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(54) Title: OLEFIN POLYMERIZATION WITH PYRIDINE MOIETY-CONTAINING SINGLE-SITE CATALYSTS

(57) Abstract: An olefin polymerization process is disclosed. The polymerization is performed in the presence of a clay, an activator,
and a transition metal complex that has at least one pyridine moiety-containing ligand. The presence of clay increases the catalyst
activity. The process is suitable for making ultra-high molecular weight polyethylenes (UHMWPE). The UHMWPE produced has
increased bulk density.
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metal conplex having at |east one pyridine
noi ety-containing ligand. | surprisingly found that
30 the use of clay in the process significantly
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m xtures t her eof Pref

a- bR relativepbloy %@tumé@P&%MMW?%P@%Q%&@%ée'a‘f've'y low bulk
prggydigne, 1-butene, 1-pentene, 1-hexene, and

1-octene. Most preferred olefins are ethylene and

S i P 2P g, A e pymer

hegtfuchidh. Sirfitarly, 16 BuIk Wenbiy meent 0w teodueavityr eri feector unit.
bei del |ite, vol konskojte,

' RelVeinieni: Xt GHeBIK erabr Aef s SBHY . PacHaoR agigioght Solvent

modhd ir&ddudl onomers. Further, low bulk density may result in inferior product
quality.

New ethylene polymerization processes are needed. ldealily, the process
would use the readily available pyridine based single-site catalysts, give high
catalyst activity, and produce UHMWPE having increased bulk density.

SUMMARY OF THE INVENTION

The invention is an olefin polymerization process. The process is
performed in the presence of a clay, an activator, and a transition metal complex
having at least one pyridine moiety-containing ligand. | surprisingly found that

the use of clay in the process significantly increases the catalyst activity.
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20 gglnztr g[gl?i{gbel ”'CE@S' Iirgc?un e nagr?{nwegrmgmlé, Ls'aplal%?e,t I%%otorite, mica,
vermiculite, bentonite, nontronite, beidellite, volkonskoite, magadite, and
kenyaite, the like, and mixtures thereof. Preferably, the clays are modified, for
example, with quaternary ammonium compounds. The modified clays are called
organoclays. Organoclays are commercially available, for example, from

25 Southern Clay Products, Inc., and Co-Op Chemical Co., LTD.

Preferably, the clay is heat-treated prior to the use in the polymerization.
More preferably, the clay is heat-treated in the polymerization reactor prior to the
use in the polymerization. The heat treatment is preferably conducted at a
temperature within the range of 100°C to 200°C; more preferably from 125°C to

30 165°C. The heat treatment removes moisture and other impurities from the clay.
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Wherein Y is bonded to M and is selected from the group consisting of O, S, and
NR wherein R is hydrogen or an alkyl group. One or more of the remaining ring

atoms are optionally and independently substituted by alkyl, aryl, aralkyl,
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The complex is preferably supported. The support is preferably a porous

10 material such as inorganic oxides and chlorides, and organic polymer resins.
Preferred inorganic oxides include oxides of Group 2, 3, 4, 5, 13, or 14
elements. Preferred supports include silica, alumina, silica-aluminas,
magnesias, titanias, zirconias, magnesium chloride, and crosslinked

polystyrene. Silica is most preferred.

15 Preferably, the support has a surface area in the range of about 10 to
about 900 m?/g, a pore volume in the range of about 0.1 to about 4.0 mL/g, an
average particle size in the range of about 10 to about 500 pm, and an average

pore diameter in the range of about 10 to about 1000 A. The support is
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and tri BWer S ﬁt88|e°&%8%83fecmaué§1ﬂqéyi 5 'usgé.anpéreéxa%ﬁe, the
catalyst may be supported by using the method taught by co-pending Appl. Ser.
No. 09/781,464. First, a quinolinol is deprotonated to produce an anionic ligand
precursor. Second, the anionic ligand precursor reacts with about 0.5 equivalent
of a transition metal compound to give a mixture that contains quinolinoxy
ligand-containing complex. Third, the mixture reacts with a non-alumoxane
activator. Fourth, the product from step three is combined with a support.

Finally, the solvents are removed to give a solid, supported complex.

Optionally, the activator and the complex can be mixed and then

supported together. Alternatively, only the complex is supported.

