WO 01/ 32307 PCT/ USOQO' 41812 POLYMERI ZATI ON CATALYST SYSTEMS AND PROCESSES
USI NG ALKYL LI THE UM COMPOUNDS AS A COCATALYST BACKGROUND OF THE | NVENTI ON
This invention relates to the polynerization of nono-l-olefins, such as 5
et hyl ene, U¥PAY3230Tat al yst system conpri sing a support ed miwusoeaus120xi de
catalyst and a cocatalyst. It is well known that nono- I|-olefins, such as
et hyl ene, can be - polynerized with catalyst systens enpl oyi ng vanadi um
chrom um or ot PELyNRIFFATRIN CATALIAT SrSPMS ANIPPROCESSES DG ALKV
silica, alum nophosphate, titania, zirconia, 10 nagnesia and ot her
refractory netals. These &htHHINM 4BS ASoA 64 MLYST prepare olefin
polymers in a hydrocarbon sobx’rc,' e IS‘N]gi BE gH }Oﬁavi ng excel |l ent
characteristics from nmany standpornts. M—% um oxi de cat al yst
systems al so can be usEhis invertior pelstes toltief polynpeizyticar of monosl-aléfing, such as

pol yneri zation, systens wherein the .polymer is roguced in the formof
smal | part pcl 4Yisne.dsing 4 catalystsystgm ﬁ@é’cf“?ﬁ’f’ d ghromiym gxide caiplyst angt ocess,
frequently rehebtslyst0 as a particle- formprocess, has an advantage of
bei ng | ess conpl ex. However, certain control operations which are easily
carried out in a sol utlt#ksews thapmene-delafingsueh 3 ethylamedeabé cult in a
particle-for M 4 ' | cess,
Dol yrror el Pometecd it cohR S hEms By iyl chrdpfurd O efhor bl
changi ng r eacinsrsaniopxédesuppots sudh@ablupming, $ilives aluminophospbias, titanie, biecontat ai ned

by decr ea%b ngn’faﬁﬁ%}a g%@?&ﬁ%&%eﬁﬂqﬁv rdoa},a;l}lét %8%1 lérc&ybeo ursg ﬁ’?epfa%:jzx

technique I's "I Aheren since e decrease

and/ or hi gh | okfinpelymersrinl e kydracarban golatiqr wgiveld product kavingexcellestr easi ng

reactor tenperature. can decrease ,pr.odugti on tes. and,decrease catal yst

activity. Al sSerserrhch i ey andboint. Suaried romiaLonds T Srtemar o, 2. 5

and | owering hlsecantRaised to loBdfitl fpBlymersin §i bﬁlyﬁﬁﬂzdtiﬁﬁﬁ*lsietﬂsﬂv}{é%ﬂf bul k
a hi gh-

density and a_, high | evel of fines. Polyners. having, fluff bulk .
density and atqecﬂﬂgﬂﬁfsﬂ‘?ﬂ!fé‘iglng}?cf?‘mﬂﬁﬂﬁ‘ﬂH%&Esﬁﬁfqldi%é‘l shspendeding  f or

applicati 95s g, @ﬁ@%@&s@%@q&hﬂf@e%ﬂeﬁ@@ﬁﬁ padE-Fbrm %&&sﬁ%ﬁ'ﬁ?r . .
Cr/silica-titania catalysts are preferred for this application, especially
when CO t r.eat adyvastege ¢feingtiesy campléx. pr oduce their own hexene mononer. 30
-Unfortunately, however, ;@? | vy g :Us wi.th trialkyl boranes
according” to prior artIF,I g%’?re c?ﬁ%%ﬁ%@%%e@#o%gﬁm © o?doélégijlareactor
control and gsodaidnirdcess are considerably more difficult in a particle-form, or slurry, process. .

For instance, in a solution process, polymer melt index and/or high load melt index can-
20  be varied by changing reactor temperature. Usually a lower melt index can be obtained
by decreasing reactor temperature. However, in a slurry process this technique is
inherently limited since efforts to decrease melt index and/or high load melt index to
any appreciable extent by decreasing reactor temperature can decrease production rates
and decrease catalyst activity. Also, fluff bulk density is related to reactor temperature,
25 and lowering the reactor temperature excessively can result in poor bulk dens1ty and a
 high level of fines. Polymers having a high fluff bilk density and alowmeltindex =
and/or high load melt index are useful for applications such .as pipe and drum polymers |
and/or film polymers. Cr/silica-titania catalysts are preferred for this application,
especially when CO treated so that they will produce their own hexene monomer.
30  Unfortunately, however, when such catalysts are used with trialkyl boranes according
to prior art, the melt index becomes too high for easy reactor control and good bulk



WO 01/ 32307 PCT/ US00/ 41812 -2- density. Polyners having a bi nodal

mol ecul ar wei ght distribution, produced either in the same reactor or by
bl-ending two different nol ecul ar weight polyners, are especially desirable
for use in YPIBRPY drum applications, as well as film apBFTUSIV4AHI. 5
Produci ng such bi nodal polyners by adding.two catal ysts into one reactor
can be nore econom cal and practical than blending polyners. But it is
difficult to dehfig. catal ysts capable of producing both extrenely high and
extrenely | ow nolecul ar weight under the same reactor conditions, and al so
whi ch i ncor porate hexeR8lYREs haxing aBHB?qailmqeé%'bre‘?f‘E‘&)&i‘559".""’@7"5‘?’? wed titania
catal ysts ar &;fafih i dafie racP 8y Klénd | d9Rer B RS RE wiEhEFSIRAhHS lare
conmponent when used with a titaniumchloride based Ziegler catalyst for the
| ower ol ecul epeciedly ghsirablerfprosse in pipCandirum applidatiens; 28 Welbasrifwrappbeatipescene

Fowever, | Sucit oaiiEE HHAM R B8 brSs Ao I REE TR B O, o

wei ght when redonoshitdl anthpoicticpbthamblénding pdljmers bBntinssliffioule to fowhmitaystns t hat

al l ow t he ot her ,component to,15. produce | qw nol ecul ar _wei.ght .nQl r.

SUMMARY OF Tﬁéﬁ‘ﬁﬁ/‘%%ﬁ%ﬁ‘“?h’&fhe?‘gg@?’yhg%i ?Saé%we‘i%’(é& 8le%u|)%v“|’%§8§§&$rrpr oved

ﬁ at ﬁl Iyst dand | tﬁ@éh’ﬁ}je&’eéfﬁdfr coﬁd&ﬁérﬁmrid(hlsaahgai invetporatedexshe wetllahd g&dgx zglnd/ or

i g oad nelt index of a [ roduct 0. Agai.n it i.s desirable to
fgiyde Rt

a. pol ymer . ,
provi de an i ﬁﬁ%?ﬁévﬁlyol(‘gfsil}?aﬁmﬁlg&t#’bﬁ?m ighymelecylar | g

desirabl ;¢ 0 qafaf)éi Snpdent WheR YEE vAtHE] ithniR|cHIBEHe bAsBd ZRERF BAAGA fHithd one
enbodi nent of this invention, a catal yst system conposition conprising a

chr om um conpewsamelegniasweight eompensnt Cedilicattiialiaingerppraics hexepg vedier ei n sai d
t al t t : | ' I f
catal yst sys @@éggfé,/mgn%éj ﬁﬁa&sgnmh& ﬁﬁgégfag{r*p&e%ﬂﬁe. PR%eferPQif VOl ume o

greater than g a surface area eater than 400 square nmeters
per gram anccheomivnaatlyptst doesmit groduct f higinenough motegplavweightovhengumowith) al ky|

lithium conpoynds. id.). dialkyl alum a ' ' onbi Lon with at

| east one net ﬁmgsrf mt}lglgylgoé’f%‘as \ﬁ}dléﬂ(’t%ﬁg%oﬁér !élggélfg’g'ﬁﬁsﬂf QP?’n%mé’ @ﬁ%ﬁt Eoyl zi nc
conpoundsls alpfyducalowinpleonlaOveightpolynds, al kyl boron conpounds, and mi xtures
thereof and iii) m xtures theg&\%M&%Q OF THE INVENTION

Therefore, it is desirable to provide an improved catalyst and cocatalyst

system to selectively reduce melt index and/or high load melt index of a polymer
product.
20 Again it is desirable to provide an improved olefin polymerization
process.
Once again it is desirable to provide an improved olefin polymer.
In accordance with one embodiment of this invention, a catalyst system
composition comprising a chromium compound supported on a silica-titania support,
25  wherein said catalyst system has been reduced with carbon monoxide, has a pore
volume of greater than 1.8 cc/g and a surface area of greater than 400 square meters
per gram, and a cocatalyst selected from the group consisting of i) alkyl lithium
compounds, ii) dialkyl aluminum alkoxides in combination with at least one metal
alkyl selected from the group consisting of alkyl zinc compounds, alkyl aluminum
30 compounds, alkyl boron compounds, and mixtures thereof and iii) mixtures thereof can
be used to polymerize olefins to produce a low density polymer with a decreased melt



be used to polynerize olefins to produce a |ow density polynmer with a
decreased nelt WO 01/32307 PCT/US00/ 41812 -3- index and/or high |load nelt

i ndex. In accordance wi th another enbodi nent of this'invention, a

pol yrreri zatWeRA/BAcess utilizing a novel catalyst and cocTAISge#18RyStem i s
provided. In accordance with yet anothey. enbodi ment of this invention, a 5
pol ynmeri zati on process utilizing the novel catalyst and cocatal yst system

i n conbi nat i1ﬂftx%d/brlﬁg}2]'o®©hxen1ﬂ‘daita catal yst systemis provided to produce
a novel high performnce &) ynmer. DESCRI PT| ON O: THE PREFERRED EMBODI MENTS
Catal yst Systems 10 As i gnRe Whh anqiher emBediment qfits IXeRHonga nhor t * ref er s
to a carrier ph@meriddidh laﬁfcemhﬁbugaﬁo@smp&aﬁd cddRMBYRYsterR Ys fIGvIBRANS, 1S a
support necessarily an inert material; it possible that a support can
contribute to catal ytil®ageordapre ylthw‘d @@h@@ﬂ@dwm ¢fithis frventioses i pt i on

herein, tRhe ﬁ;,\q.% Ily used to
descri be ?ogg e nz&%ﬂ?;cgsﬁgﬁ;g zif g‘?goaggtgl?eraﬁ%& (f'lr&t%éqﬁsed to 15
descri be t he cegmbigatiom WlM@glnqNﬁtmﬂa@et systewris proyisied trproduce a pesd highi t ani a,

