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ETHYLENE/ a- OLEFI NS BLOCK | NTERPOLYMERS FI ELD OF THE
I NVENTION [1] This invention relates to
werdogliersed a- ol efi n bl ock interpolymers and pr oPCIT/US2006/009500
made fromthe bl ock interpolynmers. BACKGROUND OF THE
| NVENTI ON [ 2] Bl ock copol yners conprise sequences
(" bl ock SETHYLENE/ s OIERFNSBEO IO INTERRGL ¥MERS bound
to sequences of unlike type. The bl ocks can be
connected in a vard.el h-as A-B in diblock
and A-B-A tribl oclﬁ@@%@%ﬂﬁgﬁ“{@ﬁo represents one
bl ock and B represents a different block. In a
[l ti - bieeiveRRl pileds to Shglkde/B-dlafn BiRck aNap6lyatérd dhdeproducts
nunber of different ways and be repeated multiply. It

maderfegm therbleek ingespglymees. addi ti onal bl ocks of different
type. Multi-block copolyners can be either |inear
D oeke bons or—2#%—%ane—arunror‘gﬁgﬁgggﬁlﬁgn -
bl ocks bond toB KGR Siidaile N iety). [3]
A bl ock copol yner is created when two or nore pol ymer
[2}ol eculRBiscloopmbilfrhes eompiseeseieaicec (hjpoks') obtheapme monomer unit,

co ently bonded i.n end-tp-end fashion. Wil. .
covalg b I s B ioh SR g Ry FBs ERPETRRECaPas I § aVariety of
waysPAR DA BTRALINIOAH Aol WiBfhfock RUAEMEs! WRerE AVRbRARBENts one

ondi ng of hard plastic bl ocks, which are

blocksandd eaprésants p diffgrentshlpkn dnomugtishesk copolyaeash end B ean be
conn%cl(g%g'ks fLﬁéb’rTe]r gg gﬁ%geé{t?vgagg ééd l‘rj:eur%l %I:téd) %ftﬁ)‘ly.qt rﬂ?ary fﬁ!’tﬁé‘rl%omprise

additiophBis1bEl¥RIT d@ﬂf@’téﬁt@ﬂ%ﬁ )Muli-6lesk gdpatyEmeraBah be either linear multi-block
lgl.ass- crystalline block copolynmers, are al so possible
or mylfichlorkystarppbyresriadieh all hlosks banddo thespmeéomer Fanieg) moiety).
make bl ock copolyners is to produce a "living
@0' ymer A p)dd !c'og& beP{sCdated WAL EIwNRhdre RRIPHB I ASI QDL
rocesses, liv na pol yneri zati on processes | nvolve
different gheimi¢al icatnpositiomarepovgenht banded trepsenalni-cad Sashiom| Wile a

.. lack chajn term nating. side reacti,Qns. [ it .
wide sty i Pl eGP TR wRB S a8 R e BTGP gtrees imvolve
the c&¥dl14tf boh@Rg GERArH §lhstid bR ckd, agkclCap ehdimitiallAcHetalliRlor glassy, to
created in a "living" Sé;ten1can have a narrow or

clastemenieblerks faamingdhamoplatiuelpgpmer. Whedlod conalygees, speh as
rubbtg-erugﬁe?%&taét&lnley-elqgtg&gb,s Ql%gﬁgaés', arft glagsh&ystalline block copolymers, are

also possible and may have commercial importance.

4] One method to make block copolymers is to produce a "living polymer".
Unlike typical Ziegler-Natta polymerization processes, living polymerization processes
involve only initiation and propagation steps and essentially lack chain terminating side
reactions. This permits the synthesis of predetermined and well-controlled structures desired
in a block copolymer. A polymer created in a "living" system can have a narrow or
extremely narrow distribution of molecular weight and be essentially monodisperse (i.e., the
molecular weight distribution is essentially one). Living catalyst systems are characterized
by an initiation rate which is on the order of or exceeds the propagation rate, and the absence

of termination or transfer reactions. In addition, these catalyst systems are characterized by
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nol ecul ar wei ght distribution is essentially one).
Li ving catal yst systens are characterized by an
WO piobitedso©n rate which is on the order of or eRCEES06/009500
the propagation rate, and the absence of term nation
or transfer reactions. In addition, these catalyst
the plﬁsalbe oBa sihgleasy aftictive gited "Ihyprbéucmredﬂghn gielddf tHock copblymer in a
pe.of active site. oprolgci [ el d of ock
POIYHE%’&BF%%‘}OC?% e Gaplysenpst K ubH Ctetru%%csctataérlgﬁ?nﬂal extent.
must exhibit |iving characterlstlcs to a substantia
[5§%1 ent ButalierRMEGSHSBI0EIE QoS ffer® hBfH LR B H R/ v'i‘@é‘lﬁomc
been synthesized via anionic polynerization using
polynmqta‘em usihg thersoquentialddonanesy atldition |te$ahelqub nIrswqu@mai addltlon a
rtain anount ne.,o
certif oy Bkpnfof Fhe AR ool Eing P EpAE LR s

monoRRe hheratwed td Qibstahsdl @RtihdlonEsinhiAg theofivst BI6 6, AGefthi® amount of the
first block, a certain anount of the second nonomer_ or

secondpPOIAEICT Op BONERET Bcries ioatiedured aad allowsddle reast fatorm thesecond
f [

block. th@éotr&iesssl?ﬁggg ei?pegtt(éé USlggﬁrlleg{]aﬁl%gﬁ%tﬂQ Bﬁmﬁﬁggﬁﬁrﬁl@rmabb

monoifiEe ngWevdrlOMBygieme arel dijdrenslefing sﬁxtﬂmrprapﬂéret bﬁtgnes llech:ltene etc.,
as. pr ene utene, . 1-octene, etc., are not direct

are ncrﬂdér@szt%péoylﬁwhyg@ﬁ@@ﬁ%&?y ARIOBIGi EChRiRRSi ques. [ 6] d
Therefore, there is an unfulfilled need for bl ock

[(ﬂo pol y MBfefe i fRreAs ‘ﬁn t(:lﬁﬁl?fi’llé?l"he‘é@l I lﬁ&‘?{ Lyt ﬁrfﬂ%ﬁ are based
here is also a need for a nethod of making such

on etldens ander-glefliBUVMERY is@isorHE e MuENmEhNd of making such block

forenentloned needs are met by various aspects of the
Bhtion. In one aspect, the invention relates to an

ethylene/a-olefin i nterpol ynmer conprising polynerized

uni ts of ethyl ene SUMMNBARYORTHRIEVENTION

i nterpolyner is characterized by an average bl ock

index greater than zero,and u to about 1.0
ol oul He Hioreqipianederdiits BH DXRS agpsi oths inggntion. n one

aspecét1 t}Hé‘ {nvl:mff’on et &G LR %fhy?ei@)%&éleﬁﬁ hﬁerb@l‘:(fﬁf& b&ﬂpﬁﬁh@f)@@ﬁkﬁzed

hyl ene/ a-ol efin i'nterpol yner conpris
units pﬁ b’gnmnﬁ zedjocmhe;ﬁrs wihiEregn ﬂnyh@mpoambras dweaqtcmzedﬁbmamanerage block
ck | dex IS _greater .t han

index, B Ga0 050 20850 10 AR SamE e PR PHH bR Mo M

greatévhMdabdiit ¢3! Gh ahbther APt thd inventRsieictitétab¥in ethyfene/o-olefin
interpolyner is a linear, nmulti-block copolypmer with
interpglymereomprisingepabyraenaed unjts of gfheleed e %roleﬁﬁeWb@n%m tapaverage

bloclg?lﬁé)?ﬂtgréﬂe 1% 0 but less than about 0.4 and a molecular weight distribution,
M./M,, greater than about 1.3. Preferably, the interpolymer is a linear, multi-block

copo

copolymer with at least three blocks. Also preferably, the ethylene content in the

interpolymer is at least 50 mole percent.

[8] In some embodiments, the average block index of the interpolymer is in the
range from about 0.1 to about 0.3, from about 0.4 to about 1.0, from about 0.3 to about 0.7,
from about 0.6 to about 0.9, or from about 0.5 to about 0.7. In other embodiments, the
interpolymer has a density of less than about 0.91 g/cc, such as from about 0.86 g/cc to about
0.91 g/cc. In some embodiments, the a-olefin in the ethylene/a-olefin interpolymer is

styrene, propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene, norbornene, 1-decene,
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interpolyner is at |least 50 nole percent. [8] In sone
enbodi nents, the average bl ock index of the
WO paoeniobe/mer is in the range from about 0.1 tPRCHDS2006/009500
0.3, fromabout 0.4 to about 1.0, fromabout 0.3 to
about 0.7, fromabout 0.6 to about 0.9, or from about
1,5-héxafliehe, aacomtination tireredthén oﬂmberdbmﬁmbsts, thh molecular weight

nt.er pol r has a, densit t ha
disbrippiac Nufh S ies SRR b5 86 eighies 8 HhphA Dol fsanee
from hBbu? 0 MRo BBBAH SERSR abbile . ProRib8hin.5.n t he
ethylene/a-ol efin interpolymer i's styrene, propylene,
1- butene, 1-hexene, 1l-octene, 4-nethyl-I-pentene,
[Hor bor feiet anvthes esneet, thesnyrnkian rdaies toomn %thjdemﬁﬁwéﬁtﬁnon

G e B SRR a RSafRL e 1 e

charaBlefiadEy hdvady a’ibéast o Mactibh obahed!bsOr e@il@ﬁatﬁﬂ’edﬁsla@ @ition
2.0 to about or fromabout 1.7 to about 3.

FractippgtigGEREF "k w@@m therfeactipy best 3 Black wdsk geeajey t}gﬁ al%]outI 03 and up
X ®

o | SR -5 ROIITRG: GBSO RPN,

MW/Mh greatek d’falnabduﬁJIyS hhwstiligangier lamst, tlenavéntimairelotes thaméthyledne/o-

o B S s B RS0 S G hpotme

chara@*%ﬂ%d By Ba@iFatUast Qn@f?é’c%fon bolhiathyt TYeEF, wherein the fraction has a
et hyl'ene/a-of efin i nterpol yner has a nol ecul ar wei ght

blockdindex grbauer than abavt Orand gpdat tOhlmddb@qthyltn@u-qlﬁrﬁrsmqrpolymer
ant.he tion rel th
s PR R AoV S0 120 £ B

the bl%t:i@ yﬂd@ﬁ Qf eedratioh &f drBaterd then htitue ompgneam tlehabagtes,igeter than
W% havi ng_at | east one fractjion obtained by TREF,
aboutfh6y gspaier than ahang Di7o arcates than gbenii0.- 8. w8 excatsr ianaborthd

about 0 and up to about 0.4 and the ethylene/a-olefin

[1gjt er pofﬁeﬁﬁfegﬁ@?‘ﬁ J@gﬁgﬁ% &e dﬁ‘h&gthaﬁ s%‘ é}gﬁﬂétah@ Bne or more soft

reat ut 1.3. I'n sone odi nent s,
segmeins Btafm‘abllynﬂhe shanf segments campiismatileasyp 8atod ethylean by b’(mght and

YT TR O AT T
In soﬂl@%ﬁfb%ﬂnﬁélﬁﬁ 1ROk séén%nts{ AObrelif i Bh BMBAAYFBM about 5% to about

rrprlses one or nore hard segoments and one or nore
85% bmfwel@é gfrﬁmlstemoﬂm@r an psher e chmeatSstég aprpelyarsispmpeses at

least a§e r agt @ﬁ%@% cggcf Psyco\é@%ﬁempr Slitica {a@l%f)tz g(g fotnﬁ a linear

chairb Bfefetdbl g tthyhLd ec gilyern‘@dtr@fﬁoft sk ansmﬁareaﬁbdlﬂnllyﬁﬁﬁtﬁbutédlelong the

hard segnents are present in an anmnount from about 5%
chain. Clnég@gl%mbodlments nglther the soft segments nor the hard segments 1ncﬁ1de atip

segment (which is different by chemical composition than the rest of the segments).

[11] Methods of making the interpolymers are also provided herein. Additional
aspects of the invention and characteristics and properties of various embodiments of the

invention become apparent with the following description.
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85% by weight of the interpolyner. In other

enbodi nents, the interpolyner conprises at |east 5 or
w@rookaeerwss 10 hard and soft segnents connected PEI/ES2006/009500

linear fashion to forma linear chain. Preferably, the

hard segnments and soft segnents are randomy

di stri but ed BREBRYDERERIPHION OFI'EE MR AWINGSent s,

nei ther the soft segrrents nor the hard segnents

i,ncl ud whi ch
2B rpos Fifeh | BAGHY e bt PR e ity 1y S fesife
polynﬁ@ﬁ H@ﬁ%séﬂiedr@kdﬁﬂoﬁdb? aé BARpRE] Y PRIdRicHaPraatis@ cBpSlynéad

Addi t'i onal aspect s of the invention and
(repretsmtcéby eir¢le)iand ZigalerpN efseqopplomess (repaeseaied byrtbaeglesdnt s

of the invention beconme apparent with the follow ng

o2 AR TR SR SRR e ot

Enthdlipy folr h@md)u@.\mmmete Phé iamiondy fepmsaﬁemdmm éthyldnﬂnﬁantsc)opolymers;
as conpared to traditi onal ando

the squptes FereteRERP IR TRARIPkS) - rhe z}aégieér m%% cﬁmaeq raEples 5-9;
and thd GRIGTENLRM: R Vil BOSIAS 1019 Ind@iiyiyidol SRBNRER Rlyiner

TAF a unction of "DSC
examfes AEHPY f or vari ous pol yners. The di anonds represent
random et hyl ene/ oct ene copol ymers t he squares

]:43 S{ :2 S:ngurg 3| t}%@%@{ (g,[s degs1§f Orbaastic{#g&)&%ycﬁ)é gmorlented films
madelfR? ﬁ&@ﬁﬁv&ﬁtdﬁ@pm%%@k@smw ’0)'L the sﬁh&es &d SydrE)ksd traditional

represent polyner exanpl es A* E)%/ ure 3 shows
copolymersdrraenion DuahirepElon vaichaes BorebBRTY Yitopolymers). The
squar%ép%%#egggﬁ?vegklbgg@ﬂgﬂg/aﬁéﬁggéﬂa n}ﬁﬂ a%ld'etg% @igcﬂgé rePFeSéht inventive

ethylérieAstidnc @opdlymepol ymers (represent ed by the triangles
whi ch are Dow AFFI NI TY(r) pol yners). The squares

res ventive et hyl en n
e o ks SR plad G55k Gitens f Efpriahey KiHiaTu a0
Fractﬁﬁ@i%ﬂ’ (FBEREF”] Aadtionh@d reﬁly‘fen'eﬁl BcRh&todlyR&i BREcAPMrQRITREFR
of Tenperature FQISln%/r ution Fractlonatlon (" TREF

elutlomrtampiar@m efithe filagtiemiet the pedyraereofdixgsipiane Erepnemfrdomst)he circles)

versu e feeo t
and of FpRsTys Btk oRTE (EFRSLAUALT 1R Tl riRakflonds
repre&dnd tra dilipAd] ahridotn Ehyn®bstele @pdlymets.epr esent ed by the
" X' synbol s). The di anonds

[16] Figure 5 is a plot of octene content of TREF fractionated ethylene/1-octene
copolymer fractions versus ATREF elution temperature of the fraction for the polymer of
Example 5 and for comparative F*. The squares represent Polymer Example F*; and the
triangles represent Polymer Example 5. Also shown is the ATREF temperature distribution

for Example 5 (curve 1) and comparative F* (curve 2).

[17] Figure 6 is a graph of log storage modulus as a function of temperature for
comparative ethylene/1-octene copolymer (curve 2) and propylene/ethylene copolymer
(curve 3) and for two ethylene/1-octene block copolymers according to embodiments of the

invention made with differing quantities of chain shuttling agent (curves 1).
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represent traditional random ethyl ene/octene

copolynmers. [16] Figure 5 is a plot of octene content
wW@R006REP6d r act i onat ed et hyl ene/ 1-octene copol BEEDS2006/009500

fractions versus ATREF el ution tenperature of the

fraction for the polynmer of Exanple 5 and for

[m} mpar dlipwe 7Fs’how§|a@lcs«prﬂ dhemnameqrhersieal tAfady syn@E@TMACY(hine) versus
flex g b s SERGTGARERSR GBS B BT GHeh gf Spppared 0
some%%l G)Eine(rg UTH@tri]athE‘ %ﬁ&@ﬂﬁb@xb'\)‘ﬁ(ﬁ?@%ﬂﬁﬁer@&e bikclbs

Fi gure Is a graph of I'og storage nodul us "as a o
reprefem canidom effiylemigprent copelmoers;camdpihe siuiaes rerbsentRew AFFINITY
I 1-octene copolyner (curve 2) and propyl ene/ et hyl ene
POLYIR¥ ol yner (curve 3) and for two ethyl ene/ 1-octene
bl ock copol ymers according to enbodi ments of the

[19)vent i Kipurg®de pldt bbnatifal Ry d‘dlgyléhbﬁrﬁblletﬁa@ﬁow forefaiom ethylene/o-
shuttling agent (curves 1) @; Fi gure 7 shows a pl ot

olefipyeoppheners ae e Aaetion pf thﬁamgf-‘esesof Stvpeak melking twega&grefqr SIREF
peak étﬁref O Sesfﬁié‘a shﬂé/rsﬂepkfeg l{i%éégﬁ%ﬁlﬁf(%tﬁﬁ%& B SHad%

I anmon as ‘conpare nown polyners. The
homdgehemglyeb?amcélpd e’&@l‘&e@aﬂeﬁﬁ&@io@(ﬁer}s ipATRIEE, snd thlae)pen squares
circles re resené rando ene/st ene co
represefl dp A @out ehieleq SpRUSBIRM BETORFEPRIL YARFhesLAT %ﬁ%ﬁl a-Olefin
copo%y%r%rs I 199¢ €«B sShPLil1efE mdfd tdion! @O @&ﬁyteﬁl?@rame& f Kelvin.
raction for randomethylene/a- ol efin copolyners as a

function of the inverse of DSC Beak mel ting
[ZMnper alfignes Dis aptrEpngingiediaarthe bagivefdhe ﬂvéy £quatied for random

e N A I

wholéieefect aAdbrh Bepdlp@er; SBUasREsehB pIRSeHard sdgtdnol; Bhé “C” represents
obt ai ned from random honogeneously branched e
the wholsy periest Klosk eppelymenavnesths same egpononper cogteptygs “A”. A, B, and C

s SIS e S e SRR A 1
basis of the Flory equation for random

[2&]hy| enkgared|Och iam>lqt©|ﬁ teyhledksindex ¢dl¢ulated fireacthEREF fraction for
d f|n|t| ock index." "A" represents,the 0
four ity TG BempRarep L Slimer P P EBLARERS Sitehantich e
triangleﬂf?ﬂisent FlgnerS' wftE Bh 86@RESHIbECINABObLY. 5Pahé @cﬁiaré%'r@;ﬁ’ésent

copol ynmer havi n% t he same COITDHOITE[‘ cont ent as "
Polymer & mathendgeeiage block indgr gl 0aP; amdetho Wk mmemms(ﬂvlym@ft% Wlth an

averaER%'focfkﬁﬁ(%x' Sypgoul d fall.

[22] Figure 11 is a plot of the block index calculated for each TREF fraction for
two inventive polymers: the filled bars represent Polymer 18B; and the open bars represent
Polymer 5.

[23] Figure 12 is a plot of the average block index calculated for nine different

polymers as a function of the diethyl zinc concentration during polymerization in terms of
“[Zn/CaH4]*1000.” “x” represents an inventive ethylene/propylene block copolymer
(Polymer 23); the two triangles represent two inventive ethylene/butene block copolymers
(Polymer 21 and Polymer 22); and the squares represent ethylene/octene copolymers made at

different levels of diethyl zinc (including one made without any diethyl zinc).



[21] Figure 10 is a plot of the block index cal cul ated
for each TREF fraction for four polyners. The di anond

w0 eorewrd Pol ymer F* with an average bl ock i nPerRUST00£909500
the triangles represent Polynmer 5 with an average
bl ock i ndex of 0.53; the squares represent Polyner 8

[24]t h arFigmerlddea ploo okthiesgeare edot Of 81@;second rhéreenitX¥bout the mean

. represents. Po 20 wit bl ock i ndex of
weiglf aygrage ngk P?J@éraé af&nqt@néﬁ bffg?%fﬁ;ﬁﬁ@ bl ock i ndex
cal cul ated for each TREF fraction for two inventive
[29! YTergzukha if b kdpRcheRidfisn Bﬁ@ﬁﬁﬁﬁ[‘ DsE%rMﬂ}%rfoﬂ&Binvaﬁtebe
the open bars represent Polyner 5. [2 Figure 12 is a
polymérot of the average bl ock index calculated for nine
di fferent polyners as a function of the diethyl zinc
ncen
e AR 33 G TR ACHHE bbbl KRBl Figue 14
ethylene/propylene bl ock copol ynmer (Polynmer 23); the
27O tr iFipgkds is @ HENMR spestuirofPolyime 168hy| ene/ but ene
bl ock copol yners (Polynmer 2 1 and Pol ynmer 22); and the

Sauares r R e BN Sk HA TR SRR OBR MIE IRy ERATOR,

Mo veld T Ilyl LT 1TV \I nmorT uul Ily (WA N vy Imauc

wi t hout any diethyl zinc).[24] Figure 13 is a plot of
Genekd1DSHRE root of the second nonent about the nean
wei ght average bl ock index as a function of
n/CQFM *1000. [25] Flgure 14 is a representatlon of
Inor malPobywestp mepng @pelymern compeund; Rrepases l}/BhE? YMEBENE
moncﬁh&‘s'r e]ct'i_’er (o) tl?e s\ﬁﬁie ta%?f{%?ﬁr_t é)lelxel%e(ﬁQﬁ@{ 3 8%&?& embraces

conVerting |gure 1 ure

the tezme Choropadfmeigl YowpolyiRd!" "OFfsGRhET hONelDas BB MabiT'S OF
THE | NVENTI ON General Definitions [28] "Polynmer" neans

R omer GhteGas GG Mt B SRRE PSR bY FRep ST cagion ofieas

two cﬁﬁ&%ﬁt t@f})ésedﬂﬁl&ﬂﬁﬂléfﬁe’[‘he LIRIi8 €M "iMBrpoBmid" includes the term
honopo " "copolyner," "terpolyner” as well

"copolypee r(ww}wé ustallyzgiployedite refe tymmolym@aﬁgpaeiedpfwm@p different
mon@rﬁglg)ae{se&gelpgs ’&1@ ?er&‘“té@ﬂ&&hé?‘ d\&%]ch(}fs u@ﬁalllyee%ﬁ)tloyed to refer to a polymer

prepared from three different types of monomers). It also encompasses polymers made by

polymerizing four or more types of monomers.

[30] The term “ethylene/o-olefin interpolymer” generally refers to polymers
comprising ethylene and an a -olefin having 3 or more carbon atoms. Preferably, ethylene
comprises the majority mole fraction of the whole polymer, i.e., ethylene comprises at least
about 50 mole percent of the whole polymer. More preferably ethylene comprises at least
about 60 mole percent, at least about 70 mole percent, or at least about 80 mole percent, with
the substantial remainder of the whole polymer comprising at least one other comonomer that
is preferably an a-olefin having 3 or more carbon atoms. For many ethylene/octene
copolymers, the preferred composition comprises an ethylene content greater than about 80
mole percent of the whole polymer and an octene content of from about 10 to about 15,
preferably from about 15 to about 20 mole percent of the whole polymer. In some

embodiments, the ethylene/a~olefin interpolymers do not include those produced in low
-6-
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two different types of nononmers. The generic term
"interpolyner" includes the term "copolyner" (which is
waiswalibyeenpl oyed to refer to a pol yner prepardi/i§208/009500
two different nononers) as well as the term
"terpolynmer” (which is usually enployed to refer to a
yieldspoaliy ammane&mtmdr fg oby-prudeet afiaf dheméaal plto;zmss While the ethylene/o-~
r al so. enconpasses pol yIer s
olefin BieATRATS 3 P ERd Wl B rRete bl niBe & Dipdpfec afyloncla-
olefin 1ﬁfe@ol 8% L &N@h da iy ghrd ﬁ{c%ffé‘i’lld() ise g%{hﬁf&éﬂohirboh&{t%&‘ﬂle
mers conprising ethylene and an a-olefin having
reacti@n prodooired agmithoerizatiomproceysef er abl y, et hyl ene conpri ses
the mpjority nole fraction of the whole polyner, i.e.

0 R Sy B T el

posseddes b §idgttordd @lahsifiOn 6PEEstRkING eiltingdioihtq @) agdeteimifd byl e
percent, or at |east about 80 nole percent, with the

dlffergmrtaé seaRning| calromﬁtrm@sc‘afor EHEVHpE] t@clmﬂtg@né%e éﬁwpma%bﬁgsed
mtercﬂ&n(% S?l?tvw e‘rseﬁl?égrgﬁﬁﬁﬁé” IRt “ﬁﬁ&{gﬁ&%b L ¥efo a polymer
av n of many

re carbon atons

lacklrfgt Doty staktihe medalmg eodipals Weerminet g dpfifertetial echnogmpakirinetry (DSC)
nprises,an ethylene content greater than about 80
Oreq‘Hﬁ‘i‘éntﬁ%‘f -of the whole pol ymer and an octene
content of from about 10 to about 15, preferably from

[32pout et @nphpuli- @QcH@p%l}&%rﬁ Sf“‘segfneﬁt@@ chbsBer” refers to a

polymer. In some enbodi nents, the ethylene/a-olefin
polqurtcempulslgagéws oumonmhelnn@allydbsttmbmlqmﬁ ot sresepnisalso referred to as

“bloclgsh% g 98188@ na % na? 81a?1ﬁ9 1%r eﬁg’lyﬂlep Igér?sqﬁ'gc éhe%lc(ﬁly

differbﬁﬁ@éd?ﬁﬁitsmﬁﬁsh gRfoined bﬂmﬁﬂﬂ@ﬂ \Wﬂﬁ h:spm t@polméﬁzed ethylenic
mers, the as-produced ethylene/a- olefin

funcuon@%avp@ﬁgﬁﬁﬁ}a@ inpendsabet %ﬁﬁqdafaﬁly%u%a Ristprsflegbodiment, the
blockS (affﬁ{r % Ghe B Pbr %pgggébgﬁsn[o%e]r Hﬁ}ﬁ)g&?&@& kiR, rRd F{r{slr‘][g,f the

meri zati on term"crysta
amouinf ofecrrpitdjdaﬂy, thetwstallitosiae pditynahle tora polsmgnlﬁﬂuch hanposition the

sesses a first aorder t sj.tion. or
type GaREI ! BHRAY (soteteer R P AF YR Bl TER UG PP megulariy, the
am01§1§ éﬁﬁbﬁ&nﬁ‘é‘ ln@h!ldﬁé [ohg CBERbr@ichRgWr Wep&Brak heiy)| 'tlﬁ%mogenelty,
he term may be uSed interchangeably with the te

or any Qém chrepaicalior phpsical ]eroert@r rhhe aw@m-bm&@p@lémér@r@ dwéacterlzed by
umql% ec{%ﬂﬁhltho gbontgl r}o}ye rl% g:uﬁcﬂ& ?ﬁl& Er#g N/%vé : Bfoc?%eng thge)rlbu‘uon
and/o® 'bl(ﬁ:ﬁ@lhlﬁ@bﬁd%trﬂaﬁﬁ&m dﬁw@-the unique process making of the copolymers More
specifically, when produced in a continuous process, the polymers desirably possess PDI
from about 1.7 to about 8, preferably from about 1.7 to about 3.5, more preferably from about
1.7 to about 2.5, and most preferably from about 1.8 to about 2.5 or from about 1.8 to about
2.1. When produced in a batch or semi-batch process, the polymers possess PDI from about
1.0 to about 2.9, preferably from about 1.3 to about 2.5, more preferably from about 1.4 to
about 2.0, and most preferably from about 1.4 to about 1.8. It is noted that “block(s)” and

“segment(s)” are used herein interchangeably.

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

values, regardless whether the word “about” or “approximate” is used in connection
-7 -
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[32] The term "multi-block copolyner” or "segnented
copolynmer"” refers to a polyner conprising two or nore
W@ hb@aitebé y di stinct regions or segnents (al soPCEUS200€€9500
to as "blocks") preferably joined in a |inear manner,
that is, a polynmer conprising chemcally
therewth.f Ehanmbptag byl pesceadtgi quEraane j jmireend] ceymbntetinendl OMotX0 percent.
respect ol yner |z unct i o al, i . rather
Whenegirp ?‘Hnﬁéﬁg’@ﬁge Biithg Ao PR hpen g Rl GfpeloSt, any
numbeF R ﬁltnn tﬁ@ﬁngr B g@qﬂbaﬁl&% jsdlkel Ny éUHu ‘EHe fBHcPﬁm@f

connn I ncorp d the t he enS|t
numbarouitiin gie nange;armspmmayly dushh)scd 3Rs=tRa‘H1kr" (R -Bl )z ezhereln kisa
ttribut to a q s ition %
var1al§]§ A %IB e@rg:pt {) H?F‘iei} ?tg &t a%ef? B}Cremen’t % is 1 percent,
2 perSnf & i@k, 14Cercen€ P &rée%lu' 30 Péﬁéelﬁr 51 p&tért] 37 R@edndl i, DY percent,
t he "anount’ of branching, including |on chain
96 pemeata ORipatgent; 9& pprsentpPAperkenicor t0R@ersHb QALY S, amf nyghgrical

o TR UL ol PUBSRL RO IO B

of bot h pol ydi spersity index (PDI or Mv Mh), bl ock
[34¢ngt h Eihbddilinbm iobthe iaveaition phivideka mawrtless afi eﬂtyrlériem-bkeﬁn block

. due to the u ue pr.ocess ki of the cq r
internglyrgers aszeing ?‘F%Ye Wiﬁpg%u%é‘gw?rﬁ/w@éﬂﬂﬁfﬁ%ﬁmm
vana@arg(%ﬁ%é% g Eﬁe POk B solgﬁéin&&p&yme&%%ﬁﬁsmhyfehe m&%r more

preferably from about 7 t0 about
copol:?nﬁrlzahie e-qbefef @erbioyne&s ismodoerized farnt, @habcimlz@l ‘r5' mahl@le blocks
ef er abl omab ut 1.8 ta dg my 1
or segfiit B r3ment sl PSS ering bR ing i B8 DisH! §physica

ropet48. 1t Bhihe eBEASS/0-b18fn RREYIRIferPAS DR iMShpol @y, preferabl
P pabout 1.0 to about 2.9, pr]%erabl from about y.S f% Y

multizieck inergnlymetser sppalmats| >T he Mmswﬁmnolwmr ndgapgiymer” are

used ﬁtgcha%% %ﬂgﬁ%ﬁgﬁ{ eIElesF)%glk b>o£1 an%bﬁiétm&ltl 1%&3 eokf)g el‘ c§n be

e used
reprefeaitedi by thefelicsviaggsatily:. [33] In the foll ow ng
description, all nunbers disclosed herein are
appr oxi mat e val ues, regardlﬁgé whet her the word
"about" or "approximate" kd in
connectiontherewith. They may vary by 1 percent, 2

[ﬁrcemwhe'ie ReS S984st l%refeméﬂ ﬁ‘i@é‘ger 3ealePthdfl 1PQICHRRD, 3 4,5, 10,
enever a nunerical ran lower limt, RL and

15, 200504 §30, BOAH(: SO540, 100,51 b S0 deprahapts A b blockior pignent and
“B” r\é% eF ibs EIQ' go?ft B][%EIQ 8¥ oﬁ%ftféﬁ? CI-"rfefe? yAsde{n%iC%soeﬁg ﬁﬁléécplg a lmear fashlon

I Cu

not 15 BeAnthedledrlaystaaifashiians éd{ardf?‘—ﬁlgﬁieﬁ(s Retfer Ri.BlockMﬁlpelylmdﬂzeé umts in
| f 1
wh1cg et\ill?r}rl?lg? g%]%pgq?xg %)Ir %%aéﬁéu%r’pgre@&? [c};%%lrbtg V%(eci glé?;{%g.}%s{ Gad })re\%raﬁy greater

than 98 weight percent. In other words, the comonomer content in the hard segments is less
than 5 weight percent, and preferably less than 2 weight percent. In some embodiments, the
hard segments comprises all or substantially all ethylene. “Soft” segments, on the other hand,
refer to blocks of polymerized units in which the comonomer content is greater than 5 weight
percent, preferably greater than 8 weight percent, greater than 10 weight percent, or greater
than 15 weight percent. In some embodiments, the comonomer content in the soft segments

can be greater than 20 weight percent, greater than 25 eight percent, greater than 30 weight
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2 percent, 3 percent, 4 percent, 5 percent,..., 50
percent, 5 1 percent, 52 percent,..., 95 percent, 96
w@ereaose 97 percent, 98 percent, 99 percent, BPCT/UNDH06/009500
percent. Moreover, any nunerical range defined by two
R nunbers as defined in the above is also specifically
percenti, grehtes dan 35 3ddiglEpeadintygrater dfantdfeveightqrtdeat) gprater ititm 45
new cl ass of ethyl ene/a-ol efin block inter YIer s
WeiEly REToERn GRAGF thef N TS oSy RAIRAIoY e BD SRS POICERS 1
i nterpol yners”, or variations thereof). The

[38] hy!| engiane Et%f)bd’irﬂeﬂtsem&)dl@ﬁﬁé B%Ms'a?@raﬁﬂ&iﬂy%ﬁnﬁﬁt@d along
onhe or nore copol ymeri zabl e a-ol efin conononers in

the pgpingnehaing dd oftlear words recl oede ¢opelyniwys wavially gp aobhayelestigeture like:
segnents of two or nDre polynerlzed nonomer units
differing in chem cal ﬂ opertl es. That is,
the ethyl ene/ a-ol efin | nt érpo yrrers are bl ock
i nterpolyners, preferably multi-block interpolyners or
[37ppol yirbther é'ﬂnbodlﬁrelm thie il ek opyiymiet's woalydpodtyaee 4 third type

BWOE T TT e
comoh&h % %IEF)>I}{19 aiRited OBhR tﬁg’ﬁﬂocﬂ‘hﬁf&h& W&d@tneitﬁél%l%ck 12 nor

prefe an integer greater than 1, such as 2,
block® cdrﬁpnsbs tw@ Or m®s segfent{pr :ﬁ(b—bldcﬂgs) sf)qhstm]:t caiDpositaen, such asa

esents a .har ck or nt and "B"
tip sepipditc bpichas > SFEEH bR Ss ok Bt et RETRE, he anc
Bs are linked in a linear fashion, not in a branched

[38] a StRie eftl@&éﬁeﬂiloleﬁi’ﬂaﬁtérpowmﬁlrfef‘chm%ﬁteﬁzécbb)bduo@deﬁag@fblock
ﬁﬁ\imﬂl zed units in which ethylene is present in an
indexa Adiknwhigh issgrestet thamzerg apdug e abnayt & drand agpelesirar weight y
t Q§£] rG r
dlStrlglE’[ﬁ)%hg/fﬁéI&P i%n%gtnt?@ﬁ 1 E%ha avetla ?]%OEE Fns e‘ggI 1#?1% V%elght
average bfjthe b&xmkomtm(, (“BiiY fcpl'r @tk bﬁﬂnle)pol}m ftabionsdbiwnghin preparative

In so ts, the ard
TRE o Haciiandlion Gop FODRST N Teaiey e OGP R AN Freigpgtion) from
20°C %ﬁ(g RGeS w1t9rantﬂi&e1%1|ited'f 5'5@ @choﬁgﬁ §thet RuipbRBlrs 1199‘rements such as
olymeri zed units in he  conmononer cont ent

1°C, e 0%, alshaan be weddyht percent, preferably greater than

8 wei ght percent, greater than 10 wei ght percent, or

greater than 15 wei ght pe ‘ﬁg ; one enbodi nent s,

the conmononer content in 4 (¢ gnents can be

greater than 20 wei ght percent, greater than 25 ei ght

oV B B O o B 6 B R E by R otefn

interf@lRatesbtdiRé@ing®eparative TREF, and w; is the weight percentage of the ith
fraction. Similarly, the square root of the second moment about the mean, hereinafter

referred to as the second moment weight average block index, can be defined as follows.

Z(Wi (BI, ~4BI)*)

N-DYw;
N

2" moment weight average BI = \/

[39] where N is defined as the number of fractions with BI; greater than zero.
Referring to Figure 9, for each polymer fraction, BI is defined by one of the two following

equations (both of which give the same BI value):

-9.
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wei ght percent, greater than 50 wei ght percent, or

greater than 60 wei ght percent. [36] In sone
werwediryent s, A bl ocks and B bl ocks are randonPgr/us2006/009500

di stri buted al ong the polynmer chain. In other words,

t he bl ock copol yners usually do not have a structure

like: AAA- AA-BBB- BB [3/T,)n ofher Bifyodin®pts, the

bl ock copol ymr@lu?gﬁﬁWrﬂﬁtB%ﬁ\Tm_t ype of
oth rAen]b/ LR M

bl ock. In still odi ments, eacH of HPock A and
bl ock B has nononers or conononers randonly

d ivﬁ{e&é PYiafle gﬁ@pﬂ%ten Snfl Q&K TRIEF) efuliSh teMScdSturc'¥8E #118GHh fraction
bl ock A" nor ocC conprises two or nore segnents (or
(prefegalily bkpreksyl oK elvirgs Px tstthe ethplese mobmfractioo forthe ithtfiagtion, which

can 5 SRR PSR R of S ELSB PIRBTAS LR Bion of
whold &th§leREbWIBSinfrfol ineF @efoRé Frag@sbndo@Nwaichaioeah beekeasured by
i ndex, ABI, which is greater than zero and up to about

NMRiordRa o andil ase theah TREF ghttion tepaparaiure asd thavgihxigne mole fraction
han.aha . .
for pfig “Rhf sohfiany "Ghiln Sretsg HTLARARIERLAL e e dihen. Asan

approik;&ﬁﬁtid(ﬁ ortfbﬁp(?ﬁhyﬂﬁﬁhefré aethadscghem!’ oedpoditipr Bpakadvwiy,ahe Ta
REF (i.e. ractjonation  of pol. ymer by Tenperature
and Prjva{usg 2 sgt toghoserfge hig ﬁ‘ﬁ?ﬁﬁdﬂ)"?}feﬂ&’ﬁ?@ oAl T 00 C,

with an increnent of 50C (although other tenperature

[40%” ene%qs tRUCTRAB el b t athfedEr 2 BIrRIBmC@PoRged 9Efhk same
ABI = (WLBI 1) where Bl1lis the block index for the ith
complosition (lpavingf ant dikylemymnle frastion b P en ehd mullesutar weight as the inventive

copob e B T LT EE oo PR R B e Bty o
usinglthe feiah€eqR@bnof the second nonent about the mean,
ereinafter referred to as the second nonment wei ght

aver age bl ock index, can_be defined as follows. 2
nonment wei ght aver age BILP§@¥=W%EN%+ is defined as
t he nunber of fractions with Bl 1greater than zero.

