CATALYST SYSTEMS AND PCOLYMERI ZATI ON PROCESSES CROSS
REFERENCE TO RELATED APPLI CATI ONS 10001 1 This
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For “exanpl e, these references discuss binodal catalyst
campbei produeede bypvariius gmathodsibh sucht ias nmifing diffengpt pelymers,
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wei ght split (ratio of high to |Iowlecular weight

pld samemengiadiguaady,. is Hiovwroduction o€ mydtimpdad catglyst sysfems wherein
P gé%g]%ti s\)/fic,t'é% comprises more than one catalyst or catalyst component, thus, in
effect, providing more than one active site to polymerize monomers during the
polymerization process. When fed to a reaction system, each catalyst component

concurrently produces a polymer component with distinct product properties. The

net result is a polymer composition with distinct product advantages.

[0004] U.S. Patent Nos. 6,605,675, 6,846,886, 6,956,089, 6,689,847, 6,274,684,
6,841,631, 6,894,128, 6,534,604, and PCT publications WO 2002/046243 and
WO 2001/030861, generally, describe processes and techniques for making
multimodal catalyst systems, and polymerizing with these multimodal catalyst
systems. For example, these references discuss bimodal catalyst compositions
comprising a combination of a Group 15 containing metal compound (a bisamide
compound) and a metallocene compound. One of the advantages of these

multimodal catalyst systems lies in the molecular weight split (ratio of high to low



and nol ecul ar wei ght split of polynmer produced with
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Copolymerization Catalysts,” Journal of the American Chemical Society (2003),
125(14), pagés 4306-4317, Murphy, Vince et al., “High-Throughput Approaches

For The Discovery And Optimization Of New Olefin Polymerization Catalysts,”
Chemical Record (2002), 2(4), pages 278-289, and Boussie T. R. ef al., “A Fully
Integrated High-Throughput Screening Methodology For The Discovery Of New
Polyolefin Catalysts: Discovery Of A New Class Of High Temperature Single-
Site Group (IV) Copolymerization Catalysts,” Journal of the American Chemical
Society (2003), 125(14), pages 4306-17, generally, discuss methods of using
high-throughput screening methods and devices in the development and
evaluation of catalyst systems. Various test methods are also discussed in U. S.
Patent No. 6,440,745, U.S. Patent Application Publication No. 2003/161763, and
PCT publications WO 1999/064160, WO 2001/098371, and WO 2000/009255.



eval uation of catalyst systens. Various test nethods

are also discussed in U S. Patent No. 6,440,745, U S.
WO2PA6054Bp| i cation Publication No. 2003/ 16176BCT/&{07/023749

PCT publications WD 1999/ 064160, WO 2001/098371, and

WO 2000/ 009255. [ 0007] O her background references

i ncl ude WO 2005/ 068076, WD 2006/ 022918, and WD

2006/ 086104. | 0008] Accordinyly, there exists a need

to understand the effects of aging and catal
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grou atons, at [east one
bisamide catalyst system comprises a Group 15 containing metal catalyst

compound. In other embodiments the non-bisamide catalyst system comprises a
metallocene catalyst system or a conventional transition metal catalyst system.
The controlled temperature is preferably less than about 21°C, more preferably

less than about 1°C, and even more preferably of less than about —9°C.

(0011] In other embodiments, the bisamide catalyst system comprises a metal
catalyst compound comprising a group 3 to 14 metal atom bound to at least one
anionic leaving group and also bound to at least two group 15 atoms, at least one
of which is also bound to a group 15 or 16 atom through another group which may
be a C; to Cy hydrocarbon group, a heteroatom containing group, silicon,
germanium, tin, lead, phosphorus, or a halogen, wherein the group 15 or 16 atom

may also be bound to nothing or a hydrogen, a group 14 atom containing group, a



of which is also bound to a group 15 or 16 atom
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silicon, germanium tin, |ead, phosphorus, or a

halogen, wherein the group 15 or 16 atom may al so be

bound to nothing or a hydrogen, a group 14 atom
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wt% of the spray dried catalyst mixture. In another embodiment, the slurried
catalyst mixture comprises about 60 to about 70 wt% of the oil and less than about

20 wt% of the C¢ or higher alpha olefin.

[0014] In yet another embodiment, the bisamide catalyst system comprises a
support, an activator and a Group 15 containing metal catalyst compound, the
non-bisamide catalyst system comprises a metallocene catalyst compound, the
contacting step is conducted at a temperature of greater than about 60°C and a
pressure of from about 200 psig to about 400 psig, the multimodal catalyst system
is stored for at least 30 days, the controlled temperature is less than about 1°C; and

an aged catalyst productivity is at least about 75% of a fresh catalyst productivity.
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contacting step is conducted at a tenperature of

greater than about 600C and a pressure of from about
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[0016] The current invention also provides a method of polymerizing olefins to
produce a multimodal polymer comprising the steps of: providing a multimodal
catalyst system comprising a bisamide catalyst system and a non-bisamide catalyst
system; and contacting the multimodal catalyst system with an alpha olefin
composition in a polymerization process to produce a multimodal polymer,
wherein a product property of the multimodal polymer is predicted using a
predicted aging characteristic response of the multimodal catalyst system. In one
embodiment, the predicted aging characteristic response is determined using an
accelerated aging method. In a further embodiment, the accelerated aging method

uses a high throughput polymerization unit.
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[0019] In yet another embodiment wherein a product property of the multimodal

polymer is predicted using a predicted aging characteristic, the alpha olefin
composition comprises a monomer selected from the group consisting of C; to C4
alpha olefins and a comonomer selected from the group consisting of C4 to Cg
alpha olefins, and wherein the contacting occurs at a temperature of greater than

about 60° C and a pressure of about 200 psig to about 400 psig.

[0020] In another embodiment, the first aging characteristic response is a first
catalyst productivity response of the bisamide catalyst system as a function of
time, the second aging characteristic response is a second catalyst productivity

response of the non-bisamide catalyst system as a function of time, and the
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[0025) In other embodiments, the predicted aging characteristic response is the
productivity response, hydrogen response, comonomer response, or comonomer

response of the multimodal catalyst system.

[0026] In other embodiments, the predicted aging response is the productivity
response, hydrogen response, comonomer response, or comonomer response of

the multimodal catalyst system determined in a batch, gas phase reactor.

(0027] In still other embodiments, the first aging characteristic response and the

second aging characteristic response are determined using an accelerated aging



[0024] In still another enbodi nent, the product
Erqgfrt predicted is a nultinodal polyner nelt index,

WQ 2008{049518t resi dual content, a nol ecul ar wei gRET/US2007/023749
di stribution, a percentage of high nol ecul ar wei ght
conmponent, or a percentage of |ow nol ecul ar wei ght
conponent. [0025] In other enbodinents, the predicted
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response, hydrogen response, conononer response, or
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aging C cteristi esponse an e secon

agdagicchporssebnd bider d&aponse are determined using an
accel erated agi ngnethod. In further enbodi nents, the

46629| T &fredfiMentig 41661 ptéSRRes @ rdtBot bNEuNMal the aging of a
pol ynmeri zation testing unit. |0028] In still another

emblsignadeht catalysto ¢emposinghepragiding ohamaliimadakt ¢atalyst system
response of.the,nmultinodal catalyst . syst.emi.s .

s s RSO A B oL R kst systemy and
OtkarBpSi€iae NHle GhelEmodsrc aatalfyﬁtog%%n The porftaldd tvebsRY, ewhérei the
al so provides a nethod of controlling the aging of a

npartableodsbel datkaptyatta cantyolled itergperptureydidieayy thanrabpug 2bdel In
cat al yst . system conpri Sin .bj sam de catal t t
ot Aol itk Yeecliy kLA & Eori o P s RieGeT tes
t{R8n btk i1 PRI Ahd £BEAIr¥fetably Rbk@iHah AbsutR9P Cabl e vessel ,

wherein the portable vessel is kept at a controlled

é%g{%éd;‘ﬂ{o,ﬁqe? Eréllbg%irﬁ}eglgﬁgel%ﬁloﬂﬂe n%xl%nﬁ%%{cﬁ??@gfsh?efnsported, the

vessel 1s

Cisigdnidt | elalystmpgsterh ucemprisek es sSGtouan 1abcortaiding, meted catalyst
nore preferably |less than about -9 C. | 003Q]. | )
SRR ¢ b i e Ot HTEPAd AR mpﬁermﬁlk%m@l\waﬁysfat?lgst is
t BiRhs @l fo lyst
FARRRR e pbR iR ARy SR HE LoREALE R TRAICERS rfalys
asysteher enbodi ment wherein the nultinodal catalyst is
transported, the non-bi sam de catal yst system

coom| | BesdillantilefbmbedinRncRhétinthe multimodal catalyst is transported,

the non-bisamide catalyst system comprises a metallocene catalyst system, and the
bisamide catalyst system comprises a metal catalyst compound comprising a
group 3 to 14 metal atom bound to at least one anionic leaving group and also
bound to at least two group 15 atoms, at least one of which is also bound to a
group 15 or 16 atom through another group which may be a C; to Cy hydrocarbon
group, a heteroatom containing group, silicon, germanium, tin, lead, phosphorus,
or a halogen, wherein the group 15 or 16 atom may also be bound to nothing or a
hydrogen, a group 14 atom containing group, a halogen, or a heteroatom
containing group, and wherein each of the two group 15 atoms are also bound to a
cyclic group and may optionally be bound to hydrogen, a halogen, a heteroatom or

a hydrocarbyl group, or a heteroatom containing group. In a further embodiment



system [0031 1 In still another enbodi nent wherein
the nmul tinodal catalyst is transported, the

