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However, not all such metallocene catalyst systems display high
activity, and most are actually too sensitive to hydrogen. The present invention

15  relates to a new class of single site compounds which usually are not classified as
metallocenes, yet offer high activity, narrow polymer molecular weight distribution,
and are not so extremely sensitive to hydrogen during a polymerization reaction as a
molecular weight regulator.

This invention provides novel catalyst systems useful for

20 polymerization.

The invention also provides catalyst systems which have increased
activity and increased productivity.

The invention further provides catalyst systems which have reduced
cocatalyst consumption.

25 The invention also concerns providing an improved polymerization
process.

Homopolymers of mono-1-olefins and copolymers of at least two
different mono-1-olefin(s) that can be processed easily, as indicated by a narrow
molecular weight distribution, are also provided.

30 In accordance with this invention, heterogeneous or homogeneous
catalyst systems comprising cyclodisilizane complexes of Group IV metals wherein

said metal is selected from consisting of titanium, zirconium and hafnium; wherein



different nono- |-olefin(s) that can be processed easily, as indicated by a
narr ow %gﬁ‘% wei ght distribution, are also provided. p3Q /55058 dance
with this invention, heterogeneous or honpbgeneous catal yst sys? ens
conprising cyclodisilizane conpl exes of Goup IV netals wherein said netal
is selected fromconsisting of titanium,zirconiumand hafnium wherein WO
01/ 48027 PCT/ USOQ 35084 -2 said cyclodiSilizane |igands further conprise

bsti t uent f
substi tuen §1§%§,§]ary 1z£1é\ﬁﬂ?el s 1 4R 1@@'51%5'&%&% e?elc{@ﬁ ox?xrt){%ng{%lg gr oup

het er oat om a e heterocatom s sel ecte
consi sting ofnsistinged,allnilt argl dreteradtdm eatiyl/agyid winkveirLitheshetdrestent is saledtedv\,her ein
said cycl odi_silizane conplexes of Goup IV ne further conprise

addi tional PFagsSTew! EeUSLENE o Axy B @etmgﬁncﬂhg%tapﬂgnwurwwéé andseudo
halides, allyles sﬁ&xyélod@ﬂﬁaﬁe &‘61H;§/1@§estcﬁft'§ gw%ggﬁpfr%%wﬁg sel ected

fromthe group consiSting of | 'al um noxane an gani ¢ boron
conpounds anadiinondl urgesds deheetadofromPhe gme&nslstlmgakéhalfdes,epsreadkahyla;des,s yst ens

al so are pro ccordan t h .anot he f this invention,
poly 10 rrer?%g'awspraa é’%‘§%’§esc‘§ﬁrﬁwf§nﬁg“ %ﬁ&a!ayefgﬁ ?ﬁﬁﬁb&qgmm ef i n and
optional ly ongi@he o@ﬁ&hﬁhﬁﬂﬁﬁoﬁhpgﬁd ?lusid &%am'crb 4 E&h 6191?152(1‘38%\34

cycl odi silizane corrp exes of Goup IV netal’s catal yst Systens and I n the
presence of therevbc Rradegss te @hmtth@efmtaﬂust systergy alsp acopreiveleing  of

al um noxane, fluoro organic, boron.co 81?)0 and m tures .t her(?of are

provi ded. 15 In accor JRATETIANEH With2 f IEHAR-sPY Yivent i on
cat al ysfg SM}%E?HTDn%BééS%S‘ é&npﬁés?%{‘édrﬁéchﬁ %fm&y&hqﬁéfﬁ{ ldhd YpBohANPLEXES  Of

Goup IV netals wherein the is sefected fromthe group consisting of
titani um zmooohighen apli-okdihsiiom reattmnemmesmt}dcyxy@dmﬂzmel ¢angplexdsigfands

further co rlse tltuents sel ect d romthe grou nsi of al kyl,
aryl, heter g5 F@‘il? SFtlYSt SYRIEPSi 49 é{“?ﬁreﬁ%‘lcéro at St & ‘é‘E?‘g &M om t he

group consi %lg?gu;ptorga%vlggrbf amrﬁl'h@;g&i%; ﬂﬁbrlo' &98hic 3Bfbn &Mﬁd{fn% drlaeh 8@fres and
wherein said cyclodisilizane conpl exes of Goup IV metal further conprise

addi ti onal thergahdes probvaieded from the group consisting of halides,

15 In accordance with yet another embodiment of this invention catalyst
systems consisting essentially of cyclodisilizane complexes of Group IV metals
wherein the metal is selected from the group consisting of titanium, zirconium and
hafnium; wherein said cyclodisilizane ligands further comprise substituents selected
from the group consisting of alkyl, aryl, heteroatom-alkyl/aryl; wherein the

