dibenzylamide, bis-2,6-dimethylphenylamide, 2,6-
bis-i-propylphenylamide, bis-2,6-diphenylphenylamide, diallylamide, di-
propenylamide, N-methylanilide; N-ethylanilide; N-propylanilide; N-i-propylanilide; N—
butylanilide; N-i-butylanilide; N-amylanilide; N-i-amylanilide; N-octylanilide; N-
cyclohexylanilide; and the like, silyl amides such as bis(trimethylsilyl)amide,

30 bis(triethylsilylyamide, bis(dimethylphenylsilyl)amide, bis(t-butyldimethylsilyl)amide,
bis(t-butyldiphenylsilyl)amide, phenyl(trimethylsilyl)amide, phenyl(triethylsilyl)amide,
phenyl(trimethylsilyl)amide, methyl(trimethylsilyl)amide, ethyl(trimethylsilyl)amide, n-
propyl(trimethylsilylyamide, i-propyl(trimethylsilyl)amide, '
cyclopropyl(trimethylsilyl)amide, n-butyl(trimethylsilyl)amide, i-
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di met hyl phenyl am de, bis-2, 6-di-i-propyl phenyl am de,

bi s- 2, 6-di phenyl phenyl am de, bis-2, 6-di nesityl phenyl am de,

bi s- 2, 4, ewrairsesttyl phenyl am de, bis-2,4,6-tri-i- propyl pheaaesvide29

bi s-2,4,6-tri phenyl phenyl am de, bis-2,4,6-trinesityl phenyl am de,

di benzyl am de, di hexyl am de, dicycl ohexyl am de, dioctylam de, didecyl am de,
25 di oct adecyl am de, di phenyl am de, di benzyl am de,

bi s- 2, 6-di h | d 2. 6- he m de, '
b o2’ 6. di Sﬁgt.x TR R, Sbapimetnimy s mm@«mfﬁm@namme
N- et hyl ani Eydisbut mh@tﬁkll@ﬂvl)'ahﬂ& n%rﬁﬁWétﬁﬂbWD@ﬁndé\H' -propyl anilide; N

butyl ani i de; [\I— ani | i de; | ani | i de;

N-oct yl ani | A C‘“N?—“M%'VQ}%B@?I %?ﬁF‘WKW@eﬂMﬁHY'?%d?'ltkaé“y'@r'm?thyléﬁlﬁ')éé%d%uch as
bi s(trimethyk érwl()tmﬁ sny$)errbdesewld);fénliw(ltrﬁhéw&uﬁyﬁhﬁhﬂae o

blS(dIITEthyh SI| am de, «'gn% F*\ di net hyl si |

bi s(t-butyl gﬂiﬁw yavde) Syclpiiemiirime yl?él('}ﬁm@? |ReP Vé( mﬁshylsﬂybam'de
phenyl (triethy trfétHyYélla/létﬂin@&ylsﬂﬂBﬁféﬁé' bihd !h@ﬂl'k@méérbb! &lé‘@hﬁﬂés such as the

met hyl (trimeth trinethyl

| e, si |
pr opyl (t 1 nEeHYgle P??%%%RXEFO'% mﬁF%‘EW(@IP?r %ﬂp:?rqzy]e, g}ﬁo@e imidazole, A

cycl opropy! aidié NRiabyk Spirite) aﬁfhghﬁemd@ e%b;relc(ﬁebtdﬁet é%c?élbé(&tél?é“ de, i- 30 WO
01/ 51527 PCT/ u301/01029 but yl.(trimeth

s-but yl (t ri AEANGIPEPTANS) aracyelodecanst Wmswpﬁ%@{tﬁwgﬂwayvq%ﬁﬂa@ﬂe like.

cycl obuty! (tri meEkamplek xsk pRGEpHRIes @reamﬂemhquhlasﬁmé %.étg)wbnﬂmp%e i -

Ehyl (411 nAPIETPhR i Ssa R SR bhoRat IO SPPIShasPtice.

cvel Sﬁiﬂtr'(f’??ﬂe e I g Desty Ch Lt ot VT e Ge. and

t?/i et hyl gi I Q'WG[*?)#%PMLP%?%M%@'%@-' ?\‘{}"R("ﬁéy Iphesp 'dﬁe?ér ocyclic anides. such
as the Conﬁlpgéﬁw?pﬂé%}l@&ogﬁhldb’bh@ltl% Ilklé}’ﬂhé%hj@gﬂl@ ba@é@@fé h@(s'mosahuﬁsg azi ne,

i ndol e, i mda oI e, EOl e hi azol e, e)%url ne, phthalim de, azacycl oheptane,

azacycl bbet 8 ?Wﬁ[?ﬁﬁﬂté”e Phesphacyciebenase. F?'TP@PP“&YGBQFP"?G‘% ed

derivati veSphcwwlaém:dctéﬁ@ phds@h@%lmbﬁénébh@ibh%%ld&%aﬁé %nd the like.

dlnethylphosphld e hosphi de di pr opyl phosphi de, |butylphosph|de
di any! phosphi de %{%Hg% Wi%tﬂ‘eas thamaporB/ARIEyMBRRSISHAtRIigand Y are

di phenyl phommiddeem@hdéeamla@%ahbﬂ@e emos«d% ﬁpré’ddfﬂehﬂbrﬁﬁlﬁﬁggé rbggba&{yh gel e

2,6-di-i | phen osphi de phenyl phenyl phosp

t he conj uga'f“ga/ é‘y oBe'&)&Xid@ BWH%@H’I%"@Ba%‘lﬁfﬂu‘é"@e@%@ﬁhacycI opent ane,
phosphagycl ohex amtu@b@s masambm@&ﬁéraﬂematdomﬁa@&w&& BOGEE S the
phosphacycl ononane,. phos and the like. Preferred for use

hacyc| odecane,
herein as tRENAYHILRIBYR Y%‘?]Hﬂfé‘ﬁt ate ligand Y are fluoride, chloride,

bronmi de, nethoxi Eﬁam@lé@@ﬁh@%cﬂa@é@@.@éwdﬂ thé ch@@éfﬂtﬂ@ Pret%\éﬁﬂﬁ\l'éi'ﬁon

neopent oxi de yl oxi de rifluoromethoxide, and trifluoroethoxide.
P ﬁereeg| boron in the% ?/me include tnmethylborane triethylborane; tri-

ormula R.E
n-propylborane; tri-n-butylborane; tri-n-pentylborane; triisoprenylborane; tri-n-

25 hexylborane; tri-n-heptylborane; tri-n-octylborane; triisopropylborane;
triisobutylborane; tris(cylcohexylmethyl)borane; triphenylborane;
tris(pentafluorophenyl)borane; dimethylborane; diethylborane; di-n-propylborane; di-
n-butylborane; di-n-pentylborane; diisoprenylborane; di-n-hexylborane; di-n-
heptylborane; di-n-octylborane; diisopropylborane; diisobutylborane;

30 bis(cylcohexylmethyl)borane diphenylborane; bis(pentafluorophenyl)borane;
dimethylboron chloride; diethylboron chloride; di-n-propylboron chioride; di-n-
butylboron chloride; di-n-pentylboron chioride; diisoprenylboron chloride; di-n-
hexylboron chloride; di-n-heptylboron chloride; di-n-octylboron chloride;

diisopropylboron chloride; diisobutylboron chloride; bis(cylcohexyimethyl)boron
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20 M xtures of nonoani onic, nonodentate |igands Y may be used as the
nonoani oni ¢, nonodentate ligand Y. Exanples of the cocatal ysts useful in
t he procew® @fsisdte present invention where E is boron in rRdmeuSoonmad a
RnEYrmHp i ncl ude trinethyl borane; triethyl borane; tri- n-propyl borane;
tri-n-butyl borane; tri-n-pentyl borane; triisoprenylborane; tri-n 25
hexyl borane; tri-n-heptyl borane; tri-n-octyl borane; triisopropyl borane;
triisobutyl borane; tris(cylcohexyl nmethyl)borane; triphenyl borane;