WAGHSHeH i de catal yst system conprises a net aPCHLSHW7/023749
catal yst system and the bisanm de catal yst system
conprises a netal catal yst conpound conprising a group
3 to 14 netal atom bound to at | east one anionic
| eavi ng group and al so bound9to at |east two group 15
atons, at |east one of which is also bound to a group
14 the ethBoditment innmedigtelyaprotddang, ¢heowomtretied fempeyatie i511eS$ than

ot Qs i o aub B B oSO COMLIELIAL o

hal ogen, wherein the group 15 or 16 atom may al so be . .
HewAH Arcthert Hessoplambodiments geryides aypauignarorayesssl comprising

cont aini .
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optionally be bound to hydrogen, a hal ogen, a
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10684 fﬁﬁﬁérh%mﬁﬂiﬁxﬁé R sRpBQH IR RVAMRRO thel @SulBmodal catalyst

contai ner or vesse gonprlsing he multi nodal catal yst
syysteemfisistazing thtewdtimodatsatalystsyisteny st the gonteohedrtemperature;

t.al.yst [ i nt ai.ned at trol | ed :
v AP e o oRale T S R Ree r raytimpaal
Ofarl§53 SPdterh RMAtHME hiokedRt. catal yst system may be
agitated while in the container or vessel. J00331

A[?&t4[;elrn mimtdirﬁént,t fie rinﬂl‘ﬁﬁx{ﬁdiapeatgl QviydRen & RBtAQDafter
of polynerizing oletins, further conpfisi’ng the steps
olvarnéihg vdermultignddhlecanaly st isysdetal cat al yst system after
storing the nultinodal catalyst systemat the

Clo0Hs| Olnl £dedsEoREEBbotifenarite ltidgidahtatalgsttsystem is agitated for
mul t1 nodal catal yst system before contacting the
naflleashahpart 2¢ howsy st systemwith the monomer. [0034] In
anot her enbodi nent, the nultinodal catalyst systemis
algd3sat ldatdéase onevambipdignenh shermultimedpd icatelyshbystam &3 wepad to

E%?lg?{; @2@@9@@?@%8&% B tndERbintods SHALSBm with the

monomer.

[0037] In at least one other embodiment, the multimodal catalyst system is

warmed to at least about 10°C before agitating the multimodal catalyst system.

[0038] Other features and advantages of the present invention will become
apparent from the following detailed description. It should be understood,
however, that the detailed description and the spéciﬁc examples, while indicating
preferred embodiments of the invention, are given by way of illustration only,
since various changes and modifications within the spirit and scope of the
invention will become apparent to those skilled in the art from this detailed

description.



at | east about 24 hours. 10036) In at | east one

enbodi nent, the nultinodal catal yst systemis ned
WP 30030695125t about 100C before contacting the PCT/US2007/023749

mul ti nodal catal yst systemw th the nononmer. |0037) In
at | east one other enbodi nent, the multinodal catalyst
systemis warned to at | east about 10Q0C before
agitating the nmultinodal catldl yst system |0038) O her
features and advantages of the present invention wll
become appar eBRIGFoSUMMARY OBVIHIGD&L\HINGE

descri pti on. It shoul d be under st ood, however, that

t he d descrl and th ecific exa
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dpieritionamay scketier vhdersteod h)vmfcmmc tpidnk op sxweref ﬁpsadr@mngs

dBorar o il e St T LRIy rsemed

figkdipW ng drawi ngs form part of the present
specification and are included to further denonstrate

GBédopi I ﬁ‘x%plefétasgl‘a h SR&viRE YREHank® Ve tHel (R0ducliRRy over time of a
|nvent|on may etter understood by reference to one

anulrhmoelabcfatalm@ewdpmmggt multipbntgmparatwes-wi t h t he
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heos| rFigl@@3]a fiaph sboﬁngshaclglngpﬁn ﬂieqnbdl@ptilvhg ovbramme of a
in the productivity over ti It| caf al yst
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ove nodal “cat al yst po

dal catal slurry stored
ol B 8 Chrdbythdthe bR FhoA R Be fsription of
CpUlyRe p ﬂoﬂu&rdlt g al MOMiA]odEl ERthl§st3aged Birg &pachwaktd@ging
t he change in nmol ecul ar weight distribution of polyner

pneiaded using a nultinodal catal yst aged using an
accel erated aging nethod. [0043] Figure 4 is a graph
sloeai NBigtieed isod eraph ahowingghe malesular el ght distfibysisin lymer

produced using a multimodal catalyst stored at a controlled temperature of the

current invention.

DETAILED DESCRIPTION OF THE INVENTION

[0044] The invention provides a method of polymerizing olefins comprising steps
of: providing a multimodal catalyst system; storing the multimodal catalyst system
at a controlled temperature; contacting the multimodal catalyst system with a
monomer selected from the group consisting of C; to C, alpha olefins in a
polymerization process; and producing a multimodal polymer. In one
embodiment, the multimodal catalyst system comprises a bisamide catalyst system
and a non-bisamide catalyst system. In another embodiment, the catalyst system
is contacted with a monomer selected from the group consisting of C; to C4 alpha
olefins and a comonomer selected from the group consisting of C4 to Cg alpha

olefins in the polymerization process.



produced using a multinodal catalyst stored at a

control |l ed tenperature of the current invention.
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i nvention provides a nethod of polynerizing ol efins

conprising steps of: providing a nmultinodal catalyst

system storing the nultinodal catal yst systemat a

control | ed tenperature; contldcting the multinodal

catal yst systemw th a nononer selected fromthe group
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CRY st ihiREir@fs §8relFof8 pREBDAS GRS AfRS thd)c4thIgst is manufactured.
pol ynmeri zati on process.| 0045) As used herein,

"It edapple, ahye regtalyse fpeoductivity o€ appasalystemoriusheegidiop,her the
responses of .the .catal yst, syst em change ,over eripd
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responses are reflected in the fact that the catal yst

sysktiomdal Fatalystveys@htst drasrexamplep dhs dsmogdad iratabisp ayséam,t dhigh

CPE e b SNV rilgled GonPReR AT brdo) 0T ord 8 | Gty

t dienpoabad ateita iosw RTeELRE tweigd (LIVOW) palgfiel Gompbigent is produced
catal yst productivity of a catalyst m xture may droei
offomIe seeend catakyist aempenent uadar thespme regction sopdtigngr Overall

ORI TR G L AL G, b ot

tweighi aseiButiofr ismidttiniiBetRIbyCeieate)sive Sydtieniitidsoof these two
exanpl e, in_a binodal catalyst system a, high

nesierapeats: wadhyht whemagingopifpes the myeductvity s itpalsel affsgts the
fro firs | y: t I :
R0 e PP SAETACAD! b2V b AR G e s

s@rRRAtag@bAHNEW md TIMMONre alifietedd Byneis@ MEis Baca dioect effect on
conditions. Overall productivity is driven by these

coRperieRropeties. vikheelstm Fupyl iy ROYINAE #oPeduhepin, means a
2&3%&% ?é@@{léelggga# WCast ge‘%gm ASRchYr Weksht Hidlibltfon,” which
term is understood as having the broadest definition persons in the pertinent art
have given that term as reflected in printed publications and issued patents. Thus
in a preferred embodiment, a multimodal polymer may have at least two
molecular weight peaks. For example, a single composition that includes
polyolefins with at least two identifiable molecular weight distributions is
considered to be a “multimodal” polymer, as that term is used herein. Preferably,
other than having different molecular weights, the polymer components but may

have different levels of comonomer distribution.

[0046] The term “unimodal,” as used herein to describe a polymer or polymer
composition, means any polymer, e.g., polyethylene, that is not multimodal as

defined above, e.g., one having a single molecular weight distribution.



conmponents. Thus, when aging affects the productivity,
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[0048) Without being bound to one particular theory, it is believed that the
response of the catalyst is variable over time because the polymerization response
of various components of the catalyst system may be change over time at varying
rates. It has been discovered that the rate of this change over time was dependent
on the temperature at which the catalyst was stored. This change in catalyst
response is particularly troublesome for multimodal catalyst systems, especially
when the multimodal catalyst system comprises a bisamide and a non-bisamide
catalyst component. If the polymerization response of the two catalyst
components change at a different rate, then the properties of the polymer produced

at the same reactor conditions will change with the age of the catalyst.



support particles, and another catal yst resides on
anot her_ col | ecti on of support particles. Prefer
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are introduced to a single reactor, either

si mul taneously or sequentially, and pol ynmeri zation is
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ti nodal catal yst system con}Jrl ses a bisam de and a
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nlume:cms sampdseémqaomelwst batdhethpbisynerier 2roidenisried o theereadtion
the two.C lgghrg)one
system. Furthermore, poor catalyst productivity leads some of the older catalyst
batches to be unusable. By stormg the catalyst at a controlled temperature, the
catalyst response is more predictable, and in some cases, stable over long periods
of storage time. Because the catalyst is more predictable, less off-grade is

produced at the beginning of a catalyst run.

[0051] As used herein, “aged catalyst” refers to a catalyst, in a particular
embodiment, a multimodal catalyst system, that has been stored a period of time,
typically for more than 5 days, preferably for more than about 30 days, more
preferably for more than about 60 days, and even more preferably for more than

about 100 days.
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alternatively, within 2°C (+/- of a given temperature).

