WO 2008/079365PCT/US2007/085348 - 1 - POLYMER PRODUCTION AT SUPERCRITICAL
CONDITIONS 5PRIORITY CLAIM This application claims priority to USSN 11/714,546, filed
March 6, 20Q¢yhisdshaids the benefit of and priority to USSN 60/876,193 fieckRgsasabgr 20, 2006.
10FIELD OF THE INVENTION This invention relates to polymerization of olefin monomers having
three or more carbon atoms under supercritical conditions using a nonmetallocene, metal-centered,
heteroaryl ligand catalyst compound. 15BACKGROUND Since the mid-1980s metallocene
catalysts have been used in high-pressure reactors--mainly for producing ethylene-backbone polymers
including ethylene copolymers with monomers of orie 6r more of propylene, butene, and hexene, along
with other specialty monomers such as 4-methyl-L5-hexadiene. 20 For example US 5,756,608,
granted to Langhausen et al., reports a process for polymerizing C2 to Cli, 1-alkenes using bridged
metallocene catalysts. However, polypropylene production in high-pressure conditions has been seen

as impractical and unworkable at temperatures much ahove the propylene critical point despite the
expectation that procE%%gMuEB»BBQ%‘JQJ ﬁ?ﬁe‘?gﬁy{:@%&;ﬁmmmh-pressure
system would provide advantages, such as increased reactivity, or increased catalyst productivity, or
higher throughput horter residence times, etc. Likewise new polypropylene polymers arc also in
constant heed fo%ié%iga(f[é@%f new and improved products. Thus there is a need in the art to
develop new processesThapaitdatigiadiene fitciengycand SOmManuiawtarélet naivqhaty poogylene
polymers. -2 - In addition there is also g need for erizat ro s that are flexible
enough to be usgval\%ﬁ?gmérﬂ?ﬁ r?Bf‘Tﬁé&f ?@rpé%mbfgpgﬁ&gggggﬂé pﬁ(%é15§§?8rﬁ?gkgopolybutene or
polyhexene woulzhaéso be useful. US 6,084,041, granted to Andtsjo et al., discloses supercritical
propylene 5 polymerization under relatively mild conditions (90-100C and less than 6.89 MPa

pressure) using supported Ziegler-Natta and metallocene catalysts. This patent does not relate to
propylene copolrELDAGE Bl INEENTESNr pressures much higher than described above. It also

does notspecifcally disose Dyl AT oBME SR E3HSN USRI lG ASHRRRy Bl peraliocene

or more carbon atoms under supercritical conditions using a nonmetallocene,

metal-centered, heteroaryl ligand catalyst compound.

15 BACKGROUND

Since the mid-1980s metallocene catalysts have been used in high-
pressure reactors--mainly for producing ethylene-backbone polymers including
ethylene copolymers with monomers of one or more of propylene, butene, and
hexene, along with other specialty monomers such as 4-methyl-1,5-hexadiene.

20 For example US 5,756,608, granted to Langhausen et al., reports a process for
polymerizing C, to C;o 1-alkenes using bridged metallocene catalysts. However,
polypropylene production in high-pressure conditions has been seen as
impractical and unworkable at temperatures much above the propylene critical
point despite the expectation that processes for producing commercially useful

25 polypropylene in a high-pressure system would provide advantages, such as
increased reactivity, or increased catalyst productivity, or higher throughput, or
shorter residence times, etc. Likewise new polypropylene polymers are also in
constant need for the preparation of new and improved products. Thus there is a
need in the art to develop new processes capable of greater efficiency and

30 manufacture of new polypropylene polymers.



10 US 5,969,062 granted to Mole et al., describes a process for preparing ethylene copolymers with
a-olefins in which polymerization is carried out at a pressure between 100-350 MPa and at a

temperature {{@,gF7¢23C. The catalyst is based on a tetramethylcyclopgigtadienyhiiarigm complex.
US 5,408,017 describes an olefin polymerization catalyst for use at 15 polymerization temperatures of

140 C to 160C, or greater. Mainly, temperatures exceeding the melting point temperature and
approaching the polymer decomposition temperature are said to yield high productivity. \We
93/11171 discloses a polyolefin production process that comprises continuously feeding olefin
monomer and a metallocene catalyst system into a”30 reactor. The monomer is continuously
polymerized to provide a monomer-polymer mixture. actiogaﬁonditi.ons keep this mixture at a

pressure below the systBriSEi8ldYSBneHAR eI FRelE EMRMBHEGBRESEY HE:-HER and a
monomer-rich phiasebahdnnaintairbthessixiute sthemperiviesabeyedhenptlyirdps-predtimg point 25US
6,355,741 discloses a process for, producin p?l olefins hayjng a bimog | molecular weight
distribution. The %@8&068 ﬁ?é‘ébﬁ%‘b%%?ﬁ@ & first ol ﬂ'?sf?é)&}gﬁ ‘a first loop reactor. The
process couples this firsidanpsreatioptantcdaconadisdpcteastoisthntpwriparastasqeopd @arlyolefin

fraction. At least one of the loops uses supercritical congditions, 30 2/14766 descrj a process
comprising the st Hbﬂ%ﬁ“@&n%ﬂé%u%ﬁ tvely f@éﬁ(%ncgo% Lo r(r?in}égr&é? 4R4 eﬁsa?gﬁ&tgsj Stem, with a
metallocene conyi@agntanda caaatalysiocemphagst, Nattheandasies] ieaontimlosusly faiymerizing that

monomer in a polymerization zone reactor under eleyated. pressu ;;:%continuousl removing the
otymer/monomBHALTE A ToaRR i & BB B S R SRR e

IX ntih ous'ly sep

polymer; (e) redusing pigssurkao dosonibethabomeriticisanibe poly spetifichl phdseloaaddfk separating

monomer from the reefctor. LfS 5,326,835 descrf'uel% bimodal rp@cg%%pa\[gsne pro atigl:tjéon.This invention's
f

. J78) ne polymelization using s unsuppo ene ca S. -
first reactor stagg ISp 00 re%c orinw ICh %o?ymeﬁzé]tl occurs in an ine ,ﬁow-bomng

hydrocatbon. After the ﬁsmmﬂﬁz theredctioMoleditinl. frdcsitd asto @rgaesq)lﬁaspr@amg where
O e S R B e e
polymerization apfeduee dredrtbi 01 06+3G8ing Rheagygnaliotacticprretalcc iopl00280°C.  The
catalyst 1s based on a tetramethylcyclopentadienyl titanium complex.
US 5,408,017 describes an olefin polymerization catalyst for use at

15 polymerization temperatures of 140 °C to 160°C, or greater.  Mainly,
temperatures exceeding the melting point temperature and approaching the
polymer decomposition temperature are said to yield high productivity.

WO 93/11171 discloses a polyolefin production process that comprises
continuously feeding olefin monomer and a metallocene catalyst system into a

20 reactor. The monomer is continuously polymerized to provide a monomer-
polymer mixture. Reaction conditions keep this mixture at a pressure below the
system's cloud-point pressure. These conditions create a polymer-rich and a
monomer-rich phase and maintain the mixture's temperature above the polymer's
melting point.

25 US 6,355,741 discloses a process for producing polyolefins having a
bimodal molecular weight distribution. The process comprises producing a first
polyolefin fraction in a first loop reactor. The process couples this first loop
reactor to a second loop reactor that prepares a second polyolefin fraction. At
least one of the loops uses supercritical conditions.

30 WO 92/14766 describes a process comprising the steps of (a) continuously



15(CIT3)2C(fluorenyl)(cyclopentadienyDzirconium dichloride with methylalumoxane and
trimethylaluminum. Catalyst activity is reported to be 8380 gPP/g Ic' h. The IVI" is reported to be 2,000.

CA 2,118,71}ygsqnsleazdbes propylene copolymerization with ethylene at $99 <36, ds2Qg bar using
(CH3)2C(fluorenyl)(cyclopentadienyl) zirconium dichloride complex, 20methylalumoxane and

trimethylaluminum. Catalyst activity is reported to be 243589 Polymerig metallocene- hr. The M". is
reported to be 10,000. Other references of interest include: Olefin Polymerization Using Highly
Congested ansa-Metallocenes under High Pressure; Formation of Superhigh Molecular Weight
Polyolefins, Suzuki, et al., 25 Macromolecules, 20003, 33, 754-759, EP 1 123 226, WO 00 12572, WO

00 37514, EP 1 195 391, apd Ethylene Bis( ndeny‘) Zirconocenes... Schaverien, C.J. et al.,
Organometallics ' KE&¢ ElIHHIOBIRGT ¥8 io??%&yf%?)@&‘dﬁsi’vﬂgoﬁ“E&@ﬂ%%lefﬁ@%t%mozs,
WO 97/11098, Usnd H88¢aB4ydd SoBbrsb) o WO 3c09083), fotihd8 368 fbilyWediar4a484, IJP
96-208535 199660807, US 5,096,867, 30WO 96/12744, US 6,2 5,43§é{W% 02/090399, WO
02/50145, US 2089 8T$A548" 24 DS GRRHI 298 196807 9552598199 0d53R S8 562,914,
and JP-1998- 34dsiiidBaushnathesviep okinterastisnanaistrastxobiainiechirdm thedierealls website
that states: 5Barba LoeI%%en, E. Kokko, L. Huht%nen, MlLaheHn, PetéiizLe%lamus, tido Stehling.

y

"Metallocene-P P BPS Gy R L 8 F L ST O R BRLH PYBIE SRR NGRS YS Latalytic Olefin
Polymerization, ¥adm20nto20f2r-5oliriad to ptiBiner20€Pphas bRt ¢f ueparan i kodondiiifiogn (100%

the reactor.
US 5,326,835 describes bimodal polyethylene production. This
invention's first reactor stage is a loop reactor in which polymerization occurs in
10 an inert, low-boiling hydrocarbon. After the loop reactor, the reaction medium
transits into a gas-phase reactor where gas-phase ethylene polymerization occurs.
The polymer produced appears to have a bimodal molecular weight distribution.
CA 2,118,711 (equivalent to DE 4,130,299) describes propylene
polymerization at 149 °C and 1510 bar using the syndiotactic metal complex of
15 (CH3),C(fluorenyl)(cyclopentadienyl)zirconium dichloride with
methylalumoxane and trimethylaluminum. Catalyst activity is reported to be
8380 gPP/g Ic¢' h. The M, is reported to be 2,000. CA 2,118,711 also describes
propylene copolymerization with ethylene at 190 °C and 1508 bar using
(CH3),C(fluorenyl)(cyclopentadienyl) zirconium dichloride complex,
20 methylalumoxane and trimethylaluminum. Catalyst activity is reported to be
24358g Polymer/g metallocene- hr. The My, is reported to be 10,000.
Other references of interest include:

Olefin Polymerization Using Highly Congested ansa-Metallocenes under High

Pressure: Formation of Superhigh Molecular Weight Polyolefins, Suzuki, et al.,
25 Macromolecules, 2000, 33, 754-759, EP 1 123 226, WO 00 12572, WO 00 37514,
EP 1 195 391, and Ethylene Bis(Indenyl) Zirconocenes..., Schaverien, C.J. et al.,
Organometallics, ACS, Columbus Ohio, vol 20, no. 16, August 2001, pg 3436-
3452, WO 96/34023, WO 97/11098, US 5,084,534, US 2,852,501, WO 93/
05082, EP 129 368 B1, WO 97/45434, JP 96-208535 199660807, US 5,096,867,
30 WO 96/12744, US 6,225,432, WO 02/090399, WO 02/50145, US 2002 013440,




10propylene), especially at elevated temperature and under supercritical conditions, shows rheological
behaviour indicative Ibr small amounts of LCB in the polymer. This is a feature that can he utilized to

produce mPRyyithog/ahssgsed melt strength under industrially meaningful cqrditiaige7sAnother item
of interest is a paper apparently presented by Luft and Walther at the September 22-24, 2004 "High

Pressure in Venice" conference (Venice, Italy), sponsored by Associazione Italiana Ingegneria
Chimica, entitled "Metallocene-Catalyzed Polymerisation in Supercritical Propylene" describing the
polymerization of propylene using dimethylsilyl bis(2-methy1-4-phenyl- 20indeny I) zirconium di ch lori
de activated with methyl al umox ane under supercrlfi‘cal conditions. WO/2004 026921 discloses

polymerization of 0 ﬁgjdln propylene, undger supercritical S near or ?;B ve the cloud
point of a system tWéﬁ sl?rlnyg e %(??Oé @e% a %f MO%%%G dd%be -
nonmetallocene,3netatBentered, heteroaryl ligand catalyst compounds and various uses therefor.

W02006/009976 discloses polymerizations in fluorocarbans with various nonmetallocene
ot aantored ATOE T At b, 3B ARG e TS RSO WS s 201 WO
03/040202; WO 63{840233; 30 WO 03/040442; and US 7,087,690, which describe nonmetallocene,

metal-centered, heterogyyl ligand catal p thelr rp du ts and various uses

therefor. SUMMARY - drbo ET( t %%gqu 2?) Fz o] flns comprising

contacting, atatemper t%(f Cs‘f’ (écftﬁe' . i 'iar or about

2175 psi) to 150 ra rffj[c%@ elﬁr m e m ?ﬁ%%‘éme‘rs aving three or

more carbon atoms WI }t¥8t tem r actlv 'S and one or more
2,%81 SLaystem ,ﬁ%?rc 00 Mo 5@

nonmetallocene metal- cente 2faa %atgea }’ﬁ ?n%e rm’%a ]y Eyvr efal is chosen

from the Group 4, 5, 6 fa ese he actl Seres o o |c Ie of the
Elements condaitions, OWSI" gical penaviour indicaltive rsma amoun

of LCB in the polymer. Thzs is a feature that can be utilized to pma’uce
mPP with enhanced melt strength under industrially meaningful
conditions."

15 Another item of interest is a paper apparently presented by Luft and

Walther at the September 22-24, 2004 "High Pressure in Venice" conference
(Venice, Italy), sponsored by Associazione Italiana Ingegneria Chimica, entitled
"Metallocene-Catalyzed Polymerisation in Supercritical Propylene" describing
the polymerization of propylene using dimethylsilyl bis(2-methyl-4-phenyl-

20 indenyl) zirconium dichloride activated with methylalumoxane under
supercritical conditions.

WO0/2004 026921 discloses polymerization of olefins, including
propylene, under supercritical conditions near or above the cloud point of a
system with various single site catalyst systems.

25 WO 02/38628 describes nonmetallocene, metal-centered, heteroaryl
ligand catalyst compounds and various uses therefor. W02006/009976 discloses
polymerizations in fluorocarbons with various nonmetallocene, metal-centered,
heteroaryl ligand catalyst compounds.

Further WO03/040095, WO 03/040201; WO 03/040202; WO 03/040233;

30 WO 03/040442; and US 7,087,690, which describe nonmetallocene, metal-
centered, heteroaryl ligand catalyst compounds, their polymer products, and

various uses therefor.

SUMMARY



2)optionally one or more comonomers, 103)optionally diluent or solvent, and 4)optionally scavenger,
wherein: a) the olefin monomers and any comonomers are present in the polymerization system at
40 weight % QioBRiEe 736 the monomer having three or more carbon atomg-iSyRI&s80sa4S0 Wt% or
more based upon the weight of all monomers and comonomers present in the feed, c) the
polymerization occurs at a temperature above the solid-fluid phase transition temperature of the
polymerization system and a pressure no lower than 2 MPa below the cloud point pressure of the
polymerization system, in the event 20 the solid-fluid phase transition temperature of the
polymerization system cannot be determined then the polymerization occurs at a temperature above
the fluid fluid phase tran%ition temperatLE]e. The polymerii%%on system is the olefin monomers,
any comonomer present KniP4AGER JFebelf BroSRiSsaly SONMBHYET SIEERNCHRATHESolymer
25product. DEFIdI#MNG, koi piipesesobindgiovantiorcand theredsimsothesatecd .15 camlyst system is
defined to be the @E}inatio of g r more %ag@t 3% ounds and one_or more activators. The
term "catalyst coﬂﬁg ﬁ&"%%gélaﬂe@o-pﬁﬂetpcﬂé Gy éﬁﬁ?%ﬂﬁ Elh%ufe?r}h?éfgc%t%h?ﬁ?'%atalyst
precursor," and "wetalykifpraciicacdayaapitkée or more carbon atoms, with:
5 1) a catalyst system comprising one or more activators and one or more
nonmetallocene metal-centered, heteroaryl ligand catalyst compounds, where the
metal is chosen from the Group 4, 5, 6, the lanthanide series, or the actinide series

of the Periodic Table of the Elements,

2) optionally one or more comonomers,
10 3) optionally diluent or solvent, and

4) optionally scavenger,

wherein:

a) the olefin monomers and any comonomers are present in the
polymerization system at 40 weight % or more,

15 b) the monomer having three or more carbon atoms is present at 80 wt%
or more based upon the weight of all monomers and comonomers present in the
feed, c) the polymerization occurs at a temperature above the solid-fluid phase
transition temperature of the polymerization system and a pressure no lower than
2 MPa below the cloud point pressure of the polymerization system, in the event

20 the solid-fluid phase transition temperature of the polymerization system cannot
be determined then the polymerization occurs at a temperature above the fluid
fluid phase transition temperature.

The polymerization system is the olefin monomers, any comonomer
present, any diluent or solvent present, any scavenger present, and the polymer

25 product.

DEFINITIONS

For purposes of this invention and the claims thereto:
1. A catalyst system is defined to be the combination of one or more catalyst

30 compounds and one or more activators. The term "catalyst compound” is used



2.A dense fluid is a fluid (such as a liquid or supercritical fluid) having a density of at least 300 kg/m3.
53.The solid-fluid phase transition temperature is defined as the temperature below which a solid
polymer phaggssapaiaiggsirom the homogeneous polymer-containing fluid peediip@l@gigen
pressure. The solid-fluid phase transition temperature can be determined by temperature reduction at
constant pressure starting from temperatures at which the polymer is fully dissolved in the fluid 0
medium. The phase transition is observed as the system becoming turbid, when measured using the
method described below for determining cloud point. 4. The solid-fluid phase transition pressure is
defined as the pressure below which a solid polymer'phase separates from the polymer-containing
fluid medium at a given temperature, The solid-fluid phase transjtion pressure is determined by 15
pressure reductidi At t B’é]raYUFE DG FontH %Iuresc?:\%\lkiﬁ'icﬁrﬁ‘fgrﬁ%rlym@} s fully
dissolved in the fluithmeaditsruridiephpsendansition is observed as the system becoming turbid, when
measured using the methqd described below for determining cloud point. Likewise the solid-fluid
phase transition %empeéta?gsﬁ léoaai“i\ﬁve{%%?ﬂﬁééﬂhﬂé‘@&&ﬂ%&ﬁ%@ﬁ&@&%@% Bhase
separates from 26kt pohtastguotaining fluid medium at a given pressure. The phase transition is
observed as the ystemfpgco ing turhid, when.measured usin tpe ethod described below for
determinihg cloudt point! 1 FHE HUIG-ALRI o RASA P AGB PRS0 AS ROSHL Al S PRE ShiSsure below
which two fluid pbelses whigioly sadidrisiyphasphand @paansnientichephasegeietms Bblghargiven
temperature. The fl id-fluidfphﬁlse t ansititon pressure can be eterrinéipﬁdﬁy pressure rteduction at
constant tempergﬂ?reengilé‘%tin From presstind ﬁe\l/lvfﬁrcehq%rg‘po yﬁﬂé? iS Ul Re&8ived i the fluid
medium. The phasepsainsitioraus eb detsedias! the sysigratnecondingidurbid colsemimeasured using the
method described below_for determining clou int. -7-. 6. Thc flujd-fluid phase transifion temperature
is defined as thesct%grr%%rgﬁ?rle %%l%egva% %ﬁﬁﬁ%‘%ﬁ@l Brpaoslgsn?ralspo\l)l/?%e&ri-sr%c V% é%éﬁgnﬁuédmonomer
rich phase - formmatdaugivehhpretssur eaidigobiuisl dhsicheldasetbramngition ressime wamdexdetermined by
temperature reduction at constant pressure starting from. 5 temperatures at which the polymer is fully
dissolved i the AL HGHITNETe A0 (e L AL e o i SRR Ecoming twrbic, when
measured using 4he méethodaektribkdhbetamadsitidetprensniag sciztiolgbastthd pidssuctoblqyoint is the
pressure below which, at a.given temperature, the pol rization system becgmes turbid as described
3 Viadinr I oS B B e R e e 5 DB For
purposes of this atwentiom tamgdtrtuctaifiscthardtOptth plolstittapsinoispreeasuneddiyrshiihgya helium
laser thrpugh the,selected polvmerizaion aysim.in.a dloud oint.ge!l onta,  phplogel apd recording
the pressure at the onset o raplg Increase in ﬁ%)t scat?erlng f&r a glvgn ?emperature. ould point
pressure is the ppdtracwhithlatdessebelvertite fiwdratedanthelholphueti tatiotiey starhsbecdmes turbid.
Could point temperature i ' ich ' ressure, t izati stem becomes
rbid, 5. A bl N O L R e e

for determining cloud point. Likewise the solid-fluid phase transition temperature

is defined as the temperature below which a solid polymer phase separates from
20 the polymer-containing fluid medium at a given pressure. The phase transition is
observed as the system becoming turbid, when measured using the method
described below for determining cloud point.
5. The fluid-fluid phase transition pressure is defined as the pressure below
which two fluid phases - a polymer-rich phase and a monomer rich phase — form
25 at a given temperature. The fluid-fluid phase transition pressure can be
determined by pressure reduction at constant temperature starting from pressures
at which the polymer is fully dissolved in the fluid medium. The phase transition
is observed as the system becoming turbid, when measured using the method

described below for determining cloud point.



209.The use of the term "polymerization” encompasses any polymerization reaction such as
homopolymerization and copolymerization. 10. A copolymerization encompasses any polymerization

reaction of twePsgmaredpenomers. 11. The new numbering scheme for the Raradis,Jablg Groups is
used as 25published in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985). 12. When a

polymer or oligomer is referred to as comprising an olefin, the olefin present in the polymer or oligomer
is the polymerized or oligomcrized form of the olefin. 13. An oligomer is defined to be compositions
having 2-120 monomer units. -8- 14. A polymer is defined to be compositions having 121 or morc
monomer units. 15. A polymerization system is definkd to be monomer(s) plus comonomer(s) plus

polymer(s) plus gptional jnert solyent(s)/diluent(s) plus optional 5 scavenger(s). Note that for the sake
bf convenience dhd claiy ﬁ%@%ﬁt&%@?@%f%&%ﬂp@%&%&a?g@&a%fﬁa@tmeéaﬁvé%ent

discussion from giher eaiiybaRentsiiarpbastt iNadppbiitierizapanscemdtarmishdnism eighhshase-

polymerization system is defined here narrower than customary in the art of polymerization that
pically considel e ataR S L, BETHES polbor AT HoRtAs S R (e e

definition, the miytseemiriedentyin dieppalymerizdtionoeagioandain itprefiuent inedimpased of the
prosaures (pe) oS TBLBRAEOU NG T RARE Gl Y ety ity SHYGE b HeLice.
Editor-in-Chief, 1382nd-adition 20ke20QPa GRGRiesshddoGimgeardorkyiGiedsupariisingr, the Tc and
Pc of various me eec H{gt oac{%ech%@eed below for determining cloud point.
7. The cloud point is the pressure below which, at a given temperature, the
polymerization system becomes turbid as described in J. Vladimir Oliveira, C.
10 Dariva and J. C. Pinto, Ind. Eng, Chem. Res. 29, 2000, 4627. For purposes of this
invention and the claims thereto, the cloud point is measured by shining a helium
laser through the selected polymerization system in a cloud point cell onto a
photocell and recording the pressure at the onset of rapid increase in light
scattering for a given temperature. Clould point pressure is the point at which at a
15 given temperature, the polymerization system becomes turbid.  Clould point

temperature is the point at which at a given pressure, the polymerization system

becomes turbid.

8. A higher a-olefin is defined to be an a-olefin having 4 or more carbon
atoms.
20 9. The use of the term "polymerization" encompasses any polymerization

reaction such as homopolymerization and copolymerization.

10. A copolymerization encompasses any polymerization reaction of two or

more monomers.

11.  The new numbering scheme for the Periodic Table Groups is used as
25 published in CHEMICAL AND ENGINEERING NEWS, 63(5), 27 (1985).

12. When a polymer or oligomer is referred to as comprising an olefin, the

olefin present in the polymer or oligomer is the polymerized or oligomerized form

of the olefin.

13.  Anoligomer is defined to be compositions having 2-120 monomer units.



Tc (K) Pc (MPa) Name Tc (K) Pc (MPa) Hexane 507.6 3.025 Propane 369.8 4.248 Isobutane 407.8
3.64 Toluene 591.8 4.11

WO 2008/079565 PCT/US2007/085348

-8 -

14. A polymer is defined to be compositions having 121 or more monomer
units.
15. A polymerization system is defined to be monomer(s) plus comonomer(s)
plus polymer(s) plus optional inert solvent(s)/diluent(s) plus optional
5 scavenger(s). Note that for the sake of convenience and clarity, the catalyst
system is always addressed separately in the present discussion from other
components present in a polymerization reactor. In this regard, the
polymerization system is defined here narrower than customary in the art of
polymerization that typically considers the catalyst system as part of the
10 polymerization system. In the current definition, the mixture present in the
polymerization reactor and in its effluent is composed of the polymerization

system plus the catalyst system.

16.  The critical temperatures (Tc) and critical pressures (Pc) are those that
found in the Handbook of Chemistry and Physics, David R. Lide, Editor-in-Chief,
15 82nd edition 2001-2002, CRC Press, LLC. New York, 2001. In particular, the Tc
and Pc of various molecules are:
Name Tc (K) Pc (MPa) Name Tc (K) Pc (MPa)
Hexane 507.6 3.025 Propane 369.8 4.248
Isobutane  407.8 3.64 Toluene 591.8 4.11
Ethane 305.3 4.872 Methane 190.56 4.599
Cyclobutane 460.0 4.98 Butane 425.12 3.796
Cyclopentan|511.7 4.51 Ethylene 282.34 5.041
e
I-butene  #19.5 4.02 Propylene 364.9 4.6
I-pentene  ¥464.8 3.56 Cyclopentene  [506.5 4.8
Pentane 469.7 3.37 Isopentane 460.4 3.38
Benzene 562.05 4.895 Cyclohexane 553.8 4.08
I-hexene  [504.0 3.21 Heptane 540.2 2.74
2732K=0°C.

17.  The following abbreviations are used: Me is methyl, Ph is phenyl, Et is
ethyl, Pr is propyl, iPr is isopropyl, n-Pr is normal propyl, Bu is butyl, iBu is
20 isobutyl, tBu is tertiary butyl, p-tBu is para-tertiary butyl, TMS is trimethylsilyl,
TIBA is trisobutylaluminum, MAO is methylalumoxane, pMe is para-methyl, flu

is fluorenyl, cp is cyclopentadienyl, Ind is indenyl.



Ethane 305.3 4.872 Methane 190.56 4.599 Cyclobutanc 460.0 4.98 Butane 425.12 3.796 Cyclopentan
e 511.7 4.51 Ethylene 282.34

WO 2008/079565 PCT/US2007/085348

-9.

18.  The term "continuous" is defined to mean a system that operates without
interruption or cessation. For example a continuous process to produce a polymer
would be one where the reactants are continually introduced into one or more
reactors and polymer product is continually withdrawn.

5 19. A slurry polymerization means a polymerization process in which
particulate, solid polymer forms in a dense fluid or in a liquid/vapor
polymerization medium. The dense fluid polymerization medium can form a
single or two fluid phases, such as liquid, supercritical fluid, or liquid/liquid, or
supercritical fluid/supercritical fluid, polymerization medium. In the liquid/vapor

10 polymerization medium the polymer resides in the liquid (dense) phase.
20. A solution polymerization means a polymerization process in which the
polymer is dissolved in a liquid polymerization system, such as an inert solvent or
monomer(s) or their blends. A solution polymerization is typically a
homogeneous liquid polymerization system.

15 21. A supercritical polymerization means a polymerization process in which
the polymerization system is in a dense, supercritical state.
22. A bulk polymerization means a polymerization process in which a dense
fluid polymerization system contains less than 20 wt % of inert solvent or diluent.
The product polymer may be dissolved in the dense fluid polymerization system

20 or may form a solid phase. In this terminology, a slurry polymerization, in which
solid polymer particulates form in a dense fluid polymerization system containing
less than 20 wt % of inert solvent or diluent, is referred to as a bulk slurry
polymerization process or bulk heterogeneous polymerization process. A
polymerization process in which the polymeric product is dissolved in a dense

25 fluid polymerization system containing less than 20 wt % of inert solvent or
diluent is referred to as bulk homogencous polymerization process. A
polymerization process in which the polymeric product is dissolved in a liquid
polymerization system containing less than 20 wt % of inert solvent or diluent is
referred to as bulk solution polymerization process. A polymerization process in

30 which the polymeric product is dissolved in a supercritical polymerization system



5.041 1-butene 419.5 4.02 Propylene 364.9 4.6 1-pentene 464.8 3.56 Cyclopentene 506.5 4.8
Pentane 469.7 3.37 Isopentane
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containing less than 20 wt % of inert solvent or diluent is referred to as bulk
homogeneous supercritical polymerization process.
23 Homogeneous supercritical polymerization refers to a polymerization
process in which the polymer is dissolved in a supercritical fluid polymerization
5 medium, such as an inert solvent or monomer or their blends in their supercritical
state. Homogeneous supercritical polymerization is distinguished from
heterogeneous supercritical polymerizations, such as for example, supercritical
slurry processes, the latter of which are performed in supercritical fluids but form
solid polymer particulates in the polymerization reactor. Similarly, bulk
10 homogeneous supercritical polymerization is distinguished from bulk solution
polymerization, the latter of which is performed in a liquid as opposed to in a
supercritical polymerization system.
24.  Homogeneous polymerization or a homogeneous polymerization system is
a polymerization system where the polymer product is uniformly dissolved in the
15 polymerization medium. Such systems are not turbid as described in J. Vladimir
Oliveira, C. Dariva and J. C. Pinto, Ind. Eng, Chem. Res. 29, 2000, 4627. For
purposes of this invention and the claims thereto, turbidity is measured by shining
a helium laser through the selected polymerization system in a cloud point cell
onto a photocell and determining the point of the onset of rapid increase in light
20 scattering for a given polymerization system. Uniform dissolution in the
polymerization medium is indicated when there is little or no light scattering ( i.e.
less than 5% change).
25.  The term "NMCHL catalyst compound” means nonmetallocene, metal-
centered, heteroaryl ligand catalyst compound.
25 Unless otherwise noted, all molecular weights units (e.g. Mw, Mn, Mz)

are g/mol and all ppm's are wt ppm.

Detailed Description

This invention relates to a process to polymerize olefins comprising

30 contacting, at a temperature of 60°C or more (preferably between 90 and 200°C,



460.4 3.38 Benzene 562.05 4.895 Cyclohexane 553.8 4.08 1-hexene 504.0 3.21 Heptane 540.2 2.74
273.2 K=0"'C. 17. The following abbreviations are used: Me is methyl, Ph is phenyl, Et is ethyl, Pr is

propyl, iPr isysgRieRKhossEr is normal propyl, Bu is butyl, iBu is PCT/US2007/085348

-11 -

preferably between 80 and 200°C, preferably between 90 to 180°C) and a pressure
of between 15 MPa and 1500 MPa (preferably between 15 and 250 MPa,
preferably between 20 and 140 MPa), one or more olefin monomers having three
or more carbon atoms (preferably propylene), with:

5 1) a catalyst system comprising one or more activators and one or more
nonmetallocene metal-centered, heteroaryl ligand catalyst compounds, where the
metal is chosen from the Group 4, 5, 6, the lanthanide series, or the actinide series
of the Periodic Table of the Elements (preferably group 4, preferably Hf, Ti, or
Zr),

10 2) from 0 to 20 wt% (alternately from 0.5 to 15 wt%, alternately from 1 to 10
wt%, alternately from 1 to 5 wt%) of one or more comonomers (based upon the
weight of the polymerization system),

3) from 0 to 40 wt% (alternately from 0 to 20 wt%, alternately from 0.5 to 15
wt%, alternately from 1 to 10 wt%, alternately from 1 to 5 wt%) diluent or

15 solvent (based upon the weight of the polymerization system) and/or from 0 to 40
wt% (alternately from 0 to 20 wt%, alternately from 0.5 to 15 wt%, alternately
from 1 to 10 wt%, alternately from 1 to 5 wt%) diluent or solvent (based upon the
weight of the feed), and
4) from 0 to 25 wt% (alternately from 0 to 20 wt%, alternately from 0.5 to 15

20 wt%, alternately from 1 to 10 wt%, alternately from 1 to 5 wt%) scavenger,
preferably one or more alkyl aluminum compounds (based upon the weight of the
polymerization system) and/or from 0 to 25 wt% (alternately from 0 to 20 wt%,
alternately from 0.5 to 15 wt%, alternately from 1 to 10 wt%, alternately from 1
to 5 wt%) scavenger , preferably one or more alkyl aluminum compounds (based

25 upon the weight of the feed),
wherein:

a) the olefin monomers and any comonomers are present in the
polymerization system at 40 weight % or more, (preferably 50 wt% or more,

preferably 55 wt % or more, preferably 60 wt% or more, preferably 65 wt% or



20 isobutyl, tBu is tertiary butyl, p-tBu is para-tertiary butyl, TMS is trimethylsilyl, TIBA is
trisobutylaluminum, MAO is mcthylalumoxanc, pMc is para-methyl, flu is fluorenyl, cp is

cyclopentadignyboiafhissgdenyl. -9- 18. The term "continuous” is defined tg@egh @ sysiem that
operates without interruption or cessation. For example a continuous process to produce a polymer

would be one where the reactants are continually introduced into one or more reactors and polymer

product is continually withdrawn. 519.A slurry polymerization means a polymerization process in which
particulate, solid polymer forms in a dense fluid or in a liquid/vapor polymerization medium. The dense
fluid polymerization medium can form a single or tvid fidid phases, such as liquid, supercritical fluid, or

liquid/liquid, or supercritical fluid/supecritical fluid, polymerization medium. In the liguid/yapor
10poIymerizatioﬁﬁ@dﬁfﬁ%ﬁyﬁg@ﬁ%%%m@@im rﬁm&%a%&é&awgwfﬁg?f%ygt i

polymerization mgansré pifsmndtizasion proeess ¢y, which the polymer is dissolved in a liquid
polymerization system, such as an ineyt splvent or monomer%)s) or their, blends. A s%u;}ié)r?
Polymerization is typicaly AHBRERH Dk Ia RIVRIGT SATER YRTEr RS AL bE R Hbcal
polymerization meansra palfsrdiization wracesmoravpicfrititdypsymerizationes ystdiruisyiva@ dense,

supercritical state. 22.A bulk polymerization meaps a polymerization process inévggticha ense fluid
polymeriZation sy&teth BBM%S @%Eefﬁ whoe o?‘in%‘%f%m%ﬁ oPBitieRE Pr88toel & holymer may

be dissolved in therdemss fliiid polyonerizatiqicsysieim tRO Grcthaynhtiiom thsolichiphasaolneilis
terminology, a sIHr?(npotIXmerization, inP\éVhiCh solid polg/m?r.lp rticulates fortm in atdenste fluid
polymerization syaé1 e cgﬁ?a?ﬁirrl]lﬁrleeggr LG A GePF a5 B0 8] WBrAifGent 1 ¥éttifed to as a bulk
slurry polymerizatiegiprdcassat hpikfdretéyddentous molgeitadidn pfocessr Anpalymerization process
in which the polymeric pgﬁguct 1% dissolved in a dense, 25fluid 1Rgl)(/lxt;nenz[%tlon Sﬁ/?ltﬁg] ontaining less

than 20 wt % of inert soivent Br mfélnzﬂlso}le sied %(t) %tsegltgﬁ{%omogg‘ﬁeeofssﬁg ymerlzpa ioR process. A

polymerization ptoeosginterhpehathe: pblh ey producbis issol\wad mmadiquic polgmerihation system
containing less then\ g v 36 ofJnert oy ent or dluent is RiBITSA 9, 3Rl aglufin pelymertzation
process. A polymerization process in

(preferably no lower than 8 MPa below the CPP, preferably no lower than 6 MPa

below the CPP, preferably no lower than 4 MPa below the CPP, preferably no

lower than 2 MPa below the CPP).

15 Preferably, the polymerization occurs at a temperature and pressure above
the solid-fluid phase transition temperature and pressure of the polymerization
system and, preferably above the fluid-fluid phase transition temperature and
pressure of the polymerization system.

This invention further relates to a process to polymerize olefins

20 comprising contacting, in a polymerization system, olefin monomers having three
or more carbon atoms with an NMCHL catalyst compound, an activator,
optionally scavenger, optionally comonomer, and optionally diluent or solvent
under supercritical conditions, preferably at a temperature above the solid-fluid
phase transition temperature and or pressure, more preferably above the fluid-

25 fluid phase transition temperature and or pressure. Alternately the supercritical
polymerization occurs above the cloud point temperature of the polymerization
system and, optionally, at a pressure no lower than 10 MPa below the cloud point
pressure of the polymerization system and less than 250 MPa, where the
polymerization system is the monomer(s), any comonomer(s) present, any diluent

30 or solvent present, any scavenger(s) present, and the polymer product, and



30which the polymeric product is dissolved in a supercritical polymerization system - 10 - containing
less than 20 wt % of inert solvent or diluent is referred to as bulk homogeneous supercritical

polymerizatigpPspsngspsesHomogeneous supercritical polymerization refesstpapibyResigation
process in which the polymer is dissolved in a supercritical fluid polymerization 5medium, such as an

inert solvent or monomer or their blends in their supercritical state. Homogeneous supercritical
polymerization is distinguished from heterogeneous supercritical polymerizations, such as for example,
supercritical slurry processes, the latter of which are performed in supercritical fluids but form solid
polymer particulates in the polymerization reactor. Similarly, bulk 10 homogeneous supercritical
polymerization is distinguished from b Ifsolution polymerization, the latter (%l)which is performed in a
lquid 2 opposel TS RINFEEad BNy RHESRISH BSR4 (1 RRSD ARG R g zation or
homogeneous pelygrati adioNwsygte M, isarhely Metizapor systenowheseihafuby ey gkatiuct is
uniformly dissolved in the 15 ol¥merization medium. Such systems ar nméér%,iéd as described in J.
Vladimir OIiveira?@?%?f%l%Yr%gJ D ECC O T R RS AT RESS BRI S0 18857 PaPBlirposes of this
invention and themclaémisdhereto, turbidity is measured by shining a helium laser through the selected
polymerization system ip a clqud point.cell onto a photocell and determinin taf. oint of the onset of
rapid incroase in light 207 SEAERRGHIR GFIEM B RIEHRAlOR SR BiBH MsEBN in the
polymerization maeiprodiscinsiibated whkiisdhereiis fiidl €l oidnediglohssatteningripesilgssiban 5%
change). 25. The term "NMCHL %atalé@,t compound" means nonmetﬁdlocene, metal- centered,

heteroaryl Iigandnclz%rt%lrﬁlé)tn 881r$|r|501tmedp Ohfésd 16%%‘?%5%1 %6t88flgﬂan%l'e8ﬁlf3atp \Evg}ﬁﬁsmfnlts (e.g. Mw,

Mn, Mz) are glmebodtgllappm'spaieuitypponcDetaied Basengiion The total amount of inert
solvents is preferably not more than 20 wt % in the reactor feed. The fluid
10 reaction medium can form one single fluid phase or two fluid phases. Operating
in a single fluid phase is advantageous and operating in a single supercritical fluid
phase is particularly advantageous.

In a wuseful embodiment, any hydrocarbon, fluorocarbon, or
fluorohydrocarbon inert solvent or mixtures thercof can be used at concentrations

15 of up to 40 wt % in the feeds (preferably up to 30 wt%, more preferably up to 20
wt%) to any individual polymerization reactor in the process of the present
invention. Although inert solvents/diluents may be used if so desired, operating
in an essentially solvent/diluent-free polymerization system comprising less than
10 wt %, alternately less than 5 wt %, alternately less than 1 wt % of inert solvent

20 or diluent is typically advantageous due to, among other things, eliminating the
cost of solvent and solvent handling.

The concentration of the inert solvent/diluents in the reactor feed is
preferably not more than 40 wt %, preferably not more than 30 wt %, preferably
not more than 20 wt %. The concentration of the inert solvent/diluents in the

25 reactor feed is more preferably not more than 10 wt %. The concentration of the
inert solvent/diluent in the reactor feed is alternately not more than 5 wt %. The
concentration of the inert solvent/diluents in the reactor feed is alternately not
more than 1 wt %.

The combined volume of monomer(s) and solvent/diluent in the feed (or

30 alternately in the polymerization system) advantageously comprises at least 40 wt



This invention relates to a process to polymerize olefins comprising 30contacting, at a temperature of
60C or more (preferably between 90 and 200C, preferably between 80 and 200C, preferably between
90 to 180C) sl Adarprskke of between 15 MPa and 1500 MPa (preferablygegiyesiiaaams 250 MPa,
preferably between 20 and 140 M Pa), one or more olefin monomers having three or more carbon
atoms (preferably propylene), with: 51)a catalyst system comprising one or more activators and one or
more nonmetallocene metal-centered, heteroaryl ligand catalyst compounds, where the metal is
chosen from the Group 4, 5, 6, the lanthanide series, or the actinide series of the Periodic Table of the
Elements (preferably group 4, preferably Hf, Ti, or Z|1)4 102)from 0 to 20 wt% (alternately from 0.5 to 15

wt%, alternately from 1 to 10 wt%, alt rnaggut%t[rom 1 to 5 wt%) of one or more comgnomers (based
upon the weight énwg]lﬁa sy ,néﬁtf%‘?ﬂ%’dﬁ?fﬁ%bf&ﬁéulﬁ%@ 0 3'8'20 wigs,
alternately from @nbrienkd, wiitee gtefsratdlydragasl 10 $Q Wiomatairatelyiframidato Sowidadiluent or 15

solvent (based upon the weight of the polymerization system) and/or from 0 0 wt% (alternately
from 0 (0 20 wioATAEoPHEALA) ot GraH 01 s AT EHERP ot 1.0 BNy From 1t &
wt%) diluent or splkyenigbasetidipondmerwaighngfstieciaed),dingnd) from 0 to 25 wt% (alternately from
0 to 20 wt%, alternately, fromtﬁ.S to 15 20 wt%, alternateiy frorg 1 to 10 wit%, It%rréately [?rom l1to5
wt%) scavenger, preferdbi{ SRS SPRBTETSHY the SARRTRS IS B SRS TR RSE 4 IS At Whight of the
polymerization syatero) ked/prefioadl fovdSowi%iess iguiately fPosnwdtooz Cevst Yineddtebiatelytfrom 0.5 to

15 wt%, alternately from 1 to 10 wi%, alterpately from 1 to 5 wt%) scavenger , preferably one or more
alkyl aluminum cc})"m rouﬁneﬁga*s ]fﬁ%grea(& CZSQp n/‘?he %e?éﬁ%%qtﬁgl\%gl ,e\I/lvalé%r i§Oneeng) a? & o}%in

monomers and aynoantosiomers poky presanbinsysecpoly merzédion Isysterafaaly weightt 86 or more,

(preferably >0 Wik broRISHR 2/ WY o7 1ot PGy RISESPR SroktiuRy G0t Preferably 65

10 In a preferred embodiment, the polymerization occurs at a temperature and
pressure above the solid-fluid phase transition temperature of the polymerization
system, preferably the polymerization occurs at a temperature at least 5°C higher
(preferably at least 10 °C higher, preferably at least 20 °C higher) than the solid-
fluid phase transition temperature and at a pressure at least 2 MPa higher

15 (preferably at least 5 MPa higher, preferably at least 10 MPa higher) than the
cloud point pressure of the polymerization system. In a preferred embodiment,
the polymerization occurs at a pressure above the fluid-fluid phase transition
pressure of the polymerization system (preferably at least 2 MPa higher,
preferably at least 5 MPa higher, preferably at least I0MPa higher than the fluid-

20 fluid phase transition pressure). Alternately, the polymerization occurs at a
temperature at least 5°C higher (preferably at least 10 °C higher, preferably at
least 20 °C higher) than the solid-fluid phase transition temperature and at a
pressure higher than, (preferably at least 2 MPa higher, preferably at least 5 MPa
higher, preferably at least 10MPa higher) than the fluid-fluid phase transition

25 pressure of the polymerization system.

In another embodiment, the polymerization occurs at a temperature above
the solid-fluid phase transition temperature of the polymer-containing fluid
reaction medium at the reactor pressure, preferably at least 5 °C above the solid-
fluid phase transition temperature of the polymer-containing fluid reaction

30 medium at the reactor pressure, or preferably at least 10°C above the solid-fluid



morc, preferably 70 wt % or more, preferably 75 wt% or more, preferably 80 wt% or more, preferably
85 wt % or more), b) the monomer having three or more carbon atoms is present at (75 wt% or
more, prefergily,abSP9yE%o or more, preferably 85 wt% or more, preferablyp9q, &YhYpssipore,
preferably 95 wt% or more) based upon the weight of all monomers and comonomers present in the
feed, and/or the olefin monomers having three or more carbon atoms are present in the polymerization
system at 40 weight % or more, preferably 55 wt% or more, preferably 75 wt% or more, and c) the
polymerization occurs at a temperature above the saolid-fluid phase 10 transition temperature of the
polymerization system and a pressure no lower than 20 MPa below the cloud point pressure (CPP) of
the polymerization system %preferably no lower than 8 MPa below;&&. PP, prefer%faly no lower than 6
MPa below the PR pTaRSTRBRA IR AR tﬁévﬁ‘i RAPAGERIN S ,lgrré‘feﬁté%}y‘?w 16Weit than 2 MPa
below the CPP). thbRysieiaitsstie polymerization occurs at a temperature and pressure above the
solid-fluid phase transitjon temperatyre and pressure of the polymerization system and, preferably
2bove the fluic-fiuid phiBe ARG toATBETALEIS ke BB B S AL AR &, This
invention further sedateshto Acpbpess i6f phtyshelizelefimki@ ¢aotiprisiodvanadkingedoter
polymerization system, olefin monomers _having three or mare {ﬁon atoms with an NMCHL catalyst
Compourss, an aHORILE: G SELtengoPr B, A COR et A GBCGHARY All ent or sovent
under supercritical aandjtioafriyBfa@bly at amtem)pdxait hablove hemalittheitlyphasectiansition
temperature and or ressure, more referably %?ve tth fluid- YtE fluid P asebtr%nsiti?ntﬁemperature
and or pressure.%f elPr%?ely Ee%ﬁBe gﬁ?ﬁélal{?polyrﬁrélﬁz%ﬁbﬁl&g urs" abisve e efodt IfobmF temperature
of the polymerizatidynsysietinmandeapsionally, ataressureaboviowéde thelnuto bta betowhthe cloud
point pressure of the olyéngerizati?n sy%t?hm and tIess than 250 MPaf v%lhe{)? t eo%ola/merization system
is the monomer(gj), %n)e/ré(?rﬁ%lhgﬁeer?ls)apregeﬁet?ca%/ RiftiEnt 3861 s divess apr sent, ar{ynélgéevenger(s)
present,iand the (pedfurb privduot, ande; pBcfopsblerblily whenerthepaiffisbipoibriters haviny three or
more carbon atoar’%s are prese tgltnétlotv)[ll%i %tl %ﬁé)rriza ore Sin Qe polymerization system and/or the olefin
monomers having Aree or mor8 carBon atoms sre prese?ﬁ atao weight % or more in the feed. 5The
polymerization reactionTtipipaliymsreatiiedpotat comgitivnsawherdd e pedacthpalymkflisdissolved in
the fluid reaction system, comprising. ans ot morg,monamets, Jne RANMSHIG Progcts, and, - optionally -
one or more inert solvents, and - optionally - one or Rove scavengers. The tdtaramodnt of inert
solvents is prefesabignmatt nilor erthctior2 Prossein cherdaator2fe€d abhecfitlid sblidehotiophasedium can
form ong single flid piase. an o uigkhases, Oerating in.Asingle luid phags is adyaniageous and
operating in a single supercritica um?phasg |sypart|cu arly advan 2dus, n &lsetu embodiment,
any hydrocarborthffuoratarbpresarfluorohydastrbéh atensdhenpbdfiiturgntieteositan be used at
concentrations

temperature of the polymer-containing fluid polymerization at the reactor
pressure, or at least 10°C above the solid-fluid phase transformation point of the
polymer-containing fluid polymerization system at the reactor pressure. In
20 another embodiment, the polymerization process temperature should be above the
cloud point of the single-phase fluid polymerization system at the reactor
pressure, or 2°C or more above the cloud point of the fluid polymerization system
at the reactor pressure. In still another embodiment, the polymerization process
temperature is between 50 and 350 °C, or between 60 and 250 °C, or between 70
25 and 250 °C, or between 80 and 250 °C. Exemplary lower polymerization
temperature limits are 50, or 60, or 70, or 80, or 90, or 95, or 100, or 110, or 120
°C. Exemplary upper polymerization temperature limits are 350, or 250, or 240,
or 230, or 220, or 210, or 200 °C.
Preferably the polymerizations described herein are homogeneous

30 polymerizations, preferably the polymerizations are homogeneous supercritical



15 of up to 40 wt % in the feeds (preferably up to 30 wt%, more preferably up to 20 wt%) to any
individual polymerization reactor in the process of the present invention. Although inert
solvents/dilugygs,pogy-asssised if so desired, operating in an essentially solyertigibsginfies
polymerization system comprising less than 10 wt %, alternately less than 5 wt %, alternately less than
1 wt % of inert solvent 20or diluent is typically advantageous due to, among other things, eliminating
the cost of solvent and solvent handling. The concentration of the inert solvent/diluents in the
reactor feed is preferably not more than 40 wt %, preferably not more than 30 wt %, preferably not
more than 20 wt %. The concentration of the inert Soifént/diluents in the 25 reactor feed is more
preferably not more than 1Q wt %. The concentration of the inert solvent/diluent in the reactor feed is
Elternately not meHE BRI R, PG LR R RAGRFEPHETh A CERIEMTRIBALS RETAETPEctor feed s
alternately not mgre gragurandd temperaturd ABos@ntyneldivalpoist ehtgiefmat(s) andgseldent/diluent in
the feed (or 30alternately in the polymerization system) advantageously comprises at least 40 wt - 14
- %, preferably aPPHsP5P RN FEANRNBIe SPatEPLbYy %@8?8%/% KR8t HEhSher, more
preferably at leastioi@ ¢drBon moraspreferafdytal 180t 80 Wbl imbreppteiardablyiat lwash9dfvt %, more
preferably at least 95 wt %, based upo ttac% weight of the monomers and solyents or diluents. 5In
bother emboditn G OREE RO SRR HAPTH e LRG0 WiDA bPfe ke BrSrably 5 wioe
or less, preferably2{%0/0wad essyipreferably 1 wt % or less, preferably 0 wt%. In another embodiment
the concentration of co;nonomer in thg:. 1%OII}{mﬁ]r[izat'ion system is 10 ¥vt% r.Iess,u%refeEab y 5 wt% or
less, preferably 2.5 wt?% ono?qretaélsn, %I}lt]sjloe A ?y T We%oosfr{leessz,aﬁpé]fésrgﬁfyoém Wivo: 40 e%rf)rlg?erred
embodiment, theppblyraerizatiosy seourdakacte onperdivsatandpressime @bpeeathe selidhdleid phase
transition temperature.of t olymerization system, preferably the polymerizatign occurs at a
tomperature at IGLS S HOIEIEARS aPly 1 ST oG BrerelITorls RAeP 6 E gher) than
the solidHfluid phasadramsitibnritentparadpeeagnchat lprasseoeat depscitMi a hibhesrizgiGoreferably at
least 5 MPa higher, preferably,af Ieast 10 MEa highen) fhan the dloud polnt presgre;of the
polymerization sys{iem. Na preterre embodiment. the poﬁynlu)e 1zation occurs at a pressure above the
fluid-fluid phase tranditignpressure distiespblymerization dysteanr{pdefarably didedsi@wii2a higher,
preferably at least 5 MPa higher, preferably at least |OMPa higher than the fluid-fluid phase transition
Dreseure), Alterr SR L Son e RO ks O A TP TR T S8R oy =
least 10 C highetrqneferaldynatieast 20 G dipblemthanthesgidHididplase redsitiontehsperature and
at a pressure higher than, (preferahly at legst 2 MPa higher -preferably at least 5 M Pa higher,
oretoratly ot loaut L Enb R et St B IR T SR Rl e
polymerization syétbmpolymier-snothemegriibotiimaetonthe potyrdhizatiortonprersiat, artetigstature above

the solid-fluid phase-transition tempetature of th r-containing fluid reaction medium at the
reactor pressu re?g&ra%fgafr%g%y%g% Ige@gateéuéga@]c?\%eettaﬁszo [ %fﬁ?b %ﬁ%@g%g%g??ﬁ %gr%%glr%ﬁjﬁ:%n of the
polymer-containifigifluickrtiaotioreOmediuthre atethntore attenupresdurenothpreferbidynznieadc 10C above

the solid-fluid temperature is above the cloud point of the single-phase fluid reaction medium at

20 the reactor pressure, or 2°C or more above the cloud point of the fluid reaction
medium at the reactor pressure. In yet another embodiment, the temperature is
between 50 and 350°C, between 60 and 250°C, between 70 and 250°C, or between
80 and 250°C. In one embodiment, the temperature is above 50, 60, 70, 80, 90,
95, 100, 110, or 120 °C. In another embodiment, the temperature is below 350,

25 250, 240, 230, 220, 210, or 200 °C. In another embodiment, the cloud point
temperature is above the supercritical temperature of the polymerization system or
between 50 and 350 °C, between 60 and 250 °C, between 70 and 250 °C, or
between 80 and 250 °C. In yet another embodiment, the cloud point temperature

is above 50, 60, 70, 80, 90, 95, 100, 110, or 120 °C. In still yet another



- 15 - phase transformation point of the polymer-containing fluid reaction medium at the reactor
pressure. In another useful embodiment, the polymerization occurs at a temperature above the

cloud point ofyih8igissghase fluid reaction medium at the reactor 5 presggheysgsREsigrably 2 C or
more (preferably 5C or more, preferably 10C or more, preferably 30 C or more) above the cloud point

of the fluid reaction medium at the reactor pressure. Alternately, in another useful embodiment, the
polymerization occurs at a temperature above the cloud point of the polymerization system at the
reactor pressure, more preferably 2 C or more 10(preferably 5C or more, preferably 10C or more,
preferably 30 C or more) above the cloud point of thé7p'olymerization system. The polymerization

process temperature should be above the solid-fluid phase transition t rature qf the
bolymer-containiFg AT BBly e f*oﬁ%g}g{swpsﬁafﬂéeﬂéa?zﬁ@r%nﬁéﬁs&éé%ﬁﬁt W3 Sbove the
solid-fluid phase od 20aasition temperature of the polymer-containing fluid polymerization system at
the reactor pressure, or. at least. 5C aboye the solig-fluid phase transition temperature of the
polymer-containing quidnpSI)Pﬁ’?é?‘E igﬂlg?({ﬂgef‘ga SrYEEIHE P TEE: ot HESVESHE solid-fluid
phase transformasios phimt ofcthelpbijime phawtataingituiprelymesz dlopdysiertaithegactor
pressure. In 20 another e.mbog‘%[g}ent, the gol merization process temperature should be above the

cloud point of thd SIAGRABIRALBHNT SEMMEAS KSR BN At the reactor pressure, or 2C or more
above the cloud point o thefllaig paly merizaiion Systecssairtisureacics peasstrd. MPstifarsother

embodiment, the polymerjzation pracess temperature isd?et een 50 and C, rg tween 60 and
250 C, or betwe%rg S%%é@?\@%é%‘,ﬁ? g)m%an%ea%a ﬁ%@,a E,Fy E%&ﬁfﬁafy on?/e@pl Iyr%@rization
temperature limitmadr&0B0yiBa 645 kps(p, br @i anBadiorcdh the AdnarizdflhopbeesCpiexaimplary upper
polymerization te rature limits are 350, or, , ar 240, or 230, or 220, or or 200 "C.
Breforaby the pOE CABr R R Sri S HBie JeRe08 BOSRH R R B SFoterably the
polymerizations acathomggémdops puperatiticalystdfi -apohgmesizationspElreiecably theofelymerizations
performed herein are &)erfO{ ressure and temperature %boi/CF tgengrifiocael ngllar&t1 alrad, preferably,

n H}E[%icg%%OI ﬁ]t‘l a%llon PI‘OCGSS TCSSUrc Snou

the cloud point isAbove the’cri n systems where monomers having three 6r more carbon

atoms are preseMt 40184vothmoteuih funpalfyriherifatibpdystienzatidtheyteiticat phinteatmot be

determined, theqthe critical Qo(ilnt shall[be d?%etﬂ/ﬁg
N a.

empetature Iess™ than In still another embodiment, the
polymerization process pressure should be between 10 and 500 MPa, or between

15 10 and 300 MPa, or between 20 and 250 MPa. Exemplary lower pressure limits
are 1, 10, 15, 18, 20, 25, and 30 MPa (0.15, 1.45, 2.18, 2.6, 2.9, 3.6, 4.4 kpsi,
respectively). Exemplary upper pressure limits are 1500, 1000, 500, 300, 250,
and 200 MPa (217, 145, 72.5, 43.5, 36.3, and 29 kpsi, respectively).