t ri s( pent athegABHRIRNYIPREHeorida] PistPrytaRkerapkenylberon ghlsgdeirtiethylboron
di - n-pr opylﬂb@r@@.eﬂquboran bwa@wamorgh Td@lldéeaﬁrﬁ@tﬂ%o?@ﬁ g,%dxmpr enyl bor ane;

di - n- hexyl borane: di-n- heptyl borane; di-n-oct orane; diisopfopyl borane;

di i sobut y| §8prethgborgp %%@ﬁ@m&@mﬁtbm@ s ?‘llélb@mpﬁ@ﬁ?tb@%dﬁ ane;
bi s( pent af Iduﬁétﬁplbsr@watm@apethwﬁomt bR %tﬁmc%h @%I&H@IQwIQ&BR”

chlorlde - oron chloride; di-n- %/' bor on [ori
e

0
di - n- pe At y(d wi%wwﬁpmy@emn@wh'?%pnzhwgmlbowr@ﬁ Figes nrrRstyllprom-  hexyl bor on

chlori de;  dichibridepbapranyiBetos alcRlode; n-Hbxylk 9&4&1:#99{
di i sopropyl bor oln jghl‘%)rr ﬁ%e; od| i sob Iut yri boxrym? chlorid I&nn Ill)Cﬁlcohexyl met hyl )

boron 31 \ﬂBhMPS’l%Q?W'Ib@’H”l%MS’WfOEQPFOEYI‘P@'PFG’@hmidshléﬁv-lt]db@r@n chl ori de;
bi s ( pent af IdpGPBBSEYbRaY PLtRHBrorcnficet BdryicRsh abhisd.de:  di et hyl bor on

brom de; diet oron i odide;’ di met oron net hoxi di et hyl bor on

et hoxi de; @Pﬁ?ﬁwfeehw'h@r%wd@“d%P%fmmt%ﬂwﬁn nﬁtmnxjded@hlorqmaﬂmlbwpnor on

et hoxi dg; @il 896RBiHGIHBRA &lRoxidEiiyihBgkon di chloride; ethyl boron 5
di chl oride; n-propyl boron dichloride; n-butyl boron dichloride;

n- pentyl boron difAMBlasHE the aaspiabisia YsSFUb in 1P PRYCSSS akthe presenyinkention
di chl or i deivhardeRs MLRMHLANIN tHé Ol RISy, P %twabtf%@my!%hm%%l de;

i sopropyl boron dichloride; isobutyl boron’ di chl ori dé
(cyl cohexy FIREMRV YRS i "GTRECPHV@JH‘fﬂ'@“mpﬁb’i’l’%%@#@ﬁn@ﬂcﬂﬁ'rfbpemwalumlnum

pent af | uor epduprertyRMiAMUE Frhh-%ékﬁﬁumﬁﬂh@ﬁ@ﬂ%tﬂﬂéﬂ%lﬂﬂm”ﬁlti'%tglgﬁﬁmn Mo

chi or onet h¥r| boron 1o ethoxide; chloroethylbordn ethoxide an

Exanpl &% o ISREORVAIIAUY: trisqheialiminymy His(qylcobeedmethyhalemipuasent i nvent i on
where E lamaétummmmunnh&d}@ef&émviamnﬁﬁtﬁxrﬁl;@ndenel H‘Bﬁ;&:fétdﬁ%mﬁ'h@hhﬁ@ num

trlethylalamnu tri-n-propyl al umnum trin- Fum num

tri-n-pent $rary %’Hﬁﬂ'ﬂumthyidf'%ﬁ#@m?ﬂw%ﬁ"ﬁumhYﬂFlde rdnmwse\alumﬁwum
tri-n-hept Mif&ldéﬂulﬂr#lﬁbxﬂélbmmuﬂpﬁwhéé LH?Jan'HJﬂ Idominub SRPEERYLR!I um num

triisobutylalumnum tris(cy Icohex%fmeth Yal um nurp  di met hyl al umi num

hydri de; dPEYRHNANRitwarde pisqraepyiaiyminumryepde disehiie Hpinumeydride;

di - n- bog yl BisWd&H@%WQﬂhy%um%nih)}@iﬂBéYAllﬁEMWaﬂ}MThLWQHOQQe diethylaluminum
d| i sopr enyIF@I um num - di - n- hexyl al Um num h

- n- hept y PAPTRR: StifPR ?hd’gmuepi chipride; di-n-butylaluminum >éhlonde di-n-
pentylaluminum chioride; diisoprenylaluminum chloride; di-n-hexylaluminum chloride:

di-n-heptylaluminum chioride; di-n-octylaluminum chloride; diisopropylaluminum
chloride; diisobutylaluminum chloride; bis(cylcohexylimethyl)aluminum chloride:

25 diethylaluminum fluoride; diethylaluminum bromide; diethylaluminum iodide:
dimethylaluminum methoxide; dimethylaluminum ethoxide; diethylaluminum
ethoxide; methylaluminum dichloride; ethylaluminum dichloride; n-propylaluminum
dichloride; n-butylaluminum dichloride; n-pentylaluminum dichloride;
isoprenylaluminum dichloride; n-hexylaluminum dichloride: n-heptylaluminum

30  dichloride; n-octylaluminum dichloride; isopropylaluminum dichloride:
isobutylaluminum dichloride; (cylcohexyimethyl)aluminum dichloride:
chloromethylaluminum methoxide; chloromethylaluminum ethoxide;
chloroethylaluminum ethoxide and the like.
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octyl al um num hydri de; diisopropyl al um num hydride; diisobutylalum num
hydri de; 20 bis(cyl cohexyl net hyl)al um num hydri de; di nethyl al um num
chl ori de; wdi @tshgd7al um num chl ori de; di-n-propyl al um num cdTowsode1029

di - n- butyl al um num chl ori de; di-n- pentyl al um num chl ori de;

di i soprenyl al um num chl ori de; di-n-hexylal um num chl ori de;

di - n-heptyl al um num chl ori de; di-n-octylal um num chl ori de;

di i sopropyl al um | des gl tyl.alunmn chl ori de; ;
bi s( C5| cgﬁexyl ne@ﬁg'; Y& Lﬁl’?r% én%%“é%'%??%g?lyig'%ﬁ& Q{JWﬂr&‘?ﬁ’ FPRRAAN e
di et hyl al urm?thwalbmmam@_; Otfiee ekarhpibsiof suitable@dtatalystsdif eRiphichbormuiaum
nmet hoxi de; .(é'E'iﬂ?tiHX upm Mme t hoxi de; diethyl al um num et hoxi de;

o] oride, €

met hyl al um:num’di cI hyl al um num di chl ori de; n-propyl al unm num
di chl ori de; n- biRrgleaiedidonusmhereihhs cocktalysts pentripikglalumimums sichbsor i de;

i sopr enyl alyum I Lde:  n-. al um num di chl oride; n-heptylal um num

30 8i ch orit@g;émg@gﬁ@%%%ﬁgﬁmﬁc 1ythFﬁ‘%@PﬂP@W%QPé’F%'ﬁHW "&hl ori de;

i sobut yl al driisehutylafiiiriuar, itde:hekghaluotmen thisetdxylajumhingina-di chl ori de;

chl oronet h ] i.de: ronmet hyl al um num et hoxi de; '

chi or oet hy&%b%ﬁ%%ﬁ%@é}é%aon%ﬁ%hﬁ' %ﬂir!'x'égcﬂﬁuﬁ‘i')%@ﬁ PCT/ US01/ 01029

Ot her examgiaiyylaiiminuint kelides suthaasadiysthylalunihudechicrige adisthpsRaesum especi al |y

met hyl al u , ui | e _cocat al . of irical

formi a - ( hef e dbiaumIARLABIE, Ml PiiablitrTn fefuehmaimocar al yst s

are tril@l kpremideiand alistsylabmemsimbiotide nartdrglkyid uminums esuinalides! salchi s num

tri-n-prop ) - I 1 nu triisohytylal um num

tri-n- hexyﬂa%ﬂl%@% %élélqg %ﬁ@)ﬁ%’aﬁ%ﬂgﬂmmﬁh ?‘?Sgﬂpﬁlﬁﬂg‘?‘rﬁ'%ﬁ%ﬂm% num

tri-n-octysasauishiaride, ispbutplatiedyinsestquiiiaridanethyldiuadinuch sésqtifibradal i des such