[0054] A change in the molecular weight distribution of the polymer can be
characterized by measuring the high molecular weight and low molecular weight
fractions of a “fresh catalyst polymer” (polymer produced using a multimodal
catalyst system before the catalyst substantially changes) and comparing that to
the high molecular weight and low molecular weight fractions of an “aged catalyst
polymer” (polymer produced using a multimodal catalyst that has been stored for
a period of time). In one embodiment of the invention, a high molecular weight
fraction of an aged catalyst polymer produced in the contacting step is at least
about 85% of the high molecular weight fraction of a fresh catalyst polymer. In

another embodiment, the high molecular weight fraction of the aged catalyst
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o B REH Rast Dl PR RER A 1o 68 oy, R bl more
t}blefeeahlyeﬂbasmuedhyson the nul ti nodal catal yst system
is stored at a controlled tenperature to prevent the

Cbs| YBhe E&iBllc@démperatutdstéf8e of the catalyst system may be by any
means known to one of skill in the art. For example, the catalyst system may be
stored in a jacketed storage vessel, wherein the temperature of catalyst system is
monitored and controlled. In another example, the catalyst system is placed in a
storage vessel or cylinder and the storage vessel or cylinder is placed in a
temperature controlled environment, such as a refrigerated locker, refrigerated

truck, or refrigerated transportation compartment.

Polymerization Processes

[0058] Embodiments of the invention described herein are suitable for use in any
polymerization process that facilitates the contacting of the catalyst with the
monomer or monomer/comonomer. Polymerization processes include solution,

gas phase fluid bed, slurry phase, and a high pressure process or a combination
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substituted styrene, ethylidene norbornene, dicyclopentadiene and cyclopentene.

[0061] In one preferred embodiment of the method of the invention, a copolymer
of ethylene is produced, where with ethylene, a comonomer having at least one
alpha-olefin having from 3 to 15 carbon atoms, preferably from 4 to 12 carbon
atoms, and most preferably from 4 to 8 carbon atoms, is polymerized in a gas

phase process.

[0062] The reactor pressure in a gas phase process may vary from about 100 psig
(690 kPa) to about 600 psig (4138 kPa), preferably in the range of from about 200
psig (1379 kPa) to about 400 psig (2759 kPa), more preferably in the range of
from about 250 psig (1724 kPa) to about 350 psig (2414 kPa).
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polypropylene. Other propylene polymers include propylene random, block or

impact copolymers.

10066] One preferred polymerization technique of the invention is referred to as a
particle form polymerization, or a slurry process where the temperature is kept
below the temperature at which the polymer goes into solution. Such technique is
well known in the art, and described in for instance U.S. Patent No. 3,248,179
which is fully incorporated herein by reference. Other slurry processes include
those employing a loop reactor and those utilizing a plurality of stirred reactors in
series, parallel, or combinations thereof. Non-limiting examples of slurry
processes include continuous loop or stirred tank processes. Also, other examples
of slurry processes are described in U.S. Patent No. 4,613,484 and 5,986,021,

which are herein fully incorporated by reference.
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of the invention may comprise the catalyst compositions described in U. S. Patent
Nos. 6,605,675, 6,846,886, 6,956,089, 6,274,684, 6,841,631, 6,894,128,
6,534,604, and 6,689,847 and PCT publications WO01/30861 and W002/46243,

all of which are incorporated herein by reference. Preferred catalyst systems

further include a catalyst system comprising a supported bisamide catalyst as
described in U. S. Patent No. 6,271,325, which is also incorporated herein by

reference.

[0069] In one embodiment, the bisamide catalyst system of the invention may
comprise one or more Group 15 containing metal catalyst compounds. The Group
15 containing compound generally includes a Group 3 to 14 metal atom,

preferably a Group 3 to 7, more preferably a Group 4 to 6, and even more
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embodiment, the multimodal catalyst system comprises a "bisamide" catalyst
compound combined with an activator, spray dried to a powder state, then
combined with mineral oil to form a slurry as described in U.S. Patent 6,605,675,

which is incorporated herein by reference.

(0072] In one embodiment of the invention, the multimodal catalyst system
comprises a bisamide catalyst system and a non-bisamide catalyst system. A non-
bisamide catalyst system may be any catalyst system compatible with the
bisamide catalyst system. In one embodiment, the non-bisamide catalyst system
comprises a metallocene system or a conventional transition metal catalyst

system.

[0073] As used herein, the term “metallocene” is to be construed broadly, to

include any compound that is described as a “metallocene” in a publication or
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an activafor, Spray dried {o a powder state, then
crrbhicatenh Pt A- O0mdaer4d6, all of owvliioh mre lgir@nr@allasmcorporated by
de?egri bed in U S. Patent 6,605,675, which is
¥}56r ated herein by reference. |0072) In one

enbodi nent of the invention, the rrullt i nodal . cat al X

SY¥5E AN at least one broad embodiment, the metallocene catalyst is'a Compound
represented by the formula CPm MRn Xq, wherein “Cp” refers to either a
cyclopentadienyl ring, which may be substituted or unsubstituted, or a
cyclopentadienyl ring derivative, such as an indenyl ring, which also may be
substituted or unsubstituted. In a specific embodiment the metallocene used to
make the unimodal polyethylene includes two cyclopentadienyl rings, and such a
metallocene is referred to herein as a “biscyclopentadienyl metallocene” or a “bis-
Cp metallocene.” Preferably, the metallocene used to form one of the
polyethylenes, and preferably the metallocene used to form (e.g., prepare or make)
the “second polyethylene” described herein (e.g., one of the two polyethylenes in
a 2-polyethylene blend composition) has two or more Cp ligands, most preferably
two Cp ligands; and is thus to be considered a “bis-Cp metallocene.” In a more

specific embodiment, the metallocene is a substituted biscyclopatendienyl,
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selected from the group consisting of Groups 13 to 16 atoms, and more
particularly, the atoms that make up the Cp ligands are preferably selected from
the group consisting of carbon, nitrogen, oxygen, silicon, sulfur, phosphorous,
germanium, boron and aluminum and combinations thereof, wherein carbon
makes up at least 50% of the ring members. Even more particularly, the Cp
ligand(s) are preferably selected from the group consisting of substituted and
unsubstituted cyclopentadienyl ligands and ligands isolobal to cyclopentadienyl,
non-limiting examples of which include cyclopentadienyl, indenyl, fluorenyl and
other structures.  Further non-limiting examples of such ligands include
cyclopentadienyl, cyclopentaphenanthreneyl, indenyl, benzindenyl, fluorenyl,
octahydrofluorenyl, cyclooctatetraenyl, cyclopentacyclododecene,

phenanthrindenyl, 3,4-benzofluorenyl, 9-phenylfluorenyl, 8-H-
cyclopent[a]acenaphthylenyl,  7H-dibenzofluorenyl,  indeno[1,2-9]anthrene,
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[0079] It is within the scope of this invention, in one embodiment, that the
metallocene catalyst compounds include complexes of Ni** and Pd** described in
the articles Johnson, et al., “New Pd(II)- and Ni(II)- Based Catalysts for
Polymerization of Ethylene and a-Olefins”, J. Am. Chem. Soc. 1995, 117, 6414-
6415 and Johnson, et al., “Copolymerization of Ethylene and Propylene with
Functionalized Vinyl Monomers by Palladium(II) Catalysts”, J. Am. Chem. Soc.,
1996, 118, 267-268, and WO 96/23010 published August 1, 1996, WO 99/02472,
U.S. Patent Nos. 5,852,145, 5,866,663 and 5,880,241, which are all herein fully

incorporated by reference. These complexes may be either dialkyl ether adducts,
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selected fromthe group consistin , T, Zr,

\isorhbxs (Weeso Bhd riRemidispmRs, f@sexadple K¢, UISr PatgncNNi 5,862,143,

yet a r articul ar enbqdi.nent; . and.selected from
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all of which are herein fully incorporated by reference. The conventional
transition metal catalyst compounds that may be used in the present invention
include transition metal compounds from Groups III to VIII, preferably IVB to
VIB of the Periodic Table of Elements.

[0084] Still other conventional transition metal catalyst compounds and catalyst
systems suitable for use in the present invention are disclosed in U.S. Patent Nos.
4,124,532, 4,302,565, 4,302,566 and 5,763,723 and published EP-A2 0 416 815
A2 and EP-A1 0 420 436, which are all herein incorporated by reference.

[0085] Other catalysts may include cationic catalysts such as AlICl;, vanadium,
constrained-geometry catalysts, cobalt, and iron catalysts, all being well known in

the art.
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[0089] In some spray dried catalyst mixtures, two or more catalyst compounds

can be added together and cosprayed. Furthermore, additional additives or

solvents, such as 1-hexene can be present in the activator/filler mixture.

[0090] In another embodiment binders are added to the mix. These can be added
as a means of improving the particle morphology, i.e. narrowing the particle size
distribution, lower porosity of the particles and allowing for a reduced quantity of

alumoxane, which is acting as the ‘binder’.

[0091] In one embodiment of the invention, the spray dried catalyst mixture

comprises less than about 5 wt% of the bisamide catalyst compound and a



i somers (nmeso and racem c isoners, for exanple see
U.S. Patent No. 5,852,143, incorporated herein b
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transition netal catalysts are those traditional

Ziegler-Nata catal ysts and Phillips-type chrom um
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c‘%{{(ygpgﬂ’[e@léc%gﬁ%&s Al Cl 3, vanadi um
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catal yst system conprises a spray dried cafal

nwi%h of the rehduadisolvelite spray dried catal yst conpound
conprises a bisam de catal yst conpound, a netall ocene
Ccieé93| Yint oreopreferred entbodmednit, e opray aifidd @artabist dhiture comprises:
solvent. In a preferred enbodi nent, funed silica i

cahent hee ahputnd MeYongd thy bissudseatalyst qamnouad pag the rr@gﬂlpaene
f 0 et

THARHRS A" b 8 AR A BB o abou
ard wikatof ki silica filteef aidabbyt 2 mbonet wiliotdf tise esigparsblvent.
material such as a particulate filler material and

t 0693] SR éhe Ethb&HmeRt, Shee rRRintodad ch@Iy3t Systdne ofrpeivésNie spray
powder. Spray drying magk{ be by any means_ known in the
adried ®egurepdisclosegoaboyesiigersed) i a havidrio fasm & skypuacdy oagalyst
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In one embodiment, the liquid comprises an oil and a hydrocarbon, wherein the
hydrocarbon is a Cg or higher alpha olefin. The slurried catalyst mixture
preferably has about 10 to 40 weight % spray dried mixture in the slurried catalyst
mixture, and preferably 15 to 30 weight % spray dried mixture in the slurried

catalyst mixture.

