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di scl osure of which is hereby incorporated by reference. 1. FIELD OF THE
| NVENTI ON The present invention rel ates gener ally to nethods of nonitoring
and 10 controlling polynerization reactions. Mre specifically, the
invention provides nethods of rapidly nonitoring polynerization reactions
wi t hout the need to A < Jgele r oper.tie and net hods of
control ling pol yneri-=zs - o Jarahereyr s 1 MOhSEHH devi ati ons
bet ween target and nonitor edysiNnGatE KDING INDICEAROIE are especi al |y useful
in polynerization reactions USIng at 15 teast two different catalysts in a
single reactor. 2. BACKGROUND Gas phase processes for the

honopol yneri zati on,and copol tization qf oners,. especi.al . efin
nononers, are wel Infhkﬁﬁ ICF °I¥ﬁ 13§ ?l?e gﬂlﬁﬁt p?rforig'gsﬁ%mé@@aﬁcgﬂpl}féh&b%mt ed,
for exanpke, @oys3umEsnomles N ehiber 435 200IS tHORAHRY didElosu¥® MFRKish ifhereBy Stirred
and/or fluidized bed of resin particles and catalyst. In the fluidized-bed
pol yneri zat i dacogporafied by meferenpe pol ymeri zation is conducted in a

fluidi zed-bed reactor, wherein a bed of polyner particles is nmaintained in
a fluidized state by neans of an ascendi ng gas streamincl udi ng 25 gaseous
reacti on nondner. FIREDROF THE INVGENOIONT ol efins in a stirred-bed reactor
differs frompolynerization in a gas fluidized-bed reactor by the action of
a nechanical sti riherprigsankiinventien riskites merdiyeto writhadlscefnmoniieoring and

fl ui di zatpon : : [ . "t uj di - Soal so
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fluidi zed bednetealst of rgedigr mohitoritse polynixeidaiidn peatibas Mathoupahe/ meed to
particles. During the course of polynerization, fresh polyner is ,generated
by the catal ﬁmel%p%{f'ly%fr ProkiFOProBFtieReA KRS HHONS ogrf@nsaﬁlps«enﬁsﬁpwa@fmi s WO

03/ 044061 Pqée{é§92bgi%1¥1§érs 2n response to deviations between target and monitored

functions. The methods are especially useful in polymerization reactions using at

15  least two different catalysts in a single reactor.

2. BACKGROUND

Gas phase processes for the homopolymerization and copolymerization of

monomers, especially olefin monomers, are well known in the art. Such processes
20  can be conducted, for example, by introducing the gaseous monomer or
monomers into a stirred and/or fluidized bed of resin particles and catalyst.

In the fluidized-bed polymerization of olefins, the polymerization is
conducted in a fluidized-bed reactor, wherein a bed of polymer particles is
maintained in a fluidized state by means of an ascending gas stream including

25  gaseous reaction monomer. The polymerization of olefins in a stirred-bed reactor
differs from polymerization in a gas fluidized-bed reactor by the action of a
mechanical stirrer within the reaction zone, which contributes to fluidization of
the bed. As used herein, the term "fluidized-bed" also includes stirred-bed
processes and reactors.

30 The start-up of a fluidized bed reactor generally uses a bed of pre-formed
polymer particles. During the course of polymerization, fresh polymer is

generated by the catalytic polymerization of the monomer, and polymer product is



w thdrawn to maintain the bed at constant volune. An industrially favored
process enploys a fluidization grid to distribute the fluidizing gas to

t he bed, wod3@h®e1to act as a support for the bed when tReTAISpPBY6Df gas
is cut off. The polynmer produced is generally withdrawn fromthe reactor
via one or nore discharge 5 conduits disposed in the |ower portion of the
reactor, near the fluidization grid. The fluidized bed includes a bed of
growi ng pol yner particles, polymer product particles and catal yst

particles. Thi.s reaction. m.xtune.is maintai;ned in.a fluidized  condition by
the conti nuou@%%%%’h)?lﬁml? b’&hefiﬁic%géaé& 8?1u{rﬁeApé%dé"1%’ralllé§ff€Z‘%Prec} PYFEezi ng
gas which in 4 A6MeAE0H aEd db AMrithite et Mg dizaly &fs thhBe bERGHAMIso %D

toget her with added rmake-up nononer. The fluidizing gas enters the bottom

of the reactast aafdSUPROPeE dee bpd eThenathe ysupplyoelgBasaist fuli offz&b¢ ealygrard,
Y r Blcch N6 bl AR A 3hL S B RS RS "

processes ar wn. he recycle strea

t enper at use ehdvitst dispatedvip dienfowet @dttidni 6the kBadtdr, @edBS Fividizaiopodid. on of
the recycle stref?m_ g‘i described in U S. Patent Nos. 4,543,399 and

4,588, 790. Thins fdized petaclydss adedcali gawere rolymeiparticlgs.dodymercyretect st ream
or reactor duf t i Bl r . ed
mode - oper at fariuds 9, BAGERSofes! PhEIrtdoh hRERCT sty £AIERS

oper ati on ar eoddisiohdsedhe 2thtinnpus apwarddiphe fromh $he Baseebf thNoSeactbr2#3a619,
4,543, 399, 5,352,749, 5, 43ﬁ,.304, 5,405, 922, 5, 4&2, 999, and. 6, 218, 484, the
di scl osures df"t heasy whic dBF]}S‘S?Sdfeé:éfCleh%ﬁseﬁhﬁWBy pf Weaiopeof theereadon| vst

used is nEt REgmh&G UK hyddd Abite n%@nféﬁn{ﬂenﬁﬁiﬁ%ag[ %‘ﬁ eRERTY Bottor?¥¢ OF

nore Ziegler-Natta catalysts and/or netallocene c sts. xtures of 25
cat al ysts carthatesctobendisgassednpnetarsbly tirangh p duidveation aridpupwadlybthronghr i ed

out wwth two por.npre.different catal ysts present and actively polynerizing
at the sane tﬁ?ﬂ’én},alﬁeﬂ%gé'si ngl e reactor. The two or nore catal ysts can be of

different catal ystA viNQ@Df gbdiflhsd o@Dttt lobeGe S AbahY Bér SRfhph,
nmet al | ocene catal yst, to produce a product resin having desirable

properties. theregyelaisisan caahe seokddo ademperatueabelow the dswinminit whsyltiog as a
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the stream or reactor during the process is referred to generally as a “condensed
mode” operation.
Further details of fluidized bed reactors and their operation are disclosed
20  in, for example, U.S. Patent Nos. 4.243,619, 4,543,399, 5,352,749, 5,436,304,
5,405,922, 5,462,999, and 6,218,484, the disclosures of which are incorporated
herein by reference.
The catalyst used is not particularly limited, and can include, for example,
one or more Ziegler-Natta catalysts and/or metallocene catalysts. Mixtures of
25  catalysts can also be used. In particular, polymerization can be carried out with
two or more different catalysts present and actively polymerizing at the same
time, in a single reactor. The two or more catalysts can be of different catalyst
types, such as a non-metallocene catalyst and a metallocene catalyst, to produce a
product resin having desirable properties. The catalysts can be fed to the reactor
30  separately or as a physical mixture, or each catalyst particle can contain more than

one catalyst compound. When the catalysts include two catalysts producing

polymers of different molecular weight and/or different comonomer content, the



WO 03/ 044061 PCT/ US02/ 32765 3 pol yner product can have a bi nodal

di stribution of nolecular weight, conononer, or both. Such bi nodal

product s wanslawel physi cal properties that are different PCrarso/sayse t hat
can be obtained fromeither catalyst alone, or frompost- reactor mxing of
t he individual uninodal resins obtained fromeach catalyst 5 alone. For
exanple, U S. Patent No. 5,525,678 discloses a catalyst including a
zirconium netal | ocene that produces a relatively | ow nol ecul ar wei ght, high
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control the alomeal | nol ecul ar weight by 15 controlling the activity of the
zirconium catalys When po i Zi wth two or nore catalysts, it is
desirable to noni :FBF GXWBE’F ﬁgﬁ"ﬁ‘}%mggﬁt ?a%%%ﬁ%ﬁlséllos%sa% salghshinglidingat he

pol yner prodygtoni®® HRBlllobOR HAPIYSRIcEL At JeRivERN vt | higfted to
obtain the desiarmeld pol ymce)r propgti gs. Tﬁe gr%gir‘%inggé%ﬁﬁ?wg%g%%ﬁsr
produced i n tchmonemet-comtentepayherstaad Hyitai@0 marinetajloadeother atddoges a

paraneters, such as,t erat ures,. oner feed rates, atal yst feed rates,
co- cat al yst Fégtdve?%P@%%P%ﬁéﬁél%}gg ?(b%ﬁelélﬂf’?r&?li'ﬁc?ﬂte%rpo%ﬁ'{’@r %Y%‘é%l Yate. In
order to1Qrodugeneakl YReprita¥ RBn8mee Skl @thalSimAintPbPRELNE &3 ottRe! AL
exiting the reactor is sanpled and Iaboratorﬁ, measurenents carried out to

char act er i ze oleiis gesi agdded to [awepr the dengity ebithe pelyetltylaneo Tde @ircomine qatdlyster

properties 2% i ired ran ol ynmeri.zat.ion condi tions can be
adj usted, an %%%éor&g%ﬁ{fgfg?ﬁrh ggg%fl%%.er ?ﬁﬁ?cﬁ%%ﬁ%oa‘? %agdﬂﬁlnt?'%’g ?‘@E’Pr‘%g and
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testing of polyner Er operties iis _time-consumng. As a result, conventional

processes caf'ep flar g¥atgl ahefddadeto comtrol gibe ~ayjsead friodesulas weight Yyrer
before MpoUakok@slibdtheaflviEP0f et aulichaffst vel v 30 adjust the
pol ynmeri zati on conditions.

