PROCESSES TO CONTROL FOULING AND IMPROVE COMPOSITIONS FIELD OF THE
INVENTION This invention relates to improved processes employing a post-reactor heat
exchanger. In particular, the invention relates to (I) reaction processes resulting in less heat exchanger
fouling and (2) compositions with improved characteristics, e.g., color. BACKGROUND AND
SUMMARY OF THE INVENTION [2]Many reaction processes employ heat exchangers in order to
transfer heat from one media to another without the media being in direct contact. The heat exchanger
may be employed subsequent to the main reaction and in such cases are called post-reactor heat
exchangers. Unfortunately, in some situations these post-reactor heat exchangers may become fouled
due to impurities, iR OEBIEES, TasClONErOMPOENIN QUIKIRGMPRD VEr ESAPRISTERIS ' tubes of the
heat exchanger. The fouling reduces the cross sectional area for heat to be transferred and causes an
increase in thé&hddistante EoNeBNripisfer across the heat exchanger. This is because the thermal
conductivity of the fouling layer is often low. Thus, fouling reduces the overall heat transfer coefficient
and efficiency of ttie heat gxshangeibnActarsespanding pparLase: RpRYMPNg.andanaintanance cost may

also result. Plégaarsinaly hais esled ae impioyedd prosessesnich miy assistp.geducing or
eliminating the fouling o éjqument such as post-reac r heat ch%angers. &dvantageously,
improved reaclithf e daeiesIng it rrBnesiiangy Bhnimatned shisrica sisactien dplelt least one reactor to
form at least one product comprising a metal alkyl compound, metal oxide, or mixture thereof and then
passing said prodkERDENIdSBSEIINIARYREFEHYEY VENG iHProvement comprises one or more of
the following: (I) reacting said metal alkyl compound with an acid to produce a soluble metal ester; or
(2) adding an ionjiz] surfactdat toctivdmepctassoremplof@eaddittqaaixiundcomprisichan antioxidant to
the product upder canditigns mgmm&?eai@gﬁéwmaugﬁhgﬁio%g@ghq?a; Rt hinpguple metal or

metal compounds derived from said metal alkyl compound, 4 purgnfécgj said post-reactor heat
E8tIEaEIor heat

exchanger witARERSAER Bed SHRIEFEBHAITIS RS KeriSEhBrar iraseHraRr
exchanger. 1Ebir:ahatbes. donifedinet, heinyaniconselate piocnanel cempRIiLanRss camprising an

ethylencla-olefin. puithiack.erplRe APdABEIY Bilet Jhnsianaaclelinmytiblock
y inking e'of

. . cO \ :
interpolymers may be characterized before any cross by one or mor the following

characteristic&@1ple, co{ig priybes ofdbehsiexclivass - gfdatferfharcswe disdiopstsdisseita1sd and a
molecular wetghhdlistrit tinrfdMd/Aa cgreatar anaboti k8isthce to heatl(@mtdeasbamg molecular

o b hElL e o 0 A B e R RIR o el eIz ed o et e

fraction has a block index of at least 0.5 and up to about 1;or _ W/Mn from about 1.7 to
about 3.5, at [E48t BHEERHSES SeieTH i deg e sacBicinns apsherBeiaps iy the, iefgrams/cubic

centimeter, whetgindheaimescalivaliesat Tnputdng sarespenshte the relatinpship: Tn, > -6553.3 4-
13735(d) - 7051.7(d)1; or (4) an MwfMn from about 1.7 to about 3.5, and a heat of fusion, AH

in J/g, and a deligjquantitcAfaingearaes Relsusdefinedasibedemparatuts diffgrgnce between the
tallest DSC pe% and thX tallest %EJSTAF Peak, whereig the numerical values of AT and AH have the

following relaliSRSARY: AT L4 DEPRINE £ A BAMBE MG G RS IR PO AHIRE fo 130 J/g, AT >

48C for AH greater than 130 Jig, . .
[4] Advaniageously, improved reaction processes comprise reacting a mixture in a

via a reaction in at least one reactor to form at least one product comprising a metal alkyl
compound, metai oxide, or mixture thereof and then passing said product to a post-reactor
heat exchanger. The improvement comprises one or more of the following:

(1) reacting said metal alkyl compound with an acid to produce a soluble metal ester:
or

{2) adding an ionic surfactant to the reacior; or

(3) adding a mixture comprising an antioxidant to the product under conditions
sufficient to avoid formation of significant amounts of insoluble metal or metal compounds
derived from said metal alkyl compound; or

{4) purging said post-reactor heat exchanger with an inert gas under conditions to

remove metal oxide from the post-reactor heat exchanger.
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wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative polymer, and if
less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the CRYSTAF
temperature is 30C; or (5) an elastic recovery, Re, in percent at 300 percent strain and | cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and has a density, d,
in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following relationship
when ethylene/a-olefin interpolymer is substantially free of a cross-linked phase: Re >1481-1629(d); or
(6) a molecular fraction which elutes between 40C and 130C 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{ggndom &thylene ériespelymendiactiaheteting eiwebilyesame temperatures,
wherein said comparRnieANARI. SOXIERG RIS AMEL AP dRP.SALE SR o) ARd has @ mel

index, density, ar comonomer content (based on the whole polymer) within 10 percent of that
of the ethylerfaf48IBm HekioRiAbrmaEs may be chayagtetizrd Jatroal GEOsTSEE " 295 ®)%%8nd a storage
modulus at 100k, 163 AL0Q &)rastageain: the ratio of G'(25 C) to G'(100 C) is in the range of about 1:1 to
about 9:1. [61The ethylene/a-olefin multiblock interpolymer characteristics (I) through (7) above are
given with respect to the ethylenefasolabisk iRtRIobdaemheiers May.significantoaesslinking, i.e., before
crosslinking. The ethylene/a-olefin jnterpolymers useful in the present invention may or may not be
crosslinked dg'ﬁgzﬁéﬁgd” ﬁ‘g%dfﬁé‘L dgike “[:’)Jr?é)[g’e%‘ fes’ é}?nu%%?cﬁa%cteristics (1) through (7) as
measured before crosslinihgf lsaictnmealsertssiigggiestthish tHetiatefpobprigiCisnesifite avbemot required
to be crosslinkgd;saRly that theceharagtesisia is dpeasuredivith fasnedt trdherntemolymer without
significant crosslinking. Crossl inking may or may not change each of these properties depending upon
the specific p'i‘ﬂ;‘}r&‘}‘é?"a%i&”bl dfee of crosslinking. BRIEF DESCRIPTION OF THE DRAWINGS
E71Figure 1 shows the m@ltmgvpoiMtidensithos|afiomsbipt fob thddmventiveeibolyrnsts imepresented by
diamonds) agjcgupated, tofaditional randem:coRelinsksepraaerird by isles)andZiegler-Natta
copolymers (represented E)y triangles). . [8] Figure 2 shows plots of delta DSC-CRYSTAF as a
function of DSE RIER EXHREMY 8B SBRmers. The diamonds represent random ethylene/octene
copolymers; the sqliaressfépresent palimadExddiples 1-4; the triangles represent polymer examples
5-9; and the circles repreggnf, RlyRRI RXABIRS 1 &5 18out B%,”%ﬁéi%%@é?%'ﬁfﬁ%ﬁ?ﬁﬁ% pRlymer examples

A*-F*. [9] Figure 3 shows the effect of density on elastic recovery for ungriented films made from

inventive intefPo R/ FEpPIEse hdu by it Sl e arPe R deT et raditlonar copsRimers
(represented ibifetn & Sligrglesivhicha lgse VRYISUS Deak AFTtNITNe polyenersyaMbeo§ gllauresépresent

inventive ethxlég;gq(llg%%@iggpg%ghgﬁ%sand the circles represent inventive ethylene/octene
copolymers. 1101Figure 4 is a plot of octene content of TREF fractionated ethylene/ 1-octene

copolymer fractiondVerstid 2PREH et fioH R estene Brersandish o hd%olymer of Example 5
(represented by theagirckssy andiebgnpanative [30lymers E and F (represented by the "X- symbols). The

diamonds represen fiadfignal sardom cVIERSIOGIENA GRPANMSTS HHIRIGHIR. 2R AL of octene

content of TREF fractionated ethylene/ I-octene copolymer fractions versus TREF elution temperature
of the fractioRIbimfledpalifriset BIEXTHEE & fapolmsates A €I fahiafvR B [Adroers)Mehe squares
represent ExampleyRT andiherttiangesepresent Example 5. [12] Figure 6 is a graph of the log of

storage modulus as a fungtion of eraturs for cor rative ef 'S -0f polymer (curve 2)
on QLdgm co';%éy %J,l %g@é%% %‘Ht{}ﬁ UEX%‘?W?JI %Ee&%lgf%

and propylene/ ethylene- copoﬁ/megr curve 3) and for two ethylene/l-octene b copolymers of the
invention madamiteddifE g aRraritie e olfeh Him shirtimby kgehtqstinesrplymer )ddigide 7 shows a
plot of TMA (dsnsm) eisusfexiprddiisn e semeainvantive-palymrs (rrreseatadsbytbe diamonds),

as comparedyo Same oW, pol g]neer%ﬁéhee/cﬁ e feprasent Ve Fieh ﬂ?%’é‘%%‘&!ﬁr) polymers;
the circles representvarious random e yPene s?yrene 0|5/o ymers; an e squares represent various
Dow AFFINIT¥Kepbhymers. DETAILED DESCRIPTION OF THE INVENTION General Definitions

Re >1481-1629(d); or
{(6) a molecuiar 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
2-



[14] "Polymer" means a polymeric compound prepared by polymerizing monomers, whether of the
same or a different type. The generic term -polymer" embraces the terms Thomopolymer,"
"copolymer,” "terpolymer as well as -interpolymer." [151"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. [16)The terms -ethylene/a-olefin block interpolymer or
"ethylene/a-otefimmulitiviocknintespolyrtiergenepaliyreieritobldckcopalyime s demiprikimgoethylene and
an a - olefin having3-Ql.Make garbon atoms. Preferably, ethylene comprises the majority mole fraction
of the whole polymer, i.e., ethylene comprises at least about 50 mole percent of the -4- whole
polymer. More preferably €Iy TORSCBRISHESS 2t TeaSt 'abont Bt A SRasE MaH st 3644 dbout 70 mole
percent, or atG&d 80 d6puth8Bimbleypiercent Avith)the S(lstdhtiakr émaingiesfebtive Wholebpalymer
comprising atylgast one other comonomer that is preferably an a-olefin having 3 or more carbon atoms.
For many ethylene/octene copolymers, the preferred composition comprises an ethylene content
greater than abddl 80 molEpERERE SrE WRBIPISH INEP e & beastie Lol ntBr 4B about 10 to
about 15, prejerabhyrdomnabiduidbdoaibo gt Gmole péndentroftiher iwfote gpolyigréfichntsome
embod'ment%rsfeﬁiﬁsmgﬂ@%/@eg@m@mm%tem@m%M.%i@% NEdE oseBraghgRd in low yields or

in a minor amount or as a byproduct of a chemical process. While the ethylene/a-olefin block
interpolymer< B b BIEHASEAWATHTEH @D LRSPE PR RS tlies 489prba desty oS- Biefin block
interpolymersusing shibstentiddly puieragid Dite meanmpd sefardanajaicbinpoenenhedithe segeiion product of
a polymerization RIagess, Such-elhviene/agielinplack nieroaivners are deseribed in, for example,
U.S. Patent Application Publication No. US 2006/0199930 Al published on September 7. 2006 and
incorporated HEFaHFHirdfdpeieErd It TosRCR S BYGRABASISH h 8 9RETHBIIRSFBIMropylene
based-plastomessipk plasioness(RBR N geact aliyhereripeenpebpaeliscaraptsinpepipylene and a
monomer su has ethylen feEé?g‘?J%ﬂlr?ki propylene comprises the majority mole fraction of the whole
polymer, i.e., propy[ene comprises at ea§t about 70, preferably at least about 80, more preferably at
least qbput Q%I{rf&ed%esrg &&hgmée[ﬂ%mﬂdgith a substantial remginder of the whole polymer
comprising at’least oné other comonomer that is pfeferably ethylene. Suitable propylene-ethylene
interpolymers are described in. for example, WO 2006/115839 published on November 2. 2006 and
incorporated heféin by refé?éﬁc%?@ﬁﬁgﬁ@‘ﬂfﬁ‘éﬂﬁﬁggﬁﬁWeW@‘?ﬁf@F&bf%%%“é?@%’8Id commercially by
The Dow ChenijcadrCompanycad MERSHIY| EM:-anphixy ExxoiitiasaViGIAAYhmes  [18] "Composition,”
as used herejp, jaclis, Apile o mAleals ih famprise. e compasliion. as well as reaction
products and decomposition products formed from the ingredients or materials of the composition.
Specifically incluged withig the sqmpositons efhpareseotinvention, are grafisc o cpupled
compositions wherein an inftator or copuptﬁ'ng agent reacts with atléast a portion of one or more
polymers andoihalpieist aripuriolofonéhsdinmradilenseseopdon edy lstisérisne seabadsr purposes of
tgis gppliqatiiagbHaagz&@ﬁ?@&eﬂ%ly,a@de@a&g@wém& bﬁ@%]&@reg{@égeéblm@wex%gﬁe fbélliisj$ '\tﬂhg art.
-5- Density esin density was measure imedes displacement method.

752:05, MotHE8 B TS Rar S G S & e e WML TRl ter
conditioning ixahegirsoprdanol bath at 23 C for 8 min to achieve thermal equilibrium prior to
measurement. The specimens were compression molded according to ASTM D4703-00 Annex A with
a 5 min initial hgating perivghiat adhout H20EandfddbsiEmiriasoolingwaidpenbioceddien. The
specimen was,goaled 19,4 < dhe prss ulla.caninyert cnlingatl ceaphia dgidanen™. Melt Flow
Rate by Extrusion Plastomer 1211Melt flow rate measurements for polyethylene were performed
according to RBTNPEIS{EREsale bR B @M&@fkg%ﬁ&@@ﬁaﬂ%ﬁ@@"ﬁ CPebO%Y: which are
known as 127airdduissreppeettiaiynidelfigensaiemeasuramentmian PRPEs andbeepropylene polymers
were perforrq!g!e‘(fjen .lc‘peorgj‘iq&tQ At\Sn‘ﬁlglé/(I) [()}Tlgn%§-03, Condition 230 C/2.16 kg and Condition 230 C/10.0 kg,
which are known as 12-and fiB res%e%tlvesl'y. Melt flow rate is inversely proportional to the molecular
weight of the polymer. Thys, the higher the molecular wej he Jower the melt flow rate, although the
relationship is nbtMnear. Moty 1At 8@?8??‘?\%03{?66&%%%% shaﬁa"ﬁ%%?m%ﬁfﬁ/nh%éﬁéﬁ higher
weights, suchoas!jimacterdancersud i RS TN 2B Cure itiohefBOt G brBHegycdokisoknown as 121.
Melt Flow Rate Ratio (MFRR) is the ratio of melt flow rate (1,0) to melt flow rate (b) unless otherwise
specified. DSC Glass Transition Temperature 1229sing a DSC TA Instruments model 2010, data
was collected and reduced



using Universal Analysis software package. Circa 9-mg sample was weight using a Mettler AE 240
analytical balance. Lightweight (ca 25 mg) aluminum pans were employed throughout. The pans were
crimped to improve sample/pan contact. The below steps were employed: Equilibrate at 40 C Ramp
10.00C/min to 250.00C Air cool: on Ramp 20.00C/min to 40.00C Equilibrate at 40.00 C Air cool: Off
Ramp 10.00 C/min to 250.00C Data storage: Off Air cool: On Ramp 20.00 C/min to 30.00C Air cool:
Off [23]The ethylene/a-olefin interpolymers comprise ethylene and one or more copolymerizable
a-olefin comonomers in polymerized form, characterized by multiple blocks or segments of two or
more polymerized monomer units djffering in chemical aor physical propetties. That is, t
ethylene/a-ofefiPiter FERIFRYS e BiGdi’ §%oﬁ9% e ’5?@%@%?%3?&%@6 i ﬁfgcﬁgrlﬁ%rs or
copolymers. THestermis ) ifiendalymes tamebat polifver! araluseathiftertistangeasiymerein. In some
embodiments, the multi-block copolymer can be represented by the following formula: (AB), where n is
at least 1, prefefapgly an iniggers greaterdharede ssrobnast 2 RE Rirktib0qtddbe @080, 46156, 60, 70, 80, 90,
100, or higher,, i [EPFESENS. 8 LAk pioek L SEamBILA off depissRRitabsRihblagk or segment.
Preferably, As'and Bs are linked in a substantially linear fashion, as opposed to a substantially
branched or BtaBeAH iSRSl 28H A TRSRIBYE Tr VG PenBE SRHEREEHBRLEIRE B blocks are
randomly distridpuiedialenre thepalanenghain In other words, the block copolymers usually do not have
a structure as follows. AAA-AA-BBB---BB 124)In still other embodiments, the block copolymers do not

usually have a thisgl type pliogks Yhigh spmprises differenbaomanemeidsin b yeieibarembodiments,
each of block A and block B has monomers r,corl‘gan(\)fgl) %sngupastqggglb(h@gn@%l  distributed within
the block. In SIHEMRRELE REHISEF HIBER"A 18P BINEK B LomTSds two of more Sub-segments (or
sub-blocks) éfwdistienddmpesitinriesiticrnatipckegmbmewhicheHasatisnpsdhtidlly different
composition mi%%ﬁgﬁgt%m@ggggu%@g rawli=blgck polymers typically comprise various
amounts of "hard" and 'soft" segments. -Hard" segments refer to blocks of polymerized units in which

ethylene is presgt in an AmouALareater ihanARR! A5 Weldl RETERRM AT Resferahligeater than

about 98 weight percent based on the weight of the polymer. In gther words, the_comonomer content

(content of NORERRETERHRENEERY Sih giameydh 1AsCARRISE (highE KROWB SR EbAUE 5 weight percent,
and prgferabiydﬁ@%%@&@bmﬁiawa@hmm%amd@n ﬂmwmﬂeg ntroéthe vpodpsrendimsome
embodiments, t'l&@%{geﬁ%%é?grg@e?gW&ﬁ?%@&&f SHRsiantialebsihyianRi Toofoskaments, on the

other hand, reter to bloc merized units in which the comonomer content (content of
monomers other thanp e is qr eight percent, preferably greater than about 8
weight percehf@égg rﬁ%ﬁjﬂéﬁ’ﬁ‘f%ﬁéﬁégﬁ%ﬁ%@ﬁé cﬁv greater than about IS weight percent based
on the weight of the polymer. In some embodiments, the comonomer content in the soft segments can
be greater thQﬁ“éBﬂLﬁ%\W@f@ht percent, greater than about 25 weight percent, greater than about 30
weight percent, greater than about 35 weight percent, greater than about 40 weight percent, greater
than about 45 widiht percBtmgre st PP RIS RIS BTERREADOPYYESIE HRan about 60 weight
percent. [2Glohhasofiveagments cancafteniiRpreseat itha hiack iaterpaljymer fearrabout 1 weight
percent to abput 99 weight percent.of the total weight of the block. int I ~preferably from about
5 weight perctzg'::?nttefg1 %b%%?" E&/{/neelrghtcﬁggfye%%f’frow&r%g%ﬂ%rlOasv%egiig?‘ust 6@%&1 togiibout 90 weight percent,
from about 15 weight percent to about 85 Weig t percent, fr(%n %bou} 20 We!%ht ercent to about 80
weight percent, o aboulSEPRIETTt BEREE AR A0 B P ety M e Rt o about 30 weight
percent to abeutdGeweightcpef cenbrfrom Hizogan8i-vaighinterobmed aisbde68sveight percent, from
about 40 weight.p &“R&%@P%%QQ]%@E{M&@%@%% fropnaRPHAB-WeiBht ARreeRtdR about 55

weight percent of the total weight of the block interpolymer. C invers.ely, the hard se%rlnents can be
present in siFAPTERYES *Phas ot BY irEr WRTHHE U R ehia e AHEPIRE A S S LB JRiaMt ViR ht
percentage gasphecataulhteddiffised opdataraitared. florsDSOopdiiRoBucks methods and
calculations are digr%ose In2.cong gggg%g;%qqgss. Patent Application Serial No. l%/3_76,835,

{'No. %8%3-99955 , entitled "Ethylene/a-Olefin Block Interpolymers”, filed on March

Attorney Docke
15, 2006, in the name of Colin L.P. ?f?%ﬂ Lonnfllg tl)ggé(ll} et. al. %pdogsgt @eencg/ggo%%y}v Global

t
Technologies In{:l.? he dis&%&eﬁ?go hICPI/(IléoljﬁCOI’ oraté]‘,g%)@;‘?l (req‘erenqe_ erein in its entirety.  [27]
The term "crystiihitmst insmployedesefeit telarpoliatécaratyprsseygpdsy s estidede pifsisttion or
crystalline meltiRg:poiRt ETmhas detarminad hydifianeniial seacaingiealermelryidRsR) or equivalent

technique. The term may be use]d interchangelably with the ttqrmi"%%mi Bygg} é'ine‘?-eTngt [m
"amorphous" TS ¢5 BEFEIpIne? ng%ﬁ'ﬁ'a%rs}/sefﬁ?lfh%’f’ﬁﬁés fig Boint as' detérmiRed by ditterential
scanning calorimetry (DSC) or equivalent technique.



1281The 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 proplentylyTiee rvloiti-biokkatlypolylmsrermerietieridesstphod 5y talgoerdistiblsasns of both

polydispersity,index (B hatMwivin)elosk lesotn distibutianand/ anbioek nambredisibution due to
the unique process making of the copolymers. More s ecificgll , when g[oduce 1m continuous
it e )

process, the PSR FeSIPBR PHEdss PO PRSI 7S S B &REFABR fréi T8 10 25 "nore
preferably frémr in&<¢cdbap armdimdst prafeetibiprizonicnsg oo dymepwibhpprodedeenincaliiich or

semi-batch prggess. the polvipersPassess: RRM fem doduinclpSepieletrbivniienblddarid, more
preferably from 1.4 to 2.0, and most preferab%

}r/fr mi1l. to?iyi %Q%In t “ﬁ foltI)owipg delscription, all
numbers disBIRSETheVERT e BB SRIUEE - G SFATEs I MAIRE: the SHa =aBSit or
"approximatetisusgchinudennestion: thierewitenibhdiynamssy thastityerperdein, togercent, 5 percent, or,
sometimes, 10.t0 20, Bergent: WHRRENEL. 3 [URal ARG RININA IRWEF iR Andhan upper limit,
Ru, is disclosed, any number falling within the range is specifi II)ﬁ disclosed. In]{)agticular, the
following nurtfBAYE! {ithiAtETRIGR Sre Sy %@b@‘é%’.’ E%’?—--'ﬁ‘ﬁ‘?ﬁfiﬁff-sﬁ 5, Fherein k is a
variable rangiradfromitl percemttobOonper tentsvpithv actdpdreent/ meteiment . sicdpdyhpercent, 2
percent, 3 percent. 4 RATCSNT. S RSHENI AN RIERRloPIRBEAER o A PRIERN! prodB: REFCEN, 96 percent,

97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical range defined by two R

numbers as BRHREEEHItAEBDVe JLRIEH Eredndall) BIRH RSP OXTEth iR He tSTetin Mterpolymers
130)The ethylangpia-vlsfinatate paliimadss Bigddarioendbodinemélio?ihzdiaventicshddiso referred to as
-inventive i”@é&%’k@r@f‘ﬁbggﬁﬂ% @gm@ncgmpggggcghylene and one or more copolymerizable
a-olefin comonomers in polymerized form, characterized by multiple blocks or segments of two or
more polymerized monomer units differing in,-9- chemical or physical properties k interpolymer),
preferably a muﬁ(ij-/l)lock ?3‘6&%%8??%%%1%@%%‘ é?oﬁg’f?rg/ fﬁ%é_rﬁglyrl}?g%%%reaé ga é%%%ﬁ%@g by one or
more of the asplesrdeERFEN sTonbies $imcoprbarpeeeradsshpTendrassrstihM¥Pelymers used in
embodimentg,of thedRuaptionhaup aMpy/RNARSmMabouida b ahauaBand @ kergt one melting
point, Tm, in degrees Celsius and densit in gramsjcubic centimeter, w in the numerical values
of the variab?é}sg%'gFTé'ngWE )fc?'}ﬁg)r%?éﬁ%%istﬁ%g m ug] %’%%%af qg%g%cﬁbo%eé%%é% or Tm > -2002.9
+ 4538.5(d) pré2sbiy(a)Ragnboprofomatitypaeans cbhesiol ivimedyits7 20 8taye. sRdirisete preferably
Tm>858.91 + 1@ R)pbirhd2 St did32 lauchameling poinisensitysetatapshipisilustrated in
Figure 1. Unlike the traditional randam copolymers of ethylene/a-olefin S i oints
decrease wiﬁ‘l‘ﬁ%gé?ené%tfﬁ rﬁéﬁgﬁleé]s" & t%rﬁﬂ? gyr'? Na i ee?’?f)ig frﬁ%‘rso ?Féﬁ?&geéﬁ?gl‘ggg (ﬁi‘iyn%%%ods) exhibit
melting pointsisiighstamtiiyembee Admngfitherphspisidyerrantivuieideihe hudensyory Satween about
0.87 g/cc to %%B@iﬂ@rﬂé%&?ﬁr@é@i@&lﬁnﬁ%i@?'ﬂ?qmﬂ%otﬁ%f&é?@ymﬁ@ ate in the range of about
110C to about 130C ﬂ\r/\h/{hen density ran eqs fro g 75 glcc to about 0.945 g/cc. In some embodiments,
the melting poTitoF SUcABEY Areint e of about 115 C to about 125 C when density
ranges from 0.875 g/ce to about 0.945 g/cc. [33)In another aspect, the ethylene/a-olefin interpolymers
comprise, in polyfierized fsmPosifRieris Wht o e 4 BIsHES Hierisrd/ndikterized by a AT, in
degree Celsisssirfined-asphaiamperaturedariheptatiest RiffereatinbSeanningGalenieetry (-DSC-)
peak minus the temperature for the tallest Crystallization Analysis Fractionation (GCRYSTAF") peak
and a heat oyf}r1 Ws%%%ﬁrﬁ%?% r,ngn%silﬁ'oaﬁ Aoﬁng%st% 9'trsl'Ae% gﬁ%én%elat?onsr%ps: AT >-0.1299(AH) +
62.81, and prefaeigns of the present invention are grafted or coupied compositions wherein an

initiator or coupling agent reacts with at least a portion of one or more polymers and/or at

least a portion of one or more filiers.

[19] Unless otherwise stated, for purposes of this application the test methods used

are described below or are well-known to one skilied in the art,
e



> -0.1299(AH) + 64.38. and more preferably AT > -0.1299(AH) - 65.95, for AEI up to 130 Eg.
Moreover, AT is equal to or greater than 48C for AH greater than 130 J/g. The CRYSTAF peak is
determined using at least 5 percent of the cumulative polymer (that is, the peak must represent at least
5 percent of the cumulative polymer), and if less than 5 percent of the polymer has an identifiable
CRYSTAF peak, then the CRYSTAF temperature is 30C, and AK is the numerical value of the heat of
fusion in J/g. More preferably, the highest CRY STAF peak contains at least 10 percent of the
cumulative polymer. Figure 2 shows plotted data for inventive polymers as well as comparative
examples. Integrated peak areas and peak temperatures are calculated by the computerized drawing
program suppkesltpy the instrument maker. The diagonal line shown for the random ethylene octene
comparative polymers corresponds to the equation AT =-0.1299 (Al-1) + 62,81. [34]In yet another
aspect, the ethyjeme/a-olgfiiindenpiolymershane s melactiandtactinplavhichieldtesibeivaen 40C and
oaC wien fiackionaisRusing. Teletalie Sisina.rlwion ELachonation {aFS o thigiacterized i

that said fracfion has a molar Comohomer content %er preferably at east5percen igher, more

preferably at38eisonditrriagnie Higieprepans bk ot 2 coritp&ramd s aridmtmabs i Fﬁ@ﬁﬂblymer fraction
eluting betWQﬁf&nmﬂr&QQﬂ%ﬁ%ﬁpGﬂﬁ@ﬁ@@nﬁéﬂ@@ﬁ%cﬁhﬂpﬁﬂ@ﬂﬁﬁﬁ&b&daﬁdﬁmmmm interpolymer
contains the Qmongmer(s and h Yoo lar cemo ontent
(based on thg?[pf‘lw%i32 oﬁ/n%‘e %gﬁln 710 p?:arg‘er;}[ o% hé?é)?gﬁgggﬁolgﬁ |§t§$§0l{/mer Igrge%?ggly the
Mw/Mn of thea@mp%m@i@rm%ra@wwwaw gotiath le g herdaficarenat oh tRBUBRSEIEsRTE D olymer
and/or the coppaiabledmterpalymer has a total comonomer content within JO weight percent of that of
the block interpolymer. pslin still another aspect, the ethylene/a-olefin interpolymers are characterized

by an elastic {egoprRY f3& 1) RRIFRAPIRA0:Mg cent strain and 1 cycle measured on a

compression-molded film of an ethylene/a-olefin interpolymer, and has a density, d, in grams/cubic

centimeter, Wher{f#“l the nymeyical. %'HE% Itiﬁ?e;ng@grgo§§§§§y€LQ%@Q9W@agn@%|§£&% hipyvhen

ethylene/a-olefi erpolymer IS su stantla ree of a ¢ross-linked phase: Re >1481-1629(d); and
preferably ReST¥d3:|838 ), cnd HesrE pr r%?dfﬁ andiCopgiriondfq - fé}éb({&% XhEYEN more preferably
Re >1511-1620¢eh k36 Ak guitesspshowts. the:eflect rafedensity: manel dstitRRIC ovty farpuroeiented films
o e O MAIR AT ROPANBIOM AAROIere. 9L i same densily

the inventivein erpolyme have substantra igher elastic recoveries. g’ﬂ] In some embodiments,

the ethylene/aoofifieniAi8rdhfneis Al %%ﬁ%‘i’fé ayle At aserRsc iR PM S A Hysa tensile
strength? 11 M@@eEmﬂ@cﬂ’fﬁfﬂﬁb|y1sar$el&sﬂarstmgl@tﬁf%HSMBaqaﬂdi’aﬁsamemaﬂﬂn at break of at least
600 percent, more prefer Ieas 700 percen regnt, and most
highly prefera (]y aut%ewef%%g pe?ggﬁ%hgtmae ll(%floss (tg:a %%%§‘ atlongrgaéf%ﬁ c%?r%%ﬁt?a [38] In other

embodimentdlotieatstHstemanatorstivi e be Barers vl ()ea S g gt ot o, GI(25C)/G1(100C),
of from Ito 50ac@<5ﬁfﬁ{@b%f-f arTite 1202 MarenpErieIablycing Lgoail;@,zs’m@&o;ﬁ 42)@. G Bi@mpressmn set of

ess than 50 REISR L, PIFIRIEEN Jesahan. 1 Relcsnl esedalbnlesnlonn O RelgenL oo than 50

percent, or leSEtha d&Wn to'a compress set o perce lln sl
embodimentspthidiesthylene/a-olefin interpolymers have a 70C compressmn set of Iess than 80
percent, less than 70 percent, less than 60 percent, or less than 50 percent. Preferably, the 70C
compressionizer ofithe Tniakxodyrifenspisdess than 40 percent, less than 30 percent, less than 20
percent, and may go down to about O percent.  [40] In some embodiments, the ethylene/a-olefin
interpolymers hayg a heat gk fusiosTof dessciaemB8matg landiouapeliethiackingdstsength of equal to or

less than 100 pounds/foot2 (4800 Pa). prefer: to or less than 50 Ibs/ft P I
caual 10 o IS0 TR EBURL 4D By e dons A0S P EAT ey Setbocimens,

the ethylene/&fléfinrinbaipo hatiees- cb‘ﬂﬂéﬁ@éhﬁlfﬁbéﬁyw@ﬂﬂéﬂlwwaaﬁ Teasemoiaesle percent ethylene
and have a 7§, camprassiomsalrf laspihaniSo-percansidpeiaiably: less thasny pekeent or less than
60 percent, m ”H?‘r preferably less than 40 to 50 percent and down to close zero percent.  [42] In some
embodiment§ Syﬁﬂlltl block copolymers possess a PDI fitting a Schultz-Flory distribution rather than

a Poisson distribution. The copolymers are further -12-
Equilibrate at 40 °C

Ramp 10.00°C/min to 250.00 °C
Air cool: on

Ramp 20.00°C/min to 40.00 °C
Equilibrate at 40.00 °C '



characterized as having both a polydisperse block distribution and a polydisperse distribution of block
sizes and possessing a most probable distribution of block lengths. Preferred multi-block copolymers
are those containing 4 or more blocks or segments including terminal blocks. More preferably, the
copolymers include at least 5, 10 or 20 blocks or segments including terminal blocks .  [43]
Comonomer content may be measured using any suitable technique, with techniques based on
nuclear magnetic resonance ("NMIC) spectroscopy preferred. Moreover, for polymers or blends of
polymers having relatively broad TREF curves, the polymer desirably is first fractionated using TREF
into fractions each having an eluted temperature range of 10C or less. That is, each eluted fraction has
a collection tevmpesatare window of 10C or less. Using this technique, said block interpolymers have at
least one sudtefradtidht HavigaZifgheiCimolar comonomer content than a corresponding fraction of the
comparable iRt pRpEser T [44] In another aspect, the inventive polymer is an olefin interpolymer,
preferably cof ?@h ’é;tgylene % one or more copolymerizable comonomers in polymerized form.
characterize(i?) prﬁﬁl Bl8cKs E‘.e., t least two blocks) or segments of two or more polymerized

I s . . . . .
monomer units éﬂ‘?erlng in chemical or physical properties (blocked interpolymer), most preferably a
multi-block copolymer, said block interpolymer having a peak ébut not just a molecular fraction) which
elutes botweon 96 and ESCTBSPMITIS P COERE AP BAHE T RSl 2 ors)
characterizeddpothat Szabipealshasaccomunomelycernted festirateddizédfra-redispadtadscopy when
expanded usjpga-fulvigthihaltmaxmune FUWHNM) - ateamcalawation, bR AR RYSAgR Nolar

comonomer content hi%her, preferably at least 5 percent higher, more preferably at least 10 percent

higher, than fRaR5HSE cORApRr A58 R A 1B e RGO AP P RP B Sa & &Y N temperature
and expandedulisimigea futrpadtihAnadt nogsxipmens. (FW b aisarpaloutation] vwhelreirrSard comparable
random ethyleog;ipterpalymay hasithe-Same Samanamet) and-basia msft ndex, gensity, and molar
comonomer content (based on the whole polymer) within 10 percent of that of the blocked

interpolymer "BFETRISBEY theRARINER SFTY& comparable interpolymer is also within 10 percent of that of
the blocked interpolymer and/or the comparable interpolymer has a total comonomer content within 10
weight percent of that of the blocked interpolymefABfe full width/half maximum (FWHM) calculation is
based on thewiadie 0k methy| tepretiviencitesponsaainam [CEl3HGE 2] frem the ATRERIRa-red
detector, whetein,-1.3: .t st (highest).peak is identified from the base ling,.and then the FWHM
area is deter?rﬁ)rn@d}?zgro gﬁiﬁ%ﬁa{ioﬁgﬁ‘ea@uF%pJea%%Sgagﬁrqu&%ﬁrﬁgg ??E%HEV&H NMPArea Ts defined as
the area undeptfiéletive semvee P riamlT2s widdre ar kel inar e pshnts de tasifstion #ie left and

right of the AJfg&Edpealsubydiviging dhenaeak isightiny, we.sanddremidrawinge line horizontal to the
base line, that Intersects Hgﬁé&ﬂs anyightportions, of FDS-%I@ = aﬁgév%e%gha"%ﬁ-a&'\%&!_cﬁ{ve for
comonomer CONteNnt is made using random ei?lyaIene a-oletin copo ynglers, p\t/)rﬂlng comonomer content
from NMR vertBerswoni- e dleck canolvhereuTRIBRIpaakhdvo e thiscnfesayéel avethod, the calibration curve
is generated for the same comonomer typg 0f intesest -hg gomonomer content of TREE peak of the
inventive polymer can be determined by referencing this caljbration curve using its FWHM methyl :
methylene area réﬁo [CH'??/&'I?‘;?1 of the %ﬁ@t%é%{[g C&%O{ (')“n%srﬁlé)rng i Lééhﬁyrﬁgé‘ﬂf B(tehfﬁjeasured using
any suitable tastriiggei.withcteshmivsrs stiftesed omensied s imbgrrétithresohedite N NHR) spectroscopy

preferred. Usipgithisie6Rpian&asaishbiacked nirmalyarsias.niohalmelan samenamesk content than
a correspondin% comparable interpolymer. [461Preﬁé%|£)l , for interpolymers of ?h lene and 1-octene,

the block intépBIFffie he8 ¥BHoATHIE COTier b e TREPHATHIN Bidtg BEVERAD and 130C
greater than (or eguabtbsiig disantibprbp0sRRh3)dck2Q. 07 seporatpréfiehdiahagnbateatitiian or equal to the
quantity (-0.233) T t 2Rl nhered. iRdhe pumerical value of the peak elution temperature of the