20 heteroatom 1s selected from the group consisting of oxygen, nitrogen, silicon, and
mixtures thereof; and wherein said cyclodisilizane complexes of Group IV metal
further comprise additional ligands selected from the group consisting of halides,
pseudo halides, alkyls, aryls, and mixtures thereof; and a cocatalyst selected from
the group consisting of methylaluminoxane and, fluoro organic boron compounds

25  and mixtures thereof. Processes to make these catalyst systems also are provided.

In accordance with still another embodiment of this invention,
polymerization processes consisting essentially of a mono-1-olefin, and optionally
one or more higher alpha-olefins, in a reaction zone with cyclodisilizane complexes
of Group IV metals catalyst systems and in the presence of a cocatalyst selected

30  from the group consisting of aluminoxane, fluoro organic boron compounds, and
mixtures thereof are provided.

In accordance with yet another embodiment of this invention,
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and wherein additional ligands attached to the Group IV metal are selected from the

15  group consisting of halides, pseudo halides, alkyls, aryls, and mixtures thereof.
Exemplary Group IV metals include, but are not limited to, titanium, zirconium, and
hafnium.
Compounds useful in accordance with this invention have a generic
formula of (SiN,RR’;),X,. These compounds can also be represented by the general

20  structural formula shown below in Compound I

COMPOUND I
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30 wherein R and R’ can be the same or different and are selected from

the group consisting of branched or linear alkyl or aromatic groups having from

about 1 to about 10, preferably from about 1 to about 8, carbon atoms per alkyl
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10 4451-4457 (1997). Usually, for ease of catalyst system preparation, the
cyclodisilizane ligand is prepared first. Catalyst system preparation procedures can
vary, depending on substituents on the cyclodisilizane ligand.
To form an active catalyst system these compounds must be activated
by combination with a cocatalyst. Suitable cocatalysts include aluminoxanes, fluoro
15  organic boron compounds, and mixtures thereof. Aluminoxanes, also sometimes
referred to as aluminoxy compounds, or poly(hydrocarbyl aluminum oxides), are
well known in the art and generally are prepared by reacting a hydrocarbyl-
aluminum compound with water. Such preparation techniques are disclosed in U.S.
Pat. Nos. 3,242,099 and 4,808,501. The currently preferred aluminoxane cocatalysts
20  are prepared either from trimethylaluminum or triethylaluminum and are sometimes
referred to as poly(methyl aluminum oxide) and poly(ethyl aluminum oxide),
respectively. It is also within the scope of the invention to use an aluminoxane in
combination with a trialkylaluminum, as disclosed in U.S. Pat. No. 4,794,096.
When an aluminoxy cocatalyst i1s employed generally the molar ratio
25  of the aluminum in the aluminoxy, also referred to as “organoaluminoxy”, cocatalyst
to the Group IV metal in the cyclodisilizane complex usually is with a range of
about 1:1 to about 100,000:1 and more preferably within a range of about 5:1 to
about 15,000:1. '
The amount of methylaluminoxane (MAQO) cocatalyst useful in the
30  present invention is any amount sufficient to result in an active catalyst system.
Generally, the amount of cocatalyst added to the reactor is an amount within a range

of about 0.01 mg/L to about 1000 mg/L, preferably about 0.1 mg/L to about 100
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15  bis(trifluoromethyl)phenyl]borate, and mixtures thereof. The above examples and
related fluoro organic borates are thought to form “weakly-coordinating” anions
when combined with metallocene catalysts as disclosed in U.S. Patent 5,919,983.
These cocatalysts can be used either supported or unsupported. If
supported, generally the support is an inorganic oxide such as a silica or an
20  aluminate or combinations thereof. Obviously, the use of a supported cocatalyst
results in a heterogeneous catalyst system and an unsupported cocatalyst can result
in a2 homogeneous catalyst system. As used in this disclosure, the term "support”
refers to a carrier for another catalytic component. However, by no means, is a
support necessarily an inert material; it is possible that a support can contribute to
25  catalytic activity and selectivity.