When polymerizing with two or more catalysts, it is desirable to monitor
the relative contribution of each catalyst to the polymer product, so that the
polymerization conditions can be adjusted to obtain the desired polymer
properties. The properties of the polymer produced in the reactor are affected by a

20  variety of operating parameters, such as temperatures, monomer feed rates,
catalyst feed rates, co-catalyst feed rates, hydrogen gas concentration, or water
feed rate. In order to produce polymer having a desired set of properties, polymer
exiting the reactor is sampled and laboratory measurements carried out to
characterize the polymer. If it is discovered that one or more polymer properties

25  are outside a desired range, polymerization conditions can be adjusted, and the
polymer resampled. This periodic sampling, testing and adjusting, however, is
undesirably slow, since sampling and laboratory testing of polymer properties is
time-consuming. As a result, conventional processes can produce large quantities
of "off-specification" polymer before manual testing and control can effectively

30  adjust the polymerization conditions.



WO 03/ 044061 PCT/ US02/32765 4 Thus, it would be desirable to have faster
nmet hods for nonitoring or predicting changes in polyner properties, or
changes iwoOrgloatosve activities of catalysts, in nultiplePcateshysrres
processes. O her background references include WD 01/49751 and U. S. Patent
No. 5 6,144,897. 3. SUMVARY OF THE I NVENTION I n one enbodinent, the
present invention provides a nethod of polynerizing olefins in a fluidized
bed reactor. Concentrations ClL and C2 of two 10 reactor conmponents are

determned in the fecycle stream of fhe reactor.t obtain a |eading
"ndi cator funct | ofPES dbrodd sy iR B BSRE REmdet sBhBiledis B o 1
and C2 is nopralctiagdcHafgdshér pbBer airepdriieRrorFehadbed e relafvé @spanEy Bg
react or conmponent 1nto the reactor. The value of L or a function of 15 L,
such as a res¥glysls ipanydplscatalystpiosessenl , is conpared to a target val ue,
and at |east one ' ' [ S t vi ation
between L or the Oﬁlﬁe%ﬁa?ﬁo%ﬁgﬁéﬁlﬁécisﬁg ﬂ gérjgﬁéﬁdovlé{gujé& %@2‘?’? OIPIB tnegto "t he

| eadi ng i5di 6ad989permts rapid diagnosis of reactor problens, and rapid
adj ustments of reactor paraneters, conpared to |aboratory analysis of
sanpl es of polynmer properties. 20 In another enbodinent, L is nonitored as
a function o? ti WQU%MKW’%HEINWUN of L is nonitored and conpared
to a target funct ; t, at least two | eading

i ndi cators are noh tarcecnsmdimednpthe epresdrtthitvantjet pravides or methodebof
functions. In the enboditrents descriped herein, suitable reactor.conpgnents
i ncl ude, zsp?lameg%wq%f?r%w&rfﬁ@éﬁ?é Rehisare. GheccabrBbrar S @t G676
reactor pgrapstey %ondp@ﬁéﬂ%g%re HOterRRBATRh fhe Mgﬁ%asf &RAnt 8t &% rBABPROMET

feed rates, catalyst feed rates, cocatalyst 'feed rates, hydrogen feed
rates, and webtein 4 keeding andieator funetromt Indefinedibydi ment t he pol ynerization is

catal yzed by a catal yst c
1
/i

C2

F 2
where each concentration C; and C, is normalized to the flow rate Fy or F, of the
corresponding reactor component into the reactor. The value of L or a function of
15 L, such as a rescaled value or a reciprocal, is compared to a target value, and at
least one reactor parameter is adjusted in response to a deviation between L or the
function of L and the target value. Monitoring of the leading indicator permits
rapid diagnosis of reactor problems, and rapid adjustments of reactor parameters,
compared to laboratory analysis of samples of polymer properties.
20 In another embodiment, L is monitored as a function of time, and the time
behavior of L is monitored and compared to a target function.
In another embodiment, at least two leading indicators are monitored and
compared with target values or target functions.
In the embodiments described herein, suitable reactor components include,
25  for example, hydrogen, monomers and comonomers. Suitable reactor parameters
include, for example, monomer feed rates, comonomer feed rates, catalyst feed
rates, cocatalyst feed rates, hydrogen feed rates, and water feed rates.
In another embodiment the polymerization is catalyzed by a catalyst
system including a first catalyst producing a first polymer and a second catalyst

30  producing a second polymer, and the method produces a polymer product having



systemincluding a first catalyst producing a first polyner and a second
catal yst 30 producing a second polyner, and the nmethod produces a pol yner
product h&oig4ME 03/ 044061 PCT/ USO02/ 32765 5 a di stri but ipom/usb2/sab®cul ar
wei ght, composition, or both nol ecul ar weight and conposition, that is
broad or binodal. The reactor paraneter gan be chosen to selectively alter
the relative activity of the first and second catal ysts, providing control
over the binodal dlstrlbutlon 5 4. BRIEF DESCRIPTICN CF THE DRAW NGS

Figure 1 is a E,g% dla of a fl dlzed Qed re or rdin todan
enbodi ment of* TREDHHERS WiWBW s F{OgRO&! nsﬂB gﬁ t#dsevera

| eadi ng i ndi GRhRPoSItIBR, ﬁa‘f 1N6bh@ Br Bfmoded. tlrﬁgefeaaopiaﬁaﬂl%fer IcAn HE*BLSL 1yat er
feed according to Exanpl e 1. Figure 3 shows the response of several |eading
i ndi cat or s aselgctivale vitenthefrelagivamctivit hh Hgelirst and seeandr catdy s, rredding
according to bl ock diagram of a fl uidized bed
react or accorgﬁf%l Vgrélﬁblgﬁg%ﬁlﬁgff@m& the present invention. 15 5.
DETAI LED PESCRI PTI ON The nethods of the invention are not limted to a
particul ar reactor t and can use, for eﬁggp fl ui di zed- bed reactors.
GSeac

Wil e the di feussi *HQESQRH§Q§HQ€¥MTHEiE%A tors as a particul ar
exanple, it shoul n t.hqd ot ..so.limted.
5.1 Fluidi zed- Bed%ﬁgﬁe;ﬁo?se Iuﬁgcddltagﬂ‘t}1 gpgegﬁlgbirgg %rael%\e}éﬁe gcordln |t?| Hhe art;
a parti cul ar entbedirhénriof thegpresexaimpetionf a fl ui di zed bed reactor is descri bed
herein, for illustrative purposes only. Those skilled in the art wll

recogni ze that nufePgE< Tasdisithe smspee Oiﬁﬁver@ée%h&h‘@é??é?ﬁ@s adangionmide, as
desired, 1o I ’Jﬁiﬁ tes a gas-phase
quidized be ﬁ@%%%?%ggéggﬁav€58£§£&§%%¥%$&&ﬁﬁﬁ tl%mﬂlch is generally an
upri ght cylinder Hagumd sﬂloizdsuh@l'rezsmﬂserofgevejaméadlhg)uah@dofs rs atfandtionesf

regions. The reactor body 22 encl oses, a fl uidi d.zone 26
9 time to changes in reactor vvater?~ ed accordll'lng to xamp?

Figure 4 is a block diagram of a fluidized bed reactor according to an
embodiment of the present invention.
15
5. DETAILED DESCRIPTION

The methods of the invention are not limited to a particular reactor type,

and can use, for example, fluidized-bed reactors. While the discussion herein uses
fluidized-bed reactors as a particular example, it should be understood that the
20  methods are not so limited.

5.1 Fluidized-Bed Reactor

Fluidized-bed reactors are well-known in the art; a particular, non-limiting
example of a fluidized bed reactor is described herein, for illustrative purposes
only. Those skilled in the art will recognize that numerous modifications and

25  enhancements can be made, as desired, to the fluidized-bed reactor.

FIG. 1 illustrates a gas-phase fluidized bed reactor 20 having a reactor
body 22, which is generally an upright cylinder having a fluidization grid 24
located in its lower regions. The reactor body 22 encloses a fluidized bed zone 26
and a velocity reduction zone 28 which is generally of increased diameter

30  compared to the diameter of the fluidized bed zone 26 of the reactor body 22.
The gaseous reaction mixture leaving the top of the reactor body 22,

termed the "recycle gas stream,” contains principally unreacted monomer,



and a velocity reduction zone 28 which is generally of increased dianeter
30 conpared to the dianeter of the fluidized bed zone 26 of the reactor
body 22. Whe3lgawebus reaction m xture | eaving the top of Prh@/usexsx’es body
22, ternmed the "recycle gas stream " contains principally unreacted
nmononer, WD 03/ 044061 PCT/ US02/ 32765 6 gnreacted hydr ogen gas, inert
condensabl e gases such as isopentane, and inert non-condensabl e gases such
as nitrogen. The recycle gas streamis transferred via line 30 to

conpressor 32, and .from conpressor 32 to,heat exchanger 34. An optional
cycl one separ@f%‘?gggﬁgge&ggﬁsﬁrégo 4?8%1??6 BPEP SHelh B RS RirRS gy g’%“
conpr essor 3Ziontddni&i¥anie gakdd@bch h ni#@gbd. €lthe rboy i gANRNASS traBsfER& big used
to sanple the recycle gas streamto determ ne concentrati ons of various
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GPO) , s i = .
o OSSN bl B M Al
exchanger 5( naonpiassy 328l Bhieefnes 1 dsiddi A @8sinaBeer P8 ehfabiydupst ream

of conpressor 32, The cool ed recycle gas streamexits the heat exchanger 34
via |ine 40. sa@plefhe geryslecsan pkan) tq ¢ricTanBe ERNCEBEIFANG OfHaTIGHS COBPPBYNS. be

gaseous, Or Cg@h; 1 L Qi L gur shows
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streamis cooched 450 aa ntarpéastiusgecabmeter 16r helRonritherdnefopar atarrigfrudaar e

| i qui d condensate begi to form(the dew point). Al or a portion of the
resul t ant gaépP‘?t’EﬂE’?‘ﬁgrﬁi‘t'Nf%)- [ éntq%gﬁ’é‘fﬂéh' head e};&gng(;rn(@om@lo[vgl)énaysél%,bgt or 42,
wher e al ljgor \RePRIdelitdl. Bfert (SO THTI Ay Al or a portion of the
gas stream whi ch maly ont g?ﬁlygg%egaﬁ}gﬁ?({él iéség{j?zansferred via line 44 to a
poi nt  bel ow t he fThei abolkedtrecyeleggascti@dmiaxits e heatvexchargpr 34 vid lihd140.r Aact or .