TREF fraction being compared, measured in C. [47]Figure 4 graphically depicts an embodiment of the
block interpolymegs of ethylenc and aglene.whete,a plotaline comenamer coplentyersus TREF
elution temperature for severa compa%b’(e eﬁ1ylpene 1°0ctene interpolymers ?rancfom copolymers) are
fit to a line reppéserirgpie 0203 eEmend TR soligdlve). rhentractortiteieyhisficthl02013) T + 21.07
is depicted yaddottag ingudlsefdanicieshasedhe camanamenconiges fosastions sheeveral block
ethylene/l-oc&g:ne_ir}}&er olxmlersdof tge inve tti ] gmu ti-block c&pol&l/m rst% All of the block interpolymer
fractions have %"fal I |3alh°tffy hlaggﬁer0 1 [oetere c%nperﬁot an eithér finé & Séquﬁ\(igf'é%rfoé?ﬁ%ion temperatures.
This result issefaraGteristicbitrenestivetintebplymen drdisdeliovet tolbrs daeaerthé presence of
differentiated, blagks within{he-pelymer chainsnbaving- etk £rystalling and-amginheus nature.
1481Figure 5 graphically displays the TREF curve and comonomer contents of polymer fractions for
Example 5 and comparative F discussed below. Tfie peak eluting from 40 to 130C, preferably from 60C
to 95C for both polymers is fractionated into three parts, each part eluting over a temperature range of
less than 10C. Actual data for Example 5 is represented by triangles. The skilled artisan can
appreciate that an appropriate calibration curve may be constructed for interpolymers containing
different comonomers and a line used as a comparison fitted to the TREF values obtained from

comparative interpolymers of the same monomers, preferably random copolymers made using a
meaetallncene nr nther homooeneaniic catalvvet compnocitinn Invventivie internnlvvmere are characterized hy



percent comonomer, the blocked interpolytner has a comonomer content of the TREF fraction eluting
between 40 and 130C greater than or equal to the quantity (- 0.1356) 1 -4- 13.89, more preferably
greater than or equal to the quantity (-0.1356) T+ 14.93, and most preferably greater than or equal to
the quantity (-0.2013)1 + 21.07, where T is the numerical value of the peak ATREF elution
temperature of the TREE fraction being compared, measured in C. 151]Preferably, for the above
interpolymers of ethylene and at least one alpha- olefin especially those interpolymers having a whole
polymer density from about 0.855 to about 0.935 g/cm3, and more especially for polymers having
more than about 1 mole percent comonomer, the blocked interpolymer has a comonomer content of
the TREF fragbdmetufingie bndedidenanchd BOC sgreries dhaproeequal dopihaiguantity (- 0.2013) T +
20.07, more PARIRIADYIFPAIGHNAN 8 RIUALIGIRE AANIAR: SOBIFE-Ad U YDSIR] Is the

numerical value of the peak elution temperature of the TREF fraction being compared, measured in C.
[52] In still anBhEIHEEREE fHE M (IR PIORAMITSES SHIBIERA sHtdkrelyrissasrdiarabiyicomprising
ethylene and weighopenere pefelpmeriaab it eomansmeishinpoiyneszeciotmhaharactgrzed by

il bcks SRS ALNR R RONREILSS TGTATCUS AlsiLD e o

physical properties (blocked interpolymer). most preterably !
interpolymer RRIMIGTSHIORSCHHIRP FRARHAPVATTCH BRiteE fetivatruoe gseerdoe abgrePfractionated using
TREF incremesish: ghreactgrizettinthns e verydiachendaving:a comanomenaasientehat least about 6

mole percent Qgéathrpeg i&g int. greater than gbout 100C. Faor those fractions haying a comonomer
content from gbou_’? 3 rrﬁo%e pg%\ef%ﬁgpg out 6 ?ngfe%lgr%gﬁ%,ﬁe)\yeerl)gﬁfggﬁgﬁt’ r%ag%}%&%})ﬁé ting point of
about | | 0C o HiHEE PrIgTE: Bresistaling aba) SonAaat freEstibes trandgan abas ol mekbipercent

comonomer, haseat DSC melting point that corresponds to the equation: Tm > (-5.5926)(mole percent
comonomer in the fraction) + 135.90. [53] In yet another aspect, the inventive polymer is an olefin

interpolymer, prefgfably coppsising-athylens, ARAL NS AL MPES EoPphépslizab IR omaRAMers in
polymerized form, characterized gﬁy m,ultitple blockBs or segments of two or more polymerized monomer
(it ciffering THAhERTEA 67 B SILA EREFR (biBEKEE TRE e ShaLBREfFRbly a mult-block
copolymer, saidftitk fntepbolymerighvimganntioiboul &6 fratiio perdby, fhickbelutésbaiween 40C and
130C, when f@%&@@@@b@@%ﬁ#&i@&@@9&9%&*@@5@@@1@9&&%@@5%"g\s frackiepHhgt has an

ATREF elutiop temperature_k%reater than or equal to about 76C, has a melt enthalpy. (heat of fusion) as

measured by TI8ECRBALEFIALRGE T8 1RE MY AY S SheR SPHUERIh MG ¥8M PASSTATREF elution
temperature pb@eliug)shB36:68, frdbdbdins invepbive:blaclointenpdywadrs havena fwelecular fraction
which elutes ?o%wvemé}ggfmrﬁgqbcmh@mé@g%@%@ %mgb-ggi%&&%%ﬂﬂ%éﬁt gngeapterized in that

every fraction that has an ATREF elution temperature between 40C and less than about 76C, has a

melt enthalpy (HERE B PRGBS LM AR Uréy sy S Ser ey edisyh it s egualitia 10! Heat of fusion
(J/gm) <_(_1.1@&%}@/&TREﬂcemmmﬂmmre{funedn@etsmg)drsagrﬁiftsMrREEraeﬁié@qmﬂomer
Composition M@@éurﬁmgﬁg@@fn@ﬁrwgf RRIBEIN anlORL M}_?s omapamer samReaton, gl the TREF

peak can be measured using an IR4 infra-red détector available from er Char, Valencia. Spain
(http:/Awvww. JORTHRETE RATEE ST oEaPshEBIMPbEEitoRmetd Bithedsdetbetisr mieusped with a
measuremerﬂis&asmdnr(@b&)caﬂdnd@rﬁMﬂﬁﬁn’mm@pﬁﬁbﬁt&)ﬂh&taﬂ‘%fixefd%mﬂmw@infra—red filters in
the region of 350 R0Gefp T2 seasuamen! RE0R0 URISER | ﬁztgg]%ﬂfw'%@;tﬁ%@ gycarbons on the

polymer (which directI}/ relates to the polymer concentration in so ‘the composition sensor
detects the M (E P grotlipaBtaRe iligrher St heatihratitattrationst amigeshipBation signal
(CH3) dividedibydhemeastire menhsignRabiGE of isisensithedethal comenensenseantantof the
measured poéxtr!.rl,]&l;_in solution and its response is calibrated with known ethylene alpha-olefin
copolymer standards. [57] The detector when used with an ATREF instrument provides both a
concentration (CHO and omepoqition (%H:;)_ ignal response of the eluted polymer during the TREF
process. A polyMék speciffté EaTTbrEcHh HaR Be CrRaYSY By SARrIng thiba ResSraie bftfie CH3 to CH,
for polymers axdth kaswnncomprisiernadritgntofpréferabljamesisudas HiffNMRY. stdmpigopmonomer content
of an AIRES peak,of-2BRIYNLL Gk Re estimated Ry @pPiRg & 08 {&Egéﬁ&%%aswrﬁtm@ of the ratio of

the areas for the individual CH3 and CH-, response (i.e. area ratio CH3/CHZ versus comonomer
content). 158°TFHERIEE G tAE piakSTRN L PRIt USIAG AR itmaATARIRUm (FWHM)
calculation aftetiapphiingstiecapprapnatatbasalinesronntegeatetheDsdivid yalisignal responses from
the TREF chromatogram. The full width/half maximum calculation is based on the ratio of methyl to
methylene response area [CH3/CH4 from the ATREF infrared detector, wherein the tallest (highest)
peak is identified from the base line, and then the BWHM area is determined. For a distribution
measured using an ATREF peak, the FWHM area is defined as the area under the curve between T1
and 12, where T1 and 12 are points determined, to the left and right of the ATREF peak, by dividing
the peak height by two, and then drawing a line horizontal to the base line, that intersects the left and
right portions of the ATREF curve. 1591The application of infra-red spectroscopy to measure the

comonomer content of polymers in this ATREF-infra-red method is, in principle, similar to that of
CPC/ETIR cveteme ac Aaceribed in the followina referencac: Markovich Ronald P - Hazlitt | onnie C -



characterized by an average block index. AB1, which is greater than zero and up to about 1.0 and a
molecular weight distribution, MW/MO, greater than about 1.3. The average block index, ABI, is the
weight average of the block index ("131-) for each of the polymer fractions obtained in preparative
TREF from 20C and 110C, with an increment of 5C: ABI =(w,Bl,) where BI, is the block index for the
ith fraction of the inventive ethylene/a-olefin interpolymer obtained in preparative TREF, and w, is the
weight percentage of the ith fraction. 161For each polymer fraction, B! is defined by one of the two
following equations (both of which give the same B1 value): Bl = 1/Tx -I/Tx" or Bl - LnP, - LnP"
11T4-IITARLN134 -LnP" where Tx is the preparative ATREF elution temperature for the ith fraction
(preferably expré¥ed in Kigdvimy, Pruis-thiecktiopldmean ole frgotioredactioby hirfreedtrom) svhich can be
measured by MVIR QL IR, as-deseipas abavgibABis e giavenamale iactionobthe whole

ethylene/a-olefin interpolymer (before fractionation), which al?o can be m_easFred bl)( NMR or IR. TA

and PA are thRI9¥REFEGREH IHDBANIFE ST B SR MidTE R REGSHISP PR hard segments”
(which refer tdiffeeoiystaliinie segmenisioittel intend otyinespesgepfirsnondet @gpeoximation, the TA and
PA values areg,sefdo,Hosaiqrsugih density &@%%M%‘H%M@Q%@W&k%%ﬁ%%é’a'UeS for the

"hard segments" are not available. For calculations performed herein, TA is 372K, PAis 1. 1621TAB is

the ATREF t&fAperdfire toreAmabm ¥Bp ol AR SFH A SRR AuHsLERisiF drerhatifg an ethylene
mole fractionapfdRiDf TABadarithehe alysiaiedsfromitivetibliowmppaaguatd mdbredpBs i@ D +13 where a
and p are tW%@B?B%g&wmgléai&@rta@&a@eEe&r@g'msﬂtba{@ﬁ!iég@tk@gu%iagoarpé{m&%@&ﬁ#@% random

ethylene copolymers. It should bé noted that a and P, may vary from instrument to instrument.
Moreover, orf@{BHR{ Prré‘@ﬁ”t’bgc%éﬁg“fﬁé‘?t“"06\5}2}‘BQFM%"&f]?f\?ériﬁfﬂ?cth‘@gpglf/ﬁf@?%?ﬁﬁbsition of
intgrest and aismjma:ﬂ_imﬂa_ﬁam@ep}ulacamimaﬁ@e a@thbicﬁt&ci@n&m‘léﬁem_e ihasshghtdriglecular
weight effect, e sallpiation utye s ARIBIRGY R PoTlANRAGRLIALWEIABAABASS: SHCh offect

would be essentially negligible. In somé embodiments, random ethylene copolymers satisfy the

following relatitYRiilg<t Aupber distyiajander phe WIGLOPTPRT T HdnA TR iRt i or a random
copolymer ofstheiSaiine ebempeosition &rmdc_;hm‘ﬁinguapr&&ylemmmfﬁaeﬂmlgfpexﬁxaman be calculated
from LnPx = gERX 13 COBNSISEIY, X0 i3 1he ethvlanc.mols ragtianfar-rapdgm,copolymer of the

same composition and having an ATREF temperature of Tx,"which can be calculated from Ln Pxo =
alTx + 3.  16Ffenbbaltre biotkindeX@INrRiesdA Halsarathye TRELmecid M RPebiEfked, the weight
average blockoeexABbior.the yhelefpaymaincan bexcalaulatedizlabsomencmbodiments. ABI is
greater than zero t?uftelgas han Iappu[t p.3or from about 0.1 to about 0.3. In other embodiments, ABI is
greater than abolt 03 up to aboUt 1.0. Preferably, AB1 should be in the range of from about 0.4 to
about 0.7, from ut 0.5 to, about 0.7, or from abqut 0.6 to about 0.9. In some embodiments. AM is in
tho range of ot Sbout 07516 HLBLS SFYOM Aot PTEYS SHRRES BEroP A RBBUDES to about 0.7,
from about 0 @itsabuatd®:6, iisthecalsuwr @B wabout 8pbrosimirgih iabendt i Stacabwut 0.4. In other
embodiments ARl iTHhesANasofropeabeul Rade, aberih: Q- fiom-akeut 8.5 @ ahew1.0, or from
about 0.6 to about 1.0, from about 0.7 to about é.od frgm about 0.8 Io,a%?pt 1.0, or from about 0.9 to
about 1.0. 163 THISTHAPEREDSRENECBP i WHULRvE 1R ASNERELIEHR ThedPstigiesr @ bhat the
inventive ethylereffdliefinvititerthe amsricorpfisdly distéast ofreppoigriertattionmhich can be obtained
by preparativie, TREF. whescinfae fraciionbag aikipckindae greptenthansaRaut -4 and up to about

1.0 and a molecular weight distribution, N/1/14" greater than about 1.3. In some embodiments, the
polymer fractiBith< e oM deegraatel tREREBbYID 6! KEEFTP T5EB60t 10 FJrdt&Fiian about 0.7
and up to aboyttOy.greatenthigreabaus PeBand.ufbteeabaus 1 @rcentgseatecditan abputé® and up to

about 1.0. E%@L@%W%@i@ﬁﬁ% foe Relymerdactionhas-ahlogkiagex greaierdhian about 0.1 and
up to about 1.0, greater than about 0.2 andsl#o to about 1.0, greater than about 0.3 and up to about

1.0, greater tHaEFA8EMRY MR Uyt apattel odor Jreshereiarapisti sy uATLo about 1.0. In still
other embodiments, the polymer fraction has a block index greater than about 0.1 and up to about 0.5,
greater than about @2 arfé¥uers/atdlefip Bitgrpelr@ratsan about 0.3 and up to about 0.5, or greater than
about 0.4 and up to about 0.5. In yet other embodiments, the polymer fraction has a block index
greater than ab¢4}0.2 anthuptiplalsoubdB, igreatdmtbansab outtbddmenup fohabowt@8, greater than

about 0.4 andup 1aakoL & 7oL ERAIRLIBANABOYL B and Un tnaou A [aRIRAL ppolymers of

ethylene and an a-olefin, the inventive polymers preferably possess (1) a PDI of at least 1.3. more
preferably atd&adt T3¢ stReE1zp0l50a¢ REESOMONARRPs-D@olymerized form, characterized by

multiple blocks or segments of two or more polymerized monomer units differing in



most preferably at least 2.6, up to a maximum value of 5.0, more preferably up to a maximum of 3.5,
and especially up to a maximum of 2.7; (2) a heat of fusion of 80 J/g or less; (3) an ethylene content of
at least 50 weight percent; (4) a glass transition temperature, T5, of less than -25C, more preferably
less than -30C, and/or (5) one and only one Tm. [66]Further, the inventive polymers can have, alone
or in combination with any other properties disclosed herein, a storage modulus, 0', such that log (G)
is greater than or equal to 400 kPa, preferably greater than or equal to 1.0 MPa, at a temperature of
100C. Moreover, the inventive polymers possess a relatively flat storage modulus as a function of
temperature in the range from 0 to 100C (illustrated in Figure 6) that is characteristic of block
copolymers, aighheretgiprectnikom:fosian alefifosopaly prek-aspecially.searapynal-ef ethylene and
one or more &36.%}? 1@@3 t&go -HI]eLiErgs.QQBrX tggrtecrgg "rtelativc;a[ljg flat" in this co text is meant that log G' (in
Pascals) decreases by less than one order of magnitude between 56 aRd 1o Breferably between 0
and 100C). [67<Tihed im/titive. interpolyiners may be further characterized by a thermomechanical
analysis penetration depth of 1 mm at a temperature of at least 90C as well as a flexural modulus of
from 3 kpsi (20 fMPa) to 13 kpsk{@0tMRajhyMiernata@lyinthediyventivedniarpbbiineisscemhbave a
hermomechaiGRlANANCIMoRREBHADARRIYBLLINM SLa eMAsB A ALIRRIAOAC as well as a

flexural modulus of at least 3 kpsi (20 MPa). They may be characterized as having an abrasion
resistance (OPSFSTEIE RS GrdEs g BNaNpic P?@HF%CEPVSWGW@’BHBET‘MWMM)‘W%US flex
modulus for the imignitive palytners tlesdainphied to other known polymers. The inventive polymers
have significantly better flexibility-heat resistance balance than the other polymers. [681Additionally,
the ethylene/a-olefim, interpalymeny cam haveiamgltindex, 12, from 0.01 to 2000 g/10 minutes,
preferably from 0.01 to 1000 g/10 minutes, more preferably from 0.01 to 500 g/10 minutes, and
especially from 0.0% te 10@-0410;,misies. in-eertam ﬁ@op,g@gmgogts, the ethylene/a-olefin interpolymers
Sto5

have a melt index, 11, from 0.01 to 100 minutes, from a/10 minutes, from | to 30 WI O

minutes, from 1 to 6 g;lg%rggquiq? ol I([j?r_pé% jgt? Oaglﬁgn g}%{%ﬁgm certain embodiments, the melt
9

index for the ethylene/a-olefin polymers is 1g/1°0’ minutes, minutes or 5 0/10 minutes. [691The
polymers can have mol r weights, M", from 1,000 g/mole to 5,000.000 g/mole, preferably from
1000 g/mole to 1,0 t‘)%gg%{brﬁcf\r,i%%géfﬂgbh}ﬁﬁo%}lo,OOO -21- g/mole to 500.000 g/mole, and especially
from 10,000 g/mole to 300.000 g/mole. The density of the inventive polymers can be from 0.80 to 0.99
g/lcm3 and prefdfably for Y BREGRISITFY BIR/AHarS v BHssereihigye b7 gidkashan certain
embodimentsatieae nsiticofdie ethylerefayziefin pefymets ranges dnorn® Ko 46: AR5 g/cm3or 0.867
to 0.910 glerp. LIUEnE-RiRcess Almakingdhe balners hasbeandlielorsd i qliowing patent
53,906 filed 00 i

applications: U.S. Provisional Application No. 60/5 arch 17, 4; U.S. Provisional

Application N8I"§0TeER Yy fiNd8PRRLFEROT e slgps D PaiBHgths e KPHRCIERSHYRG. 0r662,939. filed
March 17, 2Q08, d4:.SwoRtovisionalApplicatiomNah6E662838; fifec-Marnem&7 22005 CT Application

No. PCTIUSZ005(098346 lad MATSh 112008 AT Anplcation No- PG TI1/SEag5/008015, fed

March 17, 2005; and PCT Application No. PCT/US20 917, arch 17, 2005, all of which are
incorporated¥f réferspcemiariie it tHsimeliisaty ntol WkaRpeshirsiichetiagiod esiprises contacting
ethylene andopiishaly 1 omaaraedaddiions felyrarizanle ingnamersqiber than ethylene under
addition polymerization conditions with a catalyst composition comprising: the admixture or reaction

product resu!tingjqom c_:omb,i,lamg; agpecg,(me@ﬂ;@ng]@fmegglmﬁ;%igg GRSt ]’@,aving_ a high
comonomer incor oragls?n mdgﬁ,] ({E% a second olg:gn TPOI merization ,cﬁa%alyst having a comonomer
incorporatior ?ﬁv LTSS AN H0 B ARKE B FEAEPED i JEL L HRAR D BRAEHEThBE E ftfdtably less than 5
percent of th&genfonometdinestpoiationnerdexedbchtalyists(A)ifardiial Scf@)iagchaimistuttling agent.
[71iRepresepigtive, catalystaand chabhahutting.agent @%ﬁﬁi%lngﬁnaiysis Fractionation

(“CRYSTAF") peak and a heat of fusion in J/g. AH, and AT and AH satisfy the foliowing

relationships:
AT > -0.129%(AH) + 62.81, and preferably

AT = -0.1299(AH) + 64.38, and more preferably

-10-



[721Catalyst (Al) is [N-(2,6-di(1-methylethyl)phenyfiamido)(2-
isopropylphenyl)(a-naphthalen-2-diy1(6-pyridin-2-diyi)nethanefihafnium dimethyl, prepared according
to the teachings of WO 03/40195, 20031_150204017, USSN 10/429,024, filed May 2, 2003, and WO
04/24740.  [73] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2- methylphenyl)(
1.2-phenylene-(6-pyridin-2-diyOmethane) Thafnium dimethyl, prepared according to the teachings of
WO 03/40195, 20031_150204017, USSN 10/429,024, filed May 2, 2003, and WO 04/24740. [74]
Catalyst (A3) is bis[N,N--(2,4,6- trilmethylphenyl)amido)ethylenediaminefhafnium dibenzyl. [75]
Catalyst (A4) is bis((2-oxoy1-3-(dibenzo-1H-pyrrole-1-y1)-5-(methyl)phenyl)-
2-phenoxymethypcydlehéxanecArR-diflo zirconium (IV) dibenzyl, prepared substantially according to
the teachings of US-A-2004/0010103. [76]Catalyst (B1) is 1,2-bis-(3.5-d i-t-butylphenylene)(1-(N-(1-
methylethyl) imminepmetyl)(2- myavz&rmwmlxdibeng}emer t@@H®3£WzaBtN® 144 | ZrX, Ps O
N CH(C H3) 2 F? 77(;
L 2-bis (3 50k B S B T ey Resenk o e ies pobmst
dibenzyl [m]atzaﬁésﬁ/g@a(crr)qg (@pm;fwaaw@ét)émﬁé?ﬁfweéihf ByFTERIY eIl ITSE), Aad i iRthehan -
yl)silanetitaniuacbimetingd praparedssubstantially arcatipaithedeshiques aFUSP 6,268,444:
(H3C)2S1,,, 2 T Cpe'r_eltg) 1% QQOQSa)m AH is the numerical value of the heat of fusion in J/g. More

preferably, the highest CRYSTAF peak contains at least 10 percent of the cumulative

polymer, Figure 2 shows plotied data for inventive polymers as well as comparative

examples. Integrated peak areas and peak temperatures are calculated by the computerized

drawing program supplied by the instrument maker. The diagonal line shown for the random

ethylene octene comparative polymers corresponds to the equation AT = -0.1299 (AH) +

62.81.

[34] In yet another aspect, the ethylene/e-olefin interpolymers have a moiecular
fraction which elutes between 40°C and 130°C when fractionated using Temperature Rising
Elution Fractionation (“TREF™), characterized in that said fraction has a molar comonomer
content higher, preferably at least 5 percent higher, more preferably at least 10 percent
higher, than that of a comparabie random ethylene interpolymer fraction eiuting between the
same temperatures, wherein the comparable random ethylene interpoiymer contains 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 block interpolymer. Preferably, the Mw/Mn
of the comparable interpolymer is also within 10 percent of that of the block interpolymer
and/or the comparable interpolymer has a total comonomer content within 10 weight percent

of that of the block interpolymer.

{35] in still another aspect, the ethylene/o-olefin interpolymers are characterized by
an elastic recovery, Re, in percent at 300 percent strain and | cycle measured on a
compression-molded film of an ethylene/a-olefin interpolymer, and has a density, d, in
grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following

relationship when ethylene/a-olefin interpolymer is substantially free of a cross-linked phase:
Re >1481-1629(d); and preferably

Re >1491-1629(d); and more preferably

-11-



i791Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl- | ,2,3,3a,7a-n-
inden-1-yOsilanetitanium dimethyl prepared substantially according to the teachings of
US-A-2003/004286: 1801 Catalyst (C3) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2.3,3a.8a-n-s-
indacen- | -yl)silanetitanium dimethyl prepared substantially according to the teachings of
US-A-20031004286: 1811Catalyst (Di) is bis(dimethyldisiloxane)(indene-I-yl)zirconium dichloride
available from Sigma-Aldrich: [82] Shuttling Agents The shuttling agents employed include
diethylzinc, di(ibutyl)zinc, di(n-hexyl)zinc, triethylaluminum, trioctylaluminum, triethylgallium,
butylaluminum bis(dimethyl(t-butyl)siloxane). i-butylaluminum bis(di(trimethylsilyDamide),
n-octylaluminum difpyridner@2mbtrorice)) bisgreoedteaddécyl)i-butylaluminum, butylaluminum
bis(di(n-pentyl)amide), n-octylaluminum bis(2,6-di-t-butylphenoxide, noctylaluminum di(ethyl(
knaphthyDamide), ettyialwmanen. bis(t-butyldimethylsiloxide), ethylaluminum
di(bis(trimethylsilyl)amide), ethylaluminum bis(2,3,6,7-dibenzo-1azacycloheptaneamide),
n-OctylalUminU”ﬂz,h‘S(Z,3,@igZa@i@%ﬂg@slha%%yﬂﬁla@wmaa)ma@mwawrmﬂaﬂmted films
bis(dimethyl(t-butyl)siloxide, ethylzinc (2.6-diphenylphenoxide), and ethylzinc (t-butoxide).  [83]
Preferably, tf&45 éﬁ‘bﬁ?&%’?d@é%%“f%l‘(‘ggsr?ﬁg oer%ag# E‘acé‘}ﬁ?ﬁibgﬂég’sﬁ% u |8¥¥ nﬁ?tgégsfpgjt éz)er f%%r%ning block
copolymers, éspiecigityimmeitivblotkrodpoyniers spreharabiyigkeac RitRite6 dbpolymers of two or more
monomers, more especially ethylene and a C2-20 olefin or cycloolefin, and most especially ethylene
and a C4-20 a-qfin, usingsemdtipiecdatahystéithatdresinchpatmenfihmrcobrrersioniFhat is, the
catalysts af%?@&%ﬁﬁgﬁve%m; SndarconinuRusSeiition Remeszatiaraandiiens, the process is
or po

ideally suite ymerization of mixtures of monomers at high monomer congyerb ions. Under these
polymerizatiGRe8HdHNE PTG FoRFAHR chBFr S KUY By R T At AT Be¢des advantaged
compared toighaingpemshs, atlmitibibslaciepol$iners;@spedialytngdy meftrdlpek ieapolymers are

formed in high efficiency., .cril?sél;;ﬁ%

i g&&gﬁ&iyﬁeigﬁqu};/mgg&%may be differentiated from conventional,
random copolyn{)ers, physical blends of polymers, and block copolymers prepared via sequential
monomer addit ﬂ“X'OTr?é:{%.%F%'%ﬁt  AOIONIE Ol S0l &%5@’&3@%‘6 FUAaloD Eﬁ%hﬁ&%é%s' In particular,
compared to a random copolymer Of the Same monomers and monomer content -26- at equivalent
crystallinity ompdothakatiotReEIEAEE ARt difivrrsinAbersdtiabiHignehindhrmeistalied s measured
by melting pqgipt, higher T4 penetsation-iprreriire; bighen Biop-iemppratus tensileastrength, and/or
higher high-temperature torsion storage modulus as determined,b n miggngctggpi&%gnalysis.
Compared to'3 ?‘érﬁﬁ%vﬁSB%cb%Wﬁ%Srté%%@iﬁ?rrlcge Ezegsatrgwag ?rgl; r%:(r)cr%net‘rég%é ﬁn%nor%é? content, the
inventive interpotpmsessitanatloifarcesmpression set, particularly at elevated temperatures, lower
stress relaxation, higher creep resistance, higher tear strength, higher blocking resistance, faster setup
due to higher cryatpllizatibns(isialttificatiodinemp drattinds irighde fie covenhipemtimviarly 03t elevated
temperatures), heller A SIANLIQSIFEY e MONRE ekt eclnices anshiwetiereolhand:Wieracceptance,

[851The inventive interpolymers also exhibit a unique crystallization and branching distribution
relationship. Theresr th & mvabiv e pEARERS HaYR o FARGEISYAITE Gikaraliae HEHIEEN the tallest
peak temperaftirgdneagered: UsiaehERY Hdrédntsand MBGadoa funetion Bhbbreedtof fusion, especially as
compared to random copolymers containing the same monomers and monomer level or physical

blends of polymgyg, suchiassblems ehahighdensibipoliamn asgalneehdensigiedpolymer, at
equivalent overall density. It js belieyed that thi ique feature of the inventjve interpolymers is due to
the unique di@:ﬁiﬁrbﬁg{ﬁiﬁ Hee {%Sﬁ%%rﬁearp%ﬁﬁléi ggm t?wfﬁn%%%%ﬂﬁr#e% B%%ﬁ%%{%léﬂlsﬁ particular, the
inventive interpolysiiers MRP Compriteahlreraraitoblosaof WithsihgdémbBriotirsei@Bhtstt!(including

homopolymey,blogks), Thadoventivepiiaraolymers May/#se mgmprise a distribution in number and/or
block size of polymer blocks of differing density or comonomer content, which is a Schultz-Flory type

of distribution. 'f@idi“0“mte&énx,%ﬁgx&mgfm'xmﬁem.st@ehm NGUS BsAl-meiting point and
crystallization temperature proﬁle that is substantially independent of polymer density, modulus, and
morphology. MAldsFEsstfedrefh B’éﬁiiﬁ‘?éﬁ?,‘@cﬁé"?ﬁ'iﬁ%%XWHH@%F&G?OS?WBWQthd’g}'ﬁ%nstrates
characteristigisphersiites: aneriamiellas that areeistinguishahtesfroaceandom peletk topolymers, even
at PDI valuesﬂnthazh)atre5 SS tha%rgn]d.go or f;v{ggséezsesr Othgr@ 4D down to less than 1.3. [86]Moreover, the
inventive interﬁglymgrs r%ay Bbé prepared using tetﬁmlqués to influence the degree or level of
blockiness. That is the amount of com,onom%[gand Ie&%‘t_‘tg of eis\ch olg/mer b Ff%rnseagment can be
altered by contréfthg the FaiRETE RIP RSP TR 2N S RORIIMG ARAE RS Well a8 Hie temperature of
the polymerizatioz-aley clikeibpalymcriz ditom Parkabiabsttbstivprisigtrnefits fthisgisenomenon is the
discovery that as -27- the degree of blockiness is-i¥creased, the optical properties, tear strength, and
high temperature recovery properties of the resulting polymer are improved. In particular, haze
decreases while clarity, tear strength, and high temperature recovery properties increase as the
average number of blocks in the polymer increases. By selecting shuttling agents and catalyst
combinations having the desired chain transferring ability (high rates of shuttling with low levels of

chain termination) other forms of polymer termination are effectively suppressed. Accordingly, little if
anv n-hvdride alimination ic nhearvved in the nolvvmeri7zatinn of ethvlienea/ a-nlefin comonomeaer mivtiirac



[87] Polymers with highly crystalline chain ends can be selectively prepared in accordance with
embodiments of the invention. In elastomer applications, reducing the relative quantity of polymer that
terminates with an amorphous block reduces the intermolecular dilutive effect on crystalline regions.
This result can be obtained by choosing chain shuttling agents and catalysts having an appropriate
response to hydrogen or other chain terminating agents. Specifically, if the catalyst which produces
highly crystalline polymer is more susceptible to chain termination (such as by use of hydrogen) than
the catalyst responsible for producing the less crystalline polymer segment (such as through higher
comonomer incorporation, regio-error. or atactic polymer formation), then the highly crystalline polymer
segments wiltipreferendialiiayomiate ahel Yéimminabpokibsis bftthreapd i nebrdinetso dlstriretithie resulting
terminated grRuRs CHyRLallinGo QLG RO, 16! JP?H@J&%&%MH%@IM@@E%POA‘E@&MW catalyst site

is once again available for reinitiation of polymer formation. The |n|t|aII1y for mer is therefore
another h.ghRﬂﬁ‘&%ﬁf&ﬂhﬂ@%&{ﬁﬁ‘é‘?ﬁ%&&’ﬁ%ﬂ?g&&&%Bi?"ﬁo%“é%%f ?ﬁ%’ﬂ%ﬁ?ﬁ Fhulti-block
copolymer argqpkafevientipdbfehiglvlyrerystallimers inf@8]c Bhiastylther 30diefiksinterpoiytaers used in the
embodlment§ngfum§g@}4@%9511&@ preferably interpolymers of ethylene with at least one C3-C20
a-olefin. Copolymers of ethylene and a C3-010 a-olefin are especially preferred. The interpolymers

may further com{9 Ee C4- &18 d'nl-cr’alerférc'; fﬁgpq/%ya%%%hzgﬂgﬁy gﬂgg%lu%%ﬂmgge\gﬁomonomers

useful for polym ng with etH0 ene include, for example, ethylénically unsaturated monomers,
conjugated ofcHUYRNSARAGRESH @féﬁé%mﬁ@%@émﬁﬂ@ﬁy Rzerssreteonnpasifsed of such comonomers
include C3- Cﬁi@ram@}efm@uﬁlamrmemden@ousm&wmkem@rehbmamodmmwasmd -pentene,

ey PeREng: e eRIe T LorenS kRRNRR LIaCoRS. AN 16 lend s Bl and Loctene are
a

especially pr@ rred, suitablé monomers include styrene, halo-or stituted styrenes,
V|nylbenzocy@mwﬁéﬁéWﬁ-ﬁ%%é@léh@sﬂ Tbé‘bt%@i’éhé*”éﬁﬁ*(frﬁ&tﬁmﬁé?ﬁé‘é)’décﬁoné%%ﬁ@ne
cyclohexene »amdoﬁymoﬁemass ulsed tWhﬂéehatbl)éeﬂ%&f&f@iﬁﬁﬁtdﬁi&ﬁ@@bﬁﬁﬂéﬁ[&a@r@ferred polymers,
other ethylene/ fln mers > ma eglsgigeourggdm(é)rl%ggt%n%%hgg%der}reege@n refe{; 08 EM{ of
unsaturated ﬁy or%%l’r a m%ec?l”(’:’omﬁloun SWith &t least one carb % doubie bond. Depending
on the selectmmnﬁr@!a@amiamyroleﬂn may be used in embodlments of the invention. Preferably,
suitable olefins are C3-C20 aliphatic and aromatic compounds containing vinylic unsaturation, as well
as cyclic compoi#dtls, sudh mstbycichutetie imyoctopanizme; dieyoclepentadienecand froripmene,
including but pof tfyumhtﬁgﬂﬂeﬁ'é)épﬁ)m@%?1§%%B%§@Hénzm§e5&%&7@9&5@9@!?’\’6@? i5lr @20, hydrocarbyl or
y

cyclohydrocarb groups Also incl u ded are mixtures of such olefins as well as mixtures of such olefins

with C4-C40 BRI ES R BLARS blopdn [ B AEd 8t BT HoIBMBFS ThEXIdE "BTE are not limited to
propylene, ispliyityderns, rebottenenits gdtadnecin tHemieher dhivéptanepdrtisetelekdinonene, 1-decene,
and | - dodeqggne,, ﬁﬁ%&r)aﬁ\%gﬁa@fetaa%qqam&k'c&%ﬁgﬁt@p%ﬁ JicBIGARENAy R Mgling-L-butene, 3-

methyl-l-pentene., -1 -pentene, 4,6-dimethyl-I -heptene, 4-vinylcyclohexene, vinylcyclohexane,

norbomad|erf??%ﬁﬁ%|%f§ﬁf5“ﬁdf6’&ﬁéﬁeﬁﬂﬁf8ﬁ’é’ﬁ?5ﬁ5”%6’ﬁ@ S 6 Bttt cyclooctene,
C4-C40 dienegjderzip didgpbigbiaotdimiieditel Tr+kutadiens;tdridepéntmdienbpeh}d hiexadiene,
1,5-hexadieng, ]vr?oy%g{% HenCeds %a‘?e‘%f;t?ﬂ%?re%%%&%%c& Rlefinsuangifie.ig. In certain

embodlments n?\e a-olefin is propylene;l-butene, 1- entene [-hexene, | -octene or a combination
thereof. AItthU@W Bﬂfﬂﬁ%?%’é%lﬁﬁg‘ﬁ %ﬁé’iﬁﬁﬁ&‘&%ﬁf&vlﬁ@?éﬁﬁvﬁﬁ%&r}'ﬁﬁlﬁf FRAYIEtEE embodiments of
the inventionypragticatkisbues iskeh perrmanamer availabitiphicastcantithewbilityite, comveniently
OO e ORI TOM NS AR . gﬁmeerrp@%ut{ﬁgggn QIS Rrablemalic.as the

molecular weig € monomer eco es too merlzat|on processes described
herein are welirsoitsosieti&progtvhioh Brdrm @&’Wr@?‘f’d‘rﬂﬁ‘t‘i‘éﬁ@ i8FERYAdene aromatic

monomers lr@m@m&@%&m& &Hﬂ@&'@%@%f@ﬂ@er@%ﬁt&ﬂh&tﬂﬁmﬁm&hu&ylﬁyn&@@ namddde: like. In

particular, inter olymers ¢ r|5| ethylen rene orepa foIIown the teachings
-29- herein. %rp@il@y Sy Y, copo ynr}?géngﬁrcn\éfnﬁﬁﬁrs% (ﬁo){‘ene 5@/‘?’ rgﬁ %glngE) alenhagolefln
optionally cothgrisitg ld(@%ﬂ@!ﬁmemmﬁmFb%@v%p@?ﬁ@s?@aﬁaﬁéiméﬁm@ﬂﬂfgﬁSunable

non-conjugatgg diene m%@@erﬁ%?@@nol@%a&&@!ﬁhhﬁb@@nla@@w%@bm%wclIc hydrocarbon diene
having from 6 to 15 carbon atoms. Exam les of Suu%H }%or‘y% ate |en Ee but are not
Xadie

limited to, strigRCERAhH §%§iéﬂ@§cf%’ﬁ8%°rgdc‘ﬁ’%§“i“4 &84 ene octa iene,
1,9-decadieneichrainakedibhdit adgolio Hienes)wu SN nadtiiglion 4- bﬁéﬂ‘édrethemfm of

3,7-dimethy 11 fopctadiene,Sdsslimethvl i epiadignenand ixedisomersof diyggmyricene and
dihydroocinene, single ring alicyclic dienes, such as 1,3-cyclopentadiene; 1.4-cyclohexadiene;
1,5-cyclooctadiene and 1,5-cyclododecadiene, andmultl -ring alicyclic fused and bridged ring dienes,
such as tetrahydroindene, methyl tetrahydroindene, dicyclopentadiene,
bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkenyl and cycloalkylidene norbomenes,
such as 5-methylene-2-norbomene (MNB); 5- propenyl-2-norbornene, 5-isopropylidene-2-norbomene,
5-(4-cyclopenteny0-2-norbomene, 5-cyclohexylidene-2-norbomene, 5-vinyl-2-norbomene, and
norbornadiene. Of the dienes typically used to prepare EPDMs, the particularly preferred dienes are
1 A-havadiene (HD) G_-athvlidene-2-norbornene (ENRY B_ovinvlidene-2-norbomene (\/NR)



least one functional group in its polymer structure. Exemplary functional groups may include, for
example. ethylenically unsaturated mono- and di-functional carboxylic acids, ethylenically unsaturated
mono- and di-functional carboxylic acid anhydrides, salts thereof and esters thereof Such functional
groups may be grafted to an ethylene/ a -olefin interpolymer, or it may be copolymerized with ethylene
and an optional additional comonomer to form an interpolymer of ethylene, the functional comonomer
and optionally other comonomer(s). Means for grafting functional groups onto polyethylene are
described for example in U.S. Patents Nos. 4.762.890, 4,927,888, and 4,950,541, the disclosures of
these patents are incorporated herein by reference in their entirety. One particularly useful functional

group is maléie ahtsydiriekest) Y isTHenARsE dieroheiest fetigna b ths PPEdMTR the functional
interpolymer ganvae. Fheafurelionsh eravp-canihgicallylesr pragent iva-bopaly meefiyae functionalized

interpolymer in an amount of at least about.1.0 weight percent,.preferab leas t 5 weight
percent, and %tgfea%?e%{r%arb%f 5?%%%{\5{%%1&'?%&6kgf{%g%ér?ﬂ&rﬁea ?u%%ﬂgr%seg%ﬂ%p? \?v%ﬁglpically be
present in a egpolgmettfisee fhBES Rekizety Htedivelnerahn wigkidio - ek tieadranbaddveight
percent, prefgsably:leasithansabaut:R0 weightnestantandimeripreteablyTiees thar.about 25 weight
percent. ProcePses Involving a Post-React%r It-ltsagnta é(&f}ang?%om[g %‘m’ ai_g FT:ntive reaction processes
may be effectV&TH VIHUAIR Gy TEAIGh Which i apablé of producmg & metal alkyl compound, a
metal oxide, evalymsxts mEtiogesiamdnianwiitntd poStyBhresh E X iE)¥changer i dmpRYed. Such
processes inﬁgég.?rfﬁkﬂikqgfi%@&ﬁ%%&%&%@@mﬁi% W&Elﬁﬁe@%}’@l@ﬁlﬁﬁf %@@a@eﬁabodiment_, the
invention is useful for producing a composition ¢ ing virtually any polyolefin which composition
also comprisg@eaomg't%%%kﬁ‘%éﬂﬁtgﬁrﬂ ,?rﬁ?&a%%rgpg%aoﬁ#ﬁﬂr‘ée%é? orand in which a
post-reactor heatnenehengériserapityedbhjpicalrsuetingoly befiig mefudemshvispesmters,
copolymers, pggg%@ﬁzﬁ)@hg}f@dp@&m monomers like ethylene, propylene, butylene, etc. The
inventive processes may be useful in those reactions capable of producing propylene based plastomer

or elastomer, preigrably RGN RAHEL CRIRISES ABRPYPAEAIIMERR Jtethglymer comprising

at least about 80 mole percent propylene. ~ "[99] The processes have been found to be particularly
effective in tHe-BrSHERRSAIGT AR BB B AR I AR PRI (PR IS PR T b K SHETPblymers in
which a chaigeshiugily) gaageniiedchasotinthyhzincgis: employed dnothe proeesdabuach ethylene/a-olefin
block interpolymers may be characteri }Lﬁg;ore any crosslinking by one or more of the following
characteristié:\é:r respon m%lc)ogﬁ %%@Fégggg%& iIndex greater than zero and up to about 1.0 and a
(é&a}g least one molecular

molecular weight %stnbugo \ MW n, greater than agoté%g_g- Er C%“é??&é??féd e

. : e d 1-octene,
fraction which eti¥és betw&en and 756 mﬁﬁseog fractionate 8%.6’5’

fraction has adslecknindexcotenthanst OSIREH (pctipaboting bepeen 40 an®) WH\MITHAMAYFOH about 1.7 to
about 3.5, at lpastOme MSHAG PRIk 3T M. ifodeorees falsiss, arala fensitygd io geams/cubic

centimeter, wherein the numerical values of Tin and d correspond to the relationship: Tn, > -6553.3
5735(0) TOBEP A D T ) B A B A0 Patd ABOLES B AR HEoF usion, AH i
J/g, and a deliigutitifyTaafionhdeprensa@disigesdefinetas the temperature difference between the
tallest DSC peak and the tallest CRYSTAF peak, wherein the numerical values of AT and AH have the
following relatiopshiips: AFigur®A293Ady #6218 Anfambidigraatétith avderoantymert@30 J/g, AT >
48C for AH AURAISLUAN 1R Wdynere WISEIRING FRYRTATREAIS.AFIEEPINAR, SN at least 5

n

percent of the cumulative polymer, and if less than 5 percent of the polymer has an identifiable
CRYSTAF péseaisrtis erevsoapashiphatne 136w, errolymeryspadom sepl YBetVery, Re, in
percent at 3QQeRIGeIRFaHR-antik CYER easweoVith altemnessiefembidedafiim ©f the
ethylene/a-olgfjp, i rpqp;/ er,.and has a ity..d, / pgqh%emlm%%r whersinghe numerical
values of Re((}gpn{?]l L)Qtzati‘é ﬂﬁs'edfﬁ&%\?v%é ?egf(gpﬁggg ?ipﬁ%%%%%%%&%ne/a—%leﬂn in%r olymer is
substantially frséioss afcryseliiReeniess! IRStSEAREIREPOEH) 0bFhe inventipgYEuohehiar fraction which

elutes betwegg,dQfkand LBOGHYBrRRKTActatRE Hsing TR & ehatacienzedrin-thatthe fraction has a
molar comonomer conient of & least 2 peresnt higher.than thal, of a cemparable randep ethylene
interpolytner??g%:etri’Bﬁ G m%r B%?v?/eee At Same emp%ra ures, wherein sai compara%le random
ethylene inteipeiymembepoihesandcmitond ndrd)yandhatsnekfinderedeidiBiodnd molar
comonomer mﬁ%%&pa?e@mma Whale Relvnen mihin A0 aersenieidhat of the ethylene/aolefin
interpolymer: or 7) a storage modulus at 25C. G125 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. The
ethylene/a-olefin multiblock interpolymer preferabl\écomprise at least 50 mole percent ethylene.

