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PROCESSES OF CONTROLLI NG MOLECULAR VEI GHT DI STRI BUTI ON
I N ETHYLENE/ ALPHA- OLEFI N COVPQSI TI ONS FI ELD OF THE

wo DMERA19EN [ 0001] The present invention rel at eBCT/0S2006/061761
conposi tions and processes of nmaking ethylene/a-olefin
pol ymer conpositions. Mre particularly, the invention
relates to processes of producing ethyl ene/a-olefin
conposi tions having a controlled nol ecul ar wei ght
di stribution. BACKGROUND AND SUMMARY OF THE | NVENTI ON

PROTCEYSES OB CONTROLEING MOUECEUEAR VeERG P ISTRIBUTION

conposi t iINETHYLENE/A 1Y ATOIFHNCORIFHSITIONS
distribution in a cost-effective manner. | h particul ar

| ene/ a-ol efin conpositions having a multi-nodal

th
FIEI?IP SHERYENSHAY wherein the case of two may

it er L -0 -
Lo e o oS R0 il T HroGhsses oty
ethylpne/voplen pakysiar goipokitions.o Mpre ppiticolarlyotire infantion relates to

I- I .sewers. mni tc

proc Bl G e A P M e R R R g 8 e becutar
weighihdisgiitmtignl ow nol ecul ar wei ght portion of said

et hyl ene/ a-ol efin interpol yner conposition has a
BACKGREUNBPHANDYS Y NEVIAR Y QW THE ROMENTIONI ght portion of

i d -0l efi i.nt er pol yner co sitian.
100038 & FaldesEREICT) Brfhlcd oS0l oS AR f Soprolis motecutar
weight Astituriohyin angseéffeaivembdnner okt paoticul fresthly Ishé¢/obléfi Bompositions
. s [t in.compositions wiih t desi r.ed densi and
havile o B8 aboded RIBER 0k R hepdBo S eriprbte biehimecanly be
refefie/® dsdémodalsoraneltiethoddl) etolecddtvieigit cobfpesitionaliQaiBltié! are often
ht di stribhuti.on.. Advant ageously, the

.0 | ecul ar wei. N,
aesiffpTR Robe BPrBLBAL R el tp G foh i ora. S v, minia, oc.
Alsc; some applicatisniry eequite ¢opoTRIdE WiRke iR 18R mORE kPR eZht portion

¢ s€| ?ﬂlé( t g)/l @n({./ a- ol efll n interpolymer conposjtion has _a
OF s’ GREIIFRYFYY RO YTA GRS Mg fenyibr tre s high
molé&aldl vl it ipoRedrfodaed bihyldnkRL Aoy MRErpe BRIkl Rition SO,
t he etlhyl ene/ g ol efin iInterpol yner )
Unfortunately, to date the available processes do not effectively and efficiently control the
distribution or result in compositions with the desired density and molecular weight

combinations.

[0003] New processes have been discovered which result in effective control of
molecular weight distribution. Advantageously, the inventive processes may be designed to
result in compositions wherein a low molecular weight portion of said ethylene/a-olefin
interpolymer composition has a higher density than a high molecular weight portion of said
ethylene/a-olefin interpolymer composition. Also, the ethylene/a-olefin interpolymer
composition may be produced in a single polymerization rcactor and/or using a single
catalyst. Novel compositions often may result from the aforementioned processes. Said
novel compositions comprise an ethylene/alpha-olefin interpolymer composition with a
multi-modal molecular weight distribution and one or more molecules having a gram
molecular weight equal to about ((the molecular weight of an aryl or hydrocarbyl-ligand of
a pre-catalyst) + 28 + 14 « X), wherein X represents an integer from zero to 10, preferably

zero to 8.



10

15

20

25

conposition may be produced in a single polynerization
reactor and/or using a single catal yst. Novel
W@ po6ioss ons often may result from the af or eneeit/Us20e6061761

processes. Sai d novel conpositions conprise an
et hyl ene/ al pha-ol efin interpolymer conposition with a
mul ti-nodal nol ecul ar wei ght distribution and one or
nore nol ecul es having a gram nol ecul ar wei ght equal to
about ((the nol ecul ar wei ght of an aryl or

BRIIEE'mEﬂIH{lF'mION QEMHB DRAPINGS al yst) + 28 + 14 X,

ooab " P 801 A LSS BATAFLE B Moo

comﬁﬁﬁkﬁﬂmfmgures 1-14 are a series of S|IdeS expl ai ni ng
mul ti-site behavior in copolynerizations . [0005]
[000B1 gurEiguks-159 Sadre diffdrbrtidrhlotimas ©onn@$§) Lo pobynidSade from

for polyner nma rom Ex les 4, 6, 12, 14 and 15,
E@ c?igiﬂﬁ ﬁgéo%Tﬂﬁﬁﬁﬁ e 20 depicts nol ecul ar
100085 A A B S B B S SRR By copotymers
actjon o he fraction of hi ul ar .
o005 B e SRR o bt e S MR i e
mol@ﬁﬁdrmélglﬁriﬁ)IMQOS] I f and when enpl oyed herein the
followng ternms shall have the given neaning for the

DEM;EBEIESHRIPMGM(DFGTHEWVE{MHOM "Pol yner" neans a

i.c, conpound prepared by polynerizing nononers,
GeWﬂﬁhﬁEﬁ“Qﬂ’fhe same or a different type. The generic

[OOUBQr m fﬂlﬁﬁy}ﬂﬁh" nﬂﬂb‘]é&lﬁﬁeﬁlhﬁe flloWEng E‘tﬁfmmhhlj{ h®ve the given meaning
" "terpolymer" as well as "interpolyner

fo“PBGE’EUﬂO%ql‘?ﬁtE}SﬁBY%’QP means a pol ymer prepared by t he

ynerization of at |east two different. t s of .
to0d] 4 ekl SR e U RO AP B TER b PR e ing gnomers.
whettfh &F ﬁfé’a@ﬁie%f%!’c’ﬁffétﬁﬁt el ThedabdiytetiPbolyatkrt ombeices the terms

to a polynmer prepared fromtwo different
"homopolymer ' copo ymer," "terpolymer” as well as "interpolymer."”

[0010] "Interpolymer™ means a polymer prepared by the polymerization of at least two
different types of monomers. The generic term "interpolymer™ includes the term
"copolymer" (which is usually employed to refer to a polymer prepared from two different
monomers) as well as the term "terpolymer” (which is usually employed to refer to a
polymer prepared from three different types of monomers). It also encompasses polymers

made by polymerizing four or more types of monomers.

[00111 The term “multi-block copolymer” or “segmented copolymer” refers to a
polymer comprising two or more chemically distinct regions or segments (referred to as
“blocks”) preferably joined in a linear manner, that is, a polymer comprising chemically
differentiated units which are joined end-to-end with respect to polymerized ethylenic
functionality, rather than in pendent or grafted fashion. In a preferred embodiment, the
blocks differ in the amount or type of comonomer incorporated therein, the density, the
amount of crystallinity, the crystallite size attributable to a polymer of such composition, the
type or degree of tacticity (isotactic or syndiotactic), regio-regularity or regio-irregularity,
the amount of branching, including long chain branching or hyper-branching, the

homogeneity, or any other chemical or physical property. The multi-block copolymers are

2
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nononers) as well as the term"terpolynmer” (which is
usual ly enployed to refer to a polynmer prepared from
wo boogmedss f erent types of nononers). It al so PCT/US2006/061761

enconpasses pol yners made by pol ymeri zing four or nore
types of nononers. [0011] The term "mul ti-bl ock
copol ynmer" or "segnented copolyner" refers to a
pol ymer conprising two or nore chemcally distinct
regions or segnents (referred to as "bl ocks")

charpataizddhl ynijjed drditiufions of lﬁt&hlpomallin]ﬁrmtytlhﬁx PDI ax Mw/Mn), block

o e A

the dopblyRRAS. ZMbr@B;fb%ﬁéﬂll@z WHEE bto@ﬁ@éd inya cdardiniiens plveessi the multi-block
pendent or graft

d fashion n_a ferred odi ment
polypiess BiLeRRASSEISHHIO o I plo %%oarﬁferetﬁyt% L g0 maRpaRererably
frond 11896 P, ahe%&he Bdrablylthfn d®RId Y. t he amount of

crystailinity, the crystallite size attributable to a

[00129! Y B theffoeteingRERGHHohl AN nuibersidififoset heRgh 8 fproximate
tacticity (isotactic or syndiotactic),

valu%gﬁgﬁrw@@waﬁh@ythsrwqrégﬁlmtr PE RAPEPFFRte”tif gseshig sepmegtion
therg{'i@ﬁ‘ CPhEIm Z%&Wgﬂl 'i‘g)efc@ﬂig 2GRl B fedit e, Qfmetlmes 10 to 20

er-branc oanenelt or ap Ot er U
Percéhfe VBemevsE ammle@ll rap%pébwowqfhbmw& 2o pp apper limit, R, is

dlscg@&ﬁ'a;ag% &&@ﬁh At !h%‘?gn'%ﬁﬁs Qﬂéc‘ﬂfi@alﬂz‘ @gab.&at 'Iﬁ panwar the
|spers y 1 ndex bl ock | ength
follayviog mutmxer&)wnhmaf: mngbla&wemfwaﬁv dEﬁChlSP‘il BRreR ork @R &-§ 9. wherein k

isa Lmabll' gﬁ@ﬁ&%ﬂlséer@h @90(9{)311(:9& &Rﬁ?gllﬁé‘%&t il®dfent, ie., kis 1

SpeCI pro uced 1 n a continuous process,
perqeme 2ms:k¢ant [ parkensot pereery. HpewantposE@perceml ST pergent, 32 percent,...,

I
95 pfr(gh% ¥6S gée%? %@e‘t}i‘t 3982?%(?%%' R R%‘%{]ﬁq&rgﬁfo? ggéﬂ M&Q@)Ver any
nun{eﬁﬁél&}angmdctﬂlm:dﬂqi twaviR mgnﬂbescamqefmed] in thelaboverserl® specifically
di %%sglosed herei n are approxi mate val ues, regardl ess
15 ‘her the word "about"” or "approximte" is used in

[omgajfggﬁ Ier?qgltt’heg etdtlﬁ ac&,'%ﬁ% véﬁtﬁ’grs%ﬁbﬁzpercem 2

SOmst | HES 10720 percent

[ooiﬁe”e“ﬁffel nd {% ”Cl’?detgxqrai% %@éo@%ﬁg 8 %@TM'ﬂQiS weight of

upper 0ose humber - fal

2.16nk ¢ hi 1P0CEefor polyeerscapmidifg cthiylepe ds ﬁrd ogjed corhponent in the polymer.
particular, the foll ow ng nunbers within the range are

[ooEfleci f*Medd FlpwiRate I(Wd" isRiRirmdn¢dRior aRtgrdingtte A TMKD 1238 using a

welgh O%gefé)ié% P{ f\.ﬂgkﬁ% ?19%%5 go%;ﬁr?s%sg &%pyge%e RE b r%gchI)nlﬁponent in

ncrenﬁﬁ
the polymer.
[0016] “Molecular weight distribution” or MWD is measured by conventional GPC per
the procedure described by Williams, T.; Ward, I. M. Journal of Polymer Science, Polymer
Letters Edition (1968), 6(9), 621-624. Coefficient B is 1. Coefficient A is 0.4316.

Controlling Molecular Weight and Density

[0017] It has been discovered that the molecular weight distribution of a resulting
polymer may be controlled. For example, using the proper reaction conditions (e.g., a well
mixed homogeneous reaction environment, a steady-state concentration of two or more
monomers such as ethylene and an a-olefin like octene, and a proper pre-catalyst or

catalyst) the bimodal molecular weight “split” of the polymer may be controlled by the
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percent, 2 percent, 3 percent, 4 percent, 5

percent,..., 50 percent, 51 percent, 52 percent,...,
wWOpeswent , 96 percent, 97 percent, 98 percenPCT/8S2006/061761

percent, or 100 percent. Moreover, any numnerical range

defined by two R nunbers as defined in the above is

al so specifically disclosed. [0013] "Density" is

tested in accordance with ASTM D792. [0014] "Melt

Index (12)" is determ ned according to ASTM D1238
molél faethra (fHeifghé tvob o2 mbbe HgnatmekINO@Ch dhatpld yrvbe fraction of monomer

S|ng et hyl ene as the nmmj or conponent in the

"1mﬁﬁﬁgﬁt [0015] "Melt Flow Rate (MFR)" is determ ned

for accordlng to ASTM D123% sin ﬁ wei ght of 2.16 kg
at 2300C for polymers ﬁpLﬂélﬁﬁ%ﬁmgpylene as the
maj or conponent in the poI J9346] " Mol ecul ar

wei ght distribution" or Nwégpgw%ﬁas red by
conventional GPC per the procedure descri bed

[0018]| | | Bhet is;Tthe nygeeplan weight sphifapbe gﬁntp&egrﬁgrthgﬁ ishagically a
fund? R)Inyo?%e }eﬁtf\%r rﬁo@h& &ﬁcérﬂt?a@i%}ls 1154(91)&015 Z’ﬂlhéig@ame relative monomer

cl ent 'S . ficient Ais .
conGmtrationy 41pe dma@@ug apow@egmctwnd:ogéﬁ@m ymfuo émnmte thgygverall

Cong,;gﬁogéisg%ﬁglgg Jehat t&ﬁ%ﬂ% gcul ar wei ght distribution

. sul ti'ng "pol ynmer e controlled. For exanple,

[Ooitﬁl n g Iaedsg HRE Eoﬁt@ﬁﬁh% Aol bﬁhﬁnﬁeﬁﬁ ‘Hrein & l?ﬁﬂlhzmg a side
eneous reaction enviro a steady-state

stresmmf eramomdr on contactwith e spiseted eeiabiskinsa BlueHloys rescloyy &ivbe

oA 8 bl 1 5 SRsr OB PSR s o
readtdie Ipahiy meannenymbeomentiurity Isedotijored amdhdjusied of nasassary. )

of the two or nore nobnoners, n, such that the nole
[0020]act Wlwﬁomisbmto rpeibouné by aeyl theery e um)licantsthave discovered

that tpg’ rdZBorf &l%k &{‘Har é&xcéﬁtra? &e&ﬂ?f {vg{&!h? %%lf’&eltaﬁé'ﬁsmp can be

aS|ca anction
madnmcrmnmmathau msdxffaralo batahysxmpedihes:m bamade float ¢ach monomer reactant.

centr ns. al depe .
Tth 8%?8{1? %’ﬁg 3 o rtrflglf?cu ar welg(f}{) Polyrrp nedﬂ[ ﬁrge%g n, ‘P&ylene—mserted
forR@Tpastatalgst, (vhile and‘aFtﬂeﬁIy)nsefted’mrmaitahe pathlystegives a higher

molecular weight polymer. Advantageously, this results in a molecular weight split which

is controlled by controlling the relative amounts of the various catalyst species that are

formed.

[0021] As an example it is believed that the Hafnium catalyst below can be made to
form an ethylene-inserted cation and an octene-inserted cation in the presence of ethylene
and octene and the proper reaction conditions including, for example, a well mixed

homogeneous reaction environment.