The polymerization is preferably conducted at a temperature within the
range of about 50°C to 150°C, preferably about 75°C to 135°C. The
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tharnxtgrfe_@tkér@m process (see Table 1). Mre io
surprisingly, the process of the invention produces

UHMIPE Fﬁe\:“p% rr%ergl%gﬁ)c?ns?cgr making UHMWPE is preferably conducted at a

20
temperature within the range of about 40°C to 110°C, preferably about 50°C to
80°C. A high polymerization temperature resuits in a low molecular weight of

polyethylene. If the temperature is too high, UHMWPE cannot be obtained.

The polymerization for making UHMWPE is conducted in the absence of

25 an aromatic solvent. Saturated aliphatic and cyclic hydrocarbons are suitable
solvents. Preferred solvents include pentane, hexane, heptane, octane,
isobutane, cyclohexane, and the like, and mixtures thereof. Using an aromatic
solvent in the process reduces the molecular weight of polyethylene. UHMWPE

cannot be obtained when an aromatic solvent is used.

30 The polymerization for making UHMWPE is performed in the absence of

hydrogen or any other chain transfer agent. Using hydrogen in the process



bul k density. UHWAPE made by the process of the

i nvention has a wei ght average nolecular wei ght (Mn)
w@er@abherog han about 3, 000, 000. Preferably, Mv PGI/US2004/020984

greater than about 4,500,000. The UHWAPE has a bul k

density greater than 0.26 g/cc. is Preferabl
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ther it RgrisRSeAoN f9 g UV 5 qoricieh it re absence of

'?(Hérpo& BleinClcBMhonbers adlcHHYAPE&YIdRSt 1-butene, or 1-hexene.
pol yReri zat | on process. This invention provides a 20

5 walpcomporatiepant am MMPEWMIOWM@W@S cthay mofgealar weight of

e S HBMARE Bl BerStah g R 8 TP0RFn Qo tfmer i

usm,_ln particular, it can be advant ageously used to
make film pressure pipe, large-part bl ow nol ding,

t d h .
et andeosurpyifithy (ORI 1o IRE PsS Eoths hybfnives much
fOlﬁlgﬁak:ccamlytslngsﬁltvaytﬂhal_?_ﬁme?n«elowa! brdcaesw(sea Talde 1). More
in .
o PPLGSHELA, HAISHE, g1 L R AR FEAPRIRRITE A crased

W ﬂ;mwagr:sggznl ze nany variations that are within the
spirit of the invention and scope of the clainms. 30 7

WO 2005‘38&%9%%%}% #g%ﬁg %9%@88 pgﬁo‘\;@: ntin has a weight average

Pol yrer uppor
8- aienalar n@igHt i(ManigneaterTihabebpyt 3000068. Prefseaidy MW is greater

o B oul g%@ﬁ%’o@g Cﬁ\e%ﬂmﬁé‘gg% i ﬂ{‘éié‘r% :g‘rec%ﬂtbkﬁ%z’% glcc.

15 MPlefer@bR, HRPUBNEVPE 1Al ardulk asesitadded g/c er greatek and
stirred. The stirring rate is adj usted to prevent

el o TAERAT B 48PV S 86, BOBNEERSonine a oo
heptiadige ciay iacldest thoepwissessen dliwef | Hskkeoutber @Bylene polymers,
UHMWPE has poor thermal processability. Thus, it is difficult to incorporate clay

into an UHMWPE by post polymerization process. This invention provides a

20 way to prepare an UHMWPE that contains clay. The incorporated clay can

improve the performance of the UHMWPE or function as filler.

UHMWPE has a variety of uses. In particular, it can be advantageously
used to make film, pressure pipe, large-part blow molding, extruded sheet, and
many other articles. It can be used alone or blended with other resins.

