ETHYLENE/ a- OLEFI N | NTERPOLYMERS CONTAI NI NG LOW CRYSTALLI NI TY HARD BLOCKS
CROSS REFERENCE TO RELATED APPLI CATI ONS 5This application..clainms priority
to US Provisional Application No. 60/949, 670 having attorney docket nunber
65862, filed on July 13, 2007, which is herein incorporated by reference in
its entirety. This application is related to the follow ng US applications,
all filed provisionally, and concurrent with the priority application and
havi ng attorney docket nunbers 66257, 66258 10 and 66259: Serial No

601949, 698; Seri / rd / all of which
are herein incorEkﬁgﬁg%ﬁg9gﬁgyg%3R@§gﬁ§ﬁéﬁ%h8gq¥m%9ﬁﬁﬁ@%%géﬁy[1]This
invention relates to ethyl eRySTAAIGNITYIEARD BAIOCES s conpri sing | ow
crystallinity hard bl ocks. 15BACKGROUND OF THE | NVENTI ON [ 2] Bl ock
copol ynmers conprise sequences ("bl ocks") of the sanme nononer unit,

coval ently bound t ¢-Ee@UREESSEIAIE #OIRBIATEYPLPPITIDA TROQSKS can be connect ed
in a variety of ways, such as A-B1n diblock and A-B-A triblock structures,
where A represents one block and B represents a different block. In a

mul ti-bl otk copoilyapplicaionfipims RigHOHR LAY PR APRcRH er of different

ways and be gogreaiEthvifslaitbdbydockd: nimYerfeusdngled 6o MAY 13206Wdi ti onal bl ocks of
different types. Milti-block copol yners can be eLthe[ | i near multi-block or

mul ti - bl ock “&tigyis BB MsPEOrEsd RIRFIERncE P ihfyEats HEnPPEGUPHE sane at om or.
cheni cal i gk¥) o the folidWind UY Rekea6OROAIV AR prodisieh 2Bt £d coit@fedtwo Or nore

pol ymer nol ecul es of different chem cal conposition %@S cgy | ently bonded
in an end- t o¥idyiBe PrcsiRy YwLCARRD PR IRViRe adopardosks) nRRbest feR7-O ymer

ar chi t ectyir e84 3689088311 Blo&0/909843; BLOE Kocspso B ks $apvoNy e the coval ent
bondi ng of hard plastic bl ocks, which are substantially crystalline or

gl assy, to eﬁ(}éﬁéﬁ’g%l&n@fﬁh’%k@ eI Ry WOPERS%S ¢ el astomers. Cther bl ock
copol yners, such as rubber-rubber (el astoner-elastoner), glass-glass, and
gl ass- crystalline block copslypnes SHE&NEERTEIN possi bl e and nmay have
comercial inportance. [4] One nethod to nake bl ock copolyners is to

produce a *|1via pol Yiiphyedllh idife o Bh e FhEfl Sla Dl POI yrer i zation

processes, living polynerization processes b5 nvo only initiation and
pr opagat i on ®hepsngalod cewsdint tyakildypldcack chain term nating side reactions.
This permts the synthesis of predeterm ned and well-controlled structures

desired in a bl ock copolyxegerOuil yiRiEGheaiaionn @ "l iving' system can
have a narrow or extre arrow di stripution of nol ecul ar wei ght and be
essentially nnnodiiﬁerse (i.e., the nnlecylarvmei%ht distribution is
essential |y onB) Blackgpriymeas eumpiig sauaigest(dhecksp f B sEchdoMmeefihy an

initiation r&bﬁerv&tfaibﬁhhdt_%s cAREOMIRS (S, Bk bRXEEAH Se bhiBed¥aaRagaidmon rate,
and the absence of termnation or transfer reactions. In addition, these

catal yst systeress apd aRarBét Eblogheandpy—Bied piblask sEectsts ¥heP figl e type of
active site. ] QHUGS12adi R icls @ dferdi B10K:. AR BIocH FopBiyRe), WTer i zat i on
process, the catalyst nust exhibit |iving characteristics to a substanti al
ext ent . 5[ 5indBireade evnacetehiprayabe) o dikferahsy tt & KegrEd prERs hiRksi zed vi a

ani oni ¢ pol yRfd-zahhR Haikioe bib&s SEGHERA @es "RRANBLIAAHSIL AR cdahni que. | n
sequential addition, a certain anount of one of the nonhoners is contacted

with the catathpslinearapde-bipck oy plidieds sitppravmees Haghick gk Plogksttond 9hst ant i al
extinction formng &RGedichishoitlPck, a certain anount of the second mononer
or nononer species Is Introduced and allowed 20 to react to formthe second

bl ock. The process may be repeated using the sane or of her ionically

pol yneri zabl e EﬁﬁbW@@%@mPBﬁﬁV%F$m%?ﬁ@?@ﬁ@OéﬁﬂmﬁPH@Fr?9%P§FV%B§%§ﬁEh as
propyl ene; biHe8i&1 cohipdSiti®Nae c@lakently BnBedi@tn Bhd @Gk YaskbeCWhoh yiwer i zabl e by
ani oni ¢ techni ques

. It would be useful to_produce bl qck
copol yner s WHIKEH oA Ploch ety mish aigRifrs {UEs are RRRHine G108t hlork C?%Oiﬁ{%% § ow
crystallinitye BaRnloaeis of BBVMARY bideid, NMEENIHe@bstantiallytdrystigeionvent i on

provi des an ethyl ene/a-olefin I nterpolynmer conprising a _ hard segnent and a
sof t segnent@aﬁhé?é?ﬁmPﬁEté?ﬁ?ﬁ%ﬁ%ﬁﬁﬁﬁpgﬁpﬂcﬂﬁ?@?ﬁ%l@ﬁ%ﬁ@oa{ [7] (a) has a

Mv Mh from about 1.7 to about 3.5; [8] (b) has an ethylene content in
the hard segnent in the range of from®60-wt%to 95 W % based on based on
total nmononer content in hard segnent; (c)(i) has a hard segnent

in an anount of at |east 40% at |east one nelting point, Tm in degrees

Cel sius and an anount of ethylene in 5 weight percent, w% C2, wherein the
nunerical values of Tmand w % C2 correspond to the relationship: 90 C > Tm
> 4,1276(Wm % C2) - 244.76; or (i1i1) has a hard segnent conposition of

| ess than 40% at |east one nelting point, Tm in degrees Celsius and an
anount 10of ethylene in weight percent, w% C2, wherein the nunerica



val ues of Tmand wt % & correspond to the relationship: 80 C > Tm <

4.1276(wm % C2) -264.95; or (ii1) is characterized by an
average bl ock index greater than zero and up to about 1.0 and a nol ecul ar
wei ght distribution, 15MaM', greater than about 1.3; or (iv) has

a nmol ecul ar fraction which elutes between 0C and 130C when fracti onat ed
using | ow tenperature TREF, characterized in that the fraction has a nolar
conononer content of at Ieast 5 percent higher than that of a conparabl e
random et hyI e 20i nt el I Wween anme

t enper at ur es’? ‘ﬁﬂg‘?«%l She sesurll er' bgergebﬁqe)%égl %&E&?’I‘@Bﬁgegggl anlth ?raé yner has the
same conono rmys(aﬂ)neamﬂk h@mlyaneme bre alsppesxibleded siay aveaauhmersiad mEpoATSRO MEr

content (based on the whole polyner) within 10 percent of that of the

et hyl ene/ a-ol e Lel MhiocREo DN Sodk ath@shipdet ween et hyl ene
content in wt?9 }fﬂ%gépqﬁowc{ﬁégﬁl :frc mep%gﬁt/ such&t)hat a line }%Ilotted of

et hyl ene corf@éit typsal Z;gglﬁdﬁ@@upphmm@hghPTO%QW%WMWZ@GPWRBWS an

absol ute slq acibfRSos @B séhtia AP ek idlh@iRbgiid di ty
measur erresflt &Vemfl)glhlg@%ﬁ?&dg%}’ %m ]f éph Oseet ﬂ)f e%e/ a- ol etl ﬁ é|Jr%t er pol yner
inoil or a rﬁacﬁmwt Uehis glenntifsaie ayn&l@@dé@méetemﬂn@%@é vichapnipllebHafioeto that of a
conparable c ¥ he & €,4€ Y has.tde sane DSC

ent hal py (Jl(g Pegtggtg’lé’g‘?%rpgityﬁlgfn 'ﬁg %HQ %%rbt 5331?‘8% a%%é’nt he gane overal |

et hyl ene contzent omxmmqullﬁ%w distribution of deeiaetﬁhsghfeﬁﬁePfaewneﬁlﬂbh i nt er pol yner

can have ong OI{OdIS %y Qﬁplegﬁm%mgﬁﬁlp&sﬁg Yo i€ g@éﬁﬁﬂféﬂeﬁﬁxﬁﬁg 5[9] In one

enbodi nment n i terpo ymer ((a) at | east one

mol ecul ano f rcamtysmysmﬁnsexhc@ra;ttme@atmeanai@@ran@fhm@@@mmﬁe@fdﬂroé@t| onat ed using
TREF, characterized in f he tdQ RacRh QF Karks PR 0fc. gk | east 0.5
and up to abdu edg_’L H(f?agagaﬁlelgeﬂ artﬁeam%lé I'S gutlpoapS i,s greater than

about 1.3 orad(ltm)anahesavmlasgeysmm @mﬂ@m@déﬁﬂemmmﬁ Oﬁfem@l%fmﬂﬁ efp to about
1.0 toand a ecul t, gteat Shiod about 1. 3.
[10] In one & Pmtl(%’g %1&5 %ék%:a%?lml nfEr B ?‘;‘/me? s a'random

bl ock copol ythecsatadmrpmstwmguat/mgéasatcteasttrama pbgeikial rensegnent ) and at | east
a soft block (or segnent). Further, the random bl ock copol yner can conpri se
mul tiple hard BB lherbh g bten Affleddie Al ocks and
15s0ft bl ocks Eén 3%1632%8%?# |st) uftre in ?Sgo ?/Snerlvlc chgll n. [11] In
one enbodi netmlymetrizeﬂca l@iﬂem%ewwi lﬂﬁﬂque agditigr} tephwide. ofngequsntiaht er pol yner i's
styrene, propylgpe, cetltmﬁléﬁtgﬂrﬁpf 08 ¥R AnoherR 6 @RBcted TR Il Yhealysk- ORGNT ene,

nor bor nene, éecene exadl ene, or a conbination thereof. [12] In
anot her enmbosfityesuth mm@pmmﬁes@ﬁtémttaheﬁnﬁﬁ@nﬁew%w Frsblackop el t i ndex
in the range ROl 20000 kD o8 RULGiirodBRAUAA dichi@s about 1500
g/ 10 m nut es algougggo?géa%oﬂta 1000 g/ 1 0 m nut es gr aobout 2 tg about 500 -
g/ 10 mi nue estoneasarfen te swpi] epkt a‘hmmsmmeerep@@ﬁdtswéﬁsaw@qe kg.

[ 18] Addi t] Ol ARPBGY SerdluphAfbabMUS b O AU FRALACHRE | Slekis stids
25properties 0 ments of I Avention w || becone apparent

wi th the fol pomileng. bleger I-ptensnete. etmgtrdmegeelqdrto@wamtﬁﬂwww NGS [ 14]
Fig. 1 shovvsteghnp%’(g% of T. vs % C2 for hard segnment majority copol ynmers of
the invention and Tor Conparative Exanples. 30[15]Fig. 2 shows a pI ot of T.
vs Wt % C2 for soft segnent majority copolyners of the invention ar}

Conpar ati ve Exanpl wad befugedglps Iﬁo‘iu‘? bRl whichyre kapseor @ﬂ%‘?ﬁldf‘lo‘tle’@arrpl el
and Conpak at Edﬂ%ﬁvc@ovﬁ&%tﬂmt@ﬂa@&i@ DESCRI PTI ON OF THE | NVENTI ON Cener al
Definitions 5[17]"Polyner" means a pol ynmeric conpound prepared by

pol yneri zi ng mononers, whetherg WMAh éﬁﬁ@v@fwﬁpr@" fferent type The generl c
o]

term " pol yner" enbraces the ter ne nopol ymer copol yner," "terpolyner'
as well as "interpolyner 18] "I nt er pol yne means a pol ymer prepared by
t he pol ymeri Zat{ﬂg%h@ﬁwwtmn provides an ethylene/a—oiefm interpolymer comprising a hard

segment and a soft segment, wherein the ethylene/a~olefin interpolymer:

[71 (2) has a Mw/Mn from about 1.7 to about 3.5;

_2.



10 least two different types of nononers. The generic term"interpolyner"”

i ncludes the term "copolyner"” (which is usually enployed to refer to a

pol ymer prepared fromtwo different nononers) as well as the term
"teipolynmer” (which is usually enployed to refer to a polyner prepared from
three different types of nmononers). It al so enconpasses polyners nade by

pol yneri zing four or nore types of nononers. 15[19] The term

"ethyl ene/a-olefin interpolymer"” generally refers to polyners conpri si ng

et hyl ene and ef i ayin I E..carbon at ons,. . br Y,
oty ene. compr 100 P T B it 1RSSR Eh O -MHETRTR O ST 1 o
et hyl ene corggrwtgessaitonlbess bn &mmOn&ﬁemhtenspehm‘éMgmht t he whol e poI ymer.
More preferably ethyl gne e at Ieast abo L ercent, at |east
about 70 nol e percent(e{I %2?8 e ab algwlg g?eage{%@%h with the
subst anti al 1éaenmemrng@ﬁmt Hen, vﬂ’tﬁb&esp@élgmﬂnd(aﬂmbmﬁloﬁgh)ﬂtnehmast one ot her
conononer_ t hat, ref &qgl% an Vel n 3aog1 n;PrCe carbon atons. For
many et hyl en“é?‘%?B?)‘y‘Tnéﬁ%" pEISTHR nu{”ﬁ’écaby ¥EF &8 A3 WH8SPti on conpri ses an
et hyl ene conbasdpondrotieacltdongep:of from about 55 wt%to about 75 w % -
preferably in the range_of.tr % about 73 w % based on the
25 wei ght of the pol yme|98 (FLTO ngqgﬁ%’gcgﬁﬁ] 4t407t6he et hyl ene/ a-ol efin

i nterpol yners do not incl ugg tM$QMrseglmdomgsbsit10WoMeﬂltm 40fe,i n a m nor
anount or as a by- prodhjct of

r he
ethyl ene/ a-ol efin int% Oﬁwggn%ﬁ?imbgmbf) d%%irgﬁlg G aBﬁ&“ BP°Wbr e pol yners,
the as-produced et hyIcﬁr&e@an@ineﬁeug’mtpﬂt@npﬁ%)mgewserammesmbmhmmi ally pure and

of ten corrpriseamajor co n the rea roduct of a
pol yreri zati on 30pr ockd % ﬁ%‘@t %F%‘Sﬂ“@??é’?ggoo‘g%ﬁaﬁo?sﬁ‘cper pol yners conpri se

et hyl ene and one or nor eoe«;)patnyﬂemzza{wk%ca}o:k@fgsnozcormnorrers in pol yneri zed
form characterized by nulf. ocks or ments .of two or

pol ymeri zed nononer units (‘(5‘15 ‘ércpfﬂ@“?rﬁ‘e%ﬁ% gfag%}?}oﬂwgeixc,géermﬁr opertl es.

That is, the ethyl enemm@kcezfﬂdmpltmmwpbymmoiacrmbdesgakdwmbmropol ymers,

pr ef er abl rrul ti-bl ock nt ei copol yners. The terns

"i nt er polynmer" and p@i[”ygfﬁ ter bfi‘étce)l ¢*Pht er changeabl y herejn. In sone 5
enbodi nent s, the mul t| - bl eek cmalnydmhlaﬁ&ﬁbtiaﬁ wlhe:ﬂreﬁﬁeem&aﬁderby t he follow ng

f or mul a: (AB) t r ef erabl eger greater than 1,
such as 2, 3, 4, @“%351&—5&1@26*&“ ate%gngslﬁ“"%‘ép ngk 90, 100, or higher,
"A' repr esent s ach@d{dﬁbnbémkm@mesﬁgmrmhs ﬁmdlar&mdnemélafﬁ)&i&hﬁ)fatSOft bl ock or
segnent. Preferably, As and Bs arri% | i_nked i C?ﬂm ntially Iinear

E:d ee’i‘j‘n

fashion, as oppo&dd trRsregnidighes B Pafiof § CHPRA S¥antially star-

shaped fashi on. Iuﬂerﬁmgheér TREDOHIRE betwebn B otkscapdaBellvaekesm are random y
distributed along t

ol ymer chain. In other words, the block copol yners
usual |y do not ha¥ec gﬁ?&&ﬁﬂ%?éﬁﬂ?ﬁFWﬁﬂ@ymﬂﬂﬁsﬁﬁsﬁgB BB 15 In still other
glrrbockil rre\;\ﬂtsh t he c&h&f&ﬁaeﬁ(@ﬁﬁﬁ}iﬁ@rﬁelﬂﬁd@@ﬁexﬂﬁﬂ@hd moahm@aoaoﬁﬁ&u rd mt) yg_e of

oc ich conprises different cononope ot enbodi nent s,
S LBt er 65 oh e

each of block A éﬁrﬂﬁ%l(tﬁéqg%%@h%%%‘?r tanti ally
random y di stri bitpeRnykbhkiR ididisol I n other words, neither block A nor
bl ock B conprises two or nore su nts (or sub-bl ocks) of distinct

conposi t #on, such as a ti ;5"%egﬁ§ri’trela Elﬁ Fl‘éf?er?ﬁ}éy%‘lﬁlﬁg’ﬁt‘éfml? ally different

composi £ on_t han i estm@bcokiGelphle tha o sk $hdeFbagylsb | - bl ock pol yrer s
typically conprise various anounts of "hard %f’ 'soft" segnents. "Hard"
[

segments refer t GOBEBCR L SOIGBIa WRightAS gt DY (Gl R 28t hyl ene is present

in an amunt in thRe08R, &f off @MNAfQstk R 4k t 0 about 95 wt % and
preferably in the range of fromabout 70 wt%to about 85 wt % based on the

wei ght 25 of the pol yHBr. besppybidigemeaspeaentshia Qe qionefite refer to

bl ocks ofy podiyyTBIeZQekiiRiefpdlyinter WY atiBw GOMMNRAR] dReRheRt lescont ent  of
nmononers other  than ethylene) is _in the range of from about 30 wt% to about
80 wa, pref ePabPirard t‘ttlkig @éﬁ@éi’%‘fbkf%WQB%W“%BW%W%@&%OM 80 wt % based
on the wei ght of the pol yner, [ 22] The soft segnents can often be
present in a block interpolynmer from 30about 1 weight percent to about 99
wei ght percent of the total weight of the3block interpolymer, preferably
fromabout 5 weight percent to about 95 wei ght percent, from about 10

wei ght percent to about 90 wei ght percent, from about 15 wei ght percent to
about 85 wei ght percent, from about 20 wei ght percent to about 80 wei ght
percent, from about 25 wei ght percent to about 75 weight percent, from
about 30 wei ght percent to about 70 wei ght percent, from about 35 wei ght
percent to about 65 weight percent, from about 40 wei ght percent to about
60 wei ght percent, or from about 45 wei ght percent to 5about 55 wei ght
percent of the total weight of the block interpolyner. Conversely, the hard



functionality, rather than in pendent or grafted fashion. In a preferred
enbodi nent, the blocks differ in the anount or type of conononer

i ncorporated therein, the density, the anount of crystallinity, the
crystallite size attributable to a polynmer of such conposition, the type or
degree of tacticity (isotactic or syndiotactic), regio-regularity 30 or
regio-irregularity, the anount of branching, including |ong chain branching
or hyper-branching, the honogeneity, or any ot her chenical or physi cal

property. The | ] C I que

di stributionS pg]?ymﬁrlfaﬁ 56 megﬂgeogér{tgﬁ (Jﬁgr% &J&%E(I%BP% é ﬁ%ﬁﬁngm ock length

di stributi onandaﬂmbhmmmraGDd(hMMﬁbemtefmmﬁm ¥9¢.i on due to the uni que process of
maki ng t he copol yners speqid ] || o) d in a continuous
process, the polyner sTh esi reé] ’% % nl%% yyBB\f\@%n%a{? (f’%%%g 2.9, preferably
from1l.8 to &nﬂ:,inaﬂmrﬁdmzébesrcallaﬂayteﬁﬂmm 1.8 to 2.2, and nost preferably from
1.8to 2.1. 5 n produced i tch ..sem.- bat £s t he pol yners
possess PDI frm%i?‘%ef‘g’o‘%fr@m% !fhé/ ?{fm FohY ém%r %ga T e preferably
from1l.4 to &eOmolacthkr fracion hthehad bﬁt\ffd’eﬂﬂ‘ﬂand 1B(G?C]w}$n fractionft2b] I n the

foll owi ng descri u i oxi mat e val ues,
regardl ess m&gh@%é“o%f%%%“g%ﬁ@ gracs“qn ﬁ%%??ﬁfﬁ#eé D?I @e ugdégd in 10
connection tdnﬁru@\m itout H&méymm@cmawxghgdlémmmmemwwﬂ gmewecelt ,- 5 percent, or,
sonet i nes, never_ a_ nunerical h alower limt,.
R and an' upBept 1 G inaete RIS endte B St s P Al b it it he
range i s 1spegidfa igaddubir dmglﬁxldﬁmﬁﬂmoﬂa M@Mﬂs |gmadeanhan itoet £.2l | owi ng nunbers

within the ran are specifjcal i S .), wherein k is
a variable rangﬁllug frﬁ‘rﬂnierﬁ}l%?@@ b t?’%et% “e?lggh’tn WQ}W e51?51 per cent
i ncrement, ira@dom KotkScopolpeércenbriside pataeniard Bofdgbcepientdander cent, 5

percent, ..., 50 p ent ercent, 96 _
percent, 97 P&fas ﬁiﬁmﬁémﬁﬁg§§ﬁ}%%§%é %Fggﬁang¥kTﬁBhE§f% nt. Moreover, any
nuner;call[aag@x@£&Mﬂg6hbybkm@sQMnmnmfé&ﬁaﬂmmﬁhnmeﬁhm?tmﬁeiahove is ?Iso
specifically ene/ a-ol efin interpol ynmers containing
Iom/crysﬂ%lIﬁ%ﬁﬁv&ﬁﬁwgeﬁwgﬁﬁg%ﬁ%gwga BFV PERG é? have hard bl ocks that
have nelting poimts thﬁheamemhﬁ&m.mhamkimQQﬁ1Ihﬁ&&ypﬁwym&ma differ from

hi gh neltlng oi nt bloc olymers_in that th rlnar se is for
conpatibiliz WQWW%W' B?Vﬁéglﬁ%ﬁﬁdfgﬁ oﬂgﬁ?gezﬁﬁW Iﬂ%&% ing the
solubility O%en][mb mﬁﬂ)bﬁmﬁndﬂlsledemeﬁt$hﬁllaﬂi$nﬂ bisa co:ﬁctbﬂiah@zﬁq?r@di’fs i ncljude oi |

vi scosi ty nodi e tjic olefin nodi fiers an
conpatlblllzer§ eIas%UWﬁ g“n BﬁFﬁQWF@e ﬁfwgaopyggﬁﬁﬁ 4pol yners.