10097] In yet another embodiment, the slurried catalyst mixture comprises about
60 to about 70 wi% of the oil and less than about 20 wt% of the C or higher alpha
olefin. In still further embodiments, the Cs or higher alpha olefin is preferably
hexane, and more preferably a high-purity isoparaffinic solvent, such those
available from ExxonMobil Chemical as Isopar™™ Fluids, having an ASTM D 86

M

boiling point above about 97°C (Isopar™ is a trademark of ExxonMobil

Corporation).
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conpositions particularly useful to the current
invention are also described in U S. Patent 6, 605,675,
which is incorporated herein by reference. |In general
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cat al yst conmpound and the optional activator in
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acting as the "binder'. [0091] I'n one enbodi nent
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catal yst conpound and the netal | ocene conpound

catuativity is GoJdeast w.boatnai%e@f erfeshi aatalyst tiedushividy by peather

catal yst m xtur /
sy peCaSARER RIGE AR s Ba e a5 ¥ bthys
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spray dried catal yst nixture conprises about 50 to
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about 50 to about 60 wt% of the silica filler. | 0094l

| 100991 h@ne embodimentsf, thbt'nievemioaypmwidesi a:ateaioylsof polymeriging

conpri ses and about. 1 to about w&o/ of ,the residual.
nﬁ%ﬁﬁommﬁaﬂw@se?faswd%atmlét"m alpFatlysh SyStem comprising a

bisamide catalyst system and a non-bisamide catalyst system; storing the
multimodal catalyst system at a controlled temperature; contacting the multimodal
catalyst system with a monomer selected from the group consisting of C; to C4
alpha olefins in a polymerization process; and producing a multimodal polymer.
In this embodiment: the bisamide catalyst system comprises a support, an
activator and a Group 15 containing metal catalyst compound; the non-bisamide
catalyst system comprises a metallocene catalyst compound; the contacting step is
conducted at a temperature of greater than about 60°C and a pressure of from
about 200 psig to about 400 psig; the multimodal catalyst is stored for at least 30
days; the controlled temperature is less than about 1°C; and a high molecular
weight fraction of an aged catalyst polymer produced in the contacting step is at
least about 85% of the high molecular weight fraction of a fresh catalyst polymer,

preferably the high molecular weight fraction of the aged catalyst polymer is at



wt % of the residual solvent. 100951 n one preferred
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about 50 to about 70 wt% of the silica filler; and
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[0102] In some embodiments herein, the multimodal catalyst system is agitated
after warming the multimodal catalyst system. In this embodiment, the container
or vessel holding the multimodal catalyst system may be removed from the
controlled environment a period of time prior to when the catalyst is to be
agitated. Then, after the catalyst warms, it is agitated by an agitating device, for

example a catalyst vessel rolling device.

[0103] In some embodiments, the multimodal catalyst system may be agitated for
a period of time sufficient to ensure that solid catalyst particles contained in the
multimodal catalyst system are fully suspended in the slurry. In some

embodiments, the multimodal catalyst system may be agitated at least about 12,
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wherein M is a Group 4, 5 or 6 metal; each X is independently an anionic leaving
group; n is the oxidation state of M; m is the formal charge of the ligand
comprising Y, Z and L; Y is a Group 15 atom; Z is a Group 15 atom; L is a Group

15 atom; R' and R? are independently a C; to Cy hydrocarbon group, or a
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[0107]) The predicted aging characteristic response may be any characteristic
response used to evaluate the polymerization performance of the multimodal
catalyst system. Of particular interest is the response of the multimodal catalyst
system in producing a polymer with a particular product property or the response
of the multimodal catalyst system to a particular polymerization parameter. As
used herein, “response” refers to the quantifiable performance of a catalyst system
at a given set of polymerization conditions, or a performance prediction model as

a function of a polymerization parameter or polymerization conditions.

[0108] The product property may be any polymer property, and is preferably a
product property or polymerization property effected by the catalyst composition.

The product property may be residual catalyst content, catalyst ash, a multimodal
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mul ti nodal catal yst system say warnmed whil e agitating

the nul ti nodal catal yst system or even after the
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polymerization response of that catalyst component over time. These tests can

take a very long time due to slow changes over time of catalyst response. Thus, in
one embodiment of the invention, the predicted aging characteristic response is
determined using an accelerated aging method. As used herein, an “accelerated
aging method” refers to a method wherein the tests to quantify the polymerization
response are accelerated by storing the test catalyst at an elevated temperature
before the test catalyst is evaluated. Thus, an accelerated aging method comprises
the steps of producing a test catalyst, preferably comprising a single catalyst
component system, storing the test catalyst at an elevated temperature,
polymerizing the test catalyst, and evaluating the polymerization response of the

test catalyst. The polymerization response of the test catalyst may be compared to
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OHfgehr TRfughpwt B@llyﬁﬂﬁtzﬁfon Testing (HTPT) unit comprising a Parallel
Polymerization Reactor (PPR), a high temperature rapid GPC station, a Sensory
Array Modular Measurement System, and an Automated FT-IR Analysis Station.
A preferred HTPT unit is available from Symyx Discovery Tools, Inc. Various
test methods and PPRs are also discussed in U.S. publication 2003161763, and
PCT publications W01999064160, W02001098371, and WO 2000009255, all of

which are incorporated herein by reference.

(0113] In one embodiment, the method further provides for: determining a first
aging characteristic response of the bisamide catalyst system; determining a
second aging characteristic response the non-bisamide catalyst system; and

combining the first aging characteristic response and the second aging
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and the second aging characteristic response are determined using an accelerated
aging method to reduce the amount of time the characterization of the response
takes. In a further embodiment, the accelerated aging method uses a high

throughput polymerization unit to characterize the aging characteristic response.

[0117] In order to quantify the “responses” of the aging characteristics, it is
preferable to develop models that can be used to predict a product or
polymerization property. One of ordinary skill in the art may conduct
experiments to quantify the responses of the multimodal catalyst and/or the
individual catalyst systems that comprise the multimodal catalyst system. The

models may be polynomial mathematical models, that may include various orders
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bisamide catalyst system and a non-bisamide catalyst system; and transporting the
multimodal catalyst system in a portable vessel, wherein the portable vessel is
kept at a controlled temperature of less than about 21°C, preferably the portable
vessel is kept at a controlled temperature of less than about 1°C, and more
preferably the portable vessel is kept at a controlled temperature of less than about

-9°C.

[0119] One class of embodiments may also provide a container or vessel
comprising the multimodal catalyst system or the catalyst system, wherein the

multimodal catalyst system or the catalyst system is maintained at a controlled
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?}{]e?go%{ the foregoing description is
intended to illustrate and not limit the scope of the invention. Other aspects,
advantages and modifications will be apparent to those skilled in the art to which

the invention pertains.

[0123) Therefore, the following examples are put forth so as to provide those
skilled in the art with a complete disclosure and description of how to make and
use the compounds of the invention, and are not intended to limit the scope of that

which the inventors regard as their invention.
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descri bed herein above. I n one enbodi nent, the

gﬁ{z%fbﬂn \éeégglrnpieg gsglgggt ReGRE cv%lrgthfgqqtggwnatm%as

I'n a co

tshapRtepized @s@pVSize@BREnsion SCUﬁbm&&gﬁaphgf(SE@&r avekcilat edight,

or Shl ppi ng vessel AI ternately, the bl e vessel
naglBRE B ghtarage P! awarowﬁght Y FrRY§rage molecular

c ong {IY"HQ& g}/errg' QeteRhfkh i us, Ebtqh B@}Q u?e $ER S8l Rior(SEC)

enper at ure. rrent I nvention
aClhromatepvaphe sSampi@t\hﬂel pm‘parmiras falldwan§. % ihg ofigimpgle of dissoyved
of the [t nrodal st syst descrj ed h rein
Cori A PhG: Lt dpehrobenret aiTAG dSEREIG Sbapoing  heated
cat. isam .
R b BRCES mé’%‘% %P*S%ﬁé%ﬁ% THE ifihions %%f?’?t?f’n“é e
t309 miLdﬂslamptkais injetiatl yato 3Baodex mixed hedrcohinhies, wdew englecular

wherein the table vessel t at a control] ed
t\é(ﬁﬁgg? Golime BR 208U nE BB oL Lo Qnﬁb@mmﬁf%‘—r‘@r 8y 4Dnegrees

POLILAE! CTHECRSRIméR, WAPA PRIynflr AUBLFAIRH T LIRC2DU e data
| ess than about 1C,
was acquired through a TrlsEc acqulsltlon program and data is processed through

an in-house program.