One exemplary procedure to make an active catalyst system
comprises contacting the cocatalyst with a dicyclosilizane complex Group IV metal
at any temperature and time sufficient to form an active catalyst system. Generally,
temperatures of about room temperature are acceptable and contact times of less

30  than about 24 hours can be used.
Another method for forming an active catalyst system comprises

treating a dicyclocyosilizane complex Group IV metal with an alkylating agent to
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preferably from 3 to 8 carbon atoms per molecule. Exemplary comonomers

include, but are not limited to, propylene, 1-butene, butadiene, 1-pentene, 1-hexene,
1-octene, 4-methyl-1-pentene, and mixtures thereof. Preferably, if the monomer is
ethylene, the comonomer is 1-hexene and/or 4-methyl-1-pentene, in order to achieve
20  maximum polymer product toughness. Preferably, if the monomer is propylene, the
comonomer is ethylene and/or butadiene in order to achieve maximum polymer
product toughness and clarity.
If a comonomer is used, the comonomer can be added to the
polymerization reactor, or reaction zone, in an amount within a range of about 1 to
25  about 20 weight percent, preferably within 7 to about 18 weight percent, based on
the weight of the ethylene monomer. Most preferably, a comonomer is present in
the reaction zone within a range of 10 to 16 weight percent, in order to produce a
polymer having the most desired physical properties.
Polymerization of the monomer and optional comonomer can be
30  carried out using any polymerization process known in the art. Exemplary
polymerization processes include, but are not limited to, solution processes,

loop/slurry, and gas phase processes. Generally, if a solution process is used, a
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more easily. Such polymerization techniques are well known in the art and are
disclosed, for instance, in Norwood.
A slurry process generally is carried out in an inert diluent (medium),
such as, for example, a paraffin, cycloparaffin, and/or aromatic hydrocarbon.
20  Preferably, the inert diluent is an alkane having less that about 12 carbon atoms per
molecule, for best reactor operation and polymer product. Exemplary diluents
include, but are not limited to propane, n-butane, isobutane, n-pentane,
2-methylbutane (isopentane), and mixtures thereof. Isobutane is the most preferred
diluent due to low cost and ease of use.
25 The temperature of the polymerization reactor, or reaction zone, when
using isobutane as the reactor diluent, according to this invention, is critical and
must be kept within a range of about -20°C to about 300°C and preferably within a
range of about 20°C to about 120°C. Most preferably, the reaction zone
temperature i1s within a range of 60°C to 90°C for best catalyst activity and
30  productivity. Reaction temperatures below about -20°C and above 300°C can be

ineffective for polymerization.

Pressures in the slurry process can vary from about 100 to about



WO 01/ 48027 PCT/ USOCQO 35084 -7 honpbgeneous catal yst systemis preferred; if
a | oop/ swo oy48027 gas phase process is used; heterogeneouBCTasel/3s884 syst ens
are preferred. Two preferred polynerization nmethods for the slurry process
are those enploying a | oop reactor of the type disclosed in Norwood, U S
Patent No. 5 3,248,179, and those utili&ing, a plurality of stirred
reactors either in series, parallel or conbinations thereof wherein the
reacti on cohdi pomg0.can e M, sminratdy fotinf flbow 200 tb mboie7) pdier ddst

reactors. For .instance, in a series. of reactors, a chrom um catal yst
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i nvention. 10 st preferably, polynerization reactions are carried out in

a | oop/ sl ulhy cgnlypasystent earf be keptpolsyspensipatndcapbe cestactedvddr the

pol ynerization reaction condjtions.wherein th ol ynmerj zati.on reaction
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si gni fi cant jeyst aShariib¥ oP The/ FRhbAEE ARNcoRSIRETES $n BElidHE PhERS| e fRIRREr at e
and mai ntain than other polynerization 15 process. A polyner product