An amount of 20 u r.dl | ow as,, sufficient to maintain the bed in a
f1ui di zed corﬁjt%?cflf gﬁ’fiaq%/g, B’Fo?ﬂog%dgqcﬁckhfg? D ﬁ'fbg’g g;s‘ﬂﬁ“?qsgél’_ricrr‘lnfttf‘?ts\f"art

wi |l under st anlni0aF ch@d8s GRS lig®id REsts! Ggh@® MBHoNsBnoptfontl SirfRhiafbnWhen
the reactor enployed is a stirred bed reactor. An o&tdl onal conpressor 46

may be provi ddtfreid ablegsiracpartien ofithe pdcliclsigen streampisaobledite ¢ témpératper ated t o t he
gaes 14 0o} HRe AR VAL ARG BhbIR, Rl P55
All or a portion of the resultant gas liquid mixture is transferred via line 40 to a
separator 42, where all or a portion of the liquid is removed. All or a portion of the
gas stream, which may contain some liquid, is transferred via line 44 to a point
below the fluidization grid 24 in the lower region of the reactor. An amount of
20  upwardly flowing gas, sufficient to maintain the bed in a fluidized condition, is
provided in this way.
Those skilled in the art will understand that less gas is required to maintain
fluidization when the reactor employed is a stirred bed reactor.
An optional compressor 46 may be provided to ensure that a sufficient
25  velocity is imparted to the gases flowing through line 44 into the bottom of the
reactor. The gas stream entering the bottom of the reactor may contain condensed
liquid, if desired.
All or a portion of the liquid phase separated from the recycle stream in
separator 42 is transferred via line 48 to a manifold 50 located at or near the top of
30  the reactor. If desired, a pump 52 may be provided in line 48 to facilitate the
transfer of liquid to manifold 50. The liquid entering manifold 50 flows downward

into manifold 54 through a plurality of conduits 56 which have good heat



liquid, if desired. All or a portion of the Iiquid phase separated fromthe
recycle streamin separator 42 is transferred via line 48 to a manifold 50
| ocat ed awoams/omear the top of 30 the reactor. If desiredpca/ysonge762 may be
provided in line 48 to facilitate the transfer of liquid to manifold 50.
The liquid entering manifold 50 flows downward into manifold 54 through a
plurality of conduits 56 which have good heat WO 03/044061 PCT/ US02/ 32765

7 exchange properties and which are in heat exchange contact with the wall

of the reac Jq4quid 1t h h the condujts 56.cools the
interior wal }eggl}anggﬁgq%g%g% glg QIé}Héll‘ \%étérlgshe? %g)yﬁ%%el %ong%té{“ tgglt“éalu %ﬁlhf’esser
extent, depeneicty. Thepasshge of Homdriatoupk titd téetueniSbadooRNde ifterisluivatiiggn and
extent of heat exchan contact, 5 Thus bé the tine the Il%;;nld entering
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have remai negk; { |1, Gui ; re |l ve becone partially
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:Ieg\lj: ﬁ)g ItheIO e gr(ﬂ r 4m Vi 1Iq'L ne 44Mlgi10 prior to entry i?lto t he reactor
in the regi oi’e‘goé’?%av%?ﬁtggﬂ“&?mhﬂm%hﬁﬁ EFn?firr.ledl ’ﬁ' 90 gadirelirimid staiger ip
mononer can hewimavk e ARy 61 RGLALN o ther 1iguid or  gaseous
formvia line 60. Gas and/or I'iquid colTected in manifold 54 nay al so be

transferred directAsyshomnoint F&.rleadlat beatéd Ginids frmsrandion éiqh'&i) riegh%se?l tfﬁinﬁ)\t/vht he
fluidizati i Pr.oduct pol yner .particles can be renmpved fromthe

r egi:t L?av: gnF?‘%%fg@ﬁ Ha 11{1?15%&%&%%?? %@‘I ga\ﬁﬁa?a‘é{%g &’Grse%%@tﬁf)nﬁ%vwlf{eﬁ’éa net hod
and appal@t upridescsdtBesd the tbho®r iRahe re%@qn ﬂel@%lth@ﬁaidiﬁﬁt)ﬁ‘{%}‘iﬁt%'. $n like

continuously or intermttently injected into the reactor usi ng a cat al yst
f eeder (not &HOUR) mAkePABORITREIRAN|beeinttpdutied duid the redc®r ifPaitherNiquid 29

3,779,712. T S, ks eferab .ed.,into the rea r.,at a.pojnt 20 to
40 percent ogg‘q’teﬁgg ?(Jé%lc\%%rh% %g)'ne %F‘“AA%{&a ql??&ﬂfl?%ee;]lperﬁﬁqlg’ﬁg\%l@ayaﬂgo ta

hei ght of abeutsferbed aligbiiyitinf0 thereaibr Ghott BB @htthef rehd Bew SHit abl e
catal ysts arglpdesc,ri bed below. A gas which is inert to the catalyst, such

as nitrogen SMAFAESA LIS preferabl y
15 Product polymer particles can be removed from the reactor via line 62 in

the conventional way, as for example by the method and apparatus described in
U.S. Pat. No. 4,621,952.
Catalyst is continuously or intermittently injected into the reactor using a
catalyst feeder (not shown) such as the device disclosed in U.S. Pat. No.
20 3,779,712. The catalyst is preferably fed into the reactor at a point 20 to 40
percent of the reactor diameter away from the reactor wall and at a height of about
5 to about 30 percent of the height of the bed. Suitable catalysts are described
below.
A gas which is inert to the catalyst, such as nitrogen or argon, is preferably
25 used to carry catalyst into the bed. Cold condensed liquid from either separator 42
or from manifold 54 may also be used to transport catalyst into the bed.
Referring to FIG. 4, small quantities of liquid, such as water, can be
continuously or intermittently injected into the reactor 20 from a reservoir 64, via
a conduit 66. The liquid can be injected anywhere into the reactor 20, such as in
30 the reactor body 22 or recycle stream. In one embodiment, the liquid is injected
into the reactor body 22 at a point below the fluidized grid 24. A pump 72 can be

provided in conduit 66 to facilitate the transfer of liquid to the reactor. In one
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main polymer backbone. Polyethylene in the same density range, i.e., 0.916 to

0.940 g/em’, which is linear and does not contain long chain branching is also
known; this "linear low density polyethylene" ("LLDPE") can be produced with

20  conventional Ziegler-Natta catalysts or with metallocene catalysts. Relatively
higher density LDPE, typically in the range of 0.928 to 0.940g/cm’, is sometimes
referred to as medium density polyethylene ("MIDPE"). Polyethylenes having still
greater density are the high density polyethylenes (“HDPEs”), i.e., polyethylenes
having densities greater than 0.940 g/cm®, and are generally prepared with

25 Ziegler-Natta catalysts. Very low density polyethylene ("VLDPE") is also known.
VLDPEs can be produced by a number of different processes yielding polymers
with different properties, but can be generally described as polyethylenes having a
density less than 0.916 g/em’, typically 0.890 to 0.915 g/em® or 0.900 to 0.915
g/em’.

30 Polymers having more than two types of monomers, such as terpolymers,
are also included within the term "copolymer" as used herein. Suitable

comonomers include a-olefins, such as C3-Cyg a-olefins or C5-Cy, a-olefins. The
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strai ght chaipBatehty driR&and ARl 8hisRSeRr cycl oal kenyl - substituted al kenes,
havi ng 6 to TS glgar[bon at ons. Sui tabﬁg non- conj ugat ed di enes include, for

exanpl e: (a) stralOghar vsefin campobiersd nm:hekd ps]ate: gvmﬁl lqr?ﬁjdgateadaﬁlamﬁnd 20
él %?ﬁ;?@%en%ﬁrgﬁg% erﬁlgeﬂgsh%ge S e%le rglngca){cfehllyge mlo%(r)]mers w1(1:ch can be included in
minor amounts in terpolymer compositions. Non-conjugated dienes useful as co-
monomers preferably are straight chain, hydrocarbon diolefins or cycloalkenyl-
substituted alkenes, having 6 to 15 carbon atoms. Suitable non-conjugated dienes
include, for example: (a) straight chain acyclic dienes, such as 1,4-hexadiene and
20 1,6-octadiene; (b) branched chain acyclic dienes, such as 5-methyl-1,4-hexadiene;
3,7-dimethyl-1,6-octadiene; and 3,7-dimethyl-1,7-octadiene; (c) single ring
alicyclic dienes, such as 1,4-cyclohexadiene; 1,5-cyclo-octadiene and 1,7-
cyclododecadiene; (d) multi-ring alicyclic fused and bridged ring dienes, such as
tetrahydroindene; norbornadiene; methyl-tetrahydroindene; dicyclopentadiene
25 (DCPD); bicyclo~(2.2.1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkenyl and
cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB), 5-
propenyl-2-norbornene, 5-isopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-
norbornene, 5-cyclohexylidene-2-norbornene, and 5-vinyl-2-norbornene (VNB);
and (e) cycloalkenyl-substituted alkenes, such as vinyl cyclohexene, allyl
30  cyclohexene, vinyl cyclooctene, 4-vinyl cyclohexene, allyl cyclodecene, and vinyl
cyclododecene. Of the non-conjugated dienes typically used, the preferred dienes