Appl i cat r@NSmekGleaS theage omwatoetcpﬂioynmt)nghﬁmﬁeel @Mbubﬁlto broad range of

tenperatures for_ thernosetti d heat i ons. [ 27]

Di scl osed he?‘%ﬁ“‘hl'{og géﬂmé?%ifl fg’??é%w&llg%‘ft IH(?q éﬂi’?’g’ﬁ 0(‘,’6 rising a hard
segnent and @osPid0 FIRGBREs mMkeEe hitoidngy tﬂABYNED&[ZR‘ ojo@&mdsh i nterpol ymer:

[28] (a) has_a My Nh fromabout 1.7 to about 3.5; 30[29](b) has an ethyl ene
content in th%)ﬁfgrlékgegnent in the range of from60 wt%to 95 wt % based on

based on total [rmnonNendeaskeMpedtnohnag mv&@@m&meharaécsﬂs(nbéaﬁas a hard segnent
conposi tion of at |least 40% at le . one nelting éam nt, i n degrees

S
Cel sius and BRPHHTURY2RES %‘Pm%ﬁﬁs?ﬁ‘t‘wvﬁﬁ?“ PeReantee aﬂﬁf@et&m wherein the
nuneri cal valesicfingli®apdonmt % C2 correspond to the relationship: 590 C >
Trn > 4.1276(w % C2) -244. 76 or PILO? , bl 3 _hard segnment conposition
of |ess than 40% at | BRERERE PSR BRAP degrees Cel sius and an
amount of ethyljene mpyge;gh;twsgqﬂ&e,m \wtu&/%@for\g{a@rs@gﬂa\mm@pﬂ@rrerlcaI val ues
of Tmand wt % C2 correspond . to the relationship; to80C > Tm< 4. 1276(w %
C2) - 264. 95%CRgfymers Of’“he"f‘iefl‘i“)“ and fer{pmparadys S Efy? an average bl ock index

greater than zefx andpigpzb&waa%tolm VRRA% T, M8 6 tgdlenvRdj@hty di stribution,
M Mn, greater than about 1. has a nol ecul ar fraction whi ch

el ut es bet we&MPOLEIFES %HH‘E@G@W&?@&OWW%‘H%%’@B‘P@& ng | ow tenperature '|

REF, characterized in that the fraction has a nolar conononer content of at
| east 5 percent higher than that of a conparabl e random et hyl ene

i nterpolynmer fraction eluting between thed4sane tenperatures, wherein said
conpar abl e random et hyl ene i nterpol yner has the sane 20 conononer(s) and
has a nmelt index, density, and nol ar conpbnouner content (based on the whole
polymer) within 10 percent of that of the ethyl ene/a-olefin interpolyner;
or (v) has a relationship between ethylene content in wt %
and | og nol ecul ar wei ght such that a |ine plotted of ethylene 25content vs
| og nol ecul ar wei ght as neasured by GPC-I R has an absol ute slope, in, of
equal to or less than 4; and, (d)has a turbidity neasurenent of a 1.0 Wt %
solution of the ethylene/a-olefin interpolynmer in oil or a 1.5 wt % sol ution




preferably 2.5 J/g. The ethylene/a-olefin interpolynmer can have one or any
conbi nati on of the above characteristics. Eth let line ners [30] The

et hyl ene/ cx-ol efin interpolynmers used in enbodinents of the 5 invention
(also referred to as "inventive interpolynmer™ or "inventive polyner")
conprise ethylene and one or More copolynerizable a-ol efin conononers in
pol yneri zed form characterized by nmultiple blocks or segnents of two or
nore pol ynerized nonomer units differing in chem cal or physical properties

(bl ock interpo r), ..preterabl |- bl ock copolyner. 10[31]In sone
enbodi ment s, t é?errul t}ijlg'bq %‘81?3%8%6‘%%'@ %%%%@ggnggﬂi) “itting a

Schul t z- Fl orgombagitivédoutiddm rat her than a Poi sson distribution. The

copol ynmers are furthe jar acterjzed. a avi.ng .both. a pol ydi sperse bl ock
di stribution and a poFyatspe 5t 01 si zes and possessing

a nost probahkderaiDsfiditidigt i on of bl ock | engths. Preferred nmulti-block

copolyners are ose gontaining 4 qr nore bl ocks 15 segnents i ncl udi ng
ternminal bl ockgwl\/bre%ﬁpyé'feér'ﬁ‘?fgwp@%@e%coﬁ?&pflwéirpyﬁmﬁg:Bﬁa(glg%ﬁ?mﬁnégast. 5, 10 or
20 bl ocks ormsegB)ivEethdtef thelbag: drardiffeaed: tipk.0THeSgeneric teri3blytiar'one aspect,
the ethyl ene/a-ol efin interpolyners have a,polecul ar fraction which elutes
between 0 C HIHIFCERHC Erith dR PPkt Tion oo ! nEEIERELrat il & R sing B ution

Fracti onati onmniépdiREE)", characterized in that said fraction has a nol ar
20conononer coptent hj.gher referably at | east 5 percent hi r, nore
preferably at F@ist 1 tﬁ’@’?@@‘%‘f Iﬁqaaﬁ%?‘?{y?’?fé’ﬁpﬁ‘?épyggPgh’%’ﬁﬁﬁ?‘i%&é random

et hyl ene 16 nt eispaboydimeredi ket sfaforehetsi MYe bakieenn tiherpphner tisoipks @k ur es,

wherei n the conparabl e, random et hyl ene i nter.pol r contains the sane
conononer ( s) ™ AfEP é@ﬁra(‘%ﬁﬁqtm A SRRYG; ?fgé%%gﬁﬁ?%{rpm@%?@%?’ocontent
(based on t hgrwhaleorp@ky NBWellwk tHaitdml Crpeyitaentwiod it hakllodmplalktieo bl ock

i nterpolynmer. Preferably, thc? Mn/ IVh (@& t he coggaarabl e itherpoI ynmer is also
within 10 peflem? Ry Rieryed A PR mey 81 P Ehdf 8F° t he conpar abl e

i nt er pol yner efd@spasek pblsne:s aBOBYERIyIGa Four W fnbtetypkd of@bigiterper cent of t hat
of the block interpolynmer. 33] .Conobnoner conte y be neasured using
any suitable t@é’ini quele B vﬁdmll"'[“f’!é‘(f)ﬁ%“dﬁté’%m}é’%’é&eﬁ"ﬁz%(d%éé? PR i ¢
resonance (" MNMBriking PgkADSE ARY-oRFiRherined or Vo c@¥e atorhQrPrgfelaylyer s or bl ends
of polymers having rel atively broad TREF g%rgvzé tEe FOl yoer desirably is
first fractiSRAPEGONBISYHTREPIRGE fAGE0 5 Re WORERONETT AG- SRV ut ed

tenperat ure Eafeitesaf 1edHEhAr 50 18618 pertéidbf s wheid phlykiti vRe: dréfaeblyon has a
col | ection tenperature w ndow oftté)OC or |ess. Usi t echni que, said

. n hi
bl ock i nt er pBIYEECeTRLIFE 2tdFast REO0 TR BETHR: lghst ‘beﬁt %ﬁé’%‘iﬁ-"r@erﬁr‘h Potier nol ar
CONDNONER CORLE Bbout HBR0IR pEro&t 8ERANRE iubg aktabhb@Berf ik ReorPaRakabl e
i nterpolynmer. 5[34]1n anot her aspect, the inventive Q an olefin

_ ol ymer is
i nt er pol ymer SOTHFIENE ALEAS)ONE SHSF FPRGET Yl IeRelernly 38 4G %5 or
copol yneri zaRb® GORNOME N Borinfin othyeR/prégdent 06g8yntha R ptddrieged by nultiple
bl ocks (i.e., at |least two bl ocks) or segnments of two or_npre pol ynerized
nmonomer uni t COPOFEEY FIRPIIRG 2B RBMCRGFORERt ‘B%sti“bgél"fﬁi”éﬁ%‘?”tt P ¥t K Beked
i nter pol ymer y5 w iR tetBhR§ 81 @PkMoPorMibnt dbuld ddGK %GO RSt Mewi%, 3l ohkieck 10
i nt er pol yner havi n%e?psﬁeak (but not just a nolecular _fracti on‘% whi ch el utes

bet ween GT alefight®h foefy 1D serae crRAdimagnts: (g ctpiarst-olelR INATPHY IHER vi dual

fractions), ghat-aet eokZRbaichd fahad yRaisdr peaknoh@ui o DROPBHuCESMN ent
estimated by infra-red s\%ﬁct roscopy when expanded usi ng a full wdth/half

maxi mum ( PWHV)emaGabRrogest: chid the sl ippde-alpfinipernodenarptag Pe BISFSASHBO  ont ent

hi gher, pref graht ﬁo@fmﬂs,qgéss-&o&éaﬁétﬁﬁa{e/dnwhﬁﬁsexpla%@rs&f@g‘uegmwy at least 10
percent higher, than that of a conparable random ethyl ene interpol yner peak

at the sane BEEERUITICP EHIPRISSR BT SAUPUR P Hi8 deag 8ot okict of POl GHFRLAR f

maxi num GGFVWHphcatea cal cul ation, wherein said conparable random ethyl ene

i nterpol yner has the sanme conononer(s) and has a nelt index, density, and
nol ar cononomef2@ont edbe ethyewsd-olalin WETREGIE PEIVHFRSYYIIERR] PREPOMSET cent 20
of that of thgoRhREKRE d-HLeS RPIMBBELS P BhRE srm (RS MM bPhukibR
conparabl e interpolymer is also within 10 percent of that of the bl ocked

i nterpol ynmer and/or the conparable interpdlynmer has a total conononer
content within 10 wei ght percent of that of the bl ocked interpolyner. The
full w dth/half maxi mum (FWHM) cal cul ation is based on the ratio of nethyl
to met hyl ene response area [CH3/CH2] fromthe ATREF 25infra-red detector,
wherein the tallest (highest) peak is identified fromthe base |ine, and
then the FWHM area is determ ned. For a distribution neasured using an
ATREF peak, the FWHM area is defined as the area under the curve between T]
and T2, where T1 and 1'2 are points determined, to the left and right of

t he ATREF peak, by dividing the peak height by two, and then drawing a line




15hi gher, than that of a conparable random et hyl ene interpolynmer fraction
el uting between the sane tenperatures, wherein said conparabl e random

et hyl ene interpol ynmer conprises the sane conononer(s), preferably it is the
sanme conononer(s), and a nelt index, density, and nolar conopnomer content
(based on the whole polynmer) within 10 percent of that of the bl ocked

i nterpolyner. Preferably, the 20 MV Mh of the conparable interpolyner is

al so within 10 percent of that of the blocked interpolymer and/or the
conpar abl e interpol yner has a total. corngnoner content w.thin 10 weight
bercont of (IS BroePHENbSER B i By O Faronomes st Gytonte i SHDERSb et s,
the et hyl enghgsiedl plobartibN iRk hervatyenaddildfinamaipblymbave: ockm i n t he range of
from-25 Cto 100 C, grg&g{ablé {rom SOIC to 80 q and. 25 nore preferably
from 35 C t JUPHORMEPESTARYIAHEGIOHE REEPOlY Y oY ePgs FR/E™E Tmin the
range of fr omtdPpoiGmbi0 aBdCopdly Qe 30 Gsddankdhebargeatiy em@id5SinGome 40C. I n sone
enbodi nents, the interpolyners haye a Tmthat is _|ess . than that of a

conpar abl® r%ﬂé‘meeﬁp%g?ﬁé?ﬁ%?‘fﬂp %Pi’ﬁ’éC%‘Pﬂﬁ?”f?@%%ﬁﬁ‘eéﬂ%ﬁ?ﬁgmw:t hin 10%
In addition, in some enbodi nents the @md,of nelting occurs at |ess than 100

C, preferably in the 30 range of from85 Cto 95 C 7] aspect of
the i nventi oFEerd his ablepi | HRIFrALY PR infeges Waé‘?fﬂzﬂﬂ}nw’éaﬁ@e‘l’é’ ﬂ%?ge‘@egrrent

maj ority andoh&y 8oas0med, 8080, 1BNReIAEUr A" tdakern:Sa IGiERb& or bdparent dndt of a - 12
- correspondi ng random copol yner. I n anot her aspect, the ethylene/a-olefin
i nt er pol ymer & HEResens & 691t Dladkgirarsrena 5 irpdl-antr &y dedinked Ridng” t enper at ur e
that is hesSubliaalRleaOfshions & JppSROA QGstiRRATPRREBROb)sIBtantially 28] 1 n

anot her aspect of the invention, the et hgf(léene/ g-ol efin jnt er,p{l)i%%/ngrs 5have
a turbidity Yped fashgn, gt erpedmensy AtHacks pad P Blogs A oRRIHY FINEBRESI yer i n
oi | or a 1. 5% SIfhdr@Raih NndQLERAAE 1RSHI6RTRFH Qbert Gsubiado @k havelzandom or  a
bl end of polyners having the sane integrated DSC ent hal py (Jig) above about
55 C withi n 3ugpigasflefSi s | ess than or equal to the conparative pol ymers
within 10% In sone aspects, thesinterpeppresg of the invention have such a
turbidity that is less than 1 5 NTU and a i nDSC ent hal py at greater than 55
C of | esd t HAALDothprpmbodinents; therpleckcoRg yuprs A9 1o ustally bpiadhisb¥neh s have a
rel ati onshi p10! WeieR c&LMH%ELNBraN doh 8B uiERk L G halomepd@iddintathedchat a | i ne
plotted of et h%f ene content vs |og nol ecul ar wei ght as nmeasured by OPC-IR

g .
has an absol Wi Apwfdockd hagmoagief of Ymepopes subsiaily rangeraly S yer s of

the present {ienibRkalnShdd @6 s 3RiiaP SRk heob bIBBER coprisBiatvo bbldrd €ss than
that for a blend of polynmers with the sane total weight percent ethylene,

Wit hin 20% prBPEFHBISOVPRIRkS pOUSinaH{PrpeFidon sihéf 237 ?gWEP%WWCh B#y, [ 40]
I'n one enpod] FBRncRfly Lff@rehVBPIiRIM, thdnhBe RN iRMRR- ol ef i n interpol ymers
have an integrated DSC Ent h.al(gﬁ (Jig) above 30 Cthat is greater than 7.5
Jig, have an MABI> 1. Fhe mulftileeapmc sy ACATE HElt BBt WedH 10C and
130C, when 2Qfiraglisenadned “Heiin & o hBREdGS BIBIRLGS polshai A8 bk §dichn that said
fraction has a nol ar conmononer content hi %ger, preferably at_|east 5
percent hi gheshylensoy refspip ep ampynt lrthe eagy of Trom apgut DgveErto lpupt wht hi gher,
than that of,a cooRay abherhanctemhelbyl Bneo Blaes el VB haldiastioniglut i ng

bet ween the sane tenperatures, wherein said conparabl e random et hyl ene

i nt er pol yirerofderpiineds (308 swmsneomobfoRtls hiand, refer &3 Wpdp ofpelymerged he 25same

CONDNOMET ('S) 4niR By RicHB koSG cHARNSichMent BPGhATIA ot @Eﬁ@fﬁ?fenﬁ@@f(ﬁe nt (based
on the whole polynmer) within 10 percent of that of the bl ocke

i nt er pol yner the gage offrem dhaut Enpidr Gbews 80 Wt Bi mefespblyfin de 12ngg of BT 8ktbn of

i nventive polypes it dotish v ¥R FENhd R62nPMeBoRase O 1) of less than 10
NTU, preferabl¥ | ess than 5 NTU, nost preferably |Iess than 3 NTU 30 ATREF
Peak Conpnoner [%dnposiThe et seeraeitrcapalien prsptina Reek igsmebist Ip®1] The
CONMDNONEL, CORAS] {50 ffcehhCabRER ‘9&%%% pbrddht BEMORAS WERR: disidtdoin | R4
infra-red detector avail able from Polyner Char, Val encia, Spain (Mn: i/w
ww. pol v ner ciitegolyness, Rrefenably Slogoabqe waghpersnt foworhyd eveight Py et §&tect or i s
equi pped Wi t fy,8 fIRGS I SERE: (>RBR0D weldi2)er@Rd ACRMBORI 16 WRNERASA o( CH3) t hat
are fixed narrow band infra-red filters in the regi on of 2800-3000 cm 1.
The neasurenent sensor detects the nethyléne (CHO carbons on the pol yner
(which directly relates to the polynmer concentration in solution) while the
conposition sensor detects the methyl (CH3) 10 groups of the polyner. The
mat hematical ratio of the conposition signal (CH3) divided by the
measurenent signal (CH2) is sensitive to the conononer content of the
nmeasured polynmer in solution and its response is calibrated with known

et hyl ene al pha-ol efin copol yner standards. [ 43] The detector when used
wi th an ATREF instrunent provides both a 15 concentration (CH2) and
conposition (CH3) signal response of the eluted polyner during the TREE



25 calculation is based on the ratio of nethyl to nmethyl ene response area
[CH3/CH2] fromthe ATREF infra-red detector, wherein the tallest (highest)
peak is identified fromthe base line, and then the FWHM area i s

determ ned. For a distribution nmeasured using an ATREF peak, the FWHM area
is defined as the area under the curve between Ti and T2, where Ti and T2
are points determned, to the left and right of the ATREF 30 peak, by

di vidi ng the peak height by two, and then drawing a line horizontal to the

base |line, that j.ntersects the eft7 and.right portiagns of the AIREF curve.
DaeT Tha® applpi b 5 vaf b o0 S etk Bbou al S SRR ooy
content of pobyDSresighd pérbinstoABRERS wafghapdieel:, frethbout 38 weight grdenabpl e,

simlar to that of GPC/ F11R_syste as.descri bed. i he. fol | ow
references: NRPKOVIEH! p%‘?’i‘élﬁﬁ&lf’&’?m _?ie’llgq‘ﬁ peiy Fﬁago‘?f,% Wﬁ%&’?@?fce\é\g’ ﬁg@y;
" Devel opnent aboii geleipe pireat toeboe 6O orRhogtrapt) vr frbfrabiut €7 wipapsicartm i-nf r ar ed

spectroscopy .for__characterization, of. et hyl ene-base ol yol ef i gpol ymers".
ol y e s o5 MAPER S ParRL O OBk AR s P HCEgTpoBe: {anTou: Hng

Desl auri er s, haki skginemo Bdnftie pesseninGinnilDirebs. Thebolymefdsant idhaveighatiort chai n
branching mcrostructures in ethylene-]-olefin copolyners Lng.size

excl usi og chﬁegﬁﬁﬁtﬁﬁ#%‘f}zﬁ%{‘gﬁ ‘ﬁﬁﬁgf ‘glha’térsﬁgfg?“éPfﬁs‘ﬂi“ﬁpsrgéq\’{‘gamé"bg@?"raggEopy