Ref; r? h%ﬂg B jcv@d*é&fs%nﬁfv%icl?@eﬁl bR tdtiERed §y2E Ed1BRatioBlusing a

is defined by one of the two follow ng equations (both
numts ofivietd khayheterizadepreparasivel TR (regtionk of e bibadicompheitiam REFom
copofy{nﬁ? ﬁp%(g{n }%lsﬁ tcha?r‘rétlcl:ter-[zF\e):'E:l@.nc?olnl1J tetlh(})fféné 8%%%&%‘ rw(:"lthlc 19arrrotwhgomposition.
It should be noted that a and f may vary from instrument to instrument. Moreover, one
would need to create an appropriate calibration curve with the polymer composition of
interest, using appropriate molecular weight ranges and comonomer type for the preparative
TREF fractions and/or random copolymers used to create the calibration. There is a slight
molecular weight effect. If the calibration curve is obtained from similar molecular weight
ranges, such effect would be essentially negligible. In some embodiments as illustrated in

Figure 8, random ethylene copolymers and/or preparative TREF fractions of random

copolymers satisfy the following relationship:
LnP=-237.83/Tarrer + 0.639

The above calibration equation relates the mole fraction of ethylene, P, to the
analytical TREF elution temperature, T atrer, for narrow composition random copolymers
-10 -
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(preferably expressed in Kelvin), Px is the ethylene
nole fraction for the ith fraction, which can be
wore@snowes by NVR or | R as descri bed bel ow. PABPCHUS1966/009500
et hyl ene nole fraction of the whole ethyl ene/a-ol efm
i nterpol yner (before fractionation), which also can be
and/onpeparatice PRENYActions| dR brdadaothpegisior rdrdem A COREynedrait T-anis the
| ene. mol e fraction f ure

nperature and the et
ATRB] B i ok et i cORORPEDT 06 SEFee SRBSEEN  fro e sime
comofﬁ%?.&gtgf)e?a&f cdnb&it) e[HdQﬁ@QJIﬂheg?g])eculﬁlsw@i ORI Y EHn! Yy 18fe mole

ymers where the " segnmen conposition’is
fractiomédiyaril xd ¢ae bBAakntitddAveh baBx srodTset Ptfoom hessastined Phingdle

.densi t | yet hyl ene honopol . 440] TAB is th
fmctig ot ERo FUE BAIETr Bt g dRO PO BB SRR peppf the same
compbdifio® gree tROSARRS b Hdndeh B)pk REd adhteAthihEMe st endlécatl Meight and
~of PAB) nd nol ecul ar wei ght as the inventive .
having gp ey tempagitwgof B which ghmbeeplevlafad figm ki Pro = o/Tx + f using

fr Lon et hyl ene (neasured by NVR) using the
ameafs‘éﬁ%ﬁtal\?mﬂlﬁé)?g(%ati on:. b where aand b are two constants

whi ch can be determ ned by a calibration using a
[41prber (rfcevisd blodhmdex (R faredclppepantive VREFREEtion is obtained, the

weiEhAPBES PIBFK TS ABL 471 (56 B PPl RS P EoHals Jihapmae
embo\gdrﬁéhtgz @fgxqwgfeatsp A teRbut Idss 8AVLELIEL BOfr&d abBt0. Bdsbout 0.3.

may 'vary frominstrument to instrunent. Noreover,
In othenembodilgntse ABI isogreatemthan aroud f@ramdipdo ebaut!li GrReefesably, ABI

rve wth t ol conposition of. i nt.eres i n
shoulf 6 sttt b B T 0,405 AR 0, b a0 B R . R rom
aboutf026 td RuP0.OP & sérhy EmB&IEMehts AABI Rr16 tRNEASS off i @Bbut 0.3 to about

copolynmers used to create the caljbration. There

0.9, F51oh ghrRe A te@bpelrd-Ssk horm dronb0.to phovt > Gaim Bt P drio about 0.6,
from Ghdu{ 9.3 a%gﬂtadf,eoq f{o‘ir?g% k U13|t8 rab&R'O‘.séE ac{th%hﬁﬁhi nts, ABI is in
ranges, such € gl glmb? €.

fect woul'd be essentially ne
the range sHfrfemeibbad). srenitsuas.0f fromsiboat el ta sbolat §.0r er Bom rahoutdné to

th I d [ [
about(e)lf.O,?/ S gh(?lg 2}0 o%ﬁtsla@aéqoré @goru?c R@r %Eﬂlb\égw-r EI; rorma g‘tt)c;u? 889 to about
1.0. relationship: Ln P = -237.83/ TATREF+ 0. 639 The above
calibration equation relates the nole fraction of

ethylene, P, to the
[42] Another characteristic of the inventive ethylene/a-olefin interpolymer is that

the inventive ethylene/a-olefin interpolymer comprises at least one polymer fraction which
can be obtained by preparative TREF, wherein the fraction has a block index greater than
about 0.1 and up to about 1.0 and the polymer having a molecular weight distribution,
M,/M,, greater than about 1.3. In some embodiments, the polymer fraction has a block index
greater than about 0.6 and up to about 1.0, greater than about 0.7 and up to about 1.0, greater
than about 0.8 and up to about 1.0, or greater than about 0.9 and up to about 1.0. In other
embodiments, the polymer fraction has a block index greater than about 0.1 and up to about
1.0, greater than about 0.2 and up to about 1.0, greater than about 0.3 and up to about 1.0,
greater than about 0.4 and up to about 1.0, or greater than about 0.4 and up to about 1.0. In
still other embodiments, the polymer fraction has a block index greater than about 0.1 and up
to about 0.5, greater than about 0.2 and up to about 0.5, greater than about 0.3 and up to about
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anal ytical TREF elution tenperature, TATREF for narrow
conposi tion random copol yner sand/ or preparative TREF
w0 e@ettdodns of broad conposition random copol ynme€BHUS20€009500
is the ATREF tenperature for a random copol yner of the
same conposition (i.e., the same conononer type and
0.5, ot @reaten thanabdutt (14 asduptonaboacUb ain yetiogier earbddinsents) thegrolymer

fl‘actlgl}:l ) ﬁlgtkknl?nl grf fg{eg%g;l 1%1?1@8%%%;2 ﬁxgg&m%gag)o&% ﬁﬂérggter tﬁlan about 0.3
and u}; rt@%dLﬁ’@ :8 gfé‘élté? 18l Boutho au'ld3 r%fbeab%hm b e8%r8Ré&han about 0.5 and
raction f a random copol yrer of the’ same

up toebogdsd.t i on (i.e., the same conpnoner type and
content) and the sanme nol ecul ar wei ght and havi ng an

REF te rature of Tc Lch.can .be..ca ated.from ..
peo 15 480 1§ Blers MHRIBLE B 00 Rt B0 i haices, e
ethyl&%ﬁﬁ dléTh intedsdyinpexe Mdkactdrided 8Rohe Bf #BEY ¢tithy Ero"p'EﬁEs described
fraction is obtained, the weight average bl ock index,
as follys. for the whol e pol yner can be calcul ated. In some
enbodi nents, ABI is greater than zero but |ess than
out
[‘@ﬁ‘bo ﬁ%ﬁb{l@ lésﬂﬁréf 'Eﬁeaé?gﬂ A g)leif 1@@% by erg tlsédrlnghh')%&ments of the
mvemtbn thvela M,/ ¥, &oer iy ] . 7A§Bb.b®.ﬂ(3Lﬂ ghdled 1gant ctrieena:langpomt T, in

degre@s gqusabou‘&g%qsitgg 1fa1 (%gaglth/%lbg%ogﬁ O eg bv?f %{elgtéﬁ%ﬁt?m%maﬁjvalues of

thevﬁ%%'c@?r%p%nd&ﬂher@lahéhs‘h range of fromabout 0.3 to
about 0.9 from about 0.3 to about 0.8, or from about
0.3 to about 0.7, fromabou% 0.3 to about 0.6, from
abbwt -2002.% b4abbd) 6.2422.3(d)f, eadpesirablyo. 3 to about

0.4. In other enbodinents, ABl is in the range of from

SORE BRI Lo PR Rty about O

about 1.0, fromabout 0.8 to about 1.0, or from about
0. Hn2(85&I9dwu-t182513(d)[4421]IQANdlzher characteristic of the
i nventive et hyI ene/ a- oI efminterpolynmer is that the

[vent i I ene/ i nt.er pol ri ses

ot SHEnTRIRERSn A o e oo Raie s Pl oy ke he
tradﬂﬁkfrﬁpﬁﬁiabm\b@pa_lﬁﬁﬁrs o‘ﬂhﬁ{ﬁéﬂé/d-m%ﬁﬁi Alibdeqnelkiag painky dvékease with

i ndex greater than about 1 and up to_about 1.

decraapiag demnsjtinsy the an/\rqngvenﬁ%pel&mew(r%wmed &Mﬂ%rtl%i@) %ﬁ%ﬂbl‘c melting

pinf M T o O o Sl Ay TSR P fycn s

0.87 gloom a‘tﬁbuﬁ O@ﬁcg/mtp Rod erdinpit, the ﬁteltg’rgqamﬁroftshk&npcﬂmms afke in the
range ofd about 10 %bto e}bo 1030 ‘% wﬁen density ranges from 0.875 g/cc to about 0.945

g/cc. In some embodiments, the melting point of such polymers are in the range of about 115

°C to about 125 °C when density ranges from 0.875 g/cc to about 0.945 g/cc.

[46] In another aspect, the ethylene/a-olefin interpolymers comprise, in
polymerized form, ethylene and one or more a-olefins and are characterized by a AT, in
degree Celsius, defined as the temperature for the tallest Differential Scanning Calorimetry
(“DSC”) peak minus the temperature for the tallest Crystallization Analysis Fractionation
(“CRYSTAF”) peak and a heat of fusion in J/g, AH, and AT and AH satisfy the following

relationships:
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t han about 0.8 and up to about 1.0, or greater than
about 0.9 and up to about 1.0. In other enbodi nents,

wao b@opaldyérer fraction has a bl ock i ndex great ePCT/Is2906/009500
about 0.1 and up to about 1.0, greater than about 0.2
and up to about 1.0, greater than about 0.3 and up to
alkdut -0L1299(gHR até28 1t hadp@boalily 0. 4 and up to about 1.0,
or greater than about 0.4 and up to about 1.0. In

still odi hents, the polynmer fraction has a
b|@%-§i2@£A§33§£@éﬂm%sﬁr " and up to about
0.5, greater than about 0.2 and up to about 0.5,

greRseg. 1@@3}@%950 3 and up to about0.5, or greater
t han about 0.4 and up to about 0.5. In yet other

enbodi rrents t he pol¥rrer traction has a bl ock ind

for Agrt@at@ 480 JigaMatsovar, AT 2s eaval oppricseatasdhan 48 % Ogﬂéﬁgr@ﬁter than 130

v POERTRE P QU o S AR T 0
(that isptélg)?egggmlttnlgl?le;seé)[a gtlii]aadt 5 ptaf:hént oftthe ﬁmﬁla?l?/?lmer)bémldk less than
5 pergsoh | WRAPLTET SR }dﬁ?%f?%ﬁ? 9%3435] Al %eaifhfgﬁ%ﬁie&@g@*@y
tempflﬁﬁl]ré)fs IFRE SnBIAT REPh Exﬂ@ﬁéa‘l ¢lué %Pﬁfe'ﬂé%f%mf)Mﬂ D¥SMore

I'n one aspect, [ ene/ a-ol efin
preferabi}e thedhiglmest §R1Y§€d\E pﬁak mbmtammn tesstdf0 pehasnt pfitber t:umnlatlve

b t 3.5 d at
polyrite TiHT o pop e ik foriraive BE S Hsr<i Al ARy
examﬁles' Iht%rﬁt@&?@ﬁ@é@ascﬁﬂtpeﬂﬁte%{per%ﬁﬁé gictaldufatdt¥EIhe @8Mmputerized
val ues of the variables correspond to the

drawing| pgegramstippliedthy the izgoment makes3§he diggonal Jing showmy ;’q the random

ey B RE LBBetyd uiefiistochor o5 R 3500 205 0% +

62.81.45] Such nelting point/density relationship is
illustrated in Figure 1. Unlike the traditional random

pol yners of ethyl epe/ a se neltin oi nt
AT 28 vt ot cresat i B & ol e B YRS Hiolecular
fractl'oﬁ tvﬁﬁ&pélﬂt@? betwleE £ ROESATA BA O Wheh med%ﬁigbf émperature Rising
points substantially independent of

Elutlohe Hlsactlyr,\atlpa r(‘letlaF "By ¢15aranmrze@| anihiat spid ﬁ’a%@n\h@e A Haﬁ@momonomer

oy g 55 B 5 e Rl AT o T
highfGhh® tiabefid c&ﬁ@ar@@e vhiemaeRgdbidinteadgaef fiotiod eBkmgdetiteen the
samettgmggrg?utresovv%grsem 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 the block interpolymer. Preferably, the Mw/Mn
of the comparable interpolymer is also within 10 percent of that of the block interpolymer
and/or the comparable interpolymer has a total comonomer content within 10 weight percent

of that of the block interpolymer.

[48] In still another aspect, the ethylene/a-olefin interpolymers are characterized by
an elastic recovery, Re, in percent at 300 percent strain and 1 cycle measured on a
compression-molded film of an ethylene/o-olefin interpolymer, and has a density, d, in
grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following

relationship when ethylene/a-olefin interpolymer is substantially free of a cross-linked phase:
-13 -
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g/ cc. In sone enbodi nents, the nelting point of such
polyners are in the range of about 115 OC to about 125
woODmheredensity ranges from 0.875 g/ cc to aboReT/0SB4E009500

g/cc. [46] In another aspect, the ethylene/a-olefin
i nterpolyners conprise, in polymerized form ethylene
aer:emlo%ZQ(ﬂ);eamlpjbiefdbns and are characterized by a
in degree Cel sius, defined as the terrperature for
t tal |l es fferentral nning Calorinetry ("DSC")
2%%?#%%%&&59&§ ndripeedrcire %for the tallest
Cryst allization Anal ysis Fractionation ("CRYSTAF")
p%z%-%zb@t vl SR8 rerbrémg DH, and DT and DH
satisfy the followi ng relationships: DT > -0.1299(DH) +
62.81, and greferabl DT > -0.1299(DH) + 64.38, and
mdte>byldf 286Dy DT - 0. 1299(DH) + 65.95, for DH up to
130 J/g. Moreover, DT is equal to or greater t han 48
for I T
(B, 01 R TEBEES (ORI, oT S TSRO, BRShohyed s
madepfiodny Redtaif ﬁﬂwhtlvsmtdrp(ﬁymeﬂl«andmﬂltmp]rmmn carolymmerst Fbr the same
ercent of the c rrula ive r and if less than 5
densiio RYorgr e SHEPRUIATE P SR I IRT Sl TRverAR
peak, then the CRYSTAF tenperature is 3Q0C, and DH is
[$d1e nunBishERlenitdtinger®s, thd@hy1emY o-BfefinUfieidlyrherd hve MhSile
prefer abI{I, t he hllghest CRYSTAF peak contains at | east
strenatb apeve EhMPof pltefﬁé m eignaile vizengdh 3 e MPaingae prefergbly\agensile
t f I
stren il}g gf g{Pd\?ég/gx on%a na:f gbergg t(ﬁeé lgésé %6% eljgéntgl%are ppre]fgrably at

least Uemfpabﬂit}llﬂlgﬁlyé}ﬁefetablycat|1@ds€8t)(bpér&d’me, ad st RighBasteferably at least
drawi ng program supplied by the instrument maker. The

900 peresgbata crpysheadsieadatipnrale plel I G@YRYEt hyl ene oct ene
conparative polyners corresponds to the equation DT =

1? 1299, (Jakdr ei’hb@@m@éh‘ts &lfe@thyll&ie)’@%le%ﬁq;lﬂ%ﬁfolﬁﬁ&@ ﬁﬁvc {1h8 storage

yl ene/a-ol efin intérpolyners have a
modlﬂusaxatlpoﬁ @RFICOHG’€l Q!Df’@}; ob&owekt impnefanbllyjfﬁmd:tmﬂ@,nnore preferably

f.r a onat e npet at u
frompl D] BRE AN (O FPEER S b 51 DBAST AP prraply less than
70 pérééiﬁtdsﬁéblélgfsle@ tHEN 60 é‘r@éﬁi Negthart SMp&0éEnt NdrdBRthan 40 percent, down
preferably at |east g percent hi gher, nore preferably
to a epmpresgion sepoffbperesit.

[52] In still other embodiments, the ethylene/a-olefin interpolymers have a 70°C
compression set of less than 80 percent, less than 70 percent, less than 60 percent, or less than
50 percent. Preferably, the 70°C compression set of the interpolymers is less than 40 percent,

less than 30 percent, less than 20 percent, and may go down to about 0 percent.

[53] In some embodiments, the ethylene/a-olefin interpolymers have a heat of
fusion of less than 85 J/g and/or a pellet blocking strength of equal to or less than 100
pounds/foot* (4800 Pa), preferably equal to or less than 50 1bs/ft® (2400 Pa), especially equal
to or less than 5 Ibs/ft* (240 Pa), and as low as 0 lbs/ft* (0 Pa).

[54] In other embodiments, the ethylene/a~-olefin interpolymers comprise, in

polymerized form, at least 50 mole percent ethylene and have a 70°C compression set of less
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hi gher, than that of a conparabl e random et hyl ene
i nterpolynmer fraction eluting between the sane
wa egoprebar es, wherein the conparabl e random epdilyUs2966/009500
i nterpol yner contains the sane conononer(s), and has a
melt index, density, and nolar conononer content
than §0hEsedt, prefefablyvibol tharp®) pereent onddshilan 50 ppereak ntostprefelatly less

of the block interpolymer. Preferably, the Mwm M of
than 404g 5 mpﬁ@dﬁqwtg%pmﬁoipgmgpgo within 10 percent
of that of the block interpolyner and/ or the
sprpar apkgind Rle¥if¥Bhe haRt DISR R a PWIETH;
[559 ¢ BB eh@ftidhld O?WS ing a

within 10 weight percent of that of
SchulizmFlerpdistyipstion faAlgyr than asPeissonalitibiionashe sopolymers are further

et hyl ene/ a- ol.ef,i n_i.nt.er pol rs. ahe.characteri.zed by. . .. .
chare e R e LB bR By PUiBRE% MR PGy RAEEbGR YR Nistbution
of blogk kBeSadlisbsdessME laGnH¥E pEIHABIE dNtriButiAaTbiski 1t | Ftefdrred multi-

filmof an ethylene/a-olefin interpolyner, and has a

blockfenalymprs age those geripinmabeianerelegks o peamgnésy s lgding derminal
et | . .

o074 BRI AR T S04 18 AP gmens
including sermintal dlocks f ree of a cross-1inked phase: Re

>1481-1629(d); and preferably Re >1491-1629(d); and

re preferably Re >1501-1629(d); and.even re . ..
907 e of dbpodiAen (o T pBBU( ek ol tavs fiaiE! pipgacteristis

or prlefiRG! IP5ndRRSI! the MiePoRShdrs, PrERVES coniPisins Py 81 £ one or

films made fromcertain’inventive interpolyners and
more copalymenzeable ceamtomeroinaiofyraerized Foum, teechasarierived by myultiple

the inventiye interpolynmers have subst i-al | '
blockt PE MRt b Pl RRe Lo BB Akl p RhtiEht o
physiilybRiedsabRicRid intdrpdl@mpes)| MoBpReibabl; @muhiblokk copolymer, said
strength above 10 a, Pre_ferab_l y a tensile strength >
blockllmtemgy,mmaéf%aeme}eam ractiogrydhiripelyies bpgresn 40 gk 0°C when
. . n i . . . |
o LA TREGRL 2 POl adlo s AR ARLBRL conen
higheppaéferabhy 3t ledst 5 pasentdighgpenoenirefeembly atdetst hd pdrbgnt higher, than

referab at | east 900 percent .at .a c¢rosshead

that Easaaerablf TRt G Ene PP it fapadh SRS b Fen the same
tempEIRPL WBBeh sald\EorBpdii18 RelIBmAU B lekt ihféé&ﬂﬁﬁbﬁ’d@ﬂp?is@@t\h@ same

(1) a storage nodulus ratio, G(25C)/G (100C), of from
comohomer(5)) anghasfaamel indek r damsity, tapd 2 larrpomenpmer eqnadsit ybased on the
whole polymer) within 10 percent of that of the blocked interpolymer. Preferably, the
Mw/Mn of the comparable interpolymer is also within 10 percent of that of the blocked
interpolymer and/or the comparable interpolymer has a total comonomer content within 10

weight percent of that of the blocked interpolymer.

[57] Comonomer content may be measured using any suitable technique, with
techniques based on nuclear magnetic resonance (“NMR?”) spectroscopy preferred.
Moreover, for polymers or blends of polymers having relatively broad TREF curves, the
polymer is first fractionated using TREF into fractions each having an eluted temperature
range of 10°C or less. That is, each eluted fraction has a collection temperature window of

10°C or less. Using this technique, said block interpolymers have at least one such fraction
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from1lto 10; and/or (2) a 700C conpression set of |ess
than 80 percent, preferably |less than 70 percent,
wezpeadrbé y | ess than 60 percent, |ess than 50PQEUSING/009500
or |l ess than 40 percent, down to a conpression set of
O percent. [52] In still other enbodinents, the
having Tal’hyglﬁn &lotar@ofionomendciten thamer coriespodrdimg AkddGon of the comparable
eSS|on set of less than 80 percent, |less than 70
lanﬁ | ess than 60 percent, or |ess than 50
percent Preferably, the 700C conpression set of the

[S8]t F Pah ¥HBRAS dsgedt &he nIv@ﬁ‘t'i‘ve“ﬁblﬁﬁéﬁ@ 8h olelfi %%ﬁte%ﬂmné’fopreferably

percent, |ess an 20 percent, may go d
compabmgtetlﬁ'lqme rané ohe of mdfe domolymmlzelpib @dmnmmgs in p@ymenzed form,

e s
polyn&¥riz88 Hnofner QlliltsJ cﬁﬁ@rlﬁ@ﬁrbhéﬁ)l@cap 53 I&D@bgeﬂl@

preferably e to or |ess than 50 | bs/ 400 Pa)
mterp@bfmrb anosy p@%@t&blymn@itl hledscoprbymes, sabisblpelem(tezn@ymal) having a

peak gbﬁl,go Juét%t%gl%cf‘tﬁaﬂ ﬁ)% tlofiﬁwilgtg Fég%t sf‘tleﬁls.\%e A€ a.Flg r13(r)"§3 (but without

|n|n erpoly

collegtmgranhd/®e isolating (ilhdiﬁiﬂuall:mduf)ﬁu)mhaﬂictdrﬁ% in théx safl yeak, has a
percent ethy|ene _and have a 700C conpressi o set of

comone@ért ¢pReng GStB’é%tE%hY n fﬁrr@fiép%wcqp@s%heméa d yging @, fpll
w1dth%ali§1§§>§11ﬁ1ﬂ?§3 l\g)e‘%*&%bﬁculmt h&ra‘flfa'%ﬁa?le Yndl&ondold eﬂ%ntent
per cent

own to close to zero percent.
highek,rpreforablyeatiiendt frpertcent Higler,nmbteipréfembky a dguot 1hpersent higher, than

I N A T "

exparfdéﬂh@i%g aGhiR wmalﬁﬁ&lﬁaﬂwHM)wamaeumlbﬁ WyBdeinS8id

bl ock di stribution and pol ydi sper se di stribution of
compg:rablg@agqlcmg sthylege p@g@gbgmqﬁ @aathmgme ppmgg@n@r(s) and has a melt index,

dens1gfo c# in%ij 81[1]19831%1%] co%ken 9&{‘&1 th'g X\?l{o% é{ggme l\’&lh{glll 26 Eercent of

mers 0ose CO ann

that o‘f ﬂ@ntﬂnél&dmefm@m@ ﬂ’@éfﬁﬂab@l tHel MWKISIn ofitiescopipatsbiaitetpolymer is
copol yners_include at | east 5, 10 20 bl ocks or
also @@@ﬁéﬁtp@rqeamfdbﬁﬂr?gf thehlasked intgrnokyager anfi@s} he| GomMPIERDES on),

1nterﬂ0;[l'ﬁ11éﬂl\é§ Blbd oo RHoknek BORERAMIRE V\%’éﬁ? g@l@gﬁttcjf ‘i’ﬁ% lof the blocked

acteristics or properties. In one aspect
interpohyreerp Alherfell swdtbﬂmffenaastmlnym:@ﬁﬁlﬂl@ |calgo,ukat1h1y isdrasechordthematio of

sl FRASpSSERHISE LRI EOIPRRMES o RS YIEEA §58h i
the ta@[festt(mgh@srt) Iseakes Riehtif&y fr@rﬁ%é@cﬁ@ B, dbitheh b ERamNged B
detenmneercrll %%r a dlstr1but1on measured using an ATREF peak, the FWHM area is defined
as the area under the curve between T; and T, where T, and T, are points determined, to the
left and right of the ATREF peak, by dividing the peak height by two, and then drawing a line
horizontal to the base line, that intersects the left and right portions of the ATREF curve. A
calibration curve for comonomer content is made using random ethylene/a-olefin
copolymers, plotting comonomer content from NMR versus FWHM area ratio of the TREF
peak. For this infra-red method, the calibration curve is generated for the same comonomer
type of interest. The comonomer content of TREF peak of the inventive polymer can be
determined by referencing this calibration curve using its FWHM methyl : methylene area
ratio [CH3/CH;] of the TREF peak.
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physi cal properties (bl ocked interpolyner), nost
preferably a nmulti-block copolyner, said bl ock
WO paoenmiobe/mer havi ng a nol ecul ar fracti on whi cPCEUS1066009500
bet ween 400C and 1300C when fractionated using TREF
characterized in that said fraction has a nol ar
[39%noNno r@m@mnt@ rbntentghey be meafuesdalsing aty sugasde tdshnique, with
per cent _hi nor e pref erabl | east 10
teohnrﬂugﬁ Bfsed oh cl@ﬁrama%@tls TSORE éﬁ@mﬁa&wmm@rﬂ%ﬂfég Using this
technﬁ eLRPbMEE 1§1feﬂ%ljnﬁ@r 1Bl v Oélfégngﬁ\t.r‘ﬁ’@ﬁ@nérﬁ@r SOt than a
mper at ures, wherei n sai d conparabl e random et hyl ene
correspmldmgc«;loymabbanmpcﬂmem he sanme conononer(s), and has
a nmelt index, density, and nol ar conmononer content

ased ner hin t
0 he TaPabte PR BB RB o ot lsPh Pad TR A% R W plootymer
has alcbB08ORBIEdoARINE of Mt ETREH @ ioniehutilgtRtWéehiomnd A 3% gRffer than or
of that of the blocked interpolyner and/or the

equalde isatuaBtity (- A28 AT yrAd07h srpreipreirably eedns dhasror cavldp the
quan t b Bo "1“1—929 J & ?r}_l; th%fmﬁl{é?i% loJa Jenﬁ R &K%ﬂl’[lon temperature
At ed"

rpo cont
of the/SREP fﬁnuolsbmhgbd)mpzire«t,hmaqmed inf@. h t ec hn| ques based on
nucl ear nagnetic resonance ( NVR'") spectroscopy
d. l\/br e

referr Ie s .of
(BT e EEira i dreohica Ly depot R 06 ) B injergolymers of

ethylEl’Ril B odténd \!vﬁérE aplAGF HRNRhRhoHRE E&t&ﬁ@%rsh@ TREF elution
fractions each having an eluted tenperature range of

tempm@a@ o seessal comparablesethydanddl -erigne ihtérpelymeti(rangdomecopolymers)

v A SRR TR A1y 200 R, B 508t

020180 € -s2L.D7 iy dpldtanbray dogeddidel gliss desm&tad areAh®E@idiomer contents for
content than a corresponding fraction of the

fractiophpla lalspleeﬁhﬁkee/écﬂ% AntepgimarhagerEtingfo enabadiments pithe
1nveﬂtf3\ﬁ?§1ﬁ1gt; ﬁlo@Q lcéé%@?ng}e% a)g%l %Llj?l{e 'nﬁgo%lér':igf‘eg[ﬁﬂ&ﬁﬁgieﬁactmns have
si gmﬁ(mﬂlyymgher 1 alotene conontothen sithen lipe htyayaiviakead ehhtlmnrtemperatures. This

et SRS S SR AL RS R 05k 1 B B0 R0 L0 e

of d1ffEFeﬁ§at6ﬁ bibstd mhlhrih&fsamneﬁéhaﬁ{s RS 6&th cBYsti@fel dndSimorphous
(bl ocked interpolyner), nost preferably a multi-block

naturgopol yner, said bl ock |nterpol ynmer having a peak (but
not just a nol ecular fraction) which elutes between

8ot g Sorab iy Y af TR PR Bhgmer e of
polymai flagiieak forBxample 5 and comparative F to be discussed below. The peak eluting
from 40°C to 130°C, preferably from 60°C to 95°C for both polymers is fractionated in 5°C
increments. Actual data for three of the fractions for Example 5 are represented by triangles.
The skilled artisan can appreciate that an appropriate calibration curve may be constructed for
interpolymers with differing comonomer content fitted to the ATREF temperature values.
Preferably, such calibration curve is obtained using comparative interpolymers of the same
monomers, preferably random copolymers made using a metallocene or other homogeneous
catalyst composition. The inventive interpolymers are characterized by a molar comonomer

content greater than the value determined from the calibration curve at the same ATREF
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conmononer content estimated by infra-red spectroscopy
when expanded using a full w dth/half maxi mum (FWHM
wae®@a/1ebeul ati on, has an average nol ar cononoPETF/US2006/009500

content higher, preferably at |east 5 percent higher,

nore preferably at | east 10 percent higher, than that
elutionfteraperatips peaférablyann thas Epdrydre gecatent reoeqirgfomblype ddasat0 percent

the sane elution tenperature and expanded using a full
greateg dt h/ hal f maxi num (FWHM) area cal cul ati on, wherein

sai d conparabl e random et hyl ene |nterpolyner has t he

[G?a?”e CQHQA@BA tSthe aBShd Reds AR bropHiEXdesBGRSl HeYam qﬁ? inventive

nol ar conmononer content (based ‘on the whol e pol yne
polymwrs hatmbelﬂlapee:terend by bne hamorsf additionpl dekasteristiese lp ohg aspect, the

b
imvert14E BB A P SR PP (S RIREgY BARBRRd one or more

copol?ﬁieﬁkﬂﬂé YoBEncMd B pdlii@esdFaii ihardc iy iEipldBiScles or
otal comononer content within 10 wei ght percent of

segmena of B¥o erreols|nokwearized rangsley Heits diffieng in qhemienl By pRyisical

prope%%%h(g*b%%d: y@g’%ol 1%' féulinggst ﬁggfgfea% Qﬁﬁﬁbggf%&fﬁnéros {%block

mterp%T)Rﬁﬁ* haﬂfnfgarrﬁeldcﬂeﬁ Radtion whitleelaien béﬂv\eeﬁ 409CGatd 130°C, when

(highest) peak is identified f the base | i ne,
fractippasen WoRe lla?f%‘aeliﬁé’ arEieRZeb i hptgridirastion .h%%mogﬁﬁ

como%ﬂl%ﬁ&ﬁﬁeﬂﬂ i Qr e FAL Bt RERK ér@@nt IEVQFM' %‘i@r@ Ffe?elg fyiaf st 10,

as the area the curve Bfween wher e
15, 20 dr aﬁplermltém@epcﬁhamt thatchetasqomipaesdle tandoth ethyﬁme minwotyngmtfractlon

of TREF th hei ght by t
eluting, ety g g kARG ST St AP Ak eseh R ke
1nter§d11§ﬁl{1e1‘ LR RECHS shhe céBbhoradHh) rpr%¥abﬂ)§0ft‘i§ 8 Sarfé céiénomer(s), and

curve. A calibration curve for conpnoner content

a melit éndewncdensisy, agd nmﬂmmn@pﬁw@mfaﬁ thasedror hsorhphepelymer) within 10

percet 8 Al GOTRIEIRE BRI PR R st

1nter1§tﬂjfm&f1§hlso Rvithik V@pelﬁerg@ﬁﬂ{aﬁbﬂﬂlefdhickbdh t@polynee amndionthe

pe interest. The conononer content of TREF peak
comn@fabé%@tqrm}@ﬁ@# Y ajaia) rsporospeTisanigat wﬂmdeN%gpiﬂ percent of that of
the bf"%f‘ﬁfﬁ%&ngmﬁp' s calibration curve using its FWHM

ylene area ratio [CH3/CH2] of the TREF
peak.[59] Conobnoner content may be neasured using any

[&i t abl l%refemiﬁwthmdqovwmthrppémmqs gedntetpdaners af cﬂmﬂeggand at least
o 3R RSP ST pRSLFAG T ) Mo
0.855%| a@bu’@@gwgﬁﬁp, #d &8 lespddRily For polymers having more than about 1 mole
percent comonomer, the blocked interpolymer has a comonomer content of the TREF
fraction eluting between 40 and 130°C greater than or equal to the quantity (- 0.1356) T +
13.89, more preferably greater than or equal to the quantity (-0.1356) T+ 14.93, and most
preferably greater than or equal to the quantity (-0.2013)T + 21.07, where T is the numerical
value of the peak ATREF elution temperature of the TREF fraction being compared,

measured in °C.

[65] In still another aspect, the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more copolymerizable comonomers in

polymerized form, characterized by multiple blocks or segments of two or more polymerized
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correspondi ng conparabl e interpolyner. [60]
Preferably, for interpolyners of ethylene and
wdz2metierreq the bl ock interpol yner has a cononoP@r/US2006/009500
content of the TREF fraction eluting between 40 and
13Q0C greater than or equal to the quantity (- 0.2013)
monotneruRifs differinginechenidat paphysigt paperties fhocked meppalymem), most
t he quant..t -0,2013) . T+ .07, where T is
profersiften Pl bod {rpoligingei %@921% atrpplymer BRyRs 3 il Gagtion
whlchTé%Et%s Béﬁféﬁh Q@"Cbﬁidn@ 0% \PiRdnSFactioBASA Ay TRE@%crEﬁéﬂlts
Figure 4 graphically d’epl cts an enbodi hent of th
charattenzdd i 1n ihas eperty yiraetien bdvieg hymaleom@rcconteomf@ﬁ éeas\wé)pet @mole

he co r cont e | ut
percefl, i PineltiE FRGT LRl it OBpLIoAE: EobBhyT aRdit: biVens
comoh&h ey qitenfiBom a(Ho@ﬂKi ﬁ’f@l&}%@@én‘l eatout 8he1é pércdr, @Jefy fﬂﬁ:tlon has a
re resentlng (- 2013 + 20.07 (SO|Id I|ne

DSC miefingfpeintof ab @qdé@u%ﬁr lgh@ Mqrs)prelfera @1S@¢pol§n@é§?@t%=
t
i AL e P R 58 B R RO B o e
equatidnt erpol ymers according to errbodl nments of the
invention (nulti-block copolymers). Al of the block

er po ractions have sjgnificantly her
) Tk el Bttt pomtemgier e Aaf e Lt
elution tenperatures. This result is character| stic of
[dee i nugRb Mﬁtﬂeﬁh%fe@pkﬁéqﬁﬁerﬁw Pbgmﬁ:? id AVt Ritd?Bol Hﬁr
to the presence o fferentia bl ocks within t
preferablyyeasprising aikylentsandrgeios more ¢qmd§an¢rmblemmoaﬁmﬁﬁh@ us
nat ur I
wos A Bl S BRLS o s sfEpgymere
monomeR Wialtediffesing i€ clivpetAlor pRydical prdpertiés SMU&&ddntbinMerThﬁost
peak eluting from4Q0C to 1300C, preferably from 6
prefetaélmm@hrblrocbe?wlwpry pais Black TnteipelSress bpae Armajerelar action
for
which JEICEBERICRn 40 HEL LR A AR b TREIAG AR
charaatetizvahin thareveryprativatlat hiran ATREPphuioni temperward freater han or

e TR SR BRal  B SHPR R MIhC comespoin

to thd KpREsAt ure val ues. Preferably, such calibration curve
i s obtained using conparative interpolyners of the

same nmonomers, preferably random copol yners made. usi 9
a Theat af fl@@@r{é/gm) SfhEFLS glgtien temperature in Celsius) — 136.58,
[67] The inventive block interpolymers have a molecular fraction which elutes

between 40°C and 130°C, when fractionated using TREF increments, characterized in that
every fraction that has an ATREF elution temperature between 40°C and less than about
76°C, has a melt enthalpy (heat of fusion) as measured by DSC, corresponding to the

equation:

Heat of fusion (J/gm) < (1.1312)(ATREF elution temperature in Celsius) + 22.97.
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catal yst conposition. The inventive interpolyners are
characterized by a nolar conononer content greater
wao b@n/101966 val ue determ ned fromthe cali brati oPCTUS2086/009500
at the same ATREFel ution tenperature, preferably at
| east 5 percent greater, nore preferably at [east 10
ATRES RakiCgnendmér Cpmppsition Metisurameritthyt IhnfraRed etenp@ct s
and properties described herein, the inventive

can be characterlz e .
e T orhsicoteapwer Snes o e LRER Dol bepeasured using an IR4
mfraJréa/@éﬂédtMeavanma%ni polﬁﬂepd:@irl Valehdigr sty mer
preferably conprising ethyl ene and one or nore

(http:Yapol.pekymicrchiat.eomBononmer s in pol yneri zed form
characterized by multiple blocks or segments of two or

t{gj re poi‘ﬁém% ﬁSﬁuEﬂ? Hl%ﬁ@r &gtaalc); {s% h@?ed Q/lt;i IA%réag@Jement

physiCal properties (

sensc (E€HeY zaid! cbn@osmbﬁ serl3bOEHY ﬂmﬁ bhaenfered rﬁﬂbdf Hah@ ékfra-red filters in the
,|nter&ﬂlﬁner V|ng a nol ecul ar fraction which el utes

regiop of ¢ ndihg Meprurenne sensphdtedih earrtidpiry Chiparbons on
the pggﬁ%? FRRLE dlrgé? BRI ﬁ{%ﬂoogﬂnér%hc aﬁor&frﬁ%ﬁdtﬁ)ﬁe%ﬁe fhe

cononone cont ent referably at ast 5
commeitioa isénshi ddtects thmneﬁhyir(@ﬂg) giouys af the pa]srtnewrhelﬁathaﬁatmal ratio

ercent . hi : an t hat of
of thg RSO 1Y o) AR B B atpaei PR B e i HasTive to the

como%ﬁﬁr t&TBR ro@merrﬁ@asm%%g}nﬁbr%@bauﬁml@éoﬂe@pdh@@féwlbrated with
| ene interpol ynmer conprises the sanme conononer(s),

kno“fmr@l)igéstmlpha-@le ig coprdymemsanslerdsnomer (s), and a mel t
i ndex, denS|ty, and nol ar conononer content (based on

[‘L(ﬁ g c Y(VI; gffl?en e rpo | yﬁr%l\rlﬂsg(gwpe r al_ag%/ﬁ IE pﬁt%tﬁﬁb‘llggst %A%ﬁ a

concéniipiah OHS) andtcemposiyior (CHS) sidnabrespdrise bf the eheedpolymef during the
that of the bl ocked i nt er pol ymer and/ or the conparabl e
TREF grosetso mefpegilic GRlralio AT calshveReasiipg i 2pep ratio of

the C[‘Pg,'i? '@t&gg?fe gtggxﬁmflﬁ witBloviH cdnitfholle? E{ﬁ?[gnt'( 18 RAL Y Sured by

the above I nterpoly are
NMR)nThe pmh«yzms cofitentt ¢fian AER BN deakt ofl agadymenvan de obtahitad by

o SR i B A B 5 B R v

respdBé §i.€ SRAGHA CH,fCH, Redu¥ BBSnbram dogted®l € t han about 1
nol e percent cononomer, the bl ocked interpolyner has a

conononer content of the TREF fraction elutin betmeen

[Zd and Twooes gy hapesksioan ke splowgted using arfild widthaifiyaximum
(F Wﬁl\/ﬂ)%amﬂaﬁoﬁ after applying the appropriate baselines to integrate the individual

signal responses from the TREF chromatogram. The full width/half maximum calculation is
based on the ratio of methyl to methylene response area [CH3/CH;] from the ATREF infra-
red detector, wherein the tallest (highest) peak is identified from the base line, and then the
FWHM area is determined. For a distribution measured using an ATREF peak, the FWHM
area is defined as the area under the curve between T1 and T2, where T1 and T2 are points
determined, to the left and right of the ATREF peak, by dividing the peak height by two, and
then drawing a line horizontal to the base line, that intersects the left and right portions of the
ATREF curve.
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13.89, nore preferably greater than or equal to the

guantity (-0.1356) T+ 14.93, and nost preferably
w@e@atieres han or equal to the quantity (-0.201B01TUS2006/009500

21.07, where T is the nunerical value of the peak

ATREF el ution tenperature of the TREF fraction being
[7@pnpar éﬁhﬁ applastior df infrad€d spfrpsdopy $¢ mebsuamthelvtomonomer content

of polS ke ey Ao g DD RS 1o of GROFTIR

systelﬁ§ aéT@Js@nEé?lHﬁ R %a I%fe‘féiﬂi@@ WIRLSvich IR BF 1ALk, Lonnie G.;
form characterized by nultiple bl ocks or segnents of

Smittt, linley; “Bawdopmblytmé rgekp@mnWMmmamgrath$emlwqramfom infrared
spectqomoay&aT o?er}éﬁaétf lofb&{f@a qse B(gllgfﬁf% 1) CBP%}H?erS” Polymeric

MateG419 SEMARY andFighhcRHAE l(19911t)669098y1m diﬂ\Dé%ﬂauﬁeﬁDP 96 Wohlfing,
fracti on which el utes befween 400C and 1300C, when

D.C.;fShigh Eoln af@@ﬁnuﬁfm@ shorErhajmhraehing Bicresimcheesdncthydener] -olefin
copol&ﬂl%}s u%an%o u%e eé( ﬁltsio%'lhﬂ)%){dt% ﬂ}fm%%{ tr%%%pr%lplkl{r%edat

east erce

spect@)@ﬁi}iyﬁ(SEChlaHRa’hMyrﬂ.ﬁQQI)Oﬁm3 50aF6., botaifivitich fravmcgpa@ated by
conpnonrer content from about 3 mol e percent to about 6
refergnge Bergisyin dhair endiy@lyy fraction has a DSC nelti ng poi nt
of about 110C or higher. Mre preferably, said polyner
[’7f321aCt | qQP$houltPde MiflePdhal WAEE tht TRAHF RECHRATIn 4O ﬁ’@(’i‘\%"ﬂ'é‘é@ﬂptl% are
s a DSC nelting point that corresponds to th
obtaimagliatai S0 inTienrent, othe EAGetatwie 1p@r:ments atspessiblee rF of instanee, a

TRk FEG Ol Dt G eoiegh 4 K RBieBbR gt ncromehl Sr 1 °C

increegd erably conprising ethyl ene and one or nore
copol yneri zabl e conononers in polynerized form
characterized by nultiple blocks or segnents of two or
[Tr e pdioy rerelymars b siwrisne gnd ag arplelin .ﬂvedngwe melyiness preferably

possegsg gl? g?fg%ﬁﬁ’lat REGASY tﬂ%(ﬁ gﬁ&érgﬁlg%g 1dalt 125 2P cj@é r) jor BPRbst 2.0, and

a nulti nmer, sal
most iprttfmahlgl ay tmst Z@wiprig aanmmhemuta;hre dera(b tohaye pwtfemhlyeipuo @snaximum

en 4Q0C and 1300C, t d ' TREF
of 3.3 3h EFHEAALY o fas gEnam eia T DR JIRNH o0 PR o @) an
ethyl@RScomtbnt\ Izt 56 Weight ya %la@i @&isﬁ[oﬂt@ﬁ@e@fm@ Y2bf less
to about 76C, has a ne ent pé (heat of fusion) as

than 285G, mend pissfemBly, lesﬁdhmeé@c%dmd@r( angeang qukitang km.