11001As stated above, the processes have been T tind to be particularly effective in



the production of the aforementioned inventive ethylene/a-olefin block interpolymers using a metal
catalyst and/or a chain shuttling agent. Suitable chain shuttling agents include diethylzinc,
di(i-butyl)zinc, di(n-hexyDzinc, triethylaluminum, trioctylaluminum, triethylgallium, i-butylaluminum
bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyDamide), n-octylaluminum
di(pyridine-2-methoxide), bis(n-octadecyl)ibutylaluminum, i-butylaluminum bis(di(n-pentyl)amide),
n-octylaluminum bis(2.6-di-tbutylphenoxide, n-octylaluminum di(ethyl(1-naphthyl)amide),
ethylaluminum bis(tbutyldimethylsiloxide), ethylaluminum di(bis(trimethylsilyl)amide), ethylatuminum
bis(2,3,6,7-dibenzo-l-azacycloheptaneamide), n-octytaluminum
bis(2.3,6,7-diber#8i-lazachon é prapkieaticEyp s byl ARBRiererye BIS(ERMERTIE- BN SiRIxide. ethylzinc
(2,6- diphenylphanexidehRng etazins MbuimgslelWenile-natnishing tadehotunshiorapy particular

theory it is believed that th cesses are particularly. effective .in_processes employing a chain
shutting agefit Heti gepfﬁ%%ﬁn&ﬂ%é% (ﬁ{ tﬁ}g ?o%lg)ﬁat}.)g(rh .5%81%'?&%{%%% aé?aﬁ?lglfgr?gygﬁ%éd, hindered,
or even elimieadedaf EOHWhite mnwiskivg o goriastehany(Sarticeit dasolsr frgnfieved that the

foulants may,bg RiAdIRG-iMie fatlewingmanasrwhepemRlaying Jeseyampleisietil zinc. As the

polymer leaves the reactor, much of the zinic is in the formcﬁ%dirg‘ql merr}/l zinc \T/}vdth tylvolé%%lymer chains
per Zn molectHE T B%ﬁ?ﬁ?g?”?‘ﬁg)?o THIREYEEEG SO NEL P T S oI ST albUt 1406 so and then
become heatet:inyfoadxarfipie ratoafibdii-sibek sthidinad deabeposprea dinmgrer PRI) to from about
240 to about 250 G HRLLE slexalatiization ftembelnie. epalymsnseltisnaaters the post reactor

heater a catalyst kill agent and/or water, is added to deactjvate an ﬁatal st left in solution. The catalyst
kill agent muSPRRE 4R HUARS tFEBSBITERFINE 18'5PS 33%55%% ra§é%f5 n §pecies before it
reaches the RRibtemnmperateneseddrttrmbeairesiebovie:d 400 dipolineiyh zitres asthgithrmany metal
alkyl compoupggig GRRVEHESAQ-2 P@é@éxﬁbfamgybﬁ%ﬁapgm@[ lozingeaige Geraneund which
subsequently results in fouling and/or discolored polymer product. It is hypothesized that this
decompositidifiay BtaEfr through a free radical mechanism. The instant inventors discovered that
improvements can be achieved by employing one or more of the following four steps: (1) reacting said
metal alkyl comp#lind with aftBieR e saknE SR apte rrRsAice desrt kst hereindPe YR 4n ionic
surfactant; ofpolym63) AdG¥gaMbdrEramsistngeaidniiaxidantteitiespraduetayndetieonditions
e S Secaon of SlREaNt AMaUA clnaR DIE meaLan Eiahgaminaude cerved from
said metal aIkyY comﬂjo nd; or purrgl g Saifl post-reactor heat exc anger with an inert gas
under conditie?retumesizblecaretatoRie RYMNHBYISITedoF FozddxchaligEr PREEing Metal Alkyl

Compound(s)apitbricid: 102 hhas haseridiscavespd:thatantewayiteisuisiaotiptskaduce, hinder, or

even eliminate the majarity of foulant of the PRI-l.and/or discalorant from the pr Is by reacting
any metal aﬂ&f’@%’r%"‘ps?ﬁqﬁ ¥\?§tﬁ%r%oup¥trgg% rgg% ptlg%%%/{lgén é%%ﬁ%ﬁ%g?ﬁ@fﬂé%ﬁé%%g metal alkyl
compounds sy edpsindingelpoviptiEcéetdnes auis fopresent aaydcatalystsftl/or chain shuttling
agent, as welk-asidhg:raactioneengitions: ypicallys tbeimeialod themmetakallgdigompound is a
transition metal or Grou 1%1]{% rgetal, r aab&oggiarg y’onréggrﬁog.e rSuchemr% ca[sb?ﬂgqegggyoinclude those
selected front ?Wé’rbor"&ﬁrp %%ﬁ%is%ar’o?r%ﬁrc, alumlnumf)%n gaﬁlurf{n‘?‘f'nelJ al y?g?oup may be branched

or unbrancheld. Theralkytgeotipsivsytive Substiatetnsraiksabdtnutdyicofiate PRl BiRYIAGHNp comprises

a polymeric chaingvithasnalecmiatsight.ef leasthat.ahou RRO0MAlthe ugisame metal alkyl may
not be reacted which means that the alkyl gerouop ms(?g SO eg es fq{ther_co%ise %I@q)a%oups of
about 2 carbSHE PP EARS IS A Ry ST R ORI EES IR Bbout 2 Yo dBsU It BYB Earbon atoms,
preferably fronmalb dute0B0stty.alpd utBO00caro e atomy. (1408 0T He abidedsdsmatyédliadied from those
acids that are,soluble i, thefeagtiommedia employed suitala Acids often ipspidasoluble carboxylic

acids such as substituted or unsubstituted aliphatic metal ester. Suitable soluble carboxylic acids may
comprise frofSBGHIE TS ASBHHE dAMSoH HBH NS ErErEB I SR S AIET 888 o finsaturated aliphatic
carboxylic acids hawtigiftaprabeuts ioaicutRcanbentatoms sudhvasebteartemoitthactnoic acid, or
a mixture the{}%qgl X é/aqmgrgg@”@y, the acid may be selected so that the soluble metal ester produced
is such that it provides a desifable characteristic to the resulting product, i.e. one or more of the
product properti re altered in a favarable way., That is ane may em a.suitable acid such that the
resulting soluble?%gtal ester ??ggfgg eag om ?hr%gi rnc"ﬁf) acrgrlwnsgles i(ﬁrfl nf)?%l%t?i’]%egagﬁ%;{%wag d release
agents, nucleatingedgenespieblic e ingmusmaridharingfa nialeagbnms: fenils fanaEta desired
additive to thg groduatsnayobe araducedhiftsity.Desirableiameuntsiaf suehrgamswauldvary
depending upon the application but would at -35- least include an amount to perform the desired
function, e.g., an anti-slipping effective amount, anlanti-fungal effective amount, or a nucleating
effective amount.  [104] The reaction between metal alkyl compound with a suitable acid is
conducted under suitable conditions to produce a soluble metal ester. These conditions may vary
depending upon the specific metal alkyl compound, acid, and other compounds present.
Advantageously, the conditions employed may simply be the conditions conventionally used to

produce the desired polymer product. Thus, if the desired product is, for example, an ethylene/a-olefin
hlock internolvvmeaer the conditinne normallvy emnlovved to nrodiice caid internolvvmer mav he eamnlovved



desirable to mix the acid with water before reacting it with said metal alkyl compound if, for example, a
soluble, complex metal ester is desired. Such complex metal esters, for example, include those having
the formula Zn40(C,H2,-,C02)6 wherein n is from about 5 to about 20. In the case of complex metal
esters, the acid may be mixed with water in a molar ratio of acid to water of from about 10:1 to about
0.5:1, preferably from about 4:1 to about 7:1. Alternatively, the amount of water may be from about 20
to about 30 times the amount of metal on a molar basis and/or the amount of water is from about 16 to
about 22 times the amount of acid on a molar basis. The useful specific metal:H20:acid ratios vary
depending on the ingredients and often upon the valency of the metal and ratio of metal to oxygen in
the metal oxidecént thencawecofthr bihakid dnetivplener il efirnstoerdneental hers U8g a zinc shuttling
ag;gt s;gh aﬁa@kg{hﬂgiﬁlgs&m&%gaéf@ym hela mﬁi&wgﬁm sl zingH20:a64) lzhatio is about
1-2:24-26:1.4-1.6. Adding an lonic Surfactant [1071It has been di t anpther way to
substantially feducB HiR _?faBB'eg\I}%aﬁeém%rir?étee‘g%ﬁet Orﬁﬁéffélri’l'ﬁ}tgf’ f&%@%%?ﬁﬂ%ﬁ“gﬁ%?&r discolorant
from the produefeistly sickdintharvicaicsarzcaamtit (HeXdastor e, tneepsolymbrazansnlocess or,
more preferaply,diedpnic.surfagiantishadded e reactareffluanhasitJeaygps:the reactor or shortly
thereafter to form the desired product, e.g., ethylene/a-olefin block interpolymers. Advantageously, if
the desired pFSAERETS ér example, an ethylene/ct-olefin block interpolymer, the conditions normally
employed to produce said interpolymer may be employed and the suitable ionic surfactant may simply
be added to the F¥Hctor efefarPls fnIESARS hE REBREEPErs A3 5 A GG R hay vary
depending upiTithe feattanisamnetbpress dmyacaltaly sb Bndicteekiaifrsihuttngleijéne, as well as, the
reaction condfians: Sxealy. aHlRRIe NI SUIACIAMECRIAISE R RIALRAITIOAAN R A.pn-polar

portion. Preferably, ioniC surfactants comprise a fatty acid salt'such as those selected from the group
consisting of ¢iRERREtailEbtycheddresme VARG SARANRTREAFIERY QE IS RE T ARG PR EUHDS thereof. A
partic_:ul_arly p@i%%blﬂ)iﬁxmq mﬂdgeé&ﬂxtﬁsaa saltyof ﬁ.teadfi@&ﬁie&sucmasmaseosmeﬁted from the group

consisting of g0 SRAIAR, AU SIEAHE AT SISRiaIE, SO MU EIDRIRRL o [109] I

desired. the ibnic surfactant may be mixed with an’ effectivé amount of a suitable antistatic agent.
Suitable antisteltie dfdenpsaksiaen sumre vary Wikie LRdEpBHHRLPEHE R tMBHRHPfAtFEdIENts. One suitable
antistatic agent used when producing, for example, -37- ethylene/a-olefin block interpolymers, is an
alkoxy Fated alkifizimine sochilematitoxyietethalkytatinesrissbearicfoungmayacsuitable amount of

ethoxylated agkfe@ésm9%JHB%%%#V&E%@%%ﬁ&e‘@r&&@&i@;{a%@%Musw&h@f&qgtive in substantially
reducing, hindering,.or even e |minatin% the n@gri og courant of tgf‘? PRH and/or discolorant when
producing anPRYR A BB BISIK Rte gg%‘: 6L BTG T R amB Ot o IBNIE Surfactant to
be added vanmes:dependindjfipog thehspeoeific metada attverdonipodhdspanb haagtionosbnditions.
Typically, the malay rafig, afiignig suptatant Laaesal isdroum abost &3 dmakeubikodreferably from

about 1:4 to about 1:6, more preferably about 1:5. On a mass basis the ratio of ionic surfactant to
metal may beftsheaboes 6 48 QBB%IIJ 10% Mt BraTaHSBIY M HHolf T8 o about 3:1, more
preferably abdutsiriAthienhioriesuriattariteomprsing empotanisortidat &ad abnetrtpolar portion is
added in the%%r@gneumnktemgbpaw%mmm AUt hALResits AR fhaost reactor heat

y

exchanger may be decreased by a factor of at least five as comgared to when_an jonic surfactant is

not employed T tREPE LI IFOBRS  INGHIMG R TRARLHHAPCE M PRSI RG a AROKIEERP™ P 11] It has been
discovered thas@nelkies peay t0 swbstantiaby retleceyhinderpabeyerndgliryinatérshéomajority of foulant of
the PAH andigl dieOloIaniAMNE-LOANGLIRPY ANANG & 0NMIE FOMPUSGBR.ANREICant [0 the
product under cornditions su ?ICI nt to avoid formation of significant amounts, e.g., amounts that add
visually obsefd&#e"¢olor to the product, of insoluble metal or metal compounds derived from said
metal alkyl compound.  [112] Suitable antioxidants depend on the reactants and other products but
for many polymer prodUmts sBiéR2a¥ e/ heristdastafindleci thedrpriigmers’Sififable antioxidants may
often be selected from the group consisting of sterically hindered phenols, sterically hindered phenyl
phosphites, andagiktures ithereohtRatisedathe: prefetiableanitoid dantsfarasgiested .from the group
consisting of di:pctadecyl: - dilgrhutdidydraxvhydrocinnamate {5He.a5 IRCANOX 1076),
benzenepropanoic acid, 3?5-b|s(1,¥L-d|methylethyl)-4-hydroxy-, 2.2- ,
bis[[3-[3,5-biseymefirat Bt RS Fat Ry BRI 1 B EHE (S AL IS NI £335), tertiary
butyl phenyl ghesphatei(suchas BREARQS G} aN mbwhich(arelavaiabe frasn) Gibs, and mixtures
thereof. [113]The antioxidant may be mixed with other suitable.compounds. suc olor stabilizers
such as hindéf%%rg%rpﬁﬁe% ﬁ%iﬂ%%o xoa{%rgg”;rgﬁln%??ﬁ(, lﬁeﬁgfgirgagl? tgarﬁ?l(gei%%%-rﬁagl%@ridinyl)-polymer
with 2,4,6-trichloro-1,3,5-triazine, reaction products! fith N-butyl-1- butanamine and
N-buty1-2,2.6.6-tetramethyl-4-piperidinamine (such as CHIMASSORB 2020), N(Ci8H37)20H (such as
IRGASTAB FS 042), all of which are available from Ciba and mixtures thereof. Other compounds that
may be useful in admixture or separate from the antioxidant include catalyst deactivators like de
ionized water, soluble protic quench agents, e.g., methanol, isopropanol, or a mixture, solvents such

as isoparaffinic solvents comprising mixed alkanes like ISOPAR E, and mixtures thereof (114]The
mivtiire comnricina antiovidant and if decired one or more color etahilizere Nnne or Mmore catalvet



[115]The relative amount of antioxidant and, if desired, one or more color stabilizers, one or more
catalyst deactivators, and/or one or more solvents varies depending upon the process. In general, the
amount of antioxidant, if any, varies depending upon the end use and requirements of the final
product. Similarly, the amount and type of color stabilizer, if any, may vary depending upon the type of
catalyst used. However, for ethylene/a-olefin block interpolymer product the antioxidant mixture
typically comprises from about 0.2 to about 4.5. preferably from about 0.3 to about 3.5, weight percent
antioxidant. When color stabilizer is employed the mixture typically comprises from about 0.2 to about
12, preferably from about 2 to about Il, weight percent color stabilizer. Purging the Post-Reactor Heat
Exchanger WhihEletsdaprher40%yaw SGBStantilaeiuesdniriaer iéveseiittinate the majority of

foulant in theRRH-AYar discolerantfianhibrpradurt i Riuperiedisadyupurging thenBRH. Such a
purge may be accomplis in any manner but typically involves pur 'nggtgg ost-reactor heat
exchanger with* t&égggﬁﬁgégaﬁgmerEﬁt%%éﬁ?i&%ﬁ%%%%g?)aﬁ %eé\%ﬁ?a%eoush?,(){ﬁis’sgolﬂgéﬁ)ﬁwe other
steps, may be toreuetiome or in combination with the other three steps. It has been found that often the
purge is most effective when purging the post-reactor heat exchanger with nitrogen first in one
direction and then iredhe Gitkien.(Viis) cald hdl dund Rifofterasenveaswari. Résgolatich. Bleaning of a
Fouled Heat Exchanger 11171Yet another way to substantially reduce, hinder, or even eliminate the
majority of foulgpijin the BRkhandiertiscalerast fiemithe pradecilis faperodicalbuoperate the heat
e eRIRURERE IR BT ah EHIREIR IS SoRetions. L i er, Aaaling gandions (.0, one

e
or more solvents exceeds the boiling point ina atIs, g conditions are induced preferably in a
flowing viscousrsSieaiion [iat s amARREE RIUToR) IPTDE RS BERTAS'ECarR ety A% ues, inorganic
deposits, orgaric KieRasis -etaiMaReredussdsondameyed fromdhe-suifaeesoafithe heat exchanger
(or any othergig)e, valve, fitting. or vessel) via a vapor-liquid separation or -percolation” type effect. In

. SUUATIORN . . . . .
one embodim ni, fiitle or no additional materials (e.g., abrasives, special solvents, or reactive

chemicals) need to be added to the flowing vi olution which often simply comprise one or more
of the polymer proéﬁ@t?ggﬁ‘@ﬁﬂj}ﬁﬂﬂ aﬁ‘@%ﬁ/\‘é}?ﬁggﬁig %ﬁti'gﬂ RS BT Ay é%ltg |ﬁn Iﬁdg%'e foulants. In

another embodiment, the conditions employed include inducing boiling over 50%, preferably more than
95% of the sHfREE Beak Gpmrregarfmemestign Mepsusenrenbhy S ERAHGP M may be subject to
fouling. [1181The temperature, pressures, and time employed may vary depending upon the specific
product, equipni&it, and PeterrtiahdogtamspaptrabtsstAREaes i it D BHAVER tiEctis B employ
conditions sygh,thatdhe-melingnomi-ergiyheysirllizatien:tempgarature, of the polymer to be produced
is exceeded. Similarl})ld, in somehinstar}ces a rapid depressurization, a pulsing of pressure, or other
non-steady SPR Bt Oé%nﬁ%fﬁlgﬁgorrﬂa{y facilitate the reduction or elimination of the one or more
foulants. Compositions of the Invention 11191Compositions of the present invention comprise an
ethylene/a-olefil PhultibloBk irtRRABSNAAR At afﬁﬁ@tg?‘égf’ér‘?fﬁ}b‘i%%?ﬁ@‘?’ﬁ’%@ BFSHEHBTA  olefin multiblock
interpolymersengy beHsharacterpetibeforeaiiHorossinkingdyaone benchoie: ofdhdidoliowing
characteristig Lion g 220bRIR0 Aerage hiack-index.greatartbanesrannd R ie Abpssl Qand a

molecular weight distribution, Mw/Mn, greater than about 1.3; or '(2);} least one molecular

fraction whichetahyas a5ty AR T30 BB atIG ARt M R Y S cterized in that the
fraction has ahlgghtintiexof aiteashd byt 0p fozahpubithepolymer. TB) aaivwiiidn frdin about 1.7 to

about 3.5, at|epet onS ARG ARl MR ABOtRE R CelpliR-20ga dens/i thinararioubic

centimeter, wherein the numerical values of Tm and d correspond to the relationship: T,"> -6553.3 +
13735(d)- 708APp@yerGentent of U JspsIRAME RS APYHPA b BRPSSs SHPRHELALGS fusion, A1-1 in

J/g, and a dela.auantibheAbninctearess Gelsiusdetised 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 relatiopghips: Afhz :QeL29 Ak st 628 LA AN DreaenihanRese 8ad 4p to 130 J/g, AT? 48C
for AH greater than 130 J/I%a,) wherein the %RY,STAFSpeak is.de q usin%‘lat least 5 percent of

N termi
the cumulatitRFENFHER, (Ghi) 18 SEHRIHIS hr Bkt BHAHE BRI hiar é%{{%’l %eyr‘ffﬁlra ERYSTAF peak,

then the CRYBARFrdesparakireds 306G ioralibration can be created by measuring the area ratio of

the CHs to CHa for polymers with known comonomer content (preferably measured by

NMR). The comonomer content of an ATREF peak of a polymer can be estimated by

-17-



(5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle measured with a
compression-molded film of the ethylene/a-olefin interpolymer, and has a density, d, in grams/cubic
centimeter, wherein the numerical values of Re and d satisfy the following relationship when
ethylene/a-olefin interpolymer is substantially free of a cross-linked phase: Re >1481-1629(d); or

(6) a molecular fraction which elutes between 40C and 130C 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, densitppanemiiarefomeneripiormetie (sised bnamsesiitiche pelvidiehCkitai to'percent of that

of the ethylepe/grQlefin INtTRGMINEITPL, versus coffondiépragarpdulus at 25 C, Gi(25 C), and a storage
modulus at 100C, G'(I 00 C), wherein the ratio of G'(25 C) to G'(100 C) is in the range of about 1:1 to

about 9:1. (120{the metal,ester yares derandingiupondhe sesied.charasteristissof the composition
but typically is a substituted or unsubstituted aliphatic met% ester, The mental ster %{referably

comprises frinY EBORE 16 Ut ies BPR BB SEBRRE 1A RS AN Su e s IBYtiREd or unsubstituted

aliphatic growigrisi eependent upbnTRERypeftagigrthdhefall baddvihployedmisracetadyist deactivator. For
example, if hexanoigacidhis empleyedBiRn.A GRgMRELesteeewIsMuRIsSteatis-agismay yield a Cl

6 metal ester. The metal of the metal ester is a transition metal, Groulg) HA metzal hGro#ep [IIA metal, or
a combinatiditHERSHN: BhReTainig ARt esBRHE eI BSA IS Bfdsd FoAl l%eeﬁlgoup consisting of
calcium, zin; wikimniseans astehgaitilinioPadticilay preferailesmetal €58 prdiutie BVYRE stearate
such as zinc stearate or,calgium stearate. a,MeLlaclRRAE FUChRR2NG,ACIARAREA a mixture

thereof. [121;1[Fﬁe compositions may be made using the methods empl%%d apaove wherein before,
during, or subegitiamt t6 brlptaatieaE P P el &Y R 2oL RS ) BB S metal alkyl
compound isiasgtad withian aciehto:prode besal ise) dideimetat e ste te ltat igbiviedyj tireofribtal ester and
ethylene/a-ol E;{P%H}QLOCK interpolymer may be simply mixed in any convenient manner.
Advantageously, When made by reacting the metal alkyl compound with an acid, the resulting
compositions are often sybstantially free. of metal oxides such as zinc,oxides. This means that in many
cases the comp@gﬁtions cﬁﬁﬁ?ﬂég %%‘%(fﬁ'gfr%aé aéﬁ?‘f 'B.S %?@fg?a{%?fls‘égshtehcgn %?f,mrﬁocr%n referably less
than 10 ppmabprietatoixithshERBFeinftheedmighrdtiersonpysHis A rdmrei&yIow Emount of metal
oxide in the compasition often feausar foling.aithe. RBH AN Mayaresultiziawihiiar.as. less yellowed
interpolymer product. Preferably. the resulting praduct in one embadiment has a whiteness index from
e LB oL AR A6 Sy o

above 50, prefaiagitfdm B hEow ord Praterably above é{f)%u?%i.r} n another
embodimentsiberreswififiy pheduetirmisacyeltoienesssiddmbofdiorrapones tddbBetc30. preferably

from about-Itg :15, mereprefsiablylessihanahos, -GaceorsiodtaAsdMp RERMMN, In yet another
embodiment, the re_sultin%psr‘oduct‘ has both %W iteneéss index and yellowness index within the
aforementioriféﬁ're?ﬁ&gsg[ 5 D[RR S TR 1 I R ALt I e CE P oS ition Can vary depending upon
the desired usedfithes compositoniai thetesigeip ahduypdrafsthomidtaicdster. That is, if the
metal ester ig employed ag@r-ARl-SPR AL I8N Siwd be.aresertinaN RS RRIRY effective
amount. Simi%rly, if the metal ester is to be employed as an anti-fungal agent or nucleacting agent,
then it shouldeBEeprederiidRcifitHiRgal effective amount or nucleating effective amount,
respectively. Typically, for most uses the metal ester need only be present in small amounts of less
than about 3 weight percémetirrefabadipaminibaivardys ey rnstaddia MEBraLBHt M an amount of from
about 10 ppraytesakardld; QAR Rz, s raerbeBt, Shiep3 jecabotinb 8080 ppm whiram about 1000
PP 10 aD0L B2t oM RO EOMO RO AARRPuARS 13 JG A BlaeiaNt of e

composition.af’ﬂﬁﬁfll &'dforementione compositions may ended with one or more suitable
additional polydmers Bluiirthetheiprbaisess Ohe gk ingex 618fin FumplcEthrehiBR figitisPSubsequently.
Suitable polyparsinsueisafanexampleoa trapyiane dasesplasieraaemioeasiomer, random ethylene
copolymers such as AFFINITY(r) or ENGAGE(r), traditional polyethylenes such as HDPE, LLDPE,
LILDPE, LDPE and propylene-based polymez{gfs:ug;ﬁfsé] mopolymer PP, random copolymer PP or
PP-based plastomers/elastomers or a combinatios-thereof The amount of such other polymers differs
depending upon the desired properties and compatibility with the specific ethylene/a-olefin
interpolymer and metal ester employed. [124]Useful propylene based plastomers or elastomers
include polypropylenes formed by any means within the skill in the art. The propylene and optional
comonomers, such as ethylene or alpha-olefin monomers are polymerized under conditions within the
skill in the art. for instance, as disclosed by Galli, ehal.. Angew. Macromol. Chem., Vol. 120, 73 (1984),
or by E.P. Moore, et al. in Polypropylene Handbook, Hanser Publishers, New York, 1996, particularly
pages 11-98. Polypropylene polymers include Solvay's KS 4005 polypropylene copolymer; Solvay's
KS 300 polypropylene terpolymer; and INSPIREIm polymers and VERSIFYTNA polymers. both
available from The Dow Chemical Company. Suitable branched propylene-based polymers for use in

the present invention are commercially available, for instance from Montell North America, under the
trade Adecianatinne Profavy PE-AI 1 and PE-Q14 Altarnatinvielyvy <cirntable branched or coiinled



polymers (The Dow Chemical Company) and VISTAMAXXrm polymers (ExxonMobil Chemical Co.),
LICOCENErm polymers (Clariant). EASTOFLEXIm polymers (Eastman Chemical Co.), REXTACIm
polymers (Hunstman), and VESTOPLASTrm polymers (Degussa). Other suitable polymers include
propylene-a-olefins block copolymers and interpolymers, and other propylene based block copolymers
and interpolymers known in the art. Representative Embodiments of the Invention 1126]The following
embodiments are representative specific embodiments of the instant invention. 1.In a reaction process
which comprises reacting a mixture via a reaction to form at least one product comprising a metal alkyl
compound, a metal oxide, or a mixture thereof and then passing said product to at least one
post-reactor Weat Bkchtadds kisiémisrobe fivdimortric Gompeises ethelolemorelor the following steps: (1)
reacting said,eigh AlkysGHMRN L WIlR Rracit taProduse ReaaluiednatalesienOr  (2) adding an
ionic surfactant after the reaction to form at least one product comprising a metal alkyl compound, a
metal oxide,féarcﬁ%ixture thereof; or (3) adding a mixture comprising an antioxidant to the product
under conditions sufficient to avoid formation of significant amounts of insoluble metal or metal
compounds derl¢Ed fron SadThetiiraak{Eedmdoundetied by ) Pihgimg LHIHBEEIEINRT heat
exchanger witb:apfipgidgas:undemeanditions to remove metal oxide from the post-reactor heat
exchanger. 2. The reaction process of Claim 1 wherein the product comprises a polymer. 3. The
reaction process of one or more of thg p\,reqequg claims whegreirythe product comprises a polyolefin.
4. The reaction process of one oﬂﬁb}’g}bﬁ[ﬁ'ﬁé&@f@‘oqmmﬁmin the product comprises a
polyolefin selected from the group consiéting 6f polyethylenes, ponfJBropernes, polybutylenes, and

mixtures thergof.. 5, The. 18acinPIORess hanakmareolthacnesasing @aimsswherein the product
comprises an a propylene basrgr%i%tﬁ?tognfer or ela tomer.. 6 Thcﬁ eaction er&cessbgf one or more of

the preceding Ri&TFRE WHERETH: & frgetion for fie if frach

dit %rberﬁ“p())rlses an a propy ene-e?ﬁy%_ne |(r:ﬁ(r§rpolymer comprising
at least abouh8Gumedley pivident IBrepydemibedabTre Foadtit piotessrsiofiecorabres sfiwe preceding

claims whereig,the-produst remplises esthviens/aaielinimmiibiesk intaralumer. N84T he reaction
process of one or more of the precedin 81:»;aims wherein th(a %oq%t com(Bri§es an ethylene/a-olefin

multiblock inf&fBolymERIER fRech LMY RE BERSFE" LR O5S |P1%|%ng€ By 6n& 6 moré of the following
characteristicsard segments(1pvantanéragehblovkiittexgreateofiibniverpchmebip A6 abtsut 1.0 and a

molecular weight distribrition, Mg, opeqierdhan abeUkds3id@high density (o) lHeast one molecular

fraction which elutes between 40C and 130C when fractionated usin 'I' IEFFFchar{ac]t%rized in that the
fraction has A91BRKIAEEA ShATay e Sd Sp 1 ApEReR ISy not avaiiable. For calcuiations
performed herein, T, is 372°K, Pais 1.

j62] Tag is the ATREF temperature for a random copolymer of the same
composition and having an ethylene mole fraction of Pap. Tap can be calculated from the

following equation:
Ln PAB = (y‘TAB + ﬁ

where o and B are two constants which can be determined by calibration using a number of
known random ethylene copolymers. It should be noted that ¢ and  may vary from
instrument to instrument. Moreover, one would need to create their own calibration curve
with the polymer composition of interest and also in a similar molecular weight range as the
fractions. There is a slight molecular weight effect. If the calibration curve is obtained from
similar molecular weight ranges, such effect would be essentially negligible. In some

embodiments, random ethylene copolymers satisfy the following relationship:

Ln P=-237.83/T strer + .639

O



(3) an 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: Tin > -6553.3 + 13735(d) - 7051.7(d)2; or (4) an Mw/Mn from about 1.7 to about
3.5, and a heat of fusion, AH in Jig, 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 Jig, AT > 48C for AH greater than 130 Jig wherein the CRYSTAF
peak is determined using at least 5 percent of the cumulative polymer, and if less than 5 percent of the
polymer has B iséntifiERiE CRYSTAF peatntdsercane CrRYS P eM RN a0 b2V bie (5) an
elastic recovgryRendHBRIESMALIP. PErcen Sikain.amd freydle meastrgd- Wit @versely,

compression-molded film of the ethylene/a-olefin interpolymer, and has a ity in grams/cubic
centimeter, WrerSIRcHE }?ﬂﬁ{g?%i%z\ygm}e%lb BEIRGY %étlgfyo%ﬁ%f%al%%vgﬂagrgeﬁéoralship when

ethylene/a-olefiinirnte pidtiinemsesubystanfial iy Mideor b crssdaipdidaphaBee R&/S148%-1629(d); or
(6) a molecular fraction which elutes between 40C and 130C when fractionated using TREE,
characterized inghat the Gractibe Hias ndeslBTromanbmerconte AREF dtdeiinst & garoehtthigher than that

of a comparable ﬁ?&%%%l sthyleng,inigspolymendrartion slting hetweanidename temperatures,
e

wherein said co%n arable random eth?‘/lene interé)olymer has the szme comonomer(s 61r31d has a melt

index, densit§TaPRITAERABO M BFEITPELHIE R ESSD APIE Whdi REry

r‘f)nél’f‘/mer within percent of that
of the ethylengfaiglefinbint@ranly KRl jsarreater tharf( Dastéragemodbing b 28efaiRs5ABD! and a storage

modulus at 10,6 & (140, Gt BerelR 106 Rl oL IR GHLLOO Chiskinidbe ranarof about Ll to

about 9:1. 9. The reaction process of one or more of the preceding cI%ims heaef'n the Etroduct

comprises artaW ISR MURBIOERIAERSByMBF EMPFSAE & S48 B8 Mold Fercint ethylene.

10. The reactionipracess: 0L enebounareatihepredetingtciaims. Wherehoutsiprotessiomprises
employing a gatalyst comprising asmetal, |1.The feacisn.Piosers Hper Qiamare ol e preceding

claims wherein the process comprises employing a shuttling agent. 12.The reaction process of one or

more of the pheceing’ GeisanhfemattadrScke® brriftis &3 BAHILYING BPEhtAARG Slent selected
from the group&eNsisting sbaiethybzipedi(@: fhutydzino.digrtdvexy yzindreriethybaiinnmut
trioctylalumin{JPn, triethylgallium, ibutylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum
bis(di(trimethylsilyl)amide), n-octylaluminum di(pyridine-2-methoxide), bis(n-octadecyl)i-butylaluminum,
ibutylaluminum bis(di(n-pentyl)amide), n-actylaluminum bis(2,6-di-t-butylphenoxi tylaluminum
di(ethyl(1-napht amidé’“}}oéﬁ&‘fgﬂﬁ?%‘u%%sr‘ﬁct%gs%t%ﬁ‘ifxi‘éﬁ?ﬁ8 Zlﬁs‘i 2%d%l§"}:a‘ﬁ%ﬁ%’%%§&5r%%
di(bis(trimethyisityGatmide)yetiajded infirirmerisis(ReB0TPE MR HAG T L G AEITHE PSR,
n-octylaluminum, bis(2;3.8 v pibensc-:-araey dlahentaveasnisielanoeiytalimingeater than
bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-di hewl‘ehe&o.igeg,taondﬁtbﬁzin%g-]b%%)gg&)f 13. The
reaction procB¥&dk bk 8P I PEGH tha S BeHRG CIATRS WRereln the Metiloxide Is zinc oxide. 14,
The reaction psodessiaf artedmemorahefiviemretedirmheldi o insleigrucniktapagrif.6 and

up to about 1.0, greater than about 0.7 and up to about 1.0, greater than about 0.8 and up to
about 1.0, or greater than about 0.9 and up to about 1.0. In other embodiments, the polymer
fraction has a block index greater than about 0.1 and up to about 1.0, greater than about (.2
and up to about 1.0, greater than about 0.3 and up to about 1.0, greater than about 0.4 and up
to about 1.0, or greater than about 0.4 and up to about 1.0. In still other embodiments, the
polymer fraction has a block index greater than about 0.1 and up to about 0.5, greater than
about 0.2 and up to about 0.5, greater than about 0.3 and up to about 0.5, or greater than
about 0.4 and up to about 0.5. In yet other embodiments, the polymer fraction has a block
index greater than about 0.2 and up to about 0.9, greater than about 0.3 and up to about 0.8,

greater than about 0.4 and up to about (.7, or greater than about 0.5 and up to about 0.6.

