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uses a bed of pre-t
methods of rapidly monitoring polymerization reactions without the need to

sample and test product properties, and methods of controlling polymerization
reactor parameters in 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
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carried out with two or nore different catal ysts present and actively
pol ymeri zi ng at t heAgariety of gas phase polymerization processes are known. For example,

the recycle stream can be cooled to a temperature below the dew point, resulting
15 in condensing a portion of the recycle stream, as described in U.S. Patent Nos.
4,543,399 and 4,588,790. This intentional introduction of a liquid into a recycle
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
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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.



feed rate. In order to produce polyner having a desired set of properties,
polymer exiting the reactor is sanpled and | aboratory neasurenments ¢§MAYE006
out to characterize the polymer. If it is discovered that one or nore

pol ymer pr | 25 are outside a desired range, polynmeg} ' ondi tions
can be adjggfgﬁyﬁgﬁd the polynmer resanpled. This periodi%bégﬁ%ﬁ?ﬁg, testing
and adj usting, however, is undesirably slow, since sanpling and | aboratory
testing of polymer properties is time-cbnsuming. As a result, conventional
processes can produce |arge quantities of "off-specification” polyner

before manual testing and control ¢ effectively 0, adj ust the
pol yneri zati on pon(Trhg?’olﬁSWO dﬁ’el\ﬁﬁ?‘r%é" %’@'@%&4@@%450%‘%8‘2@2365 4 Thus,
It woul d be desidiaibectafodiaue pbigair propetid@ds: ERingBPM +QhHNI alivitie! gidi Cti ng

changes in pol'ynmer properties, Or changes in relative activities of
cat al yst's, i n catalystspingnditiplgicpalyspproessseses. Ot her background references

i ncl ude WD 01/ 4975#%@%ﬂﬁe&ré?uﬁf%e?%%rgggmclu%e%64611’/2997%1 a%fi(}isgwg@%l% THE

| NVENTION I n one e I'nvention ‘prov ret’hod of

pol ymeri zi g @, B#i893. in a fluidi zed bed reactor. Concentrations C2 and C2 of
two 10 reactor conponents are determned in the recycle gas stream of the
reactor to obtain a |eading indicator function L defined by: CY F, {2

wher e each congcent IsNAIS GEPHEINVENTEOR®E! | zed to the flow rate FI or F2

of the corresponding Teactor_conponent into the reactor. The val ue of L or
a function of 15 L]Insorth embodiment,c dhe presantydnvention r provides caal methed cefirpar ed to

a target val ue Egpq t S . r - S g4 d.i.n response
to a deviatiorf oe vvezgnrg cf_léor 1@@?&?@%@%?%&% E)gg%eglﬁ?tﬁ%nsf@ r%@ic’%\?gltﬁwg.
Moni t ori ngl0of redveorl edachionents e determmingdeinnthe Secycle gas stream of the reactor to

obtain a leading indicator function L defined by:

C/
1=4%

s 8
C/ ’
F 2
where each concentration C; and C, is normalized to the flow rate F; 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
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Figure 3 shows the response of several leading indicators as a function of

time to changes in reactor water feed according to Example 2.
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,
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(not shown) nayisalss@ Dove, the cooled recycle gas stream can be gaseous, or can be a

mixture of gaseous and liquid phases. Figure 1 shows an optional configuration

wherein at least a portion of the recycle gas stream is cooled to a temperature at or
15  below the temperature where liquid condensate begins to form (the dew point).
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 recyble 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
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cont act . transferred directly into the reactor (not shown) in the region below the

fluidization grid.
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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Catal yst is continuously or intermttently injected into the reactor using a
cat al yst f eedediff¢rantial pressyg transeitiers (o shayay jarecprayided. psaferably upsteammaf . No.
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catal ysts are %g cribed below A gas which is inert to the catal yst, such
as nitrogen or® oW @i ef erably 25 used to carry catalyst into the bed.
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be used to transport catalyst intg the bed. Referri g to FIG 4, small

quantities of formnolyolefinsnhayingatkimodalamolesular: syeight butiogy aj bimodal t t ent | y

i njected into oV 0. ' Avg| ' . The
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react or boldy 28, miyatlgdsne, polgpropyene, polysoleutyeie dadreopo]ymdiethereqfii d i s i nj ect ed

into th tor baqdy 22 int b the flujdi id.24 A 72
can be pr ovi ded i incaanbofRBR, He,ah 1oottabn poleoleRh iErhufbs, otvetiylete o7t ne
reactor. |n ongpdlymeM NowWeBsiPobatiiidete @1 HTT) cPBd prépfed at high pressure

using free radical initiators, or in gas phase processes using Ziegler-Natta or

vanadium catalysts, and typically has a density in the range of 0.916-0.940 g/cm>.

15 LDPE is also known as "branched" or "heterogeneously branched" polyethylene
because of the relatively large number of long chain branches extending from the
main polymer backbone. Polyethylene in the same density range, i.e., 0.916 to
0.940 g/cm®, 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 ("MDPE"). 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/cm3.

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 Cs-Cj; a-olefins. The



8 enbodi nent, the punp 72 is a high-precision punp designed for

hi gh-pressure |iquid chromatography. A level drop 70 in a calibrat ;Fg
cylinder 68 and differential pressure transnitters (not shown) areld MAY 2006
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fl ow rate.‘BPf"?’/&‘gg?lr ed, a flow meter 74 5 | ocated downstream ofﬁz)zﬁkrﬂrsg 72 can
be provided for optional redundant cross- check of flow rate. In nethods of
the present invention, the fluidized bed®reactor is operated to form
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terpol ymerss conjugated dienes, acetylene and aldehyde monomers, which 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 S5-methylene-2-norbornene (MNB), 5-
propenyl-2-norbornene, S-isopropylidene-2-norbornene, S5-(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-



are also included within the term"copolyner"” as used herein. Suitable
conononers include a-olefins, such as C3-C20 a-olefins or C3-Cl2 a-ol efins.
The 1 5 MAY 2006 WO 03/ 044061 PCT/ US02/ 32765 9 a-ol efin conmonomner can]egfmw 2006
| i near or branched, and two or nore conononers can be usgﬁglgpéof/:;%?i red.
Exanpl es o™ Q&W%48l e cononomers i nclude |inear C3-Cl2 a- 38273 nd
a-ol efins having one or nore Cl1-C3 al kyl branches, or an aryl group.
Speci fic exanpl es include propylene; 3-mdthyl-I-butene; 5