Pr. &
Me\H e Q ZCetig

ethylene-inserted cation octene-inserted cation

mixture of catalysts (and therefore polymer split)
determined by ratio of ethylene to comonomer
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[0019] One aspect of controlling nonomer purity useful
herein is by utilizing a side stream of nononer in
w@onractewni th a sel ected catalyst in a plug flPeI/US2006/061761
reactor. If the nononmer is inpure, then a | ower than
expected exothermw || be observed in the plug flow
reactor. In this manner, nononer purity is nonitored
and adjusted if necessary. [0020] Wile not wishing to
be bound by any theory the Applicants have di scovered
[oo22ihat T]hl&efoeashn‘lptebatt itventiooratiows one to control the molecular weight split

concentratiqn: nol.ec I ht. spl.it at | a
in ngRopRReR Ooe et vihe BRERipdRiicn hEDEH AP 8 igana
stru@ase d¥a gl’ﬁ&ﬁczftilg)m 0 acfecihs @d&mltnfge@@it forta gﬁbm svmﬂ Rﬂ@nsn‘.y
that a_| ower nol ecul ar f or.med

copolgry| BHHS: PRR B Saect B Bl B Rl %?ﬁ ¢ PRtz o conteo

the coticOhtbdtions bN&e et tkn flﬁ&dﬂc@fcailb& afd@bRdry Sdteh- im&rtéd cation and

hi gher nol ecul ar wei ght pol ynmer. Advanta e1 this
ﬂler?‘é)é‘%ﬂnﬁ@l the rgsuEpe E’lﬂl"acrm%é’f’ @ﬁkﬂt S@BF [ f*h%‘?f}%e e Plesent invention
allo®9Bhé & xlscﬁﬁirolpﬂlecﬁmia"n@f LARGrdoh § gfvein@dhatalst @P@&ﬁ’stoi ¢br Eftnple, one

vari ous catal yst species that "are forned, [0021] As an
suclesgthedevould pg tfbé‘P a@v@aeacrr}a@ OF Pie- PRIV RPTIZALIOR: of] SPES, HB soRtacting a
pre-C& g@tewﬂﬁqesn] g‘i’e FRBHARP (S LR8O Bl R3RED @ﬂaﬁ@tt dgﬁ@w@ an&ﬁtratlons

oct éne-1 nser cation 1h the presence of hyl ene and
therpfeeding pari@r el @f this peg-reactien pwdueidadhe re@ﬁ@m Kblwu#fboptlonally be
don Y48 TR Fon B Wi prf okl P MAARREU el BREIeL O conrol oyer he
resudtung miymer(blmmiabty catal ysts (and therefore pol yner

split) determ ned by ratio of ethylene to

conono 022] Therefore, ghe pr g§ i nvent ¥on
al I“&*\i{/}@eo 0 corfraqh,t he rmT e | r“e ght sfiM@sthsi n
TE OU | [

overall density copolynmer. Thus S
sui tabl e pre- cgtaISSt{s) fé?mT%bampamm !

control the concentrations of an ethyl ene-
cation and/or an octene-inserted cation
control the resulting nol ecular weight sp

Alternatively, the present invention

{optional)

[0023] In yet another alternative of the present invention, the polymer split can be
modified by changing process variables. For example, one can control the amount of
inserted catalyst by controlling composition gradients -- especially in instances when the
insertion occurs in the early stages of catalyst activation. In a solution loop reactor, for
example, a gradient of monomer composition can be achieved by modifying the speed at
which the reactor effluent circulates through the reactor. This can result in differences in
the comonomer mole fraction at different places within the reactor. The reactor can be
configured to take advantage of this by strategic placement of catalyst and monomer

injection points and/or the timing of said catalyst and monomer contact.

[0024] In yet another alternative, one or more compounds can be synthesized directly so
that the desired ratio of ethylene-inserted cation:a-olefin-inserted cation can be directly

controlled.

copolymer with
controlled bimodality



allows one to control the polynmer split froma given
catal yst precursor. For exanple, one such nethod woul d

wheooroe6s a pre-reaction or pre-polynerizati onPOf/US2006/061761
sorts, e.g., contacting a pre-catalyst with a single
nmononmer to generate the desired catal yst species
concentrations, then feeding part or all of this
pre-reaction product to the reactor. This could
optionally be done with the addition of pure

GeneR1ProalRky st UsiRE QP 08t:Ayditg I diR gslodoliculariWVeightov er
the resulting polymer binodality. [0023] hi yet

[0025'}ln ot REr, ta"(’é(f flovalthy & plichhe hivedietdveldVeRlinber, oftwigys to control the
pol yner [1t can be nodified hy cha? 'Q? grocess 1
moleapari vedi iz 1stpbr1t1@mﬁbp@r0fbweoeé?ﬁ ap GG/ AlENR BT ROgReT

Compgggg{lt eReGRd &ké’é&m@ﬂse‘%om rolling conposition gradients

esp eC|aI y I'n instances when the insertion occurs in
Qg) e arJeYec%ﬁ}Lg g?f%aﬁfong ahghis E)L@Eﬁtbw dopridihg & léﬁdt ohé aital-aryl
| oop reactor; for exanple, radi ent of ponone
¢ anpossilthyshocabylhondcw W@de prergrplishgolaralesis @éstfnﬁ?ny the
V\'hl Ch Jsré%ﬁ.{f&ﬁé nre%fa{ u)i‘é?ﬁ{olé‘d 'ié;l“ ates through the

i fferences in the

?Egnf{]@ n% gﬁe’ QtnleQ% ok fof SIEBAL arfd AFESuitablprB-cabigyst;

tor can be configured to take
nta 151 4-8188 ©nPLALLIOR Hhti suEBidhttdlactivate the
aﬁ%?non%%%g&gnjé@??%%ﬁp0|nts aﬁd/or the timng of said
c apratopstlysnahdnonomer contact. [0024] In yet anot her
alternative, one or nore conpounds can be synthesized.
di G'déct | 9orgung wa ethyleac/gealicfin dnterpol ynefcosmpsftigpginder continuous
' N38 gm{e Darflor o%glitfbds”éﬁf bpHosaty, on can be
ed

rec eral Processes of Using a

Pr g[) § Rdind 29 %@hfa? Lwelalc B &Y my\ﬁit&lﬂ)bly[rﬁ&%@]de(&mmed by the
above, i cants have discovered a nunb
of mmﬁamms (ﬁﬁtorfdhe wﬁeonrmp@cmpwmwéi yrfuchy that Fl}eo‘aﬂeofﬁacuon of
|n thnggod%%%gﬁaigj an ethyl ene/ a-ol efin interpolyner
e process conprisesy (a) selecting at
Ieast one suitable pre cat&wye@nem. rising at |east
one netal -aryl or éggocarb bond, wherein each
pre-catal yst nDIecuIe IS er} the sane as every
ot her pre-catal yst nol ecul &
to produce an ethylene/o-olefin interpolymer composition with a controlled bimodal or

multi-modal molecular weight distribution.

[0026]  Another process comprises:

(a) selecting at least one suitable pre-catalyst comprising at least one metal-aryl
or metal-hydrocarbyl bond, wherein each pre-catalyst molecule is essentially the

same as every other pre-catalyst molecule;
(b) contacting at least one organic compound, and said suitable pre-catalyst;

©) selecting at least one organic compound concentration sufficient to activate

the pre-catalyst, and

(d) forming an ethylene/o-olefin interpolymer composition under continuous

reaction polymerization conditions; and, optionally,

(e) selecting a molecular weight split of the interpolymer as determined by the

concentration of the one or more organic compound(s) to produce an ethylene/a-
6
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(b) contacting ethylene, at |east one a-olefin, and
said suitable pre-catalyst; (c) selecting
weedvyloerses al pha- ol efin concentration rati os suP€T/TEmNE/061761
to activate the pre-catalyst, and (d) form ng an
et hyl ene/ a-ol efin interpol ynmer conposition under
conti nuous reaction pol ynerization conditions; and,
optionally, (e) selecting a nolecular weight split of
the interpolymer as determned by the nole fractions
( Idlefih inteepdl aencompusitionowisirercontrolledbiciodaheat muukte mwdhlemolecular
fracI'og of. npnomer mis defined as: to produce an
et Ayt SEIRNYY 1 i nt er pol yner conposition with a
Suit4H818 Preldatslysy Conalkct Withtl) tE thyetialandoie awlefin oe (2 Organic
Confpiotbhdi bution. [0026] Another process conprises: (a)
sel ecting at |east one suitable pre-catalyst
conprising at | east one netal-a

| ..
[0027bt & i BBl BIGICaISONEE Mk bF SFIRCUEA CHPT Py e ihagpg qmprising at least
one MRIEGH1®r 'n%tﬂ%ﬁﬁﬁ&éa%ﬂd)bohh eTha eyl &ﬁa}eld@ﬁﬂy glbllle or ligand which

ecul €; contactln | east. one

re t
has gf’ @égla*@%ewﬁ% ehaTactersty <§°afoa e§%ﬁ“P]§’bP%e‘B’rlé’a@§?]§Piy’s phenapthrenyl,
1§§1t LR ik ﬂﬁ?&éar@m %a?lr&adi‘l'y%&@mﬂ@% @igﬁﬁm&ﬁ{(ifn;iﬁﬁg Bfdrogen and

cient to-activ fe-catal yst
carbfnm sudbnap bemzgk h&d@ﬁeﬁaﬂm?@ﬁe@qﬂ?ﬁléﬂﬁ% Ry FTOSEBIAIIBFicln may be

subsﬁﬂg&{ FHUNEI Hl?y ’ c%x%)%ﬁ;agcﬁﬁ%c%é ggfl | % ALY S tﬁé‘tsaryl includes

opt1 onal nol écul ar "wei g
hetesplryltandﬂlyﬁh@arwl énqludapheterely diecasbyl Hdanilpylyy 917@ or more hydrogens

on t1t1e Q%F&I bgﬁrbgl[ Iﬁl&? Be 9 ?ac%fi g%lﬁ{] ﬁllspgug)@ﬁt! EnCRHRA WURE Sdt

ce an ene nterp yner
substoomially itecfiaramvith tlaa desived adtivaty dfithe ded-casalystu [Suich gukigituents

inchgeln Egtu%r%wrﬁ%?% t%%%%t&etﬁéeéhigg stﬁﬁhhﬁ?& ?Lkﬁf ﬁaﬁ)a%ﬁloy §Enmo alkoxy,
aryl Qliphatic, cjehpdiphatic, hydroxy, and the like. Preferably each pre-catalyst molecule
is essentially the same as every other pre-catalyst molecule. By this is meant that the
chemical structures of the molecules are substantially the same. Also preferable are those
structures in which ring strain is capable of being relieved from the metal-hydrocarbyl

ligand when contacted with ethylene or an a-olefin.

[0028] Particularly suitable pre-catalysts are selected from the group comnsisting of

hydrocarbylamine substituted heteroaryl compounds corresponding to the formula:

wherein:
R!! is selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl, and inertly
substituted derivatives thereof containing from 1 to 30 atoms not counting hydrogen

or a divalent derivative thereof;

T! is a divalent bridging group of from 1 to 41 atoms other than hydrogen,
preferably 1 to 20 atoms atoms other than hydrogen, and most preferably a mono- or

di- C).29 hydrocarbyl substituted methylene or silane group; and
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[0027] The suitable pre-catal ysts may be selected from

any of those conprising at | east one netal -aryl or
woreaodlostegslr ocar byl bond. The aryl may be any npCBUS1066/061761

or ligand which has the ring structure characteristic

of, for exanple, phenyl, naphal enyl, phenanthrenyl,

ant hracenyl, etc. The hydrocarbyl nay be any nol ecul e

or ligand conprising hydrogen and carbon such as

benzyl. Additionally, a heteroatom such as nitrogen,

0XY'd @Na Cetfhetdrayryb graphsnidnine defviy boeduntionality, esrebinily a

atons_of the artyl or. hydrogarbyl suc . .

PSPt DAL aR0 oy e sy Betvative thereof

het er ohydrocarhyl. Simlarly, one,or nore hydrogens on

t M?S‘P‘?P“Eﬁsmﬁﬁb%tr%%r (g@)‘}gf}em?téﬂpl aced wi t% ans

sub§1ituent,mhich3€oe not. ﬁubgéaqﬁjally interfere

Wi & hiSREDIIUE-MHITALR, YRS EF RS Shr e cat al yst. Such

substituents_include, but.arge not.lid 0 }

S UBat PR SPPUnSt s PR PPt SEER % pyps: and

am no, al kaxy, ,a | i phat.i ¢ C [ ' :
bonchyeigRg! bostls wod Elebirin AopRiPab e AR b PASE by lipes, dotted
lines ¥Rl @6U IR réspeesetitoral injxtiveehaaok irhsorgaw witlos keitable co-catalyst.

pre-catalyst nolecule. By this is neant that the
[0029 e MR pre-{eatatyist ard opfiortal eatalyss dldasired mee soryadtehwithleither (1)

the same. Al so ferable are those Structur i
ethylgRe M 17 1Y 91 (D18 LSRG TR BT 2P SXpIp sstone or a
mixthRSfMRickes By ) aaRtis tHekc@lid anhamet and acd@dumis shificient to activate

ethylene or an _a-olefin. [0028] .Partjcul arly suitable
the ppe-g0alip) ot SAUPE T et wil Rroa L Bt adia) FE ones

descRbedWEHbRGASPYE ALEfAEIHIR Stalct 0f € thtbiedt&Fe0 allyd condivjrmsmdH generally

corresponding to the fornmula: wherein: Ru.is selected
vary B RREP By ORI LTS DAY Py SIS Gy o one

skilled ¥ the aRGah REIdilyactthahd thelsaanle coNatibNessib Bedaftant
containing from1l to 30 atons not counting hydrogen or

specifiagtion, hankengunil kapwiedze+ibe eapr art; apdireuiingiexperigniation. Guidance

is il SOFRLEQUP 106 PAieAP Nod 8.960538! 9B 8B5S, 0141815 6,927,256;
hydrogen, preferably 1 to 20 atons atons_other than
6,910y pgehl, 98md6Prodrictpare firegoapsitgted hetsi by spfegrnee cOpe advantage of the

instqhY § ' | . rOtor.
mstaaan 8&%%&%2 ybjath%%) %%xﬁfetga?ﬂy APHe&REp18Ye Finl ANRIG MR

eteroaryl "group containing Lew s

[00%‘?lS € ﬁ'@%b&%@,‘ &—toYefirE SREGH @gﬁic%ompound concentrations are typically

selected so as to be sufficient to activate the pre-catalyst, and form the desired ethylene/a-
olefin interpolymer composition having the desired molecular weight distribution. These
activation conditions vary depending on the reactants and equipment employed and may be
the same but are preferably different than the continuous polymerization reaction conditions
used to form the interpolymer. More specifically, the initial monomer ratio used during
activation may be the same but is preferably different than the monomer ratio used during
the interpolymer polymerization. While these ratios often vary according the reaction
conditions and the product desired, the molecular weight split of the interpolymer may
usually be controlled by selecting the mole fractions (f) of the two or more monomers, n,

such that the mole fraction of monomer m is defined as:

_ [Monomerm] -

f;rx - n
Z [Monomer;. ]
i=1
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pyridin-2-yl- or substituted pyridin-2-yl group or a
di val ent derivative thereof; ML conprises hafnium or
wormwen6@dup 4 netal; X1 is an anionic, neutraPCDUS2006/061761
di anionic ligand group; x' is a nunber fromO to 5
i ndi cating the nunber of such X1 groups; and bonds,
opti onal bonds and el ectron donative interactions are
represented by lines, dotted |ines and arrows
respectively, or a mxture thereof, in contact with a
[0034i t abldzamagevasiyl thetresyl00R 9PlyTive ofier hena & stolemdar weight portion
ts es|
that %Q hﬁﬁ(z&?e%s k)ﬁ? en%le fg n%\ lzlﬁieg)glo é"%&l%‘& gﬁ)ﬁ % d\g’}fiﬁ% Ir'l])atacl:h or continuous

poly@mﬂrmatmﬂ reagtion aendlﬁms expbp bmploz@dt o mepwferablaito bmph)yotfontlnuous
S or

ftures there r din
polfistrren pPHPL OO Sitnegte o pwiiop s TPy P e plowever
contSigiduk @alynferiZadomdactibh bonditogtanestill i eraplogedit@dnyis the pre-catalyst
such as the o esigESCtibeE,beIOMInay be useful at this

is a%lvé&él sgpargtelyfram 0e main PRYIIEANPR: ons vv| |1 generally

var dependi n th r desir e .
?%Peaﬁfse% bt siebized Tt vl ¢l Molutps, Weiehe
Whdi ly determne the suitable conditions usi ng

the i nstant specification, background know edge, the

[003%]i O ARiother pRstesPoft ddﬂeoﬁk%embmtﬂfaa%@m cEhbgaC@ntfting ethylene,
given in, far_exa U. Pat ent Nos. 6, 960, 635;

an %O'@ﬁl@ apgha Slata@lPscaiawst wedgprpagiien condgians gytficigntdo form an
ethﬁex%?@-ojeﬁgl mta@l?ﬁt £chRPENiReE MBI RcRathl Y cHRHEk& L eatalytic

e advant he instant processes is that a
anK@Wﬁ@fé“E%@%& kavipgthepgugtWstoyed in a single reactor.
[ 0030] The ethylene, a-olefin, and/or organic conmpound
concentyations are typically selected so as to be
sufficLept to activate the pre-catalyst, and formthe
desir % hyl ene/ a- ol efin interpolyner conposition
havi n e desired nol ecul ar wei ght distribution.
T2§§% apgjvatlon condi tions vary depending on the
react’anys and equi pnent enpl oyed and may be the sane
but are}preferably different than the continuous
pol ymef#igat i on reaction conditions used to formthe
interpolyner More specifically, the initial nononer
L2t QU4 RS ﬁ%ﬂl?%&%ﬁt B, LGS BPERRULA Irbicty;

Wherel
nonmer I 0O us

rysljil fgntl gf’n% sed

L any ligating group, espe01ally a pyridyl or pyridylamide;

X = alkyl, aryl, substituted alkyl, H or hydride, halide, or other anionic moiety;
y = an integer from O to the complete valence of M;

R = alkyl, aryl, haloalkyl, haloaryl, hydrogen, etc;

x =1 - 6, especially 2;

Dashed line = optional bond, especially a weak bond; and

X and (CR;)x may be tethered or part of a ring.

[0033] Use of various forms of the aforementioned catalyst structure allows one skilled
in the art to directly control the concentrations of an “ethylene-inserted” form of the catalyst
and an “a-olefin-inserted” form of the catalyst. By directly controlling these concentrations
the molecular weight split of the interpolymer may be controlled. This allows one skilled in
the art to employ a much wider range of reaction conditions yet still control the molecular
weight distribution. For example, it is then possible to control the molecular weight

distribution over a wider range of monomer concentrations.
9
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15

the interpolymer polynerization. Wiile these ratios
often vary according the reaction conditions and the

w@e@duetetlesi red, the nol ecul ar wei ght split oPCT/H82006/061761

i nterpol yner may usually be controlled by sel ecting
the nole fractions (/) of the two or nore nononers, n,
such that the nole fraction of nononmer mis defined
as: _ _[MononerJ ~[ Monone ][0031] Advant ageously, the
resulting polynmer often has a | ow nol ecul ar wei ght
[0034]10" t ITh8 abbad chidystandy ghemthlsiveidtby ddyaronyvemet rgethod.
nol ecul ar wei ght portion. While batch or continuous
Cawlvyifdrucigssi on reaction conditions may be enpl oyed, it
IS eferable to enpl oy continuous pol yneri zation
reagtjon conditions during the formation of the
i n¢e | ymer. However, continuous polynerization
{on conditions can still be enployed even if the
Py~ Latal yst is activated separately fromthe nain
pol yfreri zati on. General Processes of Using a
Synﬁﬁesized Catal yst to Control WMol ecul ar Wi ght
Di stribution L PT OCess of controlling

Pﬁﬁ'fb&? et Fe ﬁf”"%‘lwwlpg\&seggécont actiyng ethyl ene, an

a-olefin, and a suitab cat al yst der reaction
con ns s%ffi Ci ent orm an t'hyl ene/ a-ol efin
i nt | ynef F&bnposj re cat al yst

ﬁéﬁprmgescamwanﬁuyﬂ%€haﬁﬁunt o?ﬁﬁhmpFecule havi ng t he
stfucfure: wherein M= Qroup 2 - 8 mtal, preferably
groufias a neutral or %harged nnlﬁky Y = any
Bd4sh bdewignt i ncluding fused rings; L = any ligating
group, especially afpyridyl or yridylanide; X e
d&\ |, aryl, subst k t ed aIkyIY H or hydride, |
0 her ani onic ty; y = a\YF teger fromOy.L@ the
te vatemce R% alk #~aryl —hatoa
6/ja\ryl hydrogep>i€tc; x = { -, especiall
N N sder N
k-t Xy ! {Xyt Xye1

or by cyclometalation such as

Y Y
7 71N
== . T
RC) | (ReCH__ 1L
( 21) l\'ll'L X 2 W
H | |
(Kys1 Xy

wherein M = group 2 - 8 metal, preferably group 4 as a neutral or charged moiety.
Y = any substituent including fused rings.

L = any ligating group, especially a pyridyl or pyridylamide.

X = alkyl, aryl, substituted alkyl, H or hydride, halide, or other anionic moiety.
y = number to complete valence of M.

R = aklyl, aryl, haloalkyl, haloaryl, hydrogen, etc.

x =1 - 6, especially 2.

Dashed line = optional bond, especially a weak bond.

X and (CRj), may be tethered or part of a ring.

E = any anionic moiety, (including alkyl or aryl) or H of a C-H unit

Red = reducing agent

a + b = number to complete the valence of Red when oxidized

¢ = number of equivalents of Red required to join (CRz)«to M
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Dashed |ine = optional bond, especially a weak bond;
and X and (CR ) nay be tethered or part of a ring.

WO 0@38§796ke of various forns of the af orenent i PEBEUS2006/061761
catal yst structure allows one skilled in the art to
directly control the concentrations of an
"ethyl ene-inserted” formof the catal yst and an
"a-olefin-inserted" formof the catalyst. By directly
controlling these concentrations the nol ecul ar wei ght

[OOSSf pI | As Bhe biBfed ﬁx%@&\! MHBpprigktdR n@a@lrkﬂicpbé 86kirabi¥ i some
| ows one skille |nthe art to enp a much w der
s1tuatnoamg>eusgfanrzea«w| samth@em gethasirych dhat §lilff ?%talé/étrfﬁ fepmedfiwing the
polyxﬂgﬁlzgﬁ Y& ght distribution. For exanple, it is then
POSSI eto control t he nol ecul ar wei ght distribution

C , @ Wi der range of monomer concentrations.[0034]
ig@@#e—above catal yst may be synthesized by any

[0036¢ 0 nvAn peaskitted inthe a0avil apprechite ifonay be urs%fgbiq qoanbing gy pre-

catalyg o B}/es%& 9&;{3?&% a%ﬂltﬁ%g Qo@a%alﬁﬂe?fégﬁaM; %I R)HQ”ogmng

rou as a
cocatﬂitpﬂ;teﬁ ytrong I;ewarswcsd,] kns t |cbmbntat1|on thereldfn dnfaprefdried Ngé)OdLm&ﬂt the

qhuttlpﬂg%/ a[ggmg aﬁtﬁ glo%{?glp Sﬁng o|%z§8 'bgth] for ?uﬁ)\éts%sg(yuf’t ce g{na?twtt ing IE_lPd as the

cocatfilystrdoglghonbal dfdtke caalyst &wm;acamocmnl C noiety. y = nunber
to conplete valence of M R = aklyl, aryl, hal oal kyl,
{00371] al oﬁhy metdlyodmgderes deﬂinably(are r&ndercﬁi catglytically 4gyive by combination

i SRR -TBPEO B RO o ey
Group B rdthiColefih @blymdrizatbnidémpleats ),Sumﬂblfmeyio)i formidg@bcatalysts for use

e e S S A8 ey LR oy 13

compounds, especially tri(hydrocarbylaluminum- or tri(hydrocarbyl)boron compounds and

halogenated (including perhalogenated) derivatives thereof, having from 1 to 10 carbons in
each hydrocarbyl or halogenated hydrocarbyl group, more especially perfluorinated
tri(aryl)boron compounds, and most especially tris(pentafluoro-phenyl)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,
noncoordinating anions, or ferrocenium-, lead- or silver salts of compatible,
noncoordinating anions; and combinations of the foregoing cation forming cocatalysts and
techniques. The foregoing activating cocatalysts and activating techniques have been
previously taught with respect to different metal complexes for olefin polymerizations in the
following references: EP-A-277,003, US-A-5,153,157, US-A-5,064,802, US-A-5,321,106,
US-A-5,721,185, US-A-5,350,723, US-A-5,425,872, US-A-5,625,087, US-A-5,883,204,
US-A-5,919,983, US-A-5,783,512, WO 99/15534, and W099/42467.

[0038] Combinations of neutral Lewis acids, especially the combination of a trialkyl
aluminum compound having from 1 to 4 carbons in cach alkyl group and a halogenated
tri(hydrocarbyl)boron compound having from 1 to 20 carbons in each hydrocarbyl group,
especially tris(pentafluorophenyl)borane, further combinations of such neutral Lewis acid
mixtures with a polymeric or oligomeric alumoxane, and combinations of a single neutral

Lewis acid, especially tris(pentafluorophenyl)borane with a polymeric or oligomeric
11
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Cc = nunber of equivalents of Red required to join

(CR2) to M 0035] As one skilled in the art can
wapprecivet e it nmay al so be desirable in sone sPCT/EB10061861761

to use an in-situ synthesis nethod such that the

catalyst is fornmed during the polynerization reaction.

Cocat al ysts [0036] As one skilled in the art wll

appreciate it may be useful to conmbi ne the precatal yst

or synthesized catalyst with a suitable cocatalyst,

alunwxeﬁeﬁap by used & AtiR afifg BbdAal§RE APRK I mBlas &&tmgafl;ﬁatms
% aﬂcon‘gf1 Sﬂlbon th reof. In a preferre

comg 6‘8?(%‘?{? U Pfﬁnﬁq“ wpetRne arg Tgppl éy‘e'é“ 1 p 20, more

pref&aPlyayaA 1061 B b a¥5: poir poses of chain shuttling and as

t he cocatal yst conponent of the catal yst conposition.

[0036P03 73 uitkbe: BB Fetmiage @Bhﬁ%ﬁﬁdﬂ%‘éﬁﬂ AR leYcaaal 25% eRE8E 8fkbodiment of the
catalytically active by conmbination with a _cation

PreS?larIWfqﬁl@we Geww%fﬁau@whl%s # Rogestest asif Garabje Rhdewnting a proton,

and & B@mﬁ&tﬁblé QfonH§@rdYﬂahlﬁg GhMP A% KEtuééd Rd:8 the term “noncoordinating
ererI zat1 on COTTEl exes. Suitable cation form ng
8%

meagHuBEPY §F L1bptnce whidherittion dpesaial geordénate ki thedysoyp 4 metal
contﬁﬁl reg’d%%} c%?ne{gléx f?&?ay ﬁ%@a%&b clnvﬁgp? giéﬁtlwdetﬂelg 248, &iwhich is

nds, tri rocar um num or
Oﬂlﬁwﬁia(kl‘wmélaﬂi@;ilﬂ)) pectorpreplnpesuhersba n@nhaiumlrﬁmlemly labile to be

disp F%&L#Q'ﬂ@&t{% & %Bgseen% &dc %?({l{l’%ﬂ% %n %geec'iﬁgaﬂy ngﬁ\ﬂ {%%n anion

ons i n each
whidhawheyefvatrtdchihg ds o chatgy balncing anivorie aas:pemcahbtyl complex does not

trandt&f Jul Mﬁ{;\{ug %%dfs?iuignit g?’fr%x#)nggg B4 eSP 3 u(P ca?tionatﬂerego %ormmg neutral

especl a s(pen uoro~p en
complmpsal ‘Sﬁmnpatible: mmpm‘ i dré @niono mhixdyr aie mat dmadedan Heatrafitygvhen the
i SRR oS Ao LGl 56 B3RO TRl B e
polyararizatiomes, othémmakloﬁthd:mom;ﬂeeonl um, carboni um,
silylium or sulfonium salts of conpat i bl e,
[00400NnC oBlreﬂsirrm’It anignsaumé drse comtaingrig osiaglelsvordihaish canplex comprising
si | .sal t ncoordln

of ¢ atible, .no jdg,a i ons,;

a onres KBRS Mol O G 6P GO PR e ORI G g me the charge of
the azmat:ahmt speaird (the ahstalpacion) WhhimdegoiditedGitienahé Rgo

cocat al s.a activat chni ues have en .
comBPR T b g A lop 1A B ot D SRFRRBN TBIeo be displaced by
oleffdyaicixfsic had asdtgikhitalQ uisidih#atdofipoubds bhher neutral Lewis bases
such as ethers or nitriles. 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 containing

a single metal or metalloid atom are, of course, well known and many, particularly such

compounds containing a single boron atom in the anion portion, are available commercially.

[0041] Preferably such cocatalysts may be represented by the following general

formula:

(L*-H)g" (A

wherein;

L* is a neutral Lewis base;
(L*-H)* is a conjugate Bronsted acid of L*;
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foll ow ng references: EP-A-277,003, US-A-5, 153, 157,
US- A- 5, 064, 802, US-A-5, 321,106, US-A-5,721,185, US-A-5
w0 20030679838, US- A-5, 425,872, US-A-5, 625, 087, PCT/US2006/061761

US- A- 5, 883, 204, US- A-5,919,983, US-A-5,783,5 12, WD

99/ 15534, and W09/ 42467. [0038] Conbi nations of

neutral Lewis acids, especially the conbination of a

trial kyl al um num conpound having from1l to 4 carbons

in each al kyl group and a hal ogenat ed

t r A¥ hy 8 hesaoRyih)they, eompatiiple untboteaviega Ehage of £0 agd

carbons in % Fbgﬁg%ocarbyl group, especially

t r§ §EPetegrT 18 yl )borane, further conbinations of
[ooz;ﬁuC h M6l graferdoByVAS” cdedelpdridsticd Higsfonnuita: gVpQ@IIyneric or

ol i gonmeric al unoxane, and conbi nations of a single

neutral Lewis acid, especially
whmthﬁs(pentafluorophenyl)borane with a polyneric or

ol i goneri cal unoxape nmay be used as activating

CORAtAbIBh Br altnBAGANIAE thd 3 Borniabkdatioh stk ahd

conpl ex:tris(pentafl uorophenyl - borane: al unoxane are

f r ?ﬂx&eﬂengg%tg;éacﬁ '02BurrdREGs fledted abhyhfdii dialkylarbidbphalide,

Suitable ion formn np
SR NCNEE AE E T S
'”Kg%}'o mgpéﬂ@@al@- éﬁ%&ﬂlﬂ&m d'rcSca@bﬁerdwél@dlnaElﬂmg

donatlng a proton, a _conp 5
nonewelagensied hdraearail- brrhalogengied SVHERAIY, S gnd gpipelogenied

) ”gﬂﬁﬂ%&&% | Bicalf 3R Qma@HngEb A 2PRB4 ARG ’M@J;ﬁ'BVlso that in

ot coofdi nate to G oup 4 neta
c onbaineTeIap PRE AFGINCIED AR é\%h'é% dE1< ﬁéw@&?&ﬂwabke hydrocarbyloxide Q

erl?\;LI né]%(ee%lg?{)géﬁqg[}@g{gzggqgg or which is only weakly

co 0 such conpl exes thereby remaining
suff|C|entIy | abile to be displaced by a neutral Lew s

[004§ an ﬁn&%go% %ﬁe@l Q'x% et htoﬁ 1§B§gltﬂAtQﬁldxé/u§ fté:rr Snhs a single

Oﬁl n as a cnarge al anci ng
negaive@hatge aaddai. oﬁmvamlgaiocmlpptsewndu@mgmmn Mangs &e paﬁlculaﬂy

usef%tﬁg%refspgl? tolﬁg) egtt&{ ogl ffr tﬁgnege){léltsolﬂ%%g }e? %?ﬂgg% ﬁ?t(t)llhés)fbllowmg

gmnamab@nunns whi ch are not degraded to neutrallty when
the initially fornmed conpl ex deconposes and are
noninterfering with desiredL$tbEEQent pol ymeri zation
or, other uses of the conplex. 10040] Preferred anions

Whergig' { hose containing a single coordination conpl ex

conpri sing
L* is as previously defined;

B isboronina formal 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.