are dicyclopentadiene, 1,4-hexadiene, 5-methylene-2-norbornene, 5-ethylidene-2-



3, 7-di net hyl -1, 6-oct adi ene; and 3, 7-dinethyl-1,7-octadiene; (c) single ring
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pol yol ef i n akd *the glg"%éﬂ‘ ?S(gé;érg%%%s%\g'rs selected. One skilled in the art can
readily determ ne the appropriate conononer content appropriate to produce
a polyolefin haviqgna desired density. 5.2 Catalysts 10 The cat al yst
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net al | ocene catal?E%S%E%ﬁ%ugghﬁggék§#gg?gggﬁéfggm%§#§$f§ﬁgag§¥Q%$i?ﬁres of
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se to a.reactor paraneter, such as hydrogen concentration,
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4,554, 265; m xed chrom umT<atal yst's disclosed In at ent
and 5, 198, 39%&polie/ \foandréhiciov pataalelest sudh sad dgdbgen ChiRenfPatiant water
Nos. 5, 39?5540 acnd t? 495rh817t;urt he haf ni um bul ky Iigand netal | ocene m xed
cat al yst $2di soncentration, tethperatiire, or comonomer concentratio.
Examples of catalysts include Zr/Ti catalysts disclosed in U.S. Patent No.
4,554,265; mixed chromium catalysts disclosed in U.S. Patent Nos. 5,155,079 and
5,198,399; Zr/V and Ti/V catalysts disclosed in U.S. Patent Nos.5,395,540 and
5,405,817; the hafnium/bulky ligand metallocene mixed catalysts disclosed in
20 U.S. Patent No. 6,271,323; and the mixed metallocene catalysts disclosed in U.S.
Patent No. 6,207,606.
In a particular embodiment, the catalyst is a metallocene/non-metallocene

catalyst such as those disclosed in U.S. Patent Nos. 5,525,678 and 5,882,750.

25 5.3  Leading Indicators

As used herein, the term "leading indicator" is used to mean a ratio of two
gas phase component concentrations, each concentration in turn expressed as a
component's gas phase mole fraction divided by its feed rate into the reactor.

Thus, a leading indicator ("L") can be expressed as:

30 L= ! 1
X2 M
F,
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Patent Nos. 5,525,678 and 5,882,750. 25 5.3 Leading Indicators As used
herein, the term"leading indicator” is;ysed to nean a ratio of two gas
phase conponent concentrations, each concentration in turn expressed as a
conponent's gas phase nole fraction divided by |t2 Lregg reglltg1 !n;({/thgo -
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conponent in the gas phase sanple and the sumin the denom nator i ncludes
all of the gas phase conponents or a subget of the gas phase conponents.
In one enbodi nent, the nole fracti oﬁ(fxfza—based on the twp con@dnents 10
bei ng conpared in the |eading indicators %o that: X1 = +n" x2 - , and X + _
X2 =1 (3) 2 n, +n2 OF course, in this émbodi nent, Equation (1) reduces to:
n L - | F (wheren;isthe number of moles of the i'th component in the gas phase sample and

the sum in the denominator includes all of the gas phase components or a subset
of the gas phase components.
In one embodiment, the mole fraction y is based on the two components

10 being compared in the leading indicator, so that:

n n,
, = , and y, + 7, =1 3
m+n, A2 P—— VAR A 3)

X =

Of course, in this embodiment, Equation (1) reduces to:

n /
I /A 4)

i
£y

The ratios in Equations (1) and (4) can be expressed generally in terms of
15 concentration C, since any volume term in a denominator of C will cancel.

The feed rates in Equation (1) can be in any convenient units, as the units
will cancel. Mole fractions are dimensionless, and thus the leading indicator is
also dimensionless. ' It should be appreciated that use of leading indicators as
described herein is based on relative, not absolute quantities. One or more leading

20  indicators is monitored as a function of time, and changes in the one or more
leading indicator(s) are used as described below to monitor and optionally control
the reaction. Thus, functions of Equation (1) or variations thereof are also within
the scope of the invention. For example, the reciprocal of a leading indicator is
still a leading indicator, and other functions can be applied to the numerator,

25 denominator or the ratio as desired, provided that the function thus obtained

permits monitoring of changes over a period of time.
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| eadi ng i ndi &
15 reciprocal of a leading indicator is itself a leading indicator.

In one embodiment, the leading indicator is based on the relative amounts
of hydrogen gas (H,) and ethylene monomer, the ethylene monomer being
denoted "C2" for convenience. In this embodiment, the leading indicator is
referred to as the "H2 leading indicator," denoted mathematically as follows:

X/
20 L(H2)= /i (5)

Cc2
C2

'In another embodiment, the leading indicator is based on the relative

amounts of a minor monomer (CM) and the major monomer (M), i.e.,

X c%
L=—r7m ©)
4 1\/
F M

For example, in a copolymer of ethylene and 1-butene, the leading indicator is
25 based on the relative amounts of 1-butene and ethylene monomers.
In a particular embodiment, the polymer is a copolymer of ethylene and

1-hexene, and the leading indicator is based on the relative amounts of 1-hexene
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If desired, one or more leading indicators can be determined as a function

of time.

10 5.4  Reaction Monitoring and Control

In one embodiment, the present invention provides a method of
polymerizing olefins in a fluidized bed reactor. Concentrations C; and C, of two
reactor components are determined in the recycle gas stream of the reactor to
obtain a leading indicator function L where each concentration C; and C, is

15 normalized to the flow rate F; or F, of the corresponding reactor component into
the reactor. The value of L or a function of L, such as a rescaled value or a
reciprocal, is compared to a target value, and at least one reactor parameter is
adjusted in response to a deviation between L or the function of L and the target
value. Monitoring of the leading indicator permits rapid diagnosis of reactor

20  problems, and rapid adjustments of reactor parameters, compared to laboratory
analysis of samples of polymer properties.

In another embodiment, L is monitored as a function of time, and the time
behavior of L is monitored and compared to a target function. The leading
indicator can be determined at a plurality of times. The time interval between

25  determinations of L can be any convenient interval. It is particularly convenient
to determine L at regular intervals, such as every minute, every 5 minutes, or other
larger or smaller time interval, although the time intervals can also be random.
When a large number of L determinations are made, such as determining L at
frequent intervals over a period of time, it may be convenient to compute, for

30  example, a rolling average, or to mathematically smooth the L(t) function.
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| east one reactor paraneter is adjusted in response to a deviation between
L or the function of L and the target value. Mnitoring of the |eading

i ndi cator permmts.rapid diagnosis of re%(fltor 20 .probl ens gnd rapi d

adj ust ment s OY SFBHIE o SHIOSHERSRE, PATIREIYY 4e8ma0kh o aE r §7od aFRiFSy SYAY of
sanpl es of peignitRanfly.operties. In another enmbodinment, L is nonitored as a
function of tine, and the time behavior of L is nonitored and conpared to
a target functionln Thetheregmabetimentnai leattdwodaading indéqatarsrpreeonitorad pndir al ity
of tinmes. Th ' inhe ' [ f y
conveni ent | 2?%1%3 %/}gfi Vaf}} {alyge lt p‘)’ar %%ﬁ&aéﬁ§$$§cg§égnﬂg%#) gﬂﬁgﬁagbggﬁ%ﬂ}]egﬁﬁﬁgt

regul ar it eH2aleading Uadic@sr (ufiafiomishuhé a @ntsnonter kddigemdicator akd@sed, | ar ger
or smaller tine interval, althQugh the time intervals can also be random
Wien a | ar ge “hgHd8e comopomerleadingindicsins inpseshewadn Equatipnd€)-det er i ning L at

[requent i nterval gy Gl Ofefipld BBeid LuliBl B8 SOONBALERL ifBuROTPUC o

for 30 exanple, a'rolling average, or to nathematica e L(t)
function. WOf@3xadpls hydGgéd JGihdoairaimd chovaeayi ng or snoothing is

particularly desirable when feed rates vary . significantly. In another
enbodi ment , ~ at |e§§tta@adefwé%rdpﬁgmﬁ%wﬁ faF, 6XeopIEt 5109 hdeedc Bigar ed

with targgt r i : . the 5
1 L3 0 VabUBEY LA, Lok S0P ok GBS e b ke e

used, wher erathemonomeroracerteidingnadneaconcentatam, dduugen nomegot@atioon ( 6) .
In the enbodi nents. descri bed herein,, suitabl e reactor conponents include,
for exanpl e, c%ﬂ?%&’é‘ﬁ@ %ﬁ@g%p@teéﬁaédggﬁbﬁ%cﬁﬁagtpr%mp[egﬁwrg. reactor parameters
include, for exanphes pARRAMEBI ethB&HmEAL She catbly&OnRAONLthd §RW @ Afeon

catal yst feed rates, cocatalyst feed rates, hydrogen feed rate, nononer

concent r at i ofsactominedidss ackhive exelysit producing drivgepelroacant » sedond catadst bon
di oxi de fl§ ed pgo%fu%i’ngvgtaée%gné 8&9mreﬁta%d tﬁ‘éﬂ'gle{h%%cﬁr%ucteg g%%[y%%el% rper'\oduct having

a distribution of molecular weight, composition, or both molecular weight and
composition, that is broad or bimodal. Preferably, the first and second catalysts
have different responses to a reactor parameter that can be adjusted, such as
different responses to changes in monomer concentration, comonomer
20  concentration, hydrogen concentration, or water concentration. The reactor
parameter can be chosen to selectively alter the relative activity of the first and
second catalysts, providing control over the bimodal distribution without the need