In a preferred embodiment, the polymerization occurs at a temperature

20 above the solid-fluid phase transition temperature of the polymerization system
and a pressure no lower than 5 MPa below the cloud point pressure of the
polymerization system and less than 1000 MPa, preferably no lower than 4 MPa
below the cloud point pressure, preferably no lower than 3 MPa below the cloud
point pressure, preferably no lower than 2 MPa below the cloud point pressure,

25 preferably no lower than 1 MPa below the cloud point pressure.

In certain embodiments, polymerization is performed in a supercritical
polymerization system. In such embodiments, the reaction pressure is above the
critical the pressure of the polymerization system. In some embodiments, some
or all reactors operate at homogeneous supercritical polymerization conditions

30 Said homogeneous supercritical polymerizations of the in-line blending processes



be at 60C and 4.6 MPa. In certain embodiments, the polymerization is performed in a supercritical
polymerization system. In such embodiments, the reaction temperature is above the critical
temperature gighgopeiyaagrization system. In some embodiments, 10 sompef,adhigagiesgsoperate at
homogeneous supercritical polymerization conditions Said homogeneous supercritical polymerizations
of the in-line blending processes disclosed herein may be carried out at the following temperatures. In
one embodiment, the temperature is above the solid-fluid phase transition temperature of the
polymer-containing fluid reaction medium at the 15 reactor pressure or at least 5C above the
solid-fluid phase transition temperature of the polyrﬁéig-éontaining fluid reaction medium at the reactor
pressure, or at legst 10C above the solid-fluid phase transformation point of the polymer-containing
fluid reaction meGhHIRSEHHE TUREIDY Breulrd. dH 4 SHicP LPBBRRENE the (inOURSRTA above the
cloud point of thesingleiphasepilvidsieatirnimadibrmlingdtbeckeactcRiesshEifnG b more above
the cloud point of the fluid reaction medium at the reactor pressure, In yet another embodiment, the
temperature is bERTEN ) ohlP 3401 HBEARIER 65 an 220 BRAIERS 7 Sk 28HE, '5Between 80
and 250C. In onéoerabtdimeatihetirapetaibibsc sabiven e GUre6f BQ, [Ry95:-d8aihlk) or 120 C. In
another embodi e%he temE%er turetis below 359, 25 250, 240, 2[50, 2@0, ?Mrlﬁ 0 C. In another
embodinment, the KR ﬁﬁ@gpa?uttgefsr%g% R S S e R G S 41& B8lymerization
system or betweér Sloaddpdnld Gf, ihetvlaeh @Acsind 258iumbetwrenciOtand2porainay bétween 80 and
250 C. In yet anoth?{1 emb%di ent,[t e cloud Po'mt tetmlgerap rei %01‘0&50’ 60, 70,@0, 90, 95, 100,
110, or 120 C. It BRINSEFRRSHES 15 BiesBRdteRY e ou%flssm P ebstiFsTs 8etB% 350, 250,
240, 230, 220, 2300 M2Qdhetween 20 andr2sérMBlac mboakinfient, thepalyimeiizétior oeclfs at a
pressure no lower.t soljd-fluid phase transition pressure of th | -containjng Sfluid
reaction mediumelgt%g ggg{o?@e%%r%%ogﬁeré%ﬁ aer;I/),r But o Sﬁbrrgﬁ?ﬁxgi %@gtegég’gr@%sures, are
betweend MPa @3.0,5ki) teiBQ0 M Raoth2r Idpsi thandombpeiparicsdartyibdimeem 1 0ial (0.15 kpsi)
and 300 MPa (4 éﬁ) i), In.one empodi polymerizati r essure should be no lower
than the solid L SALZE Ha b e B e R e s o iR aon syster
at the reactor terfiperathcecldndipothepersbedisndnty ¢h) poyrieri2ation Jirddéss presdlingeshould be no
lower than 10 MPa below the cloud paint of the fluid polymerization,system at th or temperature
and less than 158@%?5;& Vr]{lsttﬁ? gﬁr%% ?lgm%ﬁ%%ﬁtg?ll]xewpqoﬁéﬁﬂgqga géi %?gtgrsg({)@rgﬁs&re should be
between 10 and 500 MPhg oprbetsseenofl 319 amciBth MPelcobhetwarn 20 andl@se MRal Exemplary
lower pressure limits are 1..10, 15,.18, 20, 25.and 30 Pa%%g.m 1.45 2.18, 2.6, 2.9,.3.6, 4.4 kpsi,
respecivaly). ExA e isudth henul R MR R PSRt Fhoa (217, 1as
72.5, 43.5, 36.3, antt2blikpdiovespeclivelyoint aptiefgrobanenthodimmeandjtive pblymerizdiveh occurs at a
temperature 20 ve th i%—f%u' se fransitio eratur t ization system and a
pressure no Iowe%%%a%xios%ﬂiga e gbvtﬁ?e& C%’E pﬁo%t%ﬁ{s%%?eggé rt%e% %gf?/er?]%?zr%?i%énus%/s%regm and less
than 1000 MPa, phefergdblyriivdbpeintharhd Mbigabeisssthe ald wdipoihtqmestsives pfefdialdy no lower
than 3 MPa beloy e, cland aoint sisiitsy RrEieiahlynn Iae! hana MaaRRIoy gigud poin

pressure, 25preferably no lower‘than 1 M elow the cloud point pressure.
20 monomer. Thus, a supercritical polymerization medium is in the state where the

polymerization medium is present at a temperature and pressure above the critical
temperature and critical pressure of the medium, respectively. All
polymerizations described herein are typically performed at a temperature at or
above the supercritical temperature of the polymerization system. Alternately, all

25 polymerizations described herein are typically performed at a pressure at or above
the supercritical pressure of the polymerization system.  Alternately, all
polymerizations described herein are typically performed at a temperature and
pressure at or above the supercritical temperature and pressure of the
polymerization system.

30 In some embodiments, one or more optional comonomers, diluents, or



In certain embodiments, polymerization is performed in a supercritical polymerization system. In such
embodiments, the reaction pressure is above the critical the pressure of the polymerization system. In
some embodiesnis/eaLge or all reactors operate at homogeneous superchiiga; PRV gsiation
conditions 30Said homogeneous supercritical polymerizations of the in-line blending processes - 18-
disclosed herein may be carried out at the following pressures. The supercritical polymerization
process of the in-line blending processes disclosed herein may be carried out at the following
pressures. In one embodiment, the pressure is no lower than the crystallization phase transition
pressure of the polymer-containing 5 fluid reaction mhédium at the reactor temperature or no lower
than 5 MPa below the cloud point of the fluid reaction medium at the reactor temperature. In another
embodiment, theoﬁ}%rsgcﬂ} Q6T oA g BB BBy Oélgd‘@gbt OBYBErween 20 and
250 MPa. In oneldiintthepipssuieris atDvehdOf1hhis1&cB0nddifprtdd Mida'dreanathesifierm, the
pressure is below 1500, 500, 300, 10 250, or 200 MPa. In another form, the cloud point pressure is
between 10 and B e 1B S SOEMBAST BERNBEN L EndBEE MPRTIFYEE another
form, the cloud paifiptessure isupbryidd), stiic 2 M2y, 3 dviitamkr stil y etian dthiels fereh, the cloud
point pressure is eIowéLéF O,%OO, 00, 2‘% , Or zog Pa. The processes ﬁf this inve ti%n preferably
occur in 4 denseifid 1% By e riBatisn REETIM, B&terbiyifa HSmBgERe 808 HolfméMzation
medium, preferapblyahaveatioe aledidppoundoidhe palymbszationmmediperatirsupgiiakticahsiate exists for

a substance when the substance's temperature and pressure are above jts critical point. The critical
pressure and crittAF GriBEPSHLTE BFAHIE G5 RaeTodrsy RS TR RUMHACAR SHIISH i, such as a
diluent or anotheis gsnianander.pdbhuscrzstipergritieal polgmetizatidessn pdifemabisyig the/si@te where the
polymerization medium i sent at a temperature. and pressure above the critical temperature and
critical pressurenljefg% rren%pl{f:? , r‘é’?é’e% ﬁ/ees y_PA#%‘%@%%%&&‘{%%S%&%&{S& ﬁei@?ﬁgfe%y%ﬁcally
performed at a téeperafitiedlatani0 b olreathehsu perteniticht idrhieraiuretiofi the ipgiyseatizatien system.

Alternately, all 25polymerizations described.herein are typically perform a pressure at or above
tne supertritcal [oLalritoP I Boerb S et AN KR i ot et ot Sesoribe
herein are typicafisefeeatdymet at’a éehpe aticeably pre$sordeas prefdyobly théd%upercritical temperature
and pressure of the polymerizglion sysiem 20In some embadiments. one.oLmers ptiona
comonomers, diluents, or - PG “bther fuids arc present in the po ymeﬁzgﬁ%n mediu a?ong with the
monomer. Diluensssteomtromens;dicdl gihiet dlibls pdgmenadifyntkestomdiatsarbibadipleast; |and hence,
alter the pressurgztemperature regime within whi articul ium is.in a supercritical state.
Dilyente momonoc e e e Ao R e B SR EeE e cioua
point) of the polypoerizptiderahbditiasand flenbeyalter tieeprissuestenpefatalry rediase 3ithin which a
particular mediu 'sd ingle-ph ed.ing %{?r g:%@ po ' entyst Ig e is.pres nt .ﬂ {hei
polymerization srj?teﬁléggf %é)\?v%% gl;l{{eggs? érefeéaebfy% Wt A)q(é)rglles%,tgre?eorva?btl@% l\%e‘%éotr ?gss, preferably
at 4 wt% or less,poreferably 2 wt % or 10 less preferably at 0%. In another preferred embodiment,

ethylene is present in t%geege%élo vsgogg V_\%[lggg& gé%ﬁ%{rge}gxt%

%.Qsss, B{efe%yﬁ 1% or less,
preferably at 4 wt% or less, preferably % or | era f{;‘at}g‘%. In a prefe reagveembodiment,

the cloud@point opehensoizerien zatidinmsystesmis aysieanthevsup dvaritiodl podfitroblheopbiyiwerization
system, preferab&:@e@aﬂ Lertain embodiments, the two phases are two fluid phases and are
referenced as a “first phase” and a “second phase.” In certain embodiments, the
first phase is or includes a “monomer phase,” which includes monomers and may
also include solvent and some of the product of polymerization. Preferably,
25 however, the monomer phase is essentially free of the polymer product. In
propylene polymerization, the monomer phase can be referred to as the
“propylene phase.” In certain embodiments, the second phase is or includes the
polymeric product but also typically includes some other parts of the
polymerization system, such as the monomers, inert solvents/diluents, etc. None

30 of the parts of the catalyst system are considered to be part of the polymerization



15 C above the supercritical point, preferably at least 10 C above the supercritical point, preferably at
least 15 C above the supercritical point, preferably at least 30 C above the supercritical point,
preferably atygsshda fesabove the supercritical point. The terms "two-phasg@olnrHAating System or
"two-phase 20 polymerization medium" mean a system having two and, preferably, only two phases.
In certain embodiments, the two phases are two fluid phases and are referenced as a "first phase" and
a "second phase." In certain embodiments, the first phase is or includes a "monomer phase," which
includes monomers and may also include solvent and some of the product of polymerization.
Preferably, 25 however, the monomer phase is eségﬂtially free of the polymer product. In propylene

polymerization, the monomer phase can be referred to as the "propylene phase.” In certain
bmbodiments, the SEELRFAEAHIST THORTIELHHRS BERIHbI ik A 5B Acludes some

other parts of thapgbmetiddbdmiysie Fereichassthe monamprs, ipsksalyeris/dduentsgetc. None
300f the parts of the catalyst system are considered to be part of the polymerization - 20 - system and
the catalyst systéﬁ?%%e%ecﬂ%ééﬁt in%)%ﬂﬂ‘@fé ﬁ?i‘td:lﬁ?]tas% ténﬁaﬁht%%egp igd ik Mnbotitdents, certain
parts of the catalyslysysieai@aniit solidoledd , suppordeth catalygts. Mldophinsolid watadysts can be
applied if so desired, polymerization. with dissglved catalysts in a single fluid.phase.is typically
Sacvanteiyeous ARSI Sldlbrifiodt Bt MR TR LAy PR tag BB M S g
embodiments seleeniteztemperature and pressure so that the polymer produced in the reaction and
the low molecular weight com%oge%ts oftthe %ollyrtr}]lerization s\)éstem éhat solvate it r ngam
homogeneous, prefera PbovR NGB e Rtish MedtihE ddid apnomPl@aeﬁﬂ%ebg\?e & sofid-fluid phase
transition point withytinat peddioeed Qther sxbodimehticsalechibleddmpecathre@npoprassufe so that the

reaction medlumtﬁemaélqps su (tarcrltlcal,nglfllt1 aatttsféllear1 ssure bel%vg the é)olg/mer's IOHF %%lnt in the

. . € _poLymerization Sys ¢ 1t remai mo cous, preiera Ve .
partlcular reaction nPe um. IS regu S In a two-pnhase reaction m%dllum: poﬁ/m -I’IC% ﬁUId phase

and a palymer-lethn ftaidiphaselivi's Koahpadimeadhtdivatthee dla dvidh plpetytmasisictopel mpoint
preferably operate.t%bggte t eHQé)Iy ers SO id-fluid hs%feectt{ﬁm ition tem er?fture. Amonglotther things

this has the benétfit of av P?ﬁg fou mdc.rﬂﬁhggldﬁelﬁglymenza ion &an be &Ial drmed mfdid phase below

the cloud point oftthecpdipmeridationsystensuhomagehcotsoperations tovwetbheclpmdrjsoint in a
single fluid phasearg typically 2padvantaneous oy Ysefildiuals for e i the,present invention
include one or more of Ca- C24 aﬁkgnes, such as ethane, propane, n-bu ane, i?butan%, n-pentane,
i-pentane, n-hexarwetinmxechexamn es|ymixedcbdiant sheyctodenpehenoytiah 8xahghete., Alhgle-ring

aromatis, such g glens. and yenes, n some smbederts e el PSsomprises, gne or more

cm 1 Ve . .
of ethane, propane, butane, isobutane, Isopentane, and hexanes. In any e iment described herein

the diluent may bbereoysctmn'lesoﬁd-ﬂdidﬁtiﬂmm mmﬁmimummmd.nmgmtwcmﬁtgwmbarafﬂns,
e o A R IR SR SOTSIIR PR 2
fluid phase below the cloud point of the polymerization system, homogeneous
operations above the cloud point in a single fluid phase are typically
20 advantageous.
Useful diluents for use in the present invention include one or more of C,-
C,4 alkanes, such as ethane, propane, n-butane, i-butane, n-pentane, i-pentane, n-
hexane, mixed hexanes, mixed octanes, cyclopentane, cyclohexane, etc., single-
ring aromatics, such as toluene and xylenes. In some embodiments the diluent
25 comprises one or more of ethane, propane, butane, isobutane, isopentane, and
hexanes. In any embodiment described herein the diluent may be recyclable.
Additional useful diluents also include Cs4 to C;so isoparaffins, preferably
C4 to Cyq isoparaffins, preferably C4 to C,s isoparaffins, more preferably C, to

Cyo isoparaffins. By isoparaffin is meant that the paraffin chains possess C; to Cyo

30 alkyl branching along at least a portion of each paraffin chain. More particularly,



30alkyl branching along at least a portion of each paraffin chain. More particularly, -21 - the
isoparaffins are saturated aliphatic hydrocarbons whose molecules have at least one carbon atom
bonded to atygashdkiesseiher carbon atoms or at least one side chain (i.e. pp-RQssI6sE7%INg one or
more tertiary or quaternary carbon atoms), and preferably wherein the total number of carbon atoms
per molecule is 5 in the range between 6 to 50, and between 10 and 24 in another embodiment, and
from 10 to 15 in yet another embodiment. Various isomers of each carbon number will typically be
present. The isoparaffins may also include cycloparaffins with branched side chains, generally as a
minor component of the isoparaffin. Preferably, the'&én'sity (ASTM 4052, 15.6/15.6 C) of these 0
isoparaffins ranges from 0.65 to 0.83 g/cm% the pour pgint is -40 "C or less, preferably -50 C or less,
the viscosity (ASTRINHBISRER &5, GRSt SHGTASE o HEQS TR BV PGS S G Bheights in the

range of 100 to 364k dmotafiometshitbliddsapardtiestare: camemertialy @viallable lwadesiihe tradename
ISOPAR (ExxonMobil Chegﬂcal Conlpar)])e/, Houston TX), and are described in, for 15 example, US
6,197,285, 3,818 654l 44307088 SEHIF SRS ARG PL S TEE AR SRHENARIEhafins. Other
suitable isoparaffisnayecaatspretumitigreint@uaitabietaindenibedf ads namen SELEOL(y Shell),
SOLTROL (by Cheyron Phillips) and SASOL Sasol Limited). SHELLSOL js a product . of the Royal
atch/Sigl Grod B CERPATRECHS: BinEie BHATER! Ao BOREL B S S8, SoLTROL
is a product of Chextor)Philligsi€hemicaltkisd. dohhdditrexamplarod Tdeér?20 daokingrpomt =
233-280C). SASOL is a prcl)ﬁlu%t aof %f;\so Limited Johafﬁesbur e _Puth Africar%llsforex?m le SASOL

LPA-210, SASOLY ftr)om’ng pé’ﬁ%{;a: %3 5\27%63.6% another EMBGHIMEn"dge 8i|ﬁlé?1flsd hclude C4 to
C25 n-paraffins, c8lqrafeiablywiy boatichadsphr affinss, prefatdlyya CatonGi bonparadiing thaving less
than 0.1 wt %, preferably less than 0.01 wt % aromatj m itahle n-pargffins are commercially
available under theRT&t gﬁamsgrﬁ%%m%ﬁx%%sﬁ%béﬁ%@%ni@%oﬂr:lgpga@?ﬂé?iié st8fr?1r?5?§’,eand are sold
commeraially as iNQRPHR serigss o ouparasfins 08 agatinér tmipodinpeiitprefafréd dilukssts include

dearomaticized 3Qaliphatic ocarbon,comprisi IXtyre. o 1al.paraffins, jsoparaffins and - 22
- cycloparaffins. Rr%?gg%’ t'hgg/ggroeraéeﬁsﬂg Sréb%%@@r%éﬁ%é%ﬁ@% %é&&%@fﬁ@ﬁnd
cycloparaffins, péfétahlyl@xtovGigs praferdilyEisit @lthe Tavey 06mtdino\dY dgdmolevidsiof aromatic

hydrocarbons, preferably less than 0.1, preferably less t(:l 0.01, argmatic .Suita(?%%%(/gl omatized
alphatic. 5 hydh oLt Sha e o Ao ey T R SRR vobi
Chemical Compdhyxéiddston ThSmand diengsioycomgrcialiXas X X80 dseribsbfidedpomaticized

aliphatic hydrocarbons n r.e iment the dj omprises up to 20 weight % of
oligomerlsgl of C6 10 a@CIEI}LSJ&)Igflénséa’la?r?c}i orsdlirg’gr%%@?ofaﬁraegf%ﬁﬁ%é haél\%nsgo t6 14" ircglgg?%gﬁ atoms,
more preferably 8{PYRcsehondtomsraitns. peferabiytdll) c adpméiomsrbalding enkimeondtic viscosity

deteimined by ALTH B oo e S R Il o 20
weight % of 15 dligbiporenst ©£280b G580 plakatits]) pElabROCAS 1p@L000sha ey apreferably
e S R 0 e L e e s
1-undec&he and26¢iédeEMeTROEN ligopiedscarefcéimmrercidhjl hpsiahtaasSEE dit $aperSyn
PAO's (BExxonMaQil ;e SOLTROL 220 (boiling point = 233-280°C). SASOL is a product of
Sasol Limited (Johannesburg, South Africa), for example SASOL LPA-210,
SASOL-47 (boiling point = 238-274°C).
In another embodiment, useful diluents include C; to C,s n-paraffins,
25 preferably C4 to Cy n-paraffins, preferably C4 to C;s n-paraffins having less than
0.1 wt %, preferably less than 0.01 wt % aromatics. Some suitable n-paraffins are
commercially available under the tradename NORPAR (ExxonMobil Chemical
Company, Houston TX), and are sold commercially as NORPAR series of n-

paraffins. In another embodiment preferred diluents include dearomaticized

30 aliphatic hydrocarbon comprising a mixture of normal paraffins, isoparaffins and



20Chemical Company, Houston TX). Other useful oligomers include those sold under the tradcnames
SynfluidTM available from ChevronPhillips Chemical Co. in Pasedcna Texas, DurasynTM available

from BP Amgeg Sebgipizgls in London England, Nexbaserm available from oty @ilagdgsas in
Finland, Synton available from Crompton Corporation in Middlebury C'N, USA, EMERY 1m

25available from Cognis Corporation in Ohio, USA. In another embodiment, the diluent comprises
a fluorinated hydrocarbon. Preferred fluorocarbons for use in this invention include perfluorocarbons
("PFC" or "PFC's") and or hydrofluorocarbons ("HFC or "HFC's"),collectively referred to as
"fluorinated hydrocarbons" or "fluorocarbons" ("FC™" 3r7"'FC's"). 30Fluorocarbons are defined to be
compounds consisting e%sfentiall%( of aiijYea t one - 23 - carbon aé?‘rrt] a%déat least one fluorine atom,

u d Londi

and optionally hyBfogRHBI(s) WisaraubtoEdSoR [ Ebmpo SHHGESLBRIEM of carbon
atom and fluoringsaparffanchirclydesp iesraxampitclatgardranchg bastayolie, GttoGA hey
perfluoroalkanes. A hydrofluorocarbon is a compound consisting essentially of 5 carbgn, fluorine and
rogen. profefi R SISt 17585 fup LBt B e B CoEAVE MHer S, tolan integer
from 1 to 40, altesredtedplfrortess toty ai@rnatelynieeics 1 to 0itaternasetyrirained taliphalternately from
1 to 6, alternately from 2 to 20 alternaﬁgﬁ/ from 3 to lg Iternitely from 3 t0 6, mg%%%érseé rably from 1
to 3, whetein y iS4 RSB rdise FIRIACEY Uial Y816 MR d W1 08 RS Ast one, more
preferably, y and Exaxn MtdgeGhamital @aapane. Farspir pOsgsaali this vovérbamanddte adaims thereto,
the terms hydrof 58 bon.and fluorocarbon (90 n?lt in Iuge chlorofluorocarbons. In one

e

embodiment, a miXture o %‘?ﬁlgfsoocfa BER AT S TS p¥ B85 the invention, preferably a mixture

of a perfluorinated hydrbcattoincarddodnbydrhiiudiacarbwm@idsngretpreterabiyha Plixdtire of a

hydrofluorocarbons. In yet tf{er ml?‘? iment, the hydrofluorgcarbon is balanced or upbalanced in
the number of IR0 Radh e IR HER AR RURSTIRI ) SLaih SIS0 HPachiBort usetulin
this invertion inctadeamnyoofstheditcprotanbbns listé2l airpaget@hdimeoid pofeagd 660 lvaeb3d of 20

W02006/009976. In addition to, those fluorocarbo escribec@serein th efé described in
Raymond will, o010 CEH R SRl e B B s oy 1 Edhca
Economics HandkadlpsRldbte hradionalyisqarit2 G0ds sy isafudisténoorgbbatdd Tistdr2By Geference,
are included. 25In B ther greferred embodiment, the fluorocarbon(s) used in the process of the

) . of? § ]prrn {e. - . ) .

invention are selected from the group consisting of difluoromethane, trifluoromethanc,

1,1-difluorocthanc, 1,1,1ntriflatroethebelisnedt 1tis 1 Rhutetr aftugpoethame @ndhixtuks thevéof
In one p?srtiCUIarlglpgro%%{*gegf eé?ob%d@?o(? tpe}r%? 1n%[npr1r*]e e(I:‘:Eil '1';¥ é}’é" jtloagﬁ)oo paraffins, preferably
Cso to Cysg paraffins, preferably Csg to Csgo paraffins. In another embodiment the
diluent comprises up to 20 weight % of oligomers of 1-pentene, 1-hexene, 1-
heptene, 1-octene, 1-nonene, 1-decene, l-undecene and 1-dodecene. Such
oligomers are commercially available as SHF and SuperSyn PAO's (ExxonMobil
20 Chemical Company, Houston TX). Other useful oligomers include those sold
under the tradenames Synfluid™ available from ChevronPhillips Chemical Co. in
Pasedena Texas, Durasyn™ available from BP Amoco Chemicals in London
England, Nexbase™ available from Fortum Oil and Gas in Finland, Synton™
available from Crompton Corporation in Middlebury CN, USA, EMERY™
25 available from Cognis Corporation in Ohio, USA.
In another embodiment, the diluent comprises a fluorinated hydrocarbon.
Preferred fluorocarbons for use in this invention include perfluorocarbons ("PFC"
or "PFC's") and or hydrofluorocarbons ("HFC" or "HFC's"),collectively referred
to as "fluorinated hydrocarbons" or "fluorocarbons" ("FC" or "FC's").

30 Fluorocarbons are defined to be compounds consisting essentially of at least one



30fluorocarbons useful in the process of the invention include HFC-236fa having - 24 - the chemical
name 1,1,1,3,3,3-hexafluoropropane, HFC-134a having the chemical name 1,1,1,2-tetrafluoroethane,

HFC-245fa hggngoiiesddgmical name 1,1,1,3,3- Pentafluo ropropane, H FE-3a23f57aaying the
chemical namel,1,1,3,3- pentafluorobutane, R-318 having the chemical name octafluorocyclobutane,

and 5HFC-43-10mee having the chemical name 2,3-dihydrodecafluoropentane. In another
embodiment, the fluorocarbon is not a perfluorinated C4 to CIO alkane. In another embodiment, the
fluorocarbon is not perfluorodecalin, perfluoroheptang, perfluorohexane, perfluoromethylcyclohexane,
perfluorooctane, perfluoro-l,3-dimethylcyclohexané,2§e'rfluorononane, or perfluorotoluene. In 10

another embodiment the fluor]%?ar on is pregﬁfepnt at more than 1 weight %, based up gt e weight of
the fluorocarbon AP ARVPRYARSCEEN SOR AHEBRESEREI b GRIRARYY JRAIEREEH BB Lr than 3 weight

%, preferably greri€itacufbureighickmpreiaradlyigieatsrdhadlly viaighioboatpreteraltiyogreater than 10
weight 'Yo, preferably greater than 15 weight ‘N, 15In some embaodiments, the fluorocarpons arc
preferably preseAtoitha olﬁﬁgﬁ‘géﬁf)ﬂ regmesyg?gm a I@Dcnﬁl‘% VIiume s, Basel® ubdh the volume

of the system, predeiiablydikeniyoracaydertiuarecpresend atddrigdéhdalumBtig Rstatably 6fto 5 volume
%, preferably 0 to 1 volume %. With regard to the polymerization system, preferre gilu nts and
ohvents S0are (RED AT AU H G 1n Bl G T GG B0 e oation
components at tHerpalymerizatjontiietiperaiuesmagipfessuras. 40, aksrmenjidned aho\d, the
polymerization processes descrihed herein are preferably run under homogeneous. c n(gtions. This
characteristic prg\%gggtgl?ovfggpp?eg u?é’a%&e{lé?nep%rgﬁ e }irrtfi)t trbat %lg Iéllrarﬁelﬁ’er%ﬁ)gl cllou?a oint of the
system. 25 Temgenaibutetyaficnprss 2@ dteradsaychiosirdined @mnttenapbe fiend 3Toeouppst temperature

range is the decomposijtijon or ceiling temperature of.polypropylene. Thermal catalyst decomposition
150 often providbe NeD BTactat G T A e R BEr A AT eow the ceiling
temperatore of palyjprogyiené at-12%:t one, hiseppdetadthatady temperatirerdagkcanixe combined
with any pressure range, provided that the chosen temperature and pressure are such that the
reaction mediuml(gi%rab%l\l/iﬁg?tsgscritolgaIh[gl‘%)sint%11?17gmltlaf':lslgléveaf%éJ clto%ﬁd 50%1%1 or%vﬁv?trﬁltﬂ’loﬁf\ﬁPée%e cloud

point). PreferabhhyderSeleotadbpolymddiirationtzondhitiorisnclude chlorofluorocarbons.
In one embodiment, a mixture of fluorocarbons are used in the process of
the invention, preferably a mixture of a perfluorinated hydrocarbon and a

15 hydrofluorocarbon, and more preferably a mixture of a hydrofluorocarbons. In
yet another embodiment, the hydrofluorocarbon is balanced or unbalanced in the
number of fluorine atoms in the HFC used.

Non-limiting examples of fluorocarbons useful in this invention include
any of the fluorocarbons listed at page 65 line 10 to page 66, line 31 of

20 WO02006/009976. In addition to those fluorocarbons described herein, those
fluorocarbons described in Raymond Will, et. al., CEH Marketing Report,
Fluorocarbons, Pages 1- 133, by the Chemical Economics Handbook-SRI
International, April 2001, which is fully incorporated herein by reference, are
included.

25 In another preferred embodiment, the fluorocarbon(s) used in the process
of the invention are selected from the group consisting of difluoromethane,
trifluoromethane, 1,1-difluoroethane, 1,1,1-trifluoroethane, and 1,1,1,2-
tetrafluoroethane and mixtures thereof.

In one particularly preferred embodiment, the commercially available

30 fluorocarbons useful in the process of the invention include HFC-236fa having



5 form a single supercritical fluid phase. Advantageously, the reaction medium has a density of 300
kg/m-' or more, preferably 350 kg/m3 or more, preferably 400 kg/M3 or more. Monomers OThe

process desgyigeg)Rgrelascan be used to polymerize any monomer having sRe 2009485348
(non-conjugated) aliphatic double bond(s) and two or more carbon atoms. Preferred monomers

include a-olefins, such as ethylene, propylene, butene-1, hexene-1, octene-1, and decene-1,
substituted olefins, such as styrene, vinylcyclohexane, etc., non-conjugated dienes, such as
15v-inylcyclohexene, etc., a.,(1)-dienes, such as 1,5-hexadiene, 1,7-octadiene, etc., cycloolefins, such
as cyclopentene, cyclohexcne, etc., norbornene, andtie like. In a preferred embodiment the

rocesees of e RO e o7 1 olelge any ety o o menennrs, Prfeed
20prefe rably Cl tﬁ)aﬁ_aBOl glﬂfm&tmﬂi@[rabdyaﬁ_‘é, tHlQl—Zétﬂ@f insviky stnehembadimants, preiesr ed_
prefoably C3 to CAOUBIBLOIBHNG, DRIy 5 () CHD pHE ORI BIel By Bl 20
alpha-olefins, prefanabliyotoBiafe] R & phaaoiefinse Rhefeirschatedinfmdhoreysiobayabe, ang or more of
ropiens. berl CoREone AT PR e e e e
another embodiment thim pabthee cpiadiced: hdrefhsa adpolismer Op afie@inededinear o branched C
to _CBO prochirgl a qla-qle Iilns or, 5rton[1 3 iﬂp%tcotrﬁtai 'n&glgjﬁn% or cgn"tlbinz%\Honrs heg[egf capable of
being polymerize yeelther saélgteFeogp%S%m nd no -rf;ff’éregspé)mflcs ca?al%ets.Wr(? ffal"as used
herein, refers to perfluoroheptane, perfluorohexane, perfluoromethylcyclohexane, perfluorooctane,
perfluoro-1,3-dimethylcyclohexane, perfluorononane, or perfluorotoluene. In
10 another embodiment the fluorocarbon is present at more than 1 weight %, based
upon the weight of the fluorocarbon and any hydrocarbon solvent present in the
reactor, preferably greater than 3 weight %, preferably greater than 5 weight %,
preferably greater than 7 weight %, preferably greater than 10 weight %,
preferably greater than 15 weight %.
15 In some embodiments, the fluorocarbons are preferably present in the
polymerization reaction system at 0 to 20 volume %, based upon the volume of
the system, preferably the fluorocarbons are present at 0 to 10 volume %,
preferably 0 to 5 volume %, preferably 0 to 1 volume %.
With regard to the polymerization system, preferred diluents and solvents
20 are those that are soluble in and inert to the monomer and any other
polymerization components at the polymerization temperatures and pressures.
As mentioned above, the polymerization processes described herein are
preferably run under homogeneous conditions. This characteristic provides a
lower pressure and temperature limit that determine the cloud point of the system.
25 Temperature and pressure are also constrained on the upper end. The upper
temperature range is the decomposition or ceiling temperature of polypropylene.
Thermal catalyst decomposition also often provides another practical upper limit

for polymerization temperature that is below the ceiling temperature of

polypropylene.



- 26 - monomers that favor the formation of isotactic or syndiotactic polymer when polymerized using
stereospecific catalyst(s). Preferred monomers may also include aromatic-group-containing
monomers coibainiga-desio 30 carbon atoms. Suitable aromatic-group-conjgipig,ea6¥iqEners
comprise at least one aromatic structure, preferably from one to three, more preferably a phenyl,
indenyl, fluorenyl, or naphthyl moiety. The aromaticgroup-containing monomer further comprises at
least one polymerizable double bond such that after polymerization, the aromatic structure will be
pendant from the polymer backbone. The aromatic-%s(()jup containing monomer may further be 10
substituted with one or more hydrocarbyl groups inctuding but not limited to C1 to C10 alkyl groups.
Additionally two adjacent substitutions may be joined to form a ring structure, Preferred
aromatic-group-containthd nSRERTsRntah LPTBSEWiie aP8SHE StructTpditled™ a
polymerizable olgfinisiraqistye, pasticddariiprete oied ar amnglicananandesteischddecsiytdn@at
alpha-methylstyrene, 15para-alkylstyrenes, vinyltolyenes, vinylnaphthalene, allyl benzene, and indene,
capecially SyreneSEHE R LRaNaoor BB A BAACG BEHPBREO (R Wbt cyci
group containinglmonpinef sharelalgbppiatar ek (fhese thordaess palymotitativt éadtoparbon atoms.
Suitable non-aromatic cyclic group containing monomers prefera Iyﬁ;%alve at least gne polymerizable
20 olefints oroup B IS BRI HEr o SHLEAEGI pt B L Qe The
cyclic structure naajeasag lo€ fohaysdkstituied pyetunebbr B3orkdiydrocaibyd, gradgaldyctoas, but not
limited to, CI to 19 alk}llngproups. Preferred non-aromatic cyclic group containing monomers include
vinylcyclohexane,gvﬂl]yi)cyc Sfiexene, vinylnorbornene, ethylidene norbornene, cyclopentadiene,
25cyclopentene, cyclohexene, cyclobutene, vinyladamantane, norbornene, and the like. Preferred
diolefin monomeys useful in this invention include any hydrocarbon structure, preferably C4 to CtO,
having at least two dnsettrated - 27 - further preferred that the diolefin monomers be selected from
alpha, omega-dienc mohiamerts{se desevibyd rharomens )bdaoreal pre ferbilyritheatiplefonan@nomers are
linear di-vinyl mgnomers, most preferably those cqntaining fr, 0 30 carbgn atoms. Examples of
preferred dienes NGS5 thdiBe BONERHA R AbEIETAGS, o b R e Bt adtene,
decadiene, undecatienatdadecabiefverctiid@oadiens, tetiade cadibrteyspenteddecadidrydsne,
hexadecadiene, heptadecadiene, octadecadiene, nonadecadiene, icosadiene, heneicosadiene,
dosasaciene, 1idt e MU ST, A Qe R T ISR Wi e
octacosadiene, nonasgsadicnejitiyhgemadience, patticulany prefegaddiedescd,0 infhde as
1,6-heptadiene, 1,7-octadicne, 1,8-nonadiepe, 1,9-decadi 1,10- undecadieng, 1,11-dodecadiene,
12 riccadion B Lo A g e e oo S b bR i fEss than 1000
g/mol). Preferreccyyichidedienesdmnehudelopelspentadiphexsinyinoriborhemepaodthatilene, ethylidene
e e P ERIRSUAG P U L0 PRI TR RIS IR e without

substituents at various ring positions.

polymerize any unsaturated monomer or monomers. Preferred monomers include
C; to Cigo olefins, preferably C, to Cg olefins, preferably C; to Cao olefins
20 preferably C; to Cy olefins, preferably C; to Cy; olefins. In some embodiments
preferred monomers include linear, branched or cyclic alpha-olefins, preferably
C; to Cyg alpha-olefins, preferably C; to Cgg alpha-olefins, preferably C; to Cyg
alpha-olefins preferably C; to Cy alpha-olefins, preferably C; to C,, alpha-
olefins. Preferred olefin monomers may be one or more of propylene, butene,
25 pentene, hexene, heptene, octene, nonene, decene, dodecene, 4-methyl-pentene-1,

3-methyl pentene-1, 3,5,5-trimethyl hexene 1, and 5-ethyl-1-nonene.
In another embodiment the polymer produced herein is a copolymer of
one or more linear or branched Cs to Csg prochiral alpha-olefins or Cs to Cs ring
containing olefins or combinations thereof capable of being polymerized by either

30 stereospecific and non-stereospecific catalysts. Prochiral, as used herein, refers to



Non-limiting examples of preferred polar unsaturated monomers include 6-nitro-1 -hexene,
N-methylallylamine, N-allylcyclopentylamine, N-allylhexylamine, methyl vinyl ketone, ethyl vinyl ketone,
5-hexen-2-0Ree a6ty isS- norbomene, 7-syn methoxymethy1-5-norbornegrg79680 H659ieN.
2,2-dimethyl1-4- 20 pentenal, undecylenic aldehyde, 2,4-dimethy1-2,6-heptadienal, acrylic acid,
vinylacetic acid, 4-pentenoic acid, 2,2-dimethy1-4-pentenoic acid, 6-heptenoic acid,
trans-2,4-pentadienoic acid, 2,6-heptadienoic acid, nona-fluoro-1-hexene, al lyl alcohol,
7-octene-1,2-diol, 2-methyl-3-buten- 1 5-norbornene-2- carbonitrile, 5-norbornene-2-carboxaldehyde,
5-norbornene-2-carboxylic acid, 25 cis-5-norborneh%§éndo-2,3-dicarboxylic acid,
5-norbornene-2,2,-dimethanol, ¢is5-n rb(lpmene-endo:Z,3-dicarboxyl'c anhydride,
& norbornene.2- BRAETEN i HERARG! EAIErAsr e BB SRl B Rghger when
S-norbomenc-2-pelihandlcdRarhemecsdlc candybgsnene-2-yl acetate,
142-(5-norbornene-2-yl§e%1ylk ,5,7,9,11,13,15-heptlacyclogiegtylpenta%clo 9.5.1.11.9.15
15.17'11]octasiloxane, 2-30B&hzdYA 8 BrbSPAE N Qiy1'141U9% - FEPAG RO QR AR erolcin
dimethyl - 28 - agedabrinitaciengningnexisld) tazbepaxymk-osigng]claorptry:aecen@ining
1,2-epoxy5-hexene, 2-methyl-2-vin I?xirane, alléll lycidyl ether, 2F|5ct)1\”éy rofuran, 2-
oy clopenten--onB TGN RBET &Ry S, TR AR RIS B 1B O o iRStre
embodiment the frtecessksatibsarjbdedyheiiel anylayl e s doion dp inigd wee ip Moo hrorais or
copolymers. (For the pur 0Ses of this inve ti%r} and the clairtn[s thtereto a c%?olgrﬁiar ma 1comprise two,
three, four or mofe diFETERt HEnOIRE 1‘its%t srecfﬁ]inﬁ{)]ﬁfr%élrseﬁrso&?ge%o H’er i it c?u%%u gmopolymers
or copolymers ofbanyg seidhehabefter polyarmerstibn,ahe aorbadimenttitevpdecisahiormapolymer of
any C3 to C12 alpha-qglefin. In another. embodiment, the polymer 10 is a homo er or co-polymer
ot sthylene. ProfSaBR TR A NE e 4 ToATSERDAPof SRAIENe Mo Ut e e
polymeriie a copebpreuntcdmpttising praopytehedncheihlygoeppredardily themopohitadtedmprises less
than 50 weight % ethylepe, more preferably less than 40 wejght ' thylene, preferably the copolymer
comprises less ttg%mﬂ:I Sooavﬁ\fgllg%]iqwﬂ)e etf@égﬁg{n@ re“éore%ﬁ %efil{?selgbsg{%@ﬁwﬁ;sn%v%gié%l 5% é?hylene. In
another embodinfient, thengelymenis Xcdpotdnaermampisingcpropyieperandmoes amaoredf any of the
monomers listed above. In another preferred embodiment, the copolymers comprises.ope or more
Ciolefn comonoriars, SIS AaBIs g G tere TR POUCHD Aot T LAIES AN, TR preferably
C6 to C40 am-diémesul0lp ardtned preieated momoodimentltile phisamer ghpbelucethereimds a
copolymer of propyle nd ane or mare,C2 or C4 to C20 linear, hranched or cyclic monomers,
oreterabyy one of Mo ok e BSHS ibs a S E E ne
polymer producediereily isyaweppiymertiof] ptorylerferdnoybriebotemoradofl bthidenacbutene, pentene,
hexene, heptene, octe 5 , decene, dode 2 4-methyl-pentene-1, 3-m entene-1,
and 3,5,5- trimethyl heggcr)é %8&%% a?X(c)(i[ ce%i)or%]?ercr%e%(?(1 z%%@oﬁr%ggﬁﬁ%ﬁeaggp%)rﬁgm%%%éjg%uced herein
are copolymers dihssepylemensrt e toohGivt%p obadbmobomepiiprefSrabihlemon-8rontdtipreferably up
to 6 wt%, prefer up % fer 0 9 e 9 ably up to 2
Wi%6), based up g&%&g %@‘gﬂh\{%ﬁﬁ%{@gﬁg%%& ¥ 1 ORFCICIPRY R IR PAVHRe RIEIR!

20 olefinic group that is either pendant on the cyclic structure or is part of the cyclic

structure. The cyclic structure may also be further substituted by one or more

hydrocarbyl groups such as, but not limited to, C; to Cy, alkyl groups. Preferred

non-aromatic cyclic group containing monomers include vinylcyclohexane,

vinylcyclohexene, vinylnorbornene, ethylidene norbornene, cyclopentadiene,

25 cyclopentene, cyclohexene, cyclobutene, vinyladamantane, norbornene, and the
like.

Preferred diolefin monomers useful in this invention include any

hydrocarbon structure, preferably C, to Csp, having at least two unsaturated

bonds, wherein at least two of the unsaturated bonds are readily incorporated into

30 a polymer by either a stereospecific or a non-stereospecific catalyst(s). It is



copolymer. In another preferred embodiment the polymer is a copolymer of propylene and up to 10
wt% (preferably up to 8 wt%, preferably up to 6 wt%, preferably up to 5 wt%, preferably up to 4 wt%,

preferably uRyg SHsidsedEeferably up to 2 wt%) of a comonomer selected fgpp the, gFRvE; sENsisting of
5 ethylene, butene, pentene, hexene, octene, decene, dodecene, and mixtures thereof, based upon

the weight of the copolymer. In an alternate embodiment, the copolymers produced herein are
copolymers of a C3 or greater monomer and up to 15 wt% of ethylene (preferably up to 12 wt%,
preferably up to 9 wt%, preferably up to 6 wt%, preferably up to 3 wt%, preferably up to 2 wt%,
preferably up to 1 10 wt%), based upon the weighf 6f the copolymer. In an alternate embodiment, the
copolymers produced here contain less than. 1 wt% ethylene, preferably 0% ethylene.. Ina
preferred emboclHIHE REEBIERALS HELIHLEHERER RoM R AIBLLPES BREVAISNS first
monomer and upiendthero(e ok athiensienramersvidd prcinatherkendiodifitenbibe o biner
comprises: a firs}mon mer %resent at from 40 to 95 q%,ol %, preferably 50 t% 90 mole %, preferably
60 to 80 mole % AR &'CHmMOrBAEPISFEsBR LR IR ¥ AOSFn18 I BRSNS 10 68 PRBle %, more
preferably 5 to 4atonole Bxansled & proftorae diviesent Ridy Gutditend Opnaleliche, heandipreferably from
0.5 to 5 mole %, more .preferalgéxgl to 3 mole 'A. 20@1 aadPreferred (gmb dimen tge fifhst monomer
comprise’ one oP RSB any C4 ' C 1 I RAALFBrandREtISP Gy eSS FHECSefiNQIRERIENTy propylene,
butene, (and all salvektdheraof)s rendéne (apchaldisadiers thexadéadexenchiprdiadhisomers thereof),
heptene (and all is? ers thereof), ancg octene (and all isomerlsl thereofé.. Preferred mgnomers include
propylene, 1-but8hé’ ic-?rqleetlﬁ?lpen%lel% “f ie-nfshe1>c<%sr?1g,le‘f-ec)cteneél,e]f-odsaé1 She, cy%% BRENE cyclooctene,
hexadiene, cyclofnersdiane, andrthedikdizne, paraaposiieisad, e bacivaditnt)e legnaoaciiencomprises

one or more of an%/ C2 t0.C40 linear br%nched arc clia.a ha-olefin ncludi%%reahyclﬁeenn%,spropylene,

I X
ogtacosadicne, . nonac¢osadigne, triacontadiene, particu rl re
butene, pentene, exene, eptene, an& ocl%ehe, nonene, decene, un&egeﬁ)e, godecene,

hexadeaene, butadlede, hgxhchenksire pth@iecedpantadidnmnadiadiené,9-Badioradich®; decadiene,
dodecadiene, styrene agféfﬂE" Fﬁ?&é‘afe'i‘a?&i%&e '}’1§Zt¥”§§£‘¥éf’ee@teﬁ Pl metipentencidy,
cyclopentadienc, anoFcyc olicXene. n a preferred em odihent the termononier comprises one or

more of any C2 tm«ltilinewrightamdhbatahiaysliCMibp Hesokbfins] 00¢gding) et iyt popliene, 5

butene, pentene he%égnleﬂclg&pteggedlgnedtce)lécﬁglqg, gg){lggne decene, un-decedqe dodt%cglgeﬁehexadecene,

. orbornéne, 'norbornadic ¢ ene .
butadiene, hexadiene, heptadiene, pentadien€, oc dlllene, nonadlene,lalecagfséne, ecadiene,

styrene, 3,5,5-trimetioyhbexdnenly|Bnaeeth vipeoligredddamet iyibentensedn eyciopdniadiene, and
cyclohexgne. In & preferaflmRBdmEnL NS RANIVEL, JgSklingd above further comprise
Non-limiting examples of preferred polar unsaturated monomers include
6-nitro-1-hexene,  N-methylallylamine,  N-allylcyclopentylamine, = N-allyl-
hexylamine, methyl vinyl ketone, ethyl vinyl ketone, 5-hexen-2-one, 2-acetyl-5-
norbornene, 7-syn methoxymethyl-5-norbornen-2-one, acrolein, 2,2-dimethyl-4-
20 pentenal, undecylenic aldehyde, 2,4-dimethyl-2,6-heptadienal, acrylic acid,
vinylacetic acid, 4-pentenoic acid, 2,2-dimethyl-4-pentenoic acid, 6-heptenoic
acid, trans-2,4-pentadienoic acid, 2,6-heptadienoic acid, nona-fluoro-1-hexene,
allyl alcohol, 7-octene-1,2-diol, 2-methyl-3-buten-1-0l, 5-norbornene-2-
carbonitrile, 5-norbornene-2-carboxaldehyde, S5-norbornene-2-carboxylic acid,
25 cis-5-norbornene-endo-2,3-dicarboxylic acid, 5-norbornene-2,2,-dimethanol, cis-
5-norbornene-endo-2,3-dicarboxylic anhydride, 5-norbornene-2-endo-3-endo-
dimethanol, 5-norbornene-2-endo-3-exo-dimethanol, 5-norbornene-2-methanol,
5-norbornene-2-ol, 5-norbornene-2-yl acetate, 1-[2-(5-norbornene-2-yl)ethyl]-
3,5,7,9,11,13,15-heptacyclopentylpentacyclo[9.5.1.13’9.15’15.17’13]octasiloxane, 2-

30 benzoyl-5- norbornene, allyl 1,1,2,2,-tetrafluoroethyl ether, acrolein dimethyl



10 one or more dienes at up to 10 weight %, preferably at 0.00001 to 1.0 weight %, preferably 0.002 to
0.5 weight %, even more preferably 0.003 to 0.2 weight %, based upon the total weight of the
composition. i spReRYeodiments 500 wt ppm or less of diene is added tpthg;PRWHEsKatIoN,
preferably 400 ppm or less, preferably or 300 ppm or less. In other embodiments at least 50 ppm of
diene is 15added to the polymerization, or 100 ppm or more, or 150 ppm or more. In another
embodiment the processes described herein are used to produce propylene copolymers with other
monomer units, such as ethylene, other cc-olefin, cc-glefinic diolefin, or non-conjugated diolefin
monomers, for example C4-C20 olefins, C4-C20 di'o%i'ns, C4-C20 cyclic olefins, C3-C20 styrenic
olefins. Other 20 unsaturated monomers besides those specifically described abgve may be
copolymerized u%?ﬁ&%ié“fﬁgeﬁ’ﬂﬁ%%%%@%sbé%?’%&&fﬂﬁ@}es%ﬁ%?’% PEEBtre G Yene,
ethylidene norbofrigienfobaisiadieneindioxitons nitigiens; iyl atiohexsrghpryieuslorexene,
acrylates, and other olefinically-unsaturated monomers, including other cyclic olefins, such as

ey clopeniane, nGRTREHB A8 B e ROH O AL B REHS oM i also
incorporate a-olefinie Macrpnrénerd s pdidiae thinmsitccaddeditraimanothersbelised Fome invention
embodiments limit the cqpolymerization of a-qlefinic macromonomers to.macromonomers with 2000 or
less mer nits. URRSHCSHOTOPRTNG! RSV ST cidhioels MURD Sb o BHOMErE Fha
disclosure referstie ctiimandimers asopodisecany monprisertwo,3thred) fanethemeratiffirent, when
propylene copolymers are desired, the following monomers. can be cppolymerized with propylene:
Cinytene. but s - SRR ARG, AL TSI dHROE) Copu S RE. TRTESrERES G- C2000,
C4-C200, or C4-cAollneas of Hranchiedalfdywdienes:rC4HCO0ONCHHERA0).the ply@dDisyclic olefins;
and C4- 5CzOOOhC4-C 00, or C4-C Otli ar or b[a{ufhe a—olet ins. Othgr Prign%ré/ Monomer Some
invention processgrsn%%? netize Ibu r?g'%?,a:pgﬁg. 8;‘ 43 Waot),l -eﬁle’n en%ogaéle:r 191.8 C,
13,- 3.560M Pa), it-hekeme{dlym&30r8dG;i8lymd0d. 2ithMBe), aRct Rmbdyhyidypkapemdr (Bca= 179.7 C;
Pe=3.53 MPa) ugind heise moRomers.or mixtires comprising.the monpmers al sypereitical conditions
as the reaction medium or solveRt FPhese processes can empfby at Bad6ne st hutengd, 1-pentene,
or 3-methyl-butepexipasmgnopyinclheseipieoespesccaryalbo @pipyaeastipnsasddsa thrat comprise
1-butene, 1-pentgne, or, 3ynethyl-butene-1. The 5 processes canemplgy reaction media that
contain greater t ar‘lv %?/t(%;)e%&fngu%oﬁg,pf?peéﬁér%zyn%,“gﬁ??metﬁvﬁ-%lﬁtg’nee@ia%?’c%ﬁ%gﬂﬁese
compounds can the fregdyymirecbmithseadesstthen atdweitthpropstiernenas muoagmérrdbliklesaction media,
o both. goCatalygt Inroduieion, ., 1e Piacsssks desered hejein are pragticed with,a catalyst
system comprising one or rrfiore nonmetallocene metari[}centered, et%rgaryf Illgang ca?’élilyst compounds
(where the metakisgirosen fropyltne @rdupedosmérehe lamtioAtidesewes;rolitel adtinideIseries of the
Periodic Table of the, Elemanisyin 88&%%‘%O%ez?%gdﬁhrﬁé}sa%){fb%& Qfe%?‘%ﬁ&% ofiigpresent
invention can use one of more catalysts in any of t reactors ot the polymerization reactor section or
in any polymerizatimoeseribettfeebin.one or more Cq to Cyo non-conjugated diolefins, more

preferably Cg to Cy a,0-dienes.

