; () *+e3eOHH , KNKNO6OTOQUS May 2004 POLYMERI ZATI ON CATALYST SYSTEMS AND
PROCESSES USI NG ALKYL LI THI UM COVPOUNDS AS A COCATALYST BACKGROUND COF THE
| NVENTI ON Thi s invention relates to the polynerization of nono-1-olefins,
such as ethylene) using a catal yst system conprising a supported chrom um
oxi de catal yst and a cocatalyst It is well known that nono-1- ogglfi ;E) such
as ethylene, can be polynierized with cdt-alyst systens enpl oyin & %l um

chrom um or other netals on inorganic oxide supports_suc ina,
silica, al usppepiERPETION CARNLYEST sr:’r’sacﬁwl&,mig Pr%‘aﬁ%ﬁ&géﬁ"‘g# ;@M

refractory netals. These catalys g@g SELy {yQTprepare ol efin

pol yners in a hydrocar bmmm%%ng excel | ent

yet o 4l 50 can be used t B RO N, Sl Ty oo Yt

pol yneri zati on syst eng,iyiResiioh ﬁcmspoltwmlymgrimlwwéaom%1t°r1.%ﬁ'¥so?%h&ﬁ smal |

P Fequent |y etistarer eng ocals vat pakm Gremis ey o ipsbed SRyt S BiRRGESna
requenst| y eriglener eung & caigly, 2 S, has an advanfage o
bei ng | ess conpl ex. However, certain control operations which are easily

carried out ®RAUEYE0l ution process are considerably nore difficult in-a
particle-form or sl uf[ywelPkRS@Ssthat fonoilnsicans such # eth¥lénacPBAS pr ocess,
Feact o { erpbmried wilkuelyy SIPOREPP RIS THRARETE AR DR L B pgs 9! "
reactor tempbmadrized wi : 5 n be obtal ned by

decreasi ng reactor tenperature sillcd, AusinttoRRes Sitariidizércdmahni que
is i nherent“IlVgFl?’ﬁPf‘léjd‘gBP?l 5&?8@?@?’3%& case el tQ?ndex and/ or hi gh Load
mel t index fo. any ,aRBiRf Gl rxietns. Piyesd eatabab s ystpmeepotRsrused HHRCREGr e can
decrease production rates and decrease catal yst activity. 91} fluff bul k
density is oleimpedmen inedytmcaronseien e g ves lgﬂgu‘ilg\%‘}" ° ]ﬁce react or

t enperature excessively can result. in densi dxYacdalast BiygbmE evel  of

fines. Pol yhetiasleRENsSTEE Wﬁnéﬁtﬂ%ﬁ??]{sbu%%g%;{j{ﬁ? and a | ow ngsl t ;hndex

and/ or high,l o l.. 'Onpgpg el firgafiytherk o siapyl fodyrnénaation gEHems WHEEE" and
drum pol yrreagsg c%%g}qurs&ﬁ | 'm %%I yrrefrgs. jg:rh/ Sill ica,t ifttf,%gliagg%?%%‘l%& p%ﬁé‘{(?ina
preferred fipg péliner Bopbdwadiiothe lespe F@P_)P%‘ﬁ so‘that they

wi Il produce their own hexene nolno%?er.dgooastp%ﬁ-{;un%rg{]ymc&@ym%, when such
cat al ydbs atienis hisprosessy FEUEH Y BoFdRes’ acc rding to prior art, the melt

i ndex becongs_too hiaf feactor control and good bulk - ? - 5 May
2004 densi {%.‘mﬁgﬁ/&r}g%rsﬂn%%\gﬁ ﬁgﬁ%ebi nmodal nol ecul ar , weight. di st r,i byt' n,
pr_odlﬁced Iei ther in thgowaver, (lfclead:x’acnn_tmﬂ ObVabpléﬁl‘éthB_a{ _SHVFFIE‘F&&“ Hbf ecul ar

wei ght polyners, are especi.ally desir Qr - 0 ¢ &r ARSrydpidtess.

aplpl i cati gnsgluég)g PRRAEISS 8RS qomlﬁFréBblfP%féta‘-’i?Jéff}r%‘?‘ B a%%ﬁ‘%f&% f%?h;s ll;g Q té&&”ﬁ%lw |

pol ymers by_adding two ¢ | BemEeR atdeqrandam h eedon afa

and practi a4 1’9%%[%6*&% Sé’?‘hgérpé%@eﬁ%’@%ut ;&;ﬂi S 1di ffi CHI i%@éxo ‘ﬁ{} ibg%&%g%}&{ ysts
capabl gq0f r0die by EhRetifg eeattoe nehpertiugh GewallptlPwREIG!L I I

wei ght %Sndelfé t he sérre%a%t or conditions, and al s%rx&isg il RERKiRRE At e hexene

‘wel | and pdordepraesiggeeactardeyperafursi Hpwgyen i P Y a1Vsts are garti cularly

good for the hi l.ecul ar t dnanbretighl ead melt indax té t ani um
chl ori de bd%ﬁc’%&gg‘é@gég‘fﬁ@gf‘g%@%%e fr%v\“g?aérrgl ecul a%mwei ght cogrﬁonent .

Cr/Silica- t;ngaaﬁkﬁc{a@f@g,ﬂg{t%cﬂ%ﬁgeeavmryemﬁdriamir@m decipeh PESUFRRRIEAETE and

when it has gh pore vol une. However, such chrom cat t
produce a hirghieertasgdetaipitactviay. ﬁbpgﬂ'éffmghd‘?"tﬁﬁy\ﬁ r{%#{%@yg%&é%ﬁgﬁﬁ)@faﬁﬂ% kyl

boranes under, conditions that allow the o BRONE Moot BulkPepsiogarska | ow
nol eculZdr wsiddAYeRBS WF?C@UWWQ&EK%R’P%E&% ON T%g efore, it is
desirable t\Q

| ' i Hhipdex
sel ectivel J]llglg)ge%\éi 91?7% 5. F%@Ygﬂaﬁaﬁh&ﬁtﬂlﬁﬁﬁu&@bas 8l sk a ysmethi

educe high | oad nelt index o .
product . 20andAgaiigh ioad inseltimdex atolusefub fosrapplieRlions SPAHIRIBE algﬁ g%,n;,B%%{E%

pol ymeri zati on process. Once ain it i | fR R aggli@fioh/pr oved
ol efi n pol yandfor film M&E@Fﬁar@@ﬁgﬁafwa%’ﬁéaégﬁ%g%ﬁ%gg%ﬁ%%@t his i gglenti on, a
catal yst system.o H P Sthe wall Phsdute tisicowp dexchesoppntied on a
silica-ti ta‘ﬁ?ﬁc’%l??'p‘%g%f?bfg&t erein salﬁd cgt al yst_syste ggls been _reduced
Wi th cajpbonyafR@KAEE, hbweve, wheresuchlcatalysts argused BF AFiakY Do) 5
surface area of greater than 400 square. er Arob Rl foddomakal yst
sel ect ed f rtorprionertgthemeltindss BEGORFS PO S}éggﬁoﬁﬁ%yﬁ?ﬁ%m gonpo%%ds, ii)

di al kyl al um num al koxi des in conbination with at | east one netal alkyl
selected fromthe group consisting of alkyl zinc conmpounds, allyl alum num



- cour sepgmust be i ncopagainddisideswalilbge piokide anpEtpapved; ¢

30 conpounds) al kyl boron conpounds and m xtures thereof and iii) mxtures
t hereof can be used to polynerize olefins to produce a | ow density pol yner
with a decreased nelt -3 index and/or high load nelt index. In accordance
wi th anot her enbodi nent of this invention, a 5 May 2004 pol ynerization .
process utilizing a novel catalyst and cocatal yst systemis praovid 8 In
accordance with yet another enbodi nent of-this invention, SﬂV%ﬁﬁ %%tion
process utilizing the novel catalyst and cocatal yst systemin conbination
wth a ZiegksdiNatta catal yst systemis provided to produce a novel high

performance polymer. DESCRI PTI ON OF THE PREFERRED: ENVBAMMENESpfoaiuaddy St
Systems 10 As used irP‘t]H?‘Ersd}aéfEWgc?gﬁP}ao!a‘anRﬁfg‘ram y lslgépport" refors Lo a

carrier for.another aq.lqgl%lag&}grgp(mgaﬁl@ttwo_ld@mﬁwmolxcyulraowmmwlﬂﬂsﬂ% a8uppor t
necessari | 3? AR Tnert material: 1t is possible that a §"fg%oﬁt paﬂm%ﬁnﬁsrl but e
to catal yt igpaedliydesitatiadorask du pipeiang drim apRbCAOSEAPYT bt HEF &PH““t'he’ t er s
"cogel " and "cogel hydrogel" are atbitrari.] : L 4084
si | igca_ and W‘M‘&%?&SUC_ Wé“"gé‘?]rp&?ﬁf‘%rrs @Iafld’ing tﬁsg_géﬁg_‘gl@‘.ogglge?%gr fhe pﬂpggbuct
e o encs SRR REIFIAEN PRVRIT) ng” el ST Gene ey Composed
of 80 to | QQpeé 8hproBetiaghbisditens]y hieb andeairaarely: loprmalegiap yietht 8p¢E ct e
fromalum na, boric, magnesia, thoria, .zirconia L xt of. O her
i ngredi ent shmmmred@Ohégﬂdéﬁlw aed 9'5%1f"fhéé1mf?f@°rcdé g%’yersﬁlf)&o#rﬁﬂ %Jt?g’ree present
to produce sone.unrelated r ' @ fenhe hifhemslepgart f or
thepcat al yJESPEGRYLM é%s@%%ﬁﬁ%g%{ﬂﬁ%ﬁ a?rr\g%?h%\galg?rgﬂp%h %orfa 1-\/gol rrepgogel of
si |icaygnd @ulyst 8ithpondoMmennged Sithla tdawogedhlonydt biged 5&9??5@‘33?%&{6 Y by
contacting an ‘alkali netal silicate su hl.as.sodi.um blaleqeSetd $dyan acidic
material suUckemmoleuiar Mgight 8PHBANGT 0 "’&é,‘cab‘f‘taﬁlﬁlg%cf P'é sg'it. The  prefen ed
procedure isg_25 0 tild-ze ,sodi Shid sakea 8 e aSuches Hdwasersachuri ¢
acid, hydr&%ﬁ?‘S‘ﬂtﬁbc“ﬁs? g,&roefiug%e Ic g%dl d vvi%h%gu]ﬁﬂuri c acid being nost
preferred dye,hinl Ef8ly&erdPsstprbducarichigh eadush meleculst veiggt WhenrRE ¥iifani um
conponent nust be coprecipitated with the sili cd aqg EE‘% Ln&Rnyeni ently
the titani thydrapenpod tdaliyl bortnes sindeiotapdtians hal 8119%;'a° 8y af%glﬁl et al
silicate solution. 30 The titanj ound preferably is incorporated with
the acild. W%d%qu%Wi%#F%‘ﬁ?fp%ﬁﬁg{ g@k&%{gpi ncorporated in the acid in any form
inwhich it will be - 4 - BuNaVAQ09OBETHEIIEANTIONncor porated in the
silica gel formed on conbi nation of the silicate and the i ably
by neans of adding th'éhcsbfdrcét!édeélfﬁi@“hléﬁoél)dceﬁ‘?d“w%‘fﬁdvﬁ?}a?ﬁ t%ﬁé%BﬁtﬁFs
subsequently convertible to titanjiumoxi LhBREARR .of SYidlahte
ti tani um ccﬁh‘ﬁi&ﬁ’d&ﬁ]eﬁﬂ"ﬁ)ﬂé‘?duﬁﬁfnezir’gg%)bﬁ(ﬂ:&mﬂ egﬁt o the halides such as
Tic, and Tim " the 5 nitrates, the sulfates, the oxal ates and al kyl
titanates. A 1Tst ances i nhere carbon di oxi de is useqf’«@%ggl)ﬁ%%?'w of

