WD 03/ 022890 PCT/ US02/ 21513 1 METHOD FOR PREPARI NG POLYOLEFI NS Field of
the I nvention [0001] This invention relates to nethods of polyolefin
product i owo osbemespecifi- 5 cally, the invention rel ates troTTEVOTS3 Of
produci ng pol yol efi ns having broad or binodal nol ecul ar wei ght

di stributions, and nethods of controlling the relative anounts of higher
and | ower nol ecul ar wei ght pol ymer conppnents of such polyolefins. 10
Background [ 0002] Pol yet hyl ene honopol yners and hi gher pol yners

(copol yners, ter- polynmers, etc.) with a broad nol ecul ar wei ght
distribution ("MAD') c i i J ol ynmers are needed
that are both strong aﬁ@zﬁg@?&ﬁ WW@@?%O%WOW nol ecul ar

wei ght fraction in the broad MAD pol yner con 15 tributes to strength, and
the | ow nol ggulaF ah9kitiohr action contributes to low nelt viscosity.

[ 0003] One measure of the nol ecul ar wei ght distribution of a polyner is
melt flow r[@004 ThiviREentiombdlaths tosmethedy eff padydéfit progusthaie xMpte2spedfi-t o nel t
index (12.16) . for .a gi.ven ,polyner.. The MR val ue,i eljeved to be an

| cat§ on- el e iEyRER 5REH Bt G el B DR i 3%, P

hi gher the MiRo¥al H6lechlieweiphadafributions, ldaatthads YL taitolhs thel lRLkiven.

Pol ymers having relatively |l ow MFR val ues, e.g., |ess than about 50, have
relativel y reamqusis ablhighar and ieghmmaeaiari Weigho pelymre|cempongats wikiugher MFR
val ues, e.g.(ggggﬁg about 50, are,generally indicative of rela- tively

br oad nDIecJ? wel'ght distributions. 25 [0004] MAD and MFR can be used to
characterize polyners, e.g., polyolefins, such as linear |ow density

pol yet hyl ene_("LLDPE") and hi gh density pol yethylene ("HDPE') which are
of ten®sed iBA%KEI¥Rd bl ow nol di ng, and other applications to make, e.g.,
bottl es or in Ihal hiohl j E and
FOPE wit h briooe Ty Forsiend for el in, blehe JORTHEEHCEBIMAS, Soi ng 30
processes. |poladestdtohwithRPEsad ercdeculad ovesght idestrilrsiond M VEDOLitanCheusdd 0. 965

g/p;mgl at }Mof,lgmgg)gl?c%tions an\é %o ?r(l)eq's leee esdatglatI ellrg o{hnstrl?)lxlgve\llng?nlalxgel 0% melt

viscosity. The high molecular weight fraction in the broad MWD polymer con-

15 tributes to strength, and the low molecular weight fraction contributes to low melt
viscosity.

[0003] One measure of the molecular weight distribution of a polymer is melt
flow ratio ("MFR"), which is the ratio of flow index (I2; ) to melt index (I16) for
a given polymer. The MFR value is believed to be an indication of the molecular

20 weight distribution of the polymer: the higher the MFR value, the broader the
molecular weight distribution. Polymers having relatively low MFR values, e.g.,
less than about 50, have relatively narrow molecular weight distributions. Rela-
tively higher MFR values, e.g., above about 50, are generally indicative of rela-
tively broad molecular weight distributions.

25 [0004] MWD and MFR can be used to characterize polymers, e.g., polyolefins,
such as linear low density polyethylene ("LLDPE") and high density polyethylene
("HDPE") which are often used in films, blow molding, and other applications to
make, e.g., bottles or wrapping material. In general, it is desired to have LLDPE
and HDPE with broad MWD for good processability, e.g., during film forming

30 processes. In addition, HDPEs (e.g., densities between about 0.940-0.965 g/em’)
with broad MWD have good processability in blow molding applications.



WO 03/ 022890 PCT/ US02/21513 2 [0005] In blow nmolding and film
applications, such polyethylenes can be used, for exanple, to manufacture
bottl es, wobaswemibags and pi pes. [0006] Several mnethods areThrsommisi®or t he
production of broad MAD pol yet hyl - ene. Sone net hods use catal ysts,
typically chrom um based, that inherently pro- 5 duce polyol efins having a
broad MAD. As these catal ysts produce pplyolefins wth broad MAD,

pol yet hyl ene production can take place in a single reactor. [0007] Another
met hod for production of broad MAD pol yet hyl ene uses tandem reactors: two

operat od eGP DalaPySt el 2B SHRCEPIsRORbcreh RPNt FalBhREE Such: as

10 cat al yst soba&shl®no tiahafture wttl@’ﬁ@&@!l@lﬁags-ﬁhﬁpfrﬁgﬁOrs in a tandem system
are typicall 6 operated under different reaction conditions,

di fferent aniB00@lsSevsralanethedstarakaown ferghaprodugken of brgad MWme]y@hélh n with
a broad IW\De QatSogFerQtﬁodMe aag)sgsa(lt)ypl chrcghirﬁﬁfj?'i ?L{ﬁ% épﬁllxtlr'l%?}o Furt her .

reactors, hovvever I NCreases tron cos

t he vasi ous dwee gabtyoldfmethaomg zpbﬂaddd\dWIm gﬁhstthﬂ:ﬁ cadlyfie padhmu@bmoyaf“nst er i xed
in the final product, which can lead tqQ a product with, inferior nelt

and/ or pr oce‘§‘§li1 g%mtp@}yraéwieé@ pr%daleﬁoragangtélf%plﬁ?? PRSINIS ERIEIOT [ 0008]

Anot her et ﬁ@ﬁo@oAnm@r QUG B3 aBdidh e @\sﬁkh@éﬁ%@sﬂ%ﬁd&h

nmetallic cata met ho are exerrplfle Pat ent No
6, 001, 766, ¢Mmtslns\d®'3uote rcﬂctoxbpmmebediimsmmpmeaﬂaddd:m reagtas ereqEnérerein in
its entirety. Cata ran|t|on

l.yst f th
tal somoriieeR it Ry thaﬁngﬂd%?)ﬁ@r/%%haﬁ SRR MR SRR “hng

non- mgj al | 0caRgy#e bhsédionV@afihimof YARIIuM.t ITHR rERiés inlatahfén’ s}%mpaaéent
catal yst precur sors are activated with a cocatal yst conprising a

conbi nat i on twpically @peg@tn@an@mdﬁ@wmm@mow@nnm g.rwith diffesgny ameipfam  and

dified ]
G 11 or ont " comebn TR et IEPhe s AR SRndBaR MEVE B8 GaFREC, "

responses, haokiembédadé.pg bimodal. Omlﬂm/iﬁultiptwreaabﬁnhoxdms inoteasks Sb:é pﬁne or
suggest a nethod for controllin MAD during production. [ 0009]

What ever netHEHoR sosh 9Etherrolynegd Jgé’éthﬁrﬁ hsdvannes H&%ﬁéfrh%ﬂoé‘ﬁ @roduced might_ sj r ed
that the pol yigE R RINAEH TRBedliR tRSina? BRALED GRIdhQAS feadRY S prétiRPFiRT her

inferior melt and/or processing characteristics, such as gels in the product.
[0008] Another method for the production of broad MWD polyethylene uses bi-
metallic catalysts. Such methods are exemplified by U.S. Patent No. 6,001,766,
the disclosure of which is incorporated by reference herein in its entirety. Cata-
20 lysts of the ‘766 patent comprise two transition metal compounds: a cyclopentadi-
enyl complex of a transition metal, and a non-metallocene derivative of a transi-
tion metal. In the '766 patent, catalyst precursors are activated with a cocatalyst
comprising a combination of an organoaluminum compound such as trialkylalu-
minum, and modified methylaluminoxane (MMAOQO). Although the patent dis-
25 closes that different components of a bimetallic catalyst have different hydrogen
responses, hence leading to broad MWD, the patent does not disclose or suggest a
method for controlling MWD during polymer production.
[0009] Whatever method is used to produce broad MWD polyethylene, it is de-
sired that the polymer produced meet target specifications. Thus, among other
30 specifications, it can be important that the polyethylene have an MWD within a

target range. MWD, however, can be difficult to predict and/or control for a vari-



30 specifications, it can be inportant that the pol yethyl ene have an MAD
within a target range. MAD, however, can be difficult to predict and/or
control fwo mozmed WO 03/ 022890 PCT/ US02/ 21513 3 ety of poaasosisiy 0010]
Several nethods are known for controlling the weight fractions of the

hi gher and | ower nol ecul ar wei ght pol yner conponents, which in turn affects
the MAD of pol yethylene, during polyethyl ene production. Wien a binetallic
cata 5 lyst is used to prepare broad MAD pol yethyl ene in a single reactor,
for exanple, a netal-loading nethod may be used. In netal-1oadi ng nethods,
wei ght fraction§ are regul ated through careful control over the ratio of
nmet al corrpor?@ﬁ?srefi?'?nfhe catalyst. Adifficulty with netal -l oadi ng net hods

is that no tpeprd)atsehas] aetiods are kikgim doecent®iling it weight frafttbneafyier i zat i on
processes include a host of operational 10 parameters ot her than catal yst
netal rati odighsr aad lawssumelequbay waight pelymess gempanants. yhich weupmeaffactrtheur i ng

the pol ymer II\;I?\{P oy pé%ﬁ{y?e?lQ,p%[??’ngiéc;l}geglﬁ_xl%%epl%ﬁﬁétfbitne %ﬁa%ﬁm#tgﬁ}lc dLyp netals

differently. us, over the ratio of netals were
possi b e, tHys iswmeddo prEpardsoadMae pobtethybometin alsingleakadtbre foveixgiplef 4 act i ons

of the polyner. 15 [0011], U. S. Patent No. 5,525 678, the djsclosure of
which is i nemtalolpaiisl_ea B} ‘_?defnﬁyé)ﬁéﬁ[%‘_g el Bteiods NeiEbBectias  her
met hod for coOtIOhddd ehrd@iHOBreful B&HtAVePthe AitiB" A M RAINEREY! BBe.

conprising feedinhg water and/ or carbon dioxide to a polynerization reactor
at level s neasdsar A diffiendii wigh trietal esidgig methads isothst wf twdbatclisgh catal ecul ar

wei ght (H and | ow.nol .ecul a ight (L ol 0 t Th
Tot hod 15 pIERGTRBI Factls en YR R SR R i POt BPC R |
pol yngg i zat i gk @& loter tdnh@kalR aledd) Qhiieh. 1 L6 iBipusified MCthe dedVenRBnZ3563,
U S Patent No. 5,739,226, and M L. Britto et al., "Copolynerization of

Et hyl ene andhe teaeox ahweingithe pely rieriggtmny ©rctiannmpge eifaet the pEiioyERsAH thg55- 6361

2001). [0012] T . i . i gh
(2000) 1903 A0GE S RTS8y, P LONED .8 BEpiil gL B, v o

in a pol yol gidssible, i€ okl adssuid ulehuateefodrabbyerfihe Meighe dsiytiaansfr bk,
thereby facilitating produc- tion of polyolefins neeting target
speci fi cat i dipdymer.

15 [0011] U.S. Patent No. 5,525,678, the disclosure of which is incorporated by ref-
erence in its entirety, discloses another method for controlling weight fractions of
a broad MWD polyethylene, comprising feeding water and/or carbon dioxide to a
polymerization reactor at levels necessary to modify the weight fractions of the
high molecular weight (HMW) and low molecular weight (LMW) polymer com-

20 ponents. The method is preferably for use with a bimetallic catalyst in a single
polymerization reactor. Other background references include WO 99/33563, U.S.
Patent No. 5,739,226, and M. L. Britto et al., "Copolymerization of Ethylene and
1-Hexene with Et(Ind),ZrCl; in Hexane", POLYMER 42 6355-6361 (2001).
[0012]) There remains a need for methods to control the MFR, weight fractions of

25 the HMW and LMW componentsl, and other product parameters in a polyolefin.
Such methods would preferably permit easy control, thereby facilitating produc-

tion of polyolefins meeting target specifications.

SUMMARY
30 [0013] It has been surprisingly found that through the combined use of a cocata-

lyst including a mixture of an organoaluminum component and another cocatalyst



SUMVARY 30 [0013] It has been surprisingly found that through the conbi ned
use of a cocata- |lyst including a mxture of an organoal um num conponent
and anot hwo ocoemb@l yst WO 03/ 022890 PCT/ US02/ 21513 4 conpamarsv2/2isis h a
bimetallic catal yst precursor including a netall ocene conpo- nent and a
non- net al | ocene conponent, the relative catalyst efficiency of the net-

al | ocene and non-netal | ocene conponentsgcan be regulated. This is a
surprising result because organoal um num cocatal ysts, for exanple,

trial kylalum numco 5 catalysts such as trinethylalum num are not known

for activatin IIo en ecursors ni um

met al | ocene 8&[ Qp?fg tﬁeacﬁ‘&ega?@‘j %/%lyétﬁveg’fraor lﬁ‘r‘lf"ﬁﬁlg% m&@lg?ﬁ e P21 The
present invefphi £l 4 ﬁordhfeﬁé@lb%etc@ﬂ?bﬂerﬁ the edgse dafilyPefitiicnof pRinial e- fins
having a target weight fraction of HWWand LMW pol yner conponents. 10 The

present i nveiorens and ngnsietdllpcsse compengnican bey wevlsieds okhisvish sypriging

pol ymeri za tr'eéjut 89 qg§ Pg(’&ﬁoéli?mfn% %#ca\f\ﬁ sqptfol; eQO@h@ggnﬁ{( %li&g'xixﬂm\/c%od LMV

pol ymer com pone e|ng pr one
aspects the q@faeﬁwsudhnaseﬁtmanylplmwmmsm ot d@esa fod racvaiy ohegll@ehy -

ol efins, the %@Icess |nclud|ng (a) conblnlng cat al yst precursor and

cocat al yst St PECCHENORY (faf> BHEUMIHE SRetphiReepricrglyat BIeREss) fx aasigr yst
precur sor non-netal | ocene conmpound of a transition netal and a
netallocene conpoun "and the co- catal yst including organoal unmi num and
nodi fied met[bg14l The pmsaﬂénmtipmis dieetes], towvardob paicessdnr potliicing pdlyokt al yst ;

b | ef b t act t | t with
Okt i e o R 2aerbethdrianal B and NN AbGgmSD capbpientt oo
produgh par apgtfEsef mtvgﬁhcﬁqu Mgb‘ﬁﬁk&e@f&’@dﬂ@ 8Pro@8f ok Fod¥Bing ;ﬂgyﬁ)&‘?za- ratio of

or ganoal um numto nodif met hyl al um noxane conponents ba t he val ue
of the at | distcondiions @@i@dwstpwwghteﬁr@tmdevéthﬂlri iand (1MW polyrst cpm- anot her

aspect, the resen rOVI pol yol ef i ns produced by the process
described a @ylnsﬁgﬂf iﬁﬁ? gggﬁyuﬁgeful product paranmeter can be used,

in some enbqddrninsone dBpEUEE pieeend ifBlealion prd0ldesle padcetsfds brodugingpos- Mel t
flowrate Ofoléftllnes P he pr(())clsegéc :nglud?nléc ?a) combining catalyst precursor and cocatalyst, the

15 catalyst precursor including a bimetallic catalyst precursor including a non-metal-
locene compound of a transition metal and a metallocene compound, and the co-
catalyst including organoaluminum and modified methylaluminoxane compo-
nents, to obtain an activated catalyst; (b) preparing a polyolefin by contacting the
activated catalyst with an olefin under polymerization conditions; (c) determining

20 at least one product parameter of the polyolefin produced; and (d) varying the
ratio of organoaluminum to modified methylaluminoxane components based on
the value of the at least one product parameter determined in (c).