3,3-dinmethyl -1-butene; 1-pentene; 1l-pentene with one or nore nethyl, ethyl
or propyl substituents; 1-hexene with one or nore nethyl, ethyl or propyl
substituents; horbeptrene andt Hetravyclor(Artd(12)-A8tdodecenet hParticulagly opydferred

substituents; .,l-Qcten i th, one or, nore |, ., ethyl oy opyl ,.
Subet 1 et o dibTeBRLAE SrPhhMsRE S fbipe (ERBA4-htate. HicsiogRadiene
substituents; @dBD), néMbivlicRd, afld SRAidYY-D-ndttesient (WIHH).10 1- decene; 1-dodecene;

and styrene. It should be appreciated that _the Iist of conononers above is
nerely exenpl ary, aHe amoynsof comennyesy uses Wil depend ppep themegiredy deasitycofrononer s
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whi ch can be ingl uded. in L, Nor .amoynts in terpolyner conpositions.
Non- conj ugat e@@ygﬁhwﬁesggdgﬁs%nomr s preferably are strai ght chain,
hydr ocar bon di ol efins or cycl oal kenyl - substituted al kenes, having 6 to 15

carbon atons. Suitable non-conjugated dienes include, for exanple: (a)
strai ght chain acycﬁ-i?c deadEsts” such as 1, 4- hexadi ene and 20 1, 6-oct adi ene;

(b) brancheg chain pgyGhiigst %gﬁ.ﬁﬁ%at%@%?ﬁgfﬁa;%ys?@%ﬁ%&ne g_‘kﬁﬂe?ai@ I 98€in a

3, 7-di net hyl - 1, 6- oct adI en®; ctadiene; (c) single ring
alicyclic di enfuidizedibbd amctbr dnd yapableaf pdlysesizing ethytepe) schas ade enmosnd 1, 7-

cycl ododecadi ene; ..(d) nulti-ring alicyclic fu and .bri dged .ri ng djenes,
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response to a reactor parameter, such as hydrogen concentration, water
15  concentration, temperature, or comonomer concentration.
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 =f/—f‘— | 1)



cycl oal kyl i dene nor bornenes, such as 5-nethyl ene-2-norbornene (M\B), 5-
propenyl - 2- nor bonene, 5-i sopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-
nor bor nene, 5- cyclohexylidene-2-norbornene, and 5-vi nyl - 2- nor bor nenel § WMBY006
and (e) c éﬁg&&@ -substituted al kenes, such as vinyl eyehgtwiese, allyl
30 cyclohe I'nyl cycl ooctene, 4-vinyl cycl ohexene, allyl cycl odecene,
and vinyl cycl ododecene. O the non- conlugated di enes typically used, the
preferred dienes are dlcyclopentadlene 1, 4- hexadi ene,

5- et hyl ene- 2- nor bonene, ethylldene 2 WD 03/044061 10 1 5 MAY 2006

PCT/ USQ2/ 32765, nor nene, tet I 2 ne
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desired densi Mplest of Has Rhag |coPPEAES: LA dbASHE WpdcPYhset O5ibhERErBhAR| ect ed.
One skilled i Bohhemtst 1gan readily determne the appropriate conononer
content appropriate to produce a polyolefin having a desired density. 5.2
Cat al ysts ;0 The catalyst includes at |egst two catalyst conpgpents suitable
for use ina fluidized bed reactor 4am abl e of polynerizi et hyl ene,
such as one or nore netallocene catal y4t'd, one or nore Ziegler-Natta

catal ysts, or mi xtures of catalysts. Preferably, the catalyst includes two
cat al yst corrpmhemttnsIStthanurubefrfOémOilqa ofﬂmsmonmtanﬂeagawhwpamapletaed such as

hyd er
concent rat i on i e abfndheor peBORAH 3G 8 pnas® B M 4 o 1

.-

U.S. Pat ent Nof the asHihs@Esmpotients.d chron1un1catalysts di sclosed in U.S.
Patent Nos. 5, 155,079 and 198,399; Zr/V and Ti/V c alysts dlsclosed in
U.S. Patent Nos.5, gb%n%% %ﬁ@eﬂtsfh&wlg%f?cthn%lsh%aﬁ?ﬂ OftsUITE, ComRgRERES

met al | oceng rrbg]ggc&ﬁf,ﬁ.gcyﬁ;tge@agﬁ mtdrrgoggatu S. Patent No. 6,271,323; and
the mixed netal |l 6cene catal ysts disclosed in U S. Patent No. 6,207, 606.

M n

Z1 2=
n+n’ 7 nmo+n,

, and g, + x, =1 (3)

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

= nz/ @
F,
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.



In a particular enbodi nent, the catalyst is a netall ocene/non-netall ocene
catal yst 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 "I eadin®MAY 2006
indicator” is used to nean a ratio of two gas phase corrponent
concent r atWomd/04486ch concentration in turn expressed as @{:?%%?ﬂ@nt S gas
phase nole fraction divided by its feed rate into the reactor. Thus, a

| eadi ng i ndicator ("L") can be expressedzas: 30 (1) WO 03/044061 11 1 5 MAY
2006 PCT/US02132765 where each xj is a gas phase nole fraction and each F;
Is a reactor feed rate. The nole fraction yj can be the nole fraction of
the i'th conponent Iibaseedmbodimant, ﬂmtlaadingﬁnldieatooﬁs lgaa;sd phas@sdnrvﬂxﬁaiethbs, or

based on a subset of nts re ni is the
manber ot ol eamppitnhtetrerd o Bt 3B RomBaRE A bies mifatnem e iBomet o sum
in the denom Hednfiig hived eSO dlole ﬁ&c&xh@ftﬂ@@ol@hﬁﬁ@e@ﬁmﬁmﬁﬁﬁ Polpherd Fodbset  of

t he gas phase conmponents. In one enbodi nent, the nole fraction x is based on

t he tyvo conpoﬁéﬁtlﬁle 10 goi ¢fbylersnrapdymen ItaI'VélgI &8 n@alil néld caeler persentt hat :  x,
emr)]odl rrent Eé”%‘(t“.%g‘%e mﬁé%‘ﬁ%%sﬁl?)dend%ﬁﬁ tlos(lﬁ%%api o‘r'é' Pg) and (4)

can be expressmﬁogrengasabhqselmnle drantionofind thEedgrrlmenhommanrre@xorsﬁecd:mtany vol ume
termin a den&m’ rfaipt of C w cancel . The.feed rates kﬁ Egitéatlon (1) can
be in any convEitE Phia Promy thEOH‘,?FY“Eeé Wing RYfcten RP) Lok, BEEFns ar e
di mensi onl ess poRfbrizbd! prépfilerecanits) Ghd dhdiAior i Equation (1) includes the
propylene monomer gas phase mole fraction and the propylene monomer reactor
10  feed rate.

