CATALYTIC OLEFIN BLOCK COPOLYMERS WITH CONTROLLED BLOCK SEQUENCE
DISTRIBUTION AND AT LEAST ONE LOW CRYSTALLINITY'HARD BLOCK 5 CROSS REFERENCE
TO RELATED APPLICATIONS This application claims priority to US Provisional Application No.
60/949,690 Kty 4tidtiey docket number 66258, filed on July 13, 2007, WhicHI& KEPetdhcorporated
by reference in its entirety. This application is related to the following 10US applications, all filed
provisionally and concurrently with this application and having attorney docket numbers 66257, 66259

and 65862: Serial No 60/94 , ial ( 949,670 all of which are
herein incorporated by re éﬁ%%%%%Zﬁ%%Qéﬁ%ﬁﬁﬁ%gﬁﬁmmn relates to catalytic
olefin block €&pbiiard withtd. CeitroHEHBINER SR ERISHEEITIS0H utidn AR BASASDBISLIOW crystallinity
hard block. BACKGROUND OF THEINYEN TN v 121 BI9§ enpelymers comprise sequences
("blocks") of monomer units, covalently bound to sequences of unlike type. The blocks can be
connected in a variety of ways, such as 20A-B in diblock and A-B-A triblock structures, where A
represents one block and B represents a different block. In a multi-block copolymer, A and B can be
connected in a number iffere ‘t‘wagﬁgaé\‘%ge repeated multiply. It may further comprise additional
blocks of different type. Mtiiti=bto :%pUIylnmawg' e Ri-block or multi-block star
polymers (in which all blocks bond to the same atom or chemical moiety). 25[3] A linear block
copolymer is creatBHSAPREFHARD S1HIS i BBy edr FrioRyétraa  srimbretEm Chethitdt e8nposition are
covalently hordedinasendda-end-tasaios, Whilsnawide vaxietysi-hlrakcopolymer architectures are
possible, m%%%plolgk %%pg,@/ﬂggcseiﬂvi Sl\éettrg:? cayalent pco?ding o‘t Qacfg %Ia%ti blocks, which are
substantially cry%?a? Ine or gFassy, to'8lastomeric BIOEKS 6?%1%56 %%rrﬁoﬁfaé} i¢ &4stomers. Other block
copolytiersUsusiizsyaiibel-flghbeo elembrried etastorrsly, wihsbigiapscaivd gidss-crystalline block
copolymersy afa 2kseRossikie.anthaydaaye 6emmsiciakinperance, cofib@og method to make block
copolymers js to produce a "living polymer"”, Unlike typical Ziegler-Natta polymerization processes,
living polym%%t%)oh ?ﬁfgé%é@%g" a\%ﬁlfé %Iﬁ@%/i?ﬁﬁﬁﬂgﬁihﬁd@ﬂfgﬁéﬁéﬁﬁﬂ@fgﬁ?ﬁﬁﬁ%swntialIy lack
chain termibatrefgside. reactions. This permits the synthesis of predetermined and well-controlled
structures desired in a block copolymer. A polymer created in a "living" system can have a narrow or
extremely narrow distribution of malgguiaoweightiamad:Reressentially monodisperse (i.e., the molecular
weight distribution is essentially one). Living catalyst systems are characterized by an initiation rate 10

which is on thecli?rder of gfexeaeds e RIoRAGALIAN. @g%nmg@&?ﬁgg&gew%tgrminaﬂon or transfer
e

reactions. In addition, these catalyst systems are characterized by the presence of a single type of
active site. WB?HB%EE’%FI%F@H%H%%W&? BBPHBITAECHT X PDEizRiGAPRieEss, the catalyst must
exhibit living characteristics to a substantial extent.  [5] Butadiene-isoprene block copolymers have
been synthesized via anionic JEkic 3R diHg the ightial monomer addition technique. In
sequential addition, a certain amount of

[2] Block copolymers comprise sequences ("blocks™) of monomer units, covalently

I
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bound to sequences of unlike type. The biocks can be connected in a variety of ways, such as
20 A—B in diblock and A—B—A triblock structures, where A represents one block and B
represents a different block. In a multi-block copolymer, A and B can be connected in a
number of different ways and be repeated multiply. it may further comprise additional
blocks of different type. Multi-block copolymers can be either linear multi-block or multi-

block star polymers (in which all blocks bond to the same atom or chemical moiety).

25 [3] A linear block copolymer is created when two or more polymer molecules of different
chemical composition are covalently bonded in an end-to-end fashion. While a wide variety
of block copolymer architectures are possible, most block copeolymers involve the covalent
bonding of hard plastic blocks, which are substantially crystalline or giassy, to elastomeric

blocks forming thermoplastic elastomers. Other block copolymers, such as rubber-rubber



one of the monomers is contacted with the catalyst. Once a first such monomer has reacted to
substantial extinction forming the first block, a certain amount of the second monomer or monomer
species is introduced and allowed to react to form the second block. The process may be repeated
using the sam& Bttt ¥nionically polymerizable monomers. However, etR{ERE2OHPISIer
a-olefins, such as propylene, butene, | -octene, etc., are not directly block polymerizable by anionic
techniques. [6] Recently, a method has been described for a process of catalytically making block

copolymers with a controlled sequence distribution in pyblication W02007/035485. As discussed in this
publication, %%V\?ﬁééfglﬁﬁé ean kRoWn i %g“tspaérfé/r%ﬁjg?ss«g %Pglﬁl%g %:qf)%)gl?-? ype 28 strtic uorség]% en have
superior properiies baraparetete thindsireapolymers and blends. For example, triblock copolymers of
styrene and butadiene (SBS) and hydrogenated versions of the same (SEBS) have an excellent
combination of [Hé¢étxesistarce mnkk ¢laskiciiyolQther blogkebpelyrmensardalse knaya in the art.
Generally, r ther astic.elastomers.(TPE) have desirable properties due
e s e o
glassy blockBifiH{AR WSFREPAAYHAR FIORE fofhireratiatesl b thadomunaitn peratins orglbes transition
temperaturgefihe harghsegmentscdthennabimsis-dpmonsinate elasiemerisaharasien: At higher
temperatures, tor}e1 &?Iyﬁper g%gggna?egowaHIe., exhibgtin th%rmo lastic behavior. Known methods of
preparing biock copolymBrs Thallide aniohic pofmenzaton Ana cBHtdlcH FES A EATBEymerization.
Unfortunatefistthetiemeétholdsubh preghiring boskecopblymeedireensire seduentiat whoneiger addition with
polymerizatmﬁ&{@dﬁtiy@sm&mﬁtﬁ@sﬁ;@@%&Qﬁz%@g%@&@ﬁ@9&@:{&&@%@3&9%&%@&%&mployed in
such methods are limited. For example, in the anionic polymerization of styrene and butadiene to form

a SBS pe BIBCk &SP ANITEr Q5 8h PTG A SR FERRFAE 4 MsharbisRsEic SHBURESE Mitiator and the
resulting polyamdes lnaverextiemelyinatew molbsulastwveight diststbtiied tViéMrespreferably from 1.0 to
1.3. That is Jhaghuuer dlock enalhs e suhsienialydeical AdRaall, apienig and free-radical

processes are relatively slow, resulting in poor process economics, an readily adapted to
polymerizatR5AceTaliefeyst It RANGHI Bre (hEraBIS 6 srotubamibeleespblymers catalytically, that
is, in a process wherein more than one polymer molecule is produced for each catalyst or initiator
molecule. In add8it@wadiwoiddobahigty desitables foprbciice vbpotyrersshaving@yopertissmresembling
block cgpolygmers.frem.elefin,Rasemersiaush-as.aihyIens. jrapylens:and.Righer alphas orolefins that

are generally unsuited for use in anioni¢ or free-radical polymerizations. In certain of these polymers, it
is highly de STl EBRIE dF P BEtHLpO RSP BISE LCeoh e HrRGPARONE patyRieRIRich as a
copolymer efiethytehexandiacimong mefirgdpediall yeamo ephous diind oemono pedymgsseomprising
ethylene ang o fse BB navig.3 ok MALE.SRRON AT, FRg!K. LUoW'H 08 deRIBRIE. L0 piepare

a
pseudo-block or block copolymers wherein a substantial fraction of the polymer molecules are of a

controlled bP§ERPRHfTHEINS SearafyP UBISCRY Br b a8 Bue N BrIPIRES DistkeNsagiisare a most

probable distidbutian-tathes, dan ddenijcaler meardly identicakhlogk lpngthsy bi8iit would be useful to
produce add(i}f'olr}}lig}!ig%@bblgglk clo;gglp{mers which are based on ethylene and a-olefins and have at
least one loWw grysta |n|ty}har8]bfocﬁ. BHRiMARY [9] In a first aspect, there is provided an
ethylene/a-olefin interpolymer comprising two or mare substantially homogeneous intramolecular
segments or bI[(%l&e‘&%}ﬁr?s'??ﬁhaﬂ%?r?@e@kpé’ﬁﬁfé%qdoﬁobP\?E‘?S%ﬁsﬂfocﬁézllﬂ’égfﬁgaiﬂafﬂﬁ%m?%cuIar segments
characterizedpbiypessessingoatmibst sprobeblé miblecul ar pudightidistribotionioysheseinthe

ethylene/a: gIeiMINERAMIBREAMPHIES AN RedMENh A A1 ssRment g wherein: (@) has a

Mw/Mn from about 1.7 to about 3.5; (b) has an ethylene content in the gmentin the range of
from 68 WISHHS G5 TS HAL B HaEREcHH tGRIPRBHdATaPCUn roRelpar dsbbjavent 1®) () has a hard

segment campositianthal depst 40kbo Bl ieast Haemeiing (BBt adhyindegiees&Galsivsrand an
wherejn the numerical values of Bt al’ll) Xf% Cc2

amount of %@éjemng &ﬂ%%&g er%enéilwtt%ogl 1 0 sistance and elastcit er
correspond to the ré ationship: BOCSTm> .fﬁ%‘tw fz&f) - %46.‘?3; or iﬁfWas a hard segment
compositio§PPIEESthan dovknariedhe at. Generally, block copolymers known as thermoplastic
elastomers (TPE) have desirable properties due to the presence of “soft” or elastomeric block
30 segments connecting “hard” either crystallizable or glassy blocks in the same polymer, At

temperatures up to the melt temperature or glass transition temperature of the hard segments,



one melting point, Tm, in degrees Celsius and an amount of ethylene in weight percent, wt% C2,
wherein the numerical values of Tm and wt% C2 correspond to the relatlonshlp 80C>Trn<
4.1276(wWt% C2)-- 264.95; or (iii) is characterized by an average block index greater than zero and up
to about 1.0 and a molecular weight distribution, MW/MS, greater than about 1.3; or (iv) has a
molecular fraction which elutes between 0C and 30C when fractionated using low temperature TREF,
characterized in that the fraction has a molar comonomer content of at least 5 percent higher than that

of a comparable rando %n ethYIene |nte pro (}"’Q erfr t@@h?éﬂ% @,ﬁ.{g the ﬁﬁp@getemperatures

wherein séﬁf&? R 7t ene interpolymer has the same comonaomer(s) and has a melt

index, densﬁgc}mﬂuwm cehﬁm%ﬂt@@ﬂ?ﬂéﬁ%b@?é@%nﬁﬁ%ﬁ%ﬂ@%l%éﬁ%ﬁﬁl % percent of that
of the ethyleng{ﬁngrgfﬁ wggg%gegw&t%ag@@ﬂmmtm gipyiensgontent in wt% and log

molecular ngg tsuc d of etherne conient vs | molecular wexgnglas measured by

GPC-112 hasanmias) tess|Bsdot YregiE o ARF 5. (d)Ras A turbidity measurement of
a 1.0 wt% gelutionsefit ﬁﬂ%ﬁﬂiﬂﬂﬁt@h@fuﬁmtmm@ymsmlm AEESohASBleR ShriTidtecane of less

than or equalt that facom rab Rolymer wherein the compaabie copoheshas the same
DSC enth&fi gejﬂﬁ? Zhta i %n éggov%/%hm 5 J/g and theséame overall e%i?tene content within

10%. [10]Infa@m@@e@@@@@ﬁ&ﬁ&@d}%ﬁjﬁﬁﬁweﬁ‘%@ﬁ iRCLYRSEHeE EiRTiSing two or

more subsg%néﬁg%%m&%g@%ﬁg@m@mél%gm@@qgsmmbi@m&aenmﬂem@mmrmg chemical or
physical properties, said intramolecular se me%t act {%ed b}/ PRSPESHID n%g ost probable
molecular W@W@lw}%ﬁﬁ%ml ?% mterpolymer comprisés a hard segment

and a soft segemeniane wisteinsily xc(ﬁjuheis &MWMYEWWW%MTSCSSS@S ) has an

ethylene content.in he har men t&g Eaéagg %&o%@&y%wa@g&@@sed on based on total
Monomer 53%?‘5%]% i Rare Ss‘i'j'egnﬁg 1% S ) (1) h%s a hard segment in an amount of at least 40%, at

least one peEjtineripgiot qu qtﬁ@@grees CeIS|us and an amount of ethylene in weight percent wt% C2,
wherein the numerical values of Tm and wt% C2 correspond to the relationship:
[71 It would be desirable to produce block copolymers catalytically, that is, in a process

wherein more than one polymer molecule is produced for each catalyst or initiator molecule. ‘
In ddd;tion, it would be highly desirable to prod*uc.e cof&elymers having properties resembling ‘_
blot:k eopoiymers from olefin monomers such as ethylene, propylene, and higher alpha- e
oleﬁns that are generally unsuited for use in anionic or free-radical polymerizations, In

certam of these polymeis, it is highly desirable that some or all of the polymer blocks

comprise amorphous polymers such as a copolymer of ethylene and a comonormer, especially
amorphous random copolymers comprising ethylene and an a-olefin having 3 or more carbon
atoms. Finally, it would be desirable to prepare pseudo-block or block copolymers wherein 2
substantial fraction of the polymer molecules are of a controlied block number, especially
dibtocks or triblocks, but wherein the block iengths are a most probable distribution, rather
tbatn identical or nearly identical block lengths.

(8] It would be useful to produce additional such block copolymers which are based on

ethylene and o-olefins and have at least one iow crystailinity hard block.
SUMMARY

[291 1n a first aspect, there is previded an ethylene/a-olefin interpolymer comprising two or more
substantially homogeneous intramolecular segments or blocks comprising differing chemical

or piaysical properties, said intramolecular segments characterized by possessing a most



- 0C>Tm > 3.4405(wt% C2) -218.99; or (if) has a hard segment composition of less than 40%, at
least one melting point. Tm, in degrees Celsius and an amount of ethylene in weight percent, wt% C2,
wherein the numerical values of Tm and wt% C2 correspond to the relationship: 80 C > Tin <

- 4.1276(wt% C2) -264.95; or (iii) is characterized by an average block index greater than zero and
up to about 1.0 and a molecular weight distribution, M"/M", greater than about 1.3; or (iv) has a
molecular fraction which elutes between 0C and 130C when fractionated using low temperature TREF,
characterized in that the fraction has a molar comqnomey cq F t higher than that
of a comparablEPEFRIb ROSHYRE NS IRtE RCIRIE: TR lﬁﬁ?l geﬁt%/?v%%%ﬁtﬁ? g”ﬁsﬁér%peratures,
wherein said comparable randenyethylené mﬁpoh}nmwﬁa%?%@a?‘ﬁ%‘&%%ﬁomer(s) and has a melt
index, density, and molar comonomer content (based on the whole polymer) within 10 percent of that
of the ethylene/a-olefin intgrpQlymaiPk L PReA relatibastdbetween ethylene content in wt% and log

molecular weight such that a line plotted of ethylene content vs lagymalecularweight,ag measured by
GPC-1R has an absolut® Wﬁ#ﬂ?ﬂ&&ﬁ%@%%ﬁf&s tgsaer#%‘; and, (d)has a turbidity measurement of a

1.0 wt% solutian®isetataylentiecolefimidterpoiprectiesi Bhad &A% solution in dodecane of less

than or equal to that of A comgﬁr&glgg&@g gﬁt\yg@ﬁggﬁm&@mmﬁb%,wmm has the same
DSC enthalpy (Jig) at gréater than 55 C within 5 J/g'and'%%he s?meig\&er%tet%/lepe content within 10%.
oHIAGiOh of the'a

The ethyleml@@lﬁ@iﬁﬁrﬁ@&é@@@ﬁ@ﬁ%gﬁlﬁ&%éﬂéﬁ@ YA e"5b6ve characteristics.
[11] In one gmbodimsal, iae RiRdeneiaalelin Tierpbh

e tras ¢epoat leale one molecular fraction
which elutes between 0C and 130C when fractionated using TREF, characterized in that the fraction
has a blockeiAtEBPat least 0.5 and up to about 1 and a molecular weight distribution, Mw/Mn, greater
than abbut 1.3 or (b) an average@lndkinbX2ghéatdr thim Z8d %98 up to about 1.0 and a molecular
weight distribution, Mw/Mn, gr%ter' than abaut dsdn: Hetpdsiwnecs mbatlimédr;, thdeasolefin used in the
ethylene/a-olefin interpolyrner is styrene, propylene, 1-butene, 1-hexene, 1- ..4-methyl-
1-pentene, norbonaene?@-ﬁ‘@@&d?%—ﬁ@x&ﬂ AECH 5%8%%5%%1 ?ﬁzé?rte)%?&l 1%%1?” another
embodiment, the ethylepgia-Qisfiadntemolymeidnds Gemetnimitakirurrofdmeansretiout 0.1 to about
2000 g/10 minutes, abo#t 210 aboﬂol 00 g/10.miputes, about 2 to about 1000 g/10 minutes or about
2 to about 500 gJ10 mi ateEeasure according to ASTM D-1238, Condition-19002.16 kg. [14]
Additional aspects of the discRSsiFezaial ehdAIOEH&iES antPprop&ities of various embodiments of the
disclosure will become appargpf,With thefellowind feseviptiga bBRI bR ESERIBTION OF THE