as dineth | l.Qr:l diet hyl al um num chl.oride, dibutylal um num

chl ori de, y%ﬁy?&”ﬂﬁ%géaﬁ%“h%'%%ﬁ ?%é‘%'“&?”é‘f’ﬂﬁ?%‘?%ﬂﬁ"ﬂ%m 10 bromni de and

di et hyl al um numMostiprésrealfdr adeklydrain asicovatalysiscié tralkyammiausb saénh as

nmet hyl al um di chl. oL l,al um n sesqui . chl ori de, . i

bty oA bt R B BV PR caseitiuRi i -

et hyl al uni Refabwyguinfand slialidiglumiauyhaitiesrsunhnassdisgthylilmind® calfide,

et hyl al um YRR WeTell ferred, far us erein as cocatal ysts

ar eyt rial keflégﬂ um n'HIrJr'lslrl %&%ﬁeaéﬁ%u&%ﬁ%wmlcgioﬂﬂ? ﬁﬂ‘ﬁf’mi”?ﬁ@i"ﬁw al um num

t ri - n- pr op§esvinalidemsuchrasi rsetbyialhédumsesguichtaride nanddsthythiahitnnum and

di al kyl al ug&g& h%ldiedes such as di net hyl al um num chl ori de, diethylalum num
I'1'sobuty

chl ori de, . al um num chl ori de and al kyl al umi num sesqui hal i des such
as net Byl al um nlfinteres glitherdbore desatalysts eamylsalbenitinued herein as the :

cocatalyst.

In a further aspect of the invention, there is provided a process for

polymerizing or interpolymerizing olefins using the catalyst systems of the invention,
25 which comprise a solid procatalyst and a cocatalyst as set forth herein.

Preferably, the present invention provides a process for polymerizing
ethylene and/or interpolymerizing ethylene and at least one or more other olefin(s)
comprising contacting, under polymerization conditions, the ethylene and/or ethylene
and at least one or more olefin(s) with the catalyst system of the present invention.

30 The polymerization or interpolymerization process of the present invention
may be carried out using any conventional process. For example, there may be
~ utilized polymerization or interpolymerization in suspension, in solution, in super-

critical fluid or in gas phase media. All of these polymerization or interpolymerization
processes are well known in the art.
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sesqui chloride. 20 M xtures of the above cocatalysts can also be utilized
herein as the cocatalyst. In a further aspect of the invention, there is
provi ded wouneesys for  pol ymerizing or interpol ynerizi ng raTefSomeimsi ng t he
catal yst systens of the invention, 25 which conprise a solid procatalyst
and a cocatalyst as set forth herein. Preferably, the present invention
provi des a process for polynerizing ethylene and/or interpolynerizing

g th | efin(s conpri sing contacting,
Cnder " pol ymer | 2t PATCUSRGIETaRE xhed B AHCbeS aRP SEPIRG DTS SBhd at | east
one or rmrmteip@fwmt(rs}acwwihgl&liﬂlecpﬁé@nymyer&mt@@ggﬁ ph?&i ;ﬁdlﬁﬁ?ﬂé‘iag%?megg?i oﬁo
Th I I zat r.jnterpol ynmerization process o e
mas Eg gg‘r9 Hrec‘ges%ﬁ?ef%gpb{ t'ﬁ?@g @%’H\?gﬁéi Sﬁé?adg?fo SlyPEERaciok AP Meane filr e may
SIPSINAR hidierr bovr b bkl Aty Y
1 on, | r- N . . : . -
;gl yrrer?zatsir’yo "0 f”r?@ér-]tﬂgi @hﬁb%ﬁ@{?éé g%@%%gg %5@3’§%$’I4’W’| n the art.
33 WO 01/5551552,mT5,l58@:2/70-|;L0&9adidh }Bgéhﬂr?w%ﬂ%m&éﬂalﬂeﬁ?érfﬁéﬁghsg Iﬁre or esent
duci hyl ene po rs and inpter nmers accordi Ll
Pvent i on EeoRoad hErmelsnl TP 2ae phree DOEUe H: BRGPRIRIAT S ng o
f1uidized Ipelynresiastioormedibmss et nieshahieallyeattatiiadt Sulded bYRES dritRbodde
react or ar g 5

l.l, known and conpl et e cribed in U S Patents Nos.
3, 709, 853; 8?”%6%‘,67%‘“‘5?0&1? BPIoBs ?”i&'%ﬂ?g%,e'ﬁ‘f%e%‘}f%fﬁ%?fW?B%B?tsg@;;are |
4, 882, 400; ircoRi?atéd Derdn by fef@réAce.Canadi an Patent No. 991, 798 and Bel gi an

No. 839,380. Th tents disclos as phase pol yneri zation
E?E)gggses wher ei hOgHREA" ﬁ%ﬂe i ?rgﬁﬁ?%’ﬁr et %rﬁ? RreseRRYENHYE MaMibeal | y

agi t at ed oeffédtad ds aedniyudusgae ;phﬁimpmu&stsyr??%gffgﬁdw%cg?ﬁgﬁ Cﬁﬂaﬂ{igg@ﬁ e?gidn
by 1 of er enbE T 1OgERd M PbRed Rt arr SR GATY Bosel i es presdan
U o gt ShT L e o e eSS SR BR ety g o
I)lr g;gn???ngéoﬁﬁﬁiﬁowvﬁf B%W?S?Sf ADINYY RANRES YK @ WL aleyntofatadet | ed
vel ocity r peiticles dinidzeddy tﬁ@e?mtmaems @ izfcxlng g@gér}a(}rs; rﬁﬁﬁ?ﬁrggrd}o oﬁ{ﬁrﬁg? g E g;/wargst
BT ey bR R el e ot v Shans omstine oo
ot ana | e cr oo o o LY S WS B HRSENE . 1o
%? 'moln?gluiyH%e?‘(?gg\?e?lﬁépaﬂgeo?mcwcu%tﬂng ggs stream \AX1en readmitted to the reaction
20 zone. A suitable rate of gas flow may be readily determined by simple experiment.
Make up of gaseous monomer to the circulating gas stream is at a rate equal to the
rate at which particulate polymer product and monomer associated therewith is
withdrawn from the reactor and the composition of the gas passing through the
reactor is adjusted to maintain an essentially steady state gaseous composition
25 within the reaction zone. The gas leaving the reaction zone is passed to the velocity
reduction zone where entrained particles are removed. Finer entrained particles and
dust may be removed in a cyclone and/or fine filter. The gas is passed through a
heat exchanger wherein the heat of polymerization is removed, compressed in a
compressor and then returned to the reaction zone.
30 In more detail, the reactor temperature of the fluid bed process herein ranges
from about 30°C to about 110°C. In general, the reactor temperature is operated at
the highest temperature that is feasible taking into account the sintering temperature
of the polymer product within the reactor.
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heat renoval capacity of the circulating gas stream when readmtted to the
reaction 20 zone. A suitable rate of gas flow may be readily determ ned by
si npl e experiirmesd7. Make up of gaseous nononer to the ciradrarsomgigas
streamis at a rate equal to the rate at which particul ate pol ymer product
and nononer associated therewith is wthdrawn fromthe reactor and the
conposition of the gas passing through the reactor is adjusted to nmaintain
an essentially gaseouys conposition 25 within the reaction

t at
zone. The gas | :-Qleﬁaﬁc?sﬁ?gof RERERSH IRvsREON I§ syHakle ferihe predustion®fi t y

reduction z;mmenweer olefing a@d/aeidtew rhért @F olRfifs ArRIRVEAbt ofd Bﬁ‘ﬁwomfthé‘# ned
particles a df renoved . in a cyclone and/or fine filter. The gas
g et

i s passed t a ee&’eﬁ%ﬁ? Fh‘?/\ﬂ’fé?%ﬂtr‘f‘"leﬁ%om'éew't%ﬁ'e f%[twpﬁu%ttohon i S
r emoved, cmfmm@s%@loﬂ e’thy?len@@rﬁﬂwﬁﬁ&ﬂfol)&ﬁ'é’rstohét'ﬁyl%ﬁé Hh@@fhesé’c &n@§> g?ogst i on

zone. (r)’ | n_ o er at ur e_of process

herein Pangddes q?ef@% ?B?fﬁfatbg'd&e 10%?'%8{?(3'& elefing, E@@?fﬁls fOF R¥apRigcmay

t enper at ur econtain higrareoed dibort dtémbi G’Bﬁﬁhlalilﬁfﬁﬁér?éoq‘b?prreb%tlbﬁ hEefehP! e
t aki ng |nt account éﬁe si nt e“%’gl?np erature of the polyner product

within t he PR RECEPS ofdhe prssshY By inggp pelgathyigne Mémpﬁowss of the
present i n\lletetpoﬁymer§ Suet m’idaepﬁlfyéthyleﬁe Bbwﬁxéﬁééﬁﬁeﬁﬁolm&’ 1) efeif lﬂ)'{ efins

and/ or int g ol ners of ol east one or ‘nore ot efins.