and chrom um o Re%gr er‘l)g)%n "silica" mean a silica-containing materi al
general ly coﬁ'pose GiP 100 wei ght percent silica, the remainder, if
any, being sel ected fDiESCRIRITIONaOF’ﬂ)‘HEi F EMBOD ' zirconia, or

m xtures thereof. O her ingredi enti %i C£I go not adversely affect the
i 20

catal yst or which are present to p unrel ated results can

al so be ppesent. The saped in thigistldsure ahedeits 'supysit asetfto b birfier fovent i on nust
be a high pore  volunme cogel of _silica and a titani um conpound. Such a

cogel hydr ogdtothes Ratpltic eonaenent o HgYe sy ormnesigs. e PRt Pecﬁ%W agiinefricat e such

as sodi um si jaeaheitd fdisiBle 1€ b Shpport ¥R &fn‘tr?dut%%bta@ﬁc@dﬁ ghﬂi sefeRliiN
di oxide, or an acidic salt. The preferred proced ure is 25 to ut|I|ze sodi um

silicate and an aci d Jnde descriptior kerein, the tegms Topael band| "spgel hydrogel” as¢ aceti
acid with sulf iﬁrahgnﬁ&#i c%%‘én*ﬂ Ed&ﬁ@aﬂca‘fxﬁru‘?a‘i’uad%etté?ml ‘E‘e?%el'cﬂﬁxgéﬁstbv' ty and

greater acid str ti t nium conponent mnust oprecipitated with
the silita adectitetbe pméuct resulting fromugelagion tosethmdmhgmbm:mmdr@rmhﬂn be

di ssol ved in tt%x%n@&% tc():I " {ca'allnlégnl a'. si 1cat-c%|n \d Jngtgnﬁ ggr?erzﬂfy'c leosed of 80 to
100 weight percent silica, the remainder, if any, being selected from alumina, boria,
magnesia, thoria, zirconia, or mixtures thereof. Other ingredients which do not
adversely affect the catalyst or which are present to produce some unrelated results can

20  also be present.

The support for the catalyst system of this invention must be a high pore
volume cogel of silica and a titanium compound. Such a cogel hydrogel can be
produced by contacting an alkali metal silicate such as sodium silicate with an acidic
material such as an acid, carbon dioxide, or an acidic salt. The preferred procedure is

25 to utilize sodium silicate and an acid such as sulfuric acid, hydrochloric acid, or acetic
acid with sulfuric acid being most preferred due to less corrosivity and greater acid
strength. The titanium component must be coprecipitated with the silica and thus most
conveniently the titanium compound will be dissolved in the acid or alkali metal
silicate solution.

30 The titanium compound preferably is incorporated with the acid. The

titanium compound can be incorporated in the acid in any form in which it will be



30 The titanium conpound preferably is incorporated with the acid. The
titani um conpound can be incorporated in the acid in any formin which it
will be WO 01/32307 PCT/US00/ 41812 -4 subsequent |y incorporated in the
silica gel PMOUEWOBn conbination of the silicate and the PEITUSOQUHIBIf er abl y
by means of adding the silicate to the agi.d) and fromwhich formit is
subsequently convertible to titanium oxide on calcination. Suitable

titani um conppudEentiyifédistRatedis thasificd ¥ formed &eebritindtion Jfdlel siRGesHEN as
TiCl; and TiCl4i the 5 nitrates, the sulfates, the oxal ates and al kyl

titanates. | n‘hieﬁ%‘?é?fé@éab!/%@r@eaé&%%ﬁ#'“gdhw‘i‘ﬁ@ tp theasihy and framywhiehformyt of
course, nmust Q%um@%ﬁpeaiv&%bie% qtafnhﬁ, &lilidn caltitatibn. ShitdbfeignilhSe! f- Al so,

when using acidic salts it is preferred to incorporate the titanium
conpound in teRMRRURE inclidg, but ase nat dimited tmidle halidsyieeh ianTiCEnandkTiChethpr ef er r ed

titanium §Owg§heasruﬁitg@tﬂﬁerox§ﬁ HBhfal tt‘?a[n' @L Sltn"}’ﬁét&léeg\%&gga&&?c' pitate

the silicate se conver anl um oxi de on
cal ci nati on sdiokide &, uséd) thegitarigh sof coﬁﬁél,’lnﬁXsAc)oqbdﬁ*ﬂed intd theiallaipedtAssi um

oxal ate); (NH4 4) 2- 20 and,,. Ti 04) 3-H20.. The titanium conpound
preferably is® iﬂ?a %1%&28#) E\f %H}&“W%%ﬁ%‘% Pf%fgﬁ!é%md?ma%ﬁ‘?“& Haggmaphout 7,
preferably abampoﬁnd in thOA1kAli MetaPdilicalidmd iPsuh SistBtes thdpreferred Htadivep about 5
wei ght percent, ul at ed ailtltanl um based on the weight of the cogel.

The preferr edc"tni‘pP& S A Walgiroliblesagierials yhigh é%P%qR}%‘{‘P‘%%tPEﬁ%‘C%tﬁdte ¥&n have

i nproved 1@Ct ih¥iel bn b1 f MG Sm Bx e SR @hIcHRkdn éu&@'@sxfd?%kéiﬁﬁé The catal yst
conponent nust be a chrom um conpound. The chrom um conponent can be

conbi ned wi t KK{TA@(GOpYHO (titaoinpopetpasivrmoxstne) @R TiO(CO LY a0 the art,

such as form 4 Oglyecipitated tergel. Alternatively, an aqueous
sol ution of g&a@%& gfubl e chrom um conponent can be added to a hydrogel

of the support conpondhe titaGuit Gsdnip@und]pmfﬁabmisprepﬂmmm' amaing ehithinkaut ar e not
limted to, OJF & chr ] tat nd chr m.t.r i 0Xi
Al ternatively, % F{ﬂtl onog%(fmg ' RVE rr%gyar PR @ F‘tﬂ%?e éihrf’%sgf’ TERLY AR nt
such as tEYti mto;abbmtswzelgh Ipelﬁfétttﬁcakﬂllai’éii adi |tmamg baded Fitheweighiuiulcbogel.
bi scycl opent %H rom chro um acetyl ac tonate, can be used
t o i npr egnat e' ¥ BEFY targEle reﬁHF’é‘i?cta t gystemp GarPIgYedyat er from
t he hydrogel acﬁh@ﬁﬁf%&&ﬁ@mqﬂﬁ{mdéxspw in an anount sufficient to
| ve about
g The catalyst component must be a chromium compound. The
chromium component can be combined with the support component in any manner
20 known in the art, such as forming a co-precipitated tergel. Alternatively, an aqueous
solution of a water soluble chromium component can be added to a hydrogel of the
support component. Suitable chromium compounds include, but are not limited to,
chromium nitrate, chromium acetate, and chromium trioxide. Alternatively, a solution
of a hydrocarbon soluble chromium component, such as tertiary butyl chromate, a
25  diarene chromium compound, biscyclopentadienyl chromium(II) or chromium
acetylacetonate, can be used to impregnate a xerogel support, which results from
removal of water from the hydrogel.
The chromium component is used in an amount sufficient to give about
0.05 to about 5, preferably about 0.5 to about 2 weight percent chromium based on the
30 total weight of the chromium and support after activation.

The resulting chromium component on the support component is then



0.05 to about 5, preferably about 0.5 to about 2 wei ght percent chrom um
based on the 30 total weight of the chrom um and support after activation.
The resulting chrom um conponent on the support conponent is then WO

01/ 32307 PMOB2LWB/ 41812 -5 subjected to activation, or mzEluseeaBioN, in an
oxygen-contai ni ng ambi ent in any manner s _conventionally used in the art.
Because of econony, the preferred oxygen-containing anbient is air,
preferably dfupicdiel 1o AfkbitdH, bPLhIdifiBRif kb i-cdfaifithe BhBIAL Alnd MY L UT e
for about thirty _rrionut es to ahout 150’lhours)’:g pre aelragly aegout % ours to
about 10 housonvergiopailyauseq ingthe artt Bepausef ecanomiyt thie preferred pypgeniconthining 400 C to
about 900 C ke f: l,ci nat i L5 t..a substanti al
portion of aﬁ;ﬁ%ﬁrl %%Eﬁ?ﬁ?lerﬁ&g dﬂoiv}\grAC%\?gfogﬂglé&é?d;?% al?én %:lg‘%\?/eg ERF r%z%rea

hexaval ent ffor abouffhirey miumktesitoaliauo$ hduls pefipghdy steroht 2 Abak wsdbostyldthenist hen i s
cool ed and nust e subjected,.to at |east I gl uet i of the
hexaval en{j cHHaib %MT‘BP%&P{?V}EP“&W%%‘T %%igutg‘f)gf‘éi‘)p%%{ gq%oec yﬁ?ﬁé‘?‘?sﬁg t he
cocat al yst ceagnutios corfditgine] AlMdayt a sabstanbisl poifidrPdf anp Okiroinfuin 8 a loWér chr omi um
will be in the divalent state (Cr(11)) after the reduction process. Any

conmpound cap'Aiinee pteieeanvering te ARVt 0 chromium(//) can be used as a

reduci ng agent. Most pefefigibhtion, B SugpBRbdatilysR9RRm fhén £R6OSNdMRRXI de, 15
due to ready availability, ease of use and safet’y. The reduci ng agent can

be enpl oyed begublegtagtor st deastespapiéal raductioned the heroplentchigmivm t8@daweral t hough i t

is more Rf t %l&g?gtg%?ﬂo% &ﬁg?ﬁ{gﬁﬁé%@ alglﬁ ﬁgmgme P?éfﬁrgﬁ?,égdsuﬁégl%af o about