[65] For copolymers of ethylene and an g-olefin, the inventive polymers preferably

possess (1) a PDI of at least 1.3, more preferably at least 1.5, at least 1.7, or at least 2.0, and
20-



compound is reacted with an acid selected from the group consisting of soluble carboxylic acids under
conditions sufficient to produce a soluble metal ester. 15. The reaction process of one or more of the
preceding claims wherein the soluble carboxylic acid is a substituted or unsubstituted aliphatic metal
ester. 16. The reaction process of one or more of the preceding claims wherein the soluble carboxylic
acid comprises from about 6 to about 30 carbon atoms. 17The reaction process of one or more of the
preceding claims wherein the metal of the metal alkyl compound is a transition metal or Group I11A
metal, or a combination thereof 18. The reaction process of one or more of the preceding claims
wherein the metal of the metal alkyl compound is selected from the group consisting of zinc,
aluminum, anggattitenbl 19, e ation prodesd SRBRETG BrsoTHiEBre bR fig eI wherein the

soluble carb@ylic agidsisa.s9tratetakwnsaaedatipbatis eatboxylo Agis havirty from about 6 to
about 20 carbon atoms. 20. The reaction process of one or more of the preceding, elaims wherein the
soluble carbSHFRERH T tbdie tc%,“gé%gﬁn%ﬁlg?cigfi)oarga?ﬁi%ﬂ% ltcl%etr(ren f'21. Th& reaction process of
one or more tbthsftemeding Craphsehdasin Sikhseduerit reie ¢kt dhmetal alkyl compound with
an acid the product is substantially free of metal oxide. 22. The reaction process of one or more of the
preceding claimgsyhereifihiesohelite métabelsterpradieed idoselscrethwhentiparitiptovides a desirable

characteristic,jo. the esulting RIOgHGkin 23 Fhe IRARlIRN Graseasmaf RBe®S Mgkawef the preceding
claims wherein the soluble metal ester is selected from the&%ﬁ)ﬁu consistin%éngﬁb%ﬁﬁjip agents, mold

release agerf@&ahircfO4 e BEETEY BHEY S5EMR! 'Y Ahtrrahy SMEGENE: e reaction
process of ongoabvanteedh thaipeeotding olaivs swkkreidtiet carbexylivlnoihis dduednelthe reaction

prior to sioniigant devalpieation. i I RA seRClARBIARESS RLAG Mamakatibrseeding claims

wherein the molar ratio of carboxylic acid to metal is from_about 1:1 to about 10:1. 26. The reaction

process of oRE BT IPRETHF thaHRSERERTG RIKIAE AR ML SRR PYALSTST BarEbARE BEid to metal is
from about 1d5ethineabaut @id or 2vord beraaction potdess @hahe temmorbiokth8qsfécding claims

wherein the aroiis A6Id 5 Toped ihWAIPERRIRIE veasling. i said miiatalio! compound and

wherein the resulting soluble metal ester is a complex metal ester. 28. The reaction process of one or
more of the presvediing &1diM8 wrsr&irthePeX I iRl i3 mixed with water in a molar ratio of
carboxylic acid to water of from about 10:1 to about 0.5:1. 29. The reaction process of one or more of
the preceding cliiThs wheeirintratimnmpdl Weteray hofirheolirreit6 A8 E30 times the amount of

metal on a mglap, basis.and: the@mauntefiwatepis Samabedtdesteabout #2:imesthe amount of
carboxylic acid on a molar basis, - ¢ from 3 kpsi (20 MPa) 1o 13 kpsi (90 MPa). Altematively, the

inventive interpolymers can have a thermomechanica! analysis penetration depth of | mm at

a temperature of at least 104°C as well as a flexural modutus of at least 3 kpsi (20 MPa).

They may be characterized as having an abrasion resistance (or volume loss) of less than 90

mm®. Figure 7 shows the TMA (1 mm) versus flex modulus for the inventive polymers, as

compared to other known polymers. The inventive polymers have significantly better

flexibility-heat resistance balance than the other polymers.

[68] Additionally, the ethylene/a-olefin interpolymers can have a melt index. b,
from 0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably
from 0.01 to 500 g/10 minutes, and especially from 0.01 to 100 g/10 minutes. In certain
embodiments, the ethylene/a-olefin interpolymers have a melt index, Iy, from 0.01 to 10 g/10
minutes, from 0.5 to 50 g/10 minutes, from | to 30 ¢/10 minutes, from [ to 6 g/10 minutes or
from 0.3 to 10 ¢/10 minutes. In certain embodiments, the melt index for the ethylene/g-olefin

polymers is 1g/10 minutes, 3 g/10 minutes or 5 g/10 minutes.

[69] The polymers can have molecular weights, My, from 1,000 g/moie to
5,000.000 g/mole, preferably from 1000 g/mole to 1,000,000, more preferably from 10,000
AR



30. The reaction process of one or more of the preceding claims wherein the molar ratio of carboxylic
acid is mixed with water in a molar ratio of carboxylic acid to water of from about 4:1 to about 7:1. 31.
The reaction process of one or more of the preceding claims wherein the resulting soluble metal ester
is a complex metal ester having the formula Zn40(C"F1,0,1C0O2)6 wherein n is from about 5 to about
20. 32. The reaction process of one or more of the preceding claims wherein the acid is mixed with an
isoparaffinic solvent before reacting it with a heated metal alkyl compound to produce a soluble metal
ester and then passing said product to a post-reactor heat exchanger. 33. The reaction process of
one or more of the preceding claims wherein the heat exchange efficiency of the post reactor heat
exchanger revinaitsekitivelye ooristant overdinéos4 (Phe seadtion’pdiesEotlonéhsr more of the
preceding claimswhessin aniQpie BWIACANLCARR USRS @ o larRoskipp-and iyenspridkdortion is
added after the reaction. 35. The reaction, process, of pne or more of the precedjn ,claipws wherein
the ionic surfERYRI EpPIBIRES TRy RIS 369 The rE&SIBH RIS ggeéjf‘soﬁ& i %ﬁ%roe of the
preceding claimehykersirti@ipricsurfagzrfroo Mpasesidat/cacie 846 Eal8Egom the group
consisting of alkali metal fatty acid salts, alkaline earth metal fatty acid salts, and mixtures thereof. 37.
The reaction prqeess of one probiey efefdtiegphe getingrelaims whiekdin:thie innfclswiactarhis a salt of
srearic add. S e AU MIRIAGEAAIRARANROE SIBPIRELHNGAT AR IRREIN he lonic

surfactant is Se ected from the group consisting of zinc stearate, calcium stearate, aluminum stearate,
and mixtures’iRigoR! 3grHERNeitH S rotdss st HirsEr hafl viife Ptk g erlifASWherein the
ionic surfacta, isorairesh wyitie anvieffe civenamoun tres dsitisiaiergentn MO, sOedeEgtidprocess of one

or more of the preceding s whereln, e APYSIalAasYis N Apvleisd akylaayine. 41. The
: s analkenaied gl

reaction process of gne or more Ie preceding claims wherein the antistatic agent is an ethoxylated
alkylamine. A2pigsEcedetiBh Poesss/¢i88he Blemiucstthe PecaditgclirisaNpRsn the molar ratio

of ionic surfaptant 2 metaldsiat ieastakaut 12805481 TheneaetioRcprasass Bf ene«@tdnore of the

preceding claims wherein the m arer%'[rlttl)ppf |onlscuaygaﬁ}gg1t to metal |st£rc(gm %Ro%tné:?héo about 1:10.

rein 1n their enprety, For € , One COMDpPrises con 1 nd .
44. The reaction process of one or more o t%e preceding claims wherein ﬂ%e I‘E¥[IO O?IOI’IIC surfactant to

metal is frompatienatlo 9 aoredioadditen iy areriadyyasy meas PHS rdat Al proEady efbie or more of

the preceding&ﬁ{@géﬂbg@%%@m@%gﬁﬁg@@gﬂ&@mﬁmem&ﬁg@,actor heat exchanger is decreased
by a factor of at least five when an ionic surfactant comprising a polar portion and a non-polar portion

is added as compayied, 1o, When ARG srdagtARLISR GMRIAYSH:

(A}  a first olefin polymerization catalyst having a high comonomer incorporation

index,

(B)  asecond olefin polymerization catalyst having a comonomer incorporation
index less than 90 percent, preferably less than 50 percent, most preferably less than 3

percent of the comonomer incorporation index of catalyst (A}, and
(C)  achain shuttiing agent.
171} Representative catalysts and chain shuttling agent are as follows.

[72] Catalyst (A1) is (N-(2,6-di(1-methylethyl)phenyljamido}(2-
isopropylphenyl¥o-naphthalen-2-diyl{(6-pyridin-2-diylymethane)]hafnium dimethyl, prepared
according to the teachings of WO 03/40195, 2003080204017, USSN 10/429,024, filed May
2, 2003, and WO 04/24740.

273



45. The reaction process of one or more of the preceding claims comprising adding a mixture
comprising an antioxidant selected from the group consisting of sterically hindered phenols, sterically
hindered phenyl phosphites, and mixtures thereof to the product under conditions sufficient to avoid
formation of significant amounts of insoluble metal or metal compounds derived from said metal alkyl
compound. 46. The reaction process of one or more of the preceding claims wherein the antioxidant is
selected from the group consisting of di- octadecy1-3.5-di-tert-butyl-4- hydroxyhydrocinnamate,
benzenepropanoic acid, 3.5-bis(1,1-dimethylethy0-4-hydroxy-, 22-
bis[[343,5-bis(1.I-dimethylethyl)-4-hydroxyphenylk | -oxopropo, tertiary butyl phenyl phosphate, and
mixtures thereof. 47 reaction process of one or more of the preceding claims wherein the
antioxidant is mixed @E&%‘%ﬁébilizer, a catalyst deactivator, a solvent, or a mixture thereof. 48.
The reaction process of one or preceding claims wherein the color stabilizer is a hindered
' ore of the preceding claims wherein the color stabilizer is
ethyl-4-piperidinyl)-polymer with

, products with N-butyl-I-butanamine and
N-butyl2,2,6,6-tetrgiagthy I-4Il igzridinamine, N(C18F137)10H, and mixtures thereof. 50. The reaction
process of one or more of the preceding claims wherein the solvent is an isoparaffinic solvent
comprising mixed alkanes. 51. The reaction process of one or more of the preceding claims wherein
the catalyst deadihtor is SEISEA NS YU SRERBHPbsubRmiZRFwater, soluble protic quench
agents, and mixdunesehereofpikdyidhe seaeiionzpiocesstichey)mdrumatienefthepieeating claims
herein e o RIRGJURRA A G PR PO AT BRI RPN 9L RITRRD
isopropanol, and mixtures thereof 53. The reaction process of one or more of the preceding claims
wherein a mixtd¥®davibhsiHi antitkidant, color stabilizer, and solvent is contacted with a product of
said reaction process while passing said product to a post-reactor-heat exchanger. 54. The reaction
process of one or m@ggpreceding claims wherein a mixture comprising antioxidant, color

stabilizer, catalyst de ator, and solvent is contacted with a product of said reaction process while
passing said product to a‘pgstfeactor heat exchanger. 55. The reaction process of one or more of the
preceding claithS»x#/Rerei '
contacted with a Of\sa.tﬂ rea rocess while passing said product to a post-reactor heat
exchanger. 56. ctiov’ﬂi&rﬁ4 ne or more of the preceding claims wherein an antioxidant,
color stabilizer, catadystdeagtivator, and solvent are contacted with a product of said reaction process
while passing said product to a post-reactor heat exchanger and said contacting is accomplished by
gge 1?r: more s.,treﬁgts of a&ti%ﬁg{aggsrﬁg olgﬁ ili: gr‘z’ggtalyst Qeactivator, solvgnt, or mixtur.e.s thereof

. The reaction'process 0f one or ore of the préceding claims wherein a mixture comprising
antioxidant, coloneshalpligred)amidosghemetoonetiatdwitibanprbduct of said reaction process while
passing said product to a post-reactor heat exchanger wherein said mixture comprises from about 0.2
to about 4.5 weightspercent aniiaxidant. 58. The reaction process of one or more of the preceding
claims wherein a mixtu @ prising antioxidant, color stabilizer, and solvent is contacted with a
product of saig-feactjpti prg€ess while passing said product to a post-reactor heat exchanger wherein
said mixture compriges frgmy. about 0.3 to about 3.5 weight percent antioxidant. 59. The reaction
process of 0 oﬂnﬁe of the prec&ditf‘cli&ims wherein a mixture comprising antioxidant, color
stabilizer, and/solveny is cgritacted with a product of said reaction process while passing said product
to a post-reactor-héat exeiranger wherein said mixture comprises from about 0.2 to about 12 weight
percent color stahilize The reaction process of one or more of the preceding claims wherein a
mixture comprising antioxidant;.color stabilizer, and solvent is contacted with a product of said reaction
process while passing said product to a post-reactor heat exchanger wherein said mixture comprises

from about 2 1o ggut L1 Weight PRIPRI GO SRRIGRL 1 ThE5RAION.PiReRR plais. or more of

the preceding claims wherein the mixture comprising antioxidant is added at a temperature of from

about 120C t&Bssar ooty Dez ohheteadidin pHrea st bhe P Ribrar s prEtrdiy claims which
comprises puigingitheqasireasierdest exchhanges with a gas selected from nitrogen, ethylene, or air.
63. The reaction process of one or more of the preceding claims which comprises purging the
post-reactor heat exchanger with nitrogen first in one direction and then in the other. 64. A
composition comprising an ethylene/a-olefin multiblock interpolymer and a metal ester.

-23-



65. The composition of one or more of the preceding claims wherein the metal ester is a substituted or
unsubstituted aliphatic metal ester. 66. The composition of one or more of the preceding claims
wherein the metal ester comprises from about 6 to about 30 carbon atoms. 67. The composition of
one or more of the preceding claims wherein the metal of the metal ester is a transition metal or Group
111A metal, or a combination thereof 68. The composition of one or more of the preceding claims
wherein the metal of the metal ester is selected from the group consisting of zinc, aluminum, and
gallium. 69. The composition of one or more of the preceding claims wherein the metal ester is a
metal stearate, a metal octanoate, or a mixture thereof. 70. The composition of one or more of the

preceding claims whetgin the metal ester | c stearate, zinc octanoate, or a mixture thereof. 71.
The composition o Qre o hg claims wherein the composition is substantially free
of metal oxide. 72. g it more of the preceding claims wherein the composition
is substantially free of Zint exide. "% g composition of one or more of the preceding claims wherein
the composition copmp seg less tt{&qc@bpu ppm of metal oxide based on the weight of the
composition. Hi4- oy itig . e@fithe preceding claims wherein the composition
comprises less tha %Eén akoxide based on the weight of the composition. 75. The
composition of one or rporg, of g claims wherein the composition comprises less than

about 10 ppm of meta 2 based o eight of the composition. 76. The composition of one or
more of the preceding claifs wherein tiie'metal ester is present in an anti-slipping effective amount.
77. The composition of one or more of the preceding claims wherein the metal ester is present in an
anti-fungal effedfife amolat!ly?B(Bihé denbosifioh-oPsptsrr (b the! preceding claims wherein the
metal ester isnpiigseRtitnmeieatng eifectyaamamntibédyThe composition of one or more of the
preceding claims wherein the metal ester is present in an amount of from about 10 ppm to about
10,000 ppm based on the total weight of thg-ggmposition. 80. The composition of one or more of the
preceding claims wherein the metal@ster, is present in an amount of from about 50 to about 5,000 ppm
based on the total weight of the %dmgosit" . Tgf%[gomposition of one or more of the preceding
claims wherein the metal esgerTs gresent Amount ot from about 1000 to about 2500 ppm based
i g composition of one or more of the preceding claims
itehess index above 50. 83. The composition of one or more of
‘gililgggjprodwc%m@séafyellowness index less than -2. Testing

low, the following analytical techniques are employed:

e

wherein the resoifing-{
the preceding claims whe
Methods [127]In the exampls

a®a W

[77] Catalyst (B2) is 1,2-bis~(3,5-di-t-butylphenylene)(1-(N-(2-methylcyclohexyl)-

immino)methyl)(2-oxoyl) zirconium dibenzyl

C{CHs)

HyC
e N G C{CH;)
¥/ -
7%,
. AU
{H3C?3C 8] Y
CH

N
P X=CHaCgMs
{CHs,

[78] Catalyst (C1) is (t-butyiamido)dimethyl{3-N-pyrrolyl-1.2,3,3a,7a-n-inden-{ -
yhsilanetitanium dimethy! prepared substantially according to the techniques of USP

6,268,444; -
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GPC Method for Samples 1-4 and A-C 1128]An automated liquid-handling robot equipped with a
heated needle set to I60C is used to add enough 1.2,4-trichlorobenzene stabilized with 300 ppm ionol
to each dried polymer sample to give a final concentration of 30 mg/mL. A small glass stir rod is placed
into each tube and the samples are heated to 160C for 2 hours on a heated, orbital-shaker rotating at
250 rpm. The concentrated polymer solution is then diluted to 1 mg/ml using the automated
liquid-handling robot and the heated needle set to 160C. [129] A Symyx Rapid GPC system is used
to determine the molecular weight data for each sample. A Gilson 350 pump set at 2.0 ml/min flow rate
is used to pump helium-purged 1.2-dichlorobenzene stabilized with 300 ppm lonol as the mobile phase
through three Plgel 10 mi eter (um) Mixed B 300mm x 7.5mm columns placed in series and
heated to 60C. @ mernJ.abs ELS 1000 Detector is used with the Evaporator set to 250C, the
Nebulizer set to 16 nd the nitrogen flow rate set to 1.8 SLM at a pressure of 60-80 psi (400-600
kPa) N2. The polymgrsamples are heated to I60C and each sample injected into a 250 ill loop using
the liquid-handifigrobgtrand)a heated needle. Serial analysis of the polymer samples using two
switched loops and oVerlapping injections are used. The sample data is collected and analyzed using
Symyx EpochTM sofﬂw}g}. Peaks are manually integrated and the molecular weight information
reported uncorrected against a polystyrene standard calibration curve. Standard CRYSTAF Method
[130] Branching distributions are determined by crystallization analysis fractionation (CRYSTAF) using
a CRYSTAF 208 ¥hit corhtreiafiy avAitaseapsnbohmsesdmsrVaierdiy-sgdiie The-samples are
dissolved in {hdsA trighlanobenteneiatti0Gré:aa mpimitafor dcbsrang stakilizediais 3P0 Jor 45 minutes.
The samplin%gg&}%%gj;#%es range from 95 to 30C at a cooling rate of 0.2C/min. An infrared detector is
used to measure theé polymer solution concentrations. The cumulative soluble concentration is
measured as the polymer crystallizes while the temperature is decreased. The analytical derivative of
the cumulative profile reffects the short chain branching distribution of the polymer. 11311The
CRYSTAF péak sia
CRYSTAF Softw
routine identifies a'péaktamiperaiig,as @ maximum in the dW/dT curve and the area between the
largest positive inflegfior(s onreither side of the identified peak in the derivative curve. To calculate the
CRYSTAF curve, terréd rocessing parameters are with a temperature limit of 70C and with
smoothing parameters above f'fﬁ%3fémperature limit of 0.1, and below the temperature limit of 0.3. DSC
Standard Method (Excluding Samples 1-4 and A-C) [1321Differential Scanning Calorimetry results are
determined usi TAI model Q1000 DSC equi wit RCS cooli ssqry and an
autosampler. Ar.@l‘{?ogenrgﬁtr% Stg(g:sg %gv%/% %F %%‘ m (?hgﬁi'sml%g?? hfﬁ@é%ﬁﬁ%%?%ﬁgégg%%% a thin film
and melted irpthecpressdpraoania7 SO amd terrail cobshatiabrressamdienpéiatere (2505.18210 mg of
material is thgn udoko -6 mm diameter disk, accurately weighed, placed in a light aluminum pan (ca
50 mg), and then crimped shut. The thermal behavior of the sample is investigated with the following
temperature profile. The~sample is rapidly heated to 180C and held isothermal for 3 minutes in order to
remove any previous ral history. The sample is then cooled to - 40C at 10C/min cooling rate and
held at -40C L3 minute hie sample is then heated to 150C at 10C/min. heating rate. The cooling
and second hea 'rve ecorded. [133]The DSC melting peak is measured as the maximum in
heat flow rate (W/g) with respeci t¢lthe linear baseline drawn between -30C and end of melting. The
heat of fusion is m ‘as th&'aela under the melting curve between -30C and the end of melting

using a linear base PC]FVIethod (Excluding Samples 1-4 and A-C) 11341The gel permeation
chromatographic systerh consists f either a Polymer Laboratories Model PL-210 or a Polymer
Laboratories M&del PL-220 instrument. The column and carousel compartments are operated at 140
'C. Three Polymer Laboratories 10- micron Mixed-B columns are used. The solventis 1.2,4
trichlorobenzengiThe samplsstare prefsise atadtconeariaitencof YL kigrating aiqgpalydeer in 50 milliliters
of solvent containing.-54-..200 f butylated hydroxytoluene (BHT). Samples are prepared by
agitating Iigh?f?#g?lgflr%ﬁrss! ggalgg({é}c he injection volume used is 100 microliters and the flow rate is
1.0 mli/minute.  [135] Calibration of the GPC column set is performed with 21 narrow molecular
weight distribution polystyrene standards with molecular weights ranging from 580 to 8,400,000,
arranged in 6 "cocktail" mixtures with at least a decade of separation between individual molecular
weights. The standards are purchased from Polymer Laboratories (Shropshire, UK). The polystyrene
standards are prepared at 0.025 grams in 50 milliliters of solvent for molecular weights equal to or
greater than 1,000.000, and 0.05 grams in 50 millifiters of solvent for molecular weights less than
1.000,000. The polystyrene standards are dissolved at 80C with gentle agitation for 30 minutes. The
narrow standards mixtures are run first and in order of decreasing highest molecular weight
component to minimize degradation. The polystyrene standard peak molecular weights are converted
to polyethylene molecular weights using the following equation (as described in Williams and Ward. L
Polvm. Sci.. Polvm. Let., 6, 621 (1 968)):polyethylene = 0.431 (M polystyrene)



[136] Polyethylene equivalent molecular weight calculations are performed using Viscotek TriSEC
software Version 3.0. Compression Set  [137] Compression set is measured according to ASTM D
395. The sample is prepared by stacking 25.4 mm diameter round discs of 3.2 mm. 2.0 ram. and 0,25
mm thickness until a total thickness of 12.7 mm is reached The discs are cut from 12.7 cm x 12.7 cm
compression molded plagues molded with a hot press under the following conditions: zero pressure for
3 min at 190C, followed by 86 MPa for 2 min at 190C, followed by cooling inside the press with cold
running water at 86 MPa. Density  [138] Samples for density measurement are prepared according
to ASTM D 1928. Measurements are made within one hour of sample pressing using ASTM D792,
Method B. Flexural/Secant Modulus/ Storage Modulus H391Samples are compression molded using
ASTM D 1928. Fle nd 2 percent secant moduli are measured according to ASTM D-790.
Storage modulus isT @ ed according to ASTM D 5026-01 or equivalent technique. Optical
properties  [140] Filmg{ 0.4 mm thickness are compression molded using a hot press (Carver
Model #4095-4PR1,Q(5)112). The pellets are placed between polytetrafluoroethylene sheets, heated at
190 C at 55 p{EF%é'@\kPa) fgr 3°min, followed by 1.3 MPa for 3 min. and then 2.6 MPa for 3 min. The
film is then cooled in the press with running cold water at 1.3 MPa for | min. The compression molded
films are used for optical (Mgasurements, tensile behavior, recovery, and stress relaxation.  [141]
Clarity is measured usjg -'-\ /C Gardner Haze-gard as specified in ASTM D 1746. 1142]45 gloss is
measured using BYK Gardher Glossmeter Microgloss 45 as specified in ASTM D-2457  [143]
Internal haze is measured using BYK Gardner Haze-gard based on ASTM D 1003 Procedure A.
Mineral oil is appiEd to thehfittimgutase theemoviesertacespiatehesiedhdnicakcPioperties - Tensile,
Hysteresis, i HERL, sikhtd] ipareomateHl RRRAYIoh RuiRiaMALIENAGR lamiaswed using ASTM D

1708 microtensile specimens. Samples are stretched with an Instron af 500% mind at 21C. Tensile
strength and RibiatsHat B rapaHE P ToRy dhuyeige et BiYguimeny!sily Dpmi8s1 00% and
300% Hys_tere&is;i&ld&ﬁaﬁmimie;s,l/fr@m-eyﬁﬁm_dm&tébngii@-b@@%c&t)db’&@@%ﬁﬁrainsiusing ASTM D 1708
e, SRR AP el FRG AP Ie e RdeA AU plpaded ot 267

i
min-1 for 3 cyc sa , _yclic experiments at 300% and 80C are conducted using an environmental
chamber. In #1&BOEBRFEHIHERY | therbdsraifea bl reguitBEsmshmigddeat the test
temperature bafiriesiinginsthendth Gis000%dsirainytichtnaxparmesty iedetractive stress at 150%
strain from the first unloading cycle is recorded. P recovery for all experiments are calculated
from the firstﬁﬁf@%ﬁﬁ%ﬁ?@@ﬁ%ﬁ O@éaslgrﬁéﬁrﬁuelﬁ%ﬁgﬁgtl}%e&l%? Or-é{tﬁﬁfgél?g%gnlg%sé ff?r’lg. The percent
recovery is d@eﬂﬁ@}jﬂa@_ljnﬁ;i&dimethyl(t-hutyl)siioxide, ethylzine {2,6-diphenylphenoxide}, and

ethylzinc (t-butoxide).

[83] Preferably, the foregoing process takes the form of a continuous solution
process for forming block copolymers, especially multi-block copolymers, preferably linear
multi-biock copolymers of twe or more monomers, more especially ethylene and a Ciap
olefin or cycloolefin, and most especially ethylene and a Cy.y0 t-olefin, using multiple
catalysts that are incapable of interconversion. That is, the catalysts are chemically distinct,
Under continuous solution polymerization conditions, the process is ideally suited for
polymerization of mixtures of monomers at high monomer conversions. Under these
polymerization conditions, shuttling from the chain shuttling agent to the catalyst becomes
advantaged compared to chain growth, and multi-block copolymers, especially linear multi-

biock copolymers are formed in high efficiency.

{84] The inventive interpolymers may be differentiated from conventional, random
copolymers, physical blends of polymers, and block copolymers prepared via sequential
monomer addition, fluxional catalysts, anionic or cationic living polymerization technigues.
In particular, compared to a random copoiymer of the same monomers and monomer content
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% Re cov ery =>100 where sf is the strain taken for cyclic loading and cs is the strain where the load
returns to the baseline during the I' unloading cycle.  [146] Stress relaxation is measured at 50
percent strain and 37C for 12 hours using an InstronTM instrument equipped with an environmental
chamber. The gauge geometry was 76 mm x 25 mm x 0.4 mm. After equilibrating at 37C for 45 mm in
the environmental chamber, the sample was stretched to 50% strain at 333% min-1. Stress was
recorded as a function of time for 12 hours. The percent stress relaxation after 12 hours was
calculated using the formula: % Stress Relaxation - - L x100 Lo where Lo is the load at 50% strain at
0 time and L1, is the load at 50 percent strain after 12 hours. [147] Tensile notched tear experiments
are carried ouf @pisaepleshavingoatensity of8hgledrompessnesihgvahdnstiotgtrrihsttument. The
geomelry coneisls,of .GAUAR.ARLISN AL TBMM 41l 3 TR MM AR HeIghyaLL into the

sample at half the specimen length. The sample Is stretched at 508 mm mind at 21 C until it breaks.
The tear enefgfyIeraaTeiBTEesHE g AHar ST heh HRRAUIFh R IRsR TR SRin at maximum
load. An averggesihal lBasharspesinens ateareporehphddo 2 4RI trexhatdviesteamical Analysis
(Penetration J-Ea%rsnf%\eraturo%)'é%co %H%e%roc%ﬁgm%d?mﬁ% 1)ﬁt§ W%ﬁ& gQigpression molded

discs, forme 6&"an a molding pressure for 5 minutes and then air quenched. The
instrument USEEREEASTPIVERLPaBaHRT A PRSI TR IO BIRIF-ERHEY STRS B IS, BIgISEWtA 1.5 mm radius
tip (P/N N519:04%6)isiapplies je-He sudiace bbithe samplediawithuNdfercehidlive temperature is
raised at 5C/min from 25C. T ro enetration di ' tion of temperature.
The experimé:r Steaﬁ%sa t\lﬁ gsr? if leﬁ(fo/r‘g %%f:?ggegglﬁrgtr}gégﬁgnﬁeﬁt@ﬁ?sgg?rlgpgl'ie.%[{kl\lt/lgg 149]Dynamic
Mechanical ApRRESUBMETES HesstredssCoMgIESSIN T awse ardksfsrmibanthdHot press at 180C
at 10 MPa pressyigéer 5 minutes and then water cooled in the press at 90C / min. Testing is
conducted using an ARES controlled strain rheometer (TA instruments) equipped with dual cantilever
fixtures for torsiqgsiestingrid 04k FRMINARHE.iSRianses ARACUL i Daaksimensions 32x12mm.
The sample is clamped at both ends b twe,ﬁn fixtu%es selﬁ.arated by 10min ‘ggraip ?agﬂg{gtion AL) and
subjected to ?[?é‘&@%@i\‘?@tf%tﬁ)é‘r‘ﬂﬁ?é‘@gé‘bs 5 N5 0E SO GEeE BER J85) KIRAER temperature the
torsion modulugdGifemeasarecathamrgutak fratpeenoy oEddrddisngHeRdtrdin aapgiSEebeing
maintained betyeen 0.} percentand $RSGER! 195k & thalitheclpraus.is siifficigntand that the

measurement remains in the linear regime. [151]An injtial static force of§

ti O0g iglmg\ir](IaLnetg
(auto-tension ATSCBY oST& FRMTSILBIETHC e LAMISAMHEN TS AN AMS o SHiah SOuRlT S ALY
consequencejdhsgsipyeepandtionat dnsioaseswitir.the:qeivgierature pantdnldtlis abowedhe melting or

softening poi,0f{5 Ry RS SATRIE TR 125h S10PS AL e MU MU TR SIBSIANIE, A5raen the ap

between the fixtures reaches 65 mm. Melt Index 11521 Melt index, or 12, is measured in accordance

with ASTM De2P88oes iiRiorf 100 818 S RYTRISARISS, B PET(F LIRS INERYYFed in accordance with
ASTM D 123 t&engditionndB0CHBidg R BE PLEB}AAdIftcat tomperaturenismrelution fractionation

(ATREF) an%%%&s@a%geﬁ.aﬁ%qmm\ﬁg m@rgggmgq_msfsﬂp@gﬂsrg’e%d%a%amaw% 4.798,081 and

Wilde, .; Ryle, T.R.; Knobeloch, D.C.; Peat, |.R.: Determination of Branching Distributions in
Polyethylene BHPE HipHEhBlesh SBRHBP S MET DGR 0§ LITeope 491 95% (2982 \FHieH Afe incorporated by
reference hergiicinisheicantieityy Tipe stihpisition to bédainalyzenhisndissoleewbiynteishlerobenzene and

allowed to crystalliag e el coRiaining a0, etkadpRAbdsiaioleshisiRel Al Ak alwlY reducing

Y
the temperature to a cooling rate o min. The column is equ(!aed with an infrared
detector. An A‘#RE@%I‘&?@W&FWSW’ modulus, and morphology. In a preferred embodiment, the

microcrystalline order of the polymers demonstrates characteristic spherulites and famellae
that are distinguishable from random or block copolymers, even at PDI values that are less

than 1.7, or even less than 1.3, down to less than 1.3

[86) Moreover, the inventive interpolymers may be prepared using techniques to
influence the degree or level of blockiness. That is the amount of comonomer and length of
each polymer block or segment can be altered by controlling the ratio and type of catalysts
and shuttling agent as well as the temperature of the polymerization, and other

polymerization variables. A surprising benefit of this phenomenon is the discovery that as
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-58- curve is then generated by eluting the crystallized polymer sample from the column by slowly
increasing the temperature of the eluting solvent (trichlorobenzene) from 20 to 120C at a rate of
1.5C/min. 13C NNIR Analysis [154]The samples are prepared by adding approximately 3g of a 50/50
mixture of tetrachloroethane-d2/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube. The
samples are dissolved and homogenized by heating the tube and its contents to I50C. The data are
collected using a JEOL Eclipse", 400MHz spectrometer or a Varian Unity PlusTM 400MHz
spectrometer, corresponding to a BC resonance frequency of 100.5 MHz. The data are acquired using
4000 transients per data file with a 6 second pulse repetition delay. To achieve minimum
signal-to-noise iz arititathisearialysisasatipleptiatapfilpstire addedngyetivkhighihe spectral width is
25,000 Hz W{E%gemzwm%ﬂlﬁ 55 0L 32K datanaiptsThe samples.are anahizad:at80 C in a 10 mm
0

broad band probe. The comonomer incorporation is determined using Randall’'s triad method (Randall,
J.C.;.IMS-Redecraaerothtt CRbmicpyEnetotnigh 4P 88E) SHHEN FIREERSIEREE BY reference
herein in its entisediyagP alymper Fracticriatiepbly TR berfiE51 Barg@scalehTREF dgautiendtion is carried

~ by dissolving 12r20. 9, of palymer in.2 4 At VenaHEARbyrstisringfor 4 hours at
160C. The p?(c)%;/ ] e?%&&t?%%@%&%J&%ﬁféﬂéééaﬁo%%gﬁ%r?ﬁﬁz{ﬁoéo a3 irfch,% foot (7.6 cm x

12 cm) steel WBIURH IBEAKELEIRHR EBBA T AR TR EF 3004 L ETEBHAZE SR EkHErical, technical
quality glasssapadsséavailablerfpomiiRiatiessyl Adystiies: @80 :Box2e Bl owthoddnda78801) and
stainless Stegl‘%ﬁ%\%Q%ti%%?o%@%%t&rn%%u%ﬁc%@%I(%Y(?&%Q#%i%g% RellRts nG,R3jpdustrial Drive,

North Tonawanda, . The column Is immersed in a thermally controlled oil jacket, set initially
to 160 C. Théestemiinss st ipphierbaAnsiigaly i eosetile roaslds Bl EHECHa C per
minute and hgldsfemeRralostntigh TCB is introduced at about 65 ml/min while the temperature is
increased at 0.167 C per minute. [156]Approximately 2000 ml portions of eluant from the preparative

TREF column afggollectegd;jma-L@isation, hoatechlautipanaolactersdldhanlyasirs concentrated in
each fraction using a rotgry evaporator until. about 50,.to 100 ml of HE‘C%%%Q’@%CSC"%@” remains. The

concentrated SN APE ARSI 35 SNt B G s SRRy exiass metianol, filtering, and
rinsing (approzatBeCrEO0 T phimetaims kémoluelisgvifeafinaiorimsey. bitvé fgugadAStep is performed on a

3 position vaguumassisies filtering siatignsusing SHHM nabiakrinoreetivians cortedsdilter paper
(available from Osmonics Inc., C%;f Z 0WPO,4750%. The filtrated fra%i%]dsr are drie%ﬁovernight ina
e

vacuum overi s e H P STATy AR M SRR RIRL BEIRREY BRrSrSHiHher testing. Melt Strength
11571Melt StiefwrgtrhiSins ayress Ued ibyallsinttiz capilsry sk orndtegstitieidveititalng mm diameter,

20:1 die with an enfrance.andle,abRRPERXMaEABAsHEEsHAle Lequilkyatingthe.samples at 190C
for 10 minutes, the piston is run at a speed of 1 inch/q]inutg g.54 cm/mi ggg) The sBandard test

temperature F- 4P LRSI P8 M RARURTA TR B SPYStSF SE8BRaFATHSY arﬁgzs“i%%ated 100 mm
below the dighightly amaccelerationoiti regiv/sec?. oF kagepiizdersinsiatiorcdhis thebighdd as a function

of the take-up spaad.of ihgHin Lol The maximumfensiafamke.ataned duing the test is defined as

the melt strendth. In the Case o 1_gsc‘)lymer melt exhibiting draw resonance, the tensile fot[‘ce before the

onset of draWH&sHaNEE WS IRE AL PHE ECTHEAGEE THE RETPLBErmIiH R 1TaraaU T BantiNewtons
("cN"). Catalystsl{1b@¥E iadermy oy mmght taif lyseds refers tgantavildfiapproximmtely16-18 hours, the

ferm 'room GmBELRIL 151810, B BTRRIAEE 61 20:38. CrA0H i T rise lkanes: refers o a

commerciall tained mixture of C6-9 aliphatic hydrocarbons ayvailable under the trade designation
Esopar E(r), %Wﬁﬁéﬁ%bﬁ‘éﬁ@fﬁﬁélb@@rﬁ'ﬁf&ﬁ%@ﬁ el e R RahearsP A Ebiffoound herein does
not conform tndfae siaucthigiyeprasintation thereof, the structural representation shall control. The
synthesis of all metal complexes and the preparation of all screening experiments were carried out in a

dry nitrogen atmggphere gginghdRhbaX leGhnigHRS MlssabERthusasbwaiak Rlke grageand were dried
before their use. 11591MMAQ refers tg m dified m&tﬁxglgl%n@,x_%qe, a frik o%%gleﬁfumrgisn&m modified
methylalumoX A& AN I RS B ST ARV HEIR RS- KShE Cotpatation. T1601The preparation of
catalyst (Bl)dsgensduciad-as followistin are especially preferred. The interpolymers may further

comprise C4-C1g diojefin and/or alkenylbenzene, Suitable unsaturated comonomers useful

for polymerizing with ethylene include, for example, ethyienically unsaturated monomers,

conjugated or nonconjugated dienes, polyenes, afkenylbenzenes, etc. Examples of such

comonomers include C3-Cq o -oiefins such as propylene. isobutylene, I-butene, 1-hexene,
28-



a) Preparation of (1-methvlethvl)(2-hydroxv-3,5-ditt-butvflphenyhmethvlimine -60-
3,5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine. The solution rapidly turns
bright yellow. After stirring at ambient temperature for 3 hours, volatiles are removed under vacuum to
yield a bright yellow, crystalline solid (97 percent yield). b) Preparation of
1.2-bis-(3.5-di-t-butviphenviene)(1-(N-(1- methylethvBimmino)methvl)(2-oxoyl) zirconium dibenzyl
A solution of (1-methylethyl)(2-hydroxy-3,5-di(t-butyl)phenyl)imine (605 mg, 2.2 mmol) in 5 mL toluene
is slowly added to a solution of Zr(CH2Ph)4 (500 mg, 1.1 mmol) in 50 mL toluene. The resulting dark
yellow solution is stirred for 30 min. Solvent is removed under reduced pressure to yield the desired
product as ayredgish bf@xmkﬁ@l&nﬂgﬂ;@]llh@b@rﬁ(&ﬂﬁlﬁaﬁ@ﬁ-ﬁf)ﬁ.‘ataly-sle@&) imdordiieted as follows.