Preferably," Rolger 510Feth@e5e é@%ﬁ'ﬁeqr HierRelyeers of %W'Q"@bﬂr@' &‘t(bﬁ?ast he
pr oductiioon onefalm@l-c}lémf Wh@%mﬁh@)éﬂ*@@ﬁe%@ﬁfeﬁf is a0 feREPHNTBHR byfwerdHi Y%t fiae and at

| east one Q Preferably the olefins are

al pha- ol ef i %tgpn?'ﬂ%“%ﬂsé'?‘i%‘@ed %Pmé’lfér%ﬁ@ harpigfins that mayrber ytiaecbhersinisge car bon

at ons. Par tprapylen| y-uuteeu%enrpedtenéﬂ ﬁé)@fh@r %E%née’f Sét@n@ﬁ-m&fﬁ?l T)pess of St hﬁ
ymers. Suc

present |nvent n are pol yet ene ymers and |nte

| i near pol f@?h 81%9%??’3 ?hﬁﬁ?‘g&ﬁﬂ? ?ﬁ&"? likp e Afsiodtiizabin S}efelnl giear

honopol ynerpslyehesewtw BNE3-aedadieied4-hélaaiene) W&%?ént@ﬁheﬁé hyl ene and at | east

10 onelgl pdﬁc olefin where n the et t}yl ene content is at |east about 50% by
1

wei ght “of t CIOPmta?'e%noW' qahes1vRe: 1 Bxaysipoeiadisne f-pRYlidene2 ns t hat nay

be utili zedotteresre ﬂTdGS-VIﬁWCH@B(d)rQBMené Nt ReTRs fdmiRRNG 8MEin the hexene,
- ene, 1l-decene, 1-dodecene,

1- hept 1-
1- hggagggel‘?@'yg}%ﬂzi’q%’ qi nrﬁgr PO&{'Y&IZ%HCM Msdpine VWé@re‘P'ﬁf'@r%e f?fmeﬁéfné@ ipdbe as

1, 3- hexadi nlgmetizationet aste@oymeritaioPnasdiani ﬂﬁ@@ornﬂa’ioﬁ'o?b(r@a?ﬂ@l%tﬁ leREE,
vi nyl i dene-2- hor bornene and

g x: %: Cgchglp%)éfﬁi%rn@ter%ﬂh@"?ﬁ@P%g‘?@gﬂggﬁ@%b@nﬁﬁ'”g Maymscuhol ynerl zation or
i nt er pob ymer i zaExanmplee & tha polfrests ok ﬁftérﬁ&yﬁhéﬂ; ther diRthe rodided ng %
pol yreri za }o%gsso Bf tl’:gﬁo?ers%%l %\r/rgr{tljoﬁ?ncllude pm:T‘ymers of E:'trr]leleng ;nrc? ? Itc—:-o 0 | hers r:cear
pol yet hyl e y nterpolymers o
ethylene and at least one or more alpha-olefins having 3 to 16 carbon atoms wherein
ethylene comprises at least about 50% by weight of the total monomers involved.
The olefin polymers or interpolymers of the present invention may be
25 fabricated into films by any technique known in the art. For example, films may be
produced by the well known cast film, blown film and extrusion coating techniques.
~ Further, the olefin polymers or interpolymers may be fabricated into other
articles of manufacture, such as molded articles, by any of the well known
techniques.
30 In the process of the invention, the solid procatalyst, cocatalyst, or catalyst -
system can be introduced in any manner known in the art. For example, the solid
procatalyst can be introduced directly into the polymerization or interpolymerization

medium in the form of a slurry or a dry free flowing powder. The solid procatalyst
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pol ymers or interpolyners containing | ong chain branching may occur. 20
Exanpl es of the polyners or interpolynmers that can be produced by the
process oWwaheifresent invention include polynmers of ethylrmeusandiozs
interpolyners of ethylene and at |east one or nore al pha-olefins having 3
to 16 carbon atonms wherein ethylene conprises at |east about 50% by wei ght
of the total nononers involved. The olefin polyners or interpolyners of the

i j | cat into fil by. any techni que known in
Pho art.  Forn b Medifetold Of L B SRl oBiatisy Bisahiacii Rl cast 111 m
bl own fi | mRipREt@Xstmitsicoe at oarre nipfineirthe gresence E’lﬁédblefalystpe ol e;i nt pol ym:lrJ zh
i nt erpol ynmer ! [nto other articles o nuf act ure,

g; nol deg a)r/ti CIS‘.-ehs%f3n¥ %e&e{%@‘p‘%ﬂéﬁﬁg’%@?ﬁn YRS F SERPYTES prgguqeﬁi tinBep{ g;:ness
of the i nvé}ﬁzﬁe@hl,nV§M@nmhlh¢ qontrol?dg;g;)s? ﬁniﬁgm%a?@;i% re%eﬂgl%?eu§? esgg ten
o ocat al yst st he fblectRRURIgnt BAME a8 % Rlehied Gt "ot in b
Rttt kbl il ik
oui e ek Pl A kTR e * 0
B?gga!t gl ;s'? vm'o'[ ?hgrh@/eoﬁomglﬁlégedheﬁei raadilymnﬁbstqmd&g:&a’feeem’é tatr@rg%vagg tS)t : t-kll_he

I | ar i 0 | af | ol rs. oL interpolynmers produce y e
present | nesni s gaeR8 & olhsBP wth e orr s gion Wit eflanp &, by
using 80 hy@ﬁ@@éﬁpbwwes toodreckiliad invibie gt omm’thI & driventioh mtl?iénglamnfgfblﬁégﬁnt o
ol ar rati ool Arahdly B8 reckohieRl el reBR BPi R S B i purpose
i nt er pol ymef ilusteation onlydanchaiesot techeawstiued belimiting trig suopwiok thidiavermiod T eadi | y
under stoodirpé/nl);\;;;fr ence to the followi ng exanples. There are, of course,

many ot her forns of this invention which will 10 become obvious to one
skilled in the art, once the invention has been fully disclosed, and it

wi |l aggordingly be recognized that these exanples are given for the
purpos? of illustration only, and aé@ﬁﬁ’gﬁto be construed as limting the

scope of this invention in any way. elSSEgaimr::I esv I 3 : |hﬁ f ?Lleogngﬁyt??gg}jl es
e e, SV A
di stri but i e¥rlyalindthe emalyticat angl piysivkY vbpertiés oiftee pelymgtemaéal ef i n
interpolyners are determned with a Waters GCel
20 a) The molecular weight distribution (MWD), the ratio of M./M,, of the
ethylene/olefin interpolymers are determined with a Waters Gel
Permeation Chromatograph Series 150 equipped with Ultrastyrogel
columns and a refractive index detector. The operating temperature of the
instrument was set at 140 °C, the eluting solvent was o-dichlorobenzene,
25 and the calibration standards included 10 polystyrenes of precisely known
molecular weight, ranging from a molecular weight of 1000 to a molecular
weight of 1.3 million, and a polyethylene standard, NBS 1475;
b) Melt Index (MI), 1,, is determined in accord with ASTM D-1238, condition
E, measured at 190 °C, and reported as decigrams per minute;
30 ¢) High Load Melt Index (HLMI), 1,4, is measured in accord with ASTM
D-1 238, Condition F, measured at 10.0 times the weight used in the melt
index test above;

d) Melt Flow Ratio (MFR) = 14/, or High Load Melt Index/Melt Index.
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Permeati on Chr omat ogr aph Series 150 equi pped with Utrastyrogel colums
and a refractive index detector. The operating tenperature of the

i nstrumenWOHS188t at 140 C, the eluting solvent was o-di ddToWobH8H2.Nne, 25
and the calibration standards included 10 pol ystyrenes of precisely known
nmol ecul ar wei ght, ranging froma nol ecul ar wei ght of 1000 to a nol ecul ar
weight of 1.3 mllion, and a polyethylene standard, NBS 1475; b) Melt | ndex