450C. The parti a essure e redu as Int uction operation:
can be var i erbriignoofitkediromivmowidHesrin theglivatentistats (Cxfll))aftettheymidyctiongh pressur es,
but the si rrplrggetssreduci ng operation 20 is to utilize a dilute solution of a
pure reduci rPg agent at about atnospheric pressure. Usually, a solution of

about 10% by vol une, Aagrcbmpowmdrapdbibofirdinsing chrefriura\i) wchromigm() cas, f or

exanpl e, nitrogep and/or argon._can b ed. The, reduction tine can vary
froma few ntledg?‘ggs ﬁrSd%“éngF" %Fgegpgfngﬁcé?i]“%a At S FRTO9P MOBKIES: on can
be fol | oyeed du 1y icatphvall NG édsOOf 3 akcPdafdty/ STheS¥EicRIP age carPbedmpldy2@ col or of
the initial oxygen-activated catal éSt systemis _generally orange,

i ndi cating t#&TRcERtERTReteenARRUAAIPE o AR [ althpghdbis glorggftanhe r educed

catal yst  sygigéges 'ﬁpﬂeﬂ%’)@ﬁt\iré% ih B BanpO¥OBbIIZ0PE td A8t 450°€1 TRE i;di'ﬁalt hat all, or
substantially al'l, of the
pressure of the reducing gas in the reduction operation can be varied from sub- ‘

atmospheric pressures to relatively high pressures, but the simplest reducing operation
20 isto utilize a dilute solution of a pure reducing agent at about atmospheric pressure.
Usnally, a solution of about 10%, by volume, carbon monoxide in an inert ambient,
such as, for example, nitrogen and/or argon can be used.
The reduction time can vary from a few minutes to several hours or
more. The extent of reduction can be followed by visual inspection of catalyst system
25 color. The color of the initial oxygen-activated catalyst system is generally orange,
indicating the presence of hexavalent chromium. The color of the reduced catalyst
system employed in the invention is blue, indicating that all, or substantially all, of the
initial hexavalent chrominm has been reduced to lower oxidation states, generally the
divalent state.
30 The course of reduction action of the air-activated orange catalyst with

the reducing agent can be determined exactly by pulse titration. A known amount of



initial hexaval ent chrom um has been reduced to | ower oxidation states,
generally the divalent state. 30 The course of reduction action of the
air-activated orange catalyst with the reducing agent can be determ ned
exactly by BOYB237trati on. A known anount of WO 01/ 32307 PeTAUSuUBO81241812
-6 reduci ng agent is added per pulse andgthe anmount of evolved oxidized
reduci ng agent is neasured. When reduction is conplete, only reducing

agent will bereﬁﬁtﬁﬁé?ggen?@ q%aéaﬁa_er iidcahd e afbRhENevSIvad $48di2Ed @AESHE dgentCO! OF .

The reduced catal yst  can be titrated with pul ses of ox;/gen or an

oxi di zi ng ageistmeaswed oWhen redudtion isaogipjete. only redusingragent vall be preseype asi el or .
Wien oxi datiop,| g@g}l t | gk 7 ] EYil tvighn the ofd
gas. After rgadgsttlg n, Fﬁzucr&erggeggg!&lﬁbgg??eggwgacwaa%ts{%ﬁgyslf%%@i é&lcool ed to
about room t epylsssaif uxyzen er gny,oxatiming agéftCio donverhthe natalystae theoplgmakorasgech as

argon or I trqgen,,to flush.out e.reduci.ng agent., After .the flushing

t r eat ment g' t h‘écﬁ%aﬁxp%‘fx"%%on kgé;BF'p&%ag‘eW@iﬁ"&%’?ﬁcgtc‘yﬁweteﬁldg?tt'ﬁg}e° $%8duci ng
agent or an oxidizing agRstiredudfibnSthe peduted] supponed canlysbbyteytis csoled &M
concentrations in the reactor are conventional and are usually within a
range of aboutboyt IROm eBPEBYFR o8 2RAY h{C: Petiart atmasphers) suah a5 AEEORST ght  of

active chrom yg,cHTRAMERA oufMEreiindEehtA 8 thed MushBB Geitnent MR SAlyS: is The
supported chrom um catal yst of thi's 1nvention nust be one of high 15

porosity. |t keptewhfyem goptagt avithsithera redusingmgentosan exidigingagepén sor pti on, of
at | east 8 «ccl/g, pr Sy ﬁgﬁ . erably
greater than 2.2 cc/g. %Tu?f’ rm)sé%u% aveg{lata%%}% %@Qg%g@u§§%§§%g§§§ the BET
met hod, of at cdnversiondlGid scpusnally withires mnpeof apoutf).0¢irte fleouh b yeightperemnt,t han

450 square nefer r g and st. preferall I n_500 square
nmeters per grathe Ogg‘elv%lgi'%ﬁﬁg‘r’e %%’&F‘Fr?gﬂpog%qtaﬁq g'ei%‘%@?\?étg%feagmsuppor ted
chrom um cat atonsdnts. System as descri bed above, can be used with a

Zi egler-Natta catal yst stem t roduce .a_ bjpgodal pol yner product. As
used in this disclosuré °2F@§’F€‘f9}?(§'{”t“3‘ @&‘H?gg‘%IEWE@fémﬁrb&%%P&H@&i as a

titani um 1¥ansdtbdiiy HHGR haveldPofdWdhihe; a8inshsiddbyamtdtel Sdrptisy 6f &NBast 1.8
Comrercially avail'able titanium vanadi um and/ or zirconl um containing 25

catal yst syst @i ProfprilsEropter bap2-Ose/scavmmesk Brefesbly grasier thaoh2 fegalt hal i des
‘é"'ytst‘engr ?ﬁ?ﬁﬁé@'h&b&a SREPOLEL 5 mEAER b the BEF R0 Brlal fef? bbiduale?! ¥St
meters per gram, preferably greater than 450 square meters per gram, and most
preferably greater than 500 square meters per gram.

20 In another embodiment of this invention, a supported chromium catalyst
system, as described above, can be used with a Ziegler-Natta catalyst system to
produce a bimodal polymer product. As used in this disclosure, Ziegler-Natta catalyst
systems are defined as a titanium, vanadium arnd/or zirconium-containing catalyst
systems. Commmercially available titanium, vanadium and/or zirconium-containing

25  catalyst systems typically comprise complexes of transition metal halides with
organometallic compounds. Exemplary magnesium/titanium catalyst systems include,
but are not limited to, those disclosed in U.S. Pat. Nos. 44,394,291; 4,326,291; and
4,347,158, herein incorporated by reference.

The two catalyst systems can be used together, as is known in the art,

30 either simultaneously in one reactor, in a series of reactors, as known in the art, or in

two reactors in parallel, in order to produce a bimodal polyolefin product. The



but are not Iimted to, those disclosed in U S. Pat. Nos. 44,394, 291,
4,326, 291; and 4,347,158, herein incorporated by reference. The two

catal yst systens can be used together, as is known i'n the art, 30 either
si mul taneoﬁ'&"&"’?ﬂ’one reactor, in a series of reactors, BSURSMS#HIZn the
art, or in two reactors in paraIIeI, l-y-order to produce a bi nodal

pol yol efin product. The WO 01/ 32307 PCT/USQCQO 41812 -7 anounts of each

cat al yst sysumpuntsefkacincutdigst vyatentobed tanted@ried i@ obdeh tcachicvb the@esiteded  bi nodal
pol ymer propertige Cocat al vst The supported chrom um cat al yst systems as
descri bed ab8ifeda fﬁ_@l’"%é’mpﬁ"‘\%ed with a cocatal yst. Cocatal ysts useful.

the present invention are sel ected f g t&]% group consisting of i) al kyI

| it hium conmpounds, ii) dialkyl alum num alkoxides in conbination with at

| east one metal al kyl Bisuprogiad ehremiumneatalyspeysteatsnasidssaribgd altovelmyst be zi nc

conpoundss aLé@A'mal AT tceamagsfééuseﬁi glere@ggegnneamu&dsam@@ﬂo Xt ures

t her eof and I'T1) mxtures thereo ecrease the
char act eri st thegranp cmﬁmstilng of réglklvt lithumyempownds, ii!)shalb:d@lmmnum lakkonildwhos ure,

the term “di gl kly Qvnnihmtjfgaal H%Fallé)?l%glgét&i %?im ﬂfeyﬁ'ig co 51 f.er a{k use Of.

di al kyl al umorﬁlm{mt RoXI des* i ¢d Fon W al kyl
sel ect ed fr ogint hﬁn;gimdqoalkglmmhmngomﬁmmﬂkmlkykborm ommndujand mixtyeks al um num

conpounds, alk bar.on co ture Preferred al kyl
lithium conp@ﬁ%ﬂga“grl@rﬂ ng‘ctg B‘gf‘“ PT rﬁﬁﬁaﬁ’dﬁ'g S sheragieristics i ar |y t hose
‘havi ng apg al ¥ res@fifi PolgMmem rAsSls&metlh@ msabaué tHe tei%h &mwl ahenifi@h BkBxid@t ONs,
preferabl y, from about 2 t o about carbon atons., Most preferably, the

al kyl  I'it hi eReriebyisytirm ’%P%&Q@‘?‘WH@‘F‘B" glkexidesip combinationsvithdticy | gr oup
for best repgh loi{é ﬁl)!taﬁﬂﬂ'l gﬁ@dtéﬁﬁorﬁ’ﬁﬂg’?@a%%oﬁﬁsﬁh?%fﬁlﬁﬁ%ﬂ@d&h BR{d Ey1 el t

i ndex. Exenplary |ithium conpounds, 1nclude but are not m t ed t'o,
n- butyl | i t hilusmmnupyeepppunds; a¥kyh h?roaﬁanmmﬁ apmyxtergs tareofdr y| | it hi um

compounds, such as ph Péf‘érr S i unREEn luﬁ(%oﬁyhve f[ﬂﬂﬁmlé | s

cocatal yst can be use I'n an anount so atom t1o of
l'i thi um et a;barﬁaulamlytthosehwmmaﬂmlgmuabgmpnwfmmebﬁut Witd #hontb2¢adwge of about

0., b 20 G ST 0P Sl 4B ugog o, e
| i t hi um conplithineh ddmpoamistvill fisve frain g e caabdnyatorhd per alkgl gramgfor bést about 0.5 to
about 20, p rr%;c%rwa}}t’) aﬁld cfl B tdccrease of the resultant polymer melt index. Exemplary lithium
compounds, include but are not limited to, n-butyl lithium, propyl lithium, and ethyl
20 lithium. Aryl lithium compounds, such as phenyl lithium, are also suitable.
The lithium cocatalyst can be used in an amount so as to give the atom
ratio of lithium metal to active chromium catalyst component within a range of about
0.5:1 to about 10:1, preferably from about 2:1 to about 5:1. Based on the solvent or 3
diluent employed during polymerization, if any, the amount of lithium compound
25  cocatalyst is generally within a range of about 0.5 to about 20, preferably about 2 to
about 10 parts by weight per million parts by weight of the diluent (ppm or mg/kg),
wherein these amounts are based on the total reactor contents in instances where no
solvent or diluent is utilized. Most preferably, the lithium cocatalyst is present within
a range of 2 to 8 parts per million, based on the total reactor contents. Amounts higher
30 orlower than those disclosed do not offer any additional benefit in melt index or high

load melt index reduction.




about 10 parts by weight per mllion parts by weight of the diluent (ppm or
ng/ kg), wherein these anounts are based on the total reactor contents in
i nstances where no solvent or diluent is utilized. Mst preferably, the
lithium cod¥@¥3337 s present within a range of 2 to 8 pREHUSHABIZ || on,
based on the total reactor contents. Anpgnts higher 30 or |ower than those
di scl osed do not offer any additional benefit in nelt index or high |oad
nmelt index reduction. R Qbhde36htaRelldahBORltKel Bie2mixed withahd éhirbrnium cocat al yst
can be either pre-mxed with the chromum catalyst system or |ntroduced

directly int crataist systemy Qsrintipdugeddinsellyipto the peacipr asSeparale stiqam, the Iatter e
preferred pr ﬁg‘{ﬂ@plfe%e@?%e&fre foRbAL Mﬁéatzﬂys‘ﬁﬁﬁmrrpﬁ@?ﬁitﬂinl 0 hmngandl i ng.