20 In another preferred embodiment the polymer produced herein is a
copolymer of propylene and one or more C; or C4 to Cy linear, branched or
cyclic monomers, preferably one or more C, or C4 to Cy;, linear, branched or
cyclic alpha-olefins. Preferably the polymer produced herein is a copolymer of
propylene and one or more of ethylene, butene, pentene, hexene, heptene, octene,

25 nonene, decene, dodecene, 4-methyl-pentene-1, 3-methyl pentene-1, and 3,5,5-
trimethyl hexene 1.

In another preferred embodiment, the copolymers produced herein are
copolymers of propylene and up to 10 wt% of a comonomer (preferably up to 8
wt%, preferably up to 6 wt%, preferably up to 5 wt%, preferably up to 4 wt%,

30 preferably up to 3 wt%, preferably up to 2 wt%), based upon the weight of the



The process of the present invention can use the same or different catalysts or catalyst mixtures in the
different individual reactors of the reactor 30section of the present invention. For practical reasons, the
deployment @ §9,d3rfRs632 - than ten catalysts is preferred and the deploypertg@hq e than six
catalysts is more preferred in the polymerization process of the present invention. Further in alternate
embodiments, no more than five catalysts are used and no more than three catalysts are used in any
given reactor. 5The one or more catalysts deployed in the process of the present invention can be
homogeneously dissolved in the fluid reaction medium or can form a heterogeneous solid phase in the
reactor. Operations with homogeneously dissolved'c%ﬁélysts are advantageous, particularly where
unsupported catalyst systems are homoge eouslyéﬁjis olved in the polymerization system. 10
Unsupported catsyBl TR So B e AU TESL A5 EBRN AreP Qe erefrS8PYHES e catalyst is
present as a soligrppssdnibeipaly merizediopreeaehoy, ibcansbesupperteshdr unsomparted. Silica,
silica-alumina and other like supported are particularly useful as supports as further described below.
The catalyst can 6 B %S bH d‘gf‘%trﬂrgﬁfg %dﬂ% ?ts‘,I s“lﬁ?cosﬁ’a%r%%ﬁ lﬁ’th@c&%}%ri@?& straight or
15 tortuous chanmefsrdeigclipr toalls;tiniesnal sobinghrete.stlhesd siounctiedrsupporis aiig:well known in
the art of hetero n%ous atalysis. When the catalyst%sﬁ is (arc) suppqrted, operation with dispersed
particlos Io prefol R imen (I coRERRs BEB, e Ghecr st TRNERIs, SRt aHBAL Without
catalyst recoverytlasieqd dtsue dpoe ththedgliatysthis deflolyrie. polymeaitiapie dudicfitia pracess of the
20present invention.1 The process of the rese[n invenﬁio can use any combinatjon Pf
homogeneous aﬁapﬁéfg}%éé)ﬁedﬁg ca?gfi/nsfg SHTitANsou f/1 gjﬁe%re‘(}”ﬂe?negneo O RTOFEOFhE individual
reactors of the pabymekizdtioiyteactpresaabbnup eo, Ehywt¥Eapiefcpdtiheupaty herizatpoefaabtion of the
present invention may contain ope or more 25 homogeneous catalysts,and one or more
heterogeneous c%é&gtggﬁaﬁ%%ggi}'sf% mk%v‘?/'i%%’, ﬁgegﬁ%%'elslg ?) aéh‘é}%r’é léer%ﬁ%/%nlfpotno clan use any

combination of hemfegdasauspandhreteighenetusopddyysis deploydttimthepbyinerizatien reactor

section of the presenf invention Thg combipatiolns cgm r'ise en ri(l)s Whenfso e 0/all reactors
. opplymers roduce Sﬁere contain Ig a o cmyiene, pre crab Xci{f
use a single catacly nd’ scenarios when some or all reactors 30usé more than one catalyst. -33 -

One or more catathgtsndeployed in the process of the present invention can be supported on particles,
' i ijlie contained in a stationary

which either can be dispersed o Ihe fiid alvmeizalion medivr or san e conalnedn

catalyst bed. When the supBor ed ca g][ys particles ar %persea ih the fluid reaction medium, they 5

can be left in thelgslyPianclploddi et foscanivense padate t ffOmahe Yo roithibepmontmits recovery from the

fluid rea %‘“ effluent in a,separation step al Iﬁlrt]eyeglocfarlrl}é d&%‘%‘i‘é%@a‘%%@%a%ﬁ%%?%%%ﬁ? reactor
section. If the catalyst particles are recovered, they can be either discarded or can be recycled with or
without regeneratidnor@Ghe ¢armblstis) mafehelint@due daley’humibenablivbéyte £ thelecactor. For
example, the catglysi(s) cahedniadused Wil themRnamencoplaining eed, iepgiately: Also, the
catalyst(s) can be introduced through one or multiple ports to the'reactor’ If mu tiple ports'are used for
introducing the carelysiEirahbsé pof wate e, platedcanessmatialitysting ddnomd) t Hiffepdnt positions
along the %, more preferably from 0.5 to 5 mole %, more preferably 1 to 3 mole %.

20 In a preferred embodiment the first monomer comprises one or more of
any C; to Cjo linear branched or cyclic alpha -olefins, including propylene,
butene, (and all isomers thereof), pentene (and all isomers thereof), hexene (and
all isomers thereof), heptene (and all isomers thereof), and octene (and all isomers
thereof). Preferred monomers include propylene, 1-butene, 4-methylpentene-1, 1-

25 hexene, 1-octene, 1-decene, cyclohexene, cyclooctene, hexadiene, cyclohexadiene
and the like.

In a preferred embodiment the comonomer comprises one or more of any
C, to Cy linear, branched or cyclic alpha-olefins, including ethylene, propylene,

butene, pentene, hexene, heptene, and octene, nonene, decene, undecene,

30 dodecene, hexadecene, butadiene, hexadiene, heptadiene, pentadiene, octadiene,



15 length of the reactor. Further if multiple ports are used for introducing the catalyst(s), the
composition and the amount of catalyst feed through the individual ports can be the same or different.

Adjustment igths,asnesEts and types of catalyst through the different portspeRaiss)hgsggdulation of
polymer properties, such as molecular weight distribution, compaosition, composition distribution,

20crystallinity, etc. In order to reduce catalyst cost, compounds destroying impurities that harm the
catalyst(s) thus reducing its (their) activity can be optionally fed to the reactor(s). These
impurity-destroying compounds are called scavengers in the practice of polymerization. 25Any type of
scavenger compounds can be fed to the reactor(s)'tﬁi)\t'can destroy impurities harmful to the catalyst
and thus reducing the observed catalytic productivity. The scavenger can be the same or different
chemical compolIAtEIFAS: a S5k %’ca&g g’&‘i‘\?atoﬁt?@%@ml ééa@'enté’é?gtnﬂh.?&@nﬁﬂlyl-&ruminum
30compounds ingludifigeatentoxanas:tpygferahky: theysipangits, ane giceend4 - compounds
represented by the forrTuIa: AIR 3, Wh(igoe R*is a Cl to C20 h%drocarbyl rou‘g,dfﬁrefer bly methyl,
ethyl, butyl, hexyl, octyThdRETGEEH SRR AR P PAsH 80§%ﬁ§)élfi 'INe"BPhBre of
trimethyl-aluminuy tériethyiedembramohéd-tsobityd alphainlefintlioeiddalgreinyignheapebpidelise. The
scavenger 5 alsp can be the same as the catalyst activator, for examgle, alum\%(anes dcsuch as

methylaldmoxan8 (A0 MRS a B in eEREs BAMTIS RGBS (d R atbhits ¥ie Catalyst. The

scavenger can béciiiodteesitoding reaatienyithdhadians oheptatiect piperthdime Otheidead, stream.
Scavenger introductign with the monomer-containing feed is typically adyantageous pecause the
scavenger can 16?8%1%&envﬁth é%@%eﬁlﬁritiggdﬁ%éle%etn B ?%%néée%%g@bg orethe '{c))n mer feed
contacts the catatyshylpenidne-dcdavangeipcarcie hembgeneatisty,diss oludchisxhe. polymerization

reaction medium or canI form a.separate solid m?se. Scaveggsersbd(if olved in,.the gol merization
. n apig Fm mment t epol TS Crinpe %)OVG 8 C m#rlse .
medium are advantageous. aggaf ySt Systéms he processes described herein aré practiced

with a catalyst systeior awrpdising enepotonoredightrietatidcabdy metedatiitesed) netetodiy! ligand
catalyst compounds. (wher m is chosen from the Gro 5,6 lapthanide 20 series, or
eg?&%b ¥ SH(E .to?(ﬁaailxév%% te/oEIeven H%Osel rPre'Tl T%B}Ya{). 06? %ﬂ]%qﬁ we*gﬁt ‘g

the actinide serids e’Periodic ements) in combination with an activator. Preferably,
the transition mebabéd fupom Brotpal, vesgerialyhd iconiposiibif. Morespegiflsallydntcéft@inembodiments

of the catalyst compourd,the e of aafaiummetal 5 prefered, a5 copaed, (0,2 7ijggnium meta
for heteroaryl Ilggﬁglcataﬁys?s.a'—‘or more m?ormaﬁ i on Ronmetafioeene ﬁetaﬁ-pp ’
preferably or 300 ppm or less. In other embodiments at least 50 ppm of diene is
15 added to the polymerization, or 100 ppm or more, or 150 ppm or more.

In another embodiment the processes described herein are used to produce
propylene copolymers with other monomer units, such as ethylene, other a-olefin,
a-olefinic diolefin, or non-conjugated diolefin monomers, for example C4-Cy
olefins, C4-Cy diolefins, C4-Cyg cyclic olefins, Cs-Cyg styrenic olefins.  Other

20 unsaturated monomers besides those specifically described above may be
copolymerized using the invention processes, for example, styrene, alkyl-
substituted styrene, ethylidene norbornene, norbornadiene, dicyclopentadiene,
vinylcyclohexane, vinylcyclohexene, acrylates, and other olefinically-unsaturated
monomers, including other cyclic olefins, such as cyclopentene, norbornene, and

25 alkyl-substituted norbornenes. Copolymerization can also incorporate o.-olefinic
macromonomers produced in-situ or added from another source. Some invention
embodiments limit the copolymerization of a-olefinic macromonomers to
macromonomers with 2000 or less mer units. United States Patent No. 6,300,451
discloses many useful comonomers. That disclosure refers to comonomers as "a

30 second monomer".



75centered, heteroaryl ligand catalyst compounds please see WO 2006/38628. The catalyst
compounds used in the practice of this invention include catalysts comprising ancillary ligand-hafnium
complexes, apgiliasy digapdzirconium complexes, which when optionally coplgiRad Wik aylactivator)
catalyze polymerization and copolymerization reactions, particularly with 30monomers that are olefins,
diolefins or other unsaturated compounds. Zirconium -35 - complexes, hafnium complexes,
compositions or compounds using the disclosed ligands are within the scope of the catalysts useful in
the practice of this invention. The metal-ligand complexes may be in a neutral or charged state. The
ligand to metal ratio may also vary, the exact ratio béi]ng dependent on the nature 5 of the ligand and
metal-ligand complex. The m tad:ligand complex or complexes may taé};\eeﬁ#ifferen forms, for example,
they may be monbriHASTFREAL BB AN EUE EKEF B merr i e}%ﬁ%%?mr@ands useful
in the practice ofrhisoleaieNbd aypot/hieadly wharpeigyizes bihinafollowingngeheral-tasnula(l): 10
RNH wherein Rl |s a ring having from 4@3ﬁatom .in the ring generally sele teesifrom t&)ﬁe; roup
consisting of sub&tiGt I&%(ié?ﬂﬁt, @ﬁ% RREEHEREr SOY RIBETRSH, Séﬁﬁ?%ti?(ﬁ' % a bstituted
heteroaryl, such Hhahienvaynbecehaiaciized ythe . genera forouiai2ydQ 9t fins; and Cy-

5 C2000, C4-Cyo0, or C4-Cyg linear or branched a-olefins.

Other Primary Monomer

Some invention processes polymerize 1-butene (T, = 146.5 °C; P, = 3.56

MPa), 1-pentene (T, = 191.8 °C; P= 3.56 MPa), 1-hexene (T, = 230.8 °C; P, =

10 3.21 MPa), and 3-methyl-butene-1 (T, = 179.7 °C; P=3.53 MPa) using these
monomers or mixtures comprising the monomers at supercritical conditions as the

reaction medium or solvent. These processes can employ at least one of 1-butene,
I-pentene, or 3-methyl-butene-1 as monomer. These processes can also employ

reaction media that comprise 1-butene, 1-pentene, or 3-methyl-butene-1. These

15 processes can employ reaction media that contain greater than 50 wt % of 1-
butene, 1-pentene, or 3-methyl-butene-1. Of course, these compounds can be

freely mixed with each other and with propylene as monomer, bulk reaction

media, or both.

20 Catalyst Introduction

The processes described herein are practiced with a catalyst system
comprising one or more nonmetallocene metal-centered, heteroaryl ligand catalyst
compounds (where the metal is chosen from the Group 4, 5, 6, the lanthanide
series, or the actinide series of the Periodic Table of the Elements) in combination

25 with an activator. The process of the present invention can use one or more
catalysts in any of the reactors of the polymerization reactor section or in any
polymerization described herein.

The process of the present invention can use the same or different
catalysts or catalyst mixtures in the different individual reactors of the reactor

30 section of the present invention. For practical reasons, the deployment of no more



20where Q1 and Q' are substituents on the ring other than to atom E, with E being selected from the
group consisting of carbon and nitrogen and with at least one of Qi or Q5 being bulky (defined as
having at leagi2,849/8ksS": " represents additional possible substituents opthg &gy yyitkyg being 1, 2,
3, 4 or 5 and Q" being selected from the group consisting of hydrogen, alkyl, substituted alkyl, 25cyc
loal kyl ,substituted cycloalkyl ,heteroa I kyl ,substituted heteroal ky I, - 36 - heterocycloalkyl,
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl,
silyl, boryl, phosphino, amino, thio, seleno, halide, nitro, and combinations thereof T is a bridging group
selected group consisting of -CR212.3- and _SiR2R3Afith R2 and R.3 being independently 5 selected
from the group cansisting of hydrogen, alkyl, suzlsti uted alkyl, cycloallcyl, substituted cycloalkyl,
neteroalkyl, subdlHRAE RERRBARI B IoRR A SRS R AP RIOTHGHA ibsttuted
aryl, heteroaryl, suhstjitirgrbeiaroaryblatkexydtianypessdssiyliHeands phosphinen amiracthio, seleno,
halide, nitro, and combinatigns, thereof P is generally selected from the 10 group consjsting of
neteroaryl and sABSHRHEGTPERLHBARY, MRHTISAFILTar B BEARREN LT RAAMLAS FERRSTARE being

described hereinthree Alsdl ok exampdeinitnsgmeersfeiiments, the ligands of the catalyst used in the
practice of this invention,may be combin(ta with a ['net I.calt}al st com(%otﬁnd that m].é?g/ be characterized
by the general formula ML HQPS ISR A Y 50 PGk SPFP L0 I BPERHBNEY Shlected from
the group consisting iof hatictes¢redublBdibsoddksyl is ulhstifliteid ralicyioc yalaklky| osuhstifoted £ycloalkyl,
heteroalkyl, subsﬁituted heteroalli}/(g theroc cJ[ alkyl, tsubsti{ggt(ed heteroc?fﬁclgallc l, aré/]l, Pubstituted
aryl, heteroaryl, SGHE0RTEEG R tSS r{} ,agfkéxy, a?ry]i e)‘&/,oﬁydr 6S‘/r,a[)lglrl}S/I,‘glly, amine: SniRe, hythido,
allyl, diene, seleniissphedpbandypbasphideaBgearhopatatarinioyic@-dionatestakalatégstcarbonates,

nitrates, sulphates,staelrr}% c%rlrébiqgotriggse}l@er%f)f né%sldlzég’ A{h5’t r 6. ol nl?relé%goed IigaS d-metal
complexes usefuPRerein may be ge eraﬂil1 aracterized by the FollBWi gef?)rmuf}a ( Y ©-37 -

10 Unsupported catalysts dissolved in the fluid reaction medium are also preferred.
When the catalyst is present as a solid phase in the polymerization reactor, it can
be supported or unsupported. Silica, silica-alumina and other like supported are
particularly useful as supports as further described below. The catalyst can also
be supported on structured supports, such as monoliths comprising straight or

15 tortuous channels, reactor walls, internal tubing, etc. These structured supports
are well known in the art of heterogeneous catalysis. When the catalyst(s) is (are)
supported, operation with dispersed particles is preferred. When the catalyst is
supported on dispersed particles, operations without catalyst recovery are
preferred, i.e., the catalyst is left in the polymeric product of the process of the

20 present invention.

The process of the present invention can use any combination of
homogeneous and heterogeneous catalysts simultaneously present in one or more
of the individual reactors of the polymerization reactor section, i.e., any reactor of
the polymerization section of the present invention may contain one or more

25 homogeneous catalysts and one or more heterogeneous catalysts simultaneously.
Likewise, the process of the present invention can use any combination of
homogeneous and heterogeneous catalysts deployed in the polymerization reactor
section of the present invention. These combinations comprise scenarios when
some or all reactors use a single catalyst and scenarios when some or all reactors

30 use more than one catalyst.



where M is zirconium or hafnium; Rl and T are as defined above; J" being selected from the group
of substituted heteroaryls with 2 atoms bonded to the metal M, at least one of those atoms being a

heteroatom, anr¢lwishrR_Re atom of J" is bonded to M via a dative bond, thegihgsa-asgbyq covalent
bond; and LI and L2 are independently selected from the group consisting of halide, alkyl,

substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, 10 heteroaryl, substituted
heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, aming, amine, hydrido, allyl, diene, seleno, phosphino,
phosphine, carboxylates, thio, 1,3-dionates, oxalatéé?c'arbonates, nitrates, sulphates, and
combinations of these rﬁdicals. For purposes of tf%]sr.invention, "

nonmetallocene” means that the metal
of the 15 catalyst is noPRRQEHRY t5 LAV HRY 1HﬁEEB&‘?ﬁﬁ%%&%&lwé%&}éﬁ%‘?ﬂw&?n

Representative neneipiacenenmgiakdeyteredihetatearddigand caplysis aiie dasciibed in U.S.
Provisional Patent lication No. 60/246,781 filed Nov. 7, 2000 and No. %&%ﬁl, G%ed Jun. 28,
2001, which are RO U PS8 RO R AR afly A AN hEdenk hen
metal-centered, beisipportdigamd 20 patalistaraodmetidhiarsosafld therewithedrénalshcdescribed in

WO 2003/040201, see particylarly page. 36, line 18 to e 64 lin bgo. Also, representative
nonmetaflocene, FHebsH CLdtE P YRS SIS S D SRS RTTS R OPAGERE X Blcation No.
7,087,690 filed Novre2by&§0Bomrehin €hiidaraiadryfftetarance supreitdbAsheare iseghicaibinmetallocene,
metal-centered, eterotara/l Iigr?rtmflj cat?l st”, means th% catalyst de#@% frotnf th Iig[arfd described in
formula (1). As u 2 |rsnp rase? eegéz@flril?‘niﬁ%?fﬁ &S EUBituted e Fox yPa 1¢1eS R used herein,
the phrases "charaotesnzé,d thyythexdobm walandiscepkes entednb pdhe dociadil&/ithreonotithiended to be
limiting and is used in the 30same way that "comprising" is commonly used. The term "independently
-38 - selected" isr?%eélgrﬁté?gin to indicate that the R groups, e.g., RI, R2, R3, R4, and R5 can be
identicalior different (e.d1RkaRBR;sRS), didd baridtiRRButalyaal hersbibstif wegkatkyhis acraRoanddr2 may be a

substituted alkyl and R3 may be an aryl, etc.). Use of the singular includes use of t lural and vice
eren (o0 e e e S o Stctre
that is recognizescintitelprt Abcotire spahgditis) touRtgroupslhandnbrthah remer Tutidepsritsompound”

and "complex” ayg generally usqd Iierdhangeanly [ is soeeliation. putgse ot skiln the art may
recognize certain compounds as compqexgs ané ViCe versa. For tlhe urposes 8? I? stration,
representative cexigiincan be placed at essentially the same or at different positions along the

15 length of the reactor. Further if multiple ports are used for introducing the
catalyst(s), the composition and the amount of catalyst feed through the individual
ports can be the same or different. Adjustment in the amounts and types of
catalyst through the different ports enables the modulation of polymer properties,
such as molecular weight distribution, composition, composition distribution,

20 crystallinity, etc.

In order to reduce catalyst cost, compounds destroying impurities that
harm the catalyst(s) thus reducing its (their) activity can be optionally fed to the
reactor(s). These impurity-destroying compounds are called scavengers in the
practice of polymerization.

25 Any type of scavenger compounds can be fed to the reactor(s) that can
destroy impurities harmful to the catalyst and thus reducing the observed catalytic
productivity.

The scavenger can be the same or different chemical compound(s) as
applied as catalyst activator.  Useful scavengers include alkyl-aluminum

30 compounds including alumoxanes, preferably the scavenger is one or more



10groups are defined herein. These definitions are intended to supplement and illustrate, not preclude,
the definitions known to those of skill in the art. "Hydrocarbyl" refers to univalent hydrocarbyl
radicals contgjginghdoiRaRout 30 carbon atoms, preferably 1 to about 24 cappR STsss31Qst
preferably 1 to about 12 carbon atoms, including branched or unbranched, saturated or 15
unsaturated species, such as alkyl groups, alkenyl groups, aryl groups, and the like. "Substituted
hydrocarbyl" refers to hydrocarbyl substituted with one or more substituent groups, and the terms
"heteroatom-containing hydrocarbyl" and "heterohydrocarbyl" refer to hydrocarbyl in which at least one
carbon atom is replaced with a heteroatom. 20The e "alkyl" is used herein to refer to a branched or
unbranched, saturated or unsaturated acyclic hydrocarbon radical. Suitable alkyl radicals include, for
example, methyI @A A rSRICIEPIh yz.tﬂaﬁorfaﬁw%r Ay viRETR-Buty® ey, Rolan (or
2-methylpropyl), igierdcapBitigtdap, esrdvodnenishalkylsaverbetween dcandndafl cggonmtoms,
between 1 and 50 25carbon_ atoms or between 1 and 20 carbon atoms. "Substituted alkyl" refers to
an alkyl as just dEStB d’fﬁf%ﬁ%&ﬁ DHSBYRSFS KyiioeReis HHH?\%%%WIBH%’OW%QP e alkyl is
replaced by anotilemgiontp tslsbasyh datogam, andctsiagiitiieehanl dyclialkythsybstiniges cycloalkyl,
heterocycloalkyl, substityted heterocycloalkyl, halogen, alk%halo%{e . f:Fl , 30hydroxy, amino,
phosphidd, alko:amPGS IS S A CMBHAA Brerebr S48 S 1B iR Hikyls
include, for exanipéehisinmoxsiudvondsthylcanapiiirdike. cxcebheferhathiBteraaldy/taefdis to an alkyl
as described above in which one or more hydrogen atoms.to any carbon of the alkyl is replaced by a
neteroatom 5 SIEHAT AR Hloup Ko RS PRTBERD B TR, @ANATeaiond &I Ge. This
same list of heternaioms ifedelithhoarghotiicthiscdpacifinatiGroaldigdrond abkiveanthe darbon atom
and the heteroatom ma%/ be 1a1uratep (ﬁr untsatur?teddTh S, an a{lk I sub%ituted with a
heterocycloalkyl,n%%lbosfﬂ tted'1é %enr%cy?(e: o%ﬁk?’l?ﬁ% rga?])?ll,léggos ftutedhs croea?f/ V. 8 e>12yc,a%tlryloxy, boryl,
phosphino, aminaasily;ithOfiianguselenpresanitiinthensropeofdte tefonchbtenaal byl ciSteitdble
heteroalkyls incl%ggtg /ano, ba?azcs)yl, 2-pyridyl, 2-furyl and the like. The term "cycloalkyl" is used
herein to refer to'a saturated or Unsaturated cyclic non-aromatic hydrocarbon radical having a single
ring or multiple condendéd rngsngaitabie oy doakkytradishisdinshlde, for thxapopieeciatopentyl, 15
cyclohexyl, cyclogeteny!, bigyciogetvl ple.Tn partigiia empodiments, cycloalrls hgvs fgtween 3 and
200 carbon atoms, between 3'and 50 carbon atoms or between 3 &nd 20 carbon atoms.

polymerization medium are advantageous.

15

Catalyst Systems

The processes described herein are practiced with a catalyst system
comprising one or more nonmetallocene metal-centered, heteroaryl ligand catalyst
compounds (where the metal is chosen from the Group 4, 5, 6, the lanthanide

20 series, or the actinide series of the Periodic Table of the Elements) in combination
with an activator. Preferably, the transition metal is from Group 4, especially Ti
or Zr or Hf. More specifically, in certain embodiments of the catalyst compound,
the use of a hafnium metal is preferred as compared to a zirconium metal for
heteroaryl ligand catalysts. For more information on nonmetallocene metal-

25 centered, heteroaryl ligand catalyst compounds please see WO 2006/38628.

The catalyst compounds used in the practice of this invention include
catalysts comprising ancillary ligand-hafnium complexes, ancillary ligand-
zirconium complexes, which when optionally combined with an activator)
catalyze polymerization and copolymerization reactions, particularly with

30 monomers that are olefins, diolefins or other unsaturated compounds. Zirconium



"Substituted cycloalkyl" refers to cycloalkyl as just described including in which one or more hydrogen
atom to any carbon of the cycloalkyl is replaced by 20 another group such as a halogen, alkyl,
substituted a{ky »gfyh7oskastituted aryl, cycloalkyl, substituted cycloalkyl, hegeragusigatioghgubstituted
heterocycloalkyl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, boryl, phosphino, amino, silyl, thio,
seleno and combinations thereof Suitable substituted cycloalkyl radicals include, for example,
4-dimethylaminocyclohexyl, 4,5-dibromocyclohept-4-enyl, 25and the like. The term
"heterocycloalkyl" is used herein to refer to a cycloalkyl radical as described, but in which one or more
or all carbon atoms of the saturated or unsaturated'gsgcﬁc radical are replaced by a heteroatom such
as nitrogen, phosphorous, oxygen, sulfur, silicon, germanium, selenium, or. boron. Sujtable
30hetorocyeloalk BRI 11T B PR APAIEHERD Fhy 1o MR B BB a9
tetrahydrofuranyljgipéridirywpytrolidinytopxagplinyl andiyks likeful in "Gubptiitied betaracycloalkyl”
refers to heterocycloalkyl as just described inclyding in which one or more hydr gen atom to any atom
of the. 5 heteroc]ISRIEN! 1 HE S By 4 BRSO T EH - B NS QB A RS Sbsthlited alkyl, ary,
substituted aryl, ligiatoaryhcsilbstituied heie kaayy thalkoxt ratiyl Gxih b asytndsesphihe natiso, silyl, thio,
seleno and combi tiolns tléere fSuif) ble substituted heteroc I.oalgl radii:als include, for example,
N-methylbiperazfty 3 BHG AR ARGV i e TR L5HHb SR AT R TRER herein to refer
to an aromatic sulstitalentiffeichtfiaynbefer siagiplareohegtiaayrig: ononotbiple , atiomatoriafysivhich are
fused together, linke c%vale |¥’ or linked to a common group such as a methylene or ethylene
moiety. The aromane rln%g rsfr %y include phenyl, naphthyl, anthracenyl, and biphenyl, among others.
In particular embodiments, asphavaibivwégant sand 20 h Ithe gifacticatofiisisbiatweron| rmag 50 carbon
atoms or betweegel %gddgocﬁgrrbcgg .aga She foli'osulbstitgltlcglgg1 laf?ﬂmrgggf  to awl as just described in
which one or moré y&ro &n‘atom Bound o any Car Isrep acet ))s‘one or more functional groups
such as "lkyl,substituted alkyl, cycloalkyl, substituted cycloalkyl, heterocycloallwl, substituted
heterocycloalkyl, halogen, alkylhalosCF3), 20 hydroxy, @mino, phosphido, alkoxy, amino, thio, nitro,
and both saturated and unsaturated cyclic hydrocarbo vavh@”are fused to the aromatic ring(s), linked
covalently or linked to a common group such as a mgthylene ofjethylene moiety. The common linking
group may also be a carbonyl as in benz%henon P[ oxygen as in diphenylether or nitrogen in
diphenylamine. 25The term "heteroaryl" as used herein refers to aromatic or unsaturated

wherein R' is a ring having from 4-8 atoms in the ring generally selected from the
group consisting of substituted cycloalkyl, substituted heterocycloalkyl,
15 substituted aryl and substituted heteroaryl, such that R' may be characterized by

the general formula(2):

1
Q
(Q")a
E_
5
Q
20 where Q' and Q° are substituents on the ring other than to atom E, with E being

selected from the group consisting of carbon and nitrogen and with at least one of
Q' or Q° being bulky (defined as having at least 2 atoms). Q"4 represents
additional possible substituents on the ring, with q being 1, 2, 3, 4 or 5 and Q"
being selected from the group consisting of hydrogen, alkyl, substituted alkyl,
25 cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,



rings in which one or more carbon atoms of the aromatic ring(s) are replaced by a
_heteroatom(s) such as nitrogen, oxygen, boron, selenium, phosphorus, silicon or sulfur.
Heteroaryl refers to structures that may be a single aromatic ring, multiple aromatic ring(s), or
one or more aromatic rings coupled to one or more non- 30aromatic ring(s). In structures
having multiple rings, the rings can be fused -41 - td@ether, linked covalently, or linked to a
common group such as a methylene or ethylene moiety. The common linking group may also
be a carbony! abdrphpciyhBylidyiketiored Astessydieabin], rinyh subktiqstediopieretpyrgihe,
isoxazole, pyrazole, pyrrole, furan, etc..or benzo-fused analogues of these. rings are defined
5by the term "hé‘tle%lg%?& %egergﬁxgsﬁtitﬂ%(e% %étg%%?{ ej"rg ilé t%ooﬂéte ég? g}soju%%%%’cn el
including in whigkl@mne bilideyainydrageratbinstbmsnti¢ceafly Atdradiridgihgteragrydaieotedy is

replaced by another group such as gen, a %2 ybstitut dal%i{@r |, substituted aryl
heteroaryl, subﬁ%&?@é%ﬁ?éﬁ%@,hﬁﬂ)i@% 1,\15% sph ,a@ﬁﬁﬂ%,lgﬁ%%ﬁlgfﬁy
seleno a3nd comjgleaiéangithiare@tSyitable consisting of hydrogen, alkyl, substituted alkyl,
substitutedheteroarylradicalsinclude,forexample,4-N,N- dimelglijsminog)yridine.

i¥e ettt

The term
"alkoxy" is usedCHERAKYD refibayisd o Avelarlsylwn Brésop ’f%ﬁff‘fithéjﬁii%ﬁﬁ?ky :
consisting of allgdicsybtitiatech akotseieieriterdy QubRilUtes CyslatindehaigIo Bdaaalyi,

substituted heterocycloalkyl, silyl groups and combinations thereof as described herein,

Suitable alkoxy YeREgIEeth Ao e 2HARS, AEFEd), BtHoxoBbn PRSI IRG uIR et IR,
related term is "qiuiXVh MYBE! RifolSasleGIREIFRMHN e SrHD Fonsisting of At stiriadaryl,

heteroaryl, substituted heteroaryl, and combinations thereof Examples of 20suitable aryloxy

radical$tncludegspenosgnsisirgtrbasienasy), 205y risnhsiintel qertranAcly Afithtnaagieular
As used herein the, torm - Sl Eﬁﬁ&f&%@c’tﬁj@g&gg dediggbaesss each of Z1 and 22 and

Zi is independently selected from the group consisting of hydrogen, allcyl, substituted alkyl,

cycloalkyl, heterocycloAliegl feretnrousielio; sepic2sshishaenid e/ligwadsrobie cupantueed n

heteroaryl, alkome %{'XE??% SPHRO 1SN ﬁ%?‘@é“@&%ﬁqga%ﬁﬁ{ a metal catalyst compound

that may be characterized by the general formula M(L), where M is Hf or Zr,

15 preferably Hf, L is independently selected from the group consisting of halide (F,

Cl, Br, I), alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl,

substituted heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl,

substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, hydroxy,

boryl, silyl, amino, amine, hydrido, allyl, diene, seleno, phosphino, phosphine,

20 carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, and
combinations thereof. nis 1,2, 3,4, 5, or 6.

Preferred ligand-metal complexes wuseful herein may be generally

characterized by the following formula (3):

R].

|
SN

\//( M\L2

T

25



As used herein the term "boryl" refers to the -BZ1Z2 group, where each of Z1 and Z2 is independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, heterocycloalkyl,

heterocyclic,\geyhodsipsiissed aryl, - 42 - heteroaryl, substituted heteroaryl palk@XyodyiaX)s amino, silyl
and combinations thereof. As used herein, the term "phosphino” refers to the group: -PZ1Z2 ,

where each of Z' and Z2 is independently selected from the group consisting of 5 hydrogen,
substituted or unsubstituted alkyl, cycloalkyl, heterocycloalkyl, heterocyclic, aryl, substituted aryl,
heteroaryl, silyl, alkoxy, aryloxy, amino and combinations thereof. As used herein, the term
"phosphine" refers to the group: -PZ1Z2Z3, where ealh of Z' and Z2 and Z3 is independently selected
from the group consisting of 10 hydrogen, subsfituted or unsubstituted alkyl, cycloalkyl,
heterocycloalkyl, heterd&yRifc Vhiy FIEBLtReE arsﬁ%ﬂl,ni’f’eteroaryl, silyl, alkoxy, aryloxy, amino and
combinations thereof. R' FhEeTtarsusapimed isbused herein to refer to the group -NZ1Z2 , where each

2l eycloalkyl, subertbtatf BT NEter s S5 SUBCHHIG EIEFRp LN R SN supstitted
aryl, hetcroaryl, $uhagttuiedhbatetaiay),alkaxyors\d0Xyossilyloanobediphimatiwoséheraaf withThe term
;‘r?(;r;ine"(ijg used r%%%e;%%%% é)ﬁﬁ?,r, (t%% ?8?& %erggﬁﬁi\%ﬂ%zsv w@e}rgi eﬁgh er and Z2 and ?%?rtis
pendently seleet thé>y g BEU Ry iSRS Qi SRR TS cycloalkyl,
substituted cyclobdiyl, digterocycloalkyl, substituted hetcrocycloalkyl, aryl (including pyridines),
cubsuted at hcrog, upsiuicq il koo A A ol hereo e
of hydrogen, alkyllkstibsibtieddlkiy o yeldalii;] subbstituted cydbaiitky/] hbeteaticyickadkaytsdbstituted
nererycoalol i, OSSO R SR e et shop P v
is 30selecated frohetthreagybumlcoitsistirigtofdaydrogkeoxallkyysub didteslyalbytyl, silyl, amino,
amine, hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylates, thio,
1,3-dionates, oxalates, carbonates, nitrates, sulphates, and combinations of these
radicals.
For purposes of this invention, "nonmetallocene” means that the metal of the
15 catalyst is not attached to a substituted or unsubstituted cyclopentadienyl ring.
Representative nonmetallocene, metal-centered, heteroaryl ligand catalysts are
described in U.S. Provisional Patent Application No. 60/246,781 filed Nov. 7,
2000 and No. 60/301,666 filed Jun. 28, 2001, which are incorporated by reference
herein. Additionally, useful nonmetallocene, metal-centered, heteroaryl ligand
20 catalysts (and activators useful therewith) are also described in WO 2003/040201,
see particularly page 36, line 18 to page 64 line 30. Also, representative
nonmetallocene, metal-centered, heteroaryl ligand catalysts described in U.S.
Patent Application No. 7,087,690 filed Nov. 25, 2003, are incorporated by
reference herein
25 As here used, "nonmetallocene, metal-centered, heteroaryl ligand catalyst" means
the catalyst derived from the ligand described in formula (1). As used in this
phrase, "heteroaryl" includes substituted heteroaryl.
As used herein, the phrases "characterized by the formula" and

"represented by the formula" are not intended to be limiting and is used in the

30 same way that "comprising" is commonly used. The term "independently



-43 - cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, silyl and combinations thereof The term
"saturated” refgysolR [asksef double and triple bonds between S5atoms of a ragigakeypirsigh as ethyl,
cyclohexyl, pyn-olidinyl, and the like. = The term "unsaturated" refers to the presence one or more
double and/or triple bonds between atoms of a radical group such as vinyl, acetylide, oxazolinyl,
cyclohexenyl, acetyl and the like. 1()Ligands Suitable ligands useful in the catalysts used in the
practice of this invention can be characterized broadly as monoanionic ligands having an amine and a
heteroaryl or substituted heteroaryl group. The Iigahéﬁ of the catalysts used in the practice of this
invention are referred t‘ﬁ" for thg purposes of this Hlve tion, 15as nonmetallocene J,iga}lndlsi,5 and may be

characterized by e ToHolileF S ENETR R IALFANE g the Rygroups, e.g., R, R% R R and

can be identical or different (e.g.Rl, R%, R%, RY and R’ may all be substituted
alkyls or R' and R? may be a substituted alkyl and R® may be an aryl, etc.). Use
of the singular includes use of the plural and vice versa (e.g., a hexane solvent,
5 includes hexanes). A named R group will generally have the structure that is
recognized in the art as corresponding to R groups having that name. The terms
"compound" and "complex" are generally used interchangeably in this
specification, but those of skill in the art may recognize certain compounds as
complexes and vice versa. For the purposes of illustration, representative certain

10 groups are defined herein. These definitions are intended to supplement and
illustrate, not preclude, the definitions known to those of skill in the art.

"Hydrocarbyl" refers to univalent hydrocarbyl radicals containing 1 to
about 30 carbon atoms, preferably 1 to about 24 carbon atoms, most preferably 1
to about 12 carbon atoms, including branched or unbranched, saturated or

15 unsaturated species, such as alkyl groups, alkenyl groups, aryl groups, and the
like. "Substituted hydrocarbyl" refers to hydrocarbyl substituted with one or
more substituent groups, and the terms "heteroatom-containing hydrocarbyl" and
"heterohydrocarbyl" refer to hydrocarbyl in which at least one carbon atom is
replaced with a heteroatom.

20 The term "alkyl" is used herein to refer to a branched or unbranched,
saturated or unsaturated acyclic hydrocarbon radical. Suitable alkyl radicals
include, for example, methyl, ethyl, n-propyl, i-propyl, 2-propenyl (or allyl),
vinyl, n-butyl, t-butyl, i-butyl (or 2-methylpropyl), etc. In particular
embodiments, alkyls have between 1 and 200 carbon atoms, between 1 and 50

25 carbon atoms or between 1 and 20 carbon atoms.

"Substituted alkyl" refers to an alkyl as just described in which one or
more hydrogen atom bound to any carbon of the alkyl is replaced by another
group such as a halogen, aryl, substituted aryl, cycloalkyl, substituted cycloalkyl,
heterocycloalkyl, substituted heterocycloalkyl, halogen, alkylhalos (e.g., CF3),

30 hydroxy, amino, phosphido, alkoxy, amino, thio, nitro, and combinations thereof.



20wherein Rl is very generally selected from the group consisting of alkyl, substituted alkyl, cycloalkyl,
substituted cycloallcyl, heteroalkyl, substituted heteroallcyl, heterocycloalkyl, substituted

heterocycloafky »aah-ssdastituted aryl, heteroaryl, substituted heteroaryl ang-¢amhipaisssthereof In
many embodiments, RI is a ring having from 4-8 atoms in the ring generally selected 25 from the

group consisting of substituted cycloalkyl, substituted heterocycloalkyl, substituted aryl and substituted
heteroaryl, such that Rl may be characterized by the general formula (2): - 44 - where Q1 and Q5
are substituents on the ring ortho to atom E, with E being selected from the group consisting of carbon
and nitrogen and with at least one of 5 Q1 or Q5 béin bulky (defined as having at least 2 atoms). Q1

and Q5 are independently selected from the group consisting of alkyl, substituted alkyl, cycloalkyl,
substituted cycloafAPSrFCSHBYER Aty léri}f%mies' Vil mlﬁvil&eé]&%éf@‘ioém%gla?ﬁédn@? both methyl.

Q"qg represents ddgditional possible substituents on the ring, with g being 1, 2, 3, 4 or 5 and Q" being

selected from the group_|crconsigting of hydrogen, alkyl, supstituted. alkyl, cyclpalkyl, substituted
cycloalkyl. heteroatkyl. SUBTRGHHURISM PR Bty SRy G AL GRS BByl aryt

substituted aryl, betatoaiy}dasstiiiad heterpatyboalkdxik amyoxyhpilytcbaryla phasphina, amino, thio,
“CR2R3 15 and "R R AN A S AT D ey Gesbotal Hor s AL onsiting of
hydrogen, alkyl, %bsﬂzi.ﬁtediallqﬂ,my@i@ﬂﬂfyk 'subﬁtﬁﬂteﬂcg;gﬂoaiky[s h@t&tﬁaﬂtwn.smbst_liutﬂd heteroalkyl,
e e Lol e USRS o eTeenl emtitod et
J" is generally seTdokeduiratiyihaipsouipedonsisting: eihsidmadyl, andssinnsttutec dwidoatkyl, with
particular embOdlilggrrc])tgr; ,rsﬁggggut{le%rﬂeet%%ia%]f E’lﬁg‘ ,de?@f&%? o'}?f,e Ii)ﬂ'osphino, amino, silyl,
10 thio, or seleno is within the scope of the term heteroalkyl. Suitable heteroalkyls
include cyano, benzoyl, 2-pyridyl, 2-furyl and the like.
The term "cycloalkyl" is used herein to refer to a saturated or unsaturated
cyclic non-aromatic hydrocarbon radical having a single ring or multiple
condensed rings. Suitable cycloalkyl radicals include, for example, cyclopentyl,
15 cyclohexyl, cyclooctenyl, bicyclooctyl, etc.  In particular embodiments,
cycloalkyls have between 3 and 200 carbon atoms, between 3 and 50 carbon
atoms or between 3 and 20 carbon atoms.
"Substituted cycloalkyl" refers to cycloalkyl as just described including in
which one or more hydrogen atom to any carbon of the cycloalkyl is replaced by
20 another group such as a halogen, alkyl, substituted alkyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl,
heteroaryl, substituted heteroaryl, alkoxy, aryloxy, boryl, phosphino, amino, silyl,
thio, seleno and combinations thereof. Suitable substituted cycloalkyl radicals
include, for example, 4-dimethylaminocyclohexyl, 4,5-dibromocyclohept-4-enyl,
25 and the like.
The term "heterocycloalkyl" is used herein to refer to a cycloalkyl radical
as described, but in which one or more or all carbon atoms of the saturated or
unsaturated cyclic radical are replaced by a heteroatom such as nitrogen,
phosphorous, oxygen, sulfur, silicon, germanium, selenium, or boron. Suitable

30 heterocycloalkyls  include, for example, piperazinyl, morpholinyl,



In a more specific embodiment, suitable nonmetallocene ligands useful in this invention may be
characterized by the following general formula (4): - 45 - wherein R1 and T are as defined above

and each of R4 Res/636sahd R7 is independently selected from the group gansisting-afsaygrogen, alkyl,
substituted 5 alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,

heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl,
alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, halide, nitro, and combinations thereof.
Optionally, any combination of R4, R5, R6 and R7 may be joined together in a ring structure. 10In
certain more specific embodlments the ligands in thiS invention may be characterized by the following

general formulaég hereln 4, R5, R6 and. R7 as dab 3, Q4, R2, 15
and R3 are inde SR TRPYELBY ol RBERBpPaBTH gvaml 1%@&4%1?@ alkyl,
cycloalkyl, substiiited cycloalkyl, heteroalkyl, substituted heteroallcyl heterocycloalkyl substltuted

heterocycloalkyl, aryl, s| tltuted [, hetero su stltut heteroar Ikoxyl yl, silyl, boryl,
phosphino, amino, thio, %é ig%{ﬂ%&%ﬂaﬁ Srife Eﬁmcﬁ%lo VRIS giflc

embodiments, thadigahgs of t%iﬂveﬁﬁé)n(ﬁndnore hydrogen atom to any atom of the

5 heterocycloalkyl is replaced by another group such as a halogen, alkyl, substituted

alkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy,

boryl, phosphino, amino, silyl, thio, seleno and combinations thereof. Suitable

substituted heterocycloalkyl radicals include, for example, N-methylpiperazinyl,
3-dimethylaminomorpholinyl and the like.

10 The term "aryl" is used herein to refer to an aromatic substituent which
may be a single aromatic ring or multiple aromatic rings which are fused together,
linked covalently, or linked to a common group such as a methylene or ethylene
moiety. The aromatic ring(s) may include phenyl, naphthyl, anthracenyl, and
biphenyl, among others. In particular embodiments, aryls have between 1 and 200

15 carbon atoms, between 1 and 50 carbon atoms or between 1 and 20 carbon atoms.

"Substituted aryl" refers to aryl as just described in which one or more
hydrogen atom bound to any carbon is replaced by one or more functional groups
such as alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
heterocycloalkyl, substituted heterocycloalkyl, halogen, alkylhalos (e.g., CF3),

20 hydroxy, amino, phosphido, alkoxy, amino, thio, nitro, and both saturated and
unsaturated cyclic hydrocarbons which are fused to the aromatic ring(s), linked
covalently or linked to a common group such as a methylene or ethylene moiety.
The common linking group may also be a carbonyl as in benzophenone or oxygen
as in diphenylether or nitrogen in diphenylamine.

25 The term "heteroaryl" as used herein refers to aromatic or unsaturated
rings in which one or more carbon atoms of the aromatic ring(s) are replaced by a
heteroatom(s) such as nitrogen, oxygen, boron, selenium, phosphorus, silicon or
sulfur. Heteroaryl refers to structures that may be a single aromatic ring, multiple
aromatic ring(s), or one or more aromatic rings coupled to one or more non-

30 aromatic ring(s). In structures having multiple rings, the rings can be fused



suitable herein may be characterized by the following general formula (6): 5wherein RI, R2, R3, Ra,
-5, Ic and R6 are as defined above. In this embodiment the R7 substituent has been replaced with an

aryl or substifides, @yheaup, with RI, RIl, R'2 and R13 being indepenggithysaieriad yom the
group consisting of hydrogen, halo, alkyl, substituted alkyl, cycloalkyl, substituted cycloallcyl,

heteroalkyl, substituted heteroallcyl, heterocycloalkyl, substituted 10 heterocycloalkyl, aryl, substituted
aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, silyl, boryl, phosphino, amino, thio, seleno,
nitro, and combinations thereof, optionally, two or more RI, R11, R12 and -13

lc groups may be joined to form a fused ring systerﬁﬂai/ing from 3-50 non-hydrogen atoms. R14 is

selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, 15 substituted
cycloalkyl, heterég%ﬁvr?%ﬁﬂﬂﬁif@? g oﬁ?wﬂﬁ?lﬁoac%mweyﬁrgwéﬂ e %&%Wﬁ%?o(gucw, aryl,
substituted aryl, bgidepanyloistibstitidedhatar tiakihadkoxy nayloxy bsilyk sk 1pRas phigel amino, thio,
seleno, halide, nitro, and combinations hﬁreof. . In still more specific embodimeqts, the ligands
in this invention MAYBE S0RMarate e By tHe &Eﬁ%r%{ﬁ%r?ﬁdf‘&‘i%? @yridine, isoxazole,
20081079565P Glitd 2§ 38 3Ean 4ot or benzo-fused analogues of these rings are defined

5 by the term "heteroaryl."

"Substituted heteroaryl” refers to heteroaryl as just described including in
which one or more hydrogen atoms bound to any atom of the heteroaryl moiety is
replaced by another group such as a halogen, alkyl, substituted alkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, boryl,

10 phosphino, amino, silyl, thio, seleno and combinations thereof.  Suitable
substituted heteroaryl radicals include, for example, 4-N,N-
dimethylaminopyridine.

The term "alkoxy" is used herein to refer to the -OZ' radical, where Z' is

selected from the group consisting of alkyl, substituted alkyl, cycloalkyl,

15 substituted cycloalkyl, heterocylcoalkyl, substituted heterocycloalkyl, silyl groups
and combinations thereof as described herein. Suitable alkoxy radicals include,
for example, methoxy, ethoxy, benzyloxy, t-butoxy, etc. A related term is
"aryloxy" where Z' is selected from the group consisting of aryl, substituted aryl,
heteroaryl, substituted heteroaryl, and combinations thereof. Examples of

20 suitable aryloxy radicals include phenoxy, substituted phenoxy, 2-pyridinoxy, 8-
quinalinoxy and the like.

As used herein the term "silyl" refers to the -SiZ'Z°Z’ radical, where cach
of Z' and Z* and Z’ is independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, heterocycloalkyl, heterocyclic, aryl,

25 substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, amino, silyl
and combinations thereof.

As used herein the term "boryl" refers to the -BZ'Z? group, where each of
7" and Z* is independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, heterocycloalkyl, heterocyclic, aryl, substituted aryl,



wherein R2-R6, Ric-R14 and -1- y Q5 are all as defined above. In certain embodiments, R2 is
preferably hydrogen. Also preferably, each 5 of R4 and R5 is hydrogen and R6 is either hydrogen or

is joined to R ¢odeérpyéesfysed ring system. Also preferred is where R' is selegted fsenidhgsaroup
consisting of benzyl, phenyl, 2-biphenyl, t-butyl, 2-dimethylaminophenyl! (2- (NMe2)-C6H4-) (where Me

is methyl) ,2-methoxyphenyl (2-Me0-C6H4-), anthracenyl, mesityl, 2-pyridyl, 3,5-dimethylphenyl,
o-tolyl, 9phenanthrenyl. 10 Also preferred is where Rl is selected from the group consisting of mesityl,
4 isopropylphenyl (4-Pr'-C6H4-), napthyl, 3,5--(CF3)2 -C6H3, 2-Me-napthyl, 2,6- (Prl)2-C6H3-,
2-biphenyl, 2-Me-4-Me0-C6H3-; 2-BuLC6F14-, 2,5(Bu52.-C6H3-, 2- Pe-6-Me-C6H3-;
2--But-6-Me-C6H3-, 2,6-Et2-C6H3- , 2-sec-buytyl-6-Et-C6H3-. Also preferred js where R7 is selected
from the group cBH§TSH ’oﬂﬁh%%a%ﬁ?ti@aﬁx Ot P et M RGP BRERE hreny,
mesityl, 3,5-(CFQRef36F13-, 2-CF3-C6H4-, 4-CF3-C6H4-, 3,5-F2-C6H3-, 4-F-C6H4-, 2,4-F2-C6H3-,
4-(NMe2)-- C6H4-, 3-Me0-C6H4-, 4-Me0-C6H4-, 3,5-Me2-C6H3-, o-tolyl, 2,6-F2-C6H3- or where R7 is
Joinedt together with R633 15F BFiEedl RigEy P BIED EIROIRTA D SRSy - TS more R,
R5, R6, or R7 greatps ofiay' benjpidéd ie 20fopondefidsedeting:sysi@m havingfporvdsiimonfhydrogen
atoms in addition to the -48 - pyridine ring, e.g. generati quinoli roup. In these embodiments,
R3 s selécted TrOMIRE Brodl ARy of oh Lt By HRF sy P LIS R eteroary,
primary and secheraasyyalky] grdupshaicte® Y2 \whekeodrid, salettetkdsomaiiytogyoumeensisting of aryl,
substituted aryl, het%rlrl)l%{%ll, and sgpstituted Sheteroaryl.  Optionally within above formulas (6) and

(7), R6 and RI m%ﬁlnbe jOIRIel%i §'fotm a ring system having from 5-50 non-hydrogen atoms. For
example, if R6 and Rictbhettier tfermrm Mpdibylkine’ théering thilldiavie PAIAHE invteeckackldne of the

ring, which may gr may ngt be supstituted, with other atoms. Also for example, if 10 R6 and RI together
form an sthylenc i wi K G ABHSETA BasRBORE CF TN oL T Bin iy not be
substituted with dthirogtomsulBtbstituents drenbihiaitedg abglbecseledlied, fromdioeygioaiRydonsisting of

halo, alkyl, substituted alli [, cycloalkyl suastit ted cycloglkyl, heteroalkyl, substituted heteroalkyl,
neterocy cloalkyl SRR Hler ey D S A g Rty 18 B AT e
heteroaryl, alkoxgombytexpnsithkrbafiyl, phosphino, amino, thio, seleno, nitro, and combinations thereof
In certain embodlmentsntlg(% ligands arg .novgé gam not%r}(g?e and those of nglﬁgg leéglelgatclille art will be

. . th -
able to identify such compoﬁn s from the above. One exar%p(ie ofthe hov compounds,

includes those cofpband¥einaralty@tioithracterizd dioynformgtaufs foabistiegdfergdR e selected from
vl e T S SR G R G R
Z2 is independentiysseieatedétomcsiréoglialp coplsistiyiaiibgddregdn, befbstigted mibstistdsktituted alkyl,
cycloalkyl, heteroaryl, alkoxy, aryloxy, silyl and combinations thereof.

The term "amine" is used herein to refer to the group: -NZ'Z*Z?, where
cach of Z' and Z* and Z’ is independently selected from the group consisting of
20 hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,

heterocycloalkyl, substituted heterocycloalkyl, aryl (including pyridines),

substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, silyl and
combinations thereof.

The term "thio" is used herein to refer to the group -SZ', where Z' is

25 selected from the group consisting of hydrogen, alkyl, substituted alkyl,

cycloalkyl, substituted cycloalkyl, heterocycloalkyl, substituted heterocycloalkyl,

aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy, silyl and
combinations thereof.