to alter the catalyst itself.
25 6. EXAMPLES

The following examples were carried out in a pilot plant scale fluidized

bed reactor, using the Zr/Ti metallocene/non-metallocene catalyst of U.S. Patent

Nos. 5,525,678 and 5,882,750. The primary monomer was ethylene, and the

30 comonomer was l-hexene. Gas phase concentrations of Hp, ethylene and 1-
hexene were measured using a gas phase chromatograph as the gas analyzer. Flow

index, I»1.6, was measured according to ASTM D-1238, condition F (21.6 kg load,



In a particular enbodi nent, the catal yst used in the polynerization
reaction includes a first catal yst producing a first polyner and a second
cat al yst wo93puasduci ng a second pol yner, and the nethod predases3aéepol yner
product having a distribution of nolecular weight, conposition, or both

nol ecul ar wei ght and conposition, that ¥s broad or binodal. Preferably,
the first and second catal ysts have dif1 erent responses to a reactor
paranmeter that can be adjusted, such as different responses to changes in

nonomer conc bat i r C r ioJQ! drogen _concentration,
or water congger)lt?%t ?g%(.l 93?“%9?53&% & %Qf%ﬁ%@@@ 16ane€%wg eggngﬁs%r%&g%lp%cti vely
alter the rekatvendomaltfiowt tyteef the first and second catal ysts, providing
control over the hinpdal djstributi (I)n wi thout the need tao alter the ‘

catal yst itself. 25EINEYARISEESD Throlqey measnirgcak aiprewlumsd docmpasugag out in
a pilot plangisGal erefs}d“ ainé&gitiOQEd rﬁ@ﬁh@flg,u@engte&ﬂﬁq\%y aT]:g,wgz gc,)r67t§e and

met al | ocene/ non-net al 'ocene catal yst o at ent
5, 882, 7505 THdetepninagoly ofrtroweighivisctimhyddefiew iadek ohe hdfh morwulanevreigh®s

1- hexene. (& e concentratj.on f H2, ethylene _and 1- hexene were
rreas)tjr ed usi Z%mﬁgn%ﬂ%%_oéﬁr%‘%%@gfeéﬁh éss?r%’/Fé %a@\%‘ﬁa&} z]@W?(HIf’Ile&Wafi ndex,
121.6, was k & &ﬁnﬁ%&@gwn@ééﬁ?’gra@@y\%ﬁ%ﬁﬁ fFactios ﬁOIﬁg.‘]-é oad, WO

03/ 044061 PCT/ US02/ 32765 5 190 C). Feed rates , water, ethylene and
1- hexene wer & reeisihe ddMYE icogporanty diveiresvdiant Troedaleblends waret datuciagized based

on rheol ogy neasurenent,was devel dfo asuring binodal resin_,
conposi tion. @Bzoﬁl(ﬁﬁ?aﬁtﬁ}r,ag? ﬂ%r %@%ﬁﬁ%&fﬁﬁﬁg 1963? (of Wégcogsd%?‘gﬁlﬁﬁ Hati on of
the wei ght fmaed neas@ed dot@vingn@en STV ahiiglBarohecl@menRi Gble WVt
conmponent of a binodal resin. A series of HWVand | ow nol ecul ar wei ght

(LMN conponéf®°’S weing bl BNHe$00nossilladeiye rgomesdrg lvailabbe tiram sRhgamattid5  to

7 of the H : . | t "podel " bl h terized
heol ogi cal | 3R 8 Biceah Ve RBW 1A | ITRCSaacNERACWER, Be 7 BE0G °°
nmodul us G' 16émpkical re@stised wisiclor einnGet AselSTM Qtddlind4he MrASHUSRIBANLS Wer e

made at 200C using a RVS 800 oscillatory rheoneter, available from
Rheoretric SMPBORSHES 1 mogaldesinswith unkpwn epmpgsitigrsepradiersd withesitnilaner e

used to gevelamyst components. The following equations can be used to determine the
compositions, where Ln is the natural logarithm, 7 is viscosity, and XHMW is the

weight fraction of the HMW component:

Lo(XHMW) = -10.0002-0.59312Ln(G" at 0.15)}+1.4729Ln(G' at 100s?) -
20 0.3907Ln(G" at 100s™) |
Lo(FIHMW) = 9.0223-0.01890Ln((n at 0.1s™")/100000)-4.4083Ln(G' at 0.1s™) +
5.36175Ln(G" at 0.15")-0.3840Ln(G" at 100s™)

Flow index (FI), melt index (MI), and melt flow rate (MFR, flow

25  index/melt index) of the blends can also be measured and related back to their
composition. The empirical equations can then be used to determine the
composition of components in bimodal resins with unknown compositions. The

following equations can be used to determine the compositions:
30 Ln(XHMW) =-0.33759+0.516577Ln(F1)-0.01523MFR

Lo(FIHMW) = 0.827076-0.04911Ln(FI)-0.0014MFR



enpirical equations, which can be used to determ ne the conposition of
conponents in binobdal resins with unknown conpositions produced with

sim | ar Mowawaoyst conmponents. The foll owi ng equati ons c&eThSou3E6sto
determ ne the conpositions, where Ln is the natural logarithm 9 is
viscosity, and XHWVis the weight frac jéon of the HWVN conponent: Ln(XHMWN
= -10. 0002-0.59312Ln(G" at 0.1s 1)+1.4729Ln(G at 100s-) - 20 0.3907Ln(G'
at 100s-) Ln(FIHWY = 9.0223-0.01890Ln((il at O ls 1)/100000)-4.4083Ln(G
at Ols'") + 5.36175Ln(G' at O s 1)-0.3840Ln(G" at 100s-') Flow index
(FI'), nelt index (M), and nelt flowrate (MFR, flow 25 index/nelt index)
of the bl ends canmhlslgleble neasured and rel ated back to their conposition.
The enpirical equations can then be used to determ ne the conposition of

conponents i n bi ndB&HZ ed \e legding dkaabim Webmprigminerhas a Trection o gk ng

equations ca : 1 3 i t4 : :

0. 3575070, 5rear AR it B EE RReh b EATRR LR Gua 2R M Hhbte 1.

0. 827076-9. 0&6d bien{tl) dnl§. S8HANRR M P304t BeludedTh Wnd ThBI27 6 thd GTablexanpl e 1

The H2 and _Cg{lea,di ng indicators were deternined as a function of tine, at
[

one minute i kidEhi & B deadingymdicsiorags dedingd jpEquptien dak d-(56k isHEWRO i n
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Table. In thgéaﬁll'la I%}ﬁwf O'IXIZZ% ?és[ﬁrse\ﬁe{%gfq}l%tg% g@’ ?ln I éﬂ%%rﬁlgg{%g’eﬁegzd?n
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(7), timeis in rgnwles, agjg’f"HZ ' indti)cat.e?l ten tines the water flowrate
into the rea®tdtol SYIERS PRMAbased pap PEbn parts of ethylene (ppm,
based onjgparts by weight. 10 WO 03/ 044061 PCT/US02/32765 17 Table 1 Tine
L(H2) L(C6) H2O Tine L(H2) L(C6) H2O Tinme L(H2) L(C6) H20
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The flow index I;¢ was measured at several time points by taking a

sample of the polymer product at the corresponding time. The flow index results

are shown in Table 2.
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i ndex 121.6 was rreadtsu edg?t several tine p(%i ts b taﬁin a san@Ie of the
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shown i n TabDRte2mindBoR IF PR} W IHdSR Ha3 fRR at 18velARiBe Points. The data

are shown in Table 3.




Time (mn) Flow Index,121.6 (gl 10 min) 60 27.88 300 23.09 540 14.28 780
7.59 1020 4.04 The data from Tables 1 and 2 are shown graphically in
Figure 1.wolshowgh Table 1 lists only every fifth data pecmtysoFses e 1
shows the conplete data set. 5 The flow values are nmultiplied by 10 for
conveni ent display. As shown in Figure 3, at approxi mately 400 mi nutes, the
water flow rate decreased by 1/3, and the C6 and H2 | eading indicators
both rose, indicating the change in reactor conditions. The change in

| eadi ng i ndicators is evident very so%bgg§ er the change in water feed
rate, but the full change in the flow’index of the polynmer product is not

10 evident unt g@? [ at er. rther, fTow i ta points are placed
at the time t iénp i;mar saLrng? was t EQ%@) DeterIJrTﬁq%QDtp?@n of @/gé};%ow i ndex
in a | aborator 00k i LLj QuUl S, a "éZ 15

Exanple 1 was repgat ed, excapgg that depsssi nati ons30bho! eadi ng indicators
wer e made based on hourly averages of the neasured process vari abl es.