f . Al'so,
when using acidic salts it is preferred to incorporate the titanium
conpound i rpro¢Rss-al kali netal silicate and in such instances the preferred
titani um conpounds arg }Q@L - Gk URi B piossrh ks ahinpfoved ofdin prlsmepi tat e the
silicate, i.e. are 10 Phos® converti bl e to titani um oxide on (@I Cli ng%xinon
such as, for exanpl e, ificEbfAaRcdw]thidn® efttiodament of P8 HSSPHATACAY E)SY
(F~rl-1,)2Ti0(C204):'H G and Ti.(C: Q)3 H20. The Li I 300 _6G PP ort,
pref erabl y dosnposU®OROTIRTSHE %@H@M’“%cpﬁpﬁuﬁgﬁéﬁ%’gegf&lg%%ﬁég 8 1 t%@gbout 7,

preferably about 1.0, abqut §/ah &thonabentxidd hads s powbout 5
wei ght %Ser CBATCINCA] iﬂtaz%’sg&y%{gmt}l?a?g,ﬁ?ﬂ?n%dugéafed on the wel ﬂht of the cogel .

The pref errgghi Hapidder HAR0ES cEsildta sunface et all grtatesy $ate BelThave

i nproved activity and produce a higher nelt index. pol gy cat al yst
conponent rpes igrdme, andchrooatalyst &ft}%ngﬁGm. m‘ﬂﬁé‘“&’rﬁ%‘ﬁisﬁ% %gﬁﬁé%gqmggn be

conbined with the support .C onent i p. BhtickPwitki20Wdasi dnel thetahr t
such as forquuad%dgﬂ?%hlﬁ?‘?’ﬁfw %%nglégyﬂi ternativel y, an agueous
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 2 Jow density polymer with a decreased melt



solution of a water soluble chrom um conponent can be added to a hydrogel
of the support conponent. Suitable chrom um conpounds include, but are not
limted to, chromumnitrate, chrom um acetate, and chrom umtri oxi de.
Alternatively, a solution of a hydrocarbon sol ubl e chrom um conponent, such
as tertiary butyl chromate, a 25 di arene chrom um conpound,

bi seycl opent adi enyl chromun(11) or chroni um acetyl acet onat e, SMAY B8%sed
to inpregnate a xerogel support, which results fromrenoval of water from
the hydroggl.x .hb®r&hhashdimenangmnent is used in an anount sufficient to

gi ve about 0.05 to about 5, preferably about 119 pReHtiord aWei ght per cent
chrom um based on tHea@@r@%ﬂcﬁlm%?wg&fn%t%ﬁbm%ﬁr%gnljl?fjm and support_ after

activation. The. resulting chram [ohTasels) enind@acilblyssaypieor is proigshent i s
t hen -5F’Q‘Wb%f”?ﬁ%‘hp?ﬁﬁi%eug'thezg{gé(;ma‘cti va?i on, or caleination in an
oxygen- cont ai ni ng anfi,efrdinteatiyh pamnetheceonbedimeahel hip HEHWPN? t he an.
Because of econony, the preferred oxygen-contaj ol L& idS air,
pr ef er bl ypothmyeraiation pexcessattilemng Be o]y icélf?ﬁh?ndagécg%]}zs?g at ed tegp@ﬁélature
for about thirty mnutes.to about QW & 1Ppel RIed b praaduout n@vhidug’s t o
about 10 HOU®S a“@”d‘gﬂ’a? %Fégetra}gﬁ ecﬁpﬁa&ét%ge V\/|SP}ItS hin a range of about 400C to
about QOO%E“QHQQIF]CEBJBWBTQM cination conditions, at |east a substanti al

r

portion of""any c mumin a Ipvve[nval ﬁnRi%EM%BWW to a

hexaval ent form Aft BE T Hported catrar yst systemthen is
cool ed and nust be subjected to at Sts\ReRar ti al reduction of the
~hexaval ent chromumto a | ower | U‘CvAatrag'n‘c_@_sTate prior to contacting the

cocat glyst conpound. , Pefaehakis\ischosatdy siteatntrn asupportt rgprsdp 2CREE M omi um wi | |
be in the divalent state (Cr(I11)) after the redu%tiﬁn rp{.‘gcceg:%gh,ﬁmheﬁorrpound
capabl e of abaseialytic hompbuentyHovey e by SRTBFF 'Y *CARP Be Used as a reduci ng
agent. Most preferably, the reduci NbiS 1 c@idone fandiade seltdindue to
ready avai hairipi: iiys P%%%téeg'fa‘aégp%oﬁﬂgasna g’ty. The reduci ng agent can_ be

enpl oyed at tenperat g3 Jhelbeien heRomiihSRRES “tagekiradt caBEYIReEhih it is

mare often enployed at tenperatures in a range bo = tQgqabout 450C.
The parti ajrbitfaisp uscd totesdnbde cogeltadriligiandi ﬁe?L%gcl%[E it[%rgglgg;eé ation can be

varied from subat nospheric pressures, t. F ¥etivichigimipradstresiurbut t he
si npl ekt réxsonbnieapedut F%Hﬁ%si?@tgslahg? Fﬁfée}kgggill ute sol ution ?%%?%pur e
f about

reduci ng agent. at " s RIRkI@nRIES Hracerialgersdraliy, caMRSFY P
10% by vogﬁﬁé?ncgsatrog‘gﬁl%%mﬁ%%de in an inert anbi qnt ‘ﬁ“Chaﬁ]%maf Psﬁgxanpl e,
nitrogen angy Q,@igﬁ{g&eexﬁaﬂicbethusadainﬁhlelfr?é’du‘é%m%ﬁc g5thb ety vary froma few
mnutes to several hours or.nore. The.e n i BEStk Uhidado e f ol | owed
by vi sual mgp@m,maozlrwawﬂm%ﬁ‘gﬁﬁ)% &331%5)? e o Of(riﬁoé tﬂﬁﬁi%ar}]i ti al
oxygen-actiyated cat S WHich S8 pedsaht ty peodutg eome NaraHesd g
presence oﬁ‘f?@%&ib%ﬁ%ﬁ%ﬁ?}%ﬁtﬁﬁ] The cgl or of the reduced catal yst system
enpl oy i le&lggp}éggﬁnti on is blue, indicating.-that all, or substantially
all, of the initial hexaval ent chrom um has beepn. r A o3t bowhighypdrelat i on
states, generally thé'hdiSVB]P@thYS‘@%?%‘?iy%Cf’y%ﬁ@ O?E%F'se o?lgr edugti on action of
the air-activated o e cat.al . W Agdr SildE anggedardtoge erntzE det er ni ned
exact |y byVB\H‘P?eCOtgF{%nag?l?Wd,& %{%%%M ggr}rnoént of 5 May. 2004 reduci.ng agent
| S _added PRLodidt S ey Blifadit Ak mefal siliohteauchoad it SHIGAECT HY G EhT i s
measur ed. en reduction i's conpl ete, Onla% I duciltngrﬂ%gggfeg%b}ocg@u@ﬁgsent
and the canghatidl ssetsdsem acid, spdensioxeeds 2P ACCH B reducéd catal yst can
be titrated wi_th pul ses._of ox r Yis OXireicZdoid) haderhioricactlhny @ediict he
catal y2f t & whlzeoyodiim s Hﬁa?ﬂégggcgloﬁug?. VWhen oxi dation is, conpl et.ﬁ, t he
oxi di zing g -%Q,E;tm&llb&%ﬁcﬁlﬁaﬁghdsﬂpielfarefdfducgaﬁcss pemesivit et g 2 e
reduced, sug'porlte catal yst systemis cooled to a Qul. £ L eHP B akksse,
e.g., aboulrépeth. The tiemiimeompanens Sk Pe CORGERIAEY 3'gon or nitrogen, to
flush out the reducing agent. After.t L dWintthe atid®ntalkalineetalt al yst i s
kept away fcmmmmb’ébQUWEW&?FH%W%&QEE%%% agglnt or an oxidi zi ng agent.
10 Supportecl. chr om um cat al yst system concentrations in the reactor are

c2 Olution.

convent i ongf" re“usually within a range of .about 0..00 Ufpel O
wei ght qger cent, basedlipntitahiemesngpeungfpreerablets dRTBRYY Eﬁdc‘glﬁ%p{cl)l(r%éggﬂand t he

o o istmecoeust ot B Hicorporatel B fe'aERd {39 Tortise@hizhyeAlbbe LR S



15 porosity. It nmust have a pore volunme, as neasured by nitrogen sorption,

of at least 1.8 cc/g, preferably greater than 2.0 cc/g, and nost preferably
greater than 2.2 ce/g. It nust have a surface area, as nmeasured by the BET
met hod, of at |east 400 square neters per gram preferably greater than 450
square meters per gram and nost . prefefably greater than 50% I\Z[gug

neters per gram 20 . In another enbodinent of this invention, ¥ B‘gﬂbrted

chrom um cat al yst system: as, descr.i.bed Q D8 atSS e Wetdlicte and
Zi egl er - Mtsvhscﬁa?fé|3y§?°’§9§affé’rﬁ“t‘ge 8#'8%15%'393‘\{%{ ?r'f)?i(g]‘ pol ymer product. As used

in this disgl gﬁyg}ﬁefegﬁpbﬁhéﬁ%Bﬁad‘a@ﬁ@dhy%nicsgcsbemxsacad)eaxubﬁbmedhials frm it
titani um vanadi um and/or” zi rconi um cont ai ni ng cat al yst E?lﬁstems.1