[0044] Preferred Lewis base salts are ammonium salts, more preferably
trialkylammonium salts containing one or more Cy240 alkyl groups. Most preferably, Q is

each occurrence a fluorinated aryl group, especially, a pentafluorophenyl group.

[0045] Tlustrative, but not limiting, examples of boron compounds which may be used

as an activating cocatalyst in the preparation of the improved catalysts of this invention are

tri-substituted ammonium salts such as:
13



a charge-bearing netal or netalloid core which anion
i s capabl e of bal ancing the charge of the active

W@ 200al0y®65 speci es (the nmetal cation) which nmayP@EUS2006/061761
formed when the two conponents are conbi ned. Al so,
sai d anion should be sufficiently labile to be
di spl aced by olefinic, diolefinic and acetylenically
unsat urated conpounds or other neutral Lew s bases
such as ethers or nitriles. Suitable netals include,
buttrimethytarhmionivins tefraks(peatafivionephengDlbdrated pl ati num
Sui.t.abl 0j Jd t limted to,

trlgt?xygiﬁrg;g})%un ée&%s@%ﬁﬁéﬁﬁ%ﬁ}i&@;%o&&’e

boron, phorus, and s ounds cont ai ni ng
anitdpsopwhaintioninrpieirskis@peatafdinnaiphonyly bopte xes

cont.ai hi ng a singl tal or.nmetalloi.d atomare, of
coutBisPuide oo e anghaiEb Phetith el or
COWﬁ(ﬁémtylmﬁmbﬂi:uﬁgtle&aﬁis@ﬁh&ﬂb@f(ﬁl;meﬂyl@ Boiare, t hef ani gln
portion, are avail able commercia : 041] Preferably
suc‘ﬁh\ggg‘&?‘éyvgﬁ@lﬂft%lﬁ?%ﬁt@c&éﬁ?@%mﬁb%%@%f ol | owi ng
gengNalich@hPldbBinidrh he-bdk@urts(péitafluckbpheiyly bdrite] S a
neutral Lew s base; (L*-H) 1s conj.ugat e Bronsted
aciX-Nflipeth waniliniury brand GRFFACRPLEBSHPRHA DI e ani on

haviy Mg 4 8n&th a8 Binm Yetral 4L (Gbhi§ i AMet ISR 2,3, 816 teth@luorophenyl
3. [0042] l\/grre 1prel?erf';bl y ,&g~ gorrgtsﬂggn%?to t he voropheny
forffiftds [MQ ] ; wherein: Mis boron or aluminumin

th eNﬁdirﬁétﬁ?ianﬁﬁhﬁﬁttét?ﬁisﬂgﬁﬁéo 1@13}15&2?@,@? ¢eirhfuorophenyl)

each occurréence Is selected fromhydri de,
di dvglieani do, hal i de, hydrocarbyl, hydrocar byl oxi de,

nych Bearyt drpuntl FERER R SRR R e b
r adNQ¥&idgetiiylpeiligdion tetyabistrentrgbwsembenil) dogsar by| -
Per Q3 QeR0ALRI AW HRGAIRYE R, (AR REERENIEHUSH borate,

dimethyloctadecylammonium tetrakis(pentafluorophenyl) borate,

methyldioctadecylammonium tetrakis(pentafluorophenyl) borate,
dialkyl ammonium salts such as:
di-(i-propyl)ammonium tetrakis{pentafluorophenyl) borate,
methyloctadecylammonium tetrakis(pentafluorophenyl) borate,
methyloctadodecylammonium tetrakis(pentafluorophenyl) borate, and
dioctadecylammonium tetrakis(pentafiuorophenyl) borate;
tri-substituted phosphonium salts such as:
triphenylphosphonium tetrakis(pentafluorophenyl) borate,
methyldioctadecylphosphonium tetrakis(pentafluorophenyl) borate, and
tri(2,6-dimethylphenyl)phosphonium tetrakis(pentafluorophenyl) borate;
di-substituted oxonium salts such as:
diphenyloxonium tetrakis(pentafluorophenyl) borate,
di(o-tolyhoxonium tetrakis(pentafluorophenyl) borate, and
di(octadecyl)oxonium tetrakis(pentafluorophenyl) borate,
di-substituted sulfonium salts such as:
di(o-tolyl)sulfonium tetrakis(pentafluorophenyl) borate, and
methylcotadecylsulfonium tetrakis(pentafluorophenyl) borate.
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silyl hydrocarbyl radicals), said Q having up to 20
carbons with the proviso that in not nore than one
weewans®ete i s Q halide. Exanpl es of suitabl e PCT/US2006/061761
hydr ocar byl oxi de Q groups are di scl osed
US- A-5, 296,433. [0043] In a nore preferred enbodi nent,
dis one, that is, the counter ion has a single
negative charge and is A . Activating cocatalysts
conpri sing boron which are particularly useful in the
[004!5] e pal?rafd'rmﬂ (b ~I€)ﬁ'to&%1¢lﬁ§| &e Qlﬁethf/lﬂﬁaci;dall\é&?lhh@ﬂbﬂiﬁﬁ dafons,
res the follown eneral for
dimgplo 5 %Aslmxllmfaérw o RMGRING) ERRB STV erk frpregixtyges of
trialksl abfﬁﬁ@rbdnmm %@h@@k 2, Gk Prprehp. € of 3; and Qis a
hydr ocar byl - ydr ocar byl oxy-, fluori nat ed

[004l7y dr osAstAy suitableligh ifoxhiag, d&ﬁdﬁﬁ@@é&ﬁékﬂ})@f 'com(thses a salt of a cationic
fl uorinated S|Iylhgdrocar yl - of

up t
oxidigingsafnb guha BPBTRCTdiRR tRe. cREPEH i ISR BY thrpfosmula

t han one occasion is Q hydrocarbyl [0044] Preferred
Lew s base salts are anng u?1 é} nore preferably
trial kyl ammonium salts c nt % one or nore Cl12-40

whesdikky| groups. Most preferably, Qis each occurrence a
fluorinated aryl group, especially, a

pe Ryt is%aﬁ@ﬂwldﬁ n B4R a l:lllzlrgé B&E ive, but not

limting, exanp boron cofpounds ich may be
usédsa%ﬂﬁﬁﬁﬁéFWWéﬂPﬁgm@bcataIyst in the preparation of

t heyst fy Xl%%sggéﬂ&(ﬁ%ﬁeﬂﬁecf his invention are

tri-sub I tut i um salts such

[0048%: trESRhH a%@amm@mlaﬁhfgaigeaé éélhé‘é 'Fé Qéﬂ?&ﬂyﬁ%drﬁarbyl-

borate, triethyl mmnlymtetr enta or oph

subskigtied Eerrocenigme pAE AoMN| uﬁﬁefmmwcpmnqufm alstikosel Jnions
prevl?&fs fingl 'v&ﬂf_h clt }@E%%}}oy%% ?%lltd é:,ontalmng activating cocatalysts,

tet a 'S penta orop
especially seftakinipsritymorophenylbetataki s( pent af | uor ophenyl )
bor at e,
[0049] Another suitable ion forming, activating cocatalyst comprises a compound which

is a salt of a carbenium ion and a noncoordinating, compatible anion represented by the

formula:

[CT" A
wherein:
[C]" is a Ci.20 carbenium ion; and

A’ is a noncoordinating, compatible anion having a charge of -1. A preferred

carbenium ion is the trityl cation, that is triphenylmethylium.

[0050] A further suitable ion forming, activating cocatalyst comprises a compound
which is a salt of a silylium ion and a noncoordinating, compatible anion represented by the

formula:
(Q'38D)*A
wherein:
Q1 is Cy.10 hydrocarbyl, and A is as previously defined.
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N, N-di met hyl ani I i ni um t etraki s(pentafl uorophenyl)
borate, N, N-di nethyl anilini um

wo2anyioss i s( pent af | uor ophenyl ) borat e, PCT/US2006/061761
N, N- di met hyl ani I i ni um benzyl tri s(pentafl uorophenyl)
borate, N, N-di nethylanilinium
tetrakis(4-(t-butyldinethylsilyl)-2, 3, 5,
6-tetrafl uorophenyl) borate, N, N-di nmethylanilinium
tetrakis(4-(triisopropylsilyl)-2, 3, 5,
[00531t et Pafdriedrsilyliemydalt dotivatisg cocatalysts are trimethylsilylium

teﬁa@%@%ﬁﬁ%&éi&%@hﬂg{r&iﬁ?ﬁfegt%tél?iﬁpbi’lug{ﬁ ?%aﬁpsg)é)(taﬁ %Bﬁgx{y%érg@:rand ether

substi@ite@Kda{cpehtebf. uSilyiphia Byly hbertete previously generically disclosed in J.

]Ngg’ §'\§g‘d ig.rrehs@t hélgm' 2@, 4| l’ljgg?%ri %}{' la%}r]ylﬁhtag lLu mbert J. B., et al., Organometallics,

19941“ e hy0- Q@zl’ﬁdﬁ@é/us%mfﬁﬁé H%xtdﬂilryﬁlﬁhﬁs(aﬂl@ At adtiwa0ne phraawsds for addition
bor at e, nmet hy| di oct adec Dnl m
polypistizasiop §i“ﬁ‘éﬂ§ 'a‘iidFSﬁ{?P é#/f*) QLaéF di al kyl ammoni um
lts _such as:
00, | SRS AR A EREI, AET R Hanct.and ximes i
tris(pBhtaflh GropRASDPbANBRIRS ML bifbtukd &tqﬁlsmtaaﬁ‘baﬂmsmpﬂenm Be used
et OO S T it 051529603
di.oct adecyl anmoni te Ki f.l
oof°0 SHESHLSIEBIy ¥ 5L e LB RO i
ohobfﬂeﬁb th@a0eH) RepH ity ﬁ&ﬂ@l@l&ﬁﬁ%ﬁe&(ﬁ\/{mop Qflhsebydyl aluminum

borate, nethyl diocta
oG s SRS RSB Lo i mocited
alurhbkdngs, Qa'si::ﬁl érﬂ:!ﬂ@Eé‘ﬂal&f'@f(ﬁg@ﬁbéiﬁyl)alummum- or perhalogenated

tetraki s(rentafl uorophenyl) stituted

tri(hyidspraghy] %H@é@}?da’%mnerﬁr?é V&%ﬁP O carbons in each
hydt&dabiffio? ﬁ%g&%&d@ﬁ&@&ﬁﬁyﬂ obp raldenosd bg;sectzmﬂyyl ) oxoni um

tetradkis( ﬁentafluoro phenyl) borate,
tris(pentafluorophenyl)borane modified alumoxanes. Such cocatalysts are previously

disclosed in US Patents 6,214,760, 6,160,146, 6,140,521, and 6,696,379.

[0054] A class of cocatalysts comprising non-coordinating anions generically referred to
as expanded anions, further disclosed in US Patent 6,395,671, may be suitably employed to
activate the metal complexes of the present invention for olefin polymerization. Generally,
these cocatalysts (illustrated by those having imidazolide, substituted imidazolide,
imidazolinide, substituted imidazolinide, benzimidazolide, or substituted benzimidazolide

anions) may be depicted as follows:

QS QS QS
gy oy B
Y. |

Q® Q’
Q’ Q
wherein:

A" is a cation, especially a proton containing cation, and preferably is a

trihydrocarbyl ammonium cation containing one or two Cjo.49 alkyl groups,
16
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di (oct adecyl ) oxoni um t et r aki s( pent af | uor ophenyl )

borate; di-substituted sulfoniumsalts such as:
wa@l2erns™by | ) sul foni um t et r aki s( pent af | uor ophenp¢¥/US2006/061761

borat e, and net hyl cot adecyl sul f oni um

t et raki s(pent af |l uorophenyl ) borate.[0046] Preferred

(L*-H)+ cations are nethyl di oct adecyl ammoni um cat i ons,

di met hyl oct adecyl anmoni um cati ons, and anmoni um

cations derived fromm xtures of trial kyl am nes

cogdpatinilng msikyldi 2 Cl4- 18 al kyl groups. [0047]

Anogt her (table ion formng, activating cocatal yst
co ﬁ?@gﬂg&gﬁf’flm&cﬁwgmi oni ¢ oxidi zing agent and a

n .
e B e B P TRl toco
?Xhﬂ'b%i/(:l@cﬁﬁ?n tsim%&hﬁgarayl; ek, Qihcllmﬂinghn?m-adﬁ- iand eger
rom o 3;.an an ar,e as previous defi ned.
| OBRBy SRR BB s ELRER S8 D ARS PARE A aY BB seferably Cr
fery Qe@nban hydrocar byl substituted ferroceni um
Ag+"or Pb+2. Preferred enbodi nents of A8 are those
anigBn$ it AUBLYpHAiHBGEnsb His(gsiedtiordghehibalbians). ed
acid containing activating cocatal ysts, especially
[00558t I ARk shplen badhkstosaapanytiy irorsibeludt GdkRrodieil imonium- salts,

suitable 1on formng, actjvati ocat al yst conpri ses
eSPeﬁlagé)’n‘ﬁ‘SﬁW&fh(/%lﬁé‘H‘qu935“@8’[‘?‘“&8agg8§ir beniumion and a