[75] Further, the inventive polymers can have, alone or in combination with any
other properties disclosed herein, a storage modulus, G’, such that log (G”) is greater than or
equal to 400 kPa, preferably greater than or equal to 1.0 MPa, at a temperature of 100°C.
Moreover, the inventive polymers possess a relatively flat storage modulus as a function of
temperature in the range from 0 to 100°C (illustrated in Figure 6) that is characteristic of
block copolymers, and heretofore unknown for an olefin copolymer, especially a copolymer
of ethylene and one or more Cj_g aliphatic a~-olefins. (By the term “relatively flat” in this
context is meant that log G’ (in Pascals) decreases by less than one order of magnitude
between 50 and 100°C, preferably between 0 and 100°C).
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Heat of fusion (J/gm < (3.1718) (ATREF el ution
tenperature in Celsius) - 136.58, [67] The inventive
whk@wel0i9n er pol yners have a nol ecul ar fracti onP@iU81906/009500
el utes between 400C and 1300C, when fractionated using
TREF i ncrenents, characterized in that every fraction
[Telhat h éi%heamveﬁﬂiREﬁtabomy'mrs meynpefiather ehabatavered b4@0C and

LR e A TR
< \) :
well e%%'@é}éuﬁ'ﬂ mddaftls okt kpY (ﬁ@lﬂ/ﬁ’g to+1§2 .s% o b .Rglgearﬂatwely, the

el ution tenperature in Celsi
1nven@memmrpal|ynfémqm§1aw a:thektaamadammat atmjysisenetrRisch depth of 1 mm at

o empgaTe S At HEG o8 G dh g o RSk Phetgert dEpudeapPe)

They RYa3 He%bﬁcfeh@éﬁ Esq{awﬁ@’anq}b?dsmn\f@él@tﬁﬁé or aﬂﬂin@ loss) of less than 90
ht't rchar.com [ 69] ‘conposi tion

e
mm’ nBl@@re 7o$hOWSéﬁ K/bée(lomm)yer,sqa flepaxwdwius ﬁordhmsmm‘&mhmers as

| t.
comp 8ot Fat ER BT ribe B FF PPl TRk o' Blcn e
flexibiBi§ChedORPisiibe Balanth ehaterhs bihenpslymegnsor detects the
nmet hyl ene (CH2) carbons on the polynmer (which directly

rel ates t p tratlonln sol ution
[Gihi 1 e t Tm@assﬁ%tﬂ Fcoe ol tadremolmes %‘mwar%‘ép@flex b,
from 970345 3006 /tlb?mﬁﬁ’ﬂe 'ﬁ?éfer%ﬁngﬁ mﬁtgtllot@gg/ er%inﬁtlem&'%%referably

conp05|t| n signa y measur enent
from §i03 rtal50Q EHP)minstes.cmdi espacmllycfrdm 6.0d dod A0 g0 moionteenin efrtain

e T L D L SN PRIEE LB 1
minufek; %&ﬁfodsito d0/E1 0 Gt h%ﬁf Plo 380 UaRGeNMroh ?;ﬂo @EB@Enmutes or

I nstrunent provi des a concentrati on (CHz2
from @d’rﬂpd@l &/1 (omir(u@s3 )n scnycna Iemlbe@pwntseth@fmdlhmd@t fotr ek ethylene/oc-oleﬁn

polyBite ST e, S0P 307 Byp My the aren rat i o

of the CH3 to CH2 for polynmers with known cononomner
[18nt entTHeRfodfrRéd Rhy havRansle@darbyei Mw,Tﬂa@nqqmorgmere to

content of an ATREF Eeak of a can be esti mated

5,000:900:g5 i, epiernbly feome L @Mbemolg tOQ?%@/q 19 srore preferahly érogs 10,000
g/mo{qu 586 %@5 Iﬁ(;letzﬁﬁ éﬁg@é@% 1%0 ﬂﬂd@ﬁ%é@é@? le The

versus ¢ nnnoner dont
density of the 1nvent1ve polymers can be from 0.80 to 0.99 g/cm® and preferably for ethylene

containing polymers from 0.85 g/cm’ to 0.97 g/em’. In certain embodiments, the density of
the ethylene/a~olefin polymers ranges from 0.860 to 0.925 g/em’ or 0.867 to 0.910 g/em’.

[79] The process of making the polymers has been disclosed in the following patent
applications: U.S. Provisional Application No. 60/553,906, filed March 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 Application No. 60/5662938, filed
March 17, 2005; PCT Application No. PCT/US2005/008916, filed March 17, 2005; PCT
Application No. PCT/US2005/008915, filed March 17, 2005; and PCT Application No.
PCT/US2005/008917, filed March 17, 2005, all of which are incorporated by reference

herein in their entirety. For example, one such method comprises contacting ethylene and
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[71] The area of the peaks can be cal cul ated using a
full wdth/half maxi rum (FWHM cal cul ation after
wW@p@osoreee t he appropri ate baselines to integraP€r/uBm®06/009500
i ndi vi dual signal responses fromthe TREF
chromatogram The full w dth/half maxi num cal cul ati on
optionailyloas edmore 4duitiorapdl pmedizabiet tghorhers wihehthae ethylens podereddition
areﬁg£C}B/C}Qg fromthe ATREF.i.nfra red detector,
polymgrizatigncandifions, it cataly s FIRPYSIIILEOMRIISE Nt i £ ed fr om
the base line, and then the FWHM area i s determ ned.
Fotie fndkibd behdton piBRRUIAHIMS iffdeh esm¥ihiRer peak, the
FWHM area is defined as the area under the curve
between Tl and T2, where Tl and T2 are points | )
dédpr firsietefinmelymerizaion caiplystrhaying atigh pemermes ipegRoration
by dividing the peak height by two, and then drawing a
line horizontal to the base line, that intersects the
left and right portions of the ATREF curve.[72] The
afB) & ssbhd plefih pohfmarizatoh spagitrmsmgmcomnomesincerpoiwion index

conpnoner conte of pol rs inthis ATREF-I ra-red
less A HlcRproests FFe FM&%S&?@} I esprarmpd rrvigiebare rpggcent of

: E | LRy ng references:
the C&N%%?\?é%%r%gﬁgnéﬁg& df’&éfzal%ﬁt ?Qj’ Lonnie G ; Smth,

Li nl ey; "Devel opment of gel -perneation
cEdashaigslapgipgrgenti er transforminfrared spectroscopy
for characterization of ethyl ene-based pol yol efm

I y . : .
0 1RET TRt R s Mgl e i GREERRTE fllows.

P.J.; Rohlfng, D.C.; Shieh, E. T.; "Quantifying short

[8dai n WEanlykt @d)nd B¥-03 6+di(d taetbglethyDphdnyDemid o] ef i n

i copaQl ymers usi ng size cl usi Qn_chr omat Qgr aph nd
isopreRy) heayl)@rae@ﬂeﬁ?%-ﬁfx@@a@ﬁgcﬂ%wlg@efggvsg@%%ﬁéﬁ?wh}’h prepared
accorT AT R té&%gf% of %0 032019817 SPP4tbn19 N5 1065 784 Bnd No. 6,960,635,
|ngorporate y reference’herein in their’entirety.
and WO3IW/24748houl d be noted that while the TREF fractions
in the above description are obtained in a 5 0C

i ncrenent, other tenperatdyre increnments are possible.
q DY
qy

5 index

For instance, a TREF fra cotdy,be in a 4 0C
increment, a 3 0C increng a 2 0C increnent, or 1 0C
increment. [74] For copol yne e and an

a-ol efm the i nven;@gHQoOl ynyers possess (1)
a PDI of at |east 1.3 _-nure east 1.5,

at least 1.7, or at |

H;C)HC ¢y, CH;

15

[82] Catalyst (A2) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
methylphenyl)(1,2-phenylene-(6-pyridin-2-diyl)methane)hafnium dimethyl, prepared
according to the teachings of WO 03/40195, U.S. Patents No. 6,953,764 and No. 6,960,635,
and WO 04/24740.
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nost preferably at |least 2.6, up to a maxi num val ue of
5.0, nore preferably up to a maxi numof 3.5, and
wezpeaddbé y up to a maxi mumof 2.7; (2) a heatP@f/US2006/009500
fusion of 80 J/g or less; (3) an ethylene content of
at | east 50 weight percent; (4) a glass transition
tenperature, Tg, of |ess -250C nore preferably
| ess than -300C, and/ or eCHhd only one Tm [79]
Further, the inventive poly rs C ave, alone or in
conbi nation wth aﬂ%ggt [ di scl osed
herein, a storage log (G) is
greater than or equal ly greater
than or equal to 1.0 t a of 1000C
Mor eover, the |nvent|vq a relatively
flat storage nodul us as” a function bf tenperature in
the range fromO to 1000C (illustrated in Figure 6)

ﬁ#ir et gf%?tg?éﬁ%g BTSE\?NQL'(ZJ gél'ikncggglolygerr;f’ Zggeci ally

trl(méthy‘l?ﬁ@iﬂﬁiﬁﬁdé)ét zlehydlﬁmﬁleﬁ{hﬁmﬁﬂﬁhbénzym e C3-8 aliphatic
efns. (By the term"relatively flat" in this

context is nmeant that log G (in Pascals) decreases by
| ess than one order BfCypegn s bet ween 50 and 1000C,
preferably between and DC).[76] The inventive
i nterpol yners ma e characterized by a
t her nonechani cal \anal ysi s penetrati on depth of 1nm at
a tenperature ofppatslg@st C asxuwehlcas a flexural
nmodul us of from kpsm (20cMpPa) to 13 kpSI (90 MPa).
Al ternatively, tRe inyntiye interpolynmers can have a
t her nonechani cal a [ netration depth of 1nm at
a tenperature of at 40C as well as a flexura
nodul us of at |east 3 kp MPa). They nmay be
characterized as having an abtrdsion resistance (or
volume | oss) of less than 90 mmB. Figure 7 shows the

5 [WA ( 1chmRlysy eAHUS bfst@lbx@?ﬂy-'(&i%eﬁzbt1Hjﬂ)@rrblé\/ﬁ*yl)ls\lﬁnethyl)phenyl)
pol yners, as conpared to other known polyners

-ph¢nwmﬁlwbcm1wamesl Redid ztcgpiv @Y eibpnpdinrepared substantially

accordltf%)itlo*%hé {eg%ﬁyg,?s%'&&fdgsf’a%rﬁ o; 6%17%86 than the ot her

I

t'ional the et hyl ene/ a-olefn
i nterpol yners can have a nelt index, 12, from0.01 to
2000 g/ 10 m nut es, rably from 0. 0k=ro 1000 g/ 10
m nutes, nore prefe p framO0.0 /10
m nutes, and especi a ' : o~ 180 4/ 10 m nut es.
In certain enbodlnents h olefin
i nt er pol yners have a i wdex, fxom0.01 to 10

g/ 10 \
e 00 O cH,
7
AN

[85] Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N~(1-
10  methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl
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mnutes, fromO0.5 to 50 g/10 mnutes, from1l to 30

g/10 mnutes, froml to 6 g/10 mnutes or fromO0.3 to
waogndoeér nutes. I n certain enbodi nents, the PEI/US2006/009500

i ndex for the ethylene/a-olefin polyners is [g/10

mnutes, 3 g/10 mnutes or 5 g/10 mnutes. [78] The

pol ynmers can have nol ecul ar wei ghC&H: My, from 1, 000

g/ nole to 5,000,000 g/nole, C@g@%gr from 1000

g/nmole to 1,000,000, nore pfeferah om 10, 000

g/nole to 500, 000 g/ nol /e n90 @' GFBm 10, 000

g/ mole to 300,000 g/ nAf e. B, dens of the inventive

pol ynmers can be from Q\80 t/o\(3 99/g/ cnB and preferably

for ethyl dHeC)o from0.85 g/cnB to

0.97 g/cnB. In cer enbod f t hex-dmpsjH,y of the

et hyl ene/ a-ol efi n pol yxers ramzfrom 0.860 to 0.925

g/cnB or 0.867 to 0.916(GenB. [79] The process of

maki ng the pol ynmers has been dlsclosed in the

foll owi ng patent applications: S. Provi sional

[8%pl i catalystdB2)dol.B398s- gb%dl-f-bu@hohwlenc)ﬁl?(l\l tHogthyleyslohexyl)-

60/ 662, 937, filed March
‘mm%%”!ﬁ%g%ﬁ QR%‘IF%“@}E‘{&%% Nappl i cation No. 60/ 662, 939,
filed March 17, 2005; U S. Provisional Application No.
60/ 5662938, fi I ed March 17, 35; PCT Appl i cation No.
PCT/ US2005/ 008916, fil ed 17, (6833 PCT
Application No. PCT/ US2Q@57 DQe H-ed
2005; and PCT Appllcatlon No.! P

I‘

such et hod
andopt i onal | &1t|on pplyneri zabl e
monomer s ot her than ethy{ene underAddi ti &FTCH2CeHs
pol yneri zati on conditions @*{ﬂ al yst conposition
conprising: the admi xture Pes
resulting fromconbining: (A a first olefin
pol yneri zati on catal yst having a hi gh conononer
5 [8Tcor poCatalyan(CHde &-blﬁﬁ}nmﬂloSdiﬁmmyl@I-Nﬁ:iymolyl- 1,2,3,3a,7a-1-inden-1-
polymerizati on catal yst hayi ononoper )
yDSiIRRRESFRR SEEHY} Rigeared sibstaaraly s ﬂé%@ﬁg? teghriflugs ]y, S- Patent
No. 8,868444han 50 percent, nost preferably less than 5
per éent of the comonomer incorporation index of
catalyst (A), and (C) a chain shuttling agent.

N

(HCRSK ~Ti(CHy),
N

C(CHs)s
[88] Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,7a-1-

10  inden-1-yl)silanetitanium dimethyl prepared substantially according to the teachings of U.S.
Patent No. 6,825,295:
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[ 80] Representative catal ysts and chain shuttling
agent are as follows. [81] Catalyst (Al) is

wQ M9l (| - met hyl et hyl ) phenyl ) am do) ( 2- PCT/US2006/009500
i sopropyl phenyl ) (a- napht hal en-2-di yl (6-pyridin-2-diyl)
nmet hane) | haf ni um di met hyl , prepared according to the
teachi ngs of WO 03/40195, U. S tents No. 6,953, 764
and No. 6,960, 635, and WO 04/ [82] Catal yst (A2)

is [N-(2,6-di(I-nmet A p Nani do) ( 2-
met hyl phenyl ) (|
, 2- phenyl ene- (6- pyri di n- b

C .
SSMaf hi um
di met hyl , prepared accordipgg e ings of WD
03/ 40195, U.S. Patents No 53 64 and No.
6, 960, 635, and WD 04/ 2474 yst (A3) is
Ms[ NN "-(2, 4, 6- H3C
tri (et hyl phenyl ) am do) et hyl enedi ami ne] haf hi um
di benzyl . [84] Catal yst (A4g is
[819i] s((2 Qategybt (€3 ds Gdnpdamido)di(4-methylphenyl)(2-methyl-1,2,3,3a,8a-1-s-

th . .
indacst R RTe R e bt VSTl ssepsing o fegghings of
U.S. Pathany/le,8281o@gar ed substantially according to the

teachings of U S. Patent No. 6,897,276. [85] Catalyst

Bl) i
I(, 22b: 2-(3, 5-di-t-butylp ene) (I - (N-(I met hyl et hyl)
i mm no) net hyl ) (2- oxoyl)

um di benzyl [ 86]
Catalyst (B2) is m.c
(1 -(N-(2-net hyl cycl oh

|, 2-bi s- (3, 5-di - t - bULYT phenyT¥
exyl)- inm no)nethyl) oyl ) e um di benzyl [ 87]

Si Ti(CHa),

Catalyst (d) is N
(t-but yl ani do) di met hyl yr hol yl -1, 2,3, 3a, 7a- h-i nde

n-1yl) silanetitanium yl |prepared substantially
according to the tec%g ques of AL®)s Pat ent No.

5 6, 268, 444: C(CH3)3 | Catal yst (C2) s
(t-butyl am do) di (4- et hyI phenyl ) (2-nmethyl -1, 2, 3, 3a, 7a-

), PSS OB O s OB g it

availitdé éoin $igma6&l&ﬁ6h 295: [89] Cat al yst (C3) is
(t-butyl am do)di (4-menyl rhenyl) (2-nmethyl -1
, 2, 3, 3a, 8a- h-si ndacen- |-yl )s | anet it ani um di net hyl
pr epared substantially according to the teachi ngs of
U. S. Patent No. 6,825, 295:

[91] Shuttling Agents The shuttling agents employed include diethylzine, di(i-
10  butyl)zinc, di(n-hexyl)zinc, triethylaluminum, trioctylaluminum, triethylgallium, i-
butylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum bis(di(trimethylsilyl)amide),

n-octylaluminum di(pyridine-2-methoxide), bis(n-octadecyl)i-butylaluminum, i-
-26 -
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[90] Catalyst (D) is
bi s(di net hyl di si | oxane) (i ndene-1-yl)zirconi um
wal@wbiiosee avail abl e from Sigma- Al drich: [ 91]PCT/US2006/009500
Shuttling Agents The shuttling agents enpl oyed incl ude
di et hyl zinc, di(ibutyl) zinc, di(n-hexyl)zinc,
butylsltun@iuny bia{din-peuneg])aintide)¢h ok dhiinum bis(2ietdiybgalphénoxide, n-

oo e L P S0t tosic,
o

o oA S SR BN S o
azacyslohéptagernpde)t ylopgirlaeinumbie@t 6, AdirinacHrazacycloheptaneamide), n-

1S(2,6:di-t-bu henoxi. de, . noct i nu .
octsiglitiy Pl ey Briade” cpfaiiele Gty Phenoxide), and
ethylﬂh@&thﬁé%i&é)di met hyl si | oxi de), ethyl al um num

di (bis(trinethylsilyl)am de), ethylal um num
bi s(2, 3,6, 7-di benzo-| azacycl ohept aneam de), .
[9]oct y|ngf§mbhg ithe foregoing process takes the form of a continuous solution

. ' . -5 ) .
s B Sk B R b AL SR RER iR, ety v
multi?ﬂbc}éd (itipﬁglér(ejis ﬁfE’g\lzo]pheﬁm? ﬂhﬁglﬁﬁerﬂ &jore ];Oe’pécieﬂjﬂ gihglene and a C;.59
t - but oxi de) . Preferably, the foregaqi r ocess
olefis i lopietiny MichibBrLcspeseHiD] KRS Bt 20 Dy b abeE o iple
| . es i :al - . . e
a1 ¢ D12 0PRSS L il Oty dsin
Undeotorntinmons sahutien podyroenizagion nonditi@sptheipaddeys itideally weitealntdr
a C3-.20 plefin or. cyclool efin, and nost especi.al
polyoriigh el HRUES SHTaRo SR L PR BT Cer g Undel these
polyR&iAli¥S bendifids, Shu@lihp GRRABE 8hath shitiBpGREMEb Shedhtal I Bbcomes
is, the catalysts are chem cally distinct. Under

advanfegrd; aeumnasedse|chein growwd) sndemiliishlpehcanehaners.epeciallydinear multi-
rocess.is. idealld. it pol yneri zati on of
bloc%o?f)gl%egs %rFf(Sm eélnlérh%%a fﬁﬁf‘%‘ﬁ;‘ nonomer conver si ons.
Under these polynerization conditions, shuttling from
[9¥)e chdlle iahetitive intgrpalyerttrs tnay bh diftatmiaysit frdre comeational, random

dvant aged ared to chai row h, and nulti-block .
copolygiset phivesl _%Eeg@_%ete RATYPers; ﬁ@gﬂg“rﬁﬁo@PWW@B%f‘ YHeteguential
mon@h& HAHFRIAIofM] SkaBhhki HiGRE Yr cdiDilc VIS paIYRBEi LR techniques.

interpolymers may be differentiated from conventional,
In partioutioeorupaoddytoartendqph yepodghertyiféheisime mpwinyere asd manoimer content

bl ock copol.yners prepared. vi a. sequenti al n [
ot ey iee RO e B EE L bR RGN TR ARy igher) eat
resistahdd A3 RBUAIBY inZélih®poih© GIYAEATIORA pdnRtrRedd fefipefiture, higher high-
conpared_to a random copol ynmer of the sane nononers
tempegatiretonsiteyirengthy and/or higher high-temperature torsion storage modulus as

determined by dynamic mechanical analysis. Compared to a random copolymer containing

the same monomers and monomer content, the inventive interpolymers have lower
compression set, particularly at elevated temperatures, lower stress relaxation, higher creep
resistance, higher tear strength, higher blocking resistance, faster setup due to higher
crystallization (solidification) temperature, higher recovery (particularly at elevated
temperatures), better abrasion resistance, higher retractive force, and better oil and filler

acceptance.
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at equivalent crystallinity or nodulus, the inventive
i nterpol yners have better (higher) heat resistance as
wore@snowes by nel ting point, higher TMA penetr ap€DIS2006/009500
tenperature, higher hightenperature tensile strength,
and/ or hi gher high-tenperature torsion storage nodul us
[B4 det el ineshtivy ityrpalyners@shentiiciab uaab yqissdliz@ﬁamm@d
0 a_.randomc poI ner_containing the sa ner s

nd
bran ORERR eitiondiie. Thaend %@V?gmtvsrnam &S apes refatively
large|d?ff@rén&%@eﬁsth@&ll§ﬁg3ealpt%ﬁ{ Heftir8 Meds@td ﬁélﬁ% @RBKTAF and DSC as

tenperatures, |ower stress relaxation, higher creep
a functéwi cftleatce, ftmpg,raspem&llarass:bma@dho ratmdgimewopb]yumks ¢ugltaining the

f [
sameEnS@iq%tbq?g ?r&iac S HIPI%(%%IS‘H%Y?FE 3%?0211 Blﬁp&.&j PO )@Egg, asl, ggltenc? of a high
densitPRLyinerarR d wak d&lseY 3bsdly e RES i/ &S bvelﬁﬁ UEI@sﬁty It is believed
abrasi on resistance, higher retractive force,

that thistunisue Seaturg od the inventiva em@mpbmeés jsslup tathe unifpe rdastmbutlon of the

Comonﬁé“ %)rngt?%%l n“ZlﬂH ep%ﬂpl obr‘;11 cg%unl ?rgﬁ%lﬁlwﬁ} elalltn \Z/&tt V%tn he

interpd1yta6its inv:d doRipeise alteﬂmir% Blasks of difédriigl c‘éﬁio)lloinéf @Iﬁltent (including
di fference between the tall est peak tenperatur
homqpekungrddocks). nkhednyenting lr&ﬁaomr%@a& alsQ §eIPHE %ﬂlsﬁ@&flon in

num¥: ah &5t BBk ﬁ%@ 8%%@%5‘%%%@?;5@?5%%%3@%%& B&itént,

cont al I Nl ng
which IrwasSdmlltszlmydgpmf dmhbmmms In additionghainvestine infergolireps also

densi t 0 r and a densi t
have g ariapsiper i e op 40 S plliZp 7 et Anag GHOHIR et 5 fustantialy

mdepeﬁu&u %fiaa@;ﬂéf Berft trﬂ@dﬁlﬁ‘é’ and hd() HON S MRl YiBESed émgétﬁment the
he uni que dis Uthﬂ of e conononer I n | ocks

mlcrwrysﬁalhncp prslepof tyﬁpplynmmstratns gharadteristia ﬁphqrhletes and lamellae

that 4 bt R Pt OB e Bl e Pl Al thac e tess

than DIERSIe} &S tHNACK Sown kb ¢esk fheant3.ve interpol ymsrs may
al so conprise a distribution in nunber and/ or bl ock
si ze of_ polyner, bl ocks of differing enS|ty
%ﬂnonor%h%r%ﬁ% et inveptive ptprpolymss,mpy pe pregaipd tuwg teghniques to

1nﬂuéﬁc%ttﬁ':%1 eéeocﬁr level oﬁgﬁbﬁlhé’ﬁ ﬁl&ﬁs tAY 8RbMS g I BB hHRLY R 18ngth of

al so a uni que peak mel'ting point an
each plystea Iblqcka)t segmdng npebaaltered iy aitlodlingfthe rdtio and type of catalysts

and § gISt antl ‘éffl ﬁgger}%fegé%fef%gg%ﬂer densi t%/ﬁr‘?e duI us,

polyﬂbﬁi@n@hb&%ﬂhéd NE s@fpelSing ®bndfhSf B Mﬁ&bﬁleﬂ&m%ﬁﬁé Hidt®&ry that as
characteristic spherulites and |anellae that are

the dggree phblarkinegslivintregsads Bedpiicd dronesiéss, eapuropgty and kighn
temp%{atLEr)Q Irec\()%&%%oﬂelflﬂ@‘és Hife xleglﬁtcing polymer are improved. In particular, haze

decreases while clarity, tear strength, and high temperature recovery properties increase as
the average number of blocks in the polymer increases. By selecting shuttling agents and
catalyst combinations having the desired chain transferring ability (high rates of shuttling
with low levels of chain termination) other forms of polymer termination are effectively
suppressed. Accordingly, little if any B-hydride elimination is observed in the polymerization
of ethylene/ a-olefin comonomer mixtures according to embodiments of the invention, and
the resulting crystalline blocks are highly, or substantially completely, linear, possessing little

or no long chain branching.
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than 1.7, or even less than 1.5, down to |ess than
1.3. [95] Moreover, the inventive interpolyners nmay be
wWEe@paswes usi ng techni ques to influence the deRpCEESING/009500
| evel of blockiness. That is, the anbunt of conobnoner
and | ength of each polyner block or segnment can be
[H6] t er edPdbiymere miithdighlpn gritstaflineadhan endel carypesebdctivell plrapmtes] in
and shuttljng agent as well as the tenperature of the
accorSmeﬁ@?h smbe ,entéﬁét@t%maw {redpstomes Bilicatonapicinghe
i iy ' ihftbSwRIERS b Block FedteSCAY €T Y
relat1t§ﬁ@?e[ngl§ (?%Je&ffggﬂ;%get tg@mg o%wlﬁﬁessﬂrlpo |Hcr é)asee, t he
intermpletdal diprtivp effedtesn, crystallinstegmngt Thisaemtiltiviagbe obtained by choosing

cnainl FBEAS i FACRUGEN R R bPoaR e e bl B gr other
chain¥BirhiBattdPdgdehté, ShE@fically! MY &bta@mﬁﬁ&gﬁoﬁﬁéw %ﬁg'lﬂn%l%&stalline

rec_overy pr op_er | es 'I ncre_asge as the average nu er of
polyrhérds kré suscentibbeotoyelrain temenaiondsuchBy byaise of hydjogen) than the

catal  Kpanr e P Buch o B SR RS VR s T i
higheg RUinbhbmer tdrBotativn, lrepielesrogfor abiiio %ﬁ)l@ﬁi& faatna€ioy), tHeh dlie highly
forms of polyner termnpation are effectively |
crystallipp pelymersegmeatsrwillgeiprentially pepulate getemninglportipns of the
P . . : | ¥ . £
po i S8R s ALY ek o BLIA Ll emination
highle byl lirengatymér fohminigroamiitst site is anck ddag avadable iforgeinitiation of
crystalli bl.ock ighly, . bst i al.l .
polni b iRy Bl bEbins el SAHh iy comate
polyrREAReRERT -Ac%@}dn?@pm{ Snd¥drihdYe@liNe MunBbRck LHSoIFRa die
ends can be sel ectively prepared in accordance wth

prefeeanitiolly hishtyscrpftalline i nvention. In el ast oner
applications, reducing the relative quantity of

9 cosr s by kLB biotin il FORR AR R eSS of the invention

are peofyrablglihtefi@lyegh oNshyltik sithaslehit onaiC3bEr@btotdfie Cdpplymers of
choosing chain shuttling .anent s and catal ysts havi n%m
ethyleme ansier Op1Goatoeolefis prerespecidyriyratemgdn The inderhelymeksinay further

oy B LSS | b 5 o ot
o RS BB ) BOAD N8 R Bl

conjligaeed o2 3sneonysdasdd dieres gl yetes, alegpibeizensy) etr. Exahipiasiodluch
hi gher, conononer i ncofporation, regiQ-error, ?r
comopoRers WGP {aer2G Grotaiiisoish as oRYIeR® 11abyhilgpe, I-butene, 1-hexene,

crystal | i ne pol yner, .segnments will preferentiall .
l-pelb‘[s%% f‘g{l%thi’]]ﬁgl%{ﬂg%}ﬁ Aéhep 0P --8ﬁgneml-r{)oH8ne, l-c{g:cene, ard the like. 1-
Butene and 1-octene are especially preferred. Other suitable monomers include styrene, halo-
or alkyl-substituted styrenes, vinylbenzocyclobutane, 1,4-hexadiene, 1,7-octadiene, and

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

[98] 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
unsaturated hydrocarbon-based compounds with at least one carbon-carbon double bond.
Depending on the selection of catalysts, any olefin may be used in embodiments of the

invention. Preferably, suitable olefins are C3-C2( aliphatic and aromatic compounds
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pol ynmer. Not only are the resulting term nated groups
crystalline, but upon term nation, the highly
wa@eopstiaobé ne pol ymer formng catal yst site i s PCIVES2006/009500
again available for reinitiation of polynmer formation.
The initially formed polymer is therefore another
contahﬁ@{zfnym wshalrtioneapetly axcychie gompbunddcarh ds ogdlybutdiet h
ds of the resulting ti-bl ock copol yne
cycloaergm digye apwaqwrgenmd %qrb%msma .nrréudlf@l?qlt o, iniied §9-@qebornene

L B ORI U 06 o s

Also Wcllile@ bird ARSire9oEsuel oefi@s as @bk hiniktare oy sishsoléfins with C4-C40
et hyl ene and a C3-C20 a-olefin are especially

diolefin eérepoeds. The i nterpol yners nmay further conprise
C4-C18 diol efin and/ or al kenyl benzene Sui t abl e

saturated.co QTET S usef ul i
d;’:l]hyl 2RSS g‘é?e Fof ekl ‘%ludgt ‘?1"3 %ﬁéﬁvﬁ% Bldpiene,
lsobugﬂ&fbt Whatepd, NPARBRY, $-hek&Y, UgRbREe, ALod1ERS OHoHgR, ¢dlecene, and 1-
i enes, polyenes, al kenyl benzenes, etc. Exanpl es of

dodeepnenl -te@rﬁéev@nerlshqmém@ae legetagdegeng, é1ee<quwa dugihylsl-butene, 3-
methﬁlr ﬁg%:lﬁcgr%e 4~ rhgtﬁ uf éeﬁ?t%%ﬁ g ’pJﬁ &gﬁltgﬁ‘l}i 1- E‘eglé L ?mﬂcx@l%ﬂ&?eﬂ@
v1nyldyodkﬂfeﬁmh nalﬂbdrﬂaﬂ&:nb,l d(lwlldkne ﬂutbenEna m@‘clﬂapemer&n eycﬂmhexene

dicyciqgeﬁéhghe,k&{ggétgéée@i C40, %es? ﬁ)lfc é; lg}]lqoélggge ited to ﬂ% Lémtadlene
1,3 pXﬁtggleﬁ) E?ﬁﬁé&%df%g%l la§] ﬁexa%he%]e hf“)f%g{aﬁieﬁe 119 Zleﬁa(c‘ﬁe%g §h& CF4 -C40 o-

exene an

olefirfsy &Ad)t‘% 'hﬁ@ e)n cdr@f erﬂ%duﬁe@c& r’drhl: @Qﬁéfﬁr 9 |p€cf;iy'l’bne 1-butene, 1-pentene,

|MemoyMHsam;ﬂeeHe ol ynmers, "ot her
1- he@nh,yll egtereodrer qomhmﬂtmh@ecvfawmogeh by hxdacar@ne¢aniainiag a vinyl

groumg%elg&ailyglla% l%eelisgg 1%% cﬁ]ﬁxgrslts %f ?r}e it %oﬂsgar%&gcal issues such as

mondihadr QA abalith 0dbst] anB ke Abilfig to Epenidhilgredivvichareeled @idnomer from
of catalysts, any olefin nagﬁge used i n enmbodi nrent s of
the resHIing pObAAT ey hﬁpeme mgse problematiggs shegnaleryar weightef the o

mon&hérq}gg&hgst@g%%gonau c conpoundscont ai ning vinylic

unsaturati on, wel | as cyclic conpounds, such as
cycl obut ene, cycl opentene, dicyclopentadi ene, and
[Iﬂﬂ] bor nEteaqolYmeﬂim@ibn grdsessendesctibed hereintars weld switadrfenthe

subst i t n the 5 and 6 position with Cl-C20 . .
prodfgR o afAH obindsy S BRGS BPRY PV iRaE St R stping
styredd, ®-MbthiLEtHen & p- ﬁ@@@l ﬁ!y@flé nsm@ﬁswehb 9 the Kkd! 1€ parditular,

such ol efi ns wth di ol efi n conpounds
interpolymers comprising ethylene and styrene can be prepared by following the teachings

herein. Optionally, copolymers comprising ethylene, styrene and a C3-C20 alpha olefin,

optionally comprising a C4-C2( diene, having improved properties can be prepared.

[101] Suitable non-conjugated diene monomers can be a straight chain, 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 dihydromyricene and dihydroocinene, single ring alicyclic dienes, such as

-30 -



10

15

20

25

30

[99] Exanples of olefin nononmers include, but are not
limted to propyl ene, isobutylene, 1-butene,
wdz2pentne, 1-hexene, 1-heptene, 1-octene, 1-nNPCEN006/009500
1-decene, and 1- dodecene, 1-tetradecene,
1- hexadecene, 1-octadecene, 1-eicosene, 3-nethyl-
1,3 —cyﬂoldmmmdéneslﬂﬂmlhhéxadibnpgehﬁ -epapodtadieteand-1,3-cypdodaieendiene, and

.4, 6-dimethyl - 1- Vi n cl.ohexene
i RO PTG b0 A B ST g dene, methyl
tetrah@@fo'ﬁﬁfeﬁ@ Qﬁeycfdﬁ%hﬁ@i%ﬁé Yl D, Pﬁ%ﬁ‘@-@ﬁ -diene; alkenyl, alkylidene,
di cycl opentadi ene, cycl doct ene, di enes,

cycloglkenyd ahd gydoalkylisene nmbpmncso suchgas-Jouethtlenad norbornene (MNBY); 5-

propefsty2 B8R sobs Pl L2 Bormtne, BB ey 2mogiomene,
5- cycmxj?lit&nb-akrﬁ)rbdrﬁeﬂe‘? 5 ivahyl- ZEﬁﬂi‘Bdﬂnﬁﬁd‘] tafd nbfberddiznef Of the dienes
yl ene, 1-butene, 1-pentene, 1l-hexene, 1-octene_or

tymcealyw% therepaA BERRYLS dhe pwletﬂ@réngweﬁqsgﬁdr%wwﬁrb/ﬂ)ﬁexadlene (HD),
S-ethglg%gg-iiﬂoq 1¥é @\hs)r 594 1ﬂ8ﬁeeﬁﬁfoﬂidrﬂen%‘ivllx§§ug§?eghjlﬂ1 e-2-

t I'on racti cal
norbomene(®INB) andl dhyd:lbpgntachﬁ&t(DGﬂﬂJ) Theespocibily pref@red dienes are 5-

conv nreact nmer fromthe
ethylidgng fpﬁﬁﬂﬁ%Pﬁﬁggxﬁﬂ¥lﬁégﬁ brobl ematic as the

nol ecul ar wei ght of the rmnomer becones too hi gh.

[102P0] e QkWIaEdimsle flyRER 8RE sasbIRaEd in%@oﬂ'd@ﬁ&' With
are well| suited for the production of olefin polyners

embodisngnts eff the invenden ary lelagomerigrinterolamers Abetylene.mctirga g-olefin,

espeqe}l}é{;{ergfg@% g&Lh&mh{ hgg gq lpggrencﬁt:pheﬁlgﬁ)]fqt e{ﬂ?g referred a~olefins for

use il Mseérm&dxﬂa&%fﬁmééem RN H&‘s@fh@e@ﬁ%h@ WCH%CHR*
prepared by follow ng the teachings heréin.

wherﬂit“ lipmtih¢ay or bmpohqdraéksé gc@mf feim g t@tlﬁyaréne atognsy riagples of
suia 5 S o K r o iaist B biseB e ipEETRGS e, 1-pentene,

1-hexeh€ Pmethyl-il dedlenSlaint ad ek pAtIEMERY PrEfeedne oA M BoPylene.
can be a straight chain, branched chain or_cyclic

The mgpilenediaseshPy@aE RIS errréfmsd tt‘b ingthe éﬁ@@@ﬁ oatFé’ﬁ%i\/I polymers.

