Title: COLEFIN POLYMERI ZATI ON CATALYST ON PLASMA- CONTACTED SUPPORT Abstract:
A nethod for preparing an olefin polynerization catalyst is disclosed. An

i norganic oxide is contacted with plasma and a transition nmetal conpound

I S suppor U2dNTHRNAIEONAD AP RIICSTION RUBIGAMEIT UNDHRIHE PRITEN NEQORIBATIONITREATY (PCT)
conveni ent, and avoi ds many of the I ens associ ated with known net hods

of supp, g‘ﬁ £ / US2006/ 003111 OLEFI N
P e ke ?‘%gﬁ%ﬁ% G
| NVENTI ON The i nvention rel ates to N

paratlon of an olefin

pol ymer i zaigzPhiteratibah ¥ahicARE pateef i N RS rrerl Z al10)QhteaGAPEMEcatiG@fuhise t he
catal yst. Thsepwhaéryzotm (1|4s)9gumorted O C296¢9959§7 hAq been
cont act-ed—w , ,

cont i nués Ihternngatqnt @lhssfqatbdnyol efl n i ndust ryxT AWﬂyBA BB S0 BR, p‘MIByfrmr(wzamCGn
catal ysts 0(1; WWDJ nc ICOAI44eP2 €8Pt i onal CQi%‘F‘éICZI‘@t@I"aDMc% ﬁfL;F@ 2 JII:)SJI?EI
t hese cat A%/1Y14t% ¢ hexpensi ve, they exhib %@g‘gkﬁ“gﬂﬁm@ vy
M

gener al by iROQktodd AbheRbPRed:Ng a-ol efin co ’mr‘g@]g SiG e NI,

properties, single-site catabym@issqosnmipart i @gl@ro H PCeNas @s &, b@ggrg@,l ng
to 15 85 I ace Ziegler-Natta cat al %gst s, Wt bk lsofdv, ¥, egiiereNet, U“"ﬂ,TZ&LAaU@'SIZS

and si n@ e[“t§r“?t8“aé D)??tgghnl‘afy P GPEERY an Aovanvaga. Zl‘@ ZWmmbl lize the
cat al yses)amingrLagpgort. This is partiguhar]ly true for hase sI urry
and bul k nonomer processes. | norganijc oxﬁfﬂg%’ejﬁi‘ edj ﬁ’p"\?vﬁ‘” 5 "’ 1f"\jve"é}’1y
suppor t *HPRITEr EPeBEE there are of P8I di f f ii¢U jﬁ}fﬁj{é’%gﬁffﬁ“"“ . Ly§ o ZM

deact i v@dim@riglogat 0 noi sture or hydroxyl gr gwRSudsh \ieaz, BORGA0A, A, Her
Typi cal | y,110BR& i nor gamitgch 0005 @eoaizsost r @at ed theededl BE, BE lvamcad, by,DKomE mmh

prior tgQ use to cat al deact i vatk.oh. GR-BY, I XarpiTd,U, Iy, ¥C, NRaiL, PTNO.

6, 211, 311 ﬁj@gﬂﬂi& (ﬁ ’;Sgnjgfo CLATELAl | 0c8AEE APk TRhABK ERTHICT s EleBY-&Aand

this caus%zlggg{nneg}gt{;e@f %gsrtona{g,;ag Moib WSE) and &M G0 Y A& M SEdBp$Pti ng t hese
y u

cat sts. This problemis avoided siphgiqcpem cal |y treated supports to
pr erEE"BUpypurt e NAGH Aknder s 5@ ofitradrai Gegrt het eLoALAM.G LhBapsds. U.S. Pat. No.

55&251 Peévdﬂe d]éué)és 6%56?) S)C ess for —  before the expiration of the time limit for amending the
(74) Agents: SCHUCHARDT, Jonathan, L. et al.; Lyondell claims and to be republished in the event of receipt of
Chemical Company, 3801 West Chester Pike, Newtown amendments

Square, Pennsylvania 19073 (US).
Fortwo-letter codes and other abbreviations, refer to the "Guid-

(81) Designated States (unless otherwise indicated, for every ance Notes on Codes and Abbreviations" appearing at the begin-
kind of national protection available): AE, AG, AL, AM, ning of each regular issue of the PCT Gazette.

(54) Title: OLEFIN POLYMERIZATION CATALYST ON PLASMA-CONTACTED SUPPORT

2006/096257 Al ||II|II|||I|I|||I|I||I||I||II|||II||II|||||||||II||I|I||II|||I||II|I|||||II|I|I

(57) Abstract: A method for preparing an olefin polymerization catalyst is disclosed. An inorganic oxide is contacted with plasma
and a transition metal compound is supported on the contacted inorganic oxide. The method is fast, convenient, and avoids many of
a the problems associated with known methods of supporting catalysts.
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gas-phase, slurry, and bulk monomer processes. Inorganic oxides are known to
be useful support materials, but there are often difficulties with catalyst
20  deactivation due to moisture or hydroxyl groups in the inorganic oxide. Typically,
the inorganic oxide is treated thermally, chemically, or both prior to use to
minimize catalyst deactivation.
For example, U.S. Pat. No. 6,211,311 teaches that many
heterometallocenes are inherently unstable and this causes poor catalyst activity
25 and difficulties in supporting these catalysts. This problem is avoided by usfng
chemically treated supports to prepare supported catalysts containing
heteroatomic ligands. U.S. Pat. No. 6,559,251 discloses a process for
polymerizing olefins with a silica-supported, indenoindolyl Group 4-6 transition
metal complex having open architecture. The silica is preferably treated
30  thermally, chemically, or both prior to use. The examples calcine the silica at
250°C for 12 hours and then treat the silica with an aluminum compound.
While thermal treatment of the inorganic oxide reduces -catalyst
deactivation, long times and high temperatures are often required. The