et

)P tion of (1-(2 lohexyBet e halo-
> M:r?jcr:?/é%]‘ﬁg’%ﬂa%'ih%t@ AN RYRBl e ARZol i eane) (08 o) S

di-t-butylsalicaldielnsdes(t0:00tyen.6 myfenancs kidene- THeheatkon Hs&‘ff?é‘%"sﬁﬂ%d for three hours

and then cogled 126 for-ld s hbe yaswiiing yedoyesebigmiecipitate is collected by filtration and
washed with cold methanol (2 x 15 mL), and then dried under reduced pressure. The yield is 11.17 g

of a yellow solidediH NMR, is,congistent it the fesirre progheta gdmmém»mf:ﬂsomers b)
Preparation of bis-(1-(2-methylcyclohexvBethvl)(2- ox(}%/l -3,5- %@‘é{}? II J{nn}lno)zwconlum
b

dibenzyl ewyéﬁlﬁfﬂ&ﬁ"%P?ﬂé’??rﬁf%?hﬁfé?gfdﬁﬁ‘}(y%‘?ﬂ ?i”&?(d JHphenyl)imine (7.63 g.
23.2 mmol) ign2etaek mowmmmmmntﬁedctmats@tumncmﬁZﬁ(@mwhymd(@bz@k@nm 6 mmol) in 600

ml. toluene. fie lesuling daskupios.salilionds sirediont ReunAlbGithe soksion is diuted
further with tollene to give a solution having a conc;entr tion of O. 0078yé\/l [162]Cocatalyst 1

A mixture of Wﬁ%l?@ﬁ‘ﬂjﬁkﬁﬂ%ﬁfﬁ?ﬁﬂﬁ?@ﬁﬁs%ﬂté }%{1?1%?68 HeIRte pheRTborate (here-in-after
armeenium hgraje) @U%%Eeﬂquufga&{leﬂm adengichainptiiabey lantinecfAvbaenl 19 M2HT, available

from Akzo-Nobel, Inc.) nd LI[B(C6F3)4]. substantiglly. as | 9883, Ex. 2.
61- [163?68@&%??%1 ST a e e AAREREHE, it

bis(tris(pentafioiopkenyi): :aémirfaw@ ﬂzwéb%wﬁﬁm@%ﬁ%bb‘@ﬁd%ﬂ‘%emﬂér@ﬁSP 6,395,671,
Ex. 16. [16f LDQ 3! tt Ega%q%malm shytting.agents erpleyed dnaludedisthyiziog-(REZ, SA 1),
di(i-butyl)zinc exyl)zmc (SA3), triethylaluminum (TEA, SA4). trioctylaluminum (SA5),
trlethylgalllurdl%@ﬁ«ﬁ?%b%ﬁllﬁlummum bis(dimethyl(tbutyl)siloxane) (SA7), i-butylaluminum
bis(di(trimethylsilypamide) (SA8). n-octylaluminum di(pyridine-2-methoxide) (SA9),
bis(n-octadecy!)jobptylaluinuph:{ SRoR)jnibenyledurminugs. bis( aierip Smyphin ISk | 1),
n-octylaluminum Big(e, - @h%el?é‘tylm%‘éﬂ‘exid&ke(@“q%tmcty@diéﬂanumrdK@thyk(daﬂaﬂ*ﬁhyDamlde)
(SAI3), ethyla uminum bis(tbutyldimethylsiloxide) (adA 14) eth |Sa<.3|nl,(l3 Inum iéq)sgrlmghylsnyl)am|de)
(SAL5), ethyReksfPfirtT BIEIES T 7- B8NS Fas SR0ES eptane%mld ,& ), n-octylaluminum
bis(2,3,6,7-dibenzot - beazaey@4mhmptammdeye(smemyiﬂ bemiArguiniiyiey clohexene,

bis(dimethyl(thfy SQ&"R KRR EIRME IR (RéripheRMRhenoNflakSAlRlandhethyizine (tbutoxide)
(SA20). Examplye Comparative A-C General High Thro hput Pagafl el Fgl{yrpgnzaﬂon Conditions
[165]Polymeﬁfaﬂ&ﬁ%“%%nﬁﬁ&%eﬁeslﬁé GHRigiTF U Hp R papgﬁe bolymerization reactor (PPR)
available from ﬁym&@&chaq{@gi@sénénc.aanexabmeﬁaitedosmbmwuyeamﬂfﬂIﬁ@mmems No,
6.248,540, 6,030,917, 6,362,309, 6,306.658, and 6,316, 13 Eth eem:cpg %/mquzatlons are
conducted atolgfies: ahfDOBKSsi PRI RIBM Sy A S QR B iRl Sfg equivalents of cocatalyst
1 based on t@taauk@atalyatdnsedc(drehee;qtalvalrénrtstwhénrmﬁ/l,&d)hsuﬁh@geﬁv)dfﬂ@é@ﬁéé%faﬁﬁﬁﬂnenzatlons
are conducted 3 A/RIc) BIRSRLIS (RRGLeS (PR epinadofdBndyduskeasier asks in 2.0 x 8
array that are fitted a pre-weéighed glass tube. The working volume in ea h reactor cell is 6000 gL.
Each cell is té?ﬂ?}é}faflﬁfé‘é’ﬁabﬂfﬁséﬁ?eaegmfﬁlﬁ’élﬁx&ﬂﬁoélt Fﬂﬁé‘rﬁ&/ﬁ? ea'by i vfauaq "Sirring paddles.
The monomegﬁ-@ﬁs,am!qwgmg&s A6 piummbenbarecblyirtds tivete PRIt Bontitbiied by automatic
valves. quwd rea n{)s are rq él %Ily added to each reactor cell by syringes and the reservoir solvent
is mixed alkafnes. The ordrér “of ¢ |t|on is mixed alkanes solvent (4 ml), ethylene, 1-octene

comonomer (1 Qfﬁﬁcocatal st or cocatallﬁ/st | /M xfure. %Qﬂ%ﬂgﬁ&sﬁ}@d catalyst or catalyst

i £1ZAGON PrOcesses escrl e erem
mixture. When d tixture ¢f ¢88a1AF & 1°ARE
production of clefin poiymers comprising monovinylidene aromatic monomers including

styrene, o-methy! styrene, p-methyl styrene, t- butyistyrene, and the like. In particular,
interpolymers comprising ethylene and styrene can be prepared by following the teachings

0.



MMAO or a mixture of two catalysts is used, the reagents are premixed in a small vial immediately
prior to addition to the reactor. When a reagent is omitted in an experiment, the above order of addition
is otherwise maintained. Polymerizations are conducted for approximately 1-2 minutes, until
predetermined ethylene consumptions are reached After quenching with CO, the reactors are cooled
and the glass tubes are unloaded. The tubes are transferred to a centrifuge/vacuum drying unit, and
dried for 12 hours at 60C. The tubes containing dried polymer are weighed and the difference between
this weight and the tare weight gives the net yield of polymer. Results are contained in Table I. In
Table 1 and elsewhere in the application, comparative compounds are indicated by an asterisk (*).

[162]Exarc?E@?ﬂq-;bgﬁmmyst&aﬁeljzhersymmisiﬁgcﬁtﬂmem . bleekcopalfipdimbypthelpfesent invention as
evidenced by the formation of a arrow MWD. essen aII onom dal &9 Iymer when DEZ is
present and‘ﬁ’tb‘?ﬁ"fgﬁé?nﬁ?’dﬁﬂgr%é %la A Blij’nf?’m pr gnr%l %separately produced

polymers) in the absence of DEZ. Due to the fact that Catalyst (AI) IS known to incorporate more
octene than Cal2#yst (B1Juiablifareniushsldi e Syiamicer five it iEEBIBIINERs of the invention
are distinguighable basedRrobians e ancansity. € [Fakledh Gais A pats( @) fabel)( umol) Cocat

?ggggggﬂggm}h;gﬂgggegvgm janent (umal), Yield (a) Mn Myiinhexyls. A* .08 «0.066 0.3 -

| 4-hexadiene, 1,6-octadiene, 1,7-octadiene, 1,9-decadiene, branched chain acyelic dienes,
such as 5-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and
mixed isomers of dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as
1,3-cvclopentadiene; |, 4-cyciohexadiene; 1,5-cyclooctadiene and [,5-cyclododecadiene, and
multi-ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl
tetrahydroindene, dicyclopentadiene, bicyclo~(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene,
cycloalkenyl and cycloalkylidene norbornenes, such as S-methylene-2-norbornene (MN B); 5-
propenyl-2-norbornene, S-isopropylidene-2-norbornene, 5-{4-cyclopentenyl}-2-norbornene,
s-cyclohexylidene-2-norbornene, 3-vinyl-2-norbornene, and norbornadiene. Of the dienes
typically used to prepare EPDMs, the particularly preferred dienes are 1,4-hexadiene (HD),
5-ethylidene-2-norbornene (ENB), S-vinylidene-2-norbornene (VNB), S-methyiene-2-
norbornene (MNB), and dicyclopentadiene (DCPD). The especially preferred dienes are 5-
ethylidene-2-norbornene (ENB) and 1,4-hexadiene (HD). 4

93] One class of desirable polymers that can be made in accordance with
emBodiments of the invention are elastomeric interpolymers of ethylene, a C3-C2¢ a-olefin,
especially propylene, and optionally one or more diene monomers. Preferred a-olefins for
use in this embodiment of the present invention are designated by the formula CH=CHR*,
where R* is a linear or branched alkyl group of from 1 to 12 carbon atoms. Examples of
suitable a-olefins include, but are not limited to, propylene, isobutylene, 1-butene. 1-pentene,
1-hexene, 4-methyl-]-pentene, and -octene. A particularly preferred a-olefin is propylene. -
The propyiene based polymers are generally referred to in the art as EP or EPDM polymers.
Suitabie dienes for use in preparing such polymers, especially muiti-block EPDM type
polymers include conjugated or non-conjugated, straight or branched chain-, cyciic- or
polycyclic- dienes comprising from 4 to 20 carbons. Preferred dienes include 1,4-pentadiene,
| 4-hexadiene, 5-ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-

butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2Z-norbornene.

-30-



0.10.110 0.5-0.1581 36957 1.22 2.5 C* 0.06 0.1 0.176 0.8 0.2038 45526 5.302 5.5 1 0,06 0.1 0.192

[94] Because the diene containing polymers comprise alternating segments or
blocks containing greater or lesser quantities of the diene (including none) and a-clefin
(including none), the total quantity of diene and o-olefin may be reduced without loss of
subsequent polymer properties. That is, because the diene and a-olefin monomers are
preferentially incorporated into one type of block of the polymer rather than uniformly or
randomly throughout the polymer, they are more efficiently utilized and subsequently the
crosstink density of the polymer can be better controtled. Such crosslinkable elastomers and
the cured products have advantaged properties, including higher tensile strength and better

elastic recovery.

{95] in some embodiments, the inventive interpolymers made with two catalysts
incorporating differing quantities of comonomer have a weight ratio of blocks formed thereby
from 95:5 to 5:95. The elastomeric polymers desirably have an ethylene content of from 20
to 90 percent, a diene content of from 0.1 to [0 percent, and an a-olefin content of from 10 to
80 percent, based on the total weight of the polymer. Further preferably, the multi-block
elastomeric polymers have an ethylene content of from 60 to 90 percent, a diene content of
from 0.1 to 10 percent, and an a-olefin content of from 10 to 40 percent, based on the total
weight of the polymer. Preferred polymers are high molecular weight polymers, having a
weight average molecular weight (Mw) from 10,000 to about 2,500,000, preferably from
20,000 to 500,000, more preferably from 20,000 to 350,000, and a polydispersity less than
3.3, more preferably less than 3.0, and a Mooney viscosity (ML (1+4) 125°C.} from 1 to 250.
More preferably, such polymers have an ethylene content from 635 to 75 percent, a diene

content from 0 to 6 percent, and an a-olefin content from 20 to 35 percent.

[96] The ethylene/e-olefin interpolymers can be functionalized by incorporating at
least one functional group in its polymer structure. Exemplary functional groups may
include, for example, ethylenically unsaturated mono- and di-functional carboxylic acids,
ethylenically unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof
and esters thereof. Such functional groups may be grafted to an ethylene/ ¢ -olefin
interpolymer, or it may be copolymerized with ethylene and an optional additional
comonomer to form an interpolymer of ethylene, the functional comonomer and optionally
other comonomer(s). Means for grafting functional groups onto polyethylene are described

for example in U.S. Patents Nos. 4,762,890, 4,927,888, and 4,950,541, the disclosures of
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these patents are incorporated herein by reference in their entirety. One particularly useful

functional group is maleic anhydride.

1971 The amount of the functional group present in the functional interpolymer can
vary. The functional group car typically be present in a copolymer-type functionalized
interpolymer in an amount of at least about 1.0 weight percent, preferably at least about 3
weight percent, and more preferably at least about 7 weight percent. The functional group
will typically be present in a copolymer-type functionalized interpolymer in an amount less
than about 40 weight percent, preferably less than about 30 weight percent, and more

preferably less than about 235 weight percent.
Processes Involving a Post-Reactor Heat Exchanger

198} The inventive reaction processes may be effective in virtually any reaction
which is capable of producing a metal alkyl compound, a metal oxide, or & mixture thereof
and in which a post-reactor heat exchanger is employed. Such processes include solution
processes for producing polymers iike polyolefins. In one embodiment, the invention is
useful for producing a composition comprising virtually any polyolefin which composition
also comprises a metal alkyl compound, a metal oxide, or a mixture thereof and in which a
post-reactor heat exchanger is employed. Typical such polvolefins include homopolymers,
copolymers, terpolymers, etc. formed from monomers like ethylene, propylene, butylene, etc.
The inventive processes may be useful in those reactions capable of producing propylene
based plastomer or elastomer, preferably wherein the product comprises a propylene-ethylene

interpolymer comprising at least about 80 mole percent propylene.

199} The processes have been found to be particularly effective in the production of
the aforementioned inventive éthylene/&-oieﬁn block interpolymers in which a chain
shuttling agent such as diethyl zinc is employed in the process. Such ethylene/a-olefin block
interpolymers may be characterized before any crosslinking by one or more of the following

characteristics:

(1) an average block index greater than zero and up to about 1.0 and a

molecular weight distribution, Mw/MnV,k greater than about 1.3; or



1.714.640.06 0.1 0.192 - TEA (80.0) 0.1879 3338 1.54 9.4 | C6 or higher chain content per 1000
carbons 2 Bimodal molecular weight distribution  [167] It may be seen the polymers produced
according to the invention have a relatively narrow polydispersity (Mw/Mn) and larger block-copolymer
content (timer. tetramer, or larger) than polymers prepared in the absence of the shuttling agent.

[168] Further characterizing data for the polymers of Table 1 are determined by reference to the
figures. More specifically DSC and ATREF results show the following: [1691The DSC curve for the
polymer of example | shows a 115.7C melting point (Tm) with a heat of fusion of 158.1 J/g. The
corresponding CRYSTAF curve shows the tallest peak at 34.5C with a peak area of 52.9 percent. The
difference between the D3CTemsand thelctekrstaftis:BaRE clut¢d BvEhedEGreury@dorittre polymer of

example 2 shows & Rk WItReH OR.ACINSIIRGRRIRE (T iTR.3 BRek afdusipn, o510 J/g. The
corresponding CRYSTAF curve shows the tallest peak at 46.2C with a peak area of 57.0 percent. The

difference beffeBiARBSCTm and the Terystaf is 63.5C.  [171] The DSC curve for the polymer of
example 3 shows a peak{With sid2@nmaiting] Faind{dum). svithieeheat efeftisiopat, 160.1b J/g. The

corresponding ERYS A QHJ\Q%QQ@{%IE}F talestpeak al b0 i aeak.aiea of (4 rpercent. The
difference between the DSC Tm and the T%rystaf is54.6C. [172] The DSC curve for the polymer of

example 4 sHEWEGIFERRRATK! & Hepagtionship:

Tw > -6553.3 + 13735(d) - 7051.7(dY’; or
(4)y an Mw/Mn from about 1.7 to about 3.5, and 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 /g,
AT 2-48°C for AH greater than 130 J/g,
wherein the CRYSTAF pesk is determined using af least 5 percent of the cumulative
polymer, and if {ess than 5 percent of the polymer has an identifiable CRYSTAF peak, then
the CRYSTAF temperature is 30°C; or
(5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and has a
density, d, .in gfams/cubic centimeter, wherein the numerical values of Re and d satisfy the
following relationship when ethylene/z-olefin interpolymer is substantially free of a cross-
linked phase:
Re >1481-1629(d}; or
{6) a moiecular 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 ethyiene 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 moiar
comonomer content (based on the whole polymer) within 10 percent of that of the ethylene/a-
olefin interpolymer; or
(7} a storage modulus at 25 °C, G'(25 °C), and a storage modutus at 100 °C, G*(160
“C), wherein the ratio of G(25 °C) to (100 °C) is in the range of about 1:{ to about 9:1.
The ethylene/a-olefin multiblock interpolymer preferably comprise at least 50 mole percent

ethylene.



melting point (Tm) with a heat of fusion of 170.7 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 30 C with a peak area of 18.2 percent. The difference between the DSC Tm and the
Tcrystaf is 74.5C.  [173] The DSC curve for comparative A shows a 90.0C melting point (Tm) with a
heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve shows the tallest peak at 48.5C with a
peak area of 29.4 percent. Both of these values are consistent with a resin that is low in density. The
difference between the DSC Tm and the Tcrystaf is 41.8C. 11741The DSC curve for comparative B
shows a 129.8C melting point (Tm) with a heat of fusion of 237.0 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 82.4C with a peak area of 83.7 percent. Both of these values are
consistent with d1#gin thatsstiniglheoveghsigyoctksesdiffer énoefbethte én theidBQEy Effeaind the Tcrystaf is

47.4C. [175] Hhe PRl e den ROMRATRINE f SROWSIA A 3G RICHING. RRIRATR-WI,2, heat of
fusion of 143.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at 81.8C with a peak

area of 34.7 PaiRETARSHEA ST EHRSARRIE SEHRCA D21 st HiRgagmdRsiil between the two
peaks is consiisteyit-ivthiitienpyésmnch ohaxhigtincrystdijinduamcha. oweoriasialinepolymer. The

difference be&\%%%ngmﬁua?a%mm%&%ﬁf&%ﬁ&%{g%ﬁéﬁsiE%mpl%@fagmmmparaﬂves D-F,

Continuous Solution Polymerization. Catalyst Al + DEZ 11761Continuous solution polymerizations are
carried out inbég@éﬁﬁﬁlﬁlﬁéV%BH?F&I@%P’é?tﬁ&tél‘éw‘i%%t%%@’d@i‘ﬁﬁ@dﬂﬁﬁ?ﬁ%irﬁ@?ﬂéﬁ%ﬂ%ﬁg1Purified mixed
alkanes soIvemt;,ﬂlsmparmE-amailabdﬁxﬁfﬁm&(mw@bﬁﬁhemwmmwhiﬁmwﬁne at 2.70 Ib_s/hour
(122 kg/houg, ;gleng and UAIRASNANRIRHISALIR SURRISLIR id B hdaagior equipped with a

jacket for température control and an internal thermocouple, The solvent feed to the reactor is
measured by HiEEasHyR esidonsy sk Rt HESEEN MR RIAR BBl The solvent flow rate
and pressurebigiltesrpaiintzAl-the: ditbbaegeaafidae putnpaiamsigernsitgeamds Wikendel provide flush flows

for th talyst talyst 1.injection li ye ' T Bl db
or e et 0 SosRNeLL SSUON S O rpRLARIR T dopsgre measurd by

control valve nual adjustment of needle

valves. The réfiisithgessent 1 cohibine 8 Ritrbe e i@ s fRyRHaIng i gen Fhere used) and
fed to the reaeiekuiiriass/ flowenaitoies: isdlsedtecdatypiriydragerfdaithenreactedeas needed. The

temperature gf e solvenymanamersaluion.s conialied Py tae Rl Nealexshanper before entering
the reactor. This s rt_e%m enters tr & bottom of tfqe reactor. The cata?yst component solutions are
metered usinypARidBREvHG SN etersitrai@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[1Rtdduct ¥ehiemoveidhihgsa ghuesitlimespattihdatopeofythes kedictod. thdl Bt lines from the

reactor are stgamacedapddnsiated alvmerizationissienped by, tbe.agdiionefigismall amount of

water into the exit line along with any stabilizers or other additives and passing the mixture through a
statc mixer, P Ao MSCE A BB FStelT " SALBS A rGL ) APL, SRENEIGH o

devolatilizatiovittithe polyneeripioteretds metoueredbyrelvirgsioayysingardeimolatiikinyg extruder and

water cooled:paliatizer. Jrrecess geialisand iR A ronainerivJdable 2 #6/ced polymer

properties are provided in Table 3. CRYSTAT-- Peak Area gpercent 166 56 OZ 09 19
shell and tube post reactor heater (PRH) to from about 240 to about 250 °C prior to

devolatilization. Often, before the polvmer selution eniers the post reactor heater a catalyst
kill agent and/or water is added to deactivate any catalyst left in solution. The catalyst kill
agent must also deactivate the dipolymeryl zinc to produce a more stable Zn species before it
reaches the PRH temperatures. At temperatures above 140°C dipolymeryl zinc, as with many
metal alkyl compounds, is converted to a relatively insoluble zinc metal or zinc oxide
compound which subsequently results in fouling and/or discolored polymer product. It is
hypothesized that this decomposition may occur through a free radical mechanism. The
instant inventors discovered that improvements can be achieved by employing one or more of

the following four steps:

(1) reacting said metal alkyl compound with an acid to produce a soluble metal ester;

or
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(2) adding an ionic surfactant; or

(3) adding a mixture comprising an antioxidant to the product under conditions
sufficient to avoid formation of significant amounts of insoluble metal or metal compounds
derived from said metal alkyl compound; or

(4) purging said post-reactor heat exchanger with an inert gas under conditions to
remove metal oxide from the post-reactor heat exchanger.

Reacting Metal Alkyl Compound(s) with Acid

[102] It has been discovered that one way to substantially reduce, hinder, or even
eliminate the majority of foulant of the PRH and/or discolorant from the product is by
reacting any metal alkyl compound with a suitable acid to produce a soluble metal ester. The
metal alkyl compounds may vary depending upon the reactants and, if present, any catalyst
and/or chain shuftling agent, as well as, the reaction conditions. Typically, the metal of the
metal alkyl compound is a transition metal or Group [1IA metal, or a combination thereof.
Such metals often may include those selected from the group consisting of zinc, aluminum,
and gallium. The alkyl group may be branched or unbranched. The alkyl group may be
substituted or unsubstituted. Often, the alkyl group comprises a polymeric chain with a
molecular weight of less than about 50,000 although some metal alkyl may not be reacted
which means that the alky! group may sometimes further comprise alky! groups of about 2
carbons. Typically, the alkyl group comprises from about 2 teabout 10,000 carbon atoms,

preferably from about 1000 to about 5000 carbon atoms.

[103] The acid is usually selected from those acids that are soluble in the reaction
media employed. Suitable acids often include soluble carboxylic acids such as substituted or
unsubstituted aliphatic metal ester. Suitable soluble carboxylic acids may comprise from
about 6 to about 30 carbon atoms and preferably are saturated or unsaturated aliphatic
carboxylic acids having from about 6 to about 20 carbon atoms such as stearic acid, octanoic
acid, or a mixture thereof. Advantageously, the acid may be selected so that the soluble
metal ester produced is such that it provides a desirable characteristic to the resulting product,
i.e. one or more of the product properties are altered in a favorable way. That is one may
employ a suitable acid such that the resulting soluble metal ester is selected from the group
consisting of anti-slip agents, mold release agents, nucleating agents, lubricating agents, and
anti-fungal agents. In this manner, a desired additive to the product may be produced in-sifu.

Desirable amounts of such agents wouid vary depending upon the application but would at

2352
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least include an amount to perform the desired function, e.g., an anti-slipping effective

amount, an anti-fungal effective amount, or a nucleating effective amount.

[104] The reaction between metal alkyl compound with a suitable acid is conducted
under suitable conditions to produce a soluble metal ester. These conditions may vary
depending upon the specific metal alky! compound, acid, and other compounds present.
Advantageously, the conditions employed may simply be the conditions conventionally used

1o produce the desired polymer product. Thus, if the desired product is, for example, an
ethylene/o-olefin block interpolymer the conditions normally employed to produce said
interpolymer may be employed and the suitable acid may simply be added to the reactor after
the polymerization process or, more preferably, the suitable acid is added to the reactor

effluent as it leaves the reactor or shortly thereafter.

[105] in any case it is often advantageous to add the acid, e.g., carboxylic acid, to
the reaction prior to significant devolatization, e.g., prior to any significant post reactor
heating, to more fuily reduce, hinder, or even eliminate the majority of foulant of the PRH
and/or discolorant from the interpolymer product. Also, it may be useful to mix the acid with
a solvent such as an isoparaffinic solvent like ISOPAR ET™ before reacting the acid with the
heated metal alkyl compound. In this manner, the reaction to form a soluble metal ester is
enhanced before said product comprising the interpolymer product and metal ester is passed
to a post-reactor heat exchanger. Often, the interpolymer product is substantially free of
metal oxide subsequent to the reaction of metal alky! compound with an acid. This facilitates
maintaining the heat exchange efficiency of the post reactor heat exchanger relatively
constant over a longer time than if the acid had not been employed. That is, the efficiency

drops less than about 2, preferably less than about 1, preferably less than about 0.5% per day.

[106] The molar ratio of acid such as carboxylic acid to metal may be any
convenient ratio so long as the desired amount of the desired ester is produced and/or the
majority of foulant of the PRH and/or discolorant from the product is substantially reduced,
hindered, or even eliminated. In many cases the desired ester and amount may be decided
based upon how much one wishes to reduce or hinder the foulant of the PRH and/or
discolorant from the product. That is, if one wishes to nearly eliminate (as opposed to just
reduce) the foulant and/or discolorant, then one will fikely attempt to compietely react the
metal. Typically, the molar ratic of acid to metal is from about 1:1 to about 10:1, preferably

from about 1.25:1 to about 5:1, more preferably from about 1.5:1 to about 3:1. It may be
: -36-
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desirable to mix the acid with water before reacting it with said metal alky] compound if, for
example, a soluble, complex metal ester is desired. Such camplex metal esters, for example,
include those having the formula ZnyO(CyHon CO,)s wherein n is from about 5 to about 20.
In the case of complex metal esters, the acid may be mixed with water in a molar ratio of acid
to water of from about 10:1 to about 6.5:1, preferably from about 4:1 to about 7:1.
Alternatively, the amount of water may be from about 20 fo about 30 times the amount of
metal on a molar basis and/or the amount of water is from about 16 to about 22 times the
amount of acid on a molar basis. The useful specific metal:H2O:acid ratios vary depending
on the ingredients and ofien upon the valency of the metal and ratio of metal to oxygen in the
metal oxide. In the case of producing ethylene/a-olefin block interpolymers using a zinc
shuttling agent such as diethvi zinc it has been found that a particularly useful zinc:H.0:acid

ratio is about 1-2:24-26:1.4-1.6.
Adding an lonic Surfactant

[107] It has been discovered that another way to substantially reduce, hinder, or even
eliminate the majority of fouiant of the PRH and/or discolorant from the product is by adding
an ionic surfactant to the reactor after the polymerization process or, more preferably, the
ionic surfactant is added to the reactor effluent as it leaves the reactor or shortly thereafter to
form the desired product, e.g., ethylene/e-olefin block interpolymers. Advantageously, if the
desired product is, for example, an ethviene/a-olefin block interpolymer, the conditions
normally emploved to produce said interpolymer may be employed and the suitabie ionic

surfactant may simply be added to the reactor effluent as it leaves the reactor.

[108] The ionic surfactant may vary depending upon the reactanis and, if present,
any catalyst and/or chain shuttling agent, as well as, the reaction conditions, Typically,
suitable ionic surfactants comprise a polar portion and 2 non-polar portion. Preferably, ionic
surfactanis comprise a fatty acid salt such as those selected from the group consisting of
alkali metal fatty acid salts, alkaline earth metal fatty acid saits, and mixtures thereof. A
particularly preferable ionic surfactant is a salt of stearic acid such as those selected from the

group consisting of zinc stearate, calcium stearate, aluminum stearate, and mixtures thereof.

[109] If desired, the ionic surfactant may be mixed with an effective amount of a
suitable antistatic agent. Suitable antistatic agents and amounts vary widely depending upon
the other ingredients. One suitable antistatic agent used when producing, for example,
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ethylene/o-olefin block interpolymers, is an alkoxylated alkylamine such as ethoxylated
alkylamine. It has been found that a suitable amount of ethoxylated alkylamine mixed with a
salt of stearic acid may be particularly effective in substantially reducing, hindering, or even
eliminating the majority of foulant of the PRH and/or discolorant when producing an |

ethylene/a-olefin block interpolymer product.

[116] The amount of ionic surfactant to be added varies depending upon the specific
metal, other compounds, and reaction conditions. Typically, the molar ratio of ionic
surfactant to metal is from about 1:3 to about 1:10, preferably from about 1:4 to about 1:6,
more preferably about 1:5. On a mass basis the ratio of ionic surfactant to metal may be from
about 0.3:1 toabout 10:1, more preferably from about 1.5:] to about 3:1, more preferably
about 2:1. When ionic surfactant comprising a polar portion and a non-polar portion is added
in these amounts, it has been found that the amount of deposits on the post reactor heat
exchanger may be deéreased by a factor of at least five as compared to when an ionic

surfactant is not employed in the reaction process.

Adding a Mixture Comprising an Antioxidant

{111} it has been discovered that another way to substantially reduce, hinder, or even
eliminate the majority of foulant of the PRH and/or discolorant from the product is by adding
a mixture comprising an antioxidant to the product under conditions sufficient to avoid
formation of significant amounts, e.g., amounts that add visually observable color to the

product, of insoluble metal or metal compounds derived from said metal alkyl compound.

f112] Suitable antioxidants depend on the reactants and other products but for many
polymer products such as ethylene/a-olefin block interpolymers suitable antioxidants may
often be selected from the group consisting of sterically hindered phenols, sterically hindered
pheny! phosphites, and mixtures thereof. Particularly preferable antioxidants are selected
from the group consisting of di-octadecy!-3,5-di-tert-butyl-4-hydroxyhydrocinnamate (such
as IRGANOX 1076}, benzenepropanoic acid, 3.5-bis(1.1-dimethylethyl}-4-hydroxy-, 2.2-
bis{{3-[3,5-bis(I,1-dimethylethyl}-4-hydroxyphenyl]-1-oxopropo (such as IRGANOX 1010),
tertiary butyl phenyl phosphate (such as IRGAFOS 168), all of which are available from

Ciba, and mixtures thereof,
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[113} The antioxidant may be mixed with other suitable compounds such as color
stabilizers such as hindered amines like 1,6-hexanediamine, N, N'-bis(2.2,6,6-tetramethy]-4-
piperidinyl}-polymer with 2,4,6-trichloro-1,3,5-triazine, reaction products with N-butyl-1-
butanamine and N-butyl-2,2.6.6-tetramethyl-4-piperidinamine (such as CHIMASSORB
2020), N(CisH37)20H (such as IRGASTAB FS 042), all of which are avatlable from Ciba and
mixtures thereof. Other compounds that may be useful in admixture or separate from the
antioxidant include catalyst deactivators like deionized water, soluble protic quench agents,
¢.g., methanol, isopropanol, or a mixture, solvents such as isoparaffinic solvents comprising

mixed alkanes like ISOPAR E, and mixtures thereof.

{114 The mixture comprising antioxidant and, if desired, one or more color
stabilizers, one or more catalyst deactivators, and/or one or more solvents is added 10 the
desired product under conditions sufficient to aveid formation of significant amounts of
insoluble metal or metal compounds derived from said meta! alkyl compound. This may be
accomplished in any convenient manner. Typically, said mixture is added to the product of
said reaction process while passing said product to a post-reactor heat exchanger at an
increased temperature. The increased temperature is usually below the vaporization
temperature of the components and varies by the process. For ethylene/a-olefin block
interpoiymer product the antioxidant may be added at a temperature of from about 120°C to
about 200°C. In any event, the contacting may be accomplished by employing one or more
streams of antioxidant, color stabilizer, catalyst deactivator, solvent, or any of the

aforementioned separately or combined at any convenient temperature and pressure.

[115] The refative amount of antioxidant and, if desired, one or more color
stabilizers, one or more catalyst deactivators, and/or one or more solvents varies depending
upon the process. In general, the amount of antioxidant, if any, varies depending upon the
end use and requirements of the final product. Similarly, the amount and type of color
stabilizer, if any, may vary depending upon the type of catalyst used. However, for
ethylene/g-olefin block interpolymer product the antioxidant mixture typically comprises
from about 0.2 to about 4.5, preferably from about 0.3 to about 3.5, weight percent
antioxidant. When color stabilizer is employed the mixture typically comprises from about

0.2 to about 12, preferably from about 2 to about | I, weight percent color stabilizer.

Purging the Post-Reactor Heat Exchanger
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{t1a] Yet another way to substantially reduce, hinder, or even eliminate the majority
of foulant in the PRH and/or discolorant from the product is by periodically purging the PRH.
Such a purge may be accomplished in any manner but typically involves purging the post-
reactor heat exchanger with a gas selected from nitrogen, ethylene, or air. Advantageously,
this, like the other steps, may be done alone or in combination with the other three steps. It
has been found that often the purge is most effective when purging the post-reactor heat
exchanger with nitrogen first in one direction and then in the other. This can be done as often

as necessary.
Percolation Cleaning of a Fouled Heat Exchanger

117] Yet another way to substantially reduce, hinder, or even eliminate the majority
of foulant in the PRH and/or discolorant from the product is to periodically operate the heat
exchanger at low pressure and/or high temperature conditions to induce flashing conditions
(e.g. one or more solvents exceeds the boiling point). That is, boiling canditions are induced
preferably in a flowing viscous solution. In this manner fouling materials such as scale,
polymer residues, inorganic deposits, organic deposits, etc. may be reduced or removed from
the surfaces of the heat exchanger (or any other pipe, valve, fitting, or vessel) via a vapor-
liquid separation or “percolation™ type effect. In one embodiment, little or no additional
materials (e.g., abrasives, special solvents, or reactive chemicals) need to be added to the
flowing viscous solution which often simply comprise one or more of the polymer product,
solvent, and any by-products which may or may not include the foulants. In another
embodiment, the conditions employed include inducing boiling over 50%, preferably more
than 95% of the surface area of the equipment, e.g, surface of heat exchanger which may be

subject to fouling.

{118} The temperature, pressures, and time employed may vary depending upon the
specific product, equipment, and potential foulants. In some instances it may be
advantageous to employ conditions such that the melting point, e.g., crystallization
temperature, of the polymer to be produced is exceeded, Similarly, in some instances a rapid
depressurization, a pulsing of pressure, or other non-steady state boiling conditions may

facilitate the reduction or elimination of the one or more foulants.
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Compositions of the Invention

[119] Compositions of the present invention comprise an ethylene/a-olefin
multiblock interpolymer and a metal ester. Typicaliy, the ethylene/a-olefin multiblock
interpolymer may be characterized before any crosslinking by one or more of the following

characteristics:

(1) an average block index greater than zero and up to about 1.0 and a
moiecular 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, Tm, in
degrees Celsius, and a density, d, in 'grams/cubic centimeter, wherein the numerical values of
Tm and d correspond to the relationship:
T > -6553.3 + 13735(d) — 7051.7(dy; or
{4) an Mw/Mn from about 1.7 to about 3.5, and a heat of fusion, AH in J/g,
and a delta quantity, AT, in degrees Celsius defined as the temperature difference between the
tailest DSC peak and the tallest CRYSTAF peak, wherein the numerical vaiues of AT and AH
have the following relationships:
AT > -0.1299(AH} + 62.81 for AH greater than zero and up to 130 Vg,
AT = 48°C for AH greater than 130 J/g ,
wherein the CRYSTAF peak is determined using at least S percent of the curnulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then
the CRYSTAF temperature is 30°C; or
(5) an elastic recovery, Re. in percent at 300 percent strain and | cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and has a
density, d, in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the
following relationship when ethylene/a-olefin interpotymer is substantially free of a cross-
linked phase:
Re >1481-1629(d); or
(6) a melecular 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
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eluting between the same temperatures, wherein said comparable random ethylene
interpolymer has the same comonomer(s) and has a meit index, density, and molar
comonomer content (based on the whole polymer) within 10 percent of that of the ethylene/a-
olefin interpolymer; or
(7) 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
a1

1120] The metal ester varies depending upon the desired characteristics of the
composition but typically is a substituted or unsubstituted aliphatic metal ester. The metal
ester preferably comprises from about 6 to about 30 carbon atoms. In one embodiment the
substituted or unsubstituted aliphatic group is dependent upon the type of acid that may be
employed as a catalyst deactivator. For example, if hexanoic acid is emploved, then a C6
metal ester results while stearic acid may yield a C16 metal ester. The metal of the meta]
ester is a transition metal, Group {IA metal, Group I1IA metal, or a combination thereof.
Preferably, the metal of the metal ester is selected from the group consisting of calcium, zing,
aluminum, and gallium. Particularly preferable metal esters include a metal stearate such as
zinc stearate or calcium stearate, a metal octanoate such as zine octanoate, or a mixture

thereof.