I
R
polyraets Iincaxle]c,oﬂydgebed adr emepoﬂ;u@tgxi; lsaaﬁlghn_& bréncheab cheani-l eywdic- or
polycézcﬁ%? %}}%(sj Icgrrr]lgnﬂgg( C n g)f(gal a%{rﬁ"fﬁeg éleeygggieflggéz gﬁgnsentadiene,
1,4- hgxazﬁé}'ie”yeﬂl)ﬂ/hderi'ed h&%()ﬁi%h@ NBeMhelaiRde, 'o%l@!éﬁ&%ad%‘ne and 5-

hydromyri cene and di hydrooci nene, single ring
butylaien@&Z elorordérene’s pamg@lhrla 9_n_ef@m;w;‘bmm1@ Atedlylisieae-2-norbornene.
1, 4- cycl ohexadi ene; 1, 5-cycl ooct adi ene and

[1]03?_ Cyoé&:%&éjeetﬁg giegg gontgi'ﬂﬂng polymers comprise alternating segments or

blocks containing greater or lesser quantities of the diene (including none) and a~-olefin
(including none), the total quantity of diene and a~olefin may be reduced without loss of
subsequent polymer properties. That is, because the diene and a-olefin monomers are

preferentially incorporated into one type of block of the polymer rather than uniformly or

-randomly throughout the polymer, they are more efficiently utilized and subsequently the

crosslink density of the polymer can be better controlled. Such crosslinkable elastomers and
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multi-ring alicyclic fused and bridged ring dienes,
such as tetrahydroi ndene, nethyl tetrahydroi ndene,
walc@yabpent adi ene, bicyclo-(2,2,1)-hept a- 2, 5- BCBO82006/009500

al kenyl , al kyli dene, cycl oal kenyl and cycl oal kyl i dene
nor bor nenes, such as 5-net hyl ene- 2-nor bornene ( M\B)

the cired prodpes 1hve2advantagedyamnperties, including higher tensile strength and better
5-i sopropyl i dene- 2- nor bor nene,

elastigrec@Veye| opent enyl ) - 2- nor bor nene,
5-cycl ohexyl i dene- 2- nor bor nene, 5-vi nyl -2-nor bor nene,

[1@8f norhgsmadh®baimdats, HREn¢nERE utérpplydRkd MadkS®h tWo catalysts
prepare EPDMs, the partlcul arly preferred di enes are

incorporatingibigting qUATHIDPS 0$C<én¢w>mea apee pwaighbistinef blockniymed thereby
from g g%ﬁ f?esﬁ Eﬂ%ﬁﬁ?é?o?neq qﬁi’ﬂg: Pf%gl)eag e:]ale% )éth%%%ﬁ%om?ﬁt of from 20

to 90 pefeest, allleyie Bbl@tﬁﬂf df@ﬁbnﬂOQﬁ&SO@éfbeﬁt— and an a-olefin content of from 10 to
et hyl i dene- 2- nor bor.nene (ENB) and. 1, 4- hexadi enge

80 percppth pagsdeon the tolalgveighi of hamnodyme Jivsiher pisrablyih fb@uPﬁahl@ck
elastdlﬂﬁ]erﬁ%%rﬂé}g BSvehd ahﬁgffnéégdsrﬁ@? 153 frﬁfnl d0' 90?%%&@%%&é}fe%ontem of

ric interpo yl ene,
from 8:1ab df()lpercea's pad hablofefpr ampydne n€fromnld to@0ipercaht, pasedendhe total
' referr d a- ol efiins f '

welghl SheRA P e oG PR ek o PoReighepoly s, having a
welgl%ea%&gé‘hﬁﬂ’ecm/artv}%?g}ﬁ | R 564 aboth 2,560,500, ipfefBrably from

'inear or branched aIk I %roup of from1l to 12 carbodn
20,008tto 780, O%Lammeesef@fabbu‘u’r@raa #0810 B 20,000 and e lpalydisppusity tasethan

not pyl.ene, i sobut
3.5, niorfj é)ﬁeiim rﬁléﬁfqissqg%gig %ﬁl aﬂ@toﬂwy v1icoé1é¥] ﬂ@lL ed'—l-@%&%"@) from 1 to 250.
More]pr@féfefb[!ye suéh %ﬂyﬁlbﬁ;lﬂaﬁé hiy eyRhetseehtdrodh 65 td173 percent, a diene
yl ene. propylene based polyners are generally
contqnéfr@mr(b@ & pereentiang agorolghn pomtent frominRf P 3 Aereent.
Sui t abl e di enes for use in prepari ng such pol yners,

[ A ﬁeCI afleYetfiibid/a] me@ﬁiﬁn@&%ﬁé@ RarPHd ﬁ@nailig&i b&ﬂﬁlgorporating at

jugated or non-conjugate€ stralg branche
least ohafimetioray gtqugp-ln @ pplyimec yirhdtere. &ixempkarxﬁmptitblsﬂ grpups oy

inclué &8&%% gﬁ)é(?enic ?&ggggﬁrdtgﬁér?gn%§ and 8%—H191gtional carboxylic acids,

ethylénsamwﬂsgﬁfb@ecﬁmeﬁé%ﬂ@fﬁm@hmﬁmﬁﬁm 244 eMsdrides, salts thereof
cycl ohexadi ene, and 5- butylidene-2-norbornene.

and egigrs qhgnqpﬁr&}phpfp@qt@m]@jowsgn@f besgrafted to an ethylene/a-olefin

1nter€oé§xi191y o% %%9 %o %oﬁgwgﬁﬁ‘ﬁ%ﬂh Ll‘ilgﬁ%%l e, I a o&xglea(ﬁﬁtfdﬁﬁl comonomer

arni ng conprise gl segnen
to fomh af kﬁerpollyh&r of efylgn€ahefunotiodad s@rﬁbndlnlﬁl’mhd bpﬁsnaxblfy dt}tee

di ene (incl udj ng non and -olefin (ipclu
comanegner(§} JYleansaat el igLla HREPSOP epﬁﬁthafgye BE $etlbed for
exantpRARASY. PAbAOWos! £562,890, 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 maleic anhydride.

[106] 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 percent. The functional group

will typically be present in a copolymer-type functionalized interpolymer in an amount less
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subsequent polyner properties. That is, because the
di ene and a-ol efin nononers are preferentially
w0 penpos@t ed i nto one type of block of the poP@IES2006/009500
rather than uniformly or randomy throughout the
pol yner, they are nore efficiently utilized and
than shobséweight percdsma prefa%ally" leks themsbaut 30 fweligle ppeeytrend mare
ett I I e Suc crosslinkabl e el astoners
Wﬁﬁ%ﬁgﬁﬁ 1@@?&@ -advant aged properties,
i ncl udi ng hlgher tenS|Ie strength and better elastic
Mord §EBYRKMndEd04] I n sonme enbodi nents, the inventive

rnterpolyners made with two catal ysts incorporating

differing quantltles of conononer, have, a MEIght ratio
[197] bl odkendpmraepelymess whiyiyrthe fallpsing redationglnp. FeeP. J. Flory, Trans.

0 r t ne. .
rara QL OSSR G AR BB R RE g
from0.1 to 10 percent and an a-olefin content of
from10 to 80 pqrcemt rg :kon the total weight of
h

the pol ymer. h t he mul() - bl ock
el astomeric poI e et hyl ene content of from
60 to 90 percent, a dlene content of from0.1 to 10

)g@ g:m[n E?Slagtlcaq dnhef\ {%1% ?%5 %@Erar%{all %Bl?r&gn Qr?ers %, is related to

the miEltRip@tempetated, VpoStha b@pdlylgbr anadl the Hieﬂfngvt&hgh‘htulﬁ@bﬁ/ﬂle pire
having a wei ght avgrage nol ecul ar_wei

crystalbzayipheraoppbwer, 2, 5obieoraation s puniks|ty %rferrsw@@ﬁhem% I thy natural
logarggrﬂ ngQe mBerﬁacﬂ fi B?Etﬁﬁfeﬁe %sr gﬁin%QmPQPthE gfﬁ %? the SR BF

ispersity ess nor e pre era ess
elutidnntamp&abire €K) aa shivem syFiginedofor Nyru(d\dlho(nbgdr)eojﬁlsﬂa@r)ched
rom 1. to 250. preferably, such polynmers have an

r
copo W%ﬁ?éhgﬁ‘?ﬁaéﬂtw?fe‘ﬁm 65 to 75 percent, a diene

content fromO to 6 percent, and an a-ol efn content

[f09pm 20A§ PludBatb€ iCEBhre , HROk1afibAsHYS HYdtRIeAemOlectdckion to ATREF

i nterpolynmers can be functionalized by |ncorporat|n?
peak glutios seyppespiarer anddd$ © melting tempenature for vaepysigmogeneously branched

copoMeysg %(s gﬁpgl]o %g(ﬁetp‘@l efcqg[r]tﬁ:(%/ﬂ ﬁ@gﬁ?,&#g%r%;@ﬂ' g”g@tions of nearly

all raélilorh laﬁpdlymaﬁl and amhbnyd:dp@lmmérdﬁendeﬂthfsa ifatbdn this line, except for
uns rat ed and di-functional carboxylic acid

smallyg 8 F‘E}I@%lg g%{?chs t hereof and esters thereof. Such
functional groups may be grafted to an

[Ef0]Y| engt@rdihgtd Flo!rf‘tlf-‘P F’cﬁé YIRS fra@onBR¥th e, is equal to the
copol yneri zed " with hyl ene and an optional additional

condiionalyabability thasone athylems anjs ovil} prescedst odfoHgwenether ¢thylene unit,
then {h%q)%i oer}als random Otthe oﬁ{jer ﬁgnd # rh%l lo%dﬁlongl probability that any 2

ethylene units occur sequentially is greater than P, then the copolymer is a block copolymer.
The remaining case where the conditional probability is less than P yields alternating

copolymers.

[111] The mole fraction of ethylene in random copolymers primarily determines a
specific distribution of ethylene segments whose crystallization behavior in turn is governed
by the minimum equilibrium crystal thickness at a given temperature. Therefore, the

copolymer melting and TREF crystallization temperatures of the inventive block copolymers
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conononer (s). Means for grafting functional groups
onto pol yet hyl ene are described for exanple in U S
weaienoweMNos. 4, 762, 890, 4,927,888, and 4, 950, BA/PS100€009500
di scl osures of these patents are incorporated herein
by reference in their entirety. One particularly
aré relmef tolthé magitiaiealf tlgr devjation fromt thecamtoly ciatbaship H0Biguehs and

mpunt .of the functiona I O resent i . . .
such JefaRtindna STk wip O JRRR Y S aedo® Saven iy Brtiongs axlgive t
its rarfcf LRV A&t lc¥plSmBF @2 SHdohe@ivaRRP TRIBT rdc¥iBS). The term “blocky”
functionalized interpolyner 1n an anount of "at | east

referseth dlagt exterd avpeitipular pelyoen fiactoredrayadirher camprisesstloelsafpolymerized
wei ght per cent nd nmore preferably.at |east about 7
moncfrosiy cBaORt: FHiEe Faue PUar QRO PR EOrpRBatiye 9e
constRtEBPdratuie #dCeHRVoVEE ontinBo tordednk Aiddd fid@idn of ethylene. These
i nterpol yner in an anount | essthan about 40 wei

e abo ht
form frsdsh oF & ekt Bieasieyis Fassh iR BB thicd0lvestadasthedelisgiian of the
re preferably | ess than about 25 wei ght percent.
bloc@gériieefgn Bl ock I ndex [107] Random copol yners sati sfy
the following relationship. See P. J. Flory, Trans.
[1A2} adayn Fdgure 81the Pdihit (TLYPR) reprdsewth aipseparative ARER feattioy, where

the ATRET e REEFBHS o 87 B VR AR e EoR A i réasured
value§ €L 8flyleRe fdfe R HonG thENRAE BbBERr, PilNis-alfmédifred by NMR.

copol ynmer and the nelting tenperature of the pure
The “basdsteginent? zbitiontiempratuymand, maledragtioni{€a.dtn)atandie esémated or else

st o3l Bl Wb i B Ry e e b b s
the cdl@dated efdbomdopbligneA EifikalehtUA TRBF kRiHOA k&hpuretutdBaséSon the

shown in Fi 812; e 8 for various honogeneously branched,
measgl@g Slag-nErogn ] @Qe!queé el Riffgelytian teﬁgo:erqtm@QTX, Mg corresponding

. gpr e n : :
o A5 i e L P B LA
defin&B66 treetht ratly dfehparcadiithe (PQITyY) atdnglesarddh® JE) @aglstrigngle. Since the

. .. branched copol yners i s anal ogous to Flory' equat i on
right Giaejoa arS,Simil i A1 OEArPRES a1 483 FAEAGRI R @EhE drsiness from (7,

Pyp) QP50 AR RAE [rAIMRIBNC BRQUn MRty BF 8IRAfhk tr@Wie8 theans
fall "'on’"this line, except for small nolecul ar wei ght

the ragifofad ¢leslengths of either of the corresponding sides can be used instead of the areas.

;T —UTy oo LnPy —LnPy
1/T,-1/T,, LnP, —LnP,,

[113] It should be noted that the most perfect block distribution would correspond to
a whole polymer with a single eluting fraction at the point (T4, P4p), because such a polymer
would preserve the ethylene segment distribution in the “hard segment”, yet contain all the
available octene (presumably in runs that are nearly identical to those produced by the soft
segment catalyst). In most cases, the “soft segment” will not crystallize in the ATREF (or

preparative TREF).
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[110] According to Flory, if P, the nole fraction of
ethylene, is equal to the conditional probability that
wor@caotygd ene unit will precede or foll ow anot PEF/US2006/009500
et hyl ene unit, then the polynmer is random On the
other hand if the conditional probability that any 2
Applichtivhensd Eadflseoccur sequentially is greater than P,
then the copolyner is a block copolymer. The remaining

e re t ti ablllt is less than P .
OGS oo thevuvendes A sspBr st RS eerpo ety o 2o seiEfhapyarior
of cof¥enBbA kl?e@ﬁobﬂsﬁcaﬁgﬁéﬁtfbﬁﬁ)%déﬁﬁ ?o Pobln®y ds'eﬁll ﬁﬂfcﬁars MnBRding
a specific distribution of ethylene segnments whose

obj ectsropgtpaisingzaaieamrbéﬂm/lamr, juch agia monglayen@lnm ed ablgast lege layer in a

m e bri yckness .at a
utifRy R b EPet bR pa (P einabish St SR RsiRh o Shele idkesspspmolded
articl€d, Yisdhads bl g biodded! ﬁf@;ﬁbﬁh&&@@i 6f rotdifoltie afiieyexttusiols; fibers;

copol ymer sar e rel at ed to the magni tude of t he

and woxgn af RGWPVIIhiabries. r Birgoapiagicaonnesitiops Fompmiyng thegnventive

roBF B SISk Y p e e i

agents,dpicion epistant héditives) mﬁiqm@m’cs( stabitiaers,covl erauts \exteaders, [dRbdslinkers,

fraction) he term/'"bl ock refers tp. the extent a
blowgslgrag?ww #@P%@rﬁ Pf agiicy Bﬁﬂﬂpf&rwﬂﬁl- fegiidbers such as

core/me%@oegf hmhgaﬁbméﬁ PROVRE, 2oRbriSRFRNRIR S parl, Mk &r more

are two random equi val ents,” dne corr éspondi ng t’o
polynseym stcanding mgabtailmﬁetsaﬁdlean'een@onrespondl ng to constant
mol e fraction of ethylene. These formthe sides of a

isght tr.j angl shown i ur.e 9 V\,hl
{8 b0 PP B ARt MR Y Bp S b bR g uce
stapld fiGerp @bW! mGltcompyhent SHeABRBES tvdisted @@ﬂrxﬁdndfﬂarffaﬁF Suitable fiber
fracti on, where the ATREF el ution tenperature, Tcba

nd

formipg progerees inpfuderspinbanded; pekiblom tepbmdugseasdisdoeddn U S Patents
T h far
No. 405 4 0 PPN ERSLATLE POy Sl A st n s,
Paterﬁ; Ny>rré;4ﬂ3 1&0,uvoven and m[pnwawmrfebmdasmﬁlscéos‘edén U.SrPatgnTNo.
can be esti ed or t th

34558l Borpaies BRGt g E%%dﬁ@ﬁ%mg blefe s e ipers such o
polycSRek, rrﬁlwpé'ld&)ttbﬁ th&¥en dFeinsddl AEQ 6k, CRARSHRMNAARS |1)‘181'ﬁ511nﬁ profile

equi val ent ATREF el uti on terrperat ure based on t
extrupions ardeeh- Wl@smﬁmﬁ@ed@ayme@dmm t@ll&t@d, oncrimped yarns or

s, SR e LGRS SAE S PSR A e

operddibons, e welliag kn Bme&thﬁslon for vacuum forming operations, and forming molded

articles, including the use of injection molding, blow molding process, or rotomolding
processes. Compositions comprising the olefin polymers can also be formed into fabricated
articles such as those previously mentioned using conventional polyolefin processing

techniques which are well known to those skilled in the art of polyolefin processing.

[116] Dispersions, both aqueous and non-aqueous, can also be formed using the
inventive polymers or formulations comprising the same. Frothed foams comprising the
invented polymers can also be formed, as disclosed in PCT application No.
PCT/US2004/027593, filed August 25, 2004, and published as W02005/021622. The

polymers may also be crosslinked by any known means, such as the use of peroxide, electron
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defined to be the ratio of the area of the (Px, Tx)
triangle and the (TA, PAB) triangle. Since the right
W@ pioanglves are simlar, the ratio of areas i s BCHUS100€009500
squared ratio of the distances from (TA, PAB) and (Tx,
Px) to the randomline. In addition, the simlarity of
beam] dikne,i glde, bir dthﬁ@lrm-lh‘ikmedﬂhmueamm polynidnecdreaigt beschefnically

modifitd, Eyh AhLAEIBE (lor PRAROIEDf %) Baierehsride AR 5Bk or
other ?ha%&ﬁ%eﬁ&ﬁ%lb%bpﬂ%? t{oﬁlﬁllfohﬁtuﬁh ot bﬁﬁepﬁleﬁﬁéaq %Jdli‘ﬁ’éatlon

di sttribution would correspond
to a whol e pol yner MAth a single eluting fraction at
[k poiAdditives andadipyarieman be inolidedan pay 1amu| cemprising the

. reserve ne se nt...di St rj butlon

inverd B ooy e en aluae S st Wy Bl ol parites,
includifg eRyERAL ithMufmlisxitie|Feokites, patatled nheﬂl:ﬁ@ tdrgalic boinbi@s e fibers,
lnclugroduced by the soft s%%gent cat al yst I n_ npst cases,

ing carben ﬁbgrég%wn mmdel e steelyniredy m%ét anl pylan pmpgtpester
|
Cordlﬁgo'l naRé]\g/%n ﬁ%ﬂ%}é@? ’hy e a- otplgﬁiﬁh%{q Jff)gr po yﬁrrlecguld ga

paraffigic\vs @apthélesic \oils; siiytind naweal and bmbétlctﬁmﬁrnmp,l iaduding other

fabrication processes tq produce useful articles,
polymess perarHpe Bb?f@]&‘icgmé’étﬁﬁfﬁ?lﬂiﬁen&?nl east one filmlayer,
such as a nonolayer film or at |east one layer in a

(118} ti | aygiabieigoPni:& RR R IME Wil the ﬂa dﬁms a6t BRE S @ffbodiments
or “extrusion coatlng processes; artlcles such

of thesigvintiow indhidetiermorlesticiand nmmiﬂceemor)l@ﬂlqpﬂlﬁnms decjuding natural and

ISR -
mod1f§nf(§ﬁ(§1y}lz1©p?1@hé’ ﬁﬁﬁ@c,tlclpBE‘pgﬁSrléﬂeeﬁQc&lchoUpr@p}h@{e fgd tahddm

etic ners Itives relnforC|ng agent s
ethqu:rg@/nrppadﬁnerm A0, sk ityRes of pely e ¥ienpyiraluding high pressure, free-

t [ S o
e P B8 G £ P LRSS S RAR prcr o
reactorf’ iblénidy oﬂZfBgIHtﬂNattad’(HmrdnﬂmllcﬁdehePE, sieh las podocts dissheat in U.S.

pue 81 A 0% S P 305 R, SEERALEMAEAD, ctvtne

vinyl&ebagi (BRMN Setﬁffleﬁé)'evlﬂﬂ‘é%hbl%poiyﬁ%% pblyBStehe! Mffachydibied

prepared fromt e inventive polyners or blends include
polystyrapd, ABS, styrene/tutadienaiiiledkoaopplymens anddtydsadenated derivatives thereof

(SBStaVﬁnd%tE‘lgg), an%qhermopﬁasltlc yurethaneg aﬁomogen*%gus polymers such as olefin
plastomers and elastomers, ethylene and propylene-based copolymers (for example polymers
available under the trade designation VERSIFY™ available from The Dow Chemical
Company and VISTAMAXX™ available from ExxonMobil Chemical Company can also be

useful as components in blends comprising the inventive polymers.

[119] Suitable end uses for the foregoing products include elastic films and fibers;
soft touch goods, such as tooth brush handles and appliance handles; gaskets and profiles;
adhesives (including hot melt adhesives and pressure sensitive adhesives); footwear
(including shoe soles and shoe liners); auto interior parts and profiles; foam goods (both open
and closed cell); impact modifiers for other thermoplastic polymers such as high density

polyethylene, isotactic polypropylene, or other olefin polymers; coated fabrics; hoses; tubing;
-36 -
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form ng processes include spinbonded, nelt blown
techni ques, as disclosed in U S. Patents. No.
wa@ 208000683, 4, 663,220, 4,668,566, and 4, 322, 0RFT/U§N6/009500
spun fibers as disclosed in U S. Patent No. 4,413,1
10, woven and nonwoven fabrics, as disclosed in U S.
weaﬂﬁasmppmlgpcap’ﬂmh% JfI60fing;amd siscogtylinésx madi¢iefss also knawn as pour
udi n bl ends with other fibers, such as

Pomt%?d}é%rﬁetjf’r “&?VF% ‘or cotton, thernoforned articles,

extruded shapes, including profile extrusions and

[120] €Xt MHSbAB %mb%éh%@@fﬂ%ﬁn@ﬁlﬁétfé' d%ﬁ)poﬁﬁgnﬁécﬁﬁﬁlsmg a thermoplastic
tw sted, or crinped yarns or bers. The new polyners

matrig eglymem,e@pmmb« isotagtic mlmomdemet,l and an clajtpmerigmudiiblosk

copo@gl%ﬂ Bﬂ%Pglg %rtéi %gcg%oflﬁﬁe Y\@{)le gﬂawiflg?l?ﬁh%g%&?g Xg(tjtrg C?mboalments of the
1nven@16h| 4k afiquelfChpubldef fohRingSerehel Iy Reidriddledmiviligighrd blystalline or

nol di ng process, or rotonol ding dorocesses
(&

semlwﬁ%lmbl@ﬂ@ ip thepfprr@ ohg cergsugperded by spil e elastorsrig blasks
formljﬂgef“gﬁéfﬁ’darfnﬂ{d QPJI ﬁtcﬁﬂlaﬁ{stdf‘ﬁhﬁlts}? ﬂrﬁ%} a@e%%ﬁﬁ'ﬁ?lﬁs are formed

iously nen I one u3|ng conven
and dﬁupeﬁ;eﬁ siithin the edutiig pelymehbye ﬁleabﬁsew&ichrrkdldwmng melt baspounding or

blendipi, S gAY, de5i5eHHe BEATRIBIRESEI R Ned A0 Fotin o fodhe pigpe plysica
pmpe‘reésr@dhyﬁmﬁgbfohﬁc n}%})\lﬁﬁéﬂs 1&Péﬁéﬁﬁerc% auslewwn?etrlregiéns such as

conprising the sa Frothed foans conprising t
the matrwemdddglymlcymnemcmnmns, olaftembuie regipnsad th multtldsle@k ¢apolymer

RCT a tio No. CT/ US2004/ 02759 fil August
to selggiscRfi iniE 30 R o ey B8 Taorsine Fs b B e
comp¥aNdial S REieGOOProditce deﬁayat@d%gmgwnmmlymp&c&sled by
t he use of peroxide, electronbeam silane, azide, or

elastesnere Unonsekdifying, theseregipng hegame preluded slaromernsrtidpssamcased in

1y nodified, such as by grafting (for
thepglgm%pﬁ&% use of nal ei c anhydride (MAH), silanes, or

ot her grafting agent), hal ogenation, am nation,
[B1]] f onaRarticulanty desirhlele bidndsrieahermoglafsiic polyalefin blehdj (TPO)

ternyayle KBS e b ) Btant kR B nd syrenic
polymét Blakise Tegchni w bleR&d MQ? bé idré RS bysebnibiAg WM Re®@multi-

|norgan|c articl es, |nCU|ng clays talc titani um
blocldpadxinges, ing ingtfgscth@ehzﬁércmmmteé detjvaging theggof with an optional

mbbcﬁ;1 ﬁl%ﬁ]@m " o%lg?%mn%]tbég% COpPB’%‘lOe%gl rre[:g% 1aflllg%§rSSB§ g‘l'ock gop%lymer and

optloﬁ@lﬂjyﬁ sloeslink@iothirn@ilcaR ity dpedte AR blchdd &8 geﬁdr@l](}sprepd&dd 59
forth; tackifiers, oil extenders, incl udlﬁa(? paraffl nic

blending theprvrafeshneltidplpds copelymanrn with gololefing apd entinnally pc

crossﬁﬁi(ﬁ(lg% %ulc'mﬂﬁfnﬁqg&ﬁ G0 ®regoing blends may be used in forming a molded

object, and optionally crosslinking the resulting molded article. A similar procedure using

different components has been previously disclosed in U.S. Patent No. 6,797,779.

[122] Suitable conventional block copolymers for this application desirably possess
a Mooney viscosity (ML 1+4 @ 100°C.) in the range from 10 to 135, more preferably from
25 to 100, and most preferably from 30 to 80. Suitable polyolefins especially include linear
or low density polyethylene, polypropylene (including atactic, isotactic, syndiotactic and

impact modified versions thereof) and poly(4-methyl-1-pentene). Suitable styrenic polymers
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pol ymers according to enbodi nents of the invention.

[118] Suitable polyners for blending with the polyners
wa@ewoenaiong t o enbodi nents of the invention i ncPCmMES2006/009500
t hermopl asti ¢ and non-thernopl astic pol yners includi ng

natural and synthetic polyners. Exenplary polyners for

inclulé polgitngne,rabhed enqabfiedpsadpyyrene(HIPEY sty rémgfeglonintle typoigmers
saorBraRiBRe SAﬁ&ﬁiéﬁéﬁg&I@%@% BPGiR ARENAC copolymers,

copol ynmers), various types of polyethylene, including

[ﬂ?y? h PrEsesis nldyosy Iﬁ’g;:)aﬁ'@d b}l'-f:ﬂﬁ))gn &} RiHa8inghed fe@péeh%’ Eomponents

al l ocene PE, I"'nclu rrutlpereactor
ata tcmmratcure‘ arbimghatsabote tzxeeg¢le1oommmeuat£1ranﬂomréd0ﬂ0@fethe

compgnanis Betaion TblguBesheTingS s Srssalirshy B B 1395, most
generl{ aBovbABis8 ¢Ll)and %J&Vbl%f&élbl? ﬁbo@qest)ace TypeA) pol?ﬁnbﬁ/ﬂn@ﬂﬁé or

vinyl al cohol copol yners, pol yrene, inpact nodified
kneaghog 9@u1pmentéhatABSapab fapashingtt @Id@ﬁéd fnerskateiss eng mehtplastifying

the mg)ﬁntgxr lﬁ%{ ﬁ%g‘ﬁﬁf(’?g{d d’?ﬁel[sg %clv%’cﬁ:smﬁllg elﬁﬁoéerg %§§u@&9 gb%’ﬁ?ﬁéglse screw

I'c polyurethanes neous
and t&itcEcras), Baabury rpikas] exl@idsrsaadt the dike. onfhas sequeﬁdewfaﬁeingmdd
propyl ene d copolyners (for exanple

b
methiyg ey pench piclbr SAREOMIREIoBe & @ﬁr&%m%wn\?é%épéwthﬁch mixers and

con LS PR A S BB 0 o b il v

follo@edrbpay extandeal ‘fpplbdlyu 8 8P ordlP\e owrpmsﬂlm‘SWﬂHndyb edn@ler loadmg of

coeHRS o Gl 5 BAAE BB A,
ompaRl (i THRY Sompitions O ¢l dRPder TBE @hd TPVt @RigdsHioHS Ahe weight ratio
handl es and apﬁllance handl es; gaskets an Froflles

of bleakieepplyazer (¢ meltirtbionk copslymen may ﬁgmuta?{h (htoekk AL, anore

e U 200 3l o SRR LS S v

apphﬁﬂﬁms,g;ﬁ@ dmghb eitio di‘@mﬂtlaﬂkﬁbkallopsl@dleﬁ Gd polyolefipany be from about
iers for other thernmoplastic polyners such

49:5 hrcgqboateﬁgﬁ,tryomr%faﬁw faera 35160dp abewtd Ot yFor Wfé%lestyrsmc
polyﬂEpé:i:{?hQétﬁ;n% nth@ géﬂ? Fatio 11 Cﬂ,]ég?ﬁtbf gs&:meil olEﬁ'fP hf3¢also be

er strip j iners rin VISCOSIty
fromi a|bd&b(49tﬁ)ldllofabeu‘65 951Imcore lpnafenablystrquo 36:6p ao aboutﬂﬂl%)t dihg ratios may

f ub t 120 nbodi ment s, . .
be chaesd 5 FIAGERE T HEGIY PRI 0L i P P aP Bl Fied pensidersble
11tereﬁﬁﬁ% ﬁlﬂﬁ%t@ﬁﬁ@’ﬁ%ﬁmqﬁ&ﬁ@ﬁé}ﬁhkfﬁ? 'tﬁélzﬁ}?a@é éntiROlty By @RMg8RtEthe viscosity

an el astoneric nmulti-b R )
ratios of the constituents of a blend that a person skilled in this art may consult if necessary.

[124] The blend compositions may contain processing oils, plasticizers, and
processing aids. Rubber processing oils having a certain ASTM designation and paraffinic,
napthenic or aromatic process oils are all suitable for use. Generally from 0 to 150 parts,
more preferably 0 to 100 parts, and most preferably from 0 to 50 parts of oil per 100 parts of
total polymer are employed. Higher amounts of oil may tend to improve the processing of
the resulting product at the expense of some physical properties. Additional processing aids
include conventional waxes, fatty acid salts, such as calcium stearate or zinc stearate,

(poly)alcohols including glycols, (poly)alcohol ethers, including glycol ethers, (poly)esters,
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copol ynmer of ethylene and a copol yneri zabl e conononer
according to enbodi nents of the invention, are
wapiogueldye capabl e of form ng core-shell type peeT/U81068009500
having hard crystalline or sem -crystalline blocks in
the formof a core surrounded by soft or elastoneric
includihg Glody)eycal exters ahd heetdl ‘Salar espacialin Gragcl ok ohethd pvarzing-, salt
. of hard polynmer. These particles are forned and
dﬂﬂveneﬁﬁweeﬁ within the matrix pol ymer by the forces
incurred during nelt conpounding or blending. This

1hsp hl y g khoRR kSt Heﬁ@?@ﬂog%tédsmbeérs @N&castt@ose % hsﬁt
to the uni ySI Ca Foperties of

polynzasized forars® ?\Whtadio;ne nabbyen@ mpcétldlbg blogk Icymlymme gh@nsmafter diene
cont

rubbelyl R E bt SestBiddsta RAE AP Rl RORRGIROmBRRH Shiapsyspor highly

satursi€ fubB&S eI licatidnd SudtPAs tirdd @al OfrbMesorpdYitiand Contalhide higher
Shearing forces during _conpounding are beljeved to

concegiraiionsel sigea baseddublass. dhis kppwain Iearpestts easporeblack: to imgprove
rubbePgtaﬁtll gﬁﬂ% W1{huﬁﬁf]o§091 aga ftl%éqﬁtd e 03(? dil%g'ﬁﬂﬁl-l?g&?%olymers
occl uded efFas

OTBr CPArtrcles encased 1Mt he
accordﬁg o the frds2ig 1nPattiomq:m>b®B$1yg ehetsdnicdp loav kivels @€ uagaguration, find

er mopl gsti c pol Iefntbl nds (TPO), the nmopl. asti c
partw@ 25 SP QiR OB POH HOIY iy uracs Yﬁﬁbqoageg doeyiipded frjapwated) or
weatHef B2 \%ste@ﬁ‘ ﬁhﬁtabﬂ'i&&l fo BALYRIrmBE $RfScont BFiRIdidR VelQét&ﬁgrsmodlﬁed

e prepared by conbining the invented multib
pohmmﬁqmmms$nmnxlud|ng functionalized or unsaturated
derivatives thereof W th an optional rubber i ncl udi ng

2R yimoP e 5P B8 rrEaRRfak! b Bk i he

additive b€ alivied g UADet¥orptibR@nl Isebﬂiel@rp‘mmﬂw &tépyesemeﬁ% @dlmples of
bl endi ng the invented nmulti-block co

th
carbop Slapls BIchUeA IR B2y N2 DA s i o, 1293, 2o, 515,
N326VN5§@N§31‘§J%%%@1§§4%W§17‘°N@?E%i@ 91'395%5 59? N N6'30

formn ect . and optfona cfo
N642t N650 é§(£83t, N1§4 87 ale N7661N@743 N7/87$Nﬁ®7 M90|8r NQ%@JaudeN99l These

carbef LGB BEYF 11 SOrPE e RT3y Poyeesgp pags volumes

ranglggmsemo ©Nab cBi*nek gcqr@tem%r SmdIRE phiticke s%alch%hlb%ks are
esirably possess a Mboney Vi scosHy (M. 1+4 @ 1000C.)

employedt tocthe exiget dostorengidenationsgrmitp der ptaef' suchtapplieations 48 present
multl-bg?é%ﬁo?]oglﬁ%er 3 blIQ% ] tﬁere CI%(l]J eollrgtl £ r gr%on %féclt(,atgergby allowing

considerable design freedom to 1nc1ude altemative pigments or no pigments at all. Multi-

hued tires or tires matching the color of the vehicle are one possibility.

[127] Compositions, including thermoplastic blends according to embodiments of
the invention may also contain anti-ozonants or anti-oxidants that are known to a rubber
chemist of ordinary skill. The anti-ozonants may be physical protectants such as waxy
materials that come to the surface and protect the part from oxygen or ozone or they may be
chemical protectors that react with oxygen or ozone. Suitable chemical protectors include
styrenated phenols, butylated octylated phenol, butylated di(dimethylbenzyl) phenol, p-
phenylenediamines, butylated reaction products of p-cresol and dicyclopentadiene (DCPD),

polyphenolic anitioxidants, hydroquinone derivatives, quinoline, diphenylene antioxidants,
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or |low density polyethyl ene, polypropylene (including
atactic, isotactic, syndiotactic and inpact nodified
W@ egositanss t her eof ) and pol y(4- net hyl - | - pent enelCT/US2006/009500
Sui tabl e styrenic pol ynmersincl ude pol ystyrene, rubber
nodi fi ed polystyrene (HIPS)5 styrene/acrylonitrile
thicestexpmitiprignsts  HaNlends tidvent. BodefremdseBive ABS namekS)suanproducts

o VAR TR TR R, CEPELYTEL . 12l T USRS o,

Polys?%ﬁﬁ 906 ho:dlart, WG, ak Eraﬁh@il@b&ﬁd\mﬁ%s%@“‘ ¢ HiartRkidant,

t temperature of one or both of e “conmponent s.
Wlngétay“i‘rﬁantmuidantb%n@tqdﬁ&%o&dmth%ngs@zyﬁ‘é Sat-U aetlomejant and

trgeng s 3P PRIt Gt ST BRSPS g gents e will

prefelabBABH - ﬁﬂllﬂlrfg%ﬂtnohfiﬁ(grdt&yc apabl e of reaching the
desi red terrperatures and melt plastifying the mxture

npl oyed. These .include mlls, kneaders,
[@#ﬁ/r ud eFrog p(%@lﬁg gildigjpral m&w againgt i Vhragéationy hindpred amine light

s L LR B0 5o oS MO SHEBhrits,

TinuAn®6 28, A& v Mo]f44Bﬁniuum)TM mn Chinovin®f 363 ﬁdnmmﬂlMi mpami

Tmu‘flgﬁggj%gs%ip%&;{g?ﬁﬂ ¥a§§y| q:%%@galgfang a;r{]]?sruo{g Mnfﬁ(ﬁ available
fromf}osrgéxcﬁhétiés Boukta PX, UEX. %ﬂ@@ﬁ'a‘d&ﬁa}y\bé ﬁdJ‘@Mﬁllﬁ 1ﬁElﬂféﬁrW1th a

ding of cross-1inkable polyner (typically t
HALS eompnundimairdéy to ekhicwspoipynarsucfaes quatity @s disslased iatl.8nfatent No.
6()Sl_r&ﬁpared to TPO conpositions. CGenerally, for TPE and
conmpositions, the weight ratio of bl ock copol ymner
to multi-block copol ynmer may be from about 90:10 to
[129] 90, F6RIs6mBlcoin®bsitibs, hddifivB) miRing ratlsHlay B@dmplb?éd to pre-
preferably from 75:25 to 25:75. For_ TPO applicatio
d1spegq¢éhwtgﬁpdar§§,| a@ﬂ&zoa@t@,,ca{hog(bﬂ@cgogM zslaﬁ%rbeltsoand/or llght stabilizers

o AP BB L I R,

styrenic poI ymer applications, the weight ratio of
[1a0]t i - BSwklecopslivipg ag@tp@llspcrb@fﬂed tovasycuzing or velcaniomg agents)

forufef g il P RE mre Gte BRGE 6B PERG el ol ann g ramples

ofthé ﬂﬁegw@g:@atewlsra@é fdﬁﬁdﬁﬁth%'&ﬁ M@mdmgsn@spmam No.: @hwsems
considerable literature lustratin t echni ues

3 80@&%&3@»%@ 7R eA. pPrb3E, &d@@»ﬁ%é;‘t?’%&obﬁaﬂ%s 8> 4.B0, 84 4250 273
It f-oHhe constituents of a blend that a
492%%%%%%%52& 6%9549,(7%%)3 art may consult if necessary.
[124] The bl end conpositions nmay contain processing
[181]s, pWahsh sulifirdrased @mihg agents are employed, accelerators and cure

activators may be used as well. Accelerators are used to control the time and/or temperature
required for dynamic vulcanization and to improve the properties of the resulting cross-linked
article. In one embodiment, a single accelerator or primary accelerator is used. The primary
accelerator(s) may be used in total amounts ranging from about 0.5 to about 4, preferably
about 0.8 to about 1.5, phr, based on total composition weight. In another embodiment,
combinations of a primary and a secondary accelerator might be used with the secondary
accelerator being used in smaller amounts, such as from about 0.05 to about 3 phr, in order to

activate and to improve the properties of the cured article. Combinations of accelerators
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processi ng aids. Rubber processing oils having a
certain ASTM desi gnati on and paraff nic, napthenic or
W@e@raei966 process oils are all suitable for useCT/US2006/009500
Generally fromO to 150 parts, nore preferably 0 to
100 parts, and nost preferably fromO to 50 parts of
generally pnﬂncelﬁﬁchaahm&n@f)rdpeﬁﬂh tlmn leu}ersemea)het tetipt thye those produced by

use of BBl PHIBIOr e Utan, H AU -0 Bt S PRGnS) g ich ar

not aff: &hﬁ? rolé ﬁ%r tElirAlg&attﬂ&d&eE ?Rﬂﬁ!:e @Ea‘?ﬁﬁéﬁﬂrﬁ BurRiaf §rd1nary

I nclu conventl o Xes y acid salts,” such
vulcanizhmruwnqulras vehcamzatmnsrbtaaieast mjght plod b3 abado oitgble types of

sccelgpDst g P S i edebr P A bl P Bfenidines

thiouR8$,8higzolad) thitRhA! sitRhhmides B@idcatathatds QHP xdntRites? PRETEAbLY, the
or zinc-, salt derivatives thereof. [125] It is known

primary accelmatohmr&u&em@d Husbtseons asgelarases is hisdethe spqandatyng

s BV S 800 UL AR PGSBS 00

procdsEiE hidk afd Siranctevaiers kh Bawatic agiddndZndadhbpalso beﬁmlt éWhen
to nostly_ or highly saturated rubbers. In ag plications
peroidrcbRsed CHINEAEORR ES ¥SeBriCRAYBIOTS TSRISTEHRAY RAF R Hngﬂ@bmatwn

e A LS R e ek (VTR J°

trlmeﬂiydn‘lgropamdﬁtrmrdthachmn éTMPdiMA)/ adalbyh dyamtrate RAG R tiallyl

1socyﬁlg.w@1ﬁt($ég6g 3&)2) g lg @ﬁ%&ﬁ%ﬁ%ﬁ O(WSISL‘&% g ernzesf c?p%onal coagents used

for pAASESr b RIpl 8 dyfabfié v@l@éﬁﬁ@cwnadfre RRI fAhé 8 aﬁ& dfclosed for example
protective surface |ayer (coated, coextruded or

in the publicaticnd Y Peypxide Yuleanizatben of Blastofiet "sValifdr Nd 3t Hily-August 2001.
articles fornmed from conventional di ene el astoner

ﬂl/fe h?\?%lglg *%ﬁ%’tlw‘r&%ﬁwggma g)#rggcéopﬁ)g)%%lon is at least partially

crosshhl&!ﬂkthe&iegfee of drbis§linkéngihay be mkasu‘rat by M¥ssubsiag fHei cm)mmeﬂhon ina

stabilizing proper Repr esent atl ve exanpl es
solveghiop spechiiescqusatiane Preé%ﬁs&éafmgﬁlew prrespt2e! ongrsy raq%a component.
The ﬂg%?éﬁt g@%%%nal%ﬁ’l@rea&%%th ﬁ%@sm%%r%@shrﬂm%q?v%g glgor clfﬁfe’élgartlcles
accoﬂ&fhngp ehibd 0imaESd, thi\izEdntidd] R, peBb gel NpFnt 1&|Zlesﬁrabl§91mhe range
& 59 j N990 tandN991 These carbon bl acks have i odi ne

om 218 JPRPFSHA ¢ angi ng from9 to 145 g/kg and average
pore vol unmes ranging from 10 to 150 cnB/ 100 g.

[33)er al The meREblbeX capplyirhéh accrdifg teahBalimbntd ok thedfitention as

well as blends thereof possess improved processability compared to prior art compositions,

due, it is believed, to lower melt viscosity. Thus, the composition or blend demonstrates an

improved surface appearance, especially when formed into a molded or extruded article. At
the same time, the present compositions and blends thereof uniquely possess improved melt
strength properties, thereby allowing the present multi-block copolymers and blends thereof,
especially TPO blends, to be usefully employed in foam and thermoforming applications

where melt strength is currently inadequate.