(M), 12, is det m ned |n accord with ASTM D- 1238, condition E, neasured
at 190 C, and re'%@r“?%?? L5 2QMergFalfigd pein Ainitraen-fijed Ypcyyrg AMmesnerasi t | ndex
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in tthe nelt 1 ndex fest It Fl ow

at 10.0 tine h use
Rati o (MFR)ZLY af?‘iﬁ&'ﬁ’"gﬁ baas%éﬁﬁhwfe%b%ﬁ BARE&311 %W@ﬁWéﬂSZ?

PCT/ US01/ 010@8r 1 mtr ERUPRpridresleMidfing thedy! ed
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passage °t hr dtoggR yves putt %Raéaa%ﬂ HrRU9A FRad FRAPRR-3I4$eBBRY t hr ough a
bed of BASkaRiR1 pricapReterpgtied yidte bW@élvénZ@aﬂfd’@as(e%%remtr)odﬂbéd :ﬂﬂﬂﬂ?pr essur e

prior to enterin theg# ve box. Ethylene 5 and en were puril
passage t hiU§HPX Usikg "ﬁ‘l\\éﬂsﬁ“‘@ii"eéUHB@Q terarmaélpgg\@th | alves ho@erng the

gl ove box. r erﬁl\hléreadﬁﬂalﬂééﬁﬁmdfomnhé}bépéﬂdﬁﬁé dnﬂ%@e&%@ re@ivaye |Rox using 3.2
nm (1/8 mché 8[??% ﬂtubln termnating wth ball valves. Al other

reagents werdM e®d # dnP@dheremasa '“%Qiﬁ)d@@orré‘rﬁﬁgwdpmfwm@aved I'n

exanpl a8 2DaAisopnd 13 - 20, there was utilized Syl opol TM 5550 support from
Gace 10 Davison. Exanple 1 (conparative) 0.0590 nL of Et2AIClI was added
to a solution of 0.0258 mL of Tid4 in 5.0 nL 15 toluene with stirring.

The resulting solution was sti rg%élgq ;&Qn%g%gs Exanpl e 2 0.0590 niL of
Et 2AI Cl was added to a solution O Tid4 in 5.0 nm 20 toluene
wth stirring. The resulting solution was stirred for 30 seconds. 1.0 niL of

the | resul i ng SRlselANOREGARINAY alatos EH DS il PRB s BEPOL TV

5550 sug)port in nL toluene. The resultin lurr
ni nut es”a 60“9‘?'79(‘@'%3"&@9 nfharespiting selytiey %%stfrmﬁrfew 30 Smnsl&l i d procatal yst
powder was then washed with pentane and dried in vacuo for 30 mnutes. 25

Example 2

0.0590 mL of Et,AICl was added to a solution of 0.0258 mL of TiClyin 5.0 mL

20  toluene with stirring. The resulting solution was stirred for 30 seconds. 1.0 mL of the
resulting solution was added to a stirred slurry of 500 mg Sylopol™ 5550 support in
6.0 mL toluene. The resulting slurry was stirred for 30 minutes and filtered using a

fritted glass funnel. The solid procatalyst powder was then washed with pentane and
dried in vacuo for 30 minutes.
25

Example 3 (comparative)

A solution was prepared by adding to a solution of 3.14 mL Et,AICI in 25 mL
toluene, 15 mL of a solution of 3.76 g of 4-tert-Butyl-phenol in toluene at a rate of 2 —
30 4drops/sec. The resulting solution was stirred for 30 minutes. The resulting solution
was then added to a 50 mL volumetric flask followed by addition of toluene to make a
50.0 mL solution. :
0.940 mL of the above solution was added to a solution of 0.0258 mL of TiCl,
in 5.0 mL toluene with stirring. The resulting solution was stirred for 30 seconds.
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Exanpl e 3 (conparative) A solution was prepared by adding to a sol ution of
3.14 nL Et2AICI in 25 nL toluene, 15 nL of a solution of 3.76 g of
4-tert-BuMI MEETol in toluene at a rate of 2 - 30 4 dr opFEFHES1/FHRI
resulting solution was stirred for 30 mnutes. The resulting solution was
then added to a 50 nL volunetric flask foll owed by addition of toluene to
make a 50.0 nL solution. 0.940 nL of the above solution was added to a
solution of 0.0258 nL of TiCl4 in 5.0 nm. toluene with stirring. The
resulting solution was stirred for 30 seconds. 37 WO 01/51527

PCT/ US01/ 01029 Exanple 4 A sol uti onexspl@aepared by adding to a solution
of 3.14 nL Et2AICI in 25 nL 5 toluene, 15 nL of a solution of 3.76 g of
4-tert-Butyl-phenol in toluene at a rate of 2 - 4 drops/sec. The resulting

sol ution was st IASMIMas'S@emr@dlb?%ddfﬁbQo Besktion BES.$0 kIt EQRC| YRS5 b.h_en aggeg
a

to a 50.nL ric ol | ition of toluene to na

mL sol uf | 053/'8%155‘25 ?Sﬁﬂtéonaﬁfé\/%%é)%fqrg%”weaﬂﬁédo luenenatsiat eich—of
0.0258 nL Gfdra'pﬂeb 'I].'{ém@ul%@smldmﬁ/abegtﬁrveéﬂBOSﬁwlnﬁfésng'he-FQﬁ.llﬁr%séHIthoﬂg
solutlonwg\; %&qufor @I %ﬂlﬁg 98 the resulting™sol ution was
added to a P AP 38 "TI% fRlewRA by sdditign ghigiuent o makse gL

t ol uene. Tﬁé.()rmlsusbluhmg slurry vvas stirred for 30 mnutes and filtered

using a fritted ss, funnel . solid ocat al yst powder was then washed
with pentane ar(i)%!‘@rmleay{ﬂ’ﬁ %PQX% {"t('ﬂ” kil ?r’ﬁ?ﬁttgés %@)OEQB%Q?@%WEL of TiQs | n t he
f ol | owing emnmmemufenemmmnrrmtmeu reb@itiny sutuiAdvdsstifrea 1ot Rbsetondst 1.per €
utilized in cg %/ 85@9 Sg@g@}(ﬁﬁﬁ zation reactions. The polynerization

[

reacti ons n'%o wap gddegte %%t'"eﬂlsﬁtffyeqff'p@m93$y|alé¢|B‘s5ﬂ50r eacti on

vessel . Thesppdst ia GHDmUt&uéb(@eT Iﬁ’@ﬁa‘sgmng@hﬂg w%srsHIl?F@fortB@ n%@ﬁ%? aﬁgﬁlt\%rgg head.
Install ation of .the, reac lor ovi d sea hol d

690 kPa (158n%§|f5'tteq-@3?s {u§n%4pﬂlhﬁ(§8 Q/Pr&catah/st PaXyaeE Wae dreryashedevithr apped
around a spentah€and ati€eln \RicOb RF3ORINWese Mesh screen.  Gas or liquid
nononers can be added through a multi-port addition head as desired. 25
Pressufes and vol umes can al | be maintained at-the source prior to addition
into the vessel. Conparative Examyagmiea . and 10 30 I n carrying out
conparative exanples 5, 6, 9 and 10, € TolTow ng procedure:

In the following examples 5 — 12 the materials produced in examples 1 -4
were utilized in carrying out polymerization reactions. The polymerization reactions
20 were carried out in a 12 oz. Fischer-Porter aerosol reaction vessel. This is a bottle-
type design using a rubber to glass sealing head. Installation of the reactor head
provides a seal which will safely hold 690 kPa (100 psi). Heat is applied viaa 1"
wide heating tape wrapped around a stainless steel protective wire mesh screen.
Gas or liquid monomers can be added through a multi-port addition head as desired.