The numerator in Equation (1) can relate to any quantity to which one or

both of the catalyst components is sensitive, such as, for example, hydrogen gas
concentration or the gas-phase concentration of a comonomer. Of course, the
terms "numerator" and "denominator" are used only for convenience, as the

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:

V4 H%‘
c2
778
‘In another embodiment, the leading indicator is based on the relative

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

L= f;léc—“— ©®
7z

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



al so dinmensionless. IIt should be appreciated that use of |eading indicators
as described herein is based on rel ative, not absolute quantities. One or
nore |l eading 20 indicators is nonitored as a function of tine, and changes
in the one or nore |eading indicator(s) are used as descri bed belomngmyzmﬁ
nmonitor angd aoptionally control the reaction. Thus, functy uati on
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exanple, the reciprocal of a leading indicator is still a |eading

i ndi cator, and other functions can be apglied to the nunerator, 25

denom nator or the ratio as desired, provided that the function thus
obtained permts nonitoring of changes over a period of tinme. 1 5 MAY 2006
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havi ng nore than 50 nol e percent Seggkaner g ethylene units, the

denom nator in Equation (1) includ EHF ene nonomer gas ph@@e nol e
fraction and the ethyl ene nononer reactor*®4ed rate. Similarly, in a

propyl ene copol yner having nore than 50 no ecbercent pol yneri zed propyl ene
units, the denom ndllow rates ofj vatiowsncdniponemnts Icamtide rhéasurefrspngl coneemionalner gas

phase nole fraction and, {he propyl ene nmpnoner reactor 0 feed,rate. The
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concentration or the gas-phase concentration of a conononmer. O course, the
terms "numerator” dhdesiigdrangionmase leading indicatpre aan/be datermingdaasiadhinationas t he
15 reciprocal gfsa leading indicator is itself a |eading indicator. In one
enbodi nent, the Teading indicator is based on the relative anobunts of

hydrogen gas (H2) and et hyl ene nononer, the ethyl ene nononer being denoted

c2" for clcbnvenl enc5§4 I Jagﬁo%ﬁ%%)ocrjfnrgma% Cortlgoq | eadi ng i ndicator is

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.



referred to as the "H2 leading indicator,"” denoted mathematically as
follows: 20 (5) FO2 zC2 L(H2) = Z In anot her enbodi nent, the | eading
indicator is based on the relative anmounts of a m nor nononmer (CM a]nsjwé{%%

maj or nonoper I\% i.e., xcM L = cmxM (6) FM For exanpl | copol'y
of ethyl en&&¥#*Pbut ene, the Ieading indicator is 25 baﬁ%’ﬂ"g"ﬁg?ﬁg rel ative
anounts of 1-butene and et hyl ene nononers. In a particul ar enbodi nent, the
polynmer is a copolymer of ethylene and 12-hexene, and the |eading indicator
is based on the relative anounts of 1-hexene WO 03/044061 13 1 5 MAY 2006
PCT/ US02/ 32765 and et hyl ene nononers. In this enbodi ment, the |eading
i ndi cator is rAvfesaginmgl ¢ro smasthinge i§ Qparti@datlyn glesirable awhen' :feet Bte6 varyCo ) = (
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significantly.
In another embodiment, at least two leading indicators are monitored and
compared with target values or target functions. In a particular embodiment, the
5 H2 leading indicator (Equation 5) and a comonomer leading indicator are used,
where the comonomer leading indicator is as shown in Equation (6).
In the embodiments described herein, suitable reactor components include,
for example, hydrogen, monomers and comonomers.
Suitable reactor parameters include, for exampie, monomer feed rates,
10 comonomer feed rates, catalyst feed rates, cocatalyst feed rates, hydrogen feed
rate, monomer concentration, comonomer concentration, hydrogen concentration,
carbon dioxide feed rate, water feed rate, and reactor temperature.
In a particular embodiment, the catalyst used in the polymerization
reaction includes a first catalyst producing a first polymer and a second catalyst
15  producing a second polymer, and the method produces a polymer product 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 Hj, ethylene and 1-
hexene were measured using a gas phase chromatograph as the gas analyzer. Flow
index, 1216, was measured according to ASTM D-1238, condition F (21.6 kg load,



Fc2 Flow rates of various conponents can be neasured using conventional 5
flow neters. The gas phase concentration of conponents can be determ ned by
anal ysis of the recycle gas streamin gas anal yzer 38 (Figure 1). If
desired, one or nore |eading indicators can be determ ned as a f unctli oMAY #65

tinme. 10 5w%0'§}3§:%f on Mnitoring and Control In one enbodid@idoz/3i76€ present
I nvention provides a nethod of polynerizing olefins in a fluidized bed

reactor. Concentrations Cl and C2 of two_ reactor conmponents are determ ned
in the recycle gas stream of the react of’to obtain a |eadi ng i ndi cator
function L where each concentration C1 and C2 is 15 normalized to the flow
rate F1 or F2 he_coyrespondi ng.reactor co nent into the .reactor. The
val ue of L or lggf@mffeg{]m&s q_f?g% Frathylepg and, Lhgxeng Were Jpeagured dsing ocal | i s
conmpared to a chave8bnal foWsnetaddd at | east one reactor paraneter is adjusted
in response to a deviation between L or the function of L and the target

val ue. Monitoring dftechmquecdagidon theelpgamessufsaient was deyplogedifos measitiag of

reactor 20 pr , d I d..adj us fare a , ggonpar ed
to | aborator y%%ﬁdgygel%gl o‘{‘)?ﬂg’é)gr{)@gs oéﬂzg@iltcélrfvgr ﬂ{ﬁr g%éehg{qiues Eﬂ(};(ﬁst gf;?gt gr
enbodi nment 5 L deerminatiérootheageightffraction amd fdwtindex, ofenighheole¢ubae wdightavi or of
L is nonitore conpared to.a target, function. | eadi n I ndi cat or can
be. det er mi ned NS0 SPEPaTE g 8rouppdhldesinn e SriRS G FEMY 0 v JRelFELds
det er m nat i onsyQént k1. vAW) &ﬁn@{m@w&y@me@@am Btrﬁ{g\é%'f-we%éht ifRctis ot a3 | Y
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convenient to determne L regul ar mtervgls, such as every mnute, every
5 minutes, or tothef the| BV componsht| The respltant medel', blendsawvern sherhctetizedt i ne

interval s can . r Véib@ﬂ [y ] inONs are
made, such as rgée({%&eﬁl%%ﬁ’i ﬁ%{gﬁggg%{“ re%?ﬁrg!?fﬁﬁl nter va?gss @\;/g%scééﬁ g@é‘&go time, it
may be corifenivesté nieaswedpadt@dingan ASTRXBAI0R4. a Medstiremgnta wedragradeoat t O

mat hemati cal |y,

PCT/ US02/ 327652@%)%?&3;8?%?80@[;{% lor fﬁ??ﬁé%z{ iaggi?ag’lq\/\&gg/ FSBFECuhen f eed
rates vary Scientific of Piscataway, New Jersey. The model blends were used to develop
empirical equations, which can be used to determine the composition of
components in bimodal resins with unknown compositions produced with similar
15 catalyst components. The following equations can be used to determine the
compositions, where Ln is the natural logarithm, v is viscosity, and XHMW is the
weight fraction of the HMW component:

Ln(XHMW) = -10.0002-0.59312Ln(G" at 0.1s)+1.4729Ln(G' at 100s) -
20 0.3907Ln(G" at 100s™) |
La(FIHMW) = 9.0223-0.01890Ln((n at 0.15)/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 regins with unknown compositions. The

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

Ln(FTHMW) = 0.827076-0.04911Ln(FI)-0.0014MFR



significantly. In another enbodi nent, at |east two | eading 'nd'catqQFMﬁfﬁwﬁ
nonitored and conpared with target values or target functions.

particul ar enbodi ment, the 5 H2 |eading indicator (Equation 5) and a
comononer Leadillf ndlcator are used, where the conononesctg&djs8gsi ndi cat or
is as shown 1n équatlon (6). In the enbodlnents descri bed herein, suitable
reactor conponents include, for exanple, hydrogen, nononers and conononers.
Sui t abl e reactor paraneters include, foﬂ6exanple, nononer feed rates, 10
conononer feed rates, catalyst feed rates, cocatal yst feed rates, hydrogen
feed rate, nonomer concentration, conononmer concentration, hydrogen
concentration, carbon dioxide feed rate, water feed rate, and reactor
tenperature. In a pghhbeu ar enbodi ment, the catalyst used in the

pol ymeri zation reaction includes a flrst cat al yst prodUC|ng a first polyner
and a second cat al ybe H21d P tradingdndicajers sveee geseryminad assh
produces a poly roduct

conposi tion, HIEJ?%MH% g&aﬁ?\ﬂ/é}qﬁ%&gh%ﬂ 9%%%782&4%%%% road or
bi modal . Pisef d?oatbtqmtyl by feveryt fifihn data qointds dreclwleg 90 she Hable. dnftlieerJid:

responses to act ter .fhat cgn.b ust.e dif f erent

responses to 8?H%ﬁﬁﬁge GHWQEﬁ?aQ@Fﬁﬂ q%ﬁﬁﬁﬂbﬁ@rfggmdﬁﬁ@%ﬁprat|on

hydrogen concqs&dhfgt {rfdibatd? as\@dfitled GA HER ()0 Nimel e id @ARELRS, andATBROEt € can
be chosen to selectively alter the relative activity of the first and

second cat al ygn@wtvrmnmeﬁ@emrrtbxw wiedntortheregetan dmpnits of ParthparingHion t hout

the need to &ﬂﬁ EXAMPLES The fol | ow ng
exanpl es were carrle out ?%Xgh%ﬂéﬁﬂi§ %amg¢ale fluidized bed reactor,

using the I&x/Ti netal |l ocene/ non-netal | ocene catal yst of U. S. Patent NoS.
5,525,678 and 5, 882, 750. The primary nononer was ethyl ene, and the 30
conononer was 1-hexene. (Gas phase concentrations of H2, ethylene and 1-
hexene were neasured using a gas phase chromatograph as the gas anal yzer.

Fl ow index, 121.6, was mneasured accordlng to ASTM D- 1238, condition F (21.6
kg load, 1 5 MAY 2006




WO 03/ 044061 PCT/ US02/ 32765 15 190 C). Feed rates of H2, water, ethylene and
1- hexene were neasured using conventional flow neters. A technique ﬁﬁ
rheol ogy neasurenment was devel oped for neasuring binodal resin conp05|t|Q

Speci ficall t he technlque allows for the 5 determ nati melght
fraction aﬁ%ﬂp {04061 ndex of a high nol ecul ar wei ght (HWY @gﬁﬁ%ﬁé of a
bi rodal resin. A series of HWWand | ow nol ecul ar weight (LMAN conponents

were blended in a range of weight fractildns from.45 to .7 of the HWV
conmponent. The resultant "nodel" bl ends were characterized rheologically.
Storage (or elastic) modulus G and |loss (or viscous) nodulus G' 10 were
measur ed according to ASTM D- 440- 84. Néaleitenents wer e made at 200C using a
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1 5 MAY 2006 WD 03/044061 PCT/ US02/ 32765 16 Exanple | The H2 and C6 | eading
I ndicators were determned as a function of tine, at one mnute intervals,
over a period of 18 hours. The data are shown in Table 1. 5 For brev m
only every fifth data point is included in the Table. In the Table, L(HIY {4
the H2 | eatohgp/odandi cat or as defined in Equation (5), L(CoPCT/ES@2I327666

| eading i ndicator as defined in Equation (7), tine is in mnutes, and "Hz0"
indicates ten times the water flow rategnto the reactor, in units of parts
per mllion parts of ethylene (ppm), based on parts by weight. 10 1 5 MAY
2006 WO 031044061 PCT/ US02/ 32765 17 Table 1

Ti meL(H2) L( C6) Lo 4388 L4680 'é%gﬁ 0 B4- 017834 (B BX Hidok ( 7a 6 100.22
0161. 930. 2710 44 D 3 0,

0161620, 2oL e T e Lo crao o i o
10161. 940. 311 @@91699970521982 B‘f@a 39 (19780 841580 P86 A35 3482094014 99.86
15161. 510. 316219015633 302800 . TUI38 Y4 219505 945665 989229330 3481687004625 99.98

20161. 110. 298p346N58 ¥pidad . 15083 2580 48480 06¢38) b33 E113,546)2&‘834140@4!13"51 99.50

25161. 160. 287 015 %%%a 453 3 ?85[5 @593d0 3 8 100.45
30161. 760. 2879130, g@%‘s 1108, 0186, 3 5 10046
35162. 070. 324P180. 4791 8¢ : '