[0016] In another aspect, the present invention provides polyolefins produced by
the process described above.

25 [0017] While any useful product parameter can be used, in some embodiments,
product parameters include at least one of a melt flow rate of the polyolefin (such
as flow index I, ¢, described in more detail below); a weight fraction, e.g., high
molecular weight polymer fraction, of the polyolefin; and a melt flow ratio (MFR,
such as I ¢/I5.1¢) of the polyolefin. The melt flow rate of the polyolefin and the

30 weight fraction of the HMW polymer component are related, in that a higher flow

index indicates a smaller weight fraction of the HMW polymer component.



as flowindex 121.6, described in nore detail below; a weight fraction,
e.g., high nolecular weight polyner fraction, of the polyolefin;, and a
melt fl owoaBiozes¢M-R, such as 121.6/12.16) of the pol yol eCrruso¥iesiirel t
flowrate of the polyolefin and the 30 weight fraction of the HWV pol yner
conponent are related, in that a higher flow index indicates a snaller
wei ght fraction of the HWV pol yner conpgonent. WD 03/022890 PCT/ US02/ 21513
5 [0018] Wen the product paraneter includes a nelt flow rate, such as a
flow in- dex, varying the ratio of organoal um num conponent to nodified

emboti ment s, PORS” SYusaE® BRRIL PRESRENhHE FRER Ty BREMIERE paloloferTn 10 a

target nelt ddxpwafyaige thebrafibess bhi@npilogitin RaMPORIR ol MEdifide Snéhytgiught
fraction of the higher nolecular weight polynmer fraction or the | ower
nol ecul ar wengRKastoprRoneRt ased gp the/ oG parampiery it $ANQEMBPEEBI Wi num

component t o Ricki B A YRl U K0P URITRRICAIPRY « RARECAON blerRL 0duc

paraneter, in sone I ment’s, arin wel'ght fraction to
a target weiWhen theaptodoct. pavifreetet melydeoduediglpafiraniphef the higher motkealaa el t

flowratio (MFR), varyi the ratjo of organoal.ym numto nodified
met hyl al uni n‘BS’(‘Q\‘ePOXHHﬁ %ﬁ‘.t% BB PVSH “iog‘?é:% OYFIER RS erdfaction,; YWrigge em
bodi ments, imeludess &gmrdgg%g&%ﬁmhemftb %c{%ﬁéd Hle@lfylatlmmgﬁrbéoéloﬂ{ od to a

target nelt flowratro. | | en the product paraneter includes a nelt
flow rate, snemhbasedfonahe pratect pdrdmeRd,.i6,somareyibrgiméngs, riatliidesafomparing

organoal um numto dif.i e t hyl al um poxane m . ponents based on the

product para t“é?r‘g,h_rpi%ﬁcé?) o gﬁgggﬁ W_ﬁﬁg&ﬂaéﬁ)@l u% n the Pré)g_g?t_ paB%gﬁrf =00

i ncreagi ng thgddsathélt Sbwihea IFRY NV IHE GRBAS SR brdafodBMiruine® MBdified

yl al um noxane conponent if the nmelt flow rate of the polyolefinis |ess

than a tar gaethalinnnexars| confpogents dased emhdhq produgle paramsichgint $ang amr o of

or ganoal um . o n VL .al Wm ngx 0 if the
re 1 row r arh IRRAG ork el g i (5 RGO BUBRRARATRORERS
flow rate. Imelté@awirago.t he rati o of organoal um num conponent to nodified

met hyl al um noxane_conponent. de- creases the fraction of the HWV conponent,

and decr easi H§1h&heaithopdugrpargmaigraneiniicnimes fovhiat sucd ardiavy indax
met hyl,al um nQXang~ERMRRNERS of BRIaRBAERinum to modified methylaluminoxane com-

ponents based on the product parameter, in some embodiments, includes at least
one of: (i) increasing the ratio of organoaluminum component to modified meth-
ylaluminoxane component if the melt flow rate of the polyolefin is less than a
target maximum melt flow rate; and (ii) decreasing the ratio of organoaluminum
20 component to modified methylaluminoxane component if the melt flow rate of the
polyolefin is greater than a target minimum melt flow rate. Increasing the ratio of
organoaluminum component to modified methylaluminoxane component de-
creases the fraction of the HMW component, and decreasing the ratio of or-
ganoaluminum component to modified methylaluminoxane component increases
25 the fraction of the HMW component.
[0020] The steps of preparing, determining, and varying are each done at least
one time, or alternatively at least two times.
[0021] Suitable organoaluminum compounds include trialkylaluminums, such as
trimethylaluminum, triethylaluminum, tripropylaluminum, tributylaluminum, tri-
30 isobutylaluminum, trihexylaluminum and trioctylaluminum, as well as mixtures

thereof.



25 the fraction of the HWVN conponent. [0020] The steps of preparing,

determ ning, and varying are each done at least one tinme, or alternatively
at | east woosweses. [ 0021] Suitabl e organoal unm num conpoumrd3/isezbisde

trial kylalum nuns, such as trinethylalumnum triethylal um num
tripropylalum num tributylalumnum tri- 30 isobutylal um num

trihexylalum numand trioctylalumnum @s well as m xtures thereof. WO

03/ 022890 PCT/ US02/21513 6 [0022] The nodified nethyl al um noxane (MVAO) in
sonme enbodi nents in- cludes at | east one nodified nethylal um noxane that is
soluble in kape of o 10 car. t O,..Su rC|aIIy
avai |l abl e Nm@]i s be Pgl\%—lgg et% g‘\%gg)éa\?grm‘qtrulgt %Joln?i % (l))??ﬁr;negs di
typically prawvdedatiecas one mo@ﬁﬁardanahyla&mn@lanétﬂaehsadoﬁﬂ)l@mrmmmﬁ of Wb hout

wi shing to be bound by theory, Is believed that two forns of MVAO can
be repr esent EbcapRon giems. oMMA&bSu‘F'% 3s qrmupgreially availablg MWOJHbAIIC‘Rddﬁ? F where

the formul a e t WQ n the

ri ght represlgeér%ssgger%:l %ﬁc{lﬁmggg a%d"%sé&@%ﬁ% eg thehﬁ>€t roéggé‘%r Zf erably
i n- toscl uderchted eagiouddsroWithout vasiiyd to bt bemyd by olicoay, qumybelmveduﬂmt ot her
than nmethyl. [0023 one enbodi nent the nol ar ratio of organoal um num
to nodified t“%ﬁ?ﬂ?# ﬁﬂﬁ‘?ﬁ@%&ﬂggffwrﬁﬁ?tﬁapé}h%fﬁw&la?see par agraph 0016) is in
the range of 0.1 to 50. [0024] The binetallic catal yst precursor conprises
a non-netall ocene conmponent 15 including at | east one of titanium
zirconium hafnium vanadgum hiobiumand tartgyum T0025] In some

enbodi nents, the binetallic catalyRt p ecurscﬁéilncl udes a netal - |ocene

0

conmponent i ncl udi ng atRTeéEF %eA' tal T ocene "(SUn@nTOf titanium zir-
conium or hafnium Exanples of specific conpounds i ricll ude bi s(cycl openta

where the formula on the left represents a linear MMAO, and the formula on the
right represents a cyclic MMAOQO,; n is 3 to 100; and the R groups preferably in-
10 clude at least 3 mol % of alkyl, alkenyl, or alkynyl groups other than methyl.
[0023] In some embodiments, the molar ratio of organoaluminum to modified
methylaluminoxane in part (a) above (see paragraph 0016) is in the range of 0.1 to
50.
[0024] The bimetallic catalyst precursor comprises a non-metallocene component
15 including at least one of titanium, zirconium, hafnium, vanadium, niobium and
tantalum.
[0025] In some embodiments, the bimetallic catalyst precursor includes a metal-
locene component including at least one metallocene compound of titanium, zir-
conium, or hafnium. Examples of specific compounds include bis(cyclopenta-
20 dienyl)zirconium dichloride, bis(n-butylcyclopentadienyl)zirconium dichloride,
bis(1,3-dimethylcyclopentadienyl) zirconium dichloride, bis(pentamethylcyclo-
pentadienyl)zirconium dichloride, bis(indenyl)zirconium dichloride, bis(4,5,6,7-
tetrahydro-1-indenyl) zirconium dichloride, and cyclopentadienylzirconium tri-
chloride.
25 [0026] In some embodiments, the olefin includes at least 80 wt% ethylene-de-
rived units, with the balance being alpha-olefin-derived units, such as C3-C)g al-

pha-olefin units.



20 di enyl)zirconiumdichloride, bis(n-butylcyclopentadi enyl)zirconium

di chloride, bis(1, 3-dinethylcycl opentadienyl) zirconiumdichloride,

bi s( pent awetodpbasye!l o- pent adi enyl ) zi rconi um di chl ori de,  PCT/US02/21513

bi s(i ndenyl ) zirconiumdichloride, bis(4,5,6,7- tetrahydro-1-indenyl)
zirconiumdichl oride, and cycl opentadi enyl zirconiumtri- chloride. 25
[0026] In sonme enbodi nents, the olefin yncludes at |east 80 w %

et hyl ene-de- rived units, with the bal ance bei ng al pha-ol efin-derived
units, such as C3-C IO al- pha-olefin units. W 03/022890 PCT/ US02/ 21513 7
BRI EF DESCI PTI ON OF THE DRAW NGS [ 00271 Figures 1, 2 and 3 are gel
permeati on chromat ography ("GPC') chromato- graphs of polyners prepared in
Exanples 4, 5, and 6, reBR&et DESYPTIHONI OH THEIDRAWINGS he ef fect of the
nmol ar ratio of organoal um num MVAO on pol yethylene MAD prepared from a
catal yst pr d@ﬁ?'ﬁoﬂgﬁﬁéé&@B@ﬁ@%@eltpér@@élﬁﬁlcéf%auﬁglml( ﬁg&f@goma@nd 5 are

GPC chromat g i . n .

respectivel fq 5@%3)% iq%iylﬁlg%% ﬁ@ﬁ%ﬁ@ﬁ?@éﬁ% 5041;l SfEélZJrEb gfe% Flg%l?’oggfa ﬂl(l)l?té%{%o-

al um num MVARE effeqaif\ted hpla netiddDorgaapa ueithuni:MMA Ccait pblysthypeneddiddr 10
made accordi ng to, Exanpl e 3. DETAI LED, DESCRI, PTI 100291 The particul ars
shown her ei rPrepagedsiyo : a@ﬁ”é?@ﬁb‘ls%r Qade ?%gﬁﬁlﬁ %@glpgﬁg illustrative

di scussi on qhodg)eriatdsQUhdTRRUPEhDnfodAhsRrGRAMert BRIl Eahy 15 and

are presented | cause of providing is béell d to be the nost

usef ul and red? lagd $ndspstively, det dhisphieahe effecthe the inmdamptagie cdrdgaoncept ual
aspects of the .inventian. In this re , _no_att t is e to show
Gobar i o of caaminGUINAN o, b Teier SVD pibRaftt' fdBea SR pédnsdr
fundangnt al maReicssandiEx@hple®e i nvention, the description taken with the
drawi ngs meki ng apparent to Fhose skilled in the art 20 how t he several

forms of the invention nay be enbodied in practice. Al percent
nmeasurenents in this applicat i[%’l" i.5e stated, are neasured by
wei ght based upon 100% of a AHJEIS) s@]ﬂﬁ*r ﬁ Thus, for exanple, 30%
represents [802%eTgbpariaius shotvndierdin areybyl GQy W iegdrhplp 2t Soopurpbes &I e.

illustrative discussion of the various embodiments of the present invention only
15 and are presented in the cause of providing what is believed to be the most useful
and readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show details of the invention in
more detail than is necessary for a fundamental understanding of the invention,
the description taken with the drawings making apparent to those skilled in the art
20 how the several forms of the invention may be embodied in practice. All percent
measurements in this application, unless otherwise stated, are measured by weight
based upon 100% of a given sample weight. Thus, for example, 30% represents
30 weight parts out of every 100 weight parts of the sample.
[0030] Unless otherwise stated, a reference to a compound or component includes
25 the compound or component by itself, as well as in combination with other com-
pounds or components, such as mixtures of compounds.
[0031] Further, when an amount, concentration, or other value or parameter, is
given as a list of upper values and lower values, this is to be understood as spe-
cifically disclosing all ranges formed from any pair of an upper value and a lower
30 value, regardless whether ranges are separately disclosed.