Example 1:

[0126] To show the effect of aging of a multimodal catalyst system on catalyst
productivity, a bimodal catalyst was tested using a dry powder bisamide/non-
bisamide catalyst mixture (3.5 mole ratio) that was spray dried. The bisamide
was: [(2,3,4,5,6 MesC¢)NCH,CH,],NHZrBz, where Bz is a benzyl group as

shown below:



preferably the portable vessel is kept at a controlled
‘Vée&§ﬁ6ature of | ess than about -90C. 10119) Cng claow023749
PYEA8SYT? mrent s may al so provide a contai ner of LTS &Y,
conprising the multinodal caal yst systemor the
catal yst system wherein the nultinodal catalyst
systemor the catalyst systemis maintained at a
control | edtenperature. In at |east one enbodi nent, the
contai ner or vessel may be agitated while in the
contai ner or vessel. [0l 20| For the sake of brevity,
only certain ranges are explicitly disclosed herein.
However, ranges fro my be conbi ned
with any upper |im e a rangg not explicitly
recited, as well as S fromany Ijower Iimt my
be conbi ned with an lower limt| torecite a
range not explicitl , in theggdane way, ranges
fromany upper |im [ v t h any ot her
upper limt to reci e_ngpt icitly recited.

hang S
Additionally, wthi |ncludes every point or
4&1’ its yat(s even t hough

NThus, int or

i ndi vidual val ue be
not explicitly reci
i ndi vi dual val ue serive as its ®vwf || ower or upper
er point or| i ndividual

val ue or any ot her upper limijt, to recite a
range not explicitl aglted. [0121 ] [AIl priority
documents are hereijn fullly incorporated by reference
for all jurisdictio corporation is

614] TR andhdnbibifidext entyaguch di scl griiBeérk catalyst,
consistent with the description of the present
i penem&tioyicydieprentadieny b (h-pripyloyelopentadianyl pZ e le ac gho v hedav:
herein, including testing procedures, publications,
patents, journal artieles, etc. are herein fully
i ncorporated by re ence for all jurisdictions in
whi ch such incorpdratj.en is permtted and to the
extent such disc fe™is consistent with the
description of the/ptesent invention. [0122] It is to
be understood that while the invention has been
described in conjunction with the specific enbodi ments
thereof, the foregoing description is intended to
illustrate and not limt the scope of the invention.
O her aspects, advantages' and nodifications will be
apparent to those skilled in the art to which

[0128] The activator was methylalumoxane. The composition of the spray dried
catalyst was: Zr (0.045 mmol/g of catalyst), Al (5.7 mmol/g of catalyst), residual
toluene (3.7 wt%), and CaboSil TS610 filler (balance of catalyst). The dry
powder catalyst was stored in Hoke bombs kept at 40, 60 and 75°C. The results
are given in Table 1 below and Figure 1 herein. As seen in the figures,
temperature accelerates aging considerably. At 75°C, the productivity decreases
by 70% in a day; 7% at 60°C and no drop at 40°C. In a week the decrease in
productivity: 77%, 39% and 11% respectively at 75, 60 and 40°C.



the invention pertains. [0123| Therefore, the
fol | owl ng exanples are put forth so as to provi
WORMSLONT?)

and description of how to nmskRe and use the conmpounds
of the invention, and are not intended to Iimt the
scope of that which the inventors regard as their

i nventi on. EXAMPLES | O124] In the polynerization tests
descri bed in the exanpl es Balow, the test catalyst is
injected into a gas phase test reactor held at 65C,

led in the art with a conplete di SCPSE/&]IS@WOZ””

ure

n§ >'P90&Lfeh%('% ’Yﬁ{dﬁgﬂlﬂ[}ﬁ SBlobRetiviyy PEDr&S Y| €% Dropin | % Drop in
P @é)vity Productivity

(gQntin wihd d
s)%tog{ét %Hg%ct ﬂg)]t il#gd

U | <)
o )ustor to éz tage J1TH" ! £P74 &8 & ge At 40 °C
data _get Q75 1|§ﬁga gt hnf"b\\/\¢1 {'\Ofagzl Pgr dtlg!el cate
trOpliicat#Wart a set3400 he st AAMr d ldevi at i an ranged
frdm 1. 8%55 8.2 %508fe respdA8@s df thélcatal yst-7 0
sygtens im8xanpl esto25to 5 we080 detlerm-iéd in a b& ch, -6
gag phase reactor. gbgg TTow i ndex Val ues repadrtedz]n
thg &3 peri METT'S beu@\l}%?{f_ T2 ELEW i ndex varges 3
;S DET LV?QEUIF.”?.QU Tfivg;;rjfoboio;k77jlec2; il
\Aprféht dist rf bu r:’?ﬁEAAF)\ \Ané‘gﬁq):a_r_am n;rl zed uUsi ng39 -11
Si e- Excl usi on Chr omat ogr Aph$#78&EC)[ Mol ecul dr_wei ght -12
i nt udi ng wei ght - av2®8ge hol 360 ar wei ght (Mi) andb -12
nupder - aver age mol ecul ar wei ¢80 (MY), were deternbhed -17
usg@mg fa H gh Terrper ature B zgghyycl usi on ( SEC) 229
Chgp tograpn oanples VE[E @QE@areu as folrgws: 7.5 29

rg—of—samptre—+s—dirssotved T n—I0nt—of 1 —2,——=<nd 4
Trichl orobenzene at 160 degree Cel sius. Using a heated
syringe, sanple is placed in an autosanpler vial. The
i nstrument conditions were: 300 ul of sanple is

i nj &xampledit o 3 Shodex ni xed bed col ums, a | ow

nol ecul ar wei ght colum and a % uard col um. Col um

tiereokr Bhapredwaiyity 40 t@e&gmésmw shtabyst mrlb%zthoqu studied
T el o SR PRI SelY o AR oo AOpF DEP A R adpner
| @ mPERRRE TBHIKIBHOUI R poﬂvdéplé?ﬁerﬁr &4 @nslurried catalyst system
composed of 22wt% solids, 10wt% hexane and 68wt% mineral oil (Hydrobrite
380) were tested. Accelerated aging studies were carried out at 60°C. The results
are presented in Table 2 and Figure 2. It can be seen that the slurry ages more
than the solids. The slurry loses 28% productivity after one day and about 50% in
a week at this temperature. In comparison, solids lose 10% in a day and 40% in a

week.

[0130] A representative slurry was then stored inside a freezer at -10°C and aging
was measured for about 7 month period. Aging was indeed retarded and there
was a small amount of loss in productivity in the first three months and about 10%
loss in the next three months. The slurry stored at -10°C is also compared with
solids and slurry stored at 60°C in Figure 2. In 3 months of cold storage at -10°C,
the catalyst system in the slurry generally maintained its productivity, whereas at

60°C it lost almost 75% of its activity.
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mul ti nodal catal yst system on catal yst productiv
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bi sam de/ nonbi sam de catal ys#8 m xture (3.5 nole ratio)
that was spray dried. The bisam de was: [(2,3,4,5,6
Me5C6) NCH 2CH2] 2NHZrBz 2 where Bz is a benzyl group as
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(n-propyl cycl opentadi enyl) Zrd 2 as shown bel ow

| U129) Ine actrvator was mtgm fl unoxane. The

cCONPYS IO ~0

P modal Ca mnyﬁ;agﬁﬁgs*p e g S50 n&'semnfonz’rf’g [Gdded

e Rowder @G0CT 2 1 o Stufry @HIICT O E = Y SSilery @-10°C

roductiyit ity F ; L # Pr uc Ivit o'n' Ho'dﬁ:c'tivity
I gn aﬂ 1) 8’ €lo,, %a t
b y% & el g "Ds %;J' at@ X oS )(S)Yé Thw’sre JGr.

(D
o
53
D

Change
%

TSSUTSS&;@ g ven | I@DI e J.Sj?,%l oW and l— gu(ge I 5336

b

ORI LTI M B e AL Sal it TR
nan‘l mrmﬁy "Imlzém.pci by 70195220n r‘l‘;&r, 70/I%&_5gd%% -8.1
nd df op4264 40DG23Pnla heek tHH9dedr bbb | nld6 4896 -8.2
péoduct 4216 y: | #7249/ B9% and 126%lr espe®d.P vel V6%t | 754850 -9.6
and 400%9Rabl g -a1 Bxanpd e [2: 29a629]| T$m3 pr opluict | vi 5¥30f 2.0
If3e sanmpojy notlahy gal aljyst] degph| bed-@pgve was studied

aeT STSeER A SuL1onzed Toplaar TETReRAl A | 507

CvyuUliuyp ti :: T 4'4

IS—atft—at '\Mrﬂ" Ti’ Lcnrg'-z i q s oS- Yy
st-em and—a S!élmr rHi-ed f.:x;f al \1064‘ ! Vo '\M\:?g d
|

< T JLUIIUJIIHU\JUU
of 2Pwt % sol i s, 10M€?64hpxan199212nd GR 6 ineral oil
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studj es were carried S8ut [at bBBAC. [Th&7.tesults are

presented 1n Table 2 asd [Fi gurg 2.| L§7.6an be seen that

O 1T

The sTurry ages nor e gjan [Negg3ol 1]0S68. §he STurfy Ioses

289 productivity dfie|48mne uf%gdnu P 50% T a week
at—tpts—tenperatore: ioaysre u.. Hs—tose—10%+n
0 ' T sH-L
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slurty was then st ot eH09 N i AE28% | frprs §=§ t -100C and

agi ng was neasured for about 7 nonth period. Aging was
i ndeed retarded and there

Example 3:

[0131] The effect of catalyst aging on molecular weight was studied at an
accelerated condition of 60°C using the same bimodal catalyst described in
Example 1. Polymer product was produced using the same bimodal catalyst batch
that was fresh, and aged over periods of days at 60°C. The results obtained are
given in Table 3 and Figure 3. Aging progressively increased the size of the low
molecular weight peak and decreased the size of the HMW peak. Also note that
the FI increased by aging.



was a small amount of [oss in productivity in the
first three nonths and about 10% 1 o0oss in the next
WORPSA At hs. The slurry stored at -100C i s aPSEUS2007/023749
conpared with solids and slwory stored at 60Q0C in
Figure 2. In 3 nonths of cold storage at -100C, the
catal yst systemin the slurry generally naintained its
productivity, whereas at 60Q0C it |ost al nost 75% of
its activity. Exanple 3: | ODABLEI3 The effect of catal yst
agi[ng on nol eculBfhoddt CabllysyBrarsiAfhEAt 66 c@N
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EXP. Mn is the experimental number average molecular weight;