Conmer ci al liy subsadqueably eotvdrabicuortitanara @i idnosrr@lar2ugnr oonRaiR 'E8RYEl ni ng 25
catal yst systens typically conprise conpl exe: ranrsich g mehahhdal i des
with or gan&W&PW%"E'&%@%&?@ﬁ%dégghenéagﬁigglhﬁ%% tani um cat@ al yst

syst ens i ncl.y t Lidstad 211Q1 ildaase. tH @elaosesdwhereldadonPat _ Nos.
44, 394, 291;”"&8%%8%%/”1@%&‘9 nél&(@s aI 583, q’helrdei_n i ncor po_rat&h(fji t?y " ef erence.
The two catféMsé is688.aHE ticaiurheofusedset mgstheancoraarates Rito\ 3helk AEGrt, 30
ei ther sinultaneously in one reactor., in a.serjes - eShe BEinkROWN in
the art) orsilioate yss!fr Heq.orRen yinga3RPr §pls li(?h'5 PJF%@?‘*?%"%?@%%‘E a bi modal

pol yol efin produc i . 2004, f{diieh Snedncearta wafealed titaysmem used
can be varicg HOH“%}nd{érQ%%kgha'gﬁl evlle]g%[ge desired bi nodal polyner properties.
Cocat al yst FhfoSHRPRE Waterablubld mmetiatsadlyish de yot pitgipi1ak the SEiAKetS dhove,
~must be 5 used with a cocatal yst. ocatal %/i,sts useE%I éPe{J]ﬁ Rresent i nvention
are sell@ct atiogercomyertiblegp i edmsids Phe P2 IMSHCR 2+ AT Th cBivpounds) i)

di al kvl al ym.r cgxihdes in - At i.9n Wi AlTibe@,®@HeHnet &id al kyl

sel ected f%ﬂ?@%f&%%@ﬂ&%??ﬁg&% OI:Z{I Eyl ’gﬁggcorrpounds, al kyl al um num
conpounds) ﬁl(@d),,)bﬁ[,@n conpounds, and m xtures thereof and iii) m xtures
thereof in ordér to decrease the nelt flow characteristi Ot he

resul tant pol ymer. . AEha/g@HiumceRpRU @84%6?3# b"‘,prf‘c‘r?g{ inearnm%%?ﬁ(ﬁfgl Jk@flmaal umi num
al koxi de- cocat al yst s eml ref Of 1 Piahky| andl i o31peetesdblkpabcdes i n
conbi nat i orfa’i}ﬁet‘?'faz’f’”'i fﬁi‘% G /hg{ea?rggllylléélgusetl ected fromthe grou

consi stjisng of, Abky4 uﬂ%igﬁe{)e&@ﬂ@@ﬂ&d&edak kiydniwerh Livasediam desmpeiehé 81 h&IRe¢!- bor on

conpounds, and m xtures thereof. Preferred alkyl Iithium g are
hydr ocar by | THei firbferned ¢itanporn mersges Tesupan @ice ol Fﬁﬁ%@ét ?@v?%%q%%%g%ﬁ!yl group

conprising fromabput 1 to, about 12 car ons, preferably, from about 2
to about 8 %HV‘%W‘@P‘@H%‘?E %/B'sggewsﬂ’é‘?%ﬁp?’?ﬁ?ﬁé al kyl lithium conmpounds will -
have from2 to 5 . carpgan. ALiQsRoRffondhiaibst e auprdmunbesnpeeadt T ty and
desired decrease of the resultant polynmer nmelt index. )exenpl ag—XmHe}hi um
conpounds, dhAshinstecdmporane caobe ¢ombined witd, the SERROY COMRATERM™ ¥ IpY

lithitum and ethyl 20 lithium Aryl 1ithi. u Welv. @8 a ay|

li t hi uRQ. ark@oRpgs g it SHFk as g"d’@%%ﬁ?’@ﬁ?%%c&g%%ﬁg%? %gﬁmgg ﬁisa’ed i?lm?n anount
50 as 10 Ol R AR Shiuifle Chromilil dfRlel caneantitd zhydngehaiche al yst
conponent wWwthin a range of about 0.5:1 to about 10:1, preferabl X%torom
about 2:1 t@ppe®bémporent Basitsblenhioheusclonoundy ingjudgeli! "’éﬁﬁPB@’@H Uri ng

pol ynerization, if any) the anmount of Lifhitum co u o Wtaagomdoins
general | y ihromivmanitziey shpmispoRfeiase. 408 § i tf'@?r‘%%'r gﬂ}a&r%g%ﬁ y about 2 to

about i0 pargt i ght ] 11 Snt0 YuchBis 9éttianf buthecidomatng (ppm or

ng/ kg) , m&féﬁw%?%\égbé’%éﬁ%ﬁ%%ﬂﬁéh@&& Oonn'fhe total reactor contents in

i NSt anees WigkRe BRofMlii@dinpelnd| Yistgolopestadicnyl cheemiumysh) oF cBFIRIAH y, the

Ll t hldum C?fﬁg&?&&; pr escent \t{\ll%tﬁglgrl’é a rgg&gﬂgﬁ @-}ZPgtPithB'hP&rﬁté”l%eﬁ?rﬁ] | |tgn,
ased on etytacel acandrc wseh CEPFHH of 1 ower an those-

di scl osed do not fer an ddi tional benefit in nelt index or high | oad

mel t i ndex ‘F’é‘&ﬁ%ltqudﬁa.‘er ’?‘b%-‘g%ﬁﬁéﬁggom The |ithium cocatal yst can be either

pre-nixed with the chiipmsahabyonsmss essdin anamoont sefdicHnt &8 2PAilo t he

reactor as a separate stream the tatter being the preferr fe for
ease of catGbysstaboyssgreferayinebout a5 WrPonhAdYSLEY pereent &S dnRa06r S

30 total weight of the chromium and support after activation.
The resulting chromium component on the support component is then




I n anot her enbodi nent of the present invention, dialkyl alumnum?5

al koxi des wherein the al kyl group can be the sane or different and has from
about one . to about ten . preferably about two to about four, carbon atons
per al kyl group, can be used as a cocatalyst either with or without an

al kyl lithium conmpound in order to decrease the nelt index (M,),,of é&yv
density polyners during the productionsof these |ow density pc?ll\)/z[ﬁ%? . The
nost preferred dial kyl al um num al koxi de is diethyl 10 al um num et hoxi de

(DEALE), dye to ease of i1} aRiokivien-cdiameirgy gmbiket idi2BY RANOE] umi num
SHiSee LSRR Rlot BP Pl b B o e

al koxi de at |east one other netal alkyl  sel tggrﬁg,from
t he. grOUQOrR@Hﬁélﬁiﬂliynge@ﬁnﬁierm.OBntpomﬂfS‘:Foa‘PﬂWIthﬁlp{ﬁ‘FF'ﬁ CESERES "Rl ky |

boron conpounds, and m xtures thereof . The al i AR fARAYAHpGairbe any
al kyl zi nombizomscimareipably dme raRg i‘sncaglé‘r%%’%‘?tli on Wi th an;gl{] kyl

al um num et hoxi de, _ can 61 £BoTE] fre fepab@x about [20voudeesibioyt Yitfers.
Exenpl ary?%[laEQ\” @Wcm(’:%ug%sg{?n s% } ncI%de‘ Iizi nc conpounds %f o&h%ormé%@

ZnR pXe, ~ WheK ey X trSparatiyelniithin oranigelof dequt ROOTS tg 2ROt FOP L 4GSR "5 om
hydrocarbyl radical and nis an int eger of 19 r§fc. L St bn Zidker(DEZ) i's
parti cul acklyiratios ebhdtionaselsagm Yheany R Avai Tabi lity, as well as
best resultant polyner 20 .. pr Li&s forhe al kyl al um num conpound can be
any al kyl VAIeOf§ ﬁﬁ‘ﬁ]‘ﬁf)%(?&ﬁg lgﬁg)ggg‘m%en Used in combination wi th sndlilsql kyl

al um num al koxi de, capedetsigass, thesuppodtted m@xsléﬁStthE‘éfﬁs‘iO\fglf FOFYeET s.
Exempl ary al kyl al um num conmpounds i.ncl ude .al unin OIREN PS10fert he

formul a AIbRs'ﬂxb@fu‘g‘bd\x\MerhaS(ai';sa“aalti%’rci“ﬁgOgﬂ“e}ﬁx?ﬁ%],e&ghgl sazs1to tz car bon
atom hydrocar byl radical and n ] it 8aemmfund. PeefSrably,  etbsydrdialimi num
(TEA) i8nd "afe@f’ﬁﬁtla%Wﬁrﬁ?tcﬂ?tgﬁﬁlﬁﬁggg? [l)EXC) ar‘jgjfu ariicuiarly suitable, with
TEA bei ng &%ﬂ?om%elewn%w;mbm thaldival enyma SN @EadeItB e se of use
and availability. The allryl boron conmpound can be any al kyl boron conpound
that, 30 whesessised in conbination with an al kyl alum num ethoxi de, can
decrease the nelt index on | ow {1t Al IFEEForh Aim{ Vi 16 oatralmél) 628 an

al kyl boron conpoundAnY cOBPRRHd g%’%ﬁietarﬂrgydr%%ar byl bor on conpounds %{e
preferred “&ﬁaﬁgﬁ' ko R0k @1 CRIROpre fisataly ahoroslucingizeR e 42r0PT BIEPENIY , t he
al kyl groutf)s ave“from about 1 to about 12 rbon ato n@%@&;ﬁ@g& Y,
from 24 0 &coairbaly Aniaslipeeass dyise grbEATEY TG KSR Conpounds.  such

as, for exanple, tri-n-butyl, bor ¢ ' +B@Of1AB8gh ansiniore eftdny| bor ane
(TEB) are g1W§¢r@w®ﬁb%'55¥§?@)§§§8§eé‘%{%‘gﬁ?ﬁgs(g’ corrp%unds are effective
agents that a]loggd gﬁgm}' IR SNE PP FBE bf Bcana50T@so abat H5BSC. ABF PEENpl e, to
reduce nel PPI°SW and"Fetard pol ymer swel | ing duri ng} pol.mog%tbi_on. Ot her
sui tabl e bgredire ofmeuBdiingngsiddhe rdHGURTHRREFHIAT GO §n’2€6hpounds br oadl y;