Det er mi nati on of 1poI yner f19* ndex wa8-d8de at s&¥8PAI tinme poi nts. The
data are shown in Table 3.79M3 03/ 04409%4CT/ US02/ 33465 20 Table 3 Tine
(hr) L(H2) L(CB) H2O (ppm 121.6 (g/10 mn) 0O 90.08 0.533 13.000 1 87.40
0.518 13.009 2 7b6.37 0.54482188 986 3 80.58% 0.517 130235 5.54 54485. 14 0. 547

12.986 5 79.95 0.,p28 13. 0015 14 0.547 12.986
5 79.95 0.528 13.001
6 80.31 0.522 13.006
7 79.96 0.521 13.000 4.68
8 79.06 0.543 12.987
9 76.23 0.504 14.648
10 71.61 0.503 14.993
11 72.85 0.461 15.010 5.23
12 73.02 0.451 14.987
13 67.69 0.407 15.019
14 68.06 0.388 15.001
15 68.56 0.372 15.016 9.57
16 76.92 0.379 14.860
17 79.05 0.402 13.491
18 83.03 0.422 13.504
19 90.24 0.462 13.483 9.19
20 88.66 0.493 13.490
21 86.52 0.503 13.512
22 81.34 0.538 13.493
23 79.13 0.523 13.496 5.09

The data are shown graphically in Figure 2. Between 8 and 10 hours,
water feed rate increased from about 13 to about 15 ppm, then returned to 13 ppm
5 atabout 16 hours. For the Zr/Ti catalyst used, increasing water concentration has

the effect of increasing the relative activity of the Zr catalyst. As shown in the



6 80.31 0.522 13.006 7 79.96 0.521 13.000 4.68 8 79.06 0.543 12.987 9
76.23 0.504 14.648 10 71.61 0.503 14.993 11 72.85 0.461 15.010 5.23 12
73.02 0. 450 0344087 13 67.69 0.407 15.019 14 68.06 0. 388 PBETAG12/156%68. 56
0.372 15.016 9.57 16 76.92 0.379 14.860 17 79.05 0.402 13.491 18 83.03
0.422 13.504 19 90.24 0.462 13.483 9.19,,20 88.66 0.493 13.490 21 86.52
0.503 13.512 22 81.34 0.538 13.493 23 '/Zé 13 0.523 13.496 5.09 The data
are shown graphically in Figure 2. Between 8 and 10 hours, water feed rate

increased fr ] then urned to 13 ppm 5 at about
16 hours. Fo%ﬁg’(}@%fq} ?” 1%1%%); ;’/’ﬁs aﬁ%@&%%??@%%‘%%ép%? gcf' 88&%‘@%9?3‘{5?6% has
the effect ofconcemtiationnwherés theleading thdicidry rdspord rdphidy. Zr catal yst. As shown

in the WO 03/044061 PCT/US02/32765 21 Figure, the flow index shows a slow,
ti me-del ayed response to the change in water concentration, whereas the

| eadi ng i ndi cat or lgrapi dly. Exanples 3-9 5 Exanples 3-9 show the
use of | eading insE){ &rgjgl ues in reactor startup. H2 and C6 | eading

i ndi cat or§ were néxsunpic 19 shbe theasd of leadiag lindicatOr Falﬁ&diﬁ)read!@gstgt&ﬂ.w '(Ejy7 .
except that in, EX l.es..5 and 8 the reactor,  only reached 6 F o @0
(4 O, res peéﬁ 9%‘??8 legqing B‘gi&ﬂaf%rs yreee weaRsed &S thgppestor re?‘&lﬁﬁemng (6°C)

bed activity, except that in Examples 5 and 8 the reactor only reached 6 °F (3 °C)

and 7 °F (4 °C), respectively. The results are shown in Table 4.

Table 4
Example No. Water Feed L(C6) L(H2)
3 Yes 0.35 170
4 Yes 0.39 122
5 Yes 0.30 156
6 Yes 0.23 145
7 unknown 0.60 270
8 unknown 0.60 220
9 No 0.60 240

10
In Examples 3-6, the startup was successful. In Examples 7 and 8, the
reactor had quick, massive sheeting and was shut down. In Example 9, startup
was unsuccessful. After shut down, a malfunctioning fitting was found to be
preventing water from entering the reactor.

15 Various trade names used herein are indicated by a ™ symbol, indicating
that the names may be protected by certain trademark rights. Some such names
may also be registered trademarks in various jurisdictions.

All patents, test procedures, and other documents cited herein, including
priority documents, are fully incorporated by reference to the extent such

20  disclosure is not inconsistent with this invention and for all jurisdictions in which
such incorporation is permitted.

While the present invention has been described and illustrated by reference
to particular embodiments, it will be appreciated by those of ordinary skill in the

art, that the invention lends itself to many different variations not illustrated



Exanpl e No. Water Feed L(C6) L(H2) 3 Yes 0.35 170 4 Yes 0.39 122 5 Yes
0.30 156 6 Yes 0.23 145 7 unknown 0.60 270 8 unknown 0.60 220 9 No 0.60
240 10 Iwomsampbes 3-6, the startup was successful. | n Epamalisey3zzemnd 8,
the reactor had quick, massive sheeting and was shut down. In Exanple 9,
startup was unsuccessful. After shut doyn, a malfunctioning fitting was
found to be preventing water fromentering the reactor. 15 Various trade
nanes used herein are indicated by a TM synbol, indicating that the nanes
may be protec b I a I u n ) | so be
registered t r}gegégrrlr‘alrﬁl?gﬂ{etrslg\%/era&rs %%Ugl%megegéécg% §%1§1 %%ﬁ P&p%)?eel%? (én,?het aé%? Hded
procedur es, adlanetfbepurgoey BE détsrntiningdhd@uesddpe of eeliede@t inPéntdhi t Yy
docunents, are fully incorporated by reference to the extent such 20

di sclosure is not inconsistent with this invention and for al

jurisdictions in which such incorporation is permtted. Wile the present
i nvention has been described and illustrated by reference to particular
enbodi ments, it will be appreciated by those of ordinary skill in the art,
that the invention lends itself to many different variations not
illustrated WO 03/ 044061 PCT/ US02/ 32765 22 herein. For these reasons,
then, reference should be nade solely to the appended clains for purposes
of determ ning the true scope of the present invention. WO 03/044061

PCT/ US02/ 32765 23 What is clainmed is: CLAIMS 5



1. A nethod of olefin polynerization in a continuous reactor, the nethod
conprising: (a) determning feed rates FH2 and FM of hydrogen and a

sel ect ed wownom®s1 or conononer, respectively, provided toPCh@sSoraIsdDr and
10 gas phase relative concentrations CH2 and CM of the hydrogen and the
sel ect ed nononmer or conononer, respectiyely, in a recycle gas stream of
the reactor to obtain a leading indicator function L defined by: CH21 L =
¢ FH2 M ~/ "M 15 (b) conmparing L or L"1 to a target value; and (c)
adjusting at |east one reactor paraneter in response to a deviation
between L or L"1 and the target value. 2. The nmethod of claim1, wherein
the reactor is a fWhitth dgighdddet reactor. 20 3. The nethod of claiml,
wherein the method produces copolynmers having a mjority of polynerized
nononer units and a mnority of polynerized conononer units, and the

sel ect ed nnngg?gggg conmononer is the nononer. 25 4. The method of claiml1,
wherein the produces copol ynmers having a majority of polynerized
nononer uhits and a mnority of polynerized conmononer units, and the

sel ect ed nongnmer qr conono is the .comononer. 30 WO 03/044061
PCT] USo2/ 52785 2k BeURoo nBERBPOYMEIRAN 37 K EPAU FckBnbRoRched
ethylene and the .goppggger is selected fromthe group consisting of C3-Cl2

al pha-ol efins and xt uFes thereof.
(a) determining feed rates Fy, and Fpy of hydrogen and a selected

monomer or comonomer, respectively, provided to the reactor and
10 gas phase relative concentrations Cy, and Cy of the hydrogen and
the selected monomer or comonomer, respectively, in a recycle gas

stream of the reactor to obtain a leading indicator function L

defined by:
Crr/
L —_ /FHZ .
C A/ ’
/s FM
15 (b) comparing L or L to a target value; and

(©) adjusting at least one reactor parameter in response to a deviation

between L or L and the target value.

2. The method of claim 1, wherein the reactor is a fluidized bed reactor.
20
3. The method of claim 1, wherein the method produces copolymers having a
majority of polymerized monomer units and a minority of polymerized
comonomer units, and the selected monomer‘ or comonomer is the
monomer.
25
4. The method of claim 1, wherein the method produces copolymers having a

majority of polymerized monomer units and a minority of polymerized
comonomer units, and the selected monomer or comonomer is the
comonomer.

30



5 6. The nmethod of claim4, wherein the nononmer is ethylene and the
conononer is selected fromthe group consisting of C3-Cl2 al pha-ol efins
and m xt uwesbmeseof. 7. The nethod of claim 1, wherein tIir€TAIS02/82968 oOne
reactor paraneter is 10 selected fromthe group consisting of a nononer
feed rate, a conononer feed rate, a catalyst feed rate, a cocatal yst feed
rate, the hydrogen feed rate, a nononer concentration, a conononer
concentration, hydrogen concentration, carbon dioxide feed rate, water
feed rate, and reagiomedRMErakilf & dhodin e LIRS Qf AR by phter ei n
the olefin polynerization 1s catal yze %y a catalyst system conprising a
first catalyst prosowinomea i salstedofibynthe ganp eonspeaagnd (Bt alaysa-gefduci ng a
second pol ynmer, and wherein_ the.nethod produces a polymner product
conprising the fi rdd WYREICEAE t he second 20 pol ymer and having a
di stribution of nolecular weight, conposition, or both nolecular weight
and conposition, that is broad or binodal. 9. The conposition of claimS8,
wherein tBe dtep ofhcadjatizad rof ctinl eswhanin thee axinomepais actbylene iandefHeect i ve
to alter the relative productivity.of the first .25 and second catal ysts.
10. The nethod of CrEMHE: ! g?@?KﬁPﬁ%&%é¥%m§§IE?VE%QE?%&%%FH@@§3§%E
net al | ocene cat al vy ngiRélirés eRofet al | ocene catal yst. 30 11. The net hod of
claim 10, wherein the nmetall ocene and non-netal |l ocene catalysts are
supported and are both present on the same support. WD 03/044061
PCT/ US02/ 327 2 2 ho f_claiml, erein the olefin .
pol yneri zat i g’ﬁ i 551(“:1{!% tzﬂe@z& gdglﬁit’/lagg gu %%F’tngg‘eb{’i“\r,]\@?%l MeTeREPE PHANLSF s e m
conprising a met aldeRerderaatial yolp abfksistig ¢ ABhehEOREN att | ABSthdhdReret al
catal yst, and wherein the nmethod produces ? gngner roduct having a

ayjs

di stribution of miFetiatan cpEhghiced satechinssas ed gatefoe hydrogaicigrdratawei ght
and conposi tion, tahaltnohémglr Ogo%ca{trati%hhng€glf:c)mgn?c)m«;l;heco%éntﬁ%ﬁo&f }%Jd?égngnlz’

wherein the at | east one reactor para
concentration, carbon dioxide feed rate, water feed rate, and reactor

temperature.
15
8. The method of claim 1, wherein the olefin polymerization is catalyzed by a
catalyst system comprising a first catalyst producing a first polymer and a
second catalyst producing a second polymer, and wherein the method
produces a polymer product comprising the first polymer and the second
20 polymer and having a distribution of molecular weight, composition, or

both molecular weight and composition, that is broad or bimodal.