EXP. Mw is the experimental weight average molecular weight;

EXP. Mw/Mn is the experimental weight average molecular weight divided by
the experimental number average molecular weight;

Calc. Mn is the calculated number average molecular weight;

Calc. Mw is the calculated weight average molecular weight;

Calc Mw/Mn is the calculated weight average molecular weight divided by the
calculated number average molecular weight;

LMW Mn is the measured low molecular weight component number average
molecular weight;

LMW Mw is the measured low molecular weight component weight average
molecular weight;

LMW Mw/Mn is the low molecular weight component measured weight average
molecular weight divided by the measured number average molecular
weight;

LMW Wt% is the weight percent of the low molecular weight component in the
polymer sample;

HMW Mn is the measured high molecular weight component number average
molecular weight;

HMW Mw is the measured high molecular weight component weight average
molecular weight;

HMW Mw/Mn is the high molecular weight component measured weight
average molecular weight divided by the measured number average
molecular weight;

HMW W1t% is the weight percent of the high molecular weight component in the
polymer sample;

Sum Err”2 is the sum of the error squared; and

Fl is I; flow index.




wei ght; LMNVW % is the weight percent of the |ow
nmol ecul ar wei ght conponent in the polyner sa
WRRVPBOMZ neasured hi gh nol ecul ar \FIJVEI éht co HEHWZOWOZW”

nunber average nol ecul ar weiqght; HWVMw i s the
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aver age nol ecul ar weight; HWV MV Mh is the high

nol ecul ar wei ght conponent neasured wei ght average

gk & wei ght divided by the nmeasured nunber

average nol ecul ar weight; HMWW % i s the wei ght
{ﬁﬁnfhe%osﬁt'i\% skgga &DA kétroMing the SHEROGE Holdcllak Rkight
ymer umErr I's the sumof the error

siqslabmdqn wasj sﬁbstamlateﬂ Hy SEGver ﬁwep@lﬁnanpbtelmd usin@1tse same

The p03|t|v ect f_,agi,ng c ro nd.the effect on
AROFALERD s b Gl 3 B Saretng Sl ahe amBlpefist e

CHisthB@tuﬁPfd(ﬂﬁrmqm %bgl%iar Yrddided %@elsé“?»@ Wwédkaptfdd ASshown in

used I n Exanp ored at -100C. The nol ecul ar

ViEdbigh# add sFugurb l4t |Hre Vapiatidn im HMYW, 56 Iaydré{Mw orlitceel withisy the

a 30 |od s shown in Ta qure 4., The
aPReIFs AR iy 81 FERAToniaRis pF Ty oph An e the Beaks
ERAGH GforY @adha&héﬂ dotingn3 aseml@ﬁm%s Tihils,the Wofagh: at -
one can see the peaks over]l on each other during
3M°Geloksnatfaltenthd nydaliypnd h‘Ehmthe phlymer praslyet properti¢so0C
does not alter the nodality and hence the pol yner

product properties. TABLETABEEMdml e 5: | O133| Agi ng of

a mul tinodal catal yst system described in the exanpl es

above were Corﬁiﬁﬁfﬁﬂc@ialﬂi Slﬁqungngg@_lﬁocexpl ore how
well the traditional single si inetic nm
ex Bl wéakst h]éodgc;tn@tybeﬁhanger &l HéMéNt( > M WAt l]ﬂ\ég{ LMW
firg-l@nd Gr./Gr. Mw wt% Mw | wt%
°C
0 5336
13 5255 -1.5 [5.33]454521| 71.0 | 12,823 | 29.0
16 4905 -8.1 484,321 | 674 | 11,314 | 32.6
21 4896 -8.2 471,091 | 69.1 | 8,977 | 30.9
24 4825 -9.6 |541]491,360 | 67.1 | 11,247 | 32.9
30 5230 2.0 [4.41]645006| 684 | 15204 | 31.58
Example 5:

[0133] Aging of a multimodal catalyst system described in the examples above
were conducted at 40, 60 and 75°C. To explore how well the traditional single
site kinetic models explain the aging behavior at these temperatures, first and
second order decays were tested. The kinetic constants were obtained by linear
plots. Data for activation energy graphs were taken from the kinetic constants and
tabulated for Arrhenius plot. Using the activation energy, the kinetic constants
were calculated and productivity at various storage time was calculated from the
respective kinetic expressions. Experimental data at 40, 60, and 75°C was
compared to the various model predictions. It was found that: models do not

predict well at 75 °C; first and second order are useful only for a short duration of



second order decays were tested. The kinetic constants
were obtained by linear plots. Data for activation
WRIMBHYOY? aphs were taken fromthe kinetic conBtHypa07/023749
and tabul ated for Arrhenius 4l ot. Using the activation
energy, the kinetic constants were cal cul ated and
productivity at various storage tine was cal cul at ed
fromthe respective kinetic expressions. Experinental
daivackds tidf2, at @0°Cabeth Th§ andssecandpaded did atreasonablé gbsat 40°C
nmpdel predig¢tions. It was found that: el s do not :
R e b fayatestymg perig -rQutﬁdhgéweﬁag@q‘f% prsipprder decay is
"Boch |
S35 i b Lo ALY SRS SRS 40 The ot o
jrabdedts ab@Towstr i ng t he 50 day testing period. Qut of
the two nodels, first order decay is sinpler and can
be used for first approximation of aging at 400C. The
first orderpmpdegxdskag) follows: P/PO = Exp (- k* t)
where P and PO are productivity at tines t and O

respectively; k| t . T, and
t is storage ti n‘é’ﬁ?r%{?c?%d,%%ﬁt Hg@t Vﬁ%g@é#%&t%%o%@
where T = storagrgsl?egﬂﬁeg}(/’% FReERIYRIY (s raoe T, and is
productivity= (PIPEESHPCNEHS = ([exp (-k*t)]-1} *100
| O134) The sinple expression for aging of the tested
bi modal catIaN)r(Tgl:(aB&@nb@&/\%&g)found to be: %drop in
productivity = -@hetb6d6- stosagetepeeraturesni°’K days.

Conpari son of th% drop &t produteivitye BPOahp* ¢dperi nent al
results is shown in Table 5. TABLffeghxinylE 6:00[ 0135]
Tests were conducted on the bi sam de and non-bi sam de

SR P SHPIE R GR R ehd  BUALE Bty ity 0
sehefourdltdberodal catal yst system Q1 slurries of
these two catal ysts (spray

% drop in productivity = -0.4566 * storage time in days.

Comparison of the first order model and experimental results is shown in

Table 5.
TABLE 5
First Order Decay Model
Aging Time | % Drop in % Drop in
Days Productivity Productivity
Measured First Order
Model
1 0 -.05
2 -6 -1
7 -11 -3.5
9 -12 -4.4
15 -12 -7.3
23 -17 -10.9
30 -29 -14
51 -29 -22.7
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The polymerization productivity was calculated by dividing the yield of polymer
by the grams of catalyst charge by the time in hours.

[0137] The HTPT unit is useful for testing single catalyst, however, running
multimodal catalyst in the PPR of the HTPT afforded monomodal product with
relatively high Mw for catalyst formulations where in the bisamide/non-bisamide
ratio was > 1.0. Without being bound to theory, it is believed that this is due, at
least in part, to the dramatically different kinetic profiles of the selected bisamide
and non-bisamide catalyst systems. As can be seen from Table 6, the drop in
productivity of the bisamide catalyst system was nearly 47%, whereas the drop in

catalyst productivity of the non-bisamide catalyst system was only 20%. Thus,



TABLE 6 [01381 The phrases, unl ess othermﬁse

specified, "consists essentially of and "consi sti
W@@%‘gﬁ]@?s&?l y of do not exclude the presence of PSTW§?007/023749

steps, elenents, or material4a, whether or not,

specifically mentioned in this specification, as al ong

as such steps, elenents, or nmaterials, do not affect

t he basic and novel characteristics of the invention,

atleli HTPMatdsting tifegapalsle noft peodddtinge tHenpffedtt bf satabystadging on

associated with the el enents and material s used.

|1@1131910dﬁb¢at41lﬁ% CEBPENgHS WW‘?W}’ only certain ranges

are explicitly disclosed herein. However, ranges from

any lower limt may be cofbiBlddéwi th any upper limt

to recite a range not explicitly recited, as well as,

ranges from apy Cawflyst/Prodictivity Ibaspaﬁfdmaed W th any

ot her | ower | m t B,Q,Jdgpctaﬁalﬁt@ﬁmmts explicitly

recited, int ! aﬁﬂg&qar(g({&m@y apper limt

my ot

may be conbi n_@vgotclée _ o recite a
range not exp HHy—rectted unallld% wWthin a
al

range incl udes every chN B’é?m} d (’ﬁZIHI ue between
its end points even tholdh My ysnf;mmcited_
Thus, every pbintOor ilndi 49al vl ut6.88 sérve as its
own | ower or uppel limt Q3 ned wi 12080y ot her poi nt
or individual |[val pe orff any pisher | ower,500 upper linmit,
to recite a rangeznot expli gist Ty F eCig B, [0140] All
priority documemts—are tierermm futty Tnicorporated by
reference for all jurisdictions in which such

incorpgration is permtted and t extent suc ,
498 ol s onls o ek Zertise aerply g and