produced byaml mperapjungrape g8 sekxnted sucle tay Ereepblymehor eapodyneersis [pyodusad las

pol yneri zat i techni ques are well kno in.the art and are disclased, for
i nstance, i Wqﬁ&%‘g&s gr}i&sl TRy @ctggts%[g]&@nqu?lpl? iyéteﬂla??qcslén%lﬂns " i nert
di | uent (meghstd) can 5&6ichodat {h@rca%}%frﬁils@em_%o%ﬁﬁf%?éb frémcd. oPREARBJuR.1 and/ or
aromati c hydrocarbon. 20 Preferably, the inert diluent is an al kane havi ng

| ess t hit abveight parcendrtiassd an dreswpight ohbleacaster, conganthest react or oper ati on
and pol yner product. e ary diluents include, but ar t.limted to
ropane. e but ane. sobAbahe et pisERREand BSGatHy gt badiSed BupsiE anc
m xtures t hgregfordbsbaffRngolytckiBidiO SForP&:@hId, @dtalyt kyiddh cabl®etaddédwW cost
and ease of use. 25 The tenperature of the polynerization reactor, or

reacti on zoWhen seimeneactyditpenis shelt amsolbigandy dollaverst oy M Outhen merecblugning t o
t gi Zbiom/egz)i nfglhaglsyp%rgntgi;n%g:agﬁ \%ﬁ&i?ﬁrgxsctgm%gorlr(lgxp t H\cl)m;vtevér,n aé stglfaeg%%rl%fr, f%li)som -20C
15  addition order can be varied, depending on equipment availability and/or desired
polymer product properties. Preferably, the catalyst system and MAO are not
precontacted prior to addition to the polymerization reactor due to a possible

decrease in catalyst system activity.
Polymers produced in accordance with this invention generally have a
20 narrow molecular weight distribution, having a high load melt index to melt index
(HLMI/MI) ratio of less than 100, preferably less than 50, and most preferably less
than 30.
If desired, optional addition of one or more comonomers can be
added to the polymerization reactor. The affirmatively added comonomers can
25  further increase the amount of short chain branching in the resultant polymer, or
copolymer. Polymers produced with the addition of a comonomer can have a
greater number of short chain branches in addition to those generated as described
above. If a comonomer is affirmatively added to the polymerization reactor, these
polymers usually can comprise up to about 3500, and generally from about 20 to
30  about 500, short chain branches per 10,000 backbone carbon atoms of polymer.
A further understanding of the invention and its advantages is

provided by the following examples.



range of about 20C to about 120C. Mdst preferably, the reaction zone

t enper at wioa1i4802n t hin a range of 60C to 90C for best cat abgrUSENIS084i ty and
30 productivity. Reaction tenperatures bel ow about -20C and above 300C can
be ineffective for polymerization. Pressures in the slurry process can
vary from about 100 to about WO 01/ 480279 PCTI USOQO 35084 -8 1000 psia (0.76
- 7.6 MPa), preferably from about 200 to about 700 psia. Mst preferably,
the reaction zone is nmintained at aEXAMBIUE® within a range of 300 to 600

roduct. The catal yet PEYRRRHPE NI EEETI WSh SYRIPBRTAHE CHATET
contact ed Wyfchiokae caalfRNERImand comononer (s) at sufficient pressure to
mai ntain the mediumand dat |east a portion of the nonomer and conononer (s)

in the liquid phase. The nmedi umPdymeriztipe pataederear e t hus sel ect ed such
that the. polynmer or c salid arﬁhﬁles gnd IS

opol r is.produced as
recovered in that forn¥RE§B§W§§?“ §W§ﬁf@8ﬁ@éﬂﬁﬂﬁﬁi B3R SHECdr eact or can

be such thapufdafive #rdinests BYGbEMRO MBI (1RBAS) WAMR: PRbarkd BPAM byl 10
wei ght percent based on the weight of the reactor contents. Catal yst” system

precur sor aputgagcwitanytstgen and heataiithe ampty eactardot1@0°Ci M erycoolidgto t o
ef fect polyperizatjon., For. exanpl e, catalyst system ca added. then
Sone. 1 enct SPR kG giking SR s be & Fanbi. oRll By SRAGT SRBHHAES di 1 uent