40159. 070. 281529215643 (52748 . 189S0 5967168 18 908 £9.78 @6%78;?93?. 99105 99.72
45160. 960. 297 J235015346 102968 . SDGI2 2aDI2183.34 0ATIH 800. (71| (D68 3 780, 8@670 99.80
50159. 280. 30884400158 364 10308 . 75’1})(.30 99.33
55159. 740. 299 5938 2B e ® _ 95
250 154.88 0.2910 151.44 615 182 35 0.3640 99.58 | 980 18122 04730 99.92
255 156.16 0.2685 149.72|620 172.70 0.4079 99.73 | 985 182.40 0.4054 100.09
260 155.94 0.2308 150.02 (625 171.63 0.4071 100.13| 990 182.60 0.4161 100.01
265 156.96 0.2815 149.24 630 172.89 0.3361 100.00| 995 185.19 0.4419 99.07
270 157.42 0.2918 150.36 [635 171.72 0.3638 99.91 {1000 183.48 0.4502 100.18
275 155.48 0.2864 150.30 |640 169.98 0.3658 100.25|1005 180.53 0.4333 101.49
280 155.03 0.2852 150.07 |645 169.15 0.3555 100.00|1010 182.07 0.4361 100.12
285 155.10 0.2859 149.68 |650 170.16 0.3400 100.58 |1015 181.87 0.3928 99.92
290 153.51 0.2902 151.10|655 171.69 0.3361 100.15|1020 183.45 0.4457 99.54
295 154.33 0.2866 150.29 |660 171.34 0.3626 99.61 {1025 182.33 0.4545 99.40
300 155.75 0.2764 150.34 665 170.13 0.3271 101.26 (1030 180.89 0.4556 99.95
305 155.94 0.2860 149.88 670 171.62 0.3213 100.36 (1035 184.81 0.4433 99.37
310 154.45 0.2852 150.58 [675 171.65 0.3489 101.21/1040 183.87 0.4431 99.03
315 153.46 0.2688 150.66 |680 172.61 0.3799 100.79 [1045 180.45 0.4468 99.46
320 156.16 0.2624 150.02 {685 181.17 0.3837 100.45|1050 180.73 0.4916 99.28
325 156.69 0.2665 149.91|690 180.15 0.3841 100.40[1055 180.78 0.4142 100.21
330 155.94 0.2620 150.10 |695 179.91 0.3956 101.30[1060 182.01 0.4011 99.76
335 157.01 0.2547 150.12(700 181.75 0.3982 100.44[1065 180.98 0.4215 98.99
340 157.97 0.2610 149.37 |705 182.50 0.3483 100.56|1070 180.73 0.4079 100.23
345 157.57 0.2830 150.56 |710 182.48 0.3227 100.85|1075 180.47 0.4315 99.96
350 159.59 0.2666 150.26 |715 183.21 0.3242 100.13|1080 180.75 0.5005 99.95
355 158.92 0.2660 149.81720 182.96 0.3801 99.90
360 156.48 0.2710 149.85|725 183.89 0.3575 99.99

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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18 1 5 MAY 2006, at Bfproxifsal B2 biminutes, the water flow rate decreased by 1/3, and the C6

and H2 leading indicators both rose, indicating the change in reactor conditions.

The change in leading indicators is evident very soon after the change in water
feed rate, but the full change in the flow index of the polymer product is not
10  evident until much later. Further, the flow index data points are placed at the time
the polymer sample was taken. Determination of the flow index in a laboratory

took approximately an additional 2 hours.

Example 2
15 Example 1 was repeated, except that determinations of leading indicators

were made based on hourly averages of the measured process variables.
Determination of polymer flow index was made at several time points. The data

are shown in Table 3.
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15 MAY 2006
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940. 2308150902625171.4¢3f% 407110Q) §53990182. 69@gd161100. 01
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030. 2852150, 07645169. 150. 3555100, 001010182. 070. 4361100. 12
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940. 2860149,88670171. . 321310 035184. 443399. 37
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160.2624150802685181”%ﬁ%;383710q)§@105018012387491699.28
690. 2665149.91690180. T50. 3841100.401055180. 780’ 4142100. 21
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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
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360156. 480. 2710149. 85725183. 890. 357599. 99 The flow i ndex 121.6 was neasure

at several _tine points by taking a sanple of the pol yner at the

cor r espond@d? ’l”f‘ﬁ@ The flow index results are shown in Eﬁ/@%’b 1 5 MAY
2006 WD 03/044061 PCT/ US02/ 32765 19 Table 2 Time (mn) Flow Index, 121.6
(g/10 min) 6027.88 30023.09 54014.28 78FF. 59 10204.04 The data from Tables 1
and 2 are shown graphically in Figure 1. Although Table 1 lists only every
fifth data point, Figure 1 shows the conplete data set. 5 The flow val ues

are multipli edigyebe floy indgrshowvenslow BIBF'QS‘/ ayedsresnoustrtoithe ghaggr i@ water ot
appr oxi mat el ed by 1/3, and the C6
aﬁg H2 | eadi %g%gg(?@gg{’%?émf)&%ﬁ‘e\rﬁ%gg{g ultl&nlgﬁe%at | ﬁg&fﬁéﬁgfﬁangeyi n reactor

conditions. The change in leading indicators is evident very soon after the

change in water egsd rit%ibut the full change in the flow index of the
pol ymer product is i dent until ruch later. Further, the flow index

data points are pl gmeethpis 3-9ehdw MR usk h@l@ﬁnﬁ@&cﬁ&@l&s%%&@k@ﬁﬂu
Determ nation of the flowindex in a Iaborator%i]‘e t ook ap r oxi mate an
é

addi ti onal 2 hd4and Céleadingindicatorsewersmeasured,ass the apactar agac ed«k%
det t f L f
e o ot OER FRY 2 ©

t he measured process varl oW I'ndéx was
made at sever aindt7 Fe456),respectiMely. ddeaesults are shawmin Tablab| e 3.

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



1 5 MAY 2006 WO 03/ 044061 PCTI US02/ 32765 20 Table 3 Time (hr)L(H2)L(06)HO
(ppm) 121.6 (g/ 10 min) 090.080. 53313. 000 187.400.51813. 009 276. 370. 5413 34 gg@s
382. 880. 51713. 0255. 54 485. 140. 54712. 986 579. 950. 52813. 001 680. 310. 52213

779. 960. 52 68 879. 060. 54312. 987 976. 230. 50414. 648 50314. 993
1172. 850. 4 %aﬂ%%k 23 1273. 020. 45114, 987 1367.690.40715.8%8%&ng}%5

1468. 060. 38815. 001 1568. 560. 37215. 0169. 57 1676. 920. 37914. 860
1779. 050. 40213. 491 1883. 030. 42213. 504 19%0. 240. 46213. 4839. 19

2088. 660. 49313. 490 2186. 520. 50313. 512 2281 340. 53813, 493

2379. 130. 52313, 4965. 09 The data are aphi cal in Figure 2. Bet ween 8
and 10 hours, herein. For these reasons, then, re rence uﬁﬂ)e made solely to gle appended

claims for purposes of determining the true scope of the present invention.



water feed rate increased fromabout 13 to about 15 ppm then returned to 13
ppm 5 at about 16 hours. For the Zr/Ti catal yst used, increasing water
concentration has the effect of increasing the relative activity of] 5ty 286
catalyst. As shown in the 1 5 MAY 2006 WD 03/ 044061 PCT/ US02132765 21
Figure, the flow index shows a slow, tjyve-del ayed response to the change in
wat er concentration, whereas the |eading indicators respond rapidly.