P ?ﬁﬁmn é&’&fﬁ'ﬁll?@ﬁ chJﬁ(Str&Elfud@'tﬂeqﬁgééﬂg@éisotﬂ&dsteps elements, or

eren cited erein, | ncl udi ng testl ng pr ocedur es,
pubtetielaj whether qratogrspscifi padlM mahticuetliic thes spesifecation,eas along as

h full by, ref f
i stpp e P RS e R0 HEGS r s ieddrevglsharepicgigics
a&ﬂh& %Jeﬂﬁor?xafdﬁﬁfoﬁ ?J,ﬁhhéy &&h&%mde smgeﬁﬁéssa&ﬂahnwammated

t he descri pt’i on of e present invention. |014l] Wile
twehﬂwuéﬂnﬂUnthmaweehlﬁ@tcr|bed with respect to a
nunber of enbodi nents and exanpl es, those skilled in

t joe3opr For thawakegofieendfyl, bnlyf cetthinrangesarosxplejtlyndik¢losed herein.
épre0|ate that other enBodinen S caB bg devi sed mh ch
ddoweyer geapges fremanytinwes bmyanan e pmping d‘f‘ﬁ’tw upper limit to

i ﬁX‘?@L'r%ear?bt %&5]%19? ?ch@&fa%i \Del%lrmes from any lower limit may

be combined with any other lower limit to recite a range not explicitly recited, in

the same way, ranges from any upper limit may be combined with any other upper
limit to recite a range not explicitly recited. Additionally, within a range includes
every point or individual value between its end points even though not explicitly
recited. Thus, every point or individual value may serve as its own lower or upper
limit combined with any other point or individual value or any other lower or

upper limit, to recite a range not explicitly recited.

(0140] All priority documents are herein fully incorporated by reference for all
jurisdictions in which such incorporation is permitted and to the extent such

disclosure is consistent with the description of the present invention. Further, all



What is clained is: 1. A nmethod of polynerizing
ol efins conprising: (a) providing a nultinodal

WR P02 syst em (b) storing the mul ti nodal cBEHU§E07/023749
systemat a controlled tenpesature; (c) contacting the
mul ti nodal catal yst systemw th a nononer sel ected
fromthe group consisting of C2 to C4 alpha olefins in
a polymnerization process; and (d) producing a
rdelctumeid ahd pefeseneds. citdd hétegn, imdliddidg ofsting aravedyrespipabications,
the nultinodal K catal yst system conprises bi sam de
ateats; 9 PurBgls priglesn &ica ko ersms%yw@ce@%ﬂt%@ by ggisrene for all

0 €L led

06 EAR tohnEh U Anc HBTRELA it BenbleaaTides b, such
crbmlxmumils cénsisitret wiet the desafripdbmibfiths preshetrieventiohe
bi sam de catal yst system conprises a netal catalyst

QOTEP UWHil6 OB Iih$érlidnahAr BedR destAbed? witht adspédt 0@ HQtimtber of
to at | east one anionic IeaV|q? group and al so bound

tasnbodiments tandwexagrriesy theseaskified iat thlee%t heyieg drengfii ef this
| bound. t 1
ol il e et LR 104 o

hipart GiniRe ¢06Pedndi spitit @ ﬂ%ﬁnvéﬂtlbh @e ﬂxscb@édﬂ’ﬂdﬂd:mm t I n,
| ead, phosphorus, or a hal ogen, wherein the group 15

or 16 atom may al so be bound to nothing or a hydrogen,
a group 14 atom containing group, a halogen, or a

het er oat om cont ai ni ng group, and wherein each of the
two group 15 atons are al so bound to a cyclic group
and may optionally be bound to hydrogen, a hal ogen, a
het er oat om or a hydrocarbyl group, or a heteroatom
contai ning group. 5. The nethod of any of the
preceding clains 2-4, wherein the non-bisam de

catal yst system conprises a netall ocene catal yst
systemor a conventional transition netal catalyst
system 6. The nethod of any of the preceding clains,
wherein the multi nodal catal yst system conprises a
spray dried catalyst mxture, wherein the spray dried



catal yst m xture conprises a bisam de cat al yst

conpound, a netall ocene catal yst conpound, an
WAU(8P89302  and a residual solvent.7. The met hBETEF2007/023749

claim6, wherein the spray disied catal yst m xture
conprises 1 to 3 m% of the bisam de catal yst conmpound
and the netal |l ocene conpound conbi ned. 8. The net hod
of any of the clains 6-7, wherein the spray dried
o@LAIYE mixture conprises 30 to 50 wt % of the
aﬁtivator. 9. The nethod of any of the clains 6-8,
rein the spray dried catal yst m xture conprises 50
tw]e‘?tds\ﬁka%‘?ﬁlsthe silica filler and 2 to 4 vvtngoof t he
resi dual solvent. 10, The nethod of any of the clains
6L, wharethaed eftpolaperimingielelies compising ‘\r/n xture is
di spersed in a liquid to forma slurried catal yst
mi xt ur(@) Peavidinganailimeda cpialyist &sk8kpri ses an oil and a

C6 or A f : ' :
uner ei ) FREnERGATER! Sgilt ol AR LIARIB hARD
hi gh- py contadtigpae ahbitifiodal catignt syseen ngthan MdGbitdd sBlcted
boi l i ng point above 97C. 12, The net hod ?f any of the .

1

cl ai ms 160m the grppy eanistingokFutor Cealpbaelafiysin hpolypedzation

conpri se £ 0 wt% of the spray dried catal yst
m xt ure. Bi(%.gssf%éﬁnet hod of any of the clains 10-12,

wher ei(ﬂ)?)ftﬁiuﬁingrarﬂlelﬁnmﬂhh}yqlﬁhenﬂ xture conprises 60 to
70 wt% of the oil and less than 20 wt % of the C6 or

hi.gherTial mbho@logtiain 114herthethavilnodil canyysoegstah coigrises
precedi ng clainms, wherein the controlled tenperature

i sbisaisle catalysbsystem angsa porghisaraide satalysssysteman - 9C. 15.
The net hod of any one of the preceding clains, wherein
the muiThd mothe of slainyk twhereis ther kispnpide catelysesystenzgompyses a

e B R dRL CO0 cting step i

P e ah SRS MRl bR RGP0 o
metal catalyst compound comprising a group 3 to 14 metal atom bound to at least
one anionic leaving group and also bound to at least two group 15 atoms, at least
one of which is also bound to a group 15 or 16 atom through another group which
may be a C; to Cy hydrocarbon group, a heteroatom containing group, silicon,
germanium, tin, lead, phosphorus, or a halogen, wherein the group 15 or 16 atom
may also be bound to nothing or a hydrogen, a group 14 atom containing group, a
halogen, or a heteroatom containing group, and wherein each of the two group 15
atoms are also bound to a cyclic group and may optionally be bound to hydrogen,

a halogen, a heteroatom or a hydrocarbyl group, or a heteroatom containing group.

5. The method of any of the preceding claims 2-4, wherein the non-bisamide
catalyst system comprises a metallocene catalyst system or a conventional

transition metal catalyst system.

6. The method of any of the preceding claims, wherein the multimodal
catalyst system comprises a spray dried catalyst mixture, wherein the spray dried
catalyst mixture comprises a bisamide catalyst compound, a metallocene catalyst

compound, an activator, and a residual solvent.



(b) an aged catal yst productivity is at |east 75% 8596

or 90% of a fresh catalyst productivity.17. The nethod
W@R0EH0dhe of the preceding clains, wherein aPﬁT/g]ﬁ2007/023749

nol ecul ar wei ght fraction of46an aged cat al yst pol yner

produced in the contacting step is at |east 85% or

90% of the high nolecular weight fraction of a fresh

catal yst polymer. 18. .The method of any one of the

pt. ec edlegmethad nﬁclaim 6y wherem the sptuy tlripd opelystymixture hemprises

nultl dal I roduced i s predicted usi
% olgihe i, S searerdiad Fofihe gictlfigere compound
W catal yst system 19. The nethod of claim
rein the predicted aging characteristic
r spo qt S
Se thod B e g, & ST B oL B o8, AR Ahe TpRT R cotlyst
hngdturb kompa B0 tpSDywes ofade aaivatoni t . 20. The met hod of
any of the clains 18-19, further conprising the steps
of.. (@ hedglethodi off oy af ther Slhind0 648y vaivadiaahe rsb&tyi dried catalyst
response of the bisam de catal yst system \g%/
JBPEHRICAMRESE Wetooifawigioh gleo%alaﬁaafélieéranét% te 4 wip gh the rgfidual
t%§ B pn-bi sam de catal yst system and (c) combining
I'r st aging characteristic response and the second
ng r Cc
i no EREREREEHE of BROANEE b2 BURRERRE (Frel) Gl Litlys
aabxalrgd¢ dispersédrin Qltqufﬂ‘ltb foeh o sluefedcdatdl yst 20ixtusd) eindi wherein
(a) the first aging characteristic response is a first
cthe linyidicoppaigescan Q}F‘Wi g sprotgker giphapdefht sani de

catal yst systemas a function of time, the second

adi-ng” Eheamethed of elain lpewlp@wgéhfr Se ar @gb@rﬂimf@aﬂaﬁryg@thexane or
B BT e fRBRERRRhy hfind 3 RSTRIEY §6 W)l Blint above

e predicte
ofrCcacteristic response is an aged cat al yst

productivity response of the nultinodal catalyst
Syt enTgs nietfddn6et afy oFfthe idMims 10-11, wherein the slurried catalyst

mixture comprises 15 to 30 wt% of the spray dried catalyst mixture.

13.  The method of any of the claims 10-12, wherein the slurried catalyst
mixture comprises 60 to 70 wt% of the oil and less than 20 wt% of the Cs or

higher alpha olefin.

14.  The method of any one of the preceding claims, wherein the controlled

temperature is less than 21°C, less than 1°C, or less than -9°C.