DRAWING - The Figure shows a plet of T. vs wt% C2 for. p@r%%gghep& mority copolymers of
the invention and for C&ﬁﬁ%ﬁ?&ﬁ%“é&%%‘p’ﬁlés@ %ﬁ“ﬂ%ﬁiﬁrﬁ’ﬁ‘ CRIPTION OF THE INVENTION

General Definitions [1Sf#elytersbeeans:apolymeric compound prepared by polymerizing
monomers, whether of the samg or g different-iyReFhenosRen citReRbaobsmer embraces the Sterms

"hoinopolymer,” "copolymer,” "térpolymer" as well as "inter, r." e
PoY ISOEC %hen fxactiogabg/d using low temperature %ﬁ] Sharacterized in that

the fraction has 2 molar comonomer content of at least 5 péroent higher than
that of a comparable random ethiylene interpolymer fraction eluting between
the same temperamreé, ﬁ'/herein said comp:irab}e mﬁdom 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 et.'}:lylcne/dnclefin interpolymer; or

' (v) . Hhas arelationship between ethylene content in wt% and
log molecular wejght such that a line plotted of ethylene content vs log
molecular weight as measured by GPC-IR has an absolute slope, m, of equal
to or less than 4; and, ' o

(& has a turbidity measurement of a 1.0 wt% solution of the

ethylene/o-olefin interpolymer in oil or a 1.5 wi% schztion in dodecane of less than or



[16] "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 émployed
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 10prepared from three different types of monomers). It also
encompasses polymers made by polymerizing four or more types of monomers. [17] The term
"ethylene/a-olefin interpolymer" generally refers to polymers comprising ethylene and an a-olefin

having 3 or more carbon atoms. Preferably, etb%!??ne om{g;risagr%btgg%()rn%&rji ol!gefract'ion of the whole
polymer, i.caeHgIdRecEarRiPREEREE roReh TIE BTETED RS HEEE oF the whole polymer. More
preferably ethylanscomprisesygtieasteboun60 Mokédiercshly arddbssampatcrdimole percent, or at
least about 80 gmle dpercterltm_&\(i\gitll&he substantial remainder of the whole polymer comprising at least
one other CIMERGIHAF that s pre e?'ably an a-olefin having 3 or more carbon atoms. For many
ethylene/propyltie copolymers)thesprafdreadicompirsinonbornsiiseS Hh AR tontent in the range
of from 20 ahout: a8 Wi IPrAke WhiTR WYy RESRRBRAIS theurrrgeiaf frpmeatiaut 60 W% to about 73
wt%, based on the weight of the po%me,r. In some er boqci}l[geesntssai gqgt&%%]%}ﬁéa-olefin interpolymers
do not inclUtieks GeBSTaE RS ErAs B PN 4SHiRGF amount ar as a by- product of a chemical
process. Whilenthe ethydanciadale fiodnteimplymetpuintie et WHB AstEpHiere polymers, the
as-produced. ethylene/a-qlefin i IMQ’]E %};ﬁ; ti tecaRd piten comprise a major
component‘%}?e, é%e‘%%%ﬁr%ﬁ%&%%%?a poIﬁ rﬁéﬁzation%%tﬁ%%‘f%g%w] The terms "pseudo-block
copolymer'ssetiisickadopshigier refer to a copolymer comprising two or more blocks or segments of
differing chemical or physigal RiORETH, SHehBsVariabbeardnomer content, crystallinity, density,
tacticity, regio-error, or 30qther property. Non-adjacent blocks ar i identical chemical
composition, but may'vé?gl}?ﬁsﬁqée'%ﬂy%%r%%?@&%e g%%a(ﬁ%%e e-sep%%gf? ré&%gﬁ?f %%%S%%pn of all other
blocks or regions o\ 2068464 31 52RCTUBA008106980 =1t I haAE9888HH0-block copolymers
typically comprise Variok‘ciam%#”ﬁisoafﬁgiﬁr%%ﬂtﬁ%%ﬁmt&xfé!abim)'bié%gm&mﬁ;éefer to blocks of
polymerized units in which ethylene is present in an amount jn the range of from about 60 wt% to

about 95 wigsltiasaqpsfErmiRdeetres fatitjRsore SAARIETL %%Y%%%B%ﬁﬁhég%ﬁ%: based on the weight .
of the polymes, &, Saitrseamanis:anthariher handd reférdodineienl polymerized units in which the
comonomer content (content of monomers other than ethylene) is in the range of from about 30 wt% to
about 80 mﬁ%ﬁ“ﬁ?@'ﬁé@ably in the range of from about 35 wt% to about 80 wt%, based on the weight of
the polymer.  [20] The soft séfGiertmcahBHSHH brésehtdta Fock interpolytner from about 1
10weight percent to about 99 V&g{)ghtﬂg%ﬁ@@éﬁ%ﬁ@&@ﬁﬁé@iﬁtﬁa&fﬂb@sbﬁﬁh@%ﬁﬁpmﬁmer, preferably
from about 5 weight percent to about 95 weigh; perce‘?% from %]bou 0] Wg}%&; ﬁ&rgﬁpt to about 90

L t1
~ weight percent, from ab®Rf P8RS ERIeFe it (5BBTUY 85 Weight percent,

weight percent, ’Wt% C,, wherein the numerical values of Tm and wt%

Cycorrespond to the relationship:

80 °C > Tm < 4.1276(wt% C,) — 264.95; or

(iii) ié characterized by an average block index greater than
zero and up o about 1.0 and a molecular weight distribution, M/ M,
greater than about 1.3; or _

(iv)  has a molecular fraction which elutes between (°C an%i
130°C when fractionated using low temperamre'_IREF, characterized in that
the fraction has a molar comonomer content of at least 5 percent higher than
that of a comparable random ethylene interpolymer fraction eluting between
the same temperatures, wherein said comparable random ethylene ‘
interpolymer has the same comonomer(s) and has a melt index, density, and
molar comonomer content (based on the whole polymer) within 10 percent of

that of the ethylene/a-olefin interpolymcr; or



. from about 20 weight percent to about 80 weight percent, from about 25 weight percent to about 75
weight percent, from about 30 weight percent to about 70 weight percent, from 15about 35 weight *
percent to about 65 weight percent, from about 40 weight percent to about 60 weight percent, or from
about 45 weight percent to about 55 weight percent of the total weight of the block interpolymer.
Conversely, the hard segments can be present in similar ranges. The polymer is said to have a hard
segment majority when the amount of hard segment present is greater than 40 % and a soft segment
majority when the amount of hard segment is less than 60 To. The soft segm fg%ﬂ\%eight percentage

and the hard segment weigh{Percarmgelaaansbip Srenrsier B s FUHGLA d from DSC or
NMR. Such methads aod calcuiations,ans:disek SREHN 4f SryRatenifmpplicatipn Serial No. 11/376,835,
US Patent Application Publication Number 208(’) ‘;Q.ﬁgggo’?%gtm %"E%h%eggé%ﬁglefin Block
Interpolymers", fREFSHAIEFERFS DEHHE=H Th Gt Eofin L.P. égﬂjah, L onnie Hazlitt, et. 95al, and
assigned to Dowdzlokal diechnoldgies Inc., the disclosure of which is incorporated by reference herein

Jinits entirety.  [21] Tf(l{r% term,acr : %&i%%;}igag{g%@gf Jefarstn apabimenthat possesses a first order
n

transition or crystalline'melting poi as determined by differential scannjng calorimetry (DSC) or
equivalenetedbrritueeThitpelrmsy Beilsea Inerthanyaan s drtkane %‘i%s émicrystalline”. The
term "amQEpheushigiersdampRalymepiankingaceysialline:meltig goiras Wstémined by differential
-scanning calorimetry (DSC) or. equivalent tegchnique,. W, P S2008/069801 [22]
Ethylene/éaﬁ?gﬂ‘sﬁw?éﬁ%?}ﬁ}i %J % %to%?gﬁnt‘{g}aﬁ%yg%&%% %%%?%%%%S%E%mers that have hard
blocks thathdwesmeitingwyidintd@brat are less than 100C. These polymers differ from high melting point

- block copolymers in th%y%%i‘ @H@@&éﬁ%&}@&@ﬁ;&%l&&ij@émpﬁp&msﬁmad components and/or
improving the solubility of polymers 5in solvents and oils. Applications include oil viscosity modifiers,
thermoplastiGotBavei fRddfiers and compatibilizers, elastomer cross-linking and heat sealing

polymers. Apgligationsrsysh sassiisens tidisehpiwneckfintnetolybet ot saltg of temperatures for
thermosetting and heat sealing apgerations. [231Rr . | polymers have
R AR e e ke

beer desCfibed S'heréin incorporated by reference in its entirety. In
particular;IRER ohamersimdyribatad &4syienprscasiedondsnising Lottty A ddition polymerizable
monomer gr mixture, of MANAMELaLNGeLBAGHONRAMerat e copslitionwy@Bha composition -
comprising at least one addition polymerization catgl sr:_[,1 co%?itx%lézlse%%(a}g aclﬂgln shuttling agent, said
process beifgEairsk @A aRRIOTRLEGH BRLERLR4PS8ME 67 THe Growing 1bpolymer chains under

differentiaigetipteica sSHooMEitipasdnthap iotnare. reactors operating under steady state polymerization

condiions orwo or more Zqnes,of 182G 2RSIANG ndek R wRoymerization conditons.
|

Chain termin% g agents such as hydrogen may be used if desired to control reactor viscosity or

‘polymer rivstepeliEpené GHECThEEH eI PRREAtId P e iZ 88 B Gnique distributions of

polymer 3Q:ppivdisnersite P Bsondnide) @nc-bigskdengthetistribution, with two or three, preferably

two different block compositions, This. is due, in a preferr Iment. 0. the gffect of the use of one
&% %r%cnt %ﬂe %£ S Fod oqgfﬁ%@s?‘g %?{p%

or more shuttfing agentd AESHBRAIEHWith & Righ activity metal tomplex based polymerization
catalyst irnishea rtheoregectyaberizafion 2bort3PSbe/ 28 misupe ratiig LitcrdrdittePthg polymerization
conditions, Mot specifically I spRebIReS Aldkedorepion REsiasisbly ssess PDI from 1.7 to

2.9, preferably from 1.8't0 2.5; mare preferably from ]ﬂg fo Z,%D?{rzﬁjég%st preferably from 1.8 to 2.1.
The copofjiAes My ErrsedEes Pt bYiLsd 4R 278108 L] ithe T6ilowing description, all

numbers disgiaged herginainARMFEQMWBATR: disclosure and characteristics and properties of various

embodiments of the disclosure will become apparent with the following description.

BRIEF DESCRIPTION OF THE DRAWING
The Figure shows 2 plot of T vs Wi% Cz for hard segment majority

copolymers of the ‘mveng.ion and for Comparative Examples.



values, regardless whether the word "about" or "approximate" is used in connection 30therewith. They
may vary by | percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent. Whenever a numerical
range with a lower limit, RL and an upper limit, RU, is disclosed, any number falling within the range is
specifically A€ iH¥Ed #Hparticular, the following numbers within the rangeP4rESHEHE8RY disclosed:
R=R1'+Ict(Ru-RL), wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent
increment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52
percent,..., 95 percent, 96 , : a gz )t or 100 percent. Moreover, any
numerical range defined b ]%ZB % el &% ﬁjﬁﬂ&i\?lso specifically disclosed.
[25] Disclosediseddifiwisinnsthylene/a-olefin interpolymer comprising two or more substantially
homogeneous patramoleepiansegmentsQlhiacks compiisingdiffesing gmggggn%r physical properties,
said intramolecular segments characterized by possessing a most probable molecular weight
distribution, SWHEFET tRE ehTy fEHRI A2B1E R eV Oy e tOBEHEREESH AT SRGnferit At soft
segment, aneims 126h¢p)iasrd Moptiimfnohitatpolitik:7 o abbut 3T :1le). has an ethylene content in
the hard segm %gn e "ARasATATLA0N D60 85 WEL RESEARNAIRRA QNPT meflomer contentin

hard segment; (c)(i) has a hard Segment in an amount of at least 40%, at least one 1omelting point,
Tin, in degré®e ERRERIS HPft ShORTRILGT off BEHEARAE I velgitRsdrasat Nelvgas heverein the numerical
values of Trreapdynwidt Gyieariespons éanthe selationshin: QOv@er Jpard, hRAOW Yerfodbhe 244.76; or

(i) has a had seqment composition o s than 40, al Ieashons MElng paint, Lo, Jn gearees
Celsius and an amount of et lylene in WerPg percent, widh T2 Whdréi the umericdal vaftes of Tin
and Witto CRasrredpond ot vskitiohstiprBo@ssTinlal 4 EATE %O ya8k 98doby (i) is

characterizeg by.afn averags: bleskindexrarsatal-than 25zero and up to about 1.0 and a molecular
weight distribution, M"/Mp, greater than about 1.3; or (iv) has a molecular fraction which elutes

between 0C anid 130C wHEH TR N StEU i¥HT B RN BT afirs FREECEHSBYEIYEd in that the
fraction hascampalancemdbnemer contéefiohat tledstioper certiohigloersthianta0thatedfdecomparable

random ethxb%q&iyamq}mﬁ{yfm&@9&&!9999J?@%%fe%m@ms,tsﬂy%s){&%‘@«svgbﬁfs%@tsaid

comparable random ethylene interpolymer has the same’comonomer(s) and has a melt index, density,

and mBiar EBAHbNOMAF BEHEEHPHESWRLSPRIENH HOB ARABEN HARHCTO (BrBets of et of the
ethylene/a-alefin dotarmohsmer:, ar Hhasborel@liorshipbebveen ribylese: somienrtjerawiYowand

the substantial remainder of the whole polymer comprising at least one other comonomer that
is preferably an a-olefin having 3 or more carbon atoms. For many ethylene/propylene
copolymers, the preferred composition comprises an ethylene content in the range of from

20  about 55 wt% to about 75 wt%, preferably in the range of from about 60 wi% to about 73
wt%, based on the weight of the polymer. In some embodiments, the ethylene/u-olefin
interpolymers do not include those produced in low yields or in a minor amount or as a by-
product of a chemical process. While the ethylene/a-olefin interpolymers can be blended
with one or more polymers, the as-produced ethylene/o-olefin interpolymers are substantially

25 pure and often comprise a major component of the reaction product of a polymerization
process,

[18] The terms “psende-block copelymer” or “block copolymer” refer to a
copolymer comprising two or more blocks or segments of differing chemical or physical
property, such as variable comonomer content, crystallinity, density, tacticity, regio-error, or

30 other property. Non-adjacent blocks are not necessarily of identical chemical composition,
but may vary in one or more of the foregoing respects, from the composition of all other

blocks or regions.



log molecular weight such that a line plotted of ethylene content vs log 5molecular weight as measured
by GPC-IR has an absolute slope, in, of equal to or less than 4; and, (d)has a turbidity measurement of
a 1.0 wt% solution of the ethylene/a-olefin interpolymer in oil or a 1,5 wt% solution in dodecane of less

than or equﬁ szt{wgf%?jzf?comparable copolymer wherein the comparable c%q%wﬂgwﬁggsme 10same
DSC enthalpy (Jig) at greater than 55 C within 5 Jig and the same overall ethylene content within 10%,

[28]In sonic embodiments, the invention provides an ethylene/a-olefin interpolymer comprising two or
more substantial homogﬁen QUs inframolecylar s 1s.0r.blocks comprising differing chemical or

IsGylaL segments. or Rlocks compr

physical properties, said intramolecular se gon%lgr?{ss f%gﬁa?’accotlé}ﬁ%%v_ I;}Oﬁléépgé?gé}%g a most probable
molecular wiightodistibutes, wiereir e siiylens aleteninlipgbrseizsierdsnmpises eyl segment
and a soft sgpgmest; iane WRRIRIM the rah@) PESAMWINAD Jromahout 45 44e.aReut3t&ubly in(D) has an

ethylene cog}tent in thfe;f har se%en in the ragge %‘ f(j%md60 V\ﬁ% t0 95 §/ % based on based on total
monomer conténtin hard segthent.’ A s8Gineht iRe A Ut dt A T&4st 40%, at least

HOIOLERE
one mekRing“poihit sTameins degteegiCelsius afrd @rbmakowhbolyethyieherins weightipércent, wt% C2,

wherein the apRerical MalES hEm andontYefs2 SoFEIPOMY ILaLNe tekationship: Q.G din?