(SEC- 11 R ", soRGkymat mhd(id00h theddhouldf 2dsegh@hdis Bfs tdni GO, albe sbfacor por at ed
by reference herein in their entirety. [46]. I n other enbodi.nents, the
Pmvent | ve. of FOREHATIEPERTHES HELPEIY Remer SV eiis PHEIASE By Ui Ay of age

bl ock i ndeX, baABl on dabt Dihides HGMEREEr NMRN STEH Hethod anpcdlaiabaute 1. 0 and a

nol ecul ar wei ght dj ibution, MV M, e bout, 1,.3.. The average

bl ock i ndex,diﬁ%“i‘?mﬁigtE%@“f/\&’lﬂ‘ﬁf“"'&g@?%i‘%éo' ﬁ/%@ﬂﬂg?gtew@gkcamg ") for each
of 15 the popysediich NagibkonS6-0bisakmettitded “preRas/at0e BIRE A nkmm2aC and 110C,
with an increment of 5C . AB i s .the block index

: : | =1(wlB ,) ere Sl
for the 1thfigees ¥rareBrlo¢080;1 %ﬁé‘?‘?/%f%%]‘r’i‘ﬁ'%r%lﬁ‘é%f"é? PAtn tted pBly mer
obt ai ned i n prieRArta DowasISRETFechadBgivd Iné.Stht ARcRIGHTtwIRErC BB ragee@by t he ith
20fracti on. [47% For each POl ymer fraction, Bl is defined by one of the
two fol | i nGTeEgeabssRe 158K Yof ~ whi ch give the same Bl value): = 1/71,,
-1/TO Bl 1/ T, 123}/ TABThe term “cryskdihe” ifleRfpi®kd BbfersX®z pdiftfer that be¥eARs awher e Tx
is the preparative ATREF el ution tenperature for the i%h fraction
25( pr ef er abl X derddrs ¢ cREplingipelipg peiat (T 2pdetsded Phdisepidcti on for
the ith fracick@fing Wtrglus ansder epastdne telyqNVRIO ferrh Rag8e ggCr i bed above.
PAB is the ethylene nole fraction of the ol e .et hyl ege/ a-alefin

i nt er pol ymer &bl FAB thederat PHRFTYSHHPEh Hedgmc AROBEO e T Bd by NWVR or

IR TA ang Pphiah& 1idieiATRERIRE teitdb phiatRaralbhed Bndirtbrietdayliene nol e
fraction for pure "hard segnents"” (which refer to the crystalline 30

segnents of FHERGHYAPRG! §raplyaletAdeclmifiye, st or der approxi mation, the TA and
PA val ues are [mgt toThhRss “hak-ghostansit ¥r Retvatdbamandiormpolymer, if
the actual values for the "hard segnents” are not avail able. For

cal cul at i onSPPEPFICPHBESPRIE 0 MorEAhFRIcalpisunpivegignsor seameptp AlBIgned {48 ATREF
tenmperature #pscke) ??e@éiﬁlﬂ} 2RO LYIMBeahadnbe 4R We&hﬁﬂsﬁ@ cdtichigvi ng an

et hyl ene nole fraction of PAB. TAB can be calculated fromthe foll ow ng
equat i on25 Lndifiaggnaated upigwhieh are joined spkp-gndywighppsiegt ta pelymgized slxlesift s whi ch

can be det er gi,AgfhaY, ki RiRh be¥esSr Bardd HMIBE ' mafrdaruembangem @t hyl ene
copolynmers. It should be noted that a and 13 nay tqQ vary frominstrunment to

i nstrunent . Refkssiér in Gpampet Py PR Fomgnne Fearrered thegiikh Reflertwaf on curve

Wi th the pol yiin: 60AP@SlididyOfc Bysthin Q8 SkriRbidbSPolyhePotsuel | ar nol ecul ar
wei ght range as the fractions. There is a slight nolecular weight effect.
| f the cal i bPRRHOSHOBIRSEPG & IeHERTHEHCHEY GIRISHHPY SApdiptantist (it eqEidHt r anges,

such ef fegt Woulid iPEuESIHE Meladlobit oNSEhdbSH DlnBludind 1679 BB EHRRAI H¥BRA h§per-r andom
et hyl ene copol yners 15satisfy the followng relatronship: Ln P =
- 237. 83/ TAnEanchingg thg bomogeneity, or any other chemical or physical property. The multi-

block copolymers are characterized by unique distributions of both polydispersity index

-7



Tx is the ATREF tenperature for a random copol ynmer of the same conposition
and having an ethylene nole fraction of Px. Tx() can be calculated from
LnPx = a/ Tx0 + p. Conversely, Pxo is the ethylene nole fraction for a
random 20 copol yner of the sane conposition and having an A |' REF
tenperature of Tx, which can be calculated fromLn Pxo = affx + [49] Once
the bl ock index (BlI) for each preparative TREF fraction is obtained, the
wei ght average bl ock index, ABI, for the whole polyner can be cal cul at ed.

e T R R

about 0.3 anﬁluqme pioﬁes@.bﬂluhkiﬂg e c@befhefsamngte spABIficatyouwheh fieducsl ihhe range of

from about 0.4 .to about from ab rom about 0.6
o mbant 6. gomimOutartin s bk le AR nodeR Pl aBRTh) o Srefoull Shoat 6. 3 t o
about 0.9, fﬂf@m.ab@:us, 1for3 pieferabofiém 0.88¢ 2. 0r anfimam @bietablyGrod 1.otodbiout 0. 7,

from about o about 0.6, from ahout 0.3 to.about m30 about
0 9" o abbut VBergro Rt il pr R ha BocRisihd PR R s bRt 8 Fom apout.
0.4 to aboutzg,paaferﬁmpﬁbmbcmb 23, Brote@rabrably frdm0l, 4 ©r.J, aamed praferddiy6 t 0 about
1.0, from about 8 go about 1.0, fromabout 0.8 to about 1.0, or from
about 0.9 td™¥H&GE & [50] Another characteristic of the inventive
et hyl ene/ a- ol efasp i nt&rtmé)ﬁojdmﬁlgﬁé‘scﬁﬂﬁﬁ)h dlhenibenentiovd hetehydrene/ a- ol ef i n

i nterpol yner conprise | east one pol . fractjon which can be obtained
by prepar at i PBOTREE ai\ﬁ%rr%%' fisﬁgg?tg%é}ﬁ ‘}é/fﬁ FERoUa O] BRIX e X §FEEt er ¢ han
about 0. hha%n%@tléﬂha’@ﬁm Thed) n&pd;xg b0l peeetiar pmainghltpet&ezalc][rj SOtk i 1083, h5 MaMh,
greater than a t 1.3...ln sone e i ntents e polymer fraction has a
ook T ndow g0 bering i s g A e 2 SEL BB g PR AT °F i aout

0.7 and up t@niakduss dﬂscl@sedgﬁ@&hﬁbeﬂfﬂﬁﬁg amauthe(}arfgeagbgeaﬂacaupd@@@yda h. 0, or
greater than about 9 and t@g I n ot h@i}téam?()d ments, the

pol yner fracHaFté?Hahé%efaﬂ%’i"B%R“"iﬁP?EFe m&‘i‘ e e apecHisait digslopeding up to about
1.0, great erpiffa@BRH, vhherditind a&@natb&nﬁ@ﬁﬁﬁ&n@pe@ér@&i%p&ﬁaﬂmb@m 100. 3
and up to about 1.0, greater .than abg and up to about 1.0, or greater
than abodi O RErSERUICIBIER; 1§b(¥d§Iﬂerﬁ)emvl*r?e??‘i‘tiglp%?&ﬁbrdf PEHEREN RFESTE's > Phe pol yrer

fracti on hasyepcell, 9CKerdsngl e pgtaml €95 ﬁéﬂ@ﬂt Qbﬁéﬂ:en@ 9% pafeht 3 ﬁe@eﬂmwt 0.5,
greater than about 2 and % t o about greater_ than about 0.3 and up

to about 0. 5PerGaL a‘rlé’éltp%‘iceltth f@Bﬁui‘“YO‘“K‘e‘&%raﬁ}%e desnedbyi ok Bmbess 8y et ot her
enbodi nent s, dgﬁh&i@@{@ﬁwelg be€igeancdi@siisaloRddock i ndex greater than 15about
0.2 and up to about 0.9, greater than about 0.3 and up _to about 0.8,

greater than abP&ht 0. Bthxlsee/aslafs 1%%@?”@5?Ontﬁwn@ioé‘a‘i%%‘aﬂﬂfhté(ﬁ‘a@ﬁ’&% 0.5 and
up to abgyt G bRERAHERYSnfiinIdbH £RG,ARY B 180l ef [, the

i nventi vg po‘% Egyigeréglgm Ei%y possests e?? LPD téll eatst 1.3, nore

pref erabl y athebepmimers Siffenfrorh bighmelting poiny biqu qoe@lsmelz irgthatgipedr possty pr ef er abl y
at |east 2.6, M p to a maxinmm
of 3.5, and eg%ggg%@ﬁ{%%h fvp% XI ngfr%n(g?oqrfog?ﬁ%f)%gf ég)tt?ll@/?lyf usi on of 80
J/ g or | ess;so{Blitpef L@ﬂ}h:ydr‘emeolc@m edeilef Apticiteas inclge qibvigiesityper cent; (4) a
?Lg‘ﬁs_groénmﬁlgrﬁﬂerg ?@ﬁéﬂgsﬁr %%ﬁzfi;[lirfl@act rﬂgdiq_fé%dtc%ﬁ‘g g%)zgr& d%ﬁoﬁ%ﬁ% £r alt?lhg I ess
et hyl enepla- olinkirigrand htag pqpbhyprdyrsers ami dpavasions swel 2 mwdmmrmerinO 01 to
2000 g/ 10 m nut.e r abl

- preferably flr0 grﬁugbrﬁ%{r%%geegggené)ﬁ %8‘8 %tﬁ{)tgégﬁo(gﬁ gg%gq{g%tggﬁ g'd#er%%lr%n 01 to 100
g/10 mnutes. In certain enbodi nents, the ethyl ene/a ol efin interpolyners
have a melt in&&%, h, Disclopdderrin i gn aibylgyelpolpfinintesrelymer sprpriserdag) g/ 10
T 5 OMEhR 0 G L Rt B IR L@ Rt e or from 03 to
et hyl ene/ a- ol ef3%h pol (Arbessa Me/Mpfrom ﬂﬂ?i“ﬁdﬁé@ab@té}ﬁslo m nutes or 5 g/ 10
~minutes, [53] POI WTRE SarG) 1dAB UG R EEUARY sWRIBNh The rMge of £ @ik, 000
g/m)leto gﬁgo % o referat%lyfromls%ﬁlle/nnlétgg 1, 000, 000, nore
preferably fwti’fmelﬁi %@@@W@QWHBQI@I I@ONGY ¢afeat in Apd segw@si al |y from 10, 000
g/ nole to 300,000 g/nole. The density of the inventive polynmers can be from
0.80 to 0.99 g/cnB and 5 preferably for eghyl ene containing polynmers from
0.85 g/cnB to 0.97 g/cnB. In certain enbodinents, the density of the

et hyl ene/ a-ol efin polymers ranges from 0.860 to 0.925 g/cnB or 0.867 to
0.910 g/cnB. [54] Processes useful for nmaking the polynmers have been

di sclosed in the follow ng patent applications: U 'S. Provisional
Application No. 60/553,906, filed toMarch 17, 2004; U.S. Provisional
Application No. 60/662,937, filed March 17, 2005; U.S. Provisional
Application No. 60/662,939, filed March 17, 2005; U.S. Provisional

Appl icati on No. 60/ 5662938 fi I ed Mar ch 17 2005 PCT Appl | cation No

1 BN SN NP ] NSNS A PN I - P A ALN I NP= ] /NI AP P—




percent of the conononer incorporation index of catalyst (A), and (O
a chain shuttling agent. [55]Representative catalysts and chain shuttling
agent are as follows. Chenmical structures follow each description.
30Catalyst (Al) is [N-(2,6-di(1-nethylethyl)phenyeam do) (2-

i sopropyl phenyl ) (a- napht hal en- 2-di y1( 6-pyri di n- 2-di y1) net hane) ] haf ni um

di met hyl, prepared according to the teachings of WO 03/40195,
2003US0204017, USSN - 18- 10/429,024, filed May 2, 2003, and WD 04/ 24740,

?:_:300; ZENPLCEH? gngE & ncla_?léﬁ{ggggz?ri%%n}%ﬁt c%rel1];)g§ig§ncc§'at I(é:g{ %_‘%,)aglegswc ) 2H NH(

[N-(2, 6-di (lonselehiy} pbibty iMnpheydeba@laa)an@ an fmount of ethylene in weight

met hyl phenyl ) (1, 2- nyl ene- ( 6- pyr.i di n- 2- di.yOret hane) Thaf ni um di et hyl ,
b epar o asdbicaiint o iherrabe e oG P T Cho0SeaBa01 7 Ush
10/ 429, 024, ihd deRdodVliy: 2, 2003, and WO 04/ 24740, all of which are herein
i ncorporated by reference. C H3 ¢H3 57].Catal yst (A3) is -
bis[N,N'-X2,4,6 10 tri (%tﬂ%ﬁﬁ%%ﬁ}%ﬁ%gﬁ)& Wt '@nddi ani net haf ni umr di benzyl .
EBCE:I(—B Cr CH?d bCH3 [ 58jifat BdsyaStard(sAdment Somposition of less than 40%,

i s((2-oxoyl-3-(dibenzo-1Hpyrrole-1-yl)-5- .

(et hyl ) pheny1) - 2- phefh WPB? ﬁﬂ?{'ﬂ@%@?i%iﬁ?aﬂé@{e%%‘?}?‘f 2 FRYATEM (1)

diSbenzyI ,/prepar ed ahbtb%&@&héaﬂdﬁdgka@wﬁim% towhireintiganhicngs of

US- A- 2004/ 0010103, ich is_ 15herein incorporated by reference.

[59] Catal yst (A5) is ‘[ah’ﬁ?:fs%@&fl %’%E&Weﬁﬂﬁg ?‘h@f@r‘f’&%‘-‘%&’( octyl i mi no) but an-
2-yl) benzgnam del tri net ggletafnh umi2ps@epaiced- sabst antial |y according to the
Byt (T B b et AR RS L8

met hyl et hyDi mm no) met fy Jek@ar@ @b Aboti 1.6 @i dkibidédd@Rzyght distribution,

M.,./M,, greater than about 1.3; or
(iv)  has a molecular fraction which elutes between
15 0°C and 130°C when fractionated using low temperature TREF,
characterized in that the fraction has a Iﬁaolar 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
20 comonomer(s) ard has a melt index, density, and molar comono;ﬁer
content {(based on the whole polymer) within 10 percent of that of the
ethylene/a-olefin interpolymer; or
(V) has a relationship between ethylene content in
wt% and log molecular weight such that a line plotted of ethylene
25 content vs log 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/g-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

30 copolymer has the same DSC enthalpy (J/g} at greater than 55 °C within £5 J/g,
preferably +2.5 J/g.



C(CH3)3 CH(CH3)3 N OC(CH3)3 / ZrX2 \ (H3C)3C0 N X-CH2C6H5 [ 61] Cat al yst
(B2) is 1,2-bis-(3,5-di-t-butyl phenylene)(1-(N-(2- to

met hyl cycl ohexyl ) -i mm no) net hyl ) (2- oxoyl ) zirconi um di benzyl [ 62]

Catalyst (d) is

(t-butylam do)clinethyl (3-N-pyrrolyl4, 2, 3, 3a, 7a- ni nden- 1-yGsi | aneti tani um
di met hyl prepared substantially according to the techni ques of USP

6, 268, 444, which is herein incorporated by reference: NO (H3c)2s1l\ /Ti (CHD2
N c(cH3)3 [ 63] al vs 1S '

(t-butyl arni do) di (4- er?%y%ﬁéef%ﬁe)ﬁ(lir}t%?]ﬁlﬁ}ﬁrfa?,hé\feﬂ}??%%nr}ﬁ nden-1-yesil anetita
ni um di met hydonpineqar« chesbibstcAmbitaistiys. according to t he teachi ngs of

US- A- 2003/ 0 Gde / fﬁhl its qen;ler' n incorporated by reference: 10[ 64] Cat al yst
(C3) is (t- 2 yl phenyl ) ( 2- net hyl -

1, 2, 3, 3a, 8a- n- B0] ndacgnr-cihigsiddeiatintolyunrdisereidieynbofimepacfete substantial |y
according to the t@gchi%%ﬁ of US-A-2003/ 010428,6, LMhich i S her.ei n

i ncor por at ed BPUPTERISP BAZES © 25 EBFELE ATTGPIVPR) of sinventive polymer)

bi s(di net hyl @ikl Lhd R Re mbreyo)p i heab M m-difahoaihsigeramai | abl e from
Sigma- Al drich:  5[66] Shuttling Agents The shuttling agents enpl oyed include
di et hyl zi nc, PORerizes fog. chirprderized %mH]é‘RK?Ib}OEF%E‘",Se%‘?‘?“gﬁt‘ﬁg‘f’%?rdﬁ‘?rﬁum

trioctyl al umdonbr,4d hedoit s lairihe inkUbMlcal dH¥hydm properties (block

bi s(di met hyl'(t-butypsi | oxane), .i-butylal um num : :

bi s(di (tri nepEpeEme)f prafsagl) mHi Sk Fepolimisium di (pyri di ne- 2- net hoxi de),

bi s(noct ggecyl )31 but yiabMatALEBimbmD Welhah BB bPolin®tsdobRssRamiiimm de)
n-octyl al um num 10bi s(2, 6-di -t-butyl phenoxi de, n-octyl al um num

di (et hyl ( 1- rapreig Py digautontaier SR nd SR BIERI LA APRIBIIA &5 | oxi de) ,
et hyl al ur ni ngim GickRigdtEd SBENYL Sih xbaiaaik'd%es)e,b}&k Bk ALAGH ABD

bi s(2, 3, 6, 7-di benzo- lazacycl ohept aneamni ‘n-octyl al um num .
bi s(2, 3, 6, 7-Riisiespgies disuibution af Blegkeizhalst RAsEaHIER)0S ALOBYSHIETIRHIR G
bi s(di met hy hiys QUinlnkS plefired GuitbiBN &F&lgm(e& aR-thoke dbRhiany h Bhenexisde) ., and

ethylzinc (t-butoxide). [67]Preferably, the foregoing process takes the
form of &5 comtsegmrasnduing PHRNg)PYEkss &Mareprefegbhy Hig cHPBERIEHHBTSATer S,

especi al |y nmuld § -1l psknicGRQL Ye¥klests inlu8fgta@Rin bibdgar mul ti-bl ock copol yners
of two or nore nononers, nore especially ethylene and a C3.20 olefin or

cycl ool efin, ak®] nost Incapaweel hy ebypgy ensfinm@Eeehorerolrva2 SIO8FHA,  usi ng
fraction which elutes between 0 °C and 130 °C when fractionated using Temperature '
Rising Elution Fractionation (“TREF"), characterized in that said fraction has a_molar
20  comonomer content higher, preferably at least 5 percent higher, more preferably at least
10 percent higher, than that of a comparable random ethylene interpolymer fraction
elating between the same temperatures, wherein the comparable random ethylene
interpolymer contains the same comonomer(s), and has a melt index, density, and
molar comonomer content (based on the whole polymer) within 10 percent of that of
25  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 interpolymei
has a total comonomer content within 10 weight percent of that of the block
interpolymer.
{33} Comonomer content may be measured using any suitable technique,
30  with techniques based on nuclear magnetic resonance (“NMR™) spectroscopy preferred.
Moreover, for polymers or blends of polymers having relatively broad TREF curves,
the polymer desirably is first fractionated using TREF into fractions each having an
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mul tiple catal ysts that are incapable of interconversion. That is, the
catal ysts are chem cally distinct. Under caontinuous sol ution polynerization
conditions, the process is ideally suited for polynerization of m xtures of
nmononers at hi gh nononer conversions. Under these polynerization
conditions, shuttling fromthe chain shuttling 5 agent to the catal yst
becones advant aged conpared to chain growth, and multi-block copol yners,
especially linear nulti-block copolyners are fornmed in high efficiency.