B g N
bis(123hehtdrRofopheREYr tid) - hibcyi@hqRblibE,e ani on having a
biS(‘giga{eg%ﬂ%ﬁ&%épQ)l?c{rgﬂi%gg quqgﬁni' rgo'hgg, is the trityl
bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolide,
bis(tris(pentafluorophenyl)borane)imidazolinide,
bis(tris(pentafluorophenyl)borane)-2-undecylimidazolinide,
bis(tris(pentafluorophenyl)borane)-2-heptadecylimidazolinide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentafluorophenyl)borane)-4,5-bis(heptadecyl)imidazolinide,
bis(tris(pentafluorophenyl)borane)-5,6-dimethylbenzimidazolide,
bis(tris(pentafluorophenyl)borane)-5,6-bis(undecyl)benzimidazolide,

bis(tris(pentafluorophenyl)alumane)imidazolide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolide,
bis(tris(pentafluorophenyl)alumane)-2-heptadecylimidazolide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(undecyl)imidazolide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(heptadecyl)imidazolide,
bis(tris(pentafluorophenyl)alumane)imidazolinide,
bis(tris(pentafluorophenyl)alumane)-2-undecylimidazolinide,
bis(tris(pentafluorophenyl)alumane)-2-heptadecylimidazolinide,
bis(tris(pentafluorophenyl)alumane)-4,5-bis(undecyl)imidazolinide,
bis(tris(pentaﬂuorophenyl)alumane)—4,5—bis(heptadecyl)imidazolinide,

bis(tris(pentafluorophenyl)alumane)-5,6-dimethylbenzimidazolide, and
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[0050] A further suitable ion form ng, activating
cocat al yst conprises a conpound which is a salt of a
wa@doylos196s i on and a noncoordi nati ng, conpati bl BCHOBZN6/061761
represented by the fornmula: (QL Si)+A wherein: QL is
C1-1 ohydrocarbyl, and A" is as previously
defined. [ 0051] Preferred silyliumsalt activating
cocatal ysts are trinmethylsilylium
tetraki spent af | uorophenyl borate, txiethylsilylium
bls(tre(peamflslpmﬁl&ﬁylodnuph@@ﬁﬁmr(an@e@aﬁbe@mhedazgh&st i tuted
adducts thereof. Silyliumsalts have been previously
[0036d ner Ogrlagtiviters| inelade thesg deschibad SpBCT vdhicat@enQ 98/07515 such

os ufy oz, oo BfpE ARG, Coppliurol! oflivgior are also
contabnplated by (Hel innegain, ﬁc;maﬁxptd, \ahmcngmcs)m mnystgadtivators in
ddltlon Iynerl S isclo
confhbRE AP RIS FAOR G 1A T MLBRTR D Sla7928 and wo
95/1ren4 apd MPatsmtb 6[110335].57&&1161 5043 3pEKR0. VW0198/09996 describes activating
ris fluqr borane are al oeff
catalyat SBER RO SGE e, RO Bifioded ining Sheipydrates. WO
99/18%85 aegcgg;gy gg:tg usef ofgtﬁlbb&@@li&ﬁlhuﬁi stieh®rd WO O§/&dl71ndlscloses
A-> ui tab ctiyatin cat lysts
catalyst agiatgrs fhat ﬁrf‘aé C‘ESrP(f%JB'éS PS} pith gﬁ?lé ek activators or
metBOAYTBX adtBHting FRRE] Pt |0Mm553ﬁ1m£1@|déﬁaﬂibﬁ€in (fMAtQ)ample US Patents
triisobutyl al um num npdified I al um)xanePﬂ(W r?§)£3
5,845p832% 8Py p2d- FmtROafre EE@W@SBQ 6%? PeblicatigR I QA8632775. All
of tl@eS ofhg YarRIENRQIRAPLsMell hd 4y SHheCRIRY | Iaétﬁlaﬂff' B insMion metal
ha ogenat ed tri (hydrocar byl )bor.on nodified

conaal yes may g pplryghilong of ngeosehinyion Joqorkigto the present
invah¥h ORI ANE, 1BF bER OGRS atu%;axel E@&ta Y cSHaRRs ae%vaﬁ%a

especi al Iy tris(pentafl uorophenyl)borane nodifie
uno Io
[00?{1] Us’f%g t@xzog?z?égb 7?% %@%@W&i’a&lﬁ‘t %n?l@éd%&%ﬁeiéagy ﬁgln 8$86m 1:10,000
to léoégewsergrefﬁfr@@ngfom 15300840 4: 1 st Brefaraklyderm i WOAGo 1:1.
r
Alufe}i)gﬂgﬁ%’ S&J%FE% B9 %F Alln ggpgg. g%b%&fal:;{af & Jr&{%i I Aarge quantity,
gen@’agg Bt BAgt IQQEtyngsemg mu@@tﬁyybf el @perplexoon a molar basis.

Tris(pentafluorophenyl)borane, where used as an activating cocatalyst is employed in a

molar ratio to the metal complex of from 0.5:1 to 10:1, more preferably from 1:1 to 6:1
most preferably from 1:1 to 5:1. The remaining activating cocatalysts are generally

employed in approximately equimolar quantity with the metal complex.

Novel Compositions of the Present Invention

[0058] Advantageously, novel compositions of the present invention comprise an
ethylene/alpha-olefin interpolymer composition with a multi-modal molecular weight
distribution and one or more molecules having a gram molecular weight equal to about ((the
molecular weight of an aryl or hydrocarbyl-ligand of a pre-catalyst) + 28 + 14 « X), wherein
X represents an integer from zero to 10, preferably zero to 8. The aryl or hydrocarbyl
ligand may be any of those described herein. The molecule may be observed in the
composition by extracting the interpolymer with a solvent such as methylene chloride,
adding another solvent such as an alcohol, e.g. ethanol, and decanting. The decantate can

then be analyzed by any convenient analytical method such as gas chromatography coupled
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activate the netal conplexes of the present invention
for olefin polynerization. Generally, these
weowaneidysts (illustrated by those having i m de@DUSZE6/061761

substituted i m dazolide, imdazolinide, substituted
I m dazol i ni de, benzi m dazolide, or substituted
benzi m dazol i de ani ons) nay be depicted as foll ows:
wherein: A*+ is a cation, especially a proton
contai ning cation, and preferably is a trihydrocar byl

withafiase Bpettnosadpyo rBatd ndmpositign oy abso ¢contriCeDyl@eatikytolefin, a

reaclg pighc ré%‘:r'rlﬁ%t'é%éﬁ%fsﬂ 1Y ach becurrence,  1s hydr ogen
oo, 3, AP besb! RESHRbes oy e TR e -PENEIAB T By whih

maytHel syhthesieedsdoddspabdd/hihovgroptipnalty mmddovvﬁlﬁ)emytﬁms aot-olefin, a

counti ng hydro erably Cl- 2oal kyl, and i's
reactipp BYQIEHE OFf4 1 Bfﬁﬁ%%?f’% bor ane or d &

tris(pentafl uorophenyl)al umane). [0055] Exanpl es of
EthyRasle-dafin Melti-Bluck Iatampslymet Gdmponent(s)

tri hydrocar byl anmoni um salts, especially,
[00603t hyThk §«iblal Doatdsyds)duvoniradiaove alayslsf be used to produce an ethylene

(tr f
ro-opligo P e BPRRHERY i BRMEASHHEE HEES iy copradine US.
Appbfcatlon No. 11/376,835 filed on March 15 2006 and PCT Pubhcatu_)n No WO
2008jo§0}47, HEFS R:401 788y MR A A FhSRRARFH U'Y. i fsional
Apﬂ)ic&t(léﬁ Na( ewpsRdOEITed Meayh )1 D@0dde Fod pbrpoisey effideicad Jtates patent

pra%%C§(41? PRt CE e APESERRINPP S D aRRiications Be Bk BISPERRERSH Y

refekrdtice %Z@ﬂeird:ﬁtuety If such a multi-block polymer is desired then the processes

bi s(tris(pentafl uorophe bor ane)i nm dazol i ni.d
des"é’l“%e(jtap%? Wihgla egescel é‘f%‘l“%%‘?aé @%t SCh Agg s Ajffprgmt than
any ;ﬂ@-catalyst that may be employed. In addition, a shuttlmg agent such as diethyl zinc or

bis(tri's(pentatf!| uorop he bor ane) - 2- hept adecyl j ni dazo
oth¢rp ﬁg(as(g:élbe n PCT Pubhcatmn O 2005/ 90427 w11l usuaﬂy {Je emp%oyed. Such

progéggéoslt\fl?]listggﬁﬁ]ltlffﬂeHQEthhﬁWﬁ&l?ﬂ%ﬁ%&eﬂl &re Do dRs Yhe bifinore of the

following characteristics:

()] an average block index greater than zero and up to about 1.0 and a molecular
weight distribution, Mw/Mn, greater than about 1.3; or

2) at least one molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized in that the fraction has a block index of at least 0.5
and up to about 1; or

3) an Mw/Mn from about 1.7 to about 3.5, at least one melting point, T, in
degrees Celsius, and a density, d, in grams/cubic centimeter, wherein the numerical values
of Tm and d correspond to the relationship:

T, > -2002.9 + 4538.5(d) — 2422.2(d)?, preferably Tm > 858.91 — 1825.3(d) +

1112.8(d)*;or

19



10

15

20

25

bi s(tris(rentafl uorophenyl)borane)-4, 5-bis(heptadecyl)
i m dazol i ni de,
wh @ 0679s% pent af | uor ophenyl ) bor ane) - 5, 6- di net hpdtbEs06EM61761

dazol i de,

bi s(tri s(pentafl uorophenyl)borane)-5, 6-bi s(undecyl ) ben

zi m dazol i de,

bi s(tri s(pentafl uorophenyl)al umane)i m dazol i de,

bi s(tris(rentafl uorophenyl)al unmane) - 2- undecyl i m dazol

de(4) an Mw/Mn from about 1.7 to about 3.5, and is characterized by a heat of

bi s(tris(pentafl uorophenyl)al unmane) - 2- hert adecyl i m daz
fusid?l, ABin J/g, and a delta quantity, AT, in degrees Celsius defined as the temperature

bi s(tri s(pentafl uorophenyl)al umane) -4, 5- bi s(undecyl )i m
differél@e Metwken the tallest DSC peak and the tallest CRYSTAF peak, wherein the

bi s(tris(pentafl uorophenyl)al unmane) - 4, 5- bi s( hept adecy!l
numpHiBA1GARRE bHAT and AH have the following relationships:

bi s(tris(pentafluorophenyl)al umane)i ndazol i ni de,

b! %ﬁt £1.6.0 psoyined) LLsH. 9P R Wi o A187HEY zeto R @p)tbi160dA%Z Ol |

b|§§ﬁ£u§ﬁpgﬁygﬁkgghggnﬁpyy)g@unane) 2- hept adecyl i m daz
ol i ni de,

bi %ﬁe&élﬁ (ﬂ&eﬁkﬁ’fsm HEREE VbR BN e at Det § HURERCHH the Bumulative

i dazolinid

poly?fxe}( %\‘g Zlg ﬁé}? aﬁfﬂ HREQRRE MY DAY HRBRL) arfidendifAd eRNATEAY peak, then

[l ni

1heE§§§§P9§&Bﬁﬁhﬁ&%qggg@@q&yl)aIunane) 5, 6- di met hyl benzi m
)b ggg s(t aléx %sf?‘% EE&UF% g%? @%ﬂczﬂl 2386 ércént@hk%h?wg 8L measured

nzi m er activ tors i ncl ude

wm%al? grt‘i’r?lpxde%?slg b ?816 n o L a o*lglgé/& ?])2% )Qﬁ ?%913’ E}Jﬁ%ﬁ%? él density, d,
in gf%ngftﬂﬁctéﬁ?on{t]%%e e Wi eree\llr§l Eh rﬁlrgé’rfcaf‘bglﬁe %Hil &‘trsﬂftgslfg g"xe following

noxanes an

activators Ln co tlons see f R- A .
R Y e R L R

and US Patents 5, 153, 157 and 5, 453, 410. WO 98/ 09996
Phagfiscribes activating catal yst conpounds with

perchl or at eri odates and iodates, including their
hyd]f'*%\?g‘éga %% /’%135 descri bes the use of

or ganobor oal um actl ators, 03/ i.scl oses .
cat@y st BNl retoh il Boiss HERYeEn 3P ABnd 308 SErgactionated
with Lew s acids. her act]j tors r met hods for

using TREE; «rh@gacgpra?gflam%fﬂ%ﬁﬁa o8 P nJBL CRPHIR opispt of a least 5
exanpl e, US Patents 5,849,852, 5,859, 653, 5, 8g? 723,

pergEmt Ngbe 598 thah G2 POTDBTANS BRIPENPisgREpholgime aciion eluting

between the same temperatures, wherein said comparable random ethylene interpolymer has
the same comonomer(s) and has a melt index, density, and molar comonomer content
(based on the whole polymer) within 10 percent of that of the ethylene/a-olefin
interpolymer; or

) a storage modulus at 25 °C, G’(25 °C), and a storage modulus at 100 °C,
G*(100 °C), wherein the ratio of G*(25 °C) to G’(100 °C) is in the range of about 1:1 to
about 9:1.
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of the foregoing catal yst activators as well

as any
ot her know activator for transition netal conplex

we 210al0y65 nay be enpl oyed al one or in conbi naPCDOS2006/061761
according to the present invention, however, for best

resul ts al unoxane containing cocatal ysts are avoi ded.
[0057] The nolar ratio of catal yst/cocatal yst enpl oyed
preferably ranges from 1:10,000 to 100: 1, nore
preferably from1:5000 to 10:1, nost preferably from

. 1:.1000 : unoxane, when used by itself as an
Appllc&’:‘f’ﬁ/gﬁ&%@]ﬂctgﬁegﬁlal yst, is enployed in lar

e .quant | .
[0061]19€eNn&halpblynadrs b thetprasgot invepldon ¢ %‘é}?@il{lg gflgwec%l} ai:lo§1¥e11t10nal

< | Of4i8 | . 1 articles. Such articles include objects
thermoisfqggle Sévmcgflpt& gpoc%%sep;g?? duce useful articles. Suc

rophen orane, where used_as an .
comprid@id ataédsngne fitmlgley.stich gs e npInelayEr filneOLS legst pug Jager g @

_the _netal copplex. qf fro : Sonleodii esses; molded
multilagies il FEFRALE £ Proh i hdRred: 8% Ortdbion L to o
arficleS: sheh Z0BloweRRldRdNEj@tivh watliled; cr oetemalgest atigheg extrusionss fibers;

general ly enpl pyed i.p_approxi : ' Ahls8Wadtui for wire
and wiperrprse waroh (b0l T PR B PRI Sl Rstul fat
and cAIESEMh g |p¥RRo RS FRDSS]in Absa rk tigsion §p1yyachpipdprming operations,
conposi tions of the present inuventi i oldi ,
and fosming wekded hgles |1%‘§}1 ng ee?sﬁoﬂr}ﬁfﬁfe‘l'?‘!‘%g“n‘%gg? ’ibgﬁwwi T
or rotgmgfdii%%ﬁ%gssggl E6mbasitived @inpriliisg ficmiefimnolymerogna Ao be
e e LA TR e
(&)

[ Q3o thi1HRR s Whidh MeavalBkadwstg thes@ekilled in the wt, of
Polyo\?%errg?gésawrgetpr_esen_tss ain i r?te er féom ze&c%u%o ahQiso be formed
polyopeff moatssing dPispersions. pagiePRs gpd ROPECA By 1™ 1 gand

; gn@@ Bndesapiibiag theseid . Friottedfoires odmprisipg the
“Smgg[ggggl erviapfﬁpé?@gongog&igq% H){% g’éh{ef?c ing the
inveritél Sl pmeysnen alict TRISHAAS (S CSRR ene
| | [ 260, ¥R bubligied as VA0260 022, The
PCTéﬂ%ﬁbéﬁﬁgﬁ%g?hggéﬁggﬁgﬁfing. Thgudecaqﬁg%ﬁ%can th%ﬂnggé
polyﬁ&alﬁﬂﬁeﬂs@ye aropslodied diyi sy knga| Heasatt s A perde,

gas chromat ogr. Wi BnigRECThepclgmers Sai also be
elec‘i"é‘rﬁf&ﬁ“r’tsﬁa £ @Q’g% soggég%%gyﬂr@ﬁen‘g an a-go,l efi Ny
chenfi€aB! meaifRdpslshtas by gafting (or exempleddt useBERYFicEpEfride (MAHD,

_novel co I tions, of e joRV &iMdn@iion, e lotbe chemical
silangh ©r QLR BTN AT - ?rlﬁlftggtgat{s%&htéﬁg{sﬁtg ed as described

modfiR@uénoptional ly m xed with ethylene, an a-olefin, a

[0062] Suitable end uses for the foregoing products include elastic films and fibers; soft
touch goods, such as tooth brush handles and appliance handles;antiblocking compositions;
cap 'liners, gaskets and profiles; adhesives (including hot melt adhesives and pressure
sensitive adhesives); footwear (including shoe soles and shoe liners); auto interior parts and
profiles; foam goods (both open and closed cell); impact modifiers for other thermoplastic
polymers; coated fabrics; hoses; tubing; weather stripping; cap liners; flooring; and

viscosity index modifiers, also known as pour point modifiers, for lubricants.