triaryl boron conpounds, such as }lor e tihk BiRENYd: hatueing; opematon
al koxi des,amnhwprﬁ@ﬁurf‘e%aﬁﬁllaﬂ?glﬁ @é‘.‘ﬁé%f‘-?ésg?fé‘ 10 %S‘?ogenat_ed al kyl boron

conpoupds, . such..as, £.0 rddQk e ageiRyat fahoyt ahnesPSEE PHSEWEr r ed
cocat afyst 158 “t"rhiZ‘é?ﬁVPEeosﬁ)gﬁng(@ﬁlf ), g:fro_r the T @asons ,8i ven ab%éﬁﬂ" e nost
pref er abl e (g, Ak ¥lsoRiem gTubval K3k ijevadwmetcarles meyetidein 4 8° i BEZ

conmbi nation in-order to further Igjvver t he rg%_ELédant pol ymer density as well
as reduce tixh 2 foyexemple nitgFecpFAYOEETERR S8 PTHE7di al kyl ~ al uni num al koxi de
cocatal yst system can_be g&ﬁfm{ﬁ}né‘@éh@ﬁ?%&n 5 Gevasnifmtes eoseverat h@Urfer t i ndex
and the density of th &TESUT ant pol ynmer product. General lﬁ tiqs[egstgﬁ%

sol vent or i L UGt £/ SF:eeuetisr ag bedbloreed bryised, intReEtamBUIRAENT *df al ky|

al um num al'’koxi de cocatal yst generally .is withjin e,5to
about 26, pokieMablyloabdtie izlt?aéomatacfﬂﬁa‘ﬁgﬁ‘éhﬁte% S{r% ngéﬂé‘ﬁgpfﬁl‘ ght of

di l uent (ppm_.or 20 ngy/kg), wh [ i RSS6,. armiudisr ¢t hainedd ¥yt al

r eact or cor\@@ﬁ@%ﬂi—’ltﬁcﬂ’h%“%‘i?c(g{rsheﬁﬁ%l%hr%} solvent or diluent is Tti | i éﬁ . Most
preferably the dgn?}glgyéd al (HE VR lebbine) éndicagathsterl, oY setsHAnpEl Yekeddbe i n
the reactor W ehim a range of about 2 to bO&Jt 8600%%1‘%11%% sn'gé,{grmymhased
on total raagiaphexzenlcantimomiam hes Beanriedugeddn oW FHSAIRORSOF ar al ky |

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

di al kyl 25 divaleatftate-al koxi de cocatal yst and the additional netal al kt)ﬁl ,

sel ect %‘3 fromthe grogR. course of reduction action of the air-activated orange catalyst wi

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




consi sting of alkyl zinc conpounds, alkyl alum num conpounds, al kyl boron
conpounds, and m xtures thereof. Anpbunts higher or |ower than these

di scl osed du not offer any additional benefit in nelt index or high-load
melt index reduction. The dial kyl alum num al koxi de cocatal yst system can
be either 30 prem xed with the chrom um(cgt al yst system or intsrlﬁﬁgfig&
directly into a reactor as a separate stream the latter being

preferred procedure for ease of catalyst system ., - . 20

pr epar at i omedusihgreaal isﬁédem@t‘i&ﬁtﬁgﬁé ‘%%fslso(?%%llvfgég]d-ézc?or%@ﬁcs@b \s})\néjetnh t he
catal yst systens a roce f 1Sl Wetheadeenowdf bapesanapdtheds
whi ch” can E%W?Pé’f?‘{z]gwﬁl.eg%d%?{gg%&Cov%‘ﬁebﬁg?é% olbefg?ni c co _pounds. The
catal yst syst.REBs\Rfent Reblid¥egretOm @dor. bihcursdacedsappoysy At Pe B raed Mallst one
nmono- 1- ol efin having from? to about

0. ¢ 8 carbon atons | £ gnpl ary
conpounds ipptskudfox Yaen oppry pRdIZEFLCAY 19 60N & h Féﬁ‘é,’ﬁﬂ"o‘%f’@%@? ?r-aEgtene,
1-penrepe, 1-hexene) 1:0ctene | g Le{l bd Biigchtrivelnd o fBpas.s of
particul ar “aBpi i ‘%q’ilqﬁ'qnﬁsﬁ?rgg{}%‘ r@ge%#ﬂyﬁ]egﬁlieﬁlo honopol ymers and
copol yner from ni xt ur ggerabd iyl ereedndd adnpporad satslysiaysigh BEOMEHE per cent
of one or nore conononers selected fromthe group consistin

Aed PR D ey

monol - ol ef isbsuthavinngmpeamrabogit AP 83 {bodt2naNea ARBIPAE'S ecul e.

Exenpl ary conononers include, .but a n P AR8idQreadbRNadel datalyst is

al pha- ol ef iﬂﬁﬁ‘?gegu@hﬁ%@ B ﬂﬁ)ﬂeg‘_ﬁcé?g iéeg'ﬁ't %ﬁg% l-[12I pent eg(r)lt_e,. “1-hexene, 1-octene,
4- et hyl - 118§CT};R,§£ESY&?Q09&9%:’1H'egh@rra ehedihpagdd oard ogshiingaeed. or

non- conj ugat I'lo)efins such as 1, 3-butadi ene, isoprene,. plhgtraraq ene,

2, 3-di pet hyl - 1, 3- but s8lippoeed ehronpemtcatineheysiem PORESIHFNANT BREFSITET such

diolefins and m xtures thereqf. .Ethyl : B8 £ 1Psue l ableyolf @BRdeht, ut e
at | east aleBYenooNlANGAET UM ygﬂﬁﬁ?}{é%’%%ooqgggh%@gg_ 5 weiught peegr cgnt

pol yneri zed el hv| 1%9%1@;5}{1%%015{!:&0&%@% cdmputenend thpenigbhef the 1¢asi¥ne and
1-octene are especially preferred 20 . conononers for use with ethylene due
t o avai | abicbhfeyts. ease of use and ready incorporation into the polyner. The

presence of conononer_has a tendency to_j Liidd S\t Béedieaf Hi use
of only a small am)unThWPBS’%CEgH@V‘?{Mgzg?{ag?sgg?ﬁ?%mg%? pre?erabl O.i(}‘Ia to

0.1 nol g percent, i ; LSy dIBE edsiRehsurdl tResiabkemsaTphiot.tof ehkeast 1.8
Pol yrreh?zatpf){)oﬁs%a?lﬂgégglgﬁ??ggkz‘ut in ény manner known in th? ,,arcf rll§uch as
gas phase, cs@l pidf@ablrgradienthyn 2Ondig, Aohs10st BreserpRINET TR F 7t Bt A

stirred reactor can be utilized for bat r , Jeopeasirkon can be
carried outmsphevereréicy af‘ﬁ-sés1“66%‘“?0:@6%%]%?n?eﬁlﬁ%cﬁgggﬂchuous gti rred '

reactor. 30 A preferre . Zat iHaR 458 GhMire weetérs pehgtanwiand mdss. ref err ed
to as a .par”fe'rt?:ljlgé'?? %rraﬁ%‘%éér}g%}g rérjj;?, process '\?\her ein the tenperature is kept

bel ow the teiBRbAL fefter than ¥BY sk nmediersiperrapsl yer goes into sol ution.
Such pol yneri zati'on techni ques are wel | known i.n the, EEn dh@G)spsed,
for ingbance, in Not wogaoether smbgdiment of‘h@fnvfﬂ%orhiassélp%grg?e o?‘%v\hi ch f)]s

her eby i ”C%ﬁ%?‘%se es?ﬁbe[de afb%rvg,ncca%'bc used with a Ziegler-Natta catalyst system 10
Natta catalyst

produce a bimodal polymer product. As used in this disclosure, Ziegler-

systems are defined as a titanium, vanadium and/er zirconium-containng catalyst

e titanium, vanadium and/or zirconium-containing
with

systems. Commercially availabl
25  catalyst systems typically comprise complexes of transition metal halides
magnesium/titanium catalyst systems include,

at. Nos. 44,394,291; 4,326,251, and

organometallic compounds. Exemplary
but are not limited to, those disclosed in U.s.P

4,347,158, herein incorporated by reference.

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

as is known in the art, .

30 ejther simultaneously in one reactor, in a series of reactors,

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




The preferred tenperature in the particle formprocess is wwthin a range 5
of about 150F to about 230F (6GC to 1 |10C). Reactor pressure usually can be
within a range of about 2.17 MPa to about 4.92 MPa (about s00 to about 700
psig) and preferably are within a range of 2.b6 MPa to 4.23 M'a (40U to
6t)0 psig), for best reactor operating paraneters. Two preferiiﬁg ”

pol yneri zation nmethods for the slurry pfocess arc those enplo a4 p%%p
reactor of the type disclosed in Norwopd and, th tid i degired pl ural ity
of stirredmicatdaieceicathler §yaleguysedsan & VAT L ogggrc%%ﬁ!lﬁnati ons ther eof

w- herein the reaction con,dji%i ons) and/or catal yst systens, are different in
the differdFOdRRRYBIP OBy ?'nstance, in a series of reactors, a chrom um
catal yst system which has not been s@biagisid to a reduction step can be
utilized either before or after the reactor utilizi Re4GeL@, Whist Byst em
of this invention. |Thasgthaedspeeppmca Est‘é}fé%r?s’éislragg conventje*cifrr\al

chrom um oxi de on a predoni nant| ild (R BRAE 1H@dnBby aite sapet e&n be
utilizeéd ivsed W‘&h%??ﬁa‘ai?ﬁl'paf)'é‘;‘]?lé/}'[ts\?’mg%fhpgl regct_or ‘utilizing a ﬁatﬁlsyi%t
system of {h@i Sod nglo%gigi,-ﬁgoanqm\mmm@.swohipmgnqimlixyMk}ﬂ&i%wurﬂrﬁi LERE

conbi ned p & o T ecover ng the pol érrer. C& nIH¥ ugfﬁjc&%l@(irggroifamtyion
cocat al yst sofGiRaGsn With usked:  chsanaislealisyl sslsely E&%’ 6ron- lconpounds aré known
inthe art to increase nelt index a hisgh dRéslcsmpduridadend mbierss
negating t hiac gesppweisy B! ‘t“_?i’f“‘f”ﬁfzgaﬁér)l%rslt%oﬂ. A decreased mel t .index
and/or hig c%ﬁ%ﬁ'%wﬁmggtmfxmg?(th'e?co‘i‘%bxrd%blcﬁddcfbaaft e et P ARerasEEsEE