Chain term nati agents suc hydr ogen. nay, be ed.if desired to contro
react or visda¥?¥§H%%NB%F§ﬁ§PpﬁgiégﬁS%rqﬁﬁﬁb% ?Qngﬁ?%@nﬁﬁV%ﬁ¥$§@n
i nt er pol ynersmpayueonplonse 1ard arlaat ithgghhioekimigr, s@dildckertempgycasononer

content (i ncl udi homopol.yner bl.ocks) . The inventive in olynmers may al so
Conpr 1se. a diE PO RAn P HROar TaA e B igrs Sl BARaY "Bl ke o
di ffering denstipsndig Canonadner coopatabletintewhiyolr.i s a Schul tz-Fl ory type of

di stributjon. hg? ]Nbﬁeo%gr, t he . .inventive nultiblggk.knt@rgolyners may be
prepar ed 15usi i) t echRi*GUBY RS HPIHSATY RRRECHESP 8ETB GBI of bl ocl dness.
That is the matbly cohptsipeaigiene andad or eng dpdimadable pahymvatersihock or

segnment can be altered by contr %%%n at.io_and t f. catal ysts and
shuttling ag¥ ‘%%?#ﬁp%cg§a %gﬁf ; é&ﬁ%ﬂﬁﬁ£%_ﬁfﬁgaﬁgféﬁgnggfion, and ot her
pol yreri zat i epmsay éfabb esmorApslympri tedinigobeneit tiffafing inickerpbdnopmeiost i s t he

di scovery that as the degree. of bl ockiness is increased, the optica

2001 oper 1| e RGeS MDD BRS TRl 81U REE R BT it B

conpat i bid i tigteh@tynee Raviigaetli (bar nap sy Eoddrdrabims elietl elule bgaedn cul ar, haze

decreases whjle L.ty, increase.as e. aver age nunber . of bl ocks in the
pol ymer i ncr&&&B 5§%§hééW§%FfﬂgégﬁﬁﬁﬁﬁgﬁﬁggﬁgﬁggwgﬁﬂgﬁﬁFﬁpyst conbi nati ons
havi ng the dgsiatedzeahaihmn skit pasd Basral ddghoabhédricbiter(t Bitgintadalyesrafed shut t 1ing W th
| ow | evel s of chain term nation) other for of, pol ermnation are
25ef fect i vel ‘Ve?[?ﬁ?ﬂpéé"g%‘ﬂ?wﬁs‘g?%?%ag?@,w@wglafﬁﬁh%%@ﬁ?? de elinination
i s observed daiulafien, PO apnRsrkgahdlatotion@hintbeaehahal ghfembbormaarer i xtures
according to enbodinents of_ the ipvention, and the resultin stal line

bl ocks meeghPyiEhsF. @ﬂ%@?f%ﬁy&f fee“%m%r% &gg%n t?%fé%fﬁ?ﬂﬁ%@%@iﬁy ng little
or ng I onlg Cﬂaﬁ’ddﬁ? @ﬁﬁﬂﬁﬁhﬁt&ﬁ(gylng@eﬁehtﬁh@%a&e\&iuﬁbn ﬁh‘@&hﬁreﬁd’nﬁ&i@lnhdd?e ﬁhai n ends
can be selective repared 30in rdance with epbodi nents of the

Caventi on. et BED R B R iy S a ST ORI  ty of

pol ynmer thatmﬁcﬁfnmcn;aér@sﬂm})@g»macrhaamrsﬁzh@m@b@eﬂs)mﬂmasﬂenth@deixnt er nol ecul ar -
dilutive effect on cr%sta 1 ne rgﬁior%ig Thi s rﬁiU| can be Sgtained by
choosi ng chafsRSiEh AP OB comePt €454 b WK PG Lh ™ SHP P O BT TR e
r'ﬁSponselzd 0 Mm_t@ﬁ@@bl@gkeﬂﬁ qigrﬁiai. [Préfexiablly NBd MRGM algﬁmbs@m@@m' fically, i L |

t he catal yst, which produces, highly crystalline nmer is re susceptible
to chain terHeRANYA ‘S(aé‘t‘i@ﬂmﬁlsmﬁ&?mﬁ%‘é’%l?a‘%gaﬁﬁgﬂ’}lwl?ﬂég@%%‘? yst
responsi bl e §fpapbRAMELAGmENRS h @88 cElySdnah boria ROk N8 vebsg@iRA of(SUCh as

t hrough hi gher conpnoner. i ncor poration, %ﬁgéﬁéerror, or atactic polyner

formation), BHeH terMPokrRFPobrpS: tha e s EWER D\ aeplation'ts

preferenti al peddQnHt ALi6 of HE@hi &F MbtAMendREIdn@NseaqtH /e, TRy RIATRNBt only are
the resulting term nated groups cr¥stalllne on termnation, the

but up !
hi ghly c@yst Bfrirstlepsioy tdrrepdhaieiy Q&%@F‘if%ﬂaj‘éﬁ‘?@uﬁ%ﬂ %‘?W:Qleé’@%ﬁ Re94i | abl e
for reinitiahbihe PWHAIMARS defe@hiXBd.| B a dldA@outitd Ababiey usték 0K TRk pol ymer is
t herefore another highly crystalline pol yner segnent. Accordln%ly, bot h

ends of the Peakihg “ﬁﬂ?%?dﬁpﬁéﬁsgﬁﬁﬁﬁyﬁﬁ?ﬁﬁF@”ﬁP@W@?éﬁﬁP%F??’ﬁ?ghly
crystal l'ine. 1, and 1, {lpoiki@leRiNE L REMa 18! B iBhti R IR IR by aRdidgn t he
enbodi nents of the invention are preferably,interpolgners of ethylene with
at | east onetheBeakoizhthy twei4ad thep gervirget Snedrriznty) odhebamtirahes- c20 a-ol efin .
are espegp al inerRESHRMEEMAd ik okidnk b @E RAREFRLSe MAYcafithbefuregspri se C4-Cl g
di ol efin and/ or al kenyl benzene. Suitable unsaturated_conononers useful for
pol ymer i zi ngCaRraPRMEt ) ERifempdesing dandegretiyleasigiodefin sppriyresss Mg unsat ur at ed
NONONErs,  COofingdinetboRlentRRCARNIRMGAE FWHDANRS raddOF B NRSF pRhK ey inhenzenes,
et.c. Exanpl es of such conononers include C3-C20 a -ol efins such as

propyl ene, isobutyl ene, .1-butene, 1-hexend,- 1-pentene, 4-nethyl- 1-pentene,
hept ene, 1l-octene, 1-nonene, 1l-decene, and the |like. Propylene and

non- conj ugat ed di enes are preferred. Qther suitable nononmers include
styrene, hal o- or al kyl-substituted styrenes, vinyl benzocycl obutane,

1, 4- hexadi ene, 1, 7-octadi ene, and naphthenics (e.g., cyclopentene,

cycl ohexene and cycl ooct ene) . [ 72] While ethylene/a-olefin
interpolyners are preferred polynmers, other 25ethyl ene/olefin polyners may
al so be used. Aefins as used herein refer to a famly of unsaturated

hydr ocar bon- based conpounds with at | east one carbon-carbon doubl e bond.



but ene, 3-nethyl-1-pentene, 4-nethyl-1-pentene, 4,6-dinethyl-I|-heptene, 4-
vi nyl cycl ohexene, vi nyl cycl ohexane, norbonadi ene, ethylidene norbornene,
cycl opent ene, cycl ohexene, dicycl opent adi ene, cycl ooctene, C4-C40 di enes,
including but not limted to 1, 3-butadi ene, 1, 3-pentadi ene, 1, 4-hexadi ene,
1, 5- hexadi ene, 1,7- 10octadi ene, 1,9-decadi ene, other C4-C40 a-ol efins, and
the like. In certain enbodi nents, the a-olefin is propyl ene, | -butene,

1- pent ene, 1- hexene, 1-octene or a conbination thereof. Although any

hydr ocar bon .cont ai ni.n vi,.nyl. grou ot ent.i.al y u L n. enbodi nent s
of the i nveﬁfn?%ilr.ﬁ nbeflg tl%%alllg%gg'gceu? %ﬁ%ﬁneéastwnf@rn%ér/rseaﬁq% ai:\(/%S %‘%e:%l%fpf ;9f cost, and
the ability ih@reso ke ndrenibhyr coerowd TitEgaet ddbanionames pdlynoanctthiee 15 resul ti ng
pol ymer may conme r robl.emat.ic..as the nole r ight .of the nmononer
becones too ﬁﬁ%gMdgym%?%fm%ﬁgs%%F%ﬁ%}?%éIﬁgl1%§g§gg§%@“%g?%0?%%d her ei n
are wel | sui#retafiofCH;MBLpofobkuCREBpeal ol ef i n pol ynmers conprising

nonovi nyl j dene omatj Cc .nono s.including styrene, 0 hyl styrene,
p- et hyl %t yr eng t- b{?ﬁ(}{ﬂ@ﬂ/{ge%%ee%boﬁenﬁpﬁgseﬁfi ipﬁ%?l%iasndeﬁﬁm%g%?rlg%u ar
i nt er pol ynerigveaaagpdhahaagead bh yhenerriaatbsingoe merccaditibe] praepearisds bl f ol | ow ng

t he teachings herein..Optionally,. copal rs.conprisi et hyl ene, styrene
b 5 oo codhe st B a P e BB s i R R i B R ™ 1ov ) ne

i nproved pr ofigNdneesd a@ror berguopgismenttable compithjersSuipblginkgzed dormconj ugat ed di ene
nononers can be a.s%rai t clgainb 25 b&aéﬁged chainlor.gyclic q¥drocarbon
di ene havi ngFREHIES 0% MERPIE R CHFEHE™S BVERST BEC SPYBT AT EOREN- conj ugat ed
di enes i mcl udérs difidtingihehanital lok phytsesl rapertis (gt inchmilymeacyobti ¢ di enes, such
as 1, 4- hexadi ene,. 1, 6-0 i en 1, 7-oct adi ene, 1,9- decadi ene, branched
ohain acyor ke HR Lo Emet s PR e pio € SEBRLAR

di met hyl- 1, Gr@abashien eliteSbefweinoal mydli30°0, vaed aditenacdunthgREED | somers of 30

di hydronyri cene and di hydropci nene, .single ri alicyclic dienes, such as
1 3 eyl opentigrn el R E s At e ol Bmsie it SRR
1, 5- cycl ododgeRebBnReleast pekcdid hicher! g padfera ¢ ki least 105 efl 2aee2bpdrebged ri ng

di enes, such .as tetrahydroi ndepne, nethyl tetrahydroi.ndene, .

i Cycl opEht iR BRIy E s e R B PRHEE T RBNTE al Kyl i dene,

cycLoaIkeny?m@mdn@kﬁk@a&hmh&dgﬁﬁwm%ﬁb@ﬂe&@@mnﬁuﬁhuaﬁuﬁgmﬁkhglenebz-

nor bornene (IM\B): 5-propenyl-2-norbonene, 5-i.sqQpro i dene- 2- nor bor nene,

52 4- Boyol SEERPLAY foor RS o B FEToRTEg 51 ey TY Gt For bonone.

5-vi nyl - 2- nocrdﬁ%ﬂlﬁaes,), aand mlRQﬁxf)ﬁﬂ&ﬁhﬁ?&nd?olirh&ndioﬁ&ﬁ&;@pﬂﬁ@ﬂ loy thids e((thD ;)
repare EPDMs, t artijcul ar referr I enes ar , 4- hexadi ene ,

5 ot hyl i deneW@lﬁB‘ng‘?ISnBH@né%RB%‘?“QSE‘L%c’ﬁgﬂeibﬁ”@ﬁf‘éiiﬁtPWB’re}’BﬁFré?{éf%fﬁ%éﬁ?

5- met _hy: l@{ﬂE-MW]E/MEBﬁtélﬁg@ﬁpe(rd%hberp@[}@leﬁ'lslczelygghﬂmﬁgltoqﬁ't@ﬁt&f bﬁﬁma)e bmkﬁldB) |

especi a referre enes are 5-er i dene-2- to norbornene \ an

1,2-hexad¥eﬁ@“¥$ﬁ$ﬁa‘ Qﬁﬁfqﬂﬁﬁﬁgﬁﬁﬁméggppgﬁfé“ﬁ%F?ﬁ@F@mfﬁ5¥mﬁéﬁﬁBe made in

accordance wdReigirhedemioning: Fhhetthekédiveido@rrare el astoneric interpolyners

of ethylene, a C3-C20 a-olefin, especially praopylene, and optionally one or

more di ene monbiférs. Bremecreatinerp.dhs erﬁ}éyl?nﬁ}) "E]%%l ipiRCRe A8 Ent “ of t he

present i nventk Qindh el $PAbAA2PU 8o 28, frataml aofaHo=CHRE) whgde R* is a

| i near or branched al kyl group of from1l to 12 carbon atons. Exanpl es of

sui t abl e2&- ometfeipﬁéerﬁm}/re@ 3 bt 7are Hotonkicmbpdigents hayrepAisekave  Wbut yl ene,

1-butene, 1-peidGR& of kuheXette s¢CBIAYS0 IC BRBPERLHANY °d 1Ol EN®: A

particularly preferred a-olefin is propylene. The propyl ene based pol yners

are gener al | speshbpgiggns ghg nternedynaart hays 2 £ gt iHPONN3EMY AE? mpsiPleabl e

di enes for USEsdc2BIRIELRAR b SHON pROLY BB chonfSRRGH 2bdY 1 Mildon Bh OCK EPDM
type pol yners includé conjugated or non-conjugated, straight or branched
chai n-, cycl foge egpodigieyts yhelend of elapsecces apeisshand 0f F%mf@zfeliﬂ‘gy #ohear bons.
Preferred, di gpas.rdial s do§-pent adi ene, 1,4- hexadi ene,

5- et hyl i dene- 2-nor bonene, dicycl opent adi ene, cycl ohexadi ene, and 5-

but yl i dene- 2- né¥Mor nefresneasgsar af it eantign, geethyfene/d-adifimieieipglymers have

5-ethyl i dene; g;.§ gég%mggsﬁt and it BREMI Serl et 8RS géa%%gﬁ B gl yrrer s
conprise alternating se ment's or bl oc contalning greater or |esser
quantities of the diene (including none)-&nd a-olefin (including none), the
total quantity of diene and a-olefin may be reduced w thout |oss of
subsequent pol ynmer properties. That is, because the diene and a-olefin
nononers are preferentially incorporated into one type of block of the

pol ymer rather than 30 uniformly or randomy throughout the pol yner, they
are nore efficiently utilized and subsequently the crosslink density of the
pol ymer can be better controlled. Such crosslinkable elastoners and the
cured products have advantaged properties, including higher tensile
strength and better elastic recovery. [78)In sone enbodi nents, the



nore preferably less than 3.0, and a Money viscosity (M (1+4) 125C) from
Ito 15250. More preferably, such polymers have an et hyl ene content from 65
to 75 percent, a diene content fromO to 6 percent, and an a-ol efin content
from20 to 35 percent. [ 79] The ethyl ene/a-olefin interpolynmers can be
functionalized by incorporating at |east one functional group inits

pol ymer structure. Exenplary functional groups may include, for exanple,
ethylenically unsaturated nono- and di- 20functional carboxylic acids,

et hyl eni cal | y unsaturated nono- and di.-function carboxylic acid

anhydri des, Cé'ﬁ?spgn %?‘écg’fncé’ﬁgy@%rt %IIOP}?E?SBS%.KQ%%MG {?ﬁ@f’%{%nal groups nay be
grafted to ane@bpykeneln softls@fvhent ingjbedy pod kave f, medingitmpeayurb ehacio ot yner i zed
wi th ethylene and an optional additiopal conmonomer to forman interpolyner
of ethyl ene,mat“ﬁjéf“‘f’&i"t‘ﬁgﬁ??ﬁﬂm% HOREPYEARE optional Iy ot her comononer (s).
Means for grafjsgng ZEinfahmgéria?{é&lofgfe@w@ﬁﬁ@nﬁa@ cPOleyeb Ry neepsiemeescri bed for
exanple in U S. Patent Nos. 4,762,890, 4,927,888, and 4,950, 541, the

di scl osuries here & Hebhtyin e Qe Tapltion e b denei-HeiiniFasY e Petiéhde i n thei r

entirety. Ong p@f {dieidhd doietinehdldonfphtog td BNRF a GMAGA of SHIBR drgormBNdr i de.
[ 80] The amount of the functional group present in the functional 30

i nt er pol ynerhaganthy a3ye iﬁ?ﬁ@*@lﬂﬁﬁﬁ“@%@b’ (YPshprecRasy pt-cabing ¥e Kt Esent in a

copol ymer - type,.f YUPchuhiah #lel s ParkdVe SERALY WRIhid L1030 180RHsp@ls, Ak | east about.
1.0 wei ght percent, preferably at [east about 5 wei ght percent, and nore

pref erabl y dbteipalygiers b gutinvenygs hgpg such pprbidityfhptdplges, ¥iHeed dnal group
wi Il typk&a'é%taﬂ;awyea%gfeamma@smhagmaﬁw@e functional i zed interpol ymer
in an amount |ess than about 40 wei ght lpercent, preferably [ ess than about
30 wei ght percidft, anbhertrienpioedidinapegpolyass happhreliborbipPStweeR ght per cent .
5[ 81] The et / .0l : I deon may be
used in a nl%ge;ﬂg% ]g%g{o?eg%}%ﬁ%‘?%gﬁ %&1?}I?Jrﬁ]%%ﬁg&é@?l@ﬁogfcoggg%flégg of which
are gi ven behdewulaleighraserpoiyiier@yhden asetiterrrenpad eqmbdioriesy f or

pol ypropyl eng,, A @m%b}ginus%%e bilent A0LREY: BAOYLEALLALRRAIDL G Iih; COPOI yITEr's
~or ternonomers and pol ypropyl ene; an_dl, the 1 nterpolyners y be used as a
per oxi deicr oskhs thdoatatdbraclonerd polpmits Witk itelsene ot yeghegerdeptrshybingf i n
copolynmers ar..e .10l ef jon/ j fi.eng, t er nononer s.

Addi ti onal | yfl@%é%q%&gée@m&%“{odﬁ ﬁ{?@%ﬁ%%%&?%&q’ﬁrg%ﬁnﬁ't ure in standard

t her noset appl [40Rt i onk.onSembodpplt bttat ineasionnbd etbigeneliuoledn mtenplyniersri t ed t o:

conveyor belting;. V-belting. crosslinke fcraags,. i ncl udi t limted
to, mdsole hf%%%\sm?eﬁm?egys\?cgﬁa{lrﬂfalwzgﬁfea OVets < et %rﬁfl‘ﬁ?r;h? anre]]% ¥ %géﬁ%gponge
profiles, dugiwihandnesslebBsfondge/ goth dutetertaended 4pd 680°Ceshensi ngl e ply

roofing, _and, wi.ndshi el d w.pers. [ 82] For an et hyl.ene/ al pha |
ol efin/ né%cgffﬁcﬂa’ﬁ‘fegéma? gﬁéﬂ%ﬁ%@ﬁ%r@?‘]ﬁ%‘gﬁzﬁgﬁ @f’{osxh{d%saﬁé nuhl{rglS SF%Bhenol i ¢ cured
versi ons of whesshmaredhentGiaipo picferabhsat feayt Slpercpntddhiher choreSireferdably aglppt i cat i ons
may be used as cribed for. peroxi.d rosslinked el ast omers. 20[ 83] The
CoNnposi t i onsﬁ)dg?ﬁ@r %%@H?higlﬁe\r/é%@i%agoﬁ% On]gfgag{éﬁ%ndﬁ?éa yi%ﬁe oi | extended gel
conpounds i ninfelRlyiRpiragioh elutng bdoeden destmapplperaidsonbereih midcidiarabl, t he

et hyl ene/ a-olefin jinterpolyners of .the present inventio y. .be used in

o1 e vi by JETH A IR SRTREE ooy CoAERo o RrEY BEErTR P Bre T 0] The
et hyl enehfi- odagk ichmbrvherEp hythensat My, ddnsiey, eanpohsenaddidricossnt dnded

25adj uvants. Suitahle additives.includ but e.not limted tqg, fillers,
such as or gafii'e® g‘g? H%IP”@%iwé&/”ﬁ‘:\lptpf’%?négfm?tﬁg F‘ﬁg):i%ée csS Enfegilag(?’ % i tani um

di oxi de, zeobbkesnpepond arsidicy@itadl w% vhgianblinventiveipslgadiicoil (Bxeers, nano-si zed

particles, cl o forth;, tackjfiers, oil extenders, including
paraffinic oﬁﬁ%géﬂ@ﬂ)ﬁ%ﬁo&g ?@?Ssgﬁﬂ%h&ﬁz{r p‘?‘?&’ﬁi’hyalfzss djg?/ﬁtl’ﬁlé?s ¢ pol yners,

i ncl udi ng ot jererapgliyseetas 3acmar di ng to enbodi ments of the invention, 30
Additionally, mnor anpunts of a different polymer may be used as a carrier
for any 6f the additives. An exanple of such a polyner woul d be

pol yet hyl ene, for exanple AFFINITY(r) resins (The Dow Chem cal Conpany) or

EXACT(r) resins (ExxonMbil Chem cal Conpany.
-13-



[ 85] The foll ow ng exanples are presented to exenplify enbodi nents of the

i nvention but are not intended to limt the invention to the specific
enbodi ments set 5forth. Unless indicated to the contrary, all parts and
percentages are by weight. Al numerical values are approxi mate. Wien
nunerical ranges are given, it should be understood that enbodi ments
outside the stated ranges may still fall within the scope of the invention.
Specific details described in each exanpl e should not be construed as

necessary fe f the |nv tion XANMPLES . T In the
et a5 t he TREF Pesh comdanst kambigtan Signrear b onhpde SRt ol oyed:
GPC- 1 R Met hod @e] Per'nfe:edomnbrﬁaﬂmﬁpismgn a-,bihy T(RGP@)aak chbp8paFtved g8hg per neat i on
chr omat ogr aphi g stemis elth]glﬂ 2 g,i/ F rlatorllses Model PL-210 or a
Pol yner LabdPaldriad o Mytafor piaias P f’ytﬁ‘}?éﬁ: HE"EoPWh and carousel
conpar t ment sihas:Swvepaoatedhatcok®0 C. Four Pol yner Laboratories 20-m cron

M xed- A coI um re used, The, sol v ng trichl orobenzene. The

sanpl es ate pr@ﬁgr ed ilf SORRHLLA M iogr‘iﬁe‘?leteﬁtoilsgeﬂgﬁgwd‘f’&ﬁol ymer in 50
mlliliters Iﬁéas@r@ma@Isasm(cergrmatmmmaﬁ)@enp@r(cem) thattarel fb @ chrivpdraad yt ol uene

(BHT). Sanpl repared. by htI for 2 hou at. 160C. The
i nj ection volfl% dﬁ%fgla ”’F@’ “rﬁfg%rﬁf)éf% u’feF]S%SPI}fPIéJE%%ttheO

m | mi nut e. [xﬁe?d;ﬁ&lel(@ﬂ@teh@ﬂnmn thd‘;ﬁ)hiﬁm(@mhmmfecsgteiat& perpomed w th 21
narrow nol ecul ar wei 3:.1,% dj strég i on pal. ¥ e st ndatrhdg th nmol ecul ar
wei ght's r andiPRGIERIMTBEEL B0 R ‘h‘?e S GEES e BehXdEkbhi | v ni xtures
with at heasgrods dehagdelyobr. mam&mmmbatwemb doﬁ@bsmcdu@na]rmill—l@)cdmhadsd wei ght s.