I n anot her e ment of resent 1|1 nvention al um num 5
al koxi des vvher ein the énmhegp@bqﬂtmaﬁoﬁ@eme@awnmn dfaﬂ%#l@mm%d has from

about one , to, aboyll Wthglgm t&g é@%&\%‘ in B0 Blilsath¥Br GifreRROM hhfaQH'Bm aﬁ&ft%ﬂ@ at ons

per al kyl group, can cocatal yst either wth or wthout
al kyl lithi unaoabdsmmmd)réferauydmtt\m tochkboutdfagrecarban aterhs paratkykgrong, cambe | ow

density polyners durin the ucti.on n | ymers. The
nost pr ef erre‘tfe%Fsa? WF‘%Q'FRFI‘H’ ?r%%"atanagkﬁ?g}“ﬁ"? g&a ﬁénxrr‘ligr% et hoxi de
(DEALE), due deore@sttRe @ikl itfiiex @m; ofl Yoo demisity pdlymexﬁdmmgahe pltohectlodloﬁtﬁe;d _

al um num al koxi de nust be used with %Féﬁ ﬁ‘ igne O%T‘cék n:ft al &y

sel ected fr oRMdsESIY PO NESRISHRy® lalkyEgwpium Akoxidas fiethvlini num
conpoundsyg al d¥hinRR MbxideBRAYES Sue & éhséTbis hﬁﬁa\faﬂﬂﬁﬁ@f HoWeeerphkyl zinc
conmpound can be any al kyl zinc conpound that, when _ 15 used in conbpination

with an al kyl dislkviraluminweaikexidg musthensedwith atleast aae otherimsta] alkyl, selectedsy
density poly ;ﬁ@,th{éggp,ogoaﬁgg},%'J;()éilng%brﬂlﬁmglr graﬁemamirm &%ﬁp&h&camﬁmwﬁnds of

the formul a I'de "or e, is alto 12
carbon atom :tvpthoumisrmdlmmmsahetrednd nis an int eger of 1 or 2 Di et hyl

zinc (DEZ) is particul yital

avai lability, as well ?geégg z“rmes%}plsan &E‘Qﬁgaﬁgfﬂ%ﬁﬁ%p rtl es ¥he al kyl

al t;irjn nu [n csnrrpﬁytdﬁdl chgrbnkmomwhah ikl zlﬁm:la;nlmwgmx(depcanrddcreasha‘ne T?]mmdexm;ad i 3
conbi nati on w a_dia oxi de ease the i ndex
on | ow densi tkvwgbpvwbﬂyﬁg%mﬁ? i °§Pﬁ‘?¥? ﬁ%&ﬁlﬁﬁg P‘h‘%\“ﬁ&t

al um num conpgg Pcﬂﬁ:umfzxﬂi*@(,f @hBe3aisAHRdridest hilide)Refs@ 1o i13 carbbiy stoinde or

halide, R is
hydrocarbyl radical and n is an integer of 1 or 2. Diethyl zinc (DEZ) is particularly

suitable, based on ease of use and availability, as well as best resultant polymer

20 properties.

The alkyl aluminum compound can be any alkyl aluminum compound
that, when used in combination with a dialkyl aluminum alkoxide, can decrease the
melt index on low density polymers. Exemplary alkyl aluminum compounds include
aluminum compounds of the formula AIR’,X; , where X is a hydride or halide, R'is a

25 ° 1to 12 carbon atom hydrocarbyl radical and n is an integer of 1 to 3.
Triethylaluminum (TEA) and diethylaluminum chloride (DEAC) are particularly
suitable, with TEA being the most preferred alkyl aluminum compound based on ease
of use and availability.

The alkyl boron compound can be any alkyl boron compound that,

30 when used in combination with an alkyl aluminum ethoxide, can decrease the melt

index on low density polymers. If the cocatalyst is an alkyl boron compound,



25 ' 1 to 12 carbon atom hydrocarbyl radical and nis an integer of 1 to 3.
Triethyl alum num (TEA) and di et hyl al um num chloride (DEAL) are particularly
sui t abl e, V\vag TEA being the nost preferred al kyl al um num conpound based
on ease o0 Y3304 avail ability. The al kyl boron conpoun®CREHMBIZNY al kyl
boron conpound that, 30 when used in coypbination with an al kyl al um num
et hoxi de, can decrease the nelt index on |ow density polyners. If the
cocat al yst i Srihydredakylbolbar compoamds aterpriefervidd And 42210y Bofdd TotdBaARdd 418 hibst - O

tri hydrocar byl boro 0 nds ar referred apnd trial kyl boron conpounds
i e ost - pr rePTEh BRRBRY T eRu ik o abtnd R B 12 GRPSTHGR | 1o
about 12 car hag pRif@iBly, fnd2 By SéLbakkims fob BRYIZréwd. TrRihyDBstoRtanpoup®, al kyl
group. Trial kyl boron conpounds, . such as, for exanple, tri-n-butyl borane,

tripropyl bor ¥eh asafed cXAmRIE, K PHiyhA herager tripyonyiherane angitdsthdborers (AER) F8: s
because t Res 6, GONRUIBASyRE Becilst Aebd dinpdURdM e LiRlivddgahts Gdalsd SR Ove pol ymer
properties, such as, fof exanple, to reduce nelt flow and retard pol yner
swel i ng dur iimgroye pglymet properiiss, such e forsyamplplte rasyeomelt Bapandeetard ncl ude
tri hydrocar byl , bor r LY ARLL 8 such as,
For  exampl o PopRts ALBATRAoneAasiol; obick Bidbie BaleRonBRRAYRve 71 C

B( OC2H5) 3; andhytitbchiblybigesratonthoands\broadlyr tiaryd bogoo gomipourslsisheleas, fof or exanpl e,

B(C2H5)Cl 2. By far, .the —npst . preferred cocat St i | 1 bgrane (TEB),
for the r eas8%%’“@?’\78?1}‘63518%@’?&@“&@‘3{‘%55‘ é‘fcg'raﬁ’ajf")e/ex&f“ fekéfé‘g‘lt}{%n ar‘?gm al koxi de
cocalt al yso Sl)hsfogéﬁaieﬂ akkyl E&&LEinﬁEan ldspmah a4 foreRample PBABH,)CH. mFirh?é Ihower t he
resul tant pol yner densit S . we as r e_the M pot.ential of the resin.
15 The i al koTrrrbscRERay s HEBERmA T D) Gy AearscBEt® 1% | n any
anount so as to reduceridifostBieterdblel@xlcAhiniiiem d&dside Yodtalysheystesbh t ant

pol ymer product. GCenerally, based on solvent or diluent enpl oyed during

pol yneri zat i AEALE/REZ sesbinatiossin ordentolfyathes layer Higfrseitan PriYEeE densitpasy st

general ly i s mit.Qi ABPYE rddin® t 0 about 20, preferably about 2
to about 10 ﬁl%k&%g%t?ﬂ@?ﬂ?gﬁﬁ%y vve%grzjhltn of diluent (ppmor 20 ng/kg), or

wher ei n tlhese anount s Ehealidliad elminnm atkoxide eogatalyst sysiemean be wsad imanyances
where no sol I | t k] . ' I

al um num al k\é%%net% 3%85?@@%/% e%eysl{l&ee%]zaﬁgmﬁ%@%ﬁ@%ﬁﬂ@@é’g@?ﬁ@mﬁ% iin a -
range of aboGenéalty)basedon s@vemtor dilpwtrempinykd foing folysesization;. e amowsat t or
contents. Fo Ehaﬁcly?acl{u];l{n(l\i%t alllgor}(idetcggatﬁgs? ggr}era?l]; isdvlvi;t'l!ﬁ%yrange of about 0.5 to about

20, preferably about 2 to about 10 parts per million by weight of diluent (ppm or

20  mg/kg), or wherein these amounts are based on total reactor contents in instances
where no solvent or diluent is utilized. Most preferably the dialkyl aluminum alkoxide
cocatalyst system is present in the reactor within a range of about 2 to about 8 parts per
million, based on total reactor contents. For clarification, the amount of dialkyl
aluminum alkoxide cocatalyst system includes the total mass of both the dialkyl

25  aluminum alkoxide cocatalyst and the additional metal alkyl, selected from the group
consisting of alkyl zinc compounds, alkyl aluminum compounds, alkyl boron
compounds, and mixtures thereof. Amounts higher or lower than these disclosed do
not offer any additional benefit in melt index or high load melt index reduction.