The term "seleno" is used herein to refer to the group -SeZ', where Z' is

30 selected from the group consisting of hydrogen, alkyl, substituted alkyl,



25 heterocycloalkyl, heterocyclic, aryl, substituted aryl, heteroaryl, silyl, alkoxy, aryloxy, amino
_and combinations thereof Particularly preferred embodiments of these compounds include
those where Z1 and Z2 are each independently selected from the group consisting of alkyl,
substituted alkyl, cycloalkyl, heterocycloallcyl, aryl, and substituted aryl; and more specifically
phenyl; where Q1, Q3, and Q5 are 30each selected4Bom the group consisting of alkyl and
substituted alkyl and each of - 49 - Q2 and Q4 is hydrogen; and where R4, R5, R6 and fe are
each hydrogen.cirdoatioyk infiestitatiidncpel el ligenoty diedkel seabti@2006i88628loalkylhe
1 igands of the catalysts of this inyention may be prepared using known procedures., See, for
example, Advafeer DI AEI GH T S TE) CRIE AP IO, O o s Jod
Specifically, thechgangsehth@draemtion may be prepared using the two step procedure
outlined in Schemes 1 _and as disclosed at pages 42 tq 44 of WO 03/040201, Co Eﬁositions

0Once the desired ligahtFidSoPmSd R Rdy I5ECED MolAE HithodHee BB ¢iBAnd} HEGHY or

other metal catakssheemnadnd] lagne-anRlgainRscibieligns o dnslinwndienikéll be
combined with a metal compound or catalyst and the %roduct of such combination is not
determined, if a produdiiRig! FerseRuaitie, 1HendatheRigsERea ANE PToTPTE ORI KKET at
the same time g thepdriTsial Qmeialsctalyiicanpaushaiongy i thedereanissolinyl,
activators, scavengers, etc. Additionally, the ligand can be modified prior to addition to or after
the addition of teeciletaredagetyland thedikh a deprotonation reaction or some other
modification. For the above formulae, the metal catalyst compounds may be 20 characterized
by the general formula HfiL), where L is independently selected from the group consisting of
halide (P, Cl, Brliganadlsy|, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl,
substituted heteroalkyleielgrocysiaptoutenoiiivied hatgragyciaaion At subsiibrss and
heteroaryl, substituted heteroaryf, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, 25
hydrido, allyl, dizrventiefena) phogphicterizhdsphiddy carmoxgatesithigands- ivmgies, tralates,
carbonates, nitrates, sulphates, and combinations thereof. nis, 1,.2. 3.4 or 6. T ium
catalysts may b%nagrﬁg%aeon elsd? rﬁ%%gt%%gﬁgt%g? r@g%ﬁgpéol@’l? %g\?v%qf l?r%l\}\?ncﬁll[g? P%aslrf]'r?g l?(r?:
metal typically dantainssdicrecdrtios ntwehitopunieyrefeziedowiufo: fhieysithissmnvBiitiomusesoas
E;{;;siémgg ?%ésn%%%)garﬁgégﬁ%”}/igraeg s?na%%lerh%@e&ﬂc %%‘%T zegdogic’ Lﬂ}ea %‘?19%‘3%% rg?eneral

formula(1):
/T\
1
R NH
20 wherein R' is very generally selected from the group consisting of alkyl,

substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl and combinations thereof. In many
embodiments, R' is a ring having from 4-8 atoms in the ring generally selected
25 from the group consisting of substituted cycloalkyl, substituted heterocycloalkyl,
substituted aryl and substituted heteroaryl, such that R' may be characterized by

the general formula (2):



include, but are not limited to HfC14, Hf(CH2Ph)4, Hf(CH2CMe3)4, Hf(CH2SiMe3)4,
_Hf(CH2Ph)3C1, Hf(CH2CMe3)3C1, Hf(CH2SiMe3)3C1, Hf(C1H2Ph)2C12,
Hf(C1H2CMe3)2C12, Hf(CH2SiMe3)2C12, Hf(NMe2)4, Hf(NEt2)4, and Hf(N(SiMe3)2)2C12.
Lewis base adducts of these examples are also suitable 5as hafnium catalysts, for example,
ethers, amines, thioethers, phosphines and the like dfe-suitable as Lewis bases. For
formulae 5 and 6, the metal catalyst compounds may be characterized by the general formula
M(L)1 where M is hafnium or zirconium and each L is indepqidently selected from the group
consisting of halide (F, Cl, Br, 1), alkyl, 10 substituted alkyl;cycloalkyl, substituted cycloalkyl,
hetcroalkyl, substituted heteroalkyl, h(};@‘o cloal tuted heterocycloalkyl, aryl,
substituted aryl, heteroaryl, substitute

thereof 15 nis 4, typically. Itis
well known that hafnium metal typically contains some&amoynt of impurity of zirconium. Thus,
this invention uses as pure hafnium or zirconium as is com %ially reasonable. Specific
examples of suitable hafnium and zirconium catalysts include, but are not limited to HfC14,
Hf(CH2Ph)4, Hf(CH2CMe3)4, Hf(CH2SiMe3)4, Hf(CH2Ph)3C1, 20 Hf(CH2SiMe3)3C1,
Hf(CH2Ph)2C 1214002 GiMeQ) 202, sifthieR)d, dif(NE 12, arboHIgNIESiMie 3)2)2 &1 Being

Zr(CH2CMe3)4, Zr iMe3)4, Zr(CH2Ph)3C1.Zr(CH2SiMe3)3C'l, Z(CH2Ph)2C12
H(CHZOMOCII SRS 1S HONE o BT 2 RS et A A B st of
these examples@realed duitepleakhadefimadcatalystindostelkast e aetiag)s, Qhinad, Q” are
thioethers, phosphines and the Jike gre suitable as Lewis bases The ligand to.meta
catalyst compodf R?B@Wibﬁ&?ieﬁ}ﬁ%cii% e G 8?%%%&%).6&@%@58%?%%&‘1,%rl‘le
preferably in the.yaraskof, amuitGiddlcie13RRbRuIIOstbstithtedgialahtiaBel but pidvilisaveation,
in part, relates to the usg of nonmetallocene metal-ligand c%r:}ngolexe Bgé%arall , the ligand is

i

mixed with a suftaBiRhRtarsaelhetBaBshing isPTOHE e BreRRRTg
mixture to be captacted Swriththakaaqtantsyed o MORAMNESS) e Belberdiganshisthaixgdupith

the metal catalyst compound, a metal-ligand complex may be formed, which may be a

catalyst®r may FRSHESeHegsaBke s ehstyiad plig nerslondertasebatitisd sxsiealisded

herein are referigg1g.45,2,1 coqplexsR®r 3.2,.6RpRIR¥ES, Withithejtsbaupmber represanting
the number of coordinating atoms and second number 10 reiresenting the charge occupied

on the metal. THterecysloaleieatierahstiwied anhdetssramhimgsitaied Basrangriemdnic
charge. Other ea&%siggergﬁﬁ@f thizynventianare, thaseeomplgxesias hausidgeneidl 3d

coordination scheme to a mefal center, with 3,2 referring to a ligand that occupies threg
coordination siteswhirséionetherged. oot bredeingierupisicatie tioun ganeserEahnidishe

being qs and -SiR’R®- with R? and R’ being independently selected from the group
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted
heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl,
aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, halide, nitro, and
20 combinations thereof. J" is generally selected from the group consisting of
heteroaryl and substituted heteroaryl, with particular embodiments for particular

reactions being described herein.
In a more specific embodiment, suitable nonmetallocene ligands useful in

this invention may be characterized by the following general formula (4):



- 2

15neutral Lewis base type coordination. Looking first at the 2,1-nonmetallocene
_metal-ligand complexes, the metal-ligand complexes may be characterized by the following
general formula (8): - wherein T, J", L and n arc as defined previously; and x is 1 or 2. The
J" heteroaryl may or may not datively bond, but is drawn as bonding. More specifically, the
nonmetallocene-ligand complexes may be characted2ed by the formula (9): wherein R’,
T, R4, R5, R6, R7, L and n are as defined previously; and x is 1 or 2. In one preferred
embodiment x=1 and n=3. Additionally, Lewis base adducts Rf4these metal-ligand complexes
are also within the scope of the Sinvention, for example, ethefs, aminess thioethers,
phosphines and the like are suitable as Lewis bases. ec iBaIIy, the
nonmetallocene metal-ligand complexes of this i Wentio may be*¢haracterized by the general
formula (10): - 53 - wherein the variables are/énerally efined apove. Thus, e.g., Q2, Q3,
Q4, R2, R3, R4, R5, R6 and le arRirdepentitly select®d. fro royp consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cyclgalkyl, hePeroaIkyI, 5 substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, ary)7substituted aryl, heteroaryl,
substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphin0; amino, thio, seleno, nitro, and
combinations thereof, optionally, two or more R4, R5, R6 and R2 groups may be joined to
form a fused ring systenh&iauing fear B-5@ aondfitidgbovatanisdacaddiiin B0 IRE pyddiids
ring, e.g. generating a 10 quinoline group; also, optionally, any cambination of R2, Jge, and R4,
iy b Jomed (OAREKTTAY AR BF ERt S I BRI G S S g
of alkyl, substituipgialkylceyaton kyibstistiutegtryaigalkubtadlisnbstitbéed eyl hetendadggithat
Q1 and Q5 are not both methyl; and each L is independently selected.from the grou

consisting of hali@tsregioaiy tiﬁ‘}fégaitl‘@k?ﬁt‘iﬁ?aﬂgﬂ%ﬁ‘,yéuB@ﬂtuf@ﬁséﬁﬂqﬁ%lﬁw’h@%g@ém%,

substituted hetegogliitked heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio,

seleno, halide, nitro, and combinations thereof. Optionally, any combination of
R*, R?, R® and R may be joined together in a ring structure.
10 In certain more specific embodiments, the ligands in this invention may be

characterized by the following general formula (5):

R3 R*
2 1 R2 5
Q Q >C|) ‘ N R
Q3 NH N o6
R7

¢t Q

wherein Ql, Q5 ,R* R>, R® and R’ are as defined above. QZ, Q3, Q4, RZ,

15 and R? are independently sclected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino,

amino, thio, seleno, nitro, and combinations thereof.



- 54 - heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
_substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene,
seleno, phosphino, phosphine, carboxylates, thio, 1,3- dionates, oxalates, carbonates,
nitrates, sulphates and combinations thereof; n is 51,2,3,4,5, or 6; and x=1 or 2. In other
embodiments, the 2,1 metal-ligand complexes can-bcharacterized by the general formula
(11): wherein the variables are generally defined above. 10In still other embodiments, the
2,1 metal-ligand complaxethef thisrenvesdifio earbbéinbatracteeidachinistbé gdndraicioionutml2):
wherein the variables are generally defined aboye. I articularly preferred embodiment
the nonmetallocEHEHFASTHB I &F?ﬁ”ré%féﬁ%fé\{f@bﬂé%@fg%lﬁﬁ #IEFSUEY 33 ige 50-51 of
WO 03/ 040201. Turning to the 3,2 metal-liggd nonrrl%)tallocene complexes used in the

practice of this invention, the metal-ligand Rﬁn exes may|be chara%terized by the general
formula (13): -56 - AN R

/ © h
R'— NI
R14 R11
R R]Z
5 wherein R', R%, R®, R*, R®, and R® are as defined above. In this embodiment the

R’ substituent has been replaced with an aryl or substituted aryl group, with R,
R R'™ and R" being independently selected from the group consisting of
hydrogen, halo, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted
10 heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy,
aryloxy, silyl, boryl, phosphino, amino, thio, seleno, nitro, and combinations
thereof, optionally, two or more RY, R, R' and R" groups may be joined to
form a fused ring system having from 3-50 non-hydrogen atoms. R' is selected
from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
15 substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl,
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, alkoxy, aryloxy, silyl, boryl, phosphino, amino, thio, seleno, halide,

nitro, and combinations thereof.
In still more specific embodiments, the ligands in this invention may be

20 characterized by the general formula (7):



where M is zirconium or hafnium; Rl and T are defined above; J" being selected from the group of
substituted heteroaryls with 2 atoms bonded to the metal M, at least one of those 2 atoms being a
heteroatom, @nr¢lwishR3gsatom of J™ is bonded 5 to M via a dative bond, the-@theslauseiya covalent
bond; and L' and L2 are independently selected from the group consisting of halide, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl,
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxy,
hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylatcs,
thio, 1,3- dionates, oxalates, carbonates, nitrates, suf hates, and combinations thereof More
specifically, the 3,2 metal-ligand nonmetallocene complexes of thisj‘nvention may be characterized by
the general formula (14): 15 -57 - where M is zircogli or hafnidfn} T,R4, Rs, R6, LI and L2 are

defined above; and E' is eithe rbon or itrogentynd |s part of an| cyclic aryly substituted aryl,

heteroaryl, or substituted heteR 3 EV 3,2 metal-ligand
nonmetallocene complexes 5usgd n(;f)h inve be characterized by the general
formula (15): R13 where

and T, RIJR4, R5,R6 , Rim R", R12, RR'3, L and

L2are defined above. 163 . olr{l@etallocene

wherein R*-R®, R'>-R'* and Q'-Q’ are all as defined above.
In certain embodiments, R* is preferably hydrogen. Also preferably, each
5 of R* and R’ is hydrogen and R’ is cither hydrogen or is joined to R’ to form a
fused ring system. Also preferred is where R® is selected from the group
consisting of benzyl, phenyl, 2-biphenyl, t-butyl, 2-dimethylaminophenyl (2-
(NMe,)-CsHy-) (where Me is methyl) ,2-methoxyphenyl (2-MeO-CsHs-),
anthracenyl, mesityl, 2-pyridyl, 3,5-dimethylphenyl, o-tolyl, 9phenanthrenyl.
10 Also preferred is where R' is selected from the group consisting of mesityl, 4
isopropylphenyl (4-Pr'-CgHy-), napthyl, 3,5--(CFs), -C¢Hs, 2-Me-napthyl, 2,6-
(Pr'),-CeHs-, 2-biphenyl, 2-Me-4-MeO-CgHz-; 2-Bu'-CgHy-, 2,5-(Bu'),.-CeHs-, 2-
Pr-6-Me-CgHs-; 2--Bu'-6-Me-CgHs-, 2,6-Et,-CgHs- , 2-sec-butyl-6-Et-CHa-.
Also preferred is where R’ is selected from the group consisting of hydrogen,
15 phenyl, napthyl, methyl, anthracenyl, 9-phenanthrenyl, mesityl, 3,5-(CF3),-CsH3-,
2-CF3-CgHy-, 4-CF3-CsHs-, 3,5-F2-CsHs-, 4-F-CsHs-, 2,4-F»-CsHs-, 4-(NMe;)--
CsHy-, 3-MeO-CgHs-, 4-MeO-CgHy-, 3,5-Me,-CgHs-, o-tolyl, 2,6-F,-C¢Hi- or
where R’ is joined together with R® to form a fused ring system, e.g., quinoline.
Also optionally, two or more R*, R’, R®, or R’ groups may be joined to

20 form a fused ring system having from 3-50 non-hydrogen atoms in addition to the



- @

complexes of this invention may be characterized by the general formula (16): where M is

. zirconium or hafnium; and R2, R3,R4, R5, R6, R10, RO, R12, p 13 nt Q2, Q3,04, Q5,=11L
and 1,2 are defined above. In the above formulas, R1, R11, R12, and R13 are independently
selected 5 from the group consisting of hydrogen, halo, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heteroalkyl, substituted heterd@lkyl heterocycloallcyl, substituted
heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy, aryloxg silyl,
boryl, phosphingyediirorithio esplesperaiing angtimRline smpponkbithasorsihedeoenéhtdnally,

two or more R1 5@&9 %ﬂgg%éj&so%ago dQ ﬁgﬁlg@ % %)Qaé{{% Eédauegg%ﬁ nige@@g Raving,fegm

3-50 non- hydrogen atom In a he metal-ligand
complexes in thee&yomeopmulay azmmsmsdmblaikmrg&apsplmdaﬂi’éfs aheiec¥, thisdtitad,

phosphines and.the Inﬁ(e are suitable ?.s X stﬁ%s-tlipﬁe eta |I%a{1%) %(%, m[;lretsess %apmte d

formed by technﬁrques &N R Those" I@0? eem

hydrogen and theteretajdligand complexes are formed by a metallatlon reaction (in situ or not)
32 complexes of this MAGRABIIEES Ao GTLLEs 0 CrGaBg LGP TR ©
complexes or catalistsimayybieratRpsetoan RRMRgAN¢Rogen atoms. For example, if R® and
R together form a methylene, the ring will have 5 atoms in the backbone of the
ring, which may or may not be substituted with other atoms. Also for example, if
10 R® and R'® together form an ethylene, the ring will have 6 atoms in the backbone
of the ring, which may or may not be substituted with other atoms. Substituents
from the ring can be selected from the group consisting of halo, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
15 substituted heteroaryl, alkoxy, aryloxy, silyl, boryl, phosphino, amino, thio,
seleno, nitro, and combinations thereof.
In certain embodiments, the ligands are novel compounds and those of
ordinary skill in the art will be able to identify such compounds from the above.
One example of the novel ligand compounds, includes those compounds generally
20 characterized by formula (5), above where R? is selected from the group
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl,
aryl, and substituted aryl; and R’ is a phosphino characterized by the formula -
PZ'7%, where each of Z' and Z* is independently selected from the group
consisting of hydrogen, substituted or unsubstituted alkyl, cycloalkyl,
25 heterocycloalkyl, heterocyclic, aryl, substituted aryl, heteroaryl, silyl, alkoxy,
aryloxy, amino and combinations thereof. Particularly preferred embodiments of
these compounds include those where Z' and Z? are each independently selected
from the group consisting of alkyl, substituted alkyl, cycloalkyl, heterocycloalkyl,
aryl, and substituted aryl; and more specifically phenyl; where Q', Q% and Q° are
30 each selected from the group consisting of alkyl and substituted alkyl and each of



inorganic support. Suitable supports include silicas, aluminas, clays, zeolites, magnesium chloride,
polyethyleneglycols, polystyrenes, polyesters, polyamides, peptides and the like. Polymeric supports
may be crossgiinkrd elongt. Similarly, the ligands, complexes or catalysts kR S4Phsyigd on similar
supports known 15 to those of skill in the art. in addition, the catalysts of this invention may be
combined with other catalysts in a single reactor and/or employed in a series of reactors (parallel or
serial) in order to form blends of polymer products. The metal complexes used in this invention are
rendered catalytically active by combination with an activating cocatalyst or by use of an activating 20
technique. Suitable activating cocatalysts for use hefein include neutral Lewis acids such as
alumoxane (modified and,unmodified), CI-C30 hydrocarhby} substituted Group 13 compgunds,
especially tri(hy c%ﬂ%)fg)a}ﬁ S RYOrEE &by Abdtort &pﬁﬁn%}éﬁé{‘%gﬁ?&ené:t‘érd (including
perhalogenated)deriviatvesativerenfiddavingdidsplioc koccarbauwdngazk hydrocarbyl or 25
halogenated hydrocarb>fB roup, more especially eépru rinated tri%gr I%?oron compqunds, and most
especially tris(pentafluo %@é&?ﬂﬁqgo?gﬁ ?r?&?%ﬁf}%n i@léolﬁﬁ?gffﬂ %\ hOSoPafRALTy “foPEforming
compounds (incluadw theodsguedssudeEofopaaap lendatvaxidiziny condiibes)isespadialy, the use of
ammonium-, ph Eon' m-,.oxonjum-, carboniym-, sjlylium- or sylfopium-salts of.compatible,
SononcodtainatiE RO E oL P Tel o Eats o oSBTl Mo e GR KO ions: bulk
electrolysis (explaine ddnpmepie-deaisihfheheinatiesimpiocatnbinadtinsdiitheciriegoinguattigating
cocatalysts and t ngi es. Thef in vati atalysts and activating techniques have been
previously taughf?lv%ﬁ S%is%é)&g% é%rrﬁéggjr‘n@‘?fnﬁé&t I@(@rg&cze%?es in the following references: U.S. Pat. No.
5,153,157 5and U.S. Pat. No. 5,064,802, EP-A-277,003, EP-A-468,651 (equivalent to U.S. Ser. No.
07/547,718), U.S. Pat. No. 5,721,185 and U.S. Pat. No. 5,350,723. The alumoxane used as an
activating cocata?yosrpﬁﬁ)-st}'trlrgprsnvention is of the formula (R4"(0-11))A10," in which R4 is a linear,
branchethor cyclic Cl toGn6chtyid rdesartalyligans fiofordd, abaay ey dsntsordabidut ikl agoma, n is an
integer 10 from ?t%out :r3n to ar?ci)utr 2 hirgclustia\ﬁe. a'll'hle yeferredn%rl)u oxanc cngoQtents, {%tgrred to as
modified methyIaPumcc)?(alggg, Cre 058 Whetein R4 15 &% Sar, Branched or gxycll(fc 3%
hydrocarbyl, x is ligamigb6tii9hetoiaboutl 0.SGombsnfrd mitboutet Beotopalnod od Sahdtraislan integer
between 4 and 20, inclusive: still more preferably, R4 is,isobutyl, tertiary byt n-octyl, x is from
about 0.2 (0. 15 SoLN G I i SET B St b A s A DekhGen Fand 15,
inclusive. Mixturesaphthee tiisolgaatlimaxdresidedytalsadaetamplessetl dh tivespractivecodsthikeinvention
Most preferably, the alumoxane.is of the form Ia1]5R4x %1 YA Oé 1, wherein R4 is isgbutyl or tertiary
DUyl ¢ 5 about 0156 S ARUDL G e o s AL IBIR SR e
alumoxancs are s©-calddimodifiedhalUrpoxhnes, preferafidd modifiedadbtioyldlimoxEae hMMAO), that
are completely Sgiaﬁll%ﬂlnoﬂﬁg?ge%qlXaeth.SStf%r. ?’%ﬂ%‘&@éﬁ.@?Bﬁ@%n@&&%&&%ﬁ' WSV sditle. it any,
.A'tec ihg st Ifie IS

trialkylaluminum nique for preparing sich mo umoxanes
modification.

For the above formulae, the metal catalyst compounds may be

20 characterized by the general formula Hf(L), where L is independently selected
from the group consisting of halide (F, Cl, Br, I), alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine,

25 hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylates, thio, 1,3-
dionates, oxalates, carbonates, nitrates, sulphates, and combinations thereof. n is

1, 2,3,4,5, or 6. The hafnium catalysts may be monomeric, dimeric or higher

orders thereof. It is well known that hafnium metal typically contains some

amount of impurity of zirconium. Thus, this invention uses as pure hafnium as is

30 commercially reasonable. Specific examples of suitable hafnium catalysts



25 disclosed in U.S. Pat. No. 5,041,584 (which is incorporated by reference). Alumoxanes useful as an
activating cocatalyst in this invention may also be made as disclosed in U.S. Pat. No. 4,542,199;
4,544,762; 4,980504R37556515,749; 5,041,583 and 5,041,585. Various alumg@pesleairs:abtained
from commercial sources, for example, Akzo-Nobel Corporation, and include MMAO-3A, 30MMAO-12,
and PMAO-113. -61 - Combinations of neutral Lewis acids, especially the combination of a trialkyl
aluminum compound having from 1 to 4 carbons in each alkyl group and a halogenated
tri(hydrocarbyl)boron compound having from 1 to 10 carbons in each hydrocarbyl group, especially
tris(pentafluorophenyl)borane, and 5 combinations dPreutral Lewis acids, especially

tris(pentalluorophenyl)borane, with nonpolymeric, compatible ng ogéﬁinatin ion-forming compounds
are also useful attiifhg Ctatdigstdot  1&Rigthietfon ' g%ﬁﬁﬂ ts J&éﬁé@éﬁgﬁalysw in one

embodiment of tREFEEsEMIMENtiFfCOMPLHSE R catiofiQHniCivis, a@ronstiad @sigodapatda of 10
donati " . o io . in
moncooraimatina R R G e R N G E N et B F r0up 4 metal
containing catalygicemplesidag thelcatbiyiic desivadivedasfvddshexefipras arevwdnohistaiily weakly
coordinated to sucgggomﬁfxesltherzgg/ rema’nin%ésufficie.n%l bile to be displaced b\é}ﬁfneutral 15

7

Lewis bade. A néRdBSPHIRLEHE 4o A8 SERmRLINP TR LB S8R SRR finttionihg as a

charge balancindikaiga dnialdatohicviebasaomplex does not transfer an anionic substituent or

fragment thereof to saig:ca jon thereby forming neutral complexes. "Compatible anions" gre anions
which are not degraded 1 KOy GRS RRTAIS HAIvAbe TR HA LA S dre

noninterfering 2Qwitth ¢ gsirad] sivbsadudid polynesi MticrhafhdtheotgasoaitheaadnepbdxL is Preferred

anions are those. containing a si tec ordipation complex comprisi harge-beari etal or
metalloid core wSPSIBHT SSASt B Dallin iSRS RHAVEE 8 (RU%Ge e Cathlydtshbelos (the metal
cation) which maylbxeifoth eel kyihe rtbiedikel comdpoinands ayelcdinbjneeccAlddysaidibstiancghould be 25

sufficiently labile,to be displaced by olefinic, diolefinic,and acetylenically unsaturated, compounds or
Sther neuiral LoD OLY s oSSRl b R T SR i et o,
aluminum, gold drtpiatyhusnb Sinitab |6 aeetatididdkingiydeylouy ahy drokiintitedliailbremimphosphorus,
and silicon. Comgoynd(sﬁlc%rim %inai11 2 -%?13 V\égigg corl?(g)sri ?ngooilccl)in%tlilcl)n %glrjggle¥aefgs3(%ﬁ%ntaining a
single metal or metalidid atom ‘are; 6f course, well known and many, - §2% par}fcu arly such
compounds contajBidigrsingisaisesncatbomiresheisnion pdrthamgsarm dvaidbiecomiercidlly. In one
embodiment of this invention,,the activating cocatal ay be represented by the following general
formula: [Lo-H] ATRELTHCE L Tiaa e LA e o RO e e S s
noncoordinating aoompatiblenpmity davingrawhardgkusf thimnd chisamiategepdroraintord.ovore
preferably Ad- corr,

integer from 2 to't r@g@gﬁj dgs;[\% ﬁ%%%%%%@rﬁ%%@é@é’l?r%%gg[r%g)éa@c%q?%%%%é%?&%i ego’fetklmz o
Elements; and eatth @iigoindapeatidystly include, but are not limited to HfCly, Hf(CH,Ph),,
Hf(CH,CMes)4, Hf(CH.SiMes)s, Hf(CH,Ph);Cl, Hf(CH,CMes)sCl,

20 Hf(CH,SiMe;);Cl, Hf(CH,Ph),Cl,, Hf(CH,CMe;),Cl,, Hf(CH,SiMe;),Cl,,
Hf(NMe,)s, Hf(NEt;)s, and Hf(N(SiMes),),Cl,, ZrCly, Zr(CH,Ph)s,
Z1r(CH,CMe3)s, Zr(CH,SiMe3)4, Zr(CH,Ph);Cl, Z1(CH,CMe;);Cl,
Zr(CH,SiMes);Cl,  Zr(CH,Ph),Cl,, Zr(CH,CMes),Cl,,  Zr(CH,SiMes),Cl,,
Zr(NMe,)4, Zr(NEt;)4, and Zr(N(SiMes),),Cl,.

25 Lewis base adducts of these examples are also suitable as hafnium catalysts, for
example, ethers, amines, thioethers, phosphines and the like are suitable as Lewis
bases.

The ligand to metal catalyst compound molar ratio is typically in the range
of about 0.01:1 to about 100:1, more preferably in the range of about 0.1:1 to

30 about 10:1.



10 selected from hydride, dialkylamido, halide, hydrocarbyl, hydrocarbyloxy,
halosubstituted-hydrocarbyl, halosubstituted hydrocarbyloxy, and halo substituted silylhydrocarbyl

radicals (inclygingRaHaalegenated hydrocarbyl-perhalogenated hydrocarbyexyyaneh pgshalogenated
silylhydrocarbyl radicals), said Q having up to 20 carbons with the proviso that in not more than one

occurrence is Q halide. 15Examples of suitable hydrocarbyloxide Q groups arc disclosed in U.S. Pat.
No. 5,296,433. In a more preferred embodiment, d is one, i.e., the counter ion has a single
negative charge and is K. Activating cocatalysts comprising boron which are particularly useful in the
preparation of catalysts of this invention may be 20 éﬁresented by the following general formula:

[L*-1-1] [BQ41- wherein; [L*-1-1] is as previously defined; B is boron in an oxidation state of 3; and Q
is a hydrocarbyl%&é@%@%‘?—lﬁ%ﬁinated hydrocarbyl-, fluorinated hydrocarbyloxy- or fluorinated
silylhydrocarbyl-group aftip iie,2Qioeninygingenaadomastheitid e prarisallbaéin metambgardihan one
occasion is Q hydrocarbyl. 25Most preferably, Q js each occurrence a fl rinate%ar | group,
especially, a pen‘fgﬁﬁ’i% en FH?B?TE’.’ t{lelllﬁ%@éti\}%,%eraot“f itﬁ‘ngs,uét)%% pied fﬁ%?%(‘?tcompounds
which may be useshpsail aeibraiingr choatalysdusl ihe i eplaraiigniof thxwatalyds afithisddvention are
tri-substituted ammonium salts such as: 30tri et Immo iultlm te(i(ra henéfl botEt , - 63 -
N,N-dimethylanilfiith i e ASHER Kot al RPPSHIammehitin t8kis SERtant Eﬁ?e ¥horate,
N,N-dimethylanilbata msh-danstiyidia (h entatadigghdnybnipocaten dyicibyiammemnidiich may be a
tetrakis(2,3,4,6-tetr£aflu%)ropheng€2 ﬁr?r%?t]e, 5tNl}I itetgglanil'n'urp t,g{{akisﬁ,?,4,6-tetraflfjorophenyl)
borate, and N,N-%%r%é’ﬁn?f}??l, Sriniet %/Fénlm%u °t rgﬁ%@?@,ﬂf, Yetls ub}%aplﬁie%%ﬂ}pb%xr%ﬁe; dialkyl
ammonium saltsdsmalysad: herein are referred to as 2,1 complexes or 3,2 complexes, with the first
number representing the number of coordinating atoms and second number
10 representing the charge occupied on the metal. The 2,1-complexes therefore have
two coordinating atoms and a single anionic charge. Other embodiments of this
invention are those complexes that have a general 3,2 coordination scheme to a
metal center, with 3,2 referring to a ligand that occupies three coordination sites
on the metal and two of those sites being anionic and the remaining site being a
15 neutral Lewis base type coordination.
Looking first at the 2,1-nonmetallocene metal-ligand complexes, the

metal-ligand complexes may be characterized by the following general formula

(8):
) llzl_
N
/ \\
T, HfL,
4
/|
U] x

20 —
wherein T, J", R', L and n are as defined previously; and x is 1 or 2. The

J" heteroaryl may or may not datively bond, but is drawn as bonding. More
specifically, the nonmetallocene-ligand complexes may be characterized by the

formula (9):



di-(i-propyl)ammonium tetrakis(pentafluorophenyl) borate, and dicyclohcxylammonium
tetrakis(pentafluorophenyl) borate; 10tri-substituted phosphonium salts such as: triphenylphosphonium
tetrakis(pent@fly9seaheayd) borate, tri(o-tolyOphosphonium tetrakis(pentaflygrerRemshagrate, and
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate; di-substituted oxonium salts
such as: 15diphenyloxonium tetrakis(pentafluorophenyl) borate, di(o-tolyl)oxonium
tetrakis(pentafluorophenyl) borate, and di(2,6-dimethylphenyl)oxonium tetrakis(pentafluorophenyl)
borate; di-substituted sulfonium salts such as: diphenylsulfonium tetrakis(pentafluorophenyl) borate,
20di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) bor te, and di(2,6-dimethylphenyl)sulfonium
tetrakis(pentafluorophenyl) borate. Preferred [L*-H]+ cations include N,N-dimethylanilinium and
tributylammonium. Another suitable ion formﬁwg, activatipg cocatalyst comprises a salt of a
cationic 25oxidizing agent and a noncagordinatingy, compajilg anion represented by the formula: (Ox. e
)d(Ad-)e wherein: Ox.e is a cationic oxidizing ag viig acharge of e-; e is an integer from 1 to 3;
and Ad- and d are as previously definef.Re tionic oxidizing agents include: fen-ocenium,
hydrocarbylsubstituted ferrocenium, Ad+, or PR+2. Prefeired(embodiments of Ad- are those - 64 -

HIL,

wherein R, T, R*, R’, R®, R, L and n are as defined previously; and x is 1
or 2. In one preferred embodiment x=1 and n=3. Additionally, Lewis base
adducts of these metal-ligand complexes are also within the scope of the

5 invention, for example, ecthers, amines, thioethers, phosphines and the like are
suitable as Lewis bases.

More specifically, the nonmetallocene metal-ligand complexes of this

invention may be characterized by the general formula (10):



anions previously defined with respect to the Bronstcd acid containing activating cocatalysts,

_especially tetrakis(pentafluorop

henyl)borate. Another suitable ion forming, activating

cocatalyst comprises a compound which is a salt of a carbenium ion and a noncoordinating,

compatible anion 5represented
and A- is as previously defined.

by the formula: [C] A- wherein: [Cl is a CI-C20 carbenium ion;
A preferred carbenidh-on is the trityl cation, i.e.,

triphenylmethylium. A further suitable ion forming, activating cocatalyst comprises a

compound which is a salt of a

represented by the formula:Ri

as previously defined. Pref
tetrakis(pentafluorophenyl)bor
substituted adducts 15 thereof
Chem Soc. Chem. Comm., 199
1994, 13, 2430-2443.
with tris(pentafluorophenyl)bor

according to the present inven

The technique of bulk electroly
under electrolysis conditions in
noncoordinating, inert anion. In
electrolytic potentials for the ele
render the metal complex catal
reaction. More particularly, suit
conditions of the electrolysis (g
30the supporting electrolyte, arf

iiylium ion and a noncoordinating,jcompatible 10anion

i(X)g-A- whegéin: R is Q€10 hydiocarbyl, and X', q and A- are
rred silylium salt activating cocatalysts are trimethylsilylium
kispentaflugro)phenylborate and ether
previpus y generically disclosed in J.
Rrt, J|B et al., Organometal lies,

Cert%in complexes gf alcohdls, mercaptans, silanols, and oximes
t

wNata%ators and may be 20used
on. Such cocatalysts are disC 1in U.S. Pat. No. 5,296,433.
bis involyes the &lectrochemical oxidat fithe metal complex
the presenc&o s\sgpporting el yte comprising a

the technigye, solvents, upporting electrolytes and
ctrolysis are used st that electr lysis byproducts that would
Utically inactive are ngt substantially formed during the

able solvents are mategrials that ar¢: liquids under the

'C), capable of dissolving
hat are not

X

10

15

wherein the variables are generally defined above. Thus, e.g,, Q% Q% QY RL R,
R* R®, R® and R’ are independently sclected from the group consisting of
hydrogen, altkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl,
substituted heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl,
substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl,
phosphino, amino, thio, seleno, nitro, and combinations thereof, optionally, two or
more R, R, R® and R7 groups may be joined to form a fused ring system having
from 3-50 non-hydrogen atoms in addition to the pyridine ring, e.g. generating a
quinoline group; also, optionally, any combination of R% R® and RY, may be
joined together in a ring structure; Q' and Q° are selected from the group
consisting of alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, aryl,
substituted aryl, provided that Q' and Q5 are not both methyl, and each L is
independently selected from the group consisting of halide, altkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl



- 65 - reduced or oxidized under the reaction conditions employed for the electrolysis. It is generally
possible in view of the desired electrolysis reaction to choose a solvent and a supporting electrolyte
that are unaf{ggtesdy,bagselectrical potential used for the desired electrolysistRk8ifRv6ek s@lvents
include difluorobenzene (all 5isomers), dimethoxyethane (DME), and mixtures thereof The
electrolysis may be conducted in a standard electrolytic cell containing an anode and cathode (also
referred to as the working electrode and counter electrode respectively). Suitable materials of
construction for the cell are glass, plastic, ceramic and glass coated metal. The electrodes are
prepared from 10 inert conductive materials, by which are meant conductive materials that are
unaffected by the reaction mjxture or reaction conditjons. Platinum_or palladium are preferred inert
conductive mate %ﬁowmyaﬁu%ﬁtﬁ%%%}ﬁ@%i?ﬁrﬁ?‘éaélré{hcﬂﬂ?x%“g’? s 895{ W hrates the cell
into separate compatimedthetbayorkisg@igctiedexgormparsenbant colyntemeiestrasignepmpartment.
The working 15 electrode is immersed in a regction.medium camprising the metal complex to be
aciivated, solverty SO luEiol L ihd IR RARE RERRIAIS dSEIR Y rodtPatihg the
electrolysis or staidhiatog hales)ltadoamp)axirdics, calphtaseiedradebinitvnesedaf a mixture of the
solvent and supporti glect olyte. The desired voltage may be determined by theoretical calculations
or experi?nentallyl’%g:%y’s%éegﬂ%‘t_ €&l using a reference electrode such as a silver electrode
immersed in the cell eldatrayiier Thateddkgnondieell L urrendalhiésendrenbalidwkés thambsence of the
desired electrolysﬁs, istalso %E%et%mined. %1 e elelctr?%sis is completed when the current drops from the
desired level to tﬁeabaﬁc%ézr% &e i Hrrﬁléﬁlger, ‘complete conversion of the initial metal complex
can be easily 25detected. Suifabfe supporting electrolytes are Jalts comprising a cation and a
compatible, noncoordinating anioh, K. Preferred supporting electrolytes are salts corresponding to the
formula: UFA- wherein: if is a catipn which is nonreactiy@?tog?lrds the starting and resulting complex,
and A- is as previously defined. {66 - Examples of cati®is, G, jnclude tetrahydrocarbyl substituted
ammonium or phosphonium cations having up t%b nompydrogen atoms. Preferred cations are the
tetra-n-butylammonium- and tetr ethylaoniu [ [
present invention by bulk 5 electiolysis !
electrode and A migrates to the working eled
product. Either the solvent or the gation of th is reduced at the counter
electrode in equal molar quantity with theamouQt of oXidized-mefa plex formed at the working
electrode. Preferred supporting 10 eIe«Rrontes afe tetrahydrocarbylammonium salts of
tetrakis(perfluoroaryl) borates haying from 1 to 1Q carbons in each hydrocarbyl or perfluoroaryl group,
especially tetra-n-butylammonium tetrakR(]&entaf uorophenyl) borate. A further electrochemical
technique for generation of activating cocatalysts|is the electrolysis|of a disilane compound in the
presence of a source

ok
ppofting electrolyte passes to the counter

R R14
R R13
X
wherein the variables are generally defined above.
10 In still other embodiments, the 2,1 metal-ligand complexes of this

invention can be characterized by the general formula (12):



150f a noncoordinating compatible anion This technique is more fully disclosed and claimed in U.S.
Pat. No. 5,625,087. The foregoing activating techniques and ion forming cocatalysts are also
preferably usgg iG@mRgation with a tri (hydrocarby Dal umin um or tri(hygdegadayhsang compound
having from 1 to 4 carbons in each hydrocarbyl 20group. In a preferred embodiment, the activator
is selected from the group consisting of: trimethylammonium tetraphenylborate, triethylammonium
tetraphenylborate, tripropylammonium tetrap henyl borate, tri(n-butyl)ammonium tetraphenyl borate,
25tri(tert-butyl)ammonium tetraphenylborate, N,N-dimethylanilinium tetraphenylborate,
N,N-diethylanilinium tetraphenylborate, N,N-dimeth'y?-?z,4,6- trimethylanilinium) tetraphenylborate,
trimethylammonium tetrakis(pentafluorophenyl)borate, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylam mon iy 30tetrakis(pentafluorophenyOborate,
tri(n-butyl)lammonium - 67 - tetfakis(pentafluorophényl)borate, tri(sec-butyl)ammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinjum tetrak|§§pentafluorophenyOborate, N,N
-diethylanil in ium tetrakis(pentafluorophenypbeate I42,4,6-tri methyl anil n ium)
Stetrakis(pentafluorophenyl)borate, trimethylam 3,4,6- tetrafluorophenyl) borate,
triethylammonium tetrakis-(2,3,4,6- tetrafluorophjg bylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tri(n-butyl)ammoniyrng frafluorophenyl)borate, di
methyhtert-butypammon ium tetrak is-(2,3,4,6- borate, N,N-dimethylanil inium
tetrakis-(2,3,4,6-

RS
\k
HIL,
R
Y\
R N

Q! Q

Q Q*
Q’ X

wherein the variables are generally defined above.
In a particularly preferred embodiment the nonmetallocene metal-ligand
complexes are represented by the formulae at page 50-51 of WO 03/ 040201.
5 Turning to the 3,2 metal-ligand nonmetallocene complexes used in the
practice of this invention, the metal-ligand complexes may be characterized by

the general formula (13):



tetrafluorophenyl)borate, N,N-diethylanihnium tetrakis-(2,3,4,6- tetrafluorophenyOborate,
N,N-dimethyl-(2,4,6-trimethylanihnium) tetrakis(2,3,4,6-tetrafluorophenyl)borate, trimethylammonium
tetrakis(perflyasolgbibrgaborate, triethylammonium 15tetrakis(pcffluoronapptfyQhpraiessiap ropyl
ammon ium tetrakis(perfluoronaphthypborate, tri(n-butypammonium tetrakis(perfluoronaphthyl)borate,
tri(tert-butyl)ammoni urn tetrakis(perfluoronaphthyl)borate, N,N-dimethylani I in i um
tetrakis(perfluoronaphthyDborate, N,N-diethylanilinium 20tetrakis(perfluoronaphthypborate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis(perflugronaphthypborate, trimethylammonium
tetrakis(perfluorobiphenyOborate, tricthylammoniumst%frakis(perfluorobiphenyOborate,
tripropylammonium tetrakis(perfkorobiphenyOborat?, tri (n-butyl)am mon ium
25tetrakis(perfluorobiphenyl)borate, tri(tert-butyl)dmonium tetrakis(perfluorobiphenyl)borate,
N,N-dimethylanflinium tetrakis(perfluorobiphenyl)bloratc, N,N-diethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethyl-(q\ﬁ,G-trimethyganflinium)
tetrakis(perfkorobiphenyOborate, trimethylammgnioxn tetrakig(3,5- 30bis(trifluoromethyl)phenyl)borate,
triethylammonium tetrak is(3,5- - 68 - bis(trifldioromexayl)ptienyl)borate, tripropylammonium
tetrakis(3,5- bis(trifluoromethyl)phenyl)borafe, tri(n-buty)ammonium tctrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri(tert-butyNammofirum\etrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-di meth ium tet %lds(3,5-
5bis(trifluoromethyl)phenyl)borate, N,N-diethylanijiHium tetrakis(3,5- bis(trifluoromethyl)phenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis(3.3-bis(trifluoromethyl)phenylborate,
di-(iso-propypamMBHIuN 1o FARRHERA AT By otate, %qgi)sﬂoﬁ%zgﬂa Bifiylccted
tetrakis(pentaflugrephasypratsutitadely Bphesphrniuim 1QtethskistaentafiheraptenyQborate,
tri(2,6-dimethylphenyl)phosphoni
fi(2,6-dimethylp 16%2%/ 31ri)e 8? BIO%QI re?toms being a heteroatom, and with one atom of J'" is bonded
5 to M via a dative bond, the other through a covalent bond; and L' and L* are
independently selected from the group consisting of halide, alkyl, substituted
alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino, amine,
10 hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylates, thio, 1,3-
dionates, oxalates, carbonates, nitrates, sulphates, and combinations thereof.
More specifically, the 3,2 metal-ligand nonmetallocene complexes of this

invention may be characterized by the general formula (14):

1
15 R



tetrakis(pentafluorophenyl)borate, tropillium tetraphenylborate, triphenylcarbenium tetraphenylborate,
triphenylphosphonium tetraphenylborate, triethylsilylium tetraphenylborate,
benzene(diagapismigtaghenylborate, tropillium tetrakis(pentafluorophenyhbpiais,yiasaylcarbenium
15tetrakis(pentafluorophenyl)borate, triphenylphosphonium tetrakis(pentafluorophenyl)borate,
triethylsilylium tetrakis(pentafl uorophenyl)borate, benzene(diazoni urn)
tetrakis(pentafluorophenyOborate, tropi llium tetrakis-(2,3,4,6- tetrafluorophenyl)borate,
triphenylcarbenium tetrakis-(2,3,4,6- 20tetrafluorophenyl)borate, triphenylphosphonium
tetrakis-(2,3,4,6- tetrafluorophenyl)borate, triethylsiry?iZJr'n tetrakis-(2,3,4,6- tetrafluorophenyl)borate,
benzene(diazonium) tetrakis-(2,3,4,6- tetrafluorophenyl)botate, tropillium
tetrakis(perfluoroRapfithy orEea thsHet it 4Prehitin toerBidistoerfidBionaphiisibstabeye:
triphenylphosphainiyiir 2btethakisifiriil voidaaphinyebrrpie; sfathylslidiumi, substituted aryl,
tetrakis(perfluorgt?ﬁa hthy bo%{ benzene di%éonium) tetrakis(perfluoronaphthyl)borate, tropinium
tetrakis(perfluor ﬁn%ar@’)t%ls Wffﬁﬁé?ﬁ}? atbermtitiPetrakis(perfluorobiphenyl)borate,
triphenylphosphonium tetrakiserfisectiiphg i Boratestitidihsilybintmctallocene complexes
30tetrakis(perfkorobjphen Obor.ate,ga nzcne(diazonium) - 69 - tetraki rfluorob'ghen borate,
topiiumetet akiSE S b CRTRIGCALgN RGP BHEF G O T AER R A
bis(trifluoromethyl)phenyl)borate, triphenylphosphon ium tetrakis(3,5- bis(trifluoromethyl)phenyl)borate,
tri ethyl si lyl ium tetrakis(3,5 - Sbis(trifluoromethyl)phenyl)borate, and benzene(diazonium)
tetrakis(3,5- bis(trifluoromethyl)phenyl)borate. R~ The molar fgtio of catalystkocatalyst employed
preferably ranges from 1:10,000 to 103, moyg refe'ﬁ@/ from 1:5000 to 10:1, most preferably from

of activating cocatalysts may also be e L ossible Yo emplgyl these aluminum compounds
for their beneficial ability to scavenge Rnpuriti€y’such as 6 nxater, and aldehydes from the

polymerization mixture. Preferred aluminum compounds inefude 13 frialkyl aluminum compounds
having from 1 to 6 carbons in each alkRR [

\ :10,000 to 100:1, more preferably from 1:1000 to

10:1, most preferably from 1:500 tR % Wreferred borane 20activating cocatalyst comprisesa

strong Lewisacid,especially
R R13
where M is zirconium or hafnium; and T, R', R*, R’, RS, R, R}, R"2, R”, L and
L’are defined above.
10 Still even more specifically, the 3,2 metal-ligand nonmetallocene

complexes of this invention may be characterized by the general formula (16):



tris(pcntafluorophenyl)borane. In some embodiments disclosed herein, two or morc

. different catalysts, including the use of mixed catalysts can be employed. In addition to a
nonmetallocene, metal-centered, heteroaryl ligand catalyst, when a plurality of 25 catalysts
are used, any catalyst which is capable of copolymerizing one or more olefin monomers to
make an interpolymer or homopolymer may be usedfh-embodiments of the invention in
conjunction with a nonmetallocene, metal-centered, heteroaryl ligand catalyst. For certain
embodiments, additional selection criteria, suclRég molecular weight capability and/or
comonomer 30incorporation capability, preferably should be satisfied.Two or more - 70 -
nonmetallocene, metal-centered, hetergab}l liga# tbhaving different substitucnts can
be used in the practice of certain of the emb
which may be used in conjunction with the npnmetallocene, metal-centered, heteroaryl ligand
catalysts disclosed herein 5include, but are to, metallocene catalysts and
constrained geometry catalysts, multi-sie i®&gler-Natta catalysts), and variations
therefrom. One suitable class of %atalysts is’the catalysts disclosed in U.S. Pat. No.
5,064,802, U.S. Pat. No. 5,132,380RU.S. Pat.MNo. 37, U.S. Pat. No. 6,034,021, EP O

. 0 Another suitable class of
catalysts is the metallocene catalysts 0. 5,044,438; U.S. Pat. No.

5,057,475; U.S. Pat. No. 5,096,867;/and U.S. Rat. No. 5,324,8Q0. It is noted that these
catalysts may be considered as meta are sometimes referred to in
the art as single-site catalysts. 15Anothe Is substituted indenyl
containing metal complexes as disclgged in [U.S. Pat. No. 5,96 %’Lb Pat. No.
6,015,868. Other catalysts are disclosed in ¢opending applieations) Y.S. application Ser. No.

| Applicdtion Serial No. 60/215,456;
No. 60/170,175, and No. 60/393,862. Thg/dis}lqsure of all of the 20preceding patent

applications are incorporated by refereRee herei their entirety. These catalysts tend to
have a higher molecular weight capability. Other catalysts, cocatalysts, catalyst systems,
and activating techniques which may be used in the practice of the invention disclosed herein
may include WO 96/23010, published onQ\ghg. 1, 1996; WQ539/14250, published Mar. 25, 25
1999; WO 98/41529, published Sep. 24, 19980 9#42241, published Nov. 13, 1997,
Scollard, et al., in J. Am. Chem. Soc 1996, 118, 10008110009; EP 0 468 537 Bl, published

Nov. 13, 1996; WO 97/22635, published Jun, 97] EP 0 949 278 A2, published Oct. 13,
1999; EP 0 949 279 A2, published Oct. 13 2 6244 A2, published Dec. 27, 2000;
U.S. Pat. No. 5,408,017; U.S. Pat. No. 305,767,2 t. No. 5,907,021; WO 88/05792,
published Aug. 11, 1988; Q3

where M is zirconium or hafnium; and R?, R*,RY, R’, R%, R, R", Ru, R”, Q',

Q% Q0% Q°, L and L% are defined above.
In the above formulas, R'®, R, R"?, and R are independently selected
5 from the group consisting of hydrogen, halo, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl,
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, alkoxy, aryloxy, silyl, boryl, phosphino, amino, thio, seleno, nitro, and
combinations thereof; optionally, two or more R R!'' R!? and RV groups may

10 be joined to form a fused ring system having from 3-50 non-hydrogen atoms.



-71 - W088/05793, published Aug. 11, 1988; WO 93/25590, published Dcc. 23, 1993; U.S. Pat. No.
5,599,761; U.S. Pat. No. 5,218,071; WO 90/07526, published Jul. 12, 1990; U.S. Pat. No. 5,972,822;
U.S. Pat. NowgyQhtkRidsey -S- Pat. No. 6,013,819; U.S. Pat. No. 5,296,433 prRs6t7,0433.4,874.880;
U.S. Pat. No. 55,198,401; U.S. Pat. No. 5,621,127; U.S. Pat. No. 5,703,257; U.S. Pat. No. 5,728,855;
U.S. Pat. No. 5,731,253; U.S. Pat. No. 5,710,224; U.S. Pat. No. 5,883,204; U.S. Pat. No. 5,504,049;
U.S. Pat. No. 5,962,714; U.S. Pat. No. 5,965,677; U.S. Pat. No. 5,427,991; WO 93/21238, published
Oct. 28, 1993; WO 94/03506, published Feb. 17, 1994; WO 93/21242, published Oct. 28, 1993; WO
10 94/00500, published Jan. 6, 1994; WO 96/002421,580blished Jan. 4, 1996; WO 98/50392, published
Nov. 12, 1998; WO 02/38628, published May 16, 2002; ng, et i Organometallics 1998, 17,
3149-3151; Younkin, et 312 Eﬂeﬁc&%m“ﬁ%%meﬂﬁweﬁﬁ iBH TRl Warks, Chem.
Rev. 2000, 100, R84 183duthosadistioseditayl Alt Rnddlapple Chers Ramiz@)0thl@dh&205-1221; 15
those disclosed by Resconi, et al., Chem. Rey. 2000, 10Q, 1253-1345; those disclosed by lttel, et al.,
Chem Rev. 200&%@%&%@%%%,%?&8 WARSaY i}”égjé‘%é; Chem. Rev., 2000, 100, 1223-1251;
those disclosed by Bradel thegdldigdddScdigilehis. @093 Alcthbgecoisilpse diywM usrayset al., U.S.
Pat. No. 6,303,71%%%?% qzi)sclose by Saito, et.al., U.S_Rat. No. 5,874,580a;éand Wﬁ 20 96/13530,
published May 9°1898. R4 Ak ¥R DS oLROOS IRt %ocgt%%%eé]nﬁfl ALy RF B disclosed in
U.S. Ser. No. 09£23th186s filedalam:dlby 2988tallaBorP edad¥ion 58656 96 ;ndt SasPdiow0i61h60,297; U.S.