Exanpl eWhatig cBinkodainpl es 3-9 show the use of |eading indicator values in
reactor nkup. H2 and C6 | eading indicators were neasured as the reactor
reache (6 C© bed activity, except that in Exanples 5 and 8 the

react or onl yA mesgided ofefin poBynidriza@didin 4 donfitioUs reattof PRCinethed Yompgng:esul ts are
shown in Table 4. Table 4 Exanpl e No.Water FeedL(CG) L(H2) 3YesO0. 35170
4Yes0. 39122 5YE0. 3019¢emiagg. f%ifatss Feraod S hadeozen e sedgsins. 60220

ONo0. 60240 10 In Exanmoﬁémér Br cbRBnGha! TedBectRSIyS BRRARAT 1 the! Badiid il £ 7 and

8, the reactor had quic massi ve sheetihg an s shut Ie 9,
startup was unsuccesghase. refativercostrantratignsn(CHa arad CMicafi thei glrégent amg tlwas

f dtob ti f teri th tor. 15 Vi t
nams used- her ei nar e TEHCRPBIME, P EOTRreDHh ST ped Rav A # el Rt SR

nmay be protected by ceHetraddiorlts ab@ined IadihDittikatoPAiRRLSHE defifdtEtsy: may al so be
regi stered trademarks in various jurisdictions.

C/
FHZ.
Cu

F,

(b)  comparing L or L to a target value; and
(c) adjusting at least one reactor parameter in response to a deviation
between L or L the target value,
wherein the method comprises a catalyst system having a metallocene catalyst and a non-

metallocene catalyst.
2. The method of claim 1, wherein the reactor is a fluidized bed reactor.

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.

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.

5. The method of claim 3, wherein the monomer is ethylene and the comonomer is selected

from the group consisting of C3-C, alpha-olefins and mixtures thereof.



Al'l patents, test procedures, and other docunents cited herein, including

priority docunents, are fully incorporated by reference to the extent such

20 disclosure is not inconsistent with this invention and for al

jurisdictions in which such incorporation is permtted. Wile the gr?ﬁﬁﬁ?%ﬁ
ar

I nvention has been described and illustrated by reference to particu
enbodi nents, it wll be appreciated by those of ordinary skill in the art,
that the invention lends itself to mard# different variations not illustrated

1 5 MAY 2006 WO 03/ 044061 PCT/ US02/ 32765 22 herein. [For these reasons,, then
"ef er ence s HBIEEIERS HeE sl HIGFIE e RUno s o R eneing (e B imageey posdergy

det erm ni ng ﬁdiﬁtﬂe{\%@f%‘dﬂ@i@ti oftVEC R aphedlefin ¥RNhix@ires theRolMAY 2006 23 What is
clainmed is: CLA . A nethod of olefin polymerization in a continuous

reactor, the method conprising: (a) determning feed rates FH2 and FM of
hydr ogen an o] , | , [ o the
react o and D MERSELEHERT WRErchl e T RAHIe el AR UE e RERY B
and the selgoipcbnsistingref a aronomepfesdeate, a asjp@oiey éded, ratena aatalystyfebd rajg 2
stream of the reac%o to ngin a %Q%Eiqg i ndi cator function L defined by:
H L2 (b) P5Hp ﬁ‘glfat&rt -hydpqgen feed pl, 4, mopemer;copepntyation; 4 SOMAPOMET | east

one reactor RAHIBEG, Hydrdges REAEAtrhGor? cdoh alib:de fRALMRE RvdterOfeed- rate,! 411
target val ue, wherein the nethod conprises a catal yst system having a

met al | ocene reapteltgmperalee-a non- net al | ocene cat al yst.

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 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 and second catalysts.

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

a non-metallocene catalyst.

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

supported and are both present on the same support.

12. The method of claim 1 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, composition, or both molecular weight and

composition, that is broad or bimodal.

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

feed rate or a carbon dioxide feed rate.



2. The nethod of claim1l1l, wherein the reactor is a fluidized bed reactor. 3.
The nmethod of claim| wherein the nmethod produces copol yners having a
majority of polymerized nononer units and a mnority of polynmerized 135 MAY 2006
conononer units, and the selected nononmer or conononer is the nononer. 4.
The met hod of claim 1, wherein the nmethod produces copol yners having a

maj ority of polynerized nmononer units25and a ninority of polymerized
conmononer units, and the selected nonomer or conononer is the conononer.

CH 5. The nethod of claim 3, wherein the nononer is ethylene and the
conononer 14sA selttedtofdlefinpaipnidizagoncida fluidisédsiedreacedr, the nfethbdadopipéisiagef i ns and
m Xtures there f) 1 5 MAY 2006 24 6. The nethod of claim4, wherein the
monomer is et h?ﬂ ene afiefernBing dergrates Fry andsy elhydgogen spd arselegied M9nemesst i ng

of C3-Cl2 al pha-ol ef i Bsm@hfindy) rekpicgvell, r@ﬁ@d td theTﬁgcth?ﬁlgg?fﬂéa% 150V

wherein the at | east one reactor paraheter is selected group

consi sting of a nononeencerteationsCa; and Carmiriberbydrbgandandathe selectechmahgmer dreed
rate, a cocatal yst feoed ro%e’rtheihéfdr'o en fFed rate A m)nO{nsr btai
concentration, a conoRuRRIOMLRESHY A0 A Feqysly ey seai AL lR F5astor {hobina, o,
di oxi de feed rate, walqdingésdicataifenctidfd. definadbpr tenperature. 8. The nethod
of claim1, wherein the olefin polynerization is catalyzed by a catal yst

system conprising a first catal yst produgings,a first polynmer and a second
catal yst producing a second polynmer, an rein the nethod produces a
pol ymer product conprising the firstpo #2and the second pol yner and
having a distribution of nolecular weighty /conposition, or both nolecul ar
wei ght and conposition, that is broad or Wifgpdal. 9. The conposition of
claim8, wherein the step of adjusting at | east one reactor paraneter is
effective to alt evherdie stepl(all is vepeptcd diphirhiy tof tiafes tdrobthinr s hs afichcsio oNtime,
catal ysts. 10. The nethod of claim 8, wherein the catal yst system conpri ses
a netal |l ocene cat F)jlst and a non-netallocene catalyst. 11. The nethod of

claim 10, whergihn the c%?éﬂiﬁgDE(%ﬂ?r 120 th 2 gR FRlcliogeRg catal ysts are
supported and are both esent on thé sanme support.
(c) adjusting at least one reactor parameter in response to a deviation between
L(t) or L'\(t) and the target function,
wherein the method comprises a catalyst system having a metallocene catalyst and a

non-metallocene catalyst.

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.

16. 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 comonomer.

17. The method of claim 15, wherein the monomer is ethylene and the comonomer is

selected from the group consisting of C3-C; alpha-olefins and mixtures thereof.