[0032] In one aspect, the present invention is directed toward methods for ob-



[ 0030] Unl ess otherw se stated, a reference to a conpound or conponent

i ncludes 25 the conpound or conponent by itself, as well as in conbination
wi t h ot hewomoeme28ppunds or conponents, such as m xtures of pcorgsoumdss [ 0031]
Further, when an anount, concentration, or other value or paraneter, is
given as a |list of upper values and | ower values, this is to be understood
as spe- cifically disclosing all rangesgforned fromany pair of an upper
value and a | ower 30 val ue, regardl ess whet her ranges are separately

di scl osed. [00321 In one aspect, the present invention is directed toward

net hods for .ob. WO 03/022890 PCT{ U /21513...8.tai nin | rs, ..such as
polyolgfinsfagﬂgh%$¥qT%dmﬁ aﬁ@P&@ﬁ%ﬁ?eﬁggthﬁd%ﬁﬁﬁb’g“R%?XpﬁénEpggént

I nvention p QJfMl_‘ﬂ@Frels&l_t pivedtise folpinet Airagided BydodfacfindoRANBioNoHEE,suchS

et hyl ene (possibly with other npnoners), with catal yst precursor activated

by ~cocat al yastethyheneu@pssipliowilt pther menemers). unithestalie (IRAMARYY asBredihns and or
0 e yrabl e X .
Pane ™ o AP R BB R FOAD) Bl e

bel ow, a one pro eing formed is
controf | ed Ipanoslgurindnatompounde unddr golynedrizatiaf cdiififans.o Asrdisenssat bafomym
conponents during the po- lynerization process. It has bee rprisingly
found that A 193eGRNeRIPERSS PR@MeHT of thepalymger being fprpgd ﬂwnarpﬂ?ﬁ? Eu K&%nt ent of

each cocat a'lxgﬁ% GRTRAAE o ATMMAS b rddh o QRERARRIHFHBHRS AIRAN#RIR. Of t he

cocatal yst, 1 S possible to regulate the rela- tive proportion of HWto
LMW pol yner lymedtdtmnsgroamssl itHes treért surpisingly dpend thetsby ofgutaheg pled siokar. [ 0033]

I n anot her aspect, the present invention |s directed towar ysts for

the pr oductriag‘?rct@?e‘{)%‘? s R %Oﬁfef‘éBf%aC*’(ff’cﬂg%Sti cﬁmr?i?fl%u‘gf W‘ghéo present
inventjon.  dpanbARintiah@l beipdnédis bPER Ricamlysd, lif & éﬁ)@c}il@lb)@ tredHlRE WeSRIS, such

as catal yst precursors including netallocene and non-netall ocene

I
conponent s, tastiropardon of HVY tedddMapolyiper fragtipngsand the metidhowrerapertisé ene
conmponent yuﬁhggﬂﬁol mer having a relatively higher average nol ecul ar
wei ght (HWN, "ah YR&"net al | ocene conponent yields a polynmer having a

relatively |[0083] Bv&fodtge atfece cht gresene ingbhitidiliMd]rectédtalard tataBstsdbr thbe
present invention, therefore, produce polynmer with a broad or binodal no-

| ecul ar wei ghiedestiep af uelydefing: syitabla fsiusetin malodsnef BRARBSIY HYENH Kt | ons.

15 The catalysts include bimetallic catalyst precursors, such as catalyst precursors
including metallocene and non-metallocene components, activated with a cocata-
lyst. In use, the non-metallocene component yields polymer having a relatively
higher average molecular weight (HMW), and the metallocene component yields
a polymer having a relatively lower average molecular weight (LMW). Catalysts

20 of the present invention, therefore, produce polymer with a broad or bimodal mo-
lecular weight distribution attributable to HMW and LMW polymer fractions.
[0034] Activation of catalyst precursor is accomplished by contacting the catalyst
precursor with a cocatalyst capable of activating both components of the
bimetallic catalyst precursor. In some embodiments, the cocatalyst includes both

25 organoaluminum and MMAO components. When the cocatalyst includes both
organoaluminum and MMAO components, the cocatalyst components can be
added in any order, i.e., simultaneously, first the organoaluminum component, or
first the MMAO component. The order and timing of addition does not matter as
long as both the organoaluminum and MMAO components are present with the

30 catalyst (or precursor thereof) under polymerization conditions.

[0035] When the polymer to be produced is a polyethylene, catalyst precursor is



[ 0034] Activation of catalyst precursor is acconplished by contacting the
catal yst precursor with a cocatal yst capable of activating both conponents
of the bwowBabisbc catal yst precursor. In sonme enbodi nent PCTiUse2/ZBCAL al yst
i ncl udes both 25 organoal um num and MVAO conponents. Wen the cocat al yst

i ncl udes both organoal um num and MMAO conponents, the cocatal yst
conponents can be added in any order, ¢.e., sinultaneously, first the

or ganoal um num conponent, or first the MVAO conponent. The order and
timng of addition does not matter as |ong as both the or ganoal um num and

MVAO conponent ent WI t recu t her eof )
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the pol y”erthéghfé{ F?£ &%Ssiﬁed SuGPIPLEY &tmg%"ﬁ}ﬁ%eo the! 5 %ﬁ‘her%ﬁhcﬂ Qfess
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measured process paraneter . or paraneters, the ratjo ganoal uni num
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at | east one process parameter and varying catalyst ratio can
perforned i fmaesiddednali@GritGd3 6] m&asun'mgad1ea§1mnym®sqopaupactedamisvangngat al yst

conposi tions and net hods of he present . invention display broad or binodal
nol ecul ar wei® gﬁt?‘ya'rg[]?f’%‘hﬁ? B‘?{gom‘(sﬁlf/%ge)s d\ny process paraneter that
indicapes a (003" AlslRRIE p6RATcRCHRpAred usin@latali8t caRpIsIRIns BBN nRehddsed. I n
sonme enbodi nents, the process gararret er s an indica- tor of (though is not

necessari | y the diresest lrmqatsqn display tupan o bimwdalrmelerwar nghlﬁlitﬁbmmﬁyner or

of pol yner h@@gp, d of
nmol ecul ar we tds 8 g % i %ecgus‘[ﬁ;aéér)f}%tﬁ'ﬁ%attlgélmlggt%ﬁsmwlalglr%a a%Eer ?@?s%g t he
ratio 121.6/ ;iolyn'h& miebeuded] .16 sbmetehtbodi nﬁémthmpiexess%rdﬁiﬁﬂtér if homdiai-e of the

pol ymer rreasured according to ASTM D- 1238, condition F, and 12_16 is the
"mel t i ndex"tobpt (Hhoushtis AR pegessapty # Higegignsasure of) HMW or LMW fraction of

15 the polymer, or of polymer MWD.
[0037] Melt flow ratio (MFR) is an indirect measure of molecular weight distri-
bution. The term "MFR" generally refers to the ratio Iy, ¢/I.1¢ where L5} ¢ is the
"flow index" or melt flow rate of the polymer measured according to ASTM D-
1238, condition F, and I j4 is the "melt index" or melt flow rate of the polymer
20 measured according to ASTM D-1238, condition E. The ratio of the two indices,
the MFR, can be an indication of the width of the molecular weight distribution,
with a larger MFR values often indicating broader MWD.
[0038] While the above definition of MFR (I3; ¢/I2.16) is most common, "MFR"
can be used generally to indicate a ratio of melt flow rates measured at a higher
25 load (numerator) to a lower load (denominator). MFR is discussed herein using
the particular melt flow rates measured at loads of 21.6 kg (I ¢, the flow index)
and 2.16 kg (I2.1¢, the melt index); however, it should be appreciated, that other
ratios of melt flow rates can be used as desired.
[0039] Weight average molecular weight, Mw, and number average molecular
30 weight, Mn, can be measured using gel permeation chromatography (GPC), also

known as size exclusion chromatography (SEC). This technique utilizes an instru-



20 measured according to ASTM D- 1238, condition E. The ratio of the two
indices, the MFR can be an indication of the width of the nol ecul ar

wei ght diwoDrosloeaspon, with a |larger MR val ues often i ndi eatiusg2/brsonder
MAD. [0038] While the above definition of MFR (121.6/12.16) is nost conmon,
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nol ecul ar wei ghts. A correlation of polystyrene retenti'on volune obtained

fromthe st a‘h@laokmermlcm@rrmlem i Averegd colfar wreighto My panr be esmputedi el ds

t he pol yner ool ceucl,xa; vsl%lght Aver age nol ecul ar wei ghts M can be conput ed
fromthe expressmnpeﬁS M 10M="N M’ vvhere Ni is the nunber of

nol ecul es having a nol ecul ar wei ght XI pyhen n =0, Mis the nunber
average nol ecul ar wei ght Wn. Wen n A_,L Mis the weight av- erage

mol ecl® ar wei ght Mv. \When n = Z,WW-average nol ecul ar wei ght M.
The desired MAD function (e.g., Mv Mz/My) is the ratio of the cor 15

respondi ng M val ues. Measurenent of Mand MAD is well known in the art and
where N; is the number of molecules having a molecular weight M;. When n =0,

M is the number average molecular weight Mn. When n = 1, M is the weight av-
erage molecular weight Mw. When n = 2, M is the Z-average molecular weight
Mz. The desired MWD function (e.g., Mw/Mn or Mz/Mw) is the ratio of the cor-
15 responding M values. Measurement of M and MWD is well known in the art and
is discussed in more detail in, for example, Slade, P. E. Ed., Polymer Molecular
Weights Part 11, Marcel Dekker, Inc., NY, (1975) 287-368; Rodriguez, F., Princi-
ples of Polymer Systems 3rd ed., Hemisphere Pub. Corp., NY, (1989) 155-160;
U.S. Patent No. 4,540,753; Verstrate et al., Macromolecules, vol. 21, (1988) 3360,
20 and references cited therein.
[0040] The weight fraction of the relatively higher molecular weight polymer
component can be determined by calculating the area under the HMW portion
obtained from the gel permeation chromatography ("GPC") chromatograph rela-
tive to the area under the entire GPC chromatograph. (See also, U.S. Patent No.
25 5,539,076, and references cited therein.) This weight fraction is based on the sum
of the higher and lower molecular weight polymer components, so that:
Xamw = 1 = Xpmw
where Xymw and Xpmw are the weight fractions of higher and lower molecular

weight polymer components, respectively. It should be understood, therefore, that



is discussed in nore detail in, for exanple, Slade, P. E. Ed., Polyner

Mol ecul ar Weights Part 11, Marcel Dekker, Inc., NY, (1975) 287-368;

Rodr i guezworo3/028890 nci - pl es of Pol yner Systens 3rd ed., Hegramoezesifub.
Corp., NY, (1989) 155-160; U.S. Patent No. 4,540,753; Verstrate et al.,
Macr onol ecul es, vol. 21, (1988) 3360; 20 and references cited therein.

[ 00401 The weight fraction of the rel atjijvely hi gher nol ecul ar wei ght

pol ymer conponent can be determ ned by cal culating the area under the HWV
portion obtained fromthe gel perneation chromatography ("GPC")
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is both easy a ast . ile also u the present 1nvention, is
general ly | esentpakeferred because of the relatively nore tine, difficulty,
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precursor (discussed in nore detail below) is selected. Under gas” phase
pol yneri - zareowmsas dhigeuspashia meradetadthglopdtis prlecter: sdndar gagiphase apbanesind

contacted with the . nonongr or noner not necessarily. in.th rder) to
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fromthe reactor, and the flow index of
After polymerization is permitted to proceed for about one bed turnover, a poly-

15 mer sample of about 100 g is withdrawn from the reactor, and the flow index of
the polymer is measured. If the measured flow index is higher than the target
value, then it is desired to reduce the weight fraction of the LMW polymer com-
ponent. Accordingly, the ratio of organoaluminum component to MMAO compo-
nent is decreased, and the reaction allowed to proceed.

20 [0043] On the other hand, if the flow index is lower than the target value, then it
is desired to increase the weight fraction of the LMW polymer component. Ac-
cordingly, the ratio of organoaluminum component to MMAO component is in-
creased, and the reaction allowed to proceed. The process of allowing polymeri-
zation, measuring a product parameter such as flow index, and adjusting the or-

25 ganoaluminum component to MMAO component ratio can be repeated as de-
sired, providing "real-time" control of the polymer parameters.

[0044] When MFR is used as a product parameter, the MFR will initially increase
(MWD will broaden) with an increase in organoaluminum component to MMAO
component molar ratio, but as the ratio is further increased, MFR will typically go

30 through a maximum then begin to decrease. While not wishing to be bound by

theory, this is believed to be because the efficiency of the metallocene catalyst



the polyner is neasured. If the nmeasured flow index is higher than the
target value, then it is desired to reduce the weight fraction of the LMV
pol ymer cwmo3jpzasemt. Accordingly, the ratio of organoal umpPaamsopsenent to
MVAO conpo- nent is decreased, and the reaction allowed to proceed. 20
[0043] On the other hand, if the flowindex is |lower than the target val ue,
then it 1is desired to increase the weijght fraction of the LMN pol yner
conponent. Ac- cordingly, the ratio of organoal um num conponent to MVAO
conponent is in- creased, and the reaction allowed to proceed. The process
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15 component, such as one including Ti, and a metallocene component, such as one
including Zr, with optional addition of methylaluminoxane (MAO), optionally
followed by drying the catalyst precursor. Suitable catalyst precursors include,
but are not limited to, those disclosed in U.S. Patent No. 6,001,766.
[0047] When the non-metallocene component includes titanium, the titanium
20 component may be obtained by any known method, such as the titanium compo-
nents and methods shown in U.S. Patent No. 6,001,766. In one embodiment, the
Ti component can be obtained by reacting silica sequentially with an alkyl magne-
sium compound, then an alcohol, and then a titanium compound.
[0048] Carrier materials for preparing catalyst precursors according to the present
25 invention include solid, porous carrier materials, and may include carrier materials
disclosed in U.S. Patent No. 4,173,547, the disclosure of which is incorporated by
reference herein in its entirety. Such carrier materials include, but are not limited
to, metal oxides, hydroxides, halides or other metal salts, such as sulfates, carbon-
ates, phosphates, silicates, and combinations thereof, and may be amorphous or