t enper at ur ninprove polyner bulk density, .The ikokedeght of
t he pojyneieGafifaat salmnen! hedsdolyinubisidagiosps. %éﬁgxkﬁaﬁ‘ﬁl gﬁl"ﬁﬁﬁe%grt such as

adj usting the tenperature (higher. tem ' Kbk {4@s rpp@hbinet ecwithrat
wei ght) andodatalyss dYemgraerdi' gﬁ%%qé’ﬁ@gf%%gwﬁgilkgmrst he nol eculgsr ﬁ(g\ ght
or varying the catalys{ ,1%%%@&9%%@65}3 cRalistimgrof @Gl amcsempoppds: §
pol yners plk’(?ah%dn?n actordance with this i nvent.i on ggv%’{ educed 30
density, brpadaffdorpoasdd, atkyivbomhtconipoupdsard BR*WEFeeT'ary on thewlgioi n
mol ecul ar wei ght side, decreas M and Loy iTihiem campbyms,
system conposition i sPTefefeqali‘yfﬂg“%)foﬂwgﬁ&grso%g?ﬁg?l?f er Zbl é? apt)%lﬁgr blee for
use with ethyl ene pol ' i 1] Sifiprising from abiost] xere rm
"pol yme?" PR 1°H@é'§qﬁ%%éhm%%{on%‘oa%o 13:/l‘vrregrﬁ§uﬂajlnd copol ymsr% V\heg g@ dy@snd1 i ngl e
conponent  Gatal ysdrrabliefraggitiouod tokban BxiakBAR A1emhi (tASLBEAT A ?/s‘t fo°t he
catal yst of thi's invention can produce a pol 1 ‘ apFbiesb within a
range of abhiunOcH®UNGS a’mléb@\’fogg@% '(‘?Isc?:a,rg nn%{}gﬁ{séj\ré&e%lggf%@\é\ni t himn ag;h?n e of
about 0.945 to about ,U.9 T ethntl ¢rahelt inddex EXERMATY e
resultant PFEASHYEY aﬁéﬂﬁﬁ‘ﬁe\?ﬁeg{e\%&t%fltgga&r anggag?_nabout 1 {)ﬁ about 20ng/ 1 U
m nut es, ar]ﬁgﬁ%%@{]%mwdcv&h htenat linaingietoph-babydlithismy BrRRLIT S )

POy , e

m nut es. aving characteristics wthih. LiERuftawees are
especi apl y lithieinl Afdlithihoveompaynasy Sﬁf}bf’*‘? @Epyglﬁtg"l}@arpn%rg? fi }lm 10 producti on.

The. resultant polynmers al.so inMirPdyourRBOes fo give heAtAdr

pol yners to produce a—hbf'r ﬁ%‘ﬂ%llagf)%?i s&éﬁﬁﬁ?@m@?g%d al so can be, used fo&"about

bl ow ol di g aRpkirGahias (838i¢ cibimmmicatist sampondfb W BILHTSEC A 2

Zi egl er - Nat Ho &4 a}ﬂyst systens as one copponent §f_ aBQI_sLéalo CAL abivefit ggyst em
reaction comgiitioaBsntaive] ,pofesbixifram abeat 24 A3 3RMH ont uRT Cat Al yst 15 wil |

produce a |ower high I oad. nelt index.an 2HRAST bFlithHonesmppundhe
resul tant ndiktent WBPYF%Q“IF%P?}W%%H%gfy%ngrﬁg a novel lbi modal Bé)}_@lg%romr

having g delshlfotisldihlafly (it a dingdlifubolt (026 stoupBAure5TavY 2 and

preferadly We ange’ of about 0.945 to abouf.0..954 glcc. j,gh
load. nelt jwsiexophkkdby wefght her mﬁﬁqﬂlP@Iﬁ-‘iblp‘b’F‘ﬁHh?hﬁ‘&fi@PFv%é&vﬂrﬁ%E% range

of about 1 to about 20 g/ 10 m nutes,  .a Al Y26 ibstahies wheramge of
about 5 to whengin thesepm@uny Wgtbéque %ﬁg%é@[eﬁ&gf gl

solvent or diluent is utilized. Most preferably, .
n the total reactor contents. Amounts higher

the lithium cocatalyst 1s present within

a range of 2 to 8 parts per million, based o

30 or lower than those disclosed do not offer any additional benefit in melt index or high

load melt index reduction.




The follow ng exanples illustrate various aspects of the invention. Data
are included for each exanpl e about the pol ynerization conditions, as well
as the resultant polyner. 25 Anal yses of the resultant polyners were
conducted according to the follow ng procedures: A "Quantachrone Autosorb-6-
Nitrogen Pore Size Distribution Instrunegt” was used to deter rpﬁgd @'Jgfﬁ
surface area and pore volune of the supports. This instrunent Y4 ired
fromthe Quantachrone_Corporatio yosset . &l th¥ ch@miibyn - ASTM D
1505- 68 and ASTM D 195k h iCPFagﬁly .cabz)tgéz}%u ed rgl{r%egwgorrpr essi on ol ded
sanpl e, cool ed, 2L, aBauY idiroduSed8iredtiybtoahe asdtor as 138pavaig sTeTN. EEAHIY | oned

at room t enper-at ire for about 40 hours, Fluff Bulk Densti.t%éc%ariq é“- ASTM D
1895, the app@s@etpreienad procedst forgaghof epgl YRSy CTRIERATE 1Y o T8 n) - .
ASTM D 1238. Determ ned at 190 ith a i Gty imiMeIduni ndex

(ML) (g/10 nin) - ASTM@“PQ!?SF“\%@ B??Hlﬁgﬁiegfqggcgggﬁ%hwg 3. 160 gram wei ght .

EXAMPLE o | THES: i SAATRLE A0S Ebap 48R bt @b enaf dretifferaht and ladsiydm Bbesiio .
cocat al yst clu-onumcatalyst. 'In this series of ex er.lirjgnt Si theb
catal yst syst:8uas . proirghly EGopumastotaposi fons £2E10PAIRS BYAT A R FAN N R
G ace Co. as 964 Magnapore~ catalyst. It contai mddintfRd@8 wei ght
per cent (wttm)idtaﬁ@aﬁﬂakﬂvs‘f”h%E"’%‘@ﬁl’”dmoﬂmrh%g}ﬁggﬁgnE{;ﬁ Ace area %ﬁSSU nmg
and a pore yol une of L@ty B uwl s bb i ergdurimsthe phetuctioab sévas
cal cined in ‘?Cfet?isecifhzeirrﬁét rdggélglrl) E?OGSOCSFO? l?mee hours, flushed Mrt h dry
ni trogen, ﬁlaﬂﬂdern@fdjdp@l@rriefk.Cﬁimnstmn@mdélﬁk}’lmwmalh‘é’F‘fieéfh IHPT .t hen
flushed 15 again at 350C with nitrogen. Polymeri j SwiNRE Ghearri ed
out in & 2. duminum Pthgtiidler(@@ﬁétﬁ')oé}‘%l&eeaéﬁbe%ee?dvé?ﬂhtﬁgt kg? for péeci@s/e
tenperature,control .. First, .ab Réa AhnE @kt sreeotadrauetabaksl, yeecisy st em
was char gedd’ﬁﬁ‘éft‘?lum’?%@‘r?"f%I?ngt b?:e%ct or. Then one liter of "qEQ%?

i sobut ane dizhmant o#R$ RfdethaotziducompourissalicvNEHT FREMBRGST 3 ABlnt
of 20 cocatal yst "Solution, elther n-butyl lithium (BuLi), as taught is a
good candi datrepdunds,andgnixtnrey BisEdigener ati on, were added. Next, et,g;/I ene
was added to bring the,total r r ESSHE Snyt @1k B9c Mbmpbiddthps ivgen

Et hyl ene was suppli ed%Bﬁa%&Lﬁlﬁg%tB@(g%%t ain tﬁ\fits gr essure for éb.o t_an
hour. Af4 er yapdn cainbianbn ¥ae 41 arfleduoifunbythosideasrnriscrcres PrdestiPe™ Phe
aut ocl ave was opened and the resul tant pol ~zner recoc\{@eeg cH&H?J)ﬁr)ﬁs%@

arot md | 00- REOdgipolyAwrs.t Feenasplanpakylvapt Compornds M~ Perner at ure was
hel d constant at 95C. _Tahl e .1 shows i RNRtd c) Ihedrbohatoml T3 i s
used as the‘h&fﬁﬁ?‘éﬂa%ﬁ, r%ol%? &gléﬁshb’taﬁdégigéelasés and this is beljieved to
be_caused by, i n:si {14, 8enekat] RAnGhteganairones. sictiad ined D52 AEHGU A ¥ng t he
pol ymer chali %‘% a very 30 desirable result. Notiﬁe that%xﬁlzj}c?i o‘ﬂa‘?ﬁ’r enabl es
i n-situ brangtabhgbased onesse oEuserand aypriahihpy. aupBH 88 BFYAC dnetty. In
contrast to the TEB runs, however, BuLi causes a - | 4 - 5 May 2004

mar ked HeprPOPFBI¥Sin the melt index (M) and a high load nelt index (HLM),

which is a very desirahley §irhinu@SiRGicaht yambe any it/ amainyme oS Aent
catal yst blend for broa I ecul ar wei ght distri butai on. pi md&lcr%%t%s. It
i's al 50 not gt Wi iskd imMepmbinpacrewitherdielahalgmapg alkogiden UL L 91

agai nst density for these Runs, the 5_co L SmERitt Eshpoliswheludé s
conmon i n t meltandex apsleay 41%251%1’05’1’“%!\45‘?%@@ a%le l%lg? any caPaI yst system as

the density_js.decreased: dhadana foerd Miisa hpdridet ordralidhdiy is 2
ot her wi se. N&H"&‘@“fﬂ%ﬁ‘ﬂ@%ﬁ??ms are “nﬁch lower in HLM than the TEB

runs. 4 07 (o 12 carbon atom hydrocarbyi 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 alky] aluminum compound based on case