treatment can be expedited by passing a dry inert gas through the inorganic
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integrated circuits. U.S. Pat. No. 5,647,944 describes a microwave plasma
treatment apparatus having a high ashing treatment speed by means of
controlling microwaves inside a wave guide tube. U.S. Pat No. 6,582,778
20 discloses a method of treating microwave plasma by maintaining a reduced
pressure in the plasma-treatment chamber. The patentees use this technique to
deposit a film on the surface of a container. U.S. Pat. No. 5,278,384 describes
an apparatus that is suitable for a large scale and high capacity. The apparatus
generates plasma with an arc torch generator and is used to coat the surface of
25  powder particles.
The use of plasma to oxidize chromium ligands to CrOx was studied for
chromium(ill) acetate on silica and chromium(lll) acetylacetonate on silica to

prepare Phillips-type ethylene polymerization catalysts (see J. Phys. Chem. B

101 (1996) 9240). These catalysts, prepared by plasma oxidation, had similar
30 ethylene polymerization activity to those prepared by thermal oxidation of the
chromium ligands at 1053°K. In a control experiment, plasma treatment of silica
alone showed a loss of water and none of the CO and CO; generated in the

preparation of the chromium catalysts. The authors did not use plasma to treat
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associated with known methods of supporting catalysts.
20 DETAILED DESCRIPTION OF THE INVENTION
To prepare a catalyst according to the method of the invention, an
inorganic oxide is first contacted with plasma. Suitable inorganic oxides include
silica, alumina, magnesia, titania, zirconia, aluminosilicates, clays, zeolites, and
mixtures thereof. Silica is preferred.
25 When silica is used, it preferably has a surface area in the range of about
10 to about 1000 m?g, more preferably from about 50 to about 800 m*/g and
most preferably from about 200 to about 700 mzlg. Preferably, the pore volume
of the silica is in the range of about 0.05 to about 4.0 mL/g, more preferably from
about 0.08 to about 3.5 mL/g, and most preferably from about 0.1 to about 3.0
30 mb/g. Preferably, the average particle size of the silica is in the range of about 1
to about 500 microns, more preferably from about 2 to about 200 microns, and
most preferably from about 2 to about 30 microns. The average pore diameter is
typically in the range of about 5 to about 1000 angstroms, preferably about 10 to
about 500 angstroms, and most preferably about 20 to about 350 angstroms.



as acetylene or silicon tetrafluoride, can create a deposit on the surface
of the inorganic oxide. This can be useful to prepare a support materi al
for certawvo20iwm@sxsrti on metal conpounds. Preferably, thecrarseeenogas does
not create a deposit. Mre preferably, the carrier gas is selected from
the group consi $henprganitHxiveyigarontdetad with presara. &thg Phasmee ROgenefatbd 0gen,

' ' ; . t . pref bl he carrier S 1 s oxygen. One
st ul et 1SR ch griehaa Rl ST giathels Fadhpi meie eiakbimng
chanber andglaspm ys ganenated wiﬂhhelecmﬂt@‘rf ﬁticﬁgﬁfaﬁbﬁ?ioax@g Bzfrgcﬁaﬁ?g;fﬁod; 2 o
00, Pa, refer ow a.
| nt roduced P80H00L p gpot e dndisredeby Bt 200 tab06 1BAMHn
radi ati on iandsnpgtl prefbraisly f@enebate1d°ne Noase? MMAT MiQVR4Se @Qﬁ@ﬁéﬁfr?can be
conveni ent The me. needed wi | | deagnd upon the waftage of the

| . t | , _
radi ati on Xﬁﬁ‘?‘ie X&PW&"‘%HLPJE%O@PPEX PEd-48x 1HeMbroagdrthat isxa genvenismtas

particle sifiequemsy 1DUSE. U c6MBINGHen of REGHEHARY Yhayt 180 PledSdHy. COHRCL, W I be
done at a te er%ture bel ow 2000C. 2s Cenerally, "'plasma treatnent will be
ing

done for a8 PR Oh HEgHeneies ifi YRede tis isprasiatinags Galledamixsstitequenoy about 50
m nutes. PretesiaRiguentplaBh@sme contact is done continuously. A continuous
feed of inorganic oxide through a plasma-treatnent chanber enables high

t hroughut  andSeYREahlyPES ©Of cadier vaaes Maydee yserht iSomes carfier gasagasiich oxi de.