{121] The compositions may be made using the methods employed above wherein
before, during. or subsequent {0 the production of the ethvlene/o-olefin multiblock
imterpolymer, a metal alkyl compound is reacted with an acid to produce a solubie metal
ester. Alternatively, the metal ester and ethylene/u-olefin multibiock interpolymer may be
simply mixed in any convenient manner. Advantageously, when made by reacting the metal
alkyl compound with an acid, the resulting compositions are often substantially free of metal
oxides such as zinc oxides. This means that in many cases the compositions comprise less
than about 100, preferably less than 50, more preferably Jess than |0 ppm of metal oxide
based on the weight of the composition. A relatively fow amount of metal oxide in the
composition often reduces fouling of the PRH and may result in a whiter or less yellowed
interpoiymer product. Preferably. the resulting product in one embodiment has a whiteness
index from above 50, preferably from about 30 to about 100, more preferably above about 70,
in another embodiment, the resulting product has a yellowness index of from about 5 to about

-30. preferably from about -1 to -15, more preferably less than about -2 according to ASTM
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D6290-05. In yet another embodiment, the resulting product has both a whiteness index and

vellowness index within the aforementioned ranges.

[122] The amount of a metal ester in the compeosition can vary depending upon the
desired use of the composition and the desired role and type of the metal ester. That s, if the
metal ester is employed as an anti-slip agent then it should be present in an anti-slipping
effective amount. Similarly, if the metal ester is to be employed as an anti-fungal agent or
nucleacting agent, then it should be present in an anti-fungal effective amount or nucleating
effective amount, respectively. Typically, for most uses the metal ester need only be present
in small amounts of less than about 3 weight percent. Preferably in most cases, the metal
ester is present in an amount of from about 10 ppm to about 10,000 ppm, or from about 50
ppm to about 5,000 ppm, or from about 1000 ppm to about 2500 ppm, or from about 200 to
about 1000ppm, based on the total weight of the composition.

[123] The aforementioned compositions may be blended with one or more sultable
additiona] polymers during the production of ethylene/o-olefin multiblock interpolymer or
subsequently. Suitable polymers include, for example, a propylene based plastomer or
elastomer, random ethylene copolymers such as AFFINITY® or ENGAGE®, traditional
polyethylenes such as HDPE, LLDPE, ULDPE, LDPE and propylene-based polymers such
as homopolymer PP, random copolymer PP or PP-based plastomers/elastomers or a
combination thereof, The amount of such other polymers differs depending upon the desired
properties and compatibility with the specific ethylene/o-olefin interpolymer and metal ester

employed.

[124] Useful propylene based plastomers or elastomers include polypropylenes
formed by any means within the skill in the art. The propylene and optional comonomers,
such as ethylene or alpha-olefin monomers are polymerized under conditions within the skill
in the art, for instance, as disclosed by Galli, et al., Angew. Macromol. Chem., Vol, 120, 73
(1984), or by £.P. Moore, et al. in Polypropyiene Handbook, Hanser Publishers, New York,
1996, particularty pages !1-98. Polypropylene polymers include Solvay's KS 4005
polypropylene copolymer; Solvay's KS 300 polypropylene terpolymer; and INSPIRE™

poivmers and VERSIFY™ polymers. both available from The Dow Chemical Company.
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Suitable branched propylene-based polymers for use in the present invention are
commercially available, for instance from Montell North America, under the trade
designations Profax PF-611 and PF-814. Alternatively, suitable branched or coupled
propylene-based polymers can be prepared by means within the skill in the art, such as by
peroxide or electron-beam treatment, for instance as disclosed by DeNicola et al., in U.S,
Patent No. 5,414,027 (the use of high energy (ionizing) radiation in a reduced oxygen
atmosphere); EP 0 190 889 to Himont (electron beam irradiation of isotactic polypropylene at
lower temperatures); US Patent No. 5,464,907 (Akzo Nobel NV); EP 0 754 711 Solvay
{peroxide treatment); and US Patent Application No. 09/133,576, filed August 13, 1998
(azide coupling agents). Each of these patents/apptications is incorporated herein by
reference.

[125] Other particularly suitable propylene-based polymers inciude VERSIFY™
polymers (The Dow Chemical Company) and VISTAMAXX™ polymers (ExxonMobil
Chemical Co.), LICOCENE™ polymers (Clariant), EASTOFLEX ™™ polymers (Eastman
Chemical Co.}, REXTAC™ polymers (Hunstman), and VESTOPLAST™ polymers
(Degussa). Other suitable polymers inciude propylene-a-olefins block copolymers and
interpolymers, and other propylene based block copolymers and interpolymers known in the

art.
Representative Embodiments of the Invention

[126] The following embodiments are representative specific embodiments of the

instant invention.

1. In a reaction process which comprises reacting a mixture via a reaction to form at
ieast one product comprising a metal alkyl compound, a metal oxide, or a mixture thereof and
then passing said product to at least one post-reactor heat exchanger, the improvement which

comprises one or more of the following steps:

(1) reacting said metal alkyl compound with an acid to produce a soluble metal ester;

ar

(2) adding an ionic surfactant after the reaction to form at least one product

comprising a metal alkyl compound, a metal oxide, or a mixture thereof; or
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(3) adding a mixture comprising an antioxidant to the product under conditions
sufficient to avoid formation of significant amounts of insoluble metal or metal compounds
derived from said metal atkyl compound; or

| (4) purging said post-reactor heat exchanger with an inert gas under conditions to
remove metal oxide from the post-reactor heat exchanger.
2 The reaction process of Claim [ wherein the product comprises a polymer,
3. The reaction process of one or more of the preceding claims wherein the product
comprises a polyolefin,
4, The reaction process of one or more of the preceding claims wherein the product
comprises a polyolefin selected from the group consisting of polyethylenes, polypropylenes,
polybutylenes, and mixtures thereof.
3. The reaction process of one or more of the preceding claims wherein the product
comprises an a propylene based plastomer or elastomer.
6. The reaction process of one or more of the preceding claims wherein the product
comprises an a propylene-ethylene interpolymer comprising at least about 80 mole percent
propylene.
7. The reaction process of one or more of the preceding claims wherein the product
comprises an
ethylene/o-~olefin multiblock interpolymer.
8. The reaction process of one or more of the preceding claims wherein the product
comprises an
ethylene/a-olefin multiblock interpolymer which is characterized before any crosslinking by
one or more of the following characteristics:
(1) 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 moiecular 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 0.3
and up to about 1; or
(3) an Mw/Mn from about 1.7 to about 3.5, at ieast one melting point, Tm. in
degrees Celsius, and & density, d, in grams/cubic centimeter, wherein the numerical values of
Tm and d correspond to the relationship:
Tm > -6553.3 + 13735(d) — 7051.7(d); or
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*3 *A15 9 IL 0.1 all [177] The resulting polymers are tested by DSC and ATREF as with
previous examples. Results are as follows: [178] The DSC curve for the polymer of example 5
shows a peak with a 119.6 'V melting point (Tm) with a heat of fusion of 60.0 J/g. The corresponding
CRYSTAF curve 5shows the tallest peak at 47.6C with a peak area of 59.5 percent. The delta
between the DSC Tm and the Tcrystaf is 72.0C.

{4y an Mw/Mn from about 1.7 to about 3.5, and a heat of fusion, AH in J/g,
and a delta quantity, AT, in degrees Celsius defined as the temperature difference between the
tailest 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 Jg |

wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiabie CRYSTAF peak, then
the CRYSTAF temperature is 30°C; or

(5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle
measured with a compression-molded film of the ethylene/o-olefin interpolymer, and has a
density, d, in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the
following relationship when ethylene/a-olefin interpolymer is substantiaily free of a cross-
linked phase:

Re >1481-1629(d}; or

(6) 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/o-
olefin interpolymer; or

(7) a storage modulus at 235 °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.
g, The reaction process of one or more of the preceding claims wherein the product
comprises an
ethylene/g-olefin multiblock interpolymer comprising at least 50 mole percent ethylene.
10, The reaction process of one or more of the preceding claims wherein the process
comprises employing a catalyst comprising a metal.
11.  The reaction process of one or more of the preceding claims wherein the process
comprises employing a shuttling agent.
12.  The reaction process of one or more of the preceding claims wherein the process

comprises employing a shuttling agent selected from the group consisting of diethylzinc, di(i-
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[179] The DSC curve for the polymer of example 6 shows a peak with a 115.2 C melting point (Tm)
with a heat of fusion of 60.4 J/g. The corresponding CRYSTAF curve shows the tallest peak at 44.2C
with a peak area of 62.7 percent. The delta between the DSC 10Tm and the Tcrystaf is 71.0C.

[180] The DSC curve for the polymer of example 7 shows a peak with a 121.3 C melting point with a
heat of fusion of 69.1 Eg. The corresponding CRYSTAF curve shows the tallest peak at 49.2C with a
peak area of 29.4 percent. The delta between the DSC Tm and the Tcrystaf is 72.1C. 15[181]The DSC
curve for the polymer of example 8 shows a peak with a 123.5 C melting point (Tm) with a heat of
fusion of 67.9 J/g. The corresponding CRYSTAF curve shows the tallest peak at 80.1C with a peak

A S A AR A Do A e et
curve 10r tne po er.or exa e WS, a.peak wWith a . meltin nt(1Lm)wi aneato
o o1 73 B B B B A e Tty Pt MR 2 e
area of 16.0 perdgehiviherdditavbdineelmn the DB CHRNr-andddwe Tierystallisid88E. [183] The DSC

curve for the pRlyMes Rt AXARRIL AR R Reak With Bubl BECcmelting painL(Im)with a heat of
fusion of 60.7 Jtir‘gnghe corres&?nding CRYSTAF cqirve 75shows the tallest peak at 40.9C with a peak

area of 52.4 SEPCRHT B GEHY KERTRER IS C AN THE FeiyRI ARy E1ox4984] The DSC
curve for the ghiyahsriofreddtenidhshdwsaigeakivyitien s 66 Aieftifdipoint-(Tm) with a heat of

fusion of 70.4,3/g, ThecALRSRONHIAG GRYSEABSUIVE, Ahpws hetallest Real ahag. 5. with a peak
area of 25.2 percent. The delta between the D m and the Tcrystaf is 74,1C.  [185] The DSC

lelte he DSC Tm and
curve for the BOIHIEH BB REHIE DI S REWIS BopEscilNf B 8 9 POsRERIFG iRk £#6n) with a heat of
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and the Tcrystaf is 83.2C. [186] The DSC curve for the polymer of example 13 shows a peak with a
114.4C meltiffB6Rt¢¥m) with a heat of fusion of 49.4 J/g. The corresponding CRYSTAF curve shows
the tallest peak at 33Br&anith facpeakifaneacofsré pategntcddie; defiasbetweenhtheddSI0Tm and the

Terystaf is SAb(ﬁxﬁmund is reacted with an acid selected from the group consisting of soluble carboxyiic
acids under conditions sufficient to produce a soluble metal ester.
15. The reaction process of one or more of the preceding ¢laims wherein the soluble
carboxylic acid is a substituted or unsubstituted aliphatic mertal ester.
16.  The reaction process of one or more of the preceding claims wherein the soluble
carboxylic acid comprises from about 6 to about 30 carbon atoms.
17 The reaction process of one or more of the preceding claims wherein the metal of the
metal alkyl compound is a transition metai or Group [IIA metal, or a combination thereof.
18, The reaction process of one or more of the preceding claims wherein the metal of the
metal alkyl compound is selected from the group consisting of zinc, aluminum, and gallium.
19.  The reaction process of one or more of the preceding claims wherein the soluble
carboxylic acid is a saturated or unsaturated aliphatic carboxylic acid having from about 6 to
about 20 carbon atoms.
20.  The reaction process of one or more of the preceding claims wherein the soluble
carboxylic acid is stearic acid, octanoic acid, or a mixture thereof.
2t.  The reaction process of one or more of the preceding claims wherein subsequent to
the reaction of meta! alkyl compound with an acid the product is substantially free of metal
oxide.
22, The reaction process of one or more of the preceding claims wherein the soluble metal
ester produced is seiected such that it provides a desirable characteristic to the resulting

product,
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[187] The DSC for the polymer of example 14 shows a peak with a 120.8 C melting point (Tm) with a
heat of fusion of 127.9 J/g. The corresponding CRYSTAF curve shows the tallest peak at 72.9C with a
peak area of 92.2 percent. The delta between the DSC Tm and the Tcrystaf is 47.9C. 15[188]The DSC
curve for the polymer of example 15 shows a peak with a 114.3C melting point (Tm) with a heat of
fusion of 36.2 J/g. The corresponding CRYSTAF curve shows the tallest peak at 32.3 C with a peak
area of 9.8 percent. The delta between the DSC Tm and the Tcrystaf is 82.0C. [189)The DSC curve
for the polymer of example 16 shows a peak with a 116.6C 20melting point (Tm) with a heat of fusion
of 44.9 J/g. The corresponding CRYSTAF curve shows the tallest peak at 48.0 C with a peak area of

65.0 percent.;he deltadienvesnibe RSE Tinaedihe Fenvsial 688Gk ThRRSG gurve for the

polymer of example 17 shows a peak with a 116.0C melting point (Tm) with a heat of fusion of 47.0
Eg. The corré&BORAMY ERVETRELZINE LSS e Lim st e droldt mis e aimip A4plakdrea of 56.8
percent. The gzt hetieencthe DSOS T mtandghegborystaf is 72.9C. [191]The DSC curve for the

polymer of exampleri8,shaws Aeeakmith & 120 56, é@@&:@%&%&lmw@mcﬁ::*&%%?{gwsion OPI41.8
J/g. The corresponding CRYSTAF curve shows the tallest peak at 70.0 C with a peak area of 94.0
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Jig. The corrgspgnding.GRY =S Lk GuagSshows the tallest.peak at 79.9C with a peak area of 87.9
percent. The delta between the DSC Tm and the Tcrystaf is 45.0 C. [193]The DSC curve for the
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7.3C. [1941The DSC curve for the polymer of comparative E shows a pea|< with a 124.0
acid is mixed with water before reacting it with said metal alkyl compound and wherein the
resulting soluble metal ester is a complex metal ester.
28.  The reaction process of one or more of the preceding claims wherein the carboxylic
acid is mixed with water in a molar ratio of carboxylic acid to water of from about 10:1 to
about 0.5:1.
29.  The reaction process of one or more of the preceding claims wherein the amount of
water is from about 20 to about 30 times the amount of metal on a molar basis and the
amount of water is from about 16 to about 22 times the amount of carboxylic acid on a molar
basis.
30. The reaction process of one or more of the preceding claims wherein the molar ratio
of carboxylic acid is mixed with water in a molar ratio of carboxylic acid to water of from
about 4:1 o about 7:1.
31 The reaction process of one or more of the preceding claims wherein the resulting
soluble metal ester is a complex metal ester having the formula ZnsO(C Hane CO)s wherein
n is from about 5 to about 20.
32.  The reaction process of one or more of the preceding claims wherein the acid is mixed
with an isoparaffinic solvent before reacting it with a heated metal alky! compound to
produce a soluble metal ester and then passing said product to a post-reactor heat exchanger.
33.  Thereaction process of one or more of the preceding claims wherein the heat
exchange efficiency of the post reactor heat exchanger remains relatively constant over time.
34, The reaction process of one or more of the preceding claims wherein an ionic

surfactant comprising a polar portion and a non-polar portion is added after the reaction.
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C melting point (Tm) with a heat of fusion of 179.3 Jig. The corresponding CRYSTAF curve shows the
tallest peak at 79.3C with a peak area of 94.6 percent. Both of these values are consistent with a resin
that is high in density. The delta between the DSC Tm and the 15Tcrystaf is 44.6C. [195] The DSC
curve for the polymer of comparative F shows a peak with a 124.8 C melting point (Tm) with a heat of
fusion of 90.4 Jig. The corresponding CRYSTAF curve shows the tallest peak at 77.6C with a peak
area of 19.5 percent. The separation between the two peaks is consistent with the presence of both a
high crystalline and a low crystalline 20polymer. The delta between the DSC Tm and the Tcrystaf is
47.2C. Physical Property Testing [196] Polymer samples are evaluated for physical properties such

as high tempesature{eRISIanNcE-RARBHIAS AR SYISERES YT VA IBREIRIHEIRHNg, pellet blocking

strength, high temperature recovery, high temperature compression set and storage modulus 25ratio,
G'(25C)/G'(Ioﬁ’ff?f’%'@\fgf‘éﬁ’ré%m%%%ié]%aiIable polymers are included in the tests: Comparative G*
is a substanti#ly linBeiretttyde perdesctbne copotyriehd ARRMNIE ¥ ahpavaitabletfeomiThe Dow Chemical

Company), Compaative, Hiis apalastomrug.subsiantially-lingasciluenelactans eppolymer
(AFFINITYgEO08100, ayvailable from The Dow Chemical Company), Comparative | is a substantially

linear ethylerfS)f BEteHE RS SEMRTA AR EI T VI P LA 47518 from The Dow Chemical
Company), C¥mpafiakiveadtisngrhydvogfamatednstyraiteéhutectiena/siyrenberdinl gekiaopolymer

(KRATONTm (516854 :avaikablefram KRATON Polymers), Comparative K is a thermoplastic
vulcanizate (TPV, a E?olyole,fin blend containing disf't}%rsed therein a crosslinked elastomer). Results are

Spresented inf SFablé % R ARG ol Rt NEHEFCREs B BEEY PENAASmm penetration (C)
Pellet BlockingrGttengthdi/fitdiia) (5 (26)iGilI0C) 308 ABtisinRecovary{80D)percent)

Compressionzel £/ Ot \ReEERR5 1
39, The reaction process of one or more of the preceding claims wherein the ionic
surfactant is mixed with an effective amount of antistatic agent.
40.  The reaction process of one or more of the preceding claims wherein the antistatic
agent is an alkoxylated alkylamine.
41.  The reaction process of one or more of the preceding claims wherein the antistatic
agent is an ethoxylated alkylamine,
42.  The reaction process of one or more of the preceding claims wherein the molar ratio
of ionic surfactant to metal is at least about 1.3.
43.  The reaction process of one or more of the preceding claims wherein the molar ratio
of tonic surfactant to metal is from about 1:3 to about 1:10.
44.  The reaction process of one or more of the preceding claims wherein the ratio of jonic
surfactant to metal is from about 0.5:1 to about 10:1 on a mass basis.
44.  The reaction process of one or more of the preceding claims wherein the amount of
deposits on the post reactor heat exchanger is decreased by a factor of at least five when an
ionic surfactant comprising a polar portion and a non-polar portion is added as compared to
when an ionic surfactant is not employed.
45, The reaction process of one or more of the preceding claims comprising adding a
mixture comprising an antioxidant selected from the group consisting of sterically hindered
phenols, sterically hindered phenyl phosphites, and mixtures thereof to the product under
conditions sufficient to avoid formasion of significant amounts of insoluble metal or metal
compounds derived from said metal alkyl compound.
46.  The reaction process of one or more of the preceding claims wherein the antioxidant

is selected from the group consisting of di- octadecyi-3.5-di-tert-butyl-4-
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hydroxyhydrocinnamate, benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, 2,2
bis{[3-[3,5-bis(I, -dimethylethyl}-4-hydroxypheny!]-1-oxopropo, tertiary buty! phenyl
phosphate, and mixtures thereof,

47.  The reaction process of one or more of the preceding claims wherein the antioxidant
is mixed with a color stabilizer, a catalyst deactivator, a solvent, or a mixture thereof.

48.  The reaction process of one or more of the preceding claims wherein the color
stabilizer is a hindered amine.

49.  The reaction process of one or more of the preceding claims wherein the color
stabilizer is 1,6-hexanediamine, N, N’-bis(2.2,6,6-tetramethyl-4-piperidinyl)-polymer with
2.4.6-trichloro-1,3, 5-triazine, reaction products with N-butyl-1-butanamine and N-butyl-
2,2,6,6-tetramethyl-4-piperidinamine, N(CigHs7)20H, and mixtures thereof.

50.  The reaction process of one or more of the preceding claims wherein the solvent is an
isoparaffinic solvent comprising mixed alkanes.

51, The reaction process of one or more of the preceding claims wherein the catalyst
deactivator is selected from the group consisting of deionized water, soluble protic quench
agents, and mixtures thereof.

52.  The reaction process of one or more of the preceding claims wherein the soluble
protic quench agent is selected from the group consisting of methanol, isopropanol, and
mixtures thereof.

53.  The reaction process of one or more of the preceding claims wherein a mixture
comprising antioxidant, color stabilizer, and solvent is contacted with a product of said
reaction process while passing said product to a post-reactor heat exchanger.

54.  The reaction process of one or more of the preceding claims wherein a mixture
comprising antioxidant, color stabilizer, catalyst deactivator, and solvent is contacted with a
product of said reaction process while passing said product to a post-reactor heat exchanger.
55.  The reaction process of one or more of the preceding claims wherein an antioxidant,
color stabilizer, catalyst deactivator, and solvent are contacted with a product of said reaction
process while passing said product to a post-reactor heat exchanger.

56.  The reaction process of one or more of the preceding claims wherein an antioxidant,
color stabilizer, catalyst deactivator, and solvent are contacted with a product of said reaction
process while passing said product to a post-reactor heat exchanger and said contacting is
accomplished by one or more streams of antioxidant, color stabilizer, catalyst deactivator,

solvent, or mixtures thereof.
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57.  The reaction process of one or more of the preceding claims wherein a mixture
comprising antioxidant, color stabilizer, and solvent is contacted with a product of said
reaction process while passing said product to a post-reactor heat exchanger wherein said
mixture comprises from about 0.2 to about 4.5 weight percent antioxidant.

58. The reaction process of one or more of the preceding claims wherein a mixture
comprising antioxidant, color stabilizer, and solvent is contacted with a product of said
reaction process while passing said product to a post-reactor heat exchanger wherein said
mixture comprises from about 0.3 to about 3.5 weight percent antioxidant.

59, The reaction process of one or more of the preceding claims wherein a mixture
comprising antioxidant, color stabilizer, and solvent is contacted with a product of said
reaction process while passing said product to a post-reactor heat exchanger wherein said
mixture comprises from about 0.2 to about 12 weight percent color stabilizer.

60.  The reaction process of one or more of the preceding claims wherein a mixture
comprising antioxidant, color stabilizer, and solvent is contacted with a product of said
reaction process while passing said product to a post-reactor heat exchanger wherein said
mixture comprises from about 2 to about 11 weight percent color stabilizer.

61.  The reaction process of one or more of the preceding claims wherein the mixture
comprising antioxidant is added at a temperature of from about 120°C to about 200°C.
62.  The reaction process of one ar more of the preceding claims which comprises purging
the post-reactor heat exchanger with a gas selected from nitrogen, ethylene, or air.

63.  The reaction process of one or more of the preceding claims which comprises purging

the post-reactor heat exchanger with nitrogen first in one direction and then in the other.

64. A composition comprising an ethylene/a-olefin multiblock interpolymer and a metal
ester.
65.  The composition of one or more of the preceding claims wherein the metal ester is a

substituted or unsubstituied aliphatic metal ester.

66. The composition of one or more of the preceding claims wherein the metal ester
comprises from about 6 to about 30 carbon atoms,

67. The composition of one or more of the preceding claims wherein the metal of the
metal ester is a transition metal or Group 1A metal, or a combination thereof.

68.  The composition of one or more of the preceding claims wherein the metal of the

metal ester is selected from the group consisting of zinc, aluminum, and gallium.
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69.  The composition of one or more of the preceding claims wherein the metal ester is a
metal stearate, a metal octanoate, or a mixture thereof.

70.  The composition of one or more of the preceding claims wherein the metal ester is
zing stearate, zinc octanoate, or a mixture thereof,

71.  The composition of one or more of the preceding claims wherein the composition is
substantially free of metal oxide.

72.  The composition of one or more of the preceding claims wherein the composition is
substantiatly free of zinc oxide.

73.  The composition of one or more of the preceding claims wherein the composition
comprises less than about 100 ppm of metal oxide based on the weight of the composition.
74.  The composition of one or more of the preceding claims wherein the composition
comprises less than about 50 ppm of metal oxide based on the weight of the composition,
75.  The composition of one or more of the preceding claims wherein the composition
comprises less than about 10 ppm of metal oxide based on the weight of the composition.
76.  The composition of one or more of the preceding claims wherein the metal ester is
present in an anti-slipping effective amount.

77.  The composition of one or more of the preceding claims wherein the metal ester is
present in an anti-fungai effective amount. |

78.  The composition of one or more of the preceding claims wherein the metal ester is
present in a nucleating effective amount,

79.  The composition of one or more of the preceding claims wherein the metal ester 1s
present in an amount of from about 10 ppm to about 10,000 ppm based on the total weight of
the composition.

80.  The composition of one or more of the preceding claims wherein the metal ester is
present in an amount of from about 50 fo about 5,000 ppm based on the total weight of the
composition.

81.  The composition of one or more of the preceding claims wherein the metal ester is
present in an amount of from about 1000 to about 2500 ppm based on the total weight of the
composition.

82.  The composition of one or more of the preceding claims wherein the resulting product
has a whiteness index above 50. .

83.  The composition of one or more of the preceding claims wherein the resulting product

has a vellowness index less than -2.
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Testing Methods

[127] in the examples that follow, the following analytical techniques are employed:

GPC Method for Samples 1-4 and A-C

128] An automated liquid-handling robot equipped with a heated needle set to
160°C is used to add enough 1,2,4-trichiorobenzene stabitized with 300 ppm fonol to each
dried polymer sample to give a final concentration of 30 mg/mL. A small glass stir rod is
placed into each tube and the samples are heated to 160°C for 2 hours on a heated, orbital-
shaker rotating at 250 rpm. The concentrated polymer solution is then dituted to 1 mg/ml

using the automated liquid-handling robot and the heated needle set to 160°C.

[128%] A Symyx Rapid GPC system is used to determine the molecular weight data
for each sample. A Gilson 350 pump set at 2.0 mi/min flow rate is used to pump helium-
purged 1,2-dichlorobenzene stabilized with 300G ppm jonol as the mobile phase through three
Plgel 16 micrometer (pm) Mixed B 300mm x 7.5mm columns piaced in series and heated to
160°C. A Polymer Labs ELS 1000 Detector is used with the Evaporator set to 250°C, the
Nebulizer set to 165°C, and the nitrogen flow rate set to 1.8 SLM at a pressure of 60-80 psi
(400-600 kPa) Na. The polymer samples are heated to 160°C and cach sample injected intoa
250 ul loop using the liquid-handling robot and a heated needle. Serial analysis of the
polymer samples using two switched loops and overlapping injections are used. The sample
datz is collected and analyzed using Symyx Epoch™ software. Peaks are manually
integrated and the molecular weight information reported uncorrected against a polystyrene

standard calibration curve.
Standard CRYSTAF Method

[130] Branching distributions are determined by crystallization analysis
fractionation (CRYSTAF) using 2 CRYSTAF 200 unit commercially available from
PolymerChar, Valencia, Spain. The samples are dissoived in 1.2,4 trichlorobenzene at 160°C
{0.66 mg/mL) for 1 hr and stabilized at 95°C for 45 minutes. The sampling temperatures
range from 95 to 30°C at a cooling rate of 0.2°C/min. An infrared detector is used to measure

the polymer solution concentrations. The cumulative soluble concentration is measured as
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the polymer crystallizes while the temperature is decreased. The analytical derivative of the

cumulative profile reflects the short chain branching distribution of the polymer.

[131] The CRYSTAF peak temperature and area are identified by the peak analysis
module included in the CRYSTAF Software (Version 2001.b, PolymerChar, Valencia,
Spain). The CRYSTAF peak finding routine identifies a peak temperature as a maximum in
the dW/dT curve and the area between the largest positive inflections on either side of the
identified peak in the derivative curve, To calculate the CRYSTAF curve, the preferred
processing parameters are with a temperature limit of 70°C and with smoothing parameters

above the temperature limit of 0.1, and below the temperature limit of 0.3.
DSC Standard Method (Excinding Samples 1-4 and A-C)

[132} Differential Scanning Calorimetry resuits are determined using a TAl model
Q1000 DSC equipped with an RCS cooling accessory and an autosampler. A nitrogen purge
gas flow of 50 ml/min is used. The sample is pressed into a thin film and melted in the press
at about 175°C and then air-cooled to room temperature (25°C). 3-10 mg of material is then
cut into a 6 mm diameter disk, accurately weighed, placed in a light aluminum pan (ca 50
mg), and then crimped shut. The thermal behavior of the sample is investigated with the
following temperature profile. Tﬁe sample is rapidiy heated to 180°C and held isothermal for
3 minutes in order to remove any previous thermal history. The sample is then cooled to -
40°C at 10°C/min cooling rate and held at -40°C for 3 minutes. The sampie is then heated to

150 °C at 10°C/min. heating rate. The cooiing and second heating curves are recorded.

[133] The DSC melting peak is measured as the maximum in heat flow rate (W/g)
with respect to the linear baseline drawn between -30°C and end of melting. The heat of
fusion is measured as the area under the melting curve between -30°C and the end of melting

using a linear baseline.
GPC Method {Excluding Samples 1-4 and A-C)

[134] The gel permeation chromatographic system consists of either a Polymer
Laboratories Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The
column and carousel compartments are operated at 140 °C. Three Poiymer Laboratories 10-
micron Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene. The samples are

prepared at a concentration of 0.1 grams of poiymer in 50 miliiliters of solvent containing
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Faileq 100 I I J* 107 5 Failed 100 K* 152 40 [197]In Table 4, Comparative F (which is a
physical blend of the two polymers resulting from simultaneous polymerizations using catalyst Al and
Bl) has a | mm

200 ppm of butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2
hours at 160°C. The injection volume used is 100 microliters and the flow rate is 1.0

mi/minute,

[135] Calibration of the GPC column set is performed with 2{ narrow molecular
weight distribution polystyrene standards with molecular weights ranging from 580 to
8,400,000, arranged in 6 “cocktail” mixtures with at least a decade of separation between
individual molecular weights. The standards are purchased from Polymer Laboratories
(Shropshire, UK). The polystyrene standards are prepared at 0.025 grams in 50 milliliters of
solvent for molecular weights equal to or greater than 1,000,000, and 0.05 grams in 50
milliliters of solvent for molecular weights less than 1,000,000. The polystyrene standards
are dissolved at 80°C with gentle agitation for 30 minutes. The narrow standards mixtures
are run first and in order of decreasing highest molecular weight component to minimize
degradation. The polystyrene standard peak molecular weights are converted to polyethylene
moiecular weights using the following equation (as described in Williams and Ward, J.

Polvm. Sci.. Polvm. Let., 6, 621 (1968)): Mpayetiyiene = 0.43 I{Mpoiystyrene ).

[136] Polyethylene equivalent molecular weight calculations are performed using

Viscotek TriSEC software Version 3.0

Compression Set

1137] Compression set is measured according to ASTM D 395, The sample is
orepared by stacking 25.4 mm diameter round discs of 3.2 mm, 2.0 mm. and 0.25 mm
thickness until a total thickness of 12,7 mm is reached. The discs are cut from 12.7 cm x 12,7
cm compression molded plaques molded with a hot press under the following conditions:
zero pressure for 3 min at 190°C, followed by 86 MPa for 2 min at 190°C, followed by

cooling inside the press with cold running water at 86 MPa.

Density

[138] Samples for density measurement are prepared according to ASTM D 1928.

Measurements are made within one hour of sample pressing using ASTM D792, Method B.

Flexural/Secant Modulus/ Storage Modulus
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10penetration temperature of about 70C, while Examples 5-9 have a 1 mm penetration temperature of
I00C or greater. Further, examples 10-19 all have a | mm penetration temperature of greater than 85C,
with most having | mm TMA temperature of greater than 90C or even greater than 100C. This shows
that the novel polymers have better dimensional stability at higher temperatures compared to a
physical blend. Comparative 1 (a 15commercial SEBS) has a good 1 mm TMA temperature of about
107C, but it has very poor thigh temperature 70C) compression set of about 100 percent and it also
failed to recover (sample broke) during a high temperature (80C) 300 percent strain recovery. Thus
the exemplified polymers have a unique combination of properties unavailable even in some

commercially ayaygple. Nghperiomanse hemanasts elastams ;11 98ASmafly, Table 4 shows 2
u

low (good) storage modulus ratio, 5G'(25C)/G'(100C), for the inventive polymers of 6 or less, whereas
a physical blBHACHRIPaRE HF MsasiredSragdiRssamas Yoo ot-954ieea PatlYRiSethylene/octene
copolymer (Geasmpasbiierin OSSR Density hasqusigagednoghdus ratio an order of magnitude
greater (89). It is desirable that the storage modulus ratio of a polymer be as close to 1 as possible.
Such polymegs#éth Bespelafively unaffected by temperature, and fabricated articles made 10from such
polymers can be usefully employed over a broad temperature range. This feature of low storage

modulus ratio anpgddemperaiNepIERRNARRES IS PasHiplaliyUReiD lasiRinaanplipations such as in

pressure sensitive adhesive formulations, The data in Table 4 also demonstrate that the

199
polymers of tHaGHVaRtsA Fd Q968 ittlsreed [6r§I f@]?cﬁ%gﬁﬁﬁ%e%ﬁ%]ﬁﬁffﬁqﬁoboéfﬂ%ﬁiﬁﬁ@&mpIe 5 has a
pellet blockirngat&isire gt of £ P& Shiczn ifog Jtnidnfriad flawing Iuhida the Tonditiehgsedted, compared

to Comparatiyes f,a0; G ‘fﬁlj‘%ﬁn?QQ%EQ%B&%Q%%QLQ%%%ﬁJﬁ’g‘ngB‘Q JULPGh ismpeHant since bulk

shipment of polymers having large blocking strengths can result in product clumping or sticking
together upof &tof AgE BPEn My Fed dHiig i o R ARth G HTUFEPERS: LniBoBIENER temperature
(70C) compressien setifardzadavantive polymers is 20generally good, meaning generally less than
about 80 percent, preferably less than about 70 percent and especially less than about 60 percent. In

contrast, Compgratives Fei&itHianehduall havepy €5 annpressiona setpetiHed persentithe maximum
possible valu]%i dicating no recovery). Good high temperature compression set (low numerical
values) is especially needed for applications such as gaskets, window profiles, o-rings, and the like.

Stress Relaxation at 50 %_Strain’ -1 _ . )
[142] 45° gloss is measured using BYK Gardner Glossmeter Microgloss 45° as

specified in ASTM D-2457

[143] Internal haze is measured using BYK Gardner Haze-gard based on ASTM D

1003 Procedure A. Mineral oil is applied to the film surface to remove surface scratches.
Mechanical Properties - Tensile, Hysteresis, and Tear

{144] Stress-strain behavior in uniaxial tension is measured using ASTM D 1708
microtensile specimens. Samples are stretched with an Instron at 500 % min™ at 21°C.

Tensile strength and elongation at break are reported from an average of 5 specimens.

(145} 100% and 300% Hysteresis is determined from cyclic loading to 100% and
300% strains using ASTM D 1708 microtensile specimens with an Instron™ instrument. The
sample is loaded and unloaded at 267 % min”' for 3 cycles at 21°C. Cyelic experiments at
300% and 80°C are conducted using an environmental chamber. In the 80 °C experiment, the
sample is allowed to equilibrate for 45 minutes at the test temperature before testing. in the
21 °C, 300% strain cyclic experiment, the retractive stress at [50% strain from the first
unloading cycle is recorded. Percent recovery for all experiments are calculated from the
first unloading cycle using the strain at which the load returned to the base iine. The percent

recovery is defined as:
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where g is the strain taken for cyclic Joading and ¢, is the strain where the load returns to the

baseline during the 1* unloading cycle.

[146] Stress relaxation is measured at 50 percent strain and 37 °C for 12 hours using
an Instron™ instrument equipped with an environmental chamber. The gauge geometry was
76 mm x 25 mm x 0.4 mm. After equilibrating at 37°C for 45 min in the environmental
chamber, the sample was stretched to 50% strain at 333% min”. Stress was recorded as a
function of time for 12 hours. The percent stress reiaxation afier 12 hours was calculated

using the formula:

- L
% Stress Relaxation = Lol % 100
0

where Lo is the load at 50% strain at O time and Li; is the load at 50 percent strain after 12

hours.

[147} Tensiie notched tear experiments are carried out on samples having a density
of 0.88 g/ce or less using an Instron™ instrument. The geometry consists of a gauge section
of 76 mm x 13 mm x 0.4 mm with a 2 mm notch cut into the sample at half the specimen
length. The sample is streiched at 308 mm min” at 21 °C until it breaks. The tear energy is
calcuiated as the area under the stress-elongation curve up to strain at maximum load. An

average of at least 3 specimens are reported.

TMA

[148] Thermal Mechanical Analysis (Penetration Temperature) is conducted on
30mm diameter x 3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa
molding pressure for 3 minutes and then air quenched. The instrument used isa TMA 7,
brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-
0416) is applied to the surface of the sample disc with IN force. The temperature is raised at
5°C/min from 25°C. The probe penetration distance is measured as a function of

temperature. The experiment ends when the probe has penetrated | mm into the sample.
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DMA

[149] Dynamic Mechanical Analysis (DMA) is measured on compression molded
disks formed in a hot press at 180°C at 10 MPa pressure for 5 minutes and then water cooled
in the press at 90°C / min. Testing is conducted using an ARES controlled strain rheometer

(TA instruments) equipped with dual cantiiever fixtures for torsion testing.

1150} A 1.5mm plaque is pressed and cut in a bar of dimensions 32x12mm. The
sample is clamped at both ends between fixtures separated by t0mm (grip separation AL) and
subjected to successive temperature steps from -100°C to 200°C {5°C per step). At each
temperature the torsion modulus G is measured at an angular frequency of 10 rad/s, the
strain ampiitude being maintained between 0.1 percent and 4 percent to ensure that the torque

is sufficient and that the measurement remains in the linear regime.

(151} An initial static force of 10 g is maintained (auto-tension mode) to prevent
slack in the sample when thermal expansion occurs. As a consequence, the grip separation
AL increases with the temperature, particuiarly above the melting or softening point of the
polymer sample. The test stops at the maximum temperature or when the gap between the

fixtures reaches 635 mumn.

Melt Index

1152] Melt index, or 1o, is measured in accordance with ASTM D 1238, Condition
190°C/2.16 kg. Melt index, or 1 is also measured in accordance with ASTM D 1238,

Condition 190°C/10 kg.