[134] Thermoplastic compositions according to embodiments of the invention may

also contain organic or inorganic fillers or other additives such as starch, talc, calcium
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enpl oyed, to the extent cost considerations permt.
For many such applications the present nulti-block
weopehyryes s and bl ends thereof require little PCT/NB2006/009500
carbon bl ack, thereby allow ng consi derabl e design
freedomto include alternative pignments or no pignments
carboahteaglass filhelrd, ipblyadtricifivess (@cludingsylomtreyon) gottdre pelybsier, afd

t he, vehicl e _are_one possjhility. 7 osi ti ons
polygraaidal el e snpk s o aoertxsreéﬁa@a%@&%eﬁa}ﬂgf ?lﬁ_cates, phosphates or
carbofdROABR N Safy nfibe sﬂi@é(,%ﬁ\_hiaﬁlﬁ, ARk FRateOnt aﬁhtﬁiriogh%sphates,

ant|-ozonants or anti-oxi dants that are known
carbanubltisicers; leerbios ffibefs, namdparticles sicluding Tnetubes,iwdlastoaite, graphite,

.Jay he physical prqtectants such as.waxy. nateg. al
2eoliERnd SRR S S PR E il F e iR ¢ g fpsed or other
coup By SRAtsShaPA Be Shploh&y forbY & dillh8pdiAg. Protectors

that react” with oxygen or ozone. Suitable chemni cal

Eéﬁtectors i ncl ude styrenated phenols, butylated . .
[ y| at Eie theramplastip geppesiiensdrceaiingiio ymbadimpnis of flesigyention,

. ot . . .
S PR DAL MRS BB A AARER s st
as injgélii(fqri mkﬂldﬁfg;l Eﬁtrusﬁmdmgmlﬁﬁg’,l dremadforinitel slvssmobliing) ovemmolding, insert
I phenyl ene anti oxi dant s, t hi gest ey tioxidants,. and
moldyice e Tpiagond SRRl s e ATAS; telidpggauiipue s, may be

. r L
o B RAG SRS B B IOy
anti oxi dant, Polystay(tn) 200 anti oxi dant,

Wingsidisipatterhelabame; ithabldelnethylneigsiefin inferpalyngss also can be used in
W BT R e U T

which h@ tHex{doflim@fiioh§ i sibhs applicationEardiohtif@itioaAs-pattAGplications
~anti-oxidants and anti-ozonants used wll preferably

are ingerpesEed by refpreacairicindntheirgntiredy'y. [128] For provi di ng
additional stability against UV radiation, hindered
am Y'gmbh G0 diididd ASfRrh A Byl 165" "B)S, Berial No.
oD EmbhNiaiealde Jiofi e st AR byienoe 12s,

ul tabl e exanp I nuvin(tm

60/7117,928y ifibe(ckt o) SepletnbeFilauRA03 t M) 622, Tinuvin(tm 765,
Tinuvin(tm 770, and Tinuvin(tm 780, available from

G ba.Special ty. 1 cal an em sqrb(t 44

ol TR Rrion S o R s il P téibtymers of
Ethyle@®oSOREhElantbly sderhebdict, TS abdrial NOCoMAES]1340, filedrort Bdpfember 16,

conmpound in order to achi eve superior surface quality,
200535 disclosed in U S. Patent No. 6,051,681. [129] For

sone conpositions, additional mxing process may be

enp) PhRnd: BIRERH AR 8 Holymer of Ethylene/o-Olefin”, U.S. Serial No.
60/717,825, filed on September 16, 2005;

4) “Viscosity Index Improver for Lubricant Compositions”, U.S. Serial No.
60/718,129, filed on September 16, 2005;

5) “Fibers Made from Copolymers of Ethylene/a-Olefins”, U.S. Serial No.
60/718,197, filed on September 16, 2005;

6) “Fibers Made from Copolymers of Propylene/a-Olefins”, U.S. Serial No.

60/717,863, filed on September 16, 2005;
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the anti-oxidants, anti-ozonants, carbon black, UV
absorbers, and/or light stabilizers to forma

wore®baotes ch, and subsequently to form pol ynerP@i/esz86/009500
there from [130] Suitable crosslinking agents (al so
referred to as curing or vul cani zing agents) for use
hé éAdhesn@I and & sddinfgCoraesitthns péadexrate IMserpelymens of Ethylene/a-

Oterfid U SPal3E SEARIOH B on SRFBTR Fodblg 1 ' 08, "
Patents No.: 3,758, 643, 3, 806, 558, 5, 051, 478

8do };@sﬂﬂns]&(Etﬁﬁéne/m% Bilti-Blook ThtcBsblymdrs SR8 For
50,273, 4,927,882 311, 628 and 5, 248, 729. [ 131]

Fllmwfé@ SetigliVo. 68548,198 filag oa September 16, 2APT:0y ed,
accel erators and cure activators nay be used as well.

t g)ﬁ‘pe L a(?ééye roggﬁﬁ{r{@gg]? ﬁl?ergagﬁlreﬁl lEﬂeV@ (ﬁé}ﬂ{s%d Artlcles Made

am c vulcani zation and t
Therafiropt’ ) VeS . tSeeiapNops/ 11 &(B&;ﬁlddhm Sepguttier 1§, 2006ss- 1 i n ked
article. In one enbodi nent, a single accel erator or

D SR s e iovh PR Bimey S B ERB Rlep S goria No.

60/717598) 8RAH SpRnlRr 850054, Pr efer ably about 0.8 to
about™ 1.5, pR based on total conmposi tion weight. In

anot her enbodi ment, combi nations of a primary and a. -
< GdonbawlacetraN sisht Eiisme cpGlegs duteaorrmeie e biraapt OIL”,

U.S. $§r?a‘f'1\?ob%6ﬁﬁzj_§§$3'}ﬁe&§1§§ Lﬁt&gﬁéﬁé’ §hsamount s, such as

out phr,“in’order to activate
and to inprove the properties of the cured article.

Corzh i“RednsoMade Froae reérpolyinersofdithylahd/g-GlefukicE . SaiSerial e
Vi n rii re somewhat better than those
&V7¢ﬁ3§9ug@508 epem ¥E§%§mggle accel erator. In addition,
del ayed action accel erators nay be used which are not

af f15et861pBti SRy JTEHthPERIEEREMIMUBIIBES AL IHfeSol yiBér RirBlo®a Films
a satlsfactory cure at ordinary vul cani zation

with HéghpBetakagkadJ. Svaerésd Noz 80/7 é?b%%tﬂi?(ﬂ@m Senipgher 18 3003e

used. Suitable types of accelerators that may be used

4 hgl ﬁiﬁ%‘?@bléﬂy&%ﬂ@lﬁﬁtﬁ: N/ﬁﬁ%B%&(l#thﬂ@é” U.S. Serial No.

guani t hi oureas I azol es i urans
60/7 818 Xe fikadi otheSeptetiiieh il 6,2006amat es and xant hat es.
Pr eferably, the pri rrary accel erator is a sul fenam de.

ac | gp ondB?eg}%{ :Fer aﬁ yéﬁjeégg t&apfﬁgg e 1ns”yU S. Serial No.

60/718,34%, @ feardﬁase@@e&&e@%tivowam conmpound. Certain
pr OCGSSI ng al ds and cure activators such as stearic

acid and ZnO may al so be used. Wen peroxi de based

o Uk i BRelsna omposions CompHisva PEo ImeEalfERY BndfiyOlefins”,
U.S. SERHSES 6b/715 288! £184 bR Reptember 16, 2005;

17) “Interpolymers of Ethylene/o-Olefins Blends and Profiles and Gaskets Made
Therefrom™, U.S. Serial No. 60/718,165, filed on September 16, 2005;

18) “Filled Polymer Compositions Made from Interpolymers of Ethylene/a~Olefins
and Uses Thereof”, U.S. Serial No. 60/717,587, filed on September 16, 2005;

19) “Compositions Of Ethylene/a~Olefin Multi-Block Interpolymer For Elastic Films
and Laminates”, U.S. Serial No. 60/718,081, f;il3ed on September 16, 2005;
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therewi th. Suitable coagents include
trinmethyl ol propane triacrylate (TMPTA),
W eooraotegé ol propane trinethacrylate (TMPTMA), PCT/EE1096/009500
cyanurate (TAC), triallyl isocyanurate (TAIC), anong
ot hers. Use of peroxide crosslinkers and optional
c @AY EThesmoplastid Ynlepaizate Llonprisingriptegiodyym afiEthylene/o-Olefins”,

ul in t and di scl osed for
US. 5§§ﬂe5€ﬁ fﬁ&gﬁﬁﬁr §Qﬂﬂﬁbﬂhge$@&%de Vul cani zati on of
El astomer”, Vol. 74, No 3, July-August 2001 . [132]
Wagp “Mmﬁl-!zu&érl ERLRCKROR0! M e NA60I758,08PITES b DeBermber
is at |east partially crosslinked, the degree of
27,2¢05e8d i nki ng may be neasured by dlssoIV|ng t he
conposition in a solvent for specified duration, and
c u I
o8 0 8 GG Pl ASheh? HABULIAR B0 B proane
Therdfroat,aad Il\mghtﬁﬂsd‘SSMaKkigﬁbe Saue!, 31.S FRuriat NoeeD/ar 8,184, €ited on
accorg to embodi nent's of the i nvention, the percent
Septegaher 60 is desirably in the range from5 to 100
per cent. [133] The mul ti-bl ock copol ymers according to
enbodi nents of the invegxoomagyel |l as bl ends thereof
possess inproved processability conpared to prior art
conposi tions, due, it is believed, to |ower nelt
[436% cosiEhe. fotmwslg exh@pl@@ mpvld@mtoaﬂuﬁr%mﬂne gertbegs elihes
1nven?1p{? 80 En%ﬁe$8 ag} a%ﬁ gsa [ gn aI%S |‘§§PS§?A t x1§f1n§%§fgftn{e% rFFlge
exambls afy gesntedao rémﬁplﬁﬂymﬂaoanﬁbrbd efitls irtvesti@obut urd meﬂltynded to
possess, i nproved nelt_ strength ropertles there K
limit shq igyFign e thespes Bn embediments sstiortho hnlsprdidicasgdforheerpirary, all
TP
Ml e e g
rangasekd gisén, éngiphldi k& wnderstotlithat iendddiment ssout§idSthg stated ranges may still
Ther popl astic conp OSItI ns..accor.di.n 0, enbadi ment.s of
fal bt AR et B0 SPTHER R P05 JERTIESbin SPH PTG should not

be cohbtkﬁeara% neées%v%atﬁeﬁbﬂﬂhyﬁ@eﬁtf&h as starch, talc,
cal ci uncarbonate, glass fibers, polyneric fi ber s

(|nclud|ng nyl on, rayon, cotton, polyester, and
TestipgMethads de), netal fibers, flakes or particles,

expandabl e | ayered silicates, phosphat es or

bonag, )&Hgﬁ

lgﬂm n05|ﬁ| cates of a gbr!ﬁ%ntgp osp %hﬁﬁﬂéczfi‘? eUE‘uEiées are employed:

whi skers, carbon fibers, nanoparticles |nclud|ng
GPCrMetitoddes Sanpldsds4 anthe,C graphite, zeolites, and

ceram cs, such as silicon carbide, silicon nitride or

[{ist] ant axn g\'ltlo?n%%dqlaq%?cg ha(m)nrdhng rgbot equipped with a heated needle set to
160°C is used to add enough 1,2,4-trichlorobenzene stabilized with 300 ppm Ionol to each

dried polymer sample to give a final concentration of 30 mg/mL. A small glass stir rod is

placed into each tube and the samples are heated to 160°C for 2 hours on a heated, orbital-
shaker rotating at 250 rpm. The concentrated polymer solution is then diluted to 1 mg/ml

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

[139] A Symyx Rapid GPC system is used to determine the molecular weight data

for each sample. A Gilson 350 pump set at 2.0 ml/min flow rate is used to pump helium-
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coupling agents nmay al so be enployed for better filler
bondi ng. [135] The thernopl astic conpositions
wa@ewenadiong to enbodi nents of the invention, inedTTUE2996/009500
the foregoing bl ends, may be processed by conventi onal
nol di ng techni ques such as injection nolding,
purgeeXlt,2-dhmobenketiersgpbilied witf 200nppng Jorsl assthe mulbde phasedimengh three

e Bk 0 AL B s P 0L BT e

160°@ & f:ﬁemab% A51S WoOISE R 19 Y RIS R T apbriafor Y&titB250°C, the
bl own t he

I''mprocesses. In addition to the above, )
Nebubirackt tetley? @ rrad shohiebien flow eatp sttytord 18sSIaVis a peassuze of1§@-@0 psi

i n that i s described,i ol ow n LS., .
(a0 P eteebime SR e iatlad PR Pl Ak Niaple s inco o
250 1l I us@fpithé Ng@HiRAGngHovbSinancattdRlebdlat Bed anflgsis of the

continuation-in-part applications are incorporated by
polymesfsamples aising twp gwitpheddeeps asdrovedanpingipjections are used. The sample

date s PRI gy SR il X BORAN SRBM AR HHl ogp ool
integffedSadttReripelechiar w2lpBbinfainatibh o ried nrcmtcoted|aghlasicdopolystyrene
Looped Structures Made from I nterpol yners of

standpgd5A{iBREOR CWVES ns and Uses Thereof, U.S. Serial No.
60/ 718, 130, filed on Septenber 16, 2005; 3) "Pol yner

Bl ﬁgﬂ?alfd’eng‘tﬂ‘ Mliwegr of Ethylene/a-Aefin", U S
Serial No. 60/717,825, filed on Septenber 16, 2005; 4)

"Viscosity Index |nprover for Lubricant Conpositions”,
[1405. SdBianthingdisgihutions arg detefrhingd by aryspizetipe anal wsis

.2005; & bers. Nad . .
ot B3 R AR LSRRI iy gyt gy
PolyaerChant\eidieia, $ain2 A0S sarfiples feldbysslvidtiiel b Mariciklopbeyrone at 160°C
Pr o%yl ene/ a-d e Serial No. 60/ 7]1,7, 863,

of fms”, U S
(0.66rmg/ad-)dor Bapanditahilized at 2p§5 1oy 5 mighies Vhe samplipgrirmpggatures
Ay . §400]: | as
s ERNOS PRI b o TR i UGS 8t s
the pSlyptee sdletior éonc2@iffions) Thdammdsiitd whblooncentration is measured as
the pgffﬁ%’ek grny%t/aﬁizgs % he the lertnlpér%J[u?g i(s Aerclltegsré%) |T¥1rerea{1§lyt§ga{l tdgrki)xlfa%ve of the

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

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

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

[142] 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
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Films", U S. Serial No. 60/718,198, filed on Septenber
16, 2005; 9) "Rheol ogy Modification of Interpolyners
w@bBooktibmbene/ a- A ef ins and Articles Made Ther eP€DD$2006/009500
U S. Serial No. 60/718,036, filed on Septenber 16,
2005; 10) "Soft Foanms Made From I nterpol yners of
at ab@tt 15 Yheitchtheh eifreebled th SonSenipatatide (250).73-108880f material is then

cut i S EP AP, AP LP OV R, BESKE O TR ey foa 50
mg), hhc&he§@f1h1@led Mait. 98¢ thbfmBARhatibt @ﬁh@ BanpSIB i EMbEtigdRd with the

Foans Made From I nterpol yners of
follomtﬁye@n@ﬂ%\lr@r@ﬁlm sthe semgle iseanidly heieted 60180LC, a@d eldfisothermal for

ositipns. of
3 mides R BREF RSttt b obR s BT RRR o Pl tmsppied -
0°CFalt Ilmsc/mlﬁ bbdﬂng hatblahd helalat -400CTor Hafimaes. Nhe sGliplelié @deated to
iled on Septenber 16, 2005; 14) "Cap Liners, Cosures

150 °5h'c& 1es(/ain hepbpgaia| The eobag amdbsepaad Beating carvesayej rggorded.
No. 60/717,824, filed on Septenber 16, 2005; 15)

A9 ; . .
30, ¥ ey D &0 iz SRR e i in hept oy pte (Wie)
with mspe it thatbiecar baseliad @anrilﬁetwemBiO"(Blamb knchof rﬁ:giﬁp?s The hews of
o QR S DS S BoSh PE bhSt meling

usmg]amneafsgsgﬁﬁpl ymers of Et hyI ene/a-O efins Bl ends and
Profil es and Gaskets Made Therefront, U. S Ser| al No.
60/ 718, 165, filed on Septenber 16, 2005 18) "Filled
H4l y e rCatibigsioniaf |ﬂ@ﬂ11§ Qawéonerasrfplllwmlﬁtﬁtw@sglww obtained by

o A5 S P I gl 1

m1111%1§@1§'lé9§ iffebiPmgiah seEﬁﬁl}é lieal e@e@o?hbﬁm'é‘l-thé gaz@;h@ €K1 80°C cooling the

nt er pol ynmer For Elastic | ms" and Lam nat'es’
sampRetoi 1&0°C&I@t a 6@ling 83t081 109G Ineid follovBapivyekdepinglihe safﬁﬁxﬂ&szﬂbermally

ot 1453 5 i 55 Beioeci PAPPIRGToTa b1 7 Lo ELC i  igting rae
B e A A o
deteriérsdriad ichecked to be within 0.5°C from 156.6°C for the onset of melting and within
0.5 J/g from 28.71 J/g for the of fusion. Then deionized water is analyzed by cooling a small
drop of fresh sample in the DSC pan from 25°C to -30°C at a cooling rate of 10°C per
minute. The sample is kept isothermally at -30°C for 2 minutes and heat to 30°C at a heating
rate of 10°C per minute. The onset of melting is determined and checked to be within 0.5°C

from 0°C.
GPC Method (Excluding Samples 1-4 and A-C)

[145] The gel permeation chromatographic system consists of either a Polymer
Laboratories Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The
column and carousel compartments are operated at 140 °C. Three Polymer Laboratories 10-
micron Mixed-B columns are used. The solvent is 1,2,4 trichlorobenzene. The samples are
prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing

200 ppm of butylated hydroxytoluene (BHT).4§amples are prepared by agitating lightly for 2
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27, 2005; and 22) "Functionalized defin
I nterpol yners, Conpositions and Articles Prepared
wab@saéroesn and Met hods for Making the Sane", RLCTBUS2006/009500
Serial No. 60/718,184, filed on Septenber 16, 2005.
EXAMPLES [ 136] The foll owi ng exanpl es are provided to
houry 4t(1681G. atke injestiey vielhwsiusedis 10A enicrolitans andsthp dloywratesis 1.0
ml/mCelg[tai n conpari sons are nmade with sonme existing
b%‘l%lners. The exanpl es are presented to exenplify
enbodi nents of the invention but are not intended to
[146f1 t  t@eibratioanifitlenGPO chienrb§ee & perforBed atth P8 Hafro®Qholecular

. forth, Unless indicated to the contra{gil, all parts_and
weightdistebitingarolystrens stopdaggsewittnmolegulas Mieights ronging &omy 380 to

8,40 éﬂo&% eHSI}]ger st g%@'ﬁ?&%%@e%%glﬂ Eésrtng ;d g%eglite\sé?g?aﬁieon between
indivitual mdlecalagesighiy The istahddrds hrewutdhiased fivem Pobmeer dfabbﬂalﬁ)ries

i nventjion. Specific details described j ach ex
e SR AR SR 5 o
solve'%lg?b? Rid1Qlar Hiti]&lu%forlﬁ%]%eftér?tﬂdn 1,000,560, 8%&@ 00k §arh @50

ow, the follow ng anal ytical techni ques are
milliliteys| of yelyentEPOnbischlotiweightsdessphas1,00040@(h dIe 101y stB8he siandards
are dﬁg&é%%&t?@gé I%Vgtﬂlfg-a a{l@la{t}gg ggrt ortgguga gln g %ar%\gvlgta%dal}g? }n%gtures
are rub, f2istlarldrih ©fde@ b BeRERNE kiRt ﬂnb%@dl_a%%i@hﬁ&gnﬁﬁtﬁﬁhﬂ 0 M@ihimize
to each dried polymer sarglj( e to give a fina

degradatiere nthepalyiyrene Sandegd peak molgerian wejBhis sresgonyertasitoipglyethylene

ol g8 S R oA AR I oS AR 2P R FINER By W
Polyrat S@5BolyamLelhe 6R0(E268D): aVigg iRl ¥ni43 KM Lik,a8). 1 S t hen
diluted to 1 ng/m wusing the automated |i qui d-handling

T T R e

Viscot8it SASEdabAwARIV&Seh 332l €. A G | son 350 punp set at
2.0 M/mn flowrate is used to punp heliunpurged

1, 2-di chl orobenzene stabilized with 300 ppm Ionol as
CompressigBifef e phase through three Pl gel 10 micrometer
(m) M xed B 300mm x 7.5nmm col unms pl aced in series

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

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

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

Measurements are made within one hour of sample pressing using ASTM D792, Method B.
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16Q0C. A Pol ynmer Labs ELS 1000 Detector is used wth
the Evaporator set to 2500C5t he Nebulizer set to 165C,
wa@paetibwedi t rogen flow rate set to 1.8 SLM at BCT/US2006/009500
pressure of 60-80 psi (400-600 kPa) N2. The pol ynmer
sanpl es are heated to 16Q0C and each sanpl e injected
Flexural/Secan? Mbdulus/ Segrage Migldliie | i qui d- handl i ng robot and
a heated needle. Serial anal ysi s of the pol yner

ety Ll LB T

perceBRL¥ Sitb dfil afOmeYsived deROR{d A SNIINADE. S%?ﬁjésm@dtﬁus is
manual I'y integrated and the nol ecul ar wei ght

measunefl acovading to ASPd Ded26H orrrequiveldnbigelimgue. a pol yst yr ene
standard calibration curve. Standard CRYSTAF Met hod
o ﬁica'}40% 3 lgnchl ng distributions are determ ned by
P 95 %ﬁ FZation anal ysis fractionati on (CRYSTAF) using
a CRYSTAF 200 unit commercially available from

[IBQ] y rrF rRi](ijnﬁof Mhﬁﬂﬂﬁdcneﬁlﬁé a%miﬂeem&annlced uaihg a hot press (Carver
ssol ved | 2.4 trichloro zene at. 160N0C (0.6
Mod%ﬂﬂ% ApR}00) Rﬁ T ellsts, e plaged baivegs polyisa Oﬁsowmgag sheets,
heated 3€ }WH sk fﬁ@q{@ ﬁ{r%smfnaﬁgﬁwfeﬁ dlgﬁl\/ffoct B9 tifland then 2.6

coO0 I nfrar detector IS used
MPa far 3rmms Urte filteis pleenyooeledso khet press witnweningapldowater atHe3 MPa for 1
mul ati ve soI concent rreasure

min. 8 iR PRI PRod R BP R ST Fnsid Bebavior

recoveBS bRRSERMs reld@tional ytical derivative of the cunulative
proflle reflects the short chaln br anchi ng

di stribution of the pol yrrer [ 141] The CRYSTAF peak
[XRRhper ftlavity inmeagreduapsB |é(eﬁﬁﬁdﬂ1ﬁé]da@ygatrﬁés gpegified in ASTM D
17462nal ysi s modul e included in the CRYSTAF Software
(Version 200 |.b, PolynerChar, Valencia, Spain). The
CRYSTAF peak finding routine identifies a peak
[¥8hper at3dgbosass meavaridmsing BYY KHéardiwr dilossureter Mictbgldse 45° as

.area e largest positive inflections on
Spemﬁ??ﬁ’e‘g%p@‘é%%pt he identified peak in the derivative
curve. To cal cul ate the CRYSTAF curve, the preferred

[154 Ces Jhitgn) BhRTE hhasurad Bsiig BfYI@GbﬁjiiEﬁHaidJ%ﬁd lbhg¥dtonOASTM D
C and with srmothlglgqpararreters above t

1003?@%9@1&@% Mingraj qil isfapplied toghifile pefirce fie reneqisstefpes ssratches.
limt of 0.3. DSC Standard Method (Excluding Sanples

Mecﬂan‘*czﬂﬂo&l@es Tensile, Hysteresis, and Tear

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

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

[156] 100% and 300% Hysteresis is determined from cyclic loading to 100% and
300% strains using ASTM D 1708 microtensile specimens with an Instron™ instrument. The
sample is loaded and unloaded at 267 % min™ for 3 cycles at 21°C. Cyclic experiments at
300% and 80°C are conducted using an environmental chamber. In the 80 °C experiment, the
sample is allowed to equilibrate for 45 minutes at the test temperature before testing. In the

21 °C, 300% strain cyclic experiment, the retractive stress at 150% strain from the first
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[142] Differential Scanning Calorinetry results are
determ ned using a TAI nodel Q OO0 DSC equi pped with
W@eROB96®©0l i Nng accessory and an aut osanpl er. BCT/US2006/009500
nitrogen purge gas flow of 50 mM/mn is used. The
sanple is pressed into a thin filmand nelted in the
unloagimgsyele isizooded. 7BEcanrtaedovery far al equtrimbntme odoulated from the

NG LM ST N TCAE IR NI -

recovélrg,lgdgﬁ&latasal um num pan (ca 50 ng), and then crinped
shut. The thernmal behavior of the sanple is

i nvestigated with the follow ng tenmperature profile.

The sanple is rapidly heatedé}oé£l8 and held
i sothermal for 3 m ﬁ%f‘é’ge’lyrr order ><t?és:rem)ve any

previous thermal history. The s’arrpl e is then cooled to

- 40C at 10C/mn cooling rate and held at -40C for 3
herd kA8 Strail Bk RAOPER L Soddif a8 1Sl 5Raid FheRihB10ad returns to th
wher (f h raﬁeatl ng r}gtle OTEggﬁ%oo |ngean%l1 segond hoeaatr?}llans oHe
baselmakiuﬂsg ﬂmel“nm&rmddfgcbyc[elm] The DSC nelting peak is

neasured as the maxinmumin heat flowrate (Wg) with

ST or Sherehgtion heeiget PRttt 8 o e S uing
an In@fo@iaM URdemehhQuitpet ivAth dbnveoR@ENBEChambe) CTIRNEhubh Sediélry was

nelting using a linear baseline. [144] Calibration
76 mmfx %@mjs&‘h gy o%@er@guﬂrbratmg@t 3G for 45 anip A thejopirprmental
{ 1t

chamggr ﬁ’{e%gx%ﬁféy\ﬁés%@h%g% ﬁ)m é&{r%g@ 3%? 3 139‘ mgﬁ‘Psts \?E[a%gcorged as a
functfoheﬁ' hinenfdi UDhe@spiTRe parcaitatryssadlakytionedier HY hbllile vaaepleelated

to 180C cooling the sanple to 1400C at a cooling rate
usingdhe f5m&la ni n f ol | owed by keeping the sanple

isothermally at 1400C for 1 mnute, foll owed by

heati ng the sanple from 1400C t g 1§OOC at a heating

rate of 100C per/rﬁtwméelamﬁ@nt‘fea%—o%—#hﬁ)ﬁl on and the

onset of nelting of the indium saﬁﬂpl e are determ ned

and checked to be within 0.50C from 156. 6C for the

Wher<? Eg%gq;@ ¥oaH“3 56%%%@1%%& ’g’:tfélﬂa: zghedgu%s]t/hg lcfad%%@?ergélg‘]strginfa?{er 12

usi on ter 1's ana
hourscooling a small drop of fresh sanple in the DSC pan
from ZSC to -300C at a cooling rate of 10Q0C per

j ute i s kept isother
[FR8 et Faaiec SR enS ArGRT T 80 SUBhIoA i fensity
of 0.8 B¢ 8t ledNB i HEEhstBdn™Bhdthitbnt STREE QBRI SBE of A el kection
to be within 0.50C from 00C.
of 76 mm x 13 mm x 0.4 mm with a 2 mm notch cut into the sample at half the specimen
length. The sample is stretched at 508 mm min™ at 21 °C until it breaks. The tear energy is
calculated as the area under the stress-elongation curve up to strain at maximum load. An

average of at least 3 specimens are reported.
TMA

[159] Thermal Mechanical Analysis (Penetration Temperature) is conducted on
30mm diameter x 3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa
molding pressure for 5 minutes and then air quenched. The instrument used is a TMA 7,

brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-
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GPC Met hod (Excluding Sanples 1-4 and A-C) [145] The
gel perneation chronmat ographi c system consi sts of
we@Raokae19eé6 Pol yner Laboratories Model PL-210 orP@EI/US2006/009500
Pol ymer Laboratories Mdel PL-220 instrunent. The
colum and carousel conpartnents are operated at 140
0416)d€apdliedee tieaduyfaes of the saraple ldlsesmﬂtO}N lﬁd)me ofhdMexgpdraBire is raised at
col ums_are used, The sqlvent is, 1,

SeClupifeqe 87 S eRoerrabe W‘@%‘b& lnge i ngﬁaélaasi atje fpnetjon of
temp&&’tﬂfeel H er QanQﬁt Bdélwﬂéﬁmé SbeRk YRR tatdd PRm into the sample.

of solvent con a| ning 200 ppm of butyl ated
hydr oxyt ol uene (BHT). Sanpl es are prepared by
DMAagitating lightly for 2hours at 16Q0C. The injection
vol une used is 100 m'croliters and the flowrate is
L.e { {
[ll%gf)perf % MeE: %théal P}g irS&/bm)l gedr e&?&\?\g ﬁ:ﬁ§l% {e38lor? flolded

disks braiediil umbopremdt)lst)%@ &NED SIPa I’pﬁ@ﬁlﬁi‘é for 3 i‘mnimémldlthern water cooled
wei ghts ranging from 580 to 8, 400,000, arranged in
in theressiat 999C / wine [gsting i condugted sing an, ARES £oatrgiled strain theometer

A B R R R G T

(Shropshire, UK). The pol ystyrene standards are
[1e6dkpar eod 1 &m0 pb@se rraessed andcQit in b ba dﬁdémsnmn@@ki@nm The

sampl To BimoeH A G oD B HS SRR Y LB 0P SEEFUigRAL) and
subjef:tgii td@ﬂc@@éﬂ V@&eﬂﬁéégttr&}éstg%sfﬁ)rﬁ hﬁﬁPé’tQQ@O‘Q,O%)CFantep). At each

ystyrene st re dissolved at 8
tempqemtd the dgystoatm aiuldsds’ B@lemsumd etsan ahigulan frequancy pb hQitadds the
f _decreasi

stramrﬁn&rl'ggf Sl}pélﬁgg@é#lgaﬂﬁ%t?e ‘ﬁ?enc L_g tanfi Pl il ozeélsfi]rg that the torque

is suffieheaRl th@the MREsUBSHh T hath@RSirSthaiidledrdegi@@k nol ecul ar
wei ghts are converted to pol yet hyl ene nol ecul ar

wei ghts usi n the followi ng equation (as described in
[M21 | i arfn il wetig forge pHi Y gis maintainsg) (prfo-tepsion moge) tg prevent

slacké%ﬁggst)aﬁ'yp SRR REYA %Q}Eansmg 0%(3&1‘% MaEQl c>6§%1 HLERR) the %ﬂ? g%‘paratlon

ene equi val ent nol ecul ar wel cal cu
AL 1rﬂfdas¢$aﬁifdoﬁﬁ'&dnplﬁaﬂu¢ Yhasicolag aEﬁVeSEélnBadﬂrtg/m'rseftMﬁng pomt of the

npressi on Set [148] Conpression set measur
polyra%rcsam@i% gihedeskstons of tég @wmﬂ@némr@mr%orpwaé %aanﬁﬁtween the

ﬁxtu&g%@%%gzrg 4 mmdiameter round discs of 3.2 mm 2.0
Melt Index

[163] Melt index, or I, is measured in accordance with ASTM D 1238, Condition
190°C/2.16 kg. Melt index, or I; is also measured in accordance with ASTM D 1238,
Condition 190°C/10 kg.

ATREF

[164] Analytical temperature rising elution fractionation (ATREF) analysis is
conducted according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.;
Ryle, T.R.; Knobeloch, D.C.; Peat, LR.; Determination of Branching Distributions in

Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
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thi ckness until a total thickness of 12.7 mmis
reached. The discs are cut from12.7 cmx 12.7 cm
w@eovpnewsé on nol ded pl aques nol ded with a hot PCEES2006/009500
under the follow ng conditions: zero pressure for 3
mn at 1900C, followed by 86 MPa for 2 mn at 19Q0C,
incorporhied be defbreyiceinabinrig theirsintieety hEhpc@apositidntobeladalyzed is

N
suppo%@(é@amlé@%&‘éf Q{B?)"Eérss&/l@%s' g5 l\/b% l?én%oéi‘&ﬁreﬂ@ ‘20°(95t SIhE rate of

ssi ng usi ng "AST Fl'exur al / Secant
0. 1°CMmhu I The/colbtnnr mgquﬂppdhwuh ah ixﬁ‘f}irechetpxttes Ao ATB&FWIE@Batogram
ded usi n&b§S ur.al and

by
curve o e TGN Y &ML RSB 40 B AR A5 AP B galgmn by slowly
1ncrea§h%r 188 eniRehd oS W§&%n@@ﬁ@lﬁl@fd%nﬁeﬂef§aﬁﬂ 20 to 120°C at a rate

01 or equival ent technique. Opti cal propertl es
of 1.5°@Aaih. Fi | ms of 0.4 nmthickness are conpression nol ded
using a hot press (Carver Model #4095-4PR1001R). The

pal .aced between pol ytetrafl uoroethyl ene
she‘éﬁﬁRhea?lg%gat 190 C at 55 psi (380 kPa) for 3 mn,

followed by 1.3 MPa for 3 mn, and then 2.6 MPa for 3
[1|1§lS]1 ThEhefsamples ard grepared by axﬂﬂlngl ap)ﬁlexmraﬁys 3gwof & 50/50 mirgpre of

tetrach rorinerd foehatichlosaens g 1 0 Bt & Esamnliingt resﬁl\%@ tube. The

sampfe@ '31%' &1%0%%’1& AbmoLEHLEH eaﬁﬁgt&ttﬁﬁ‘eséﬁldr@é @hRintsad 150°C The
[152] darity is neasured using BYK Gardner Haze-

data ae colpretadiusig d JEO!ISSEMme’lNM@I)MHZSB?ctme@r@S ¢ Vagian Ug nity Plus™

asured using BYK neg ossnet Mcro
sonMFESHFontEh e n a0 S (oro R Pl 861 (5 M e data
are a a6d (§idg Ys0 0 EarBidht R daﬁrﬁlblam -RsedoRBpElce @pet&ﬁﬂ\deﬂhy To
03 Procedure A Mneral oil is applied to the film

achiew piBiERIn aigméﬁwelsg orrcaeatitgty e, mubnla Aie diles arc added
togetlgf{ O%E:ts Fral wic iSe()OO'_]@fzc‘ bithSShii ﬁ'l?q'ﬂg §3L of 398 lata l}]:’oin(’jr]s. The

F ess- raln AT or T uniaxial tension 13 neasure
sampltSla@arA&'Ebﬂ Bt ]]3'(1)‘83 in a 10 mm broad band probe. The comonomer incorporation
is determined using Randall's triad method (Randall, J.C.; JMS-Rev. Macromol. Chem.

Phys., C29, 201-317 (1989), which is incorporated by reference herein in its entirety.
Polymer Fractionation by TREF (also known as Preparative TREF)

[166] Large-scale TREF fractionation is carried by dissolving 15-20 g of polymer in
2 liters of 1,2,4-trichlorobenzene (TCB)by stirring for 4 hours at 160°C. The polymer
solution is forced by 15 psig (100 kPa) nitrogen onto a 3 inch by 4 foot (7.6 cm x 12 cm) steel
column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 um) spherical, technical
quality glass beads (available from Potters Industries, HC 30 Box 20, Brownwood, TX,
76801) and stainless steel, 0.028” (0.7mm) diameter cut wire shot (available from Pellets,
Inc. 63 Industrial Drive, North Tonawanda, NY, 14120). The column is immersed in a
thermally controlled oil jacket, set initially to 160 °C. The column is first cooled ballistically
to 125 °C, then slow cooled to 20 °C at 0.04 °C per minute and held for one hour. Fresh TCB

is introduced at about 65 ml/min while the temperature is increased at 0.167 °C per minute.
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m crotensil e speci nens. Sanples are stretched with an
Instron at 500 %mn"1 at 21C. Tensile strength and
webwagerds©n at break are reported from an averBgBEUS00&§009500
speci mens. [156] 100% and 300% Hysteresis is
determ ned fromcyclic |loading to 100% and 300%
[167] ai nsApisoXighatei MY ﬂl]?fi&tmhs:dsﬁnlm floen thp @edparitive WREF column

Instron(tn) i_nstrument. sanple js | paded and
are cqlffeisddaa laitapign. igdrction e?llagtqsy The golymes Bsonegyiajed in each

SRS, Sl ABABCS AARLUSLE ol 5Ln ie

The cmanq:ﬂtmta@ohitilonm allowedjta :*.tart& catemiglnrbe«ﬁ(ﬁ‘e atding esceas methanol,
test te tur e e I n,t 0

filteriags 4 TE (abiaS a0 ol St imbidi e feitinaltingdy the

ﬁltratl@tpsf%ﬁ {s"RMRrhéPHR & B%o&hbﬁ LihuBPsksREd TR stitibe aﬁﬁgs@ um
Percent recovery for all experinents are cal cul ated

polytﬁttraﬂnommhsflmesqoawmfdwu pangr (apailable SionyOsmeniss ngi, Catt

Z50VPREDaky o SRR o Bt e G BEAERE G anc

weighdl éihsh &talyaichl BaddeRe bEfore Riyihbi @sthrpa oA ditieiad irfsrna8ioh ABout hits
strain where the load returns to the baseline durin

methed s taught i Mgldgi g Rylee TeR-; Knghgloody Pels s Peat) Bikaediming dion of
. u
Br. an%@% Wzﬁgbﬁosr??% %?{y%?y?tfeﬁé %J%%ﬁ&}{?eg % /gm%% J. {flﬂ $ci., 20, 441-
455 (eﬂxa)[onmsnt al chanber. The gauge geomatry vvas 76 nm x
25 mMmmx 0.4 mm After equilibrating at 37C for 45 mn
ISMSSB%) envi ronnmental chanber, the sanple was stretched
t

teength \ at 333%nin 1. Stress was recorded as a
function of time for 12 hours. The percent stress

[163] axat M@n s&fehgh ét ) OME SsuvdShyCainpd @dpathry shedhetdd Sitted with a
r

f or mul a: - ess Relaxation =- .x 100 LO where
2.1 mmy diaénqmeﬂv éaly: with speptsancapaglaof apprpximatahy 4y degrees; Hifter

equil%b?@tgngathe ?e?mﬁgsf §80¥-6 tf(grali Onmf’%lfu{e%,r th% %ispo%%rs Tunata speed of 1
inch/minute (2.54 cm/minute). The standard test temperature is 190°C. The sample is drawn
uniaxially to a set of accelerating nips located 100 mm below the die with an acceleration of
2.4 mm/sec®. The required tensile force is recorded as a function of the take-up speed of the
nip rolls. The maximum tensile force attained during the test is defined as the melt strength.
In the case of polymer melt exhibiting draw resonance, the tensile force before the onset of
draw resonance was taken as melt strength. The melt strength is recorded in centiNewtons
("eN”).

Catalysts

[169] The term “overnight”, if used, refers to a time of approximately 16-18 hours,
the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed
alkanes” refers to a commercially obtained mixture of Cg.9 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
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[158] Tensile notched tear experiments are carried out
on sanples having a density of 0.88 g/cc or |ess using
wa@eoobnetseon(tm instrunment. The geonetry consi BEBHUS00&009500
gauge section of 76 mMmx 13 mmx 0.4 mMmwith a 2 nm
notch cut into the sanple at half the specinen | ength.
prepatidtion odafpkacering txpetiatentt wdre Eﬁlﬁiemma dry aftré@eft atﬁmaphd:ﬂe using

it breaks. e tear ener s _cal ted S e ar
dry beiigehnigyes. ¢yl F%%%enéﬁ %ﬁ@&te?%ﬂi’ﬁﬁr@ %er%?%a#ﬂ clgye tholr use.
maxi mum | oad. An average of at Ieast 3 specinens are

[lﬁg}éor t A AdYRe folsa8 Im o IRbth)RGRAR68] 2 tﬁ'ib%bﬁt%/la‘}ummum modified

netration Temperature) is conducted on
methﬂalamx@ne avaflalde pommisiaidly Tompilesiae Eﬁomgzttmcm scs,

formed at 180C and 10 MPa nol di ng pressure for 5

ute n ' t used is

TRk Ry BN E RIS ol B GURR) The

test, a probe with 1.5 mmradius tip (P/N N519-0416)
| 9) dpparstibrt of (1 heetbyletha@-lofdrohye3 S adifibatyd)henyirhdthylidine
force. The tenperature is raised at 5C mn from 25C.

073 oF1 o Bk Pamalath l.d%fwcffﬁﬂ%ﬁﬁb&ai@ei? B "sfapremmine.