30 crystalline. Some suitable carrier materials include silica, alumina and combina-

tions thereof. Carrier material particles may have any shape, such as approxi-



[ 0046] The catal yst precursor can be prepared by conbining a
non-net al | ocene 15 conponent, such as one including Ti, and a netall ocene
conponentwoldmsae one including Zr, with optional addit ipem/us02/21513

met hyl al um noxane (MAO), optionally followed by drying the catalyst
precursor. Suitable catal yst precursors include, but are not limted to,
those disclosed in U 'S Patent No. 6,0QG3, 766. [0047] Wen the

non- net al | ocene conponent includes titanium the titanium 20 conponent nay
be obtai ned by any known net hod, such as the titanium conpo- nents and
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consi der at i oRgums UEI063Y, 16O iscldbure B8 M chGb u{cerpoTa«pd Bﬁlkefa%ﬁdid Iedreifah @i al s can
be particles with average dianeter greater than 0,1 gm or reater than 5

gm or great@tirgthar heepgic sudaqeousopt carrier siaterple i Wme ambpdimesdes, as
porosi|fy inc rgﬁéreﬁaﬁ Poca er%&Fé}f % 96 m %%r%ﬁéa"tér%aﬂﬁ@mzﬁg or Yafly, 1N

turn, pr OVI nor e reacti
than about 300 m*/g. There is no particular upper limit to carrier material specific

surface area, but available products have specific surface area generally less than
about 1500 m%/g.
[0051] The internal porosity of carrier material can be represented as the ratio of
20 the pore volume to the weight of the material, and can be determined by the BET
technique, such as described in Brunauer et al., Journal of the American Chemical
Society, 60, 209-319 (1938), the disclosure of which is incorporated by reference
herein in its entirety. The internal porosity of carrier material in some embodi-
ments is greater than 0.2 cm’/g, or greater than 0.6 cm®/g, with no preferred upper
25 limit on carrier material internal porosity, which, as a practical matter, is limited
by particle size to about 5 cm’ /g.
[0052] Examples of suitable cagier material include silica, such as amorphous
silica, particularly high surface area amorphous silica. Such carrier materials are
commercially available from a number of sources, and include Davison 952 or
30 Davison 955 grades of silica (surface area of 300 m%/g and pore volume of 1.65

cm’/g) supplied by the Davison Chemical Division of W. R. Grace and Company,



cific surface areas can be neasured in accordance with British Standards BS
4359, volune 1 (1969), the disclosure of which is incorporated by

ref erencewbbas®e139on its entirety. The specific surface amrea/ush2/esusi er
materials in sonme enbodinents is 15 greater than 3 n2/g, or greater than 50
n2/g, or greater than 150 n2/g, or greater than about 300 n2/g. There is
no particular upper limt to carrier maperial specific surface area, but
avai |l abl e products have specific surface area generally |ess than about
1500 n2/g. [0051] The internal porosity of carrier material can be
represented a rati-o o 20..t he pore volune to the weight of the
material, a %$§§%53“3£¥@?kpﬂ%gﬂﬁ§&the BET technique, suc% as described in

Brunauer et [8b53] BesHusabr@hoinballA®mMpoandSieiis AbtaiSag icalysts@dd caf@9- 319
(1938), the disclosure of which is incorporated by reference hereininits
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upper 25 Iim arrier teri ern por as a practica
matters i s lrahichete rdayoveds duchlae bgicakeinatomhmiot t& famBig cathl9ftR¢cusoampl es of
suitable carrier material include silica, such as anorphous silica,

parti cul ar | yhPISEEN iRYeBERN-ar ea anmor phous silica. Such carrier materials are

comerci al | i . : i .son 952 or
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of 1.65 cnBatgineslg pdmeedathses higheDean 3 66 °Chemhigladr tinvi ¥ °6h oohighér tRan Gr ace
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catal ysts angmpahfire le¥SthaR (IRCGIMERASteRipeidife B BRAridr MYAREH OCakBMtibRACt W th
water, carrier material used 1is generally substantially dry. Water that is

physi cal | y bdunerrrier mgteriehpudhess sifigae i5eqrivghicatin doee petpppstatursyiehless by

calcination,,priof.to for al yst precursor of the present invention
[ 0054] Exenﬁpﬁ}%ﬂ£é$8ﬁﬁgﬂﬂégggfg? material can be carrier material that has

been cal ci (0S5t AhgpgmdhapeSiTh gbRpodddadan1§e0used wienlprepaging ahamlysh0 C, or
hi gher than 200 C._. To avoid sintering of the carrier material, calcination
can be done pigcugsor for use in the present invention. Some suitable organomagnesium com-
15 pounds include those shown in U.S. Patent No. 6,001,766. Organomagnesium
compounds used in the present invention preferably include at least one dialkyl-
magnesium compound, such as compounds of the formula R’.MgR?,, where R?
and R? are independently selected aliphatic or aromatic hydrocarbons (e.g., alkyl,
alkenyl, alkynyl, aryl groups, or mixtures thereof) which may be straight chain,
20 branched, or cyclic; and where m=2 or 1, and m+n=2. In some embodiments, R?
and R? each have 2 or more carbon atoms, or 4 or more carbon atoms. In some
embodiments, R? and R> each have 12 or fewer carbon atoms, or 8 or fewer car-
bon atoms. Exemplary dialkylmagnesium compounds include n-butylethylmag-
nesium, dibutylmagnesium, di-n-hexylmagnesium, and n-butyl-n-octylmagne-
25 sium.
[0056] It will be understood by those skilled in the art that organomagnesium
compounds (as well as other compounds disclosed herein) can be mixtures of
more than one chemical formula. For example, dibutylmagnesium, or DBM
(available from FMC, Gastonia, NC), is understood to include a mixture of n-bu-

30 tyl magnesium, sec-butyl magnesium, and n-octyl magnesium. It is also believed

that some organomagnesium compounds from Akzo Nobel (Chicago, IL) may



10 tenperature less than the sintering tenperature of the carrier material
Calcination of a carrier material such as silica, is conveniently done at
t enper at wevsmt2sbess than 900 C or | ess than 850 C. [ O05PCTArY2/21513

or ganomagnesi um conpound can be used when preparing a catal yst precursor
for use in the present invention. Sone suitable organomagnesi um com 15
pounds include those shown in U S. Patgst No. 6,001, 766. O ganonagnesi um
conmpounds used in the present invention preferably include at |east one

di al kyl - magnesi um conpound, such as conpounds of the fornula R2mvR3n,

where R2  ary |y selected aliphatic or aromatic
hydr ocar bons F%%ﬁe%lﬁg‘?&%gl?%nyl al kynf%m,ﬁ aryl groups, or mxtures

t her eof ) whi[005Tannbal®hohigghdralthaf fnrmmh RIGHIcley be ased when preparigk wher e m=2
or 1, and mtn= % In sone enbqdi nents, R2 and R3 each hayve 2 or nore carbon
atons, or 4 GralYebPECUERRGRCOIIRgt0 A RIBSTR INVRRURR: néelerreqaleghels B8Veach have

12 or fever gigbonupl Qe Qfe pablef E}tﬂﬁ? %hw mig%lﬂﬁson e L ALsYum

di al kyl magnesi um cofrpoun ude n- nesi um

di but y$ rragneﬁmrumThﬂ:l mmluhleny)lf rrheg abshazqutemndthn-dataﬂygslt Pprecocsby Isymtheses p@5 Si um
0056] It ers d tho skilled in.th

o1 ganomagnedtiiR  CURBIURHET BETNERT HE LSRG Preositgotect s SPbsdater ei n)

can be m xt Ujc@e, @bquifteN&ss thakitieR itk T tRéhod-BlefiloBeneF@m AP, does
di butyl magnesi um or DBM (available from FMC, Gastonia, NC), is understood

to include enotintenfrre woth the perf@oangd Oﬂfhgn@mllamnewmpbawlm ﬂwgaa@éysum and

tyl | | bel t hat d
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some ab umi nuwnaaldistl4 caBRBatdmANnIh sneoditbodigemstaé RY gefupfantoh@inRupt nmay be

used when preparing a catalyst precursor accordi ng tQ the present
i nvention. Prle$asbenediomp ©5HBIte Snearkon atoms. Fuiehle algenels laqledeeézﬁhmeél%f

di spl aci ng Qixhﬂfédt ﬂ% 1ot é’]gp ettltfh%opalg bﬁ%ﬁ“ ﬁolﬂ{)gmol T{"Bufa 81' li's%bgﬁnglf the

al cohol step I'n st précu r synt ro- uées a cafalyst
whi ch, rel atactamot, dodécandamai #smybdeqaaasled wi t hout th| S step, is nore
act!ve. TeaYpb&s) TR on-melocend tomponcnt O a transition metal mchides at least ope N and
15 compound of a Group 4 or Group 5 transition metal, such as titanium and vana-
dium. Suitable non-metallocene components include those shown in U.S. Patent
No. 6,001,766.
[0060] When a titanium non-metallocene compound is used, the titanium com-
pound can be a compound having empirical formula
20

Ti(OR*),Cl,

where each R* is an independently selected C,—C,y alkyl, alkenyl or alkynyl
group, which may be straight-chained, branched, or a combination thereof; y is
25 greater than or equal to 1; and x+y= the valance of the titanium, i.e., 2, 3, or 4.
Suitable titanium compounds include those shown in U.S. Patent No. 6,001,766.
[0061] Non-limiting examples of such compounds include titanium halides, such
as titanium tetrachloride, titanium alkoxides wherein the alkoxide moiety contains
an alkyl radical of 2 to 10 carbon atoms, and mixtures thereof. TiCly can be pur-
30 chased from a number of suppliers, including, for example, Akzo-Nobel and Al-

drich.



not interfere with the performance of the netall ocene conponent in the
catalyst. [0058] The R group contains at |east one carbon atom or at

| east 2 caooemmbons 10 or at | east 4 carbon atonms. |n someTArsbpeisnent s,
the RL group can contains up to 12 carbon atons or up to 8 carbon atons.
Sui t abl e al cohols include, but are not I|imted to, nethanol, ethanol,

1- propanol , isopropanol, 1-butanol, isqgutanol, n- octanol, dodecanol, and
4- et hyl decanol. [0059] The non-netal | ocene conponent of a transition netal
i ncludes at |east one 15 conpound of a G oup 4 or Goup 5 transition

metal , such i L,ani umand . vana-_di.u ui.t abl on-.met al | ocene . conponent s
"ot udet nod0eHoRS a4 LSRR ingfle DB THORY b RERNE &R i um
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having enpirical fornmula 20 Ti (OR4),,Cy where each R4 is an jndependently
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6, 001, 766. [0061],. Non-limting exanples of such conpounds, include titanium
hal i des, suchch as difutvipagnesiwR f%@MWW@,L vich Rl NPk SR AT REPBE n 1t he

al koxi de noi ' i i ht ar .. and
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PCT/ US02/ 21513 16 [0062] ,.By way of il stratiqn, a ,Suitable titanium
Commonaat - magiases gragiadgyniiBlen o al &t 30 €l el 4 1R Guhe 5P Rae 55
silicgg whicarhas been calcined at about 600 C for about 4 hours under

nitrogen flow, is slurried into an aliphatic hydrocarbon such as
i sopent ane, [P8eHeRaraplainegtimbbs. Ratent Neh 8,3561658athg|digcigsuresoft wieigh & eat ed t o

R IR N T SN
compound can be sufficient to react with the carrier, the added alcohol, and the
tetravalent titanium compound, in order to incorporate a catalytically effective

15 amount of titanium in the carrier. The amount of organomagnesium will generally
be greater than 0.2 mmol/g, or greater than 0.4 mmol/g, or greater than 0.5
mmol/g, where the amount of organomagnesium compound is given as
(mmol Mg/g carrier material). It is preferred not to add more organomagnesium
compound than will be physically or chemically deposited into the support, since

20 any excess of the organomagnesium compound in the liquid phase may react with
other chemicals used for the catalyst synthesis and precipitate them outside of the
support. The amount of organomagnesium compound will generally be less than
3.0 mmol/g, or less than 2.2 mmol/g, or less than 1.5 mmol/g.

[0064] If too little alcohol is used, then the catalytic activity attributable to the

25 alcohol will be limited. Thus, the amount of alcohol will generally be greater than
0.5 mmol/mmol organomagnesium, or greater than 0.8 mmol/mmol organomag-
nesium. Too much alcohol, however, may react with other residual unreacted
reagents. Thus, the amount of alcohol will generally be less than 2.0 mmol/mmol
organomagnesium, or less than 1.5 mmol/mmol organomagnesium.

30 [0065] The reaction following addition of alcohol is typically carried out at a tem-
perature above 25 °C, or above 40 °C, and below 80 °C, or below 70 °C.



pound, such as Ti Cl4, are sequentially conbined with the slurry. After the
addi - tion of each reagent, the mxture is stirred for about 1 hour.
Finally, wbeslb2ym d phase is renoved under nitrogen flowprat/sboetsid0 C, to
yield a free-flowing pow 10 der. [0063] As explained in U S. Patent No.
5,336, 652, the disclosure of which is in- corporated by reference herein in
its entirety, the anount of organonagnqgi um conpound can be sufficient to
react with the carrier, the added al cohol, and the tetravalent titanium
conpound, in order to incorporate a catalytically effective 15 anDunt of
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addition of alcohol is typically carrled out at a tem perature above 25 C

or above 40 [806Undhealegaliogenecompongrt| v tramsidon\wstai3nolpdgopcmayund®d/ 21513
17 [0066] Bec@l’%ﬁlﬁtéft'r&n%moﬁ%estglry ‘éﬁ a@?netkt)ﬁﬁ)c%etéo\ﬁﬁ)o%h&seofjﬂ{cogglgp?lt% 'Zat' on,

the anmount o ani um comnpoun IS nee
suf fici ent |adehafniai G}ﬁéﬁewbl}y zirdoiem. t Reitbied uidtalkerd baﬁpmtrmtsompmdad wi | |
general ly be greater t han or greater than 0.2 mmol /g, or

greater thartheseshawgiin .S \ﬂ‘?&ﬁ'tnéNPh@OO?%
15 [0068] The metallocene compound may be obtained by any known method. In

some embodiments, the metallocene component is obtained by reacting trialkyla-

luminum with a Group 4 transition metal compound of formula:

(R's—Cp)MCl,
20
where M is a Group 4 transition metal, Cp denotes a cyclopentadienyl group and
each R' is independently hydrogen or C-C¢ alkyl. The cyclopentadienyl group
may be unsubstituted (each R’ is hydrogen) or substituted (at least one R' is other
than hydrogen). Further, the two R'—Cp groups may be independently selected
25 and need not be identical to each other. Mixtures of metallocene compounds may
also be used. Trialkylaluminum compounds include compounds of formula
R";Al, where R" is a C|_Cj¢ alkyl, such as methyl, ethyl, isobutyl, n-octyl, etc.
Mixtures of trialkylaluminum compounds may also be used.
[0069] One skilled in the art can obtain a metallocene component for use accord-
30 ing to the present invention in a variety of ways. By way of illustration, a Zr

component may be prepared by reacting (R's—Cp),ZrCl, with R"3Al in a hydrocar-



5 anount of titanium conpound is given as (mmol Ti/g carrier material). On
the other hand, too nmuch titanium conpound nay be detrinental, since
excess i swowasema) and nay al so react with other residual pamresaztsds
reagents. Mdreover, high levels of Ti in the polyner may adversely affect
pol ymer properties. Thus, the anmount of titanium conpound will generally
be less than 4.5 mol/g, or less 10 thgn 2.5 mmol /g, or less than 1.5
mol / g. [0067] The netal | ocene conponent of a transition netal includes a
conpound of a Goup 4 transition netal, such as netall ocene conpounds of

Zi rconi um tﬂot an'vum tanm%.eh?;eni uerg%t Rr eferably zirconium Suitable
net al | ocene c(?r?B TRRIEMONA! [P Sse shown in U'S. Patent No. 6, 001, 766.