The standards are purchased f aboratories (Sh shire, UK). The
pol ystyrene @t%%%%mﬁ?télgﬁ?léggwéﬁsea itye r@é‘f GPARYRSE FOBT™ ﬂftﬁ iliters of

sol vent for pRk@edpaym¥eh Httonasdidd retpon@is cHlRak withhabwl c@0BhMfha- and 0. 05
granms in 50 m]liliters of solvent for nolecular weights |ess than

301, 000, 000. OISHEFOBYYPEL YAPEHES st andar ds are di ssol ved at 80C with gentle
agi taél ion ;o(r]I g@a m nuT@E]qeteEmewﬂ@fdemﬁm amﬁmﬁs;\mmhmpﬁwﬁéﬁodﬁum first and
in order of decreasin i ghest ar weight c nent to mnimze
degr adat ildn CPH%CHB%H‘\}’S,(E eﬁ%@“&”ﬂ%ﬁ’ﬁﬂﬁ? ﬁf%ééll%mr]rﬁ?“ il 8$%F‘§‘F1P(§yfﬁ?re convert ed
to pol yet hyl apg ﬂ?@lmmpadscevsejx }Snd#§1beﬁﬂ1ctcﬁlﬁar§tﬁ:|n|c@iﬂ!\bd"@ea@dau@tme@ﬁhrmgs
described in WFI i ams_and_ \Wa , Polvm Let., 6, 621
(1968)): Npo‘?’?%‘?%?ﬁ%ﬁfeme“céh E?ﬁf(lﬁff PO}X%F ‘{}’518 ‘ﬁﬁ’e‘)"m\?t@%ﬁjll%‘l‘t%t heyl ene

equi val ent n@fe@&&ﬂlﬁﬁxeé!@te@ Iﬂgr N@ﬁi)cmta&:‘oh@ﬂ@narcemeﬁromfHBR!EE@aﬁgfAf i scot ek

Tri SEC software Versjion 3. - . Mol ec Vﬁ%ﬂ Q osition
Measur enent WYHP%F?%beF?éETna‘%?WPMHgRﬁrg% i3 Bﬁ"rﬁ{)‘gﬁm

t hroughou§ t RenEREisaaYEHSARA d18 rHRasHI(RE usirng @Fﬂg/(tﬁfhetsﬂicfo&rdh&ﬂexdﬂ ect or
that is available from Pol yner Char, Val encia, Spain

(http: // wwp®rERBr char . com ) . [ 90] The "conposition node" of the

detector is quuaspped Whi efofMRARHEQAREE cSRNSQT usingh 1) widtthGaRRaGkh i On
sensor (CH3) that are fjixed narrow band 15infra-red filters in the region

of 2800- 3000(FYHYL) cajgrdation 484 RephERE the APRIBPIATER SR IPES R-CEHE HS hddeHD)

- carbons on t §g,,pRLPHARS fionhthEREE E186HAYerhf! %@ﬁﬂitvﬂdmeifﬁﬁkﬁ’rﬁ&f concentration
in solution) While the conposition sensor detects the net %q CH3) groups

of the péfy n@#culaqr%isﬁa%eﬁé’ﬁﬁﬁr@% of mgthybtogretiienedonprss piet e HPm( CHB)

di vi ded by tJﬂ@Aﬁ‘ﬁ@@lﬂﬁ%@ﬁe@dt&n@hw&%kaﬂe& (ﬁ@ﬂét)?&é&ﬁs tenithe reanmaomer
content of the 20neasured E‘é[ mer in solution and its response is

calibrated \/\PatS%h%é%‘Fh@’c‘ﬁ? alepaeenpiaed. OééﬁﬁW’H‘é‘?“ BRSRE TS, [91]
The det ect or ;)\ERERISSE, e pﬁrﬁm %’&sIdeﬁﬁadqmtm@rueadr@@%uﬁ@b&w@emcent ration
(CH2) and conposition §/CH3% gnal response of the eluted polgémer during

t he GPC pr ocesisl2. whigg Ty fad %ﬁé@i"fliséﬁé‘é‘lﬂﬂ%’ﬁ rthelkiteahrige octhe ATBE by measuri ng

25 the anga éeak'zﬁ Bfidihh e GEiR Hefgh%wﬁ%dm@nm@ﬁlﬁg Mikdholi R ccaEvReTEr
content (preferably measured VR). The conononer distribution of a

pol ymer can b @é‘tlil%?@ﬂﬂlbﬁﬂﬂafﬁépﬁlﬂ‘r?@ﬁ@n?‘éﬁ‘%ﬁ"éﬁ@@‘ﬁé‘gﬁ bratl on of the ratio
of the areas for the individual CH3 and CH2 response (i.e. area ratio
CH3/ CH2 versus conononer content). [92] By taking the ratio of the
CH3/ CH2 response at each el ution vol une,- 4he




30response to the polyner's conposition is neasured. After applying the
appropriate reference calibration, the conposition response can be used to
estimate the conononer anount at each elution volunme. Integration of the
entire GPC profile provides the - 30 - average conononer content of the
pol ynmer while the slope of the line fromthe conononer versus nol ecul ar

wei ght provides an indication of the uniformty of the conononer

di stribution. Wien integrating the GPC chronatograph for conposition

det er m nati on, e inte tion re obe reater than 5
wel ght per cent 4570 | ¢ HEBBRHER SO ERARER T aPoe SRR CHRTBam [ 93]
The appl i catdoarRnaff pblpfhed it @ STRER-haseapyethel NBAStKEDIE, hﬁnmﬂmmnﬁr cont ent

of pol yners S syste r|nC| t | - systens as
Gestri bod + Pt onRER fgieais) Dbl gty brromis o5
Hﬁ2| itt, LonmizgiuQonn®Sm.: tS]mdL]E.ﬂﬂl@y“De]}@lopﬁeMQF ed)ipeticaidn c@&imd&%ﬁd@ﬁﬁt i on :
chronat ogr a Fourier transforminfrar ctros aracterization
of ethylgﬁeggéggﬁmﬁgp?HPgWF SREG O OmEPEe aﬁ‘fvﬁEP?E%W§¥@F$&F Sci ence and
gﬂg' Reeg _"Il_g 1(01)9&151)1,c01§t5ym69§’- E&l@meﬂc Mat[eﬂﬁ]; S@ﬁﬁzhaﬁﬂ Eferidd. d991)RakI9BI ng, D. C.;
i eh, S anc m crostructures in
et hyl ene- | - ol ﬁ*fp]% ﬂ%{‘?fgréjg%{fé‘f a]é?:zeg E Qﬁa“fgy“?,grﬁhB’f‘rﬁ]?aé‘braphy and
Fouri er tran@-ﬁ@hﬁfglnﬂérbmadresneam a8 a0f¥fir @E@ylhe&lﬁ);g size FRoluyiger (2002), 43,
59-170. DSC Standard. Met hod km% fferent| al gg%m n p}gﬁﬂmrl metry
resul ts are TEURHRIHBERSTHG 2R B354 SPeCERGORY ¢ @&%ﬁ %ith an RCS
cooling a@ce@e@z)y%asudmnb@mbp@mm&xeﬁncme,omeﬁrb@gg&emmg@ngaaqetrle@twe@f 50
m/mnis used‘%ghe sanmple is ressg} into a thin film and pelted in the

press at about “4F¥5C aliPtenemPAines Siedbventye YR amdmatiere YP25€). 3-10 ng

of material dhgrabB8RAdGYEn hvtRe Blobk Mak:dIABTELGE ©igfekser tﬁ@xﬁ:&ﬂi‘@ir@u}gﬁ twei ghed,
pl aced in. a |ight alum num pan, and then crj rrpeg ut. The
ol

ca 50 ng),
Pher mal  benadPir! indzstare chnpien Partrapaaty §he aeraien 0ab LeonPow ng
t enper at ure QeRkd biSck iR, SBIHN We WéightaptdbyofiiRaliat ifdex 180G randched d
i sothermal for mnutes in order to renpve ae%ggr evi Qus thermal history.

The sanplie i®&e pHERedBEI®E obiginedipareppratin] R it Crpd tat"s: wid2thel d at - 90C
for 3 m nut egeredifig bl € is then heated to 180 C at 10C m n. heating rate.
The cooling and second heating curves are_recorded. 30[97] The DSC nelting

peak is neasured as the maxi numin hfé&ft PlowBkate (Wg) with respect to the
| i near basel i ne drawn _between -30C and gnd of ne of fusion

i s measured as t H@ekEHS ﬁ]ﬁ(ﬁ’@&f‘ﬁi@xﬁ’émel n&a‘if’l?f‘\‘i’gthﬁépc"ﬁ%@ﬁethglﬁé)‘éﬂ fhe end of

mel ting usi ngtegbolyntteaktaibasialptaperati RETFEE Yind w; is the %8]ghSsuihage éfake itensi ty
measurenent are prepared according to ASTM D 5 1928. Measurenents are nade
within oR® hBFHobf sanpl e pressing using ASTM D792, Method B. Melt |ndex
[99] Melt indem7jor 1o ehéh ﬁ&)&ﬁdﬂﬁl@&ldﬂﬂBﬁ@@&hﬁaB?Sne\Mfm oASTMoRink238,

Condi tion 190C/ 2,16 kg. Melt index, or 110 is so neasured in accordance

with 10 ASTMW%%BQ’“@H@F%%W@WE VRS Mboney Vi scosity Mooney
viscosity is measured in accordapceipfth ASTM @;Lﬁ4_6L,(;)ﬁ at 125C, M. 1+4

(MJ)). ATREF 15[ 100] Anal yti (Bélm?d-?rpgﬁdfj—w r=Fs ron fractionation
(ATREF) analysis is conducted accordirg to the & Eiescrl bed in USP

4,798,081 and W lygye 'Eﬁs th@ﬁ*e%&raf[vé?&TRﬁm&Q@AHQ&ﬂ?erQJt@for 88 racdonR

Det erm nation of Branc Distributions in Polyethyl ene and Et hyI ene
Copol yneRs, @re F’étl’i%’ipmﬁﬁeid n Kolyin)fgis s sthyleammple Tiggioniorthel i ffedtpor at ed by

reference he&ﬁb@cdn”be%@é&eﬁﬁ"l‘ﬂﬁ&ﬁ%&‘mMs&ﬂﬁ@@&ixf&'@AB i{ @ b@yRpahyeged is 20
di ssol ved in ortho-dichl orobenzene and allowed to cry stalrlze in a colum

cont ai ni ng afiaqige Pk tha whple phvleayaplsiie deradiuagr (%%@?ﬁaﬁﬁ?’néqcﬁwvﬁuqhé&fﬁm ng the

tenperature {9 pe hQGufl 7 N0ORE 1Y T .24 Ffarddnd STRER eluf e SOLHIR 2h$ mequi pped
with an infrared detector. An ATREF chromatogram curve is then generated by
el uting the whylereanele Fedop & prisr had seamentss GriieHee ol RasY LIRS owl y
I ncreasi ng t&gmteﬁgr@tefﬁ@ﬁﬁéfﬁ)lﬁﬁeﬂ hes el dring a%ﬂl)ﬁ@xﬁ‘ﬂonzéé gV 6] eleot.gbenzene)
from-10 to 130C at a rate of 1.5C/ m n. NVR Anal ysis [ 101] The sanpl es
are prepared by addi ng approxi mtely 3g of a 50/50

- 15:-



m xture of tetrachl oroethane-d2/orthodi chl orobenzene to 0.4 g sanple in a
10 mm NWR tube. The sanples are dissol ved and honbgeni zed by heating the
tube and its contents 30 to 150C. The data are collected using a JEQL

Ecl i pseTM 400MHz spectroneter or a Varian Unity PlusTM 400MHz spectroneter,
corresponding to a 13C resonance frequency of 100.5 MHz. The data are
acquired using 4000 transients per data file wwth -32- a 6 second pul se
repetition delay. To achieve m ni num signal -to-noise for quantitative

analysis, multiple data files ar dded toget her, The spect width is
25, 000 Hz vvisteﬁtoghoﬁ‘i trd?f Er‘ﬁa]ilrfi‘?nis’ﬁ%pcg egigq%?%gﬁlﬁp%ﬂeé’ b Ar g VS fgs)'gthrrefal es are
anal yzed at ‘h3f ségnieftsd ark @omavaidabi:a dicb eichipioodyerfofine heaim e 721K Ear por ati on
is determned using Randall's triad 5 method (Randall, J.C.; JMS-Rev,

Macr omol . Ch&h Phys., C29, 201-317 (1989), which is incorporated by
reference herei48]i n iTg ienht IATREF teiRpdrataie forhracihinaiopdlioer df yhe FiREF [ 102]

Large-scal e TREF fractionation is carried b i ssol vi 5520 of pol yner
in2litets @P’PB??W-“% #’%Vﬁ?go%%@’:lﬁ’g e Ieb@acg?l} %lf;?"ﬁ‘gf‘fﬁbcranﬁgﬁ%ﬂl}%ﬁa M60C. The
i.0 pol yner s@ttlilbengiesuafior:ced by 15 psig (100 kPa) nitrogen onto a 3 inch
by 4 foot (7.6 cmx 12 cm steel coLugn pg@ked with a 60:40 (v:v) mx of
30-40 nesh (600-425 pnm) spherical, tBEHhT I”‘Balﬁal ity glass beads (avail able
from Potters | ndugtikicesd s (30 cBoxanR0vhidhrcanbabodmintX by ¢6B0dipn s st ai nl ess
steel, 0.028" (0.7 di aneter cut wire sho ailable fr Pel l ets, Inc.
63 | ndust ri ey ?fm‘f%?aﬁﬁorﬁ'ﬁth%%‘ﬁ’g?}yw& ié’f’;g;é.e i th%%@%[ﬁﬁ%ayi s i mer sed
in a thengral dayy genifkehhed hipaek ioreset, ohdtivbildhdey tb aedb6MeiCowThe col um is
first cooled ballistically to 125 C, then slow coaoled.to -10 C at 0.04 C
per minute affPRBIPUGIGITRS FRIYPCT C?’PB%%“BP%W@WF ?ﬁl%"é‘%ﬂ? fle is introduced
at about 65 mbistid? watthl @ndchs tearRAsRT Uhere is3 sitpie heksedr atigh.cli6d. T per

m nut e. 103] Appr oxi nat el 000, ortions,.of eluant, fromthe
preparative ﬁkRﬁﬁgbﬁﬁogmnggF@g%%Pméﬁq}é‘HgP C"a\arﬂflgg‘f @P?‘Q‘Snﬁuc‘h%%etcred fraction

col l ector. TReuPs &ERFialiySnegRABIRNIH DR @nibbdigaal riniaatctigienelsipolymarsr ot ar y
evaporator until about 50 to 100 m of the pol yner solution remains. The
concent r at eds2&gl dreiforeingeledPsBiRed to stand overni ght before addi ng excess
met hanol, filtering, and rinsing.dBppr3Ne3/130Q8: 50@39 of net hanol i ncl uding
the final rinse). The filtration stelp i's erforg,Ed 0{1 a 3 position vacuum
25assi sted filteripg %?%T%tetﬁ‘%ﬁ&“%.oﬁabaﬁﬁ%ﬁﬁo {35 P1 UOFWEL hyl ene coat ed
filter paper ccfng?éﬁti&rﬁﬁhﬁaxfiﬁg)ﬁﬂ EBBRIESe friGion oG8t #xZoMNRQ4EEREd fidie filtrated
fractions are dried overnight in_a vacu mover& t 60 _C and, wei ghed on an
anal ytical bbMRxicd et B Comgrekersoris Of Fenernp T4 AR Tur bi dity of
the oil @f S@Ip¥BHHer SIThdNain@BSmPERI BN ABAEIIRAn WIIREF témpditite RATY, @nilr bi di met er
Model 18900 using the 0-20 NTU resolugion scale (+/- 0.1 NTU). Methods for
Tar geting t herndsspedted B A Pravénbi Ve Exanpl es [ 105] The bl ock
architecture ofigfjhe i oyenhi VecicLRS (BIEGSeabRycfeatse TRED|fH:etbnhy t he proper

sel ection of catalysts to produce the desired cormanrrer content in each of
5 the segmenf®aiagd. hpareidbreree BSAuntPoAS] fanike Wt Ry BT Edononer

i ncor por at edcJintRdeas bnReamMinch¥PEB B reber PiEhChe thsbyal Ndemensent | y
perform ng pol ynerization tests enpl oyi ng si R%l e cat al%sts. éhus usi ng the

case of an eftApIRBMEP A RMPrERE Bk sHRedimens ABLLS Beast U3PaPRHE Bidéd o et hyl ene
concent | at | 0Gswiol®, PRAGHAY. ABIGEML E2h)ndeheiriassobie, aowt 0.0f
propyl ene (relative to ethylene) incorporate

) bg each c?r;bal,yst . on
10i nt r oduct | BAMEPOY RS 1@ HAHO- SN REUEHEAELOUR0 P fToRy emEp TR AP s
produced by st $ire€ad iRt 09 ©ihchii o, BOkYIBBE: 0@ AR 8 3psrasced by each
catal yst type. The total conononer incorporated into_the pm%gﬁ% is then

control | ed bybarh@3 foabpy 0ok fremakpyidt3 mabeg 0o paut A3 to apgptd. ¥pt of
productiqp angh.iet hogdeh@oy hsaexahsddieds ABAS i Ok 2an€t offtom abo@ed.aloyt i C

Production of Oefin Block Coplynmers via Chain Shuttling 15Pol yneri zation",
Sci ence, 312afgEobB)from abouy 4 HE) 2bppighl CHiECE AR fit %Hbll-%gﬂf’fn PRE %t et hyl ene

or propyl ene e 0p BRIAERM: d. 9ttanbiie M6l HeRELAY0.5 8 Aloisto. Al , the wt % et hyl ene
or propyl ene incorporated into the polynmer by catal yst A2, and the anount
of polymer produced by each of the catal ygt-s can be estinmated fromthe
reactor conditions and the overall 20cononoi ner content of the polyner.

[ 107] The total/overall nonomer or cononomer incorporated into the pol yner
can be estimated as follows: Overall Conmononer Incorporated = M","" =XAM
+X 8/ 142 \Where Movera5 = Overall NA% C2 incorporated in whole polyner 25MA
= VA% C2 incorporated in segnent by Catalyst Al MB = VA% C2 incorporated in
segnent by Catal yst A2 XA = weight fraction of segnment produced by Catal yst
Al X5 = weight fraction of segment produced by Catal yst A2 Note: XA X5 =1
30 Using the total nononer or conononer incorporated into the polyner as

. sy e



- 34- reactor at the tinme of production, the weight fraction of polyner
produced by each catal yst can be determ ned: Wight fraction of segnent
produced by Catalyst Al M-M OverallIB A MA-MB 5 Wight fraction of
segnent produced by Catalyst A2XB = |- XA Other analytical nethods to
confirmthe conposition of the segnents include but are not necessarily
limted to DSC, NMR, and the subsequent analysis of polyner fractions

obt ai ned by polyner fractionation (tenperature fractionation, solvent
fractionation, nmol egul ar i ght . tionat | ddi & | .techni que
such as high tga-#ger at %Irl"?ad}Il rfﬁ%?%“é#r%ﬁ%tIg\é‘m’?@ﬁ%%@al%neﬁéggﬁ 1(li?}{e‘l:@(’lw{nn “Al’brecht et
al . " Separ at thatnheanden@haniaddneralgadoarpolyniet topheine-Preop phepedyr@opol ynmer s by

Hi gh- Tenper at ur.e G.adi ent HPLC . G e nol .
Sy, 257, ueavhBhn e ebline: SRR b RE ERRAETEARAR IRGIOT0 e
conposi ti on iafiextdnantce kanpbak .1 bhdgkto 1bour dPahd aemEcmaywdght dstribngined Wi th t he

appropriate i brations bas n the random copol.yner.s prqduc by a
simlar cata ™ %rﬁastfr Pt 8“\71\/?%‘{ Flhll e b§ glr?}émtrsatﬁg%o} Ifler%aftg%nu Y %dﬂ%l? ghts and

overal | conpiagdxtgrans hafabat §.6tsd Z0f 268} Tiiegt@embdnoirewtii 7gintl tip td dbowrsed,

refers to a fjne of approxipately 16- hour s he te "roomt erature",
refers to a f-@,%egfeaflﬁﬁg‘mgf b‘gggcglgyt&,a%ijng'ot(f{ér FEF ﬁ’?oiléb;’bg?cﬁu nad orIrjEef ers to
a comer ci al 1.9, Dhltigr aacbdmety rhe polymetTtial haphdidck iyt peaarthaondoavai | abl e

under the desi ti | s r r from 0 il m cal Conpany.
In the evemaﬁlf ﬁ‘éde‘f’?af&réng%’f ?Q 35%%%ﬁ‘ﬁg&ﬁ%f)'3iaﬂgﬁog’)s%?l‘%?{%g%rﬁ?t%“t%o%& he
structurad r@pagsgntabiuonlfrenedizp abdveOdtandigt wraabutrlépmegemndratan abous hal |
control. The nt hesis of all netal conplexes and th reparation of all
scr eeni ng ex%%%ﬁﬂ?ﬁf’ég ﬁg hbﬁ“ﬂ?%ﬁr%lforé})%enés’ %W&Pﬁnftr%’(fgﬂmggr‘%}soﬁﬁere usi ng
dry box techitieuesater Mlah abalk §@nbéupsatdouwsrsegtieCGhordde (ehxhdweteabdut ed bef ore
their use. [109] MVAQ refers.to.nodified_nethylal unoxane, a

triisobutyl a&grér??&ﬁf% al?ﬁ%lﬁ‘? R tﬁi?u%&%heé ﬂ’é’{}ﬁﬁquéﬁ'ﬁ@n%%?n%@%ﬁtal ly from
Akzo- Nobel Gop.porat ¢t cmbbdmpsite pise patyinen fraftiot ahed hisdk ifd¥a grdagr Ganduct ed as
follows. The bis-itnine,

3- (2, 6- i sORPBHYT BHARYT FOREHG T 227 PhaubibA a2so 9t Q8o PBpi Bz enam ne,
i Is synt Eesi Z@2Gual4 aiddipne abcat (7,ae ettt LB apabli Ghed dpno Y2008/ 051935.

al Synthesis o X . .