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 alky! boron compound,
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9" 1" d. L g4 preferdBly, fPorMayo 302X For] igéomg%?‘b%}é’ﬁ%éﬁ%%ﬁg?ue"s *t he
desirabl e effect of DEALS mi xtures. These e B Sicus esbrhme TREBWErhi gh
porosi ty siichaa-for exampledar by Eﬁrﬁﬂe'?ﬂgmggfr%%r}ééct or a%gafol: ymeri zation
conditions as that descri b ik 5X abRb&unts afd{yective agersd alsg &8N i i as

di fferef‘nt.pﬁe?@egéacg?@alssibﬁgﬁflé@ or Buti as described in Exanple 1,

di et hyl al upl, (M g6 AL BropeRies Aluch anelsr exaple. 8 sedice pEEA BORENG T35t al yst

also can result Iin“in-situ branching and.ther r oLyBhuRNAE LYe
suppr essi opolyfHet s.vdénsidvyngﬂﬁlp’i’f@é@?‘&?'c(gweb%ungjé’%n@oirﬁl Ru[ﬂg léUl - 206 in

Table 2, which lists, the res | xRN iboadn eompaunss.ssichgs.det y DEALS
cocat al yst Urfydfgsar é{iB?ﬁ?Pscos g\\/\;ﬂ&& %{03&9'

: mfar to 10 Buli, DEﬁk@ tégr}qls o
suppr ess tanrﬁ(@lz,ttﬁgﬂgﬁxborw;Q)lbfd-iﬂﬂkﬁll?ﬁs. DEALS. ir 5280l PESSEd R act i vi ty
of the catalyst, as séen in Table 2. Igns waa}nﬁg B{cshow il hey aif @t of
usi ng oml y halogérayed Akyldof@EAMRRUNESCHE Iaﬁlsf?“fn arious amounts. Notice that
.DEZ may yield gogd acti vi but it iB). geNeatzo8s givef 2ReNEt i n-situ
br anchi ng, P¥st W?e&@ﬁc’cgaatgtyg S#‘%ﬁlbgg‘agéﬁgebuct ion in 15 pol yner density.
Runs 21 | and 212 of Tiakh&s prebavietdiskef fevinust a@iﬁFVCtCPFzgglﬁfﬂs'—*éﬁcH’n% Aum

(TEA) e %gfﬁg&%g Eémg\fngt?o; Qll c?rdgratE) L%gér 133(%} t%@res’%ﬂ%l%ol%@r aengiky is not

well as reduce the M1 potential of the resin.

15 The dialkyl aluminum alkoxide ‘cocatalysl system can be used in any

nt so as to reduce the melt index and the density of the resultant polymer product.
¢ amount of

amou
Generally, based on solvent or diluent employed dunng polymerization, th

dialky} aluminum alkoxide cocatalyst generally 18 within a range 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 mstances
*

where no solvent or diluent is utilized. Most preferably the dialkyl aluminum alkoxide

ith s per
cocatalyst system is present in the reactor within a range of about 2 to about 8 parts p

million. based on total reactor contents. For clarification, the amount of dialkyl

aluminum alkoxide cocatalyst system includes the total mass of both the diatkyl

35  aluminum alkoxide cocatalyst and the additional metal alkyl. selected from the group

consisting of alkyl zinc compounds, alkyl aluminum compounds, alkyl boron

. oo
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
r ease of catalyst system

separate stream, the latter being the preferred procedure fo




| owered significantly, and catal yst systemactivity is not enhanced. Larger
anounts of TEA seemto dimnish catal yst systemactivity.. Runs 213 - 218
of Table 2, however, which is a second enbodi ment of 20 this invention,-
show the effect of using a dialkyl alum num al koxide in conbination with at
| east one netal al kyl selected fromthe_ g?gup consi sting of al gydl éb{)}f
conpounds, al kyl al um num conpounds, al kyl boron conpounds, ar? it es
thereof and iii) m xtélres'- .Notice that not only are the density and HLM
reduced, buPrpaiPyapd bg_di® activity was not dimini shed. The DEALE/ DEZ
conmbi nation was 25 particularly effectResetans that it |owered density to
0.938 (vs 0.943 for TSB al one), has conparabl e ac'gliyvi t¥ to TEBT‘S(?FEQCQ of
gPE/ gcat/ h), but proviRtadaatsrapphicabsiar usg Rpih(ibe GRANISYFIGPSRERPTOGRES
results are again shown graphically jn Fi (ST T leE r&ict, BRESTHheOP
DEALSRunCat 1§ 8t ethat a&&%@ﬁa&%&%ﬂséﬁ“y‘é’?‘g@%"rﬁ@%‘ﬁ”:ﬁrﬁg% Pol ymer For ned
(granms) Act %ie.h%ié%ﬁ% gkﬂ Th M aib Gt SefemstdleMie ingbhim capStectsed Reppymsaze
(HLM /M) Density (g c‘g@ 010. 12104 ppm DEALSI 4513100. 032. G990. ?46 020. 08455
ppm DEALS5833/284 D8 4n&H7DoRTAZe3Melioon 2 zlgr;x,bpul £ carbon atoms per moiecule.

DEALS759050. 044. 11090. 9552040. 083S10 ppm ,._. A tene. 1-butene.
DEALS?GlZ10@?9@1%9?‘@1’9‘5@203‘6‘.’8@3&1 ar% r@pﬁpmed 10, ethylene, propylen

DEAL S262880.,033, 41,080 9572060, 093945 ARFes thereof.
DEALS435280.’d’fﬂ?eé‘izgg?’g%ézg%ego’ms ppm DEZ140~ ‘ 1

17500. 002. 0- - - 0. 957208(hi @8Rt @pimdDEZ3CEE0eoD Y1ty 1 PEPYSRESHY %905 ppm
DEZ25837000. 023. 01310. 9572100. 082910 ppm bout 20
DEZ23033200 hom@poivees W%O@Twa%nb‘%?ﬂ”ﬁ/&lf’?ﬁl%@f’g fgoy - to abou

760. 95021 20. 098310 pprA T 4. = 5 228Qd FA? 120685 8dhspmpimz DEALSEC3 ppm
DEZI | 22GLOf" %E‘?féi’%é%n.oélg@gg%?ﬁ%%ggmg&gﬁm DEALS 3 ppm TEA~ | 00~ 2420~ 0, 1
I~ 7.7~ 70~ 01885 havonPfron HABLEIRabdEFBETHoORIGEAPERIACAY S| ySEBREAR al yst
Char gedPol ynmer ™ - ] - s i ,
Acti Vi t yM HchinshemendngRes: dna Asawt BRHIcE P AR gRET DA TR ﬁ)m(igyjjnéﬁ n) R
esponse(glcc),(grang) ans) = . ~(HL.M 5 25enipdn® and other higher otefins

DEAL S98| 37087‘8@%’!%?6%8&5&1 'hﬁ%é]“qe’rgﬁg%q%’%g{%%@pp% m _
DEALS74é§309n&)88n'E,g§Qd 93 A6n-peiuTHER in0: B 3beh pp a3 IS, 19°PHEC23t

7.8790. 9283 ppm 'IlS 2180.1 OB55_ppm DEALS769140. 11| g 7h]eg)<%9i'egé"%§d9> ey T8l N
00 - 19 piferieye, 200dinmtanPLEb3taging, bR RIEE, CHeE Hs s 6f a Qual

cat al yst syst The, chrom um ¢ 1abgtopaitor dt yeast
silica-titafideaRsgNdIBIRUTED g‘fﬁrﬁt %%é?énacé@éd%égﬁgreﬂ?et h]g r?ane of 93 .
Magnapor e.. L, 6o 3idaedbR- B¥hi § AW Hoandd. 6 Weigimoniennpelimenatd dhycps s
volume of 2.4 cc/ g and a“surface area of aboqut 52U rn:/eg.. 1T%§ef8§é@' yst
system was Pabmylered 1itwdneyil gienieng thexear andd -EHE ¥o K PUSPESTIST then

flushed with nitrogen and copled.ta t Qe 6 AL Adlresdyst em was
treated??n apgvmeams&rf%%rowgé%é?’cr@?? gﬁ‘ﬁ%ﬂgy’ the Zi egler-Natta catal yst
system used a5, &afib4 2t e frgRes um
| 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 cartied out in any manner known in the art, such
as gas phase, solution or slurry conditions, 10 effect polymerization. A stirred reacior
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 technigue is that which is referred to as a

particle-form, or slurry, process wherein the temperature is kept below the temperature




| O chloride type catal yst comercially available from Catal yst Resources,
| nc. under the nanme of Lynx'-100. The Lyrn;~'-100 catal yst system was
scurried in n-heptane, so that small amunts (0.02 gl S ms) could be
charged, to the reactor nore accurately. Polynerization runs were carried
out ina 2.2 liter stirred autocl ave e_qu_pped wi th jacket for r%;%&ﬁ
tenperature control. First, one or nore catal yst 15 systens were -charged
under nitrogen to the reactor. Then, ope |iter l. L RG Ges o wllidmewai | uent ,
20 ms of gryhidh s ymaegoasnRioraIYIoR Wﬂfom%?‘f&nslgfc}ggiggéma% ?qsﬁ@rgr of |
W2% BuLi were added. X 0 oY) §1908d das. »a e

react or, amdhe arhanf@feg?%liﬁséaefﬁ'{ss‘%&%’gﬁd?o bring the total pressure up. to
3.89 kPa (3 Q;J??fqe%b il;t:glﬂbbeﬁ&j b esferamse. suppl i ed on demand to maintain this
pressure f0 SUf Ghe hour. 20 Afterwar e L0618 HERbc ¥RSs bhdshedngt f by
rel easi ng the pressufbe ptefaraleBPERIE R L™ $hed and t he rle;&ul ta(rg;é pol yner
recovered, Reactor tenperature 0 NS treRttoabre9OC; LTBAYEFGACENt rat i on
in the dil obsitoupdddd ‘Bﬁﬁ?ult#é) g\gﬁéléﬁ ?hm conceanati O'%“@Eﬁﬂgi nt
was 8 ppm and fhe | :haxene 1Ganeens Bedt a2 MPe ket Pt = RS ut’ 2wt %
Resul ts of “{R¥k% e%perl ments are shown in IESJH? (%go,lbg()@@gs@? 83t 25 from
the densit i,gSea0¢ afd ghhincadngebf 2 BAMBRLY) 4 £A8 EoMbi nat i oh 6f Zi egl er- Natt a