9. The composition of claim 8, wherein the step of adjusting at least one
reactor parameter is effective to alter the relative productivity of the first

25 and second catalysts.

10.  The method of claim 8, wherein the catalyst system comprises a

metallocene catalyst and a non-metallocene catalyst.

30 11. The method of claim 10, wherein the metallocene and non-metallocene

catalysts are supported and are both present on the same support.



conprises a water feed rate or a carbon di oxide feed rate.

of olefin polynerization in a fluidized bed reactor,

the ne

10 14. A net hod
t hod

conpri si Nyo 03@j40det erm ning feed rates FH2 and FM of hydr @gerusansk7es

sel ected nononer or conononer, respectively, provided to the reactor and
15 gas phase rel ative concentrations CH3sand CM of the hydrogen and the

sel ect ed nononer or conononer, respectively, in a recycle gas stream of
the reactor to obtain a leading indicator function L defined by: CH/ CL

; b{ ;i EFE2 as ngl 21’ {J n cﬁ?eolﬁ@tgp gito ? ?r%ﬁl? E’( ‘E’?é;re%g?é @% ﬁpﬁ;)?g'rr\lge r%% ﬁ@iglrct‘l%l}%%? ;Diyggs at °

target function; augpéredd tidjetidlic agaladt sy eamtconpeisingachetnllgrrhabRmhlgst dnd

response to a deviation between L(1)

and the target function. 25

or L-1(t
15. The nethod of %mprmeialiosspe tEitioRemat rff%ﬁ)hpﬁtaoa%e\gheé@ﬁowngw@qdavi ng
a myjority of pol {a’ﬁg&ﬁ&:?% g@gﬁl@?@rwﬁh{ ﬁa@ﬂg AafIrBALbA YorFho
nd the s r ist

conononmer units, cted nonomer

conononer

RUTREIAES 20

WD 03/ 044061 PCT/ Us@josRin65or Béthhfioledilar weighbdnd Eompasition] 4hat\ik éraaidrort he
nmet hod produces cqpol yﬁrs having a majority of polynerized nononmer units
ey

and a mnority of
conononer is the conpnoner.

rized conpnoner units, and the sel ected nononer or

13.  The method of claim 12, wherein the at least one reactor parameter

comprises a water feed rate or a carbon dioxide feed rate.

10
14. A method of olefin polymerization in a fluidized bed reactor, the method
comprising:
(a) determining feed rates Fyp and Fpy of hydrogen and a selected
monomer or comonomer, respectively, provided to the reactor and
15 gas phase relative concentrations Cy, and Cyy of the hydrogen and
the selected monomer or comonomer, respectively, in a recycle gas
stream of the reactor to obtain a leading indicator function L
defined by:
Cy,/
pe s
CA/ ’
F M
20 wherein step (a) is repeated a plurality of times to obtain L as a function of
time, L(t);
(b)  comparing L(t) or L(t) to a target function; and
(© adjusting at least one reactor parameter in response to a deviation
between L(t) or L™\(t) and the target function.
25

30

15.  The method of claim 14, wherein the method produces copolymers having

a majority of polymerized monomer units and a minority of polymerized
comonomer units, and the selected monomer or comonomer is the

monomer.



5 17. The nethod of claim 15, wherein the nononer is ethylene and the
conononer is selected fromthe group consisting of C3-Cl2 al pha-ol efins

and m xt uwesbmeseof. 10 18. The nethod of claim 16, wher @Ca/ushy3amehioner i s
et hyl ene and the conononer is selected fromthe group consisting of C3-Cl2
al pha-olefins and m xtures thereof. 195,The nethod of claim 14, wherein
the at | east one reactor paraneter is 15 selected fromthe group
consisting of a nononmer feed rate, a conononer feed rate, a catal yst feed
rate, a cocatal yst ] r Byt
concentratio%?'a 3%%3%%%@?5§§%@2ﬁ@pﬁg%gﬁﬁﬂ%ﬁﬁﬁggéﬁ$£%€%g%nt#a??@ﬁ?néarbon
di oxi de feed rat e,a majpety bEpdymatieed modomenvritr andt & mpeoritly ufepol@fer2@d The
met hod of claim 14, wherein the oIe&%ngﬁol%Perization is catal yzed by a
catalyst system cORBPREMRY Witk aSd {5 SIS SROMRIEr £OMPORpGry el and
a second catal yst predygng a second pol yner, and wherein the nethod
produces a pol yner product conprising the first polyner and the second 25
pol ynmer ahd having a distribution of nolecul ar wei ght, conposition, or
bot h nol ecul ar, wei.ght apd .co sitipon, .that is broad or bimpdal. .21. T
Composi tion af- of At BEodnar Glam ke LhET, S, Qoo ofs 7Y EAS g e
reactor parameter comofbheetls ¥cted Rdhahe %ﬂﬁl r&)h@ffsﬁr\é% oP0Q@YS hiphhliateftfs t he
first 30 and second catal ysts. WO 03/04 065 PCT/ USD2/ 32765 27 22. The
met hod of cl ai m 2@nd phstuessithemef. cat al yst system conprises a netall ocene
catal yst and a non-netal |l ocene catal yst. 23. The nethod of claim 22,
wherein the netall ocene and non-netall ocene 5 catal ysts are supported and
are bothipresgnt amet ARtIRANES SUAOLE, wBdrein lige ARSHORE: Ok ethdlene khd weer ei n
the olefin polynerization is catalyzed by a supported binmetallic catalyst
syst em conpri si ng CAMeBPREY &c@ﬂf@te@aﬁf%pﬁ? groypceonsiseng /e CatGoebWa-ole¢fisi t i on

metal catalyst, angd;Wiefsintige method

he

19.  The method of claim 14, wherein the at least one reactor parameter is
15 selected from the group consisting of a monomer feed rate, a comonomer
feed rate, a catalyst feed rate, a cocatalyst feed rate, the hydrogen feed rate,
a monomer concentration, a comonomer concentration, hydrogen
concentration, carbon dioxidel feed rate, water feed rate, and reactor
temperature.
20
20.  The method of claim 14, wherein the olefin polymerization is catalyzed by
a catalyst system comprising a first catalyst producing a first polymer and
a second catalyst producing a second polymer, and wherein the method
produces a polymer product comprising the first polymer and the second
25 polymer and having a distribution of molecular weight, composition, or

both molecular weight and composition, that is broad or bimodal.

21.  The composition of claim 20, wherein the step of adjusting at least one
reactor parameter is effective to alter the relative productivity of the first

30 and second catalysts.



10 produces a pol yner product having a distribution of nolecul ar wei ght,
conposition, or both nol ecular wei ght and conposition, that is broad or

bi nodal . ®B.03/0werret hod of claim 24, wherein the at | east POCRAISOB3T6Dr
paranmeter 15 conprises a water feed rate or a carbon dioxide feed rate.

26. A nethod of polynerizing olefin nongsers and conononers in a fluidized
bed reactor, the nethod conprising: (a) determning feed rates FH2, FM and
FcM of hydrogen, the olefin 20 nononmer and the cononomer, respectively,
provided to t r gas; e i %H%m] of

t he hydrogenfﬁ@thgﬁ@ﬁg§?%&ﬁ3ﬁ0%2P92%§ ?ﬁ%gggﬁgigﬁggﬁﬁr specﬁ%&gﬁ§%;%ﬁwg
recycl e gas streanetaflodehe catelyst aard 4 wonalpt@milocdne@diatygt.i ndi cat or functions L1
and L2 defined by: CC H CMCMFcM. 25 LI = CMFH2 and L2 /FM/F (b)
conparing L1 or L1-1 and L2 or L21 to target values; and (c) adjusting at
l'east one reagtor P ARBIA of NainfIPONGErei? e MBI ILHR aRPhYEeRdbcHe L171
and L2 or L21 and the target values. WO 03/044061 PCT/ US02/ 32765 28 27.
The net hod of cl aiqatddgsts avhevgnantet lred aerimile presententild samee supgotthe  conononer
is selected fromthe group consisting of C3-Cl2 al pha-olefins and m xtures
thereof. 5 28. The nethod of claim 26, wherein the at | east one reactor
paraneter is 24sel epiceflethb@QY ElaRn 34 OWRerRNAE SlfiAboNmeHiZ bR iRatdlpRd vyate, a
conononer feed rate, a catalyst feed rate, a cocatalyst feed rate, "the
hydrogen feed rat et supportedh biraetaldic rmatalyst sy stom, comprisingna mestaltasaece patalast on,

hydrogen concentrati on, - n_di oxide f r.at water, feed, rat and
reactor 10 t errper%[duell’ g(?n %%%a%cene f%ansguon 1%%%1 cgtaﬁf’st, and Wherelnqhe method

10 produces a polymer product having a distribution of molecular weight,

composition, or both molecular weight and composition, that is broad or

bimodal.
25.  The method of claim 24, wherein the at least one reactor parameter
15 comprises a water feed rate or a carbon dioxide feed rate.
26. A method of polymerizing olefin monomers and comonomers in a

fluidized bed reactor, the method comprising:
(a) determining feed rates Fip, Fy, and Foum of hydrogen, the olefin
20 monomer and the comonomer, respectively, provided to the reactor
and gas phase concentrations Cyp, Cym, and Ccem of the hydrogen,
the olefin monomer and the comonomer, respectively, in a recycle

gas stream of the reactor to obtain leading indicator functions L,

and L, defined by:
CH%? CCIW
25 L=—4"H and L, = cM_.