3.4405(wt% C2) -218.99; or (i)has a hard segment composition of less than 40%, at least one melting
point, Tm, in HEGF8L o8I & BRdP e IR (5T aRs I &HER (PaigRY pErEeR ERRIBSE S Fuherein the
numerical vadsesoaftiarwaint: wi%e@algarespond to the relationship: 80 C > Tm < 4.1276(wt% C2)

-264.95; or 30(ijp charagierized by A1 averge gk Ince afealsy ol AerorA)KR.fq about 1.0 and

a molecular weight distribution, M;IK" greater than about 1.3; or WO .
2009/012157PET AFSTHOBAIEIE I+ eight perqnp) Rk R prdeisfkirf fstidaclHierpelites -between 0C and

130C whengdraetionatednusing loweiampetaidte bk 65 chagacierzed inthaidhe frastion has a molar
comonomer cont(gp(;[ g)f aE %ast .SthrcenEig;gher thanébﬁ%tl %fta com tar%ble gndo ethglene

interpolyme?ﬁ‘rr%\eé]tlon eﬁﬁ)tlng Betwelh Sitve sglrﬁdé)ot%tnlw eraﬁjrggfﬁﬁe?e‘:}noggl con pt YabiE random
ethylene  from about 20 weight percent to about 80 weight percent, from about 25 weight percent to
about 75 weight percent, from about 30 weight percent to about 70 weight percent, from
15 about 35 weight percent to about 65 weight percent, from about 40 weight percent to about 60
weight percent, or from about 45 weight percent to about 55 weight percent of the total
weight of the block interpolymer. Conversely, the hard segments can be present in similar
ranges. The polymer is said to have a hard segment majority when the amount of hard
segment present is greater than 40 % and a soft segment majority when the amount of hard
20 segment is less than 60 %. The soft segment weight percentage and the hard segment weight
percentage can be calculated based on data obtained from DSC or NMR. Such methods and
calculations are disciosed in U5, Patent Application Serial No. 11/376,835, US Patent
Application Publication Number 20006-0199930, entitled “Ethylene/o-Olefin Block
Interpolymers™, filed on March 15, 2006, in the name of Colin L.P. Shan, Lonnie Hazlitt, et.
25  al. and assigned to Dow Global Technologies Inc., the disclosure of which is incorporated by
reference herein in its entirety.

[21] The term “crystalline” if employed, refers to a polymer that possesses a first
order transition or crystalline melting point {Tm) as determined by differential scanning
calorimetry {DSC) or equivalent technique, The term may be used interchangeably with the

30 term “semicrystailine”. The term “amorphous” refers to a polymer lacking a crystalline

melting point as determied by differential scanning calorimetry (DSC) or equivalent

technique.



interpolymer has the same comonomer(s) and has a melt index, density, and molar comonotner
content (based on the whole polymer) within 10 percent of that of the ethylene/rx-olefin interpolymer;
or (v) has a relationship between ethylene content in wt% and 10log molecular weight such
that a line plbttetl &Y eiyfene content vs log molecular weight as measured’ by EBEAHES an
absolute slope, m, of equal to or less than 4; and, (d)has a turbidity measurement of a 1.0 wt%
solution of the ethylene/a-olefin interpolymer in oil or a 1.5 wt% solution in dodecane of less than or

15equal to that of a comparagble copolymer wherein the comparable copolymer has the same DSC
enthalpy (Jig) g%lreater %%ﬂegg’%@ﬁ%ﬁanly@ygp]edstﬁ%ngag;ﬁﬁg{;gpgyﬁgtlﬁg}-ér}éa@olg}pgﬁ #fthin 10.
In another gmbyociment ithe eihyténdtadolafivdnierpalywietshas adred segnmentinfassamount of at least

40%, at least pne melt oint, Tin, in degrees Celsius and an 20amount of ethylene in weight
percent, wt&eéﬁ?eﬁﬁé%gﬁ\f%%}g rr{g?liclg \?%iﬁ%s% Tm a ?/ﬁ‘% ééc%ﬁf gﬁ%ar] {%etﬁe% Felationship: 0oC
> Tin > 3. 440513 ©2).0p PP pepymer blend compyaegthgle(ia/aualetindrterisdiHier darivavesone or any

combination20fdhe Alye. chgpaciatstice: thwiens/aitefininternehmegis: 23 epact _
ethylene/a—olegr%,interljp Iymersb sed in embodimegnﬁs f the H;l\%/?entjon_ (alsq referred to as "inventive
interpolymef G v ANtITE BERHEFS OMISRSE EiSIENE & Ad 3t Bre bP 8 iolymerizable cc-olefin
comonomer&iiplipaipmerize dsfoese, chairacdrized bytsedrmenistod five e midrenpolymyeriied monomer

units differingein,chemical PrpbYSIGAL BreRGHIgS (block interpolymer). These pseudo-block copolymers
comprise two or more substantially homogeneous intramolecular segments or blocks comprising

differing chemi or physical properties, sajd intramalecular segments characterized by possessing a
most probable Fr%leculaﬁv%% t 5“.‘)’5{% ‘t?tﬁéiﬁajﬁ%l%e rﬁ%yg*gﬁﬁ%y%hgegt f):/ﬁ%rrkwl?é?ai%lefin interpolymers
have alfoleracidRwhitrhefesibapern0T antE8oCWhitrefiactiorated irsiing Temperature

Rising Elutigp pfsadctiepatiande BREFlecharsststizedmthalsaid fiagtionbesamelar comonomer
content . L L .. .

monomer or mixture of monomers under addition polymerization conditions with a
composition comprising at feast one addition polymerization catalyst, a cocatalyst and a chain
shuitling agent, said process being characterized by formation of at least some of the growing

15 polymer chains under differentiated process conditions in two or more reactors operating
under steady state polymerization conditions or in two or more zones of a reactor operating
under plug flow polymerization conditions. Chain terminating agents such as hydrogen may
be used if desired to control reactor viscosity or polymer molecular weight.

The copolymers of the invention are characterized by unique distributions of polymer

20 polydispersity (PDI or Mw/Mn) and block length distribution, with two or three, preferably
two different block compositions. This is due, in a preferred embodiment, to the effect of the
use of one or more shuttling agents in combination with a high activity metal complex based
polymerization catalyst in two or more polymerization reactors or zones operating under
differing polymerization conditions. More specifically, the copolymers of the invention

25 desirably possess PDI from 1.7 to 2.9, preferably from 1.8 to 2.5, more preferably from 1.8 to
2.2, and most preferably from 1.8 t0 2.1. The copolymers may also possess PDI of less than
1.8.

[24] In the following description, all numbers disclosed herein are approximate

values, regardless whether the word “about” or “approximate” is used in connection

30 therewith. They may vary by 1 percent, 2 percent, 5 percent, or, sometimes, 10 to 20 percent.
Whenever a numerical range with a lower limit, R™ and an upper limit, R”, is disclosed, any

number falling within the range is specifically disclosed. In particular, the following numbers



higher, preferably at least 5 percent higher, more preferably at least 10 percent higher, than that of a
comparable random ethylene interpolymer fraction eluting between the same temperatures, wherein
the comparable random ethylene interpolymer contains the same conionomer(s), and has a melt
index, density P8P igikconionomer content (based on the 10whole polyffePUiR#iF9598pErcent 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 interpolyiner has a total comonomer

content within 10 weight percent of that of the block interpelymer.. [31] In some embodiments, the
pseudo-block tcf}bnp%gﬁ/%%%é)aﬁ%é %Céécg%gisﬁstﬁgﬁg'aﬁ T5SC l(%tz%rvt?ﬁ% S LR THSH'E Poisson
d_istributionﬂ?h@ bp@”@i’}lm@r@@w&ﬂmh@@hém@nzmrasmw.ng laipblydispeseedistrifution of block
sizes and pgssessingaEIPS! probable disibution of blogkdengihs, Preferred hlagk copglymers are

those containing 2 or more blocks or segments includiré%germinal blocks. [32] Comonorner content
may be mea< FSEisifty Sy Yo A BREERIHIEL hitht2 HEttRuY BHYSEH Sh ma Sar rdghetic
resonarnce (INMRiYspectrosagopy preéfentede Mareoyer; fosipolysaersdor blends of polymers having
relatively broad,EREF cusyes the polymer desirably is first fractionated using TREF into fractions each
having an elutgd tgl]rtilmperatt'jréji Srahéé o}i 10C or?lgss. T eatl?s, egc%yélliﬁit‘é ‘I?Pamq%nd%tﬁgé) %%%ﬁecnon

temperature Wit M P0CEsPIeSS IR sxPRg e Sitghs lerrimtBpSitferaeschemiat least one
25 such fraciiphybRviRgopdrighenmalancemoneeheaniantihanacorespanding fiagstion of the
comparable interpolymer. [33] In anather aspect, the inyentive polymer is an olefin interpolymer,
preferably c%’ﬁg’é‘% %O%fﬁ%/‘qfé[\r’@]%fﬁ{dﬁ 8%@3%}0%10rkéelé%}f)(t)%/ﬁ%?ifg%?é (ggr%}dﬁ%ﬁgﬁglﬁ polymerized form,
charact@rizedryrisachaifse sesfisioioks! @ eoftatfemst.tiwd:blocks) or segments of two or more

30polymerizedmgpnomer.ynits Aiffering iR.shesyicales plyisal properties (blocked interpolymer), said
block interpoly?ﬁ havin&}a peak (but not just a molecular fraction) which elutes between 0C and
t

130C (but withBUE collectH g &irith 67 oIS ARG ALY GG AR FrEROIE), IR M Es PP Biat€aid peak, has a
comonomertcdhterit bstichatecdoy infraiadospaatroscapin Wwivdnexpanded using a full width/half
maximum (FWHM) area(gfﬁllculé}iqz}gS Qﬁ%@@e?ﬁﬁ%ﬁ?ﬂﬁmﬂ%ﬁlﬁpﬁ9{‘1‘359950‘%8”51e%QisQi&réer’ preferably at

least 5 percent higher, more preferably at least 10 percent higher, than that of a comparable random
ethylerdé intBfyFI ARk Bt dpEssane Staanh ¥ At efreaiere h arBBoPagPR-a full width/half
maximum S¢rRaEiMytaren aaleuiatiom wheretT saideomparable-£anslams eihylene interpolymer has the
same comolgﬁnl]genrx(ﬁ]%)and has a melt index, density, and molar comonomer content (based on the
whole polymers within 10 percent of that of the blocked interpolytner. Preferably, the Mw/Mn of the
comparable interpolymer is alst WithiAm e percétv st that-ofthébiwcked interpolynter and/or the

comparable interpolymer has aigtal cemeninescontemMwithioh 19140 weightpereant of that of the
blocked interpolymer. The full width/half maximum (F\WHM) calculation is based on the ratio of methyl
; AT

to methYlene response SRS TCHS/E1 2] Holt P4 FR AR GbFNIRER the tallest
(highest) peak is identifiediffiomecthenbagé line yandithdn thedadiHMberes iBadetérmiaed. For a
distribution measured ugig,ARAM EFReek e YWHM area is defined as the area under the curve
between T1 and T2, where T1 and T2 15are g)oints determined, to the left and right of the ATREF
peak, by dividing the peak heiéﬂt Sy%t%B,Sa‘dhﬁ“f’ﬁé‘ﬁtﬁrg\?\)iﬁ&%ﬁ%%orizontal to the base line, that
intersects the left and right portions af therA®RED sunvevAraslflmationicupresfargomonomer content is

FWHM area rati of the T HER Dasle Far e e e et s oo
greater than about 1.3; or
(iv)  has a molecular fraction which elutes between 0°C and
130°C when fractionated using low temperature TREF, characterized in that
the fraction has a molar comonomer content of at least 5 percent higher than
30 that of a comparable random ethylene interpolymer fraction eluting between

the same temperatures, wherein said comparable random ethylene

interpolymer has the same comonomex(s) and has a melt index, density, and

i



20generated for the same comonomer type of interest. The comonorner content of TREF peak of the
inventive polymer can be determined by referencing this calibration curve using its FWHM
methyl:methylene area ratio [CH3/CH2] of the TREE peak. ATREF Peak Comonomer Composition
MeasuremehtdyPiftaiRéd Detector [134]The comonomer composition of e FRIEBHeHan be
measured using an IR4 75infra-red detector available from Polymer Char, Valencia, Spain
(han://www,polvfnerchancorni). [35]The "composition mode" of the detector is equipped with a
measurement sensof CH2) and com[potsg]taion ensor (g:ll—|3§ &at %re .{B(e(?ﬁarrowtb nd infra-red filters
in the region of 2806-3300' ¢ Fhe’hea Urement Sensor Hetects the Met ?Fé%eél (CH2) carbons on
30the polymer (whichditectiy velatesotetithenjoniginericoncentration in solution) while the composition
sensor detects the methyl (CHg),groyps of.the, pelymer..the mathematical fafie, af.she composition

signal (CH3) divided by the measurement signal (CH2) is sensitive to the comonomer content of the
measured polymelPf SORTHER BrgHS 1espahsle Haiir AfedtMitRaG IR &tH9fene alpha-olefin
copolymer standargsc§3G}Medtiete ctosswiae huSed-wWthaanbREkRe irisprymesit qravides both a
concentration (CI—@)OE’;%qscpgmgiogmpn (CH3) signal response of the eluted polymer during the 5TREF
process. A polymer specific calibration can be created by measuring the area ratio of the CH3 to CH2
for polymers with known‘@bmohbradiEbiiteretprefarably el sifesrbyitmtRieThe comonomer content

of an ATREEIeak/eftpelyBeihsanbe estinatedry.appiytigitedeterencesealration of the ratio of
the areas for th int(lj\ividygl CH3 gﬁd CH% res Wopsfg.rgiigﬁ. area raﬂ CH2 verggs comonomer

_ . CHI/CH2 ve
content). 106[% & Ar85 st aibeaﬁ(csoggﬁl ye cafcutated Usi 6”&‘1 %ﬁ"\ﬁ? Hﬁ\re{]? ‘Maximum (FWHM)

calculation after Bpplyintpine @ppropriate Basdlinéswolimegritertiatinsividuadsignal responses from
the TREF chigmategiasa: Jie fulbsyidth/half maximum calculation is based on the ratio of methyl to
methylene response area [CH3/CH2] from the ATREF infrared detector, wherein the tallest (highest)

peak is identifietPfrom tH8 FESeTARHREIHRCHTE 1L BRIANAET 45 SL HERSHRAEE For a distribution
measured usingam&T RinpipeakwwheridMrearis g @éfinegasdhe areadnder taenoumyebetween T1

and T2, whefe L1 and e AteeRo) %1%‘?5%1‘&?S%&%ﬂlﬁd&&?é@9'g£%9*?£t%£%%&ﬂn%%anSék’ by dividing

the peak height by two, and then drawing a line horizontal to the base line, that intersects the left and
right pottiorfd¥rEFERT REPEGHVE S BEha s sbir Urintrache diSpBetius casyFtd Heasure the
comonorneegomien-ofpalymess imthisoApRERInrawgehamethad isfispriasipled sipailgnto that of
GPC/FI IR system(% sasdaeﬂ;‘{;i dfin th%foll Wit%%%ggggge 1ces; Markovich, Ronald P.; Hazlitt, Lonnie G.;

Smith, Linley; "Dev% opment 0 %éﬁqlﬁlearrﬁ%a ion chromatography-Fourier transform infrared

spectroscopy for chhrattarizatlomn opetwierikebasb potpolefibe coprsiphiers oPvhnieié 95Materials
Science and EgioQesing (4993 JoGBn SRobRP soanck BESIAIIRNS. . J.; Rohlfing, D.C.; Shieh, E.T;
exclusibn ohromatography and EATEFTAAEIBIHT THFErE SEbEhLEsh) (SECTFIRY Poymer (2002)
43, 59-170.pebthegfovhidimanedemorp Ordted by referencedietentein theicigmtpatyn80[39]In other
embodimer\;;‘{%ﬂ@% LQ}{%HV %@Lﬁlﬁl@ﬂ&lﬁ&ﬁf&@fﬁ’f m{%f?@ly@%gjgorrespond o the
relationship;
0°C > Tm > 3.4405(wt% Cs) - 218.99; or
25 (i)  has a hard segment composition of less than 40%, at least
one melting point, Tm, in degrees Celsius and an amount of ethylene in
weight percent, wt% C,, wherein the numerical values of Tm and wt%
; correspond to the relationship:
80 °C > Tm £ 4.1276(wt% C,) - 264.93; or
30 {(iti)  1s characterized by an average block index greater than
zero and up to about 1.0 and a molecular weight distribution, M,/M,,

greater than about 1.3; or

it



characterized by an average block index, AB1, which is greater than zero and up to about 1.0 and a
molecular weight distribution, Mw/Mr" greater than about 1.3. The average block index, ABI, is the
weight average of the block index ("Br) for each of the polymer fractions obtained in preparative TREE
from 20C an®A8BIWRAAN increment of 5C : AB! = > (w B!,) where B11 isRh&/BRggksinehsrfor the
1Lhfraction of the inventive ethylene/a-olefin 5interpolyiner obtained in preparative TREE, and w, is the
weight percentage of the ill] fraction. [40] For each polymer fraction, BE is defined by one of the two

following equations (both of which give the same Bl value): Bl =1IT" -l/TO-LnP " x or 131 = 1/TA
_1/TA,L.,n/34 - LaPA, where Tx1¥the Breiarainacees whithqbmpavasid fortde h fraction
(preferably toexpres$éd whitehvimotse isutier éthylanpemole REFOrhieicthea-ith taetion, which can be

measured by NMRordR a5, desgribed @&gf&?oﬁé%‘%iﬁ\?v'lﬂ%ﬁ}zg?é%@g pes.fiagtianaline whole

ethylene/a-olefin interpolymer (before fractionation), so cah be me sureémby NMR or IR. TA
and PA are the APFREF SRItiBHAEmMBaratlfdsiaatE sy esemdienteheirsrbrov gire "hard segments”
(which refer to the meysialinesegmentsiohthesintepolymar rAsafigl Lherder approximation, the TA

and PA values are set t those for high density polyethylene homopqglymer, if the actual values for the
"hard segments" alrneer%%g{/lgﬁlgﬁlége %‘r“%a%“& eg{?glﬁgffe&#é%ﬁeﬁl %Péﬁﬁ%’ﬂg’%&’%é‘ "PAis1.  [41]