N-(3- (2. 6-dii slﬁdﬂ opy! PHEARTIERFT 8) <I9R8 A A UL P HD S04 Py FEHES IS

5di i sour ouvl hefreRgviRe. (1) 4 PDEofAL 40 U8 mirk bleedlatly aieboxs, at et abaxe
referenced bis-imne (6 48 g, .16. is dissolved i ol uene (50 nl)
Lt r 1ot hyd A e e e e ol 10 SRR Sie ShuP I Af ¢ o1

Sti rringaf or preRebhiaiito @inak@@mm S etfddspict]ly b e 4 aaditans pi7XRus Bat S r enoved
fromthe gl ovebaqx, water (10 i s added very slo 10under nitrogen
burge. ' The. niep bR Byt Sl i LET S0 SelblyRuIIE £ om

yel l ow t o copladsluesst@Scpatitie €T PofEeds fah a16C,deMe bepsablyTBe HinxBAICE i S
filtered to renove insol uble %_I um num salts. The organic |ayer fromthe
filtrate i s SEFRLAROBH2 XM ‘aqueous | ayer is washed with ether (100 ni).

The conbi ned orgmani ¢ fayagibhQRSthakByiekiel Lole@ViaterfyDiads @ntade d hariagkx, t hen
volatiles are remved in va%uq to 15%/ei | d G.a g}ﬁ%gﬁpo .0of a colorless

sol . by Syhe s P8 ot 100 e sRas R FEBU L ROH BB 14 gy PRt an- 2 one.
The product gkfebdng RELYIOOUSSI0QATIMIRHeL drd Afecly 4bnb0.0M@I1P0 kS0 di ssol ved in
et hanol (200 mL). Water (65 nlL) is added, precipitating a white solid. Over
a 60 ninute PEMEAIN hpip grpedigeqy Gepthylaye/orddinipterregeRfslr 2 Pelt added vi a
droppi ng funpal, Whirb@ o%hi 16 B0 2B, FRA6E kO Fhokhttuls, M | RGOt reaction,
the solid dissolves to forma pale yellow solution, which is heated at
reflux tenpePstpsdrdpf “b@lé/l%w,testoﬁéﬁngl3lt6\k%§’196’“‘&36@ T &2 %om t enper at ur e.
Pot assi um, hy dr e 6Pl nflitSndex 49 19 et} @eRAMEH poly¥-¥is 1940 hgnuf®Y toring pH.
Just after the endpoint %pH‘- 11), tHhe product i's extracted wth ether (2 X
150 nml), waskHé@iputds opp igHe migiesed over MySO4, and filtered. As the sol vent
is 25renoved by evaporation, a white precipitate fornms. This is collected
and washed with cold pentane. Yield = 1.75 g. The remaining solution is

di ssolved in pentane (100 -17-



m.), washed with brine to renove residual water, dried over MgSH4, filtered
and evaporated to about 30 ni. Additional white solid precipitates upon
cooling. Yield = 1.41 g. Total yield = 3.16 g (29.1% . 30c) Synthesis of
2.6-diisopropyl-N (2-nethyl-3-(octylim no)butan-2-vll benzenam ne. The
product of the previous reaction (1.500 g, 5.74 mmol) is dissolved in
toluene (15 nm.) in a 25 nL round-bottom fl ask, and octylam ne (1.00 ni,
6.03 nmol) is added. A very snall amount (ca 1 ng) of p-tol uenesul fonic

acid is added the,_ m xture is. heated at refl te tur ith a
Dean- Stark conféhser AIGPEBREL 2 P?Vgpqﬁ%cﬁﬁair Wﬁ‘gétﬁ\%?"rﬁoﬁﬁé(%a%@% }{gonal
n-oct yl am nes §02,000 grihole, p2fetabipniodn) 1008 galdedo 50eD,ad0emore aefaraly froxt ure i s

further heat o, effe | et e gonversion. r is added. The -
organic | aye&%oé gg‘é‘)p}%?o;sbg‘ﬁf?d@?’fﬂgGang\‘?g?“ﬁg’é%ﬂff‘ 1&%&@@%@ tgh%lo’é(ﬁen vol ati | es
evapor ated. dmbR. Fhd dmsi8r tafineatierjobsserydas bo iom| 0. aub 0.99 g/cadhidect ed.

[110] Inm a nitrogen-filled gl ovebox, the imno-amn i gam 5,548 g, 14.89
10 mmol ) 1s ﬁ?é@g\y\rfl‘é@ﬂ?y “’PB‘%\%’H@ Q%}Gm?’ﬁﬁ ?mﬁn% %[lc-nblﬁ’ﬁ‘gj( Efg%l 'lc\j}Ini(cﬁftWéxanes,
10,2 m, 16.4ntsaRhchis| Be adeiedof (dEhehyidne/arolyfal dobinesnkties omitst68td 6.925d at room
tenperature for, oggggomuc{ and ;then H Cl4 (4.769 g, 14.89 mmol ) is added.

After stirrifigha¥ hture for six hours, MeMyBr (3.0Min ether,
16.4 ni L, 49 1{sapol ) Pscasdasiul Birinidkingghd Solandt have eekn@ikelorddghtheas t he col or

slowmy progresses fromlight vy w to dark bro t.les are renoved
fromthe redClPHRs Pi‘fe’%}&%’g?m %EJ# ﬁ%"r‘lsé%na?:‘i‘%‘c %‘?‘ ég‘gﬁ%}%i fi e mxture is
stirred fior @ecAinwoes,U.S.itkdied andicithe NMobivds, @efiashet 1% 10h5;addi ti onal

hexanes (100 nl). Solvents are re r he [N iltrates in vacuo
to yield a |¥ghfroriggnaddpplcatisq %?-&H’i%%ga%?%‘%@ 5700/%‘55[’ %%%YO@SE’B%‘al yst 1 A
m xt UL e ?f n@wéwn@@%é@@gmr&am' uneaEl $@T@bp12ﬁtion No. )

t et raki s(pent af | uor ophenyl ) bor at re-in-after ar : te),
prepared by FeHUPrURGFoLE: ‘i)ﬂeﬁaﬂaaﬁéf’:?%?gu péﬂpwpﬁlh“’i’ em%%ﬁm ,

avai | abl e framidea 8eMNoeboos] MTT hpplidkionanel POTIB200470084] 5, fisadbairaintd,al |y as

a i;: osed. w;ogsmp_ i ek VO 2008000426, publidhed Sept S5 S s pry ™V Xed C14-18
bi s(tri s( penigdicknapenyiis2adumeoe) fikdandacyl, ovsdamat- e nuimepas ed
according to USP 256, 395, 671, I,E)x 16. [113] Shuttli ng Agents The
shuttling ag@ip@¥hi Bt ner-Gde?0dp aF RY FhiFh e dsgeporad by FefgfFae. put yi ) zi ne
(SA2), di (n-hexylnBdinnritedADor etairipRy, By stk AkRbddnidrifes coMAdting kthiylegd Y| al um num
(5A5), triethylgallium (SA6), i-butylalum num bi %%di me hr?ll t but yl ) si | oxane)
(SA7), i-butVﬁéPHWFH&HWHF§F&?T@??ﬂﬁ@ﬁ??%?@?é&ﬁPﬁ © et ieng

oct yl al ugg nuggagi ddeiioh Gbi@ertmi®t dweideds wi@ADatalyst composition comprising:

bi s(n-octadecyl)i-butylal um num (SA10), i-butylal um num :

bi s(di (n- pent yBarfCRIPIYIEAP] yeaction GEAdy P AP HHING (RIS RPRIT6: di -

t - but yl phenoxi de) af SAks2dlefiflpddfhtzaldath UM Kk Righ Cdmbaplt hyl ) ami de)
(SA13), ethyl al um num bi s(t-butyl di methyl sil oxide) (SA14), ethylal um num

di (bi s(tri netRYPYRISA K de) (SAL5), ethyl al uni num

bi s(2, 3, 6, 7- di benpga l@zaRcyGIR8RIANARATEE) s (BALE corftmmbyihetpt MM

bis(2, 3,6, 7-di benzo-1- 5azacycl ohept aneam de) (SAl7), n-octyl al um num

bi s(di methy! Pdeplasyire PVpgicenspefarably lest fpp 79 e mpsrgrably [headxi de)
(SA19), and gérmﬁl & thEcdnlonbMEaXdolRYatioPAREY of EXBRPIASSnd- 16, Conparative
Examples A, B, E and F [114] Conti nuous sol ution polynerizations are carried
out in a conput erlCaAMAIBITESAESBC| ave react or equi pped with an internal
stirrer. Purifigd m xedpalkanfsahlssahy8iin hiheRRALIMIE asRbY-abl e from
ExxonMobi | Chem cal Conpany), ethylene at 2.70 |I'bs/hour (1.22 kg/hour),
propyl ene, aﬁheqﬁyﬁﬁ@%ﬁeifﬁ%@%achéﬁﬂﬁlpt&ne supplied to a 3.8 L reactor

equi pped ;i th a J@&grlf;&t (R 9 is herpesRl-Wedy R pithy B a@- 1 nt er nal

t hermocoupl e. The solvent feed to the reactor is neasured by a mass-flow
control | er. isorrapylghisndgpepthaivabtiy Berayiiimg-dedmetona hefpeng dimgdwt. f | ow rate
and pressure : i r " Qe a side stream
is taken to %ltre E{}'lg&c]%cﬁlgglg%&?}f g\%sh“%gg?f?dﬁ)e@jéi{ig?’fg%%a@ﬁg’at al yst and SAl
injection lines and the reactor agitator-18Fhese fl ows are neasured by

M cro-Mtion mass flow neters and controlled by control valves or by the
manual adj ustnent of needle valves. The remaining solvent is conbined with
propyl ene, ethylene, and hydrogen (where used) and fed to the reactor. A
mass flow controller is 20 used to deliver hydrogen to the reactor as
needed. The tenperature of the solvent/nononer solution is controlled by
use of a heat exchanger before entering the reactor. This streamenters the
bottom of the reactor. The catal yst conponent solutions are netered using
punps and mass flow neters and are conbined with the catal yst flush sol vent

. . e L1



Al C21-14 C3115 Solv. 112 T ppm Fl ow A53 Fl ow Cone Fl ow Cone. Flow {C2114]/
Rate' Cony Solids Ex. kg/hr kg/hr kg/hr scam C kg/hr ppm Kg/ hr ppm kg/ hr
ppm kg/ hr LDE414 kg/ hr % % Eft'? Zn . LI" 0O 10 Lit zZif O IV 0 17t0 oco

szo 9r0 6r0 rico 1z.0. PLO OQUP DTP P8t0O 85r0 L5r0 Z9Z20 Z*6 z6 1.6 1.6
zti

10/429,024, filed May 2, 2003, and WO 04/24740, all of which are herein incorporated

by reference,
QCH{CH3}2

(H3C)yHC CH, CH;

[56] Catalyst (A2) is [N-(2,6-di( 1-methylethylphenyDamido)(2-
5 methylphenyl)(1,2-phenylene-(6-pyridin-2-diylymethane)thafnium dimethyl, prepared
according to the teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed
May 2, 2003, and WO 04/24740, all of which are herein incorporated by reference.

{(HyChH

H;CHHC 'y, CH;

[57] Catalyst (A3) is bis[N.N"""-(2,4.6

10 tri{methylphenyDamido)ethylenediamineJhafnium dibenzyl.
HyC CHs
N
l CH3 . )
HN—»HX, X= CH,CgHs

\  cn

N

HsC
CHj
[58] Catalyst (A4) is bis((2-ox0yl-3-(dibenzo-1H-pyrrole-1-y1)-5-

{methylphenyl)-2-phenoxymethyl)cyclohexane-1,2-diyl zirconium (IV) dibenzyl,
prepared substantially according to the teachings of US-A-2004/0010103, which is

15  herein incorporated by reference,

-19.



56 5.8 cc 1'9 W 1.58 076 1768 L'E8 Z.06 5' 68 116 676 888 CO6 1768 076
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P h F’ h
159] Catalyst (A5) is [n>-2,6-diisopropyl-N-(2-methyl-3-(octylimino)butan-

2-yl)benzenamide Jirimethylbafnium, prepared substantially according to the teachings

of W02003/051935, which is herein incorporated by reference.

S

\ / _\/\/\/\
S \\
3 .
[60] Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(1-
methylethyl)imminoymethyl)}(2-oxoyl) zirconiam dibenzyl
C(CHy);
CH(CHs)%
C(CHy)
z.rx2
(HyC)sC
CH{CHg) X=CH,C¢Hs
(CHsk _
[61] Catalyst (B2) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(2-

10 methylcyclohexyl)-imminoymethyl)(2-oxoyl) zirconium dibenzyl



1zcs.cz 9. d Z 1 11l 501 60-1 60.1 601 1027.3 979L C8511 WEST
6915 706 8.8zyt 1 GELS | [68 L' E98 6' 86c | Z796 | 5194 rcsz 1 | LEI

5900 I own
C(CHs);
H,C

—N O Ci{CH
N/ (CHy)s
/X

(HyOC 0 N=—
CHy X eCHACH,

(CH;y);

[62) Catalyst (C1) is (t-butylamido)dimethyl{3-N-pyrrolyl-1,2,3,3a,7a-1-
inden-1-yl)silanetitanium dimetbyl prepared substantially according to the techniques
of USP 6,268,444, which is herein incorporated by reference:

(HgC)oSl TI(CH3)2
p C(CH3)3
[63] Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl-

1,2.3,3a,7a-n-inden-1-yl)silanetitanium dimethyl prepared substantially according to
the teachings of US-A-2003/004286, which is herein incorporated by reference:

HC
T 8L,
QS\N/Ti(Cng
(i:(CH:;)g
10 [64] Catalyst (C3) is (t-butylamido)di{4-methylphenyl)(2-methyl-

1,2,3,3a,8a-n-s-indacen-1-yl)silanetitanium dimethyl prepared substantially according

H,C

to the teachings of US-A-2003/004286, which is herein incorporated by reference:



| 690.0 scot | rso.o 1 lgo. 1 to") Qz. [/..900 Z90.0 6LO0 1600 88011
9800 LTL5 CLZP L5 Cat CLZ17 9tr6 COCO0000CLZP CLzZt fLZP CLZ17 P78E

H3C
TS
QS]\N _ TiCHsh
é(cngh

HiC

f65] . Catalyst {(D1) is bis(dimethyldisiloxane)(indene- 1 -yl)zirconium

 dichloride available from Sigma-Aldrich:

: O
{Hzc}zsi/ Z1Ch
AN

5 [66] Shuttling Agents The shuttiing agents employed include diethylzinc,
di(i-butyl)zinc, di{n-hexyl)zine, triethylaluminum, trioctylaluminum, triethylgallinm, i-
butylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum
bis(di{trimethylsilyl)amide), n-octvlaluminum di(pyridine-2-methoxide), bis(n-
octadecyl)i—butyléluminum, i-butylaluminum bis(di(n-pentyl)amide), n-octylaluminum

10 bis(2,6-di-t-butylphenoxide, n—écty]aluminum di(ethyl(t-naphthyl)amide),

_ ethylaluminum bis{t-butyldimethylsiloxide), ethylaluminum
di(bis(trimethylsilyl)amide), ethylaluminom bis(2,3,6,7-dibenzo-1-
azacycloheptaneamide), n-octylaluminum bis(2,3.6,7-dibenzo-1-
azacycloheptaneamide), n-octylaluminum bis(dimethyl(t-butyl)siloxide, ethylzinc (2,6-

15  diphenylphenoxide), and ethylzinc (t-butoxide).
[67] Preferably, the foregoing process takes the form of a continuous solution
process for forming block copolymers, especially multi-block copolymers, preferably
linear multi-block copolymers of two or more monomers, more especially ethylene and

a Cs.00 olefin or cycloolefin, and most especially ethylene and a Csop 0-0lefin, using

_22 .
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multiple catalysts that are incapable of interconversion. That is, the catalysts are
chemically distinet. Under continuous solution polymerization conditions, the process
is ideally suited for polymerization of mixtures of monomers at high monomer
conversions. Under these polymerization conditions, shuttling from the chain shuttling
s agent to the catalyst becomes advantaged compared to chain growth, and multi-block
copolymers, especially linear multi-block copolymers are formed in high efficiency.
Chain terminating agents such as hydrogen may be used if desired to control reactor
viscosity or polymer molecular weight.
[68] The inventive interpolymers may comprise alternating blocks of
0 differing comonomer content (including homopolymer blocks). The inventive
interpolymers may also comprise a distribution in number and/or block size of polymer
blocks of differing density or comonomer conteat, which is a Schultz-Flory type of
distribution.
[69] Moreover, the inventive multiblock interpolymers may be prepared
15  using techniques to influence the degree or level of blockiness, That is the amount of
comonomer and length of each polymer block or segment can be altered by controlling
the ratio and type of catalysts and shuttling agent as well as the temperature of the
polymerization, and other polymerization variables. A surprising benefit of this
phenomenon is the discovery that as the degree of blockiness is increased, the optical
20  properties, solubility of the polymer in solvents and oils, and compatibility between
dissimilar polymers are improved. In particular, haze decreases while clarity, increase
as the average number of blocks in the polymer increases. By selecting shuttling agents
and catalyst combinations having the desired chain transferring ability (high rates of
shuttling with low levels of chain termination) other forms of polymer termination are
25 effectively suppressed. Accordingly, little if any -hydride elimination is observed in
the polymerization of ethylene/a-olefin comonomer ﬁ]ixtures according to
embodiments of the invention, and the resuiting crystalline blocks are highly, or
substantially completely, linear, possessing little or no long chain branching.
[70] Polymers with highly crystalline chain ends can be selectively prepared
30  in accordance with embodiments of the invention. In elastomer applications, reducing
the relative quantity of polymer that terminates with an amorphous block reduces the

intermolecular dilutive effect on crystalline regions, This result can be obtained by

-23.
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choosing chair shuttling agents and catalysts having an appropriate response to

hydrogen or other chain terminating agents, SPeciﬁca]ly, if the catalyst which produces
highty crystélline polymer is more susceptible to chain termination (such as by use of
hydrogen) than the catalyst responsible for producing the less crystalline polymer
segment (such as through higher comonomer incorporation, regio-error, or atactic
polymer formation), then the highly crystalline polymer segments will preferentially
populate the terminal portions of the polymer. Not only are the resulting terminated
eroups crystalline, but upon termination, the highly crystalline polymer forming
catalyst site is once again available for reinitiation of polymer formation. The initially
formed polymer is therefore another highly crystalline polymer segment. Accordingly,
both ends of the resulting multi-block copolymer are preferentially highly crystalline.

[71} The ethylene/u-olefin interpolymers used in the embodiments of the
invention are preferably interpolymers of ethylene with at least one C3-Ca( a-olefin.
Copolymers of ethylene and a C3-C2 ¢-olefin are especially preferred. The
interpolymers may further comprise C4-C1 g diolefin and/or alkenylbenzene. Suitable
unsaturated comonomers useful for polymerizing with ethylene include, for example,
ethylenically unsaturated monomers, conjugated or nonconjugated dienes, polyenes,
alkenylbenzenes, etc. Examples of such comonomers include C3-Cng a -olefins such
as propylene, isobutylene, 1-butene, 1-hexene, I-pentene, 4-methyl-1-pentene, 1-
heptene, 1-octene, 1-nonene, 1-decene, and the like. Propylene and non-conjugated
dienes are preferred, Other suitable monorers include styrene, halo- or alkyl-

substituted styrenes, vinylbenzocyclobutane, 1.4-hexadiene, 1,7-octadiene, and

naphthenics (e.g., cyclopentene, cyclohexene and cyclooctene).