25 Pressures and volumes can all be maintained at the source prior to addition into the
vessel,

Comparative Examples 5,6.9, and 10

30 . In carrying out comparative examples 5, 6, 9 and 10, the following procedure
was utilized. 0.0075 mL of trimethyl aluminum was added to a solution of 15 mL
hexene in 100 mL heptane, and the resulting solution was heated to 90 °C. The
solution of either example 1 or 3 was then added and the reactor sealed. Excess
pressure was vented from the reaction vessel. 55.2 kPa (8 psi) hydrogen pressure
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was utilized. 0.0075 nL of trinmethyl alum numwas added to a solution of 15
m. hexene in 100 nL heptane, and the resulting solution was heated to 90
C. The sWOutlidi27of either exanple 1 or 3 was then added RI/YHWE0tRAct or
seal ed. Excess pressure was vented fromthe reaction vessel: 55.2 kPa (8
psi) hydrogen pressure 38 WO 01/51527 PCT/US01/ 01029 was added. Ethyl ene
was added to give a total pressure of 662 kPa (96 psi), and this pressure

s T L et o S B e .

the reaction vessel pressure was ve € Ves
gl ove box. Risgrressurawes yagteined fasfone bagemt coptiogipisatimtiencofeads Afisida@ t o t he

slurry 5 anghné : r The, sl urry was

i xed w th o (B TR S (AR R Emaleidn i (T
powder was YPY&ROX% nArprovimaliel3e an. df seagent yrads mcétone wasaddedito t48 siury0 C.
Exanpl es 7, arféh I | out, € 7. 8.1l and 12, the
fol | owi ng parrgictgéé;ué@vr%\%ss ]&S{eﬂjﬁ?zr‘gbdﬁ f’e%%é rﬂgr%(ﬁ)qeaﬁmgérﬂﬁgdm%’oé the reaction
vessel . 1. PleRdestiilterads ane praahed witlagceiohte deorestiting pdwdbr wasciedliyst  of

either examplefud dibnforld Il (B PndlrkGf do _8fde, 0.0075 b of L1imet hyl

al um num was a e resulting slfurry wasS-added to the 15 reaction
vessel . The vess€él was seal ed, and was heated to 90 C. Excess pressure was

vented fromthe reaction vessel a e?S }(Pa 8 fz) hydr ogen pressure was

added. Hexene was added using = giving a total pressure of

662 kP& (96 psi). This pressure was nmintained for one hour by continuous

ethyl ene feed. ; i i e J sel pressure was vented

and the vessel Z@fc%méggts?){algw %Sn-}é%gﬂ 103%&%’3.“3@%}”% Fﬁﬁ?"éﬁﬂrﬁ ¥8® ni of

reagent gr adiézese €00l heptanaddeddded torthe sdadtiory vewadl. t he niil affthiy hwp@neool ed to

room t enpengafd ] with ablender filtered, and

washed with a(lioﬁgﬂg&ﬁfﬁégﬂé é}slouc‘@fa ?Vﬁég?p%@’g%?"%‘ée 2% ?ga?qfh‘ %S'U%mg] oven for

at |east f&R075g0k of imetiy! alubnLEn W2S aBded. HEle titing slurpReeHaiegtekanpl es 5

- 12 arg 1 ; Lt . 9 1/ 51527 PCI/ US01/ 01029 Table 1.

Pol yrmer ?za? ig%%'toﬁg? %%%I'Cgﬁét%sé?l \%\%%ﬁ?ﬁeﬂggp Pﬁ??ﬁﬁate%? 58 oy S#68SP RrESHRT Vi el d

mer/ mer/ M VehtedlfronExemphetionxessd! e 56atk®ay(8 st BYdrdgdn phssi@hwali hr Mv M K

K added. Hexene was added using ethylene pressure, giving a total pressure of 662
kPa (96 psi). This pressure was maintained for one hour by continuous ethylene
feed. After this time, the reaction vessel pressure was vented and the vessel

20 removed from the glove box. Approximately 300 mL of reagent grade acetone was
added to the slurry and the slurry was cooled to room temperature. The slurry was '
mixed with a blender, fillered, and washed with acetone. The resulting powder was

dried in a vacuum oven for at least four hours at 40 — 50 °C.

25 Further details concerning examples 5 — 12 are reported in table 1.
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511.0n 4.7 2.090.10 21.57.5161 6 11.0n 5.3 2.36 0.11 17.3 8.3
143 7 2 4.5 ng 7.7 380 18.2 _4.6 25.3 115 8 2 4.5 m5.0 247 11.8 4.0 26.2
104 9 3 WODIMISZ. 3 2.0 0.10 34.1 7.4 254 10 3 0.5 nlL 3. PCI/GH00OIR9 14 7.2

100 11 4 4.5 ng 15.7 698 33.4 4.4 21.8 97 12 4 4.5 ng 14.4 640 30.6 4.5
22.1 99 5 Fromthe data above, it is observed that the activity (Kg
Polymer/g Ti hr) resulting fromthe use of -a supported solid procatalyst
as conpared to the actjvjt resulting fromthe use of a soluble

unsuppor t ed proc-%lbé?ys ojygiefizrijon . Further, it is observed that the
nol ecul ar ~wei ght distribution (Mv M) of the polyner produced using a
supported solid pfo ata é as cQ are vmth theﬁool ymer produced using a
10 soI ubI e unsuppo i‘y o8Py § l, 7 )és -t he fol |l ow ng Exanpl es

13 - there are d& |bd he nofm%ddltMledW

pr Ocat al ystﬁm ' Do cQITA A 124\ i B B anm 13 -
20 can be usedin the1prepéFQa'E“i-on b7 cat%p st s@s‘toems 2Ag w7l b1=,51useful
in the polymftiz at i oh_and lithikr po?. gyneri286i on &fllol ef (143 18 Fxafd e 13
0.0249 ni of I\7|93AI wad addéb Mg a Bl uti %0 of 016243 ni4.6f TREB4 115 20 niL
heptane with Sirfing2 The4%&g| t|518 sol 247 on wdd.8&tirr4l fof6.2201%kconds.
The 20 resul tithg !:ol udi on WesMhdded3to a2&irre® ¥ urrp4di 2300 n2pd

Syl opol T™ 555005u por8 in O®MiH h&Btane2.9he r&sif tingl4l ur M2 watd&tirred
for 20 minutedland fi4tered-umgng1a7 fri68&d gl 384 funnk#t. TAESs0OMId
procat al yst pédder waé t hed-awghed4vi t h 64Ppt ane38fd dr4.8d i2R.vac88. 25
Exanple 14 40 WO 01/51527 PCT/ US01/ 01029 0.0125 nL of Me3Al was added to
a solution of 0.0143 nL of TiCl4 in 100 nL heptane with stirring. The
resulting solution was stirred for 120 seconds. The resulting solution was

added td a stir rErd"EihaldaSa aifove50i9 obvgersgyd thadbtHENMEBHOKgURghomer/d Hi hrp0 nil
h T d .
2B TTEt 1 edBapEtiirh e B bed cliBined Laidiocfi et S TolitaR @ siF b i 11

hept ane andeSLd’ﬁriggfdom theyagauef. a soluble unsupported procatalyst is increased. Further, it
is observed that the molecular weight distribution (Mw/Mn) of the polymer produced

using a supported solid procatalyst as compared with the polymer produced using a
10  soluble unsupported procatalyst is decreased. ’
In the following Examples 13 - 20, there are described the preparation of
additional solid procatalysts. It is expected that the solid procatalysts of Examples
13 - 20 can be used in the preparation of catalyst systems that will be useful in the
polymerization and interpolymerization of olefins.
15

Example 13

0.0249 mL of Me;Al was added to a solution of 0.0143 mL of TiCl, in 20 mL
heptane with stirring. The resulting solution was stirred for 120 seconds. The
20  resulting solution was added to a stirred slurry of 2500 mg Sylopol™ 5550 support in
20 mL heptane. The resulting slurry was stirred for 20 minutes and filtered using a
fritted glass funnel. The solid procatalyst powder was then washed with heptane and
dried in vacuo.