and final | yzirdSaR@IRIch&HHeqQRIDDN Bbuall9 TRIRTEI0] (0BY efamPSs SlRhRd, fas! ier,
this 15 addition order can be varied, depending on equipnent availability

and/ or Wksi ¢hadgedpol theregacimr onidert nignoggrer Thers theRroshiahyablugnalbynM AQtsalugien, syst em
and MAO ar e not recoptacted prior t ddifion to.the, pol ynerizatjon

react or dyew?soa%degbg%qoﬁﬂeé ea‘g%rcgg%l_glé’sqcﬁ gg’fta\t‘bg’fengy’sft”éﬁ(}’a‘@ﬁ/\wet°3tF.% BY yner s
produced i NthaGeRAHAPARWMILEY tWH HtckNYERbbRANIRGEN AldLYd DAYS (F'i‘ess%(é. PR OW

nol ecul ar wei ght distribution, having a high [oad nelt index to nelt index

(HLM / M) rigesteor whs pebsequantly hea@d tptled desaisil yemperstur arsugy, betwgemd8iC

preferably zlin%séo"ct, Q? I{]nd“qi’gdted. The slurry was stirred at 700 rpm. In some runs, while

15  heating, hydrogen was added to the reactor from one of two auxiliary vessels of 55
cc (SV) or 325 cc (LV) volume. The amount of hydrogen added was measured and
expressed by the pressure drop on this vessel as its contents were added the reactor.
The final partial pressure of hydrogen on the reactor itself can be determined
approximately by multiplying the measured pressure drop from these auxiliary

20  vessels by 0.163 (LV) or by 0.028 (SV). Ethylene then was added to the reactor
and fed on demand to maintain a fixed total reactor pressure of usually between 200
and 400 psig, as indicated. The reactor was maintained at the specified temperature
for about 60 minutes. Then the isobutane and ethylene were vented from the
reactor, which was opened, and polymer was collected usually as a dry powder. In

25  some cases the polymer stuck to the reactor walls and had to be scraped off for
recovery.

Polymer Analyses

Melt Index (MI) in grams of polymer per ten minutes was determined
in accordance with ASTM D1238, condition 190/2, at 190°C with a 2,160 gram
30 weight. High load melt index (HLMI) in grams of polymer per ten minutes was
determined in accordance with ASTM D1238, Condition 190/2.16, at 190°C with a
21,600 gram weight.



| f desired, optional addition of one or nore conobnoners can be added to

t he pol wieni/aseby on reactor. The affirmatively added conorroTarsocs084 25
further increase the amount of short chain branching in the resultant

pol ymer, or copol yner. Polyners produced with the addition of a conmononer
can have a greater nunmber of short chajgm.branches in addition to those
generated as descri bed above. If a conononer is affirmatively added to the
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grans as indicated, was 10 charged to the reactor under nitrogen. Then the
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00 I
15 heat i ngdiglarenyand Ha¥aspasesd hpughe sdumpsf ¢ rimpg%@és of Alegs Ad¥ 1i ary
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was nmeasure expressed by t essure S ves as its
cont ent s webaimddesntClevi@aChanicals. It was further purified by nitrogen purging and

storage over 13X molecular sieve activated at 250°C.

15 EXAMPLES 1 - 35

The following examples demonstrate the use of cyclodisilizane
zirconium dichloride (CDS) with methylaluminoxane as a catalyst system for the
polymerization of ethylene. The details of each polymerization run, and the results
obtained, are listed in Table 1. In these Runs, the cyclodisilizane zirconium

20  dichloride first was charged to the cold reactor as a dry powder, the exact amounts
are shown in Table 1. Then, from 2 to 30 mL of 10% methylaluminoxane solution
was injected, as shown in Table 1. Two liters of isobutane were added, followed in
some Runs with hydrogen gas. The exact amount of hydrogen added is shown as
the drop in pressure from an auxiliary vessel as described above (SV or LV). 1-

25 Hexene, if used, was then added and the reactor was heated to the desired
temperature, as shown in Table 1, followed by ethylene addition to reach the desired
pressure which also is shown in Table 1. The reaction mixture was stirred and
ethylene continuously added to maintain the specified pressure for about one hour.
Afterwards the reactor was depressurized by venting, the reactor opened, and dry

30  polymer powder was recovered and weighed. Catalyst system activity was
calculated as grams of polymer produced per gram of cyclodisilizane zirconium

dichloride per hour (gPE/gCDS/hr).