[72] While-ethylene/a-olefin interpolymers are preferred polymers, other
ethylene/olefin polymers may also be used. Olefins as used herein refer to a family of
upsaturated hydrocarbon-based compounds with at feast one carbon-carbon double
bond. Depending on the selection of catalysts, any olefin may be used in embodiments

of the invention. Preferably, suitable olefins are C3-C2¢ aliphatic and aromatic

compounds containing vinylic unsaturation, as well as cyclic compounds, such as
cyclobutene, cyclopentene, dicyclopentadiene, and norbornene, including but not

limited to, norbornene substituted in the 5 and 6 position with C1-C20 hydrocarbyl or

_24.
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cyclohydrocarbyl groups, Also included are mixtures of such olefins as well as

mixtures of such olefins with C4-C4( diolefin compounds.

[73] Examples of olefin monomers include, but are not limited to propylene,
isobutylene, I-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene,

5 and l-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene, 3-methyl-1-
butene, 3-methyl-1-pentene, 4-methyl-1-pentene, 4,6-dimethyl-1-heptene, 4-
vinylcyclohexene, vinylcyclohexane, norbornadiene, ethylidene norbornene,
cyclopentene, cyclohexene, dicyclopentadiene, cyclooctene, C4-C4( dienes, including
but not limited to 1,3-butadiene, 1,3-pentadiene, 1,4-hexadiene, 1,5-hexadiene, 1,7-

10 octadiene, 1,9-decadiene, other C4-C4g a-olefins, and the like. In certain
embodiments, the g-olefin is propylene,1-butene, 1-pentene,1-hexene, 1-octene or a
combination thereof, Although any hydrocarbon containing a vinyl group potentially
may be used in embodiments of the in\}ention, practical issues such as monomer
availability, cost, and the ability to conveniently remove unreacted monomer from the

15 resulting polymer may become more problematic as the molecular weight of the
monomer becomes too high.

[74] The polymerization processes described herein are well suited for the
production of olefin polymers comprising monovinylidene aromatic monomers
including styrene, o-methyl styrene, p-methy! styrene, t-butylstyrene, and the like. In

20 particular, interpolymers comprising ethylene and styrene can be prepared by following
the teachings herein. Optionally, copolymers comprising ethylene, styrene and a C3-
C2¢ alpha olefin, opticnally comprising a C4-C2g diene, having improved properties
can be prepared. |

75} Suitable non-conjugated diene monomers can be a straight chain,

25  branched chain or cyclic hydrocarbon diene having from 6 to 15 carbon atoms.
Examples of suitable non-conjugated dienes include, but are not limited to, straight
chain acyclic dienes, such as 1,4-hexadiene, 1.6-octadiene, 1,7-octadiene, 1,9-
decadiene, branched chain acyclic dienes, such as 5-methyl-1,4-hexadiene; 3,7-
dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and mixed isomers of

30 dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as 1,3-

cyclopentadiene; 1,4-cyclohexadiene; 1.5-cyclooctadiene and 1.5-cyclododecadiene,

.25
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and multi-ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl
tetrahydroindene, dicyclopentadiene, bicvcle-(2,2,1)-hepta-2,5-diene; alkenyl,
alkylidene, cycloalkenyl and cycloalkylidene norbornenes, such as 5-methylene-2-
norbornene (MNB); 5-propenyl-2-norbornene, S-isopropylidene-2-norbornene, 5-(4-
cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2-norbormene, 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), 3-methylene-2-norbornene (MNB), and
dicyciopentadiene (DCPD). The especially preferred dienes are 5-ethylidene-2-
norbornene (ENB) and 1,4-hexadiene (HD).

[76] 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, especially propylene, ahd optionally one or more diene monomers. Preferred o-
olefins for use in this embodiment of the present invention are designated by the
formula CH,=CHR¥*, where R* is a linear or branched alkyl group of from 1 to 12
carbon atoms. Examples of suitable g-olefins include, but are not limited to, propylene,
isobutylene, 1-butene, I-pentene, 1-hexene, 4-methyl-1-pentene, and 1-octene, A
particularly préferred a-olefin is propylene. The propylene based polymers are
generally referred to in the art as EP or EPDM polymers. Suitable dienes for use in
preparing such polymers, especially multi-block EPDM type 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-
butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene,

[77] Because the diene éontaim'ng polymers comprise alternating segments or
blocks containing greater or lesser quantities of the diene (including none) and g-olefin
(including none), the total quantity of diene and g-olefin may be reduced without loss
of subsequent polymer properties. That is, because the diene and g-olefin monomers
are preferentially incorporated into one type of block of the polymer rather than
uniformly or randomly throughout the polymer, they are more efficiently utilized and

subsequently the crosslink density of the polymer can be better controlled. Such

_76.
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crosslinkable elastomers and the cured products have advantaged properties, including
higher tensile strength and better elastic recovery.

[78] In some embodiments, the inventive interpolymers made with two
catalysts incorporating differing quantities of comonomer have a weight ratio of blocks
formed thereby from 95:5 to 5:95. The elastomeric polymers desirably have an
ethylene content of from 20 to 90 percent, a diene content of from 0.1 to 10 percent,
and an g-olefin content of from 10 to 80 percent, based on the total weight of the
polymer. Further preferably, the multi-block elastomeric polymers have an ethylene
content of from 60 to 90 percent, a diene content of from 0.1 to 10 percent, and an -
olefin content of from 10 to 40 percent, based on the total weight of the polymer.
Preferred polymers are high molecular weight polymers, having a weight average

molecular weight (Mw) from 10,000 to about 2,500,000, preferably from 20,000 to

.500,000, more preferably from 20,000 to 350,000, and a polydispersity less than 3.5,

more preferably less than 3.0, and a Mooney viscosity (ML (1+4) 125°C) from 1to
250. More preferably, such polymers have an ethylene content from 65 to 75 percent, a
diene content from 0 to 6 percent, and an a-olefin content from 20 to 35 percent.

{79] The ethylene/o-olefin interpolymers can be functionalized by
incorporating at least one functional group in its polymer structure. Exemplary
functional groups may include, for example, ethylenically unsaturated mono- and di-
functional carboxylic acids, ethylenically unsaturated mono; and di-functional
carboxylic acid anhydrides, salts thereof and esters thereof. Such functional groups
may be grafted to an ethylene/a -olefin interpolymer, or it may be copolymerized with
ethylene and an optional additional comonomer to form an interpolymer of ethylene,
the functional comonomer and optionally other comonomer(s). Means for grafting
functional groups onto polyethylene are described for example in U.S. Patent Nos.
4,762,890, 4,927,888, and 4,950,541, the disclosures of these patents are incorporated
herein by reference in their entirety. One particularly useful functional group is malic
anhydride, |

[80] - The amount of the functional group present in the functional
interpolymer 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 weight percent, and more preferably at least about 7 weight

_27.
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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.

(81] The ethylene/o-olefin interpolymers of the pre.sent invention may be
used in a 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, the lower melting point allows for manufacture in
standard thermoset applications. Such applications include, but are not limited to:
conveyor belting; 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.

[82] 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.

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

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

[84] The ethylene/o-olefin interpolymers may also comprise additives and
adjuvants, Suitable additives include, but are not Himited to, fillers, such as organic or
inorganic particles, including clays, tale, titanium dioxide, zeolites, powdered metals,
organic or inorganic fibers, nano-sized particies, 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 polymer would be polyethylene, for example

_2%.
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AFFINITY® resins (The Dow Chemical Company) or EXACT® resins (ExxonMobil
Chemical Company.
[85] The following examples are presented to exemplify embodiments of the

invention but are not intended to limit the invention to the specific embodiments set

5  forth. Unless indicated to the contrary, all parts and percentages are by weight. All
ﬁumerical vélues are approximate., When numerical ranges are given, it should be
understood that embodiments outside the stated ranges may still fall within the scope of
the invention. Specific details described in each example should not be construed as

necessary features of the invention,
10 EXAMPLES

Testing Methods

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

Gel Permeation Chromatography (GPC)

15 [86] 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-A columns ére used. . The solvent is 1,2,4 trichlorobenzene., The
samples are prepared at a concentration of 0.1 grams of polymer in 50 milliliters of

20  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. _ |

[87] Calibration of the GPC column set is performed with 21 narrow
molecular weight distribution polystyrene standards with molecular weights ranging

25 from 580 to 8,400,000, arranged in 6 “cocktail” mixtures with at least a decade of
separation between individual molecular weights. The standards are purchased from
Polymer Laboratories (Shropshire, UK). The polystyrene standards are prepared at
0.025 grams in 50 milliliters of solvent for molecular weights equal to or greater than
1,000,000, and 0.05 grams in 50 milliliters of solvent for molecular weights less than

30 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

.29
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molecular weight component to minimize degradation. The polystyrene standard peak
molecular weights are converted to polyethylene molecular weights using the following
equation (as described in Williams and Ward, J. Polym. Sci., Polym, Let., 6, 621
(1968)): Mpolyetnylene = 0.431(Mpolystysene)-

[88] Polyetheylene equivalent molecular weight calculations are performed

using Viscotek TriSEC software Version 3.0.

Molecular Weight-Comonomer Composition Measurement by Infra-Red

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

Valencia, Spain (hitp:#www.polymerchar.com/).

[98] 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 cni”’. The measurement sensor detects the
methylene (CH;) carbons on the polymer (which directly relates to the polymer
concentration in solution) while the composition sensor detects the methyl (CHa)
groups of the polymer. The maﬂlematicél ratio of the composition signal (CHy) divided
by the measurement signal (CH,) is sensitive to the comonomer content of the
measured polymer in solution and its response is calibrated with known ethyléne alpha-
olefin copolymer standards. '

[91] " The detector when used with a GPC instrument provides both a
concentration (CH,) and composition (CHs) 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 polvmers 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
CHj; and CH: response (i.e. area ratio CH3/CH, versus comonomer content),

[92] By taking the ratio of the CH3/CH; response at each elution volume, the
response to 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 volume. Integration of the entire GPC profile provides the

=30
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comonomer distribution, When integrating the GPC chromatograph for composition
determination, the integration region should be set to be greater than 5 weight percent
of the polymer on either end of the chromatograrm.

93] 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 following references: _

[64] Markovich, Ronald P.; Hazlitt, Lonnie G.; Smith, Linley;
“Develdpment of gel-permeation chromatography-Fourier transform infrared
spectroscopy for characterization of ethylene-based polyolefin copolymers™, Polymeric

- Materials Science and Engineering (1991), 65, 93-100.

[95] Deslauriers, P.J.; Rohlfing, D.C.; Shieh, E.T.; “Quantifying 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.

DSC Standard Method

[96] Differential Scanning Calorimetry results 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 temperatare (25°C),
3-10 mg of material is then cut into a 6 mm diameter disk, accurately weighed, placed
in a light aluminum pan (ca 50 mg), and then crimped shut. The thermal behavior of
the sarmple is investigated with the following temperature profile. The sample is
rapidly heated to 180°C and held isothermal for 3 minutes in drder to remove any
previous thermal history. The sample is then cooled to -40°C at 10°C/mnin cooling rate
and heid at -90°C for 3 minutes. The sample is then heated to 180 °C at 10°C/min,
heating rate. The cooling and second heating curves are recorded.

[97} 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

-31-
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- [117]El IR measurenments were nmade using according to ASTM D-3900-05 to
estimate the total weight percent of ethylene present. Alternatively, the
measurenent could al so be nade by NML2.. 5 T. vs wt % C2 When t he

i nventive polynmers, conprise. a jorit f bard se nts, ey. have nelting
tenperature§”?ﬁ§@“§pés Fﬁﬁ@?aﬁﬂghﬁ?W%%%88Fw@@ﬁﬁQW§H§W§mf§%§Sﬁq%%polyners
for a given aeiophtiipeteen lilhr tdiyt.ene, based on the wei ght of the polyner.
A calibration line nay be obtained for any given 10 conononer. This

rel ationship for DB§PEByl ene as a comonomer is shown in Figure 1, wherein it
can be seen thpg]the summdifealeny@nuasirdmnt i @repabd adcerdperansTRD for a gi ven

wei ght percent et hyl ene have the followi ng,relationship: Tm> 4 1276(wW %
C2)- 244.76. F&bMersgrenrphidreipde B’&L‘& OE%m"ég{)W SRYCTIRE B 1W§}¥.D47f (D) |
rig- I 0. 8gethod ®9-0' ccC- | ONg- 9.9g- V6g-
Melt Index '
[99] Melt index, or I, is measured in accordance with ASTM D 1238,

Condition 190°C/2.16 kg. Melt index, or I1q is also measuared in accordance with
10 ASTM D 1238, Condition 190°C/10 kg.
Mooney Viscosity
Mooney viscosity is measured in accordance with ASTM D1646-06 at 125°C, ML
1+4 (MU)). '
ATREF
15 [160] 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, LR.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
incorporated by reference herein in their entirety. The composition to be aﬁaiyze_d is
20  dissolved in ortho-dichlorobenzene and allowed to crystallize in a column containing
an inert support (stainless steel shot) by slowly reducing the temperature to -10°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 ihcreasing the temperature of the eluting solvent
25  (ortho-dichlorobenzene) from -10 to 130°C at a rate of 1.5°C/min.
B¢ NMR Analysis
{101} The samples are prepared by adding approximately 3g of a 50/50
mixture of tetrachloroethane-d*/orthodichlorobenzene to 0.4 g sample in 2 10 mm NMR
tube. The samples are dissolved and homogenized by heating the tube and its contents
3 to 150°C. The data are collected using a JEGL 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

-32.
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a 6 second pulse repetition delay. To achieve minimum signal-to-noise for quantitative
analysis, multiple data files are added togethe.r. The spectral width is 25,000 Hz with a
minimum file size of 32K data points. The samples are analyzed at 130 °Cina 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 (1989), which
is incorporated by reference herein in its entirety,

Polymer Fractionatidn by TREF

[102] Large-scale TREF fractionation is catried by dissolving 15-20 g of
polymer in 2 liters of ortho-dichlorobenzene by étin.‘ing for 4 hours at 160°C. The
polymer solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot (7.6
cm x 12 cm) steel column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 pm)
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 thennally'contfolled oil jacket, set initially to 160 °C. The
column is first cooled ballistically to 125 °C, then slow cooled to -10 °C at 0.04 °C per
mimute and held for one hour. Fresh ortho-dichlorobenzene is introduced at about 65
ml/min while the temperature is increased at 0.167 °C per minute.

[163] Approximately 2000 ml portions of eluant from the preparative TREF
column are collected in a 16 station, heated fraction collector. The polymer is
concentrated in each fraction using a rotary evaporator until about 50 to 100 ml of the
polymer 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 fﬂtraﬁon step is performed on a 3 position vacuum
assisted filtering station using 5.0 um pelytetrafluoroethylene 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

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

-33
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Methods for Targeting the Composition in Inventive Examples

{105] The block architecture of the inventive copolymers may be controlled by

the proper selection of catalysts to produce the desired comonomer content in each of
5  the segments at the reactor conditions. The amount of comonomer incorporated into

each segment type may be predicted by independently performing polymerization tests
employing single catalysts. Thus, using the case of an ethylene/propylene copolymer,
the ratio of propylene to ethylene concentrations in the reactor ([Cs/[C,]) determines
the. amount of propylene (relative to ethylene) incorporated by each catalyst. Upon

10 introduction of the chain shuttling agent, a ‘blocky’ structure is produced by statistical
coupling of the polymer segments produced by each catalyst type. The total
comonomer incorporated into the polymer is then controlled by the ratio of catalyst A;
to catalyst Ao, This concept of production and methodology is explained in Arriola et
al., “Catalytic Production of Olefin Block Coplymers via Chain Shuttling

15 Polymerization”, Science, 312 (2006).

[106] From the above methodology, the wt% ethylene or propylene
incorporated into the polymer by catalyst Al, the wt% ethylene or propylene
incorporated into the polymer by catalyst A2, and the amount of polymer produced by
each of the catalysts can be estimated from the reactor conditions and the overall

20  comeonomer content of the polymer.
[107] The total/overall monomer or comonomer incorporated into the polymer
can be estimated as follows:
Overall Comonomer Incorporated = M, .., = X, M, + X M,
Where Moveran = Overall wt% C; incorporated in whole polymer
25 M, = wt% C, incorporated in segment by Catalyst Al
Mg = wt% C, incorporated in segment by Catalyst A2
X = weight fraction of segment produced by Catalyst Al
Xg = weight fraction of segment produced by Catalyst A2
Note: Xp+Xg=1
30
Using the total monomer or comonomer incorporated into the polymer as measured by
FTIR or NMR, and knowing the comonomer concentration of each segment type in the
=34 .
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reactor at the time of production, the weight fraction of polymer produced by each

catalyst can be determined:

Weight fraction of segment produced by Catalyst Al X, = M—A‘;”—”'—”——g—f-
ATy

Weight fraction of segment produced by Catalyst A2 Kp=1-X,4

Other analytical methods to confirm the composition of the segments include but are
not necessarily limited to DSC, NMR, and the subsequent analysis of polymer fractions
obtained by polymer fractionation (temperature fractionation, solvent fractionation,
molecular weight fractionation). Additionally, a technique such as high temperature
liquid chromatography as described in Albrecht et al. “Separation and
Charactierization of Ethylene-Propylene Copolymers by High-Temperature Gradient
HPLC Coupled to FTIR Spectroscopy”, Macromol. Symp., 257, 46-55 (2007) could
also be used. For any of these methods, the composition of the exemplary block
copolymers may be estimated with the appropriate calibrations based on the random
copolymers produced by a similar catalyst system and within the same range of

molecular weights and overall compositions.

Catalysts
[168] 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 Ceg 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 were
carried out in a dry nitrogen atmosphere using dry box techniques, All solvents used
were HPLC grade and were dried before their use. '

[109] MMAO refers to modified methylalumoxane, a triisobutylaluminum
modified methylalumoxane available commercially from Akzo-Nobel Corporation.

The preparation of catalyst (A5) is conducted as follows,
-35.
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The bis-imine, 3-(2,6-diisopropylphenylimino)butan-2-ylidene-2,6-
diisopropylbenzenamine, is synthesized according to procedures published in
WO2003/051933.

a) Synthesis of N-(3-(2.6-diisopropylphenvlamino)-3-methvibutan-2-vylidene)-2.6-

diisopropylbenzenamine.

In a nitrogen-filled glovebox, the above referenced bis-imine (6.48 g, 16.0 mmol) is
dissotved in toluene (50 mL) and trimethylaluminum (9.61 mL, 19.2 mmol) is
added dropwise. After stirring for one hour at room temperature, the reaction
mixture is removed from the glovebox, and water (10 mL.) is added very slowly
under nitrogen purge. The mixture bubbles violently, and the color slowly turns
from yellow to colorless as a white precipitate develops. The mixture is filtered to
remove insoluble aluminum salts. The organic layer from the filtrate is separated
and the aqueous layer is washed with ether (100 ml.). The combined organic
fractions are dried over MgSOj, and filtered, then volatiles are removed in vacuo to

yield 6.55 g (73.6%) of a colorless solid.

by Svathesis of 3-(2.6-diisopropviphenvlamino)-3-methvlbutan-2-one,

The product of the previous reaction (17.45 g, 41.5 mmmol) is dissolved in ethanol (200
mL). Water (65 mL) is added, precipitating a white solid. Over a 60 minute period,
sulfuric acid (1.0 M, 150 mL, 150 mmol) is added via dropping funnel while stirring
the reaction mixture, During the reaction, the solid dissolves to form a pale yellow
solution, which is heated at reflux temperature for one hour, then allowed to cool to
room temperature. Potassium hydroxide pellets (~20 g) are added slowly, while
monitoring pH. Just after the endpoint (pH ~ 11), the product is extracted with ether (2
X 150 mL), washed with brine, dried over MgSQOy, and filtered. As the solvent is
removed by evaporation, a white precipitate forms, This is collected and washed with
cold pentane, Yield = 1.75 g. The remaining solution is dissolved in pentane (100
mL), washed with brine to remove residual water, dried over MgSOy, filtered and
evaporated to about 30 mL.. Additional white solid precipitates upon cooling. Yield =
1.41 g. Total yield = 3.16 g (29.1%).

¢) Synthesis of 2.6-diisopropyl-N-(2-methvl-3-(octylimino)butan-2-ylibenzenamine.
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The product of the previous reaction (1.500 g, 5.74 mmo]}) is dissolved in toluene (15
mL)in a 25 mL round-bottom flask, and octylamine (1.00 mL, 6.03 mmol) is added. A
very small amount (ca 1 mg) of p-toluenesulfonic acid is added and the mixture is
heated at reflux temperature with a Dean-Stark condenser attached. After heating

5 overni_ght, additional n-octylamine (2.00 mL, 12.1 mrﬁol) is added and the r.ealction
mixture is further heated to effect complete conversion. Water (5 mL) is added. The
organic layer is separated, dried over MgSO_4, filtered and then volatiles evaporated.