25 Example 14
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Exanple 15 10 0.0125 nL of Me3Al was added to a solution of 0.0143 nL of
TiCl4 in 20 nL heptane with stirring. The resulting solution was stirred
for 120 sWO@MHEE527The resulting solution was added to a stAGI/ER141039ry of
2500 ng Syl opol TM 5550 support in 20 nL heptane. The resulting slurry was
stirred for 30 mnutes and filtered using a fritted glass funnel. The
solid procatal yst powder was then washed with heptane and 15 dried in

. Exanpl 24 add t 0.0143 nL
or T a e 20 ot s e wak fidete # 3Ry BOTRED PRt R R sBb Rt vane
stirred forhebwesmtrmdmg Thre resaiting $dlutipnasdsistined fovarR0adendd, o stirred

nL _heptane. The resulting

slurry of 250 opol T

slurry was "§¥Y ?'E%Pi}/t %hﬁdﬁa?%e Sgpgé)?lf‘m’ of %%0%‘?9 ﬁd"’&d“\é PP3Q SpPgIdR s
funnel . Th@oslehdpﬂ@h@c arhalresatung@m@rwdwénn{ebw m%ésvaﬁdhnt%lat@n@ and

dried |n vzc Fx r’i‘p % A sol u& on of 0327 of Et2AIClI in 2 nL
pent ane >wa rltg%%lasq yngels di Etspbq]proagta Sbﬁ%@er‘rﬂ"aéftheﬂ ‘ﬁ?ﬁt‘eldﬂv'ti‘@%ar}?éﬂda

W th stirridigdidbg&uoesul ting solution was 30 stirred for 120 seconds. The
resulting solution was added to a stirred slurry of 2500 ng Syl opol TM 5550
support in 20 mL heptane. The resulting slurry was stirred for 30 mnutes
and filtered using a fritted gl ass faxamele 15The solid procatal yst powder was

t hen washed with heptane and dried in vacuo. 41 WO 01/51527 PCT/ US01/ 01029
Exanple 18 A solution of 0.0327 nL of Et2AICI in 2 nL pentane was added to

a sol utigon of @, OE3miriof M Al lv@s‘bdd@d?&a BbluREN6RME148 hh ob TiC1fih29-m he
resul ting tlon irred, for seconds. The resulting solution

was added t PLaNgy 'Iﬁhv%g”rg ureyesy t'%%“t'wwt%rﬁelfqmz@@?@%ﬂaet in 20 m
hept ane. Th@sﬂtﬂﬁ-’dd]dti&:ﬁ v@dsLHddEd\t@§ sﬁrtréd én@ﬁly bP250¥ng @yﬁBBW5§WstploFt€?ﬁ ed

using a fritted glass funnel he solid procataly powder was 't hen washed
wi t h hept arf® BhAeetaned The, r%zli'ae sluiry wag:siiped farg30anisytestand iiitefedoising amml  of

( CH3( CH2) 7 )R (Plade Furndll THS@BWJ‘&OE@%W@%@& Qad théfﬂhégrieewmfheﬁst%%om of

TiCl4 in 18 nL pentane with stirring resulting solution "was stirred
for 1205sedHRe4? Va8 resul ting sol ution was added to a stirred slurry of

Example 16

0.0249 mL of Me,AlCl was added to a solution of 0.0143 mL of TiCl, in 20 mL
20  heptane with stirring. The resulting solution was stirred for 120 seconds. The
resulting solution was added to a stirred slurry of 2500 mg Sylopol™ 5550 support in
20 mL heptane. The resulting slurry was stirred for 30 minutes and filtered using a
fritted glass funnel. The solid procatalyst powder was then washed with heptane and
dried in vacuo.
25

Example 17

A solution of 0.0327 mL of Et,AICI in 2 mL pentane was added to a solution
of 0.0143 mL of TiCl, in 18 mL pentane with stirring. The resulting solution was
30 stirred for 120 seconds. The resulting solution was added to a stirred slurry of 2500
mg Sylopol™ 5550 support in 20 mL heptane. The resulting slurry was stirred for 30
minutes and filtered using a fritted glass funnel. The solid procatalyst powder was
then washed with heptane and dried in vacuo.
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15 2500 nmg Syl opol TM 5550 support in 20 nL heptane. The resulting slurry
was stirred for 30 mnutes and filtered using a fritted glass funnel. The
solid pro&HI&7 powder was then washed with heptane an®@/i¥d0103%9vacuo.
Exanmple 20 20 52 ng of a hexane solution of (CH3(CH2)7)3Al containing 3.39
w. %A was added to a solution of 0.00715 nL of TiCl4 in 20 nL pentane
wth stirring. The resulting solution was stirred for 120 seconds. The
resulting solution was added to a .stirr d1 lurry of 2500 nmg Syl opol TM 5550
support in 20 nL heptane. The result&-ﬁ%ﬂé%—gl urry was stirred for 20

m nut es and filtered usi ng a fritted glass funnel. The solid procatalyst
powder was then vacuo

nt a dri ed | .1t shoul d be
clearly underst o '8? O{hrebsgﬁ '}%—tz l(g'é” 2rieREY B'Ple Wep afded @@s?ﬁ“ic’j‘l?é'd are
illustrativef @10_"46 mi.cbf G, I8 mbbentdael with stifring! Thbeeﬁmmg%omfuoﬁ asi nventi on.
scope of: + neraRl S8 ReFevaT FEE Fepue Bl w35 uier o e aguhy didrhe - ve
claim 1. An@(ﬁyldbcnﬂmmt)%hwﬁdrt proopar egptae. CORG AssuitiRg siutry vasadtikiBl forsiReCi es
obt ai ned by reacti east one transition nmetal 5 conpound of enpirical

fornul a I\/D(4"W+E?%?’Pf9§\%qr %%n%e "dtpdigizsn fumne!. gTB%BO"dd%ﬂ%ﬁt%'Y?trPQWS?r ¥as ani um

zi rconi um  gied Vieshed with h@E&né(alna dfied @ waep. sel ected from the group
consi sting of fluorine, |l orine, bromne, and iodine, with at | east one

al kylating agent in at |east one aprotic solvent, with ii) a support. 10 2.
The solig procatal yst according to ckminmld 1gherein the al kylating agent is
present in a nolar ratio of alkylating agent to transition nmetal conpound
of fromabout 0.1 to about 100. 3. The solid procatal yst according to

claim1 wher el n Ngofutibh bROR2BMME. odeme é@ﬂg)y)gmm m@mldéﬁtane%rééidee t¢g claim
3 wherein S t'tﬁ%lﬁﬁ Ig . The solid procatal yst
accor di ng t?) tII'% HOO Pl Ph s I d5 &1L pRtang with stiring, Hhrstesuliing sejution
or ganormet al Was stresungo vbdoblds a'fl'kéf Feluging MSrhtio® wad BBdSPlol éjstpfeﬁcs‘?&r%) ¥st
accordin &?cl aim5s where in at | east one al kylating agent is

al

or gano W B RYRRE" 3PS BiPRORN 2P daly hQRS?'?ﬁJI THhe resulting siurry was Stired

for 30 minutes and filtered using a fritted glass funnel. The solid procatalyst powder
was then washed with heptane and dried in vacuo.

Example 20
20

52 mg of a hexane solution of (CH3(CH,)7):Al containing 3.39 wt. % Al was
added to a solution of 0.00715 mL of TiCl, in 20 mL pentane with stirring. The
resulting solution was stirred for 120 seconds. The resulting solution was added to a
stirred slurry of 2500 mg Sylopol™ 5550 support in 20 mL heptane. The resulting

25 slurry was stirred for 20 minutes and filtered using a fritted glass funnel. The solid
procatalyst powder was then washed with pentane and dried in vacuo.