15.  The method of any one of the preceding claims, wherein the multimodal

catalyst is stored for at least 30, 60, or 100 days.
16.  The method of any one of the preceding claims, wherein:

(a) the contacting step is conducted at a temperature of greater than 60°C
and a pressure of from 200 psig to 400 psig; and

(b) an aged catalyst productivit)-' is at least 75%, 85% or 90% of a fresh
catalyst productivity.



(b) the first aging characteristic response is a first
ecular wei ght distribution response of the _bisam de
‘Veawﬁ(vgﬁ systemas a function of time, the Seggﬁﬁmzmwmzym9

agi ng characteristic respons@ is a second nol ecul ar

wei ght distribution response of the non-bi sam de

catal yst system as afunction of tine, and the

predi cted aging characteristic response is a predicted

nil. ec ul'ter meshod lof anly she obthe ipeevediag ptaime, wisireig a high molecular
as a f nctlon of fi

| dal |
sk sty < Rirated raet bolyen Birddesd e cPliabis el a

| pAe8EESHONE% Qf e Righl MBMHRr GRSty RhctRYSELH RShacatalyst
function of tine, the second aging characteristic

rpdyoerse i s a second nelt index response of the
nonbi sam de catal yst systemas a function of tine, and
t1e prEd etetitbdagi npychar af tthe igededingeslaonsewharem a product

%S&&gﬂg%{"@%‘f‘ﬁgﬁé’o y%??ifot%?%g’ EA 149@?@%&&1&%@rﬁ@gtﬁg&gmg
ocfha?a'gy 19{10 Pelggoxﬁle AR Iﬁnﬁflﬁl%damgéﬁt Q)égt{}ﬁ product

yprelctedlsarrul mel t index

at S a e
S I gL Y g SR it
Q@fﬁiﬁ@@ﬁi deWrm&heldetlsiﬁQta’mgecdeferditedv dgirige endtlead \ard g»hlﬁerem the
conmponent. 23. The nethqod of any of the clains, 18-22,

vaseeleratediapingynepd v adggmalr%wélpaw%ymgm%lop%ﬁonse is

t he catal yst productivit sponse, hydrogen response
cHhonohiarmethed ehawy ofghe ¢ mbﬁé? fuehgseawrismerthesteps of:
mul ti nodal catalyst system 24. The nethod of any of

t he cl(@) dstemgining awfiesteiging ohptpsierighic trpgpoags ¢ the bisamide
character|.s onse of the mnultinodal catalyst
systen1|§maé$gﬁgg d based on assunptions of a f?rst

or der or.a second ord hod pf .
cont r ofS ARETE LA TREREpEihe Flpebsieiiis rétopd GEbIREn Blsamice
conpri si RetalysPdysiiBhdi ng a nul tinodal catal yst system
conprising a bi'sam de catal yst system and a

non- bi QARLABIrRY el Efracddhtit RldspbhRNERAhE sdt@nt b
nultlnDdaI cgﬁg%ygt s§§¥§%1lnaa p&rté%le vessel , ndAging

wher ei n mhaaqztomtabteepwsgel progudeethe prediated cagimg Chasecteristic

tenperat lflés%or?sfe of?l?e multimodal catalyst system.

21. The method of claim 20, wherein:

(a) the first aging characteristic response is a first catalyst productivity
response of the bisamide catalyst system as a function of time, the
second aging characteristic response is a second catalyst productivity
response of the non-bisamide catalyst system as a function of time, and
the predicted aging characteristic response is an aged catalyst
productivity response of the multimodal catalyst system as a function

of time;

(b) the first aging characteristic response is a first molecular weight
distribution response of the bisamide catalyst system as a function of
time, the second aging characteristic response is a second molecular

weight distribution response of the non-bisamide catalyst system as a



t han about 21C, |ess than about 1C, or |ess than about
- 90C. 26. The nethod of claim?25, wherein the

WRRLBPOM2 cat al yst system conpri ses a group 15PCT/US2007/023749

contai ning netal catal yst cawpound. 27. The net hod of

any of clains 25-26, wherein the non-bi sam de catal yst
system conpri ses a netal |l ocene catal yst system 28. The
nmet hod of any of clainms 25-27, wherein the bisamde

cat al yst figitibe qumm; rind @B prodidied agiag ahymatteristiprespehse is a
conprising a grou to 14 netal atom bound to_ at
| east on&redifiteshme qcelawwhg distifputing respepserisingdthe gnutimodal

| east tw%tgfl}rg%alfﬁn@ﬁo% ’tm‘?é i)teast one of which is

al so boun roup 1 atom t hr ough anot her

group o(\z(g? ih%hﬁlqugc{gg cﬂargétextl&c%gpq'ﬁgéj {soa? ﬁ?s@ %'i‘el%%? ’re{s??]r,lse of

het er om ¢con

| ead, phaspbisdtiRle datalyst laﬁdtagem a Mwetien bf&ﬂm glﬁe)sa@oﬂdi aging
or 16 atom may al so be bound to nothlg]% or a hydrogen,

a group tharagtemsticoresranse Ny agiesel melth %é?ﬁpob?e gf the non-
het er oat t I

o o oo G A0, IR 400 BREITT AL 875 lat B ain
and may ohdracienddticy rdspozeusdat grethiyddogett, indek aleggmee of the
het er oat om or a hydrocar byl group, or_a heteroatom
“cont ai ni Aylignedal catalyst Sﬁﬁ@nh%‘tfh@é%‘?n fitihen any one of

the clainms 1-28, further conprising the steps of: a)

v ni nbhet nv@thm of amial teeclaims t18sh%s vehereintthe psedsict mgoperty

mul t| rmd a the I
R R RGO KRy MR ARG poptent.
§Fe@tﬁlh1b€'ﬁght3d1@@fﬁlﬁ6ﬁ lmréd]ﬁag%‘ldﬂhlgmﬁlﬁlecﬁl&f alejidit component,
systemw th the nonomer. 30. The nethod of claim 29,

Vi Rereeniage oflaw melrealar pstahit gampeneat.em i s agi t at ed
after warm ng the nul tinodal catal ¥st system 31. The

st hodThsf nmﬁ;pdoﬂé apy afhide ctlaimes 19823wheigletly pradised aging

e BEH s s bR g TR bR, bl AP e
ZdmohdheBisPrthe Odr cdmbnonRr ffspdrize of thi mwltidfddal chtalyst system.
wherein the nul tinodal

24.  The method of any of the claims 18-24, wherein a model of the aging
characteristic response of the multimodal catalyst system is developed based on

assumptions of a first order decay or a second order decay.
25. A method of controlling the aging of a multimodal catalyst comprising:

(a) providing a multimodal catalyst system comprising a bisamide catalyst
system and a non-bisamide catalyst system; and

(b) transporting the multimodal catalyst system in a portable vessel,
wherein the portable vessel is kept at a controlled temperature of less

than about 21°C, less than about 1°C, or less than about ~9°C.

26. The method of claim 25, wherein the bisamide catalyst system comprises a

group 15 containing metal catalyst compound.

27.  The method of any of claims 25-26, wherein the non-bisamide catalyst

system comprises a metallocene catalyst system.



catal yst systemis agitated for at |east about 24
hours. 33. A container or vessel conprising th

WIPRS%dal catal yst systemor the catal yst syngﬁ%séqWOZ””
any one of the preceding cl a9ns; wherein the
mul ti nodal catal yst system or the catal yst systemis
mai ntai ned at a controlled tenperature. 34. The
contai ner or vessel of claim 33, wherein the
nag.ti Migamethat alf uay of ylaime25:@Y, Wheraigi thabidmidei dataly 9 system
the container or vessel.35. The pethod of aim 33,
viREIRsisES eHaetRl CRtRIYSEPMBRHNG| SRIRPTISING B BTPWP fi/a st megal tom

| b 2f
55 P SASEICL 30,4 0 30 A8 IR,y o
33 abmsyheleast Rbné fo€ whith isnaistabowsit tal eygxtoup Vist@méa stom through

agitated for | east about 24 hou
another group Wthh may be a C; to Cy hydrocarbon group, a heteroatom

containing group, silicon, germanium, tin, lead, phosphorus, or a halogen, wherein
the group 15 or 16 atom may also be bound to nothing or a hydrogen, a group 14
atom containing group, a halogen, or a heteroatom containing group, and wherein
each of the two group 15 atoms are also bound to a cyclic group and may
optionally be bound to hydrogen, a halogen, a heteroatom or a hydrocarbyl group,

or a heteroatom containing group.

29.  The method of claim any one of the claims 1-28, further comprising the
steps of:

a) warming the multimodal catalyst system after storing the
multimodal catalyst system at the controlled temperature; and

b) agitating the multimodal catalyst system before contacting the

multimodal catalyst system with the monomer.

30.  The method of claim 29, wherein the multimodal catalyst system is

agitated after warming the multimodal catalyst system.

31.  The method of any one of the claims 29-30, wherein the multimodal
catalyst system is warmed to at least about 10°C before agitating the multimodal

catalyst system.

32.  The method of any one of the claims 29-31, wherein the multimodal

catalyst system is agitated for at least about 24 hours.

33. A container or vessel comprising the multimodal catalyst system or the
catalyst system of any one of the preceding claims; wherein the multimodal

catalyst system or the catalyst system is maintained at a controlled temperature.

34.  The container or vessel of claim 33, wherein the multimodal catalyst

system may be agitated while in the container or vessel.
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35.  The method of claim 33, wherein the multimodal catalyst system is

warmed to at least about 10°C before agitating the multimodal catalyst system.

36.  The method of any one of claims 33-35, wherein the multimodal catalyst

system is agitated for at least about 24 hours.