Ser. No. 09/715,380,_ filed Nov. 17, 200 Eefd?'@ | &all of the preceding patents and or patent
applications are fﬁ%%t} %rsg%léeglﬁ)? I}é}ae‘%%r%'e}- e n@r(@m%r(?% irety to the extent 25they are not

inconsistent with this speificatioxampleindd prefesrepl @b ofithsnini fhalymdtidatidh thgstem
comprises less tkllla{’n 1}’1\'3\5%;'603/ R&%‘i species, preferably less than 4 weight %, more preferably less
than 3 weight %, more pre eral})l?y €ss’'than 2 weight %, more preferably less than 1 weight %, more
preferabiy less than 1000 ppandsreprdterably less yhianmay0bamppurtad ren prefergblic less than 500
ppm, more preferably less than 25 PR 72 - moreé?éﬁgegﬁpclxsleﬁs than 10 ai)glspryéorﬂt()re preferably

morganic S Q aplc S orts 1n aluymings, ¢ S, .
less than 50 ppm, nfore pré@?a ly [ess than 10 ppm. Polar species ncluge sdger con?ainlng

compounds (excepgfesialunbianies pslicithatatghils, polgeyrcketppelcaldshydbsnadids, esters and
ethers. Sin another ﬁﬁ“b%dmﬁgt HZIee RokmRzalion Sysiem %%’TPQE-?F 1255, JNsight %
trimethylaluminu%panglsor rie y]Ia u'mlnLP]m, pre?epgk())y lesd thar welg tf%, more pre eP’dey less than
3 weight %, moré¢hpregenas)\céessthena? vasiistd/san despreistath ignlessithasuppesightddnmore
preferably less than, 1000 ppm, moye preferably less than 750 ppm, mare preferably less than 500
ppm, 10more pre?era%ﬁ;e/ esg;kthlLefrrll ﬁ% a|‘0|dm,nma)(éirée(}3 bor%fergbﬁil/ ?e%%str?an 10 B%I}nl,mrlnor@]p%%ferably less
than 50 ppm, morenprefatatiy ledstivanlyftppn singln @actvemdrefenmgdogribodinsentshvd
polymerization system.c 13 S, tg I I% Qxan 1%?%1'%%% 5@%5 W(%i H)t %gimethylaluminum and
or triethylaluminurr?, préf@r%%‘y tlgeés ﬁ%az%lw%ght 0% more pre aBiry}l egs t?i%cn 3
The metal complexes used in this invention are rendered catalytically
active by combination with an activating cocatalyst or by use of an activating
20 technique. Suitable activating cocatalysts for use herein include neutral Lewis
acids such as alumoxane (modified and unmodified), CI1-C30 hydrocarbyl
substituted Group 13 compounds, especially tri(hydrocarbyl)aluminum- or
trithydrocarbyl)boron compounds and halogenated (including perhalogenated)
derivatives thereof, having from 1 to 10 carbons in each hydrocarbyl or
25 halogenated hydrocarbyl group, more especially perfluorinated tri(aryl)boron
compounds, and most especially tris(pentafluorophenyl)borane; nonpolymeric,
compatible, noncoordinating, ion forming compounds (including the use of such
compounds under oxidizing conditions), especially the use of ammonium-,

phosphonium-, oxonium-, carbonium-, silylium- or sulfonium-salts of compatible,

30 noncoordinating anions, or ferrocenium salts of compatible, noncoordinating



15 weight %, more preferably less than 2 weight %, more preferably less than 1 weight %, more
preferably less than 1000 ppm, more preferably less than 750 ppm, more preferably less than 500

ppm, more p{efialRiyiags than 250 ppm, more preferably less than 100 pgpr @i pisisiably less
than 50 ppm, more preferably less than 10 ppm. 20 Polymerization Process This invention relates

to processes to polymerize olefins comprising contacting one or more olefins having at least three
carbon atoms with a catalyst compound and an activator in a catalyst system comprising one or two
fluid 25 phases in a reactor. In the preferred embodiment, the fluid reaction medium is in its
supercritical state and forms a single fluid phase. o 6r more reactors in series or in parallel may be

used in the present inventjon. Catalyst compounds and activators m e delivered as a solution or
slurry, either sep%[Pé’Eéﬁy%{%ﬂer%%W? (iR iHllm‘ér?u‘ifEtf)‘m}F’i%“% 0 VPPRaLeHvated and
pumped as 30arca¢hyateehsalptieratisikivdcitathayaagtachhigieter et dpeition istweisglutions

activated in-line. Polymerizatipns are. carried out in either single reactor - 73 - gperation, in which
monomer. comofBREIL AL AT LAY L SRR R & e o Bontinuousiy
to a single reactatifierithmaceathampne Jeactoks oloneciect forserdes OISnRdraliel sifi i3l sFactors are
connected in a series cascade, th t ts.can. be to the first rea in the series.
5 The catalyst coai’?fgi%gn%g fia %Igoﬁgéag@e%nﬁg?gﬁaﬁn%?gc%} i??%upéaaig%rt%;[?tgade (such as
a series reactor Gascade);Fith, rey, dosFeneks i irng Adsladdd 8 sPaeadsian@0dather components to

other reactors. A se{,i}?s arle%g:togncasca*dg g%sat\{\lloaglrl more traﬁactors connected in SE%”;ES’ in which
the effluent of an upstrea teactor is 1T 1H8 AeXt TeXetoras ctSr cascade.

st IRV Re't o4
Besides the efflufmtnofth®& LSHeaAl Geattox(skhiiRe faed lbiany meacted cancyelizuginented with any
combination of agldiional, nonomer, catabist Segvenger or selvent fraph,of recycled feed streams. In
a parallel reactor &on |gur¥i on, the reactor or reattors in series cascade that form a brarich of the
parallel teactor cofigabatiorsiscefesre g aschuseactol aipreiSirdeniiormethoads@isencover

polymerization in,figh-pressure eaglars where, prelerably, ing reaciarls sustaniafh yreactive with
the polymerization reaction components and is able to Withstand the high pressures and temperatures

that occur duringbthecpelyonerizhtiid tedChdydSwetbybacie isame koavinl asdahbupi@S8uyaseactors for

purposes of this disglgguten Wiihstandinpnese hiah 20 presstres. and fempsraties, wilallow the
reactor to maintain the 1uid reaction mediuth In it super fitical condition. Suitable reéchon vessels
include those knowreipttiferalrtytoRn asnissibusylp erdritigdhwy lother-bigh; pras Summ pohyn@rization reactions

ot 25 0 g S BTN ) SR R el o
reactors, amongiothenise. Mixtures of the above alumoxanes may also be employed in the
practice of the invention.

Most preferably, the alumoxane is of the formula (R4X(CH3).yAlO)n,
wherein R” is isobutyl or tertiary butyl, x is about 0.25, y is about 0.75 and n is

20 from about 6 to about 8.

Particularly useful alumoxanes are so-called modified alumoxanes,
preferably modified methylalumoxanes (MMAO), that are completely soluble in
alkane solvents, for example heptane, and may include very little, if any,
trialkylaluminum. A technique for preparing such modified alumoxanes is

25 disclosed in U.S. Pat. No. 5,041,584 (which is incorporated by reference).
Alumoxanes useful as an activating cocatalyst in this invention may also be made
as disclosed in U.S. Pat. No. 4,542,199; 4,544,762; 4,960.878; 5,015,749,
5,041,583 and 5,041,585. Various alumoxanes can be obtained from commercial
sources, for example, Akzo-Nobel Corporation, and include MMAQO-3A,
30 MMAO-12, and PMAO-IP.



The polymerization processes described herein operate well in tubular reactors and in autoclaves (also
called stirred tank reactors). Autoclave reactors can be operated in batch or in continuous mode. To
provide bettay grapuebivips and thus to lower production cost, continuous opgsalisyd$aegigrred in
30commercial operations. Tubular reactors preferably operate in continuous mode. - 74 - Typically,
autoclave reactors have length-to-diameter ratios of 1:1 to 20:1(preferably 4:1 to 20:1) and are
typically fitted with a high-speed (up to 2000 RPM) multiblade stirrer. When the autoclave has a low
length-to-diameter ratio (such as less than four) the feed streams are typically injected at only one
position 5 along the length of the reactor. Reactors Ktk large diameters may have multiple injection
ports at nearly the same position along the length of the reactor b raﬂially distributed to allow for
faster intermixing of the%@@glﬁ?ﬂﬁﬁ% n@%?ﬁ%heé”rlé ’ch‘R‘éﬂéﬁl}ﬁ the EQURIBAUER @Y Bink reactors,
the separate intregiletipalehthencatahyslisitessiglerand] aiendareier adeftichkntiaduption prevents the

10 possible formatjon of hot spaots in the tirred feed zone between the mixjng pqint and the stirred
Jone of the reactbr ARREHOHG B B S HIO LS OR A1 BN ot thel LSS Biso possible
and sometimes perferregdranibgtangenip, reaspetsalifereilipaangtiorephibampieraratio isndaround 4:1 to
20:1, the reactor %(ﬂ)erabl can. contai to sixb%ifferent.i jection positjons. Additionally, in the 15
larger aufoclaveS CBREGPRRS B AIEHLF ok Qetiics SRSt MR & R ERFPEY RS ixing
devices can alsovdividertpel ytitoiclaa@npia ilvaeidnatkinatng SoMising iy adespomtiieasiinies can differ
from zone to zone t Ilotwf ra diffe%r nt[ degree of plug flow and back mixing, largely independently, in
the separate zon&S WO SF MErEalifotIaves with one or more zones can connect in series 20
cascade to increase resideside iimcoomiogaibaipoalyinesdiilietwecafidymeniionedrabalimcatseries
reactor cascade gf%:ag has[ tlwo or.more ngeqctoars ggnlpe%e in S 'resn, in dWhil‘EP th% e}:ﬂugnt of at least
one upstream re8ctor i€ 1ed to The Text Feactor downstredm i thé cagcgge.aﬁesfc?é)stf fe%ffluent of the
upstreamreactod@)ating tepabiohaaydreactopanihe seresdistageaoiom b augmsnddewith any 25
combination of a dit{'onal,,monomgr (%atalyst or solvent fresh Qrrec cleﬁi fﬁed tre(?ms. Two or more
¢ term ''nongoordinatm méanfs an anion .?F‘ Su sé’an CF 1ch either €S not
reactors can also be arranged in a paratlel configuration. The individual arms of such parallel
arrangements arcoceténeel to &s réactpr 4raintl Toesenieg atatatyainsoinpiern amdyith eaislyitves comprise
one reactor or a feaclor serjes. gseade reatina araamination of saries. and pargllel eagtors.
30Tubular reactors may also be Used in the process isclosed Rerein and - 75 ~ more particularly
tubular reactors capabisesf thpetatimgnpniogsoli G501 PhilEutulzr badrors drg fittecutvith external
cooling ?Qd one pr more inje&tion oints along the (tubul r)l feag ion.zone, As in u&gclﬁves, these
.. . . CWIS Dase: non 00{; mating-anion's GCIﬁ‘C lyre ery to an anidn whiCh when
injection points serve as entry points for morfomers (such as-propylene), one or more comonomer,
catalyst, 5 or miktuegswfighese. thaigoubatareacgorsjexiernatatoolingnofté rratiples fdrdnoaased
monomer CO”"eE%é%@fé?%}'é{ﬁiéﬁié‘@u%%%@( %r‘%’#&%ﬁ%ﬁ?‘??'&‘é’ ?%‘5%’{%8‘&%&8#@&5@“ o%%gsfs any
significant heat removal. Tubular reactors have a‘specia outlet valve that can sefd a pressure
shockwave backugatthhiamgpthecsub&CTmpasihb kniaus’ retpsdisio ddechnyrpolyindegrakidue that has
o o e tEAMO NG SREAANI0-APUAIEI, WRRPREaCIAP A RR[BRARIoT v
smooth, unpolished intefnal surfaces to address wall deposits. Tubular reactors generally may operate
at pressftes of upith 3609 PebsmeHavdyieaytat af a0gha0seétbesomp8-4000 meters, and may
have internal d'ameﬁer%?éﬂﬁédtha%‘oﬁg-%8”11&@&6589&%1}{11%5% thﬁgléocé?{;ﬁl&ﬂa}(i%&??z}'é!m%@%!ar reactors
have length-to- 15diameter ratios of 10:1 to 50,000:1 and may Include up to 10 different injection
positions along ipfepiasing a cRegetbearainsneiat paimaisibuhverewith dusnign reaeaprbleat also serve in
invention procesggs, a3 IraiARcgsDeAYCElaNG biealy RIRGRURD LadkPHIRERSAgIor o the two

types of reactors form separate trains of a paralle
be formed when the two components are combined. Also, said anion should be

25 sufficiently labile to be displaced by olefinic, diolefinic and acetylenically
unsaturated compounds or other neutral Lewis bases such as ethers or nitrites.
Suitable metals include, but are not limited to, aluminum, gold and platinum.
Suitable metalloids include, but are not limited to, boron, phosphorus, and silicon.
Compounds containing anions which comprise coordination complexes

30 containing a single metal or metalloid atom are, of course, well known and many,



20 reactor configuration. Such systems may have injection of additional catalyst and/or feed
components at several points in the autoclave and more particularly along the tube length. In both
autoclaves agyyjgsoEgactors, at injection, feeds are preferably cooled tgpgafafghiRasiemperature
or below to provide maximum cooling and 25 thus maximum polymer production within the limits of
maximum operating temperature. In autoclave operation, a preheater operates at startup, but not
necessarily after the reaction reaches steady state if the first mixing zone has some back-mixing
characteristics. In tubular reactors, the first section of double-jacketed tubing is heated rather than
cooled and is operated continuously. A 30useful tub{fat reactor is characterized by plug flow. By plug
flow, is meant a - 76.éﬂo pattern with minimal radial flow rate differences, In both multizonc
autoclaves and (IR PEACH ,088@%}@&‘166?8%%1%&&&1%&%HRP&?%‘?H&%F@E BUPHRY Etionally at one
or more points algsg@higattactdimbhgatigtalyst feeds injected at the inlet and other injection points can
be the same or differen{ in 5 terms of content, density, concentration, etc. Ch?osin difErent catalyst
feeds allows polymer d&5igRCtAMIRMYRR 0L PRisIRYeatinBe (iavis hl B SQHAIE 048 fvels below
that which criticaldqphasatsepsraiiofolicatng. donersfdoemal doWnstFEansSa pavatiosinesseal may contain a
polymer-rich phase and a polymer-legn phase. Typjcally, conditions. in this vessel remain supercritical
B0 10 tmperalli ToriENE a6 i Biyrier pRATHES iy Saifoator RS e autociave
or tubular reactoc@ffhagibtdadiejrassinize dlongndéringrithel higinpiresgetrdrseparat@. (BR5. In any
of the multi-reactor systems gescribed herein only one needibe pperated.in the supercritical state or
above the solid-f rle(f% Eg & trahStioR 1 ptPeg% r %Ihlgateepnﬁ/geé‘t re %?gfglra If/sa%O\l/%te[%%r fluid-fluid
phase transition firesdute Bnd ieanparegordjpmodvever ikmal, bE speratenténttheestypeficttical state or
above the solidfluid phase Fransiion pressue apd tepperaiire(preleraty above the fjd-flid phase
transition pressure and emperaturel). fkedise T any orthe miufti<red&to ystem deseribed herein
only one¢eactor sebetedorftain thed 20cnodiatkgiattodenchatigtsl dedtevedchyheteydasyhiigdmd, catalyst
compound described herein. of the qgther reactor contain any ot ol rization catalyst
P i su%sﬁ%u’%eﬁﬂggmcar ﬁ'hagosu s[tﬁ fed Y droe &)‘;1% Pﬁ?ﬁl% s}’lﬂ‘s%tt&tﬁﬁ y

;
such as Ziegler-Natta polymerization catalysts, metallocenc cata |p§I fi/pe catalysts or the like.

Useful other catalyglisydrecddsdribddas W 12004y RE82dgat pad ehPdrpardglaprh0Q8&hhtedpage 72,

paragraph [001 % A 25 preferred catalyst for use.in any of the reactors is a chiral metallocene
Catatyst compou RSt S el A R SRR e
non-metallocenetonZalacbore redh etgroanydlihanoh catalystecbampoumdcamdeachisaDrhadiddocene

compound are used, | anofer,smbpdiment e nenmetalipeens metpl.centelpd, hejefpan ligand
catalyst compouné andac ira}% metallocens compo Rd are Used Ih Series reactors or parallel
reactors. -77 - Pasfig6ka¥By useful metallocene compounds include Mc2Si-bis(2-R,4-Phlindenyl)MX2

e ar main Orou (3481 SRR SNSRI BB BT ML B O T
gen or alkyl group (such as Cl or methyl). Particularfy useful metallocene comgounds include:
2- 5dimethylsilylbigi2vaetiaygedapdenyiindéniDeingoadgatatishe tiophpainth @ -baiere thllshyddois (2-methyl,
4'pheny|'indenylﬁ.¥&9ﬁwfy dihlgnge me preparation of catalysts of this invention may be
20 represented by the following general formula: [L*-H]'[BQ,] wherein: [L*-H]" is
as previously defined; B is boron in an oxidation state of 3; and Q is a
hydrocarbyl-,  hydrocarbyloxy-,  fluorinated  hydrocarbyl-,  fluorinated
hydrocarbyloxy- or fluorinated silylhydrocarbyl-group of up to 20 nonhydrogen
atoms, with the proviso that in not more than one occasion is Q hydrocarbyl.
25 Most preferably, Q is each occurrence a fluorinated aryl group, especially, a
pentafluorophenyl group.
[lustrative, but not limiting, examples of boron compounds which may be
used as an activating cocatalyst in the preparation of the catalysts of this invention

are tri-substituted ammonium salts such as:

30 triethylammonium tetraphenylborate,



At the reactor outlet valve, the pressure drops to begin the separation of polymer and unreacted
monomer, co-monomers, inerts, like ethane, propane, solvents, like hexanes, toluene, etc. The
temperature {pghisyeasg will be 10 maintained above the polymer produgisenysiatigaian point but
the pressure may be below the critical point. The pressure need only be high enough that the
monomer, for example propylene, can be condensed against standard cooling water. The liquid
recycle stream can then be recycled to the reactor with a liquid pumping system instead of the
hyper-compressors required for polyethylene units. 15 The relatively low pressure in this separator will
reduce the monomer concentration in the liquid polyﬁ:?e'r phase which will result in a much lower
polymerization rate. This polymerization rathe in some embodiments may be low enough to operate this
system without adding 3 QYgWéfPBB@éﬁrBP RﬂVj".’rﬂ‘% catalyst killer is required (e.g., to prevent
reactions in the higitdpdasureneeytiehk2djhaafhivisionyhusthe, made to remove any potential
catalyst poisons the recycled. propylene rich mogomer stream e.g. by the use of fixed bed
adsorbents or bﬁ%@@gﬂ‘é‘m’ggﬂﬁ‘.‘%{ﬂla{;%g?ﬁ#ﬁfﬁﬁ@ﬁ%}fﬂ““%?&?ﬁ{ﬁggﬂﬁa?ﬁe HPS may be operated over
the critical pressutietbfitdieniooiainetismpareaciidndrbplisuihibsicmonomer/polymer two-phase
region. 25 This i ﬁe economically pref rgg# ethod %lthe I is to be produced with a revamped
high-preceure polyDFURRLAHIAER IARE Fhe Teb RS b e 88bled and dewaxed before
being returned to\ihe diuciibyi-af4ltetSectndaniiaampressas2,3,4,6-tetrhflecpopyersi ftamihis
intermediate or rpogal ressure .vessell will tﬁ]en go 30through another pressure reduction step to a low
pressure separator hgm%@tlglrﬁﬁe?g re%5f this vessel will be maintained above the polymer melting
point so that the gielisprepfipmitiuaivessetakisipeatidhh@oehtigyipbdirectiyntb an extruder or static mixer.
The pressure in t(pis vleﬁsel f/vill be ke ttl?“ﬁcb usitnﬂ a cor}pfé)reli%or tto‘recover the unreacted
monomers, etc t6'tHE CoRdefSerant pﬁrﬁaplh%pgi}s em Sreférencet above. In addition to autoclave
reactorsjtubulartréachetsytod alcspihinanosatf tueBaveactors, loop-type reactors may be utilized in the
process disclosed.herein..In this reactor opomer.enters and polymer exits continuously at
different points a‘irolﬁgemgp OOOSB,hSVIHI gleﬁ%trﬁl-%E%e%ﬁrﬂ}lpo%oé)rlfﬁﬁﬁé}&rf%FrcuIates the contents 10 (reaction
liquid). The feedhorEetotyhakesthoates cantka(tattdtabapbragd) tesiderad time. A cooling jacket
removes reactiort1rl S%t- éri% I thfa I%8 .)Tﬁ/(%ic%I)I ] lfl%e etirrél%{ﬁem ﬁruac;[luor S Iellr(F;) pear et'o or below ambient
temperatures to provide coolﬁﬁg}}o EXOthermic reaction in the reactor perahr’lg above the
crystallization temhperatung wf shenpotysabis prddact. The loop reactor may have a 15 diameter of 41 to
61 cm and a length,of 100 t0.200 meters andJma erate at pressures of 25 to 30 MPa. In addition,
an in-Iinggjpump %lggeggr%fﬁo&élﬁs f/%%bﬁ@%%ﬁ%%ﬁﬁg%g @ta%i?cg?\{%éystem through the loop reactor.
United States Patdntthyl)6:885)7ttdikcssesthuoeagtonyithoettéeasd two loops that is useful in the
practice of this ind{@gﬁmr%%\/i%%g th%g ane ar %%%ﬁi%%e@t%ﬁﬁ qgﬁgﬁe Z%g}gtgupercritical conditions.
United States Patent No. 5, > , 38 describes a process said t proyd1 ce pofymer in a bimodal fashion.
This process's fidtvelattotstagdasienicopyeadta@sin which polymerization occurs in an inert,
low-boiling hydrocﬁgﬂt%gﬂsﬁlfft&{igﬁ?tlece%%irs?%q{%h&ggo@%j@% (%p%%gium transits into a gas-phase reactor
oly S5di

where gas-phase | erization occurs. Since two ver grent environments create the polymer,
it shows28 bimoddileriolesidfomeigtt tistinenor ] Uphie ey Bthg@tprasedure can be modified to work

with the proceduig, o ORARLIYANIR Y (RAIRNGRw iR 5tAGR AABRactor can use propylene
as the monomer and a propylene-based reaction medium instead of the inert low-boiling hydrocarbon.
Preferred [L*-H]" cations include N,N-dimethylanilinium and
tributylammonium.
Another suitable ion forming, activating cocatalyst comprises a salt of a cationic
25 oxidizing agent and a noncoordinating, compatible anion represented by the
formula: (Ox.5Ng(A"). wherein: Ox.*" is a cationic oxidizing agent having
a charge of ¢'; ¢ is an integer from 1 to 3; and A* and d are as previously defined.

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl-

substituted ferrocenium, Ag+, or Pb™2. Preferred embodiments of A% are those



30PCT publication WO 19/14766 describes a process comprising the steps - 79 - of (a) continuously
feeding olefinic monomer and a catalyst system, with a metallocche component and a cocatalyst
component, @& JeasQs (b) continuously polymerizing that monomer in g PphyBaIHREE ZOne
reactor under elevated pressure; (c) continuously removing the polymer/monomer mixture from 5 the
reactor; (d) continuously separating monomer from molten polymer; (e) reducing pressure to form a
monomer-rich and a polymer-rich phase; and (f) separating monomer from the reactor. The
polymerization zoning technique described in the above process can be practiced using the instant
invention's process conditions. That is, the above pr ¢éss is suitable for use with this 10invention

provided at least one polymerization zone makes the propylene or the reaction medja containing
propylene superéfitft Prevt iypdcﬂgﬁ?é:?ﬁﬁﬂdﬁ%?&&é&%&%ﬁ?&%&%ﬂ%ﬁiﬂ% RSB dence times
in the reactors as@shaityes,&spssanndsakd(psnangassryerpldigdrs, alternately from 1 sec to 120
min, alternately from 1 %econd to .%gpﬁminut s, alternately.from 5 ]‘5 seconds to 30 minutes, alternately
from 30 seconds to 30 MASAESS d?éﬁf%rlﬂgl HRE o B HAMU I EX RHE A RSIHERAY om 1 minute
to 30 minutes. Metachaiticulailly othe asidehice ivheamby pseleatrdtingmcbohpariBR, aiiéb, or 50,
seconds, or 1, or 5, or 10, or 15, or. 20, or 25, or 30 or 60 or 120 minut aximum residence times
ay be Shlectod ST BY dbS s 10155, o S B0l oG AL Riting the tota
quantity of polymerthatsascaltetdas ddeig:the reaction time by the amount of monomer added to the
reaction yields the conversion rate. The monomer-to-polymer conveysign rate for the described
Drocesses can be as higH S0 SO CH B AR AEAT AUl 187 ke ORI LEbsty, lower 25
conversions could be prefdinghicrAladtdole piaatidalreagong:fortexaropietibystimitingitisescast of
monomer recycle, maximuym, ¢ nversior11ts %ouldlb[F referredd Thusﬂ inv%nti?nlgocess $gan be run at
practical conversion rates 8’¥1§ Yo of Icsa%s,oaltaersrllg e f/n GIS%SPce%tné)r Fe(’§’§, aften tce(fill[1 ewéen 3-80%,
alternately betweeivh- 89fesaltedntelyhoe faemen 4 0-SR%i(XerAatelywhetireeR 15-80%( dternately
30between 20-80%, alternatel twee -60%, alternately between 3-60%, - 80 - alternately
between 5-60%,%3@5%%?{&5@ S%VEE Ef@gosa o? &t F?\gf)é@%g?vt?%é&n{ 15- 60%, alternately between
20-60%, alternately betiretemrdd-50184iumite na#tte hethettitge ncbedBdf saltencatelynbatylebiidd-40%,
alternately betw%etnaﬁ%- Qﬁ/{afﬁlg%”?}é%' Btlg%pévtgen 15-40%, alternately between 20-40%, or alternately
between 5 30-40%co ersion, preferably greater than 5%, or greater than 10 percent conversion%,
preferably greatéerithiayisg@¥tnndrrveisipantaibrerpiafensiblyrateated thdwerd Oubbttomersidnctnore

preferably greatey than 5Q %0,conversion, more preferably greater than,75% conveysian, more
Dreforably oreata T oS S B B 0 B 000,000 kg
1313/(kg catalysthe). These Higimiavel$99Bcad&BSProdsictivity ayaylresdttin JowBresiual. ash solids in

the polymer pro%%%%ﬁé%@%%%%spws%ﬁmgglnt of less than 0.3 wt "/0, particularly less than 0.1

wt ')/0, more partic are preferred.
Certain complexes of alcohols, mercaptans, silanols, and oximes with

tris(pentafluorophenyl)borane are also effective catalyst activators and may be
20 used according to the present invention. Such cocatalysts are disclosed in U.S.
Pat. No. 5,296,433.

The technique of bulk electrolysis involves the electrochemical oxidation
of the metal complex under electrolysis conditions in the presence of a supporting
electrolyte comprising a noncoordinating, inert anion. In the technique, solvents,

25 supporting electrolytes and electrolytic potentials for the electrolysis are used
such that electrolysis byproducts that would render the metal complex
catalytically inactive are not substantially formed during the reaction. More
particularly, suitable solvents are materials that are: liquids under the conditions
of the electrolysis (generally temperatures from 0 to 100°C), capable of dissolving

30 the supporting electrolyte, and inert. "Inert solvents" are those that are not



15 Ciomonomers, dual catalysts and polymer structure In reactors with multiple injection points for
catalyst and feed there exists the possibility to tailor the polymer design. Use of more than one catalyst

having differgyp Rgiasdlas weight and structural capabilities allows a wide ety b Zieragduct
compositions (e.g. bimodal, linear mixed with long chain branched). When multiple reactors are

used, the production of polymer blends is possible. In one embodiment, homopolymer and copolymer
blends are made by using at least two reactors in parallel or series. The homopolymers could be

polyethylene, polypropylene, polybutene, polyhexene, polyoctane, etc. In a 25 preferred embodiment,
the homopolymer comprises polyethylene, polyproﬁﬁ%he, polybutylene, polyhexene, and polystyrene.
In a more preferre% empodiment, the homopolymer is polyethylene or po ypropylene. The copolymers

could be any twd S BYGHS-eXINEEh IR ToMBTARENS ¢t gmp b TR xened

octene-1, styreng; nogeasngiepdsStiexadiene oanbk1déstetaientikia raitodOprefesadembodiment,
the copolymers ar? made from a two-compo(rfll'ent - 81 - comhjnatign of eth};?l](gne, Er(é%yle e, butene-1,

hexene-1, styren® HoPoBIh &rdPROEIHE SISt R 15 WHGRAAE DIntm Gy 8H%mbodiment,
the copolymer isiaadefbiy laaetgiaplyteagrqhyopy | enedotie sekcny opyliehedifixadbedzgiopllenebutene-1

, ethyl ene-buten e- 1, ethyl ene-hexen egaﬁ%?yl ene-octene:- 1 copolymer. 5 When the polymer
blends are made SR ri‘igg?g%%’%?tggg% , ngﬂg:rﬂ%t}gqﬁﬁgﬁgg reactors are fed with a single
monomer-containing fe@te wiietiblg dieethaf obe eobndarecdownsireamdedcidrsi®itigmeted with a
comonomer feed strteam. Since c&:ntro{Jlinﬁhth(? r tlio of {he omo- ?}r;d co&(o]ilym%r its ifficult in a series
cascade reactor%%nnﬁ%lﬁl}%t%ln%oa A8 reactsic an%?g{?rgﬁrg BV SR He G odiittion of
polymer blends. &aitalysilkitiode respdoinadytheSuakybtenzattoitsisfoamplateioihérebetalleffluent is

depressurized to an intermediate pressure significantl loyy th clo%g oint pressure. This 15 allows
Seperation ofa pEIDUT LR SHALE ol RrgHaY BUATAAG i ORI R v

a propylene ric 1ASE for recycle
compression bacdkdo themdeeatttor nGomelimes, Wieiating ¢hmcaactonéiittieat hetoiel prbssure let down is

necessary to avodlcllatft%e %%pbar%ié)rr]eo&? goliq( %991&3% Jéggrslec cay in@sf Iiﬂgl.lThOi§ saﬁﬁ?ﬁation is typically
carried out in a vessel knowh as a?ugﬂ pressure separator K ). Since this eS8 Qiso has a
significant residemeeptitfeerchéncetatystimtiveityasckidled bipauniditicm oba polacdpeciesnbuote as water,

alcohol or sodiurgicaleiuy stearats, The, cheics and iuantiy ol Kiling agent wil depend.on the
requirements for (1:1Iean up o e recycle propylene and comonomers as well as the produrct properties,

if the killing agentlbetsoltny catgtiitync®b Adter nedehtaheiateniie diatepsepanstion Ben bedone at
pressures well electrode is immersed in a reaction medium comprising the metal complex to be
activated, solvent, supporting electrolyte, and any other materials desired for
moderating the electrolysis or stabilizing the resulting complex. The counter
electrode is immersed in a mixture of the solvent and supporting electrolyte. The
desired voltage may be determined by theoretical calculations or experimentally
20 by sweeping the cell using a reference electrode such as a silver electrode
immersed in the cell electrolyte. The background cell current, the current draw in
the absence of the desired electrolysis, is also determined. The electrolysis is
completed when the current drops from the desired level to the background level.
In this manner, complete conversion of the initial metal complex can be easily

25 detected.
Suitable supporting electrolytes are salts comprising a cation and a
compatible, noncoordinating anion, A". Preferred supporting electrolytes are salts

corresponding to the formula: G'A” wherein: G' is a cation which is nonreactive

towards the starting and resulting complex, and A’ is as previously defined.



below the critical point so that the monomer concentration and therefore reactivity in the high pressure
separator is relatively low. The relatively small amount of continued polymerization in this vessel may

not be a proRigm s aadion of catalyst deactivating compounds as is dong i/ BER96asseS may be
30avoided presuming that no undesired reactions occur in the high or inteniediate - 82 - pressure

recycle system. If no killing compounds are added then the killer removal step can be eliminated.
Choice of Propylene Feed Purity. 5Propylene is generally available commercially at two levels of
purity - polymer grade at 99.5% and chemical grade at about 93 to 95%. The choice of feed will set the
level of purge required from the recycle to avoid ovePilution of the feed by inert propane. The

presence of propane in the reactor. and HPS will raise the pressure of the cloud point curve for a given
temperature but will 10IAERASE A 50 o AT SHEBHE S WL E BB lene (and
other olefin) coneeniatishimitnihetieasthivihpaiplevatawohalesit paiohirepsefediedogpopane will
widen the operatingt#/indow of the HPS. In co%ﬁ{ymeri aTons of propylene with limited amounts of
ethylene, a simil&Feft& L TR anE et pHIAt PRy RMPHERSHIPBe to the presence of low
levels of ethylene in theDlbi® ScliomidtresStie Seppraiey Opeiationrsent Montipiesgubalkeparator
(LPS) can be use%?i%tTem thods deic\[]ibed herein. An LPS runnin ust above atmf?%pheric

s r

3
5 A E SRR LA SRRSO, S Bl QS 48 kR BIRGBRE s thereof, for

pressures just &
the purpose of peadusingigriiaes ol dideneokiagnihg podgne risveline nteying dh eofinkshiagikiguder or static
mixer. In anoth§r embo |mtenjgﬁtt£1er roce[ss%%(f OftElhIS e|1211vent%otp1 are used to [n lr<ce):1 eth%/lene homo-

e gzﬂﬁ? lﬁ“l)‘/lene- eXENg & {hye 808 bu?esﬁlé)%%rpt)%%/ﬁw%%s a}%ep%wticular

or co-polymers. §)f)
preferred. A proaessdal produce@titie ok @oldmerseymll dnpiefeyalnlyityse shteheperatute of 150 to 190

Canda s o440 9010 1000 3 5810 R MER) EONTSLE R TR AR
10 electrolytes are tetrahydrocarbylammonium salts of tetrakis(perfluoroaryl) borates
having from 1 to 10 carbons in each hydrocarbyl or perfluoroaryl group,
especially tetra-n-butylammonium tetrakis(pentafluorophenyl) borate.

A further electrochemical technique for generation of activating
cocatalysts is the electrolysis of a disilane compound in the presence of a source

15 of a noncoordinating compatible anion. This technique is more fully disclosed
and claimed in U.S. Pat. No. 5,625,087.

The foregoing activating techniques and ion forming cocatalysts are also
preferably used in combination with a tri(hydrocarbyl)aluminum or
tri(hydrocarbyl)borane compound having from 1 to 4 carbons in each hydrocarbyl

20 group.

In a preferred embodiment, the activator is selected from the group
consisting of:
trimethylammonium tetraphenylborate, triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate, tri(n-butyl)Jammonium tetraphenylborate,

25 tri(tert-butyl)ammonium tetraphenylborate, N,N-dimethylanilinium
tetraphenylborate, N,N-diethylanilinium tetraphenylborate, N,N-dimethyl-(2,4,6-
trimethylanilinium) tetraphenylborate, trimethylammonium
tetrakis(pentafluorophenyl)borate, triethylammonium
tetrakis(pentafluorophenyl)borate, tripropylammonium

30 tetrakis(pentafluorophenyl)borate, tri(z-butyl)ammonium



- 83 - including block, linear, radial, star, branched, and combinations of these. Some invention
embodiments produce polypropylene and copolymers of polypropylene with a unique microstructure.

The processwthqdnvesion can be practiced such that novel isotactic andpg\gighastisssampositions
are made. In 5other embodiments, the invention processes make crystalline polymers. The

polymers produced herein typically have a melting point (also called melting temperature) of 70 to 165
C. The polymers produced herein typically have a weight-average molecular weight of 2,000 to
1,000,000, alternately 10,000 to 1,000,000, alternately 15,000 to 600,000, alternately 25,000 to
500,000, or 10 alternately 35,000 to 350,000. Alter'n%%ély, the polymers produced herein may have an

Mw of 30,000 or more, preferably 50,00%70r more, preferaply 100,000 or more. In a preferred
embodiment the (BRSPS EHRROBG Wt diRTAlGy Hate WRHAHRIBERR of 80C or more, preferably 100C
or more, preferalpytdid§ipeatafmarophbdyighprapylene delmassififogiced herein typically have a melting

point of 70 to 165 'C, The propylene polymers p I()j]u ed herejn typically have a weight-average
molecular Weighf%?a%}é@ﬁggf%ﬁw,%%@f%é?ﬁag 'f%eg@%afﬂfﬁl ,000, alternately 15,000 to 600,000,
alternately 25,00Qttakqpaduoreiteimalsly 38, BON-thinkERy000, 420t nivestidlarpliadesses preferably
produce polymer with.a heat of fusi n,%tzl, of 1-60 Jig, 2-50 kg, or 3-40 Ji other embodiment the
processes of this . rably 60 to 100 J/g,

o OB SRR B MR e A P 5B ey 60 to 100
more preferably Gfridl@ficl/enkiebproeeasahydasaittadheneiRicdd, procluce polymers having little or no
25ash or residue from catalyst or supports. In a preferred emhodiment the polymers produced herein
comprise less thi {riﬁ\ﬁgﬁ%ﬁ/@ﬁmgﬁ%r% AR ?’é’sné’l%h%mn tﬁ?iav&%"lgg’é‘;bééilica, preferably less than 100
wt ppm silica, prefesdhiyrtebsihbbot&ayvtrijprbusillgantmoai preferredse@Bdchiment the polymers produced

herein comprise gess han we'igttlto/ tal R feraibl(lb}/l ss than O.qu}/}/%%lj&o/g m tal, preferably

30less than 100 v?/r%plrlﬁrﬁpe %I},y relersn §/nfgts§] ]t 48 apr%?r(l) hetals ienes can be used

as a cqm@no_mcrtweiﬂpmapbeﬂyé)bmd&nNmﬂwmmﬂﬂaﬂﬂmmuhtr@ip@méband to create Iong chain.
fg:%‘;ﬁ;“ngéxmy' SRIACS SALRDESELAR R RMNAMET I MGrgasG ne,dearee of vinyl termination in

tetrafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-
(2,3,4,6-tetrafluorophenyl)borate, trimethylammonium
tetrakis(perfluoronaphthyl)borate, triethylammonium

15 tetrakis(perfluoronaphthyl)borate, tripropylammonium
tetrakis(perfluoronaphthyl)borate, tri(r-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, tri(fers-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium

20 tetrakis(perfluoronaphthyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluoronaphthyl)borate, trimethylammonium
tetrakis(perfluorobiphenyl)borate, triethylammonium
tetrakis(perfluorobiphenyl)borate, tripropylammonium
tetrakis(perfluorobiphenyl)borate, tri(z-butyl)ammonium

25 tetrakis(perfluorobiphenyl)borate, tri(fert-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-diethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, trimethylammonium tetrakis(3,5-

30 bis(trifluoromethyl)phenyl)borate, triethylammonium tetrakis(3,5-



Invention processes can produce long-chain-branched polypropylene. 5Long-chain branching is
achievable using invention process regardless of whether additional aa-diene or other diene such as

vinylnorbomegg si@ weRds In a preferred embodiment, less than 0.5 wt % digraissisadsAlernately,
embodiments with less than 0.4 wt %, 0.3 wt %, 0.2 wt %, 1000 wt ppm, 500 wt ppm, 200 wt ppm, or

100 wt ppm a,w-diene arc used. 10In some embodiments, the present invention involves using as a
comonomer an a,w-diene and the olefin/a,w-diene copolymers resulting from that use. Additionally, the
present invention involves a copolymerization reactign of olefin monomers, wherein the reaction
includes propylene and ethylene copolymerization with-an a,w-diene and the copolymers that are

made. These 15copolymers may be employed in.a variety of articles including, for example, films,
fibers, such as s%&%@ﬂé@?ﬁ%’%?@f Yt P RIBHUEOHR LHBKGvn fabrics, and molded

articles. More pasiigtidriprdaeseyiiicies jbetudetor-examptencaisiiilaimkagsted films, injection
molded articles, blow.molded articles, foamed articles, foam laminates and thermoformed articles. 20
It should be note%'stﬁ\é%ﬁﬂ?glﬁﬁgﬁpiﬁﬁy W@?a?é%?é’?%%%%%@%ﬁ%&%ﬁ 50 be employed to
make polymers afistisfinventichy [hiess WowttincNdéheanthatnsubsttiuied 33)-dienes, such as
2-methyl-1,9-decadiene; cyclic dienes, sych as vinylnorpbornene; or aromatic types, such as divinyl
benzene’ Erﬁﬂdg&ﬁfﬁ?ﬁé“b%f%}@m%%&}@ %%ﬁ?’&%ngg%'i%‘?g K&Umhg from 98 to 99.999
weight percent otefiirifhiteo@athfigshcdydibbiae NOO-sigigtht PEY deftdnecigna@ilinitsnCopolymer
embodiments may hayv eight-avera olecular weight from 30,000 to 2,000,000, crystallization
tomperatures frol 30 kg DRt e AP R AR FIPRGHS T dte 30 HI GBS RETM 1598, 230, 2 16
kg ) from 0.1 dg/retirakesGRE0 giropharyhosea(e glieynlid dedignamsippar minute). 30In other

embodiments, the cqpolymer.includes frgm 90 t0.99.9 eight -.85 - percent of propylene units, from
qgs i& rate; tri(o-to 5 V¥1

0.000 to 8 WeighEeE)rgrce o gfé(}lrﬂpureu < OREr tha pro e l}lr(l)l{lslugll’]d from 0.001 to 2 weight percent

a,co-diene units.t@ofdifracts fnobadionghterary thék,6-dieigthtyipreradp mepboulamweights from 20,000
0200090 chealigion RRSR SR e el o e srucleaingagen) om0
of C2-C20 a-olefinpheliglefirts fwithteinep hnterival alke finplamy lfteis pnoxture sctvgrisofy Ibtorec specifically,
i ke R B YOSy R A penere S mett
tropillium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
15 tetrakis(pentafluorophenyl)borate, triphenylphosphonium
tetrakis(pentafluorophenyl)borate, triethylsilylium
tetrakis(pentafluorophenyl)borate, benzene(diazonium)
tetrakis(pentafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
20 tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triethylsilylium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, benzene(diazonium) tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tropillium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
25 tetrakis(perfluoronaphthyl)borate, triethylsilylium
tetrakis(perfluoronaphthyl)borate, benzene(diazonium)
tetrakis(perfluoronaphthyl)borate, tropillium tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium

30 tetrakis(perfluorobiphenyl)borate, benzene(diazonium)



] Odecene, 1-undecene, and 1-dodecene. Copolymers of isotactic polypropylene made under
supercritical conditions include ethylene and C4-C12 comonomers such as but-l-ene, 3-

methylpent-l\goeh§rdsene, 4-methylpent-1-ene, and oct-l-ene. Invention grearessEaRRLgPare these
copolymers without the use of solvent or in an 15environment with low solvent concentration. Ina

preferred embodiment the polymers have a residual solid ash amount of less than 0.5 wt %,
particularly less than 0.3 wt %, or more particularly less than 0.1 wt % total solids residue are
preferred. Preferred propylene polymers produced typically comprise O to 40 weight 200f a
comonomer, preferably Ito 30 weight %, preferably'f?o'zo weight %, preferably 4 to 10 weight %, and

have one or more of: .1, a heat of fusion (Hf)of 10 Jjg or more, preferably 20 Jig or more, preferably 30
or more, preferaf)ffitf%s@%%ﬂ%’f)%ﬂéﬁg%%k?%eopﬂ?é é‘}rﬁﬁgféa%ﬁ 80 or more, preferably 70 or more

OR an Fif of 30 Hg(afi flessomake| pretayajblyr a6, HpRogldessHieherahlif3li; and/or 2. a Branching
oreforatly 0,05 o 1 GHAYBFABY) 1A PISEC, RS DERBPRE A hreforably 0.62 or e
more preferably Bifiiridlulassmamgteppeaityediyd) SRty ldsdianttankisss- 3. a weight average
molecular weight ( easure PC DRI) of 20,000 or more, preferably. 40,000 to 1,000,000,
preferably 60,ooélgé%%rﬁb?b‘&ﬁ?%?’z}/@%%}@)gﬁf%ﬁoa l?ﬁ]ézﬁ?ﬁ{gﬁ?&?f )}%6%5&% "500,000; and/or 4. a
melt flow rate of Bigteiflirotoractdyehgprafeoadily 0.7 dg/min or more, Spreferably 1.0 dg/min or more,
preferably between 0'1"lal?edrir)181(a)19 ga 1/cr)‘n g}” gélr‘[]gélosli/cocatalyst employed preferably ranges from
1:10,000 to 100:1, more preferably from 1:5000 to 10:1, most preferably from
1:100 to 1:1. In one embodiment of the invention the cocatalyst can be used in
10 combination with a tri(hydrocarbyl)aluminum compound having from 1 to 10
carbons in each hydrocarbyl group. Mixtures of activating cocatalysts may also
be employed. It is possible to employ these aluminum compounds for their
beneficial ability to scavenge impurities such as oxygen, water, and aldehydes
from the polymerization mixture. Preferred aluminum compounds include
15 trialkyl aluminum compounds having from 1 to 6 carbons in each alkyl group,
especially those wherein the alkyl groups are methyl, ethyl, propyl, isopropyl, n-
butyl, isobutyl, pentyl, neopentyl or isopentyl. The molar ratio of metal complex
to aluminum compound is preferably from 1:10,000 to 100:1, more preferably
from 1:1000 to 10:1, most preferably from 1:500 to 1:1. A most preferred borane
20 activating  cocatalyst comprises a strong Lewis acid, especially
tris(pentafluorophenyl)borane.
In some embodiments disclosed herein, two or more different catalysts,
including the use of mixed catalysts can be employed. In addition to a
nonmetallocene, metal-centered, heteroaryl ligand catalyst, when a plurality of
25 catalysts are used, any catalyst which is capable of copolymerizing one or more
olefin monomers to make an interpolymer or homopolymer may be used in
embodiments of the invention in conjunction with a nonmetallocene, metal-
centered, heteroaryl ligand catalyst. For certain embodiments, additional
selection criteria, such as molecular weight capability and/or comonomer

30 incorporation capability, preferably should be satisfied. @~ Two or more



5. a percent crystallinity (%X) of 20 % or more, preferably between 30 and 50 %; and/or 6. a melting
temperature ( Tm) of 120 C or more, preferably 130 C or more, preferably 140C or more, preferably

between 140@hHdd9a6s6and/or 107.a crystallization temperature of 20C opp0{RRIHESEMAY 40C or
more, preferably 60C or more, preferably 80C or more; and/or 8.an Mw/Mn (as measured by GPC

DRI) of about Ito 20, preferably about 1.5 to 8, preferably 2 to 4. In another embodiment, polymers
produced herein have a melt viscosity of 15less than 10,000 centipoises at 180 'V as measured on a
Brookfield viscometer (ASTM 3236 at 180 'V), preferably between 1000 to 3000 cps for some
embodiments (such as packaging and adhesives) and preferably between 5000 and 10,000 for other

applications. Heat of fusjpn, Mw, Mn, melting temperature, crystallization temperature, 20percent
crystallinity, are ACTEFRIEECAECORTHISETHFE brd O HE AR SORIGRE MUTTE rate is

determined accogglingttemsSdiM B2 38{d2B0Ge Arholkey . dBranehingfittex{peiadsdeaieaiagd using SEC
with an on-line viscometer (SECVIS) and are reported ag g at each molecular weight in the SEC trace.
The branching ir#&%?(“b‘ is 581‘}%@8 a%‘)‘.t%ﬁtﬁ‘ V\)ﬁ%‘l%rigl?é'tjaég itPiTeSidViSCOLRF B h e H’ﬁhnt@ﬁed polymer
and m is the intrinsien¢iatioséycpf aditleampatynercafrtaeysaligandscositysavdiagest tndla@eutar weight
(MO as the branChﬁgéi mer. ii KW, K and a are easuredgalues f{)r linear. polymers and should be

po
obtained bn the SATHISEE BRITE HALIAJGUMEA S e wgpts ahd constained geometry

catalysts, multi-site catalysts (Ziegler-Natta catalysts), and variations therefrom.
One suitable class of catalysts is the catalysts disclosed in U.S. Pat. No.
5,064,802, U.S. Pat. No. 5,132,380, U.S. Pat. No. 5,703,187, U.S. Pat. No.
6,034,021, EP 0 468 651, EP 0 514 828, WO 93/19104, and WO 95/00526.
10 Another suitable class of catalysts is the metallocene catalysts disclosed in U.S.
Pat. No. 5,044,438, U.S. Pat. No. 5,057,475; U.S. Pat. No. 5,096,867; and U.S.
Pat. No. 5,324,800. It is noted that these catalysts may be considered as
metallocene catalysts, and both are sometimes referred to in the art as single-site
catalysts.
15 Another suitable class of catalysts is substituted indenyl containing metal
complexes as disclosed in U.S. Pat. No. 5,965,756 and U.S. Pat. No. 6,015,868.
Other catalysts are disclosed in copending applications: U.S. application Ser. No.
09/230,185; and Ser. No. 09/715,380, and U.S. Provisional Application Serial No.
60/215,456; No. 60/170,175, and No. 60/393,862. The disclosures of all of the
20 preceding patent applications are incorporated by reference herein in their
entirety. These catalysts tend to have a higher molecular weight capability.
Other catalysts, cocatalysts, catalyst systems, and activating techniques
which may be used in the practice of the invention disclosed herein may include
WO 96/23010, published on Aug. 1, 1996; WO 99/14250, published Mar. 25,
25 1999; WO 98/41529, published Sep. 24, 1998; WO 97/42241, published Nov. 13,
1997, Scollard, et al., in J. Am. Chem. Soc 1996, 118, 10008-10009; EP 0 468
537 B1, published Nov. 13, 1996; WO 97/22635, published Jun. 26, 1997; EP 0
949 278 A2, published Oct. 13, 1999; EP 0 949 279 A2, published Oct. 13, 1999;
EP 1063 244 A2, published Dec. 27, 2000; U.S. Pat. No. 5,408,017; U.S. Pat. No.
30 5,767,208; U.S. Pat. No. 5,907,021; WO 88/05792, published Aug. 11, 1988;



one used for branching index measurement. For polypropylene samples presented in this invention,
K=0.0002288 and a=0.705 are used. The SEC-DRI-LS-VIS method obviates the need to correct for

polydispersitigs) sipeertRgsintrinsic viscosity and the molecular weight are npegsysi Alssdividual
elution volumes, 5which arguably contain narrowly dispersed polymer. Linear polymers selected as

standards for comparison should be of the same viscosity average molecular weight and comonomer
content. Linear character for polymer containing C2 to C10 monomers is confirmed by Carbon-13
NMR the method of Randall (Rev. Macromol. Chem__Phys., C29 (2&3), p. 285-297). 10 Formulations
In some embodiments the polymer produced by this fhvention may be blended with one or more other

nermopiastc pONRRHS K HYRIAAHE L o Uy 50t B theh OSbled b
apprecigble char[gg.irPa:ter@rH@Mﬂmr;nnDsla&ticmolmm&aygiomrty focdades bpitarehatilimited to,
Beryionitricputalter et et Bo N ene et o bHGA AL s - scrylorite
20resins, styrene MEAECSaNDRIrive, pobyistiesd BoUaIcolyketonsIAmsnixtusespaf. ta.or more of
inear, branched o CYAN 0 1 (b BT Tt padindls corpeiy opiehe Wpomerized
W!th one or more5C728)853,4 to.s:@holeﬁmssm;emﬁhwascmo GSRD a_LplnazﬂefirU .momtprﬂfergl?ly Clto
Ol 250eins MaE APRIETpRVQSIS e 4 e Igdlp popmets onprars
C20 alpha olefin 51965 preteslityt prapigng ant ovOwene238, publishEdaBtod8rd'vencuipass all
natural and syt abbers, g oSS AdESATAS T RERI DL RTRISS Sl ereres
10 94/00500, published Jan. 6, 1994; WO 96/00244, published Jan. 4, 1996; WO
98/50392, published Nov. 12, 1998; WO 02/38628, published May 16, 2002;
Wang, et al.,, Organometallics 1998, 17, 3149-3151; Younkin, et al., Science
2000, 287, 460-462; those disclosed by Chen and Marks, Chem. Rev. 2000, 100,
1391-1434; those disclosed by Alt and Koppl, Chem. Rev. 2000, 100, 1205-1221;
15 those disclosed by Resconi, et al., Chem. Rev. 2000, 100, 1253-1345; those
disclosed by Ittel, et al., Chem Rev. 2000, 100, 1169-1203; those disclosed by
Coates, Chem. Rev., 2000, 100, 1223-1251; those disclosed by Brady, 111, et al.,
U.S. Pat. No. 5,093,415, those disclosed by Murray, et al.,, U.S. Pat. No.
6,303,719, those disclosed by Saito, et al., U.S. Pat. No. 5,874,505; and WO
20 96/13530, published May 9, 1996. Also useful are those catalysts, cocatalysts, and
catalyst systems disclosed in U.S. Ser. No. 09/230,185, filed Jan. 15, 1999; U.S.
Pat. No. 5,965,756; U.S. Pat. No. 6,150,297, U.S. Ser. No. 09/715,380, filed Nov.
17, 2000. The disclosures of all of the preceding patents and or patent
applications are incorporated by reference herein in their entirety to the extent
25 they are not inconsistent with this specification.
In a preferred embodiment the polymerization system comprises less than
5 weight % polar species, preferably less than 4 weight %, more preferably less
than 3 weight %, more preferably less than 2 weight %, more preferably less than
1 weight %, more preferably less than 1000 ppm, more preferably less than 750
30 ppm, more preferably less than 500 ppm, more preferably less than 250 ppm,



limited to, ethylene propylene rubber, ethylene propylene diene monomer rubber, styrenic block
copolymer rubbers (including Sl, SIS, SB, SBS, SEBS and the like, where S=styrene, 1=isobutylene,

and B=butadiege)bytykgrbber, halobutyl rubber, copolymers of isobutylens-are Rkaralkdstyrene,
halogenated copolymers 5of isobutylene and para-alkylstyrene, natural rubber, polyisoprene,

copolymers of butadiene with acrylonitrile, polychloroprene, alkyl acrylate rubber, chlorinated isoprene
rubber, acrylonitrile chlorinated isoprene rubber, polybutadiene rubber (both cis and trans). In another
embodiment, the polymer produced by this invention_is 10combined with one or more of isotactic
polypropylene, highly isotactic polypropylene, syndTJt%\c':tic polypropylene, random copolymer of

propylene and ethylene and/or butene and/or hexene, polybutene, ethylene vinyl acetate, low density
Polyethylene (deRRES Br6 eSS A0 G er 39 i i SO0 He STy By RO em K5 low density

polyethylene (depsityrbB61éssletam thapph0Pahgkped)s vesluiav densigopalyaibenpdgensity 0.90 to
less than 0.915 glcm2), medium densi%/&c%ethyllen densitgﬁOB%S to Iessg{ an 0.945 g/cm), high
density polyethyl&r&® aer‘ig§it YOFANEH B A BN R BiRy ket 2AFRNERY ARy acrylate,

copolymers of aeitlits aaitlcthotymethy Imethacry late or any other polymers polymerizable by a
high-pressure free radical process, 20polyvinylchloride, polybutene-1, isotactic polybutene, ABS
resins, ethylene- propyﬁéhé)l?ﬁ e ,e%Iﬁ’ﬁn‘?ﬁ’bﬂ"ﬁé)ﬁgﬁ%Wf’%’lc?@?l%lﬁ%ﬁ?‘?gﬁ%ﬁ;}gnic block
copolymers, polyasiitie o poiycanpbinaiesuh B dasinsicdipbdlimkechpofyeftnldpelcpolymmers that are a
hydrolysis product oéglj—'r\gA that equate to an ethyleng vinyl algohol copol r, pol rs qf aromatic
monomers such 3§ pé‘fysr,{l)?rrgn%r,e%%f‘ qi' g%st%rts? Bo?ygggg}é}, f)%l?\ﬂﬁ/l%%%?ﬁ}ﬁ%%gpﬁo yethylene
glycols and/or pohighioGtyleioe: prefinablyolimsrtkanbiodiengntde)astoemnardcanbdlplénddchuvitbOhe polymer
produced by this invention to farm rubber {ou ed compositio I@@js me parti rly preferred
ermbodiments, i HipBSHoUG RN o ) S o L0 RITEs BB Nasd etk hre the
elastomes is a disgontpratusbphéss dinch tREOppyIM ener8 raiccdic éckH yhihis ol eptionnea continuous
phase. This blend may lfe combined with tackifiers.a of othr a%iitives as described herein.
preferably 18ss than 50 ppm, more préterably leSs than TO ppm:

In another preferred embodiment the polymerization system comprises
methylalumoxane and less than 5 weight % trimethylaluminum and or
triethylaluminum, preferably less than 4 weight %, more preferably less than 3

15 weight %, more preferably less than 2 weight %, more preferably less than 1
weight %, more preferably less than 1000 ppm, more preferably less than 750
ppm, more preferably less than 500 ppm, more preferably less than 250 ppm,

more preferably less than 100 ppm, more preferably less than 50 ppm, more

preferably less than 10 ppm.
20

Polymerization Process

This invention relates to processes to polymerize olefins comprising
contacting one or more olefins having at least three carbon atoms with a catalyst
compound and an activator in a catalyst system comprising one or two fluid

25 phases in a reactor. In the preferred embodiment, the fluid reaction medium is in
its supercritical state and forms a single fluid phase. One or more reactors in
series or in parallel may be used in the present invention. Catalyst compounds
and activators may be delivered as a solution or slurry, either separately to the
reactor, activated in-line just prior to the reactor, or preactivated and pumped as

30 an activated solution or slurry to the reactor. A preferred operation is two

solutions activated in-line. Polymerizations are carried out in either single reactor



In another embodiment the polymer produced by this invention may be blended with elastomers or
other soft polymers to form impact copolymers. In 5some embodiments the blend is a two (or more)

phase systerywhgigitagsglastomer or soft polymer is a discontinuous phasg-aréshe pedyimer
produced by this invention is a continuous phase. This blend may be combined with tackifiers and/or

other additives as described herein. In some embodiments the polymers of the invention described
above are 10combined with metallocene polyethylenes (mPES) or metallocene polypropylenes
(mPPs). The mPE and mPP homopolymers or coporgmers are typically produced using mono- or

bis-cyclopentadienyl transition metal catalysts in col Bination with an activator of alumoxane and/or a

non-coordinating anion in solution, slurry, high pressure or gaslph?se.. The catalyst and activator may
be supported or TBUALAPPBHIA SHAREX o SERRRBIYFrittia 1) ATHY A SHRNEREDT bstituted.