30 After pl ViRt ik t Siit ] r.1ant hani net al
conpound Pg g?t%’f@o rt eﬂc% %Cﬂgr?ﬂlg?@ae h iQ%'Jr g{(éle{:tléel rét %édp? (r%g pO%r @ea?'n'}r%icgqu ﬁhe
pol yner i zatNBeat@©Aides tThisTran dlectisafulplol prepaiez at suppodamalteyist faracertsn any

CThel 2%, FUSEA Db eoURRRZ R RIGEAL v BESLO8 SRS B D1
e Py e e b Sl e ATl Dl o
-rlr-{at glr E:%rrpour Qphgﬁlﬁﬁgé&% %Bﬁn )ﬁ%@P( 8&@%@133‘%,”\9%"@9%@‘% ! niloshe Iike.
When t he cateigmpbly, the carridti gaglieoxdaint a cat al yst, a cocatal yst is al so used.
Preferably, t heoﬁg(b%%%ll \r/ﬁsetth(i)& is to place the inorganic oxide in a plasma-treatment

chamber and apply vacuum to the chamber. Preferably, the pressure is reduced

to below 100 Pa, more preferably below 10 Pa. A carrier gas is introduced to

20 supply a partial pressure of from 20 to 200 Pa, and radiation is supplied to
generate the plasma. A microwave chamber can be conveniently used. The
time needed will depend upon the wattage of the radiation and certain
characteristics of the inorganic oxide such as particle size and moisture content.
Preferably, the plasma contact will be done at a temperature below 200°C.

25 Generally, plasma treatment will be done for about 1 to about 200 minutes,
preferably from about 2 to about 50 minutes.

Preferably, the plasma contact is done continuously. A continuous feed
of inorganic oxide through a plasma-treatment chamber enables high throughput
and the ability to treat large quantities of inorganic oxide.

30 After plasma contact, a Group 3 to 10 transition or lanthanide metal
compound is supported on the inorganic oxide to prepare an olefin
polymerization catalyst.

The olefin polymerization catalyst can be any catalyst system that
polymerizes olefins, including Ziegler-Natta or single-site catalysts. When the
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Particularly preferred labile ligands are halides, alkyls, and alkaryls (e.g.,
20  chloride, methyl, benzyl).

Preferably, the polymerization-stable anionic ligand is selected from the
group consisting of substituted or unsubstituted cyclopentadienyl, indenyl,
fluorenyl, boraaryl, pyrrolyl, indolyl, indenoindolyl, quinolinoxy, pyridinoxy, and
azaborolinyl. More preferably, the polymerization-stable anionic ligand is

25  indenoindolyl.

Optionally, two polymerization-stable anionic ligands are connected by a
divalent linking group to form bridged ligands. A wide variety of linking groups
are suitable for use and are described in the art. The linking group can be a
conjugated pi-electron system, but it need not be conjugated. Suitable divalent

30 linking groups include dialkylsilyl, diarylsilyl, alkylboranyl, arylboranyl, siloxy,
polysiloxy, and hydrocarbyl groups. Preferred hydrocarbyl groups are alkylene,
dialkylene, polyalkylene, arylene, diarylene, polyarylene, cycloalkyl, adamantyl,
aralkylene, alkenyl, and alkynyl. Specific examples of suitable divalent linking
groups are methylene, 1,2-ethylene, 1,2-ethenyl, 1,2-ethynyl, isopropylidene,
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in which M is a Group 4-6 transition metal, L is a polymerization-stable anionic
ligand, G is a linking group, Ry is C4—Cyo hydrocarbyl, X is alkyl, aryl, alkoxy,
aryloxy, halide, dialkylamino, or siloxy, and n satisfies the valence of M. More
preferably, M is a Group 4 transition metal, G is dialkylsilyl, and X is halide or
15 alkyl. Ryis preferably Cs—~Cqo hydrocarbyl, more preferably C4 hydrocarbyl.

Exemplary open architecture organometallic complexes useful for the
process of the invention:



c~O/zr\ S/-CH3 A Ti /S \ /CH3 C / /| NCH3 NCH3 6 Preferably, when
two polynerization-stable anionic |igands are connected by a divalent

| i nki ng gwoupodmefser m bri dged |igands, at | east one of Ph®/US2006/003111

pol yneri zati on-stabl e anionic |igands is an indenoindolyl |igand.
Preferably, the bridged indefgiRdolyl conpl e general structure:

R z M Re Rz z.. N Rz Rz Rz O 00 Rz NCR, Rz Rz Rz Rz or \

M1/ X \' Ln L xnvvhedsllnM saGroupﬁc; ition netal; Xis

al kyl, aryl, al koxy, aryl ox h Ild@ dlalkyla. no, pr siloxy, and n

satisfies the val ence of Sel ect ed l—@d:ﬁm\th g{oup consi sting of
ns bstib

al kyl am do, substituted or u uf ed cyclopthadlenyI fl uorenyl,

i ndenyl, boraaryl, pyrrolyl, aborolinyl and i en0|ndonI; R4 is

sel ected fromthe group consi t\ng of C1-C30 hydrpxarbyl, dialkyl boryl and
trialkylsilyl; each R2 is independently selected fromthe group consisting

of Cl-C30 hydrocarbyl, H F, d and Br; Gis adivalé*s& radical is 7
N

Preferably, when two polymerization-stable anionic ligands are connected
by a divalent linking group to form bridged Iigahds, at least one of the
polymerization-stable anionic ligands is an indenoindolyl ligand. Preferably, the

bridged indenoindolyl complex has the general structure:

wherein M is a Group 4 to 6 transition metal; X is alkyl, aryl, alkoxy, aryloxy,
halide, dialkylamino, or siloxy, and n satisfies the valence of M; L' is selected
from the group consisting of alkylamido, substituted or unsubstituted
cyclopentadienyl, fluorenyl, indenyl, boraaryl, pyrrolyl, azaborolinyl and
indenoindolyl; R4 is selected from the group consisting of C4-Csp hydrocarbyl,
dialkylboryl and ftrialkylsilyl; each R; is independently selected from the group
consisting of C4-Cap hydrocarbyl, H, F, Cl and Br; G is a divalent radical is
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al kyl al um b theckggpdurrdsurgor with laytraisitiohnetal sowté o aiventhe wnyaridnestalde,
trinmet hyl al um i l.al.um d the like. Suitabl tivator
nelude . o8P TE g Mo sRarn TR R e e shfbrec el Vi s T
general |y depsmdtiporofhelnthéyligangansed atd theltehsttiontmetansaurcal uni num  Exanpl es
5t e bont o I ARBERLE B SPRGR OBl ) HE metr o
t et raki s( pemnd afvientioro pine pyéiehapnaberfoinidd 1 tHeepredlshed REHnabbttRPIERY| ) -
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i ncl ude boPGHANd"BRR BOMET élweap[%ap,omg%uc, cyppigx Aneyaetiyais e, catglystapl e
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tri-n-oct yBEIAh&UBeEnenMAPke PMAD. TRIBYE alitirEnRe diiseiitdbplymoxane),
271, S0 St (3omume {6y, . Bl chaed, 107
trimethylaluminum, triisobutylaluminum), and the like. Suitable activators include
salts that contain non-nucleophilic anions. These compounds generally consist
of bulky ligands attached to boron or aluminum. Examples include lithium
tetrakis(pentafluorophenyl)borate, lithium tetrakis(pentafluorophenyl)aluminate,
20 anilinium tetrakis(pentafluorophenyl)borate, trityl tetrakis(pentafluorophenyl)-
borate, and the like. Suitable activators also include organoboranes, which
include boron and one or more alkyl, aryl, or aralkyl groups. Suitable activators
include substituted and unsubstituted ftrialkyl and triarylboranes such as
tris(pentafluorophenyl)borane, triphenylborane, tri-n-octylborane, and the like.
25 These and other suitable boron-containing activators are described in U.S. Pat.
Nos. 5,153,157, 5,198,401, and 5,241,025. Suitable activators also include
aluminoboronates--reaction products of alkyl aluminum compounds and
organoboronic acids--as described in U.S. Pat. Nos. 5,414,180 and 5,648,440.
Alumoxane activators, such as MAQ, are preferred.
30 The optimum amount of activator needed relative to the amount of

organometallic complex depends on many factors, including the nature of the
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results.
preferably from about 20°C to about 40°C. The optimum stirring time will vary

somewhat, depending upon the amounts of aromatic solvent and support
20 material, but should be long enough to ensure good mixing. Preferably, the
stirring time is from about 2 minutes to about 60 minutes. Stirring longer than 60
minutes should not decrease activity, but it is unnecessary. Stirring 30 minutes
at room temperature is convenient and gives good results. If a large amount of
solvent is used, the mixture is a slurry and it is convenient to remove some of
25 the solvent to prepare a free flowing solid. This can be done at room
temperature by applying a vacuum. In one preferred embodiment, an incipient
wetness technique is used. A small amount of solvent is used to dissolve the
complex and the solution is added to the plasma-treated inorganic oxide. The
mixture remains a free flowing solid without solvent removal. The mixture can

30 be used as is or residual solvent may be removed.
In another preferred method, a solution of the activator is added to the
contacted inorganic oxide prior to the addition of the transition metal compound.
This solution can contain all of the activator to be used, but it preferably contains
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e activator to be us |n|n a |va i,s added t

the reactsiution amgePrepirad o & H@”%‘gloyﬁ'ﬁi/% %SW \BH enﬁ?équé?oéﬂr%bl Y, ?he
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prem xed féHtvatoF% H‘%dre‘%to? bﬂ@r tléethlé%'ﬂhtl%nrﬂfrth'é Brafisl. tMeniBeuss, an Ykgin t he

transition neta npound prem xed a solution of the activator, it
i s prefoer adduminuen @Q@PQUW)F& p@ferablyta@eéctputvatreactarnaﬂ@ro’foa@a 39¢#iI9NePfai nder of

the actiy E%Fte{hgstgp R rPhe Roh gté&n&#@%nﬁd@dldé on of the premx. In this

case, an a m num conpoun referably added to the reactor
prior to the ad?fefar@biy o Scamgm ampyat @hﬂ@@‘@éé USHNEReCBRAUE: BN nor gani ¢

oxi de. Preferfl p aﬁ{nﬁﬁﬁ%egrg'tﬂgowugﬁmﬁﬁuﬁnlsaglléwaé’d éé‘“tﬁbcn%%ﬁfb‘r'nd such