The dialkyl aluminum alkoxide cocatalyst system can be either

30 premixed with the chromium catalyst system or introduced directly into a reactor as a

separate stream, the latter being the preferred procedure for ease of catalyst system



al um num al koxi de cocat al yst systemincludes the total mass of both the

di al kyl 25 al um num al koxi de cocatal yst and the additional netal alkyl,
selected fromthe group consisting of al kyl zinc conpounds, al kyl alum num
conpounds, YXY3Bron conpounds, and nixtures thereof. ARIMRYISIZher or
| ower than these disclosed do not offer.jgny additional benefit in nelt

I ndex or high load nelt index reduction. The dial kyl al um num al koxi de
cocat al yst syshémt4idh aRChidlifer 30 prem xed with the chrom um catal yst
systemor introduced directly into a reactor as a separate stream the
latter being the preferred procedure fBeatae of catal yst system WO

01/ 32307 PCT/ USOQ 41812 p.; ' I NGkt

React ants applicabl e foPeﬁ%%EvﬁﬁPﬁ&?ﬁgtt%?ﬁg{lp?ﬁ %En%mglr??ﬁg??c&g%gse%f of

t hi s i nvent i onhiaireyentierf ireplefinio vpopawids which karcpalymerizgnies:.ireast, witheotherr eact ,
with other 5 alefinic conpo a1l al yst. j ' .on can
be used tospolo)lleﬁj%\’? czoénp()}i{;@sr (Latglg? at%lxggﬁsgeﬁr%s-(’f?ﬁ? 161'5%:?1:1&@%%@%%%9& rd(?%&{zg about
8 carbon at onmt [east ofi® a1 enlefinthaeing lfiviy2 wabpoiseksbanratdnckeer mbikculer e not

limted to, ethylepe, pro ene, . 1-butene,. .| .-peptene, 1-hexene, 1-octene,
bnd it ur s CHEFBUTY cOmRBNISTogi B e imited 14, SRR R RO ke |

produci ng et hyll sunéend 01 -RéexeRd) ALotivhe, snd iiktiRPHeywder s from m xtures of ethyl ene
and about 0.5 to about 20 nole percent of one or. nore conononers sel ected

fromthe group consisti RBis#VeRtnds ofinastiedardpplicabitingn PradHeiEBsYIone t o about 8
carbon at Qg RhopDiyficklafd c@éﬂﬂr?—fr&n AR QP B Flehd YnlWHSut O%ta%\ﬁ 200t

limted to, aliphatic al pha-ol'efins, such as propylene, 1-butene,
1- pent ene, 1- imolepercent obesrtecan enorelcamaniers| selgetad G thigrown ermsisimgpfanonst ef i ns

15 and conj ugat I < | 1,Ql i - ,KI;@H' ne,

| soprene, pi ;a)le(?‘y r%nhgpﬁg @Rﬁbﬁ%ﬁ}@%b&‘ﬁt%&@g? ;A}f?%ﬁ%f ﬁél,eilflgeg'. adi Aerﬁe,

1, 7- hexadi ene,comonomérk archelgdut ardinol lehitsuisto saliphaticxdphaedefinkceudoés prépyiedecne

copol ynmers preferably constjtute at | eas bout 90 ref.er ab ut 97 to

about ~ 99. 6 vveieig'?ﬁtenﬁe{? nepi)'}‘m?’ﬁi &n&t%m&&‘ﬁgﬂﬂﬁrﬁf@.ﬁd 3&’85@5%%@?3% but ene,

1- pent ene,151- ek efigugited ot nOE-t@ipezatxidiciemche dsyt, Phhdiedepdopitne; onononers for

use with ethylene due to, availability, ease of, us?ﬂ%ggﬁead | hcorporation
s

into the pol yRieylange2.grdiragthylal - hutadithsn biteeniadiene, er gt stlse el t

flow. diolefins and mixtures thereof, Ethylene copolymers preferably constitute at least

about 90, preferably about 97 to about 99.6 weight percent polymerized ethylene units.
Propylene, 1-butene, 1-pentene, 1-hexene and 1-octene are especially preferred
20 comonomers for use with ethylene due to availability, ease of use and ready
incorporation into the polymer.
The presence of comonomer has a tendency to increase melt flow.
Hence, the use of only a small amount of comonomer, say 0.001 to 0.3, preferably 0.01
to 0.1 mole percent in the feed is preferred.
25 Reaction Conditions
Polymerization can be carried out in any manner known in the art, such
as gas phase, solution or slurry conditions, to effect polymerization. A stirred reactor
can be utilized for a batch process, or the reaction can be' carried out continuously in a
loop reactor or in a continuous stirred reactor.
30 A preferred polymerization technique is that which is referred to as a
particle-form, or slurry, process wherein the temperature is kept below the temperature



Hence, the use of only a small anount of conmononer, say 0.001 to O.3,
preferably 0.01 to 0.1 nole percent in the feed is preferred. 25 Reaction
Condi ti ons_Pol yneri zation can be carried out in any manner known in the
art, such YRMHZ7 hhase, solution or slurry conditions, PETASI0MIR2

pol ymeri zation. A stirred reactor can-he-utilized for a batch process, or
the reaction can be carried out continuously in a |oop reactor or in a
conti nuous stal whig polgmet gues insdsolutiphe Sach gudyrpalzatiar techiquediart aelikhewe | S t hat

which is referred to,as a rticle-for or sluyrr rocess wherein the
tenperature i'® th?éBt”“%@"l"cS‘W"{"E%' %%l‘n’ﬁé’i“gﬁ’ m%°%°§1¢'§2%%473?5%8§56902‘!82‘2 -11
at whi ch pol yHeeh i98&8by iREdpsied! by RferenddCh pol yneri zation techni ques are
well known in the art_and are disclosed, for_ instance, in Norwood, U S

3,248,179, the di scl osHepreferred jsmperatuse indheaticleoBn processdywithinagtngeence.
The prefekre ' | 0 ' L a range 5
of about %50 f%@%E%ﬁ%%%@kp%jggg(%aﬁggﬁé)i?gg%:ot?(g%?%%g{slﬁlra }eﬂ’%syu%l ly can be
wi thin a rangdthifa rahgaaf about 2. 1VRMP 1o abons $t92MB2(ahet 30@itecabout30 psig) arldout 700
psig) and prefer 1.1 hi 4.2 (400 to
B0 psi gy, T Brermeny a iy dlahis & A4 389 £ B iRedS bl D

pol yneri zat i eeacwwedperdling pammetess. Jworpryferrad pulpsaization hétheds fonge siwirig a | oop

reactor of the type disclosed in Norwood _.and those 10 uytilizjn plurality
of stirred r B’é?&?%_ra?tg?sf’ﬁ@ff"m% popEacior of ﬁﬁ%ﬂe dgﬁ”ﬁ’éﬂﬁ‘ﬂﬁf’éw‘bdn%“%ﬁﬁ@%of _

wherei n tbe ERGhd PPuRARDTkIIPEEreactstsl billier Gderbsy Biralil 5 GMbinadioRs Mkdeber Nt i n
the different reactors, For_instance, in a series of reactors, a chrom um

catal yst sysWorreiherasiion condifionscand/os caplust sytemsy arg diffsaent 1) e diffeest can be

utilized eitpgEoReFoF BstloedihaQEridse rdaBRA! PEhromiuid dafdiROsysli ®RLAKYST System
of this invention. In another specific instance, a 15 conventional chrom um

oxi de’ on a pheideen swhieeted tosa refuciion step 631 becuiiliged eitherhedare oy aften theaeactori | i zed i n
a reactor in d ' JUN L'ﬂg’f sﬁa@fﬂ%l' ystemof this

i nvention anaﬁ%@tbgéaﬁ%‘{t gsa%{) yﬁn%(r?ﬁ{vfgﬁdérﬁ n et"ijence (%S? |°f§fead prior to
recoveri b t tenvenvhgircbromiGowwisieloy apseidmpahtlysilicasappatcatadysasygiepsdan beannot be

used The o=l o G TR AT SR s B L [T
of this invehwvemidn akd the e¢saling golymbeiization éfluence combined prior to recovering the
polymer.
Commonly used polymerization cocatalysts cannot be used. The use of
20  alkyl boron compounds are known in the art to increase melt index and/or high load
melt index, thus negating the desired result of this invention. A decreased melt index
and/or high load melt index is desirable to allow maximum reactor temperature which
can improve polymer bulk density.
The molecular weight of the polymer can be controlled by various
25 means known in the art such as adjusting the temperature (higher temperature giving
lower molecular weight) and introducing additional hydrogen to lower the molecular
weight or varying the catalyst system compounds.
Polymer Characteristics
The polymers produced in accordance with this invention have reduced
30 density, broadened molecular weight distribution especially on the low molecular
weight side, decreased MI and decreased HLMI. This catalyst system composition is




and/ or high load nelt index is desirable to allow maxi num react or
tenperature which can inprove polyner bulk density. The nolecul ar wei ght
of the polymer can be controlled by various 25 neans known in the art such
as adj usti wpes3orenperature (hi gher tenperature giving peEvSoosRiEcul ar
wei ght) and i ntroduci ng additional hydrggen to | ower the nol ecular weight
or varying the catal yst system conpounds? Pol yner Characteristics The

pol ymers produced in.,accaord e wth this |nuenti aye reduced 30
onaiy. br ofisiiaereoPapdiapei i bin Bkt Bl Al KSR e >l o
nmol ecul ar  wdisglburs ititterntl ol yawes e ithcMieschioch lebaaipeyaees driddbpolyines. cat al yst
system conposition is 01/32307_ PCTNSO00/ 4181?},3t ;&@2 ggst r ef Erabl y

applicable for use wit P51 HLSBRIP GomRPqnsal R ‘Hnioﬁa’fﬂ y

di scl osure, tififurh 86datalyROio\REdatalysh 6f tiid @svehtdr cah @rodueE ¥ PBIyfMmerwiih & @8RIty MEr S.
When used as a_single conponent cat al the addition of an alkyl Tithium
ﬁér

t, or.
cocat al ysf t &ithinea rengeafybeut §1926 t abou gﬁﬂ&’%%fﬁfﬁ?&h‘ﬁ@'& a5yIep with a
density 5 wyhdyk §.98s {AREE d?§f54 UtTHQ hi3R Jodd InMOAEEX (@1 ; ogﬁﬁ%suﬁﬁ_ll_-ﬁe o ah

preferably within a range o about 0.945 to about 0.954 g/cc. g
| oad melt i ndelyméiisnally isvithine: ranga dfebowt 1 tpaioph2( 2/48 munutes, and prefetably a r ange

of about | tg.abo 0 ] e 1t R .rapnge of
about 5 to a%gﬁﬁ #?%/ofgégﬁtgﬁ‘%s. ‘%ﬂ%ﬁ%}l&ﬁﬁa&?iﬁg}gy gxgtcg%@%t?? SI’(’tzlé:‘@ Wi t hin

t he gi ven r amithin the givesiangss atd egpeciadiy ubefildor tibwmaldihgl appdicatiisiasdion ilas and/ or
film 10 oduct,i on. e resu]tant pal rs.al so, be can bl ended,. i n any
manner, WPt hPRERgHon. %BT’ Vﬁﬁf@l ?@“B?rgﬁlﬁ%gg%?‘“ﬁ’?qnﬁﬁ%éﬂ S IPIRRSE WO al so can
be used for pbioweRdd plothite adiddaRiolynG whith/also chh bﬂhséﬂrfﬁchlﬁﬁzitﬂﬂdin%/\hen used

with a Ziegler-Natta cat[}lyst systens as one conponent of a dual catalyst
system reacFRYRRNOPH RYrGHR PIPRICHRR- ust ed so that the chromium catal yst 15

w 'l produce a |ower hygdh dse@ditAB!Ziegld? 3@xa 8RSyt QYREmEI A e lc¥mpbiRpeyar . the
resultant mxture of the two conponents yields a novel binodal polyner

havi ng a dendpal gataligjtsystem. geactiprjeorditionpyra adjgsteds that theelyembmoetalystcc, and
Poad ol i niikiafe/a 00 s lodhth idepaia ooy, diipdeg tRenitdl 7107
of about i t mixtirewf th2@wgLtdbpanients yizkls aanovel pimddal pdlymerdGvinigtahdensity r ange of
about 5 to a&ﬁﬂ}n alrgng%/olf al?ou%.@% fabout 0.960 g/cc, and preferably within a range of

. about 0.945 to about 0.954 g/cc. The high load melt index (HLMI) of the resultant

polymer usually is within a range of about 1 to about 20 g/10 minutes, and preferably
20  within a range of about 5 to about 15 g/10 minutes.
EXAMPLES

The following examples illustrate various aspects of the invention.