25  Techniques for making these articles are well known in the polyolefin industry.

The following examples merely illustrate the invention. Those skilled in

the art will recognize many variations that are within the spirit of the invention

and scope of the claims.
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hours at 25C at a stirring rate effective to prevent
solids fromdepositing on the io walls of the fl ask.

wd b®sneaed i on m xture changes fromwhite to  PCT/US2004/020984
tomato-juice red. The solids are isolated by

decanting the liquid porti idual solvent is
renmoved fromthe solids ur@é@M&gEuum resulting in a

red sol i dpoliesiBingEtBylefBiviie Supearydd 8-anintimbxytiedtioni de
(3.04 g). (B) Preparing 8-Quinolinoxytitanium

Tri benzyl 15 8- Qui Adl f&@%r i de (0. 060
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FA)”L)Preﬁ@ﬂl?Bmerﬁtﬂﬁbwma)humFﬁrrdﬁloﬁﬂe60 m. of 1.0 M
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he th
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SOQ‘@O‘ F?W_ Oiregad]ié'dn@' b IFRsK t dricR Biirken . t rwteeatzmhg (réfé fsnbdjusted to

T P@é’ﬁﬂ’yﬁo@ﬁlfr% 5 Ceovi AN Sag WAl 6T HP 14k Bt difrachioride
Wi Fﬂ) FYDSr andnt 880ticRlIrchasdnd & adﬂed%@ws@% theefdsktover 20

silica 1s suspended in heptane
Di botglategne it @rﬁtl(rmg)ram_egqectly@ tq\,praycgagzﬁquisgwm fepositing on the

hegiaﬁ@‘éf thd fadir ﬁ*ﬁé )reéc'?loﬁ%’iﬁﬁlre Eﬁ’aﬁd@% fRdrh White 35 $O9BRLARe red.

ni trogen 8- Qui nol i noxytitani umtri benzy]
STOQ @hdamry ls@amdsbwd@éantm tiec cﬂ%ﬂ%né?e(swahﬁylvent is

8 aa I H’lr LsRRUARR vactiths rSQlitHg PNairedt 8B, which is 8-
IRe

Sove mi XtuUre at 25C under nitrogen over
1hqum?|5hm>eybﬂamem trichloride¥84 dby nitrogen purge, and the

k YSbrd gt%ngé's u@glﬂw% tlté{f'ﬁEWFﬂHeﬂE 0.5 h. (D)

meri z I'zation |s conducted in a 2L
sst ai nl eS@mmcﬂmbxﬁnmsmrteclnleadﬁ @9.060 lgudeAtimelTprepared in (A) is

anophi. cl ay, .5 I
LT XS 'thdfé)&t?n{eo 1t6 hrgg eac?q%yﬁ eGS'rea%ioﬁgi %@apggOf 1.0 M
at sdhi@éh frodietyl latbnar,,o glumged) iniadded to theoyixture hritbestirring at 25°C,

SUBERHIE ™ & SBPRGE U657 sg%@ﬁﬁ@%éﬁafﬁ?ﬁﬁ% jglferav (10 mL, 02

qwnﬂﬂbu)noxyt itaniumtribenzyl (0.05 Qg),
tri

20 sé@ht aég#ggn@%g}é%gﬁﬁ?o&tqmﬁmﬁ be&?@ charged into the

react or gjliBht(BaViEEEL948, 5.0 g) is pretreated with HMDS and then calcined 4 h
at 600°C. The treated silica is suspended in heptane (25 mL).

Dibutylmagnesium (5.0 mL of 10 wt % solution in heptane, 3.0 mmol) is added
to the silica suspension under nitrogen at 25°C. 8-Quinolinoxytitanium tribenzyl
25 (1.0 mmol) is dissolved in dichloromethane (25 mL) to give a purple solution.
This solution is then added to the above mixture at 25°C under nitrogen over 1h.
The solvent is removed by nitrogen purge, and the catalyst is dried under
vacuum for 0.5 h.
(D)  Polymerization
30 Polymerization is conducted in a 2L stainless steel pressure reactor.
Lucentite™ organophilic clay (5 g, product of Co-Op Chemical Co., LTD) is
added to the reactor. The reactor is heated at 150°C for an hour, purged with

nitrogen three times, and then sealed and cooled to 25°C. The supported



reactor contents are heated to 60C, ethylene, dried by
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qUItm@blmwxatzstmm Lngbr iaimel iy deér@sthSO §2.g/cc. The catalyst activity is

| | al (TEAL) (0.60 ni, 1.6 Min
10 s%gJBé F}Eng}?g Eﬂ(&ane (1,000 mL) are charged into the
reactor. After the react OEEXAMIPﬂ_Erus are heated to