The final partial pressure of hydrogen on the reactor itself can be
determn imately by mul tiplying the nmeasured pres rom
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1.0 ,t WOolAdh27Y CD W00 rg -T ICY wl ¢cq C t 100 C ggt1/usooragossan 00 cn
x 00 to E C1O az WO 01/48027 PCT/USOQ 35084 - 14 EXAMPLES 36 - 38 These
exanpl es denonstrate the use of cyclodisilizane zirconium dichloride with
ot her al um num al kyl s instead of MAO as1gccatal ysts for the polynerization
of ethylene. The details of these polynerization tests, and the 5 results
obtained, are listed in Table 2. EXAMRILES 36 -"3BEA" refers to triethyl

al um num "DEAC' to diethyl alum num chloride, and "D BAL-H' to diisobutyl
al umi num hydri de. O hERSHF $82mplie dEmRRHEIGHICEISE S dyelodig izang Aireaiemy - 35,

with dichloride with other aluminum alkyls instead of MAQO as cocatalysts for the

polymerization of ethylene. The details of these polymerization tests, and the

5 -results obtained, are listed in Table 2. In Table 2, “TEA” refers to triethyl
aluminum, “DEAC” to diethyl aluminum chloride, and “DiBAL-H” to diisobutyl
aluminum hydride. Otherwise, these Runs were conducted as in Runs 1 - 35, with
MAQO as cocatalyst. Pressures and temperatures are indicated in Table 2. In these
Runs, cyclodisilizane zirconium dichloride with aluminum alkyl cocatalysts other

10 than MAO produced no polymer.



MAO as cocatal yst. Pressures and tenperatures are indicated in Table 2. In
t hese Rwoi/4802¢! odi silizane zirconiumdichloride with alrcr/useosoddyl
cocatal ysts other 10 than MAO produced no pol yner. WD 01/48027
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PCT/ USCDW’,'@Q@ 027 16 Wiile this invention has been descri i il for
t he purpose o{k 7iIIustrati on, it is not to be construed a?%ﬂ{dn%a?/gsgkfhereby
but is intended to cover all changes and nodifications within the spirit
and scope thereof. WO 01/48027 PCT/USOQ35084 - 17 CL Al MS 1. A
catal yst systemconprising: a) a cyclodisilizane conplex of Goup IV netal
wherein said metal i syfild &N HeniFdn’ ERMYHMNaeLribad B - rej |4 gand
of said cycl odisilizane 1corrpl ex I%urntlﬁagr ecorrprclnses aﬁ%ﬁgg%%@ﬁpos\%holfch IS
an al kyl , atluairgtign, o isanoh ¢t be cabssmedlak Jintitdytherabe bei 13 inteaded et esveataim i s
oxygen, nitrogen, sjli ,..or a.mxture of any t or nore of said
heteroatoms?ha%ﬁ&d Wde?lé’ﬁﬁ{]cgﬁ?‘&{s W?E]’Inothf’ SPirt Z‘Bﬁ%ég%\rl\?%?@%f-of Group |V netal
further 10 conprises an additional ligand which is a halide, a pseudo
hal i de, an alkyl, an aryl, or a mxture of any two or nore of said

| i gands; and b) a cocatal yst which is an al um noxane, a fluoro organic
boron conpound or a m xture thereof.