TAB is the ATREF#ekiperagarats capreridorre opshwméslotisnsaimetbon pesition ahd having an

ethylene mole fractign.ofie ARy IEAR, castiRecalnated from the 20following equation: LR PAB =
C)/TAB p where a and 0 are two constants which can be determined by calibration using a number of

known random ethylene copolyiiers. THShEHE BeHobsE BiAEL Her s S ARF # S instrument to
instrumént, Moreolrermofreuiould gie ecctoloreatindpeinalvi ealibrationZmcunve with the polymer

compositon of Itefgel a0 alshn 4 ilien Mol NEIBNIRAGE As,ine gctiops. There is a sight

molecular weight effect. If the calibration curve is obtained from similaf m lecular weight ranges, such
effect would be es@e‘?‘ft}&‘iﬁﬁﬁ@gﬁlig‘i‘ﬁﬂe. In some embodiments, random ethylene copolymers satisfy the
following relationship: LN @ = -237 :83/FATRERstth@390f a 1.0 wt% solution of the

ethylene/a-olefin interpolymer in oil or a 1.5 wt% solution in dodecane of less than or
15 equal to that of a conparable copolymer wherein the comparable copolymer has the
same DSC enthalpy (J/g) at greater than 55 °C within +5 J/g and the same overall
ethylene content within 10%.
In another embodiment, the ethylene/a-olefin interpolymer has a hard segment in an
amount of at least 40%, at least one melting point, Tm, in degrees Celsius and an
20 amount of ethylene in weight percent, wt% C,, wherein the numerical values of Tm and
wt% C, correspond to the relationship:
0 °C 2 Tm > 3.4405(wt% Cy) ~ 212.42,

The ethylene/a-olefin interpolymer can have one or any combination

25  of the above characteristics,

Ethylene/u-Olefin Interpelvmers

[29] The ethylene/a-olefin interpolymers used in embodiments of the invention
{also referred to as “inventive interpolymer” or “inventive polymer™) comprise ethylene and
30 one or more copolymerizable a-olefin comonomers in polymerized form, characterized by
segments of two or more polymerized monomer units differing in chemical or physical
properties (block interpolymer). These pseudo-block copolymers comprise two or more

substantially homogeneous intramolecular segments or blocks comprising differing chemical

12



30Tx0 is the ATREF temperature for a random copolymer of the same composition and having an
ethylene mole fraction of P. TxO can be calculated from LnPx = arrxo + Pi Conversely, Px0 is the
ethylene mole fraction for a random copolymer of the same composition and having an ATREF
temperature’bP BdAZcan be calculated from Ln Pxo = u/Tx + ft  [42] BridE#8H16E index (BI)
for each preparative TREE fraction is obtained, the weight average block index, AB!, for the whole
polymer can be calculated. In some 5embodiments, ABL is greater than zero but less than about 0.3
or from about 0.1 to iabout 0.3. In other embodiments, A%ifs reater than about 0.3 and up to about
1.0. Preferaiy " XE*SRENATSE (' tha FANGS S SR A% .&‘%8%8%8%’ 67 HORT A8Yt 0.5 to about 0.7,
or from aboptcd#@ioraddowd. el sdimebefsnodiments, ABI is in the range of from about 0.3 to about
0.9, from about £3 to abaut,0.8,,04 fram abayt A-3iLe Aheut 8.7, drom abayLA:3te keut, 0.6, Infrom

about 0.3 to about 0.5, or from about 0.3 to about 0.4. In other embodiments, AB! is in the range of
from about VA TB ABEUPLESfrIn-56ULE & 1 BSTHC L0261 #ERT ABBHED B TSI from about 0.7
to abous 1.05framrabout C8HD akatid.6ed tromadalt -Gctorabeutdadcompd3hAnother characteristic
of the invenijve et -0 efin.internolymer is that inventive ethylene/a-olefip. intelpolymer
comprises a%‘tI g‘%%%%%cﬁy%%ﬁtrg t?(r)% %ﬁ%ﬂéé@%éﬁ'@é‘%ﬁé@f gﬁf%?e%ﬁé%%% Ef%&%&w erein the
fraction hastérbfb e Hriesehieateioth 44 Wt die ¥ i6 B St P D EATER 8|8 itar weight

distribution, MaM: greaterdhanabeutd.ss10 same emhegdimentsi ihenovmer diactign has a block
index greater than ab? to.g and uyg}to bout 1.0 rggtelithan about 0.7 andiggtg about 1.0, greater
t 6

than about GE"SHA TPt ABALE 1 BT S YiRatsPthan Ab8TED O AReCa16°Ab8L (i’ otfer
embodimentdicthhepplymerithactio phasmadbibekdnde klgre aterthbmab dire Bratén dhaphe/Hsout 1.0,

greater than, AREULR:2 aA0H R IARRUGL A arealen 80320 R0 RRAM A, 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
embodiment8 e Sy THE R ECHERMAL S BBtk Ridlese Gragier i absirs. Loarieh bt aBout 0.5,
greater than2babauth®Reanthiepptdvateaut 0.5, greater than about 0.3 and up to about 0.5, or greater

than about 0.4 4l U ARG ORYShOUNET CTMRORIIENIS. N AOTELAGY0R s, 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% arfebupad apotlistobrisr Frdstebanak dbvHt iYL pe sperlyoss 2refuror copolymers of
ethylene anchanca-elelins heinveptive pelymeaisipraterablyc30pessass ) @E R ofatleast 1.3, more

preferably at least 1,5, at least 1.7, or at least, 2.0, and. mpst preferably at least 2.6,.up.fo a maximum
Value of 5 O Rk e e S R S T )
heat of fusiorref 8ocBAiporrBent3pdndisthylarratbletdnt of at least 50 weight percent; (4) a glass

transition tempeygture, Tz, pfiesstbanar3Gy MoreRiptarahly lessthan s 306 andion(5) one and only

one T, [45]Additionally, the ethylene/a-olefin interpolymers can have a melt index, 12, from 0.01 to
2000 g/l0 MiRtIEECHFAETABITHHSH BELYE 1B08G0 mirttdsPRIBPESPERI-B Sfrom 0.01 to 500 g/10
minutes, anbliespesidily fooym&0dr tdeb@OfLdymenubesinreerieily embbdRnEnisyvthatethylene/a-olefin

i”terp°|yi”e£%19§1\éxed%§?i’ﬁﬂfjﬂdﬁ>§t 2o (EAMRQ QU RS AQIRIALISS, 110, /40, p0,0LH0 minutes, from 1

to 30 g/10 minutes, from 1 to 6 g/10 minutes or from 0.3 to 10 g/10 minutes. In certain embodiments,

the melt indEXFEFAHE EtR§TH A 0IRTHT Pollikls FayPLBEAMTFTIES By rIe RTHOTETEGIE0 minutes.

window of 10 °C or less. Using this technique, said block interpolymers have at least one
25 such fraction having a higher molar comonomer content than a corresponding fraction of the
comparable interpolymer.

[33] In another aspect, the inventive polymer is an olefin interpolymer, preferably
comprising ethylene and one or more copolymerizable comonomers in polymerized form,
characterized by a number of blocks (i.e., at least two blocks) or segments of two or more

30 polymerized monomer units differing in chemical or physical properties (blocked
interpolymer), said block interpolymer having a peak (but not just a molecular fraction)
which elutes between 0 °C and 130 °C (but without coliecting and/or isolating individual

fractions), characterized in that said peak, has a comonomer content estimated by infra-red
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to[46]The polymers can have molecular weights, M"., from 1.000 ghnole to 5,000.000 ghnole,
preferably from 1000 ghnole to 1,000,000, more preferably from 10,000 ghnole to 500,000 g/mole, and
especially from 10,000 ghnole to 300,000 g/mole. The density of the inventive polymers can be from
0.80 to 0.99 §feP84Ha pteferably for ethylene containing polymers from 0 BSIGFEMBRFBY7 g/cm3. In
certain embodiments, the density of 15the ethylene/a-olefin polymers ranges from 0.860 to 0.925
g/ctn3or 0.867 to 0.910 g/cin3. In some embodiments, the ethylene/a-olefin interpolymers additionally

have a Tm in the ran f from 2 to 10 ly from 3 0C,a ore preferably from
35 C to 75 GOy %%Sn‘?g EMmbo e&‘%ents théy! (r%nuéliyv%fﬁﬁﬁa%gagl il t%}g %réaa (‘fzr#('jl 9B E‘aio 50 C, from
30 C to 45 Gorrays 35@ tout0@ ey sopvaidnibod ipree Lt E@nﬁemobynieghehavaa Tin that is less
than that of g.gemparalleranderm: FORMMMERWI SRMEWEINH PEICRRT CATIARAMET, xy%ﬁmg@ 10%. In

addition, in some embodiments the end of melting occurs at less than 100 C, preferably in the range of
from 85 C t&Y% & e s HE ik RRmeRETad W@/Hﬁ%ﬁ%%ﬁ%f‘%ﬁ@@%@ﬁiﬁ%@%dmves and
adjuvants. Sﬁmm\é)admwmlumokudﬂ;ebm arei minbmmlﬁd Mdbﬂeaﬁammaa&pjgatmmn thorganic

partcles, inding sinss Rl ianm diide. sealies,ouiered metsls el gr groanic fibers

nano-sized particles, clays, and so forth: iers, ofl extenders, in paraffinic or napthelenic
oils; and otH&f Wéﬂﬁ?ﬁoé)ﬁﬂe%tﬁé’ﬂé%&?ﬁﬁ’éfg thﬁ‘&ﬁfdﬁﬁ‘d’@ﬂ]@? ﬁﬁ?ﬁ?ﬁ%ﬁc@é‘?ﬁﬁﬁ@?@fé?nbodlments of

the |nventuoM\mmuﬁaraaiIymﬂm@nsxamw@@é@mﬁ@ramamm@&m bﬁt@@%@m{@amer for any of
the additives An gh %{O 0uch a 30 émer;?}{voul be pol ﬁ%}{ﬁene for exam d?INITY(r)

HeT £ COom T1CY NAS 8 fob Thex confent
resins (ThexB emica resms xxonMoBil Cighica mpany \We

2009/0121 52T PPIJ@ED@EI@GQB@& TM}R@H@Q@iYmﬁVe ‘Batdiysts dnddhmim ishuttiiy Hyyent are as

follows. Chemicalistruaiesdiplrwagach g@aﬁgilfat@ahyien&@l;@uﬁ%%& NGO i e
-rnethylethy &en l)amido)(2-isopro

a-naphthal Tt ﬁ%%%h‘ﬁﬁfﬂ%fh%ﬁé‘}%%fﬁ GRS HiRTatHY I SPE ST 26 i 5 the teachings
of WO 503/404 9fsp 260BWBDRO4DE FeldSSN L 042 9 (024 bliled MayuZe 2003 and WWOB4E24.740. (0

CH(CH3)2 %H W%Z%b&fmeﬁ as the area under the curve between Ty and T», where Ty and T;

15 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. A calibration curve for comonomer content is made using
random ethylene/g-olefin copolymers, plotting comonomer content from NMR versus
FWHM area ratio of the TREF peak. For this infra-red method, the calibration curve is

20 generated for the same comonomer type of interest. The comonomer content of TREF peak
of the inventive polymer can be determined by referencing this calibration curve using its
FWIM methyl:methylene area ratio [CH3/CH;] of the TREF peak.
ATREF Peak Comonomer Composition Measurement by Infra-Red Detector

[34] The comonomer composition of the TREF peak can be measured using an TR4
25 infra-red detector available from Polymer Char, Valencia, Spain

Chism i www polvinerchar.comd).

35] The “composition mode” of the detector is equipped with a measurement
sensor {CH;) and composition sensor (CH;) that are fixed narrow band infra-red filters in the
region of 2800-3000 cm™, The measurement sensor detects the methylene (CH, ) carbons on

30 the polymer (which directly relates to the polymer concentration in solution) while the
composition sensor detects the methyl (CHa) groups of the polymer, The mathematical ratio

of the composition signal (CHj3) divided by the measurement signal (CH.) s sensitive to the
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(H3C)2HC C/1-13 CH3 Catalyst (A2) is

* [N42.6-di(1-methylethyl)phenyl)amido)(2-methylphenyl)cl,2-pheitylene-(6-
pyridin-2-diyl)inethane)fitafuium dimethyl, prepared according to the teachings of WO 03/40195,
2003US020501 7999858524 0/429,024, filed May 2, 2003, and WO 04/24740F CHBEFIEEN3 CHI
Catalyst (43) is bis[N,N"(2,4,6-triOnethylphenyeamido)ethylenediamine]haft um dibenzyl. C H3
Catalyst (A4) is bis"2-oxoy1- 34dibenzo 1H-pyrrole-1-y1)-54methyl)phenyl)-2-

Lephenoymeylcyonexans ki fianiun (1) dbeniay Prepared suantipl, according to

(bis-(1- metﬁmemwmlmylﬁ@,w(tdw%phmﬁmﬁm|no)z omum dibenzyl. C(CH3)3 CH(C113)3 N/
ZrX2 [356] The detector when used with an ATREF instrument provides both a

concentration (CHs) and composition (CHa) signal response of the eluted polymer during the

5  TREF process. A polvmer specific calibration can be created by measuring the area ratio of
the CHs to CH; for polymers with known comonomer content (preferably measured by
NMR}. The comonomer content of an ATREF peak of a polymer can be estimated by
applying the reference calibration of the ratio of the areas for the individual CH; and CH,
response {i.e. area ratic CH/TH; versus comonomer content),

10 [37] The area of the peaks can be calculated using a full width/half maximum
(FWHM) caleulation after applying the appropriate baselines to integrate the individual
signal responses from the TREF chromatogram. The full width/half maximun calculation is
based on the ratio of methyl to methylene response area [CH3/CH,] from the ATREF infra-
red detector, wherein the tallest (highest) peak is identified from the base line, and then the

15  FWHM 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 T2, where T1 and T2 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.

20 [38] The 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 GPC/FTIR
systers as described in the following references: Markovich, Ronald P.; Hazlict, Lonnie G.;
Smith, Linley; “Development of gel-permeation chromatography-Fourier transform infrared
spectroscopy for characterization of ethylene-based polyolefin copolymers”. Polymeric

25  Materials Science and Engineering (1991), 65, 98-100.; and Deslauriers, P.J.; Rohlfing,
D.C.; Shieh, ET,; “Cuantifying short chain branching microstructures in ethylene-1-olefin
copolymers using size exclusion chromatography and Fourier transform infrared
spectroscopy (SEC-FTIR)”, Polymer (2002), 43, 59-170., both of which are incorporated by
reference herein in their entirety,

30 [39] In other embodiments, the inventive ethylene/a-olefin interpolymer is
characterized by an average block index, ABI, which is greater than zero and up to about 1.0

and a molecular weight distribution, Mw/Mj, greater than about 1.3, The average block