15 [0068] Theomyt Bkiode Giremeranieys dompyndne isodiinddchiowilly timbnknedoddat hod. |1 n
sonme enbodi nents, the netal| ocene conponent is obtained by reacting

trialkyla- |9mAI0PAtwIn onecenthestipent, theanelocspe rRMAPNCsb prARAgtedt Wit Al a:
(RS- ) 2Vl ABmEE Solfbbind? SEIPHP a dribikORlH AR %E@y\m @U%%E%?_ 2 6

cycl opent adi'e group a I's | ndependent ogen or
al kyl . s The dyeleydciesdi enyl group nmay be unsubstituted (each R is

hydr ogen) or bstituted (at |least one R is other than hydrogen).
Further, t OB e @f@}%ﬁeﬁ AR O IETAHIE FABRRONS S SR EATBNGd: B 38 need not
be identi Calm{:tﬂ?&aﬁ& e%&gre, {HY réédt'i"oﬁ?rﬁucﬁﬁﬁﬁidn‘)&fﬁtﬂ@m%&:jm@éh@féém%h{enta' so be

used. Trial kyl al um num conpounds i ncl ude conpounds o ormula "R'3Al, where

R' is a Cl_Gh0 teldoyibinesiueith assluret biythe nenipétallocsobaomponent orany hljphatic.
M xtures of _trjalkylal um conpound al.so,he used.. [0069] One skilled
in the art clé'rqr {%Pr?tg&réft@’laﬂ% @%ﬁ‘ﬁﬁ%@ﬁb@%%ﬁ@@&c’& d- 30 ing to the
preseng | NVEHHYHNDuAn p¥epatioM o@fthe}/ﬁbh‘étallﬁycdt\ﬂyst edutdobs MADL ptiondl1¥r
conponent may be prepared by reacting (R 5-Cp)22rCl2 with R'3Al in a

hydrocar WO disob2d8n@ trnuUSKdy Zwigne,1ig ophenalsotanhinedvithrihe apstallo-
et 0Pl B Bl LSRR MRS AT
contacted wi3th5aAC. Addition of MAO is especially suitable when the metallocene compo-

nent includes unsubstituted cyclopentadienyl groups (R is hydrogen). The liquid

15 phase may then be removed, such as under nitrogen flow at about 50 °C, to yield

catalyst precursor, which is preferably a free-flowing powder.

[0073] Activation of catalyst precursor may be undertaken prior to introduction

into the polymerization reaction vessel, or in the polymerization reaction vessel.

[0074] The organoaluminum component can include an organoaluminum com-

20 pound, as described in U.S. Patent No. 6,001,766. Particular cocatalysts include

organoaluminum compounds having empirical formula
AIR)o(H)s(X)e

25 where R is an organic radical as described below; X is a halide; a is an integer
from 1 to 3; and a+b+c=3. The R’ groups are independently selected alkyl or alk-
oxy groups which may be straight chain or branched, saturated or unsaturated.
The R’ groups preferably contain 30 or fewer carbons, or 10 or fewer carbon at-
oms. Non-limiting examples of suitable compounds having the above empirical

30 formula include trialkylaluminum compounds, such as trimethylaluminum, trieth-

ylaluminum, tripropylaluminum, tributylaluminum, triisobutylaluminum, trihexy-



al kyl al um num conpound, such as a trial kyl alum num as shown in U S. Patent
5 No. 6,001, 766. [0071] The netal |l ocene and non-netal | ocene conponents are
conbi ned W oang2s9oret hod. For exanpl e, the reaction productrcsalsor2m of the
nmet al | ocene conponent can be conbined with a slurry of the non-netall ocene
conponent in an aliphatic hydrocarbon at 50-55 C, and the m xture then
stirred for about 1 hour. 10 [0072] Dunbng preparation of the binetallic
catal yst precursors, MAO optionally dissolved in a solvent such as
toluene, is optionally conbined with the netallo- cene and non-netall ocene

corponent s, lgﬂlgniﬁlPﬁymo)é{y?aglg isél :II{L ;cﬁ l{g?l%ug&lrl%g)grgﬁ.lm%nurﬁ? ugndalgoblﬁﬂgﬁlt%xﬁalué‘d di tion

of MAO is especia Sul ocene conpo- ncl udes

unsubst i t ut adintiG laikye Aluatinen ik dddesyash @Rdlisobaydilagem hydédd dandudikxd5 phase
may then be renoved, such as_under nitrogen flow at about 50 C,  to yield
cat al yst pr edaipagum Bydgde; alkylabiqxy apregnealymuwny |ceRiPAENYSo Vi r halpgrn7 3]
Activation . : r e i I ction
into the polc%)ﬁgdﬁlfz?%t%? aﬁgélggﬁ%ﬁ Oglgsg‘gﬁ Q%rt?, %%]ait%ﬁ@%@?qg{ nulraé ?}élg??%%g&ryeact ion
vessel 5 [ OQiispbuipluntigamealosidenum conponent can i ncl ude an or ganoal um num

com 20 poun escribed in U S. Patent .. 6,001, 766. Parti.cul ar
cocat al yst sd[pﬂﬁuﬂﬁetﬁﬁtag‘é‘mi‘émmynﬂ?ﬂ %H&?&u&l‘gsbeﬁ%ﬁ?fe ‘%?rﬁfrP‘?%:%‘?‘S(f"brr%Frul a
Al (R5) al H) bk hylaRBniHOR 8sdBt irfeulalQhGM G I0I5GRbIARIAPSETIS o Rehow X i's

a halide; a is an integer roml to 3; and a+b+c=3. 5 groups are
i ndependent |chaggfransfeedgaitkyl or al k- oxy groups which may be straight chain

or branched, ur at [ saturated.. The.R5 qroups pr.ef.erably contain 30
o Tonor o BR" MRS Aot AEE BT pinok SRaPoRe R R ek ee. of
sui t abhe conpesids iRV thet MB1A09\IscRIFRA it CRS. Bledtauend, 001, 76Y, WdRrein

trial kyl al um num conpounds, such as trinethylalumnum trieth- i}lyal um num

tripropyl al dhtnarm senaraln yafemrediinam atkylalupisorgnesl @i mens srepifisally an0
G2 22550 PCILRRal Sl N S DTN et
hydri des, suysmfitidly sbluldelutopllaldatty nuspengtibid e alplthtids [{alkanag| alkendsnand hydri de;
al ky_l al koxy a?lz}gn%g)og léllg;i)ur'g u4mt00?6’rp c%r no?lse;ltor%rs].d l’?e! (r)r?oedri]f-ying groups may include
15 methyl groups, and preferably include alkyl groups having about 2 to 8 carbon
atoms. MMAO mixtures may also be used, e.g., mixtures including linear and
non-linear (e.g. cyclic) MMAO, and/or mixtures of MMAO that predominate in
different oligomers.
[0077] MMAO is commercially available at a concentration of 8 wt% Al or less
20 in paraffinic solvents (isopentane, hexane, heptane, etc.). These commercial solu-
tions or suspensions are generally clear, but cloudiness is not expected to affect
performance, or lead to difficulty in feeding the MMAO into the reactor. It is not
expected that there should be any criticality on the particular MMAO selected.
[0078] Any effective amount of the cocatalyst components may be used in meth-
25 ods of the present invention. In general, the molar ratio of organoaluminum com-
ponent to MMAO component will be in the range of 0.1 to 50, or 0.1 to 30, based
on the aluminum content of each cocatalyst component.
[0079] Catalysts of the present invention may be used in any type of polymeriza-
tion or copolymerization process, including, for example, fluidized-bed, shurry, or

30 solution processes, such as for olefin polymerization or copolymerization reac-

tions.



cont ai ni ng organoal um num conpounds, such as diethyl al um num chl ori de and
5 diisobutyl al um num chl oride. [0075] Triethylalum nummay al so be used,
but becauwe 0b##21830 a strong poison for triethylalum num ®ee/UsH2/21513
triethylalumnumis | ess suitable when H2 is used as a chain transfer
agent. [0076] MVAO (nodified methyl al um noxane) conponents useful in the
present 10 invention include the MMAGCgpdi sclosed in U S. Patent No.

6, 001, 766, wherein they are generally referred to as "al kyl al um noxanes"
or nore specifically as "nodified nethylal um noxanes.” In sone

mbodi , .
uspend bl o IR, MR P2 RmonRactoed PRA R m el rkit Grolle S5 Bt 4 (o 10

carbon at onsnyehiign ¥ bé Wiade by oas RRillEA YN tH%CdrUISIa%ed.En mhﬁﬂwé 09 b@lly@l%ﬁna@d
preferably include alkyl groups having about to 8 carbon atoms. MVAO

m xtures raybeatradnasd Holgthylengs, fomexamplegnankd Izrerimjd|thiecAymarh@ng Bdn- | i near

(e.g. cyclicg /. t ff t
e A A S S A
w % Al's or | efsre alphd-clefiay. altitatle a!;ihbmdfﬁrﬁ; intindgefor aramplecXan@, ahgptane,

etc.). These comrercial solu- tions or suspensi are generally clear, but
cl oudi ness ek SuhFs oreRylens. bibrisee. 1- W&r“’fﬁﬁg@(' 1gente g‘ﬁoanflgl 8% culty in

feeding the \VAReL Gf‘ﬂ kdD8lefif 9%lso|bTe us& not  expected that there should be
any criticality ont % particular MVAO sel ected. [0078] Any effective

amount of tHe08Hc hllydtogsm camhpomhassa oheam bensfsmgenhinrﬁiae poBBnavidatiarf ret he
present i nvent| on . a‘b‘i,-he no) ar. ati o of. r%{anoa m num.com
ponent to MVKEPR SYiPo SItsl methqds P tﬁ@éesfﬁ‘t HYIHO8- 59°b G t o 30,

based g on t h@nahisd Besmg qp@gﬁﬂé DhretRe fan@qmaéiaiéy@bg&omgég the [49€r48%
Cat al ysts of the present i nvention nay be use n any type of ]ﬁol yneri za-

ti on or copohgleedlarzaeighhobthsamdymen nthashtiegef h}@rog@aatﬁpn@nomqruv i Y& bed,
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choi ce of noARRBLY ons 8Killed iR tHeOdry fRRIdaclabhrdioulac aplidhtich. t WHehehdaiedt
polymer is polyethylene or an ethylene copolymer, the amount of hydrogen will
15 generally be from 0 to 2.0 moles of hydrogen per mole of ethylene.
[0082] Polymerization temperature and time can be determined by one skilled in
the art based on a number of factors, such as the type of polymerization process
and the type of polymer to be prepared.
[0083] Polymerization temperature should be high enough to obtain an acceptable
20 polymerization rate. In general, polymerization temperatures are greater than
30 °C, or greater than 75 °C. On the other hand, polymerization temperature
should not be so high as to cause degradation of catalyst or polymer. Specifically
with respect to a fluidized-bed process, the reaction temperature is not so high as
to lead to sintering of polymer particles. In general, polymerization temperatures
25 are less than 300 °C, or less than 115 °C, or less than 105 °C.
[0084] As is generally known, polymers such as polyolefins may be polymerized
at temperatures that are partially determined by the density of the desired product.
Thus, for example, polyethylene resins having densities below 0.92 g/em’® are
typically polymerized at temperatures from 60-90°C. Polyethylene resins having
30 densities of 0.92 to 0.94 g/cm’ are polymerized at temperatures from 70-100 °C.

Polyethylene resins having densities above 0.94 g/cm3 are polymerized at tem-



invention can be nmade by one skilled in the art based on the type of
polyolefin to be produced. Polyethylenes, for exanple, may be produced by
pol ymer i zZWog@3@21390 yl ene, optionally in the presence of onecarusomesihi gher
ol efins, such as one or 5 nore al pha-ol efins. Suitable al pha-ol efins

i nclude, for exanple, C3-C 10 al pha- ol efins, such as propyl ene, 1-butene,
1- hexene, 4-nethyl- | -pentene, and 1-ggtene. M xtures of al pha-olefins
may al so be used. [00811 Hydrogen can be used as a chain transfer agent in
t he polynerization re- action with the catal ysts and nethods of the present

i nvent i on 54 BRI 1538, SR 3R B e BRUE peri L Sha 20U

of hydrogen1§ Weéses the average no The

rati o of hydieagigss ir@ aﬁ?r@@ﬁ‘ﬁte shd dre\siven foﬂﬂll&@t&div@@u%séshﬁllﬁlem red aver age
nmol ecul ar MEIBht of po and can be deter- mned by one skilled in the

art for eacHOP83 V\@ls;palr wihiged-bed feastor \wsed t%n@&@ﬁﬂé&ﬂe pysephvention,
pol yet hyl ene, argan %EIQMAZS@?S &g@g} Xg;ﬁ%rto g%!%ﬁnﬂl%gpkﬁg}neﬂ%fg{set g'apwo'tﬂer 15

general |y be’ ronl rogen p ene. [00821
Pol ynes i zat i reactioanpedidibns. elerttizetcmei maaotsearde)tmufaﬂmyn@draqu mr;eesskiels loéd in

the art based on,a n ct such, as the .t e of yneri zation
process andlﬂtﬁéb%@%@ lp@ﬂ\g}ﬁé ag arsegeb?ré\&sp%ateﬁe §i5uFf’c§q§‘?lPéﬁ’ YUK | on
tenperature gy ? P@afi g}bl&ﬂ?”ﬁhufd?zeamea'réhcﬁﬂ iG5EREA £predfre above

pol ynmeri zation ra I'n general, polynerization tenperatures are greater
than 30 C, ahouglﬁhpsar(ltl\mléa) m@h@wntlhehc)an,empekmm atﬂnaxgllprrpraszacsfan

t enperature S to_cause. cat al yst or
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react ijgn tengggﬁguﬁﬁhégmnot so high as to lead to sintering of polyner
particles. general gﬁerlzatlon tenperatures 25 are less than 300 C,
or |ess thar{OQ (3] @ncqﬁhewét@ st prEsHrI@ss wivapdate aptévatesd caealyst Apg 3 liroredn,

pol ymers su ol r t t at are
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typically polynerized at tenperatures from 60-90C,_ . Pol yet hyl ene resins
havi ng 30 dei® ¢figtalyt precypsor gndpcosatalysh fee Briegenss Y Hapyriticy (%18 PBIRSEF at ur es

from 100 i n 9 B are
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for carrying out a polymerization reaction can be determined by one skilled in the
art for each particular situation.
[0087] Catalysts and methods of the present invention can be used to prepare
various types of polyolefins, such as polyethylenes, including high density poly-
20 ethylene (HDPE) and linear low density polyethylene (LLDPE). An LLDPE resin
typically has a density of less than about 0.94 g/cm®, whereas an HDPE typically
has a density of more than about 0.94 g/cm®. An HDPE is prepared from a feed-
stock with a high proportion of ethylene and only small amounts, typically up to
about 1.5 mol%, of higher olefin. As the level of higher olefin in the feedstock
25 increases, more higher olefin is incorporated into the polyolefin, which interferes
with formation of dense crystalline regions. Thus, higher olefins may be used to
obtain LLDPE, as the higher olefins decrease the density of polyethylenes.
[0088] As is known in the art, the higher alpha-olefins tend to be less reactive
than ethylene, and so are generally incorporated into a polymer at a lesser mole
30 fraction than their mole fraction in the feedstock. Further, each catalyst incorpo-

rates higher olefins at a rate specific to the catalyst. This property of the catalyst