2. A catalyst systemaccording to claim1, wherein said cyclodisilizane 15
conpl ex wlodw4soy |V netal is represented by a fornula (Si ReRESEyHHEY,
wherein R and R can be the sane or different and are individually a
branched or |inear alkyl or aromatic group having fromabout 1 to about 10
carbon atons per al kyl group; a hetero#fen al kyl/aryl, wherein said

het eroatomis oxygen, nitrogen, silicon or a mxture of any two or nore of
sai d heteroatons; and 20 X is a hal &gedd IMseudo hal ogen, or an al kyl or
an aryl having from bou‘t é to about .10 carbon atons per al kyl or aryl
group; and Wwherein M4 §¥EPE ?ﬁs%m COPPUBA® UM or hafnium 3. A catal yst

system according to Gl aiBydediBiRl SbnBibe of Cr&@ IV Thetalwhétein®af ¥ital SYySt €m
according to claim2, wherein said R and R 25 substituents are

i ndi vi dual iy tigniwmaregtsedivpr of hafemm;al kyl or aromatic group having from
about 1.to about 8 carbhon atons .per _group...5. A catalys st em accordi ng
to claim4, wherein svgllecrielﬁ_a ligapd o tsﬂlgnc[yci%éhsagaflgrcf)m%‘ fb‘l‘ﬁé CoPThitRAYl, or
an i sopr opyhbsgituspwhth i@ afil Akl 8n fyladtYa h¥verdafonRIKS /Ayl wiRkdn Sbst i tuents.
30 6. A catalyst systemaccording to claim2, wheréin said R and R

subst i t uenhsteggatom A% PYYSPuanitypgen, Helicomo ar 8 miiziueg lof any twoer alore ©f ssidgen,
ni trogen, ilicon . or ;a mxture of any two or nore of said substituents. WO
01/ 48027 P@FB&%S\S%§4 -18 7. A catalyst systemaccording to claim 2,

wherein said X is a haleegeRaid @c]@ﬂ%ﬂ%m@%ﬁ?@%of@ro@bl‘iw mefal AltREY! having
fromabout 1 to about 6 carbon atons per alkyl or aryl group. 8. A
cat al y$¢ syemprsaacicrdditingal bgadawhich is atheliés,m swido & anyadkyli an amyl, 5

Fatio o o el B MY M HEE AR B B et al nthe
cycl odi silizane conpbgxXa cécatatdt WHickis' @ngemdoxah@ul fldord drgarﬂ@@blion]-oo’ 000: 1.

compound or a mixture thereof.
2. A catalyst system according to claim 1, wherein said cyclodisilizane

15 complex of Group IV metal is represented by a formula (SiN,RR’,),X,,

wherein R and R’ can be the same or different and are individually a

branched or linear alkyl or aromatic group having from about 1 to about 10 carbon
atoms per alkyl group; a heteroatom/alkyl/aryl, wherein said heteroatom is oxygen,
nitrogen, silicon or a mixture of any two or more of said heteroatoms; and

20 X is a halogen, a pseudo halogen, or an alkyl or an aryl having from
about 1 to about 10 carbon atoms per alkyl or aryl group; and

wherein M is titanium, zirconium, or hafnium.

3. A catalyst system according to claim 2, wherein M is zirconium.
4, A catalyst system according to claim 2, wherein said R and R’

25  substituents are individually a branched or linear alkyl or aromatic group having
from about 1 to about 8 carbon atoms per group.
5. A catalyst system according to claim 4, wherein said R’ substituent is
a tertiary butyl, a phenyl, or an isopropyl group, or a mixture of any two or more of
said substituents.

30 6. A catalyst system according to claim 2, wherein said R and R’
substituents are individually a heteroatom/alkyl/aryl which is oxygen, nitrogen,

silicon or a mixture of any two or more of said substituents.



10. A catalyst systemaccording to claim9, wherein the nolar ratio of 10
al um nunwiopo1@saarp |V netal is within a range of about 5: 1pCo/UshoIS084
15,000:1. 11. A catalyst systemaccording to claim1l1, wherein said
cocatalyst is a fluoro organic boron conmpound. 12. A catalyst system
according to claim1l, wherein said fludg8o organic boron conpound
cocatalyst is added to a polynerization reactor in an amount 15 within a
range of abdut 0.5 toAatatalystisgstaml @sonding‘llomiaim arg'hcﬂein taixﬂéhiscaah:nogmd per