18. The method of claim 16, wherein the monomer is ethylene and the comonomer is

selected from the group consisting of C;-C; alpha-olefins and mixtures thereof.



12. The method of claiml| wherein the olefin polynerization is catalyzed by
a supported binetallic catalyst systemconprising a netall ocene catal yst
and a non-netall ocene transition netal catalyst, and wherein the nethod
produces a pol ymer product having a distribution of nolecul ar wei gHtS MAY 2006
conposition, or both nolecular weight and conposition, that is broad or

bi rodal . 13. The rret hod of claim 12, Werein the at Ieast one reactor

par anet er rls feed rate or a carbon dioxide feed rate, 1 5
MAY 2006 é@olrﬂ% ST RO 4 VBT oty St POSIEPOR PARRCRY (7 1esied fgatithe

reactor, ?us@t melsﬁw 4 frionBmer febd eé,8F CIntindthef &RA rid! £ SathiFbtXest fabd, af
hydrogen and a sel ected nonomer or conononer, respectlvely prOV|ded to the

react or and cgedalpHafeed rate.athe hydragem dessh rate |%m§nwramcwa@pn,théomymlwen and
the sel ect ec!: ME’?%J %gdr(ﬁ%gggﬂgdzﬁ{ra dcf Fl%gﬁ dY(S! %’e féeHL gégfaYe? f%@%%;%lpg?nm of

the reactor to o function

step (a) |sre®n&aempbraumurallty of tines to obtain L as a functlon of tine,
L(t); (b) (c) comparing L(t) or L''(t) to a target function; and adjusting
at | east one reactor paraneter in response to a deviation between L(t) or

L"" (t) andpthe &ahg&bfumﬁtluoﬂvhei@'}ﬂlﬁ' aeﬁrhgo@ﬁ{eh%&olmataa%d tycaa&g'&ly&t

system having a netal |l ocene cat al %{st and non-net al | ocene ca )
The nethod dYstemasamprisingachirsi qatakyst p@dh@@lg @ ﬁmd@éympmdymegomhvatﬂgsta

e or i1y of o RRLHICLIZSRAHE Al LRerdcd HLAGK ko 0bs OMIRE Bt |

conononer monorer Or  cononomer
The net hod m‘omphamgl thd, firsh polgimer tahe thetsbmldppalylmexeamtmpolhgn@rdsstﬂ‘tannoﬂgofa

majority of rrerl ed nonoper its d a mnpority of poy rized
comonorer urihgle %{ﬁﬁelg ecowsgweﬁ%m?@ﬁum we H°§‘“toﬁet

17. The net rtﬁ’@nr%da?' aim 15, wherein the nononmer is ethylene and the
conmononer is

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 and second catalysts.

22. The method of claim 20, wherein the catalyst system comprises a metallocene catalyst

and a non-metallocene catalyst.

23. The method of claim 22, wherein the metallocene and non-metallocene catalysts are

supported and are both present on the same support.

24. The method of claim 14, 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, 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 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:



selected fromthe group consisting of C3-Cl2 al pha-ol efins and m xtures
thereof. 18. The nethod of claim 16, wherein the nononer is ethylene_and @Ee
conmononer is selected fromthe group consisting of C3-Cl2 al pha-ol bhiMM 2008
m xtures thereof. 1 5 MAY 2006 26 19. The nmet hod of claim 14, wherein the
at |east one reactor paraneter is selegted fromthe group consisting of a
nononer feed rate, a conononer feed rate, a catalyst feed rate, a

cocat al yst fee@®r at e, detérenihing feedaates BredFu,and Foa ofibydrogen, terdefnt r at i on, a
conononer concentrat}norq hlydr{ glenc concent r at iecqn car bonedid{?ogﬁi de feeddr at e,
water feed rate, and TPSYBYLFIY W SOMONGMEr. respectively PEQVIded 19y the reaciar 3
wherein the ol efi n popasnitiase @bhcehtrations T3] Tgeohdcq ofathélhydfogers Whé SMfin
conprising a first catalyst producing a first polymer and a second cat al yst

DOl yn
produci ng a second poMPR¥PCT addhe\FIPIIOMer.TESReEH Yot PR IERICtesea sreany pEfhe
product 'COMpr i 5ing ' it o¥udtplAFR ididrinchBRODChrl WIRR PRI Pavi ng

distribution of nolecular weight, conposition, ar wei ght and
conposition, that is broad or binogal., 21. The cgnposition of claim 20,
wherein the step of adjusting at |ea% ‘’Tone react or® @ ameter is effective
to alter the relative productivify= andr dp ond catal ysts. 22.
The nmet hod of claim 20, wherein the | yst syst nprises a netall ocene
catalyst and a non-netal |l ocene catal4s#. 23. The Hod of claim 22,
wherein the netal].ocene and n-pejal | pcene.catal ysts are, supported and are
both present on the s&AEPY, (5 39‘5%%&'%93?1&% f"""ts‘:'F%i’J‘Pr‘li 14, wherein the

ol efin polymerizgg) on alijastit Alldaseshe Byactor phRRfet Bfrespind®icdddviatiogat al yst
system conprising a netallocene catalyst and a non-netallocene transition

metal catalyst, and whemeemLy pelnenddd opkoRiddhe arasbValies: product having a
Hateliod _ . FOEEE o
Composi t1 on MR ReAthd obiat » AR ub Yving s Al DB A Rand BRI 87

t he at | eastmaaceacatalystpar ameter conprises a water feed rate or a carbon
di oxide feed rate. 26. A nethod of polynerizing olefin nmononers and
conmononers in a fluidized bed reactor, the method conpri sing:

27. The method of claim 26, wherein the monomer is ethylene and the comonomer is

selected from the group consisting of C3-Cy alpha-olefins and mixtures thereof.

28. The method of claim 26, 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, a monomer concentration, a comonomer
concentration, hydrogen concentration, carbon dioxide feed rate, water feed rate, and

reactor temperature.

29. The method of claim 26, 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 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 reactor parameter

is effective to alter the relative productivity of the first and second catalysts.