The sBRuPBE riiﬁ%g@%ﬂaﬁ@ﬁt%@ll@%ﬁlﬂ& Qtifeh@ of AMBlehit te%a&tﬂr@ @ 3 hours,

Dynam ¢ chani cal "Anal ysis (DMA) is neasuréd
volatﬂ;@m ewived undérdieduuh ksiekoy bright B’ﬁil(&\’,ms@h@%@hdt(ﬂ gercent
ldat 10 MPa pressure for 5 mnutes and then water cool ed
}n the press at 90C/ mn. Testing is conducted using
an ARES controlled strain rheoneter (TA instrunents)
eqyi pppstatérd & dRis-¢RMdit-ustphiehdens)es(N-gt- t or si on
testing. [161] A 1, 5nn1p|aoue |s pr: sed and cut in a
barethyle opmethy(2ooxavl haiconiym dibenzyl | anped at
bot h ends between fixtures separ at ed by 10mm (grip
ar at
[E?gps fé g‘?}]‘lﬁ% ?13&!?:1 8%67%)22%&6%0%:?@&%Mﬁylﬁﬁﬁﬁ?l‘)ﬁhﬁé €505 mg,
2.2 mnavipizr amlrtelueheistsbvdy eddeddd al sobiticn of Zrﬁﬁ’é&?hhe(élO(bmgahl mmol)

S T e
remo @SB FdAated fressufy 16 Yeeld ShesdebiréChrodtctand rédidh-t0&n solid.

measurenent remains in the linear reginme. [162] An

initial static force of 10 i s rralntaln?
[](7&bt o- t%r@pgr cafgl }ﬁ];@},%ﬁq conducted as follows.

a) Preparation of (1-(2-methvlcyclohexyhethy)(2-oxovl-3.5-di(t-buty)phenyl)imine

[175] 2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90
mL), and di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is
stirred for three hours and then cooled to -25°C for 12 hrs. The resulting yellow solid
precipitate is collected by filtration and washed with cold methanol (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of a yellow solid. 'H NMR is consistent

i

with the desired product as a mixture of isomers.

b) Preparation of bis-(1-(2-methylcyclohexylethyv)(2-oxovl-3,5-di(t-butyl)phenyl)
immino)zirconium dibenzyl
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slack in the sanpl e when thermal expansion occurs. As
a consequence, the grip separation AL increases wth
w0 b@otieryper at ure, particul arly above the mneltiPgI/v§2006/009500
softeni ng point of the polynmer sanple. The test stops
at the maxi num tenperature or when the gap between the
[¥76%t ur e5 soletiohef(16@-methyloélohdxydethy])(B8koxiA3l, 3-di(dex,

o it FR 5 Ry RISl 450 Bt oo o
T 1 A Ve e QL o

stirred [fQp § ovrat me Mwmoppsr@md Bwthey with 688 miotediene éaigive a
bed U S. Patent No.
Solufﬁﬁ%@'ég%&@e SRR OB "I R | Knobel och. D C

Peat , Det erm nation of Br anchl ng Distri butl ons | n

[ﬂUﬂ y et f@b(&mﬂyﬂﬂd AEhmthreraﬁ nfetpAdiyOR) Salkyl )amPohivin safbe bt
4#} 2), i ¢h areincorporated by reference
tetmlﬂ%?@ﬂ ‘FOHOEI}?@ b%ﬁe.(wﬁyn-aﬁfﬁrea%ﬁ@w R PEppaEed by reaction of a

long @ﬁh% M?aﬁgfl rﬁm@ (ApRleed N[[ﬂ-ﬂ‘ rdvalihull ARENZRAENSHY, Rlkh Oﬁép%nd

ystall'ize 1Tn a colum’ contalning an i1nert su
L1[B@F9u]n‘$1d$‘&nhalbe¢s difvdaspd by UsS. dPatent Nedig1 he8&3nEx. 2.
tenperature to 200C at a cooling rate of 0.1C/ mn. The

R oAV SEPL e Ry B B ant A " e
bis(tris(peitaavotdpRenAPhiRihe SRR & y fifnddAzb e, ?Eﬂp‘df&l adYoralngwb Y. S.

I ncreasi ng the temperature of the eluting sol vent
Patent Noi. 68P800bditadfie) from 20 to 1200C at a rate of
1.5C min. 13C NWR Analysis [165] The sanples are

0]

N S 98 B g LR o
SAl)séa(nplbutlenna(S]AB)ndn(mm}ﬂ)zm (SABY, triahiplabsniane (TESS Shved
o SR B b BB ST
butylg‘ﬂlokaﬁﬁﬁ (S ﬂ@&%ﬁlﬁﬁﬁﬁ Hlﬁﬁﬁirﬁﬁetﬁilsﬁyl)ﬁ{lﬂértssél@b tn\loc‘[%:alumlnum

ectrometer, correspondi ng
dl(pyrlémr?am@@omd@h(ﬁe%gyb@@ qcm@ieSyIM-lzutylmmlmanéSAIO) i-butylaluminum
bis(di(n-pentyl)amide) (SA11), n-octylaluminum bis(2,6-di-t-butylphenoxide) (SA12), n-
octylaluminum di(ethyl(1-naphthyl)amide) (SA13), ethylaluminum bis(t-

butyldimethylsiloxide) (SA14), ethylaluminum di(bis(trimethylsilyl)amide) (SA15),

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 ethylzinc (t-butoxide)
(SA20).

Examples 1-4. Comparative A-C

General High Throughput Parallel Polymerization Conditions

[180] Polymerizations are conducted using a high throughput, parallel
polymerization reactor (PPR) available from Symyx Technologies, Inc. and operated
substantially according to U.S. Patents No. 6,248,540, 6,030,917, 6,362,309, 6,306,658, and
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are acquired using 4000 transients per data file with
a 6 second pul se repetition delay. To achi eve m ni num
wWGe@eads©- noi se for quantitative anal ysis, nmuPeCT/pEm06/009500
data files are added together. The spectral width is
25,000 Hz with a mninumfile size of 32K data points.
6,316168. $slmiérescopphmEniahtyons drmonﬂaﬁectjaﬂ 1308C 206d 200 psmﬁb.d MPa) with

Ty T e ey
equivMRAIs QR MM 57836R1). AQe?tes 8PPo1FhérikkRBI hre cMAlEHed # a parallel

I ncorporated by reference herein"inits entirety.
pressiRe [rgavtar (FPB): cangained Qﬁﬂ&mdwmal l(ea¢tgbcetlhon\n 6as8 array that are fitted

i SRR, SR R AT AL e
cell id kh%@x%ttﬁé aﬁd reﬂsurré b&fﬁlo‘%@ Q@ﬂﬂzsﬁﬂ%g(&%h@d/ b$ iddiviiag sflﬁ‘f ing

hours at 1 EO yner solution is forced
padd1p$| The mooom@agas naml qwgle gehare phlr@quwbwctiy info thedtPR lmlb“and

contr%l?n dé@r 1%&(11 %Oim T Fﬁf}% alﬁ% ﬁrgrr ot caﬁ¥ g(gc}]eglqig %ilch I)eac%r cell by

syrm%ﬁé%hﬂ the @baSEir haasls i anaidlaglines. fTKbl’BrH’éﬁdf%H&ltlon is mlxed alkanes
ndustries, HC 30 Box 20, Brownwood, TX, 76801

solvent (4iml) caflylenes dtoctape gomongmer ). dostalyst | eigo aerét HMMAO

1n1xt|k§ ?h&%%/va{ gﬁ@i E’%}b& 03 fﬁ%;igt nﬁﬁgullggﬁ%#a} 121 xtBre o‘f%occ?tal%st 1 and

MMA?O bh e hiirtuky/ oftiovat catil ystis @bdd, firakedentssee preniikédainlaysntatl vial

0C.. The colum is first_cool ed ballisticall
immeely priph iS00 e o WHSDEIET Omisdan i prRsEment, the

abovﬁﬁk‘ée{‘@ﬂ Aditfn 9 Bﬁlem% maﬁftﬁﬁ&l TE IRy thrid dbh oS ¢8RdRed for

ut 65 m/mn whil he tenperature is increased at
appra}im@Fly0ic2 penutes, mmtllept[ed@m]mm@bwtb)dﬁmcmsymzﬁw ang reached. After

orti f el u nt from.t eparative TR
avenfid BT arR Ot or6 O FroFE BB T SR R tbes e
transf%ﬁleb 854 Séntrifae/vRAIMIBIyidSui O BEE B ERF02 42 hBuBAE B0 °C. The tubes
fraction using a rotary evaporator until about 50 to

contairgfg dtiedopolyier o |V\5m@]edggd thei cbffeneembq’q‘geeﬁrlﬂns weight and the tare
conce rat ed i on

d
weigf AR S RSiC Bl LR e YRR R B0 10 1 Rk e
elsewheROnaMe a ‘F%ﬂlaatf&ﬂ cothp@htiveddngioahdd 416 inditaag] bjhen dsterak (*).

rinse). eflltratlon step is perforned on a 3

osition vacuum assisted filtering statiaon usin
4 pol yEXAmRAes bt ﬂ&@?ﬁ%ﬁl{a&w@e spheds f [inear bigelpeqpo ofimers by the

SN AR oy or R NNty
monana@ial edpoddin€ velmnh MEY jghimdsenhamha hmaidytt ibecald rveleanareveight
dlstrlﬁptgcgnr ;?rofdllfcrt t(att] %ﬁxtﬂl%sé sggaratﬁgf procllu%lcgg1 po ynmfe?sr) r}rllaghe a%seangg o{” DEZ. Due
to the fact that Catalyst (A1) is known to incorporate more octene than Catalyst (B1), the
different blocks or segments of the resulting copolymers according to embodiments of the

invention are distinguishable based on branching or density.
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method is taught in Wlde, L.; Ryle, T.R; Knobel och,
D.C.; Peat, I.R; Determ nation of Branching
wor®bnoted i ons i n Pol yet hyl ene and Et hyl ene Copol/ysm®ne&009500
J. Polym ScL, 20, 441- 455 (1982), Melt Strength
[168] Melt Strength (MS) is nmeasured by using a
capabledry rheoneter fitted with a 2.1 nmdi aneter,
20:1 die with an entrance angle of approxinmately 45
(e the sanples at 190C for

Exd OBLCEAR) cal (tB?L G | hRERY!
R L B i

B*terrperat gre is @ he sanpl e Isoii 15 XI Qély t205
C,@a §6& of e}ccel eor]ﬁ ? gNi ps. | ocat ed f
di &owthgﬁn acqggration ofy? 84(%)”‘”051%9 ? rei%' re
2 “9866' © ‘irce '03195900"0' ed Bz oo:)‘m% 488 Y16

of tthe ni oll's. T ;to 2%7§ 46
4 atg%nedociurl ng) %e test ﬁ:r thﬁ3 154 94

1 exhl b| t| ng draw
Ce é’&ﬁ%nglgm‘t%gn?gﬂam%g Bse before the onset of draw
2 ce.was en.as. melt strength. The nelt
Bl 363@0?%0“#@‘%%1@5&5&%1’% fcenti Newtons ("cN'). Catalysts
9]Tet m "oyern sed, refers.to a ti
b or b ars 6 pob st bottoadaerupine b sampdintents oFine
mverttﬁm%t;@a %tawety ﬁatrﬁfvs ptats}d@pérﬁtﬂoem%ﬁaﬁ lafder B@c@coﬁmmer
the term"m xed al kaneS" refers to a commerci al ty
contagb (taimeadetrameruprlarger)dban polymaestprepansdiindbartisencs of the shuttling
a en?V&l | abl e under the trade designation |sopar E(r),
€% om ExxonMobi | Cheni cal Conmpany. In the event the
nanme of a conpound herein does not conformto the
[B83] uct uFather elprasattiag dan férhike pelfmeished TableUicind datermined by
represent ati on shall trol . The synthesis_of all
referice ¢ ﬂt?&iﬂét%& é\éor&ﬁae%ﬁ%aﬁlryéa%@ aad 47 l%?rF igpyltsshpwdhg fjlowing:

experinments were carried out in a dry nitrogen

[ﬁggsphﬂt@m@ a:ﬂgve%ir'th@??él)gf&tbg'e i Oel'%h w§9'1\r§ﬁtéﬁ@§% point

HPLC grade and we re thelrr use.
(Tm)MMAEOn hedteif Susian ofdldidfli Bgl Thd hm‘eabmdm@ﬁRYS&‘AF curve shows the

trii yl.al.um num nodi f i ed net hy| ane_avail abl e
talleg B o Fyvifh dReAKE R e PO e diferers pefern dhe DSC Tm
and RS ?Q%Eﬁtfts%.?b catal yst (Bl) is conducted as foll ows.

[185] The DSC curve for the polymer of example 2 shows a peak with a 109.7°C
melting point (Tm) with a heat of fusion 0f 214.0 J/g. The corresponding CRYSTAF curve

shows the tallest peak at 46.2°C with a peak area of 57.0 percent. The difference between the
DSC Tm and the Terystaf is 63.5°C.

[186] The DSC curve for the polymer of example 3 shows a peak with a 120.7°C
melting point (Tm) with a heat of fusion of 160.1 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 66.1°C with a peak area of 71.8 percent. The difference between the
DSC Tm and the Terystaf is 54.6°C.
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a) Preparation of ( 1-nethylethyiy2-hydroxy-3,5-di(
"t-butyl)phenvnnet hylimne [172]

W@ 286966 but yl sal i cyl al dehyde (3.00 g) is addedr/us202€009500
nmL of isopropylam ne. The solution rapidly turns
bright yellow After stirring at anbient tenperature
[f&?ﬂ 3 Howr3SC eutvatfod the palyerer efrexemtple s deowyapeakmwitioa 104.5°C

meltlég Bpla el" rgg wg{} gﬁéz?tlapltf W org&/ 13}08,} }/ :g n%hg 8C|>1Jrgsp r?czmg 8&%{G§IIAF curve
shows tl% tQ]le?s‘t bl db~b-hint ¥ g@c{kea@é’e{ %er(:é}lit( ITFF E}gfelr%cg ¥kdween the

i mm no) net hyi y2- oxovD zirconi um enzyl
DSC §“<ni anid ihn Tofystaf is 74.5°C.
-net hyl et hyl ) (2- hydroxy-3, 5-di (t-butyl)phenyl)im ne
% 2.2 mol) in 5 n toluene is slowy added to .
ll& 2 ol ﬁf&ﬂp%ﬁ zw(verf@mpzpa(ams Anppovis a19Gort mef/wgmlmﬂm) with a
heat (#f(ﬂléigﬁgf 84.95/d. e %%%o%ﬁ% C}'Ig‘{’ %‘F %8 dv,hg&s lth% tgltlés{ eai at
or renove er

oIven uced pressu

48.5°Cowith elpdakt 4i€a OB 4 pekcpito Mo oﬁtﬁes’t \faﬁdﬁ laﬁerbdmél@teﬁt with latiiesin that
[174] The preparation of cat ala/ is conducted as

is low i1 dempgity. ‘Bhe diffsreacabétvigenthe DSC Tm and the Terystaf is 41.8°C.
(I-(2-methyl cvcl ohexyDet hyI X2- oxoyl 3,5-di (t-butyl)phe

n‘rrh)) ' m@le (#)éé 8?’19'8 dor “ﬁ’ ]a‘(ﬁg%ﬁ q}“é‘fﬁaﬂm_%&eg gntaétmg pbm%5 fll" ncl)) with a

heat (ﬁlfuémﬁ) of Y3 BabieC athd @birekpondig QR BS TAR cBrée RHBWS thie Sallest peak at

added. The reaction m xture is stirred for three hours
82.4%vith hppalcarer o3 Z)PGIZ&EICB‘OQI ofltheservalueTlaee qomsistent wigh a resin that

A A o

dri ed under reduced pressure. The yield is 11.17 g of
[®oye! | opheId & durvd %%ﬁa?atﬁ@ ESURWEY 1)2\@?‘ ol Iﬁ&ﬁng gﬁi'ng fﬂn) with a

product as a mxture of |soners. Pr epar at
heat ¢fi fgsi¢l of {48.0rdighvilhe yoitredpenyite RN TAF oxoyglsh@ws the tallest peak at

81.8 é(gﬁvg%%bg%%%?gﬂ\s%elrc@& Qs xzzgl erlsce? oi\zv%pcgst%ﬁ{]nze pleak at 6;2 4°C. The
separﬁtllor{ ge’t%éTWh@ Y\%J) 9@%3{% é%ﬁgﬁ%P?H@%ﬂe%%Bé rrfé Efgplégyslte}lhne and a

phenyl )i m ne
low csystalliye palyhadr. t Theadiffedentd atweén ﬂie OS2 Pim) ahd(the BErygtaf s U3GC.
mml) in 600 nL toluene. The resulti ng dark yell ow
O

he, sol ut
518 Lopipar RBOUS S Ao S S oA 1/B2 +
DEzsqutlon haV|ng a concentratlon of O 00783 M
[191] 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 lbs/hour (1.22 kg/hour),
1-octene, and hydrogen (where used) are supplied to a 3.8 L reactor equipped with a jacket
for temperature control and an internal thermocouple. The solvent feed to the reactor is
measured by a mass-flow controller. A variable speed diaphragm pump controls the solvent
flow rate and pressure to the reactor. At the discharge of the pump, a side stream is taken to
provide flush flows for the catalyst and cocatalyst 1 injection lines and the reactor agitator.
These flows are measured by Micro-Motion mass flow meters and controlled by control

valves or by the manual adjustment of needle valves. The remaining solvent is combined
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[177] Cocatalyst 1 A mixture of nethyldi (C 14-18
al kyl ) anmoni um sal ts of
wo edosakiosq pent af | uor ophenyl ) borat e (her e-i n- af PEF/US2006/009500

armeeni um borate), prepared by reaction of a |ong

chain trial kylam ne (Arneen(tm MHT, available from
with Nozeadetieilenel awd hydréden (aherellispdd(aB8 &) W] the sablor.aAtrads flpw

di scl.osed.in,U.S. Patent . 5,919,9883, EX. 2.

contrperd SReHQR EN Y YO B BeeatioB SRy s WyAPRiAbGR oG e
solvefifmbn&her solution is controlled by use of a heat exchanger before entering the

bi s(tris(pentafl uorophenyl)-al umane) - 2-undecyl i m dazol

reactorel el hipstespnx entera dhedrotiomopfithe tgagor. PEecontalygs compgast sqiutions are

metergﬁ,b‘ﬁ%lgéogl—qlpg %}1@1 gglslstdflé\iv E%t@? %%1 %rﬁ-éggb%%ﬁ;&&ﬂ B¢ E,lg{ flush solvent
and iftrdducbingd heibdeomSARe redéton- Tiexghotai 8 eurl BAG-full at 500 psig (3.45
triethylalum num (TEA, SA4), trioctylalum num (S

AD) |
MPay vitle vigprepaisiirring Fopdict isirtemysd dranghsihlines at the ’Eop of) the reactor.

T T

the addiigey of dsmal 2mowithod xiatke intd BAIxit line along with any stabilizers or other

.bis(n-octadecyl )i-butyl al um num (SALO), )
addlt}v_eg, ci,paéplggjﬂ?%w)gprg (ﬂa(I)(l)P 1 ﬁéfﬁ'{lg, px)ug%Ab‘gj: p{(@ﬂp’q sb’u:eam is then heated
by pdasiﬁg bR Q&Qiaﬁée% Hefe dévorilzhRdie PR ;Siﬁ}méx?%&)ot is

noctyl al um num di (et hyl (I - napht hyl ) am de)" ('SA13),
recovetdiyyad xtmision msinig sy debalatilidngrextindes phdwaigeyoql&hpellefizer. Process
detai@{aﬂg :‘r%:uﬁgrn]a%&%%nggllr? %ﬁlle r5‘.9tsj(13¥ealctseldl p%i))rr?erppgggertge%%es g)fovided in
Tabld3 s(2, 3, 6, 7-di benzo- | - azacycl ohept aneanm de) (SAL6),

n-octyl al um num

bi s(2, 3, 6, 7~di benzo-1| -azacycl ohept aneam de) (SAl 7),

n-octyl al um num bi s(di net hyl (tbutyl) sil oxi de( SAL8),

et hyl zi nc (2, 6-di phenyl phenoxi de) (SA19), and

et hyl zinc (t-butoxide) (SA20). Exanples 1-4,

Conparative A-C General H gh Throughput Paralle

Pol ynmeri zation Conditions [180] Polynerizations are

conducted using a high throughput, paralle

pol yneri zation reactor (PPR) avail able from Synyx

Technol ogi es, Inc. and operated substantially

according to U S. Patents No. 6,248, 540, 6,030,917,

6, 362, 309, 6, 306, 658, and6, 316, 663. Et hyl ene

copol yneri zati ons are conducted at 1300C and 200 psi

(1.4 MPa) with ethylene on demand using 1.2

equi val ents of cocatal yst 1 based on total catal yst

used (1.1
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equi val ents when MVAO is present). A series of
pol yneri zati ons are conducted in a parallel pressure
w0 e@etiared PPR) cont ai ned of 48 individual reacP@r/US®Dé/E09500

ina6x 8 array that are fitted with a pre-wei ghed

gl ass tube. The working volunme in each reactor cell is
6000 nlL. Each cell is tenperature and pressure

controlled with stirring provided by, individual

stijrri ng_paddhes— Jhe- aer- gas aazl guench gas are

pl Yibed @i BeE N Fidton Ehe PERS @RS 8hd control | ed by
aut/omat i[C val vesT LI qui d reagent's are robotically
added to each reactor cell by syringes and the
reggryoilt! 3@ vehE & & TixEd al R&h8se <The qtder of
addfT onis i xed arkames $61vent {#|n) .Zet hyl ene,

1-c<;tene=wcga03%ngro&t4%)g%mgagaél,gs;t 1 ®r cocatal yst
1/ N iod W & & StEtt Lichg AgeRE Sahd| cat & yst or

cat|al yst“m xtUre” Wien “a”m xtre 6t “¢ocat@l yst 1 and
MAQ-9I|a XLy e Of LWPGRLALYSIS, Lp usedl, Lhe
reagenimar & preRi xede hSE SR Sy a diately
prijor tg addition to the reactor. V\hen a’&B‘eagent i's
omitted [i n an experinment, the above or der§ of addi tion
i s |@Bervise qai AtRANE oRolyael bzat. onsgre conduct ed
f or|SERproxF met &1 § 2405w Aus 8 SURLS 2| pr eddt er ni ned

et iyl ene consunptions are reached. After :Huenching

Wi t|iE £@|~tde. seactor swas e weohed ang|the gykass tubes
ar gSUBIHZdEE SThe 3 ubds e Eansfes ed t
cent@ginge/vacuum drying unit, and dified- g 12 hour s
at g he tubes cg [ poly‘hffg are
wei|ghe ar% the dlufﬁ@gggﬁ\gggghl S we; ht and the
tarle weijght gives the net yield of pol ymaa Resul ts

ar gnee al nedmlc\nlnTcaQ-l@vloxulué gaébge:é and %P%ev\here in

t he ~ap Bcatii 18 owaspcarcaglda sahpaurys ar® g ndi cat ed
by |an_asterisk (*). [181] Exanples 1{4 dedndhstrate the
syn §si33:)f timear b#@k copol ymers|by t&e present

i NVErPiFoR @s evi deneed Dy t he for mation of @ very

Table 2 Process details for preparation of exemplary polymers

narirow NMD, essentially nononodal copol yn%rQ when DEZ
i s \pr gﬁ nte gnd sachi nodat & broad: goh e¢ul arzi@i ght
di S sljtiom prd)gu:ct: (:a: BiXEus e ofosepara_g%y pr oduced
pollynmerg) in the Labsence of DEZ. Due|to t#ﬁé’fact that
Cat|Hy s (A olcSoknO\Ma Lo incorporate norgsbctene "} han
Cat|al'yst| (BT tRe different bl'ocks or seggents of+ t he
resiil ting copol yners according to enb&dl nerfs of the
|nv§“n§| ﬁarcevebg.tgingmgf@aﬁ@lg’egfbﬁagedqg br%r?hl ng df
denS B FablesESS: socscSsaas g =3 =S
o Q H
&~ Sl — '—4v—|v—|r—(v—(-—|'—<v—(r—1v—4q-( >~.>‘ - O
O<Q.Hlx\:s::ul\(\(\(\(\t\l\x\x\l\8 8% g =
4 22 2
o NSNS 5598 A 2=
S N 1 I Sggdog, 9gdd-g 8 o Z o
“““““““ ¥ 5 == -
s S85:5¢2
— = = & 0O
B |832 28835 5a5238a%
T 3 ngnﬁ:wmhd:zsuzzzzuqﬁESE“sgg
oy LB E85
EEZHo BT
= ~ o 8 O%5 T8 &% »
82 |8ac EPE9EB .2
w2 A4 O =y ¥ o3 3 o338 o8Oy oYoYTCYTOYLoyy AR org Ci%
ESsgcEEs g
° ) > .2 270 B
5%} “ O\NUQEQE&&%
o0 o <t o o c e e e
O [~ 23 ¢ 333335333y Sofr o~ dde
E |AhhworwaSndaioenxea
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wheooghe19de A* 0. 06 -
0.1 0.110 0.5 0.1581 36957 1.22 2.5 C 0.06 0.1

0. 2038 45526 5.302 5.5 1 0.06 0.1 0.192 -
DEZ (8.0) 0.1974 28715 1.19 4.8 2 0.06 0.1 0.192 -

Table 3 Properties of exemplary polymers

Ex. Cat.

(Al') Cat (BlI) Cocat MVAO shuttling (mol)

(mmol) (mmol) (nmmol) agent (mmol) Yield (RN M Md Mh
0. 1363 300502 BCBES20080609500

0.176 0.8 -

0.066 0.3 -

DEZ

(80.0) 0.1468 2161 1.12 14.4 3 0.06 0.1 0.192 - TEA
(8.0) 0.208 22675 1.71 4.6 4 0.06 0.1 0.192 - TEA
(80.0) 0.1879 3338 1.54 9.4 1 C or
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Tm and t he

32
183
90
55

55
69
68

74
54

40

42

123
33

43

43

136

169

2.0
2.0
13.8
2.0

2.1

32
4.5
1.9
1.8
1.8

1.9

1.9
1.9

(g/mol) | Mw/Mn

55,800
33,300

Mn

53,200
53300

53,100 | 2.2

28700

58,200
36,500
55,100

63,600 | 2.1

43,600

40,100 | 2.0

74,900 |2.0

54,000 |2.0

37,900
39,400

137,300 | 9,980

110,000
65,000

104,600
109600
118,500

Mw
(g/mol)

129,000 | 40,100
129600

113,100

66,200

101,500
132,100
81,900
79,900

148,500
107,500
72,000
76,800

Lo/l
6.5
5.6
134
6.7
6.5

7.1

7.7

9.1

6.5

6.5

6.4
6.5

6.0
6.9

7.1

6.8

6.1

6.0

12.5

10.0
39.0
9.8

IlO

7.5

7.2

6.8

9.7

7.5

59.2

132
44

15.6

41.6
34

11.3

24.9

20.3

1.5
7.0

0.9
1.5

L
1.1

1.0
0.9

1.1

1.2
9.1

2.1

0.7
2.6

6.0

0.5

1.7
4.1

34

0.8627
0.9378
0.8895
0.8786
0.8785
0.8825

Density

0.8828
0.8836
0.8784

0.8818
0.8700
0.8718
09116
0.8719
0.8758

0.9192
0.9344

Ex. | (g/cm’)

D*
E*
F*
5
6
7
8
9

10
11

12
13
14
15
16

17 | 0.8757

18
19
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[186] The DSC curve for the polynmer of exanple 3 shows
a peak with a 120.7C nelting point (Tn) with a heat of
wo e@bomoed 160.1 J/g. The correspondi ng CRYSTARCT/US2086/009500
shows the tallest peak at 66.1C with a peak area of
71.8 percent. The difference between the DSC Tm and
(193¢ TcrThstrasuliing Boly®es[atsEted by DISSCawUAVBEFas witheprevious

| yner. of ex le 4 shows a peak with a 104.5C
exmﬁgelst ﬁ&mﬁcﬁrﬁs fy5with a heat of fusion of 170.7 J/g.
The correspondi ng CRYSTAF curve shows the tallest peak
[m! 30 THeDSC duiveFr 1Bk Q%Igﬁfer dBextinf}fé § SRdws 4 P@afk with a 119.6 °C
a

difference between the DSC Tm and 'the Tcrys i's
meltigg peigt (TrBSith FheatpEdiden o600/ gc dhp aomespording SRMETAF curve

o A BT A0y B! G0 0% s
Tm aREfe Rhy#Fi99&onkt h a peak area of 29.4 percent. Both
of these values are consistent wth a resin that is

low in density. The difference between the DSC Tm and
[19¢ TcrietRSC icervé ToBilie ppliR} oftreaniPB6 shiswea pek with a 115.2 °C

. . [ ) h .129, 8C It i (T ith
el DL E) iR A DGR 3 Sich 07 €)% The 106 FpBSpOMine G RN purve
show$ H{e"tﬁllésbgé’éﬁt dt Q@.Zt’%l“biﬂ'jsat o?egﬁ%aq}f 682 Aot e NeRE B%m%%ﬁ" the DSC
of 83.7 ot en

ercent. t hese val ues are consi s

Tm and tHe Eerysesflin7t.baC. i s high in density. The difference
between the DSC Tm and the Tcrystaf is 47.4C. [190]

The DSC curve for conparative C shows a 125.3C nelti nlg
981 nt (B ewrvs forcthe polymrer of evemitle 7al0ws gpepk wWitea 121.3 °C

wetsGEHGERNS, AR SR 6115 MR AR L P o

the tallesgealc iyt 20 Wwitle a pedikarad 0SB .4 pércenth ahs ABRd Bdtiwesh the DSC Tm
bet ween the two peaks is consistent with the presence

and tlef Terystpiyia 7@rlySt al 1 i ne and a | ow crystalline pol yner.
The difference between the DSC Tm and the Tcrystaf is

5C. 5--19 ' D.F, Continuo, .
8} o1 JFFEROR e KR e OBRE AT SUFALS o Doty 123.5 °C
meltif® PoinDRMSWER h Ub AT fRAbY HRE7.E Fhl TR cr&pbAdihg @I’(MAI’E Burve

a conputer controlled autoclave reactor equipped wt
showsg thej tallast peak at 80.47€ withPpaakiaead ofilR dopeatenanElse datavetween the DSC

opar (tm. vai | abl e from ExxonMobi| Chem cal
Tm a&ﬁ)ﬁ%‘}ﬁtgpéf E?/?eﬁe at 2.70 | bs/hour (1.22 kg/hour),
[197] The DSC curve for the polymer of example 9 shows a peak with a 124.6 °C
melting point (Tm) with a heat of fusion of 73.5 J/g. The corresponding CRYSTAF curve

shows the tallest peak at 80.8°C with a peak area of 16.0 percent. The delta between the DSC
Tm and the Tcrystaf is 43.8°C.

[198] The DSC curve for the polymer of example 10 shows a peak with a 115.6 °C
melting point (Tm) with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 40.9°C with a peak area of 52.4 percent. The delta between the DSC
Tm and the Tcrystafis 74.7°C.
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1-octene, and hydrogen (where used) are supplied to a

3.8 L reactor equipped with a jacket for tenperature
weomwbnaldos@and an i nternal thernocouple. The sol RenuUSioe€a9I500

to the reactor is nmeasured by a nmass-flow controller

A vari abl e speed di aphragm punp controls the sol vent

[f99pw r Tl DI chive $sithe pblgnichof e:eagilon] sigws digeak with a 113.6 °C
di scharge of the punp, a side streamis taken to

meltlpg BointEl ) ‘fygh aﬁlr:mi f'ﬂ%Qn ohi).¢ ¥eallire FOQMOE@QEQR%TAE curve
snov SR B 038 o0 Sl KR ARl 8% Bl B B0l b e s

Tm af@ M Ry RsFiPysgant rol val ves or by the manual
adj ust nent of needl e valves. The remmining solvent is

conbi nedwi th 1-octene, ethylene, and hydrogen (where
[29¢d) dhie Ded ctiyetfonethe palyner of gxamgds 12 klnywscoptakovittez 113.2 °C

iver dro t react or .as
melting g0 PEGTN M P ETro ROLOf e i FEECRBNGER GG STAF curve
heg t
o B B oy IO B oy P R PO i
therefeasdtat 30°Che Thateltayistwesnhe DS Tomand thoTaystalisi3d2eCed
usi ng punps and mass flow neters and are conbined with
the catal yst flush solvent and introduced into_ the

[#Bd t om Tﬁe e cregdeithe pelyger ehexasple 43 shoys ¢ mﬁkdwffu@ j14.4°C
meltlﬁé pé%ﬁ{) tﬁ% h%éthd@%l?%f %ei{ U%? ﬁ%]g%ofrlzérg{ohglﬂg CRYOPNE Lurve

roug

shows €leCtaldést pé‘dld at@8i8t°d whka pealomieh bL7.7partent. Hiealehth ®a&tWween the DSC
traced and insul ated. Polynerization is stopped by the

Tm and tha Toystefis §447@1 | anount of water into the exit |ine
along with any stabilizers or other additives and

Si NGt Xt r hr h a .he o .
RTG oo SER A BRlyhleR 88 Rafhalt P4 il & Sax il 120 8 °C metting
point(&at) vARLNRRE 6f ikRheTa 296vad. atlid do@@gp&ﬁmgTdesqer@m shows the
product is recovered by extrusion using

tallescﬂ peak At7219 °4 wigh expealuaies oAHY2 wetcent. clibsldéha petveen thedpSC Tm and

the TE&%%E?SZ#%EN | s and resu! ts are cont .al ned. in Table 2.

ynmer properties are provided in Table
3. Tabl e 2 Process details for preparation of exenplary

ner )
e S e Ao B 1

meltingnint (Txa) With2 hehioy fBsian Bf d2 Bign el comePonding FCIRMST’EE]curve

o B 8 0L PR KL NS BRT FRTMARLE oo s
Tma%a%@ggr%g 1%%%08@ 88.8 11.2 95.2 E* 9. 5 5.00 - - 109

40 485 1.47 89.9 11.3 126.8

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

[205] The DSC curve for the polymer of example 17 shows a peak with a 116.0 °C
melting point (Tm) with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 43.1 °C with a peak area of 56.8 percent. The delta between the

DSC Tm and the Tcrystaf'is 72.9°C.
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F* 11.3 251.6 71.7 0.06 30.8 0.06 - 0.11 - 1.55 88.5

10.3 257.7 5 - 0.14 30.8 0.13 0.17 0.43 0.26 419 1.64
w@2006/1d1b6dl 118.3 6 4.92 0.10 30.4 0.08 0.17 0.B2r/0S86/009500

570 1.65 89.3 11.1 172.7 7 21.70 0.07 30.8 0.06 0.17

0.25 0.13 718 1.60 89.2 10.6 244.1 8 36.90 0.06 0.10
[2106][2 ThéOIC 6@ve BorGhd Polgm2Haf dxaghpldB1 81 shdvsGvipedk HGthla B35 °C

2 10.8 267.9 10 0.00 123 71.1 12 30. 3 .34
meltl@g pejnt (A witlya haatst fusion ofgl4d 8 Hg. Ihm*requ@a&ﬁR%foF curve

oy 548,938 E5 Tl 0 S5 g e

DSC 94 & thd T3 lﬁ?ls()jol53°d,22 71.1 0.12 0.06 0.05 1743 0.05
653 1. 69 813’ 64 11.2 161.9 14 120 71.1 0.05 0.29 0.10

1743 0.10 395 1.41 89.42 9.3 114.1 15 2.45 71.1 0. 14
[20717 0.The QSiqulwe(ﬁ@ thg polymgpofexag®le 19 shoymia akavittpp124.8 °C

1743 0. Q7 78 90,11 1
meltis g poial (T iyt 4 st O sfohpont A B> The LuiRoriing CBY STAF curve
showg-ﬂheQalléﬁg k1879968 it a flaklarfa e£28709 pdrcdmt4 THE déka Bbveen the
1.25 89.93 8.8 90.2 19 0.32 122 71. 0.06 0.09 1743

DSC On0éhd387 Terystif 8045701°@.. 4 106.0 * Conpar ati ve, not an
exanpl e of the invention 1 standard cnB/mn 2

(8 RN piE A P ey of e oy § peskeghe 37:3°C
melﬁ@?h%?ﬁ@fﬁ’gm 8 neMrdrFhdiorto 14 1/gB g eEnddpBhdihl WRYSTAF curve

showbhs pédlc dqRrahtetdng labyed 3ﬂ?€x38@t]ebf1§hle$e(\21h¢escayé edisitedi Withlauesin that
yl) henyl%lrrmno) zi rconium di nmol.ar ratio in

is lowy lﬁf’o‘lie;}'i‘%&e Wreadae PPEnlm &fl% ﬂl? PE%YSE%fﬁF; 7éthyl ene

converS| on in reactor 7 efficiency, kg pol ymar/g M

?s Fﬁlﬁ%%{)-ﬂtﬁ@ y{’h E’BPP&{:@ drBty % itha 1240
ymers 0 1% r tleng po merse are tes ed y
°C mElﬁﬁg potht AlREwiths hebt &f fpmem{ pBUE.3 J/g. The corresponding CRYSTAF

curve shows the tallest peak at 79.3°C with a peak area of 94.6 percent. Both of these values
are consistent with a resin that is high in density. The delta between the DSC Tm and the
Terystaf is 44.6°C.

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

polymer. The delta between the DSC Tm and the Terystaf is 47.2°C.
Physical Property Testing

[211] Polymer samples are evaluated for physical properties such as high
temperature resistance properties, as evidenced by TMA temperature testing, pellet blocking
strength, high temperature recovery, high temperature compression set and storage modulus
ratio, G’(25°C)/G’(100°C). Several commercially available polymers are included in the
tests: Comparative G* is a substantially linear ethylene/1-octene copolymer (AFFINITY®,
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15

exanples. Results are as follows: [193] The DSC curve
for the polyner of exanple 5 shows a peak with a 119.6
WMo oseig point (Tn) with a heat of fusion oPCBOSI6/009500
J/ g. The correspondi ng CRYSTAF curve shows the tall est
peak at 47.6C with a peak area of 59.5 percent. The
availabdd frambEteiden ChemidaSCofpaay)d Cotnparbtivey Hi* df an slast@men¢;.

194] The curve for the po e 6..sho
substigt g v ingene & 0516 sapali ey (AN S CYIDR, oy fom The
Dow @hefitsl @Bm?ﬁn}g,oeémﬂé@ﬁvg g a%ﬂbﬁ%?tﬁﬂﬁqm@& RG-SR ©

shows the tallest peak at 44.2C wth a peak area of
copolge? (HEFINIRTY ®PTHE4dsivadatije fraecThe PDew BdEniieal flothpahy),

Tcrystaf is.71.0 195] The C curve for the
Compgigtiais a5 bamen sEnehundRpg il ot opolfare aRaTONT™
G1657E4ai1a6le FRINDKRU TONPonRRdrs Y Cofipatabive & is @ InekmdpBistid Wdcanizate

correspondi ng CRYSTAF curve shows the tallest peak at
(TPV49 pelzoigiintblendroateining dispersgbthareyes eropglinkyhelagiemen. Results are
e DSC Tm and the Tcrystaf is 72.1 0C. [196]
presegﬁé\i\%i%)légfve for the polyner of exanple 8 shows a
peak with a 123.5 0C nelting point (Tnm) with a heat of
fusion of 6TaBledy Hligh'iempaatuesiecitinivgl PiQY&TRE curve
shows the tallest peak at 80.1 OC with a peak area of

EX2| TMPerse Nt PelldtWockagt a| BaRsveyn [t300 YOSaid m andCéhigession
Tcfr pembtadtion S| Stkng@C. [ 197G (ToCPSRe&uvere(S0aT) t h$et (70°C)
pol gopr of |lewadpira) 9 shows a peakpwiéd)) a 124. B(pdfcent)
pref§1 ng poijnt (Tm w th|a heat ofFdilegl on of 73.5 J/g.