ATREF

{153} Analytical temperature rising elution fractionation (ATREF) analysis is
conducted according to the method described in U.S. Patent No. 4,798,081 and Wilde, L..;
Ryle, T.R.; Knobeloch, D.C.; Peat, L.R.; Determination of Branching Distributions in
Polvethylene and Ethvlene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
incorporated by reference herein in their entirety. The composition to be analyzed is
dissolved in trichlorobenzene and ailowed to crystallize in a column containing an inert
support (stainless steel shot) by slowiy reducing the temperature to 20°C at a cooling rate of
0.1°C/min. The column is equipped with an infrared detector. An ATREF chromatogram
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curve is then generated by eluting the crystallized polymer sample from the column by slowly
increasing the femperature of the eluting solvent {trichlorobenzene) from 20 to 120°C at a rate

of 1.5°C/min.
B NMR Analysis

[E54] The samples are prepared by adding approximately 3g of a 50/50 mixture of
tetrachloroethane-d>/orthodichlorobenzene to 0.4 g sample in a 10 mm NMR tube, The
samples are dissoived and homogenized by heating the tube and its contents to 150°C. The
data are collected using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™
400MHz spectrometer, corresponding to a 1*C resonance frequency of 100.5 MHz. The data
are acquired using 4000 transients per data file with a 6 second pulse repetition delay. To
achieve minimum signal-to-noise for guantitative analysis, multiple data files are added
together. The spectral width is 25,000 Hz with a minimum file size of 32K data points. The
samples are analyzed at 130 °C in 2 10 mm broad band probe. The comonomer incorporation
is determined using Randall's triad method (Randall, J.C.; JMS-Rev. Macromol. Chem.
Phys., €29, 201-317 (1989), which is incorporated by reference herein in its entirety.

Polymer Fractionation by TREF

[155] Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in
2 liters of 1,2.4-trichiorobenzene (TCB)by stirring for 4 hours at 160°C. The polymer
solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm) steel
column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 um) spherical, technical
quality glass beads (available from Potters Industries, HC 30 Box 20, Brownwood, TX,
76801) and stainless steel, 0.028™ (0.7mm) diameter cut wire shot (available from Pellets,
inc. 63 industrial Drive, North Tonawanda, NY, 141206). The column is immersed ina
thermally controlled oil jacket, set initially to 160 °C. The column is first cooled baliistically
to 125 °C, then slow cooled to 20 °C at 0.04 °C per minute and heid for one hour. Fresh TCB

is introduced at about 65 ml/min while the temperature is increased at 0.167 °C per minute.

{156} Approximately 2000 ml portions of eluant from the preparative TREF column
are collected in a 16 station, heated fraction collector. The polymer is concentrated in each
fraction using a rotary evaporator until about 50 to 100 ml of the polymer sojution remains.

The concentrated solutions are allowed to stand overnight before adding excess methanol,
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filtering, and rinsing (approx. 300-500 m] of methanol including the final rinse). The
filtration step is performed on a 3 position vacuum assisted filtering station using 5.0 pm
polytetrafluoroethylene coated filter paper (available from Osmonics Inc., Cat#
750WP04750). The filtrated fractions are dried overnight in a vacuum oven at 60 °C and

weighed on an analytical balance before further testing.

Melt Strength

[157] Melt Strength (MS) is measured by using a capillary rheometer fitted with a
2.1 mm diameter, 20:1 die with an entrance angle of approximately 45 degrees. After
equilibrating the samples at 190°C for 10 minutes, the piston is run at a speed of |
inch/minute (2.54 cm/minute). The standard test temperature is 190°C. The sample is drawn
uniaxially to a set of accelerating nips located 100 mm below the die with an acceleration of
2.4 mm/sec’. The required tensile force is recorded as a function of the take-up speed of the
nip rofls. The maximum tensile force attained during the test is defined as the melt strength.
In the case of polymer melt exhibiting draw resonance, the tensile force before the onset of
draw resonance was taken as melt strength. The melt strength is recorded in centiNewtons

(“eN™).
Catalysts

[158] The term “overnight”, if used, refers to a time of approximately 16-18 hours,
the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed
alkanes” refers to a commercially obtained mixture of Cyo aliphatic hydrocarbons available
under the trade designation {sopar E¥ from ExxonMobil Chemical Company. In the event
the name of a compound herein does not conform to the structural representation thereof, the
structural representation shali control. The synthesis of all metal complexes and the
preparation of all screening experiments were carried out in a dry nitrogen atmosphere using

dry box techniques. All solvents used were HPLC grade and were dried before their use.

[159] MMAO refers to modified methylalumoxane, a tritsobutylaluminum modified

methylalumoxane available commercially from Akzo-Noble Corporation.
160§ The preparation of catalyst (B1) is conducted as follows.

a) Preparation of {1 -methvlethv}2-hvdroxy-3.5-dif t-butv])phenylimethvlimine
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3.5-Di-t-butylsalicylaldehyde (3.00 g) is added to 10 mL of isopropylamine. The
solution rapidly turns bright yetiow. After stirring at ambient temperature for 3 hours,
volatiles are removed under vacuum to yield a bright yellow, crystalline solid (97 percent

vield).

b) Preparation of 1.2-bis-(3.5-di-t-butvlphenviene}I-(N-(1-

methylethyliimminoymethv){2-oxov!) zirconium dibenzyl

A solution of (1-methyiethy!)(2-hydroxy-3,5-di(t-buty)phenyljimine (605 mg, 2.2
mmol) in 5 mL toluene is slowly added to a solution of Zr(CH,Ph), (500 mg. 1.1 mmot) in 50
mL toluene. The resulting dark vellow solution is stirred for 30 min. Solvent is removed

under reduced pressure to yield the desired product as a reddish-brown solid.
[161] The preparation of catalyst (B2) is conducted as follows.

a) Preparation of (1-(2-methylcyclohexvlethy[y(2-oxoyi-3.5-di( t-butylphenvlimine

2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90 mL),
and di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is stirred
for three hours and then cooled to -25°C for 12 hrs. The resulting yellow solid precipitate is
collected by filtration and washed with cold methanol (?. % 15 mL), and then dried under
reduced pressure. The yield is 11.17 g of a yellow solid. "H NMR is consistent with the

desired product as a mixture of isomers.

b) Preparation of bis-(1-(2-methylcyvclohexyliethv}(2-oxoyi-3.5-di( t-butyhphenyl)

immino)zirconium dibenzyl

A solution of {1-(2-methylcvclohexyl)ethy!)(2-oxoyl-3,5-di(t-butyl)phenyi)imine
(7.63 g, 23.2 mmol) in 200 mL toluene is slowly added to a solution of Zr(CH,Ph), (5.28 g,
11.6 mmol) in 600 mL toluene. The resulting dark yellow solution is stirred for | hour at
25°C. The solution is diluted further with 680 mL toluene to give a solution having a

concentration of 0.00783 M.

[162] Cocatalyst 1 A mixture of methyldi(C 415 atkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a
long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCl and

Li[B{CsFs)]. substantially as disclosed in USP 5,919,9883, Ex. 2.
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[163} Cocatalyst 2 Mixed C)s.15 alkyldimethylammonium salt of
bis(tris{pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to USP

6,395,671, Ex. 16.

{164] Shuttling Agents The shuttling agents employed include diethylzine (DEZ,
SA1), di(i-butylyzinc (SA2), di(n-hexyl)zinc {SA3), triethylaluminum (TEA, SA4),
trioctylaluminum (SAS), triethyigallium (SA6), i-butylaluminum bis(dimethyl(t-
butyl)siloxane) (SA7), i-butylaluminum bis{di(trimethylsilyllamide) (SA8), n-octylaluminum
di{pyridine-2-methoxide) (SA9), bis(n-octadecyl}i-butylaluminum (SA 10), i-butylaluminum
bis(di(n-pentyl)amide) (SA11), n-octylaluminum bis(2,6-di-t-butylphenoxide) {SA12), n-
octylaluminum di{ethyl{ {-naphthyDamide) (SA13), ethylaluminum bis(t-
butyldimethylsiloxide) (SA 14), ethylaluminum di(bis(trimethylsilyDamide) (SA15),
ethylaiuminum bis(2,3,6,7-dibenzo- [ -azacycloheptaneamide) (SA 16), n-octylaluminum
bis(2,3.6,7-dibenzo- I -azacycioheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-
butylsiloxide(SA18), ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzine (t-butoxide)
(SA20).

Exampies -4, Comparative A-C

(veneral High Throughput Parallel Polymerization Conditions

[165] Polymerizations are conducted using a high throughput, paraliet
polymerization reactor (PPR) available from Symyx Technologies, Inc. and operated
substantially according to US Patents No. 6,248,540, 6,030,917, 6,362,309, 6,306,658, and
6,316,663. Ethylene copolymerizations are conducted at 130°C and 200 psi (1.4 MPa) with
ethylene on demand using 1.2 equivalents of cocatalyst 1 based on total catalyst used (1.1
equivaients when MMAO is present). A series of polymerizations are conducted in a paralie]
pressure reactor (PPR) contained of 48 individual reactor cells in a 6 x 8 array that are fitted
with a pre-weighed glass tube. The working volume in each reactor cell is 6000 pul.. Fach
cell 1s temperature and pressure controlled with stirring provided by individual stirring
paddles. The monomer gas and quench gas are plumbed directly into the PPR unit and
controlled by automatic valves. Liquid reagents are robotically added to each reactor celf by
syringes and the reservoir solvent is mixed alkanes. The order of addition is mixed alkanes
solvent (4 ml), ethylene, 1-octene comonomer (1 ml), cocatalyst 1 or cocatalyst I/MMAO

mixture, shuttling agent, and catalyst or catalyst mixture. When a mixture of cocatalyst | and
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MMAQ or a mixture of two catalysts is used, the reagents are premixed in a smal} vial
immediately prior to addition to the reactor. When a reagent is omitted in an experiment, the
above order of addition is otherwise maintained. Polymerizations are conducted for
approximately 1-2 minutes, until predetermined ethylene consumptions are reached. After
quenching with CO, the reactors are cooled and the glass tubes are unloaded. The tubes are
transferred to a centrifuge/vacuum drying unit, and dried for 12 hours at 60 °C. The tubes
containing dried polymer are weighed and the difference between this weight and the tare
weight gives the net yield of polymer. Results are contained in Table 1. In Table | and

elsewhere in the application, comparative compounds are indicated by an asterisk (*).

[166] Examples 1-4 demonstrate the synthesis of linear block copolymers by the
present invention as evidenced by the formation of a very narrow MWD, essentially
monomodal copolymer when DEZ is present and a bimodal, broad molecular weight
distribution product {(a mixture of separately produced polymers) in the absence of DEZ. Due
to the fact that Catalyst (A1) is known to incorporate more octene than Catalyst (B1), the
different blocks or segments of the resulting copolymers of the invention are distinguishable

based on branching or density.

Tablel

Cat. (A1) Cat (B1) Cocat MMAQ shuttiing
Ex. (umoly {umoll {(umol) (umol} agent{umol) Yieid {g) Mn Mw/Mn  hexyls'

A* 006 - 0066 03 - 0.1363 300502 3.32 -
B . 0.1 0010 05 - 01581 36957 1.22 2.5
Cc* 006 0.1 0.i76 0.8 - 0.2038 45526 5307 5.5
I 0.06 0.1 0.192 - DEZ (8.0) 0.1974 28715 1.19 4.8
2 006 0.1 0.192 - DEZ (80.0) 0.1468 2161 1.2 14.4
3006 0.1 0.192 - TEA {8.0) 0208 22675 1.71 4.6
4 006 0.1 6.192 - TEA (80.0) 0.1879 3338  1.54 9.4

C or higher chain content per 1000 carbons
Bimoadal molecular weight distribution

5]

[167] It may be seen the polymers produced according to the invention have a
relatively narrow polydispersity (Mw/Mn) and larger block-copolymer content (trimer.

tetramer, or larger) than polymers prepared in the absence of the shuttling agent.

[168] Further characterizing data for the polymers of Table 1 are determined by
reference fo the figures. More specifically DSC and ATREF results show the following:
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{169} The DSC curve for the polymer of example [ shows a 115.7°C melting point
(Tm} with a heat of fusion of 158.1 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 34.5°C with a peak area of 52.9 percent. The difference between the DSC Tm
and the Terystaf is §1.2°C.

{178} The DSC curve for the polymer of example 2 shows a peak with a 109.7°C
melting point (Tm) with a heat of fusion of 214.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between the

DSC Tm and the Terystaf is 63.5°C,

[171] The DSC curve for the polymer of example 3 shows a peak with a 120.7°C
melting point (Tm) with a heat of fusion of 160.1 I/g. The corresponding CRYSTAF curve
shows the tallest peak at 66.1°C with a peak area of 71.8 percent. The difference between the
DSC Tm and the Tcrystaf is 54.6°C.

[172] The DSC curve for the polymer of example 4 shows a peak with a 104.5°C
melting point (Tm) with a heat of fusion of 170.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 30 °C with a peak area of 18.2 percent. The difference between the

DSC Tm and the Terystaf is 74,5°C.

[173] The DSC curve for comparative A shows a 90.0°C melting point (Tm) with a
heat of fusion of 86.7 J/g. The corresponding CRYSTAF curve shows the tailest peak at
48.5°C with a peak area of 29.4 percent. Both of these values are consistent with a resin that

is low in density. The difference between the DSC Tm and the Terystaf is 41.8°C,

[174] The DSC curve for comparative B shows a 129.8°C melting point (Tm) with a
heat of fusion of 237.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at
82.4°C with a peak area of 83.7 percent. Both of these values are consistent with a resin that

is high in density. The difference between the DSC Tm and the Terystaf is 47.4°C,

[175] The DSC curve for comparative C shows a 125.3°C melting point (Tm) with a
heat of fusion of 143.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at

81.8 °C with a peak area of 34.7 percent as well as a lower crystalline peak at 32.4 °C. The
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separation between the two peaks is consistent with the presence of a high crystalline and a

low crystalline polymer, The difference between the DSC Tm and the Terystaf is 43.5°C.

Examples 5-19. Comparatives D-F, Continvous Solution Polymerization, Catalvst

Al1/B2 + DEZ

[176] Continuous sofution polymerizations are carried out in a computer controtled
autoclave reactor equipped with an internal stirrer. Purified mixed alkanes solvent (Isopar™
E available from ExxonMobil Chemical Company), ethylene at 2.70 Ibs/hour (1.22 kg/hour),
j-octene, and hydrogen (where used) are supplied to a 3.8 L reactor 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 vaives. The remaining solvent is combined
with I-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 soiution 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. Product is removed through exit lines at the top of the reactor.
All exit lines from the reactor are steam traced and insulated. Polymerization is stopped by
the addition of a small amount of water into the exit line along with any stabilizers or other
additives and passing the mixture through a static mixer. The product stream is then heated
by passing through a heat exchanger before devolatilization. The polymer product is
recovered by extrusion using a devolatilizing extruder and water cooled pelietizer. Process
details and results are contained in Table 2. Selected polymer properties are provided in

Table 3.
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{177} The resulting polymers are tested by DSC and ATREF as with previous

examples. Results are as follows:

[178] The DSC curve for the polymer of example 5 shows a peak with a 119.6 °C
melting point {Tm) with a heat of fusion of 60.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 47.6°C with a peak area of 59.5 percent. The delta between the DSC

Tm and the Terystaf is 72.0°C.

[179] The DSC curve for the polymer of example 6 shows a peak witha 115.2 °C
melting point (Tm) with a heat of fusion of 60.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 44.2°C with a peak area of 62.7 percent. The delta between the DSC

Tm and the Terystaf is 71.0°C.

[180] The DSC curve for the polymer of example 7 shows a peak with a 121.3 °C
melting point with a heat of fusion of 69.1 J/g. The corresponding CRYSTAF curve shows
the tallest peak at 49.2°C with a peak area of 29.4 percent. The delta between the DSC Tm

and the Terystaf s 72.1°C.

[181} The DSC curve for the polymer of example 8 shows a peak with a 123.5 °C
melting point (Tm) with a heat of fusion of 67.9 J/g. The cortesponding CRYSTAF curve
shows the tallest peak at 80.1°C with a peak area of 12.7 percent. The delta between the DSC

Tt and the Terystafis 43.4°C.

{182] The DSC curve for the polymer of example 9 shows a peak with a 124.6 °C
melting point (Tm) with a heat of fusion of 73.5 }/g. The corresponding CRYSTAF curve
shows the tallest peak at 80.8°C with a peak area of 16.0 percent. The delta between the DSC

Tm and the Terystafis 43.8°C.

[183] The DSC curve for the polymer of example 10 shows a peak with a 115.6 °C
melting point (Tm) with a heat of fusion of 60.7 Jg. The corresponding CRYSTAF curve
shows the tallest peak at 40.9°C with a peak area of 32.4 percent, The delta between the DSC

Tm and the Terystafis 74.7°C.

[184] The DSC curve for the polymer of example 11 shows a peak with a 113.6 °C
melting point (Tm) with a heat of fusion of 70.4 }g. The corresponding CRYSTAF curve
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shows the tailest peak at 39.6°C with a peak area of 25.2 percent. The delta between the DSC

Tm and the Tcrystaf is 74.1°C.

{185] The DSC curve for the polymer of example 12 shows a peak with a 113.2 °C
melting point (Tm) with a heat of fusion of 48.9 J/g. The corresponding CRYSTAF curve
shows no peak equal to or above 30 °C. (Tcrystaf for purposes of further calculation is

therefore set at 30°C). The deita between the DSC Tm and the Terystaf is 83.2°C.

[186] The DSC curve for the polymer of example 13 shows a peak witha 114.4 °C
melting point (Tm) with a heat of fusion of 49.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 33.8 °C with a peak area of 7.7 percent. The defta between the DSC
Tm and the Tcrystaf is 84.4°C.

[187] The DSC for the polymer of example 14 shows a peak with a 120.8 °C melting
point (Tm) with a heat of fusion of 127.9 J/g. The corresponding CRYSTAF curve shows the
tallest peak at 72.9 °C with a peak area of 92.2 percent. The delta between the DSC Tm and
the Tcrystaf is 47.9°C.

[188] The DSC curve for the polymer of example 15 shows a peak with a 114.3 °C
melting point (Tm) with a heat of fusion of 36.2 Jj/g. The corresponding CRYSTAF curve
shows the tallest peak at 32.3 °C with a peak area of 9.8 percent. The delta between the DSC

Tm and the Terystaf is 82.0°C.

[189] The DSC curve for the polymer of example 16 shows a peak with a 116.6 °C
melting point (Tm) with a heat of fusion of 44.9 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 48.0 °C with a peak area of 65.0 percent. The delta between the DSC
Tm and the Tcrystaf'is 68.6°C.

[190} The DSC curve for the polymer of exampie 17 shows a peak with a 116.0 °C
melting point (Tm) with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 43.1 °C with a peak area of 56.8 percent. The delta between the
DSC Tm and the Terystaf is 72.9°C.

1191) The DSC curve for the polymer of example 18 shows a peak with a 120.5 °C
melting point (Tm} with a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve

-H0.
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shows the tallest peak at 70.0 °C with a peak area of 94.0 percent. The delta between the
DSC Tm and the Terystaf is 50.5 °C.

[192] The DSC curve for the polymer of example 19 shows a peak with a 124.8 °C
melting point (Tm) with a heat of fusion of 174.8 J/g. The corresponding CRYSTAF curve
5 shows the tallest peak at 79.9 °C with a peak area of 87.9 percent. The delta between the
‘DSC Tm and the Terystaf is 45.0 °C.

[193] The DSC curve for the polymer of comparative D shows a peak with a 37.3°C
melting point (Tm} with a heat of fusion of 31.6 J/g. The corresponding CRYSTAF curve
shows no peak equal to and above 30°C. Both of these values are consistent with a resin that

10 is low in density. The delta between the DSC Tm and the Terystaf is 7.3°C.

[194] The DSC curve for the polymer of comparative E shows a peak with a 124.0
°C melting point (Tm) with a heat of fusion of 179.3 J/g. The corresponding CRYSTAF
curve shows the tallest peak at 79.3°C with a peak area of 94.6 percent. Both of these values
are consistent with a resin that is high in density. The delta between the DSC T and the

15 Terystaf is 44.6°C,

[195] The DSC curve for the polymer of comparative F shows a peak with a 124.8
°C melting point {Tm) with a heat of fusion of 90.4 §/g. The corresponding CRYSTAF curve
shows the tailest peak at 77.6°C with a peak area of 19.5 percent. The separation between the
two peaks is consistent with the presence of both a high crystalline and a low crystalline

20 polymer. The delta between the DSC Tm and the Terystaf is 47.2°C.

Physical Property Testing

{196} Polymer sampies are evaluated for physical properties such as high
temperature resistance properties, as evidenced by TMA temperature testing, pellet blocking
strength, high temperature recovery, high temperature compression set and storage modulus

25 ratio, G*(25°CY/G'(100°C). Several commercially available polvmers are included in the
tests: Comparative G* is a substantially linear ethylene/|-octene copolymer (AFFINITY®,
available from The Dow Chemical Company), Comparative H* is an elastomeric,
substantially linear ethylene/ 1-octene copolymer (AFFINITY®EGS100, available from The

Dow Chemical Company), Comparative [ is a substantially iinear ethylene/1-octene
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copolymer (AFFINITY®PL1840, available from The Dow Chemical Company),
Comparative J is a hydrogenated styrene/butadiene/styrene triblock copolymer (KRATONTM
G1652, available from KRATON Polymers), Comparative K is a thermoplastic vulcanizate
(TPV, a polyolefin blend containing dispersed therein a crossiinked elastomer). Results are

presented in Table 4.

Table 4 High Temperature Mechanical Properties

TMA-1mm | Pellet Blocking 300 % Strain Compression
penetration | Strength G’(25°C) | Recovery (30°C) Set {(70°C)
Ex. 1 {°C) Io/ft’ (kPa) G’(100°C) | {percent) {percent)
D* |31 - 9 Failed -
E* | 130 - |8 - -
F* 170 141 {6.8) 9 Failed 100
5 104 0 {0} 6 81 49
& 110 - 5 - 52
7 113 - 4 84 43
8 P - 4 Failed 41
9 197 - 4 - 66
10 | 108 - 5 81 55
111100 - 8 - 68
12 188 - 8 - 79
13 |93 - 6 34 71
14 | 125 - 7 - -
15 |96 - S - 58
16 113 - 4 - 42
17 | 108 0 4 82 47
18 ;125 - 10 - -
19 1133 - 9 - -
G* |75 463 (22.2 89 Failed 100
H* | 70 213 (10.2) 29 Failed F00
*o1d - il - -
T - 5 Failed 100
K* 1152 - 3 - 40
(197} In Table 4, Comparative F (which is a physical blend of the two polymers

resulting from simultaneous polymerizations using catatyst Al and B1) has a [ mm

penetration temperature of about 70°C, while Examples 5-9 have a 1 mm penetration

temperature of 100°C or greater. Further, examples 10-19 all have a 1 mm penetration
temperature of greater than 85°C, with most having 1 mm TMA temperature of greater than
90°C or even greater than 100°C. This shows that the novel polymers have better
dimensional stability at higher temperatures compared to a physical biend. Comparative J (a
commercial SEBS) has a good | mm TMA temperature of about {07°C, but it has very poor

(high ternperature 70°C) compression set of about 100 percent and it also failed to recover
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1.111011 1201]Table 5 shows results for mechanical properties for the new polymers as well as for
various comparison polymers at ambient temperatures. It may be seen that the inventive polymers
have very good abrasion resistance when tested according to ISO 4649, generally showing a volume
loss of less than about 90 mm3, preferably less than about 80 5mm3, and especially less than about
50 mma3. In this test, higher numbers indicate higher volume loss and consequently lower abrasion
resistance. [202]Tear strength as measured by tensile notched tear strength of the inventive

polymers is generally 1000 mJ or higher, as shown in Table 5. Tear strength for the inventive polymers
can be as high as 3000 mJ, or even as high as 5000 mJ. Comparative 10polymers generally have tear

strengths no higher B@&J@gﬁ%ﬁ%@%-h}&%ﬂﬁ%é ase-Shavs At tha pelymers #fhgnvention have

better retractive stress at 150 percent strain (demonstrated by higher retractive stress values) than
some of the CSFPAFERARS YDA @ SRS VR ENEHIMS ¢S A H I Mot Tétriivve stress value at
150 percent sthaineefidBiidriatoy, legs pechitenihe: wentpissioduaenseiave retractive stress 15values at
150 percent strain of 500 kPa (Ex. 11) to as high as about 1100 kPa (Ex. 17). Polymers having higher

than 150 percery sgiractivinsikess vauesswwould be quite) ueelul iaralastisapplications, such as elastic
fibers and fabrics,.especi nwoven fabrics. Other lications include diaper, hygiene, and
o Al e i SO AL A B paRAL O ESO

medical garme ica S and etystic ban able 5 also shows
that stress relagationt{ess Bohperctnstiapdyis sbe dhiprote dafiday)etarlene/tpigentime polgmers as

compared tofohBxaMRIE,) GompanaliveChlQVRksl assiialaxation means thahihe.nebimer retains its

force better in %pq_ltlca lons suc ht?ﬁe%{gpegsm%% other g?rme ts where getentlf)n of elgﬁztlc properties

over long timga8 erloitsjseaslltr%o%iy ?empera?éres s gedire %Oﬁt EE{lebeesff|Sncgc‘°feat8Ieaé Wéfﬁ/mér Optical

Properties Extuphteslyaldsay sl fiserdent Clariiyctpébedat)perature, and fabricated articles made

10 from such polymers can be usefully employed over a broad temperature range. This feature
of low storage modulus ratio and temperature independence is particularly useful in elastomer

applications such as in pressure sensitive adhesive formulations.

[199] The data in Table 4 also demonstrate that the polymers of the invention
possess improved pellet blocking strength. In particular, Example 5 has a pellet blocking
{5 strength of 0 MPa, meaning it is free flowing under the conditions tested, compared to
Comparatives F and G which show considerable blocking. Blocking strength is important
since bulk shipment of polymers having large biocking strengths can result in product

clumping or sticking together upon storage or shipping, resulting in poor handling properties.

[200] High temperature (70°C) compression set for the inventive polymers is
20 generally good, meaning generally less than about 80 percent, preferably less than about 70
percent and especially less than about 60 percent. In contrast, Comparatives F, G, H and J all
have a 70°C compression set of 106 percent (the maximum possible value, indicating no
recovery}. Good high temperature compression set (flow numerical values) is especially

needed for applications such as gaskets, window profiles, o-rings, and the like.
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[20%] Table 5 shows results for mechanical properties for the new potymers as well
as for various comparison polymers at ambient temperatures. [t may be seen that the
inventive polymers have very good abrasion resistance when tested according to 1SO 4649,
generally showing a volume loss of less than about 90 mm®, preferably less than about §0

3

mm”, and especially less than about 50 mm®. In this test, higher numbers indicate higher

volume loss and consequently lower abrasion resistance.

[202] Tear strength as measured by tensile notched tear strength of the inventive
polymers is generally 1000 mJ or higher, as shown in Table 5. Tear strength for the
inventive polymers can be as high as 3000 mJ, or even as high as 5000 mJ. Comparative

polymers generally have tear strengths no higher than 750 mJ.

|263] Table 5 also shows that the polymers of the invention have better retractive
stress at 150 percent strain {demonstrated by higher retractive stress values) than some of
the comparative samples. Comparative Exampies F, G and H have retractive stress value at
150 percent strain of 400 kPa or less, while the inventive polymers have retractive stress
values at 150 percent strain of 500 kPa (Ex. 11} to as high as about 1100 kPa (Ex. 17).
Polymers having higher than 150 percent retractive stress values would be quite useful for
elastic applications, such as elastic fibers and fabrics, especially nonwoven fabrics. Other
applications include diaper, hygiene, and medical garment waistband applications, such as

tabs and elastic bands.

[204] Table 5 also shows that stress relaxation (at 50 percent strain) is also
improved (iess) for the inventive polymers as compared to, for example, Comparative G.
Lower stress relaxation means that the polymer retains its force better in applications such
as diapers and other garments where retention of elastic properties over long time periods at

body temperatures is desired.
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Optical Testing
Table 6 Polymer Optical Properties

Ex. Internal Haze (percent) ; Clarity (percent) 45° Gloss (percent)
F* 84 22 49
O* 5 73 56
3 13 72 60
6 33 69 33
7 28 57 59
8 20 65 62
9 61 38 49
10 15 73 67
B! 13 69 67
12 8 75 72
13 7 74 69
14 59 15 62
15 il 4 66
16 39 70 65
17 29 73 66
18§ 6l 22 60
19 74 I 52
G* 5 73 56
H* 12 76 59
1* 20 75 59
{205} The optical properties reported in Table 6 are based on compression molded

films substantially lacking in orientation. Optical properties of the polymers may be varied
over wide ranges, due to variation in crystallite size, resulting from variation in the quantity

of chain shuttling agent employed in the polymerization.

Extractions of Multi-Block Copolymers

{206] Extraction studies of the polymers of examples 5, 7 and Comparative E are
conducted. in the experiments, the polymer sample is weighed into a glass fritied extraction
thimble and fitted into 2 Kumagawa type extractor. The extractor with sample is purged
with nitrogen, and a 500mL round bottom flask is charged with 350 mL of diethy! ether.
The flask is then fitted to the extractor. The ether is heated while being stirred. Time is
noted when the ether begins to condense into the thimbie, and the extraction is allowed to
proceed under nitrogen for 24 hours. At this time, heating is stopped and the solution is
allowed to cool. Any ether remaining in the extractor is returned to the flask. The ether in
the flask is evaporated under vacuum at ambient temperature, and the resulting solids are

purged dry with nitrogen. Any residue is transferred to a weighed bottle using successive
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G*57356 FI*1/ 76 59 I* 20 75 59 [205] The optical properties reported in Table 6 are based on
compression molded 5 films substantially lacking in orientation. Optical properties of the polymers
may be varied over wide ranges, due to variation in crystallite size, resulting from variation in the
guantity of chain shuttling agent employed in the polymerization. Extractions of Multi-Block
Copolymers [206] Extraction studies of the polymers of examples 5, 7 and Comparative E are |
Oconducted. in the experiments, the polymer sample is weighed into a glass fritted extraction thimble
and fitted into a Kumagawa type extractor. The extractor with sample is purged with nitrogen, and a
500mL round bottom flask is charged with 350 mL of diethyl ether. The flask is then fitted to the
extractor. The etaelrdsdfiéatec:whilecbafrinedtierade Tieneeiaischst syheriathé ethappbgingrrsdondense

into the thimble ,aind the axtrastionuisalinedtohoplessed snder nitogan:fama4thaurshéat this time,
heating is stopped and the solutjon is allowed to cool. Any ether remaining in the extractor is returned

to the flask. The STRBP I PESESLIE W ASESfed under vacuum at ambient temperature, and the
resulting solids are purged dry with nitrogen. Any residue is transferred to a weighed bottle using

successive washeUf hexafie eS8 LERHRMEPREXAHE b L8RS e el Bl AH 8FAR8E $vilanother
nitrogen purge, andsthei testausidiied Uindaesaeiuinadunight-al 40 €irdmyand maimingedtiter in the

extractor is purg?&?%#&%&ﬁ%@ﬂmam is first noticed condensing into the thimble. Heating is then
stopped and the flask is allowed to cool. Any hexane remaining in the extractor is
transferred back to the flask, The hexane is removed by evaporation under vacuum at
ambient temperature, and any residue remaining in the flask is transferred to a weighed
10 bottle using successive hexane washes, The hexane in the flask is evaporated by a nitrogen

purge, and the residue is vacuum dried overnight at 40°C.

{208] The polymer sample remaining in the thimble afier the extractions is
transferred from the thimble to a weighed bottle and vacuum dried overnight at 40°C,

Resulits are contained in Table 7.

15 Table 7
ether ether Cy hexane | hexane Cy residue

wt. soluble | soluble mole soluble | soluble mole Cy mole
Sample () {g) (percent) | percent’ | (g) (percent) | percent’ | percent’
Comp. 1.697 | 0.063 5.69 12.2 £.245 2235 13.6 6.5
F‘#
Ex. 5 1.006 1 0.041 1408 |- 0.040 398 14.2 ii.6
Ex. 7 1.092 | 0.017 1.59 [ 13.3 0.012 1.10 1.7 9.9

" Determined by "C NMR

Additional Polvmer Examples 19 A-J. Continzous Selution Polvmerization, Catalvst
Al/B2 + DEZ

For Examples 19A-1

20 [269] Continuous solution polymerizations are carried out in a computer controlled
well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E available from Exxon
Mobil, Inc.), ethylene, t-ociene, and hydrogen (where used) are combined and fed to a 27
galion reactor. The feeds to the reactor are measured by mass-flow controllers. The
temperature of the feed stream is controlled by use of a glycol cooled heat exchanger before

25  entering the reactor. The catalyst component solutions are metered using pumps and mass

flow meters. The reactor is run liquid-full at approximately 530 psig pressure. Upon
-76-



[207] A second clean round bottom flask charged with 350 mL of hexane is then 5connected to the
extractor. The hexane is heated to reflux with stirring and maintained at reflux for 24 hours after
hexane is first noticed condensing into the thimble. Heating is then stopped and the flask is allowed to
cool. Any hexane remaining in the extractor is transferred back to the flask. The hexane is removed by
evaporation under vacuum at ambient temperature, and any residue remaining in the flask is
transferred to a weighed 10bottle using successive hexane washes. The hexane in the flask is
evaporated by a nitrogen purge, and the residue is vacuum dried overnight at 40C. [208] The
polymer sample remaining in the thimble after the extractions is transferred from the thimble to a
weighed bottle ardinaibuumecdriedaaverdight tt-40Cn Resdlistasedontaingdiin. Taklevdied 5Table 7
S i 9 sl ble ) eiheh3ARIBRRIESIN. 18 RIS REITEIY, 5308 RRlBle (0) hexane

soluble (percent) | Cs mole percent residue Cg mole percent’
solution is then heated in preparation for a two -stage devo!atmataon The solvent and

unreacted monomers are removed during the devolatization process. The polymer melt is

5 pumped to a die for underwater pellet cutting.

For Example 19J

{210) Continuous solution polymerizations are carried out in a computer controlled
autoclave reactor equipped with an internal stirrer. Purified mixed atkanes solvent
(Isopar™ E availabie from ExxonMobil Chemical Company), ethylene at 2.70 Ibs/hour

10 (1.22 kg/hour), T-actene, and hydrogen (where used) are supplied to a 3.8 L reactor
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 injection

15 lines and the reactor agitator. These flows are measured by Micro-Motion mass flow meters
and controlied by control valves or by the manua! adjustment of needle valves. The
remaining solvent is combined with t-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

20 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. Product is removed through exit
lines at the top of the reactor. All exit lines from the reactor are steam traced and insulated.

25 Polymerization is stopped by the addition of a small amount of water into the exit line along
with any stabilizers or other additives and passing the mixture through a static mixer. The
product stream is then heated by passing through a heat exchanger before devolatilization.
The pelymer product is recovered by extrusion using a devolatilizing extruder and water

cooled pelletizer.

30 f211] Process details and results are contained in Table 8. Selected polymer

properties are provided in Tables 9A-C.
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0.063 5.69 12.2 0.245 22.35 13.6 6.5 Ex. $ 1.006 0.041 4.08 0.040! 3.98 142 11.6 Ex. 7 1.092 0.017
1.59 13.3 0.0121.10 11.7 9.9

212} In Table 9B, inventive examples 19F and 19G show low immediate set of

around 63 ~ 70 % strain after 500% elongation.
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Determined by 'C NMR Additional Polymer Examples

19 A-J, Continuous Solution Polymerization,

Catalyst Al/B2 + DEZ For Examples 19A-1 1209fContinuous solution polymerizations are carried out
in a computer controlled well-mixed reactor. Purified mixed alkanes solvent (IsoparTM E available from
Exxon Mobil. Inc.), ethylene, 1-oetene. and hydrogen (where used) are combined and fed to a 27

gallon reactor. The feeds to the reactor are measured

by mass-flow controllers. The temperature of the

feed stream is controlled by use of a glycol cooled heat exchanger before 25entering the reactor. The
catalyst component solutions are metered using pumps and mass flow meters. The reactor is run
liquid-full at approximately 550 psig pressure. Upon -76- exiting the reactor, water and additive are

injected in the polymer so! -tlgn zThe gva@era»hy:dr@lyzes
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Table 8 Polymerization
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0.23
0216
021
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with any stabilizers or other additives and passing the mixture through a static mixer. The product
stream is then heated by passing through a heat exchanger before devolatilization. The polymer
product is recovered by extrusion using a devolatilizing extruder and water cooled pelletizer.
30[2111Process details and results are contained in Table 8. Selected polymer properties are provided
in Tables 9A-C. [212]In Table 9B, inventive examples I9F and 19G show low immediate set of around
65 - 70 % strain after 500% elongation.  Average Bl 65'0 Z9'0 zZ5*0 175.0 650j3197 C 950 LI
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95'0 51.f opium] Polymer F g moliciod Polymer 19a Polymer 5 Polymer 19b Polymer 19h

Examples 20 and 2 [213)The ethylene/a-olefin interpolymer of Examples 20 and 21 were made in a

substantially similar manner as Examples 19A-1 above with the polymerization conditions shown in

Table 11 below. The polymers exhibited the properties shown in Table 10. Table 10 also shows any
additives to the polymer. Table 10 - Properties and Additives of Examples 20-21 Example 20

Example 21
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Density (glee) 0.8800 0.8800 MI 1.3 1.3 DI Water 100 DI Water 75 Irgafos 168 1000 Irgafos 168
1000 Additives Irganox 1076 250

Examples 20 and 21

[213]

in a substantialty similar manner as Examples 19A-1 above with the polymerization

The ethylene/e-olefin interpolymer of Examples 20 and 21 were made

conditions shown in Table 11 below. The polvmers exhibited the properties shown in

Table 10. Table 10 also shows any additives to the polymer.