21 peratures from80-115 C. It should be appreciated that these
tenperatures and densities are approximte and are given for illustrative
pur poses wol03/02480©85) When a fl ui di zed-bed reactor is useacrusazasthod of
the present invention, one skilled in the art is readily able to determ ne
appropriate pressures and other 5 reaction conditions. Fluidized-bed
reactors are typically operated at pregsures of up to about 1000 psi (7
MPa), and are generally operated at pressures bel ow about 350 psi (2 MPa).
Typically, a fluidized-bed reactor is operated at a pressure above about
150 psi (1 MpPa 0 A regsyres fa-
vors heat traﬂé¥3¥m8e§d%n%&gﬁ)?hcr erﬁgha&?%@éﬁﬁ cfﬁg}ég éabpﬁgﬁug t

vol ume heat ushfllfaRasirédy/bp tetbhinG@sthe bﬂﬁ&ﬁtloﬁlmghéx’rt&plﬁzablaﬁyfﬁé ghnegursor is
activated, the activated catalyst has a limted lifetine before it becones
deact i vat ed. 1ORe I EeXRRo @] 06icRALSEUISH i the PphmeREatigny Progess: e gaflyiditefle of an
activated c e d c cies of
catal yst pr asidoprogtR Rt pofial PHRherbe LEFRAE Spd MCRERS AR 3RER © X er
or 15 sxygerhaving 4 IgszeneienmyonIt\Aeasahttera:fd)rdmlan@rrexfparjmenmnod\m d@tpmi}nei ate

| ength of ti for in ug ol i zation eactlon ca

det er ni ned b"yfﬁ%rl%veéwﬁ el the deedbigE 85ceapEsa fockIedpcesd p &?‘FBH [00871
Catal ysts arts#ar@m&ﬂéen%ﬁllaﬁx apﬁa%ﬁ&narda& tah&ﬂl f&MolbEn used to prepare
various types of polyoletfins, such as polyethyl enes i ncl udi ng high density

poly- 20 et h[jm&‘ne A(sl—maj abone, Ihlgineaplelfmwaotemstmnﬁllpongledddylmeuhe nidrioBieE) . An
LLDPE resin a denS|t s th about 0..94 g/ cnB, ,wher eas
o roPE. & ypi EARIGR R aahERE Priderfity SSThah Juh oy by gk hS iR Dpe <
prepargd fromug catagdrs @H%&hwstdff e Hr&BnPimoBIdni BBluaé pelyditlyne mnb-onl y
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catal yst incorpo
polyethylene copolymers include, but are not limited to, ethylene/l-butene co-

polymers, ethylene/l1-hexene copolymers, ethylene/4-methyl-1-pentene copoly-
mers, ethylene/1-butene/1-hexene terpolymers, ethylene/propylene/1-hexene ter-
polymers and ethylene/propylene/1-butene terpolymers.

20 [0090] Catalysts of the present invention preferably have activities greater than
about 1000 grams polyolefin/ gram catalyst, so that the deactivated catalyst
(which was obtained from the activated catalyst) does not need to be removed
before further processing of the polyolefin. Thus, polyolefins prepared according

to the present invention generally include deactivated catalyst.

25
EXAMPLES
[0091] The present invention will be further illustrated by way of the following
Examples, which, among other things, describe syntheses of catalyst precursors
and catalysts of the present invention, and the use and evaluation of catalyst sys-
30 tems of the present invention in polymerization reactions. These examples are

non-limiting and do not restrict the scope of the invention.



rates higher olefins at a rate specific to the catalyst. This property of
the catal yst WO 03/022890 PCT/ US02/21513 22 conposition is referred to as
"hi gher awplwasoedsedi n i ncorporation property” and i s usualrlcy/usezsisnied by
determ ning the amount of a higher al pha-olefin (e.g., 1-bu- tene, 1-hexene
or | -octene) required in the polynerization process, e.g. fluid-bed
reactor process, to produce a copol ynenszof ethylene and the higher

al pha-olefin 5 having a given density. It is a nmatter of ordinary
experinentation to determ ne what Ievels of higher olefin in the feedstock
are require p uce ol ef i a desired density.froma

particul ar d[ngg%] @1% éﬁga%fig?ﬁé 5F’e"1‘lr Iﬁerce[%%paﬂé 8tpé8‘seﬁﬁ§§\}ré}hehqxaﬂlér

ol efins arelgg;a@39k4 YeHtncl uded in the nononer feedstock to adjust pol yner
properties, such as. {% pol yet hyl enes produced to with catal ysts and
met hods of the present |nvention i ncl ude polyethylene hono polyners, as

wel | as polyeth Ie ep . . r rm"copol yners"” in- cludes
ter pol yners E;%ﬁhﬁé;ﬂi h%H%??ua G fhchf honmopol ynmers prepared wth
catal ysts andoost D@dﬁo@@ratdb%prsﬂﬁem 00 Igyem}tlblomacabeentqanmﬁmﬂ dty60biPehRMm- Pol y-
et hyl ene co- and higher- F g%ners may be HDPE qgr LLDPE, depending gn the 15
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et hyl ene/ 1-butene co- pol yners, ene xene copo YyIers,
et hyl ene/ 4- r@tblu;wmhgmmheﬂéBMméBy mnmt)swaﬁadtgetiemehe Stiredt shed Shuhrgxaene

terpolyners,_gl e/ propyl ene/ 1- hexe ter ol.yners
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pol yolefin/ gramcatalyst, so that the deactivated catal yst (which was

obt ai ned frowasdddedot SV mjthsa'mtlygtn)ed@uegn@@tlrrmeﬂaStqwnb@uqdefnn\vélaur bef ore

further process t he po i olefl r.ed. accordi ng
to the preserte TRk sBREY A%y aefidhie yBriRidien el o RS
EXAMPLES [ Ofd®dihg pb®der. esent invention will be further iIIustrated by way

of the follow ng Exanples, which, anong other things, describe syntheses
of catal yst precursors

15 Example 2: Preparation of Catalyst Precursor

[0094] Powder prepared according to Example 1 (2.00 g) was reslurried in iso-

hexane (~50 mL) and the slurry was heated to 50 °C. A Zr complex was prepared

by reacting triisobutylaluminum (0.80 mmol) in heptane (~1 mL) with Cp,ZrCl,

(0.056 mmol, 0.0164 g). The solution of the Zr complex in heptane was added to
20 the slurry.

[0095] After stirring the mixture at about 50 °C for about 1 hour, the liquid phase

was removed by evaporation under nitrogen flow to yield a free-flowing powder.

Weight percent of Ti and Zr were found to be 1.63 and 0.23, respectively.

25 Example 3: Preparation of Catalyst Precursor

[0096] Powder prepared according to Example 1 (2.00 g) was reslurried in iso-

hexane (~50 mL) and the slurry was heated to 50 °C. A Zr complex was prepared

by reacting triethylaluminum (0.80 mmol) in heptane (~0.5 mL) with Cp,ZrCl,

(0.108 mmol, 0.0316 g) in toluene. The solution of the Zr complex was added to
30 the slurry.

[0097] After stirring the mixture at about 50 °C for about 1 hour, MAO in toluene



and catal ysts of the present invention, and the use and eval uati on of
catal yst sys 30 tens of the present invention in polynerization reactions.
These exawplos@mpe non-limting and do not restrict the ®copsombisihe

i nvention. WD 03/022890 PCT/ US02/ 21513 23 [00921 Unl ess stated ot herw se,
all percentages, parts, etc. presented in the exam ples are by weight.
Exanpl e 1: Preparation of Titanium Conpgnent 5 100931 Davi son grade 955
silica (6.00 g), which had been cal cined at 600 C un- der nitrogen flow for
4 hours, was placed into a Schlenk flask. |Isohexane (-100 nlL) was then
added to the,flask, .and the flask was aced. into _an oi t.h( 0.

Di but yl magneSi Srﬂjflﬁglwas(agagdztoﬁﬁﬁFl)ur%éaﬂteﬁagﬁlqggh? Wé’ag g Artraggutrsglol Oirti%)r slurry
at 55 C, anbosi inbfd NBoWASheCRAMiH PUEE WaY reoved by eVhsdtatidr aded Agttoged. 10
mmol ) was 10 added at 55 C and the m xture stirred for 1 hour. Finally,

Ti O 4 (2. 592lewnte yieldwa éreerdi@udngmpowderc Weighheerearyof ild And£aivess fovaddeirri ng
was conti nu r he 1 quid phase was renoved by evaporation
under nitrog%nf'ﬁ%éve({?gﬂﬁs&egt}%l*ree- fl ow ng powder. 15 Exanple 2:
Preparation of Catal yst Precursor [00941 Powder prepared according to
Example 1 (2.00 gf) was reslurried in iso- hexane (-50 nL) and the slurry
was heat ed tiExasmples 4 19 & PolymarigatiopReactionsared by reacting

triisobutyl 21N D i o s W : 0. 056
ol 0. 0164 070 TRe SRR bonde e Bk R e (o 20
the slurry. pré@8&iks Ahd dre ecatahishopitthe ofi YW @risethybdarnintith) @Gnfl dvIMAOQuUt 1

hour, the liquid phase .was renpved evaporati o nder nitrogen flowto
yield a free‘gf‘g'%v&?gy MEP{’re%?’bsht/P‘Iv)mg’ﬁ‘? SHE VR ARG Zr were found to be
1.63 apd 0. 2@099je P&t 1 “Rinless ZreeP4aidRlafe 3quippRPAitAta ﬂa%&ft-dﬁaé% Sler
Precursor 100961 Powder prepared accordi ng o0 Exanpl e (2.00 was

reslurried istiniesyas fidled math( hepeanel(F5Gmd.)tend Ishaxeny GlamLhandesdaslovsni-C. A zr

(0 s ) i PR30 Lo R DR R s r e aseat BefCF) O o

the Zr conplwxs sesedathdedrring rate increased to 1000 rpm, and the temperature increased

to 95 °C. The internal pressure was raised 12 psi (83 kPa) with hydrogen and then
15 ethylene was introduced to maintain the total pressure at 204-211 psig (1.41-1.45
MPa). Next, the temperature was decreased to 85 °C, 20.0-30.0 mg of the
bimetallic catalyst precursor was introduced into the reactor with ethylene over-
pressure, and the temperature was increased and held at 95 °C. The polymeriza-
tion reaction was carried out for 1 hour, and then the ethylene supply was stopped.
20 The reactor was cooled to ambient temperature, and the polyethylene collected.
[0100] The slurry polymerization results using the catalyst precursor of Examples

2 and 3 are given in Table 1.

Table 1
Catalyst Cocatalyst Mixture Productivity I
Example Precursor TMA (mmol Al); MMAO (mmol Al)  (g/g-hr)  (g/10 min)  Xymw
4 Example 2 TMA (0); MMAO (2.4) 5110 3.7 0.93
5 Example 2 TMA (1.2); MMAO (2.4) 6030 82 0.69
6 Example 2 TMA (2.4); MMAO (24) 6890 18.7 0.59
7 Example 3 TMA (0); MMAO (2.0) 3530 39 0.88
8 Example 3 TMA (2.0); MMAO (2.0) 7010 26.6 0.59

25 [0101] Xumw is the weight fraction of the HMW polymer component estimated



30 the slurry. [00971 After stirring the mxture at about 50 C for about 1
hour, MAO in tol uene WO 03/022890 PCT/ US02/21513 24 (3.00 mmol) was added
to the slworog0228bd er stirring the m xture at about 50 C f @cT/mopetsiore 1
hour, the liquid phase was renoved by evaporation under nitrogen flowto
yield a free-flow ng powder. Wi ght percent of Ti and Zr were found to be
1.53 and 0.42, respectively. 5 Exanple®s54 to 8: Polynerization Reactions

[ 0098] Et hyl ene/ 1-hexene copolynmers were prepared with the binetallic
catalyst precursors and the cocatalyst mxture of TMA (trinethylal um num
and MMAO i e e el ow. 10
10009] A 1. ik lecPRLdEL SPEE N QPG e EARRI ol Betaffilend

i npel I er  stdfiBxampWast thigl dreshosir i mgmaheoS%Eipeﬂﬂu)elﬁnd 1- hexene (30 m.)
under a slow nj- trogen purge at 50 C, and then TMA and NMAO were added.
The react or QLA %§1Woiaéﬁ5h°t“h@a§tnﬁeﬁ?"ﬁ§t}lea?t”@("}“ﬁef@%%ér%o1‘04)@ tpm and
the tenperat el r d 12 psi
(83 kpay w LR Ry Aropat 26 the et mh e o N 4 & 20 n 1 he
total pressunmobtreQ0n- iﬁk&snpsswgh(alhxgherlﬂm indéRadnd INext Xuhive iiddegdiee atfur e was

i 1 oduced (MR ZRS TP, R S bl Fa s e e p s

tenperat ure (¥as o'f "T%l%aﬁ gkt ﬁewnhﬁlﬁhbfé 297 He- efﬁa@nogoisyg%d #Panitsl Akifoeacti on
was carried out for hour, and then the ethylené supply was stopped. 20

The react or grams oﬁmlwhylon@PMgeam Otfewpﬁé(émrﬂ"e) and the pol yet hyl ene
collected. [0100] The slurry pol yrrer.t%%:t%on results using the catal yst
precursor of Exanples 2 and 3 are gi n Table 1. Table | Catalyst

Cocat al yst "Mxture EJ pCtIVItyCJoéa{a XA € Precyl $h%end -
(ol ALY (akaiid e Wﬁtﬁx ph 12 Ti@i Moo 51 10

Example 2 MA (0), MMAO (2.4) ' 155 5 291.6
5 Example2 TMA (1.2); MMAO (2.4) 812.7 2553
6 Example2 TMA (2.4); MMAO (2.4) 1228.2 2494
7 | Example 3 TMA (0); MMAO (2.0) 100.9 203.1
8 Example 3 TMA (2.0); MMAO (2.0) 684.6 270.4
10
[0103] The Zr efficiency is very dependent upon the TMA loading in the cocata-
lyst mixture, whereas the Ti efficiency remains in the 200-300 kg PE/g range
whether TMA is present or not. Using MMAO alone as the cocatalyst results in a
Zr efficiency of less than 200 kg PE/g Zr, but for a cocatalyst mixture of TMA
15 and MMAQO, the Zr efficiency increases by greater than 500%.