60C, et hyI ene, dried b [ . h 13X ral ecul ar
sieves, is fed i ' el- E f

regul ator to 20 start the polynerization. The
pol ymer Emﬁplem xssrem@té@rmm sitp 7D iy clag énbdtremiesd gt 150°C for

s et Rather Gey sedterts heStedah R R Ul Blygea it
5; Qggrao@tagtftap g, ﬁ?mbyl ah@dhéw@éamytmmenaed (tb, ZBICQ. piig dlay (5 g),
Bt SBoRorEshagnb AR THESERND 08 e Met Sl ginBl (EAR (0.60

buld desg iy isoBuBdel/£6. hekage (25Jooaﬁa)l et cm@edlirﬁg' thes reactor.
27,300 kg PE/nol cat/h. EXAMPLE 3

Et ﬁg}qeérfge, igacive qﬁ,n;_eg'@%@ée ohea@dd);o %%%ﬁyﬂen%gdned by passing

r eHﬁ%P&r@' 13R%olbé‘ul§rt ﬁ@ve(sD)s feﬁjhﬁtocﬂwéyeétﬁomlé-ah@ré&ﬁde aégulator to
150C hour outside of the reactor.

201 5 ek 00 FONTRTEHER Aeh AT Ughr GoPROTRES ot TO°C by
%Bﬂﬁﬁlbutshrf%@dlh? %Ier@‘@ Maﬁlﬂalﬁ*%@é %éc&ﬁ%:r@%'r@ﬁt 580 psi. The

hea orte
quupnbdmeﬂmmn tSatﬂrmmaﬂeol éér\@p? ng U\eo@agjor tBytyplagd hydroxytoluene

(1,000 ppm) is added to the polymer. The polymer is dried for an hour at 80°C
under vacuum. It has Mw: 5.14 x 10° g/mol. and bulk density: 0.32 g/cc. The
25  catalyst activity is 27,300 kg PE/mol cat/h.
EXAMPLE 3

Polymerizing Ethylene in the Presence of Clay

Example 1 is repeated, but in step (D), the clay is pre-heated at 150°C for

an hour outside of the reactor. The reactor is heated at 130°C for an hour,

30  purged with nitrogen three times, and then sealed and cooled to 25°C. The pre-
heated clay (5 g), supported quinolinoxytitanium tribenzyl (0.05 g), triethyl-
aluminum (TEAL) (0.60 mL, 1.6 M in isobutane), and hexane (1,000 mL) are

charged into the reactor. After the reactor contents are heated to 60°C,
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EXAMPLE 5
Polymerizing Ethylene in the Presence of Clay

Example 1 is repeated, but in step (D), isobutane rather than hexane is

used as solvent and the reactor pressure remains at 300 psig rather than 550

psig. The polyethylene has Mw: 4.97 x 10° g/mol. and bulk density: 0.31 g/cc.
The catalyst activity is 10,000 kg PE/mol cat/h.
EXAMPLE 6

Polymerizing Ethylene in the Presence of Clay

Example 1 is repeated, but in step (D), the clay is pre-heated at 150°C for
an hour before added to the reactor. Isobutane rather than hexane is used as

solvent and the reactor pressure remains at 300 psig rather than 550 psig. The

10



25 psig. The pol yethylene has Mv. 4.97 x 106 g/ nol.

and bul k density: 0.31 g/cc. The catalyst activity is
wd.nos0@77kg PE/ nol cat/h. EXAMPLE 6 Pol yneri zi nBCT/US2004/020984

Et hyl ene in the Presence of Clay Exanple 1 is

repeat but_in ste D, the clay i re- heat ed at

| S0eSRvIeR8 nas Watr” B reric adiaiy e onl FediBoD el e The
| sotutbigsieadtiainhiers,0dtaky PEMaGI&at/s. Used as sol vent and

the reactor pressure ins at, 300 psig_rather than

550 psig. The 10 m‘é@%’f%"vﬁlﬁ é@f’ﬁ"%gdom 020984

pol yet hyl ene hagolyWieriing Ethyld@in 86 Msencsr Gl K

density: 0.30 g/cc. The catalyst activity 1s 9,000 kg

PE/ nol t/h, ARATI VPLE Pol yneri zin

Et hy! end AT RJ AFERRHES PG &y (e oo dasbia g, reactor

putisbbutahepra(te) , thae xayeiis @rdeds thdhe efn@aﬁeofeacao'i pressure
an

| sobut ane r er. than hex i s used as sol vent

{ heeriaes o Mt ea lBer PR PR osk 350 bl vieteas g 90 x 10°
550g/pfl 9and' helkp@énl/ Nl 2eng/chasTVca@nR9 a¢tiibis B80®!kg PE/mol
and bul k density: 0.26 g/cc. The catal yst acCtivity is

7, 8%Y"%g PE/nol ~ cat/h. TABLE 1 10 Results Sunmmary EX.