astrlethy"f1 a{ riri so 'umnumis al so added to the reactor.
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compourtl | &S] e UReR Ry or | an acti vator i preferably not used.
Preferably, t haNZEﬁgﬂher trhlaélﬂicm oadtal yempbend s‘ap@olie@dr-blatta heatalystt ¢t ed
| norgani ¢ Oxtlva?oralgd p?e gr%%ly no usetrjeaclgreFeraﬁVa E‘iié(gler-Natta catalyst is
supported on the contacted inorganic oxide and added to the reactor separately
from the cocatalyst.
20 Preferably, the olefin is an alpha-olefin. More preferably, the olefin is
selected from the group consisting of ethylene, propylene, 1-butene, 1-hexene,
1-octene, and mixtures thereof. Most preferably, the olefin is ethylene or a
mixture of ethylene with a second olefin.
Optionally, hydrogen is used in the polymerization to regulate polymer
25 molecular weight. The amount of hydrogen needed depends upon the desired
polyolefin molecular weight and melt flow properties. Generally, as the amount
of hydrogen is increased, the polyolefin molecular weight decreases and the
melt flow rate increases. For many applications, the polyolefin melt flow rate will
be too low if the polymerization is done in the absence of hydrogen.
30 A wide variety of olefin polymerization processes can be used. A slurry or
gas-phase process is preferably used.
The polymerizations can be performed over a wide temperature range,
such as about —30°C to about 280°C. A more preferred range is from about
30°C to about 180°C: most preferred is the range from about 60°C to about
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illustrate the inventi onmdfgh@[Qa §1h1doly$ﬁrcbﬁ|un{ @ichldgd@rs w |l recogni ze many
variations that are within the spirit of the invention and scope of the

clai ns. EXAMPLE 1

15

(a) Preparation of Indeno[2,1-blindole 1. A mixture of 2-indanone (51.0

g, 0.39 mol) and p-tolylhydrazine hydrochloride (61.4 g, 0.39 mol) is dissolved in

glacial acetic acid (525 mL) and is vigorously stirred and heated to reflux. The

mixture turns red and is heated for 2 hours. After cooling to room temperature, it

20 is poured into ice water (1 L). The precipitate is filtered to afford a solid, which is

washed with water (about 1 L). The solid is dissolved in ethyl acetate (1.4 L),

activated charcoal is added, and the mixture is gently warmed. The mixture is

then cooled and filtered over a pad of Celite. The filtrate is dried over sodium

sulfate, filtered, and is then concentrated to 450 mL and cooled to —30 °C for 3

25 days. The crystalline solid is filtered and washed with chilled (-78°C) hexanes (2
x 500 mL). The beige solid is collected and dried under vacuum (47.1 g, 56%).

(b) N-Methylation of 1 to give 2. A slurry of aqueous NaOH (42 mL, 21.5

M, 903 mmol), C1eH3z3sNMesBr (0.36 g, 0.97 mmol), and 1 (15.0 g, 68.4 mmol) is

11
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5 (a) Preparation of |ndeno[2,1-blindole 1. A mixture of 2-indanone (51.0
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cool i ng t o stipednat eomartainperatuict o2 @ .5 ﬁo@@uénﬁﬂthelht Rfluked Y& &1 hbdr. LThe The
preC|p|tate|sf|Iteredto afford a solid, which is washed with water

(about | L)m'XtF'F?e U g and '8|°§§l?P'\;%(ﬂ°9rﬁ t%!’ﬂﬂ?/rﬁt%%@ﬂﬁtf@e(eﬂ 4The crystaléine vat ed
charcoals i %oﬁdi%&Dash@ﬂ%ﬂ%ﬂ[@dmwﬁéeﬁwa%ﬂ‘zbﬁ nYl@erWNedTWcﬁméif I"rl%(%né§ then

cooled and filtered over filtrate 1s dried over sodium
sul fate, fi@e@meyto %fFRidlaqul%é?ﬁ sidd2PBratE)t o 450 nl and cooled to -30 C

d t t illed
20;896) Zﬁexgﬁzs @e/wabf EAblakiBe: Pé jathtion drid ! gfaﬁgylgtgﬁrﬁfm?e ek Wasg\nl .h; e

vacuum ( 47 hexgness 8% mnyah)is Nedned layrqm tmmmﬁramre to aglurey of.2 @.94 guiraty1 of

and 1 (15 00 ExPlperenes ML FhelRbds | ERAORE Shorn elfetaul #d 1151 1 4

conbi ned wittrns tpaleugaliow( 5®prdc)pltaile foohstiten2 dbursmesfiyr 2 dayl, dee m&tlﬁ}eﬂt 129

i . , t Th
mxture s MR bas oo SOEE, TheRplF s, HasheT i afRNALO i ueed 1 or
an hour. THalowsidxibyhexdngsn&or mli)amu issthepotatidcted ampavieepaeat/ asenand

filtered. talline 5 solid is washed with chilled (-30C) ethanol
(200 m -) I%?’F&Aéz/"zy chilled hexanes (200 m-) to afford a pale red solid

(10.3 g, 65%. (d) Prépratifnerabiapidn Br epbaidtos @.58.g,n184t Wrhdif hs um (13.0
m, 2. 515M Isﬂspended in toluene (100 mL). Diethylether (40 mL) is added dropwise to
afford an orange solution, which is added to a solution of SiCl,Me, (12.0 mL,

98.9 mmol) in diethylether (100 mL) at room temperature. The mixture turns
cloudy and dirty beige and is stirred for 3 days and filtered to give a dark red-
orange solution. Volatiles are removed under reduced pressure to afford an oily
20 solid. An aliquot is analyzed by 'H NMR, revealing formation of the desired
product; 100% conversion is presumed. The oily solid is dissolved in
diethylether (140 mL), and sodium cyclopentadienide (11.0 mL, 2.0 M in
tetrahydrofuran, 22 mmol) is added. A precipitate forms immediately, and
stirring continues for 2 days. The mixture is washed with water (3 x 50 mL), and
25 the organic phase is dried over sodium sulfate and filtered. Volatiles are
removed under vacuum fto give an oily residue, and 100% conversion is
assumed. The residue was dissolved in diethylether (75 mL) and cooled to -
78°C.  n-Butyllithium (18.0 mL, 2.5 M in hexanes, 45.0 mmol) is added by
syringe, and the mixture is warmed to room temperature slowly. A yellow solid
30 precipitates overnight, and volatiles are removed under vacuum. The crude
material is washed with hexanes (100 mL) and filtered to afford a yellow powder.