PS 0 N- / CH(CH3)2 The preparation of catalyst (A5) is conducted as follows. a) Preparation of
(1-methylethyl)(2-hydroxy-3.5-di(t-butv1)plienyl)imine 3,5-Di-t-butylsalicylaldehyde (3.00 g) is
added to 10 niL of isopropylamine. The solution rapidly turns bright yellow. After stirring at ambient
temperature' 18t F#6Urd *Yolatiles are removed 10under vacuum to yield a BRgAIAH2¥H stalline
solid (97 percent yield). b) Preparation of (bis-(1-methylethvl)(2-oxoy1-3,541i(t-butyl)phenvflimmino)
zirconium dibenzvl A solution of (1-methylethyl)(2-hydroxy-3,5-dio-butyl)phenyl)imine (605 mg,
2.2 mmol) in 5 mL,tolueng is slowly added to a,solution of Zr(CH2Ph)4 (500 1.1 mmol) in 50 inL
toluene. Thénr%éeéu tfﬁ{g %Ig? ‘;‘,’81 %%vva)ggﬁlﬁ‘?oog %e;%t]l?%dx}%?gogmfiﬁ%gﬁgﬁﬁge@%g GRYEF reduced
pressure to 48¢iedd therdesied producras’e’ teddish BrowisolithcremenOzit&1¢st (A6) is
bis-(l-(2-methylcyc|ohexypethyl)(2-0x0y1-3,5-dj§§pg§;)§$]%yxl)immino) zirconium dibenzyl The
preparation of catalyst (A6) is conducted as follows. reparation of (1 -(
2-inerhylcyclohexyljetvbi2soxolibel, Brdtittebutyd ifHervnimifibe 2:Methyleyslohexyiamine (8.44 mL, 64
0 nunol).is djssol i Ql [l i-t- 5bu licaldeh 10.0 42,67, mmol) is
added. %Fhqui%g?rﬁl glé?t%@%% rr %%ﬁ%%%éﬁé%r%%%&g %%Fg %3% %Ogt%’ri 12§rﬂf$r§is?nThe resulting
yellow solid prdéffitate i tofrsStBaBYHiIFOR A deWeltstbiRPe Ol TiEthRHBI(22€a% LY, and then
dried under eaticEAPraSSIH GreTRRYBIGIRA1.17 g of a yellow solid. '1-1INMR is consistent with the

desired product as a mixture of isomers, b) Preparation of
bis-(1-(2-inethylcyclohexyhethyl)(Z-QX@i&?é]&mW})meny&%ﬁﬁ?fm)zirconium dibenzvl A
solution of (1-(2-Inethylcyclohexyl)ethyl){2Zext f@,S-dift-buty%ﬂeﬁ%fﬁme (7.63 g, 23.2 nunol) in 200
mL toluene is slowly, added;taasltian.of AHGFhRLIM kD2 Ge dok-B Dol i LO0- L igluene. The

resulting dark yellow solution is stirred for 1 hour at 25 C. The sglution is diluted further with 680 inL
toluendto gRFES SRR HAVIRG 5 C6SERMRISTN O EISS NF i1 Stesiary Seipalyyig be
(t-butylamidmjdinethyl(SMkpyRlyldds2;B:3aptaaningan thk-yi)silan etiianitm ciraediyhpoepared
SUbStantiall%i%ggﬂiﬂge@ntn?e}ﬁ&pH}ig"'{ggfgife %%@i&%@o%ﬁ%ﬂﬁich also can be measured by NMR
or IR, Ta and P, are the ATREF elution temperature and the ethylene mole fraction for pure
“hard segments” (which refer to the crystalline segments of the interpolymer). As a first
15 order approximation, the Ty and P, values are set to those for high density polyethylene
homopolymer, if the actual values for the “hard segments” are not available, For calculations
performed herein, Ty is 372°K, Py is 1.
[41] Tan is the ATRET temperature for a random copolymer of the same
composition and having an ethylene mole fraction of Psg. Tap can be calculated from the
20 following equation:
InPag=a/Tag+B
where ¢ and § are two constants which can be determined by calibration using a
numnber of known random ethylene copolymers. It should be noted that o and B may vary
from instrument to instrument. Moreover, one would need to create their own calibration
25 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 simifar molecular weight ranges, such effect would be essentially negligible, In some
embodiments, random ethylene copolymers satisfy the following relationship:
Ln P=-237.83/Tarrer + 0.639
30 Txo is the ATREF temperature for a random copolymer of the same composition and
having an ethylene mole fraction of Px. Txo can be calculated from LnPx = o/Txo + B.

Conversely, Pxo is the ethylene mole fraction for a random copolymer of the same



(H3C)2S ix z Ti(C 1-13)2 C (CH3)3 Catalyst (AS) is
(t-butylamido)di(4-inethylphenyl)(2-methyl-1,2,3,3a,7a-n-inden-1- yOs anetitanium dirnethyl prepared
substantially according to the teachings of US-A-2003/004286: WO
2009/01215FBCFARYEBE88/069801 I-13c  Catalyst (A9) is PCT/US2008/069801
0-butylamido)di(4-inethylphenyl)(2-methy1-1.2,3.3a.8a-n-s-indacen- 1- ypsilanetitanium dimethyl
prepared substantially according to die teachings of US- A 2003/004286: 5Catalyst (A10) is

bis(dimethyldisnoxane dFene 1 |um cri?ilchlori |I blenf om I'%uqt Idri h: [49]Shuttling
Agents The schd%ﬂin ngipaloya e mcili})cfe clie t?i 2‘in Td Cao zmcaa%( A-ne

triethylalummmﬁxti'iﬁctylaluminum triethylgallium, 10butylalum|num bis(dimethyl(t butyl)snoxane),

i- butylalummunm@is(di(tn@iemeﬂi%mﬁdea@n%iyéaii«i num fileyeigine; Zsmethaxidel me

bis(n-octadecyl)i- butylaluminum butylaluminum bIS(C|I$¥ pentyl) amide) n- octylaluminum
bis(2,6-di-t-BUtABREHBTdEC HoBE A% drhin i bR S Ty asthyAGHfUm
bis(t-butyldimethyisitoxidel [ etlzytatemainu rardifoid ¢ mmenmkisdyi)anmid@)naﬂwkaiunﬂimwmt 0.3.

bis(2,3,6,7- ‘iiP&Hé%Hab&d’?ﬂ\%ﬂ&y‘Aﬁi‘% DRARIS) I RCMA 'i?}ih ferabl
bis(2,3,6,7-dibenzo-l-azacycloheptanéamide), n- octy lalumi IS dimet y ¥yﬁ5i oxide, ethylzinc

(2,6-diphenylisHshidedy a’r‘iéeé%ﬁﬁl‘%ii‘iéb(’l’%lﬂéﬁid@)u‘ () TE@PWH@%%%W@W&@W@@F@ may comprise
alternating hlagks waiHﬁ@ﬂ[@%%ﬂ%@éﬂﬁﬂj@@ﬂf@%(iﬂBMﬁW@@bﬁﬁﬂf dloeks} (b hsdnventive

mterpolyme&s may alg0 rpdpr ha)%istri rgltliloarti) (i}g tqr K fﬁ%om%fp? [%1%5%0(? s of diff(}a) ing density or

comonomer cdn{ent wh |sa or type of distribution.’ eetthﬁene -olefin
interpolym ef@@is’é@lih&ﬁéoei’ﬁbe@iﬁaehfsoef fth@iirﬁ/e rtigreEre préferbbly irttedipuiymers of éthylene with

at least onee3==20:21RIRI UL SOPOMMESS: 9f0, from about 0.5 to about 1.0, or from about 0.6 to
about 1.0, from about 0.7 to about 1.0, from about 0.8 to about 1.0, or from about 0.9 to about
1.0.

[43] Another characteristic of the inventive ethylene/o-olefin interpolymer is that
the inventive ethylene/o-olefin interpolymer comprises at least one polymer fraction which
can be obtained by preparative TREF, wherein the fraction has a block index greater than
about 0.1 and up to about 1.0 and a molecular weight distribution, M./M,, greater than about
1.3. In some embodiments, the polymer fraction has a block index greater than about 0.6 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
26 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 0.2
and up to about 1.0, greater than about (.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
25 about (0.2 and up to about 0.5, greater than about 0.3 and up to about 0.3, or greater than
about 0.4 and up to about 0.5. In vet other embodiments, the polymer fraction has a block
mndex 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 0.7, or greater than about 0.5 and up to about 0.6.
f44] For copolymers of ethylene and an g-olefin, the inventive polymers preferably
30 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
most preferably at least 2.6, up to a maximum value of 5.0, more preferably up t© 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
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ethylene and a C3-C2Q a-olefin are especially preferred. The interpolymers may further 10comprise
C4-C18 diolefin and/or alkenylbenzene. Suitable unsaturated comonomers useful for polymerizing with
ethylene include, for example, ethylenically unsaturated monomers, conjugated or nonconjugated
dienes, poly&ffe&"4iktHybenzenes, etc. Examples of such comonomers int4UidBSeM8@o2Re -olefins
such as propylene, isobutylene, 1-butene, 1-hexene, 1-pentene, 4-methyl-I-pentene, 1-heptene,
1-octene, 1-nonene, 1-decene, and the like. 15 Propylene and non-conjugated dienes are preferred.
Other suitable monomers ir %Itulde‘ tZ%ren_e i:halo- or %Jﬁl-isu‘bstitu‘ted styrenes, vinylbenzocyclobutane,
1,4-hexadiene’ 1.7- 0ctadiene, an na‘{vperﬁﬁe?ﬁlécse?é. ) SRS BB e ShEF & clooctene).
[52] While efiraflenEfa-olefinirterpblyrretizaredireferded potymars cothenethylene/olefin polymers may
also he used. Qlgfins as usedergindelario.e famibs of:20unsatrated hydracarhgn:based

compounds with at Ieagt one carbon-carbon double bond. Depending on the selection of catalysts, any
olefin may HECTS&H i etBori Sty st aremvin o PrarerdBRP €l ab Getiscarsiesty2o aliphatic
and aromatitcompountd® goritainingsyimiespmsatufation, asweld as cychoeompotnds, such as
cyclobutene, gyclopentepe, dicyclopentadiene, and norbomene, includjng but imited.to,
norbornenee%SsugIgtirt%gt’e glﬁ tCié%&a&n%@%%%é%tﬁfB‘%W?ﬁﬁséi‘Yéé‘(? el)s ?g%x r‘B %r%?g'/@}[oéﬁr%r%qggbyl groups.
Also includetigresiiomies of Sughbiefinsadrorell ms3hixtdrasnofesuhoolefins silitn@axe49 diolefin

compoundstrom(53] Exampies;ef elefin menemessdnsindeRubarenat imited 4 RroRyisng
isobutylene, 1-butene 1gpentene é—hexen,e, 1-heptene, 1-octene, 1-nonene, 1-decene, and 1-

30dodecend T A e THiEk A G bR B AL Y SSicosene, 3-methyl-1-butene, 3-
methylal-pentéré, 4-methy bipertene; Babedimethipkkhabtend,. davinylditighexiene, vinylcyclohexane,

norbornadi lj N el di cyclooctene,
Ca-C40 di:ﬁ?ﬁé@%&%ﬁgg&%ﬁi@%@%ﬁ%aﬁ¥?*f€"£@ﬁ%§E?e%@%'???f%%%aﬁi%ﬁ%%%xé%ﬁb?ﬁe,

1,5-hexadieH8 A7 D tadidne mels: dad sererialbirmse E4Eue BRI UHPEIRE. [Fhgertain
embodimendiﬁnfthﬁcﬁ-@lﬁﬁhﬂdﬁti@@ﬂﬂi@mﬁskﬂtﬁemm.me@,lghﬁﬂ&_fﬂ@,pieﬁﬁésﬂec@%ﬁlﬁ@mbinaﬂpn
thereof. Althayg Ay yHieeaRan seniainingcd vinyoiaup.olentialy,may B ysed inembodiments
of the invention, practical Issues such as monomer availabili Yy, COSI, and the abil y {0 conveniently

removeéunrBsadaleneacHsER pehipie FesariEepBRIR e KRS Beeomelmeteoftoblefratic as the
molecular weight gf {heneanemerRecames i AighAr s RAMVSIEAtINMPIAGESSES described

herein are well suited for the tggnrﬁoduct!)on of olefin polymers comdoorising monovinylidene aromatic
monomers ACIIERIS SE S iRl &y?é‘?f%%%?@w(%tﬁé‘hé, tousABrETEER he like. In
particular, ifterpdiyitiers tothpiisiog:ethylledeand styyene cao beprcparediby-fgltoyfifrgnthe teachings

herein. Oplipnallic SEREIMDRYSEAMBrISIAY SIRVANS PyteheAN) 8 (3R ARNA el optionally

comprising a C4-070 diene, having improved properties can be prepar 15 [55] Suitable
non-cotfjugtEePaiemermdiiomErsteaispesatatri e ER sty hHatremLpPelyaife ik thydrdtarbon diene
having from\eitpiieicaibesmatomes: &xaimpies ah suiable nonsepgated dienesHnetude, but are not

e S IS Cllon IR e ocdene
3,7-dimethy1-148doctadidhe e Zeaiettsfin- hpspanienoaridso comprise additives and
adjuvants. Suitable additives include, but are not limited to, fillers, such as organic or
25  inorganic particles, including clays, talc, titanium dioxide, zeolites, powdered metals, organic
or inorganic fibers, nano-sized particles, clays, and so forth; tackifiers, oil extenders,
including paraffinic or napthelenic oils; and other natural and synthetic polymers, including
other polymers according to embodiments of the invention. Additionally, minor amounts of a
different polymer may be used as a carrier for any of the additives. An example of such a

30 polymer would be polyethylene, for example AFFINITY® resins (The Dow Chemical
Company) or EXACT? resins (ExxonMobil Chemical Company.
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20mixed isomers of dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as
1,3-cyclopentadiene; 1,4-cyclohexadiene; 1,5-cyclooctadiene and 1,5-cyclododecadiene, and
multi-ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl tetrahydroindene,
dicyclopentaBi@reiHiestis-(2,2,1)-hepta-2,5-diene; alkenyl, alkylidene, cycRSaIRER)P(REps01
cycloalkylidene norbomenes, such as 5-methylene-2-norbornene (MNB); 5- 25propeny1-2-norbomene,
5-isopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-norbomene, 5-cyclohexylidene-2-norbornene,

5-viny|-2-norb0ﬁ$ne, an eno{z}r,t:()eogntadienteI C%f Fah |_Cchiﬂe,neégt icall utsed togEe‘%ar (%PD s, the
particularly preferred diened &re 1. 4-hexa |esné]% )n b lf/lﬁd1 He- -en%srgdr% he Rﬂgi
5-yinylidenes2unorbolmidre (@¢Nd8yHimethylene-2- norbornene (MNB), and dicyclopentadiene

(DCPD). The espe@mkyg@(gﬁ@ﬁg%ﬁ-@sr&ﬁs%@%@ﬁ%ﬁ%ﬁgﬁ%ﬂ%&;@%@@%&&%ﬁﬂ%&-hexadiene

(HD). [56]09%,c_lla§s Qg,dezsclir,a[ble ,iP°|¥rﬂeer that can | e made in accordance with embodiments of the
invention aré SIAStOMERC e POR L S atRIEHE! B Y E 3G A IR ih 2 SpEdEh Diohylene. and
optionalfy ofé' 8t ForeEiefelfidhomers Prefetfetical-UlefihsdoT arddVia tiziéhibodiment of the present
invention are designated by the formula Cf R*, where R* is a linear or branched alkyl group of
from 1 to 12 carbon atoms. Examples of s a-offfi&include, but are not limited to, propylene,
isobutylene, 1-butene, 1-pentene, 1-hexene, 4-methykFEpantene, and 1-octene. A particularly preferred
a-olefin is propylene. 5The propylene.based polﬁﬁ Sare/ ﬂ referred to in the art as EP or
EPDM polymers. Suitable dienes for ?li\e eparin Stich, potym ers, especially multi-block EPDM
type polymers include conjugated or nofkcotj aight ofibranched chain-, cyclic- or polycyclic-
dienes comprising from 4 to 20 carbons., 3;‘Hed/di es incftide 1,4-pentadiene, 1,4-hexadiene,
5-ethylidene-2-norbornene, dicyclopentadiene, c;%iléheiadiene, and 5- 10butylidene-2-norbomene. A

particularly preferrestaijena is ibiathytidene-2rpeibopieneamid50]-Betausethe digre,castaining
polymers comprise aligrnating sRoments ol pIRcks CONtAINING LA ALIGSSES Byagéyes of the diene

(including nggﬁ)q%&d Er{liolgl‘sln mclgc(l)inrg none), the totalﬁt%uantitﬁ?/ of diene and cm-olefin may be
reduced without sg of & Ssg?q Bt pc? er@? PJW erias ? \a}‘&[%}; dé4lise the diene and a-olefin
monomers are 15preferentially incorporated ne.fype of block of the polymer rather than uniformly
or randomly throughout the polymer, they ar e efficiently utilized and subsequently the crosslink
density of the polymer can be better controlled. osshnkable elastomers and the cured products
have advantaged properties, including$i rtepéile s h and better elastic recovery. 70[58]In

some embodiments, the inventive interp madg’with talysts incorporating differing
guantities of comonomer have a weight r' bloc reby from 95:5 to 5:95. The polymers
desirably have an ethylene content of fromw20.t0 9g;pergent, a diene content of from 0.1 to 10 percent,

and an'&-olefin content of from 10 to 80 percent, based on the total weight of the polymer. Further
preferably, the psédéB¥BIoER 2EpoNMhers Have axtetitaHectistehy ot omBlé 00 percent, a diene
content of fraban@yl to 10 percent, and an a-olefin content of from 10 to 40 percent, based on the total
weight of the polymer. Preferred polymerg are high molecular weight polymers, having a weight
average molecular weight (Mw) from 10,000ty jodt 2,500,000, preferably from 20,000 to 500,000,
more preferably from 20,000 to 350,000,~and A po ydispersity less than 3.5, more preferably 30 less
than 3.0, and a Mooney viscosity (M. (1+4) 125C) from Ito 250. More preferably, such polymers have
an ethylene content from 65 to 75 pexceatpa.dieht contert.frema.@to 6 percent., and an a-olefin
content from 20 to 35 percent. WO 009/0\LT2152<FPQT/USZOOO/069001 [59] The ethylene/a-olefin
interpolymers can be functionalized by IpOLa ing at least one functional group in its polymer
structure. Exemplary functional groups may i :
di-functional carboxylic acids, ethylenicéf
anhydrides, salts thereof