_Far
= CM ) C]V 2
/ FM F M
(b) comparing L; or L, and L, or L, to target values; and

©) adjusting at least one reactor parameter in response to deviations

between L; or Ll'l and 1, or L, and the target values.



29. The nethod of claim 26, wherein the olefin polynerization is catal yzed
by a catalyst systemconprising a first catalyst producing a first pol yner
and a sewondog@mbnl yst produci ng a second pol yner, and whec&iusoy/sgeset hod
15 produces a pol yner product conprising the first polyner and the second
pol ynmer and having a distribution of nolgcul ar wei ght, conposition, or

bot h nol ecul ar wei ght and conposition, that is broad or binodal. 30. The
conposition of claim?29, wherein the step of adjusting at |east one

reactor paramgter 4 i t I 0 i f the
first and s?i(;dnd ?3? gllfl{@t?i o J!élﬂ'thg (r?r?&e}% h&fg ﬁl? Iﬂf)}éelﬁrﬁﬁﬂg& g%igﬁ%lén%t ﬁ‘

catal yst system comgmomeesras setedtad fronethe gratmbysistiap dfal;AOR-alpHaadlbfagene
catal yst. 25 32. Th net hod .of ¢laim 31, wherein the netall ocene and
non-net al | ocene c&LR ‘frgsglreﬁeogupported and are both present on the sane
support. 33. The rret hod of claim26, wherein the olefin polynerization is
catal yzed by 30 a supported binetallic catalyst system conprising a

met al | ocere ¢ al yEhe mefihdaoh olainme6avheoendh¢ mabeist bon remetoal pacahatby st , and

wherein the met hod ol yner. ct havin di stribution of
nol ecul ar wei ght , S\‘?\bpg?%/fg gléfig RSP F Z%Jé%m(’?@m%%ﬁgﬁt?i%ﬁomﬁ?o%ﬁth
mol ecul ar wei ght  a@ed fATRQBIAYPbed il a é&aﬂ[ﬁ@%ee&atebthgﬁ%b emfeed 1§ Mt hod
of claim 33, wherein the at |east one reactor par amet er corrprl ses a

wat er feed rate ora ameapeh elnssiithtioneed comenorBs: Wnngtttwdn,ofhmd)gmerl zing
ol efi n nmononers an | u tor hod
conprising: (a) decg)él?%tng Qanr‘ﬁ?’élée Frtgﬁ‘h Vﬁ%ﬁr %& ’hﬁl‘HfS‘aaé: I the

olefin 1@ nononertemperatdre. conononer, respectl vely, provi ded to the reactor
and gas phase concentrations CH2, CM and CcM of the hydrogen, the olefin
nononer and the conononer, respectively, in a recycle gas stream of the

reactor to objgin hfearg’:lﬂgd L gfaﬁf?&@ rwﬂéfgl?ltthg leeﬁh]pol}%q qlzlﬁg fon 18 capa?yzeg%y

a catalyst system comprising a first catalyst producing a first polymer and
a second catalyst producing a second polymer, and wherein the method
15 produces a polymer product comprising the first polymer and the second
polymer and having a distribution of molecular weight, composition, or

both molecular weight and composition, that is broad or bimodal.

30.  The composition of claim 29, wherein the step of adjusting at least one
20 reactor parameter is effective to alter the relative productivity of the first

and second catalysts.

31.  The method of claim 29, wherein the catalyst system comprises a
metallocene catalyst and a non-metallocene catalyst.
25
32. The method of claim 31, wherein the metallocene and non-metallocene

catalysts are supported and are both present on the same support.

33.  The method of claim 26, wherein the olefin polymerization is catalyzed by
30 a supported bimetallic catalyst system comprising a metallocene catalyst
and a non-metallocene transition metal catalyst, and wherein the method

produces a polymer product having a distribution of molecular weight,



CH2 Cenr 15 L, = CMF2 and L2 - Cr FcM; [/ °~ M/ ' Mwherein step (a) is
repeated a plurality of tinmes to obtain L as a function of time, L(t); (b)
conpar i ngwbioiy4oer L1-1(t) and L2(t) or L2;1(t) to target pCOrusvy/aatsy and
20 (c) adjusting at |east one reactor paraneter in response to deviations
between Li(t) or L1-1(t) and L2(t) or L234(t) and the target functions. 36.
The nmet hod of claim 35, wherein the nononer is ethylene and the conononer
is selected fromthe group consisting of C3-Cl2 al pha-olefins 25 and

1 Xt th f. i m.. L 0. .
T e)a(tc;J E)respar g;rgf er c;’%l P Og%ﬁg’c eg&ﬁrngé%e(ﬁﬂ% g‘?%%%ﬁ%ﬁ%@%%%@éé rgrg(%gr?g:] ef eed

rate, a conononer bifnedal.rate, a catalyst feed rate, a cocatal yst feed rate,
t he hydrogen feed rate, 30 a nononer concentration, a cononomner
concentration, hydrogen WO 03/044061 PCT/ US02/ 32765 30 concentrati on,

car bon di oxi fe r fe : 38.
The et hod o?ﬁ1 cl a?%%% ,eﬁl\/?k?\é\?%?%auﬁlhgﬂo@%@hn g@f?ﬁg%{zg’? Folﬁggglekg{agfegezred by
5 a catal yst syst eaongoizpy a wateg fadfrate ot acatbah dstxiqeroeliziteg a first pol yner
and a second catal yst producing a second polyner, and wherein the nethod
produces a pol ymer product conprising the first polynmer and the second

pol ymer and hgyi n%amgth%ﬁrbPLHolﬁﬁker&fing”Qﬂ&ﬁP'rﬁéno‘ﬁ?érQ*Hnd EONBRSThdrs O aOr

bot h nol ecul ar wei ght and conposition, that is broad or binodal. 10 39. The
conposi tion of cl dlundizde] bedwenepn thdmetbbépomprisidg:ust i ng at | east one

reactor paraneter is effective to alter_the relative oducti vt f the
first and second (Iggt al({fgetrgl.lm&% fi?ﬁflm%‘ﬁeﬂﬁe No&n‘gfﬂ Y %ﬁoﬁﬁ(‘g%er\fﬁé@r é]eﬁnt he
cat a: ys: 19yst em conpr i s@énciner Bt hd QEEARNERL @ipeetivéihravidedtdme aédcasene
catal yst.
Y and gas phase concentrations Cpp, Cy, and Ceym of the hydrogen,
the olefin monomer and the comonomer, respectively, in a recycle

gas stream of the reactor to obtain leading indicator functions L

and L, defined by:
CH %’ CC]w F
15 [ =—Z"H2 a0 L. = cM .

T, ke,
FM F]\J

wherein step (a) is repeated a plurality of times to obtain L as a function of
time, L(t);
(b) comparing Li(t) or L, (t) and Ly(t) or Ly (t) to target functions;
and
20 () adjusting at least one reactor parameter in response to deviations

between Ly(t) or L;™(t) and L(t) or Ly '(t) and the target functions.

36.  The method of claim 35, wherein the monomer is ethylene and the
comonomer is selected from the group consisting of Cs3-C, alpha-olefins

25 and mixtures thereof.

37.  The method of claim 35, wherein the at least one reactor parameter is
selected from the group consisting of a monomer feed rate, a comonomer
feed rate, a catalyst feed rate, a cocatalyst feed rate, the hydrogen feed rate,

30 a monomer concentration, a comonomer concentration, hydrogen



41. The nethod of claim40, wherein the netall ocene and non-netal |l ocene
catal ysts are supported and are both present on the sanme support. 20 42.
The net howooB/oedoai m 35, wherein the ol efin polymeri zati onpPcg/usar/ad7gzed by
a supported binetallic catalyst system conprising a netall ocene catal yst
and a non-netall ocene transition netal catal yst, and wherein the nethod
produces a pol ynmer product having a distribution of nolecular weight, 25
conposi tion, or both nolecular weight and conposition, that is broad or

bi nodal . 43. The ng&hLbGf8bnC t:i’t‘bﬂ?l 4Box 0B e84 NaleNGvatbr FEASTatONEnd GRGLHGN

paranmeter conprises a water feed rate or a cafrbon dioxide feed rate. 30
temperature.

38.  The method of claim 35, wherein the olefin polymerization is catalyzed by
5 a catalyst system comprising a first catalyst producing a first polymer and
a second catalyst producing a second polymer, and wherein the method
produces a polymer product comprising the first polymer and the second
polymer and having a distribution of molecular weight, composition, or

both molecular weight and composition, that is broad or bimodal.

10

39.  The composition of claim 38, wherein the step of adjusting at least one
reactor parameter is effective to alter the relative productivity of the first

and second catalysts.

15  40. The method of claim 38, wherein the catalyst system comprises a

metallocene catalyst and a non-metallocene catalyst.

41. The method of claim 40, wherein the metallocene and non-metallocene
catalysts are supported and are both present on the same support.
20
42.  The method of claim 35, wherein the olefin polymerization is catalyzed by
a supported bimetallic catalyst system comprising a metallocene catalyst
and a non-metallocene transition metal catalyst, and wherein the method
produces a polymer product having a distribution of molecular weight,
25 composition, or both molecular weight and composition, that is broad or

bimodal.

43.  The method of claim 42, wherein the at least one reactor parameter
comprises a water feed rate or a carbon dioxide feed rate.

30