Clay Polym Ethylene Solvent Catalyst Activity Mwv Bul k

No. Ternp. Pressure Kg PE/ nofagietAh x 10-6 Density C

@Sig /cc 1 yes 70 550 Fbﬁgne 3%§100 5.25 0.32 2 yes

1070 550 Hexane 27,300 5.1 > 70 550 Hexane

16,500 5.08 0.31 C4 no 70 550 Hexane 9,600 4.04 0.26

5 yes 70 300]Tsobufane 10000 4797 0.3T 6 yas 701300

| sobjurxaneisy), 00&yr. BFthPdend0| Solvent Catalyst Activity | Mw Bulk
No. Temp. | Pressure Kg PE/mol cat/h x 106 | Density

°C psig glcc

1 yes 70 550 Hexane 33,100 5.25 0.32

2 yes 70 550 Hexane 27,300 5.14 0.32

3 yes 70 550 Hexane 16,500 5.08 0.31

C4 | no 70 550 Hexane 9,600 4.04 0.26

5 yes 70 300 Isobutane | 10,000 4.97 0.31

6 yes 70 300 Isobutane | 9,000 4.87 0.30

C7 | no 70 300 Isobutane | 7,800 3.99 0.26

11



C7 no 70 300 Isobutane 7,800 3.99 0.26 11 WO
2005/ 007708 PCT/ US2004/ 020984 | claim 1. A process
W@ 20UpN0F081g pol ynerizing an olefin in the presermesmbs/enooss
clay, an activator, and a transition netal conplex
havi ng at |east one pyridine noiety-containing
| ilgd@ioh: 5 2. The process of claim 1 wherein the
transitjd on I ;
L1200 Eoh oo Rt povefizAG 21 Blenf it W bieonce of a
| sclay, gt adhmasorrranétaytrammcm hietaj dontpigrdhaving ias legst gne pyridine
sel.ect m the group consisting of L1
I i% g‘éc"'l?‘?'&‘I”%g'@r‘i‘I“gd. enyl s, indenyls, flguor enyl s,
5 bgr aarhyz S, dhabmocddsnef daim md/efmemdbeytaa;\sltlandnetal complex has
p phinimpes: X is a ligand selected fromthe grou
ﬁ‘?lgﬁ”? Sg'f'CtHIekyl aryl, alkoxy, aryloxy, hal |gde P
di al kyl am no, and sil oxyLgroups; @i¢ the sumof n and
m satisfies the val ence of is 3. The process of
claim2 wherein Mis a Goup transition netal. 4.
The process of claim2 whereinh the Mis Ti or Zr. 5.
The process of claim?2 wher eilk)al has the gener al
structure: or ~ N Y\ N 20 wherein Y is bonded to M
and is selected fromthe group consistin dL
NRNInﬁ@IreIVhISFa fransifan mgtay loris arpyé'ﬂmm@'ﬁa'uipnt%@gcsbﬂand 2is @

e n o] al
12 SRELFTRUTMG A0 oA o3 OprgReldppacdadense
aI kyieaylw Biargnyls hal lrjearylsal k@%yborah Wisxy, m%emowg{plyls and
ni r I

PRI, X e L 3eN o ISR f Ry, .
st alkokyraeyloRh halidg kalkylavies aod sﬂ,cpxy. gqupm@gém@ spipedf nand m

glt Efg}'{isgiﬁé?hé%@ #e(gjf jiromthe group consisting of

propylene,” 1-butene, 1-pentene, 1-hexene, 1-
3. The process of claim 2 wherein M is a Group 4 transition metal.
4. The process of claim 2 wherein the M is Ti or Zr.
5. The process of claim 2 wherein L has the general structure:

O« ©
N Y. N
L J
\

20 wherein Y is bonded to M and is selected from the group consisting of O, S, and
NR wherein R is hydrogen or an alkyl group; one or more of the remaining ring
atoms are optionally and independently substituted by alkyl, aryl, aralkyl,
alkylaryl, silyl, halogen, alkoxy, aryloxy, siloxy, nitro, dialkyl amino, or diaryl
amino groups and two adjacent substituents optionally form a ring structure.