and chromi um catal yst systens, in bRdiesiaies mhbds Fe the sIEMYpol yner
composi ti omeaicssnr@I»e13ria$,ﬂ€!ﬁ}|¥)%fBES‘G‘E"rhaJﬁEL O%%%ﬁgﬁg g?iegl er-Natta catal yst, and about
hal f frﬁm tg Qfﬁe%h% gm#@rﬁﬁ]@w@& 1ooBh€a<?dNMnh@g@cﬁisCiQ§@d Fhveﬂf"@" ‘“édt ep Perﬁ)
I.e., the of " rthrtun cocat al ggrti, 'S?gtp%u%lg%?cﬂﬁxlbﬁnah@ﬁé gegeodl the
two coggoneniisinaheisRsad shimet heactap &b AAT 307 Wou I el |y be possible
since an allyl Tithiumcocatal yst can GEsle e stdnes, o) differedein bf difkaeehr oni um
conponent . wiHeeeiovierTabqtioePRdigl e 5 (Re conposi te ;Ft)idl {ﬁgﬁ% }2'%{%}‘_3520 -5
May Z004 | U contgoll - Ad Usdsl JTGedciers aanauomiugp C#Hy i3 f eact or .
TABLE 3: W%&P‘ﬁT£EV§$g%%é¥EQNanSOI 302302&5.@ : fe %fdf@&@ﬁﬂe?tthe reactor
cga{)gleldo. O%ngc?, Q;Q‘iel;teliﬁafggdmd' ngfeg?laéghezq}l M‘g ta gdystm::haggedo g0. 002
go0. ggrans of polyner fornmed: 82.. - gfifid ianhnoe| 2y
(gPE/ gcat ~hyBE8G316 08GS4BFGH! ol .‘iwgle} % | nge_x_ Sﬁ’o m nl et sste be
| ci 30016 71 |LM /M 105, 330, Hoensd bitdehaAup SiBioa SESONOARIVISYECPHEE ™
i nventilén HASVEHHIR YFibed™ I n detail for the pur Fﬁ?sﬁ gge*_llolf%gr ation, it
is not to b ilﬁgﬁfﬁéﬁ.@to@% pirailéledith heasky WliEngS G2 %55 41 cover all 15
changes and nodi fications l\é\ﬁ tglp?)g%he igbﬁ%ﬁueﬂgéjcmﬁgdéﬁﬁfmc(gyennglhc
CLAI M5 5 Mayiveildh ahd the paelang TGSt i'on conprising the product
resul ting fro}mthe conbi nation of a) a chrom um catal yst having a pore
vol ume of apolY®&st 1.8 cc/g and a surface area of at |east i d Gee of
el of e gyl L

- . T
after sgjd gpulwsbh bempowdserakneva HBeardR? e chromumis in.the
di val efltﬁj state, and b) a coca?lal gssntedsrgé‘ﬁp&qgisfiﬁmibhePgdmnq:ﬁsé‘é)ﬁ'@@?@% of
i) alkyl |itiviindass thes preatmedpe drestocunds, i) dial kyl al uni num aljexi des
: , . ) :
in conbinati I(F)J}g%f} 13l thefRldeRMedSpapruDdliew|mRaH YT E8TPT HERIF Oup
consisting & | zinc conpounds, al kyl al um num conpounds, and al kyl
bor on pomoggﬂ%p@wpdiwnkrmlktdﬁnsﬁ-t hereof. 2. A catalyst egorrpc;%i téo_n
according to claim1, T\/\/nerel n.sai di_ggpgﬂ%ggxﬁhe%m)ﬁé sasratied/byyanors hi um
conmpound. . 3. A catal 9/’§tm‘2§6‘ﬁﬂ6rs‘ivfl haccording to an pgecegétﬁ%é\bﬁlgm
wherein_said al kyl 1ithi Qu uhaﬁgthctm[ﬂ.ﬁiawm(btﬂ%w’é CRRETAY! cat al yst
conposi £f on mafé%%b‘?“ﬁ’bmt%gg{ﬁt;%gg?ecgﬁi ng claim w)g%eie% S3h 8 Ak holkdldr um
2&’3"8‘#22eS?2%‘*%%fﬁf‘%@%‘i?g?ﬁmiif’étﬁ”ﬁ&ﬁdﬁ}ﬁm o o cording to
n-butyl ' it Weighter vayom e gaehEbRsES E’(‘?TBH& a_cé'orqli ng to any preceding claim
wherein the al kyl lithium conpoung,jsned¥8@racteriaticsanount so as to give an
fo 10: 1. 7. A catal yotnraammanuismoducdon raegianse By pp Shed R 1BPgauted: 2
wherein the chrom um catal yst cont ai na. g—iﬁ)ulf'tonggﬁwmlymé 1&w wioleghularper cent
chr omi ygoandicaﬁqybr@ddnﬁdonvl_ewé'iagmel%% E"_ Prean um 8. A conposi tti on
according to claim1, Megm%@&c}é&mmgom' cedaliyss system GORRATUMNInt so

& 49T i Thi

as to give areighicig umnetal to active chrom um

nor ma




- 22 - 5 May 2004 catal yst conponent within a range of about 0.5: | to
about 10: 1. 9. A conposition according to any preceding claim wherein the
chromium catal yst is prepared by calcing a chrom um contai ni ng, :

titani umcontaining, silicacontaining solid with oxygen at a tenperature-in-

the range of about 400 to about 900 degrees C to convert a Su?ﬁ%@n b@‘L
portion of the chromiumto the hexaval ed -state and then contac %3 e
cal cined product with carbon nonoxide at a tenperature iii the range of
about 300 tmosthaiitrabRQippEgitde Sor@st withatinaene ROISMEEZHWNE s PSR dHs of t he

chromumto the divalent state. 10. A conposition ' claim1,
wher ei n saidisclesurs Hetem |'Bolymyar ainglpde 'P%HBHWSF%(%?%@J ?‘%ﬁg\g}' i°hation with

al reast one alkyl | SORBRHOCER Pohad brgBhdfieaGraumeaTiiich bngn okl ky/
zi nc compounds, al kyl al'um num conpounds, al kyl boron conmpounds and

m xt ures t hekieaf cochialyst & herpaist bOhisioeondinrgntpsodycaiarnol pperieh ¢idsnehi d

al kyl conpound is an al kyl zinc canpo 2. cO iti-an Mg to
claim 1%, wigrepsangsiaf agprid- 923 Hba@ah‘ﬁ-ggﬂ&}ﬁCsa‘é‘? %&e%ﬁ%iwﬁg’.m _%%%ggedd/{n
conposition,ac j t 0 i 0, 1€l0Ba S Ginab K L R npotededustamin al Kyl
al unmi num cd ‘gﬁdr)l%g @%bo}i} g‘%rgr%gyscljct iTg\r%h'g cor di ng tno c?&gi m 13, wherein said

al kyl al umaﬂaw&@mm@ vhighih Birgideydf abbuni muaboul 80 gA loumpbesi tibpreiedy di ng
to claim10, wherein said al kyl conpound is an_al Kyl Ror.on O ounldc. 16. A
conposi t i onvitde aratigegpftzboel atobrst 1 nadOdnRuies; £°§f"§‘§}f; BEP8 E’gﬁ%‘ﬁh& i's
triethylboraon. 17. .A dual catalys kL BIHeSinRGications aRd/or film

‘pol ymeri zat"l‘g’r\n @ﬁt%?’%'fan%ss"frgﬁs%eé%r])l&iqggﬁzwg bgﬁ;ug% umg?g?alc?/st T esul ti ng
fromthg copiiRabrOMhefesthard pRMvHERk 4l datcah pixndedninagy mgpore with aher of at

l east 1.8 cc/g and a surface area of at |east 400 rrxlg f)r c&guced?@é1

cont act i ng paherstd prodeca bi-miode), PAlyRamVRiED alRean RE LT ¢ &ni ng
solid with ca]r bon non /xipe ungdﬁrctiggndi tions such that after said contacting
a subst ant iPBPUGHPET SV OF EMBIOSRFEM - um is in the -23 divalent state, 5 May

2004 b) a cocatal yst wakeataowith @miédler-Handigatignssystemsgs ane icpmapbRrerit of &t hi um
or aryl lithium conpounds, ii) dialkyl alumnum aI‘koa}iﬁd%z in_combj nation
with at | eadst! @redyst syseurctasidrectnadidns ors adiasted o et BIRSREOPHER 6828k y|  zi nc

compounds, al kyl al ungi num.c ound n I Qn fii)
Xt ur 88 1 nap aats Adonsr BB bt e reRdnditen R RY HOTROT RS el Dy
conbi ni ng g,;bali Beirefwd BRIRheSE RISt dVePBinidi) golyurer bavisigstdengitof

titanium vanadium and zi &conl um and an organoal urrzi nur.n _congfﬁl%ra}. 18. A
catal yst coviphisa tinge ofabontd]. 925 toosbobal ARG &/ognadpreiarsily SAEAM BTN um of

the Ziegler-Natta catalys osiLtion. conprise i ] JLIE
conpound.. 2291t U430 ARaRS égg‘?g}f)?cphbeg’é@cl%' e?‘s‘u?‘%%‘ @%%@gggéiﬁgyﬁun@ast one
mono- 1= ol efj ' j Ot 1oUBoe oG p10 GRS US] Indapreferably

pol ymer i zagﬁh%egggg{l?@?k%%ggﬁéeggagfﬁﬁany p?ecedlgilg claim 20. A process
accor dpy Waihed ardigt If avhareionbsai IS5 ptifenibutssef i n has from about 2 to about

8 carbon atons per nolecule. 21. A mcordi ng to any one of
precedi ng ckai ns 19-20, wherein sai lefinis selected fromthe

group consi sting of e@%{fﬁﬁ&%}qgoé _ 1%’]%115{11319951?&%@5]360@@& haenvehtibgxane,

1-octane, and m xture€ er eof”. rocess according to any one of
precedi ng ¢;ai 478 idFndel forbaihehanid shamwie-folphefizaionsopditipna s 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