Example 9: Polymerization in Fluidized-bed

[0104] A resin sample was prepared in the fluidized-bed reactor with the catalyst
precursor of Example 3. The process conditions and resin characteristics are

20 given in Table 3.



6 Exanple 2 TMA (2.4); MVAO (2.4) 6890 18.7 0.59 7 Exanple 3 TMA (0); MVAO
(2.0) 3530 3.9 0.88 8 Exanple 3 TMA (2.0); MVAO (2.0) 7010 26.6 0.59 25
[0101] XHvw/osm218he wei ght fraction of the HMW pol ynmer conpomdrsb2/ests nat ed
WD 03/ 022890 PCT/ US02/ 21513 25 based on deconvol ution of GPC data. The GPC
chromat ographs for the polyners of Exanples 4 to 8 are shown in Figures 1
to 5, respectively. [0102] The slurry dgta show that increasing the anount
of TMA fromO to 1.2 to 2.0to 2.4 nmmol in the cocatal yst m xture at a
given WAO |oading (2.4 or 2.0 5 nmml) results in resins with a higher
flow i ndex and | ower XFIMA indicati V§ bEf3hi gher Zr efficiencies. The
calculated zr and Ti efficiencies for the’ catal yst sys- tens of Table 1 are
shown in Tabl : iency 1s given tn units of kilo- grams of

pol yet hyl ene ﬁl’eljéc%sré%n%}l%s?t al %‘/7r nrg Ti). Table 2 Catalyst ?‘nratalvqt

M xture Zr effi cEtitanePartif plesdieti@yi (kBxpnpl e Precursor TWRM (1o60) Al ); MVAO
(mol Al) (kg PE[g Zr) (kg.PE/g Ti) . anple 2 TMA (0); (2.4) 155.5
291.6 5 Exanpl e éson’ﬁmar(elna?}élpmw&s}ﬁs%QJ 255.3 6 EQ%WQS“)Z TVA (2. 4):
WO (2.4) 1228, . 12dthkihore AIRIRIGERBN{E) | MRO (2.0) 10@7A 203.1 8
Example 3 TMA (2.0); MVMAO (2.0) 684.6 270.4 10 [0103] The Zr efficiency is
very dependent ubb)ﬁth}’llﬁiﬂe rasigdBaigPhaselt he cocata- |yst niG@3%e, whereas
the Ti efficienc i i.not-he 200-300 kg PE/ g range wh r TMA is
present or not. égang k’/ﬂﬁt rgl gne as the cocatal yst results%itshmea Zr
efficiency of | edMMARKPP@0O0 kg PE/ g Zr, but for a cocatal ys®0nmi xture of TMA
15 and MVAQG, theTK{:Aeffi ciency increases by greater than 501%%) Exanpl e 9:
Pol yneri zation in MRS zed- bed [0104] A resin sanple was prépared in the
fl ui di zed- bed r eastatl Produetivitg, kpatRiky sitalypr ecur sor of Exanfib& 3. The

process conditi o%e&pcgen[:}%skigrhac/g%act eristics are 787
Ti efficiency, kg PE/g TI 286
Resin Characteristics
Flow Index (I3, ¢) g/10 min 13.9
MFR (121 ¢/I2.16) 110
Density, g/cm’ 0.952

[0105] While the invention has been described in connection with certain pre-
ferred embodiments so that aspects thereof may be more fully understood and
5 appreciated, it is not intended to limit the invention to these particular embodi-
ments. On the contrary, it is intended to cover all alternatives, modifications and
equivalents as may be included within the scope of the invention as defined by the
appended claims.
[0106] All patents, test procedures, and other documents cited herein, including
10 priority documents, are fully incorporated by reference to the extent such disclo-
sure is not inconsistent with this invention and for all jurisdictions in which such

incorporation is permitted.



20 given in Table 3. WO 03/022890 PCT/US02/ 21513 26 Table 3 Process

Condi tions Ethylene partial pressure, psi (kPa) 154 (1060) |sopentane
partial pwesswemo psi (kPa) 29.6, (204) 1-hexene/ethyl enecmalse2ests o (gas
phase) 0.0076 Hz2/ethylene nole ratio (gas phase) 0.0221 Bed Tenperature,
C 85.0 MVAO ppm90 TMA, ppm 152 Overall Productivity, kg PE/ kg catal yst
7688 Zr efficiency, kg PE/g Zr 787 Tiqefficiency, kg PEfg Tl 286 Resin
Characteristics Flow I ndex (12166) g/10 mn 13.9 MR (121.6/12.16) 110
Density, g/an 0. 952 101051 VWil e the invention has been described in
connection pre- ferred enbodi nents so that aspects thereof may
be nore full ﬁﬁﬁ and 5 appreciated, it is not intended to limt
the invention to these particular enbodi nments. On the contrary, it is
intended to cover all alternatives, nodifications and _equival ents as may
be incl uded 1wth|A1ptq¢ess§@bpred@ﬁmg n@lyplﬁﬁeﬂbp@wcw CQEMYISWE: by the appended

claims. [01061 Al é patc%m lﬂlntgségag%sgég%Ei?S%? ané‘ LtQFy'st qH&HEfEf{}EtSpI%' ted

herein, includin 10 pri are néor por ate

reference to the extenfursstcbomlpashg-a binicallis daoilysit rm:mssostcmmprmntghat hi s
invention and for all jurlsdlctlons in mhlch such incor oratl?n IS
pernmitted. WD 03/ 022899npusta l{gsene oompenind-pf a transition metal and a metallocene

compound, and the cocatalyst comprising an organoaluminum
component and a modified methylaluminoxane component, to ob-
tain an activated catalyst;
10 (b) contacting the activated catalyst with olefin monomers under po-

lymerization conditions to form polyolefin;

(©) determining at least one product parameter of the polyolefin; and

(d) varying the ratio of organoaluminum component to modified meth-
ylaluminoxane component based on comparing the product pa-

15 rameter to a target product parameter.

2. The process of claim 1, wherein the at least one product parameter com-
prises a melt flow rate, and the target product parameter comprises a target

melt flow rate.

20
3. The process of claim 2, wherein the melt flow rate is the flow index I ¢.
4, The process of claim 2, wherein varying the ratio of organoaluminum
component to modified methylaluminoxane component based on the prod-
25 uct parameter comprises comparing the melt flow rate to the target melt

flow rate.



What is claimed is: 1. A process for producing polyolefin, the process
conprising: (a) conbining a catal yst precursor and a cocatal yst, the

cat al yst woe3/omseur sor conprising a binetallic catal yst pPeTarssn2isi3
conprising a non-netall ocene conpound of a transition netal and a

net al | ocene conpound, and the cocatal yst conprising an organoal um num
conponent and a nodi fi ed et hyl al um noxgne conponent, to ob- tain an
activated catalyst; 10 (b) contacting the activated catalyst with olefin
mononers under po- |ynerization conditions to form polyolefin; (c)

determ ning at |east one product paraneter of the polyelefin: and (d)
varying the tati gﬂ%ﬁ p‘ES’FEﬁin%fgglﬂ‘rW r?gr??'}beé?f‘_ﬂo‘f?&fflg ttEe ﬁ%&? %?é’&gaﬂi’g?lﬁmmum

yl al um noxane conRafRAtnts eI HEeMPRIUNIdokAHR cBhPdh&i bRkd ohthé prter to a
target product paraneter. 2. The process of claiml, wherein the at |east

one product par anist eprageier compres apleastionepfow rate, and the target product

paraneter conpris a.target .nelt.fleowr . . rqcess of .claim 2,
wherein the nelt (ﬁﬁ)w IP%rtegSI? ﬂf%éat!fol 8f/)v0|r aﬁéagluﬁn%%"g.CO%!ggq%éq%r%?%@gdof claim
2, whesein varying themédylatuntihoihg 20mabnstit Pt metrfloneitd istlessiidh the ed

met hyl al um noxane conponent based on the prod- 25 uct paraneter conprises
conparing the melt fldargebmeltdflowimte; and get nelt flow rate. WO 03/ 022890

PCT/ US02/ 21513 . o ' i tio of
(2:@%%0 &E@r%aﬁﬁggg%??@e 8? r?g%e{%%lgrn‘i‘ﬂﬁﬁ oPhpbAEt | BImbligiefati 0 0

or ganoal um num nent to um noxane conponent based on
t he prod- uct paranet anetbhglaphmisesnatcompasdnt dffwhe afelt flab yate mcgreatst thgnt he
rati o of organoal um num conponent to nodified 5 nethylal um noxane
conponent if the nelt PFHRETRLIUVFUCs than the target nelt flow rate;
and

6. The process of claim 1, wherein the polyolefin comprises a relatively
higher molecular weight polymer component and a relatively lower mo-
lecular weight polymer component, the at least one product parameter
comprises a weight fraction of the higher molecular weight polymer com-

15 ponent, and the target product parameter comprises a target weight fraction

of the higher molecular weight polymer component.

7. The process of claim 6, wherein varying the ratio of organoaluminum
component to modified methylaluminoxane component based on the prod-

20 uct parameter comprises increasing the ratio of organoaluminum compo-
nent to modified methylaluminoxane component if the weight fraction of

the higher molecular weight component is greater than the target weight

fraction or decreasing the ratio of organoaluminum component to modified
methylaluminoxane component if the weight fraction of the higher mo-

25 lecular weight component is less than the target weight fraction.

8. The process of claim 1, wherein the contacting, determining, and varying

are each done at least two times.



(d2) decreasing the ratio of organoal um num conponent to nodified

nmet hyl al um noxane conponent if the nelt flowrate is greater than the
target mnmewbD oBloes9e ate. 10 6. The process of claiml, wher@or/udo21303 yol ef i n
conprises a relatively higher nolecul ar wei ght pol ymer conponent and a
relatively | ower no- |ecular weight polyner conponent, the at |east one
product paraneter conprises a weight bhpaction of the higher nolecul ar

wei ght pol yner com 15 ponent, and the target product paraneter conprises a
target weight fraction of the higher nol ecul ar wei ght polyner conponent.
7. The process of claim6, wherein varying the ratio of organoal um num
conponent to nodified nethylal um noxane conponent based on the prod- 20 uct
parameter caopri SH& pra6seasi ddgint he whateid tief oRafENOAINUA BoMpaRIP@oment to
nodi fi ed net hyl al um noxane conponent if the weight fraction of the higher
nol ecul ar wei ght REApHeast Ofiestrlgp‘é{k@tlwlntlﬁlaﬁ?"iméngar get weight fraction or
decreasing the ratio of organoal um num conponent to nodified

met hyl al um noxane conponent if the weight fraction of the higher no- 25

| ecul as wei gtk ccFeqrectss ofsclhias$ whbsin theeridllylghimineinglompbnadttomyprise8. The
process of claim1, whereip the coptacting, determning, and varying are
each done at Ieaé?lﬁﬁbo?qﬂggynV@V@ YBof! lprsdrping 1EPLPPY drginUmy,

process of clai mehyu\GIfEhim R8s HRAM NI YThSQIREARRM %Hdint_rieétgf%es at
| east one trial kylal um num conpound. 5 10. The process of claim9 wherein

the trial kyl al umlnmmuoonpound conprises at |east one of trinethylalum num
triethylalumnum tripropylalumnum tributylal um num
triisobutylalum num trihexylalum numand trioctyla- luminum 10 11. The

procegs of cljai Mhe WoBSEio cldi® MOWRdreindhé Snchr AHYNGMalIinint BE RS or-
ganoal um num conponent to alum numin the nodified nethylal um nox- ane
conponent is in tgagoglpmgunpeompanenptosguminum in the modified methylaluminox-

ane component is in the range of 0.1 to 50.

12.  The process of claim 1, wherein the bimetallic catalyst precursor com-

15 prises a non-metallocene component comprising at least one of titanium,
zirconium, hafnium, vanadium, niobium and tantalum, and a metallocene

component comprising at least one metallocene of at least one of titanium,

zirconium, and hafnium.

20 13.  The process of claim 12, wherein the bimetallic catalyst precursor com-
prises a non-metallocene component comprising at least one of titanium
and vanadium, and a metallocene component comprising at least one met-

allocene of zirconium.

25 14.  The process of claim 1, wherein the olefin monomers comprises at least 80
wt% ethylene.
15.  The process of claim 14, wherein the olefin monomers further comprises at

least one C;3-C,y alpha-olefin monomer.



12. The process of claim1, wherein the binetallic catal yst precursor com
15 prises a non-netall ocene conponent conprising at |east one of titanium
zi r coni umivolabziseom vanadi um ni obi um and tantal um and aPoEtEsh/DGENe
conponent conprising at |east one netall ocene of at |east one of titanium
zirconium and hafnium 20 13. The process of claim 12, wherein the
binmetallic catal yst precursor com priges a non-netall ocene conponent
conprising at |east one of titanium and vanadium and a netall ocene
conponent conprising at |east one net= allocene of zirconium 25 14. The
process of claim1, wherein the ol efin nononmers conprises at |east 80 w%
et hyl ene. 15. The process of claim 14, wherein the olefin nononers further

conpri ses atl6.| edBlie 0€esE3f €lhin dl pharet Bitian lgaBem@eprodidOpHAn 2 §&ther
PCT/ US02/ 21513 30 16. The Brocess,of claim1l, wherein the at | east one
product par amet erCoPU¥IseR: mekdiayy raliosand the|targey REaYCh Premetgs fusthis coBy get

product paraneter i.ses a target nelt flowratio. 5 17. The
. prs,Eg %Agagget%éﬂ%&b atfo:

process of claim einthe nelt flowratio is 121.6/12.16. 18. A
process for producing polyolefins having a target nelt flowrate, the

process conprjsing: 10 (a)_.conbini a catalyst precursor and a cocatal yst,
t he catal yst Hpr e?ﬂﬁﬂrg‘ifgs ebeiBmm é&n‘@%&elai%%}ﬁpw rate 1 lisflo gr ecur sor
conprising a non-netall ocene conpound of a transition netal and a

net al | ocene conpound, and the cocatal yst conprising an organoal um num
conmponent ankB.a rdiréiessl foreplodhcihg poholkdime hevmgontangst mt dlow tde.tthen an
activated catal ysti) {;?t% cont.acting the activated catalyst with olefin
nmononer s under pd2r f YPOAY'%n conditions to form pol yol efin; (c)

determpning a nmel) f | wynmbikifg of cditdlgst RRESBIRTNAa edtdtalyst, the catalyst pre-
cursor comprising a bimetallic catalyst precursor comprising a
non-metallocene compound of a transition metal and a metallocene
compound, and the cocatalyst comprising an organoaluminum
component and a modified methylaluminoxane component, to ob-
15 tain an activated catalyst;
(b)  contacting the activated catalyst with olefin monomers under po-
lymerization conditions to form polyolefin;
(c) determining a melt flow rate of the polyolefin; and
(d) increasing the ratio of organoaluminum component to modified
20 methylaluminoxane component if the melt flow rate is less than the
target melt flow rate or decreasing the ratio of organoaluminum
component to modified methylaluminoxane component if the melt

flow rate is greater than the target melt flow rate.
25 19. The process of claim 18, wherein the melt flow rate is the flow index I, ¢.