Data are included for each example about the polymerization conditions, as well as the
resultant polymer.

25 Analyses of the resultant polymers were conducted according to the
following procedures:

A "Quantachrome Autosorb-6 Nitrogen Pore Size Distribution

Instrument"” was used to determined the surface area and pore volume of the supports.
This instrument was acquired from the Quantachrome Corporation, Syosset, N.Y.

30 Density (g/ml) - ASTM D 1505-68 and ASTM D 1928, Condition C.

Determined on a compression molded sample, cooled at about 15°C per minute, and



EXAMPLES The follow ng exanples illustrate various aspects of the

I nvention. Data are included for each exanpl e about the polynerization
conditions,_as well as the resultant polyner. 25 Anal yses of the resultant
pol ymers weVY@OUE M uct ed according to the fol | owing procdtiiEs0041g12

"Quant achrome Autosorb-6 Nitrogen Pore Sl¥e Distribution Instrunment” was
used to determ ned the surface area and pore volune of the -supports. This
i nst runent wasendisipaed atdodm tymperatureing abent 4P bowrs.Cor por ati on, Syosset, N. Y. 30

Density (g/m) - ASTM M erm' ned

on a conpression nol deg:létz%gp(q?m%%}- {\Qrﬁpéﬁs%%d%éérgmd%ﬁst“g%and WO !
01/ 32307 PCT/ US00/ 4181 High LaadXeteldInkieo(fliMB(g/ 10onin) t ASPRI RU23E Dacmbdedut 40 . ;
hours. Fl uff Bqlgﬁage %%46% / STM D 1895, the apparent density test. :
Hi gh Load Mel#ti %’“ﬁ ?éiaﬂfz)wﬂﬁ - ASTM D 1238. Deternined at 190C

with a 21,600 gram wei gviéit lnaeﬂ\mm(glmdxﬁx) {ASTNTD 1 B380iDRlermine$aiMID°¢238.

Det erm ned at 190C with a 2 160 gram wei ght. EXAMPLE | This exanpl e shows
the desirabl eVER Péd?oﬁa"hwe'gi’tkyl l'i thium cocatal yst on chronium catal yst.

In this series of experinents, the cg@@mgmwstem was a high 10 porosity
silica-titania avail abl e from W R ace as 964 Mai;napore(r catal yst.

It contained from 3.4 t{ihisExempleishows thedesiphle éf&‘%’f%ni#l@h 1thigm poogtatgsc hr omi um
d had . F th
and had a n@‘ A nitht Guaifst, B Ml Bk BROE et sgxte.ﬁ s Gdigh For the

followi ng ru yst was ca A!%/’;alr at 650C
f or t hr eelthoupasesitlylsillichtithnia etvhllaibleﬁomw Ro Gizce QOhMﬁ‘iédaﬂnqzbre atadyst din

1 ogen. - Pol GBS Serbr* Fme Rttt v B 1S e e 0
aut ocl ave eop;ufp@ademﬂsbo Jnﬁ.(gkﬁﬂ ai:@fre vprumeldfe ztcerg)e?oaﬂxulﬁﬁlom;ﬁg fufd, theFi rst,
AR AT M NETSEN (EIE T RR AS
during this afgédenOmer RGudel @ tdrbdRin@ioRidB bt 350°C for half an hour, then flushed
15  again at 350°C with nitrogen.
Polymérization runs were carried out in a 2.2 liter, stirred autoclave
equipped with jacket for precise temperature control. First, about 0.07 grams of the
above catalyst system was charged under nitrogen to the reactor. Then one liter of
liquid isobutane diluent was added and during this addition the specified amount of
20  cocatalyst solution,_. either n-butyl lithium (BuLi), as taught is a good candidate for in-
situ branch generation, were added. Next, ethylene was added to bring the total reactor
pressure to 3.89 MPa (550 psig). Ethylene was supplied on demand to maintain this
pressure for about an hour. Afterward, diluent was flashed off by releasing the
pressure; the autoclave was opened and the resultant polymer recovered, usually
25  around 100-200 grams. For these experiments, the reactor temperature was held
constant at 95°C.
Table 1 shows the results. Notice that when TEB is used as the
cocatalyst, polymer density decreases and this is believed to be caused by in-situ
generation of comonomers, causing branching along the polymer chain, a very
30 desirable result. Noticc, that BuLi also enables in-situ branching and results in a

similar suppression of density. In contrast to the TEB runs, however, BuLi causes a



20 cocatal yst solution, either n-butyl lithium (BuLi), as taught is a good
candidate for in- situ branch generation, were added. Next, ethylene was
added to bring the total reactor pressure to 3.89 MPa (550 psig). Ethylene
was suppl i adoaws2sbemrand to naintain this pressure for abopdr/asveldsss -
Afterward, diluent was flashed off by r_e{ asing the pressure; the

aut ocl ave was opened and the resultant polynmer recovered, usually 25 around

100- 200 grans j _ I 3t . hel d
constant Cat  RAREYAbPEREn SHBE kTR v} oo iR B4 MENBRESIIERLNIRRRLC |
the cocat al ysvery pediabie resieresperiallg edier agdsn ahwb ¢dmmne chialysehled foo be

ol yrer _ehai rooidt pePEREnRut b OTRERTR! it AR P ndlB B} e 20 "enabl os

i n-situ brancduimpgreanst evasgrhpts, the observad MM againpipleasi®i fornthede RI@Bhe y. | n

contrast to the TEB r.uns, homeﬁélgr., BuLi cayses gIW]) 0%@32%07 PCT/ US00/ 41812
-14 marke .demgf%‘rfsf’?f‘t’iaﬁ'etf’ t1S cOmRAQD A\ foy add, S bri M o1 &MIh‘iﬂriaS?sndex
(HLM), Wwhi chfok gny catatyat yyseéfisds fitftlesityas Hbdreas&B REWEWRY, lie MRLfdr HiFERvidbioR t WO
conponent catalyst bl'end for broad nolecular weight distribution binodal

resins. It isshavssherwisedNetingithat theddudi Rupsrg mush loyrer in/dRhM] thapiike TEB e
observed HLMl ggai nst density for these Runs, the 5 conparison is contrary
to what is comon in the art. Usually, M or HLM increases for any

catal yst systemas the density is decreased; however, the data for this
invention show otherw se. Notice that the BuLi Runs are nuch |lower in HLM
than the TEB runs. WO 01/32307 PCT/US00/41812 -15r'nv MM. e} tl Met
<Y M Ndpi O O O O -0 AvCOCOCCC OO r~+ 00 hhnmNQ©
O VIO\ONN' O N
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Thi s exanpl e denonstrates the desirable gffect of DEALE m xtures. These
experinents used the sane high porosity silica-titania catalyst and the
same reactor and polynerization conditions as that described in Exanple 1,.
only the 5 cocatal yst was different. Instead of using TEB or BuLi as
described in Exanple 1, diethylal um num ethoxi de (DEALE) was used. Use of

DEALE as a cocafalyst argo [caf rgsulfr_ fm m-3 thing and therefore
pol ymer density sup[zﬁ%ssm@. JNi & [dgnsdt Vo aug Qg can be seen in Runs
201 - 206 in Tapl ef Z onhilc® || RIS [tHd X¢J| tR _rTrerization runs using
only DEALE cocaf al &t & n tig SroBntS |shgvi| 10 BuLi, DEALE tends
to suppress the| nelt inddx. |Unflortiunat elly. | DEA suppresses the
activity of thefcatalyst,f ag sgen(in Tatkle 2. |Ru 07(- 210 show t he
ef fect of using|on|y @ @&hylj zilnc (DI%Z) cpcalal yst{in various anmounts.
Notice that DEZ ng §/ige§c 89ad laci ity Ibal 1 dpesinol generate
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15 polyner density. Runs 211 and 212 of Table 2 show the effect of only
triethyl alum num (TEA) as a cocatalyst with this catal yst system Again,
the density is not |owered significantly, and catal yst systemactivity is

not enhancewloolasgrer anmounts of TEA seemto di minish cat abyskoosysbem
activity. Runs 213 - 218 of Table 2, however, which is a second enbodi nent
of 20 this invention, show the effect oll‘6 using a dial kyl alum num al koxi de

i'n combination wth at |east one mai3 sel ected fromthe group
consi sting of alkyl zinc conpounds, um num conpounds, al kyl boron

conpounds, and m xt ur eThisteR@Hi§10 derAbithtrated ihefaihs}ﬁaure@fectWDB?ﬁ,E MpdurBOt only
are the density and HLM reduced, but catalyst systemactivity was not
di mi ni shed. THESTRREEMERyused i same high PREcsity silieatiteniagptabysiand thesameve i n t hat

it |owered depgl 'u%ﬁzém& go@m%;%ugx\(éor&t%%ga; @bt dEEA?».b@!: Wmﬁ?§ onfyAfipar abl e

activity to TEB , but provided ower HLIVIIl (2 vs
>15 for TEB) .cofialys waeddfemt almete@ga“ using T&ERrordubphg destribediimErimple &, 1. WO