Catalyst (Ad) is bis((2-oxoyl-3-{dibenzo-1H-pyrrole-1-y1)-5-{methylyphenyD-2-

15 phenoxymethyl)cyclohexane-1,2-diy] zirconium (IV) dibenzyl, prepared substantially according to the
teachings of US-A-2004/0010103.
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5and 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 cornonomer to form an interpolymer of
ethylene, the functional comonomer and optionally other comonorner(s). Means for grafting functional
groups onto PoVEH{EIE?are described for example in U.S. Patent Nos. 4,763/B890809%8¢888, and
4,950,541, the disclosures of these 10patents are incorporated herein by reference in their entirety.
One particularly useful functional group is malic anhydride.  [60] The amount of the functional group
present in the functional interpolymer 0 vary, The functlona g oup can typlcally be present ina

preferably at least about 5 15we|ght perc
functional group will typically be present.
less than about 40 weight percent, preft
less than about 25 weight percent.

ethylene/alpha olefin copolymers or tennonomers ang polypropylene; and, the interpolymers may be
used as a peroxide crosslinked elastomer with either ethylene/alpha olefin copolymers or
ethylene/alpha olefin/nonconjugated diene tennonomers. Additionally, 25the lower melting point allows
for manufacture incstandapkihernoset-applicaions.Suchapplicaticns inchidesutiare not limited to:
conveyor belfing, V/-belting; crosslinked foams, including, but not limited to, midsole foams in footwear,
foamed mats, wet suits, extruded sponge profiles, dual hardness sponge/solid coextruded profiles,
single ply roofing, and windshield wipers. 30For an ethylel a?bha olefin/nonconjugated diene
termonomer composition, sulfur or phenolic cured/%@ibh ofelastomeric compositions may be
produced. Similar applications may be used as-descfibed poxideienosslinked elastomers.  The
compositions of the present invention may also b%@ed iail éxtended gel compounds in
thermoplastic or thermoseta} %c [ _the/ethylene/a-olefin interpolymers of the
present invention may be use ﬁ noise 4tioiT and harshness (NVH) control related applications.
5[62]The following examples are presented\to exenipliffiembodi €rfte‘efthe invention but are not
intended to limit the invention to the specific&rtadiments set forth. Unless indicated to the contrary,
all parts and percentages are by weight. All numerical values are approximate. When numerical
ranges are given, Tihgﬁﬁ’ﬁi’éaﬁ‘e’ §Tb@é)tﬁéf°%%‘5@dﬁﬁ@}ﬂ‘§sout3|de the stated ranges may still fall
within the seb i iV mieerylond ‘ Slictels gaich example should not be construed

as necessary featg @ﬁl@fbmﬁsﬁfi\fﬁ@ﬂ%dgﬁlﬁm lﬁ'—%&ied to 10 mL of tsopropylamine. The solution

rapidly turns bright yeliow. After stirring at ambient temperature for 3 hours, volatiles are removed

Dol

10 under vacuum to yield a bright yellow, crystalline solid (97 percent yield).

b)_Preparation of (bis-(1-methylethyD(2-oxoyl-3.5-di(t-butyhphenyhimmino) zirconium dibenzyl

A solution of (1-methylethyl}(2-hydroxy-3.5-di(t-butyDphenylimine (605 mg, 2.2 mmol) in 5
ml. toluene is slowly added to a solution of Zr{CH,Ph), (500 mg, 1.1 mmol) in 30 mL toluens. The
resalting dark yellow solution is stirred for 30 min. Solvent is removed under reduced pressure to
15 yield the desired product as a reddish-brown solid.
Catalyst (A6) is bis-(1-(2-methylcyclohexylethyl)(2-oxoyl-3,5-di(t-butyhphenylimimino)

zirconium dibenzyl
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Testing Methods In the examples that follow, the following analytical techniques are employed:
15 GPC-IR Method Gel Permeation Chromatography (GPC)  [63] The gel permeation
chromatographic system is either a Polymer Laboratories Model PL-210 or a Polymer Laboratories
Model PL-ZQ%Q%%%%W The column and carousel compartments are op&fated #086P! Four
Polymer Laboratories 20-micron Mixed- 20 A columns are used. The solventis 1,2,4
trichlorobenzene. The samples are prepared at a concentration of 0.1 grains of polymer in 50 milliliters
of solvent containing 200 ppm of butylated hydrgxytoluene (BHT). Samples are prepared by agitating
lightly for 2 hours at 160C. The injection volum [ i
ml/minute.  [64] Calibration of the GPC ggolurhi_se
distribution polystyrene standards with moleculariqwel(,ght anging 08 m 580 to 8,400,000, arranged in 6
' wveep/individuAl molecular weights. The
ire, UK). The polystyrene standards are

prepared at 0,025 grams in 58;nillilite .
1,000,000, and 0.05 grams in 50 30 millitefs of solvent '- Ifhole;wtamgsgghts less than 1,000,000.
le agitation for 30 minutes. The narrow

minimize degradat;ﬂon Then_p (;/f renegtandarg p{ek molecular weights are converted to
polyethylene molecuﬁgle\?\?‘é%g S usmiﬁs% %offlcoc\)/l\}lr‘fﬁ %qﬂﬁa OW S(as descrlbed in Williams and Ward, J.
Polym. Sci. 2P8is#; " gt taray= O At SHATRIARS: [65] Polyetheylene
equivalent molecmaﬂwgﬂgMﬁamwatiems c@zreﬂpeﬂmrmﬁd) wngoﬁzvdsmtakam@ﬁ@@oﬂwam Version 3.0.
Molecular Weight; QR!&?@@HW(}%%‘ pesition MaasHreroantiy, Infa:RedRRIRG Rlee nou 08 The

comononier com osition throughout the GPC curve can be measured using an IR4 |nfra red detector
that is avail bR PPERI 6ty %éci’ K VA SHRIAr oI TGRS TRNRRA ﬁ%‘fyﬁ?é%@h%%f%%i’f [67] The
"compositioﬁ%ﬁé@éﬁ%ﬂtﬁeﬂﬁéﬁé@t@rﬁé%‘thpﬁ@lelfhl%@ régisaferrieresensGR{ T2 Jsdhd Tomposition
sensor (CH3j dhataresfixetmanow bandeinfraired fdtees jrthe fegienef2806:3R00 cin-1. The
measurement sensardeiets the methvlene (i4e) SaRons onthe aolymer (which directly relates to
the pol}/mer concentration in solution) while the 15 composition sensor detects the methyl (CH3)
groups Bf t - matical ratio of the composition signal (CH3) divided by the
measurement S|gPf*aM@Hil?ﬁslééﬂ@ﬁvéxd%ﬁbmﬁbﬁmvicbhmwméem@aw%ﬂfﬁcﬂymer in solution
and its respoyseuisoalibsated writh dn ewmneihyle e aliphvndefinaopelymes stanslarmsls) in 600[68] The

detector whep uagibwit A GR( INSIIMSNLRRYIKes a3 GONSPRIRUORQGH,) A gpmposition

(CH3) signal response of the eluted polymer during the GPC process. mer specific calibration
can be creat8d By IEALUHAG YRS g’rélé{ %f%“(?f)?ﬁ’éw@?—léc%céﬁfa%? %WHY&D ith known comonomer
contentXpreferabl{-#ivdess (redsuy INVIR) T HerediGridmer tistibitioh-ofiaipolyyielesdiriverestimated by
applying a reference-patibationeiithesatiooh theareas fostherndisddual CH3 and CH2 response (i.e.
area ratio CH3/CR2 versus comonomer content). [G@aking the ratio of the CE13/CH2 response

at each elution volume, the response to the g er's gpmposition is measured. After applying the
appropriate reference calibration, the compo i’w ponse can be used to estimate the comonomer
amount at each elution volume. Integration of theyextire GPC profile provides the average comonomer
30content of the polymer while the slope of:thestine frggythie coinonomer versus molecular weight
provides an indication of the uniformity of the co ofhiomer distribution. When integrating the GPC

chromatograph for composition determination, theél(g'gleggratlon region
41313

Catalyst (A8) is (t-butylamido)di(d-methylphenyh(2-methyl-1,2,3,3a,7a-n-inden-1-
yhsilanetitanivm dimethyl prepared substantially according to the teachings of US-A-2003/004286:
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should be set to be greater than 5 weight percent of the polymer on either end of the chromatogram.
[70] The application of infra-red spectroscopy to measure the comonorner content of polymers in this
system is similar in principle to GPC/FTIR systems as described in the 5following references:  [71]
Markovich, ROA&IE®  Afzlitt, Lonnie G.; Smith, Linley; "Development of g&Charpesiiso
chromatography-Fourier transform infrared spectroscopy for characterization of ethylene-based
polyolefin copolymers" Polymeric Materials Science and Engineering (1991), 65, 98-100.
TO[72]Deslauriers, P.J.; Rohlfing, D.C.; Shieh, E.T.; "Quantifying short chain branching
microstructures in ethylene-1-olefin copolymers uging size exclusion chromatography and Fourier
transform infrared spectroscopy (SECH:1- p£2002), 43, 59-170. 15DSC Standard Method
[73] Differential Scanning Calorimetry resu ¢ deteym qiyssing a TAl inode! Q1000 DSC equipped
with an RCS cooling accessory and an auto$ér \6 nitkpgen, purge gas flow of 50 ml/tnin is used.
The sample is pressed into a thin film and mefedin thespress at about 175C and then air-cooled to
room temperature (25C). 3-10 mg of materiakis then 20cut into a 6 mm diameter disk, accurately
weighed, placed in a light aluminum pan a’50 mg), and thén crimped shut. The thermal behavior of
the sample is investigated with the following temperature profile. The sample is rapidly heated to 180C
and held isotherm&Pfa% M ey Griey & Teribvelany pravibuls theAidt tristestireThe sample is then
cooled to - 40@atd@@/milinedolingrate ahdahéldyat<40Gafor B3 minitesoTie sanipigisiten heated to
150 C at LOC/min. heating rate. The cooling ane-second heating curves are recorded.  [74] The
heat flow rate (W/g) with respect to the linear
>heat of fusion is measured as the area under

baseline drawn between -30C and eng of inching!
the melting curve between -30C and the énd ofme ‘E a linear baseline. 30Density  [75]
Samples for density measurement are prepareghaccordingt6HASTM D 1928. Measurements are made
within one hour of sample pressing using ASTM D792, Méikdd:B. Melt Index [76] Melt index, or
12, is measured in accordance with ASTM I@ Condition 190C/2.16 kg. Melt index, or 110 is also
measured in accordance with ASTM D 1238/5€0nditian:499C/10 kg. Mooney Viscosity  [77]
Mooney viscosity is measured in accordadfice with ASTM DI646-06 at 125C, ML 1+4 (MU)). ATREF
to[78]ARalytical tepypgratkesising @lutiondastionatinmATRER) AnalYsiR isicandlisted according to
the methodsqelgc_r'k&({-:l-_gchin LISP 4,798,081 and Wilde, L.; Ryle, T.R.; Knobeloch, D.C.; Peat, I.R.;
Determinatiof of ranching Distributions in Polyethylene and Ethylene Copolymers, J. Polym, Sci., 20,
441-455 (1982), which are incorporated by refe herein in their entirety. The composition to be
analyzed is dissolved in

(H3C)255/ Z1Clh

491 Shutiling Agents The shuttling agents employable include diethylzine, difi-
butyl)zine, di(n-hexyl)zine, triethylaluminum, trioctylaluminum, triethylgallium, i-

10 butylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyl)amide),
n-octylaluminum di{pyridine-2-methoxide), bis(n-octadecyl)i-butylalaminum, i-
butylaluminum bis(di{n-pentyDamide}, n-octylaluminum bis(2,6-di-t-butylphenoxide, n-
octylaluminum di(ethyl(1-naphthyl)amide), ethylaluminum bis(t-butyldimethylsiloxide),
ethylaluminum di(bis(trimethylsilyl)amide), ethylaluminum bis(2,3,6,7-dibenzo-1-

15 azacycloheptaneamide), n-octylaluminum bis(2,3,6,7-dibenzo-1-azacycloheptaneamide), n-
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istrichlorobenzene and allowed to crystallize in a column containing an inert support (stainless steel
shot) by slowly reducing the temperature to 20C at a cooling rate of 0.1C/min. The column is equipped
with an infrared detector. An ATREF chromatogram curve is then generated by eluting the crystallized
polymer sampie2iitHé2column by slowly increasing the temperature of tRE EIRAIGS&ERASAt
(irichlorobenzene) from 20 to 120C at a rate of 1.5C/inin. 13C NMR Analysis [79]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 tybe. The.samples are dissolyed and homogenized by heating the
tobe ana to B R BN S D E A oG e O A oMtz

spectrometethoizany/ driaretdity PlusTM 400MHz spectrometer, corresponding to a13C resonance
frequency of 1065 MHzfhe, dafa argapanred using 4000 ransients pRrdata file.with a 6 second

pulse repetition delay. To achieve minimum signal-to-noise for quantitative analysis, multiple data files
are added t6YBIRERFRETSHE CRAI N TE 2260 HI St al HiidfriveIr Fila S oF SRR Hiatihoints. The
30 samples@areparalydediaiikb30rObinck 16 pipobroadibake @ralferithée0monomemntaarporation is

determined &é’%@gt’RT?‘MﬂE% g@g]m%}gé?q}@%@gﬁasl&igugohqMS-Rey. Macromol. Chem. Phys., C29,
201-317 (1989)), which is incorporated by reference herein in its entirety. Additional Method for HC

NMR analysis [88]The follesitiy ersirerariodasepmiagsah g i e fignsioyy trl B iime the

Scomposition: seauengatistibution A yatie efmmaphous end seminerystallipefaleeksrof an

ethylene-propylene olefin block copalymer with ethylene/propylene segment/block compositions that
?ﬁi&‘é@

differ by les&THEREEH W BHNSHE Y Gefty thdrdifichsHip B RV {tESEals and

comon@merkeapaentration. dframa sikioskeonayme, withbeibhlackemade Mnaspesilic catalyst, the
NMR integrals fit the following equation: I=Picf(E1)+0-Prf(E2) 15 Where | is the integral for a selected

peak of copBIyEI IS it (BTgRY FActiGhOr e TP B SEFRHE EBHeunt At IFethylene in first
block 20E2 ésitheataheeninatinnpietiyiencpiriysecontkblotk ftki) isthe&integkal donttibution from the

first block f(Egldadheiggial eonirhylion iR the. sseapd plack Asilliere Al (001 loan S integrals
and only three unknowns (P, EFFand’E

2), an optimized solution of P, El and E2 can be obtained from
normalized NMRamtegratshh tipersecondgieps assiggnan indtiahs/dluedonE kodrthedpending to the value

expected ff%ﬁﬂ@a@@%%ﬁ?&ﬁ&%@ £eIGHIRIe. GoraRponding IRRgLAIS With gAuations. 30In the
third step, assign an initial value to E2 correspondlnﬂjto the value expected from the
styrene, halo- or alkyl-substituted styrenes, vinylbenzocyclobutane, 1,4-hexadiene, 1,7-

octadiene, and naphthenics (e.g., cyclopentene, cyclohexene and cyclooctene).
[52] While ethylene/g-olefin interpolymers are preferred polymers, other
ethylene/olefin polymers may also be used. Olefins as used herein refer to a family of
20  unsatorated hydrocarbon-based compounds with at least one carbon-carbon double bond.
Depending on the selection of catalysts, any olefin may be used in embodiments of the
imvention. Preferably, suitabie olefins are €3-C2¢ aliphatic and aromatic compounds
confaining vinylic unsaturation, as well as cyclic compounds, such as cyclobutene,
cyclopentene, dicyclopentadiene, and norbornene, including but not Hmited to, norbornene
25 substituted in the 5 and 6 position with C1-C2( hydrocarby! or cyclohydrocarbyl groups.