20.  The process of claim 18, wherein the contacting, determining, and varying

are each done at least two times.



(d) increasing the ratio of organoal um num conponent to nodified 20

nmet hyl al um noxane conponent if the nelt flowrate is less than the target
melt fl ovwpaB®21p0 decreasing the ratio of organoal um num Pcansonerst3t o
nodi fi ed net hyl al um noxane conmponent if the nelt flowrate is greater than
the target nelt flowrate. 25 19. The process of claim 18, wherein the nelt
flowrate is the flowindex 121.6. 20.31The process of claim 18, wherein
the contacting, determ ning, and varying are each done at |east two tines.
WO 03/ 022890 PCT/US02/21513 31 21. The process of claim 18, wherein the

or ganoal um num conponent com prises at |east one trial kylal um num
conpound. 5 22. The process of claim2l, wherein the trialkylal um num
conpound corgl. pr i BesSpratesk @ slai@nts, oihdréin it loydaabalaininimm comipehdiy lcatum num
tripropylalu- minum tributylal ymnum triisobutylal um num

trihexyl al uni numRiKes atleasheqs rglkyfalwnmumepmpoundhe process of cl ai m 18,
wherein the binetallic catal yst precursor com prises a non-netall ocene
conponent conprising at |east one of titanium zirconium hafnium

vanadi #im ni22i urftenprot@ntod|diaim 2hdwheremst tht [todkylelunuowpowentouadrpm-si ng at
| east one netall ocene of a e of titani.um . .zirconium $%Ebhafniun1

t least. o
15 24. The proce§§58?a%&ﬁ?d?@?%%Wﬁg? lofumipuing; thigthy jalyrpinuny, Ayigop cur sor

com prises a nonnfihdl PERMAuSHRON ERboFTRLISARY ihdx§BHmPNA Ghdtitani um
and vanadium and a mnetal |l 6cene conponent ‘conprising at | east one net-

al | ocene of zircdnpealp@n@®. The process of claim 18, wherein the olefin
nmononmers conprises at least 80 w% ethylene. 26. The process of claim 18,
wherein the ol efin nononmers further conprises at 25 | east one C3-C10

al pha4el ef i R3MONOI®Y process of claim 18, wherein the bimetallic catalyst precursor com-
prises a non-metallocene component comprising at least one of titanium,
zirconium, hafnium, vanadium, niobium and tantalum, and a metallocene
component comprising at least one metallocene of at least one of titanium,

zirconium, and hafhium.

24. The process of claim 23, wherein the bimetallic catalyst precursor com-
prises a non-metallocene component comprising at least one of titanium
and vanadium, and a metallocene component comprising at least one met-

allocene of zirconium.

20
25.  The process of claim 18, wherein the olefin monomers comprises at least
80 wt% ethylene.
26.  The process of claim 18, wherein the olefin monomers further comprises at

25 least one C;-C)p alpha-olefin monomer.



WD 03/ 022890 PCT/ US02/21513 32 27. A process for producing polyolefins
conprising a relatively higher no- |ecular weight polynmer conponent and a
rel at i velwolosmgasoorol ecul ar  wei ght pol ymer conponent and raviusg22Eiyet

wei ght fractions of higher and | ower nolecular wei ght pol yner conponents,
the process conprising: 5 (a) conbining a catal yst precursor and a

cocatal yst, the catal yst pre- cursor copprising a binetallic catalyst
precursor conprising a non-netall ocene conpound of a transition netal and
a netall ocene conpound, and the cocatal yst conprising an organoal um num

conponent ang, a npdi fi ed .net hyl al um no e conmponent, .to ob-.10 tain an
activated crjﬁ%al yst; PPPEys é%rnPrgﬁ)ﬁflﬁ;'H% PP F?'@Tegngisig?g{ryéﬁm@a? éffl%‘fe?\’/\@h{a#eﬁlnbof'i n
nmononer s under porechldMavdigat palimeO RehipbRdt il faOkdRtRRlY WbWEd Riolélar
determ ning the weight fraction of at |east one of the higher no- |ecular

wei ght pol yner covwpehepelymat cemponesiverd hayias target weighhfractignspd| highar

component; and (d MBLXLIGICLIS 1L 8khexdlmor SAIRRLAT AU EOIRBRERL LD

nodi fied net h- ylal'um noxane conp easing

organogl um - num @pnpos@itinihg el stqaeduridrydnd| 4160 dackwsnethe aapdzepte-i f t he
wei ght fraction of the higher nol ecular wejght conponent is 20 greater than
a target weight fractiOWBr QBPFSHE| hGImelellicasata)y s PresursQyasRsaprisieham

component. to modi fi ed il Ab AL UBKAIEONT wRRIRRmEd1 3G MELANLLr 20t on

of the higher nolecul ar welrght com ponent | ess than the target wei ght
fraction. 25 28. The proagessd,ohnd|thé mo2atalyshepmipnsingearc amgaobiungnum
determ ni ng, and varyin two tines. 29. The process

are each d at |east .
of claim27, wherein t‘??g‘lH?PE)‘g I%Fﬁoaﬁ‘eﬁfidﬁ gﬁgﬂm@@ﬁ? CBMPSRYLAC 90545t one
trial kyl al um num conpoyiichn RQvME) OR41942890 PCT/ US02/ 21513

(b) contacting the activated catalyst with olefin monomers under po-
lymerization conditions to form polyolefin;
(©) determining the weight fraction of at least one of the higher mo-
lecular weight polymer component and the lower molecular weight
15 polymer component; and
(d) varying the ratio of organoaluminum component to modified meth-
ylaluminoxane component by increasing the ratio of organoalumi-
num component to modified methylaluminoxane component if the
weight fraction of the higher molecular weight component is
20 greater than a target weight fraction or decreasing the ratio of or-
ganoaluminum component to modified methylaluminoxane com-
ponent if the weight fraction of the higher molecular weight com-

ponent is less than the target weight fraction.

25 28.  The process of claim 27, wherein the contacting, determining, and varying

are each done at least two times.

29. The process of claim 27, wherein the organoaluminum component com-
prises at least one trialkylaluminum compound.

30



33 30. The process of claim29 wherein the trialkylal um num conpound com
prises at |east one of trinethylalumnum triethylalumnum tripropylal u-

m num t rwbuwsybmbam num triisobutylal um num trihexyl al urPCmursoaatd3
trioctylalum num 5 31. The process of claim27, wherein the binetallic
catal yst precursor com prises a non-netall ocene conponent conprising at

| east one of titanium zirconium hafngum vanadium niobium and tantalum
and a netal |l ocene conponent conprising at | east one netall ocene of at

| east one of titanium 10 zirconium and hafnium 32. The process of claim
31, wherein the binetallic t.al yst .or I rises a non-netall ocene
component cotfpr i sigPRresscaleqeBhed oyResti bt S Qe BhintGRofhotal B8

met al | ocene CONPGRHRBE af RARY b2l Gtritettyddaminng, tethylaldmiauhgeenepphlu-
zirconium 33. The process of claim27, wherein the ol efin nmononers
conprises at | eadpinugy (ibugydalupinie . triigpbyuylalppanysm.o delexy durgngmmand
wherein the ol efi rs further conprises at |east one C3-Cl10

al pha-ol efin non&ﬂg%%]@?w%% PCT/ US02/ 21513 34 35. A process for
producsng pol yet hyl ene copol yners having a target nelt flowrate, the

process conprising: (a) conbining, (i) .a binetall]ijc catalyst precursor
conpri si ng: (A PFBH‘-’%%I‘PB’C&\e‘skt%?fﬁégﬁ(ﬁmﬁ?tag‘tc | .Yﬁt POTESGE Pira- ni um
and vanadi um and {Rls 8 dRRiAhRGRRE c&t Pdobrigh %P(Tjh'ak't%neamnaﬁihhl), a

cocatal yst conprising: (A) an organoal um num conpound sel ected fromtri- 10
met hyl al umi num taiicetiuyd, dlatmiumyuwgnatuinp mopyial andi tantalum, and a metallocene

component comprising at least one metallocene of at least one of titanium,

10 zirconium, and hafnium.

32. The process of claim 31, wherein the bimetallic catalyst precursor com-
prises a non-metallocene component comprising at least one of titanium

and vanadium, and a metallocene component comprising at least one met-

15 allocene of zirconium.
33.  The process of claim 27, wherein the olefin monomers comprises at least
80 wt% ethylene.
20 34. The process of claim 27, wherein the olefin monomers further comprises at

least one C3-C) alpha-olefin monomer.



num tributylalumnum triisobutylalumnum tri- hexylal um num and
trioctylalum numand (B) nodified nethylal um noxane, to obtain an

acti vat edwoatabkasse ; 15 (b) contacting the activated cat al ystr/usor/msadnoner s
under polyneri- zation conditions to form pol yethyl ene, the nononers
conprising 80-99 wt % ethylene and 1-20 wt % of at |east one C3-Cl0

al pha-ole- fin; (c) determining a nelt sl owrate of the polyolefin;, and 20
(d) increasing the ratio of organoal um numto nodified methyl al u- m noxane
if the nelt flowrate is less than the target nelt flow rate or decreasing

the rati o of,.organoal um numtq nodifie t hyl al u- m.noxane if the melt
flow rate is gr ed{‘1 AOCRRA R@aP%P%@PlyﬁgWyigenF I%%Olylrg%etrgha‘é@g\&)t%tdﬂgéw

PCT/ US02/ 21513 Fhywifite, Anddpro6&S SohprisiRg:oduci ng pol yol efins conprising a
hi gher nol ecul ar wei ght pol ymer conponent and a | ower nol ecul ar wei ght

pol ymer conponent(® andoRBNMIAg t ar get wei ght fractions of higher and |ower
nol ecul ar wei ght  pol yer COlIR. t ising: 5 (a)
conmbining: (i) a bi met(gfl i & Ca%%ﬁ%g%taé#%@ge?é%ﬁ?%%nﬂ%%.ng: (A a

non- e$ al | ocene conpound of(Ajt |emstmetattoche cbinpoumd ofatdedbt vanafliitam and ( B)
a netal | ocene conmpound of zirconium and 10 (ii) a cocatal yst conprising:
(A) an organoal um num conpound JEPBEP YRR 8Rd - et hyl al umi num

triethyl al umnum tripropyl@)umymiifeehé bl R OHTim, and
triisobutylalumnum tri- hexyl eﬁ um num and trioctylal um num and
(i)  acocatalyst comprising:
(A) an organoaluminum compound selected from tri-
10 methylaluminum, triethylaluminum, tripropylalumi-
num, tributylaluminum, triisobutylaluminum, tri-
hexylaluminum and trioctylaluminum and
(B)  modified methylaluminoxane,
to obtain an activated catalyst;
15 (b) contacting the activated catalyst with monomers under polymeri-
zation conditions to form polyethylene, the monomers comprising
80-99 wt% ethylene and 1-20 wt% of at least one C3-C) alpha-ole-
fin;
(c) determining a melt flow rate of the polyolefin; and
20 (d) increasing the ratio of organoaluminum to modified methylalu-
minoxane if the melt flow rate is less than the target melt flow rate
or decreasing the ratio of organoaluminum to modified methylalu-
minoxane if the melt flow rate is greater than the target melt flow

rate.

25



15 (B) nodified nethylal um noxane, to obtain an activated catalyst; (b)
contacting the activated catal yst with nononers under pol yneri- zation
condi t i ons0tos/0tsemm pol yet hyl ene, the nononers conpri si ng PEBOASH2/MSYS

ethyl ene and 1-20 wt % of at |east one C3-Cl O al pha-ole- 20 fin; (c)
determ ning the weight fraction of the higher nolecular weight polyner
conponent; and (d) varying the ratio ofysorganoal um numto nodified

met hyl al um nox- ane by increasing the ratio of organoal um numto nodified
met h- 25 yl al um noxane if the weight fraction of the higher nolecul ar

UL DA A R A e i
fraction of the mog,hﬁér ohssneh@indai Ioher nfdsRREREighS pblg&Rr Ibapokdhe t ar get
wei ght fraction. 3
and having target weight fractions of higher and lower molecular weight
polymer components, the process comprising:
5 (a) combining:
) a bimetallic catalyst precursor comprising:

(A) anon-metallocene compound of at least one of tita-
nium and vanadium and

(B)  ametallocene compound of zirconium, and

10 (ii)  acocatalyst comprising:

(A) an organoaluminum compound selected from tri-
methylaluminum, triethylaluminum, tripropylalumi-
num, tributylaluminum, triisobutylaluminum, tri-
hexylaluminum and trioctylaluminum and

15 (B) modified methylaluminoxane,
to obtain an activated catalyst;
(b)  contacting the activated catalyst with monomers under polymeri-
zation conditions to form polyethylene, the monomers comprising
80-99 wt% ethylene and 1-20 wt% of at least one C3-C;¢ alpha-ole-
20 fin;
(©) determining the weight fraction of the higher molecular weight
polymer component; and
(d) varying the ratio of organoaluminum to modified methylaluminox-
ane by increasing the ratio of organoaluminum to modified meth-
25 ylaluminoxane if the weight fraction of the higher molecular
weight component is greater than a target weight fraction or de-
creasing the ratio of organoaluminum to modified methylalu-
minoxane if the weight fraction of the higher molecular weight
component is less than the target weight fraction.
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