02/ 32907 CTIABRMAR, o150 Bl WS BER LSRRl 1 &1
OC0O0OO0OO @aﬁlre@llt ta i@-siu BrahkchihgandGhereforePolyindd dénsity sappoestion NTMs Iiiensitya 0 N \
0 M3 O A0 O il e T R iR © O
polymerization runs using only DEALE cocatalyst in the amounts shown. Similar to
10  BuLi, DEALE tends to suppress the melt index. Unfortunately, DEALE also
suppresses the activity of the catalyst, as seen in Table 2.
Runs 207 - 210 show the effect of using only diethyl zinc (DEZ) as
cocatalyst in various amounts. Notice that DEZ may yield good activity but it does not
generate significant in-situ branching, as evidenced by minimal or no reduction in
15  polymer density. Runs 211 and 212 of Table 2 show the effect of only triethyl
aluminum (TEA) as a cocatalyst with this catalyst system. Again, the density is not
lowered significantly, and catalyst system activity is not enhanced. Larger amounts of
TEA seem to diminish catalyst system activity.
Runs 213 - 218 of Table 2, however, which is a second embodiment of
20  this invention, show the effect of using a dialkyl aluminum alkoxide in combination
with at least one metal alkyl selected from the group consisting of alkyl zinc
compounds, alkyl aluminum compounds, alkyl boron compounds, and mixtures
thereof and iii) mixtures. Notice that not only are the density and HLMI reduced, but
catalyst system activity was not diminished. The DEALE/DEZ combination was
25  particularly effective in that it lowered density to 0.938 (vs 0.943 for TEB alone), has
comparable activity to TEB (2600 gPE/gcat/h), but provided a much lower HLMI (2 vs
>15 for TEB). These results are again shown graphically in Figure 1.
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Wa AAVE ~-MVlT o' MMN U- tnot- o0.-0000 WdoOo In'oN
00 1-4 NN NN WO 01/32307 PCT/USOQO 41812 -19 EXAMPLE 3 This exanpl e

t eaches uséV8MA3BWial catal yst system The chronium cat aP§EUS®MIZIZM Was a
hi gh porosity silica-titania available frggmW R Gace Co. under the nane
of 963 Magnapore. It contained 2.5%titania and | % chrom um and had a 5
pore volunme of 2.4 cc/g and a surface area of about: 520 n2/g. The catal yst

systemwas calcined in fluidizing dry air at 650C for three hours, then
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cooled to 350C, where the catal yst systemwas treated in dry carbon

nonoxi de for half an hour. The Ziegler-Natta catal yst systemused was a
titani um na%euj} g‘?]lo chloride type catalyst conmercially available from
Cat al yst ReSSUFEEY | nc. under the nane of Lynx(r)-100. PREUBHK812 100
catal yst systemwas slurried in n-heptan®- so that small anmounts (0.02 g/5
m s) could be charged to the reactor nore accurately. Polynerization runs
were carried out in a 2.2 liter stirEXAMREE¥| ave equipped with jacket for-
preci se tenperature co ' e Qr I St 15, systens were
charged under nit rogen%{os%ﬂneﬁ% g%é}%egggqfﬁéi#mgﬁgg@%% ;rpe?ll‘raﬁlftgni sobut ane
di l uent, 20 rmamlysfsystem washdughmmrosity eilioatifaniziavaifable fiun®WT RAGEade @ol ardler and 0. 8.

m of 1 w % Buli ded. t. .50 psi, hyd en gas was,added to the
reactor, and‘ ??ar‘[‘éﬁm‘ﬁ?%%%T‘%Dﬁéel'\l%%d"éwgg'g\@ﬂ%maﬁa‘g ?ﬂ’&ﬂff’i?law aﬂﬁ@%‘g‘bre up to
3. 89 kPa (555Gopsiaiyme off2 hyd/earl 4 fugfacai@ea abaltise0imé. TReeaalydt@ystem whati N this
pressure for abouéﬁe hour,. 20 ?ft%(e\tyard, the diluent was flashed off by
rel easi ng t h&algHe wdizing dryaif 6P ce hayisy tgn Hished pathmitiegen astt pol yer
recovered. Reask®fo mneemérymecm%sﬂ%tshmﬁéMm%ca%n thonokfd@for .
concentration in the diluent was ppm the butyl I'ithiumconcentration in
the diluent Wa¥agheysm and the 1-hexene concentration in the diluent was
about 2 wt% Results - ' r | G As can be
seen 25 fromthe dengﬁ%égagrnﬁéﬁ%ﬁq;%eﬁeﬁ%&?% |gggl,ﬁtqﬁéﬁgo i nation of
Zi egl er - N@t t zhlaride typhicatatyst norsmerially available drom CitalyRRes®@®s, Inclivoddrdle t hat t he

final polyner Si bl | epl hal f_fromthe. Ziegler:-Natta

cat al yst and ngrgga Nal 'fla?'r JB%% € 'éﬁggar%glg%%séea ‘gﬁ/ssl W%’Wen'g tsa?é%atof t he

i nventive st emalhemneynts (0612, g/3 ints) acldd be chargefl td the héattor morectdbgBt , i s that the
melt indices of the t conponpents are ?f%.rﬁﬁgd N u?é er a_ga t than 30 woul d
normal |y be possible siITERETEANOR [D§ WEReCATIgh P IR &2 4 ierstimed aptociavee t he nel t
i ndex of theqjedmithackenopesise temperafivedoalrbl. IFst, onddiaroretathlpgt conposite
still can_be WD 01/32307 PCTI USOQO 41812 -20 controlled by adjusting the
amount of15hyWﬁrﬁcﬁaF%dPé%Wgen‘PAﬁEa@nﬂ%ﬁ& fier oo isveme RN 301

302 303 gr agfudf, 2@"::119&&%{%1%)6%1%?6&3@%8%‘%2%% T Qsdhtibhddndd.8 fi f g5 Of

Ziegler-Natta catalyst 0 @ i g
wi% BulLi were added. Next, 50 psi of hydrogen gas was added to the reactor, and

>

finally ethylene was added to bring the total pressure up to 3.89 kPa (550 psig).
Ethylene then was supplied on demand to maintain this pressure for about one hour.

20  Afterward, the diluent was flashed off by releasing the pressure; the autoclave wés
opened and the resultant polymer recovered. Reactor temperature was held constant at
90°C, TEA concentration in the diluent was S ppm, the butyl lithium concentration in
the diluent was 8 ppm, and the 1-hexene concentration in the diluent was about 2 wt%.

Results of these experiments are shown in Table 3. As can be seen

25  from the densities and high load melt indices, the combination of Ziegler-Natta and
chromium catalyst systems, in Run 303 indicates that the final polymer composition is
derived about half from the Ziegler-Natta catalyst and about half from the chromium
catalyst. The advantage of the inventive step here, i.e., the addition of lithium
cocatalyst, is that the melt indices of the two components are spread further apart than

30 would normally be possible since an alkyl lithium cocatalyst can reduce the melt index

of the chrominm component. The overall melt index of the composite still can be



charged grans of polymer formed: 82.2 51.8 202.1 Measured activity

(gPE/ gcat/h) 3590 31000 1634 High Load Melt Index g/10 mn 11.6 30.0 16.7
10 HLM/M 105.3 30.3 --- Density g/cc 0.938 0.958 0.948 \Wile this

i nvention Ha@obaser described in detail for the purpose of ppriSiifigki on, it
is not to be construed as limted there% but is intended to cover all
%hanges and nodifications within the sp | t and scope thereof. WO 01/ 32307
CT/ US00/ 418 2 stem c osition conprising: a)
a pol yneri zat%lg'gﬁo"g%%?d@"y% eta@rﬁug{%]ﬁ&? "éherﬁ?cg ‘um conponent  support ed
onaS|I|ca1|tan|at e [ st selectedq fromthe
group consi sti-ng-of yp TB@E’E% h’ym@:/\i{éﬁ#{ﬁﬁgﬁl ] ydi al kyl al gm num

al koxi des i n|conbi natl onu,wl th at |eapt ong net 3l abkyl delgpted fromthe

group consi stTngof—atkyt—ztrnec—con Inds, al kyl
bor on conpouparmsghfir eatalyst ckasgadher eo MZPigi) m xtlges q9digdg| 2. A

fﬁg"SfLLLgé‘o?"%@%dhg%ﬁﬂer%{sa%ai%tawre' e R A

silica-titan d mtures thereol . 05|t|on :

2, wherein spj on
accordi ng toj . oy e—SiHPe 3 i 11 ca
~conpound and Measutealmcumﬂgﬁﬁlgmlm 5.1 A @seposi {i orslam:or dli ng34 ofcl ai m 4,

wherein said Pri1ses al 1feast. 80 Weignt_perce sTtTta. 6. A
conposi tion él%ﬁ@?ﬁiﬁeﬁér“‘&xaﬂﬂ@m er ei H-%ai d]| pol $9Bri zat il6y ¢atal yst
systemi ggca ﬁLmll n an oxygen-contfai nijggzanblent;fdor ajtinme wthin a
range 20 of F36—rutes—te—aboutti—50-thours—at—altenperatube—wi-thin a range

of about 400| Pensitheist 900C. 0.938 0.958 0.948

While this invention has been described in detail for the purpose of
illustration, it is not to be construed as limited thereby but is intended to cover all

15  changes and modifications within the spirit and scope thereof.



7. A conposition according to claim6, wherein said calcined

pol yneri zation catal yst systemis contacted with a reduci ng agent under
condi ti ons f;é' jlent to convert at |least a substantial portion of the
chrom um co‘rY'g)(L)brln *# to 25 divalent chromum 8. A conposi P¢BHSMEMEdi ng to
claim?7, wherein said reducing agent is2learbon nonoxide. 9. A conposition
according to claiml1l, wherein said cocatalyst is an alkyl [|ithium conpound
and is a trihydrocarbyl lithium conmpdebdAIRD 10. A conposition according to-

claim?9, wher@ n the a%@{a‘ﬂ{%ﬁggﬁpiﬁ%°°§J,P§§i%$=l i t hi um conpound have from

about 1 to about 12 carbon’a Thi s Sheet Has Been
Repl aced 111!1111 1111 a) apblyinbridatidn ¢atdlyst sysicnd ¢amprising aChioniVit compérehd | 1111 |
WO 01/ 32307 PCT/ US&I)’ 41?12 it -22 A 1. CQ"AE(fSi tion according to claim10,
wherei n sai d SHARYFY PT & RGHTRBRIERTTEPR: 8 ected from the group consisting

of tri-n-Butyllithium b} &bgaapg selected fromm the grouetdiyisting 1) Alky1 l@KiGmM Xt ur es
t her eof . 12: A conposj Fdl on alccordl qg‘ﬁ‘lt"f ¢claim1, wherein said alkyl lithium
5 conpound i SOHPREERHL) diplkcyhalumuiym a <8 ¢ eambigagion wath atleast ppg metahgex,

decreased hi gfky) dRRfLd TNt the BRSY coRRRngleCA8ASRc Ebpdundd hiﬁlﬂﬁﬁkﬁinhiﬁ_ of a

resul tant polymer. 13. A conposition according to claim1, wherein said

| i t hi um conpéempepunds, allyborpmcampozndsy pid mixtures theyeofjapd iif) migramthengofo of
l'ithiummetal,to activ 31 = G - 1 0 e of
about 0. 5 1 5 about 15 PeRdfeodEhglolinthUREIR uiathbirs St aRO®

wher ei n 48 dfromthe gioys tornsisting off substantiallygilics, silica-alhmaing; silécaititarigabd nat i on wit h
at | east one n;ﬁi[.lr%ls h%l-el&‘l selected fromthe group consisting of alkyl zinc
conmpounds, alKy AP Rum conmpounds, al kyl boron conpounds, and m xtures

t hereof and Bii) m xt uhesmpdsitioaatcordibg toflaimp ehereineaidangpettdsng to cl ai m 14,
wherein said t al. f%l li}ll Is an 15 al kyl zinc conpound. 16. A conposition
according to taptigl #U%herei n sai d al kyl zinc conpound is diethyl zinc.

s
4. A composition according to claim 1, wherein said support is a cogel of
15 asilica compound and a titanium compound.
5. A composition according to claim 4, wherein said support comprises at
least 80 weight percent silica. _
6. A composition according to claim 1, wherein said polymerization
catalyst system is calcined in an oxygen-containing ambient for a time within a range
20  of 30 minutes to about 50 hours at a temperature within a range of about 400 to about
900°C.
7. A composition according to claim 6, wherein said calcined
polymerization catalyst system is contacted with a reducing agent under conditions
sufficient to convert at least a substantial portion of the chromium component to

25  divalent chromium.