The powder is collected and dried under vacuum (6.73 g, 93%).
(e) Preparation of Complex 5:  Zirconium tetrachloride (3.15 g, 13.5
mmol) is combined with toluene (100 mL) and dissolved in diethylether (50 mL)
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in diethylether (140 nL), and sodiEMAMRKLE @pent adi enide (11.0 nL, 2.0 Min
tetrahydrofuran, 22 mml) is addegasthadtssibi tate forns i mediately, and

stirring continyes f 2_days. The mixture is washed with water (3 x 50
n.), and 25 the%tS?%ﬁ?H 53592@0?3(2@0 Okis Blaeed dbai Rlasrsadticatreertnchantiarer ed.

volatiles @@ vieURVRbHERto A b @ N etblaiesy (B, R0 qkR0%

conversion is assuned. The residue was dis 75 )
and cool ed 98§ I8 gredusrdiitp| fher shampen go coring, the 3oty ipresserartesss 4.0 nmol )

|5 added byvicyidvedadiaAds 14 BepMlett 1 o St ohBelQOR LIPS Yre sl owly.

A yell ow solid 30 precipitates overni ght, 0 eS a under
vacuum Théo¥eli@é0-3iglvktq genaratevmegen pldsta. hitemEsmirLies, ithe yadiatibriis | t er ed

to afford 0 o i ed_and dried under vacuum
(6.73 g, 9%(%@ dgé?h@?)é%g‘?né??%ﬁ%S'ngﬁ%maéiedg&‘l”bﬁﬁé8ﬁ?r&‘ﬁmef ap¢ aﬁqﬁ%m de (3.15
g, 13. 55 mélve-hex wslebhiedemi t h t ol uene (100 ml-) and dissolved in

di ethylether (50 m-) 12 WD 21)1)61096257 PCTIUS2 0 0 6 /111131 1 1 to

produce a cl oudy suspension. D ani expagl5=02 g, 13.7 mmol ) is added as a
Preparation of Silica-Supported Catalyst

In a glove-box under nitrogen, 3.1 mL of 30 wt.% of methylalumoxane

(MAO) in toluene is mixed with 45 mg (0.084 mmol) of complex 5 from Example

20 1 to make a deep red solution. This solution is then slowly added at room
temperature to the contacted silica from Example 2 (2.0 g). After the addition is
complete, stirring continues at room temperature for 0.5 h. Volatiles are

removed by vacuum to give a supported olefin polymerization catalyst.

25 EXAMPLE 4
Copolymerization of Ethylene and 1-Hexene

A one-liter, stainless-steel reactor is charged with 1-hexene (75 mL).
Triisobutylaluminum (1.0 mL of 1.0 M solution in heptane, 1.0 mmol) and Stadis
fatty amine (12 mg, product of Akzo Nobel) in heptane solution (3.0 mL) are
30 mixed in one sidearm of the injector. This mixture is then flushed into the
reactor with nitrogen pressure and isobutane (about 350 mL). Hydrogen is
added (120 dpsig from a 10-mL stainless-steel cylinder pressurized initially to
500 psig H2) to the reactor, which is then pressurized with ethylene to 356 psig.

13



solid in portions over the course of 30 mn. The color turns fromyellow to
dark orange, and a precipitate forns. The m xture is maintained at room

t enper at we 2066m9637days and is filtered to give a dirtypgelisewssadid. The
solid is washed with 5 toluene (50 nL) and hexanes (50 niL). The yell ow

powder is ¢Ré Ir@éét&dc@fféht%reeduowgm@reqmwa@e(t3757c2 Ghe%&%ort@(ééﬁlya 2
Pl asma Contact Crosfield ES757 silica gé% & pl aced
I

pl asna- t r eBPMeRkamRlEnd 425 + &7 4he @d@ﬁ@ﬁﬁ ingo hed 'Pﬁcpﬁ@r@hﬁ%érﬂe”c o bring
the pressupgsidy Mid dne %‘é&?r”wﬂi%s%ldu%ade”ﬁ@%‘}%d ﬁ&r@gémrséwm@erm@ bring

the total pressure to 5 M crowave radiation is supplied to the
chanber ( f pekjonenzstiast PEQP\@@dM-f@r ghel hpofer etkwle@e?%wetqppgéymratse%ygen
pl asma. Af E%e&éd B?ola ytes., the radiation is stopped, and the contacted
silica |s removed fromthe chanber and stored in a 15 gl ove-box under

nitrogen. EXAMPLE 3 Prepar atb@ﬁﬂé’ARﬂNEfﬁxﬁw%ré ed Catalyst In a gl ove-box

under nitrogen, 3.1 nL of 30 r’_g unoxane (MAO in toluene is
m xed with 45 ng (0.084 mmol ) of realnentom Exanple 20 1 to nake a

deep red sol uti gpsfidfai EsEN sitiéa()(z@@ lishﬁ@atéél @%Momdwmdaaétead@ostréaeﬂmer ature
to the contacted silica from Exanp ‘%ﬁ @g Af t nis
& u'?