Tabie 10 — Properties and Additives of Examples 24-21

Example 20 Example 21
Density (g/cc) 0.8800 0.8800
Ml 1.3 1.3
DI Water 100 | DI Water 75
frgafos 168 1000 | irgafos 168 1000
Additives Irganox 1076 250 | frganox 1076 250
Irganox 1010 200 | Irganox 1010 260
Chimmasorb 2020 100 | Chimmasorb 2020 80
[214] Irganox 1010 is Tetrakismethylene(3,5-di-t-butyl-4-

hydroxyhydrocinnamate)methane. Irganox 1076 is Octadecyl-3~(3",5"-di-t-butyl-4'-
hydroxyphenyl)propionate. Irgafos 168 is Tris(2,4-di-t-butylphenyf)phosphite.
Chimasorb 2020 is 1,6-Hexanediamine, N,N’-bis(2,2,6,6-tetramethyl-4-piperidinyl)-
polymer with 2.3..6—trichioro-l.3_.5-tria,zine, reaction products with, N-butyl-1-

butanamine and N-butyi-2,2,6,6-tetramethyl-4-piperidinamine.
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Irganox 1076 250 Irganox 1010 200 Irganox 1010 200 Chimmasorb 2020 100 Chimmasorb 2020 80
[2141Irganox 1010 is Tetrakismethylene(3,5-di-t-buty1-4- hydroxyhydrocinnamate)methane. Irganox
1076 is Octadecyl-3-(3'.5'-di-t-butyl-4'- hydroxyphenyl)propionate. Irgafos 168 is
Tris(2,4-di-t-butylphenyl)phosphite. Chimasorb 2020 is 1,6-Hexanediamine,
N,N1-bis(2.2,6,6-tetramethyl1-4-piperidinyl)- polymer with 2,3,6-trichloro-1.3.5-triazine, reaction
products with, N-butyl-lbutanamine and N-butyl-2,2,6,6-tetramethy1-4-piperidinamine. Example 22 -
Improving the ethylene/a-olefin multiblock interpolymer process of Examples 1-21  [215] Each of the
above Examples 1-21/to produce ethylene/a-olefin multiblock interpolymer may be repeated and a -
metal alkyl compound mays e r&acted with an acid to produce a soluble metal ester; or an ionic
surfactant may be added tojthe reactor or reactor effluent after the reaction: or a mixture comprising an
antioxidant may be a déd§ theZproduct under conditions sufficient to avoid formation of significant
amounts of insoluble métal pr metal compounds derived from said metal alkyl compound; or the
post-reactor heat exc ang may be purged with an inert gas under conditions to remove metal oxide
from the post-reactor hedt & x&hanger. [216] It is expected that the result will be a substantial
reduction, hinderance, qr.eyen eliminatation of the majority of foulant of the heat exchanger. Also, it is
expected that the result thylene/a-olefin multiblock interpolymer product will have an equal or
improved color as compayefl to the product of Examples 1-21. Example 23- Adding Calcium Stearate
[217] Ethylene/a-olefirémiBibiock interpolytner having a melt index of 15 and a density of 0.877 g/cc is
produced in a similar manner to that Example 19. Water is employed as a catalyst deactivator at a
1.5:1 molar ratio with feppertdo the diethyl zinc chain shuttling agent. 500 ppm of calcium stearate (on
a polymer basis) is addéd T the pblymer stream just prior to the post-reactor heat exchanger (PRH).
The heat transfer efflc;lenC)é is,medasured by calculating a dimensionless U value based on the flows
and temperatures of the p meE stream and the heat transfer fluid. On a continuous basis over a five
day period the heat transfey efficigncy drop is less than about 1% per day whereas continuously
producing the same prozm if the absence of calcium stearate addition causes the heat transfer
efficiency to drop approS’qm htely 5% per day. The amount of fouling is dependent upon the amount of
calcium stearate employgdjas shown izthe table below. The addition of calcium stearate at levels of
approximately from abolit 2} t& abqut 3 émes as high as the amount of Zn in the polymer (on a mass
basis) leads to post reactoriheater foulmg at a rate approximately 1/10th that of identical runs
performed without the aitiEjod 6f ,alcuﬁn stearate.
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Table 11 — Polymerization Conditions for Examples 20-21

* Comparative, not an example of the invention

* polymer p

1
g
T

Ex.
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Effect of calcium stearate and zinc on nost reactor heater f ulin Zn in polymer (PPnl) Calcium stearate
in polymer (ppm) Calcium stearate/Zo ratio Fouling (% per day) 240 0 0 5.2 240 200 0.83 2.6 240 300
1.25,12405002.10.4

Example 22 — Improving the ethylene/e-olefin multiblock interpolymer process

of Examples 1-21

[215] Each of the above Examples 1-21 to produce ethylene/u-olefin
multiblock interpolymer may be repeated and a metal alkyl compound may be reacted
with an acid to produce a soluble metal ester; or an ionic surfactant may be added to
the reactor or reactor effiuent after the reaction: or a mixture comprising an
antioxidant may be added to the product under conditions sufficient to avoid
formation of significant amounts of insoluble metal or metal compounds derived from
said metal alkyl compound; or the post-reactor heat exchanger may be purged with an
inert gas under conditions to remove metal oxide from the post-reactor heat

exchanger.

j216] It is expected that the resuit will be a substantial reduction, hinderance,
or even eliminatation of the majority of foulant of the heat exchanger. Also, itis
expected that the resulting ethylene/a-olefin multiblock interpolymer product will

have an equal or improved color as compared to the product of Examples 1-21.

Example 23 — Adding Calcium Stearate

217] Ethylene/a-olefin multiblock interpolymer having a melt index of 15
and a density of 0.877 g/ce is produced in a similar manner to that Example 19.
Water is emploved as a catalyst deactivator ata 1.5:1 molar ratio with respect to the
diethyl zinc chain shuttiing agent. 500 ppm of calcium stearate (on a polymer basis)
is added to the polymer stream just prior to the post-reactor heat exchanger (PRH).
The heat transfer efficiency is measured by calculating a dimensionless U value based
on the flows and temperatures of the polymer stream and the heat transfer fluid. On a
continuous basis over a five day period the heat transfer efficiency drop is less than
about 1% per day whereas continuously producing the same product in the absence of
calcium stearate addition causes the heat transfer efficiency to drop approximately 5%
per day. The amount of fouling is dependent upon the amount of calcium stearate
employed as shown in the table below. The addition of calcium stearate at levels of
approximately from about 2 to about 3 times as high as the amount of Zn in the
polymer (on a mass basis) leads to post reactor heater fouling at a rate approximately

1/10th that of identical runs performed without the addition of calcium stearate.
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180 500 2.8 03 240 750 3.1 0.25 130 500 3.9 0.25 240 1250 5.2 0.5 Example 24- Reacting Octanoic
Acid [218]Ethylene/a-olefin multiblock interpolymer is produced in a similar manner as in Example 23
except that water was not employed as the catalyst deactivator and calcium stearate is not added.
Instead, octanoic acid is mixed with Isopar Eat room temperature and then pumped into the
approximately 17% polymer stream which is at approximately 140C and located prior to the PRH. The
amount of octanoic acid employed is 2 moles of acid for every mole of zinc in the process stream. The
efficiency of the PRH drops less than 0.1% per day over a six day period as compared to an
approximately 5% drop per day without the use of octanoic acid. Example 25 -Reacting Stearic Acid
12191Ethylene/a-olefin multinfbek intatdatymes istpmduteclin mairkilakMnranae fasiinExample 24

except that stearic acid ismpl&;{% dpstes %chﬂﬁ?&?&? aqgid. E:h% lggiciency fth@ikRH ¢Irops I(_ass
than 0.1% per day over a(fﬂg{,)day period éi%%ﬂéﬁe@,&h?r apprgximately $% drop per day without
the use of stearic acid. ratio (%o per
day)

240 0 0 5.2

240 200 0.83 2.6

249 306 1.23 1

2440 500 2.1 6.4

180 500 2.8 8.5

240 756 3.1 0.25

130 500 3.9 8.25

240 1250 5.2 6.5

Example 24 — Reacting Octanoic Acid

[218] Ethylene/a-olefin multiblock interpolymer is produced in a similar
manner as in Example 23 except that water was not employed as the catalyst
deactivator and calcium stearate is not added. Instead, octanoic acid is mixed with
isopar E at room temperature and then pumped into the approximately 17% polymer
stream which is at approximately 140°C and located prior to the PRH. The amount of
octanoic acid employed is 2 moles of acid for every mole of zinc in the process
stream. The efficiency of the PRH drops less than 0.1% per day over a six day period

as compared to an approximately 5% drop per day without the use of octanoic acid.
Example 25 -~ Reacting Stearic Acid

[219] Ethylene/a-olefin multiblock interpolymer is produced in a simiiar
manner as in Example 24 except that stearic acid is employed instead of octanoic
acid. The efficiency of the PRH drops less than 0.1% per day over a four day period

as compared to an approximately 5% drop per day without the use of stearic acid.
Example 26 — Adding a Mixture Comprising an Antioxidant

1220} Ethylene/a-olefin multiblock interpolymer is produced in a similar

manner to that in examples 1-21 except that various additives are added and the
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Example 26- Adding a Mixture Comprising an Antioxidant [220]Ethylene/a-olefin multiblock
interpolymer is produced in a similar manner to that in examples 1-21 except that various additives are
added and the amount and temperature of water is varied during the catalyst neutralization step as
shown in the table below. Iranox 1076 TM (ppm) Irganox 1010Tm (ppm) Irgastab FS 042TM (PM)
Whiteness index comments 250 200 0 46 antioxidant added before PRH 500 400 0 60

amount and temperature of water is varied during the catalyst neutralization step as

shown in the table below.

frganox | lrganox | lrgastab | Whiteness | comments

1676™ | 1010™ | FS index

(ppm) | (ppm) | 04TV

- (ppm)

250 200 0 46 antioxidant added
before PRH

500 400 0 60 Double antioxidant
added before PRH

0 0 0 33 1.5 eq water

0 0 0 27 0.5 eq waater

0 0 0 71 1.5 eq water at 75C

] 0 0 56 1.5 eq water with 5%
isopropyl alcohol

50 0 0 62 1.5 eq water

106 0 0 63 1.5 eq water

0 0 100 66 1.5 eq water

0 { 200 59 1.5 eq water

[221] The amount of zine in each final product is approximately 240 ppm as

calculated by mass balance. It is determined that when necessary to increase the
water séiubility, a small amount of an alcohol is useful to break surface tension,
Similarly, increasing the water temperature vields an increase in solubility. As the
table above shows whiteness index increases (gray color formation is mitigated) by
adding antioxidants during the catalyst neutralization step, adding hot (>50C) water
temperature during the catalyst neutralization step, and/or adding an alcohol (e.g.
isopropanol) during the catalyst neutralization step. That is if one consider the third
row as the control a whiteness index of 33 is obtained. When an antioxidant is added
before the PRH as in rows 1, 2, 7 and 8 the whiteness index increases. When hot
water is added as in row 5 the whiteness index increases. Similarly, when one adds
alcohol with the water as in row 6 the whiteness index gets higher, Also if Irgastab FS

(42T stabilizer is added before the PRI, then the whiteness index increases.
Example 27 — Adding a Mixture Comprising Water and Stearic Acid

[222] Ethylene/a-olefin multiblock interpolymer is produced in a similar
manner as in Example 23 except that a mixture of water and stearic acid are employed

as the catalyst deactivator and calcium stearate is not added. Instead, stearic acid is
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Double antioxidant added before PRH 0 0 0 33 1.5 eqwater 00 27 0.5 eqwaater 000 71 1.5 eq
water at 75C 0 0 0 56 1.5 eq water with 5% isopropyl alcohol 50 0

mixed with Isopar E at room temperature and then pumped into the approximately
17% polymer siream which is at approximately 140°C along with the water and
located prior to the PRH. The amount of octanoic acid employed is | mole of acid for
every mole of zinc in the process stream and the amount of water employed is 0.75
moles of water for every mol of Zing in the process stream. The efficiency of the
PRH can be expected to drop less than 0.1% per day over a three day period as
compared to an approximately 5% drop per day without the use of water and stearic

acid.
Example 28 — Adding a Mixture Comprising Water and Octanoic Acid

{223] Ethylene/a-olefin multiblock interpolymer is produced in a similar
manner as in Example 23 except that a mixture of water and octanoic acid are
employed as the catalyst deactivator and calcium stearate is not added. Instead,
octanoic acid is mixed with [sopar E at room temperature and then pumped into the
approximatefy 17% polymer stream which is at approximately 140°C along with the
water and located prior to the PRH. The amount of octanoic acid employed is | mole
of acid for every mole of zinc in the process stream and the amount of water
employed is 0.75 moles of water for every mof of Zinc in the process stream. The
efficiency of the PRH can be expected to drop less than 0.1% per day over a three day
period as compared to an approximately 5% drop per day without the use of water and

octanoic acid.
Example 29 — Nitrogen Purge

[224] Ethylene/a-olefin multiblock interpolymer is produced in a similar
manner to that in Examples 1-21, When polymer production is halted, a solvent is
flowed through the post-reactor heat exchanger at approximately 185C to dissolve any
remaining polymer. Nitrogen is used to pad all sotvent out of the PRH. A filter bag is
placed over one outlet of the PRH. Nitrogen is blown through the exchanger in a first
direction toward the outlet. The filter bag is removed and a new one installed at the
opposite end of the PRH. Nitrogen is blown through the exchanger in the opposite
direction. Prior to the nitrogen purge the heat transfer efficiency of the PRH is less

than 63% of the value for a completely clean exchanger while afier the nitrogen purge
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062 1.5eqwater 10010063 1.5 eqwater 00 100 66 1.5 eq water 0 0 200 59 1.5 eq water [2211The
amount of zinc in each final product is approximately 240 ppm as calculated by mass balance. It is
determined that when necessary to increase the water solubility, a small amount of an alcohol is useful
to break surface tension. Similarly, increasing the water temperature yields an increase in solubility. As
the table above shows whiteness index increases (gray color formation is mitigated) by adding
antioxidants during the catalyst neutralization step, adding hot (>50C) water temperature during the
catalyst neutralization step, and/or adding an alcohol (e.g. isopropanol) during the catalyst
neutralization step. That is if one consider the third row as the control a whiteness index of 33 is
obtained. Whentanhastioxisfant (i added theftRé! therPRid thsiAdowsths 2ilee &mah Bi¢lre whiteness index
increases. Whep,hpt water is added as in row 5 the whiteness index increases. Similarly, when one
adds alcohol with the water as in row 6 the whiteness index gets higher. Also if Irgastab FS 042TM
stabilizer is adq%galgxgkf%rgethq,PRH thep,the whiteness index increases. Example 27 - Adding a

. It ] . . ; .
Mixture Comprising ' Stéanc 8?3'['5221Ethylene/a—olefln multiblock interpolymer is produced
in a similar

ater an

j225] A post reactor shell and tube heat exchanger heat exchanger
comprising 19 tubes is employed to produce a LLDPE (1 M1, 0.920 g/cc) in Isopar E
at 23% polymer concentration. The pressure is reduced at the inlet pressure such that

the AP (psi) {inlet pressure-outlet pressure) varies as shown below.

Run AP
{psi)
Run 1-A 39
Runi-B 38
Run 2 48
Run 3 11
Run 4 188
Run 3 197
Runé 187
Run7 210
[226] Extremely high gel contamination levels are obtained beginning with

run #3. This increases when maximum tube boiling is reached in run #4. During
these runs a high degree of oxidation in both large and small pellets may be observed.
This oxidation turns the pellets and film gray. Microscopy of the gels and particles
shows high concentrations of severely oxidized, crosslinked polymer typical of
surfaces in the devolatilization system. Such material requires longer periods of time
to form and is likely not produced by the boiling heat transfer. Rather, the degraded
polymer may originate from dislodged long-term buildup in the exchanger tube walls
by the vigorous percolation effect of boiling. Gels decrease during run #4 and
following. This suggests that the boiling action may clean the exchanger. Run #7,

which is a repeat of run #4, also results in a high level of gel.

[227} Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it will be
readily apparent to those of ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made thereto without

departing from the spirit or scope of the appended claims.
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manner as in Example 23 except that a mixture of water and stearic acid are employed as the catalyst
deactivator and calcium stearate is not added. Instead, stearic acid is mixed with [sonar E at room
temperature and then pumped into the approximately 17% polymer stream which is at approximately
140C along with the water and located prior to the PRH. The amount of octanoic acid employed is |
mole of acid for every mole of zinc in the process stream and the amount of water employed is 0.75
moles of water for every mol of Zinc in the process stream. The efficiency of the PRH can be expected
to drop less than 0.1% per day over a three day period as compared to an approximately 5% drop per
day without the use of water and stearic acid. Example 28 - Adding a Mixture Comprising Water and
Octanoic AcidM@@BiBthylene/a-olefin multiblock interpolymer is produced in a similar manner as in

Example 23 gxcept thata stk eoafowaier@nd ealapriagidirta emrloy srkanig.catalyst deactivator
and calcjum stearate is not added. Instead, octanoic acid is mixed with Isppar E at room temperature

and theR st BRTG st p B PRI RIS s R ShAsargRICHY TR RISSSIhtely 140C along
with thesgiatatsaifigvo eatackppislyitetizedR Rk ardmnditiering octhanicaoibeypidyed is 1 mole of acid
for every mole of zing in_the ,process stream. and the.amoun er employed.is Q.75 moles of water
for eveﬁy%ﬁ%f%@r? ee%ar%”?:egsfg% remé%‘%l.mﬂ?gr% iélae}%éc)%"/{ tég}?é’g@@mrg%%&éggﬁ%e‘g 5 %o drop less

than 0.¢08pesuipysitiparvdierradhgapperidiba s chamsirdtedd un wbiwosdmadencbobatrolper day without
the use of waser anqwm%gggiﬁg}ga@@mgl@@&@M@Q@ﬁeﬁg@ggggﬁgﬁgwg@e/a—olefin multiblock

interpolymer js produced in a similar manner to that jn Examples 1-21. When polymer production is
halted, B &R ERETSSHAWBE TSR G o STPE e S AE NG &F eBpPE ihately 185C to dissolve
any rerdadrictgripotymer. Nitrogen is used to pad all solvent out of the PRH. A filter bag is placed over

one outlet of the PR Nittagen isblowa.{uauab ihe £x6hangshinairsteiiacionianard the outiet

The filter bag is removed and a new one installed at the opposite end of the PRH. Nitrogen is blown

througlFighestistiinger M p pisaits Breetdsh LPFiet to the nitrogen purge the heat transfer efficiency
of the PRH is less thaytielé: ehéhaoualus: iaaortatalelean.exch@ugenwinhe aften the nitrogen
purge the heat transfer.efficiency of the PRH is greater than 90% of the valye for. a clean exchanger.
Bl B O SR IR 5b rA  DAeh EchUR OB L2l B8 hoat

exchanygerohaprisisrg 19 tubes is employed to produce a LLDPE (1 MI, 0.920 g/cc) in [sonar E at 23%
polymer concentratigs.. ReREs B iBSRAUERABLINE SNIStREeSIUIRAUE IRt the AP (psi) (inlet -

pressure-outlet pressure) varies as shown below. Run ap (psi) Run I-A 39 Run 1-
degrees Celsius, and’a density, d, in grams/eubic centimeter, wherein the numerical values of Tm

and d correspond to the refationshipy:
T > -6553,3 + 13735(d) - 7031.7(Q); or

(4) an Mw/Mn from about 1.7 to about 3.5, and 3 heat of fusion, AH in /g, and &
deita quantity, AT, in degrees Celsius defined as the temperature difference between the tallest
DS peak and the tallest CRYSTAF peak, wherein the numerical valoes 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 af least 5 percent of the carmulative
polymer, and if less than 3 percent of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAF temperature is 30°C; or ' '

(5) an elastic recovery, Re, in percent at 300 percent sirain and 1 cycle measured
with & compression-molded film of the sthylene/o-olefin interpolymer, and has a density, d, in
grams/cubic centimeter, wherein the nusmerical values of Re and d satisfy the following
relationship when ethylene/o-olefin interpolymer is substantially free of a cross-linked phase:
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38 Run 2 48 Run 3 111 Run 4 188 Run 5 197 Run 6 187 Run 7 210 12261Extremely high gel
contamination levels are obtained beginning with run #3. This increases when maximum tube boiling is
reached in run #4. During these runs a high degree of oxidation in both large and small pellets may be
observed. This oxidation turns the pellets and film gray. Microscopy of the gels and particles shows
high concentrations of severely oxidized, crosslinked polymer typical of surfaces in the devolatilization
system. Such material requires longer periods of time to form and is likely not produced by the boiling
heat transfer. Rather, the degraded polymer may originate from dislodged long-term buildup in the

- exchanger tube walls by the vigorous percolation effect of boiling. Gels decrease during run #4 and

- following. This suggests that the boiling action may clean the exchanger. Run #7, which is a repeat of
run #4, also résustsiin-adagihylewel of gel. [2271Although the foregoing invention has been described in

some detail by way of illustration and. example for purposes . of-clari nderstanding, jt will be readily
apparent to those o r%lpr}(a)tt%‘/: %?%Iﬁ%'%ﬁg gﬁ}m ﬁ%ﬁ%%é:g &ge%%@r?ﬁlaa%%ﬁqswﬁ%% %’r?rfﬁqﬁfl certain
changessisd Ridditlandedznddy Bet thadaatierdms withbutempeeting droientiod dirttdr scope of the

append[[%ﬂceiﬁim@er\%mf%;&:ﬁ%ﬁ@éﬁ%ﬁ%ﬁmﬁ@%@a&&éhw&ﬁ%@%ﬁg‘b@%@ock

interpolyrner which comprises at least 50 mole percent ethylene and is characterized by multiple
blocks B°<EGIREMETI R SPRTIPSPOGRBRRE MBRUHEPVRE iFRRNE: kasdhsitamer physical
propertiesmanch(@) mblak estelt inden, amsiint ol orrkOpamde: OH60 pasedeasasd wistbe weight of
the co %&Mgr%%pﬁ&&m%&%l %E%'ggﬁg%dmpé/ a Q}itgr}:gss index of above 50.

The composition of Clai wherein the ethylens/a-oletin rﬁlljﬁlbjl'oc%lntel-polymer is characterized
before any crosslinkifkpBiPiEae BeGERLEINE. 1GTIBW - ehdfeidaetistivgdulus at 100 °C.

(' (100 *C), wherein the ratio of G'(25 °C) to G'(100 °C) it in the range of about 1:1 to about 9:]1.

3. The composition of one or more of Claims 1-2 wherein the metal ester is a
substituted or unsubstituted aliphatic metal ester comprising from about 6 to about 30 carbon
atoins wherein the metal of the metal ester is a transition metal, Group IIA metal, Group IITA
medtal, or & combination thereof.

4. The composition of one or more of Claims 1-2 wherein the metal ester is zinc
stearate, zine octancate, calcium stearate or a mixture thereof and wherein the metal ester is
present in an amount of from 200 pprn to 1000 ppm based on the total weight of the composition.

5. A reaction process which comprises:

(1) reacting o mixture via a reaction to form at least one product comprising;

(a) an ethylene/o-olefin multiblock interpolymer comprising at Jeast 30 mole
percent ethylene which is characterized before any crosslinking by one or more of the following
characterigtics:

(1) an average block index greater than zero and up to about 1.0 and a molecular
weight disiribation, Mw/Mx, greater than about 1.3; or

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

(3) an Mw/Mnu from about 1.7 to about 3,5, at least one melting point, Tm, in
degrees Celsius, and a density, 4, in grams/cubic centimeter, wherein the mumerical values of Tm
and d comrespond to the relationship:

T -6553.3 + 13735¢d) - 70517 or
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(1) 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
40C and 130C 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/lvin 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; T,"> -6553.3 + 13735(d) - 70513(d)2; or 4)
an 1vlwfMn from about 1,7 to about 3.5, and a heat of fusion, AR 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 AB have the following relationships: AT >

-0.1299(61-1) + 62.84) lorVNEERsaE 453t 767 3BSkDIIS it ATundBRHaR AL Ledsater than 130

Jig, wherein the CRYSTAF k is determined using at least 5 percent of the cumulative polymer,
it ISR o R SSEEFES BRI BEA TR AR ARG DKM IEERY STAE

temper&fifepisi8 0@, toe tallest CR {HIahT glarti ovhecow ény niRecrina exten bARIONP S Rintestiain and 1 cycle
measuri%ﬂawmgq,&&mmgéion-molded film of the ethylene/a-olefin interpolytner, and has a density, d,
in grams/cubic’centimeter, wherein the numerical values of Re and d satisfy the following relationship

when ethylené/a-otBfl e oihet st smaatrbeneedmdomysiBAé phase: 89 Re
>1481-1629(cATor 48°C for A6) @-melaaiandrpgtion which elutes between 40C and 130C when
fractionated using TREF erized in that the fraction has.a-molar cgmonomer content of at least
5 percent higﬁ%lgge? %nLE § ofer}c% %&grﬁﬁ%‘efé%% N %Sﬁﬁtg?ﬁcgmﬁ S99 iting between the
same teniparatandsf lehaheindgriteot niibe gblgmantrsmeadaylfnblintRBEIATpdaksihe thame
COMONQREEI W RATAEBiIREEY, density, and molar comonomer content (based on the whole
polymer) within 10 percent of that of the ethylene/a-olefin interpolymer; or (7) a storage

modulus at 25 C, G'(PE e alitrerataradeenidvairi 26 Rercant Atipardvissrls maseiredio of G'(25 C)
to G' (1681C) dsrimiheisangdded Abawuk fid dbyibous-91din int@pJipeompositionafigne, o more of Claims
1-2 whergej l. ester is, a substituted or unsubstityted aliphatic metal,ester comprising from
about gtgi%%%%’t%%é%ér Som gtoeﬁén\i%ei}%?ﬁe{ﬁgyr‘ﬁ%gfg ﬂeal?n% g?téss{%(e{ﬁ%%hﬁgﬁ%ﬂon metal, Group II1A
metal, Glatipniin vhenglyteacionipiindnsmpolxnssts subsanipndydern pbsitkors dinkaé mwsmore of Claims 1-2
wherein the meialiasierdsozincostearate, zinc octanoate, calcium stearate or a mixture thereof and
wherein the metal e?é r isoqreﬁgrnéin an amounf of from 200 ppm to 1000 ppm, based on the total
i :

weight of the compoSHibRIeCHar Ragtion which slutes betwren 40T ARddd0 TG Yeetdiisioradiure via a
reactiontofOPREH! tbagtoriespioduttisofmotiemigs a molar@nanathylenca-ofefitenidtiblock

interpolymer, comRKigiag Al sesLR %?e%{&&ﬁteﬂ{?té@}ﬁt%%&é’l %Ef%?f@ﬁiéﬁg sl any

crosslinking by one or more of the following characteristics: an avera cK index greater

than zel AHEAUFTBeABYEE O R SiheAsRrAP ' Epra RRTLRe R Mol bay diftetian about 1.3; or
(2) at |leastanem@lecu|hssfrantiv midricleeliie sshetvaetodotaee 306 when faatiomated using TREF,
characterjz ?? H?l%}t fracti lock index of at least 0,5 and up to about 1; or (3) an
Mw/M ugfrgr%%a outl.7 tgéﬁ%ﬁ%%&?g? %gg‘h(lgﬁl%mrﬁe?tll% E)%Frw,mﬁ’rlﬁ?rmaaegrees Celsius, and a density,
d, in grams/cubic ceffirmirsresvredsins e h im e Yalved oftTreamddibisrasdBiid. to the relationship:

Tra> -6653 () *CA3Bakh thd ORib HB229FC) to ('(100 °C) is in the range of about 1:1 to about 9:1;
and
() a metal alkyl compound, a metal oxide, or a mixture thereof; and
(2)  pessing said product to at Jeast one post-reactor heat exchanger;
wherein the process is characterized as comprising one or more of the following steps:
(i) reacting said metal alkyl compound with. a soluble carboxylic acid under
conditions sufficient to produce a soluble metal ester; or
(ii) adding an ionic surfactant after the reaction to form at least one product
comprising a metal alkyl compound, a metal oxide, or a mixtute thereof; or
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(4) an Mw/Mn from about 17 to about 3.5, and a heat of fusion, All in 1/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) + 6221 for All greater than zero and up to 130 J/g, AT > 48C for All 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 has an identifiable CRYSTAF peak, then the CRYSTAF
temperature is 30C; or (5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and has a density, d,
in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following relationship
when ethy'ene/a-O'@W InigrRalymakis cbsiantalaies ha §eRsHRIRReR.REt 1481-1629(d); or
(6) @ molecular fraction which elutes between 40C and 130C when,frac{giqna_ted using TREF,
charactEWEUIIHM At IETPERUR HaLo i ar LoA0rofRey e melrh MY B cent higher than that
of a comparadle kanuom Rkl enadnlemosmes fadtahfeinitng hetalediythensammeitemperatures,
wherein said compatable random . interpolymer h ? and has a melt
index, densit§,‘ and(;yri%lj%lerga gom %ng%tgrx @1%1§1§&%%%ﬁ%1ﬁ ?%%‘%ﬁ%%%%%‘p&%ﬂg 0 percent of that
of the ethyrsrbsa wlefivrand Aliohatireabexylic acid hpvingsigsehpis i sbarpdzab@eiansand a storage
modulus at 10 C, @il QQ G Whetsintieialio Wi mEhiank thaRGliétthedprge of about 1:1 to

about 9:1; and (b)a metal alkyl compound, a metal oxide, or a mixture thereof; and (2)passing said

product 8t 1EEs PR B H A BT HES B%RENnger; wherein the process is characterized as
comprising ofe or ritheacattion potosdng Cldpss wheresin tiE) sdatkingbaiglimetdd afki) iseampound with a

soluble, el SpmsLcantlRNA TG AR RLARES:PLROBIG MRl ASlah Y (i

adding an ionic surfactant after the reaction to form at least one product comprising a metal alkyl
compotinaisavheett Brimeted phtkizattie ksl epmroynd is a transgigngaeit grapR IR Brrising an
antioxidapttenthepsadueteiring catalyst neutralization at a temperature of from 120C to 200C to avoid
formation of sjgnificant amounts of nsgluple. peial or metal campgunds, fgived from spid metal alky
compound. 6. THE Feactio process o ‘BiaimBwherein the soluble car %xy ieracid ot ()isa
saturatedeoted freatuhatadiaiphaticearboivglicluvic waving fibivrabout 6 to about 20 carbon atoms.

7. The reaction procassofflaipBanareinths salbliearbomnilicetifioldlisalearepgid, octanoic

acid, or a mixture thereof, . The reaction pracess, of Claim 5 wherein_the soluble carboxylic acid of

(i) is a ScbdatGtis iRt SORToa SoH St S b YEPEBH & fisi 2B EB %6 %bout 30 carbon

atoms whereinithe rilstataftihrepmetal aliGihonhpbensih ikhaitrdosititnmesd i Gnoufadd 5A metal, or a

Combi”f%&gﬂcﬁ&%ﬁ%@eﬁcte@&I&%&&%ﬂ%ﬁ&&ﬁ%&%&@ E{}%ﬂ&?ﬁi{}&%ﬁﬂ;ﬁ%@%@}%eta' alkyl

compound Is selected from the group consisting of zinc, aluminuim, and g . The reaction
proces§grORASIditemdmEFuEERtRESbluble metal ester of (i) is a metal ester having the formula

Zn40(enH20t1£02)6nwhareishpisclamr ahaut b tetrboutdBom sididard hentaagtinns gecess of Claim 3
wherein the ionic surfactant of Q!;)t cOmpris

kel nTET T A AR B TRy AT e, G PR o ST R 15 The
reaction procéds of Thaireadtionprenshy obldiim Srdzaie i atidesddaficrf (hb iesebtismlificaratio of calcium
Stearat@lgogmgg%bggim R iaRevHL L QRAMIIIRERUS phenyl phosphites, and
miixiores thereof, |
14, The reaction process of Claim 13 wherein the antioxidant of (i) is selected from
the group consisting of di-octadecyl-3,5-di-tert-butyl-4-hydroxyhydrocinnamate,
benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-d-hydroxy-, 2,2-bis[[3-[3,5-bis(1,1-
dimethylethyl)-4-hydroxyphenyll-1-oxopropo, tertiary butyl phenyl phosphate, and mixtures
thereof.,
15,  The reaction process of Claim 5 which comprizes:
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13. The reaction process of Claim 5 wherein the antioxidant of (iii) is selected from the group
consisting of sterically hindered phenols, sterically hindered phenyl phosphites, and mixtures thereof.
14. The reaction process of Claim 13 wherein the antioxidant of (iii) is selected from the group
consisting of di-oetadecy1-3,5-di-ted-butyl-4-hydroxyhydrocinnamate, benzenepropanoic acid,
3,5-bis(1,1-dimethylethyl)-4-hydroxy-, 2,2-bisR313,5-bis(1,1-
climethylerhyl)-4-hydroxyphenyl]-1-oxopropo, tertiary butyl phenyl phosphate, and mixtures thereof,
15. The reaction process of Claim 5 which comprises (i) adding calcium stearate after the
reaction in a ratio of calcium stearate to metal of from about 1.5;1 to about 3:1 on a mass basis to form
at least one fidatemesHiphais s aardhe feasiap Sun sty RicEr smdE BB Cthereof; and

(iii) adding asnbtise COBRIINGAR antivtdant telpatechit om thedgrotmaensigtingeofi
dioctadecyl-3,5-di-tert-buty1-4-hydroxyhydrocinnamate, benzenepropanoic acid, 3,5-bis(1,1-
dimethﬁﬁgyﬁﬁﬁﬁqﬁrﬂér%xmﬁ%z?yg%ﬁé},{g%%(éﬁ?ﬁ%& ylethyl)-4-hydroxyphenyll-1-oxopropo, tertiary
butyl phenyl §iiosgtiisues svchnsixtmessing fochitiridep sdersedmoer o st pansigiiaehtio avoid
fOrmat&&&%!‘a?l%}ﬂﬁﬁ%@ﬁﬂ%%ﬁﬁﬁ&ﬁ?ﬂwR!%HQ&?Mr Meialaompambids datved Fomg3id metal allcyl

compound. Ib.(new claim) A reaction process which comprises: (1) reacting a mixture via a reaction to
form af ady By Pridt B mprishit! '[B*S'blfg)’]a“ﬂ%‘ﬁwygr‘i]é?g-ﬁ AR Ok TSR Aner
comprigifig-ablegstind yhelepancs nhe thitenes wiehfiscchanrottiir endbetordidnys endfisikrking by one or
more of the following characteristics; verage b 'cQJ .U%g%g{o and up to
about Vé:’rllcdg 3%%%& ?arg' § e%ﬁ}‘d?g%ﬁ%ﬁigg, c\)/%1 ln?a%ggfeﬁ%%n gﬁéﬁ%ﬁ?‘%{@g (2) at least
one medstuiirliriictonwvieiielutes between 40C and 130C when fractionated using TREF,

characterizeddn thatthe.fragiandiesa blessdndgsebatdeast 0.5 and up to about 1; or (3)an

Mw/Mn from about 1.7 to about 3.5, at least one melgg%goint, m, in degrees Celsius, and a density,

d, in grams/cHB ISR SIEEEAL & AFHOR i erme AF 44 o oy YPfespond to the relationship;
> -6553.3 + 13735(th) air b ¥ e 20lefin multibl¢dl ancifuliier ronpadiogtillsadastbomit 3.5, and a heat of

fusion, ALl 200 ASIR SN ARl SoUBER ERISO RS A B RmpRIRre diference

betweén the t ¢ peak and the tallest CRYSTAF peak, wherein the numerical values of AT and
Ali haveWstsiideing relationships: AT > -0.1299(A11) + 62.81 for All greater than zero and up to 130
Jig, AT > 48C for 611 ghieatesdhmack3ididreaterthaieiid BeIGRSTAE peakiis selasined using at
least 5 percent of the ¢ u!@;ive olymer, and.if less than 5 percent of the polymer has an identifiable
CRYS&E%E% tr,l ﬁgﬁnf?l%l ?g &#@ﬁ%’p@r"a} tuIrtlagiso %OC; or (5) an elastic recovery, Re, in
percent at 300 percénutirashoananelestr medeurddol rhigsduisrasdidnamblde@mienf the

ethyleng/a:9lefin IRigEPObEPes AR Rasia O8RS Fholibe RS st ReR MR iessvuesgin the numerical
values of Re and d satisfy the following relationship when ethylene/a-olefin interpolymer is

substalBit§RBkloPR cross-linked phase; Re >1481-1629(d); or (6) a molecular fraction which
elutes between 40G 3 nd ¥B0Ewinen fhactibidtetbusiAd , HRER] chanadtagzedinTimaithe fraction has a

molar cauinemer copieatelablenst abRRaRIGNGL A IARLA camBRANIa A ethylene
y uting between

interpolymer fraction e t n the same temperatures, wherein said comparable random
ethyler@driteppsnpomst tidbeFlaamiomonomer(s) and has a melt index, density, and molar
comonomer epptertfaased I wilepaieer) within 10 percent of that of the ethylene/a-olefin

interpolymer; or a sforage modulus at,25 % )5, 20FAstor odulus at 100 C, G’
(100 QC), wherein tﬁ%% |0W%%&??§%ﬁ%8b8%% t ‘%a%pﬂg‘é%a salt %u%%ﬁ a ou&t 9;1; and (b)a
metal adkigh qompound, fndrsrsboiidenodeiinikas ibaumpeptaigdlifferance between the tallest

DSC peak and the tallest CRYSTAF peak, wherein the numerical values of AT and AH have the

following relationships:

AT = -0.1209(AH) + 62.81 for AH greater than zero and up to 130 Vg,
AT > 48°C for AH greater than 130 J/g ,
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(2)passing said product to at least one post-reactor heat exchanger; wherein the process is

« characterized by one or more of the following steps: (i) reacting said metal alkyl compound
with a soluble carboxylic acid under conditions sufficient to produce a soluble metal ester; or
(i) adding an ionic surfactant after the reaction to form at least one product comprising.a metal alkyl
compound, a metal oxide, or a mixture thereof. 94

wherein the CRYSTAF peak is determined using at least 5 percent of the curoulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then the
CRYSTAF temperature is 30°C; or |
(5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle measured
with a ¢compression-molded film of the ethylene/a-olefin interpolymer, and has a density, d, in
grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following
relationship when ethylene/u-olefin interpolymer is substantially free of a cross-linked phase;
Re »1481-1629(dY; or
(6) 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 temperatares, wherein sald comparable random ethylene interpolymer has the same
comonomer(s) and has & melt index, density, and molar comonomer content (based on the whole
polymer) within 10 percent of that of the ethylene/o-olefin interpolymer; or
(7) 2 storage modulus at 23 °C, G'(25 °C), and a storage modulus at 100 °C,
(3(100 *C), wherein the ratio of G'(23 °C) to G’(100 *C) s in the range of about 1:1 to ahout 9:1;
and
(hy a xmetal alkyl compound, 2 metal oxide, or a mixture thereof: and
'(Q) passing said product fo at least one post-reactor heat exchanger;
whergin the process is characterized by one or more of the following steps:
() reacting said metal alkyl compound with a soluble carboxylic acid under
conditions sufficient to produce a soluble metal ester; or
(iiy adding an ionic surfactant after the reaction to form at least one pfaduct

comprising a metal alkyl compound, a metal oxide, or a mixture thereof,

94