25 6. The process of claim 1 wherein the olefin is selected from the
group consisting of ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-

octene, 4-methyl-1-pentene, and mixtures thereof.

12



octene, 4-nethyl-1-pentene, and m xtures thereof. 12

WD 2005/ 007708 PCT/ US2004/ 020984 7. The process of
w@basmvkosvherein the olefin is a mxture of etbyl/esmo4/020984

and a C3to Co a-olefin. 8. The process of claim1l

wherein the olefin is ethylene. 9. The ocess of

cl ai m ¥-whefl BP ProgRss fa Ay bRNEERITs deeletil 1§ 7 GRIKUFROf Bthylene

gr gho. ¢0 ?i t&r&%ﬁgf al unoxanes, al kyl al um nuns, al kyl
al Um nuth hal'l des,  ani oni ¢ conpounds of boron or

al gm nen t ﬂ‘halpkgqel@erocbnlamd whereinyng eledin is etogbands,

and m xf ur es T, I

wher ei )rg " he rbﬁ{)/a s oflcQa|m ??NIT% %ﬁﬁ@%g&@a‘f%rﬁi@eﬁged from the
5 pod;rysrmr tansidtify 40 aMnox'Eimes,pmﬁwb@ﬂwo'rhumlsaiaihyl aleineim halides,

he .acti vat or ent
T 160 BaEPRI G &l rPd o hnal e N RATE oAy PR AR o frarviboron
codsmh@@undfs 8nd AiNtoekitmesyt | t ani um t r| chI oride. 13. The
process 0 aim | tra ta
conpl ex18s ghelgoﬁ?ﬁs %g‘ﬁﬁ'gkat"\ﬁ’teéﬁ'f" ) ma?l metpylalumoxane
Thwmﬁg,eﬁ(gymgn@l\/mgn 1 wherein the cl ay is selected
fromthe group consisting of m)nt%“ [ 1o

10 saponi tH:  hd&€orPreeessyi Bk, R nilculVNeien bﬂ'h:‘t offtivgtor is ftris-

no PRiubRphRRYIKIrAAd €, Vol konskoi te, magadite, and
yalte, zf m xtures thereof. 20 15. The process of

cI a| m 112merTé1erprpﬁ@sscq)fa§}alrrg1 gfh%@l@é%érpaytloq@etqﬂ@mplex is 8-
pr88|ﬁ§|fno9<$/1h’t%i@lhr‘iirléhlﬁﬂ§é ein the clay is heat-treated
0

merization. 17 The process of claim
| wher el tﬁmecmrnpdas@(ofi @alsuﬂ;rymetf@ld thg gransifien pradelezpsnidex is 8-

1 558G BB B AR TE e g an- it ra- hi gh mol ecul ar
wei ght 140l yietehyrbesss ¢fldiiPENhesin theprlacieselastarhiremithg group
po'cgrﬁrsﬁsrtfn%;i gfgmonm{oﬁlonlte atp%%ite, hectorite, mica, vermiculite, bentonite,
nontronite, beidellite, volkonskoite, magadite, and kenyaite, and mixtures
thereof.
20 15.  The process of claim 1 wherein the clay is an organoclay.
16. The process of claim 1 wherein the clay is heat-treated prior to the
polymerization.
17 The process of claim i wherein the complex is supported.
18.  The process of claim 1 wherein the complex is supported on silica.
25 19. A process for producing an ultra-high molecular weight
polyethylene (UHMWPE), said process comprising polymerizing ethylene in the
presence of a supported transition metal complex having at least one pyridine
moiety-containing ligand at a temperature within the range of 40°C to 110°C in
the presence of the supported catalyst of step (a), a clay, and a non-alumoxane
30 activator, in the absence of aromatic solvent, a-olefin comonomer, or hydrogen,
said UHMWPE having a weight average molecular weight (Mw) greater than
3,000,000 and molecular weight distribution (Mw/Mn) less than 5.0.
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presence of a supported transition netal conplex

havi ng at | east one pyridine npiety-containing |igand
wa@toog/obeoperature within the range of 40C to 1ACOCUSI004/020984

the presence of the supported catalyst of step (a), a

clay, and a non-al unoxane 30 activator, in the absence
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