Several commereiglqrgducsiRioduc eddadtbsitiehaalglystiadtiyatefcanbiratiaos aiencemamercially
available from Exxon Mobi | Chemical Company in Baytown, Texas under the tradenames EXCEED
T, ACHIEVE" Kl ER AR B RO RRIEA e o SAR0S S LRSI AVATrs 1o produce
such 20homopolyiseideattt capdiymessaeMiQ MAL68IGIWIRANSSRG:oP A 20y 2635 EPA
277,004; U.S. Pat, No. 5,153,157; U.S. Pat. No. 5,198,401; U.S. Pat. No. 5,240,894; U.S. Pat. No.
5,017,713; CA 1,J88S7EAYY) EMBLRRIG8Y 325050 H5h 1 78053 4140 1 PEECHeb & LEAYU0E: EPA
520,732; WO 920833& (ufshRataNexi& @806 CaktfdeR atith @nb, 50mpgbien ERANS 26l 6371 EPA 573
403; EPA 520 73§2§st25E|?A 495 3 hs; EPA 500 ?4t4; tPA 570 982; W091/09882; W094/03506 and U.S.
Pat. No. 5,055,438 "2G1°Udie CAHSAMRERE the 80 ?/rrﬁ%arco(frﬁ’lis invention is present in the above
blends, at from 10 to 9%weidit Sacbhasedoape hihewweirg bt the oty menscndhabietcs, pieferably 20

I 0 i 0,
to 95 weight %, even more refergpg]atl ast 30 to 90.%/%{9{2}_ ; 0%, even more Vereferabl at least 40 to

90 weight %, even rﬁorteepere lel?gb y & zfs{e-agbr?abc&) to weig et%; )f?er\%% %8% B?g%%tl) y at least 60

to 90 weight %, evencacore qarefekabBcatdeattc/&fin b wiaightipstream reactor(s), the feed of
any reactor can be augmented with any combination of additional monomer,
catalyst, scavenger, or solvent fresh or recycled feed streams. In a parallel reactor
configuration, the reactor or reactors in series cascade that form a branch of the
parallel reactor configuration is referred to as a reactor train.

15 Invention methods also cover polymerization in high-pressure reactors
where, preferably, the reactor is substantially unreactive with the polymerization
reaction components and is able to withstand the high pressures and temperatures
that occur during the polymerization reaction. Such reactors are known as high-
pressure reactors for purposes of this disclosure. Withstanding these high

20 pressures and temperatures will allow the reactor to maintain the fluid reaction
medium in its supercritical condition. Suitable reaction vessels include those
known in the art to maintain supercritical or other high-pressure polymerization
reactions (such as high pressure ethylene polymerization reactions). Suitable
reactors are selected from autoclave, loop, pump-around loop, pump-around

25 autoclave, tubular, and autoclave/tubular reactors, among others.

The polymerization processes described herein operate well in tubular
reactors and in autoclaves (also called stirred tank reactors). Autoclave reactors
can be operated in batch or in continuous mode. To provide better productivity,
and thus to lower production cost, continuous operation is preferred in

30 commercial operations. Tubular reactors preferably operate in continuous mode.



The blends described above may be produced by (a) mixing the polymers of the invention with one or
more polymers (as described above), by (b) 5connecting reactors together in series to make in situ

reactor blendg@hhg/(5944§iNg more than one catalyst in the same reactor t@ pradyge;sydligle species
of polymers. The polymers can be mixed together prior to being put into the extruder or may be mixed

in an extruder. Any of the above polymers may be functionalized. Functionalized means 10that the
polymer has been contacted with an unsaturated acid or anhydride. Preferred unsaturated acids or
anhydrides include any unsaturated organic compound containing at least one double bond and at
least one carbonyl group. Representative acids incru%'carboxylic acids, anhydrides, esters and their
salts, both metallic and non-metallic. Preferably the organic compound contains anrﬁiethylenic

u

unsaturation conju@AtawitAC e oniagiStn A#S0) BEdIRE RRTad 4@ fuhiridacrylic,
methacrylic, itacapi¢(eateitty alphaoathyiCeatariscangdfiraarte akigds-asvdilipasdaedanhydrides,

esters and salt derjvatives..Maleic anhydride is particularly prefefred, The unsaturated acid or

s i eI, LA St AEBut B ARG SR A UL S SORBIEFABTY AL about 0.5

weight % to aboutukhvei s (en éxa tinofe: preferablyratghailylitfeabout Snlveiabtpsit@sed upon the

weight of the hydrocar\t%)rtresg\ %ngpthe unsatyrated aci%qr anhydride. Tackifiers may.be blended with
Shti0R' A%/

the polymers of tHE{ENTER! WA Blend s P BBy DRSIEEdBY tHETHENRGhs (as
described abovejnj2botampteohustjutiiackiferpisiciodedy die raptimiechtoraliphaticthydrocarbon

resins, aromatic modi ie%r.I liphatic hydrocarbon resins, hydrogenated polycyclopentadiene resins,
polycyclopentadlEi BT SO B AT dCteE g GBSO PR Bttt o
rosins, tall oil rosiincastersy potytetpdnele assematicimatifiekl polydespresptespener@hemnolcs, aromatic

30modified hydrog e Rt Py Sy G R A NS R e O IE RIS S AIRRANS "% Mnts the
10 possible formation of hot spots in the unstirred feed zone between the mixing
point and the stirred zone of the reactor. Injections at two or more positions along
the length of the reactor is also possible and sometimes preferred. For instance, in
reactors where the length-to-diameter ratio is around 4:1 to 20:1, the reactor
preferably can contain up to six different injection positions. Additionally, in the
15 larger autoclaves, one or more lateral fixing devices support the high-speed
stirrer. These fixing devices can also divide the autoclave into two or more zones.
Mixing blades on the stirrer can differ from zone to zone to allow for a different
degree of plug flow and back mixing, largely independently, in the separate
zones. Two or more autoclaves with one or more zones can connect in series
20 cascade to increase residence time or to tailor polymer structure. As mentioned
above, a series reactor cascade typically has two or more reactors connected in
series, in which the effluent of at least one upstream reactor is fed to the next
reactor downstream in the cascade. Besides the effluent of the upstream
reactor(s), the feed of any reactor in the series cascade can be augmented with any
25 combination of additional monomer, catalyst, or solvent fresh or recycled feed
streams. Two or more reactors can also be arranged in a parallel configuration.
The individual arms of such parallel arrangements are referred to as reactor trains.
These reactor trains in turn may themselves comprise one reactor or a reactor

series cascade creating a combination of series and parallel reactors.

30 Tubular reactors may also be used in the process disclosed herein and



-91 - hydrogenated aliphatic aromatic resins, hydrogenated terpencs and modified terpenes, and
hydrogenated rosin esters. In some embodiments the tackifier is hydrogenated. In other embodiments

the tackifier i, 5ogoRRIREsENON-polar tackifiers are substantially free of mongg@resgliaviRgselar groups.
Preferably the 5polar groups are not present; however, if present, they are preferably not present at

more that 5 weight %, preferably not more that 2 weight %, even more preferably no more than 0.5
weight %.) In some embodiments the tackifier has a softening point (Ring and Ball, as measured by
ASTM E-28) of 80C to 140 C, preferably 100 C to 130 C. In some embodiments the tackifier is

functionalized. 10By functionalized is meant that thé7ﬁy'drocarbon resin has been contacted with an

unsaturated acid or anhydride. Preferred unsaturated acids or anhydrides include any unsaturated
organic compourPEoREHRGAY Igé’é't(?fn’ée?%%léaé’ﬂ%g é%saogf”f%té‘%% Wetea%%‘hty%éboﬁ/’&a'
Representative apidslinakideoaaibofylid aditsc-anhydesism estdarsnans theit sakistibofvimgtallic and
non-metallic. Pref rablgﬁtze 150rganic.compound contains an ethylenic unsaturation conjugated with a
carbonyl group (¢26) ﬁlr]ﬁ'filaé TRRGUOR AN eit STMERRE DGR SHH SO RO SHES &otonic,
alpha-methyl crotattic paints diinasiisnaeidsas wepragytiat) antyyelrides; asiaisoand, sathigetjvatives.
Maleic anhydride is articula(% referred. The unsaturated atcid %r a({lxt{éydridg isp %Iera ly present at
about 0.2 weightYe 1§45t WWeight SHOBFErdFABIO S SESTID. 5RERENPEE o B3 Flveight %,
even more prefeiadbyusidainonbdrhdocaboets biveight &4o hasadoupen, Weenetightond thefdvgdi@carbon resin

anql the unsaturate aci(%aor 1frlly ;ide. iTh 1t§1ﬁkﬁiert’ if present, is t [l)a{rcarll res gt ataab'out 1

weight % to abou’ \f/elgtﬁ(faj)l, B%Sean pr%ﬁnﬂnec WelgFﬁ oﬁ%@bﬁencﬁ% re p%f%?aﬁ)%/ o weight % to

40 weight (Yo, evperialaretiprefdrabilya? CawetghitdprisstbewhightviveRrelerablyalvoyyelerubackificr is not

resen, o eSS HERHIEH RIS A BTN Fro i o e

blends thereof, furtlier domprigeativoss|kkingaadgentuBrieferceckerossinkngfagants Beumblude those

having funCtionalsgrc%fll?,slfgp%tl%%er%?tg%nvgiﬂs]utr?&gsc It% %Eigr%@/ gvrzli edeposits. Tubular reactors
generally may operate at pressures of up to 360 MPa, may have lengths of 100-
2000 meters or 100-4000 meters, and may have internal diameters of less than
12.5 cm ( alternately less than 10 cm). Typically, tubular reactors have length-to-

15 diameter ratios of 10:1 to 50,000:1 and may include up to 10 different injection

positions along its length.

Reactor trains that pair autoclaves with tubular reactors can also serve in
invention processes. In such instances, the autoclave typically precedes the
tubular reactor or the two types of reactors form separate trains of a parallel

20 reactor configuration. Such systems may have injection of additional catalyst
and/or feed components at several points in the autoclave and more particularly
along the tube length.

In both autoclaves and tubular reactors, at injection, feeds are preferably
cooled to near ambient temperature or below to provide maximum cooling and

25 thus maximum polymer production within the limits of maximum operating
temperature. In autoclave operation, a preheater operates at startup, but not
necessarily after the reaction reaches steady state if the first mixing zone has
some back-mixing characteristics. In tubular reactors, the first section of double-

jacketed tubing is heated rather than cooled and is operated continuously. A

30 useful tubular reactor is characterized by plug flow. By plug flow, is meant a



- 92 - group. Preferred crosslinking agents include alcohols, multiols, amines, diamines and/or
triamines. Examples of crosslinking agents useful in this invention include polyamines such as

ethylenedianirg,figihydgnetriamine, hexamethylenediamine, diethylaniinopggpydaggiigssdad/or
menthanediamine. 5In another embodiment the polymers of this invention, and/or blends thereof,

further comprise typical additives known in the art such as fillers, cavitating agents, antioxidants,
surfactants, adjuvants, plasticizers, block, antiblock, color masterbatches, pigments, dyes, processing
aids, UV stabilizers, neutralizers, lubricants, waxes, and/or nucleating agents. The additives may be
10present in the typically effective amounts well knoWhin the art, such as 0.001 weight % to 10 weight
%. Preferred fillers, cavitating agents and/or nycleating ?nts include tita iu;rHH?iOXide' calcium
carbonate, bariufCURHETLiANsHtRaloldi! ¢ %ﬁaﬁ?aagl, S5RGCYladl t}é)ﬁﬂi LY aggregates,
talc, clay and thealike:1:&R wie tigalantiexida) teatathide piherngjic @atiexidanta: suchis biganox 1010,
Irganox, 1076 bot}; available from Ciba-Geigy. Preferred oils include araﬁinic or nathh nic oils such
as Primol 352, of BRirfBi8¥8 %Al 8Bfe FoM f@%oﬁﬁf’%él?ﬁigg?‘ﬁpgnc hg RIS % rance. More

preferred oils incinidetadiphatic dphtiadnichedsnjubitenopsints thenlike tRORisfevediffasieizers and/or
%O(I:jllfj\(/jaem% includ%grnég\%rfatg?&%go#y??gbt@nesﬂ?hthatlates apd a¢%e like. Pﬁrflicularl% ifﬂrefe)treree | plasticizers
phthalate§ 8lich & u  SRISSILERUESITEY, diberans BRI ST
dioctylphth_alate&(!B@Pbdmha&iybgte«aﬁsriﬁgcmaﬂﬂ?wapp} eﬁﬂ)eanal\%am@pfelsgﬁ_l@ an(qjh_able from
Crromioh] hefics GBI ekenJoge Ao Bk St e
processing aids, dubtisasis; vepxesicand/aicdibsain chada lonwpoiglecttanhvydigiat b d ety sieeh as wax, oil
gg'ooo",v g'/grf’o'ym%%n('%"t‘{ars‘”e‘?amf‘;gpﬁ%l?vy M, 209 O Prgteraly elow A000, Mer RipTgrgoly below
10 temperature remains above the polymer product's crystallization temperature.
The autoclave or tubular reactor effluent is depressurized on entering the high
pressure separator (HPS).
In any of the multi-reactor systems described herein only one need be
operated in the supercritical state or above the solid-fluid phase transition
15 pressure and temperature (preferably above the fluid-fluid phase transition
pressure and temperature); however all may be operated in the supercritical state
or above the solid-fluid phase transition pressure and temperature(preferably
above the fluid-fluid phase transition pressure and temperature). Likewise in any
of the multi-reactor systems described herein only one reactor need contain the
20 non-metallocene metal centered, heteroaryl ligand catalyst compound described
herein. Any of the other reactors may contain any other polymerization catalyst
such as Ziegler-Natta polymerization catalysts, metallocene catalysts, Phillips
type catalysts or the like. Useful other catalysts are described at WO
2004/026921 at page 21 paragraph [0081] to page 72, paragraph [00118]. A
25 preferred catalyst for use in any of the reactors is a chiral metallocene catalyst
compound used in combination with an activator. In a preferred embodiment
both the non-metallocene metal centered, heteroaryl ligand catalyst compound
and a chiral metallocene compound are used. In another embodiment the non-
metallocene metal centered, heteroaryl ligand catalyst compound and a chiral

30 metallocene compound are used in series reactors or parallel reactors.



30more preferably below 2500). Preferred waxes include polar or non-polar waxes, - 93 -
functionalizcd waxes, polypropylene waxes, polyethylene waxes, and wax modifiers. Preferred waxes

include ESCQMERI735: Preferred functionalized waxes include thosg+ediigsdadiasan alcohol,
an acid, or a ketone. Functionalized means that the polymer has been contacted with 5an unsaturated

acid or anhydride. Preferred unsaturated acids or anhydrides include any unsaturated organic

compound containing at least one double bond and at least one carbonyl group. Representative acids
include carboxylic acids, anhydrides, esters and their salts, both metallic and non-metallic. Preferably
the organic compound contains an ethylenic unsatartion conjugated with a carbonyl 10group (-C=0).

Examples include maleic, fitmaric, acrylic, methacrylic, itaconic, crotonic, alpha-methyl crotonic, and
cinnamic acids aS3REHEE thels ydﬂﬁ@g?‘éeé’t‘érscgﬂﬂ’%‘éﬂfiﬁle 83%@&’&@1%‘%3@% particularly

pre_ferrgd. The unsedhyBtad acihercaRhideneals prefetpblyiessninatiaouri). Isweight1%ito about 10
o about 4 weight e BEAG HE o DGHEOF e AYArSGarBHOEST B AR THEAFAH acd or
anhydride. Prefetredoexamopigs.inclbaeivdaes madifledrdyathethyl keieipeumdalciecantryddde or malcic
pentens, hexench AREE TRE A KRRl GPEFOM S RV 30N uc Uy butehe heing an M o
less than 1000. Ainexaythie-bissDancshph lypesrgl dvadaydeitveaarrihd ditgeiname PARAPOLTM 950
0750 nd & Kinematic JIHSe 1 G 224Hr A 100 HE s ALPEn by R OIS OGP Bherred UV
, y : referred UV

stabilizers and opalytitetidandtuinchsdel [rgamaxct) 0-anddhedskan&RP LIKSAFHNS propane,

solvents, like hexanes, toluene, etc. The temperature in this vessel will be

10 maintained above the polymer product's crystallization point but the pressure may
be below the critical point. The pressure need only be high enough that the
monomer, for example propylene, can be condensed against standard cooling
water. The liquid recycle stream can then be recycled to the reactor with a liquid
pumping system instead of the hyper-compressors required for polyethylene units.

15 The relatively low pressure in this separator will reduce the monomer
concentration in the liquid polymer phase which will result in a much lower
polymerization rate. This polymerization rate in some embodiments may be low
enough to operate this system without adding a catalyst poison or “killer”. If a
catalyst killer is required (e.g., to prevent reactions in the high pressure recycle)

20 then provision must be made to remove any potential catalyst poisons from the
recycled propylene rich monomer stream e.g. by the use of fixed bed adsorbents
or by scavenging with an aluminum alkyl.

Alternately, the HPS may be operated over the critical pressure of the
monomer or monomer blend but within the monomer/polymer two-phase region.

25 This is the economically preferred method if the polymer is to be produced with a
revamped high-pressure polyethylene (HPPE) plant. The recycled HPS overhead
is cooled and dewaxed before being returned to the suction of the secondary
COMpIressor.

The polymer from this intermediate or high pressure vessel will then go

30 through another pressure reduction step to a low pressure separator. The



The polymers of this invention (and blends thereof as described above) whether formed in situ or by
physical blending are preferably used in any known 30thermoplastic or elastomer application.

Examples inglysigsisendpsmolded parts, - 94 - films, tapes, sheets, tubing,Jqsgs 165G Wire and
cable coating, adhesives, shoe soles, bumpers, gaskets, bellows, films, fibers, elastic fibers,

nonwovens, spunbonds, sealants, surgical gowns and medical devices. 5Adhesives The polymers
of this invention or blends thereof can be used as adhesives, either alone or combined with tackifiers.
The tackifier is typically present at about 1 weight % to about 50 weight %, based upon the weight of
the blend, more preferably 10 weight % to 40 Weigﬁt7‘§of even more preferably 20 weight % to 40
10weight %. Other additives, as described gove,.may be ddeq?%lgo. The adhesives of this
invention can belFEBATHUER S oANeX e LR CRBH THENGH AR Bt b REE S KiSHsaabiBs, packaging,
laminates, pressiiig sensdiymadhesives, fapesdabels fategd biggindimapedindiRguianivovens, road
marking, reflective Coatin%s, 3nd the like. In some erT]b?‘ﬂji?%Q%s t&e aﬁhesjves of this 15invention can
be used for dispSEtIEitiber ARE T SR RARS TS Soh el AT LIS AR A SRR EiEYosable goods
converting, packagirgeiabeliaginbarkhindm@nvagtworking: accdeikher assemapigppligations.
Particularly preferged aggiicgtions include: baby diaper leg elastic, diaper frontal tape, diaper standing

leg cuff, diaper cHAZSR°EBARMttion, diaper core stabilization, diaper 20liquid transfer layer, diaper

outer cover lamination, kiiajddit@iasiic aidiclavei nedossfeniinine ragii, core sialihization, d€minine
napkin adhesive strip, industrial filtration banding, industrial filter material lamination, filter mask
BB SN i PR Ardopre

lamination, surgicaS r\?\?ﬁtfgﬁniﬁ’gﬁb@%ﬁ%ﬁ%‘éﬁs raaiiﬁf A of, %\lﬁ&) rﬁ’gﬁ% %05? ﬁﬁ?lsnpackaging.
25The adhesivedrdseritetoabywe mayobeappliedaial gayysurstrate chnedamadysathdiifatestinclude

Wwood, paper, cal g e IR RS e SRl o S iy foil and i
10 (reaction liquid). The feed/product takeoff rates control the total average
residence time. A cooling jacket removes reaction heat from the loop. Typically
feed inlet temperatures are near to or below ambient temperatures to provide
cooling to the exothermic reaction in the reactor operating above the
crystallization temperature of the polymer product. The loop reactor may have a
15 diameter of 41 to 61 cm and a length of 100 to 200 meters and may operate at
pressures of 25 to 30 MPa. In addition, an in-line pump may continuously
circulate the polymerization system through the loop reactor.
United States Patent No. 6,355,741 discusses a reactor with at least two
loops that is useful in the practice of this invention provided that one or both
20 loops operate at the supercritical conditions. United States Patent No. 5,326,835
describes a process said to produce polymer in a bimodal fashion. This process's
first reactor stage is a loop reactor in which polymerization occurs in an inert,
low-boiling hydrocarbon. After the loop reactor, the reaction medium transits
into a gas-phase reactor where gas-phase polymerization occurs. Since two very
25 different environments create the polymer, it shows a bimodal molecular weight
distribution. This two stage procedure can be modified to work with the
procedure of the instant invention. For instance, a first stage loop reactor can use
propylene as the monomer and a propylene-based reaction medium instead of the
inert low-boiling hydrocarbon.

30 PCT publication WO 19/14766 describes a process comprising the steps



wovens (particularly polypropylene spun bonded fibers or non-wovens), spunbonded fibers, cardboard,
stone, plaster, glass (including silicon oxide 30(SiOx)coatings applied by evaporating silicon oxide onto

a film surfacgy)fog®lo7936s- rock, ceramics, films, polymer foams (such as pelyeifiangsiaam).
substrates coated with inks, dyes, pigments, PVDC and the like or combinations thereof Additional

preferred substrates include polyethylene, polypropylene, polyacrylates, acrylics, polyethylene
terephthalate, or any of the polymers listed 5above as suitable for blends. Corona treatment, electron
beam irradiation, gamma irradiation, microwave or s%ﬁnization may modify any of the above
substrates. Films The polymer produced by this invention described above and the blends 10thereof
may be formed into monolayer or multilayer fjlms, These films may be formed by any of the
Comventional tecAE e E BB L E ST 5 SRASSER, 5. e FeaBt SXFtRioN Ebating,
lamination, blowimgtdiénieidramepaichcasiind. The ik snaydagohiained bihthedhatditm ey tubular
process, which may be folgﬁowaj b orientz@i)‘on in a uniaxial direction, or in two mutua}l*lﬁ
15perpendicular HrEGHGHE I X“S%’Eﬁgl%ft BRRROBHALE RS ARER RS SFIRLNiAdHay be
oriented in the traksvesderaskher (ongiiudtinaldirectionmotkee smerenslitferenhsxientBorhhis
orientation may occur before &l)‘r' after the individual layers are brog%ht Ilg% ther. For example a

polyethyl2ne layECARES extRsTOR IBSHSE o PIRRESHR APSRES SR Sy BPopYRndShyer or the
polyethylene and<Rpolyprapylenecdrine comxiouteditbgeiides ipbdyatitratheshasieniedl (Dikewise,

oriented polypropylene.could be lami ated,[%()) oriented polyethylene or.oriented polyethylene could be
coated onto poly SR TR BEHCRATy Hie EisEmatOh, POV R DeoTFAIREE Typically
the films are oriedtsdivedhin Machine Oipestien (MD)atpaarsitodolisipgothd iptaferablynbiehlseen 5 and 7,

and in the 25Transverse Direction (T. t.a ratio of up to 15 preferably. 7 to 9. Howevyey, in another
d?lg a? I t% %[ovg Fs) 1a§k—|‘.é% Wlﬁ {h

embodiment the?ﬁ(r)ﬁelsssocr%ln elal}% the sameé ex ean in bgliﬂcf‘hse [§%n ir%% ions. In 1z?tnother

embodiment the layaticonpprisitg titd etyone pobhmposgitiam abttdsﬂmk/ﬁnﬁrarp(apyl/metﬂemm ther.eof)
ir:]]ay be comblneldegg Egnor%%(gg gg)%{%r%%elgr@gﬁ&slé'ngeePCtrqteléalﬁyer(s) may be any layer typically included

The polymerization processes disclosed herein may have residence times
in the reactors as short as 0.5 seconds and as long as several hours, alternately
from 1 sec to 120 min, alternately from 1 second to 60 minutes, alternately from 5
15 seconds to 30 minutes, alternately from 30 seconds to 30 minutes, alternately
from 1 minute to 60 minutes, and alternately from 1 minute to 30 minutes. More
particularly, the residence time may be selected from 10, or 30, or 45, or 50,
seconds, or 1, or 5, or 10, or 15, or 20, or 25, or 30 or 60 or 120 minutes.
Maximum residence times may be selected from 1, or 5, or 10, or 15, or 30, or 45,

20 or 60, or 120 minutes.
Dividing the total quantity of polymer that is collected during the reaction
time by the amount of monomer added to the reaction yields the conversion rate.
The monomer-to-polymer conversion rate for the described processes can be as
high as 90%. For practical reasons, for example for limiting viscosity, lower
25 conversions could be preferred. Also, for practical reasons, for example for
limiting the cost of monomer recycle, maximum conversions could be preferred.
Thus, invention processes can be run at practical conversion rates of 80% or less,
alternately 60 percent or less, alternately between 3-80%, alternately between 5-
80%, alternately between 10-80%, alternately between 15-80%, alternately
30 between 20-80%, alternately between 25-60%, alternately between 3-60%,



30multilayer film structures. For example the other layer or layers may be: - 96 - 1. Polyolefins.
Preferred polyolcfins include homopolymers or copolymers of C2 to C40 olefins, preferably C2 to C20

olefins, prefegabhydsNrglymer of an a-olefin and another olefin or .a-olefinp@fiydsng isdedined to be
an a-olefin for purposes of this invention). Preferably homopolyethylene, homopolypropylene,

5propylene copolymerized with ethylene and or butene, ethylene copolymerized with one or more of
propylene, butene or hexene, and optional dienes. Preferred examples include thermoplastic polymers
such as ultra low density polyethylene, very low density polyethylene, linear low density polyethylene,
low density polyethylene, medium density polyethylehe, high density polyethylene, Opolypropylene,

isotactic polypropylene, highly isotgctic polypropylene, syndiotactic polypropylene, randgm copolymer
of propylene anoaﬁ?ﬁ%é?%g%?%?%@bﬂé&{p’fi%m? 5’)3%?{8",68}5 édﬁée/f’s aéf?&ﬂaé‘gg’eh%‘f@?@ Popylene
rubber, ethylene oapylgrendielye Foonamerudder, Aeopene, wuiddiends sid) eanaplastc polymers
and elastomers, such as for example, thermoplastic elastomers and rybber 15tougheped plastics. 2.
Polar polymers. ?EWSFféog p%&g - pBlIREIE Y ﬁ%ﬂbri@b‘tﬁ%eﬁe ei‘bp%?%&?s%@ébtg’rs, amides,
acrylates, anhyduidesacopobtimess 0f-a002 tt&rRGlefawsisarasiothylendtandler papyeane and/or
butene with one qre %{olar monomers st ch as acetates, anhydrides, esters, alcohol, and or
acrylcs. Preferren) Aeke RIS REILBK SOIVESLEr Ho sk, SinbTanE Iyl a Lt Spolymers, and
polyvinyl chlorideo:cEaditijcppeiyateysgiinedenten Glloniomelyiversnoac ydefpalineisaércopolymers
of geminally disuteistit%ﬁQ/)Iefins, al§]ha-heteroa orrg%lefinstan d/or s%rzennic monomers. Preferred
geminally disubstifitedordrisQveRId ig%)%ﬁtwgn%? is%rﬁ%ﬁfené‘,niso e/f)tg?l%‘,}elrs%%%x% & isooctene,
isodecene, and ipododbbengeReefdried & Yietenvaicinmlefins ipeticlablinylretiner dnd \839h carbazole,

preferred styrenigomoegglmlers include styrene, alkyl styrene, para-alkyl styrene, alpha-methyl styrene,
chloro-styrene, an(ﬂ)romo'-para-methyl styrene. Preferred examples of cationic polymers include butyl

rubber, iBobutylene copOhyahesti pectiwndthy pakar 3 &byl 50@ne SPpdlg8derie, Bvdkgalytdysiethyl

styrene. hr). These high levels of catalyst productivity may result in low residual ash
solids in the polymer product. Residual total ash solid amount of less than 0.3 wt
%, particularly less than 0.1 wt %, more particularly less than 0.01 wt % are
preferred.

15

Comonomers, dual catalysts and polymer structure

In reactors with multiple injection points for catalyst and feed there exists
the possibility to tailor the polymer design. Use of more than one catalyst having
different molecular weight and structural capabilities allows a wide variety of

20 product compositions (e.g. bimodal, linear mixed with long chain branched).
When multiple reactors are used, the production of polymer blends is
possible. In one embodiment, homopolymer and copolymer blends are made by
using at least two reactors in parallel or series. The homopolymers could be
polyethylene, polypropylene, polybutene, polyhexene, polyoctane, etc. In a
25 preferred embodiment, the homopolymer comprises polyethylene, polypropylene,
polybutylene, polyhexene, and polystyrene. In a more preferred embodiment, the
homopolymer is polyethylene or polypropylene. The copolymers could be any
two- or three-component combinations of ethylene, propylene, butene-1, hexene-
1, octene-1, styrene, norbornene, 1,5-hexadiene, and 1,7-octadiene. In a more

30 preferred embodiment, the copolymers are made from a two-component



- 97 - 4.Miscellaneous. Other preferred layers can be paper, wood, cardboard, metal, metal foils (such
as aluminum foil and tin foil), metallized surfaces, glass (including silicon oxide (SiO.x)coatings applied

by evaporatiRgsiigen,9dsle onto a film surface), fabric, spunbonded fiberspang; §0WEMeES
(particularly 5polypropylene spun bonded fibers or non-wovens), and substrates coated with inks,

dyes, pigments, PVDC and the like. The films may vary in thickness depending on the intended
application, however films of a thickness from 1 to 250 um are usually suitable. Films intended for
packaging are usually from 10 to 60 um thick. The thickness of the sealing layer is typically 0.2 to 50
p.m. There may 10 be a sealing layer on both the inhef and outer surfaces of the film or the sealing
layer may be present on .onlytth inner or the outer surface. Additives such as block, antiblock,
antioxidants, pigiPSPRUAHRNS! § Egirl?ﬁoﬁﬂgfl?ﬂ Al BFE RS NODREATRS, Sdrfactants
and/or nucleatingagdiiscmay ajsobaditesent uhomergidaredbanatimdayahdctheliiins.iPreferred
additives include silicon 15dioxide, titanium dioxide, polydimethylsiloxane, talc, dyes, wax, calcium
<tearate. carbon Black YR HREESIRRF weohY RS ARG HadE BELHS- T GRbte TBRRYRrent, one or
more layers maybhe:meodifieblyiyn cadigsacticatthelthclesan heay tadmtan. gaspodyitadiation, or
microwave. In some e bodirpents, ne,or both of the surface layers is modified by corona treatment.
The filmssdescri(t))\g/h% réi Ay Q?SBdéoFﬁ%ﬁE%dﬁc% %1660 \R?g%ﬂ‘i %> BaSedUpSh A& Weight of the
polymer and the vipsiraof @dryoroearbanwesia. sTijga asinomay-asaaiii feciywhitbehpdbeder of the
seal layer(s) or ma be combin@d Witth the oltymer in the C%F Iaii\{;r@. The resI'Ln r%ferably has a
softening point aBove” DI SR G pre e?é%}f/ PHEHTAE B COBYRRBIE FRYAFSER oon resins
include those deSaiieechatollimgTihe fitinis obnhpristinga ind topatorrrésidifiiaytbm arisated in uniaxial
or biaxial directions to,the s%me or diffe{ent del%[ﬁ'}i/?él The films described abO}%al may be used as
C

. cascade reac conflguration actor.configuration ar¢ very use 1 tne .
packaging and or stcre(%ch ARdlof (ﬂln%] s 8ifets ing Tififis &€ USESIR VoS Bund Ing, packaging

and palletizing opsraiiais. dfputypart blimggroperties to, or improve the cling 30properties of, a
particular film, a number of well-known tackifying additives have - 98 -
Catalyst Killing
Once the polymerization is complete, the reactor effluent is depressurized
to an intermediate pressure significantly below the cloud point pressure. This

15 allows separation of a polymer rich phase for further purification and a propylene
rich phase for recycle compression back to the reactor. Sometimes, heating the
reactor effluent before pressure let down is necessary to avoid the separation of a
solid polymer phase causing fouling.

This separation is typically carried out in a vessel known as a high

20 pressure separator (HPS). Since this vessel also has a significant residence time,
the catalyst activity is killed by addition of a polar species such as water, alcohol
or sodium/calcium stearate. The choice and quantity of killing agent will depend
on the requirements for clean up of the recycle propylene and comonomers as
well as the product properties, if the killing agent has low volatility.

25 Alternately the intermediate separation can be done at pressures well
below the critical point so that the monomer concentration and therefore
reactivity in the high pressure separator is relatively low. The relatively small
amount of continued polymerization in this vessel may not be a problem so
addition of catalyst deactivating compounds as is done in PE processes may be

30 avoided presuming that no undesired reactions occur in the high or intermediate



been utilized. Common tackifying additives include polybutenes, terpcne resins, alkali metal stearates
and hydrogenated rosins and rosin esters. The well-known physical process referred to as corona
discharge cayglspdnesify the cling properties of a film. Some polymers (syeh Rz RVIEHgsMethy!
acrylate 5copolymers) do not need cling additives and can be used as cling layers without tackifiers.
Stretch/cling films may comprise a slip layer comprising any suitable polyolefin or combination of
polyolefins such as polyethylene, polypropylene, copolymers of ethylene and propylene, and polymers
obtained from ethylene and/or propylene copolymerized with minor amounts of other olefins,
particularly 10C4-C12 olefins. Particularly, preferred%é polypropylene and linear low density
polyethylene (LLDPE). Suitable polypropylene is normally solid and is% ctic, i.e., reaii r than 90% hot
heptane insolublBESHESiTGHA PTG rHeRIOH FkeSURIRBAY aHBE 5 o b 8 dd L0 min.
Additionally, the slipdaylaitépaynnelvlim@adr more anti-cling (slip and/or antiblock) additives, which
may be added 15during the production of the polyolefin or subsequently blended in to improve the slip
properties of this layer. Such additives are well-known in the art and include, for example, silicas,
silicates, diatomaiienusdH Fihsytales @ddPvariQus lubricants. These additives are preferably utilized in
amounts ranging from aBbout 100 ppm to apout 20,000 ppm, more preferabl %et een.about 500 ppm
o about 10,000 porn, 2B WEIGHR ERSEE o 8 GHUB IR B 6 Vs Sy may. i
desired, also inclusienarezerdmere Diteraad diliviescalsgiaketbaisbaboyeo 95RolImethgitedifced herein

can be used for nonwoyens, sealing layers, oriented polypropylene, and high-clarity thermoforming.
oanel-Blown iRt BN FRIEL PorEt SURER S Rey Se B ST Rerein are
useful for melt bltwicad dbgpnertomogddedrithe | pusaiianqirpegasesicéait beatwedddrtrgkwnidi PP for spun
bonded (SB) and melt blown gMB) f] te&;s. B@Acal invention 1polgmers have as IeveE)Istbel w 1000, 900,
700, 500, 400, 35%,562 ej fﬁ%s, g]f?, ? , ?C?. orr()f]f% %rﬁlr%. Somé& eMbodimants hale asn levels of
1-500 ppb. All theéseehanhctpolstios iz9@on edfititneytdue twaal patysteinbpritghdpnor{dine dleexits. These
products can hays gl MERf1om. 3008000 sty o et applisations; YYses, lveption process
can prepare long chaiBranche |so%ac¥ic-po(fypr'opy ene pomtp

propane will widen the operating window of the HPS. In copolymerizations of

propylene with limited amounts of ethylene, a similar effect in raising the cloud
point pressure will be noted due to the presence of low levels of cthylene in the

15 HPS.

Low Pressure Separator Operation

A low pressure separator (LPS) can be used in the methods described
herein. An LPS running at just above atmospheric pressure is just a simple sub-
20 critical flash of light components, reactants and oligomers thereof, for the purpose
of producing a low volatile-containing polymer melt entering the finishing
extruder or static mixer.
In another embodiment, the processes of this invention are used to make
ethylene homo- or co-polymers. Specifically ethylene-hexene and ethylene-
25 butene copolymers are particular preferred. A process to produce ethylene
polymers would preferably use a temperature of 150 to 190 °C and a pressure of

10,000 to 20,000 psi (69 to 138 MPa).

Polymer Products

30 The polymers produced by invention processes may be in any structures



at high monomer conversion (35+% and especially 45+%) conditions. Some embodiments use higher
amounts of diluent to promote long chain branching. Long chain branching is also favored by operating

the polymerizagogosssssupercritical conditions, but with a polymer rich page,ang fopglysner lean
phase. 10Doing this allows the polymer-rich phase to have a lower monomer concentration and a

higher local concentration of vinyl terminated polymer. An appropriate choice of operating conditions
and monomer and comonomer feeds, 180-200 C and 20-150 MPa, yields polypropylene waxes from
invention polymers and processes. Some invention gmbodiments are isotactic polypropylene
15waxes. As such these materials are well suited fo %/i'scosity modification in polymers, adhesives,

films, and other applications. End Use Articles Laminates comprising.invention polymers can be used
as a 20thermofo?mi‘l§@§£é er@ﬁ@?ﬁb%ﬁa éaigcrhfﬁi bﬂl %Te%fgﬁsﬁlolded to couple it
with the ionomergigraterclaminaisshieantt heodorsposiie i faivaddrigpiigndesised shape to make the
article, or composite article. Varigus types of. substrate materials form hjghly desirable articles. The
Jaminate can be DRSER BRIE & MU R SO B O S RARE S CHB AR YRGS, impact
copolymers, 25rapngieizedepciying isovah thetiveic appligat s tpeipositiorsamenaidicldsa in which the
present invention can b%in or oratgd.are tthe following: veﬁicle %a{%s, especially exterior parts such as
bumpersand grifs? YotRaPHANAE; AN IR aL iR M B PARE tan be made from the
laminates , composites Hidpoigthad paidine divaniiotypsOinervarticiestiognpalso (aBnadiied, for
example: counter tqgg I

cxample counerop AL, 109 R Bsacoue ks Res e shaaprers boa
exterior, luggagehsiothingfabaic:fegambotaa hatitiv digin-vii,008 Yot e M0mederialcaR i TEIM,
Camma adalon S MAPNERE. R AT e PUET A0SR ). @ ol
10 alternately 35,000 to 350,000. Alternately, the polymers produced herein may
have an Mw of 30,000 or more, preferably 50,000 or more, preferably 100,000 or
more. In a preferred embodiment the polymers produced herein may have a
melting point of 80°C or more, preferably 100°C or more, preferably 125°C or
more.
15 The propylene polymers produced herein typically have a melting point of
70 to 165 °C. The propylene polymers produced herein typically have a weight-
average molecular weight of 2,000 to 1,000,000, alternately 10,000 to 1,000,000,
alternately 15,000 to 600,000, alternately 25,000 to 500,000, or alternately 35,000
to 350,000.
20 Invention processes preferably produce polymer with a heat of fusion,
AHg, of 1-60 J/g, 2-50 J/g, or 3-40 J/g. In another embodiment the processes of
this invention produce polymers having AH¢ of up to 100 J/g, preferably 60 to 100
J/g, more preferably 60 to 90 J/g.
The processes described herein can produce polymers having little or no
25 ash or residue from catalyst or supports. In a preferred embodiment the polymers
produced herein comprise less than 1 weight % silica, preferably less than 0.1
weight % silica, preferably less than 100 wt ppm silica, preferably less than 10 wt
ppm silica. In a preferred embodiment the polymers produced herein comprise
less than 1 weight % metal, preferably less than 0.1 weight % metal, preferably
30 less than 100 wt ppm metal, preferably less than 10 wt ppm metal.



materials, prefab buildings, synthetic marble panels for construction, wall covering, hopper cars, floor
coating, polymer/wood composites, vinyl tile, bath/shower/toilet applications and translucent glass

replacementysiphpgisejsayg/outdoor furniture, appliances such as refrigeratggsy \y@shginachines, etc.,
10children's toys, reflective signage and other reflective articles on roads and clothing, sporting

equipment such as snowboards, surfboards, skis, scooters, wheels on in-line skates, CD's for scratch
resistance, stadium seats, aerospace reentry shields, plastic paper goods, sports helmets, plastic
microwaveable cookware, and other applications for coating plastics and metal where a highly
15¢glossy and scratch resistant surface is desirable,'\%'uﬂe not being subject to algae/discoloration.

The polypropylene copolymers described herein are suitable for applications SUChﬁE r%olded articles,
including injection and bidFRIHLECIEREY A fE RN RS Ga%t RHBEVECLHERLs, such as
automotive interigicagd IDagEsiarkirims doamplesgoiaihermetihgds\and appitatiamsbior making

polypropylene polymers and for which polypropylene polymers may be useful are described in the
Encyclopedin of BRI MRS AR Rolfs EIGH GBI 4P HAGgs 748.610,
which are incorporated lny ¢efieremoedsseianlpridase lingtanaas wiheiedho Bppliedton is for molded
articles, the molded artjcles 25m§1 incluic}g a E?riet}/ of molded parts, particularly Foﬁd%d arts related
to and used in theRGiSRABHDETTONGS SURvaRISHY? 8%&%6%{“8&?68?%?%8&%&%8 SV 86 mats,
dashboards and adsttisme nf, patials .o odmed aidicles ayeiapbihidbappticatioscdandnexamples where
foamed plastics, such as foamed palypropylene, ar eful may be found in Encyclopedia of Chemical
Technology, by Il\)lr&gegﬁg ren?,)(?f%rﬁl Iﬁt’éﬁﬁﬁ{?&@‘%{t %,ﬁlé?tn Bésg%%egi%é(jm?{\f/ ich are incorporated by
reference hereinembdimechoanitd artiblasadenp &b6tiOllavty 61 AmvidY cOOErwcipm a5RD acttomotive
applications. ExamI%I?ﬁf constructiﬁﬂ)a plications include heat and sound insulation, industrial and

home appliance&parf pagﬁfé)lrﬁlgf)ﬁxamp 88'81% a%igﬁ%eti%/rg lalt%)ep ications include interior and exterior
automotive parts, such hssbhrpbodjuaids, tagntxeat dsvamdomieviadi tinesmg as a

comonomer an o,w-diene and the olefin/a,m-diene copolymers resulting from that
use. Additionally, the present invention involves a copolymerization reaction of
olefin monomers, wherein the reaction includes propylene and ethylene
copolymerization with an a,w-diene and the copolymers that are made. These

15 copolymers may be employed in a variety of articles including, for example,
films, fibers, such as spunbonded and melt blown fibers, fabrics, such as
nonwoven fabrics, and molded articles. More particularly, these articles include,
for example, cast films, oriented films, injection molded articles, blow molded
articles, foamed articles, foam laminates and thermoformed articles.

20 It should be noted that while linear a,w-dienes are preferred, other dienes
can also be employed to make polymers of this invention. These would include
branched, substituted o.,w-dienes, such as 2-methyl-1,9-decadiene; cyclic dienes,
such as vinylnorbornene; or aromatic types, such as divinyl benzene.

Embodiments of the present invention include copolymers having from 98

25 t0 99.999 weight percent olefin units, and from 0.001 to 2.000 weight percent a.,-
diene units. Copolymer embodiments may have a weight-average molecular
weight from 30,000 to 2,000,000, crystallization temperatures from 30 °C to 140
°C and an MFR (melt flow rate as measured by ASTM 1238, 230°C, 2.16 kg )
from 0.1 dg/min to 5000 dg/min or more (dg/min is decigrams per minute).

30 In other embodiments, the copolymer includes from 90 to 99.999 weight



The polyolefinic compositions of the present invention are suitable for such articles as automotive
components, wire and cable jacketing, pipes, agricultural films, geomembranes, toys, sporting

equipment, nyesligakdeydees, casting and blowing of packaging films, extrugiep,g§dsBipgsspires and
profiles, 10sporting equipment, outdoor furniture (e.g., garden furniture) and playground equipment,
boat and water craft components, and other such articles. In particular, the compositions are suitable
for automotive components such as bumpers, grills, trim parts, dashboards and instrument panels,
exterior door and hood components, spoiler, wind screen, hub caps, mirror housing, body panel,
15protective side molding, and other interior and extérrial components associated with automobiles,

trucks, boats, and other vehicles. Oth&?r useéléll artigles,a d goods rg y be formed economically by
the practice of olETAVERIHARICRAAE i L8ROI e CIeRERSHAY, IEBRHPS YN roller bottles for
culture growth anshingdisyheitlesitofiideiao0 0@t so 20insitupadtationsaripladiglders and sample

windows; liquid séora e conta\?ﬂe S such as bags, poyches, and bjttles for storage and IV infusion of
blood or solution$ °BACFATiFG PASERSAIS SR (oSS F8Y HAg Ml EHI G VAL B TRy including
unit-dose or otherthiisten artootive, paskdswelh asHpeiatiapp Rdtheeahtaidiigoiooflqeesatved by

fision s, cATTLEITS S ARBAH Ny Ay B AL WS ERT ) HGUEHRLE o Kodical devices or
food vyhich .is irra@&t&dF’mﬁhueﬁnqnay&mmg}[m&ﬁedz}iﬂbwargmﬂﬂélﬂjymmnmiIk, or juice,
conaners gl NN SN e seaapes syl e ars e s o2
used to prepare thefimoinkedderetyiciscobiiniadriveatiendn amyxenoldingmpeacesst-inelhdirlg but not limited
fo, njection molding, gassassited iniection malding, extusion blay, melging, Sipction hlow molding
jection stretch blow mblding, compressién moldihg, rotatichal molding, foanm’moldihg; thermoforming,
sheet extrusion, dewprofiendxtensiand Théodroktinng processes are well known to those of ordinary skill
In the art. The composiong Ao crBe el RIS 65, RIRRE LN iesiiabis qag use
conditions include ethylene and C4-C,, comonomers such as but-1-ene, 3-
methylpent-1-ene, hex-1-ene, 4-methylpent-1-ene, and oct-1-ene. Invention
process can prepare these copolymers without the use of solvent or in an
15 environment with low solvent concentration.
In a preferred embodiment the polymers have a residual solid ash amount
of less than 0.5 wt %, particularly less than 0.3 wt %, or more particularly less
than 0.1 wt % total solids residue are preferred.
Preferred propylene polymers produced typically comprise 0 to 40 weight
20 % of a comonomer, preferably 1 to 30 weight %, preferably 2 to 20 weight %,
preferably 4 to 10 weight %, and have one or more of:
1. a heat of fusion (Hy)of 10 J/g or more, preferably 20 J/g or more,
preferably 30 or more, preferably 40 or more, preferably 50 or more, preferably 60
or more, preferably 70 or more OR an H; of 30 J/g or less, more preferably 20 J/g
25 or less preferably 0 J/g; and/or
2. a Branching index (g'w)of 1.0 or less, preferably 0.98 or less, preferably
0.97 or less, preferably 0.96 or less, preferably 0.95 or less, preferably 0.94 or
less, preferably 0.93 or less, more preferably 0.92 or less, more preferably 0.91 or

less, more preferably 0.90 or less; and/or



10articles by any suitable means known in the art. Thermoforming, vacuum forming, blow molding,
rotational molding, slush molding, transfer molding, wet lay-up or contact molding, cast molding, cold

fonning matchepsslisrlding, injection molding, spray techniques, profile Go-@xtE4siofsHis
combinations thereof are typically used methods. 15Thermoforming is a process of forming at least

one pliable plastic sheet into a desired shape. An embodiment of a thermoforming sequence is
described, however this should not be construed as limiting the thermoforming methods useful with the
compositions of this invention. First, an extrudate film of the composition of this invention (and any
other layers or materials) is placed on a 20shuttle rat® to hold it during heating. The shuttle rack

indexes into the gven which prc-heats the film before forming. Onge the film is heated, the shuttle rack
indexes back to eforﬁﬁﬁ@lg%'b’l‘.v?ﬂgefﬁﬂ?lﬁc gn“(?é%‘ﬁfd?r?éﬂ%ﬂi@%f@? |P§438f%8$c9§; it in place

and the forming ahis«|pagetabhliesinooung 1amocerberefithaily @ t0a §600806; fyErertdnys. The tool
thetool - TheA oM i DL By e o0 ai pressure, plug-assisted vasuum
forming, or combinationsmaidfkaviaiions of thgseinateadiee sbReidf mategialireachesdthermoforming
o large Sarts, 1 SOTAETE LR G RS e I S G USSR EL R bk s e -
iﬂﬁc'e';?ﬁtfhde'?nri;jaga};‘?ﬁ%ﬁ‘ﬁ%ﬁﬁ%‘?ﬁﬁfﬁiﬂ%ﬁiﬁ?ﬁﬁmﬁ%ﬁm2‘1”3?11‘#3 00 the

thermoformed shaped fAfifate is then cooled, typically by blowers. Plug-assisted forming is generally
used for small, 56eep draneitipgrsnpiguieat@rigl e3¢ anchiripe:taabbe IG0tRG&bI0 optimization of

the process. Plugs made from insulating foam avoid pr ture nchi qﬁ:t_he lastic. The plug
shape is usually SIS ’a?ngeﬁ%@%oﬁligﬁ)/?ﬁ%&ngn%ﬁ @%ﬁ)’ﬁ?ﬂoﬂlﬁ&pﬁ gg%ai .’AaP@L)?l)wrd plug bottom will
usually ppomote 2ven materitl ldiistidnutiorp anthuerdfctor Side mat, thicknasly. 400iamsenoiery stalline

polymer such 10as polypropylene, fast plug spee enerally proyide the best material distribution in
the part. The%ﬁ%ﬁ%&&ﬁwiﬁa rehils0 ]iﬁegﬁe(%gﬁe% gr\&% eo%%?ég’sﬁ?%%nt cooling to maintain a mold
temperature of 38C to 6bG/Iy/désitabieasine byt OdMiRY) 9F bdot 160 D hefdreab)gcthontin one
embodlment. Forl???ogb‘?%gepe%b%'grt (|)n4;5thermoform|ng, the lowest melt flow rate polymers are
desirable. The shaped

In another embodiment, polymers produced herein have a melt viscosity of

15 less than 10,000 centipoises at 180 °C as measured on a Brookfield viscometer
(ASTM 3236 at 180 °C), preferably between 1000 to 3000 cps for some
embodiments (such as packaging and adhesives) and preferably between 5000 and
10,000 for other applications.

Heat of fusion, Mw, Mn, melting temperature, crystallization temperature,

20 percent crystallinity, are determined according to the procedure in the Examples
section. Melt flow rate is determined according to ASTM 1238( 230°C, 2.16kg).
Branching index (g'ave) is determined using SEC with an on-line viscometer (SEC-
VIS) and are reported as g' at each molecular weight in the SEC trace. The
branching index g' is defined as:

My
1

25 g =

where My is the intrinsic viscosity of the branched polymer and 1, is the intrinsic
viscosity of a linear polymer of the same viscosity-averaged molecular weight
(My) as the branched polymer. n;= KM,%, K and o are measured values for linear

polymers and should be obtained on the same SEC-DRI-LS-VIS instrument as the



laminate is then trimmed of excess laminate material. Blow molding is another suitable forming
means, which includes injection blow molding, multi-layer blow molding, extrusion blow molding, and

stretch blow {pglsipglyRRgL5is especially suitable for substantially closed or hQllipysohiestssg0such as,
for example, gas tanks and other fluid containers. Blow molding is described in more detail in, for

example, CONCISE ENCYCLOPEDIA OF POLYMER SCIENCE AND ENGINEERING 90-92
(Jacqueline I. Kroschwitz, cd., John Wiley & Sons 1990). In yet another embodiment of the formation
and shaping process, profile 25co-extrusion can be used. The profile co-extrusion process parameters
are as above for the blow molding process, exceptt ¢ die temperatures (dual zone top and bottom)
range from 150C - 235C, thig%eé!‘.bloclas arc from 90C - 250C, and the water cooling tank
temperatures ar@fotcider Digehing ndex reasurcsahi Ry B RSEA ARG BPiRess is

described as follpwsis3avarishaged.daoupgsaisi Rlaged inie thednerigEMERing3ogis The mold is
closed - 104 - and the substrate material is injected into the mold. The substrate material has a melt

temperature bet WP OOT AFRDBRSdH LrRETERh Y IRTEHEPSFYtFOMBEPSRe ANGBHD t and is injected

into the mold at aisédigstianispeabRtbRIWRSMZ 20 hdR seeendsiftieilisiectpnotbmaaterial is packed
or held at a predetermined time 5 and pressure to make the part dimensionally and aesthetically

correct. Typical tHEPAFBHENEPREHA By Lisprasd Ml Bres sl iy 1sBoks £ 140,400 kPa.

The mold is coolgdrdataerin dspainibr Koltiaeadthie substialeosipetempenaweamd! depend on the
desired gloss and a,pﬁe%\rgnce desired. T¥pical cooling time is from 10 to 30 seconds, depending on
part on the thickr &8 B SAMPY ¥R SB R b PeRed SR RS JRLPRY RShAOBEIR S {cfe' Sjected.

Likewise, molded-antiglasomey Re-babirgates) hainactingumntenr peijisesfrendmoitthat shapes and
made cithor by EHERRAA GRSy 0B N i, onto & il ol o altemately by
calendaring. 15Sheet will generally be considered to have a thickness of from 10 mils to 100 mils (254
um to 2540 um), although sheet may be substantially thicker. Tubing or pipe may be obtained by
profile extrusion L edical, potable water, land drainage applications or the like. The profile
extrusion process involvesdine extodinened thelielypehineiutibgha tieentha exdyuded tubing or pipe
'S then blended with one or more other polymers, including but not limited to,
thermoplastic polymer(s) and/or elastomer(s).
15 A “thermoplastic polymer(s)” is a polymer that can be melted by heat and
then cooled without appreciable change in properties. Thermoplastic polymers
typically include, but are not limited to, polyolefins, polyamides, polyesters,
polycarbonates, polysulfones, polyacetals, polylactones, acrylonitrile-butadiene-
styrene resins, polyphenylene oxide, polyphenylene sulfide, styrene-acrylonitrile
20 resins, styrene maleic anhydride, polyimides, aromatic polyketones, or mixtures of
two or more of the above. Preferred polyolefins include, but are not limited to,
polymers comprising one or more linear, branched or cyclic C; to Cy olefins,
preferably polymers comprising propylene copolymerized with one or more C, or
C4 to Cy olefins, preferably a C; to Cyg alpha olefin, more preferably Cs to Cyo a-
25 olefins. More preferred polyolefins include, but are not limited to, polymers
comprising ethylene including but not limited to ethylene copolymerized with a
C; to Cyp olefin, preferably a Cs to Cy alpha olefin, more preferably propylene
and or butene.