It should be clearly understood that the forms of the invention herein
described are illustrative only and are not intended to limit the scope of the invention.
30 The present invention includes all modifications falling within the scope of the
following claims.
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RnEYmHP, 20 wherein, each R is independently a hydrocarbyl group, Eis
sel ected fromthe group consisting of boron, alumnum gallium and

i ndi um eW&1¥15X | ndependent|y a nonoani oni ¢, nonodent at ATV ANE1023nd 25
n>0,m _ O0,p _ O0,andn+mtp=3. 7. The solid procatal yst according to claim®6
wherein E is alumnum 8. The solid procatal yst according to claim1
wherein the soluble species is deposited on the support. 9. The solid
procat al yst according to claim1l wherein the support is selected from 30
the group consisting of an inorganic &&me and an inorganic halide. 10. A
sol id procapgloswh: prepared by contacting i) a soluble species obtained by
reacting at |east one transition netal conpound of enpirical fornula M4
wherein M ik Adobd pegatalyshprenaregriygentastnssi sting of titanium zirconi um
and hafnium gnd Xji :

PCT/ US01/ 01028 t he Sé'r‘%{%ﬁfﬂ'égﬁg?é’?‘?*ﬁ B&f;g?{t_{ﬂ@% ’r?zeé,gt%%sﬁé,ﬁ%ﬁeﬁ%'m ne, and
i odi ne, Swi t h gempeunskof gmpiricgl i@ymal@il\%ga witpsein Misdseiacteddzaim thenarobpit er nal

el ectron donoEoﬁé&tiﬁ% o'ff?t.%ﬁfurrf?%gd’%‘ﬂfrﬁ,tairﬁ Aqamhm,egﬁqxvg 4 Raibhdn SeisEPRbN S 11.

A catal yst systemconprising 1) a solid procatalyst according to claimil,
and ii) at | &wsgrogmeonsisting &f flinrine chloringebroating, poe iading, uith &¢ leeseneg t o
claim 11l wher gjkDiafg A&a+% in ANEatbky balotiRgoidg8Nith of the solid procatalyst is
an organonet a[.‘ |9(a: cgon%églﬁmnd o?athe eén%ihri%a ’fol;trml a 10 RnEYnHP, wherein,
each R is ind#pend@/tPRorh hydrocarbyl group, E is selected fromthe group
consi stiong 0f TROEAR prattEl S UBco@igl th YHim ARpherdiR tid! oCReeht i

i ndependently a m)no%nj oﬁ},c, rr%no ent atné W’&Sr{ﬁ aﬂ]éylétﬁ]w, ﬂg_éé:iréspegt_o a
n+mrp=3. 13. Memelyr atipsaf alkylatisgragerd e Hamgitianometebsamporingies fremrabeut 6.1

al um num to about 100.

3. The solid procatalyst according to claim 1 wherein M is titanium.

nd

4. The solid procatalyst according to claim 3 wherein MX, is titanium tetrachloride.
15 6. The solid procatalyst according to claim 1 wherein at least one alkylating agent is
an organometallic compound which alkylates MX,.
6. The solid procatalyst according to claim 5 wherein at least one alkylating agent is
an organometallic compound of the empirical formula
R:EYmHp,
20 wherein,
each R is independently a hydrocarbyl group,
E is selected from the group consisting of boron, aluminum, gallium, and
indium,
each Y is independently a monoanionic, monodentate ligand, and
25 nN>0,m=0,p=0,andn+m+p=3,
7. The solid procatalyst according to claim 6 wherein E is aluminum.
8. The solid procatalyst according to claim 1 wherein the soluble species is
deposited on the support.
9. The solid procatalyst according to claim 1 wherein the support is selected from
30 the group consisting of an inorganic oxide and an inorganic halide.
10. A solid procatalyst prepared by contacting
i) a soluble species obtained by reacting at least one transition metal
compound of empirical formula MX, wherein M is selected from the group
consisting of titanium, zirconium, and hafnium, and X is a halogen selected from
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14. The catalyst systemaccording to claim 1l wherein at |east one

cocatal yst is an organonetallic conmpound that activates the solid

procat al yWO 0151§2ie 20 pol yneri zati on or interpol ynerizati A¢ETHSOOOERP ns. 15.
The catal yst system according to claim 14 wherein at |east one cocatal yst
is selected fromthe group consisting of organonetallic conpound of the
enpirical fornmula RnEYnHp and (QER)gq, 25 wherein, each R is independently

a hydrocar byl , arou E is selected fromthe group consisting of boron,

al u?/ri num ggl ﬁhlgLﬂrr?‘%aﬁcﬁ’s' %H%Ptﬁi°”88c?’i“%ﬂn?i @OF\%'&?E&BH g yith ‘%_%r{ﬂﬁéfa?ﬁ%ni c,
nonodent at e | algglatihg &fknQahd atlebstainedhtbmanziédtontdPdPincA Msdss bhégptic - 0-, - S-,
-N(R) -, -N(CR%-, -N(SR) -, - N(NR2)-, -N(PR2)-, -P(R-, -P(OR)-, -P(SR)-,
and - P(NR2) -, ?‘l\%ﬁ,’" "0, p>0, and n+m+p=3, and qg>_1. 16. The catal yst
system accor di)ng tasagpgorin 15 wherein E is alum num 44 WO Oé/ \%527_ ]
PCT/ US01/ 01Q2 .. The catalyst systemaccording to claim.1 erein the
cocat al )%/St %ﬁsggafa&sgﬂﬁ?m °8'i“8ﬁ%'ﬂ%m conpound. 18. The catal yst system

accordi ng to @l ai natdlidyrecatblyst dveoeeatbalaiati, ked present in a nolar ratio
of cocatal yst.to trta}nsitti on tlalt of the solid procatalyst of fromabout 5
0.1 to about P000. 2482t RNE&PERGNR! Syst em conprising i) a solid procatal yst

accordi ng tla. Thecatalys:, syateth addojding to: a?mm onigereipCR Isdsy Site alﬂgatiq‘g RIPE ei 3 for
I i zi I .ore olefin(s) conprising contacting
Cnderpot ymer $3¢ B3 wBfteDFdRan SoerpEsE seethabne ot B9 T &y ™Rt o

catal yst system.B¥glyding to claim1l. 21. A process for polynerizing at
| east one or nore ol.efin(s) conprising contacting, under polynerization
conditions, at |W§‘§5‘?'”rone or nore olefin(s) with a catalyst system
according to cl aaoh R9s intepéidently a hydrocarbyl group,

E is selected from the group consisting of' boron, aluminum, gallium, and
indium,
15 each Y is independently a monoanionic, monodentate ligand, and
n>0,m=z0,p>0,andn+m+p=3,
13. The catalyst sysfem according to claim 12 wherein E is aluminum.
14. The catalyst system according to claim 11 wherein at least one cocatalyst is an
6rganometallic compound that activates the solid procatalyst in the
20 polymerization or interpolymerization of olefins.
15. The catalyst system according to claim 14 wherein at least one cocatalyst is

selected from the group consisting of organometallic compound of the empirical
formula

RiEYmHp and (QER),,

25 wherein,
each R is independently a hydrocarby! group,

E is selected from the group consisting of boron, aluminum, gallium, and
indium,
each Y is independently a monoanionic, monodentate ligand,

30 Q is selected from the group consisting of -O-, -S-, -N(R)-, -N(OR)-, -N(SR)-, -
N(NR2)-, -N(PR2)-, -P(R)-, -P(OR)-, -P(SR)-, and -P(NR2)-,
n>0,m2>0,p=20,andn+m+p=3, and
g=1.

16. The catalyst system according to claim 15 wherein E is aluminum.
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17. The catalyst system according to claim 16 wherein the cocatalyst is a trialkyl
aluminum compound.

18. The catalyst system according to claim 11 wherein the cocatalyst is present in a
molar ratio of cocatalyst to transition metal of the solid procatalyst of from about
0.1 to about 1000. ‘

19. A catalyst system comprising
) a solid procatalyst according to claim 10, and
i) at least one cocatalyst.

20. A process for polymerizing at least one or more olefin(s) comprising contacting,
under polymerization conditions, at least one or more olefin(s) with a catalyst
system according to claim 11. .

21.A process for polymerizing at least one or more olefin(s) comprising contacting,
under polymerization conditions, at least one or more olefin(s) with a catalyst
system accordang to claim 19.
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