Examples

[0063] As stated above, the bimodal molecular weight “split” of the polymer may be

selected by controlling the mole fractions (f) of the two or more moONomers, 1, such that the

mole fraction of monomer m is defined as:
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reaction product or a m xture thereof. Ethylene/

a-olefin Multi-Block Interpolynmer Conponent(s) [0060]
wab@7gerres al processes descri bed above nmay al sBChES208€061761

to produce an ethylene /a-olefin multi-block

i nterpol yner such as those describe in, for exanple,

copending U. S. Application No. 11/376,835 filed on

March 15, 2006 and PCT Publication No. WO 2005/ 090427,

filed on March 17, 2005, which in turn clains priority

to U S. Provisional Aﬁp|l0§@bﬁ&h&b] 60/ 553,906, filed
March 17, 2004. For WPOSES Of —unTt-ed States patent

practice, the contents of}ﬂﬁﬁb&@ﬂe@hﬁntloned
applications are herein imorporated by reference in

hei 3”’}9 S HER ;E;;_r;@r IS P,
[006%]esi ﬁrél t gﬁgﬁﬁgﬁ%ﬁocesgﬁg%&sﬂg F%ée}%kcgggi e Wil I‘:h%glllasecg1 in Figures
20 amgiele rat lbwjfzrwb Ueore moleatlat weighsradticmspredominatrischutiag higher />, the
h1gheidrlﬁ}c1c];1 caﬁ?.r welgﬁp s%%ﬁuetst l%r?% ér%v e}nt that may be enpl Oyed

I
ge Such as diethyl zinc or
ot hers descrlbed in PCT Publ i cati on No. WO 2005/ 090427
Geneyjal Experimenfalfconsigenajiens Such processes wil |
typically then result in a polynmer wherein the polymer

[0065PS QNfefRispBEIfied Othdrivisef Al FQvbmY afBadrddairiast hitserotid tonditions
an average bl ock index greater than zero and up to

usinggiaprfard pipcgdisres fopghe bandins ofi cgHemghstiF %Wf&ﬁr—sww materials.

Solv&(t@ glcQlsed bﬂ@loﬁpﬁﬁ{he; pﬁmﬂ@«{tmﬁlz )AIRbiHef 8fdmRRR a@&&ﬁﬂkﬁﬁal
fraction which elutes between 40 C and 130 C wh

matefiplky @ gFmvied a3IPPRAVRREF, characterized in that the
fraction has a block index of at least 0.5 and up to

Gena*ameaémrqrolfnﬁ)maau&ﬂvbwcefdwm about 1.7 to about 3.5,
at | east one nelting p0|nt i n degrees Cel sius,

toospfe iy {eE Al aySmulis Hh AR %ﬁ%@%@?&%ﬁ%ﬁ@ NG BBl E was
addeﬂﬁzhﬁltth@ Péii&tqi is Rdate@to PADZC.91-Ocdndqind (W Hroged bz adied)batchwise to

the rgz}?? o aF B, rgg@lﬂ?ed?dl}ymlgdﬁ 2R (ﬂzf réagiééé f_ﬁé gge%éu?‘{zgé )with ethylene
(450D 6l fionZ o theypra-daedyst,Aocatalyst (1.2 equivalents to pre-catalyst), and a
scavenger (5 equivalents to pre-catalyst) are mixed and then added to the reactor using a
flush of high pressure Isopar®E. Polymer yield is kept low to minimize monomer
composition drift during the experiment. After the prescribed reaction time, reactor

contents are dumped into a resin kettle and mixed with Irganox®101011rgafos®168 stabilizer
mixture (1 g). The polymer is recovered by evaporating the majority of the solvent at room
temperature and then dried further in a vacaum oven overnight at 90 °C. Following the run,

the reactor is hot-flushed with Isopar®E to prevent polymer contamination from run to run.
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fusion, DHin J/g, and a delta quantity, DT, in

degrees Cel sius defined as the tenperature difference
wheiwnoeret he tall est DSC peak and the tall est BRYBIAP6/061761

peak, wherein the nunerical values of DT and DH have

the followng relationships: DI > -0. 1299(DH) + 62.8

1 for DH greater than zero and up to 130 J/g, DT > 48C

for DH greater than 130 J/g , wherein the CRYSTAF peak

is determ ned using at Ieast 5 percent of the

Tty MlkEds e BPens b i tha%ai‘g%‘? PG

has an

Sorf B e [k POl (DI R and Yield®
cycle r%}%%;d ? n%g Elfllmofthe
ethyIP Fin |nterpolyner and has g density,]| d,

gr ans/ cubi c ce rret erej n the nunmerical
| ues off bfy 131% fpl | oW ng |r el @ORonshi p 44

en ethyl ene/p ol yyrer substanti ally
}?ee of aigros {l%fkqed oha 39 >14881- 1629( M0 or| (6)4

nol ¢cul fract éut e b and
1300C V\hezrilbfrabtl% at ed usnlﬁ TREF, (i@ﬁgr act e{ﬁj? in 46

t@at it he act on,ﬂ%s al nol copo cont of at
least |5 p%?cen hllq er hanl% hat aglgcormarg‘tcfi’ 26

random ety ene i {B@r po| ymyaf ractl gaoel utin en 5.
the sanme tenperatures, ereln spid conparab e r@ dom
o4 hyl ene 3 gt erpol ygmy hps yhg safre %@@Dnomé% and a4
has—alhelt—index, density —and nplar noner ent
(joase(gl om.phe Wwholgg2pol yrmerkowi t hi ngég) per cem540f t hatgg
of—the—ethy-enrpla—olefihinterpolymer, orl (7) a

T CTTETCTTTyT

s8 or age rmdul us a6125 0L, @'6525 00)100@nd a sp@page 60

rotts—at—106-06—6—(1pO0-0C)—wnhereintheratio of

® (25]00)3.00 G (1&010C) isles the rmoge df abgst 11 g4
to—about—9+-1-AppHecati-ops—ana—E Uses

10 3.0 204 166 1402 0.75 52
11 3.5 10 168 1603 0.78 84

* Polymerization conditions: 1.2 equiv. co-catalyst, T = 120 °C, 460 psig reactor pressure,
40 mmol hydrogen, t = 10 min.
* Pre-catalyst = [N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphenyl)(o:-
5 naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium dimethyl (as disclosed in U.S.
Apphcatlon No. 20040220050) and a co-catalyst of methyldi(C)4.13alkyl)

ammonium salts of tetrakis(pentafluorophenyl)borate (as disclosed in U.S. Patent
No. 5,919,983)
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[0061] The polymers of the present
used in a variety of conventiona

| ayer,

cal ender ed,

articl es,

WO arioga@bs on processes to produce usef ul
articles include objects conprising at
such as a nonol ayer film or at
inamnmultilayer filmprepared by cast,
or extrusion coating processes;
such as bl ow nol ded,

i nvention can be
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arti cPEFUSHBNEIr1761
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yented

YIETSC
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CURRCURSIYAL

he forned,

as discldsed 4 n PCT HYS i catil$® Ng. FEI2 US2004/ 027593,
filed Augqust 25, P004, and published as_ W2005/ 021622.
The polyrmrsf%ay alsb1 clr 0s%¥% nked 8any known

nmeans, sych gPe i@?P S;ﬂé;deinggg tron beam

sil ane, azi de€, chni que. The
pol ymer s |can,al so be £ n1cahi nndlgigg such as by
exaTnIe y_use 0 nh

grafting [(faof lLei C dri de
(MAH), sill angg, of 01(5‘1@' gr af {77ng jageq)
hal ogenatlion,__ani hmtion, sl fonatilon, ‘or of her

chem cal nodification. [0062] Sui t abl e end uses for
ExafnB®:s{10r B0 @ einB6RKAEGoh PSﬂy&ﬁ%zﬁdlﬁﬁtda@al&étlﬁf@ and

fibers; soft touch goods, suc rush handl es
[0067hq aEpniimgs SAlkAR églyalﬁftrmarl%wﬁ ga@m in h epEmputsn pontrolled
autotzla‘a@ Eéact&%ﬁlﬁ?ptp%d 6 R iafdrhAStinde hp&ﬁﬂ@cﬁ ieﬁc«i!llk‘ag{)eg Go108k¢

adhesiveS and pressure sensitive

(180%86 weginilphla drome EngonMebil sk dsethildns Ho@cttlm end hydmgew (where
used) 'alfeeﬁp%he@ﬁf § SeaRfdd equipped with a jacket for temperature control and an internal

thermocouple. The solvent feed to the reactor is measured by a mass-flow controller. A
variable speed diaphragm pump controls the solvent flow rate and pressure to the reactor.
At the discharge of the pump, a side stream is taken to provide flush flows for the catalyst
and cocatalyst 1 injection lines and the reactor agitator. These flows are measured by
Micro-Motion mass flow meters and controlled by control valves or by the manual
adjustment of needle valves. The remaining solvent is combined with 1-octene, ethylene,
and hydrogen (where used) and fed to the reactor. A mass flow controller is used to deliver
hydrogen to the reactor as needed. The temperature of the solvent/monomer solution is
controlled by use of a heat exchanger before entering the reactor. This stream enters the
bottom of the reactor. The catalyst component solutions are metered using pumps and mass
flow meters and are combined with the catalyst flush solvent and introduced into the bottom

of the reactor. The reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous stirring.
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profiles; foam goods (both open and cl osed cell);

i npact nodifiers for other thernoplastic polyners;
w@oavmarobmbri cs; hoses; tubing; weather stri ppP@OUSHaE061761

liners; flooring; and viscosity index nodifiers, also

known as pour point nodifiers, for |ubricants.

Exanpl es [0063] As stated above, the binodal nol ecul ar

wei ght "split" of the polyner nay be sel ected by

controlling the nole fractions (/) of the two or nore
Produn ¢nmensmyved thiough ekhaines ighawdpeoff thaeddctr. ol SBOBARY fréfh the

i,s defjned as:[0Q64] .This be quantified for an_ .
road 5 ST AT N ier PASrBaM S0 H9PORA Qo e aifition of & small
amaing o ateflintb @M¢ eit 1iR€ aloBW/ Wikl rilixes BPbthEF A0diliP& and passing
nates, but at higher / 2, the_higher nolecular

r.edom .
the JFFR thERIE %aafie miiiere THeavedtsh Beags iidhen hestpbby pevsing through o
hea€ORELEARS BEFRB Al OBLatldn! 638 poBRfd e8I R NREN 364 b?le;(tmsion

.reagents _are handl ed under ana€robi'c conditions using
using adrylailiningedmdss apg water soplad arlletizenf Processalntdils amdmresults are
con t 2N PRI i

R S v M St S
commercial materials and are used as received. Genera
React or Pol yneri zation Procedure [0066] A 1 ga. AE
autoclave is purged at high tenperature with N2.

| sopar(r)E was added, and the reactor is heated to 120
C. 1-Cctene and hydrogen are added batchw se to the
reactor and are not regul ated during the run. The
reactor is the pressurized wth ethylene (450 psi).

Sol utions of the pre-catal yst, cocatal yst (1.2

equi valents to pre-catal yst), and a scavenger (5

equi valents to pre-catalyst) are m xed and then added
to the reactor using a flush of high pressure

| sopar(r)E. Polynmer yield is kept low to mnimze
nmononmer conposition drift during the experinment. After
the prescribed reaction tine, reactor contents are
dunped into a resin kettle and m xed with

I rganox(r) 1010/ 1rgafos(r)168 stabilizer mxture (1 g).
The polyner is recovered by evaporating the majority
of the solvent at room
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tenperature and then dried further in a vacuum oven
overnight at 90 C. Follow ng the run, the reactor is
whodo7ob1eshed with | sopar(r)E to prevent pol ynmePCT/US2006/061761
contam nation fromrun to run.' Polynerization
conditions: 1.2 equiv. co-catalyst, T = 120 0C, 460
psig reactor pressure, 40 mol hydrogen, t 10 mn.
Pre-catal yst =
[N-(2,6-di(l-nethyl ethyl)phenyl)am do)(2-isopropyl phen

*

yl)( a
napht Hgal en- 24
di mgt hyl (as
20040220050)
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n- 2-di yl ) met hane) ] haf ni um
U. S. Application No.
al yst of rnethyldi (G

of

)bgrate (as disclosed in
Ex@npl es 12- 15, Conti nuous
Catsgl yst Al [0067] Conti nuous
aregcarried out in a conputer
t orsequi pped with an internal
kafles sol vent (lsopar(tm E
l|ac.), ethylene, 1-octene,
arg supplied to a reactor

r t‘grrperature control and an
e sgl vent feed to the reactor
W cBntroller. A variable
rol§ the solvent flowrate

pr .-=At the discharge of the
ket o provide flush flows
talyst 1 injection |ines and
se £l ows are neasured by

t er.g and controll ed by

harmgal adj ust ment of needl e
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owBontroller is used to
pacgor as needed. The

L/ ngnoner sol ution is

at &xchangé® before entering
entgrs the fottom of the
pon§nt sol gfli ons are mnetered
mefer s andeear e conbi ned with
t dgd intrqlluced into the

e rgactorgig run liquid-full

t h §i gora@isestirring. Product
nef at theltop of the
FonEthe o

percent ethylene conversion
efficiency, kg polymer/g M

polymer production rate

2 [N-(2,6-di(1-methylethy]
dimethyl

Y standard cm’/min

3.
4,
5
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reactor are steamtraced and insul ated. Pol ynerization
is stopped by the addition of a small anount of water

WO paog/0619es exit [ ine along with any stabili zer sSPOT/US100€061761

additives and passing the m xture through a static

m xer. The product streamis then heated by passing

t hrough a heat exchanger before devol atilization. The
pol ymer product is recovered by extrusion using a
devol atilizing extruder and water cool ed pelletizer.
Process details and results are contained in Table 2.