Efheior resplondi ng CRYSTAlRg curve [shows the tal]est peak
Fal | #P. 80C Wi {4 (agp€ak aloa of 16| fhie€r cent. Thegydel ta
sbefygen the mand (e Tcrysfgf 1S 43. 800 44 198]
6TNE1@SC CUrVe for the ppkyner of| exanpl e 10 SPgns a
7PeaRsW Th af I115.6 OC melging poigz (1M W th pgiear of
gf us[@m of ©0. 7 J/g. The|gorrespofgjgg CRYSTAF gOT Ve
oShpgws the t@ttest peak gy 40 90G w tT a peak ggga of
132 fogPeTcent; _The dettay getween e DSCTmranpsite
gt af s 7471198 §he—BSCcurve—for—thepgotymer
1Ef §g\a||pi € 1_1 shows—a p:@k Wt i 156—<C 79
13 |95 - 6 84 71
14 | 125 - 7 - -

15 | 96 - 5 - 58
16 | 113 - 4 - 42
17 | 108 0 (0) 4 82 47
18 | 125 - 10 - -

19 | 133 - 9 - -

G* [75 463 (22.2) 89 Failed 100
H* | 70 213 (10.2) 29 Failed 100
I* | 111 - 11 - -

J* 1107 - 5 Failed 100
K* | 152 - 3 - 40
[212] In Table 4, Comparative F (which is a physical blend of the two polymers

resulting from simultaneous polymerizations using catalyst Al and B1) has a 1 mm
penetration temperature of about 70°C, while Examples 5-9 have a 1 mm penetration
temperature of 100°C or greater. Further, examples 10-19 all have a 1 mm penetration
temperature of greater than 85°C, with most having 1 mm TMA temperature of greater than

90°C or even greater than 100°C. This shows that the novel polymers have better
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melting point (Tm wth a heat of fusion of 70.4 J/g.
The correspondi ng CRYSTAF curve shows the tallest peak
W@e008900¥6 wi t h a peak area of 25.2 percent. TheCTE51086/009500
between the DSC Tm and the Tcrystaf is 74.1 0C. [200]
The DSC curve for the polyner of exanple 12 shows a
dimenséatal sthbilityeat highe? tefiPerattites ogmparedito 4 figsioal blandy Gemparafive J (a

fusion of 48.9 J/g. T or r espondi CRYSTAF, curve
comnsﬂs%kéh%éw@é@ g@a@%mmgﬁ\é 5§58 ét%OE‘?DOP%@Qt Byt 1 g very poor
(high gé&ﬁ)%?%fe RoCl tUthPREsiGiadet BE #duP D00 BerbRBRE RaBoSBleBlo recover

. The delta between the DSC Tm and the Tcryst af
(sampls ba&e Pdridg0iiiph TnepeRB8@eq 80D 300 petchat srainmeeeveny. Thus the

exemgﬁ%@bﬁqyﬁgrgﬁgg%% uﬁiﬂg?e gé(ﬁnﬁ‘ ta '?naaé)_%vﬁp%igg L?nglp{éiila%ge gv%inrfrtl some
comn$REihRP MRTEbRInERY ST mmUE RrBbMsictdiatdmds.est peak at
33.8 0C with a peak area of 7.7 percent. The delta

bet ween the DSC Tm and the Tcrystaf is 84.4C [202]
28k DsEimgerly.neablsot shenys alpwelgaempstorage madias @iigeak

G108, By B L B LEEDr S, WfeBER psical plond
(Comphrvise Fhkastzadtbragé mpdalks &itio/d. 9%ndG rahddm athyteak/oateaa cafolymer

92. ercent.. T del ta bet DSC T d.the,
(Conmpaiefiet £ OF St Gersiy 1o P TR S IAaY Bldet fianagnitude greater

(89). ﬁﬂs%ﬂgﬁ'iab@é th%?ﬁ%%@a%ﬁ%lmaﬁo BeaKoMhdcl ba aéélﬂséégtgq‘%sgpossible.

I ng poln h a heat of fusion of 36.
Such Phlyneos wikporettitivglyGRYSEAR by tangpesdtones andriabticdt¢barticloe alade

at .32.3 0C with k f 9.8 t. The del.

from Bl 0n o sk S PR et e SR BB o RS B S eature

of low B®rddeen6dlierafi® ind RehpReIYEEAdePEn®NBOTR| fartihl AW fuRin elastomer
peak with a 116.6 O0C nelting point (Tm with a heat of

appli¢ajiong prchfas 42 pgsgprg senviize aghgsegformi laAlonSRYSTAF cur ve
shows the tallest peak at 48.0 OC with a peak area of

531y o apele g D ICFhFanEbIGAD (AP Aol o
embaqdithgtieof the iieveatiph poskIssimpraved pplbatiolavkiry strefigB. o palticular,
Exanygig,s baes E@kgm(q—ﬁr@g chcidtnBe 15, Aeantiz i 26 ofie dadds the
conditions tested, compared to Comparatives F and G which show considerable blocking.
Blocking strength is important since bulk shipment of polymers having large blocking

strengths can result in product clumping or sticking together upon storage or shipping,

resulting in poor handling properties.

[215] High temperature (70°C) compression set for the inventive polymers is
generally good, meaning generally less than about 80 percent, preferably less than about 70
percent and especially less than about 60 percent. In contrast, Comparatives F, G, H and J all
have a 70°C compression set of 100 percent (the maximum possible value, indicating no
recovery). Good high temperature compression set (low numerical values) is especially

needed for applications such as gaskets, window profiles, o-rings, and the like.
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shows the tallest peak at 43.1 0OC with a peak area of
56. 8 percent. The delta between the DSC Tm and t he

waenggermbe i s 72. 9C. [ 206] The DSC curve for theP@DU§2086/009500

Table 5 Ambient Temperature Mechanical Properties

of exanple 18 shows a peak with a 120.5 0C nelting

point (Tm with a heat of fusion of 141.8 J/g. The

correspondi ng CRYSTAF curve shows the tall est peak at

70.0 OC with a peak area of 94.0 percent. The delta

bet ween the DSC Tm and the Tcrystaf is 50.5 C. [207]
|

The—BSC—etirveHpi—herpphyerrefrexgrpte i shows a
pgeak with a |124{8 C nel ti|ng |point (TmM M|th|a heat of
fusi.;i)\rg pf| 174.18| J/ ¢.| The |cor|r ¢spandi|ng [CRYSTAF curve
gh f%“tgwe tal llest| peak at| ¥9.9 0C wijth ja{pedk area of
87 7% péf dent |3 The .def 4&| et ween| t|he |BSC Tm) dnd t he
[crystaj [T$ B%. 0 [C[ [20B]| THe[DST curyel fiof |t he
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nd SRavE 30C |~ BRI G~ THes & VA es 151 S 'rg i st ent
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tihe& D6C| Tmiand {he|Terystlal g [7.(3] C|{ [ 20P]| The DSC
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Wi mﬁégﬁzk.%?%%mn 2| Ploi %%ﬁm}- wh| a-hdat of
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cC—Tm Tt rerystraf (1[5 [43. (6. I0T{ The |DSC curve
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tenperature resistance properties, as evidenced by TMA
tenperature testing, pellet blocking strength, high

W@ egoprebar e recovery, high tenperature conpreBGT/US208€009500
and storage nodulus ratio, G (25C) /G (100C). Several
commercially avail abl e polyners are included in the
t leﬁ]s CArpker saghiows r&3ults §oxanen]nlaﬁmalrprolaﬂrtlgs ﬂor ﬁmalew polymers as well

th Iene/ 1- oct ene co ol y AFFI NI TY(r i | abl
o RO LB RS L IETCES PRI st S 1 e soem gt he

inRInfisd H?ﬁlleﬁs ha%’ béﬁ H%Ha‘émh'r@s‘?ﬁﬁnc%tvt;ﬁéh%‘s%d Qec&‘ﬂir%‘l‘% ISO 4649,
copol yner (Al EG3100, avail abl ,€ from The w

ge@irelly slalwide nrwahxyr)e lomfﬂassahan@bout 9Gman’spristrahly less than about 80

Igner eth nel. 1- teecgp
ARR Ry FER 0 “DRYGTT B 6T MBTieTH BiebEnpEther agieate igher
voﬁﬁﬁ@f@@é’énd dRERRERLY Mfved abBsion Rosiktagenat ed
styrene/ but adi ene/styrene tribl ock copol ymer
(KRATON(tm) d 652, avail able from KRATON Pol yner Sl) ) .
kg hr at ikear strangthoasypeaswisg by densile @aﬁCB%ﬁewt@ngﬂwt Iginventive

poBdiP] chEipliy 000 £33 AleRGE 8 MRERSRIIE S OE B Rt frie
inventiva pblgmérd-iagbe he hjpdraat300@ nVe chavrn @s highras 5600 d's Comparatlve
212 InTbIe rative F [ch |s a physical
PobinesiY sgerdl &%Vﬁéeaﬁaﬁr%@@q@gmrﬁﬁ%@ T8 si mul t aneous
pol ymeri zations using catalyst Al and Bl) has a 1nmm

er at ieBld LARE SR BatGhe BOIYHers4e06rdini b letbBURENESY the
ave a lnm penetration tenperature of 1000C or

@qnélan drve imfier teslactiveirepd «'@tsl 59 @em@nfaﬁtnalrh@@moastm by higher

retﬁ% nit% L& f/s:s %gluf f}%ﬁa?r}r\,%r#e 0 t he g?fﬁfa%gtg e r ig S, gﬁ)a\f\ﬂt amples F,
G and EMRRe gsrt@atlﬁar sttcRanaldd M0G0 pEident ﬁﬁ@ﬁmf 40081tPaI di&esﬁpwh‘ﬂlc the
pol yners have betterdi nensional stability at hi

inyeaiipye PalymeEshaye ApEACENC PERsa VNG PeTesRiriTaEy 0P Ex. 1) to

asé’%élgag 0 u1m€fd%) B%h) g%gsil)@ 'hﬁalg/ﬁ'lver y prggﬁrlkl{% géreg{ tﬁe}rgctwe

stré€0@jues onpildebs quite weful 6fr eddstiotpdlXatipes, swrhtas atusltw fibals and fabrics,

eop BNy BESes QBP b8 BERRintTifd SMedBibhe. mmocica
gattientSved B dppHcRRnY FRES ad@BSa Rt WangONDI nat i on of

properties unavallable even in sone commercially
avai | abl e, per f ormance thernopl astic el astomners.

[ R219] s mablg ? 91,50 Famyysethat %Wéﬁ/\?@laéaﬁl@}wa( §OperFertsERmy i also
ngg%ngi%gsr)g& tgle 8&6&%’2@&1&1@%%9 g))mpgli%ﬁ td t}‘&i é)%?ﬁi)'ﬂé 'd)?nparatlve G.

er eas
Lower stress relaxation means that the polymer retains its force better in applications such

as diapers and other garments where retention of elastic properties over long time periods at

body temperatures is desired.
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[221]

conducted. In the experiments, the polymer sample is weighed into a glass fritted extraction

Extraction studies of the polymers of examples 5, 7 and Comparative E are

thimble and fitted into a Kumagawa type extractor. The extractor with sample is purged
with nitrogen, and a 500mL round bottom flask is charged with 350 mL of diethyl ether.
The flask is then fitted to the extractor. The ether is heated while being stirred. Time is
noted when the ether begins to condense into the thimble, and the extraction is allowed to
proceed under nitrogen for 24 hours. At this time, heating is stopped and the solution is
allowed to cool. Any ether remaining in the extractor is returned to the flask. The ether in

the flask is evaporated under vacuum at ambient temperature, and the resulting solids are
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mm, and especially |less than about 50 mMm. In this
test, higher nunbers indicate higher volune | oss and
w@oemwsagqeent | y | ower abrasion resistance. [217]PdBEHES2006/009500
strength as neasured by tensile notched tear strength
of the inventive polynmers is generally 1000 mJ or
pusgeghdsy withsnitrbgann Any rEsidhieisSrandfesred & 2 waiphhd bottle tikieg successive

| ayent.ive ners.c be as _ hi gh 3000 m),. ar. even .
B e SR R inhe e ebgrbid gl hother nitrogen
puRgy/ and gRMreS iR PdNmdBOydRLERMSveiddn af HPCTA Ny AR InidP&h& in the

5 al so shows_ that the polynmers according to
exXEReeHISAged Y Withaliiregeant i on have better retractive

stress at 150 percent strain (denonstrated by higher

r ctiv Lye.

BT e, “RsRush S ol Bt bub BR Ul S HIPBE bk s then
cone¢atattbitheedtacts s Thahesanats Haatdpe reftuxt wish stiving ahd 4Qthtained at

lLess, whjle the_inventive polyners v

P ' h
feﬁké?fozf%ﬁih\?&msaﬁﬂéﬁwvsm%@t satced gondepziipinta thedhimile. Hewing is then
stégac?lég bk the ¥ihbk 1sIRvel t@BodAS A%?gfgka&]rgﬁafﬁﬁ?g e e;?tt\ia)étor is

nmers havi na hi gher than percent retract

tragsiersd bockl tadke dhenemarietie ransmfed by fewapcahtist urgler vacuum at

lications, such as. .elastic fiber nd fabric .
gt 47i0rgi i A reFidh Fmaitipg prefRe Jggk 1s¢piied to  weighed
botfeChsittesudt B heXitdiviiiRes. A HARAHeGA th IR SHBNEyapBlatddWhitrogen

appl i cations, such as _tabs and el astic bands. [219]
purggy ped the gesidnesip yopyuphdricdseveryghtrag HB3at i on (at 50

percent strain) is also inproved (less) for the

[ tiv - ed. t : I N

PR ot TR QTR SaBRIRARAR AL e it bie AN Bporiopy s
trapsfeyrae fromethaithimbid ® af weigkeddsttfleand vacappldried by eizhs wcA0°C.
RS di apers. and ?égeg garnents where retention of

SPUEEE CoNpigdm fale dyer | ong time periods at body

tenperatures is desired. Optical Testing Table 6

Pol ym®le 70pt i cal Properties [220] The optica

properties reported in Table 6 are based on

conpression nolded filnms substantially lacking in

rentatton—Oottaat—propegttestof the—pol-yrers—ray—pe—
VRIS g Q"\’/t'er v?nhgg r fflqg , e o |V ’fa'rigti ‘E?g;?‘fen Cs residue
crystalll'tte :c?lo °|rg %i ng°Fr om VAP F alt %01 S n fRle | Cs mole
ettty —at— cRa A D ARProRh (8o, l(DRGent), | pergent | percent
Eg%‘}"ii B ilzdgyi Bonti_%B B 0.245 235 13.6 6.5
Ex. 5 1.006 | 0.041 4.08 - 0.040 3.98 14.2 11.6
Ex. 7 1.092 | 0.017 1.59 13.3 0.012 1.10 11.7 9.9

! Determined by “C NMR

Additional Polymer Examples 19 A-J, Continuous Solution Polymerization, Catalyst

Al1/B2 + DEZ

[224] Examples 19A-1: Continuous solution polymerizations are carried out in a
computer controlled well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E
available from Exxon Mobil Chemical Company), ethylene, 1-octene, and hydrogen (where
used) are combined and fed to a 27 gallon reactor. The feeds to the reactor are measured by

mass-flow controllers. The temperature of the feed stream is controlled by use of a glycol
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Extractions of Multi-Block Copolyners [221] Extraction
studi es of the polyners of exanples 5, 7 and
w@vpassé ve E are conducted. In the experi meneGr/Us1ve6/009500
pol ynmer sanmple is weighed into a glass fritted
extraction thinble and fitted into a Kumagawa type
cogledrhget excharpiyebefRrerentaring thé reactonnPheecatalyys eogpdnanit s¢lutions are
i.trogen, and a,50 round bottom fl ask i.s ch d .
mflole W myRS B Pt ™ i Ths Eibton Bt U RRILAF forggeimately
530sidgresytd. ATHON exititpethe tdaeior, Watbeaideditive lafe iﬁ?oﬂﬁ in the polymer
stirred. Tinme is noted when the ether begins

sofusivde rfdie Watar Gy eitedyzen therstatalysisand tesminates e pqmnglézaﬁon reactions.
T%#o%&?ﬁépsﬁ@g@ﬁg glelﬂg'l%%{ed ) é%g%r%gori ﬁorr a%\é'vpgs?e%%% Elé}fc'ggtization. The

stopp e“so

sobtehbaeburtrenceedahonobinys efelremovaidiritignte dévoldtigattod $1864s0r The
S retérned to.the flask. The ether in the flask is

polymasrdrelt sPummad to § diefarinderwater Retlet ewhper at ure, and

the resulting solids arepurged dry with nitrogen. Any
repisfue i Bxdh@e08! ¢ SlidiBudsoi &%@yrﬁaiéag ik B8ried out in a

successi ve washes of hexane. The ‘conbl ne exane
compsibas sonirdledrgtockava peactir equippedwith et frgernal stiregeBurified mixed

ol RSty stk E I o R A ol e LSl gfhene at
2.70 Wosihoth(IMH 2 K ), 1R, I8N ThaaR et ARblieMo 23.8 1

flask charged with 350 nL of hexane is then connected
reacion qeainpRd Malkiagpcket f terarera@rg eonfiehendtan interedl thexmagquple. The
W Fl Rt ai f oyrs .after
R T R S 0

didgmadon guing cohiesls steaiopedt fiovd ritband pssaré & the kaaod. MOthe discharge
y.hexane remai ni ng | he extractor i

cool. An in or is
of PR A BRER 1 GRERE PRFIGR fuph GoHe Fafhe Faialysfd sgeatalyst
. . I, 1 . u t I . € .
infRY S ARATRY K kKA MREL RN AN o FEPEY Bl Motion mass
flavp mgtareanghesatrobed becaiohyalyecadysthe exanexadpstasit e§needle valves.
The hexane.,in.the flask .i.s. evaporated b i troge
Th FPptEhIE R 15 Db L L 86 Shmelia: Sliogen Gifiere used) and
fed Dfbe réatt3] AThessvy B&HirodieFRhBed RIRINENY didbeh A the reactor as
thinble after the extractions is transferred fromthe

neefdublhe tergperatues effthel selyentineonomepr veltionristhontallesl e wrieifia heat
ex@ﬁan%%fox%eeiwrﬁlﬁ R Ra&GBP A gtgealn{] eJEQ&Q I‘cl‘fe gdtto];iag% the Zeactor. The

catalyst component solutions are metered using pumps and mass flow meters and are
combined with the catalyst flush solvent and introduced into the bottom of the reactor. The
reactor is run liquid-full at 500 psig (3.45 MPa) with vigorous stirring. Product is removed
through exit lines at the top of the reactor. All exit lines from the reactor are steam traced
and insulated. Polymerization is stopped by the addition of a small amount of water into the
exit line along with any stabilizers or other additives and passing the mixture through a
static mixer. The product stream is then heated by passing through a heat exchanger before
devolatilization. The polymer product is recovered by extrusion using a devolatilizing

extruder and water cooled pelletizer.
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Determ ned by 13C NVR Addi ti onal Pol ymer Exanples 19

A-J, Continuous Solution Polynerization, Catalyst
WANB206MEZ [ 224] Exanpl es 19A-1: Conti nuous BOI/U$10061009500

pol yneri zations are carried out in a conputer

controlled well-m xed reactor. Purified m xed al kanes

s [ﬁ26]a nt (Ho&gamarl?(mmpldi 28v23 Waialmademsingﬁimim mbx}midhres as described

) cal | ene, 1-oct
in (iR RRGSS SIS BbIOHE Sk QOHEREE B Bt BTG ogelected polymmer
prﬁ;ﬁ%?igés%e mﬁleﬁ@@9\§blE§9Ah? T@cﬁ@b@rshéﬁl?tmﬁﬁ&iic@s\’fgr various

contro lers. The tenperature of the f
pobtrn@ameamrcxbmd@ﬂdmedaa}ccggbng)ﬂleamylhqdpbigyohrs@daetl@hove For

oo IO RERE B G PG 't Fsberedt i ng pumps and rass

fIOM/neters. The reactor is run liquid-full at

approxi mately 550 psig pressure. Upon exiting the
reactor, water and additive are injected in the

pol ymer solution. The water hydrolyzes the catal ysts,
and term nates the polynerization reactions. The post
reactor solution is then heated in preparation for a
t wo- st age devol ati zati on. The sol vent and unreacted
nononers are renoved during the devol ati zation
process. The polynmer nelt is punped to a die for
underwat er pellet cutting. [225] Exanple 19J:

Conti nuous sol ution polynerizations are carried out in
a conputer controlled autocl ave reactor equi pped wth
an internal stirrer. Purified m xed al kanes sol vent
(Isopar(tm) E avail able from ExxonMbbil Chem ca
Conpany), ethylene at 2.70 | bs/hour (1.22 kg/hour),
1-octene, and hydrogen (where used) are supplied to a
3.8 L reactor equipped with a jacket for tenperature
control and an internal thernocouple. The solvent feed
to the reactor is nmeasured by a nmass-flow controller
A vari abl e speed di aphragm punp controls the sol vent
flow rate and pressure to the reactor. At the

di scharge of the punp, a side streamis taken to
provide flush flows for the catal yst and cocat al yst
injection lines and the reactor agitator. These flows
are neasured by Mcro-Mtion mass flow neters and
controlled by control valves or by the manua

adj ust mnent of needl e valves. The remmining solvent is
conbined with 1-octene, ethylene, and hydrogen (where
used) and
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A mass flow controller
hydrogen to the reactor as needed. The
wo ewpaesar e of the sol vent/ nmononmer sol uti on i BCT/US2006/009500

is used to

controll ed by use of a heat exchanger before entering

t he

reactor.
reactor.

This streamenters t

he bottom of the

The catal yst conponent solutions are netered

usi ng punps and mass flow neters and are conbined with
the catalyst flush solvent and introduced into the
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The reactor is run |iquid-ful

ous stirring. Product
the top of the
reactor are steam
ion is stopped by the
er into the exit line
er additives and
The
passi ng through a
ation. The pol yner
using a
cool ed
20- 23 were made
i bed in the above.
ontained in Tables
s aré provided in
| ockEi ndi ces for
cul atted according the
cal ctil ations
1. Tabl e 8A
ynerg 19A-J Cat Cat
2 AIECone B2 DEZ DEZ
Solvw H2 T Cone, Flow
| ow ﬁcﬂ‘ymar Ex. 1b/hr
mIb/"rﬁ W % | b/ hr ppm
03 32% 03 101 120 600
525 @83 248 19B
5 20@*@ 55 3.0 0.24
30. 97%&?4 37 550 120
0.6E525 0.33 246
0.2Z22200 0.63 3.0

2 [N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphenyl)(c!
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4 ppm in final product calculated by mass balance

! standard cm®/min



19E 54.95 31.73 326.75 251 120 600 0.21 200 0.61 3.0

1.04 4500 0.64 525 0.49 368 19F 50.43 34.80 330.33 124
wa2®6800660. 20 200 0.60 3.0 0.74 4500 0.52 525 PCBESAHFT009500
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19F 85.31 87.5 17.09 319 1000 1.0 19G 83.72 87.5 17.34

333 752 1.33 19H 83.21 88.0 17.46 312 317 3.15 191
w@20063008 0 17.6 275 19J - - - 1786 0.56 - 5 ppdHOBE2006/009500
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Ex. Density 12 lio 110/12 Mv (g/nol) M (g/nol) Mauvh
Heat of Tm Tc (0C) TCRYSTAF Tm TCRYSTAF CRYSTAFPeaK
w@ guosad196aisi on (J/g) (0C) (00 (00 Area(w % HOBUS2006/009500
0.8781 0.9 6.4 6.9 123700 61000 2.0 56 119 97 46 73 40
19B 0.8749 0.9 7.3 7.8 133000 44300 3.0 52 122 100 30
92 76 19C 0.8753 5.6 38.5 6.9 81700 37300 2.2 46 122
100 30 92 8 1RbiP. 8770 4.7 31.5 6.7 80700 39700 2.0 52
119 97 48 72 i@E 0.8750 4.9 33 5 6.8 81800 41700 2.0
49 121 97 36 B4%12 19F 0.8652 1.1 7.5 6.8 124900 60700
2.1 27 119 88 BFE B TRAEG' (28649 0.9 6.4 7.1 135000
64800 2.1 26 (2@ 92 30 90 90 19H|0.8654 1.0 7.0 7.1
131600 66900 ﬁﬁ 26 118 88 - - -|{191 0.8774 11.2 75.2
6.7 66400 33700 2.0 49 119 99 40{79 13 19J 0.8995 5.6
39.4 7.0 75503 29900 2.5 101 122|106 - - -Table 9B
Pol ymer Physi &l | Properties of Cpnpression Ml ded
Filnms 19A 0. 8@?‘0;@ G g3 E31 85,79 74 19B 0.877 0. 88
14 49 97 86 8 BL 19F 0.865 1 - { 70 - 87 86 19G 0. 865
0.9 66 87 19H ®. 865 0.92 39 87 4Table 9C. Bl ock I ndex
for Selected Polymers 4 4 1) L* |{s a ultra |low density
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AFFINITY(r) PLEABEOE F?Z?]‘”A‘s‘”%o*/vn in Table 9C, all
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[1] Figure 10 shows the block index distribution for
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10

15

20

25

40-45 56 7.3 87 96 45-50 61.5 6.5 90 101 50-55 63.5
5.7 93 100 55-60 66.5 5.3 95 104 60-65 69.5 4.9 97 105
W® 200800198 4. 4 99 111 70-75 74 4.2 101 111 75- 8BCT6SH06/009500
3.8 106 112Table 12 - TREF Fractions from I nventive
Exanple 5 I nventive Exanple 5 Mol % Del taH
Fractionation ATREF T Cctene nelt Tenperature CO
(NNR) Tn1(0C3 (J/g) 60-65 70. 5 12.6 106 45 65-70 73
. 8 48 70- 11..7 .111 0 113
2 5o  REsipngn TaRlebC, it igfehiige BotéigShave SushPayhings block
index of Qreét@ﬁthini@era' althegeal %eraﬁd@ﬁFc@’o@ﬁﬁér@ (Foljh@BF¥ veand VE) all have
le 8 I nventive Exa % Del t aH
ablocﬁr}f@tﬂogﬁﬁf’iob?}lbﬁ?ﬁ@ﬂy?e n@%‘i’i’easrpé? ). Tenperature CO (NWR)
Tm (0C) (J/g) 50-55 20 16.5 98 28

[1] Figure 10 shows the block index distribution for Polymer F*, Polymer 20,
Polymer 8, and Polymer 5 as a function of the ATREF temperature. For Polymer F*, the block
index for all the ATREF fraction is zero or substantially zero (i.e., < 0.01). Polymer 20 was
made with a relatively low level of the shuttling agent, diethyl zinc (“DEZ”). While the weight
average block index for the whole polymer is about 0.2, the polymer includes four fractions with
a block index from about 0.7 to about 0.9. For Polymers 5 and 8, their weight average block
indices are not drastically different (0.52 vs. 0.59), considering the DEZ level is about a four-fold
difference. Moreover, most of their fractions have a block index of about 0.6 or higher. Similar
results are seen between Polymer 5 and Polymer 19B, which is illustrated in Figure 11.
However, there are some notable differences in the block index for the fractions which elute
from about 70 °C to about 90 °C. Polymer 19B was made with a higher level (about four fold
higher) of DEZ than Polymer 5. However, Polymer 5 has more fractions that have higher block
indices. This seems to suggest that there might be an optimal DEZ level for making fractions

with higher block indices (i.e., greater than about 0.6).

[229] The effect of the DEZ concentration level on the average block index for some of
the polymers in Table 9C is illustrated in Figure 12. The plots seem to suggest that the average
block index increases with increasing DEZ initially. Once Zn/C,H4*1000 exceeds about 0.5, the

average block index appears to level off and may even drop off if too much DEZ is used.

Figure 13 is a plot of the square root of the second moment about the mean weight average
block index as a function of [Zn/C,H,]*1000. It appears to decrease as DEZ increases. This would
indicated that the distribution of the block indices of the fractions are becoming narrower (i.e., more

homogeneous).
TREF and NMR Data

Tables 10-14 list TREF, DSC, IR, and NMR data for Polymers 5, 8, 14, and 19 and various

comparative polymers.
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55-60 57.5 16.2 104 29 60-65 61.5 16.5 106 28 65-70

65.5 16.2 109 29 70-75 70.5 15.7 112 3 1 75-80 73 15.5
wa1eh63@980- 85 81.5 11.6 117 37 85-90 89.5 10. 7pAR0SH86/009500

90-95 96 4.6 126 125 95-100 96.5 1.5 129 180 Table 14

- ATREF Peak conononer conposition for random

copol yners and exanples 5,8, 14,19 Mol % Infra-red

Octene Infra-red Infra-red FV\HM I\/bI % TREF FV\HM FWHM

CE:ngﬁrpCIlE (DS;1 ?8@1341%%%%&)“;%{9@5 rﬂ‘P I'ecgjzma Ar ea Rati o

N* 0.96 1.0 0 102 0.0 37.5 28.2 0.753 O 0.9371 2.0
0.69 95 gk. 2+ @e&r&%ﬁtieﬁ é@ﬁAtM*ne&&ésl,%.gﬂ;ng?a-o%lz)m 4.0
77.5 61.0 0.786 P* 0.9026 1.1 5.57 70 5.1 74.3 59.0
0.794 @ 0.8872 0.9 9.06 57 9. R030.9 25.5 0.08B4H Ex. 5
0.8786 1. Bacttlénﬁan 11 ATFZEFB 61. (D)ctéhe841l\/ﬁ'h‘l % | m‘elta red
Cct ene gnzp .

CH3/ CH2 Den§5-{1(3/ Octene4€rATREF Peak CH28@H3 Ar&“aa
Exanpl e (g/4&35 12 (NVM®B.5 0C) (Inbra-redps Areas7Area

Ratio 45-50 57.5 6.6 89 101
50-565 61 6.0 92 96
55-60 63.5 5.4 95 99
60-65 67.5 49 98 104
65-70 72 4.3 101 112
70-75 75.5 3.7 104 112
75-80 79 3.1 107 122
80-85 83.5 2.5 112 131
85-90 90 1.7 116 154
90-95 95.5 1.1 123 160
95-100 100 0.5 128 185

100-105 101 0.2 130 195

Table 11 — TREF Fractions from Random Copolymer

Ex. M* Random Copolymer Example (AFFINITY® PL1880, 0.90

glem?®, 11,)
Mol % DeltaH

Fractionation ATREF T Octene Tm melt

Temperature (°C) (NMR) (°C) (J/g)
35-40 51.5 NM 83 102
40-45 56 7.3 87 96
45-50 61.5 6.5 90 101
50-55 63.5 57 93 100
55-60 66.5 5.3 95 104
60-65 69.5 4.9 97 105
65-70 72 44 99 111
70-75 74 4.2 101 111
75-80 76.5 3.8 106 112
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Ex. 8 0.8828 0.9 NA 90 12.2 34.0 28.8 0.846 Ex. 14

0.9116 2.6 NA 92 6.5 23.4 18.8 0.805 Ex. 19 0.9344 3.4
WON2009/10268 25.3 19.7 0.777 Infra-red detector PCT/US2006/009500

calibration: Ml % Cctene = 133.38 (FWHM CH3/ CH2 Area)

- 100.8 N* is an ethylene honopol yner. O is an

et hyl ene/ oct ene copol yner avail able from The Dow

Cheni cal Conpany under AFFINITY (r) HF1030 P* is an

et hyl ene/ oct 0 er av bI e.fr Dow

Chon car Contiy 2 onRel TR 1 O 8800 S s an

et hyl ene/ oct ene copol yner avail abl e fron1The Dow

Cheni cal WABYS\F*ARMEP AFFINITY (r) VP8770.

Cal cul ation of Block Index [230] Wth reference to

Figures 8-9, the calcul ation abl%l ock indi cesH s

exenplifi eﬂrabnmatl@ol ymbTREFT | nO¢tere cal cul atiwals, the

fol | owin C

-237.834 1/ TAIIHQEF+ 0. 6398 [ 231j2.anher eo® i s tdge

et hyl ene nol €5{7Pacti on, 7and TABREF i sioshe AHWBREF

elution tenp@pdbure. |n7additionmw the1ioll owing

paranmet ers ar7é-80sed: Pasanet er1o\al ue 1Expl anali on

372. 15 Anal yt8o#al TREF e4 uti ongigenperiasure (e8K) of

hard segment 8BAR01. 000 Mslse fraegbi on ofiget hylssne of

hard segnent 9PAB 0. 892 dbl e fraation 18 et hylene of

whol e pol ynmer TAB 315. 722 Cal cul at ed equi val ent

anal yti cal TRtk 8l-UIRENFriciomaioat Midti(Qigample sWhol e
pol ynmer from whol e pol yner ethyl ene content

Inventive Example 8

Mol % DeltaH
Fractionation ATREF T Octene melt
Temperature (°C) (NMR) Tm (°C) (J/9)
50-55 20 16.5 98 28
55-60 57.5 16.2 104 29
60-65 61.5 16.5 106 28
65-70 65.5 16.2 109 29
70-75 70.5 15.7 112 31
75-80 73 15.5 114 32
80-85 81.5 11.6 117 37
85-90 89.5 10.7 120 58
90-95 96 46 126 125
95-100 96.5 15 129 180

Table 14 — ATREF Peak comonomer composition for random copolymers and examples 5,8,14,19

Mol % Infra-red
Octene Infra-red Infra-red FWHM
Mol % TREF FWHM FWHM CH3/CH2
Density Octene  Tatrer Peak CH2 CH3 Area
Example (g/cc) 12 (NMR) (°C) (Infra-red) Area Area Ratio
N* 0.96 1.0 0 102 0.0 37.5 28.2 0.753
o* 0.9371 2.0 0.69 95 1.2 29.0 222 0.765
M* 0.9112 1.0 3.88 79 4.0 77.5 61.0 0.786
P* 0.9026 1.1 5.57 70 5.1 74.3 59.0 0.794
Q* 0.8872 0.9 9.06 57 9.2 30.9 25.5 0.824
Ex. 5 0.8786 1.5 NA 82 11.4 77.5 61.0 0.841

-30-



[232] Table 15 gives details of the cal culations for
Pol ymer 5. The wei ghted average bl ock i ndex, ABI, for
welogirered, is 0.531, and the square root of SPET/U82006/009500

wei ght ed squared devi ati ons about the weighted nean is
0.136. The partial sum of weights with fraction BI

greater than zero (see note 2 below) is 0.835. TABLE 15
Fractional Block Index ( Bl ) Cal cuI ations Frac Wi ght
Recovered ATREF Mol e Fraction V\é Random Random

nfra-red

Fractional Fractional Weight Wei éd t| (dg) |,IaLgt HFWHM

Et hyl ene Fraction Kgyjval ent Equ ‘F M CH3/CH2
A

I ndex gghsipluar ed T@g{éngNl\/ﬁ)T Beco‘pggged m)l eH3Ndex Area
Exah ped qacé)r actigon RMRp er@Ed)ur qinfarp®r 2 Afeact i oarddased Ratio

Ex. 8 008.g8%g MIg a AHOCK 1HpNS abgyt WK)MEUW IB@M 3846
Ex. 14et hyl eegﬂ'léerrp%rea fr i on b@dl Cesg he NV, i rom t1lgr8e 0.805

Ex. 1g or mul g g\ ght3e4d Et hyd ene 4 REF f grrul a bEan Veight 0777
Tenpera Fraction ture (Note 2) ?Array Vari abl e

Naie-red ddtéctoy\balidraidnPoI6l 950 étenB= V5 38 (IBVAMWWH,/EH{Bba) = 10881 ) 1
3 NO40R etfiyldNobanopolymed. 859 0. 165 ( Note | ) i( Note 1) O
000 is(an M@stlf@e/bcte)le pdlynge 85ila8l4 G o0 TBABWIChe0igal @O7pady, @det AFFINITY®
5 HF103% 659 0. 659 0.070 0.0017 oe 3_0.7455 343,5 0.883 0,041 .
PL1g8 gfﬁ‘s 6 @‘W@“W‘:@ﬁ"ﬁf’b@?wwaﬁﬁm’b @Ry hemicahgorspany ppdep A FaITY

e D06 BB b o8 TG g v

10 4.1382 354 0.895 0.225 317 0.968 0.684 0.684 0.154
0.0052 7 3.5981 357 0.902 0.195 320 0.973 0.665 0. 665
0.130 0.0035 8 1.2280 361.5 0.930 0.067 334 0.981
0 Catenlatiopf Bloclolndex 0003

[230] With reference to Figures 8-9, the calculation of block indices is exemplified for

Polymer 5. In the calculations, the following calibration equation is used:
Ln P =-237.8341/T atrer + 0.6390

15 [231] where P is the ethylene mole fraction, and Tarrgr is the ATREF elution

temperature. In addition, the following parameters are used:

Parameter Value Explanation
Ta 372.15  Analytical TREF elution temperature (°K) of hard
segment
Pa 1.000 Mole fraction of ethylene of hard segment
Pas 0.892 Mole fraction of ethylene of whole polymer
Tas 315.722  Calculated equivalent analytical TREF elution

temperature (°K) of whole polymer from whole polymer
ethylene content

[232] Table 15 gives details of the calculations for Polymer 5. The weighted average
block index, ABI, for Polymer 5, is 0.531, and the square root of sum of weighted squared
20  deviations about the weighted mean is 0.136. The partial sum of weights with fraction BI greater

than zero (see note 2 below) is 0.835.
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9 0.3639 365 0.948 0.020 343 0.987 0.357 0.357 0.007
0. 0006 ABI 18.4233 Total Wi ght 1.000 Normalization
webweloiéd ght ed Suns 0.531 0.0135 Note 1 : Fr arCT/082086/109500
does not crystallize in the analytical ATREF and is
assigned B = O Note 2 : The wei ghted squared
devi ati ons about the wei ghted nean use only Bl, >
Oveasurenent of Wi ght Percent of Hard and Soft
Segnents [233] As discussed above, the bl ock
i nterpol yners conprise hard segnments and soft
segmsntszhe soft segnents can be present in a block
i nt er@elmyﬁrgl&’ o rgm abgut F1=V@TgBtS peEc8nt & o about 99
wei gh%’uygegéé‘rﬁ Bf the Qtalowep © §f St h& bl ock
i nt erpBl e, prefer &fy Prom &bodt B weiyht percent
to abput_ 95 wei ght per cent, from about 10 wei ght
per ceBig &HEabout 90 Wei gk PE Bed® & Samipabout 15
wei gl‘é i Bent to abgut 8«5cwag>hb cperoéﬁtq f rom about
20 wei ght percent to about 80 weight percent, from

about g 25 dwei ght per cent to about 75 vvel gl percent,

l\ﬂ'lOO

from gbqug 30 vei ght =pe g | gl 370 Fwei ght
per ceméﬁ m about 35 we gto pedsccea:totogabout 65

wei ght petcent, from about 40 wei ght percgnt to about

60 weLght_ percent, or from about 45 vveig percent to

about § 5553(\B|m%1t percent . BAIeBEsEIE 2 Bhe “hard segnents
in a S ml &SR8 §§bove The soft

wei ght ,,percent age) can be neasured by DSC oryNVR. Hard
SegneB€ MBEGH §Lr act i onTMEaR @ eYinhy sDSC [R34F For a

bl ock=y§cﬂ YEEE Bavi ng ﬁwargd@s%@@wgs"’@@ st gggnents,
the de Hs' Ty ‘?"the overal [ bl ock pol ynmer ,c pO§er ai i

he foll ow ng rel ati onshi p: §ha§£1 X

| |2 flgard Pi oﬁ 1435, nggrem hat d5gr§l psoft,
&2FEtal deng BYLof o By BRI segrent s and
sof t s @At S~ Fespecti vely. ¢ ard and c te @re the
tion of the hard segnments and sofdj E

0
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1
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o
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homopol ynmer, i.e., 0.96 g/cc, and transposing the
above equation, one obtains the follow ng equation for
wo bmomeioght fracti on of hard segnents: 1 1 _ PpwBDS1006/609500
Soft Xh ~i1 i - + Po e a 0.96g/CC [236] In the above
equation, pOVeraii can be nmeasured fromthe bl ock
pol yner. Therefore, if psoft is known, the hard
segnent wei ght fraction can be cal cul at ed
accordingly. General |y, . he soft segnent density has a
| i near r&lcasurgment of Wejaht Pe  H pofpaeqric
tenperature, mhich can be neasured by DSC over a
[28Fr t ai AsURBESd 4998, theb16EKTT meq%lhaéﬂ]combﬁgeqlaﬁd Sdathelts Ah@ soft
constants, and Tmis the soft segnent el
segmengnpldie 401 Seerantshag be eeesesiins hlock mt@ﬁ@lyseeﬁwn@éout 1 weight percent
to abofiEREHEERYercbht HEARERA ot O BldcR AR ORAH TR Braly ot about
weighppatent &bhtout 25 weight ereans difom mthhWexghl peloceat foaboatA0\weeight

perceft Bim3RAT 15 Heidi PoSeRia Ao RS Whishps et it PR 20 ejght percent

to aboBOS®wWeIFhOsH Rt tfiom ddvat zﬁ%frghasdr@m RUbYEE ’/ssawlglﬁtl pefcehth from about
follomﬁngqrelatlonshlp psof t 0. 00049*Tm+ O

30 weighisproani & ahrayk &0 weight BRsePh TogUBROU WalshbRererab P at%aut 65 weight

percelﬁafr&ﬂla%tﬁ 4@%1@9&)Erc§1ﬁgmut g6 0sidhy érf:en-{rﬂr 'ﬁrﬂm{jﬁﬂ)ﬁ?ﬁwelght
lus I's known. [239] For sone P ‘copol ymers,

percemthe ab;out 85 agightiperednt. Goieersslyakhei harmgmehtatcan ke present in a similar

s BRSSO 0 AP b

perceitteged e BeemdasufedrbytlEC anMISegrrent s. Once Tmin degrees
Cel sius is deternmined fromDSC, the soft segnent
he hard segnent
2 s f Fref—ptrock copol yners, the
peak aSSOC|ated MAth t he neltlng of the soft segments
[2B4] ei t Rera Blodnpdlyméurpinghiarduspmpntowsd sdfheginasts) theidemsity of the

n .
overaﬁ %[BEL ngleyfc’ner %tover;/nl, ga{tlks)hes tﬁg following relationship:

1 = Xhard + Xsoft
Poverall Prard P soft

[235] where pnard, and pson, are the theoretical density of the hard segments and soft
segments, respectively. Yhard, and Ysont, are the weight fraction of the hard segments and soft
segments, respectively and they add up to one. Assuming ppard is equal to the density of ethylene
homopolymer, i.e., 0.96 g/cc, and transposing the above equation, one obtains the following

equation for the weight fraction of hard segments:

1 1

_ Poveral P Soft
Xn = 1 1

- +
vaeraII O 96 g/CC

[236] In the above equation, pevera can be measured from the block polymer.