conpl ete, &eptedi dgy BBWQPﬁue%ﬁ%[tm (519H1"St d érqﬁferf?dSt% Yea PXes are

renoved, by \HaEUMiF§éh, Hn¥s. RnfLIBRsy Weds of m‘e'tﬁylmw@fé ABAOPIM tBRIcABYST . 25
EXAMPLE 4 Copol ynerization of hyl ene and "1- Hexene A one-liter,

st ai nl ess- sixed wite 46trag (9.884 ﬁﬁﬁ@ibGOWEﬁ 5 roraxra@ e g tainyake a deep red
irii sobutyighigh nvms(sgmoms en bidyMasababd, r%BnLt@ng%pétal%eto the thefally and

Stadi s fat y anin uct I n heptane solution (3.0
nmL) are 30 trenesd sullnaoné\fErdi@ar addifion he templeteor stirmpg sCQIﬁTIRUQﬁ et EPOtnhen

flushed in }ggu t 350
m). Wdroé%rﬁﬁggturégéﬁg' ( '20 A(;%[g‘lé%a ‘?gﬂq‘“g"eﬁ’gﬁﬁﬁ’gcw t{) SsS ste :Jnder
pr essuriszedlefini tpalyrhgrization catalyst. The supported catalyst is used |n a

polymerization performed as in Example 4.

COMPARATIVE EXAMPLE 6
Chemical Treatment

Neat hexamethyldisilazane (0.25 g) is slowly added to stirring Crosfield

20 ES757 silica (2.0 g). The HMDS-treated silica is dried for 6 h at 600°C with dry

nitrogen gas flow. The silica is transferred to a glove-box under nitrogen, and

3.1 mL of 30 wt.% of methylalumoxane (MAO) in toluene is mixed with 45.1 mg

(0.084 mmol) complex 5 from Example 1 to make a deep red solution. This

solution is then slowly added at room temperature to the thermally treated silica.

25 After the addition is complete, stirring continues at room temperature for 0.5 h.

Volatiles are removed by vacuum to give a supported olefin polymerization

catalyst. The supported catalyst is used in a polymerization performed as in
Example 4.

The polymerization (Example 4) performed with catalyst supported on

30 plasma-contacted silica is expected to exhibit similar catalyst activity compared

with the polymerizations done with a catalyst supported on thermally treated

silica (Comparative Example 5) or chemically treated silica (Comparative
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500 psig H2) to the reactor, which is then pressurized with ethylene to 356
psig. 13 WD 21)1)61096257 PCTIUS2 0 0 6 /111131 1 1 The reactor contents
are al | owod 20@/m6s71 | brate at 750C. The supported cat al pstr/ustoosmiianpl e 3
(25 - 27 ng) is loaded into the other injector armand then flushed into
t he react oExahipe i@obutr@nelagitta tbptaghds Ifastenomorerodaserient, Al avoids

pol ymeri zati on proceeds for 0.5 In. An ethyl ene: hexene copolyner is the 5
expect ed prGdaEOus FRIASRIBATI VE EXAMPLE 5 Thernmal Treatnent Crosfield ES757
silica (2.0 g) hehwat&ih@exmfpleS atbtrhedntsdripdy iflstraasnf ThBeRI@Mngdry
nitrogen. After 12 hours, the silica is transferred to a glove-box to
under ni t r SAWS defige Hrerinkentign. 30 wt . % of net hyl al unoxane (MAO) in tol uene
is mxed with 45 ng (0.084 nmol) conplex 5 from Exanple 1 to nmake a deep
red solution. This solution is then slowy added at roomtenperature to
the thermally treated silica. After the addition is conplete, stirring
continues at room tenperature for 0.5 h. Volatiles are renoved by vacuum
to give a supported 15 ol efin polynerization catalyst. The supported
catalyst is used in a polynerization perforned as in Exanple 4.
COMPARATI VE EXAMPLE 6 Chem cal Treatnent Neat hexanet hyl di sil azane (0.25
g) is slowy added to stirring Crosfield 20 ES757 silica (2.0 g). The
HVDS-treated silica is dried for 6 h at 600 Cwith dry nitrogen gas flow.
The silica is transferred to a gl ove-box under nitrogen, and 3.1 niL of 30
wt . % of net hyl al unoxane (MAO in toluene is mxed with 45.1 ng (0.084
nmol ) conplex 5 fromExanple 1 to make a deep red solution. This solution
is then slowy added at roomtenperature to the thermally treated silica.
25 After the addition is conplete, stirring continues at roomtenperature
for 0.5 h. Volatiles are renoved by vacuumto give a supported olefin

pol yneri zation <catalyst. The supported catalyst is used in a

pol ynmeri zation performed as in
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Exanpl e 4. The polynerization (Exanple 4) perfornmed with catal yst supported
on 30 plasma-contacted silica is expected to exhibit simlar catalyst
activity conpared wth the polynerizations done with a catal yst supported
on thermally treated silica (Conparative Exanple 5) or chemically treated
silica (Conpdrd@iMye t4 WO 21)1)61096257, PCTI US211116/ 11113111 Exanpl e 6).
The plasna contact4is faa i€h CURYSHEe8N i