8. A composition according to claim 7, wherein said reducing agent is
carbon monoxide.
9. A composition according to claim 1, wherein said cocatalyst is an alkyl

lithium compound and is a trihydrocarbyl lithium compound.
30 10 A composition according to claim 9, wherein the alkyl groups on said
alkyl lithium compound have from about 1 to about 12 carbon atoms per alkyl group.

e
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17. A conposition according to claim 14, wherein said netal alkyl is an

al kyl al um num corrpound. 20 18. A conposition according to claim17,
wherein said alk al um num conpound is triethyl alum num 19. A

conposi ti onVA8KFWi ng to claim 14, wherein said netal al kPFT/PS04EBI2 5] ky|
boron conpound. 20. A conposition accof2lng to claim 19, wherein said alkyl
boron 25 conmpound is triethylboron. 21. A dual catal yst system conposition
conprising: &) a poI y reFérapisition acerding wiclagsilewheremsaidgikyy lithivshr omi um

conponent ort | L . .S UD t.al yst
selected f ron&t?%oémg sosﬁ%md tg?agr ?\’q& ?qfn %'ﬁ%ﬁvﬁuWQL%@#ggﬁpgﬁﬁ?g

di al kyl al unirethiyt mlhkmxlad@ﬁnxtmcé%ﬁlefmﬁbl nation with at | east one net aI aI kyl
selected fromthe group consjsti n f al nc. co u . al kyl alum num
conpounds, ni bor orf* EYRRASHITG SC é‘ﬁ %’iﬁ‘r e§’lhe"?m ?@9@?%‘%@ Been

Repl aced s~ pédm ound 1s @seﬂ&'xhhﬁh’nﬁum bufficient t&@&c&ﬂa&éﬁl&lt@hﬂeiﬂe@ﬂe&é’e@lm& LMS VWO
01/ 32307 PCT/ USCO 41 -23- thereof and iii) mxtures thereof; and b) a

Zi egl er- Nat t l@aéﬁ’te&PWi‘s %’9§F‘§ﬂa}séﬂﬁff&}%4¢gs'%{ ofetresultat pelymes from the group
consisting ofjtitaniumg, c\ﬁﬁb@ﬁioH%%Pﬂn%“c‘faﬁrﬂ' lu%mﬁmrsﬁidrlnﬁx%ndcoéﬁﬂgﬁcﬁ Nat ty

cat al yst system has been conpl exe an ofganonetal l1c transition netal
hal i de. 5 22usedipai gtm;mt msm)gxmmereman@qﬁ:thmnr@etgbmaatmeu chpmeitm| east one

nono-1 - ol efj under r|zt|on ons with a
pol ymeri zati %)aga%séf E/ sy emange(’fabo“c&%gql%%brr%ﬁés? 'ng chrom umon a

silica-tl@ania-type supamifosition accoedimpoalapatl, wha’emcshﬂcboéztﬂmtﬁsfwdlglkplup

consi sting of | i.t hi um compaynd i | u um al koxi des
o S onbi ot | g Abiqeuh So BB = Lot e st afld st AL o 10
consi sting Ofrodp KilsisEhd6r aBEFIOL BéHipouadiss dilyPdlatinath BosPoiaeisN4lkyl bakdgy! boron

conpounds, and m xtures thereof and _ iji). mxtures thereof. 23. A process
accor di ng t o°WeReupdspand Wﬁtherg%faﬂdﬁﬁrﬁquwﬁfﬁf has from
15. A composition according to claim 14, wherein said metal alkyl is an

15 alkyl zinc compound.

16. A composition according to claim 15, wherein said alkyl zinc
compound is diethyl zinc.
17. A composition according to claim 14, wherein said metal alkyl is an
alkyl aluminum compound.

20 18 A composition according to claim 17, wherein said alkyl aluminum

compound is triethyl aluminum.

19. A composition according to claim 14, wherein said metal alkyl is an
alkyl boron compound.
20. A composition according to claim 19, wherein said alkyl boron

25 compound is triethylboron.
21. A dual catalyst system composition comprising:
| a) apolymerization catalyst system comprising a chromium component
supported on a silica-titania-type support and a cocatalyst selected from the group
consisting of i) alkyl lithium compounds, ii) dialkyl aluminum alkoxides in
30 combination with at least one metal alkyl selected from the group consisting of alkyl

zinc compounds, alkyl aluminum compounds, alkyl boron compounds, and mixtures
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about 2 to about 8 carbon atons per nolecule. 24. A process according to
claim 23, wherein said nono-1l-olefinis selected 15 fromthe group

consi sting of ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-

oct ene, anwomizor es thereof. 25. A process accordi ng toPCI/ESHMIBAZ wher ei n
said nono-1-olefin is ethylene. 26. Ajprocess according to claim 22,
wherein a copol ymer is produced by 20°polynerizing ethyl ene and about 0.5
t o about 20 ran§Or € conononers sel ected fromthe group’
consi sting o n%fﬁgﬁffﬁ%xﬁﬁl ns é)\?l ng fromabout 3 to about 8 carbon atons
per nol ecul e. 27. A pbpedimleadiata citslpst systest egniainiag 2 qetl ssleptedfrom ronomer
is selected fromt. consl 8 g,s]acpgg BENatls PENt ENE,

1- hexene, 1-ESRYPSRESIS H‘-g%fgyaﬁe dﬁ}l’w‘g}dgﬁ{gﬁlm?hm&xt ur es her%of 28. A
process aCCCHatilyagsyE@inaabémthwmnmmgmomwwramaom owta) halidar ri ed out
at a tenperature within range of about 66 to _process
accordi nd t ?%l ai m 22ARM%G?EQZ lop RERAESH feprPang & %’gﬁégllggggncﬁonﬁflocess
accordi ng t g &hAidE yd@ﬁﬁtﬂinﬁe&ﬁbﬁlcdiﬂitibﬂﬂmha$ao@mdﬁmuohy.atam systerhi n a
range of about 0.935 to about 0.955 g/¢c and, a h| nel tt dex within
a range of cabwpositian ¢ampisingchrpmign Yﬁaﬁ‘lhﬁ%lfl@gla'tﬂﬁ 3R Repl aced
NEERRANE b Ldnistidg df 1) atiy litHihm b o&&éh}&ihlkylilﬂ:ﬂqm 1111 WO
01/ 32307 PCFFE%%#&%[@&JZ@JOAZ n% 1 é %“é'ne’r. zatloirjl process conpri sing
contacting adikdxéles in ambinatiowwith ablle@t pne metalalkyb saigetsdfrom the &FPYPeact i on
conditions with a d | S @(,ﬁasegkmltlon

conpri si g &PEH F’@r‘#%’gﬂn‘y& @%{5 2@?’fgﬁll'ng]ln%ﬁf/p?amsupportS;and a cocat al yst

sel ect ed 5 dotrpBuridaang ntirures tireséod tanchidj) oiixtires thetepf. | i t hi um conpounds, i)
di al kyl al urr2i3num

A process according to claim 22, wherein said mono-1-olefin has from

about 2 to about 8 carbon atoms per molecule.

24, A process according to claim 23, wherein said mono-1-olefin is selected
15 from the group consisting of ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 1-

octene, and mixtures thereof.

25. A process according to claim 24, wherein said mono-1-olefin is
ethylene.
26. A process according to claim 22, wherein a copolymer is produced by

20  polymerizing ethylene and about 0.5 to about 20 mol percent of one or more
comonomers selected from the group consisting of mono-1-olefins having from about

3 to about 8 carbon atoms per molecule.
27. A process according to claim 26, wherein said comonomer is selected

from the group consisting of propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 4-

25  methyl-1-pentene, and mixtures thereof.

28. A process according to claim 22, wherein said polymerization is carried
out at a temperature within a range of about 66 to about 1 10°C.

28. A process according to claim 22, wherein a polymer is recovered.

30. A process according to claim 29, wherein said polymer has a density

30 within a range of about 0.935 to about 0.955 g/cc and a high load melt index within a
range of about 1 to about 20 g/10 minutes.
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al koxi des in conbination with at | east one netal alkyl selected fromthe

group consisting of alkyl zinc conpounds, alkyl alum num conpounds, al kyl

boron conpounds, and m xtures thereof and iii) mxtures thereof; and b) a

Zlegler-hbﬂYﬁoﬁﬂﬂﬂlyst system cont ai ning a netal sel ect edPET/USMORINZ 10

group consisting of titanium vanadi um.apd zirconi um wherein said

Ziegler-Natta catalyst system has been conpl exed with an organonetal lic
Il

transition ngial hali dn,pogmelymﬁ@v&essrw nﬁ@gamcun atl 1bdst bdelrh&noq I

[111 This Sheet Has Bee | aced N FLrErrrrrel
olefin under polymerlzanon reaction condmons wnlh a dual po]ymcnzanon catalyst

system composition comprising

a) chromium on a silica-titania-type support and a cocatalyst selected

5 from the group consisting of i) alkyl lithtum compounds, it) dialkyl aluminum

alkoxides in combination with at least one metal alkyl selected from the group
consisting of alkyl zinc compounds, alkyl aluminum compounds, alkyl boron
compounds, and mixtures thereof and iii) mixtures thereof; and

b) a Ziegler-Natta catalyst system containing a metal selected from the

10  group consisting of titanium, vanadium and zirconium wherein said Ziegler-Natta

catalyst system has been complexed with an organometallic transition metal halide,
and

recovering a polymer.
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