Sel ected pol yner properties are provided in Table
3. Table 2 standard cm/mn '

[N-(2,6-di(l-nethyl ethyl)p% F];y&)am do) (2-i sopropyl phen
yl ) (a- napht hal en- 2- di yl ( 6- p§**dm 2- di yI)rret hane)]hafnl
p-n—di-ne

hyvl —nol rer—product ron-rato A  mar aon

PT o CT o1 C1 IL

eir}l%g?;ejc%?f%ﬁ%yston n reMi@é%&cy {(Uwvj F%w/Mn

et hyihenet o®e80e ¢opelogner|s igBeE gur e3020-121 26y be  4.90
made in & simlan manner.| Theoret|i cal Metihods and

EXplanat i grkS%BOG()] ggz_supporgt()d he i nghant| i nygati pn 5 g7

cal cul at i ons Wwer e cairfiedq out usiing e

avairtaptesgftware package; USSi anPs8
Revildi on R.-gﬁ@odi 3t r PG ed by -Hausisi akt’/ hif. 303 4.18

Pi tt shurgh PA_ 2001, The lconputati-ons—utitized—the

Laar = TTE

lensjs y fwmoBoondl Olggor y (DPJ() t hoay, BRLYAA.Zs 4.40
lescri bed in, for exarrpl g, Becke,| A. D Ji Chem_ Phys
1993, 98, 5648 Lee, C; Yang, W,; Parr, R G Phys.

v 19 7, 785; and ehl i
BRief 208 ool SRier? Mol Flk) it 2530y Gt s
gﬁﬁllmrqﬁmmt,ch is incorporated herein by reference. In
a few cases, the results were reconfirnmed using
qoeyeitiMeathotdheat Expihdticaor rel ati on, Ml er- Pl esset

perturbation theory to second order (MP2) as descri bed

in._ for exanple . . . . . .
[0069] To strlrgport the instant invention calculations were carried out using the

commercially-available software package, Gaussian98 Revision A.10 distributed
by Gaussian, Inc., Pittsburgh PA, 2001. The computations utilized the density
functional theory (DFT) method, B3LYP as described in, for example, Becke, A.
D. J. Chem. Phys. 1993, 98, 5648; Lee, C.; Yang, W.; Parr, R. G. Phys. Rev B
1988, 37, 785; and Miehlich, B.; Savin, A.; Stoll, H.; Preuss, H. Chem. Phys. Lett.
1989, 157, 200 each of which is incorporated herein by reference. In a few cases,
the results were reconfirmed using conventional theory with correlation, Mgller-
Plesset perturbation theory to second order (MP2) as described in, for example,
Moller, C.; Plesset, M. S. Phys. Rev. 1934, 46, 618; Head-Gordon, M.; Pople, J. A.;
Frisch, M. J. Chem. Phys. Lett. 1988, 153, 503; Frisch, M. ].; Head-Gordon, M.;
Pople, J. A. Chem. Phys. Lett. 1990, 166, 275; Frisch, M. J.; Head-Gordon, M.;
Pople, J. A. Chem. Phys. Lett. 1990, 166, 281; Head-Gordon, M.; Head-Gordon, T
Chem. Phys. Lert. 1994, 220, 122; and Saebo, S.; Almlof, J. Chem. Phys. Lert.
1989, 154, 83 each of which is incorporated herein by reference. Qualitatively, the

results using MP2 were similar to those for BALYP. A series of different basis sets
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Mler, C; Plesset, M S. Phys. Rev. 1934, 46, 618;
Head- Gordon, M ; Pople, J. A ; Frisch, M J. Chem

webys/oeloei t . 1988, 153, 503; Frisch, M J.; PCT/US2006/061761
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30

Head- Gordon, M ; Pople, J . A Chem Phys. Lett. 1990,
166, 275; Frisch, M J.; Head-CGordon, M; Pople, J

A. Chem Phys. Lett. 1990, 166, 281; Head- Gordon, M;
Head- Gordon, T. Chem Phys. Lett. 1994, 220, 122; and
Saebo, S.; Almof, J. Chem Phys. Lett. 1989, 154, 83
each of which is incorporated herein by reference.
Qualitatively, the results u3|quNP2 were siml a

Fires s grdniaited. Tially e arastes ANLELVA Bsiasict A desepibpd in, for
ussd @nﬁuhﬁﬁfgeﬂf T Hﬁ&ly 1t hﬁngﬁﬁnéeMte%Déhbﬁm@ Ed. H.

set as described in, for exa nni n

T chipers T omaeav iack, Lo Tooaio! Toria bt Py Wik, 1. B
g,%ﬂﬁﬁﬂ%% d1'9k;'5 8?'2%UWad{\'€W KOH%y,Il%W c)lé)h Ishzysll9§'§a)?2 284;
WhRHapag, J.PYVadt, WR. @mmpﬁg;ss 12&@592 @29 \Qwseémr pgtoms,
%ut érofgg =SS aI l\a%%rng?s% lsé;p W&e él?)?fe e%ﬁ% asqg LA%Q@ZD%E the

use progr ess arger basis
seinsitine meetehqidoy8 UGS wolthasll pl)hetmml:az dgscritied in Ditchfield, R.;

IO £ i e 715 g eyt ooy
R.; Bogl J. Py | Cth]z@l7]?hy&5497ﬂ 2345 22%h raed Gardgn, M. S Chem. Phys.

ety Ty g AT Pt v

IfiReransins by déstiNbedDih MicLtde A rlhnéihmndmr, etSall. Ghan.6R7ys. 1980,

0 sesdmnds Rt SRR, SERGRA R s 50elio T Bt ey, pros

mSBhﬂZlFBSOI%nd thzsl&lde Yot qhah&twc@&ﬂgﬂge thie.resuPBp IThe idcludion of
Chem ng 1980, 72, 650 and these did ot.d h
SRR 1 DR GETErIoPRLaREn PRESTAur alocHd gpt change the
qeiel wiffiasadlyf. ree energy corrections at a given
tenperature al'so did not change the results

Jogrol | canid délct{lzﬁfb?l@]ianD&dqabzﬁuig&bUﬂﬁS{wmyb buitk on the
CaLTG L ou S OBl B0, O e cBoLentl & o
apfheiehadahssimdshirbglahtwiRuAgizad Qﬁncﬂf PEMABY RS Berny optimizer
utilized which |ncluded t he Bern timzer
in redundant internal coordinates as describe eng, C; Ayala P. Y.; Schlegel,
H. B. Frisch, M. J. J. Comp. Chem. 1996, 17, 49; and Peng, C.; Schlegel, H. B.
Israel. J. Chem. 1994, 33, 449, The four structures located were the transition state
for ethylene inserting into the M-aryl or M-hydrocarbyl bond of the original
species (1), the transition state for ethylene inserting in the polymeryl chain of the
original species (2), the product of inserting into the aryl or hydrocarbyl group (3),
and the product of inserting into the polymeryl chain (4). The stationary points
defined as transition states were confirmed by one and only one imaginary
frequency (corresponding to the reaction coordinate) as determined from mass-
weighting of the eigenvalues from the diagonalization of the second derivative or

Hessian matrix. The two products, 3 and 4, have no imaginary frequencies upon

this analysis.
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i n redundant internal coordinates as described in
Peng, C; Ayala, P. Y.; Schlegel, H B. Frisch, M J .

wd 2000067965 Chem 1996, 17, 49; and Peng, C ; SchtEYS1006/061761
H B. Israel. J. Chem 1994, 33, 449. The four
structures located were the transition state for
ethylene inserting into the Maryl or M hydrocarbyl
bond of the original species (1), the transition state
for ethylene inserting in the polynmeryl chain of the
original species (2), the product of inserting into
the aryl or hydrocarbyl group (3), and the product of
inserting into the polyﬁgiﬁfﬁfﬁp%n (4). The stationary
points defined as transitiwoh states were confirmed by
one and only one imaginary fieguency (corresponding to
the reaction coordinate) as determ ned from

masswei ghting of the ei al ues .fromthe

di agonal i zati on of the:%éééﬁﬁ?ﬂéflvatlve or Hessi an
matri x. The two products, ﬁgand have no i magi nary
frequenci es upon this anal ysis. Nb /[ \ 1, TS 2, TS 3,
product 4, product Di agraﬁyl. P hways to aryl or
hydr ocar byl inserted and”al kyl inserted products.
[0071] In exanpl es knvol vi RY eggé%fn%éggyene nor e
than one pot ent i gls-FHsarted' 58t—equl d be
formed. Diagram ckmﬁcts the four ‘possi bl e oct ene
inserted catal ysts frgmone face. These four unique
catal ysts each could create polyner with different
properties such as nol ecul ar_ wei ght and cogononer

i ncorporation. Diagr 'ﬁélgdpr ene

Hi——-NT e
i nserted catal yst v R Mo

T..

3, product 4, product

Diagram 1. Pathways to aryl or hydrocarbyl inserted and alkyl inserted

products.

[0071] In examples involving ethylene/octene, more than one potential
‘inserted’ catalyst could be formed. Diagram 2 depicts the four possible octene
inserted catalysts from one face. These four unique catalysts each could create

polymer with different properties such as molecular weight and comonomer

incorporation.
hexyly, \\hexyl
= =
Polymeryl Polymeryl
hexyl hexyl .
S —
= =
4
Polymeryl Palyrmeryt

Diagram 2. Four possible octene inserted catalysts.

[0072] Insertions can occur on the top and bottom faces of the catalyst and
these can be unique depending on the overall symmetry of the initial catalyst

(Diagram 3). For the specific catalyst below, insertions into the top and bottom
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[0072] Insertions can occur on the top and bottom
faces of the catal yst and these can be uni que

walependionyy on the overall symetry of the initPel/US2006/061761

catal yst (Diagram 3). For the specific catal yst bel ow,

insertions into the top and bottonfaces | ead to unique

i soners. Thus for ethyl ene/octene polynerizations, up

to ten unique 'inserted catalysts are possible. The

af orementi oned cal cul ations indicate that not all are

favorabl e, but certainly nore than one is possible. As

descri bed above, the Applicants have determ ned that

trces epd e upighelisomms  Taws fos ctivienclastangnolyroerdzasions,grpeLo ten
) 0 p

RAe PhAGIe A0 48 O DIP AR ek AR clicoh tfcare

dat apyalt are\igaralde, hitesgainipmorodan ose & posdibid. eAedescribed

o Al TR Clled I AR R T i

&nver abovesoxaovdrantBersnport ant for the pol ynmeri zati on
may be estimated. If insertion into the aryl or
hydrocarbyl is |ess th el é@“I;nl hi gher than
insertion into the al kyl; khi's réacti on should occur
during the polynerizatigncycle\ _Erom D agranms 1 and
4, this inplies that TS ¥ lies n\a hi gher than 10
kcal / nol above TS 2. It is preferable that this

difference is Ie§§§;E@@E£ﬁ5paI/m@£;g£ﬂ gven nore
preferabl e that IMSerylon Fnt EFhe aryRdor hydrocar byl
is less than insertioh into theﬂaL%yI. I nsertion into
the alkyl is not a reversible process, but to avoid
reversibility of insertion into the aryl or
hydrocarbyl, the preduct of insentjon_into the aryl or
hydr ocar byl cann ﬁﬁﬁ%ﬁﬁﬁg thgﬁzsgﬁgﬁhk&nl above
insertion into t$@ aldkyl. From Di agrans 1 and 4,
thisinplies that Product 3 lies no khigher than 5

kcal / nol above Product 4. However, it is preferable
that this difference is | ess and even nore preferable

that the product g%%¢2§§§gﬁﬁtyd Cé [psertion is
lower than the preadct4of “arkyl ert 7oA Di agr am

product product

Diagram 3. Ethylene inserting into top and bottom faces of the initial catalyst.
Whether these two products are different depends on the symmetry of the
catalyst (groups at R and R’).

[0073] Based on catalyst activity such as the one above, barriers important for
the polymerization may be estimated. If insertion into the aryl or hydrocarbyl is
less than 10 kcal/mol higher than insertion into the alkyl, this reaction should occur
during the polymerization cycle. From Diagrams 1 and 4, this implies that TS 1
lies no higher than 10 kcal/mol above TS 2. It is preferable that this difference is
less than 5 kcal/mol and even more preferable that insertion into the aryl or
hydrocarbyl is less than insertion into the alkyl. Insertion into the alkyl is not a
reversible process, but to avoid reversibility of insertion into the aryl or
hydrocarbyl, the product of insertion into the aryl or hydrocarbyl cannot lie more

than 5 kcal/mol above insertion into the alkyl. From Diagrams 1 and 4, this
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4 depicts a potential energy surface of the two
processes. between Diagram 4. Potential energy surface

wo o007ioemes tion into the H -aryl and Hf al kyl boPdBUS2006/061761

[0074] One skilled in the art may apply the above
principles in selecting reaction conditions and

catal yst to achieve a desired controlled nol ecul ar

wei ght. What is clained is: 1. A process of controlling
nol ecul ar wei ght distribution in the production of an

et hyl ene/ a-ol efin interpol yner conposition conprising:

(a) selecting at |east one suitable pre-catalyst

iophips ilsit ﬁ’goctitct B dias ho bighentitaal5 laray/imcd mbove Product 4. However, it

otdeaPl e BRI b HHeEiet B Bifo Al b productof
yleardgtdaéqastbylﬁmmﬂ s low(v&) than tegmbing of talikyll énerticdl Diagram
%g ast one a-ol efin, id suitable frecatalyst; (c)
TRAEE iyttt ?‘lﬁﬁ%"% 50 8 P RESESARtr ation rati os
sufficient to actiyate the pr e- catal yst, and (d)
form ng an ethyle o’éﬁﬁ ﬂﬁﬁﬁfﬁﬁiyner conposi tion
[ ion polynerlzatlon condi ti ons;
el ecting a nol ecul ar wei ght
er as determned by the nole
p or nore nononers, n, such
that the nole fraction\of nononer mis defined as:

conmposi tion with a contnol-fed=bismpeat-or mul ti-noda
nmol ecul ar wei ght distribution. 2. [sfhe.praeess. of C aim
1 wherein the pre-catalyst has b wgdypvmted under
one set of conditions andi\the aaterpobyrer has been

Product 4

pol ynmeri zed under a different set
Diagram 4. Potential energy surface for insertion into the Hf-aryl and Hf-
alkyl bonds.

[0074] One skilled in the art may apply the above principles in selecting

reaction conditions and catalyst to achieve a desired controlled molecular weight.
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of conditions. 3. The process of Claim2 wherein the
pre-catalyst is activated with an initial nononer

wo ato7o6obhat differs fromthe nononer rati o durP@musive6/061761
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i nt er pol yner polynerization.4. The process of Claim1l
whi ch further conprises enploying a pre-catal yst
conprising a ligand and term nating the reaction
conditions via a catal yst quench. 5. The process of
Caim4 wherein a ligand fragnent with an appended
ol efin can be detected fromthe catal yst quenchate. 6.
The process of Caim1l wherein the reaction conditions
MVrasis elaimgd iseast one other catalyst differing from
they g{&egsactfaéoyl%umé m&lesumf RERAEdREri: @ Th the@HE4 N of an
one he catal ysts differing fromthe precatalyst is
Zilyyéenegi-olpfia lptemcég@emor@wtrﬁmcqm@mw the reaction
conditions further conprise at |east one shuttli nq
agent (ap. Tieleoping eblegstomecpiiahie Brapripkyprammrisipg aitlpashgne
agent T
oher e bR BY e ok Aoy TBERDRALESS Bth blA st molecule
gr oup is essspealinheshmied evers m@wrm—ﬁéabﬁbmttqulfé d
het eroaryl conpounds corresponding to the forml a:
wher ei (h) Ricontacsingettedensd af learhoar kyolefipyandsaidspitable pre-
het er Qg % cycl oheteroal kyl, aryl, and inertly
substltut otl derivatives t her eof cont ai ni ng from1l to
30 at qup Nole GQHt ex{%yﬁﬁlgg @ﬁﬁ coﬁcéii)fﬁﬁbﬁ%tlos sufficient fo
derivative tehere f is a dival ent dgi ng group of
from 1aCt1Uat¢tlleateo¢malmthmdthan hydrogen, preferably 1
to 20 atonms atons ot her than hydrogen and nost
pr ef er@dl y formimman ethylgne/o@lefoitigpobaagrnpmposition under
substi t ut

oﬂtlﬁgoﬁgeltergé(tlicﬁ‘f( Eol? eﬁidtﬁ)ﬁ%ogaﬁfé)\%ls i Q‘@g @%ﬂaﬁy,

Cs-20 roar cont al ni ng
functi (%S‘a' ' géfectmg a molecular weight split of the interpolymer as determined

by the mole fractions (f) of the two or more monomers, 1, such that the
mole fraction of monomer m is defined as:

_ [Monomer ]

n
m

Z [M onomer, ]

i=1

to produce an ethylene/o-olefin interpolymer composition with a controlled

bimodal or multi-modal molecular weight distribution.