nol e of organonetal lic cat A p atl rocess
conpri sing %8ﬁ?§83}hﬁxphmbaﬁé§8ﬁ? ighgngﬁﬁﬁ%ﬁgﬁ%nﬁﬁb?‘%% e8P on
condi ti ons: pa)aliyl & £1 gropNONEr and 20 b) a catalyst systemaccording to
any one of the preceding clains; wherein a polynmer is recovered. 14. A
process accdrding to 4l caitaly st 3ystomeaceddingaioctlaron dwherem stidhgo@tayst is an
propylqu r a mxture thereof. 15. A process according to claim 14,
wher ei n sai §"PENSFRY i s ethylene. 25 16. A process according to claim 13,

further comprising COAt@€4yAGyRemCREBARTED MIhEE, Wherdth RkRAGaPHRhI ¢r havi ng
from3 to 10 carbon atons per nmolecule with said ol efin nonomer and said

cat al yst sy%‘tl@munlm th e}ium@@ggn@tgvcﬁmpdg’ metad limithe ay@lodati Brasiercogmilek is
cononormer '@uhﬁr08§§g ompHi W?&H&§Q®§q 1- hexene, 1-octene, 4-nethyl-

| - pentene, ure 0 nore of said conobnonmers. 18. A

process aCCHT ding to gl @td@sl%yst%%fc@d)rﬂm%&bctlﬁﬁf@n\QH&Ezml the InolREX@REf
4- et hyl - -pentene, or a mxture thereof. WO 01/48027 PCTI USOCQO 35084 -19

19. A prbc e@gmw@@) f Gm@un BV anesalris vdthivg eprgerofsabiosit allutei sbonth®08Gdat al yst

i s added to A pol ymer | on Jreactar i unt_ wWithin.a range, of about
0.01 ng/L to about 1% Eal tsy em accordmgat HR Pw erein said cocatalyst is a

fluoro organic boron compound.
12. A catalyst system according to claim 11, wherein said fluoro organic
boron compound cocatalyst is added to a polymerization reactor in an amount
15 within a range of about 0.5 to about 10 moles of fluoro organic boron compound
per mole of organometallic catalyst system.
13. A polymerization process comprising contacting in a reaction zone
under polymerization reaction conditions:
a) an olefin monomer and
20 b) a catalyst system according to any one of the preceding claims;
wherein a polymer is recovered.
14. A process according to claim 13, wherein said monomer is ethylene,
propylene, or a mixture thereof.
15. A process according to claim 14, wherein said monomer is ethylene.
25 16. A process according to claim 13, further comprising contacting a
comonomer which is an alpha-olefin having from 3 to 10 carbon atoms per
molecule with said olefin monomer and said catalyst system.
17. A process according to claim 16, wherein said comonomer is
propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 4-methyl-1-pentene, or a
30  mixture of any two or more of said comonomers.
18. A process according to claim 17, wherein said comonomer is 1-

hexene, 4-methyl-1-pentene, or a mixture thereof.



20. A process according to claim 13, wherein said polynerization reactor 5
is a sluwopidsast or and said pol ynerization reactor is atpaTUSKBSISL ur e
within a range of about -20 to about 300C and a pressure within a range of
about 0.689 to about 6.895 MPa (about 100 to about 1000 psia). 21. A
process according to claim20, wherein-sgid slurry polynerization reactor
conditions conprise a diluent of isobutane. 10 22. A polyner conposition of
et hyl ene and9.an al pha4opmicess awopdingnterclaioobPrwbéraip sapl alomddxahe 356@aigdior t
chai n branches, p 00 backbone carbon atons _of sai dn‘gfol %msr; and

wherein sai &f apﬂﬁiﬁgﬁ%%oﬂ? SPARAIGR TPASIRT TR 2MHgE yifhina range ffeabout O / M )
ratio of |egs/t heab&RAWo0IRYL.
20. A process according to claim 13, wherein said polymerization reactor
5 1s a slurry reactor and said polymerization reactor is at a temperature within a range
of about -20° to about 300°C and a pressure within a range of about 0.689 to about
6.895 MPa (about 100 to about 1000 psia).
21. A process according to claim 20, wherein said slurry polymerization
reactor conditions comprise a diluent of isobutane.
10 22 A polymer composition of ethylene and an alpha-olefin copolymer
comprising up to about 3500 short chain branches per 10,000 backbone carbon
atoms of said polymer; and

wherein said polymer has a high load melt index / melt index

(HLMI/MI) ratio of less than about 100.