23. A process according to claim2l, wherein a copolyner is produced by

pol yneri zi ng et hyl ene and about 0.5 to about 20 nol percent of one or nore
cononot net ~s selected fromthe group consisting of nmano-1-ol efins having
fromabout 3 to about 8 carbon atons per rnolecule. 24. A process according
to claim23, wherein said conononer is_sglected fromthe group consisting
of propyl ene, 1-butane, ) -pentane, 1-hexane, 1l-octane, 4neth IM?Lyg(éQﬂane,
and m xtures therepf 25 A r 4 0 any one of preceding clains
19- 24, wherCBP‘;n‘“Qa‘f atroo icggkfé§l%§g%}%g@|4yn%réati on is carried out at a
tenperature within a ramguirDebiopty/ G -tAS Bt 825.0hcappagent depHihcles's

according to any one of preceding clajns 19-25 .wherej he,€ahalaYSined
conposi tion consists Iésé)émaﬁﬂﬂ}'?ﬂﬂ“t(ﬁéwg(@@ﬁ’&“%ﬁﬁﬁqn%]’r'%%mbt@‘hcﬁﬁ ne
conbination of a) a chrom um catalyst having a pore volunme of at |east 1.8
cclg and a%&?@a&@‘"'ﬁ’raeél'gq?dlgﬁaﬂ \é§1§¥§400 nzl g produced by cont acti‘g(g a

cht 0zni ym cont ai ni Ng, Ml ANXUMNHENE@ini NS EMI D da38oReehmingg 25699 o wi t h
car bon monoxi de under conditions such that after said contacting a

subst ant i alwipos 2i166 godmteglghromiumis in the divalent state, and b) a
cocat al yst selected fomthe group copsi,Sky of 1) alkyl lithiumor aryl
l'ithium conpounds, ii) dialkyl alum B ngji des in conbination with at

| east one conpound Seﬁ-ﬁigtgﬁﬁﬂnf,re(})lﬁbﬁ-behegde@ﬁﬂ)leeﬁsttsiﬁangd}’(yﬂ hmlkmlcofiﬂﬁb’s‘
conpounds, al kyl al um num conpounds, and al kyl Boron ,congﬁun\gs a%@% i)

M xt ures t her@ebmiad cadlypr. dodhis sanesordrRGITENE] BE A72DE)SYIIREH EFh2 Sty | ene i s

honopol yneri zed and the anmount. of. co al } LpbR€ cpalwierr has a
| ower d@nsiRWO-‘-ﬂW&ﬁh"%“p@ﬂ?r@'?ﬂﬁ%gﬁ%@aﬁm%g&t[Fl% aéz?rég I\Eét;g{ldlpti ons Wit hout the

use of the cocatal yst . A DEORASH @aconiimignt o vatedhmoRiymwhéhed @ t he
cocat al yst o ?\aéligeglt%gés?s“‘ehotz?gl\l J”o?ﬁn- butyl lithium 29. ﬁ\pr ocess ﬁgcor di ng
to clai m 27yurbesehbf §he nearatdd ywt volwrs &2 ex8e AT HEITG IV g E &y

al ununum al koxi des in conhinatj.on with a oyndesah@mcdrod from
the group cestalystyasgagines iRy ?lﬁg\g%%g{]%gc?gf%f%}ﬁeg umi ni um go;irp%t]nds,
and al kyl boron. 3 13 % bAn PRHRIeI a2 350 WD @t dwoonbei Sisiy
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can result in in-situ branching and therefore polymer density suppression. This density
suppression can be seen in Runs 201 - 206 in Table 2, which lists the results of
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 iq various anmounts. Notice that DEZ may yield good activity but it does not
‘ generate si ghiﬁcan: 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 catal'ys: system. Again, the density is not

lowered significantly, and catalyst system activity is not enhanced. Larger amounts of

- TEA seem to diminish caralyst system activity..
Runs 213 - 218 of Table 2, however, which is a second embodiment of

20  this invention, show the effect of using a dialky] aluminum alkoxide in combination
with at least one metal alkyl selected from the group consisting of alkyl zinc
compoundé, 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 combinalion 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/geat/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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EXAMPLE 3

This example teaches use of a dual catalyst system. The chromium

catalyst system was a high porosity silica-titania available from W. R. Grace Co. under

the name of 963 Magnapore. 1t contained 2.5% titania and 1% chromium and had a

5 pore volume of 2.4 cc/g and a surface area of about 520 m’/g. The catalyst system was

calcined in fluidizing dry air at 650°C for three hours. then flushed with nitrogen and
cooled 1o 350°C, where the catalyst system was treated in dry carbon monoxide for
half an hour.

The Ziegler-Natta catalyst system used was a titanium-magnesium

10 chloride type catalyst commercially available from Catalyst Resources, Inc. under the

name of Lynx®-100. The Lynx®-100 catalyst system was slurried in n-heptane, so that
small amounts (0.02 g/5 mls) could be charged to the reactor more accurately.
Polymerization runs were carried out in a 2.2 liter stirred autoclave

equipped with jacket for precise lemperature control. First, one or more catalj,rst

15  systems were charged under nitrogen to the reactor. Then, one liter of liquid isobutane
diluent, 20 mls of dry I-hexene, one half ml of 1 wit% TEA solution, and 0.8 mlof 1
wt% BuLi were added. Nexi, 50 psi of hydrogen gas was added to the reactor, and
finally ethylene was added to bring the total pressure up 1o 3.89 kPa (550 psig).

Ethvlene 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 was

opened and the resultant polymer recovered. Reactor temperature was held constant at

90°C, TEA concentration in the diluent was 5 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 15
derived about half from the Ziegler-Natta catalyst 2nd 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 arc spread further apart than
30  would normally be possible since an alkyl lithium cocatalyst can reduce the melt index

of the chromium component. The overall melt index of the composite still can be
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controlled by adjusling the amount of hydrogen in thc reactor.
TABLE 3: DUAL CATALYST SYSTEMS
Run 301 302 303
grams of Cr catalyst charged 0.0429 ¢ Og 0.1197 g
5 grams of Ziegler-Natta catalyst Og 0.002 g 0.004 g
charged
grams of polymer formed: §2.2 51.8 202.1
Measured acuvity (gPE/gcat/h) 3590 31000 1634
High Load Melt Index g/10 min 11.6 30.0 16.7
10 HLMI/MI 105.3 30.3 ---
Density g/cc 0.938 0.958 0.948

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

15  changes and modifications within the spirit and scope thereof.
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CLAIMS
1. A catalyst composition comprising the product resulting from the
combination of
a) a chromium catalyst ]:mving a pore volume of at least 1.8 cc/g and

2 surface area of at least 400 /g produced by contacting 2 chromium-containing,
titanium-containing, silica-containing solid \'vith carbon monoxide under conditions such
that after said contacting a substantial portion of the chromium is in the divalent state,
and

b) a cocatalyst selected' from the group consisting of

1) alkyl Yithium or aryl lithium compounds,

i) dialky] aluminum afkoxides in combination with at Jeast
one compound selected from the group consisting of alkyl zinc compounds, alkyl
aluntinum compounds, and alkyl boron compounds, and

. iif)  mixtures tbereof.
2. . A catalyst composition according to claim 1, wherein said cocafalyst
comprises an alky! lithium compound. |
3. A catalyst composition according to any preceding claim, wherein said
alky! lithium compound has 1 to 12 carbon ators. |
4, A catalyst composition accarding to any i:receding claim, wherein said
alkyl lithium compound has 1 to 5 carbon atc:uﬁs.
5. A catalyst composition according to any preceding claim, wherein said-
alkyl lithium compound comprises n-butyl lithium.
6. A catalyst composition according to any preceding claim, wherein the
alky! lithium compound is used in an amount so as to give an atom ratio of lithjum metal
to chromium metal in the range of about 0.5:1 to 10:1.
7. A catalyst composition accordjng to any preceding claim, wherein the
chromium catalyst contains about 0.5 to about 5 weight percent chromium and about 0.1
to 7 weight percent titanium.
8. A composition according to claim 1, wherein said lithium compound is

used in an amount 50 as to give an atom ratio of lithium metal to active chromium
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caralyst component within a range of about 0.5:1 to about 10:1.
S. A composition according to any preceding claim, wherein the chromium

catalyst is prepared by calcming a chromium-containing, titanium-containing, silica-
containing solid with oxygen at a temperature in the range of about 400 to about 900
degrees C to convert 2 substantial portion of the chromium to the hexavalent state and
then contacting the calcined praduct with carbon monoxide at a temperature in the range
of about 300 to about 500 degrees C to convert a substantial portion of the chromium to
the divalent state.

10. A composition according to claim 1, wherein said cocatalyst is a dialkyl
alumminum alkoxide in combination with at least one alkyl compound selected from the
group consisting of alkyl zinc compounds, alky! alummum cormpounds, alky! boron
compounds and mixtures thereof.

1L A composition according to claim 10, wherein said alkyl compound is an
alkyl zinc cornpound. ' '

12. A composition according to claim 1 1, wherein said alkyl zinc compound

is diethyl zinc.

13 A composition according to claim 10, wherein said aIkyi compound is an

afkyl aluminum compound.
14, A composition accarding to claim 13, wherem said a]kyl a]ummum

compound is triethyl aluminum.

15. A composition according to claim 10, wherem said alky! compound is an
alkyl boron compound.
16. A composition according to claim 13, wherein said alkyl boron

compound is triethylboron.
17. A dual catalyst composition comprising:
1) a polymerization catalyst system comprising a chromium catalyst
resulting from the combination of
) a chromium catalyst having a pore volume of at least 1.8
cc/g and a surface area of at least 400 m?/g produced by contacting a chromium-
containing, titanium-containing silica-containing solid with carbon monoxide under

conditions such that after said contacting a substantial portion of the chromium is in the
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least one compound selected from the group consisting of alkyl zinc compourids, akyl
aluminum compounds, and alkyl boron compounds, and

iiiy  mixtures thereof, and
c) a Zicgler-Natta catalyst composition produced by

combining a halide of 2 metal sclected from the group consisting of titanium, vanadium,
and zirconium and an organoaluminum compound.
18. A catalyst composition according to claim 17, wherein the
organoaluminum of the Ziegler-Natta catalyst composition comprises a
triethylaluminum compound. o
19. A polymerization process comprising contacting at least one mono-1-
olefin under polymerization reaction conditions with a polymerization catalyst
composition of any preceding clain.
20. A process according to claim 19, wherein said mono-1-olefin has from
about 2 to about 8 carbon atoms per molecule. o
21. A process according to any oné of preceding claims 19-20, wherein said
mono-1-olefin is selected from the .gro-up consisting of ethylene, propylene, 1-butene, 1-
pentene, 1-hexene, 1-octene, and mixtures thereof.
22. A process according to any one of preceding claims 19-21, wherein said
mono-1-olefin is ethylene.
23. A process according to claim 21, wherein a copolymer is produced by
polymerizing ethylene and about 0.5 1o about 20 mel percent of one or more
comanomers selected from the group consisting of mono-1-olefins having from about 3
to about 8 carbon atorns per molecule.
24. A pracess according to claim 23, wherein said comonomer 15 selected
from the group consisting of propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 4-
methyl-1-pentene, and mixtures thereof.

25. A process according to any one of preceding claims 19-24, wherein said
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