2. The process of Claim 1 wherein the pre-catalyst has been activated under one
set of conditions and the interpolymer has been polymerized under a different set

of conditions.

3. The process of Claim 2 wherein the pre-catalyst is activated with an initial
monomer ratio that differs from the monomer ratio during the interpolymer

polymerization.
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especially a pyridin-2-yl- or substituted pyridin-2-yl
group or a divalent derivative thereof; ML conprises

whadonioemydr ot her Goup 4 netal; X1 is an ani oPCT/US2006/061761

neutral or dianionic ligand group; X' is a nunber from

O to 5 indicating the nunber of such X1 groups; and

bonds, optional bonds and el ectron donative

interactions are represented by lines, dotted |ines

and arrows respectively, or a mxture thereof, in

contact with a suitable co-catalyst. 11. The process

of Claim1l wherein the_ ethyl ene/a-ol efminterpol yne

G gresssh of Slamobad éﬂﬁi{lar ORRFISSS FRIRHERE 2 mﬁﬂa{yst
l8RpHSng alifsandHBARERSBSENOhe bRt Th Lolligibas Dialh\@atalyst quench.
et hyl ene/ a-ol efin interpol yner conposition is produced
using N-(2,6-di(l-nmethylethyl)phenyl)am do) (2-

| . 03 o - - - |
TR her s e ahd i e o on
wiealetacredAromhareatalyst quengledtght portion of said

et hyl ene/ a-ol efin interpol yner conposition has a

hi gher density than a high nol ecul ar weight portion of
gai Thegirhgdse w€ Caiol biwherdin therigattioperondisinme sotrippise atllgast one
T r Cl. c0f . 1 r S aiml. 15. A
é%%%ggggﬁgﬁﬁggﬁﬁgﬁgﬁﬁgg§§:%?%%%Lne/aIpha-olefin

i nt er pol yner conposition with a rmulti-nodal nol ecul ar

S LB PP 05 BE RS S A2

qu ecul ar
vty iofinan aryl or hydrocarbyl -1igand of a
pre-catalyst) + 28 + 14 * X), wherein X represents an
integer fromzero to 10.16. The interpolynmer of Caim

1%, TN eoeés3 of lTaif | edéréin ilfe @batsvathdijorstirthat dongprisb et least
integEo, mer with nethyl ene chloride, adding ethano

A S 2 anal yzi ng

9. The process of Claim 8 wherein the shuttling agent is diethyl zinc.

10. The process of Claim 1 wherein the suitable pre-catalyst is selected from the
group consisting of hydrocarbylamine substituted heteroaryl compounds

corresponding to the formula:

~ R!2

1 N\ #

R ™~ MIXIX'

wherein:
R!! is selected from alkyl, cycloalkyl, heteroalkyl, cycloheteroalkyl, aryl,
and inertly substituted derivatives thereof containing from 1 to 30 atoms not

counting hydrogen or a divalent derivative thereof;

T! is a divalent bridging group of from 1 to 41 atoms other than hydrogen,
preferably 1 to 20 atoms atoms other than hydrogen, and most preferably a

mono- or di- Cy.»9 hydrocarbyl substituted methylene or silane group; and
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the decantate by gas chromat ography coupled with nmass
spectroscopy. 17. A process conprising: (1) selecting

W@eoo7@ems5 one suitabl e pre-catal yst conpri si ngPEr/Ubm®as061761

one netal -aryl or netal -hydrocarbyl bond, wherein each
pre-catal yst nolecule is essentially the sane as every
ot her pre-catalyst nolecule; (2) contacting ethyl ene,

an a-olefin, and said suitable pre-catalyst; and (3)

sel ecting ethyl eneral pha-ol efin concentration ratios
sufficient to activate the pre-catal yst, and form an
ethyl ene/ a-gl efin interpolymer interpolynmer wherein

t he e%wyllseﬁq@;-@lﬁfé?wl ghouprpBianiag Lew)s bass funavinnplity,
from absusiailk: #; jﬁQOﬂt i in [ :
point, Tm .1i]yn Iéjeﬁg}lrees Cgl éli?olj’g,%%ngﬁg&lggg %{%,hﬁg,{]gidﬁvalem
gr ans detibptévedherepfiet er, wherein the numerical val ues

of Tmapd d correspond to the relationship: Tne 858.91
- 182813¢emprises hatnigp gy pihes Gronp 4agtala My M from

about 1.7 to about 3.5, and is characterized by a heat
of fustdnanpprionic. ppyral ondianienis ligantugmerpt y, DT, in
degrees Cel sius defined as the tenperature difference
bet wedh it HBumhen feamp O3 Wdigeting thermunbes|df sueh KRY®DAF; and
peak, wherein the nunerical values of DI and DH have
the f&rPEwiorgora benfperdielperonyionative intgraghpmyyre regeseted by

1 for 1k alofal Ghed RRANarZSH Oredpebivelyt Br 4 3xels 3
for DH greater tﬁan 130 J/B ?&\Aherytéi% tﬁﬂé 6%@5‘%’%& 1pr)lea act

i s det"dihf REERDIBEhEatakyst- east 5 percent

11. The process of Claim 1 wherein the ethylene/a-olefin interpolymer

composition is produced in a single polymerization reactor.

12. The process of Claim 1 wherein the ethylene/a-olefin interpolymer
composition is produced using N-(2,6-di(1-methylethyl)phenyl)amido)(2-
isopropylphenyl)(o-naphthalen-2-diyl(6-pyridin-2-diyl)methane)hafnium
dimethyl.

13. The process of Claim 1 wherein a low molecular weight portion of said
ethylene/a-olefin interpolymer composition has a higher density than a high

molecular weight portion of said ethylene/o-olefin interpolymer composition.

14. The product of the process of Claim 1.

15. A composition comprising an ethylene/alpha-olefin interpolymer composition
with a multi-modal molecular weight distribution and one or more molecules
having a gram molecular weight equal to about ((the molecular weight of an aryl or
hydrocarbyl-ligand of a pre-catalyst) + 28 + 14 « X), wherein X represents an

integer from zero to 10.
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of the cumul ative polynmer, and if |less than 5 percent
of the polynerhas an identifiable CRYSTAF peak, then

W0 b@®70RYETAF t enperature is 300C, or (c) is  PCT/US2006/061761

characterized by an elastic recovery, Re, in percent

at 300 percent strain and 1 cycle neasured with a

conpression-nolded filmof the ethylene/a-olefin

i nterpolyner, and has a density, d, in grans/cubic

centinmeter, wherein the nunerical values of Re and d

satisfy the follow ng rel ati onshi p when

ethylene/a-olefin interpolynmer is substantially free

of a cross-linked phase: Re >1481-1629(d); or (d) has
m ﬁ#élgfxl A0F YN, %e%lﬂttﬁénﬁ%cﬁfee@ oBEerbedbyl edBitting

onated using TREF, characterized in that

Mentermymgmwhhsneahm@@h et ﬁéﬂ’éllg eglemob prd decapting.@aalyzing

¢ FRERARRbEFABIAM
g?ﬁﬁ %ﬁ%:P t ?%@ g%?@% n utlnégggt&een t'he
same tenperat ures, mhereln sald conparable random
ghxd§ne |ntﬁggo%%ner has the sane conononer(s) and

TRETS density, and nol ar conobnoner content
(based,on th 14:Ra%
of Vet nyP Brire arp pHE Fifab i bie SR Rlng 1483Pne
st or ag;&:tmleﬁgl oismetial-BEAroGrb@ bc(nzl5 wipreimpakhaprstoataigé molecule

dul f
G (55 5 e et & Sl AR ATRORE?, 7

b 1. f '
\?ve |o ; L t( i st q,olngaﬁﬁlg Et%&?e%?h% TS o1 ég}l}% ?IL% 'rs]{ﬁg szR!ﬂﬁQ l&c‘!f—‘éatalyst, and
t hyl /
o 3 & Bl Ol AT QAR D SO 2

and a sstivita blll@pme:ﬂtzﬂlysal eysltfprm an ethylene/o-olefin interpolymer

interpolymer wherein the ethylene/o-olefin interpolymer

(a) has a Mw/Mn from about 1.7 to about 3.5, at least one
melting point, Tm, in degrees Celsius, and a density, d, in
grams/cubic centimeter, wherein the numerical values of Tm and d

correspond to the relationship:
Tyn>858.91 —1825.3(d) + 11 12.8(d)*; or

(b) has a Mw/Mn from about 1.7 to about 3.5, and is
characterized by a heat of fusion, AH in J/g, and a delta quantity,
AT, in degrees Celsius defined as the temperature difference
between the tallest DSC peak and the tallest CRYSTAF peak,
wherein the numerical values of AT and AH have the following

relationships:

AT > -0.1299(AH) + 62.81 for AH greater than zero and up
to 130 J/g,
AT > 48°C for AH greater than 130 J/g,

wherein the CRYSTAF peak is determined using at least 5 percent

of the cumulative polymer, and if less than 5 percent of the polymer
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under reaction conditions sufficient to form an
et hyl ene/ a-ol efin interpol ynmer conposition wherein the

W@ 210a8l0§y®65 conpri ses a catal ytic anount of a noPEDUBM06/061761

having the structure:wherein M= group 2 - 8 netal as
a neutral or charged noiety; Y = any substituent
including fused rings; L = a pyridyl; a pyridylam de
or any other ligating group; X = al kyl, aryl,
substituted al kyl, H or hydride, halide, or other
anionic noiety; y = an integer fromO to the conplete
val ence of M R = al kyl, |, hal oal kyl, hal oary

hydr ogen; Rasanjidengfialiy ¢ TN’\ @cak, dher @@@Rﬁﬁﬂf& and

X and (CRa) aﬁﬁnk%bQ9ﬂﬁd or part of aring. 19. A
conposi tion conprising a catalytic anount of a

I le h 3
rotal v 2y R Rl o ARl 1 M Berest 500
a pyridyl; pa‘szytrstmm am] Heyde mmayured Meth 4 cgapreﬁgogmm]@qd
X = al kyl ﬂ yo‘f’th gltenélgtoelgﬁ lrhé’xjyblj?r%e%,r fnbc%/ ﬁjzgl dgéfn91t¥n(b1n

hal i de, her nic eger fro
to the co n‘gfeemgculﬂd: eﬂltl-me:lér MhefRim thel L’uyhe,ri@ﬂ yhlues of Re and d
hal oal kyl , 0 dro sh
= opt i onal S%Ssr% ﬁle@r‘?g Yyrgnr& 9"?’@&3}? r“rglen eécwlglf%?%r Z%mor
part of a integpol@ier i kebscxwiipig ftek @f a@fro@-lmldmmase.
further conprising ethylene or a reaction product of
sai d nol ecul e amRk 21481 B29(Dlor The conposition of
Caim19 further conprising an a-olefin or a reaction

d has a molecular fraction which elutes between 40°C and

130°C when fractionated using TREF, characterized in that the
fraction has a molar comonomer content of at least 5 percent higher
than that of a comparable random ethylene interpolymer fraction
eluting between the same temperatures, wherein said comparable
random ethylene interpolymer has the same comonomer(s) and has
a melt index, density, and molar comonomer content (based on the
whole polymer) within 10 percent of that of the ethylene/a-olefin

interpolymer; or

(e) has a storage modulus at 25 °C, G’(25 °C), and a storage
modulus at 100 °C, G’(100 °C), wherein the ratio of G’(25 °C) to
G’(100 °C) is in the range of about 1:1 to about 9:1.

18. A process of controlling molecular weight distribution in the production of an
ethylene/a-olefin interpolymer composition comprising:

contacting ethylene, an a-olefin, a suitable catalyst, and a suitable co-catalyst,
under reaction conditions sufficient to form an ethylene/u-olefin interpolymer
composition wherein the catalyst comprises a catalytic amount of a molecule

having the structure:

36



10

15

20

25

product of said nolecule and an a-olefin. 22. The
conposition of Claim19 further conprising ethyl ene

wa@pa7ae79es ol efin or a reaction product of sai dPCT/US2006/061761

nol ecul e, ethylene and an a-olefin. 23. A process of
control Iing nol ecul ar wei ght distribution in the
production of an ethylene/a-olefin interpolyner
conmposition conprising: (a) selecting at |east one
suitabl e pre-catal yst conprising at | east one

netal -aryl or netal - hydrocarbyl bond, wherein each
pre-catal yst nolecule is essentially the sane as every
ot her preycatal yst nol ecule; (b) contacting at | east

one orga conmpound, and said suitable precatalyst;
(c) sel pg at | east one organi c conpound
concent i/on sufficient to activate the pre-catal yst,

and &d& orm ng an et hyl ene/ a-ol efin interpol yner
conp% Frﬁn under continuous reaction polynerization
cond|t|0n$ and, optionally, (e) selecting a nolecul ar
wei ght spkiyt of the interpolymer as determnmined by the
concentrati on of the one or nore organi c compound(s)

bReR¥t gr ac% t gyl ) e}xﬁéi diat 'hpr%%
g,ongnjfubg ffluﬁf}gt lzn%s % dal %I ti-nodal
i 8 pyri yl 3% p ylan 2 or any other ligating group;

X = alkyl, aryl, substituted alkyl, H or hydride, halide, or other anionic moiety;
y = an integer from O to the complete valence of M;

R = alkyl, aryl, haloalkyl, haloaryl, hydrogen;

x=1-6;

Dashed line = optional bond; and

X and (CR3y)x may be tethered or part of a ring.

19. A composition comprising a catalytic amount of a molecule having the

{b

éﬂﬁo}xx L

structure:

ME [m——

{
L

>

y

wherein M = group 2 - 8 metal;

Y = any substituent including fused rings;

L = a pyridyl; a pyridylamide or any other ligating group;

X = alkyl, aryl, substituted alkyl, H or hydride, halide, or other anionic moiety;
y = an integer from O to the complete valence of M;

R =alkyl, aryl, haloalkyl, haloaryl, hydrogen;

x=1-6;

Dashed line = optional bond; and

X and (CRy), may be tethered or part of a ring.

20. The composition of Claim 19 further comprising ethylene or a reaction product

of said molecule and ethylene.
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21. The composition of Claim 19 further comprising an o-olefin or a reaction
product of said molecule and an a-olefin.

22. The composition of Claim 19 further comprising ethylene and an a-olefin or a
reaction product of said molecule, ethylene and an a-olefin.
23. A process of controlling molecular weight distribution in the production of an

ethylene/a-olefin interpolymer composition comprising:

(a) selecting at least one suitable pre-catalyst comprising at least one
metal-aryl or metal-hydrocarbyl bond, wherein each pre-catalyst molecule

is essentially the same as every other pre-catalyst molecule;

(b) contacting at least one organic compound, and said suitable pre-
catalyst;
(©) selecting at least one organic compound concentration sufficient to

activate the pre-catalyst, and

@ forming an ethylene/a-olefin interpolymer composition under

continuous reaction polymerization conditions; and, optionally,

© selecting a molecular weight split of the interpolymer as determined
by the concentration of the one or more organic compound(s) to produce an
ethylene/a-olefin interpolymer composition with a controlled bimodal or

multi-modal molecular weight distribution.
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