Also included are mixtures of such olefins as well as mixtures of such olefins with C4-Cag

diolefin compounds.
[583] Examples of olefin monemers include, but are not limited to propylene,
isobutylene, 1-butene, 1-pentene, 1-hexene, I-heptene, 1-octene, 1-nonene, 1-decene, and 1-
30 dodecene, l-tetradecene, i-hexadecene, 1-octadecene, 1-eicosene, 3-methyl-1-butene, 3-
methyl-1-pentene, 4-methyl-1-pentene, 4,6-dimethyl- i-heptene, 4-vinylcyclohexene,

vinylcyclohexane, norbornadiene, ethylidene norbornene, cyclopentene, cyclohexene,
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process parameters and calculate corresponding integrals with equations. In the fourth step, assign an
initial value to P corresponding to the value expected from the process parameters and the equation,
E--P*EE1)+(I-P)*EE2), is used to get simulated 35integrals. Lastly, the calculated residual errors
between rawtdritadiZétfand simulated integrals are minimized to minimiz& tHé'SuHEIA%81residual
errors to get P, El and E2 . Polymer Fractionation by TREE RH]Large-scale TREF fractionation is
carried by dissolving 15-20 g of polymer in 2 liters of 1,2,4-trichlorobenzene (TCB)by stirring for 4
hours at 160C. The polymer solution is forced hy 15 psig (10Q kPa) nitrogen onto a 3 inch by 4 foot
(7.6cmx1 Ig%c)]%:feeget cofumn 553%%% W‘itf%eﬁo :%’(E\)?fcv%'éﬁ? O%‘fté‘lﬁ)-tj}ﬁn ek go‘ﬂiiﬁgﬂfm) spherical,
technical qualityaglagsizeadsi{avaitable from Hotiers, industries, HEBOBax 20pBoywawpeed, TX,
76801) and gitea}jlnl‘egsﬁst%l%qlkg.qg% {O..?mrg iamet% cut %Lre shot rvailg_ le from Pellets, Inc. 63
Industrial Drive. North Tonawanda, N 141205 The ToRIMH & FHmeri&d ™S fhermally controlled
oil jacket, satiritiallyhexd480 CrcThe cotumntisdirst dootet] dilistighly tdyiRe Gh¢hennslingooled to 20

C at 0.04 C penminyte phddald fan ppediauh, HigshihGR isrintraduced.atabaus f5,.Rmijn while the
temperature is increased at 0.167C per minute,. [82] Approximately 2000 nil portions of eluant from
Ii%'ﬁﬂf’. FHfe polymer is

the preparafiV@ TIREE SRR Sre B aMelr P H D6 StaBo P ke B 6

concentratettam gackst0frggtidynusingyebeotary ievaposalan uitiiadhe uid@ia108 4 afithe polymer
solution rerq]qg)rﬁgm];pgeggrg&e&tg%%g‘ solutions are allowed to stand overnight before adding excess
methanol, filtering, and rinsing (approx. 300-500 ml of methanol including the final rinse). The filtration
step is performettlon a 3PEHRLAGHEHI ARSI HIERAY o rrugihssiedier Bslytetrafluoroethylene

coatedfilterpapetitavailadia fam@sneniesitacmotalila 2 0WRMH ek dhe filrated fractions are
dried overnisqht ine a vachum oven agnflsé)th zgatn]cj r\{\ée{gfh? Qnan anglt%tiﬁl bIaIanc,e efore further testing.
Turbidity f§(§] Turblékl{t{/ of the ofil OF SOIVENt SolLtions Were' Measure 'ugi}ﬁﬁt}é:‘f—fjﬁCH RATIO
TurbidimeteP eI I8O00WESiF gethdde 0T tyresotation seakee(iily DILNTLhOChHtaysts [84] The
term overnighti /eI (66 ANMEALARN QAMACAEL EROUS. 116 I claayn temperature,

refers to a temperature of 20-25 C, and the tenn "mixed alkanes" refers to a commercially obtained
mixture of CBUAHEITANE RSB0 BisH ABTEEHARICHEE Hagw dreithbriBisnasar E(r), from

Exxoniobil Chegrical Cemppivndidhg aueRtdRRNAMemRE 8 aampoURdersin, dggs.net conform to the
structural representation thereof, the structural representation shall control. The synthesis of all metal

complexes adntﬁ%cﬁ?gfjg?’gﬁ%cﬁrgf’%ﬁigﬁ‘?é’@%f@?bgﬁ?ﬁéncfgﬂé‘?@ P8Ot LEY it gen
atmosphereosingudepboxitech nicués. batlsolvenitsiusiad, ateikiP Ligradelamit st ditedsefore their

use. [85] MMAQ.Kefers e spdified mﬁH&Qéﬁ@{EQ@@scaaiz,r&'%,%gyﬁ@wiﬂ% fadéré%gs,

30inethylalunioxane available commercially from Akzo-Nobel Corporation.  [86] Cocatalyst | A
mixture of MEtRYRAE I AikyBatintfoniidisiiy dstetrdistse Aartinrdphéyesbeiene (rbre-in-after
anneenium horatelpeepdread ysieaction aladiinagehaindrialedamingcAmieentMsMaHY , available
o ke bl e gk S ISR sl e eset DS A0 B 2
bis(tris(pentaflior@paEeytic dhspdate udgedisay intazotities prepaidd sdaosrdingtd USP
tetrahydroindene, dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-dicne; alkenyl, alkylidene,
cycloalkenyl and cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB}; 5-
25 propenyl-2-norbornene, 3-isopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-norbomene,
5-cyclohexylidene-2-norbornene, 5-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), 5-vinylidene-2-norbornene (VNB), 5-methylene-2-
norbornene (MNB), and dicyclopentadiene (DCPD), The especially preferred dienes are 5-
30  ethylidene-Z-norbornene (ENB) and 1.4-hexadiene (HD).
[56] One class of desirable polymers that can be made in accordance with

embodiments of the invention are elastomeric interpolymers of ethylene, a C3-C2q o-olefin,

esneciallv orooviene. and optionallv one or more diene monomers. Preferred n-olefins for

24



56,395,671, Ex. 16. Examples 1-4. Comparative Example A [88] Ethylene/propylene copolymers
are prepared using two continuous stirred tank reactors (CSTR) connected in series. Each reactor is
hydraulically full and set to operate at 10steady state conditions. The shuttling agent (SA 1) is added to
the first reactoP AIHG #i#A catalyst A-1, Cocatalyst 1, a scavenger (triisobuRAdiEHEPEATBHIfied
methylalumoxane MMAO, available from Akzo-Nobel, Inc.), and solvent (mixed alkanes (Isoparlm E,
available from ExxonMobiI Chemicals Inc.). Operating conditions for the two reactors are provided in

Tables 1 and 2 ErBIX roper %bare rowded in Tabl x 3. nl%gg s 5- 13&‘61 %# Examples 5 - 12
Te

mlent OF. NVeniion, are iy
are manufacture usm a non-a IC 0 merlzatlon sy em CO 8 §’utat|ng |00p

reactors corigriedty iiy Sé‘ﬂé@ or h@MIwﬂg/bgem (Sixanis @dtﬁe@rfwmoﬁwst Feactoesaddng with catalyst
A-1, Cocatalystdic 3 seavghaana0thisrbuyiaiuminimpodified ingthylalumpexane, MMAQ, available

from Alczo-Nobel, Inc.), and solvent (mixed alkanes (Isoparni E, available from ExxonMobil

Chemicals, ﬂn]&efe@fpéfﬁﬁ%lékﬁﬁ?fﬁ?ﬁsaf& YestERD reRRTErEIars M@i&f‘é’dluﬁiﬁfﬁb*l%%@%ﬁaez Polymer
properties afaqppoidedkinalabiel @ners aCGomparhfivddaxamplets: mﬁanﬁt@aﬁm(ﬁmmMobll

chenncal Cooland Eamagralve, Gramplg ip NRINEL 22 LI0R B Sheristhrgmpany). - GIP Id
(0] ec \Y,
polymers include conjugated or non-conjugated, straight or branched chain-, cyclic- or

polycyclic- dienes comprising from 4 to 20 carbons, Preferred dienes include 1,4-pentadiene,
1.4-hexadiene, 5-ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-
10 butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-Z-norbornene.

I57) Because the diene confaining polymers comprise alternating segmenis or
blocks containing greater or lesser quantities of the diene (including none) and a-olefin
(inciuding none), the total quantity of diene and u-olefin may be reduced without joss of
subsequent polymer properties. That is, because the diene and o-olefin monomers are

15 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
crosshink density of the polymer can be better controlled. Such crosslinkable elastomers and
the cured products have advantaged properties, including higher tensile strength and better
elastic recovery,

20 [38] 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 polymers desirably have an ethylene content of from 20 to 90
percent, a diene content of from 0.1 to 10 percent, and an o-olefin content of from 10 to 80
percent, based on the total weight of the polymer. Further preferably, the pseudo-block

25 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,
mote preferably from 20,000 to 350,000, and a polydispersity less than 3.5, more preferably

30 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 65 to 75 percent, a diene content from 0 to 6

pexcent, and an a-olefin content from 20 to 35 percent,
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[59] The ethylene/o-olefin interpolymers can be functionalized by incorporating at

least one functional group in its polymer structure. Exemplary functional groups may
inchude, for example, ethylenically unsaturated mono- and di-functional carboxylic acids,
ethylenically unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof

5 and esters thereof. Such functional groups may be grafted to an ethylene/y -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. Patent Nos. 4,762,890, 4,927,888, and 4,950,541, the disclosures of these

10 patents are incorporated herein by reference in their entirety. One particularly vseful

functional group is malic anhydride.

[60] The amount of the functional group present in the functional interpolvmer can
vary. The functional group can typically be present in a copolymer-type functionalized
interpolymer in an amount of at least about 1,0 weight percent, preferably at least about 5

15 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 25 weight percent.

[61] The ethylene/a-olefin interpolymers of the present invention may be used in a

20 number of applications, a non-limiting set of examples of which are given below, The
interpolymers may be used an impact modifier for polypropylene; a compatibilizer for
random ethylene/alpha olefin copolymers or termonomers and polypropylene; and, the
interpolymers may be used as a peroxide crosslinked elastomer with either ethylene/alpha
olefin copolymers or ethylene/alpha olefin/nonconjugated diene termonomers. Additionally,

25 the lower melting point allows for manufacture in standard thermoset applications. Such
applications include, but are not limited to: conveyor beldng; V-belting; crosslinked foams,
including, but not limited to, midsole foams in footwear, foamed mats, wet suits, extruded
sponge profiles, dual hardness sponge/sclid coextruded profiles, single ply roofing, and
windshield wipers,

30 For an ethylene/alpha olefin/nonconjugated diene termonomer composition, sulfur or
phenolic cured versions of elastomeric compositions may be produced. Similar applications

may be used as described for peroxide crosslinked elastomers.

26
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The compositions of the present invention may also be used in oil extended gel
compounds in thermoplastic or thermoset applications.

In addition, the ethylene/u-clefin interpolymers of the present invention may be used in
noise, vibration and harshness (NVH) control related applications.

5 62} The following examples are presented to exemplify embodiments of the
invention but are not intended to limit the invention to the specific embodiments set forth,
Unless indicated to the contrary, all parts and percentages are by weight. All numerical
values are approximate, When mumerical ranges are given, it should be understood that
embodiments outside the stated ranges may still fall within the scope of the invention.

10 Specific details described in each example should not be constiued as necessary features of

the invention,
EXAMPLES

Testing Methods

In the examples that follow, the following analytical techniques are employed:
15 GPC-IR Method

Gel Permeation Chromatography (GPC)

163] The gel permeation chromatographic system is either a Polymer Laboratories
Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The column and
carousel compartments are operated at 150 °C. Four Polymer Laboratories 20-micron Mixed-
20 A columns are used. The solvent is 1,24 trichlorobenzene. The samples are prepared at a
concentration of 0.1 grams of polymer in 50 milliliters of solvent containing 200 ppm of
butylated hydroxytoluene (BHT). Samples are prepared by agitating lightly for 2 hours at
160°C. The injection volume used is 200 microliters and the flow rate is 1.0 ml/minute.
fed] Calibration of the GPC column set is performed with 21 narrow molecular
25 weight distribution polystyrene standards with molecular weights ranging from 580 to
3,400,000, 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
30 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
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degradation. The polystyrene standard peak molecular weights are converted to polyethylene
molecular weights using the following equation (as described in Williams and Ward, .
Polym. Sci., Polym. Let., 6, 621 (1968)): Mpoyetylere = 0.431{Mpotystyrene)-

[65] Polyetheylene equivalent molecular weight calculations are performed using

5 Viscotek TriSEC software Version 3.0,

Molecular Weichi-Comonomer Composition Measurement by Infra-Red Detector

[66] The comonomer composition throughout the GPC curve can be measured
using an IR4 infra-red detector that is available from Polymer Char, Valencia, Spain

10 (hitpddwww.polvimerchar com/),

[67] The “composition mode” of the detector is equipped with a measurement
sensor (CH;) and composition sensor (CHs) that are fixed narrow band infra-red filters in the
region of 2800-3000 em’’. The measurement sensor detects the methylene (CHs) carbons on
the polymer (which directly relates to the polymer concentration in solution) while the

15 composition sensor detects the methyl (CHs) groups of the polymer. The mathematical ratio
of the composition signal (CH,) divided by the measurement signal (CH») is sensitive to the
comonorer content of the measured polymer in solution and its response is calibrated with
known ethylene alpha-olefin copolymer standards.

[68] The detector when used with a GPC instrument provides both a concentration

20 (CHz) and composition (CH3) signal response of the eluted polymer during the GPC process.
A polymer specific calibration can be created by measuring the area ratio of the CHj; to CH;
for polymers with known comonomer content (preferably measured by NMR). The
comonomer distribution of a polymer can be estimated by applying a reference calibration of
the ratio of the areas for the individual CH; and CH, response (i.e. area ratio CH3/CH, versus

25 comononer content).

[69] By taking the ratio of the CH3/CH, response at each elution volume, the
response o the polymer’s composition is measured, After applying the appropriate reference
calibration, the composition response can be used to estimate the comonomer amount at each
elution voelume. Integration of the entire GPC profile provides the average comonomer

3¢ content of the polymer while the slope of the line from the comonomer versus molecular
weight provides an indication of the uniformity of the comonomer distribution. When

integrating the GPC chromatograph for composition determination, the integration region
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should be set to be greater than 5 weight percent of the polymer on either end of the
chromatogram.

(701 The application of infra-red spectroscopy to measure the comonomer content
of polymers in this system is similar in principle to GPC/FTIR systems as described in the

5 following references:

[71} Markovich, Ropald P.; Hazlitt, Lonnie G.; Smith, Linley; “Development of
gel-permeation chromatography-Fourier transform infrared spectroscopy for characterization
of ethylene-based polyolefin copolymers”, Polymeric Materials Science and Engineering
(19913, 65, 98-100.

10 [72] Deslauriers, P.J.; Rohlfing, D.C.; Shich. E.T.; “Quantifving short chain

branching microstructures in ethylene-1-olefin copolymers using size exclusion

chromatography and Fourter transform infrared spectroscopy (SEC-FTIR)”, Polvmer (2002),

43, 539-170.
15 DSC Standard Method
[73] Differential Scanning Calorimetry resuits are determined using a TAI 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
20 cutinto 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. The sample is rapidly 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 sample is then heated to
25 150 °C at 10°C/min. heating rate. The cooling and second heating curves are recorded.

[74] 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,

30 Bensity
[75] 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,
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Melt Index
F761 Melt index, or I, is measured in accordance with ASTM D 1238, Condition

190°C/2.16 kg, Melt index, or I is 2lso measured in accordance with ASTM D 1238,
5 Condition 190°C/10 kg.
Mooney Viscosity
(771 Mooney viscosity is measured in accordance with ASTM Di1646-06 at 125°C,
ML 1+4 (MLD).
ATREF
i0 [78] Analytical temperature rising elution fractionation (ATREF) analysis is
conducted according to the method described in USP 4,798,081 and Wilde, L., Ryle, T.R.;
Knobeloch, D.C.; Peat, L.R.; Determination of Branching Distributions in Polyethylene 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
15 wichlorobenzene and allowed to crystallize in a column containing an inert support (stainless
steel shot) by slowly 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 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 120°C at a rate of
20 1.5°C/min.
13C NMR Analysis
[79] 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 dissolved and homogenized by heating the tube and its contents to 150°C. The
25  data are collected using a JEOL Eclipse™ 400MHz spectrometer or a Varian Unity Plus™
400MHz spectrometer, corresponding to a °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 quantitative analysis, multiple dara files are added
together. The spectral width is 25,000 Hz with a minimum file size of 32K data points. The
30 samples are analyzed at 130 °C in a 10 mm broad band probe. The comonomer incorporation
is determined using Randall's triad method (Randall, J.C.; IMS-Rev. Macromol. Chem.

Phys., C29, 201-317 (198%)), which is incorporated by reference herein in its entirety.
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Additional Method for *C NMR analysis

86] The following generally describes an NMR methodology to determine the
composition, sequence distribution and ratio of amorphous and semi-crystalline blocks of an
ethylene-propylene olefin block copolymer with ethylene/propylene segment/block
compositions that differ by less than 25-30 wt% ethylene by using the relationship between

NMER integrals and comeonomer concentration,

For a diblock copolymer with both blocks made by a specific catalyst, the NMR integrals fit

the following equation:

[=P*F(E1)+(1-P)*f(E2)
Where

I is the integral for a selected peak of copolymer

P is the weight fraction of the first block

El is the concentration of ethylene in first block

E2 is the concentration of ethylene in second block
f(E1) is the integral contribution from the first block
f(E2) is the integral contribution from the second block

As there are more than 3 integrals and only three unknowns (P, E1 and E2), an optimized
solution of P, E1 and E2 can be obtained from normalized NMR integrals.

In the second step, assign an initial value to E1 corresponding to the value expected from the
process parameters and calculate corresponding integrals with equations.

In the third step, assign an initial value to E2 corresponding to the value expected from the
process parameters and calculate corresponding integrals with equations,

In the fourth step, assign an initial value to P corresponding to the value expected from the
process parameters and the equation, I=P*{E1}-+(1-PY*{(E2), is used to get simulated
integrals,

Lastly, the calculated residual errors between raw normalized and simulated integrals are
minimized to minimize the sum of the residual errors to get P, E1 and B2,

Polymer Fractionation by TREF
[81] Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in
2 liters of 1,2 4-trichiorobenzene (TCRB)by stirring for 4 hours at 160°C. The polymer
solution is forced by 15 psig (100 kPa) nitrogen onto 2 3 inch by 4 foot (7.6 cm x 12 cm) steel
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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, 14120}, The column is immersed in a
thermally controlled oil jacket, set initially to 160 °C. The column is first cooled ballistically
to 125 °C, then slow cooled to 20 “C at 0.04 °C per minute and held for one hour. Fresh TCB
is inroduced at about 65 ml/min while the temperature is increased at 0.167 °C per minute.