“Elastomers” encompass all natural and synthetic rubbers, including those

30 defined in ASTM D1566). Examples of preferred elastomers include, but are not



20solidified by chill water or cooling air into a continuous extruded articles. The tubing will generally be
in the range of from 0.31 cm to 2.54 cm in outside diameter, and have a wall thickness of in the range

of from 254 yta,6k/39935 The pipe will generally be in the range of from 2 546 iQZad &9 in outside
diameter, and have a wall thickness of in the range of from 0.5 cm to 15 cm. Sheet made from the

products of an embodiment of a version of the present invention may be used to form containers. Such
containers may be formed by thermoforming, solid phase pressure forming, stamping and other
shaping techniques. Sheets may also be formed to cover floors or walls or other surfaces. In an
embodiment of the thermoforming process, the ove'r??e'mperature is 30between 160C and 195C, the
time in the oven hetween 10 and 20 seconds, and 5 - the die ter(gperature, typic I%y a male die,

-1
between 10C ant™H%. B AR S R OB e G BEPR SRS PR P YRR Yninate is from
10 pm to 6000 peiyirGo®eskhegithent: Hve20GnpmdiaLONG I9SB, ABRhSEBMbatindiieand from 250

pm to 3000 pm in yet another embodjment, and from 50Q.pm to 51550 pm jn yet another embodiment,
a desirable rang&’ ﬁ%ri?\ ?W%bﬁﬁﬁﬁ%%ﬁ%?%@%ﬁ%bﬂ?ﬁb‘%ﬁ&%“ﬁ@ J}ﬂpﬁb%r thickness limit

In an embodimeniisidhedpitpiion orilding yeacesd, paheitin aysuhstalegnatedabisvipjaction molded
into a tool includinfg tl'l(?e*lslg)%%?d lgmina ,rlhe melt tem%r re of the substrate ng)?r%arial is between
230 C, and 255 Clil SR ORIRBRURAER, S e P35 QRERE YER RS BRSr &ib¥diment, the fill
time from 2 to 1Msedindsiitoneeonioitinpeintchiloropzdo Saiedandgdate anditecidorhaedithent, and a tool
temperature of from 25 C to 65 C in one.embpopdiment, and from. 27 C 60 C in another
emisodiment 1n SR SHAEHE i 6 0 B RTA RS ek MSEIEHE SRRER 1 hot enough
to melt any tie-lagienti bimatdniednsy. backing layer to achieve adhesion between the layers. In yet

another embodiment of the iqventiog &he c?rﬁposiiions of this iravenHlon.maX be secured to a substrate
. . In %no her embd 1rn§} ?npc] MeEL. produce b¥ 1S inyvention is .
material using a blow molding opeération. BIéw nto &ng IS particularly useful in'such applications as for

making closed ardichdénsdohithsofuuahtanks afnidasthte flolgpeopybing sighlsyigraetid equipment, 20outdoor
furniture and small enclost struc&ures .In o[}}{e em?odimeg& of thisd;i)roces ! compe%sigons of this

invention are extPSg’é)éoﬂf%c?ﬁlahs 'm 8?%9%%/ P RBad iGlowe r);l 5?&30 nent ot trlﬁ)gyunceootigd laminate into

a parison in the rtbidenichen dial dutwith @ither eedeco pbbyhalenpattbyhsinsiold, dscthienlolosed and air is

blown into the mgé(ljlstgyf%glr;]et G3"11%ra16r:t(density 0.915 to less than 0.935 g/cm’) linear low density
polyethylene, ultra low density polyethylene (density 0.86 to less than 0.90

15 g/em’), very low density polyethylene (density 0.90 to less than 0.915 g/cm?),
medium density polyethylene (density 0.935 to less than 0.945 g/cm’), high
density polyethylene (density 0.945 to 0.98 g/cm?), ethylene vinyl acetate,
cthylene methyl acrylate, copolymers of acrylic acid, polymethylmethacrylate or
any other polymers polymerizable by a high-pressure free radical process,

20 polyvinylchloride, polybutene-1, isotactic polybutene, ABS resins, ethylene-
propylene rubber (EPR), vulcanized EPR, EPDM, block copolymer, styrenic
block copolymers, polyamides, polycarbonates, PET resins, crosslinked
polyethylene, polymers that are a hydrolysis product of EVA that equate to an
ethylene vinyl alcohol copolymer, polymers of aromatic monomers such as

25 polystyrene, poly-1 esters, polyacetal, polyvinylidine fluoride, polyethylene
glycols and/or polyisobutylene.

In another embodiment elastomers are blended with the polymer produced
by this invention to form rubber toughened compositions. In some particularly

preferred embodiments, the rubber toughened composition is a two (or more)

30 phase system where the elastomer is a discontinuous phase and the polymer



251t will be understood by those skilled in the art that the steps outlined above may be varied,
depending upon the desired result. For example, an extruded sheet of the compositions of this

invention may; g6 kgssisihermoformed or blow molded without cooling, thgg-skigRia e saoling step.
Other parameters may be varied as well in order to achieve a finished composite 30article having

desirable features. - 106 - Non-Wovens and Fibers The polymers described above may also be
used to prepare the nonwoven fabrics and fibers of this invention in any nonwoven fabric and fiber
making 5process, including but not limited to, melt blowing, spunbonding, film aperturing, and staple
fiber carding. A continuous filament process may alsybe used. Preferably a spunbonding process is
used. The spunbonding process is well known in the art, Generally it involves the extrusion of fibers
through a spinnel?gf.g"f“f‘?é%@’ﬁ JORTER BERPHSHG HASH VUSSR B PRGRRPAl Gndless belt A
Ocalender roll is gethataltyfide andecota dradt thecwaldangibanbetam fibers to one another although other

techniques may be used such as sqni¢.bonding and adhesive bqnding.. The fabric may be prepared
with mixed metalocend ST ERp SRR HE o/ Iea, TG iR SRR R Bialocone

polypropylene omdiki¢aliyhhieradedwith sihgleom gisiacene golupiopytecepdishikswise the fabrics of
this invention may be prepared with mixed metallocene polypropylene physically blended with
conventional 21 B EIRSBEILA BUhBA TCTIBa e A BT AR B C B Sterably
comprised of at leasifbpétymexesadaiailacens palgpropyienpoNditr fhededadvwaohien fabrics,

manufacturers can maintain the deswablﬁ rop:la{ltle 10; ({]abrlc]??ﬁ)rerggred Wllttfill %Orﬂl@%g%cpez;idp;gduced

polypropylene whlE S8 l?ggﬁ%ugtpefal%c[h and pStEntiEmy S?easnel%dli‘ﬁe SPes
fabrics made usiagicareatiatibd polynésscribiais inxdmtion also relates to: 251.A process to polymerize
olefins comprising Cont?r(l: tslg ’eaetrn (t)%%%ggttﬂgepgfymers of the invention described above are
10 combined with metallocene polyethylenes (mPEs) or metallocene polypropylenes
(mPPs). The mPE and mPP homopolymers or copolymers are typically produced
using mono- or bis-cyclopentadienyl transition metal catalysts in combination
with an activator of alumoxane and/or a non-coordinating anion in solution,
slurry, high pressure or gas phase. The catalyst and activator may be supported or
15 unsupported and the cyclopentadienyl rings by may substituted or unsubstituted.
Several commercial products produced with such catalyst/activator combinations
are commercially available from ExxonMobil Chemical Company in Baytown,
Texas under the tradenames EXCEED™, ACHIEVE™ and EXACT™, For more
information on the methods and catalysts/activators to produce such
20 homopolymers and copolymers sece WO 94/26816; WO 94/03506; EPA 277,003;
EPA 277,004; U.S. Pat. No. 5,153,157; U.S. Pat. No. 5,198,401; U.S. Pat. No.
5,240,894; U.S. Pat. No. 5,017,714; CA 1,268,753; U.S. Pat. No. 5,324,800; EPA
129,368; U.S. Pat. No. 5,264,405; EPA 520,732; WO 92 00333; U.S. Pat. No.
5,096,867; U.S. Pat. No. 5,507,475; EPA 426 637; EPA 573 403; EPA 520 732;
25 EPA 495 375; EPA 500 944; EPA 570 982; W0O91/09882; W(094/03506 and U.S.
Pat. No. 5,055,438.
In some embodiments the polymer of this invention is present in the above
blends, at from 10 to 99 weight %, based upon the weight of the polymers in the
blend, preferably 20 to 95 weight %, even more preferably at least 30 to 90 weight

30 %, even more preferably at least 40 to 90 weight %, even more preferably at least



60C or more and a pressure between 15 MiPa and 1500 MPa, one or more olefin monomers having
three or more carbon atoms, with: 1)a catalyst system comprising one or more activators and one or

more nonme{aiosese,93gial-centered, heteroaryl ligand catalyst compoundssMiheR 1ogs314 07 - metal
is chosen from the Group 4, 5, 6, the lanthanide series, or the actinide series of the Periodic Table of

the Elements, 2) optionally one or more comonomers, 3) optionally diluent or solvent, and
54)optionally scavenger, wherein: a) the olefin monomers and any comonomers are present in the
polymerization system at 40 weight % or more, b) the monomer having three or more carbon
atoms is present at 80 wt% 10or more based upon'tﬂg weight of all monomers and comonomers

present in the feed, and, .  c) the polymerizafion occurs at a temperature above the solid-fluid phase
transition temper%aﬁ?eggf“fﬁ’eglbt();éfrﬁ%?ﬁﬁlt%ﬁIg?ﬁ? VAL L 6 TR PR below the
cloud point pressitegeaftiye Pl itadipw Systers, in the event 15 the solid-fluid phase transition

temperature of the polymerjzation s st%m cannot be determined then the polymerization occurs at a
temperature above the %T’(ﬁﬁﬂ&&’%@é R ARG & byZ%rWéXEI'% esgoi’flﬁ%graph 1
wherein the polysfehizatientgacuishaing temioesplblsenaboias dascfivigtibid @hagettyansition temperature
of the connecting reactors together in series to make in situ reactor blends or by (c) using
more than one catalyst in the same reactor to produce multiple species of
polymers. The polymers can be mixed together prior to being put into the
extruder or may be mixed in an extruder.
Any of the above polymers may be functionalized. Functionalized means
10 that the polymer has been contacted with an unsaturated acid or anhydride.
Preferred unsaturated acids or anhydrides include any unsaturated organic
compound containing at least one double bond and at least one carbonyl group.
Representative acids include carboxylic acids, anhydrides, esters and their salts,
both metallic and non-metallic. Preferably the organic compound contains an
15 ethylenic unsaturation conjugated with a carbonyl group (-C=0). Examples
include maleic, fumaric, acrylic, methacrylic, itaconic, crotonic, alpha-methyl
crotonic, and cinnamic acids as well as their anhydrides, esters and salt
derivatives. Maleic anhydride is particularly preferred. The unsaturated acid or
anhydride is preferably present at about 0.1 weight % to about 5 weight %,
20 preferably at about 0.5 weight % to about 4 weight %, even more preferably at
about 1 to about 3 weight %, based upon the weight of the hydrocarbon resin and
the unsaturated acid or anhydride.
Tackifiers may be blended with the polymers of this invention and/or with
blends of the polymer produced by this inventions (as described above).
25 Examples of useful tackifiers include, but are not limited to, aliphatic hydrocarbon
resins, aromatic modified aliphatic hydrocarbon resins, hydrogenated
polycyclopentadiene resins, polycyclopentadiene resins, gum rosins, gum rosin
esters, wood rosins, wood rosin esters, tall oil rosins, tall oil rosin esters,
polyterpenes, aromatic modified polyterpenes, terpene phenolics, aromatic

30 modified hydrogenated polycyclopentadiene resins, hydrogenated aliphatic resin,



20polymerization system. 3. The process of paragraph 1 or 2 further comprising obtaining a polymer
having an Mw of 30,000 or more, preferably 50,000 or more, preferably 100,000 or more. 4. The

process of pyadariybses or 3 further comprising obtaining a polymer 25hgying;3H3eAi3e,point of 80 C
or more, preferably 100C or more, preferably 125C or more. 5. The process of any of paragraphs 1 to

4 wherein the olefin monomers having three or more carbon atoms are present in the polymerization
system at 40 weight % or more, preferably 55 wt% or more, preferably 75 wt% or more. 306.The
process of any of paragraphs 1 to 5 where the temperature is between - 108 - 80 to 200 C, preferably
between 90th 180 'C. 7. The process of any of para }aIphs 1 to 6 wherein the pressure is between 15

and 250 MPa, preferably between 20 and 140 M. Pa, 8. The prqcess of any of paragraphs 1 to 7
wherein solvent JHF GRS 1B SHE RN, B hSEEREe B SR (P Br PP & wherein the
olefin monomersthaving, ¢ ayeiroponecarosn aems B eopiesatoditie feed atiBiwtido or more,

LOnaving tree oPHBIE Cilor MRS SO DISEL I SHHIGHE. SrEFaBAE OERR Honomer having
three or more cathifiaiomns canssitatsFerticlinoignepylantg polar groups. Preferably the
5 polar groups are not present; however, if present, they are preferably not present
at more that 5 weight %, preferably not more that 2 weight %, even more
preferably no more than 0.5 weight %.) In some embodiments the tackifier has a
softening point (Ring and Ball, as measured by ASTM E-28) of 80 °C to 140 °C,
preferably 100 °C to 130 °C. In some embodiments the tackifier is functionalized.
10 By functionalized is meant that the hydrocarbon resin has been contacted with an
unsaturated acid or anhydride. Preferred unsaturated acids or anhydrides include
any unsaturated organic compound containing at least one double bond and at
least one carbonyl group. Representative acids include carboxylic acids,
anhydrides, esters and their salts, both metallic and non-metallic. Preferably the
15 organic compound contains an ethylenic unsaturation conjugated with a carbonyl
group (-C=0). Examples include maleic, fumaric, acrylic, methacrylic, itaconic,
crotonic, alpha-methyl crotonic, and cinnamic acids as well as their anhydrides,
esters and salt derivatives. Maleic anhydride is particularly preferred. The
unsaturated acid or anhydride is preferably present at about 0.1 weight % to about
20 10 weight %, preferably at about 0.5 weight % to about 7 weight %, even more
preferably at about 1 to about 4 weight %, based upon the weight of the
hydrocarbon resin and the unsaturated acid or anhydride.
The tackifier, if present, is typically present at about 1 weight % to about
50 weight %, based upon the weight of the blend, more preferably 10 weight % to
25 40 weight %, even more preferably 20 weight % to 40 weight %. Preferably
however, tackifier is not present, or if present, is present at less than 10 weight %,
preferably less than 5 weight %, more preferably at less than 1 weight %.
In another embodiment the polymers of this invention, and/or blends
thereof, further comprise a crosslinking agent. Preferred crosslinking agents

30 include those having functional groups that can react with the acid or anhydride



11. The process of paragraph | wherein the temperature is above the cloud point temperature of the
polymerization system and the pressure is less than 250 MPa. 1512.The process of any of paragraphs

1 to 11 whergji thesriasis selected from Hf, Ti and Zr. 13. The process fayQhPaiagiarhs 1 to 12
wherein solvent and or diluent is present in the polymerization system at 0.5 to 40 wt %, preferably 1
to 20 wt %. 14. The process of any of paragraphs Ito 13 wherein comonomer is present in 20the feed
at 0.1 to 20 wt %. 15. The process of any of paragraphs 1 to 14 wherein the feed of the monomer,
comonomers, solvents and diluents comprises from 55-100 wt% propylene monomer, and from 0O to 45
wt% of one or more comonomers selected from the 17'o'up consisting of ethylene, butene, hexene,
4-methylpentene, 25dicyclgpentadiene, norbornene, C4-C2000 a-olefins, C4-C2000 .

2 internal.diolefito eSS LEIB RIS TB69n A F9BRSs DB %Fﬁlﬁ?aé)%ﬁ’&ﬁ to 15
wherein the comanbisieri aaimiBaapR s Morslafieizdgads Dutanen Hexenad:actesiadt, or decene-1.

- 109 - 17.The process of any of paragraphs 1.to 16 wherein the. nonmetallgcene, metal-centered,
neteroaryl loand UG SRTRO R IRELS, SR AL E o By ORI TRET RNHICL)

Swherein Rl is reficgsgniti¢iel dpydpd doifeken 29t menthanediamine.

5 In another embodiment the polymers of this invention, and/or blends
thereof, further comprise typical additives known in the art such as fillers,
cavitating agents, antioxidants, surfactants, adjuvants, plasticizers, block,
antiblock, color masterbatches, pigments, dyes, processing aids, UV stabilizers,
neutralizers, lubricants, waxes, and/or nucleating agents. The additives may be

10 present in the typically effective amounts well known in the art, such as 0.001
weight % to 10 weight %.

Preferred fillers, cavitating agents and/or nucleating agents include
titanium dioxide, calcium carbonate, barium sulfate, silica, silicon dioxide, carbon
black, sand, glass beads, mineral aggregates, talc, clay and the like.

15 Preferred antioxidants include phenolic antioxidants, such as Irganox
1010, Irganox, 1076 both available from Ciba-Geigy. Preferred oils include
paraffinic or naphthenic oils such as Primol 352, or Primol 876 available from
ExxonMobil Chemical France, S.A. in Paris, France.

More preferred oils include aliphatic naphthenic oils, white oils or the like.

20 Preferred plasticizers and/or adjuvants include mineral oils, polybutenes,
phthalates and the like. Particularly preferred plasticizers include phthalates such
as diisoundecyl phthalate (DIUP), diisononylphthalate (DINP), dioctylphthalates
(DOP) and polybutenes, such as Parapol 950 and Parapol 1300 available from
ExxonMobil Chemical Company in Houston Texas. Additional Preferred

25 plasticizers include WOO0118109A1 and USSN 10/640,435, which are
incorporated by reference herein.

Preferred processing aids, lubricants, waxes, and/or oils include low
molecular weight products such as wax, oil or low Mn polymer, (low meaning
below Mn of 5000, preferably below 4000, more preferably below 3000, even

30 more preferably below 2500). Preferred waxes include polar or non-polar waxes,



Q1 where Q1 and Q5 are substituents on the ring other than to atom E, where at least one of Q1 or
Q5 has at least 2 atoms; 10E is selected from the group consisting of carbon and nitrogen; qis 1, 2, 3,

4 or 5; Q" is sedesiach ke the group consisting of hydrogen, alkyl, substituigeralkydosysdoalkyl,
substituted cycloalkyl, heteroallcyl, substituted heteroalkyl, heterocycloalkyl, substituted

heterocycloalkyl, aryl, substituted aryl, heteroaryl, 15substituted heteroaryl, alkoxyl, aryloxyl, silyl,
boryl, phosphino, amino, thio, seleno, halide, nitro, and combinations thereof; T is a bridging group
selected group consisting of -CR2R3- and -SiR2R3- ; R2 and R3 are each, independently, selected
from the group consisting of hydrogen, alkyl, Substﬁl?t%ﬂ alkyl, cycloalkyl, substituted cycloalkyl,

heteroalkyl, ZOSqustit.ute .heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl,
unctionalized waxes, polypropylene waxes, polyethylene waxes, and wax

modifiers. Preferred waxes include ESCOMER™ 101.
Preferred functionalized waxes include those modified with an alcohol, an
acid, or a ketone. Functionalized means that the polymer has been contacted with
5 an unsaturated acid or anhydride. Preferred unsaturated acids or anhydrides
include any unsaturated organic compound containing at least one double bond
and at least one carbonyl group. Representative acids include carboxylic acids,
anhydrides, esters and their salts, both metallic and non-metallic. Preferably the
organic compound contains an ethylenic unsaturation conjugated with a carbonyl
10 group (-C=0). Examples include maleic, fumaric, acrylic, methacrylic, itaconic,
crotonic, alpha-methyl crotonic, and cinnamic acids as well as their anhydrides,
esters and salt derivatives. Maleic anhydride is particularly preferred. The
unsaturated acid or anhydride is preferably present at about 0.1 weight % to about
10 weight %, preferably at about 0.5 weight % to about 7 weight %, even more
15 preferably at about 1 to about 4 weight %, based upon the weight of the
hydrocarbon resin and the unsaturated acid or anhydride. Preferred examples
include waxes modified by methyl ketone, maleic anhydride or maleic acid.
Preferred low Mn polymers include polymers of lower alpha olefins such as
propylene, butene, pentene, hexene and the like. A particularly preferred polymer

20 includes polybutene having an Mn of less than 1000. An example of such a
polymer is available under the trade name PARAPOLTM 950 from ExxonMobil

Chemical Company. PARAPOLTM 950 is an liquid polybutene polymer having
an Mn of 950 and a kinematic viscosity of 220cSt at 100 °C, as measured by
ASTM D 445.

25 Preferred UV stabilizers and or antioxidants include Irganox 1010 and the
like.
APPLICATIONS

The polymers of this invention (and blends thereof as described above)
whether formed in situ or by physical blending are preferably used in any known

30 thermoplastic or elastomer application. Examples include uses in molded parts,



- 110 - substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino,
amino, thio, scion, halide, nitro, and combinations thereof; and J" is selected from the group consisting

of heteroarylggdsishstityted heteroaryl. 18. The process of any of paragraisykisyLésshgrein the
nonmetallocene, 5metal-centered, heteroaryl ligand catalyst compound comprises a ligand

represented by the formula (3): (3) where 10M is zirconium or hafnium; RI, T, R2 and R3 are as
defined in paragraph 3, J' is selected from the group of substituted heteroaryls with 2 atoms bonded to
the metal M, at least one of those atoms being a heteroatom, and with one atom of J' is bonded to M
via a dative bond, the other through a covalent bon'd?ﬁlahd 15 LI and L2 are independently selected

from the group cqnsisting of halide, alkyl, substjtuted alkyl, cycloalkyl, substituted. cycloalkyl,
heteroalkyl, subg%ﬁﬁaéeaﬁnmﬁ%ﬁﬁéywﬁ%m%émm&mimﬁeﬁh EPBLEIGHNG Ay QSbstituted
aryl, heteroaryl, suhstituiagdictiersiaty) brlkexy, ko xihdny diayc fibew, stylyevsirg, amine, hydrido,
allyl, diene, seleno, phosphino, ghosphinﬂel; carbox%gtes .th'io 201,3-dionates, oxalates, carbonates,

nitrates, sulphateB AR EEmEsaaHo W BHeQu PS faedig: flﬁ‘émﬁfsocess of any of paragraphs 1 to 18

where the nonmetallocene, metal-centered, heteroaryl ligand catalyst is represented by the formula

(4): 5 Adhesives

The polymers of this invention or blends thereof can be used as adhesives,
either alone or combined with tackifiers. The tackifier is typically present at
about 1 weight % to about 50 weight %, based upon the weight of the blend, more
preferably 10 weight % to 40 weight %, even more preferably 20 weight % to 40

10 weight %. Other additives, as described above, may be added also.

The adhesives of this invention can be used in any adhesive application,
including but not limited to, disposables, packaging, laminates, pressure sensitive
adhesives, tapes labels, wood binding, paper binding, non-wovens, road marking,
reflective coatings, and the like. In some embodiments the adhesives of this

15 invention can be used for disposable diaper and napkin chassis construction,
elastic attachment in disposable goods converting, packaging, labeling,
bookbinding, woodworking, and other assembly applications. Particularly
preferred applications include: baby diaper leg elastic, diaper frontal tape, diaper
standing leg cuff, diaper chassis construction, diaper core stabilization, diaper

20 liquid transfer layer, diaper outer cover lamination, diaper elastic cuff lamination,
feminine napkin core stabilization, feminine napkin adhesive strip, industrial
filtration bonding, industrial filter material lamination, filter mask lamination,
surgical gown lamination, surgical drape lamination, and perishable products
packaging.

25 The adhesives described above may be applied to any substrate. Preferred
substrates include wood, paper, cardboard, plastic, thermoplastic, rubber, metal,
metal foil (such as aluminum foil and tin foil), metallized surfaces, cloth, non-
wovens (particularly polypropylene spun bonded fibers or non-wovens),
spunbonded fibers, cardboard, stone, plaster, glass (including silicon oxide

30 (SiOy)coatings applied by evaporating silicon oxide onto a film surface), foam,



R1 (4) where M, LI and L2 are as defined in paragraph 4; R4, R5, and R6 are independently selected
from the group consisting of hydrogen, 5 alkyl, substituted alkyl, cycloallcyl, substituted cycloallcyl,

heteroalkyl, sygsiitidiprdsgteroalkyl, heterocycloalkyl, substituted heterocycleallgyhogsssostituted
aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno,
nitro, and combinations thereof, optionally, two or more R4, R5, and R6 groups may be joined to form
a fused ring system having from 3-50 10non-hydrogen atoms in addition to the pyridine ring, or,
optionally, any combination of R2, 113, and R4, may be joined together in a ring structure; RI, T, R2
and 123 are as defined in paragraph 3; and E" is efther carbon or nitrogen and is part of an cyclic aryl,

substituted aryl, heteroaryl, or bstituied heteroaryl group. 1520.The process of any of paragraphs 1
10 19 wherein thé kRSPt LTRBERIEY e SRS YaNERg formulae

coated with inks, dyes, pigments, PVDC and the like or combinations thereof.
Additional preferred substrates include polyethylene, polypropylene,
polyacrylates, acrylics, polyethylene terephthalate, or any of the polymers listed

5 above as suitable for blends. Corona treatment, electron beam irradiation, gamma

irradiation, microwave or silanization may modify any of the above substrates.

Films
The polymer produced by this invention described above and the blends

10 thereof may be formed into monolayer or multilayer films. These films may be
formed by any of the conventional techniques known in the art including
extrusion, co-extrusion, extrusion coating, lamination, blowing, tenter frame, and
casting. The film may be obtained by the flat film or tubular process, which may
be followed by orientation in a uniaxial direction, or in two mutually

15 perpendicular directions in the plane of the film. One or more of the layers of the
film may be oriented in the transverse and/or longitudinal directions to the same
or different extents. This orientation may occur before or after the individual
layers are brought together. For example a polyethylene layer can be extrusion
coated or laminated onto an oriented polypropylene layer or the polyethylene and

20 polypropylene can be coextruded together into a film then oriented. Likewise,
oriented polypropylene could be laminated to oriented polyethylene or oriented
polyethylene could be coated onto polypropylene then optionally the combination
could be oriented even further. Typically the films are oriented in the Machine
Direction (MD) at a ratio of up to 15, preferably between 5 and 7, and in the

25 Transverse Direction (TD) at a ratio of up to 15 preferably 7 to 9. However in
another embodiment the film is oriented to the same extent in both the MD and
TD directions. In another embodiment the layer comprising the polymer
composition of this invention (and/or blends thereof) may be combined with one
or more other layers. The other layer(s) may be any layer typically included in

30 multilayer film structures. For example the other layer or layers may be:



WO 20081079565PCT/US2007/085348 - 112 - 21. The process of any of paragraphs 1 to 20 where
the activator comprises an alumoxane, preferably a methylalumoxane. 22. The process of any of

paragraphs 1tg Zhanhssg the activator comprises 5one or more of triethylaspip8ieiR 085348
tetraphenylborate, N ,N -di methylanilin ium tetraphenyl borate, tripropylammonium

tetrakis(pentafluorophenyl) borate, N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate,
triethylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate, 10N,N-diethylanilinium
tetrakis(2,3,4,6-tetrafluorophenyl) borate, and N,N-dimethy1-2,4,6-trimethylanilinium
tetrakis(2,3,4,6-tetrafluorophenyl) borate; di-(i-propy &mmonium tetrakis(pcntafluorophenyl) borate,

trakis(pontafudrophehyUEiHRs, LETEORRAHBLER A AP BRSNS borate,

tri(2,6-dimethy 1 pifanyipnhospéniLprc fetiali(p es el uosaphignylphabratecsiphemnyloreniwm

e i o e el gon e/ e
purposes of this invention). Preferably homopolyethylene, homopolypropylene,

5 propylene copolymerized with ethylene and or butene, ethylene copolymerized
with one or more of propylene, butene or hexene, and optional dienes. Preferred
examples include thermoplastic polymers such as ultra low density polyethylene,
very low density polyethylene, linear low density polyethylene, low density
polyethylene, medium density polyethylene, high density polyethylene,

10 polypropylene, isotactic polypropylene, highly isotactic polypropylene,
syndiotactic polypropylene, random copolymer of propylene and ethylene and/or
butene and/or hexene, elastomers such as ethylene propylene rubber, ethylene
propylene diene monomer rubber, neoprene, and blends of thermoplastic polymers
and elastomers, such as for example, thermoplastic elastomers and rubber

15 toughened plastics.

2. Polar polymers. Preferred polar polymers include homopolymers and
copolymers of esters, amides, acrylates, anhydrides, copolymers of a C; to Cy
olefin, such as ethylene and/or propylene and/or butene with one or more polar

monomers such as acetates, anhydrides, esters, alcohol, and or acrylics. Preferred

20 examples include polyesters, polyamides, ethylene vinyl acetate copolymers, and
polyvinyl chloride.
3. Cationic polymers. Preferred cationic polymers include polymers or

copolymers of geminally disubstituted olefins, alpha-heteroatom olefins and/or
styrenic monomers. Preferred geminally disubstituted olefins include isobutylene,
25 isopentene, isoheptene, isohexane, isooctene, isodecene, and isododecene.
Preferred a-heteroatom olefins include vinyl ether and vinyl carbazole, preferred
styrenic monomers include styrene, alkyl styrene, para-alkyl styrene, alpha-methyl
styrene, chloro-styrene, and bromo-para-methyl styrene. Preferred examples of
cationic polymers include butyl rubber, isobutylene copolymerized with para

30 methyl styrene, polystyrene, and poly-a-methyl styrene.



20diphenylsulfonium tetrakis(pentafluorophenyl) borate, di(o-tolyl)sulfonium tetrakis(pentafluorophenyl)
borate, di(2,6-dimethylphenyl)sulfonium tetrakis(pentafluorophenyl) borate, trimethylsilylium
tetrakis(pent@fly9ppaheaydborate, and triethylsilylium(tetrakispentafluoro) ppepxlaiitesszh13 - 23.The
process of any of paragraphs 1 to 22 where the activator comprises one or more of
trimethylammonium tetraphenylborate, triethylammonium tetraphenyl! borate, trip ropyl am mon ium
tetrap henyl borate, tri (n-butyl)am mon ium tetraphenyl borate, tri(tert-butyl)ammonium
tetraphenylborate, N,N- 5dimethylanilinium tetraphenylborate, N,N-diethylanilinium tetraphenylborate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetraphenylbgﬁate, trimethylammonium

tetrakis(pentafluorophenyl)borate, triethylammaonium tetrakis(pentafluorophenyl)horate,
tripropylammonidm tetr Ak EHESHIor P PRI BB B R I Cardbourd

10tetrakis(pentafiuasophenyRho(sich i skenbuiiy i maninfolbirakis(ient aflitfacenhgmgl) borate,
N,N-dimethylanilinium tetrakis(pentaflugrophenyl)borate, N, N-diethylanilinium .
tetrakis(penafuC B ARG AR AN H VS LG 1588 G RHHLth T HRLRAEHHS o hcon oxide onto
tetrakis(pentafluar@ipheuyhboraierivj sjeitdadeh fbiunadied reddsw@vam, attidetigfiuorophenyl) borate,
tricthylammonium tetrakis-(2,3,4,6- tctr flﬁg&g}heny&borate, tri%rip amrtnonium ctrakis-(2,3,4,6-
tetrafluordphenyBeARE ?ﬁ%ﬁ’gﬁﬁ@o Yot pesh B SHRAAEISP SOREN T Borate,
dimethyl(tert-butytlamives pighiaitg KIS (X3 dd6hidiiall udtepiienyhberats, iN thidkimeethylanilinium
tetrakis-(2,3,4,6- 20tetrafluorophenyl)barate..N,N-diethylanilinium tetrakis-(2,3,4,6-
tetrafluoropheny BovA lel}gr\ﬂ]i\l%fl) rﬁlé%/ﬁ)ﬁ% i%ggf‘rﬁ%%tﬁ?/}g%‘fﬁﬁ@rrﬁ Otfea MRicRndSS o 1 0 250
tetrakis(2,3,4,6-tatailigarapenyibekatEiltimathvieanioreatkapiet akis(parfiugsanap hdhsi)borate,
triethylammonium tetrakis(perfluoronaphthyOborate, tripropylammonium

25tetrakis(perfludfBrigiShtiyIS R R ButyhRsiaRiunfyPically 0.2 1o S0 um. There may

10 be a sealing layer on both the inner and outer surfaces of the film or the sealing

layer may be present on only the inner or the outer surface. Additives such as
block, antiblock, antioxidants, pigments, fillers, processing aids, UV stabilizers,
neutralizers, lubricants, surfactants and/or nucleating agents may also be present
in one or more than one layer in the films. Preferred additives include silicon

15 dioxide, titanium dioxide, polydimethylsiloxane, talc, dyes, wax, calcium stearate,
carbon black, low molecular weight resins and glass beads. In another
embodiment, one or more layers may be modified by corona treatment, electron
beam irradiation, gamma irradiation, or microwave. In some embodiments, one or
both of the surface layers is modified by corona treatment. The films described

20 herein may also comprise from 5 to 60 weight %, based upon the weight of the
polymer and the resin, of a hydrocarbon resin. The resin may be combined with
the polymer of the seal layer(s) or may be combined with the polymer in the core
layer(s). The resin preferably has a softening point above 100°C., even more
preferably from 130 to 180°C. Preferred hydrocarbon resins include those

25 described above. The films comprising a hydrocarbon resin may be oriented in
uniaxial or biaxial directions to the same or different degrees.

The films described above may be used as packaging and or stretch and/or

cling films. Stretch/cling films are used in various bundling, packaging and
palletizing operations. To impart cling properties to, or improve the cling

30 properties of, a particular film, a number of well-known tackifying additives have



tetrakis(perfluoronaphthyDborate, tri(tert-butyllammonium tetrakis(perfluoronaphthyl)borate,
N,N-dimethylanilinium tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium

tetrakis(perflyasclgbiérdaborate, N,N-dimethyl-(2,4,6-trimethylanilinium)  per/us2007/085348
30tetrakis(perfluoronaphthyl)borate, tri methyl ammon ium - 114 - tctrakis(perfluorobiphenyl)borate,

tricthylammonium tctrakis(perfluorobiphcnyl)boratc, tripropylammonium
tetrakis(perfkorobiphenyOborate, tri (n-butyl)am mon ium tetrakis(perfkorobiphenyOborate, tri (tert-
butyl)am mon ium 5tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakls(perfluoroblphenyl)borate N,N- dlethylanlllnlu% fetrakis(perfluorobiphenyl)borate,

N,N-dimethyl-(2,4,6- tr| ilinium) tetr ls(per Juorobip, enyl) rate, trimethylammonium
tetrakis(3,5- bis(PATIGHS M i A TR S

10bis(trifluoromethidiphenybkerats, ﬂitpr@ﬁycbgeﬂmemmmttak&ﬁa %t&ﬁ(ﬂlﬂ&laram&tbwhphenyl)borate,
tri(n-butyl)ammonjum tetrakis(3,5- bis(trifluoromethyl)phen te tr E l)ammonium
tetrakis(3,5- bis(f? H?b REFR) PHEASHBR AR IR %@ﬂ?ﬁ%g ﬁ?rﬂlf’ Qs

bis(trifluoromethWﬁyé)bDﬁ&IBnNSNrﬁquylmniﬂr(Mﬁhtﬁmkﬁéae&néﬁbls(&tﬁluwomethyl)phenyl)borate,
N,N-di methyl-(2,4, (#I‘I m ethyl an il in g@o Iuo hcn Hﬁatc

120 prpypan R SR LRGSR SR AL eih B
tetrakls(pentaflumxdplﬁefsylmmaﬂeptm@ﬁw&ﬂhpsmpnw%tqiﬂak&(mﬁﬁp@ﬂug@phemyimerate

tri(2,6-dimethylphe os honj um 20tetra entaflugro rate t |II|um tetraphenylborate,
tnphenylcarbem&%%ﬁ? phe lr% teloltlrl?)ttrﬂ3 %R omu%?t’d%a ?}IB%r‘ﬁ%OIngﬂ?ylsnyllum

tetraphenylborateojhdpzenedd mhphmm)témsani}tbmdmmtmlmmsl bbtained from ethylene

tetrakls(pentafluor%t?h Pﬁé?ﬁorate tr r§ hen 8ar En ium tetrak| tﬁ flugr e?f%hen rt?c%?aﬁte

trlphenylphosphon ium ﬁlsﬂge ﬂlo?op %rrg e, e yﬁ 0

tetrakls(ptentaflu@gp]mmlylﬁh&rdta:tibehzbn@(elfeamdramp))typmhmﬂ@ermllmeaptmzmyllébmtﬁtc, tropillium
tetrakis-(2,3,4,6- teltratf] orop ﬁﬁ%{k)%% Et[)l eheon caernlum tetraa1 goh 34 d isotactic,
tctrafluorophenyl%c}'ra g, 6frl enylp Hoh |uR1 IS (f SAEIEY
i.e., greater than 90% hot heptane insolubles, having wide ranging melt flow rates
of from about 0.1 to about 300 g/10 min. Additionally, the slip layer may include
one or more anti-cling (slip and/or antiblock) additives, which may be added
15 during the production of the polyolefin or subsequently blended in to improve the
slip properties of this layer. Such additives are well-known in the art and include,
for example, silicas, silicates, diatomaceous earths, talcs and various lubricants.
These additives are preferably utilized in amounts ranging from about 100 ppm to
about 20,000 ppm, more preferably between about 500 ppm to about 10,000 ppm,
20 by weight based upon the weight of the slip layer. The slip layer may, if desired,
also include one or more other additives as described above
Polymers produced herein can be used for nonwovens, sealing layers,

oriented polypropylene, and high-clarity thermoforming.

25 Melt-Blown and Spun-Bond Fabrics

Polymer made under supercritical conditions herein are useful for melt
blown and spun bond fabrics. Invention processes can be used for making PP for
spun bonded (SB) and melt blown (MB) fibers. Typical invention polymers have
ash levels below 1000, 900, 700, 500, 400, 300, 200, 100, 50, 10, 1, 0.5, or 0.1

30 ppm. Some embodiments have ash levels of 1-500 ppb. All these characteristics



30tctrafluorophenAborate, tri ethyl si lyl ium tctrakis-(2,3,4,6- - 115 - tetrafluorophenyl)borate,
benzene(diazonium) tetrakis-(2,3,4,6- tctrafluorophenyl)borate, tropillium
tctrakis(perflypgoiagimbadaborate, triphenylcarbenium tetrakis(perfluoronappylRaiitesss4s
triphenylphosphonium tetrakis(perfluoronaphthyl)borate, tri ethyl s lylium
Stetrakis(perfluoronaphthyDborate, benzene(d iazonium) tetrakis(perfluoronaphthyDborate, tropillium
tetrakis(perfluorobiphenyOborate, triphenylcarbenium tetrakis(perfluorobiphenyl)borate,
triphenylphosphonium tetrakis(perfluorobiphenyOborate, triethylsilylium
tetrakis(perfluorobiphenyOborate, ben zene(di azon ?gm) 10tetrakis(perfluorob ip henyOborate, trop i |
| ium tetrak is(3,5- bls(trlfluor ethyl)ph ﬁgorate rlphenylcarb nium tetrakis(3, E
pis(trifluoromethyBHAHY RS, TR THOZBHONI e G Sis(o1S S%Pg&ﬁm}am #i§phenylborate,
triethylsilylium tehigkis{BRs his(inbogoroeaisuf)phe mygbappiaativhenzene(diazonium) tetrakis(3,5-
15bis(trifluoromethyl)phenyl)borate. 24. The process of any of paragraphs 1 to 20 wherein the
activator comprises N ,N-dimethy lan i lin i um tetra(perfluorophenyOborate and/or trip heny | carbeni
um tetra(perfl uokgphgnyl)borate. 25. The process of any of paragraphs 1 to 24 where diluent or
solvent is 20present an thetdlluent or solvent co grlse a i)uorlna § drocaibon 6. The process
of any of baragraphs 1 {8YSBURREFRTThE B ORRAR I AR LIRS ORISR RISV 27 The
process of paragiehigi?mobearairdhectiioulédSredciod barddingtirio)riardiabdiafeater ratio of 10:1 to
50000:1. 2528. The§) éfces of paragra h 26 or 7 \[vhe{?ln the r%‘-alctor cl(l)ntahns frﬁ)m one to ten
different |nJect|on P 2HIOHE S ernée?y 03Xy ﬁéjrrém%c‘fnje%]%%ﬁ 6313 161hs) 28. The process of
paragraph 26, 2long&whenetrclhlr@mbﬂﬂarfaeam@bhap@atmg thengiyratl2aidO0deeters, preferably
100-2000 mete rssf;'1 ne%%tugq Icrgr?é%ons but with a polymer rich phase and a polymer lean phase.
10 Doing this allows the polymer-rich phase to have a lower monomer concentration

and a higher local concentration of vinyl terminated polymer.

An appropriate choice of operating conditions and monomer and comonomer

feeds, 180-200 °C and 20-150 MPa, yields polypropylene waxes from invention

polymers and processes. Some invention embodiments are isotactic polypropylene

15 waxes. As such these materials are well suited for viscosity modification in

polymers, adhesives, films, and other applications.

End Use Articles

Laminates comprising invention polymers can be used as a

20 thermoformable sheet where the substrate is either sprayed or injection molded to
couple it with the ionomer/tie-layer laminate sheet. The composite is formed into
the desired shape to make the article, or composite article. Various types of
substrate materials form highly desirable articles. The laminate can be used with
plastic substrates such as homopolymers, copolymers, foams, impact copolymers,

25 random copolymers, and other applications. Specifically, some articles in which
the present invention can be incorporated are the following: vehicle parts,
especially exterior parts such as bumpers and grills, rocker panels, fenders, doors,
hoods, trim, and other parts can be made from the laminates , composites and
methods of the invention.

30 Other articles can also be named, for example: counter tops, laminated



30diameter of less than 12.5 cm, preferably less than 10 cm. -116- 30. Thc process of paragraph 26,
27, 28 or 29 wherein the tubular reactor is operated in multiple zones. 31. The process of any of

paragraphs Rp2¥heseia the polymerization takes place in an autoclave regglgésq3Rs5hg pProcess of
paragraph 31 wherein the autoclave reactor has a length-to- diameter ratios of 1:1 to 20:1, preferably

4:1 to 20:1. 33.The process of paragraph 31 wherein the autoclave reactor has a length-to- diameter

ratio of 4:1 to 20:1 and the reactor contains up to six different injection positions. 1034.The process of
paragraph 31, 32 or 33 wherein the autoclave reactor is operated in multiple zones. 35. The process
of paragraph 31, 32, 33 or 34 wherein the process'clc%ﬁrises (a) continuously feeding olefin

monomers, catalyst. compound, and activator to the autoclave reactor; (b) continuously polymerizing
the monomers at W BESQLCH O f%olf/llwré/r%vﬁfé/;g@ﬁt 88ﬁ?ﬁ§u%%?§l§ﬁ?@n?8%?ﬁéaﬁr@t5@ymer/monomer

mixture from the weasier:I(d)siRauattgl Ve sEIIE ta:hidles anmane Brat-Hidis phaseiareda pedymer-rich
phase; (e) continuously separating monomer fr m‘épe lymer; and (f) optionally recycling separated
onomer to the PO JRUEAT pSEACE Fagicr R Eay BP 40 DD APRbASP M 5 wharein the
polymerization takoRROPIRTE Guatpfpeatiakesdfadthpmianrss, o qaragmpddthyhaneis, the loop
reactor has a diameter of 41 to 61 cm and a length of 100 to 200 meters. 38. The process of

paragraph 36 or 3¢ WHERASIARIESY radvqer riiperaet o dreksanssotics Sytslaey frpding

materials, prefab buildings, synthetic marble panels for construction, wall
covering, hopper cars, floor coating, polymer/wood composites, vinyl tile,
bath/shower/toilet applications and translucent glass replacement, sidings,
lawn/outdoor furniture, appliances such as refrigerators, washing machines, etc.,

10 children's toys, reflective signage and other reflective articles on roads and
clothing, sporting equipment such as snowboards, surfboards, skis, scooters,
wheels on in-line skates, CD's for scratch resistance, stadium seats, acrospace
reentry shields, plastic paper goods, sports helmets, plastic microwaveable
cookware, and other applications for coating plastics and metal where a highly

15 glossy and scratch resistant surface is desirable, while not being subject to
algae/discoloration.

The polypropylene copolymers described herein are suitable for
applications such as molded articles, including injection and blow molded bottles
and molded items used in automotive articles, such as automotive interior and

20 exterior trims. Examples of other methods and applications for making
polypropylene polymers and for which polypropylene polymers may be useful are
described in the Encyclopedia of Chemical Technology, by Kirk-Othmer, Fourth
Edition, vol. 17, at pages 748-819, which are incorporated by reference herein. In
those instances where the application is for molded articles, the molded articles

25 may include a variety of molded parts, particularly molded parts related to and
used in the automotive industry such as, for example, bumpers, side panels, floor
mats, dashboards and instrument panels. Foamed articles are another application
and examples where foamed plastics, such as foamed polypropylene, are useful
may be found in Encyclopedia of Chemical Technology, by Kirk-Othmer, Fourth

30 Edition, vol. 11, at pages 730-783, which are incorporated by reference herein.



2539.The process of paragraph 36, 37 or 38 where an in-line pump continuously circulates the
polymerization system through the loop reactor. 40.The process of paragraph 36, 37, 38 or 39 wherein

the process ¢P§RIIgRS9s6{@) continuously feeding olefin monomers, catalygi-¢argnpyigssapd activator
to the loop reactor; (b) continuously polymerizing the monomers at pressure of 15 30M Pa or more; (c)

continuously removing the polymer/monomer mixture from the - 117 - reactor; (d) reducing pressure
to form a monomer-rich phase and a polymer-rich phase; (e) continuously separating monomer from
the polymer; and (f) optionally recycling separated monomer to the polymerization process. 41. The
process of any of paragraphs Ito 39 wherein the p()l%/ €rization takes 5place in multiple reactors. 42.
The process of any of paragraphs 1 to 41 wherein the polymerjzation process comprises two or more
reactors configur%?f‘meggf‘gﬁ §> A3 Pt %Yée'%q‘f@f E%fr&%l?%tﬁﬁﬂ% BYAIBPE Y the reactors
configured in parglel omplisesasiiyreticautaciais rgatiast Sddndnalpieaessdidquatgraph 42 or 43
wherein one or more of the reactors configured jn parallel comprises a loop reactor. 45. The process
i 1 hadewel Bl

paragraph 42, 43"8P A4 WhEEHNEHE DPHHEGES At RAORE G F3If8I comprises a tubular
reactor. 46. Theaptoeess ©hplicaiparagtaphmbiiodmivbaceisr thedpalyiveizatjeuchprocess

comPriseg 10 OO 1 SRR SRS e

The polyolefinic compositions of the present invention are suitable for
such articles as automotive components, wire and cable jacketing, pipes,
agricultural films, gecomembranes, toys, sporting equipment, medical devices,
casting and blowing of packaging films, extrusion of tubing, pipes and profiles,

10 sporting equipment, outdoor furniture (e.g., garden furniture) and playground
equipment, boat and water craft components, and other such articles. In
particular, the compositions are suitable for automotive components such as
bumpers, grills, trim parts, dashboards and instrument panels, exterior door and
hood components, spoiler, wind screen, hub caps, mirror housing, body panel,

15 protective side molding, and other interior and external components associated
with automobiles, trucks, boats, and other vehicles.

Other useful articles and goods may be formed economically by the
practice of our invention including: crates, containers, packaging, labware, such as
roller bottles for culture growth and media bottles, office floor mats,

20 instrumentation sample holders and sample windows; liquid storage containers
such as bags, pouches, and bottles for storage and IV infusion of blood or
solutions; packaging material including those for any medical device or drugs
including unit-dose or other blister or bubble pack as well as for wrapping or
containing food preserved by irradiation. Other useful items include medical

25 tubing and valves for any medical device including infusion kits, catheters, and
respiratory therapy, as well as packaging materials for medical devices or food
which is irradiated including trays, as well as stored liquid, particularly water,
milk, or juice, containers including unit servings and bulk storage containers as
well as transfer means such as tubing, pipes, and such.

30



47. The process of paragraph 41, 42, or 46 wherein the polymerization takes places in a tubular
reactor and then in one or more autoclave reactors. 48. The process of paragraph 41, 42, or 46

wherein the RIS AL takes places in a tubular reactor and then one gpL8IPARIEACtOrsS.
2049.The process of any of paragraphs 1 to 48 wherein the residence time in any one reactor

(alternately in all reactors total) is less than 30 minutes, preferably less than 20 minutes, preferably
less than 10 minutes, preferably less than 5 minutes. 50. The process of any of paragraphs 1 to 49
wherein the polymerization 25system is in a supercrjtical state. 51. The process of any of paragraphs
1 to 50 where the solvent or diluent are present at1é9% fhan 1 volume % in the polymerization system.
52. The process of any of paragraphs 1 to 50 wherein the solvent or diluent are present at less than 40
wt % in the feed %%%%Mzation reactor, 30preferably less than 30 wt%, preferably less than 20
wt%, preferably less thamd folyhbss deddfibpdefgrablide asdanuScd ttopiefaierablntdgsdthan 1 wt%.

53.The process of apy of paragraphs 1 to 52 where the catalyst system is dissolved in the
poymenzatr Al Sl ity @P%fé?&@rgﬁﬁsgﬁf@%nﬁﬁﬂtE@l&eﬁa?fyst syt
Sfurther comprisag@aenmolioigmatedatentiapialyatreoilipguadsisidb.blhe pudess of any o
paragraphs 1 to 54 wherein the product of the E&él)écr%%rizatiorl&rocess has a weight. average molecular

weight (Mw) of u & %C80UBOB S AU TRAA I LB APPSR SRS A8

rotational molding, foam molding, thermoforming, sheet extrusion, and profile
extrusion. The molding processes are well known to those of ordinary skill in the
art.

The compositions described herein may be shaped into desirable end use

10 articles by any suitable means known in the art. Thermoforming, vacuum
forming, blow molding, rotational molding, slush molding, transfer molding, wet
lay-up or contact molding, cast molding, cold forming matched-die molding,
injection molding, spray techniques, profile co-extrusion, or combinations thereof
are typically used methods.

15 Thermoforming is a process of forming at least one pliable plastic sheet
into a desired shape. An embodiment of a thermoforming sequence is described,
however this should not be construed as limiting the thermoforming methods
useful with the compositions of this invention. First, an extrudate film of the
composition of this invention (and any other layers or materials) is placed on a

20 shuttle rack to hold it during heating. The shuttle rack indexes into the oven
which pre-heats the film before forming. Once the film is heated, the shuttle rack
indexes back to the forming tool. The film is then vacuumed onto the forming
tool to hold it in place and the forming tool is closed. The forming tool can be
either "male" or "female" type tools. The tool stays closed to cool the film and the

25 tool is then opened. The shaped laminate is then removed from the tool.

Thermoforming is accomplished by vacuum, positive air pressure, plug-
assisted vacuum forming, or combinations and variations of these, once the sheet
of material reaches thermoforming temperatures, typically of from 140°C to
185°C or higher. A pre-stretched bubble step is used, especially on large parts, to

30 improve material distribution. In one embodiment, an articulating rack lifts the



56. The process of any of paragraphs 1 to 55 wherein the product of the 10polymerization process has
a melting peak temperature of up to 145C as measured by Differential Scanning Calorimetry. 57. The
process of aRyPigakagsaphs 1 to 56 wherein the metal is selected from GgupR RbMRHAriodic Table
of the Elements. 58. The process of any of paragraphs 1 to 56 wherein the metal is selected 15from
Group 6 of the Periodic Table of the Elements. 59. The process of any of paragraphs 1 to 56 wherein
the nonmetallocene, metal-centered, heteroaryl ligand catalyst compound comprises any metal from
the Actinide or Lanthanide series of the Periodic Table of the Elements. 20EXAMPLES All
manipulations were conducted in a drybox with less tan 10 ppm of oxygen and water. All solvents

were &gassed wijth nitrogen and dried over Na/K alloy prior to u atalyst Comp und A (depicted
below) was prepi s Wﬁm@m&&ﬁ@%ﬁm e e RES 9DAD301 Al, Page 90
25line, 21 to pagea®dudirftoth &ﬁla&ﬁhlﬂtemﬁmﬁyomndohce ili&lanﬁﬁtalissﬁﬁﬁgcursor Compound

A AL S L e Bt e male Torming ool e e aoomed aIRPed Him, S 2 gistc str
cooled, typically by blowers. Plug-assisted forming is generally used for small,

5 deep drawn parts. Plug material, design, and timing can be critical to optimization
of the process. Plugs made from insulating foam avoid premature quenching of
the plastic. The plug shape is usually similar to the mold cavity, but smaller and
without part detail. A round plug bottom will usually promote even material
distribution and uniform side-wall thickness. For a semicrystalline polymer such

10 as polypropylene, fast plug speeds generally provide the best material distribution
in the part.

The shaped laminate is then cooled in the mold. Sufficient cooling to
maintain a mold temperature of 30°C to 65°C is desirable. The part is below 90
°C to 100 °C before ejection in one embodiment. For the good behavior in

15 thermoforming, the lowest melt flow rate polymers are desirable. The shaped
laminate is then trimmed of excess laminate material.

Blow molding is another suitable forming means, which includes injection
blow molding, multi-layer blow molding, extrusion blow molding, and stretch
blow molding, and is especially suitable for substantially closed or hollow objects,

20 such as, for example, gas tanks and other fluid containers. Blow molding is
described in more detail in, for example, CONCISE ENCYCLOPEDIA OF POLYMER
SCIENCE AND ENGINEERING 90-92 (Jacqueline 1. Kroschwitz, ed., John Wiley &
Sons 1990).

In yet another embodiment of the formation and shaping process, profile

25 co-extrusion can be used. The profile co-extrusion process parameters are as
above for the blow molding process, except the die temperatures (dual zone top
and bottom) range from 150°C - 235°C, the feed blocks are from 90°C - 250°C,
and the water cooling tank temperatures are from 10°C - 40°C.

One embodiment of an injection molding process is described as follows.