reagents. The pr ecé'di ng\ Zﬁ(é_au:'rr%cli ;@ﬁg—; e ne%ﬁe@g%rlepﬂggg ﬁﬁ?ﬁﬂr“a?’?m&&%ﬁ%"

fol Towi ng cleatalgstdur ¢andacting aminerganisnoxides with plasma and spppesting@ Grouph3
conpr i ses pr qaanh o 5 riRbHIE! bkt O8npSi!of® indY piEERbAGIed "
i norgani ¢ oxide w {h plasma and supporting a G oup to transiiion or
| ant hani des ndnengabisnpeXidel owhensin pthes ntiarsitamcmetals dompeynd ccontains, a

wherein the t L g I contains a polynerization-stable
anionic |i gaéﬁﬁ#ﬁiﬂgn%@%gﬁ@wgpgﬁgﬁ 1 wherein the plasma i s generated
with electromagneic Tadimethod bficlaiy 4 Whergine they plasoma 4 @eneatéd with about
106 MHz. 3. .l al ' r ' r t 300
to 1o about IOLdTaStc NG B 8eBhEhey ¥orm aBBUFR6Y i) SpplciEtGE, o
from about 103 t o 3.aboiThe Methiiof claim Prwhereinhthe frefquehey is fPomiadioat 800 to

conbi natioon of %ﬁ% gnetic radiation frequencies is used. is 6. The
met hod oflclaqtm fn the plasna is generated by irradiating a carrier

gas sel ected from4 he Fhaunethodof slim® wherelryherfreduency is fromesbout 308 e,
xenon, nitrog%r‘l) Zb; nd m xtures thereof. 7. The nmethod of claim®6
wherein the PF U *i's oxygen.

5. The method of claim 2 wherein a combination of electromagnetic

radiation frequencies is used.

15 6. The method of claim 2 wherein the plasma is generated by
iradiating a carrier gas selected from the group consisting of oxygen, helium, -
neon, argon, xenon, nitrogen, air, and mixtures thereof. '

- 7. - The method of claim 6 wherein the carrier gas is oxygen.
8. The method of claim 1 wherein the inorganic oxide is contacted
20 with plasma at a temperature below 200°C.

9. The method of claim 1 wherein the inorganic oxide is contacted
with plasma for a time from about 1 minute to about 200 minutes. B
10. The method of claim 9 wherein the time is from about 2 minutes to
about 50 minutes.
25 11.  The method of claim 1 wherein the inorganic oxide is selected from
the group consisting of silica, alumina, and aluminosilicates.
12. The method of claim 11 wherein the inorganic oxide is silica.
13.  The method of claim 12 wherein the silica has an average particle
size of from about 1 to about 500 microns.
30 14.  The method of claim 13 wherein the silica has an average particle

size of from about 2 to about 30 microns.
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8. The method of claim1l wherein the inorganic oxide is contacted 20 with
pl asma at a tenperature below 2000 C. 9. The nethod of claim1l wherein the
inorganic oxide is contacted wth plasma for a time fromabout 1 mnute to
about 200 minutes. 10. _The nethod of claim9 wherein the tinme is from about
2 minutes to about® 50 ThenTethed ofsclaim 1rwbeiplt isyPelymeriaatiantstabler anianiche

i norgani ¢ oxi HSisS 0 Sndistirenaf skl Ly 1 na,
and al um nosi lf@(r:‘gt lgs.gé;lggt%e%fﬁéﬁ‘ngehggﬁgg &cl aitﬁ@ﬁf %g%'ﬁ%at ﬁ‘le urﬁgt?sgtg%!g‘
oxi de is sili@glopestadieiwl.nindepu, diuosenyil,mberaaifie yITalvl hindolw,i trdenaindalyl,

average partighigolindh Hi rﬂf)%étb £ 0 about 500 mcrons. 30 14. The
met hod of cl atlﬂ% 1@%’:&@ 'no'?(gerg si T qg}?@gl' an average particle size of from
about 2 tos about 38.ni dhenwethed ofslaimhts wierel the pelymenizatiatetableranioric

pol ymeri zat i of.. cal-and -'Qﬁpd Is selected fromthe group consisting
of substitut g@ag\?%u)éﬁb stn:aﬁ?t%%lhé cyc¢l opent adi enyl , indenyl, fluorenyl,

boraaryl, pyrrolyl17.i ndopsgcess whishaiomirisgs polymerizing anelgfingn thelipresepce and

azabor ol i nyl 'o% %%B'P’Emaa@i’pgﬁe ﬁeggr@&m'éiﬁ’ Wnerei n the

pol yneri zati on-s e anron i'S an’indenoi ndolyl ligand. 17. A
process whi ch conpi. seTheoprpoess of oigimrl7owbéiein the blefinds eobymarizedfinahe

tal yst d t h laim 1. 18 f claj i
e Y L ksl
acti vat or sel slomedates)orddrobgranss, amdhinki borgtesf  al unoxanes, or ganobor anes,

d lonic borates., ,19. -Ih f claim18 in the olefin i
a0 Lonie, Dorat %1619, THUCHBEBEERE clinCleth Bl W5 i B %81 e
1- hexene, 1- ogroapeconsisting nofx ethykmel eopdéne, 1¥-butene, 1-hexene, 1-octene, and

mixtures thereof.
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