[82] Approximately 2000 m! 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 m! of the polymer solution remains,
The concentrated solutions are allowed to stand overnight before adding excess methanol,
filtering, and rinsing (approx. 300-500 ml of methanol including the final rinse). The
filtration step 1s performed on a 3 position vacuum assisted filtering station using 5.0 um
polvietrafluoroethylene coated filter paper (available from Osmonics Inc., Cat#
Z50WP04750). The filtrated fractions are dried overnight in a vacuum oven at 60 °C and
weighed on an analytical balance before further testing.

Turbidity

[83] Turbidity of the oil or solvent solutions were measured using a HACH RATIO
Turbidimeter Model 18900 using the 0-20 NTU resolution scale (+/- 0.1 NTU).

Catalysts

[84] 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 Cg ¢ aliphatic hydrocarbons available
under the trade designation Isopar 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 shall control. The synthesis of all metal complexes and the
preparation of all screening experiments are carried out in a dry nitrogen atmosphere using
dry box techniques. All solvents used are HPLC grade and are dried before their use,

[85] MMAQO refers to modified methylalumoxane, a triisobutylaluminum modified
methylalumoxane available commereially from Akzo-Nobel Corporation,

[86] Cocatalyst 1T A mixture of methyldi(Cy4.,5 alkyl)ammonivm salts of

tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a
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long chain trialkyvlamine {(Armeen™ M2HT, available from Akzo-Nobel, Inc.}, HCI and
Li[B(CgFs)4], substantially as disclosed in USP 5,919,9883, Ex. 2.
[87] Cocatalyst 2 Mixed Cy4.¢ alkyldimethylammonium salt of
bis(tris(pentafluorophenyl)-alumane)-2-undecylimidazolide, prepared according to USP
5 6,395,671, Ex. 16,

Examples 1-4. Comparative Example A

[88] Fthylene/propylene copolymers are prepared using two continuous stirred tank
reactors (CSTR) conmected in series. Each reactor is hydraulically full and set to operate at
10 steady state conditiops. The shuttling agent (8A1) is added to the first reactor along with
catalyst A-1, Cocatalyst 1, a scavenger (triisobutylaluminum modified methylalumoxane
MMAQ, availabje from Akzo-Nobel, Inc.), and solvent {mixed alkanes (Isopar™ E, available
from ExxonMobil Chemicals, inc.). Operating conditions for the two reactors are provided in
Tables 1 and 2. Pelymer properties are provided in Table 3.
15
Examples 5-12
[89] Examples 5 - 12 are manufactured using a non-adiabatic polymerization
system consisting of two recirculating loop reactors configured in series, The shuttling agent
(SA1) is added to the first reactor along with catalyst A-1, Cocatalyst 1, a scavenger
20  (miisobutylaluminum modified methylalamoxane MMAQ, available from Akzo-Nobel, Inc.},
and solvent (mixed alkanes (Isopar'™ E, available from ExxonMobil Chemicals, Inc.).
Operating conditions for the two reactors are provided in Tables 1 and 2. Polvmer propertics
are provided in Table 3,

Comparative Example B 1s Paratone 8941 (ExxonMobil Chemical Co.) and Compatative
25 Example C is Nordel 225 (The Dow Chemucal Company).
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(" (-1-,,cr?c-1CDCDC.?200ccr-r-r-r-r- ,Cr- DO Cm CO 71- ,4.: ,C Wt % Ethylene (1\IMR) tei
A4;UM rn 7t CC4.:: (FTIR) 91C9r:'12 h,-1C.e'l'C.r-:c'lr--: (-1 cr.! CC4::c0 4D 4::\O CO LeM 4.7, ,..0
,..0 unN 1iN m- Cq efl d- UM 4"2 tm 00 ON CD GPC-IR and Turbidity Measurements  [90]
ComonorneMédaipHsiadT throughout the GPC curve was monitored via GFCIHRS284&%d#krical values
of the comonomer content vs molecular weight 5fractions were plotted and fitted to a line, mx+b. The
absolute slope, tni, and turbidities in oil and dodecane are given in Table 4 below, As may be seen, for

the inventive-pelymers;inHsless-than4-and-the-turpidity is equal to or less than that of a comparable
| Sdd
copolymer with a comparable DSC enthalpy, Jig, at |greater than 55 C, Al-1,55-0 toTable 4 Ex.
AO>55,c. £
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Iml Turbidity (oil) Turbid(dodecane) A*4.3752829 3.62.21.2 [91] While the invention has
been described with respect to a limited number of embodiments, the specific features of one
embodiment should not be attributed to other embodiments of the invention. No single embodiment is
15representdtPa¥P/4n2aspects of the invention. In some embodiments, theP$Oii[5a&IENER6Y methods
may include numerous compounds or steps not mentioned herein. In other embodiments, the
compositions or methods do not include, or are substantially free of, any compounds or steps not
enumerated herein. Variations and modifications from the described embodiments exist. Finally, any
number disc Q herein s be construed to mean approximate, regardless of whether the
word "about@&%ggﬁailﬁ%éﬁ%@ﬁggﬁ?ﬁ“ﬁ%%oribing the number. The appended claims intend to
cover all those Wdldificatiorisansereariarivnsion Tuflingwithin GhE scopevof thenifvedtion. What is
claimed is: LifGrethylensiamalefinintarnalyrmer ComRsising oot Mt substantially homogeneous
intramolecular s.e%ments r blocks comprisjng differing chemical or physical properties, said
intramolsecué%cggg%%%?gg%gpaﬁgfﬁ%a %}?‘ é8§§3§§ﬁﬂg%56 B fotdsePhdRcular weight Sdistribution,
wherein the tethiylignela-olefid dotiempotyarrericonpiigds atkhard.sagmentanda Sofhsegment, and
wherein: in@ﬂmﬁ;@i%\@@ﬂiﬂiﬂgE@s?‘ﬁﬁﬂtﬁ}jﬁr?dt@l@&%&i@y% equal 1o or less than that of a

comparable copolymer with a comparable DSC enthalpy, J/g, at greater than 55 °C,

AH>55“C'
16 Table 4
Ex. | AH.ssee fml Turbidity (0il) | Turbidity (dodecane}
A* 4.3 7.5 2.8 2.9
1 | 36 2.2 1.2 2
[91] While the invention has been described with respect to a limited

number of embodiments, the specific features of one embodiment should not be
attributed to other embodiments of the invention. No single embodiment is

15 representative of all aspects of the invention. In some embodiments, the
compositions or methods may include numerous compounds or steps not mentioned
berein. In other embodiments, the compositions or methods do not include, or are
substantially free of, any compounds or steps not enumerated herein, Variations and
modifications from the described embodiments exist. Finally, any number disclosed

20 herein should be construed to mean approximate, regardless of whether the word
"about” or "approximately" is used in describing the number. The appended claims
intend to cover all those modifications and variations as falling within the scope of

the invention.
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(b) has an ethylene content in the hard segment in the range of from 60 wt% to 95 wt% based on
based on total monomer content in hard segment; 10(c)(i) has a hard segment in an amount of at least
40%, at least one melting point, Tin, in degrees Celsius and an amount of ethylene in weight percent,
wt% C,, wheYéhth&hdinerical values of Tm and wt% C2 correspond to thgq‘ﬁgﬁ%@%ﬁg@ C>Tm>
4.1276(wtc7c C2) - 244.76; or 15(ii)has a hard segment composition of less than 40%, at least one
melting point, Tin, in degrees Celsius and an amount of ethylene in weight percent, wt% C2, wherein
the numerical values of Tm and wt% CI correspond to the relationship: 80 C > Tin < 4.1276(wt% C2)
-264.95; or 20)is clhamadtistized by an average block index greater than zero and up to about 1.0 and
a molecular weight distribution, IVlal?ilm greater than about 1,3; or 2 has a molecular

: . v
fraction which &%ﬁé@’ﬁéfé@e@ﬁf@dn%m%ﬁ%sﬁﬁéﬂ&%@&rﬁ§H?étw{gr%%8?§fﬁﬁguﬁEF,
characterizedjaibrt-2o thefragtionhasataghascpmbnameheantént ofatdegstbepescent higher than
that of a comparalye random,sitvlene nterpplyner acion el NG RRERN e e emperatures,
wherein said C%Fr%%g?ié erandom eatﬁyfene iﬁte‘rpo ymer has the same comonomer(s) and has a
melt index, dirsisticant raslarioriotmrerESmEITTASR 6PIABSHITIIA DTSN ARAITTL0 percent of
30that of the gifylengi@selgtin interpolymer; or (v) has a relationship between ethylene content
in wt% and log molecular weight such thatiéjne glottg%_of ethylene content vs log molecular weight
as measured by GBCYR %égﬁ SREAARE drde *A ot Equal to or less than 4; and, (d)has a turbidity
measurement of a(i) Bantioesiolistionwf this redi/ereferokefinnte rpoty robrom 6 8% 1.85Wt% solution in

dodecane of Jess than, ot begualin fhat.ofa.compatalie conphumer wherein the comparable

copolymer has the same DSC enthalpy (Jig) at greater than 55 C within 5 Jiqtand the same overall
ethylen® content within X6%. 2(RrhatiyIderEBrat AeRBR L ACEAbHEM Gt Fhore substantially
homogeneousiitsanaleclansegmantsiaidiotks aomprisinghgitieringvelzenpoator physical properties,
said 10intratnglecula esr%g{}]}?“ﬁ%ﬁ%?gﬁ}eﬁ&%e& ‘9){1 ROPRRSSNG. 4185 pIohable molecular weight

distribution, wherein the ﬁene efin Interpolymer comprises a hard segment and a soft segment,
and whereire{a)chasm Mw/Mn from about 1.7 to about 3.5; (b) has an ethylene content in the

hard segment in the range of frigya®69 Wi% 501 9 (wt% C,) — 244.76; or
15 (i)  has a hard segment composition of less than 40%, at least
one melting point, Tm, in degrees Celsius and an amount of ethylene in
weight percent, wt% C,, wherein the numerical values of Tm and wt%
(, correspond to the relationship:
80 °C > Tm < 4.1276(wt% Cy) — 264.95; or
20 (iify  is characterized by an average block index greater than
rero and up to about 1.0 and a molecular weight distribution, Mw/M,
greater than about 1.3; or
{iv)  has a molecular fraction which elutes between 0°C and
130°C when fractionated using low temperature TREF, characterized in that
25 the fraction has a molar comonomer conteat 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
30 that of the ethylene/a-olefin interpolymer; or
() has a relationship between ethylene content in wi% and

log molecular weight such that a line plotted of ethylene content vs log
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15wt% based on based on total monomer content in hard segment; (c)(i) has a hard segment in an
amount of at least-40%, at least one melting point, Tm, in degrees Celsius and an amount of ethylene
in weight percent, wt% C2, wherein the numerical values of Tm and wt% C2 correspond to the
relationship: @OREOTIHFS 3.4405(Wt% C2) -218.99; or (i) has a hard?$dgiélelsHposition of
less than 40%, at least one melting point, Tm, in degrees Celsius and an amount of ethylene in weight
percent, wt% C2, wherein the numerical values of Tm and wt% C2 correspond to the relationship:
2580 C > Tm < 4.1276(wt% C2) -264.95; or gﬂ)f IS characterizeciJ by an alyera e block index

greater than zero didpto 4 Beatded P GRECUR el GRS /S WAV A %G reater than about
1.3; or (iv) hassarmabasudar fraition which elutes between 0C and 30130C when fractionated

using low temperature | REF, duaipeleized At iAo has.amelanepmonomer content of at
least 5 percent higher than that of a compgraﬁﬁe random ethylene interpolymer fraction eluting

between theedataclarmisBrdnireswiraisiniseia bomparablévadlds e e iatsblymer has the
same COoMOoRGRMEI{SHARENAsgarelt gexsiengity.iand donlateumepomereantant (based on the

whole polymer Witgu'n 10 percent of that of the_ethylene/a-qlefin interpolymer; or (v)has a relationship
between ethft & é:n %ﬁﬁ\%}%}: %tr%eﬁot%r%%lfe%?utlgrwvb%e%%? f(ﬁ:%“%% gaflneeoﬁ égt)lilied of ethylene content

vs log S5moletufamweightasimedddred by GPC-1R has an absolute slope, in, of equal to or less than
4; and, (d)has g, tbidityMeasiiement af Ad-hutie seitianef theathvenséavisfiviaterpolymer in oil

or a 1.5 wt% solution in dodecane of Iéss than or equal to that of a comparable Cg\'/[\?i%lﬁym%r wherein the
Sy,

comparable E5RBIRTEIREETHEY BsRR e BREsta BTG R B EAE PHAI B 8EP r'5%ig and the
same onerali-ethyiengieontening thurb0%: 3. bihewthytenetao ebharterpdtynkeraiDlaim 1 or 2
compising ethylene. in an amount | range.of. 9 ot 2%, 154 The
ethylene/a—o%#l%ﬁfg?bg%/errﬁglr %? é‘ri}g%%ﬁj%ﬁ 5% é%%%) sﬁ%%%%%hwéﬁéglnﬁgﬁ%ﬁt in thg range of from
about 60 wtsssBaBoRI FMs. 5. The ethylene/a-olefin interpolymer of any of the preceding claims

wherein the hard sggments ¢AMPrisS atoylemednas.esmunt in the range of from about 60 wt% to
about 95 wt%. (b) has an ethylene content in the hard segment in the range of from 60 wt% to 95
15 wt% based on based on total monomer content in hard segment;

(c) (i) has a hard segment in an amount of at least 40%, at least one
melting point, T, in degrees Celsius and an amount of ethylene in weight percent,
wt% C., wherein the numerical values of Tm and wt% C; correspond to the
relationship:

20 0 °C > Tm = 3.4405(wt% C,) — 218.99; or
(ii)  has a hard segment composition of less than 40%, at least
one melting point, Tm, in degrees Celsius and an amount of ethylene in
weight percent, wt% Co, wherein the numerical values of Tm and wt%
C, correspond to the relationship:
25 80 °C > Tm < 4.1276(wt% C,) — 204.95; or
(iti)  is characterized by an average block index greater than
zero and up to about 1.0 and a molecular weight distribution, M/M,
greater than about 1.3; or
(iv)  has a molecular fraction which elutes between 0°C and
30 130°C when fractionated using low temperature TREF, characterized in that
the fraction has a molar comnonomer 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
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206. The ethylene/a-olefin interpolymer of any of the preceding claims wherein the hard segments
comprise ethylene in an amount in the range of from about 70 wt% to about 85 wt%. 7. The
ethylene/a-olefin interpolymer of any of the preceding claims having a TR., in the range of from about
-25 C to aboWABBI1258, The ethylene/a-olefin interpolymer of any of the?[STEEEHIA} €M ths having a
TR, in the range of from about 30 C to about SO C. 9. The ethylene/a-olefin interpolyrner of any of the
preceding claims having a Trn in the range of from about 35 C to about 75 C. 10. The
ethylene/a-olefin interpolymer of any of the preceding claims having.a Tn, 30that is less than that of a

comparable randoRCEBSERMERAERAAG™S o8GR ERPETHIHE e MR L wios of that of the
ethylene/a-olefin interpdlyenery dndhelefhyianedyalefiminterpolyrner of any of the preceding claims

having a turbidity in a 1.0 wt% ?8'““019&:% dy‘—’ﬁt%m %%(%égggi&;&g%tggyéﬁg%iglt@gl Qra 1.5 wt% solution
in dodecane that is less than 1.5’ NTU and a DSC enthalpy atlgreater than 55 C of less than 2 J/g.
log molecular weight such that a line plotted of ethylene content vs log

5 molecular weight as measured by GPC-IR has an absolute slope, m, of equal
to or less than 4; and,

() has a turbidity measurement of a 1.0 wt% solution of the
ethylene/a-olefin interpolymer in oil or a 1.5 wt% solution in dodecane of less than or
equal to that of a comparable copolymer wherein the comparable copolymer has the

10 same DSC enthalpy (J/g) at greater than 55 °C within %5 J/g and the same overall

ethylene content within 10%.

3. The ethylene/e-olefin interpolymer of Claim 1 or 2 comprising ethylene in an
amount in the range of from about 55 wt% to about 75 wt%.

15 4. The ethylene/a-olefin interpolymer of Claim 1 or 2 comprising ethylene in an
amount in the range of from about 60 wt% to about 73 wt%.

5. The ethylene/o-olefin interpolymer of any of the preceding claims wherein the
hard segments comprise ethylene in an amount in the range of from about 60 wt% to
about 95 wt%.

20 6. The ethylene/a-olefin interpolymer of any of the preceding claims wherein the
hard segments comprise ethylene in an amount in the range of from about 70 wt% to
about 85 wt%.

7. The ethylene/o-olefin interpolymer of any of the preceding claims having a Ty, in
the range of from about -25 °C to about 100 °C.

25 8. The ethylene/¢-olefin interpolymer of any of the preceding claims having a T in
the range of from about 30 °C to about 80 °C.

9, The ethylene/g-olefin interpolymer of any of the preceding claims having a T, in
the range of from about 35 °C to about 75 °C.
10. The ethylene/a-olefin interpolymer of any of the preceding claims having a Ty

30 that is less than that of a comparable random copolymer having a total weight percent
comonomer within 10 wt% of that of the ethylene/g-olefin interpolymer.

11. The ethylene/o-olefin interpolymer of any of the preceding claims having a

turbidity in a 1.0 wt% solation of the ethylene/a-olefin interpolymer inoilora 1.5
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wt% solution in dodecane that is less than 1.5 NTU and a DSC enthalpy at greater
than 55 °C of less than 2 J/g.
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