1.62 g (75.8%) of colorless viscous liquid is collected.

[110] In a nitrogen-filled glovebox, the imino-amine ligand (5.548 g, 14.89

10 mmol) is dissolved in toluene (80 mL), and n-Buli (1.6 M in hexanes, 10.2 mL, 16.4
mmol) is added. The clear yellow solution is stirred at room temperature for one hour,
and then HCl, (4,769 g, 14.89 mmol) is added. After stirring at room temperature for
six hours, MeMgBr (3.0M in ether, 16.4 ml., 49._1 minol) is added, Stirring is '
continued overnight as the color slowly progresses from light yellow to dark brown.

15 Volatiles are removed from the reaction in vacuo, and hexanes {100 mL) are added.
The mixture is stirred for 30 minutes, filtered and the solids are washed with additional
hexanes (100 mL). Solvents are removed from the combined filtrates in vacuo to yield .

a Tight tan solid. Yield = 6.472 g (73.0%).
{111] Cocatalyst 1 A mixture of methyldi(Cis.5 alkyljammonium salts of

20 tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by
reaction of a long chain trialkylamine (Armeen™ MZ2HT, available from Akzo-Nobel,
Ine.), HCI and Li[B(CsFs)], substantially as disclosed in USP 5,910,9883, Ex. 2.

[112]  Cocatalyst2 Mixed Cra15 alkyldimethylammonium salt of
bis(tris(pentafluorophenyl}-alumane)-2-undecylimidazolide, prepared according to USP

25 6,395,671, Ex. 16.

[113] Shattling Agents The shuttling agents employed include diethylzinc
(DEZ, SAL), di(i-butylzinc (SA2), di(n-hexyl)zinc (SA3), triethvialuminum (TEA,
SA4), wioctylaluminum (SAS), aiethylgallium (SAG6), i-butylaluminum bis(dimethyl(t-
butyljsiloxane) (SAT), i-butylaluminum bis(di(trimethylsilyl)amide) (SA8), n-

30 octylaluminum di{pyridine-2-methoxide) (SA9), bis(n-octadecyhji-butylaluminum
(§A10), i-butylaluminum bis{di{n-pentyl)amide) (SA11), n-octylaluminum bis(?.,é—éi—

-37-



SCL 119
o TO 8-I

910 gr O

10

15

20

30

C 19 tc 99 99 T1T98S CS 1'9 VO 8.9 8"L

MJ S. 9 9
o] g 0 z.z 6C0 TO co 90 TO co 90 90 8-1 90

I L
PIN c 8

t-butylphenoxide) (SA12), n-octylaluminum di(ethyl(1-naphthyljamide) {SA13),
ethylaluminum bis(t-butyldimethylsiloxide) (SA14), ethylaluminum
di(bis(trimethylsilyl)amide) (SA13), ethylaluminum bis(2,3,6,7-dibenzo-1-
azacycloheptaneamide) (SA16), n-octylaluminum bis(2,3,6,7-dibenzo-1-
azacycloheptaneamide) (SA17), n-octylaluminum bis(dimethyl(t-butyl}siloxide(SA18),
ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzine (t-butoxide) (SAZ20).
Examples 1-16, Comparative Examples A, B, EF and F

[114] Continuous solution polymerizations are carried out in a computer
controlled autoclave reactor equipped with an internal stirrer. Purified mixed alkanes
solvent (Isopar™ E available from ExxonMobil Chemical Company), ethylene at 2.70
tbs/hour (1.22 kg/hour), propylene, and hydrogen (where used) are supplied to a 3.8 L
reactor equipped with a jacket for temperature control and an internal thermocouple.
The solvent feed to the reactor is measured by a mass-flow controller. A variable speed
diaphragm pump controls the solvent flow rate and pressure to the reactor. Atthe
discharge of the pump, a side stream is taken to provide flush flows for the catalyst and
cocatalyst and SAT injection lines and the reactor agitator. These flows are measured
by Micro-Motion mass flow meters and controlled by control valves or by the manual
adjustment of needle valves. The remaining sclvent is combined with propylene,
ethylene, and hydrogen (where used) and fed to the reactor. A mass flow controller is
used to deliver hydrogen to the reactor as needed. ‘The temperature of the
solvent/monomer solution is controlled by use of a heat exchanger before entering the
reactor. This stream enters the bottom of the reactor. The catalyst component solutions
are metered using ?amps and mass flow meters and are combined with the catalyst
flush solvent and introduced into the bottom of the reactor. The reactor is run liquid-
full at 500 psig (3.45 MPa) with vigorous stirring. Product is removed through exit
lines at the top of the reactor. All exit lines from the reactor are steam traced and
insulated. Polymerization is stopped by the addition of a small amount of water into
the exit line along with any stabilizers or other additives and passing the mixture
through a static mixer. The product stream is then heated by passing through a heat
exchanger before devolatilization. The polymer product is recovered by extrusion

using a devolatilizing extruder and water cooled pelletizer. Process details and results
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are contained in Table 1, For comparative examples A, B, E and I no shuttling agent
was introduced into the reactor,
[115] Selected polymer properties are provided in Table 2. Comparative
Exampie C is Paratone 8941(ExxonMobil Chemical Co.} and Comparative Example D is
5 Nordel IP 225 (The Dow Chemical Company).
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70 4 07CO2, Réa 69.0 75 58 65 05C24R13 62.8 15 6 05C24R08 64.9 22
05C24R9 64.6 - 22 8 05C24R10 67.7 - 22

[117] | FTIR measurements were made using according to ASTM D-3800-05
to estimate the total weight percent of ethylene present. Alternatively, the

measurement could also be made by NMR.

Tw Vs Wi% Cz
When the inventive polymers comprise a majority of hard segments, they have melting

temperatures that are higher than those of comparative random copolymers for a given weight percent
of ethylene, based on the weight of the polymer. A calibration line may be obtained for any given

10 comonomer. This relationship for propylene as a comonomer is shown in Figure 1, wherein it can be
seen that the numerical values for the melt temperatures for a given weight percent ethylene have the
‘foﬂowing relationship:

Tm > 4.1276(wt% C,) —244.76.

Table 3 shows the data corresponding to Figure 1.

15
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71.1 75 58 65 14 07C08R6 68.8 68.7 75 58 65 15 07CO8R7 69.0 69.0 75 58 65 6
07CO8R8 69.6 70.0 75 58 65

[ N-(2, 6-di (1-net hyl et hyephenyfl am do) (2-i sopropyl phenyl) (a- napht hal en- 2- d|y
1(6-pyridin-2- 0di yOret hane) That hi um di net hyl 2

N2- 2, 6-di i sopropyl - N- (2- net hyl- 3- (oetyl i m no) but an-2-yl )benzenam de]trineth
yl haf ni um Tabl e 4 shows the Exanple data shown in Figure 2. 15 GPC IR and
Turbi dit wﬂ\é%%qﬁ\%mtp% ﬁe&vdo%ﬁs&pﬁaj Po? leltiehalalliy ﬂkgﬁa\@%‘;}tﬁ@ péfas

noni tored via GPC | nuneri cal ues of the ethylene content in w%
et hyl ene ﬁtﬁé@feéw@hﬂlwa&l@hpf qompgBive RGOmMESPaRmIcEd ol 2 ve et iglh persepiad ehdens: wer e
plotted apg.dfoh ik %@hg;waf e hdiiSer. T Ratiol RS (AR ILEs B8 LARBomd? ﬂlshow@l'ﬁd

turbidities in oil nd dodecane are gl ven in Tabl e 4 bel ow. ?/ be seen,
for the F*ﬁ\‘f@?ft“ih’%rémﬁéii%?eg thaj thg numgriqelyalues farthe %d%{?fﬂl’efaﬁ‘éestf‘lﬁﬁﬁﬁ"‘él’lwg s equal
to orsless than that of pécepelhylRmawitidfobwoanrpaadlpe DSC ent hal py, J/g, at

greater than 55 C, 6.11, 55. ¢ fztag W‘r‘a C]ig% exanple of GPC-IR plots with
corresponding |ines and equa [ on gl sl'™ope, m is given in Figure 3.
Turbidity in oil is measured for atol wt % sol uti on of polyner, based on
the weight of Tz?nle 4 zi“arge e'ﬂréiocg(l éalpoiymeg%de%%sﬁﬁoﬁssof exemplary polymers
Ethylene i Ethylene | Wt% C2 Wt % C2 Wt Hard % polymer
(wt%) | {(wi%) Incorporatio | Incorporation made from Cat A1!
Density FTIR | NMR n for Cat for Cat A2

Ex. | (glem®) Al

A* | 06COZR0S5 71.7 - - - 40

B* | 2000C14R10 70.9 - 15 38 70

C* | Paratone 624 - NA NA - NA

8941

D* | Nordel 223 70.5 - NA NA NA

E* 1 2006C14R12 67.1 - 75 58 50

3 06C02R04 714 - - - 40

2 1 06C14RE 71.5 - 75 58 70

3 06C14RG 71.2 - 75 58 70

4 1 07CO2R6a 69.0 - 75 58 63

5 03C24R13 62.8 . - - - 15

6 | 05C24R08 4.9 - - - 22

7 1 05C24RS 64.6 - ‘ - - 22

8 03C24R10 067.7 - - - 22

9 1 05C24R11 61.8 - - - 22

10 | 05C24R12 66.9 - - - 30

11 | 06CI14R11 66.5. e 75 58 50

12 | 06C14R13 66.8 - 75 58 50

13 | 06C14R14 62.3 - 75 58 30

F* | G7CO8RS 69.7 71.1 75 58 63

14 | 07COBR6 68.8 68.7 75 38 03

15 | 07CO8R7 69.0 69.0 75 58 63

16 | 07CO8R8 9.6 70.0 75 58 05

b INA(2,6-dif 1-methylethyDphenylamido)(2-isopropylphenyl)(e-napathalen-2-diyl(6-pyridin-2-
10 diyDmethane)hafnium dimethyl
= {nz-z,6-diisopr0py1-Nﬁ(2wmethyb3—(octylimino)butan-?.-yi)benzenamide]Lrimeﬂlylhafnium

Table 4 shows the Example data shown in Figure 2.
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nmeasured for a 1.5 w % sol ution of polymer, based on the weight of
dodecane. Table 5 Ex. AIT.55. ¢ Im Turbidity (oil) Turbidity (dodecane) A*
18 10.1 10.5 20 B 5.3 5.1 2.16.5C 2246.33.12.4D NM1.3 N\MNM1
18.5 2.9 2.911.829.92.41.8

GPC-IR and Turbidity Measurements
Ethylene content throughout the GPC curve was monitored via GPC-IR, The
numerical values of the ethylene content in wt% ethylene based on weight of polymer
vs molecular weight fractions were plotted and fitted to a line, mx+b. The absolute
5  slope, Iml, and turbidities in oil and dodecane are given in Table 4 below. As may be

seen, for the inventive polymers, Il is less than 4 and the turbidity is equal to or less
than that of a polymer with a comparabie DSC enthalpy, J/g, at greater than 55 °C,
AH, ss-c, within #5 I/g. An example of GPC-IR plots with corresponding lines and
equation giving the slope, m, is given in Figure 3. Tufbidity in oil is measured for a

10 1 wt% solution of polymer, based on the weight of oil and turbidity in dodecane is

measured for a 1.5 wt% solution of polymer, based on the weight of dodecane.

Table 5
AH.55

Ex. c lml Turbidity (oil) | Turbidity {dodecane)
A* 18 1.1 10.5 20
B* 53 5.1 2.1 6.5
C* 2.4 6.3 3.1 2.4
D* | NM 13 NM NM
1 18.5 29 2.9 11.8
2 9.9 24 ' 1.8 2
3 52 NM 2.9 NM
4 10.4 0.54 2.5 6.7
6 04 NM 0.8 NM
5 0.8 NM 0.7 NM
7 NM NM NM NM
8 0.5 NM NM NM
5 0 NM NM NM
11 1.3 (.94 1.5 NM
E* 4.2 7.2 2.7 NM
12 1.1 NM 1.1 NM
13 0 NM 1.0 NM

15 *Comparative, not an example of the invention
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7352NM2.9 N\M4 10.4 0.54 2.56.7 6 0.4 N\M0.8 N\M5 0.8 NM 0.7 NM
NMNMNM 0.5 NMNMINM9 0 NMNM NM 11

10

{116] 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
representative of all aspects of the invention. In some embodiments, the
compositions or methods may include numerous compounds or steps not mentioned
herein, In other embodiments, the compositions or methods de 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
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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1.3 0.94 1.5 NMEt 4.2 7.2 2.7 N\M12 1.1 NM1.1 NM 13 0O NM LO NM
15*Conpar ati ve, not an exanple of the invention [116JWile the invention
has been described with respect to a limted nunber of enbodi nents, the
specific features of one enbodi ment should not be attributed to other
enbodi nents of the invention. No single enbodinent is 5representative of
all aspects. of Hhe jnvention. In sonic enbodinents, the conpositions or
met hods melyB4EY 88 Wumer ous conpounds or steps not nentioned herein. In

ot her_embod! efY Sy SARARLALENSARITENAdE.AR oL .dinchide, of are

substantially fr | nds or steps not enunerated herein.
Vari ati ons afiEraipid ftivésat/p-6lEn PleBRiYeNE descri bed enbodi ments exist. Finally,

any nunber di scl osegdnisQ vaghRisRnsheuld acaanst rued to mean approxi mat e,
regardl ess of whether the word "about' qr "approxi mat " ]S ed in

descri bing the nuntehes awleébb%‘f?ab‘ﬂﬂﬁlh%ﬁ i t‘%tﬁ%lrafl%? Dg%)‘\x?lgﬁb gfa)flt%t hose

nodi fi cati ongs wkthazed bi Besédai Sotd snohahdr congentin il segtnle; scope of the invention.
What is clainmed is; . 1.. An ethyl -0l ef | n-l.ALenpel yner conprising a hard
segnment and a soft (Cgegr(r%r%ltas, ghv%%slpgr?eﬁ{t%&o%tﬁohif%%é&%aggl e?glgﬁoxl%nt erpol yner: (a)
has a Mv MpelfiregeingBout ddzreps €dsiviodan @nogat obgtig)lenh Hisveigit grds)h ene content in

the hard sg@@Ninddh ddEnleRROEIRE of 19607\, Yol oRProWe% based on based on
total nononer content in hard segnment; (c)(i) has a hard segment

conmposi'® i JRABTSHE | east 40% at |east one nelting point, Tm in degrees
Cel sius and an anount @b ety ene7msatae, glipeocent, w % C2, wherein the

numerical values of Tm and 34,62 COLL SR @ 1dd\iad A5 kaLkOnShi p:
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%

15 C, correspond to the relationship:
80 °C > Tm < 4.1276{wt% ;) - 264.95; or
(iil)  is characterized by an average block index greater than
zero and up to about 1.0 and a molecular weight distribution, Mo/M,,
greater than about 1.3; or
20 (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
that of a comparable random ethylene interpolymer fraction eluting between
the same temperétm’es, wherein said comparable random ethylene
25 interpolymer has the same comonomer(s) and has a melt index, density, and
molar comonomer content (based on the whole polymer) within 10 percent of
that of the ethylene/o-olefin interpolymer; or
(v) has a relationship between ethylene content in wt% and
log molecular weight such that a line plotted of ethylene content vs log
30 molecular weight as measured by GPC-IR has an absolute slope, m, of equal

to or less than 4; and,
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90 C > Tm > 4.1276(wm % C2) -244.76; or (1i1) has a hard segnent
conposition of |less than 40% at |east one nelting point, Tm in degrees
Cel sius and an anount of ethylene in weight percent, w% C, wherein the
nunerical values of Tmand w% | SC2 correspond to the relationship: 80 C >
Tm < 4.1276(wt % C2) -264.95; or (iii) is characterized by an average
bl ock index gr eat er thaﬂqS gﬁgbﬁj rﬁg]g sH@mEIR Opppéjg,tq;mgmggghge mol ecul ar wei ght

di stribution, reater t ha .35 20(1v) has a nol ecul ar
fraction vm}éﬂhe/@floiﬂﬂ@@mb’éb’m‘éﬁ ohex adn‘iu‘“f%@@“?ﬂféﬁ"@?%&?ﬁ lBngeRer using | ow

tenper at ur gk gy tﬁﬁofmébﬁgax@éoba rwel%;ti@tec folecahdi@i: Rashea NDI ar cononomer
content of at |eas percent Dr r}% at of a conp rable random
iyt

et hyl ene |~°r3rf“éP§‘5Ie‘§ﬂt‘PéffY( W&&%‘"Faé‘?ﬁﬂ’é‘ Fl“dtﬂi’meesag‘%lﬁ‘@ enper at ures,
wher ei ns saidtfliaocpanatihe oendom et hyl ene 25i nt er pol yner has the sane
conononer (s) and has a nelt index, density, and nolar cononomer content
(based on the whole polyner) within 10 percent of that of the

et hyl ene/ a- o?-ebaetiviende-plofiymisrrolyger of (i d canpriepacthdeisil 3 bet ween et hyl ene

content in M‘Vm&ﬂlt&%rﬁg&%l@&oﬂe@smtﬁg&ﬁﬁm a line plotted of
et hyl ene content vs |og 30nol ecul ar wei ght as neasured by GPC-I R has an

absol ute sl o?:)eTherﬁthYE?Pe/%faﬁfé’l‘ infegpoky ey ‘é?éa“f‘ﬁéﬁnpﬁmm%ﬁtaylene(“ﬂz)nhas aturbidity
measur ggent  of a@oh 1Q BsteShps 68 fidknl 06t 66 wt@he)aectuhyj ete/ a oI efin interpolyner in
oil or al1l.5 % sol utio eca t ha to that of a
conpar abl e 06% er‘f‘ﬁ’:len?/(f‘lgfr;é? ﬁltefﬁ‘?glner Or}%étar%t]ﬂo?‘g%em g'lﬂg}%e sane DSC

ent hal py (Ji g) cabprigr @afae mtaham0®5m@emltghpfrfr051 aJ)P*{}} 60a/ﬁ’élt0t8h@1tsarre overal |
Sethyl ene contght, M thin 10% 2. The ethyl ene/a-ol efin interpolyner of
Claim2l conprisSing ethylene in an anount in the range of from about 55 w %
to about 75 Wt Fe ethylene/o-clefiginteqnolymet ¢fyrsepidieRrestbTs RPNV EIEHIPy mer of Caim 1
conpri sing et h)ﬂ&l@ﬁb%mleﬁ?s@Ehpﬂl@%ﬂ@ldﬁﬁmhxﬂarﬁﬁﬁtlﬁ @8 g8 odf fbmaBvabout 60 W % to
about 73 wt % %?élqene/a olefin interpolymer of Claiml. or 2
wherein the hal""a%éﬂea%ﬂlﬁ Conprise ethylene in an amount in the range of
from about 66 Whébethtenatholifin Bferpatydter of any &meﬂ'ﬁeecatmmﬁiag olefin

i nterpolyner o erein the 15hard segnents
conpri se ethyl feri"ighné{e 8%(%3 OPEOIHEI%EF% jt%e%%%'ﬁ% ig’]f' fromabout 70 wt % to about
85 wt % 6. TheTbt ﬁwl@ﬂefolfﬁmmoﬁniﬂmfé@qo@ﬂwe%wg ¥y ¥ing ke precedi ng

clai ms pavi ng & T Andeherb R Rfclié auabeyt -25 C to about 100 C

7. The ethyl enela-ol efi n_interpol ymer of, an t he recedl ng cl ai s havi ng
a 20T, in thé& rangRgre }egﬁf"éaﬂg’tlﬁny ﬁa&y?fdhé%%ﬁim
et hyl ene/ a- ol efIl,mn thtagge@oirymretouads “anyaboft 5HE. pr ecedl ng cI ai ms having a Tm

in the range OfTh yvqé 209 E%i“g“r%é‘(’%éy Q. M#gﬁt@ %edlg%d};[lgghag&gyl ene/ a-olefin

i nter pol yner of an Ing € Tmthat is
| ess than that Tefthaal‘%é?@?mbialr%Pfeﬂ qoﬁlw@iﬁfé%ﬁwlcwehhﬁ\ﬂﬂﬁ@“éﬂt otal 25wei ght

per cent,sCONDNONR ., MekcBi: BorldhoMbr%i@fn 10R@% oPhabh@e 8hNM-ROL/R- Ol ef i n
i nter poI ymer. 10." The et hyl ene/a-ol efin interpolymer of any of the

precedi ng cl ai MECTRAXFHg a turbidity in a 1.0 w%sol ution of the
et hyl ene/ a- 0|1@fﬂbﬂethﬁ$lﬁﬁapmfyﬂﬁﬁd’rpd1}mwbﬂ an@bf the preceding claims havibhgd Wt % sol ution in

dodecane that is, less ent ha t reater than 55
C of |ess than ugbﬁ g1 E%wt% bOluf;lDl’l op the &gylene}a o?ef“ id mterpolﬁp{ér%oﬂ%gg

1.5 wt% solution in dodecane that is less than 1.5 NTU and a DSC enthalpy at
30 greater than 55 °C of less than 2 J/g.
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