Therefore, if pson is known, the hard segment weight fraction can be calculated accordingly.
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illustrated in Figure 14. This difficulty can be
overcone by converting a nornmal DSC profile into a
waweioghtwes DSC profile as shown in Figure 15. TPET/US2006/009500
followi ng nethod is used to convert a normal DSC
profile to a weighted DSC profile. [241] In DSC, the
heat fl ow depends on the anount of the nmateri al
nelting at a certain tenperature as well as on the
t enper at ur e- dependent speci fic, heat ¢ city. The )
Generplyybls st feanen disprtydias 65)1“%% gelatipmship .vethﬁg%ltofg%?g@epweltlng
tempef"ﬂt?rgn@h&h Bsh lgeergédgﬁregfb Stﬁ@xrelg]'a@%é%? Psbty pol yethylene
s to an I ncrease eat of fusion with
decr easi ng cononormer content That is, the heat of
fusion val ues get progre&@rveﬁw*ﬂ%mer as the
crystallalinity is reduced with increasi ng conononer
mant eN{yhero@Cand¥' B dre donst4MIRAAd T s thSBe kanitat A¥IiAA fompWature in
roved met hod for conp05|t|onalanaly5|s of
degre sfginefl aad Bwametﬂmlm byppaging BSE; owrlozsrmpplynwﬁs wﬁh a

o S BB SLRTER LG B g ion

curve ithas spa@ahe fahgewf compasitisn (ja@th gmamosnedtype apdsccattam)epres@nt in the block

degrees Cel sju by, t aki ng. the rat.i
copolyiidh g SR eabiimpus. taé Fifhedie BiG Ry letns i teistonship:
t enper at ur e- dependent heat of fusion (DH(T)), the DSC
curve can be convert eg: + 0048 Taei Q¥iO9eependent
di stribution curve. [243] The tenperature-dependent
t o I t P
[ZEﬁa frg%&g#é’ tﬁ}te | n(% cg.\?g?rp%nﬁo% auts\'&i‘il% c%ﬂ:gfa e\?t\geé%(;fmment density if
T@tndqne@ﬂmﬂﬁMEm&aanp0|nts and then represented overal
by the cunul ative enthal py curve. [244] The expected
nshl t he eat of for.li . .
2361 o ReRE R e, B85 8 el Btk il pEEThas s associaed
with tib msftingYf thesohtgagmedts. flnshio base gt Buslatiwdly strdglitfnwaniad determine

curve, Using rand nteth /octe e Co ners, . one
Tn foE i i £SO ﬁ% Siekg ftnangtsjet/r?m B hapgpipft segment
densnéfyaﬂ be TalCu1RRd 3ndTﬂHh@th@ @b segrfler? weddht it C) + 8. 9767
For each |ntegrated data point, at a glven

tenperature, by taking a ratio of the enthal py
248k cukor C&bt’f\}ﬁéo“éirﬂoﬁ‘alb’wrsctﬁlﬁ weak assqaiptebw i &heéttelﬂ%ga?fnla? soft

segm%ﬂ’ﬂ?fs%ﬂhér%rsn{a'll%ﬁ{ @Pﬁ%%@%ﬁth@%agehﬁé ol RIRAMRE Hbt&sisible as

ractional wei S can be assigned to each point of
illustdated IDBGurEUkdy eIhls difficulty can be overcome by converting a normal DSC profile

into a weighted DSC profile as shown in Figure 15. The following method is used to convert a

normal DSC profile to a weighted DSC profile.

[241] In DSC, the heat flow depends on the amount of the material melting at a certain
temperature as well as on the temperature-dependent specific heat capacity. The temperature-
dependence of the specific heat capacity in the melting regime of linear low density polyethylene
leads to an increase in the heat of fusion with decreasing comonomer content. That is, the heat of
fusion values get progressively lower as the crystallalinity is reduced with increasing comonomer

content. See Wild, L. Chang, S.; Shankernarayanan, MJ. Improved method for compositional

-84-



10

15

20

[246] It should be noted that, in the above nethod,
the weighted DSC is calculated in the range fromO 0C
wanitsiiodhe end of nelting. The nmethod is appl i PEDUS200€009500

et hyl ene/ oct ene copol yners but can be adapted to other
polymers. [247] Applying the above nethodol ogy to

various polyners, the weight percentage of the hard
segnents and soft segnEnts mere cal cul ated, which are
listed in Table 16. It Id be noted that, soneti

analygis of o lafioe BB, G0l PaRp 99025 G P8 1 Which s ippabaieh B roference

ﬂrg nt density, instead of using the density for
hereir 1 § ﬁ@gg;ehylene due to the fact that the hard

segnents may include a small amount of
[Zélirmnoﬁmasglvemcentm tP@dﬁS,Q rerve tHefiapdybix ltsvleﬂat: Bow agywaigs per gram and

tempegae%re 11? ?eg@%&deﬂs%f 2;&?{'}5181(1%%; r%{%%qgg?ef 9%% ?@efg{ed for a linear

copolfzasrcu e tedlpdraluysvespendsing héae df HeipnEAH(TH), %é—BSG cutvcgobe converted

i Exanpl e . erall Density DSC Density Segnent
mtoag@gﬂ%ﬂf’loqli\ige‘ﬁ. Q%HQB%WB 860 32% 68% 5 0.8786 13.8
0.857 23% 77% 6 0.8785 13.5 0.857 23% 77% 7 0. 8825

248 5 OT%&n%é%tu%éu%@&nﬁerﬁ 824 of fustonbuBiar 6% ca1dUatdd from the
0.8836 17.0 0.858 27% 73% 10 0.878 15.0 0.857 22% 78%
summetiorpoffe infegrajebhest oy dwgwesn o censgeryive dats peingsgd g, represented

overafl Byatletubh e ethAp 8c§1@é 12% 88% 14 0.912 21.8 0. 861
54% 46% 15 0. 8719 850 22% 78% 16 0.8758 0. 3

0. 850 26% 74% i
[244] The expected relationship between the heat of fusion for linear ethylene/octene

copolymers at a given temperature is shown by the heat of fusion versus melting temperature

curve. Using random ethylene/octene copolymers, one can obtain the following relationship:
Melt Enthalpy (J/g) = 0.0072*T5* (°C) + 0.3138*T,, (°C) + 8.9767

[245] For each integrated data point, at a given temperature, by taking a ratio of the
enthalpy from the cumulative enthalpy curve to the expected heat of fusion for linear copolymers

at that temperature, fractional weights can be assigned to each point of the DSC curve.

[246] It should be noted that, in the above method, the weighted DSC is calculated in
the range from 0 °C until the end of melting. The method is applicable to ethylene/octene

copolymers but can be adapted to other polymers.

[247] Applying the above methodology to various polymers, the weight percentage of
the hard segments and soft segments were calculated, which are listed in Table 16. It should be
noted that sometimes it is desirable to assign 0.94 g/cc to the theoretical hard segment density,
instead of using the density for homopolyethylene, due to the fact that the hard segments may

include a small amount of comonomers.
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18 0.9192 - - - - 19 0.9344 38.0 0.869 74% 26% 17
0.8757 2.8 0.851 25% 75% 19A 0.8777 11.5 0.856 23% 77%
waA2B6A0VE¥2 14.3 0.857 22% 78% 19J 0. 8995 4. 8 PCBEX2044069500
53% Hard Segnent Wei ght Percentage Measured by NWR
[248] 13CNMR spectroscopy is one of a nunber of
techni ques known in the art for neasuring conononer
i ncorporation into a polymer. An exanple of this
techni que is described for the determ nation
Tabw&n Eatsplated W @ﬁht Resgentage of Hard/aad SpESegmenp &rWr%lpgs Pojymers
Randal | (Journal of Macronol ecul ar Science, Reviews in
Macr onol ecul ar Chem stry and Physi cs C29 (2 & 3), 201

- 317 (1989)), which i nco orCa y ref erence

herein in its entiret &F edeerﬂgulgt A Calculated

de'i: [K/Hb:”' ng the CO”U”O rf%é%lm W% Hard  wi% Sot
RN ol@femueﬁuatrp me@r Inv SHES o IRbAeMY  asdgdfe

‘V' S 1% .‘.‘7 ..
t he eaks corb% nd| ng t9g g,rent czfg/pons |r}7§
sanplge is di rggz & Ppropor, sonal tg8 he totgy, nurrberwgf
cont r| buting pygdei in tq§5sarrpl €g t hodsydopr 74%

ensur| ng thisgggaportionghhty ar eoggpwn I pdohe art 7@%d
i nvolgve al  onggg for sufitpcient pgege for sml axati Ry,
aftegga pul se,pd7ge use ofiggat ed- dggeupl i ngedepchni qugg,
rel axgati on ageygss, and thgsli ke. {hes rel atisee 75%
intepsity of agg@ak or gregp of peaks IS ofai ned ggy
inpragtice frqmmpts conpuger-genepgsed | ntegsal . Afgger
obt aigpi ng t he ggect rum anggi nt egr agsNg t hesqpeaks, 46%
t hoses peaks aglew ated wigh t he cogsnmoner za%ke 78%
assi gmed. Thi g.8assi gnmento.gan be pase by rzlerence e
knowng spectrao®ned i terature, or by -synthesis and -
anal ysi s of noded4s conpounds, or bysthe use7a% 26%
i sotopically babsi ed comon®ners. wl8et nol e 26% ononomet
can 198 det er moRery by thenati o of oBbe i nt egf%al s 77%
cor re@8pondi ngot8d72 he nunties of nob@&s7 of cod¥oner t70%
t he 19dt egr al s 08095 espondi4g to t hesdunber % nol es 56%
all of the nonomers in the interpolyner, as described
in the aforenenti oned Randall reference. [249] Since

quarﬁ%regdm’%l?&epgtht PENBhALE MdRRaGRNMIEN about 2.0 wt%

[248] BC NMR spectroscopy is one of a number of techniques known in the art for
measuring comonomer incorporation into a polymer. An example of this technique is described
for the determination of comonomer content for ethylene/a-olefin copolymers in Randall
(Journal of Macromolecular Science, Reviews in Macromolecular Chemistry and Physics, C29
(2 & 3), 201 - 317 (1989)), which is incorporated by reference herein in its entirety. The basic
procedure for determining the comonomer content of an ethylene/olefin interpolymer involves
obtaining a '>C NMR spectrum under conditions where the intensity of the peaks corresponding
to the different carbons in a sample is directly proportional to the total number of contributing
nuclei in the sample. Methods for ensuring this proportionality are known in the art and involve
allowance for sufficient time for relaxation after a pulse, the use of gated-decoupling techniques,

relaxation agents, and the like. The relative intensity of a peak or group of peaks is obtained in
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maj or contribution to the spectrumis only for the
integral at about 30 ppm The hard segnent

w@ewsnited i on to the peaks not at 30 ppmis asBUNE2006/009500
negligible at the start of the analysis. So for the
starting point, the integrals of the peaks not at 30
ppm are assuned to cone fromthe soft segnent only.
These integrals are fit to a first order Markovian

statistical nodel for copolynmers using a |inear |east
practiegyfiin dis compptes-generagi integiah %@@f@btgmlﬁ@ ispeqtiygn and mtegratmg the

peaksgﬂg 5 Itﬁ%ﬁlgsra%sc(c'iatﬁlo%l,ﬂpgﬁgﬂﬁr o(t)r{al\%i a?c{ attsgfgggf‘ erlidaeichin@hk can be made

oct ene, oct ene 1 nsert
by refafeb@rtodnbryh epesira Peliferaturetor by eynibests and analygisioEmoded cemmunds or

se nt. contrjbution to the .30 eak. The
by the} P PERBIRB S el o i TaBE VG oBh e determined by
the rafibOBE dlteg@ald coii@poiiitoakk Sohtier SEHMORB LS Loth@@hRE to the integrals
contrlbutlon to the 30 ?ﬁm peak is the cantribution

corresppRgifg 19 wrab@ééﬁ@#ﬁs of 34 g e GraBomersdn ghedaiernobifesy as described in
theaf?r@ﬁl‘éﬁt‘i p deconvoluted into two integral
sts scrl |ng the soft segnment and hard segment,
respectively. The cal cul ati on of wei ght percentage of

249le habince tgherst seprenitaensralit hasdesadltan ahpet 2hWEq Icamerppsy, its
major cgﬁtrﬁ)aﬁérpto(%ﬂ? Etroit 1§ fc}?tgfe%g é gt%o‘%m dr{égr{ d][“}%ergme@gment

umto the sumo or t
contrlbpmmttmﬂm pe@?@ﬂ}t aF3(oppry iseassimmadnwghglbkdtt ﬁmfstartsﬁghrmialyms So for

the s By i Seialoct A5 TGt Lot GG S5 RINALR POy fpm the sof

segméX 8AY] Thederigterialiere BOBRACTE orde? MR ir0fatBlicdl hhﬂ)d@l/ﬁf adgolymers
spectrum and the conononer conpgsition of the so

ft
using §é@ﬁ¥ﬂ?a§t wivares gunipiztippdhusgenerAting Higing parsIeters (v, probability of
octenS RERNONBferGRARO T, L RN pRbabilis 0'? RS RSTBH aftdr reﬁf}letng q)eo) that are

conononer conposi’ti on of thé hard segnment, Bernoullian
used totcamputeithasofissegment contributian b shes3a pran penkt lib diffesence between the
t
toral A8 BEDE pRBHERR oot e S0 el kP FLRABRon to the
30 ppalydk isGhé coratioution Tromoth¥thatdrseghenth Thelreforg niendxpetiatntal spectrum
Be lian statistics is r opust
has g BrRhAerRIPBREd inci st fi ety SOR SrErasab e spement,
respeéliﬂl/%lyf MRNChIREla8SPEf Wﬂglﬂt;ﬂ}cehtﬁg@ﬂf tAé Bar@kedniht RORaidBt PPWArd and
The resutl(r;)% non 30 m peak i ntegral s arethen

Ks.
calculfatefltbééhq 1gtig of the sym aﬁ@gr«}af%é léﬂ*id seeaenbsncetsup iRt sppof
mteglﬁ@,l‘?&'t}{%{/e?al?%)egﬁéﬁ“ bed in the above paragraph. The

terative process Is perforned in the foll ow ng
manner: fit total non 30 ppm peaks then conpute soft
[25@19nenfrmmerdemlwobmedtsgﬁ:sggrp@mrp@ml list, lescosrpmpueecomposition can

be cal%&lf {edgg Oleﬁg gc{%gtme‘ﬁ% tfR%H&jallt E}?%x%ﬁgg uh%npﬁlre%m?l lg&ﬁar q

non ppm e correct
composmon of the overall spectrum and the comonomer composition of the soft segment, one

can use mass balance to compute the comonomer composition of the hard segment. From the
comonomer composition of the hard segment, Bernoullian statistics is used to calculate the
contribution of the hard segment to the integrals of non 30 ppm peaks. There is usually so little
octene, typically from about 0 to about 1 mol%, in the hard segment that Bernoullian statistics is
a valid and robust approximation. These contributions are then subtracted out from the

experimental integrals of the non 30 ppm peaks. The resulting non 30 ppm peak integrals are
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segnent contribution to non 30 ppm peaks and fit

resulting non 30 ppm peaks. This is repeated until the
wQo ao6re1960©r soft/ hard segnent split converge tRPCEHUS2006/009500

m ni mum error function. The final conmononer

conpositions for each segnent are reported. [251]

Val i dati on of the neasurenent is acconplished through

t he anal ysis of several in situ polyner bI ends. By

desi gn of the ynerization and cataly

then fittgé é%ﬁrrsa?nd atkr?élae Rigtigtics gnogipl for cqp@%%&%@écrﬂ@dﬂm@e above

S
pra GRS R AL B I ISR g 310 S0
peaks mleastumpdte\saft wegnadnt tdrdrilusion té 36 pprd psag thentcompliietsofthardEegment
.. %/ % ble 17 shows. the chem,cal shift
spit a1 rvdpie oo CENELETUR O o U spreps for hard
5 segme@h@dﬂtﬁlﬂitloﬁm ﬁd&n P g peake tsd findesuHily/ha@i By (g FMS. This is repeated
pal yners. [252] The foI | ow n% experi ment a
until tbﬁ‘ Ve pe e tegament sRlic enfyPIge 32 Bv@w%ﬂr%§u1§&an nghe final

5 nL of stock
comO&nﬁ‘e\?gﬁﬁnb&%%n%g?%Mg%n%gﬁfre%goﬁg%e by dissolving 1 g
erdeut erated 1, 4-di chl orobenzene in 30 mL
[28Ht ho- ¥rlidatien ebthe magsuraien ivacomplished thspahrthe analysis of several in
t [
siru pQFEENUIBES; IR EPUBLEHHRDAEA ol RAHRAAAE (X expected
10 split incdmmgeito thitheeasared NVIRsbBt vadues.h&he mfdlnafdi catalyst cha@ntrat@pn is

presci ST R 1 1P v B8 AL TR APt BRmont plit s 78 % /22

%. TAHNST sHodRtthe/chieridal t10 atdigintudtsSot ethilee €ddndpolyinters. he
bottom The sanple tube Iis then left in the heat bl ock

horm e Lo bk e e R R B OB CBRSAER: ng

a1Mad gpm [ nova Unlts/oé)@}mb@(ﬁd&t@mwth pr obe
I4@r§pg é-). I%e Sel aI J.an%kaaé center of tne

J-

la Al H
%:9‘ Ul JAarifuv UL
At 2E0 nn AN Ay t

OF ¢ : o
ﬁl?‘—ﬁizhpﬁhr‘:ﬁaﬁf Do e Ol o P 90 pul se i nverse
G0 A LPBBcoupl | ng| OEOFISAXoR@enieril- QLR ASE] ARE cgnicr
seconds delay tinme, |8B&M192 scans for data averaging
B ndhhepinc fi el d | BEOEaxdsf, BOK/6B iHAed to generate a
133we- 3happmof | ess [0OO dentdz CBE full w dth half
g - bpa t he sol vepicHpeaks prior to data

ar A
ar ©

Q)
0 (0]

QG50 8 pbpRA- The T a/\bggbawfdgga I'S processed using NOTS

R0 AL DA L AR MBI T

L3'QR q) \Pf?mf i-ve Pgl X \a +d
28107 B APBegnent s hOEBMAS® sof t/ har d

25.1-23.9 ppm OEO BB

23.0 —22.6 ppm 2B

14.5 —14.0 ppm 1B

15 [252] The following experimental procedures are used. A sample is prepared by adding

0.25 g in a 10 mm NMR tube with 2.5 mL of stock solvent. The stock solvent is made by
dissolving 1 g perdeuterated 1,4-dichlorobenzene in 30 mL ortho-dichlorobenzene with 0.025 M

chromium acetylacetonate (relaxation agent). The headspace of the tube is purged of oxygen by
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conononer conposition. The following is the |ist of
integrals for this polynmer. The NWVR spectrum for
we00gmer966l9A i s shown in Figure 16. Integral [|Pei/US2006/009500
Integral value 41.0 -40.6 ppm 1.067 40.5 - 40.0 ppm
6.247 38.9 -37.9 ppm 82.343 36.2 - 35.7 ppm 14. 775
35.6 - 34.7 ppm 65.563 34.7- 34.1 ppm 215.518 33.9 -
33.5 ppm 0.807 32.5 - 32.1 ppm 99.612 31.5 - 30.8 ppm
. 14.691 30.8 - 30.3 ppm 115.246 30.3 -29.0 ppm 1177. 893
displapgnent withguee Rigagens é%g gampls tube_ipthen hegied ing: Ipatmpldogk set at 150
g%‘rﬂgﬁ’l? &b ]rsorgg%%e@ ﬁorép%eg ﬁtﬂﬂi@o%% uﬁaﬁt é %@ﬁ%\oﬁ&ﬁ%ﬁ@consis‘cemﬂy from
top ofjibe sxflemttcmgxelurm totthsbatnp| Ehei ssm@kattebemls theent 1&f uﬁhe Beat BGback for at

i ng al ove integrals excluding the 30.3-29.0
teast HERANFS D aGhETE Rny Sails FRTOGAEEE ar kovi o
statistical nodel, the val ues for Poo and Peo are

[2639]t er mirhe ¥ CtoMiRaditDi8 3818 casdcishg 20kian ﬂm&mliy\ﬁtE)DMHz system with

i ng these t arameters, the caJc .nteqgr
probe GRS OH 125 St (TG Cargtrot dhegrieiation gax & S @e%ﬁpm with
spectrufh \5@1&1 B 25@%&!’ LRRiR pabfetRSe ogfﬁﬁ’i‘iiea @oﬂﬁ%ﬁﬂit&% including
total integr or the 30 ppm peak, 1177.893, X
90° pulbe lm@rﬂerga@dtHdncmhnmel %@p@lds@gm@montt@es f&ecp y tlme and
8192 c%ﬁgfogfdatgég rﬁé‘ ﬁ i g 1%?1@ f2fihs eitung hi %rtg elge%te'éhﬁe shape
ard segnren?, Fie Wei g% ercen it §

of lessithae A e dult widtle héﬂﬁm%im'[inefoe ftlwrselwehlqoeabs‘ prme@ dzﬁm acqulsltlon The
raw d\é\tglfﬂg 1Is processed using NUTS processing software (available from Acorn NMR, Inc. in

Livermore, CA) and a list of integrals is generated.

[254] Inventive Polymer 19A is analyzed for the soft/hard segment split and soft/hard
comonomer composition. The following is the list of integrals for this polymer. The NMR

spectrum for Polymer 19A is shown in Figure 16.

Integral limit

Integral value

41.0 —40.6 ppm 1.067
40.5 - 40.0 ppm 6.247
38.9 -37.9 ppm 82.343
36.2 -35.7 ppm 14.775
35.6 —34.7 ppm 65.563
347 -34.1 ppm 215.518
33.9-33.5 ppm 0.807
32.5-32.1 ppm 99.612
31.5-30.8 ppm 14.691
30.8-30.3 ppm 115.246
30.3-29.0 ppm 1177.893
28.0 —26.5 ppm 258.294
25.1-23.9 ppm 19.707
23.0 - 22.6 ppm 100
14.5 — 14.0 ppm 99.895

[255] Using Randall’s triad method, the total octene weight percentage in this sample is

determined to be 34.6%.

Using all the above integrals excluding the 30.3-29.0 ppm integral to

fit a first order Markovian statistical model, the values for Poo and Peo are determined to be
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percentage is 100-26 = 74 % Using the above val ues
for POO and Peo, the octene wei ght percentage of the
wa@odob/168e6rent i s determined to be 47 % Usi ng BEEUS2006/009500
overal | octene wei ght percentage and the octene wei ght
percentage of the soft segnment as well as the soft
0.08889 and0.2061 ,ghspepvaleif sé@thesdwtevcxmmnmmemg tealculated integral

conBBEST RS0 Bof St th 0B B PR AL X968 o258 from
the HBBHLA SN htegtd) s th@go mspeara ngek9s oylémﬂ?et&na?&iﬁoh@fthe hard

account for hard se contribution to non

st he dgren b rspzeysmge%aaoams she iptpored éon e hargrsegment, the

WGI%& ngrtgg{xt%g%)afhar& = ss rrc{%t%rgﬁgé&ﬁoé% 2'§ o g‘h%%?(ggge s&é’t segment weight

perceRIARA Rt I08t-€26 aljave, Usingahk abive Saluks fdrd,| mdemt,,ith@octene weight

perqe{qt?léf:: deqh%1 ﬁg&éveglm{gd il q?eg%r%tlgqg{ t@rl% an%e i@?nlg?tfgé gvgrlal? octene weight
perc@ %@&{cﬁﬂk %@Qn Yveftht g&%&ﬂg & tﬁ sof %l%gﬂ%n?gls QLR §§ e soft segment

Zero erably greater Due to
weigﬂt petceslagfu ctheuo@sne \tvhghtkpemﬂntagnm ﬂwdiaydrmwehame:ab;ulated to be negative

2 %t ﬁ;ié Yalue nginﬁzetﬁe ot (P g;ntegseu?'ggéqt ﬁ% e” S Igl%gd to iterate back

to aé\%ﬁﬁt%ﬁhardtsbgm&ht%htrimh@ﬁ Rpﬂldfmﬂ Ppifi 9em<rsl S%b}éalf};l fMimarizes the
fractions with different block indices. The

calcglation rasukts ton Potymaug h94| Blkanddi ces has an i npact on
the overall physical properties of the block
interp qiglap(g
di stri ‘g‘uﬁégl&?'l-lfa}& ?{lds%(figg% ngﬁfggtg Y. agﬁnhgteﬁgrf‘gBt and G

I,-.

pOl ynerl zat i —eortht+ gRsT—t hret cu_y af-Fprch e
abilities to(Tal | or th¢g V&{sgagc pekdpTel s. “éz‘t pl ock
i nt er pol yner § hpygnpeny| ‘Gt agRid ¢  t QCFRE I
exanpl e, the |bl ock intgr s nPe usef t of nake
pol yner blends. fibersIfilns, rfolded aftPegmeant
| ubricants, Hase l8A s, |etc74 O her 2dvant agéd and
characteristijcs aoB apgarem to thpge $kildged iph the
art. [257] W{iTe figpe 11jvengg on [has;fpeef degeribed with
respect to a = III b%u lluﬂUeg f eIl LA -‘lll 549 L ne
specific features of—ore—efrott rert—shtute—roet—be
attributed to other errbodl ments of the invention. No
singl e enbodi ment is representative of all aspects of

[286] | NV entdeaidnstrated Mvecshbsliifenk of tHe1fvaHIoR PPoviddf few class of
or net hods ]g i ncl ude numer ous conpounds or steps not
F

ethyleng and pedefieb lﬁmterrnoldm@é? Ereddeskqiatereolympss are characterized by an

averé%é;@?% {nldg{e ?§ g{e?ee }Iéﬁqg re?é}gblg [%% Veqqhan 28b%e t? the block structures,

S or steps
the Wocknintenpegmbstave a unique combmatlon of properties or characteristics not seen for

other ethylene/ a -olefin copolymers. Moreover, the block interpolymers comprise various
fractions with different block indices. The distribution of such block indices has an impact on
the overall physical properties of the block interpolymers. It is possible to change the
distribution of the block indices by adjusting the polymerization conditions, thereby affording
the abilities to tailor the desired polymers. Such block interpolymers have many end-use

applications. For example, the block interpolymers can be used to make polymer blends, fibers,
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Variations and nodifications fromthe described

enbodi nents exist. The nethod of making the resins is
waele®endtedd as conprising a nunmber of acts or SPEPES2006/009500

These steps or acts may be practiced in any sequence

or order unless otherw se indicated. Finally, any

nunber di scl osed herein should be construed to mean

approxinate regardless of whether the word "about" or

apprOX|nater is used in describing the nunber. The
films gpﬁ@qqlcpé@c s Bibrigantspasspils ete oQlier advantagrsand characteristics are
variations as falling within the
apparémgdtfhb %%gst?ﬁ@eﬁﬁtl on.Wiat is clainmed is: 1. An
ethylene/a ol efin interpol ymer conprising polynerized
[2671| ts B/fhlletthwlhmoa has zeepdederihed whle raspert thalimited number of
embo ur*{l& éptgn ép 1ﬁcI 8 ﬁlg%gg)g c(r):léeeeg%bgﬁgng‘% w&x&%?%ﬁm&!ltg& h) other
embodible® Wif die m\ﬁlngbﬁ Mo ShgletﬁxﬂbodimenMMrhﬂsresegtaﬁat of alt dspexts of the
about 1. 3. E engélene/a ol efin |nteé€ ﬁge
inven{episen §MBRTiITRtS; e aomRRsitions pr @EtR) Hi5tdg MERETOHS
compéﬂﬁﬁﬁ 8f fedsht ﬂﬂéﬁt’i&ﬁ@ hBfefit Mn lofE EmbSdiRERBRE cdhiFditdnB bt methods
less than about 0.4 and a nmol ecul ar wei ght
do notfingludé ton eiesnbstaniieNn freg pk ateeomprand s@rdtaps noenumeratggcherein. .
W [ [
Varla@%& ah& 091 allcs‘rsrfg)nlé %feg%b)égrgﬁ]b&fnsnglltﬁ e{?%% ’l?lge r{t%eéhc};d of makmg the
resmsabda:sbrlbhd]astcomphmng a Quidberhf adth or sepsy | Thesy ﬂensloefactm may be practiced

i nt erpol claim.l e aver a | ock .
in any} Sy SSrRE oY e filesS affsvirs infhEEEE Finl; <fY RLBAG ephEEd herein
should Beccﬁisﬂuédetaeﬁean etlﬁ{)kﬂmdtmegaﬂ%y gewhetherah@iwvordl abwdie bei n

the average bl ock index is in the ra(%e from about 0.3

"apprexmateljs e in describias derypmbse/ Hhepeended icliras ping ie povst all those
modiffdaBbiB %ld WAKI Rk Bs f‘a!ﬂ%ga\%i@l{lﬁ‘% s@!) thd@l@ntioR. I N the
range from about 0.6 to about O. 7. The
et hyl ene/ a-ol efin |nterpolyner of claim1, wherein the
average block index is in the range fromabout 0.5 to
about 0.7. 8. The ethylene/a-olefin interpolyner of
claim1 or 2, wherein the interpolynmer has a density
of less than about 0.91 g/cc. 9. The ethylene/a-olefin
interpolynmer of claim1 or 2, wherein the interpolyner
has a density
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in the range from about 0.86 g/cc to about 0.91 g/cc.
10. The ethylene/a-olefminterpolyner of claiml or 2,

wob@ceired he a-olefin is styrene, propyl ene, 1POTIUS2966/009500

1- hexene, 1-octene, 4-nethyl-|-pentene, norbornene,
1-decene, 1,5- hexadi ene, or a conbination thereof.
11. The ethylene/a-olefin interpolynmer of claiml or
2, wherein the a-olefin is 1-butene.12. The

et hyl ene/ a-ol efin interpolyner of claim1 or 2,

Whatiselatmed she a-olefin is 1-octene. 13. The

1.

10.

11.

ethylene/a olefin interpolyner of claiml1l or 2,

)&ﬁ%{ Slee i M’ﬁ)dlf‘nér poﬁ{?ﬁgm& g?@nﬁg%ﬁ unktsdf eﬂaffw%ér B8 a-olefin,

eth ene m1l or ereln
whaeM/thMmtarpolgmelaIB ehartdternized by at aQer@e bleck ififhex greater than zero and

i reeB e -t 8 T B Albu . el o soue

et hyl ene/ a-ol efin interpolyner of claim1 or 2,
Whett@ildne)tuhﬂeﬁdl\InMﬁpdlgmérr cmpaibing polymérized aliswf eyknd @nd a-olefin,

e DY pYrE ik drrends Beaet e f1Pa By oo onds molecular
cve%h@amﬁbmmmyMgtgréa@@&ﬁanoab@umpttI ng point, Tm in
degr ees Cel sius, and a density, d, in grans/cublc

centineter, mhereln the numerical values of Tm d .
EB? F@glﬁwwoﬂe@nﬂﬁf@rppanﬁ pEelam I},or Fwhereip Heaverage gfgck mndex is in

fh@%ﬁqg’é(ﬁf&n abo%ﬂgatggpaugogs The et hyl ene/ a-ol efin

Interpolynmer of claim1 or 2, wherein the
et hyl ene/ a-ol efin |nterpolyner is characterized

Ehﬁgﬂlylgnw@@&ﬁf@rlyterméfmqr of plaine bnivhesein Yorveeee Bleck gtdﬁg i?snin the

g 5&1ﬂ$ﬁ§ dy i th a conpression-nol ded film of
t ene/a of etini interpolymer, and a density, d,

granB/cublc centinmeter, wherein the nunerical o
iFh¢ etbylend/oReetrinterpolmer of glainhé, wiesireio tharyerage block inghek s in the

h i nterpolyner is substantially
FAEE i WoTES B Rl 0.2 phase: Re >1481- 1629(d)
The ethylene/a-olefin interpolymer of claim 1, wherein the average block index is in the

range from about 0.6 to about 0.9.

The ethylene/a-olefin interpolymer of claim 1, wherein the average block index is in the

range from about 0.5 to about 0.7.

The ethylene/a-olefin interpolymer of claim 1 or 2, wherein the interpolymer has a density

of less than about 0.91 g/cc.

The ethylene/a~olefin interpolymer of claim 1 or 2, wherein the interpolymer has a density

in the range from about 0.86 g/cc to about 0.91 g/cc.

The ethylene/a-olefin interpolymer of claim 1 or 2, wherein the a-olefin is styrene,
propylene, 1-butene, 1-hexene, 1-octene, 4-methyl-1-pentene, norbornene, 1-decene, 1,5-

hexadiene, or a combination thereof.

The ethylene/a-olefin interpolymer of claim 1 or 2, wherein the a-olefin is 1-butene.
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12.

13.

14.

15.

16.

17.

18.

19.

19. An ethyl ene/ a-ol efminterpolymer conprising
pol yneri zed units of ethylene and a-olefm the

WO nicenpobe/mer characteri zed by having at | eastPONES2006/009500

fraction obtained by Tenperature Rising Elution
Fractionation ("TREF"), wherein the fraction has a
bl ock i ndex greater than about 0.3 and up to about 1.0
and the ethylene/a-olefin interpolynmer has a nol ecul ar
wei ght distribution, Mv M), greater than abquf 1.3.20.
T egl@weéoh@kﬁn srterpabymet et laimyheir 2, edsisin die ggplefin is 1-octene.
pol ymeri zed units of ethylene and a-olefin, the
THY SRR eYITBIe1iR RER6 K RIet 888aikY1 S, ireit the @BSIMP Reyreater than
fraction obtained by TREF, wherein the fraction has a
ahoutkSi ndex greater than about O and up to about 0.4
and the ethylene/a- olefin interpolyner has a

RIHE R o-BRES MrebB el BEEIARN oV iMRreif8NIRMA Beater th
a oult%Hl. é(x 21, T%Ig %H?y enel a- %'{\%v]{“lmr%reilnt er pol ynetk?g?%%‘er "
atoat 2019 or 20, wherein the block index of the
fraction is greater than about 0.4. 22. The

) £in i ' Y ,

PHOMLIBR! B o B BT Lop TR GNIER o about 20
tolwdouteoout 0. 5. 23. The ethyl ene/ a-ol efin interpol yner
of claim19 or 20, wherein the block index of the

racti.on,is, greater,than.agbout O,6. T <
ERChuRR S iPRFRMSO T BEAORL] ofh SurefshmbdhyMags from about 17
o35 t he bl ock index of the fraction is greater
than about 0.7. 25. The ethyl ene/a-ol efin interpolyner

f ¢claim19 ar .20 erei.n the block i.ndex ,of the
Phe Shilerbid S1ehh i Pimp RS ft daist  ops. gesgh i85S entftCotein
RitdIyINEY i9 cRAr&dtérivel BY Of Rt WARMeRing Pbidk, Mnd,9n degrééd, Celsius, and a
wherein the bl ock index of the fraction is greater

! . ; | | ! g
demsity, gl i grams/ubio yentimeter VRFPIB Moy mumsrisel elue ob Fpaing der

FereSHAHID the Biatidkni®’ 20, wherein the ethyl ene content
?sfregéeater %han 501p(r3rol e percent. 28. The

et hyl ene/ a-ol efin intergol mer of claim]1, 2, 19, or.
20, wherei n t he Tuit €08 Wéﬁgéfﬂ”}pﬂ‘@%g(@ne or nor

hard segments and one or nore soft segments. 29. The
;%é’%mgx?ée/?ﬁf@tﬁﬁghtﬁxgpm gggﬁ{ﬁgi gf’% whediR e etifylentfy-olfin
interpolymer is characterized by an elastic recovery, Re, in percent at 300 percent strain
and 1 cycle measured with a compression-molded film of the ethylene/a-olefin
interpolymer, and a density, d, in grams/cubic centimeter, wherein the numerical values of
Re and d satisfy the following relationship when ethylene/a-olefin interpolymer is

substantially free of a cross-linked phase:
Re >1481-1629(d)

An ethylene/a-olefin interpolymer comprising polymerized units of ethylene and a-olefin,
the interpolymer characterized by having at least one fraction obtained by Temperature
Rising Elution Fractionation (“TREF”), wherein the fraction has a block index greater than
about 0.3 and up to about 1.0 and the ethylene/a-olefin interpolymer has a molecular

weight distribution, My/M,, greater than about 1.3.
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20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

present in an anmount from about 5% to about 85% by
wei ght of the interpolyner. 30. The ethyl ene/ a-ol efn

w0 nioenpobe/mer of claiml, 2, 19, or 20, wher ei PCT/082006/009500

hard segnments conprise at | east 98% of ethyl ene by

wei ght. 31. The ethyl ene/ a-ol efn interpolynmer of claim
1, 2, 19, or 20, wherein the soft segnents conprise

| ess than 90% of ethylene by weight. 32. The

eth | ene/ a- olefn1|nterpol mer of claim1l, 2

9,
ethylsar/grole t%‘éte%’fll’m%fégﬁ’éﬁﬁ@g @alafgwr%i yriits o F‘i‘liéilﬁ“‘g%% o-olefin,
fﬁg uﬁyggqyﬁﬁ? clpaY?c\f@‘zg@ by hg’@%g erl@aste&{éyt{ra%ﬂgﬁ 85tQMned 1 bf TREF, wherein

I nter aiml 0, wher ei n
fhe fractim haveblasl nlpﬂﬂxmt%iﬂhdn@bgmt Olamdhlawtol alacmﬂ Odotn the ethylene/a-
conne cted

?l?ﬂgeglﬁ]etrﬁ%lgﬁrﬁr a3 A';1m cular e%qg 1s}r1bu§1 Py ﬁM r%ater an about 1.3.

erpo
of claim 33, wherein the hard segments and soft
ﬁl@@ﬂhylb&/(&bkﬁn amtelpolyyned of¢lainb 18 exd Oawbeagirt the bivhlaimlex 86the

e. ethylene/a-alefjn interpolymer of claiml1, 2, 19,
gWx@BIS @P@pﬂlgﬁ@'égft segments do not include a tip

segnent. 36. The ethyl ene/a-ol efin interpolynmer of

Thadthyldne/@-oletid ,mt@xfpoI%i@aer vhelniai 10 6439, haedisthg blok deo of the

not i ncl ude ment .
fraction is greater t an about 8 g

The ethylene/a-olefin interpolymer of claim 19 or 20, wherein the block index of the

fraction is greater than about 0.6.

The ethylene/a-olefin interpolymer of claim 19 or 20, wherein the block index of the

fraction is greater than about 0.7.

The ethylene/a-olefin interpolymer of claim 19 or 20, wherein the block index of the

fraction is greater than about 0.8.

The ethylene/a~olefin interpolymer of claim 19 or 20, wherein the block index of the

fraction is greater than about 0.9.

The ethylene/a-olefin interpolymer of claim 1, 2, 19, or 20, wherein the ethylene content is

greater than 50 mole percent.

The ethylene/a-olefin interpolymer of claim 1, 2, 19, or 20, wherein the interpolymer

comprises one or more hard segments and one or more soft segments.

The ethylene/a-olefin interpolymer of claim 1, 2, 19, or 20, wherein the hard segments are

present in an amount from about 5% to about 85% by weight of the interpolymer.

The ethylene/a~olefin interpolymer of claim 1, 2, 19, or 20, wherein the hard segments
comprise at least 98% of ethylene by weight.
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31.

32.

33.

34.

35.

36.

WO 2006/101966 PCT/US2006/009500

The ethylene/a~olefin interpolymer of claim 1, 2, 19, or 20, wherein the soft segments

comprise less than 90% of ethylene by weight.

The ethylene/a-olefin interpolymer of claim 1, 2, 19, or 20, wherein the soft segments

comprise less than 50% of ethylene by weight.

The ethylene/a-olefin interpolymer of claim 1, 2, 19, or 20, wherein the interpolymer
comprises at least 10 hard and soft segments connected in a linear fashion to form a linear

chain.

The ethylene/a-olefin interpolymer of claim 33, wherein the hard segments and soft

segments are randomly distributed along the chain.

The ethylene/a-olefin interpolymer of claim 1, 2, 19, or 20, wherein the soft segments do

not include a tip segment.

The ethylene/a-olefin interpolymer of claim 1, 2, 19, or 20, wherein the hard segments do

not include a tip segment.

-95.