30 The shaped laminate is placed into the injection molding tool. The mold is closed



bar was heated to 120 "C for one hour under a stream of dry nitrogen in order to dry the reactor. The
reactor was cooled and subsequently charged with tri-n-octyl aluminum (1.50 mL, 0.029 mmol) as a
scavenger. TRe Wial@aesnt of tri-n-octyl aluminum utilized was adjusted tppai8gr 34 Hf molar
ratio between 20- 10 30:1, respectively. To the reactor was added liquid propylene (33.5 mL; approx.
1000 psi (6.9 MPa); >99 purity; Airgas Corp.) and the reactor heated to 120C. After heating to this
temperature, the pressure of the reactor increased to approximately 7000 psi (48.3 M Pa), and the
contents were stirred. Separately, in a nitrogen Glove Box, Catalyst Precursor Compound A (0.163 g,
0.24 mmol) was - 120 - dissolved in 20 mL of driea,l%gassed toluene to afford a catalyst stock

solution of 0.012 M, Using a pipette, 0.833 mL of this stock solutjon was added to 9.167 mL of a
toluene solution 8’6‘#1#;%}1 R e AR AR AT S %\E?Qfﬂoef)r e'fIﬁ}\g?'ﬁf‘?atﬁ)fﬁ?/'i?b‘ﬁEgtae‘]a(Activator C)
(0.014 g, 0.012 miviol:sipehathritai e metivatand GaElySheeiR pabodimalanidtomes] afproximately

1.2:1. This mixture stirred at.room temperature for approximately 15 minutes. Next, in the dry box,
55 mL of this 308 ST OR Th4b ENEIGOINES PR L) EHEHE) ARG GUHEY SEARBTANA attached to
the 30-mL reactaecbhés activatad cakaly tiesolttion (3 padkdd. 0phdldimopisatadpsaiRtiuksor Compound
A) was added via 10 syringe pump %y over-pressurizing the feed line (10,000p '9&%9 MPa)) above the
reactor pressure (TS B I8 BRI PRHAPH e A L ASRIAA G Ene A hcied o atiin a
pressure of 10,0@thppitaiMRajohhng keafiecwrls mdiptainadsaiohe IdErephteniperdiure and pressure
for 30 minutes. The reaction.was termjnated by ventin L;QQ eactor. contents into a vessel attached to
the 15 reactor vléﬁ'line.eﬂ%ﬁléso %15(1% é‘ﬁﬁ%‘?[\#asa raé'g})v r(é[&(’frcé)r%l%:ﬁ(é Wegﬁfr%%e@?gr and the reactor.
The product wastériperirue vatuiapeoden foe dRXinadiptoanantheppracuct Wasrebamgirrized by gel
permeation chromatography.(GPC) %dé%;fferen jal scanning calorimet SC). The data are reported
o Table 1 The THOLE HER TS AT Bot Saa ARONITS Sd P B HEEEed using GPC.
20See analyticalBediprifomuviore detaitd.aAll GEO gathorap@obtaineld vidizadg a GPC-DR1 method.

EXAMPLES Th iigovt‘:,esgureoﬂ%%cg%gﬁi sf%{aE al les %"(Ai'ﬁ’valﬁ'Uti[lf§e%1 Fe%theifﬁ(&?ption 25that
[N,N-dimethylaniliniumT[[ e?rah,’s?ber uorop enyesﬁoraf}i:)]n(c ceﬂva}’orﬁfw s utilized. The data are
reported in Tablerito EXoaMPHAE $16p85 and solidifl¢selproedturpotigscrinea dosiakbrgpteseisd was utilized

with the exception, 2t {ne (pRCionEMREIaE as 105, G T PlR 216 [gRgyied in Table 1.

substantially flat profile from a die, onto a chill roll, or alternately by calendaring.

15 Sheet will generally be considered to have a thickness of from 10 mils to 100 mils
(254 um to 2540 um), although sheet may be substantially thicker. Tubing or
pipe may be obtained by profile extrusion for uses in medical, potable water, land
drainage applications or the like. The profile extrusion process involves the
extrusion of molten polymer through a die. The extruded tubing or pipe is then

20 solidified by chill water or cooling air into a continuous extruded articles. The
tubing will generally be in the range of from 0.31 cm to 2.54 cm in outside
diameter, and have a wall thickness of in the range of from 254 um to 0.5 cm.
The pipe will generally be in the range of from 2.54 cm to 254 cm in outside
diameter, and have a wall thickness of in the range of from 0.5 cm to 15 cm.

25 Sheet made from the products of an embodiment of a version of the present
invention may be used to form containers. Such containers may be formed by
thermoforming, solid phase pressure forming, stamping and other shaping
techniques. Sheets may also be formed to cover floors or walls or other surfaces.

In an embodiment of the thermoforming process, the oven temperature is

30 between 160°C and 195°C, the time in the oven between 10 and 20 seconds, and
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the die temperature, typically a male die, between 10°C and 71°C. The final
thickness of the cooled (room temperature), shaped laminate is from 10 um to
6000 pm in one embodiment, from 200 um to 6000 pum in another embodiment,
and from 250 um to 3000 pm in yet another embodiment, and from 500 pm to

5 1550 pm in yet another embodiment, a desirable range being any combination of
any upper thickness limit with any lower thickness limit.

In an embodiment of the injection molding process, wherein a substrate
material in injection molded into a tool including the shaped laminate, the melt
temperature of the substrate material is between 230 °C and 255 °C in one

10 embodiment, and between 235 °C and 250 °C in another embodiment, the fill time
from 2 to 10 seconds in one embodiment, from 2 to 8 seconds in another
embodiment, and a tool temperature of from 25 °C to 65 °C in one embodiment,
and from 27 °C and 60 °C in another embodiment. In a desirable embodiment, the
substrate material is at a temperature that is hot enough to melt any tie-layer

15 material or backing layer to achieve adhesion between the layers.

In yet another embodiment of the invention, the compositions of this
invention may be secured to a substrate material using a blow molding operation.
Blow molding is particularly useful in such applications as for making closed
articles such as fuel tanks and other fluid containers, playground equipment,

20 outdoor furniture and small enclosed structures. In one embodiment of this
process, compositions of this invention are extruded through a multi-layer head,
followed by placement of the uncooled laminate into a parison in the mold. The
mold, with either male or female patterns inside, is then closed and air is blown
into the mold to form the part.

25 It will be understood by those skilled in the art that the steps outlined
above may be varied, depending upon the desired result. For example, an
extruded sheet of the compositions of this invention may be directly
thermoformed or blow molded without cooling, thus skipping a cooling step.
Other parameters may be varied as well in order to achieve a finished composite

30 article having desirable features.
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Non-Wovens and Fibers

The polymers described above may also be used to prepare the nonwoven
fabrics and fibers of this invention in any nonwoven fabric and fiber making
process, including but not limited to, melt blowing, spunbonding, film aperturing,
and staple fiber carding. A continuous filament process may also be used.
Preferably a spunbonding process is used. The spunbonding process is well
known in the art. Generally it involves the extrusion of fibers through a spinneret.
These fibers are then drawn using high velocity air and laid on an endless belt. A
calender roll is generally then used to heat the web and bond the fibers to one
another although other techniques may be used such as sonic bonding and
adhesive bonding. The fabric may be prepared with mixed metallocene
polypropylene alone, physically blended with other mixed metallocene
polypropylene or physically blended with single metallocene polypropylene.
Likewise the fabrics of this invention may be prepared with mixed metallocene
polypropylene physically blended with conventional Ziegler-Natta produced
polymer. If blended, the fabric of this invention is preferably comprised of at
least 50% mixed metallocene polypropylene. With these nonwoven fabrics,
manufacturers can maintain the desirable properties of fabrics prepared with
metallocene produced polypropylene while increasing fabric strength and
potentially increased line speed compared to fabrics made using conventional

polymers.

This invention also relates to:

1. A process to polymerize olefins comprising contacting, at a temperature of
60°C or more and a pressure between 15 MPa and 1500 MPa, one or more olefin
monomers having three or more carbon atoms, with:

1) a catalyst system comprising one or more activators and one or more

nonmetallocene metal-centered, heteroaryl ligand catalyst compounds, where the



NA 1.44 NA NA NA Activator C (mmol) 1.2 1.2 1.2 1.2 NA 1.2 0.96 0.96 TNOA1 (mmol) 0.143
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metal is chosen from the Group 4, 5, 6, the lanthanide series, or the actinide series

of the Periodic Table of the Elements,

2) optionally one or more comonomers,
3) optionally diluent or solvent, and

5 4) optionally scavenger,
wherein:

a) the olefin monomers and any comonomers are present in the
polymerization system at 40 weight % or more,
b) the monomer having three or more carbon atoms is present at 80 wt%
10 or more based upon the weight of all monomers and comonomers present in the
feed, and,
¢) the polymerization occurs at a temperature above the solid-fluid phase
transition temperature of the polymerization system and a pressure no lower than
2 MPa below the cloud point pressure of the polymerization system, in the event
15 the solid-fluid phase transition temperature of the polymerization system cannot
be determined then the polymerization occurs at a temperature above the fluid
fluid phase transition temperature.
2. The process of paragraph 1 wherein the polymerization occurs at a
temperature above the fluid-fluid phase transition temperature of the
20 polymerization system.
3. The process of paragraph 1 or 2 further comprising obtaining a polymer
having an Mw of 30,000 or more, preferably 50,000 or more, preferably 100,000
or more.
4. The process of paragraph 1, 2 or 3 further comprising obtaining a polymer
25 having a melting point of 80 °C or more, preferably 100°C or more, preferably
125°C or more.
5. The process of any of paragraphs 1 to 4 wherein the olefin monomers
having three or more carbon atoms are present in the polymerization system at 40
weight % or more, preferably 55 wt% or more, preferably 75 wt% or more.

30 6. The process of any of paragraphs 1 to 5 where the temperature is between



0.029 0.029 0.029 0.029 0.029 0.029 0.029 Al:Hf molar ratio 143 29 29 29 24 29 36 36 Axil Time (Min)
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80 to 200 °C, preferably between 90 to 180 °C.
7. The process of any of paragraphs 1 to 6 wherein the pressure is between

15 and 250 MPa, preferably between 20 and 140 MPa.

8. The process of any of paragraphs 1 to 7 wherein solvent and or diluent is
5 hexane.
0. The process of any of paragraphs 1 to 8 wherein the olefin monomers

having three or more carbon atoms are present in the feed at 75 wt % or more,
preferably 85 wt% or more.
10.  The process of any of paragraphs 1 to 9 wherein the olefin monomer
10 having three or more carbon atoms comprises propylene, preferably the olefin
monomer having three or more carbon atoms consists essentially of propylene.
11.  The process of paragraph 1 wherein the temperature is above the cloud
point temperature of the polymerization system and the pressure is less than 250
MPa.
15 12. The process of any of paragraphs 1 to 11 wherein the metal is selected
from Hf, Ti and Zr.
13.  The process of any of paragraphs 1 to 12 wherein solvent and or diluent is
present in the polymerization system at 0.5 to 40 wt %, preferably 1 to 20 wt %.
14. The process of any of paragraphs 1 to 13 wherein comonomer is present in
20 the feed at 0.1 to 20 wt %.
15.  The process of any of paragraphs 1 to 14 wherein the feed of the
monomer, comonomers, solvents and diluents comprises from 55-100 wt%
propylene monomer, and from 0 to 45 wt% of one or more comonomers selected
from the group consisting of ethylene, butene, hexene, 4-methylpentene,
25 dicyclopentadiene, norbornene, Cs-Cpoo0 a-olefins, Cs-Coroo a,internal-diolefins,
and C4-Cygoo 0,0-diolefins.
16.  The process of any of paragraphs 1 to 15 wherein the comonomer

comprises one or more of ethylene, butene, hexene-1, octene-1, or decene-1.
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17.  The process of any of paragraphs 1 to 16 wherein the nonmetallocene,
metal-centered, heteroaryl ligand catalyst compound comprises a ligand

represented by the formula (1):

N

R!——NH 1)

wherein R' is represented by the formula (2):
Q 1
"
(Q")q
F—

QS

@)
where
Q' and Q° are substituents on the ring other than to atom E, where at least one of
Q' or Q’ has at least 2 atoms;
E is selected from the group consisting of carbon and nitrogen;
gisi,2,3,4o0r5;
Q" is selected from the group consisting of hydrogen, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio,
seleno, halide, nitro, and combinations thereof;,
T is a bridging group selected group consisting of -CR?R>- and -SiR’R’- ;
R? and R? are each, independently, selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl,
substituted heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl,



Mw (wino') 96,364 332,299 320,733 330,643 314,143 905,066 1,182,976 1,160,236 Mw/Mn 4.24 3.69
6.41 6.24 4.03 3.27 3.15
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substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl,

phosphino, amino, thio, seleno, halide, nitro, and combinations thereof; and

J" is selected from the group consisting of heteroaryl and substituted heteroaryl.

18. The process of any of paragraphs 1 to 17 wherein the nonmetallocene,
5 metal-centered, heteroaryl ligand catalyst compound comprises a ligand

represented by the formula (3):

Jlll (3)

where

10 M is zirconium or hafnium;
R', T, R? and R’ are as defined in paragraph 3,
J" is selected from the group of substituted heteroaryls with 2 atoms bonded to
the metal M, at least one of those atoms being a heteroatom, and with one atom of
J" is bonded to M via a dative bond, the other through a covalent bond; and

15 L' and L? are independently selected from the group consisting of halide, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, alkoxy, aryloxy, hydroxy, boryl, silyl, amino,

amine, hydrido, allyl, diene, seleno, phosphino, phosphine, carboxylates, thio,

20 1,3-dionates, oxalates, carbonates, nitrates, sulphates, and combinations of these
radicals.
19. The process of any of paragraphs 1 to 18 where the nonmetallocene,

metal-centered, heteroaryl ligand catalyst is represented by the formula (4):



3.2Tm (C) 132.7 131.6 132.1 133.3 131.3 133.8 134.5 133.9 1-1f(J/g) 76.6 74.8 74.0 73.2
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R 4)
where
M, L' and 1.2 are as defined in paragraph 4;
R* R®, and R® are independently selected from the group consisting of hydrogen,
5 alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl,
heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino,
amino, thio, seleno, nitro, and combinations thereof, optionally, two or more R*,
R®, and R® groups may be joined to form a fused ring system having from 3-50
10 non-hydrogen atoms in addition to the pyridine ring, or, optionally, any
combination of R, R?, and RY, may be joined together in a ring structure;
R', T, R? and R are as defined in paragraph 3; and
E" is either carbon or nitrogen and is part of an cyclic aryl, substituted aryl,
heteroaryl, or substituted heteroaryl group.
15 20.  The process of any of paragraphs 1 to 19 wherein the catalyst compound is

represented by the one or both of the following formulae:



72.6 75.9 Activator B = [N,N-dimethylanilinium] [tetrukis(perfluorophenyilborate] Activator C =
[N,N-dime hylanilinium] [tetraki. (heptafluoronapthyOborate] TNOAI = tri-n-octyl alun Mum 5Cat. A =
Catalyst Pregigsain&eygeund A. Analytical methods Differential ScanninggpiasineipysdesC) -
Phase transitions were measured on heating and cooling the sample from 10 the solid state and melt
respectively using Differential Scanning Calorimetry (DSC). For crystallization temperature (Tc) and
melting temperature (T.), the measurements were conducted using a TA Instrument MDSC 2920 or
Q1000 Tzero-DSC and data analyzed using the standard analysis software by the vendor. 3 to 10 mg
of polymer was encapsulated in an aluminum pan ant‘loaded into the 15 instrument at room
temperature. The sample was cooled to -70C and heated to 210C at a heating rate of 10 C/min. Each
& ish a common thermal histoly. Cpy

@ elt to sub-ambiddg@
eMyerature for 2010 minutel to f

crystallinity, a value of 8.7 kJ/mol is used as the equilibrium heat of fusion for’ ¥00% crystalline

The process of any of paragraphs 1 to 20 where the activator comprises an

polypropylene
alumoxane, preferably a methylalumoxane.
22.  The process of any of paragraphs 1 to 21 where the activator comprises
5 one or more of triethylammonium tetraphenylborate,

N,N-dimethylanilinium tetraphenylborate,
tripropylammonium tetrakis(pentafluorophenyl) borate,
N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate,
triethylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,

10 N,N-diethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate, and
N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate;
di-(i-propyl)ammonium tetrakis(pentafluorophenyl) borate,
dicyclohexylammonium tetrakis(pentafluorophenyl) borate;
triphenylphosphonium tetrakis(pentafluorophenyl) borate,

15 tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl) borate,
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;
diphenyloxonium tetrakis(pentafluorophenyl) borate,
di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate,
di(2,6-dimethylphenyl)oxonium tetrakis(pentafluorophenyl) borate;

20 diphenylsulfonium tetrakis(pentafluorophenyl) borate,
di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate,
di(2,6-dimethylphenyl)sulfonium tetrakis(pentafluorophenyl) borate,
trimethylsilylium tetrakis(pentafluorophenyl)borate, and
triethylsilylium(tetrakispentafluoro)phenylborate.



10 (single crystal measurement) reported in B. Wunderlich, "Thermal Analysis", Academic Press, Page
418, 1990). The percent crystallinity for the propylene polymers is calculated using the formula, [area

under the cugyg &diR)oedes9/mol 8700 (.1/mol)] * 100%. For other polymerspg peifeksiustallinity is
calculated using the formula, [area under the curve (Joules/gram)! B (Joules/gram)] * 100, 15 where B

is the heat of fusion for the homopolymer of the major monomer component. These values for B are to
be obtained from the Polymer Handbook, Fourth Edition, published by John Wiley and Sons, New
York 1999. Gel Permeation Chromatography (GPC-DRI) 20The analysis was performed using a
Waters GPCV 2000 (Gel Permeation C'hromatogréﬂ)rlﬁ with triple detection. The three detectors were

in series with Wyatt DAWN "EOS" MALLS 18 angltivl ser i h&lscattering detector first, followed by the
DRI (Differential RefractUE MRTSH) HARTAHEIEHIE Vil Brreh HELEET Y G8BRIOF butput signals

are collected on WMyait' s:4S dRABefWanemdbiandeanphergtbusing téidah G ranalysis program. The
detailed GPC conditions are listed in Tabje 2. . Stanofl)a&}(‘js zlgd sam Ie% Webe Eregared in inhibited

TCB (1,2,4- trichioV3BRHRE R Ko RO RGP RIRE U [ BN St A S s ¥ alibrating the
GPC. Standard idenitiealibiosaase tigted-tuildaladodiie saraphes3tweare Wpcurately weighed and

diluted to_a -1.5 mg/mL concentration and \WWO 20081079565PCT/US20071085348 - 123 - recorded.
The standards anl EAM PO WAPC RAEDETAIP e Cabs S50 HOLIEHE SRAPET DR For o hours
These were filtensichthiaieginy & (Q,4.5-tisrethydaadifikier) copaiiten dbalyze dinleblgazhGehdermeation
Chromatographyt ét?aigep@n%gﬁ%?or{)fg&y %%95?8@%4%%{58%%% WATERS 2000V-Wyatt Dawn EOS
tetrakis(pentafluorophenyl)borate, tripropylammonium
tetrakis(pentafluorophenyl)borate, tri(z-butyl)ammonium
10 tetrakis(pentafluorophenyl)borate, tri(sec-butyl)Jammonium
tetrakis(pentafluorophenyl)borate, N,N-dimethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-diethylanilinium
tetrakis(pentafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(pentafluorophenyl)borate, trimethylammonium tetrakis-(2,3,4,6-
15 tetrafluorophenyl) borate, triethylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tripropylammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tri(z-butyl)ammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, dimethyl(zerz-butyl)Jammonium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethylanilinium tetrakis-(2,3,4,6-
20 tetrafluorophenyl)borate, N,N-diethylanilinium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-
(2,3,4,6-tetrafluorophenyl)borate, trimethylammonium
tetrakis(perfluoronaphthyl)borate, triethylammonium
tetrakis(perfluoronaphthyl)borate, tripropylammonium
25 tetrakis(perfluoronaphthyl)borate, tri(r-butyl)ammonium
tetrakis(perfluoronaphthyl)borate, tri(fert-butyl)Jammonium
tetrakis(perfluoronaphthyl)borate, N,N-dimethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-diethylanilinium
tetrakis(perfluoronaphthyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)

30 tetrakis(perfluoronaphthyl)borate, trimethylammonium
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tetrakis(perfluorobiphenyl)borate, triethylammonium
tetrakis(perfluorobiphenyl)borate, tripropylammonium
tetrakis(perfluorobiphenyl)borate, tri(z-butyl)ammonium
tetrakis(perfluorobiphenyl)borate, tri(fert-butyl)ammonium

5 tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-diethylanilinium
tetrakis(perfluorobiphenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(perfluorobiphenyl)borate, trimethylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triethylammonium tetrakis(3,5-

10 bis(trifluoromethyl)phenyl)borate, tripropylammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri(n-butyl)ammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, tri(ferz-butyl)ammonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-dimethylanilinium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, N,N-diethylanilinium tetrakis(3,5-

15 bis(trifluoromethyl)phenyl)borate, N,N-dimethyl-(2,4,6-trimethylanilinium)
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, di-(iso-propyl)ammonium
tetrakis(pentafluorophenyl)borate, and dicyclohexylammonium
tetrakis(pentafluorophenyl)borate; tri(o-tolyl)phosphonium
tetrakis(pentafluorophenyl)borate, tri(2,6-dimethylphenyl)phosphonium

20 tetrakis(pentafluorophenyl)borate, tropillium tetraphenylborate,
triphenylcarbenium tetraphenylborate, triphenylphosphonium tetraphenylborate,
triethylsilylium tetraphenylborate, benzene(diazonium)tetraphenylborate,
tropillium tetrakis(pentafluorophenyl)borate, triphenylcarbenium
tetrakis(pentafluorophenyl)borate, triphenylphosphonium

25 tetrakis(pentafluorophenyl)borate, triethylsilylium
tetrakis(pentafluorophenyl)borate, benzene(diazonium)
tetrakis(pentafluorophenyl)borate, tropillium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylcarbenium tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, triphenylphosphonium tetrakis-(2,3,4,6-

30 tetrafluorophenyl)borate, triethylsilylium tetrakis-(2,3,4,6-



SOLVENT PROGRAM A 0.54 ml/min TCB inhibited CiPC console setting was 0.5 mlimin to which
8% expansion factor (from Waters) makes actual flow 0.54 mUnain DETECTOR A: Wyatt MALLS 17
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tetrafluorophenyl)borate, benzene(diazonium) tetrakis-(2,3,4,6-
tetrafluorophenyl)borate, tropillium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate, triphenylphosphonium
tetrakis(perfluoronaphthyl)borate, triethylsilylium

5 tetrakis(perfluoronaphthyl)borate, benzene(diazonium)
tetrakis(perfluoronaphthyl)borate, tropillium tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate, triphenylphosphonium
tetrakis(perfluorobiphenyl)borate, triethylsilylium
tetrakis(perfluorobiphenyl)borate, benzene(diazonium)

10 tetrakis(perfluorobiphenyl)borate, tropillium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylcarbenium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triphenylphosphonium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, triethylsilylium tetrakis(3,5-
bis(trifluoromethyl)phenyl)borate, or benzene(diazonium) tetrakis(3,5-

15 bis(trifluoromethyl)phenyl)borate.

24.  The process of any of paragraphs 1 to 20 wherein the activator comprises
N,N-dimethylanilinium tetra(perfluorophenyl)borate and/or triphenylcarbenium
tetra(perfluorophenyl)borate.

25.  The process of any of paragraphs 1 to 24 where diluent or solvent is

20 present and the diluent or solvent comprises a fluorinated hydrocarbon.

26.  The process of any of paragraphs 1 to 25 wherein the polymerization takes
place in a tubular reactor.

27. The process of paragraph 26 wherein the tubular reactor has a length-to-
internal diameter ratio of 10:1 to 50000:1.

25 28.  The process of paragraph 26 or 27 wherein the reactor contains from one
to ten different injection positions, alternately from one to six different injection
positions.

29.  The process of paragraph 26, 27 or 28 wherein the tubular reactor has a
length of 100-4000 meters, preferably 100-2000 meters and/or an internal

30 diameter of less than 12.5 cm, preferably less than 10 cm.



C: riscometer 10vol.=+232.2 ul LSto 1)1(1 Mvol.--91.8 ul Dp to DIU TEMPERATURE Injector:
135C Detector: 135 C Colutmc
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30.  The process of paragraph 26, 27, 28 or 29 wherein the tubular reactor is
operated in multiple zones.
31.  The process of any of paragraphs 1 to 25 wherein the polymerization takes
place in an autoclave reactor.
5 32.  The process of paragraph 31 wherein the autoclave reactor has a length-to-

diameter ratios of 1:1 to 20:1, preferably 4:1 to 20:1.
33.  The process of paragraph 31 wherein the autoclave reactor has a length-to-
diameter ratio of 4:1 to 20:1 and the reactor contains up to six different injection
positions.

10 34.  The process of paragraph 31, 32 or 33 wherein the autoclave reactor is
operated in multiple zones.
35.  The process of paragraph 31, 32, 33 or 34 wherein the process comprises
(a) continuously feeding olefin monomers, catalyst compound, and activator to
the autoclave reactor; (b) continuously polymerizing the monomers at a pressure

15 of 15 MPa or more; (c) continuously removing the polymer/monomer mixture
from the reactor; (d) reducing pressure to form a monomer-rich phase and a
polymer-rich phase; (¢) continuously separating monomer from the polymer; and

(f) optionally recycling separated monomer to the polymerization process.

36.  The process of any of paragraphs 1 to 25 wherein the polymerization takes
20 place in a loop reactor.
37.  The process of paragraph 36 wherein the loop reactor has a diameter of 41

to 61 cm and a length of 100 to 200 meters.

38.  The process of paragraph 36 or 37 wherein the loop reactor is operated at
pressures of 25 to 30 MPa.
25 39.  The process of paragraph 36, 37 or 38 where an in-line pump continuously

circulates the polymerization system through the loop reactor.

40.  The process of paragraph 36, 37, 38 or 39 wherein the process comprises
(a) continuously feeding olefin monomers, catalyst compound, and activator to
the loop reactor; (b) continuously polymerizing the monomers at pressure of 15

30 MPa or more; (c) continuously removing the polymer/monomer mixture from the



135 C DISOLUTION CONDITIONS Shaken for 2 lion a PL 5P260 heater Shaker160 SAMPLE
FILTRATION Through a 0.45 n SS Filter (iC 135 C INJECTION VOLUME 329.5LI, SAMPLE
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reactor; (d) reducing pressure to form a monomer-rich phase and a polymer-rich
phase; (¢) continuously separating monomer from the polymer; and (f) optionally

recycling separated monomer to the polymerization process.

41.  The process of any of paragraphs 1 to 39 wherein the polymerization takes
5 place in multiple reactors.
42.  The process of any of paragraphs 1 to 41 wherein the polymerization

process comprises two or more reactors configured in parallel.
43.  The process of paragraph 42 one or more of the reactors configured in
parallel comprises a stirred autoclave reactor.

10 44.  The process of paragraph 42 or 43 wherein one or more of the reactors
configured in parallel comprises a loop reactor.

45. The process paragraph 42, 43 or 44 wherein one or more of the reactors
configured in parallel comprises a tubular reactor.
46.  The process of any of paragraphs 1 to 45 wherein the polymerization

15 process comprises two or more reactors configured in series.

47.  The process of paragraph 41, 42, or 46 wherein the polymerization takes
places in a tubular reactor and then in one or more autoclave reactors.

48.  The process of paragraph 41, 42, or 46 wherein the polymerization takes
places in a tubular reactor and then one or more loop reactors.

20 49.  The process of any of paragraphs 1 to 48 wherein the residence time in
any one reactor (alternately in all reactors total) is less than 30 minutes,
preferably less than 20 minutes, preferably less than 10 minutes, preferably less
than 5 minutes.

50.  The process of any of paragraphs 1 to 49 wherein the polymerization

25 system is in a supercritical state.

51.  The process of any of paragraphs 1 to 50 where the solvent or diluent are
present at less than 1 volume % in the polymerization system.

52.  The process of any of paragraphs 1 to 50 wherein the solvent or diluent
are present at less than 40 wt % in the feed to the polymerization reactor,

30 preferably less than 30 wt%, preferably less than 20 wt%, preferably less than 10



TCB inhibited CALIBRATION NARROW PE NIST 1482a; NIST1483a NIST1484a STANDARDS
BROAD PE STANDARD NTST 1475a All documents described herein are incorporated by reference

herein, inclugiRg,aypéigEty documents and/or testing procedures, except jethassoonsiisy are
inconsistent with this specification. As is apparent from the foregoing 10general description and the

specific embodiments, while forms of the invention have been illustrated and described, various
modifications can be made without departing from the spirit and scope of the invention. Accordingly, it
is not intended that the invention be limited thereby. Likewise, the tem' "comprising” is considered
synonymous with the term "including” for purposes of Australian law.

wt%, preferably less than 5 wt%, preferably less than 1 wt%.

53.  The process of any of paragraphs 1 to 52 where the catalyst system is

dissolved in the polymerization system.

54. The process of any of paragraphs 1 to 53 wherein the catalyst system
5 further comprises one or more metallocene catalyst compounds.

55.  The process of any of paragraphs 1 to 54 wherein the product of the

polymerization process has a weight average molecular weight (Mw) of up to

2,000,000 g/mol as measured by Gel Permeation Chromatograph.

56.  The process of any of paragraphs 1 to 55 wherein the product of the
10 polymerization process has a melting peak temperature of up to 145°C as

measured by Differential Scanning Calorimetry.

57.  The process of any of paragraphs 1 to 56 wherein the metal is selected

from Group 5 of the Periodic Table of the Elements.

58.  The process of any of paragraphs 1 to 56 wherein the metal is selected
15 from Group 6 of the Periodic Table of the Elements.
59.  The process of any of paragraphs 1 to 56 wherein the nonmetallocene,

metal-centered, heteroaryl ligand catalyst compound comprises any metal from

the Actinide or Lanthanide series of the Periodic Table of the Elements.

20 EXAMPLES
All manipulations were conducted in a drybox with less than 10 ppm of
oxygen and water. All solvents were degassed with nitrogen and dried over Na/K
alloy prior to use. Catalyst Compound A (depicted below) was prepared
according to the procedure generally described in WO 03/040201 A1, Page 90
25 line, 21 to page 93, line 9.

Catalyst Precursor Compound A




- 124 - Claims: 1.A process to polymerize olefins comprising contacting, at a temperature of from 60
to 180C and a pressure between 15 MPa and 1500 MPa, one or more olefin monomers having three
or more carbgie 3lRgisw¥ih: 1)a catalyst system comprising one or more agpiyaiQhs@dsene or more
nonmetallocene metal-centered, heteroaryl ligand catalyst compounds, represented either by formula |
or Il below: RIFormula | where M is zirconium or hafnium; LI and L2 are independently selected from
the group consisting of halide, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl,
substituted heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxy, aryloxy, hydroxy, bo'rglll,gsilyl, amino, amine, hydrido, allyl, diene, seleno,
phosphino, phosphine, carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, and
combinations of these radicals; and R6 are independently selected from the group consisting
of hydrogen, alkyl, substituteq oalkyl, substituted cycloalkyl, heteroalkyl, substituted
heteroalkyl,

Catalyst Precursor Compound A

EXAMPLES 1-4

5 A 35-mL stainless steel autoclave reactor equipped with a magnetic stir
bar was heated to 120 °C for one hour under a stream of dry nitrogen in order to
dry the reactor. The reactor was cooled and subsequently charged with tri-r-octyl
aluminum (1.50 mL, 0.029 mmol) as a scavenger. The total amount of tri-n-octyl
aluminum utilized was adjusted to maintain an Al:Hf molar ratio between 20-

10 30:1, respectively. To the reactor was added liquid propylene (33.5 mL; approx.
1000 psi (6.9 MPa); >99 purity; Airgas Corp.) and the reactor heated to 120°C.
After heating to this temperature, the pressure of the reactor increased to
approximately 7000 psi (48.3 MPa), and the contents were stirred. Separately, in
a nitrogen Glove Box, Catalyst Precursor Compound A (0.163 g, 0.24 mmol) was



- 125 - heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, nitro, and combinations

thereof, optiqpalhhobmeesésmore R4, R5, and R6 groups may be joined to fopga iuged ssgdsystem
having from 3-50 non-hydrogen atoms in addition to the pyridine ring, or, optionally, any combination

of R2, R3, and R4, may be joined together in a ring structure; RI is represented by: where E is
selected from the group consisting of carbon and nitrogen; Q1 and Q5 are substituents on the ring
other than to atom E, where at least one of Q1 or Q5 has at least 2 atoms; qis 1, 2, 3, 4, ors; Q" is
selected from the group consisting of hydrogen, alk I?%Ubstituted alkyl, cycloalkyl, substituted

cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl,
substituted aryl, ﬂ@fé’?&%‘fﬁ} Shctor e ﬁgam@wﬁ Sty %ifs?ﬁ%’éﬂﬁ%ko%‘?ﬁﬂl%, amino, thio,
seleno, halide, nira.erm RoWEialpiscthe@os 3 Tnis. abilidginsplpiselacieaddedup oormsisting of
-CR2R3- and -SiR2R3- with R2 and R3 being, selected from the gro opsisting of hydrqgen, alkyl,
subsituted alkyl Rclodlkyl, &ubstRUHERF oy RN hetSRBIR s b IOV HErErBa R

heterocycloalkyl,[ sustiiiestdiriemaeycioalsytaaly (Asubatisutey a0yl ] hetemarygl, sulsitited heteroaryl,
binatjans thereof; E"

glkqul, aryloxyl, sil _I boryl, ho_s,phi 0, amino, thip, s?leno, halide, nitro, and]c m N
s either Carbon SFRISIEH AR s BA SF ORVEINTRTGE LA N ShgIoPistalo] i bSttuted
heteroaryl groupntixturd 2Gas dfted at room temperature for approximately 15 minutes. Next, in
the dry box, 5.5 mL of this stock solution was charged to a previously dried
syringe pump, sealed and attached to the 30-mL reactor. The activated catalyst
solution (1 mL; 0.0011 mmol Catalyst Precursor Compound A) was added via
10 syringe pump by over-pressurizing the feed line (10,000psi (69 MPa)) above the
reactor pressure (7000 psi (48.3 MPa)). After the catalyst was added, propylene
was added to attain a pressure of 10,000 psi (69 MPa). The reactor was
maintained at the desired temperature and pressure for 30 minutes. The reaction
was terminated by venting the reactor contents into a vessel attached to the
15 reactor vent line. After cooling, product was recovered from the vent collector
and the reactor. The product was dried in a vacuum oven for 12 hours and the
product was characterized by gel permeation chromatography (GPC) and
differential scanning calorimetry (DSC). The data are reported in Table 1. The
Tm was measured as DSC second melt. Mw and Mn were measured using GPC.
20 See analytical section for more details. All GPC data were obtained utilizing a

GPC-DRI method.

EXAMPLE 5
The procedure described for Examples 1-4 was utilized with the exception
25 that [N,N-dimethylanilinium] [fetrakis(perfluorophenyl)borate] (Activator B) was
utilized. The data are reported in Table 1.

EXAMPLES 6-8

The procedure described for Examples 1-4 was utilized with the exception

30 that the reaction temperature was 105 °C. The data are reported in Table 1.



Formula Il

seleno, nitro, and combinations thereof,

substituted cyclq

heterocycloalkyl
boryl, silyl, amin
1,3-dionates, ox
3;andor 2;2)o
scavenger,

wherein Q2, Q3, Q4, R2, R3, Ra*, R5., 6

tc.*, and R7 are independently
selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, hgteyoslkyhoskbstituted heteroalkyl, heterocycloalkyl, substitutegeigsaryaiealieyl. aryl,

substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio,
optionally, two or more R4*, R5*, R6*, and R7 groups may
be joined to form a fused ring system having from 3-50 non-hydrogen atoms in addition to the pyridine
ring; also, optionally, any combination of R2, R3, an

d R4* may be joined together in a ring structure;
and Q5* are selected from the group consisting of a l%}l,'substituted alkyl, cycloalkyl, substituted
cycloalkyl, aryl, substituted aryl, provided that QI* and Q5* are not both methyl; and each L is
independently selected from the group consisting Taklgi e, alkyl, substituted alkyl, cycloalkyl,

aliylpibetergalkyl, gubstituted hetergalkyl, heteracycloalleyl, Substituted s

asyh gubstijuted aryl, heteroaryd, sybstituted heteroarylj.alkgxy, @syloxy, hydroxy,
DRarine, hydrigdg, allyl,giere, sgleno, phpsphing, phosphine} carpoxylategysthia,
3’!]:???5( Q\ﬁarb()natcs nitratac Dlllphc\f"\o Aand clamhinAaticanc 'Hnnhcnf- 1927 nac 1 2 or

(;1vat T y [TTILTCAALC O, OUTd MAlL O MII\:I U lIIIJIII-MI. JllTo tre T, = =y =y | LILILE=4 -.I. ]

piiRally ond ofifhofe déononiérs, B) dtionally“dilupnt™sy sqlvehits anf 4)dptignally
Activator C 12 1.2 12 12 NA 12 0.96 0.96

(mmol)

TNOAI 0.143 | 0.029 0.029 0.029 0.029 0.029 0.029 0.029

(mmol)

ALHF molar 143 29 29 29 24 29 36 36

ratio

Rxn Time

(Min) 30 30 30 30 30 30 30 30

Yield (g) 0.997 0.637 1.614 0.445 1.089 1.554 1.118 1.699

Mw (g/mol) 96,364 332,299 320,733 330,643 314,143 905,066 1,182,976 1,160,236

Mw/Mn 4.24 3.69 6.41 6.24 4.03 327 3.15 32

Tm (°C) 132.7 131.6 132.1 1333 131.3 133.8 134.5 133.9

Hf (J/g) 76.6 74.8 74.0 732 74.4 54.4 72.6 75.9

10

15

20

Activator B = [N,N-dimethylanilinium] [fetrakis(perfluorophenyl)borate]

Activator C = [N,N-dimethylanilinium] [fetrakis(heptafluoronapthyl)borate]
TNOALI = tri-n-octyl aluminum
Cat. A = Catalyst Precursor Compound A.

Analytical methods

Differential Scanning Calorimetry (DSC) :

Phase transitions were measured on heating and cooling the sample from

the solid state and melt respectively using Differential Scanning Calorimetry
(DSC). For crystallization temperature (Tc¢) and melting temperature (Th),
the measurements were conducted using a TA Instrument MDSC 2920 or Q1000
Tzero-DSC and data analyzed using the standard analysis software by the vendor.
3 to 10 mg of polymer was encapsulated in an aluminum pan and loaded into the
instrument at room temperature. The sample was cooled to -70 °C and heated to
210 °C at a heating rate of 10 °C/min. Each sample was held at 210 °C for
5 minutes to establish a common thermal history. Crystallization behavior was
evaluated by cooling the sample from the melt to sub-ambient temperature at a
cooling rate of 10 °C/min. The sample was held at the low temperature for

10 minutes to fully equilibrate in the solid state and achieve a steady state.

Second heating data was measured by heating this in-situ melt-crystallized sample



wherein: a) the olefin monomers and any comonomers are present in the polymerization system at
40 weight % or more, b) the monomer having three or more carbon atoms is present at 80 wt% or

more based yrehikRWgight of all monomers and comonomers present in flag ieedsAhds4g C) the
polymerization occurs at a temperature above the solid-fluid phase transition temperature of the

polymerization system and a pressure no lower than 2 MPa below the cloud point pressure of the
polymerization system and less than 1500 MPa, in the event the solid-fluid phase transition
temperature of the polymerization system cannot be h?etermined then the polymerization occurs at a
temperature above the fluid-fluid phase transition tenipérature. 2. The process of claim 1 wherein the

polymerization occurs,at a.temperature apove the fluid-fluid phase transition. temperature of the
polymerization sﬁgﬁe%.@gv%é%?os@ég@@?@aﬁﬁ xin wﬂ%aha%eéﬁm poiPlehaving an
Mw of 30,000 or ¢naielliZdT henpeocesstadl aimhkdusihekicemprisiadiobiainingragolsngidiaving a
melting point of 80 C or more. 5. Tlae. rocess of claim 1 wherein the olefin monomers g]aving three or
more carbon atoHREFE BFESEARIFITE ol RIBro Ao Sy B BEA B AT EFIBIET HThe process

of claim 1 whereirdhedpresisuirds hhttesn ihdiamndRSPoMdymerd 8 iotesmoliipiaifedkwherein
solvent and or dilt%erﬁtég hexegne. 8. The process of claim 1 wherein the olefin monomers having three

or more Carbon & FE B RSA A RS W B DO W Ynore. 9. The process of claim 1 wherein
the olefin monomer havjng three or.more carbon afoms comprises pro ﬁne.. 1 h ocess of
claim 1 wherein the teml&[)reg?gtﬂ?geirsﬂé%Skllgff‘haéec\losa(({ﬁgo|ﬁt%genﬁ%jrﬁaetureg @/ %sg&fr%ér@%%n system
and the pressurecisi lessishdn26ddviP@. thel@&zred bf Tdrgspabiodts @l claicfctcdvhersipércéarmula 1, the

metal i Hi, 12, THGBHASESS A S0 SRRIERNS S SHR0S Qi L RRymerizaton
is used as the equilibrium heat of fusion for 100% crystalline polypropylene
10 (single crystal measurement) reported in B. Wunderlich, “Thermal Analysis”,
Academic Press, Page 418, 1990). The percent crystallinity for the propylene
polymers is calculated using the formula, [area under the curve (J/g) x 42 g/mol /
8700 (J/mol)] * 100%. For other polymers the percent crystallinity is calculated
using the formula, [area under the curve (Joules/gram) / B (Joules/gram)] * 100,
15 where B is the heat of fusion for the homopolymer of the major monomer

component. These values for B are to be obtained from the Polymer Handbook,

Fourth Edition, published by John Wiley and Sons, New York 1999.

Gel Permeation Chromatography (GPC-DRI)

20 The analysis was performed using a Waters GPCV 2000 (Gel Permeation

Chromatograph) with triple detection. The three detectors were in series with

Wyatt DAWN "EOS" MALLS 18 angle laser light scattering detector first,

followed by the DRI (Differential Refractive Index) then Differential Viscometer

detector. The detector output signals are collected on Wyatt's ASTRA software

25 and analyzed using a GPC analysis program. The detailed GPC conditions are
listed in Table 2.

Standards and samples were prepared in inhibited TCB (1,2,4-

trichlorobenzene) solvent. Four NBS polyethylene standards were used for

calibrating the GPC. Standard identifications are listed in Table 2. The samples

30 were accurately weighed and diluted to a ~1.5 mg/mL concentration and



13. The process of claim 1 wherein comonomer is present in the feed at 0.1 to 20 wt %. 14. The
process of claim 1 wherein the feed of the monomer, comonomers, solvents and diluents comprises
from 55-100 wigsgekarylgee monomer, and from O to 45 wt% of one or morgGoRenpmESselected
from the group consisting of ethylene, butene, hexene, 4-methylpentene, dicyclopentadiene,
norbornene, C4-C2000 a-olefins, C4-C2000 a,internal-diolefins, and C4-C2000 a,w-diolefins. 15. The
process of claim 1 wherein the comonomer comprises one or more of ethylene, butene, hexene-1,
octene-1, or decene-1. 16. The process of claim 1 wherein the catalyst compound is represented by
the one or both of the following formula: 17. The p'r(l)%éés of claim 1 where the activator comprises an

alumoxane. 18. The process of claim 1 where the activator comprises one or mare of
triethylammoniuﬁ??B’ff%‘ghen;ﬁ?oré@%ﬁ-a‘?ﬁitﬁ?ﬂ%‘ﬁﬁhﬁﬁﬁe@ En9ihctate- trigBhytEhmonium

tetralcis(pentaflupraiphandl fosates N Sd-dinethy lasiigiunmieRutylids (nentaflisesaphenyliborate,

triethylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate, N,N-diethylanilinium
tetrakis(2,3,4,6-tOHSRANETHELRI P HOFATE A R N-dimethy1-2,4,6-trimethylanilinium
tetrakis(2,3,4,6-tetrafluorophenyl) borate; - 129 - di-(i-propyl)ammonium tetralcis(pentafluorophenyl)
borate, dicyclohexylammonium tetralcis(pentaﬂuo%c;%k]lggyl) borate; triphenylphosphonium

tetrakis(pentafluorophen I}) borate, .
Gel Permeation Chromatography (GPC) measurement conditions

INSTRUMENT WATERS 2000V+Wyatt Dawn EOS
COLUMN Type: 3 x MIXED BED TYPE “B”
10 MICRON PD (high porosity col.’s)
Length: 300 mm
ID: 7.8 mm
Supplier POLYMER LABS
SOLVENT PROGRAM
A 0.54 ml/min TCB inhibited
GPC console setting was 0.5 mL/min to which 8% expansion
factor (from Waters) makes actual flow 0.54 mL/min
DETECTOR A: Wyatt MALLS 17 angle's of laser light scattering detector
B: DIFFERENTIAL REFRACTIVE INDEX (DRI) in series
C: Viscometer
IDvol.=+232.2 ul LS to DRI
IDvol.=-91.8 ul Dp to DRI
TEMPERATURE Injector: 135°C
Detector: 135°C
Column: 135°C
DISOLUTION CONDITIONS Shaken for 2 h on a PL SP260 heater
Shaker @160 °C
SAMPLE FILTRATION Through a 0.45 p SS Filter @ 135 °C
INJECTION VOLUME 329.5ul
SAMPLE CONCENTRATION 0.15 w/v% (1.5 mg/ml) Target wt
SOLVENT DILUENT TCB inhibited
CALIBRATION NARROW PE NIST 1482a; NIST1483a; NIST1484a
STANDARDS
BROAD PE STANDARD NIST 1475a

All documents described herein are incorporated by reference herein,
including any priority documents and/or testing procedures, except to the extent
they are inconsistent with this specification. As is apparent from the foregoing

10 general description and the specific embodiments, while forms of the invention
have been illustrated and described, various modifications can be made without
departing from the spirit and scope of the invention. Accordingly, it is not
intended that the invention be limited thereby. Likewise, the term "comprising" is

considered synonymous with the term "including" for purposes of Australian law.



tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl) borate,
. tri(2,6-dimethylphenyl)phosphonium tetralcis(pentafluorophenyl) borate; diphenyloxonium
tetralcis(pentafluorophenyl) borate, di(o-tolyfloxonium tetrakis(pentafluorophenyl) borate,
di(2,6-dimethylphenyl)oxonium tetralcis(pentafluorbishrenyl) borate; diphenylsulfonium
tetrakis(pentafluorophenyl) borate, di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate,
di(2,6-di@ﬁm}?phenyl)5ulfonium tetralcis(pentafluorophenyl) borate, trimethylsilylium
tetrakis(pentafluorophenyl)borate, and triethylsilylium(tetralcispentafluoro)phenylborate. 19.
The process of claim 1 where diluent or solvent is present and.the diluent or solven

comprisés a flubriPRESEHYRBEARSERS PBIAhEopHILESS SPRidiHT S &hér‘éﬁﬁﬁ@%@ﬁ#@?%@nm
takes plaegia aduhujaedanctpenaeinaavdrRy anldQpIBagier. odd of hedpsasiesis eldiaifierdhaving
wherein the process comprise‘s%gg&c ntinuously feeding olefin monomers, catalyst compound,
and actiVAiBY 25 HRISTADAAGE bt% (b) continuously polymerizing the monomers at a
pressureldpf 15 bBaabfstmgresCompiivimpushy remnvia g dhieapaty mgh /oo romerrenixinmesfihoeene
the reactor; reducjng pressure to fgrm a.monomer-rich phase and.a polymer-tich phase;
(©) contiR A S A R T G (O i ey RS oragb
monomebsdiothe polymerization process.

RS R®

R4 / \

N\ /E

M
T\ / \\LI

N L2

R! Formula I
where

M is zirconium or hafnium;

L' and L? are independently selected from the group consisting of halide, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl,
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy,
aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, seleno, phosphino, phosphine,
carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates, and combinations of
these radicals;

R* R®, and R® are independently selected from the group consisting of hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl,
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heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted
heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, nitro, and
combinations thereof, optionally, two or more R*, R, and R® groups may be joined to form a
fused ring system having from 3-50 non-hydrogen atoms in addition to the pyridine ring, or,
optionally, any combination of R%, R®, and R*, may be joined together in a ring structure;

R! is represented by:

Q!
Q")q
E__.

QS
where
E is selected from the group consisting of carbon and nitrogen;
Q! and Q° are substituents on the ring other than to atom E, where at least one of Q' or Q° has at
least 2 atoms:
qis 1,2,3,4,0r5;
Q" is selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted
heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl,
boryl, phosphino, amino, thio, seleno, halide, nitro, and combinations thereof;
T is a bridging group selected group consisting of -CR’R*- and -SiR*R’- with R* and R’ being
selected from the group consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted
cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl,
aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl,
phosphino, amino, thio, seleno, halide, nitro, and combinations thereof;
E" is either carbon or nitrogen and is part of a cyclic aryl, substituted aryl, heteroaryl, or

substituted heteroaryl group; or
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RS 6"
R¥ / \ R?
R’ C_N \;Hﬂ“
AN
Q" o
Q Q*
Q’ X

— — Formula II
wherein
Qz, Q3, Q4, R%L R, RY, RS*, R(’*, and R are independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted
heteroalkyl, heterocycloalkyl, substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl,
substituted heteroaryl, alkoxyl, aryloxyl, silyl, boryl, phosphino, amino, thio, seleno, nitro, and
combinations thereof,

optionally, two or more R*", R’ *,R*, and R’ groups may be joined to form a fused ring
system having from 3-50 non-hydrogen atoms in addition to the pyridine ring; also,

optionally, any combination of R%, R?, and R** may be joined together in a ring structure;
Q' and Q* are selected from the group consisting of alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, aryl, substituted aryl, provided that Q" and Q° are not both methyl; and
each L is independently selected from the group consisting of halide, alkyl, substituted alkyl,
cycloalkyl, substituted cycloalkyl, heteroalkyl, substituted heteroalkyl, heterocycloalkyl,
substituted heterocycloalkyl, aryl, substituted aryl, heteroaryl, substituted heteroaryl, alkoxy,
aryloxy, hydroxy, boryl, silyl, amino, amine, hydrido, allyl, diene, seleno, phosphino, phosphine,
carboxylates, thio, 1,3-dionates, oxalates, carbonates, nitrates, sulphates and combinations

thereof;
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nis 1,2, or3; and
x=lor2;
2) optionally one or more comonomers,
3) optionally diluent or solvent, and
4) optionally scavenger,
wherein:

a) the olefin monomers and any comonomers are present in the polymerization system at
40 weight % or more,

b) the monomer having three or more carbon atoms is present at 80 wt% or more based
upon the weight of all monomers and comonomers present in the feed, and

c) the polymerization occurs at a temperature above the solid-fluid phase transition
temperature of the polymerization system and a pressure no lower than 2 MPa below the cloud
point pressure of the polymerization system and less than 1500 MPa, in the event the solid-fluid
phase transition temperature of the polymerization system cannot be determined then the
polymerization occurs at a temperature above the fluid-fluid phase transition temperature.
2. The process of claim 1 wherein the polymerization occurs at a temperature above the

fluid-fluid phase transition temperature of the polymerization system.

3. The process of claim 1 further comprising obtaining a polymer having an Mw of 30,000
Or 1more.
4. The process of claim 1 further comprising obtaining a polymer having a melting point of

80 °C or more.
5. The process of claim 1 wherein the olefin monomers having three or more carbon atoms

are present in the polymerization system at 40 weight % or more.

6. The process of claim 1 wherein the pressure is between 15 and 250 MPa.
7. The process of claim 1 wherein solvent and or diluent is hexane.
8. The process of claim 1 wherein the olefin monomers having three or more carbon atoms

are present in the feed at 75 wt % or more.

9. The process of claim 1 wherein the olefin monomer having three or more carbon atoms
comprises propylene.

10.  The process of claim 1 wherein the temperature is above the cloud point temperature of

the polymerization system and the pressure is less than 250 MPa.
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11. The process of claim 1, wherein in Formula I, the metal is Hf.

12.  The process of claim 1 wherein solvent and or diluent is present in the polymerization
system at 0.5 to 40 wt %.

13.  The process of claim 1 wherein comonomer is present in the feed at 0.1 to 20 wt %.

14.  The process of claim 1 wherein the feed of the monomer, comonomers, solvents and
diluents comprises from 55-100 wt% propylene monomer, and from 0 to 45 wt% of one or more
comonomers selected from the group consisting of ethylene, butene, hexene, 4-methylpentene,
dicyclopentadiene, norbornene, Cy4-Cagpo c-olefins, Cs-Cogop osinternal-diolefins, and Cy-Caon
o, -diolefins.

15.  The process of claim 1 wherein the comonomer comprises one or more of ethylene,
butene, hexene-1, octene-1, or decene-1.

16.  The process of claim 1 wherein the catalyst compound is represented by the one or both

of the following formula:

17.  The process of claim 1 where the activator comprises an alumoxane.
18.  The process of claim 1 where the activator comprises one or more of triethylammeonium
tetraphenylborate,

N,N-dimethylanilinium tetraphenylborate,

tripropylammonium tetrakis(pentafluorophenyl) borate,

N,N-dimethylanilinium n-butyltris(pentafluorophenyl) borate,

triethylammonium tetrakis(2,3,4,6-tetrafluorophenyl) borate,
N,N-diethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate, and
N,N-dimethyl-2,4,6-trimethylanilinium tetrakis(2,3,4,6-tetrafluorophenyl) borate;
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di-(i-propyl)ammonium tetrakis(pentafluorophenyl) borate,

dicyclohexylammonium tetrakis(pentaftuorophenyl) borate;

triphenylphosphonium tetrakis(pentafluorophenyl) borate,

tri(o-tolyl)phosphonium tetrakis(pentafluorophenyl) borate,

1r1(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;

diphenyloxonium tetrakis(pentafluorophenyl) borate,

di(o-tolyl)oxonium tetrakis(pentafluorophenyl) borate,

di(2,6-dimethylphenyl)oxonium tetrakis(pentafluorophenyl) borate;

diphenylsulfonium tetrakis(pentafluorophenyl) borate,

di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate,

di(2,6-dimethylphenyl)sulfonium tetrakis(pentafluorophenyl) borate,

trimethylsilylium tetrakis(pentafluorophenyl)borate, and
triethylsilylium(tetrakispentafluoro)phenylborate.

19.  The process of claim 1 where diluent or solvent is present and the diluent or solvent
comprises a fluorinated hydrocarbon.

20.  The process of claim 1 wherein the polymerization takes place in a tubular reactor,
autoclave or a loop reactor.

21.  The process of claim 20 wherein the process comprises (a) continuously feeding olefin
monomers, catalyst compound, and activator to the autoclave reactor; (b) continuously
polymerizing the monomers at a pressure of 15 MPa or more; (c) continuously removing the
polymer/monomer mixture from the reactor; (d) reducing pressure to form a monomer-rich
phase and a polymer-rich phase; (e) continuously separating monomer from the polymer; and (f)

optionally recycling separated monomer to the polymerization process.