1 5 MAY 2006 27 (a) determning feed rates FH2, FM and FcM of hydrogen,
the ol efin nononmer and the conononer, respectively, provided 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 EQ?V)AY 006
reactor to obtain |eading indicator functions L1 and L2 defined by: t/ é
L1 =" - N and L2 ="' - ¢c.w, . CMCM(b) conparing L1 or L1"1 and L2 or
L2-1 to target values; and (c) adjustid¥g at | east one reactor parameter in
response to deviations between L1 or L1-1 and L2 or L2-1 and the target

val ues, wherein the nethod conprises a catalyst system having a netal | ocene
cat al yst ahdlhe methed nftlairh A9 whereat the atalysPsystehh eompriisesd métalfdcehercatalyst
wherein the nonmer is.ethylene and the conononer is selected fromthe
group consi ¢t ﬁé‘oﬂ?”@l—o@ﬁ @At ol efins and nixtures thereof. 28. The

met hod of claim 26, wherein the at | east one reactor paraneter is selected
fromthe roup consisting of a nononer feed rate, a conononer feed rate, a
cat al yst ﬁgeﬂler mebod of daigaBhiwhsrein dhel mesallocenehandhpen-mgtatlo¢ane ccatadysts, arg

nononer con%ggﬁﬁgggggﬁeéo&ag?%gwégggé)@ggl!})%lq.ti on, hydrogen concentrati on,

car bon di oxi and reactor tenperature. 29. The
met hod of claim 26, wherein the olefin polynerization is catalyzed by a

cat al yst ystem co ising a first catalyst producing a first polymer and a
second ¢ a?g'l ﬁ?t metE?(gB{J El?‘_r?b _%9’ ‘é’&“c‘%‘ﬁd?“b Bfeaﬁé’P?y"%ﬁ‘i’&a%’e'ts eptabizag %bh?t weeetsAoduces
a pol yner priggleGiiic ERIPST Sifh E&fiplfiéilséira Rela}o&he 2RhIYsP Gnd 6F ABAL.nRRIIEEE and

having a distribution of “nolecul ar ght, conposition, or both nolecul ar
wei ght and dampition metad catalyst, and whereind thegnethodrprddiices 30polFiner prodwyd diaving of

| ai , Wh i n. th dj i ! i
L 2% IRk 05 bl OB, B OBy ORIl SRR e '

catal ysts. composition, that is broad or bimodal.

34. The method of claim 33, wherein the at least one reactor parameter comprises a water

feed rate or a carbon dioxide feed rate.

35. A method of polymerizing olefin monomers and comonomers in a fluidized bed reactor,

the method comprising:

(a) determining feed rates Fy,, Fu, and Feoum of hydrogen, the olefin
monomer and the comonomer, respectively, provided to the reactor and
gas phase concentrations Cyy, Cy, and Cey 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:

C,,% C%
L =—F* and L,=—"21,

~ Cy Ch ’
Fy Fy

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) and La(t) or L, (t) to target functions;
and
(c) adjusting at least one reactor parameter in response to deviations

between Li(t) or L,"'(t) and Ly(t) or L, '(t) and the target functions,



15 MAY 2006 28 31. The nethod of claim 29, wherein the catalyst systen1
conprises a netall ocene catalyst and a non-netall ocene catalyst. g$ 06
nmet hod of claim 31 wherein the netall ocene and non-netal | ocene catalyst lggg
supported and are both present on the same support. 33. The nmethod of claim
26, wherein the olefin polynerization is catalyzed by a supported

binmetallic catal yst systemconprising a netall ocene catal yst and a
non-netal | ocene transition netal cata@%st, and wherein the method produces

or "ot - ot et o iR SorPH Rt B R KB T BRI A Sy B B, "

nmet hod of clmetmlio%anecmﬂyse.i.n t he at Ieast one reactor paraneter conprises a
water feed rate or a carbon dioxide feed rate. 35. A nmethod of polynerizing
ol efin mononers and conononers in a fluidized bed reactor, the nethod
conpri si ngg, (1) mdhb&'di Alaig 358 Shefeitt B FidhomEMs 8MJIehE %H’fth@%&%fa@rﬂcr fshe
ol efin nonomer and the conpnomer, respectively, provided to the reactor and
gas phase coulseted frgm ttbnSrOGPIZOHSZ}Mng@ﬁ@3@0Mlplﬁa-olh’énmrmgem¢s théreof| ef i n
nononer and the conononer, respectively, in a recycle gas stream of the
reactor to obtain |eading indicator functions Li and L2 defined by: CH2/ CCU
Fcw ti, Weemiennah@cpof a}un’i 35 JeReédheke & 1pdstbad fewtoof)arhinmes ist Rleotet &tomn theas a
function of time, L(t) corrparln Li (t) or 1(tt) and L2(t) or
-1(t) to tar&eHp ‘F%’ét‘%ﬂ%a n&wamer( fgf AP EQIRRROgRer f%eésr eoh&atalyslcieest r%"araan‘et er
I n response | gﬁﬁﬁﬁ { la ") ) and
the target fégg%ti?%tnggd Qﬁg E‘ge& ti Lfe% ?\A&ﬁ 2%‘8%&{1% C&Egnd-a%%’) a Wbrmbficihér
concentration, hydrogen concentration, carbon dioxide feed rate, water feed rate, and

reactor temperature.

38. The method of claim 35, 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 polymer and having a distribution of
molecular weight, composition, or both molecular weight and composition, that is broad

or bimodal.

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.

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.

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, composition, or both molecular weight and

composition, that is broad or bimodal.



wherein the nmethod conprises a catal yst system having a netal | ocene catal yst
and a non- netall ocene catalyst.. 36. The nethod of claim 35, whereipn the
nononer i s ethylene and the conmononer is selected fromthe group éb£§MEQW&g
of C3-Cl2 al pha-olefins and m xtures thereof. 37. The nethod of claim 35,
wherein the at | east one reactor paraneter is selected fromthe group
consisting of a nononmer feed rate, a &fmononer feed rate, a catal yst feed
rate, a cocatalyst feed rate, the hydrogen feed rate, a nonomner
concentration, a conononer concentration, hydrogen concentration, carbon

di oxi de f g®drheah&hodVef Elaink @2dwhékR), the Af leaktesfet RictéropaRahbEdnpris8s a Wigernet hod
of claim35, wherein the olefin polynerization is catalyzed by a catal yst
syst em conpripes rate o afcarben dioxidel foed raigr oduci ng 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 yner and
having a distribution of nolecular weight, conposition, or both nolecul ar
wei ght and conposition, that is broad or binodal. 39. The conposition of
claim 38, wherein the step of adjusting at |east one reactor paraneter 1is
effective to alter the relative productivity of the first and second

catal ysts. 40. The nethod of claim 38, wherein the catal yst system conprises
a netall ocene catalyst and a non-netallocene catalyst. 41. The method of

cl aim 40, wherein the netall ocene and non-netal | ocene catal ysts are
supported and are both present on the same support. 42. The method of claim
35, wherein the olefin polynerization is catalyzed by a supported

bimetallic catal yst system conprising a netall ocene catal yst and a
non-netal | ocene transition nmetal catalyst, and wherein the nethod produces
a polynmer product having a distribution of nolecular weight, conposition,

or both nol ecul ar wei ght and conposition, that is broad or binodal. 1 5 MAY
2006 30 43. The nethod of claim42, wherein the at |east one reactor
parameter conprises a water feed rate or a carbon dioxide feed rate.



